I

.\.llll

Uy

¢/ l=Nz:

”

HazID Open Top Container Vessels

D48.1
Project No.: IP-516278
Project SAFEDOR
Acronym:
Project Title: Design, Operation and Regulation for Safety
Instrument: Integrated Project
Thematic Sustainable Surface Transport
Priority:
Dangerous Goods Transport with Open-Top
Container Vessels - HazID
D4.8.1
Document Id. SAFEDOR-D-4.8.1-2008-02-08-GL-HAZIDw&
Due date of Deliverable:
Actual Submission Date:
Kay Dausendschoen (GL) GL
SOOIl SOk PSSO OO OO ISl Ontl OO S ———
Rainer Hamann, Erik Vanem final
-document approved by- -revision type-
2008-02-08 PU
-date of last update- -distribution level-

Project co-funded by the European Commission witténSixths Framework Programme (2002-2006)

dissemination level

PU  Public

PP Restricted to Programme Participants (including@ission Services)
RE  Restricted to a group specified by the Consarijincluding Commission

Services)
CO  Confidential, only for members of the consortiumeluding Commission

Services)

Document Id. SAFEDOR-D-4.8.1-2008-02-08-GL-HAZID-1e page 1 of 76



Disclaimer

Date 2008-02-08

HazID Open Top Container Vessels
D4.8.1

The information contained in this report is subjezithange without notice and should not be coestras a commitment by
any members of the SAFEDOR Consortium or the asithiorthe event of any software or algorithms belegcribed in this
report, the SAFEDOR Consortium assumes no respititysfor the use or inability to use any of itsfseare or algorithms.
The information is provided without any warrantyaofy kind and the SAFEDOR Consortium expresslyadiss all implied
warranties, including but not limited to the imglievarranties of merchantability and fitness forartpcular use.

(c) COPYRIGHT 2005 The SAFEDOR Consortium

This document may be copied and reproduced withatten permission from the SAFEDOR Consortium.ndgkedgement

of the authors of the document shall be clearlgneziced.

All rights reserved.

Document History

Document ID. Date
SAFEDOR-D-04.08.01-2007-11-23-GL-HAZID—-rev- 2007-11-23
earlyDRAFT.doc

SAFEDOR-D-04.08.01-2007-11-28-GL-HAZID—-rev-internal 2007-11-28
review.doc

SAFEDOR-D-04.08.01-2008-01-08-GL-HAZID-rev-external 2008-01-08
review.doc

SAFEDOR-D-04.08.01-2008-02-08-GL-HAZID—-rev-finaldlo 2008-02-08

Document Id. SAFEDOR-D-4.8.1-2008-02-08-GL-HAZI-te

Description

Early draft, documenting Hazld findings
and structure of the report. For comments
by work package participants.

Draft for internal review

Draft for external review

Final

page 2 of 76



Date 2008-02-08

HazID Open Top Container Vessels
D4.8.1

Document Control Sheet

Title: Dangerous Goods Transport with Open-Top Condiner Vessels - HazID

Abstract

As first step of the FSA on “Dangerous Goods Transpn Open-Top Container Vessels” this report
presents a ranked list of hazards for the operati@uch vessels. The hazard list is the resudt of
review of literature on Dangerous Goods acciddnstorical incident data, as well as a two-day héiza
identification (Hazld) meeting. The Hazld was atted by experts from shipping companies, yards,
port authorities, federal institutions, universtend a classification society. The hazard lifbésised

on hazards resulting from dangerous goods thagdoas current regulations, require on-deck stowage
on conventional container vessels.

This work represents a fundamental input to therabSafety Assessment (FSA) for Open-Top
Container Vessels, which is the focus of subsegBAREDOR tasks of this work package.

Summary Report:

Introduction

The preparatory step of a Formal Safety Assess(R&#R) consists of a review of existing data and
expertise in order to identify the most relevardrds that are to be addressed in more detaikin th
subsequent steps of the FSA process. This repsepts the review of data on Dangerous Goods (DG)
transport, a system definition and description, amigh-level hazard identification for Open-Top
vessels of the 1000 TEU class.

The core result is a list of hazards and their@aged scenarios — prioritized by identified rigkél —

that should be in focus of more thorough analyssubsequent phases of the FSA; as well as a
description of causes and effects of recorded Hdazar

State of the Art

In the work presented here, a well-establishedrdagantification technique, the “Failure Modes and
Effects Analysis” is applied. The selection of resbceptance criteria is informed by the work ogéér
failure probabilities that was published in SAFED@iRort 4.5.2.

State of the Market

Within SAFEDOR high-level FSAs have been producedmise ships (SP4.1), RoPax vessels
(SP4.2), LNG tankers (SP4.3), Container vesseld.@3Rnd a further FSA is currently being produced
on QOil tankers (SP4.7).

Value added to SAFEDOR

This work provides the basis for subsequent workher=SA, particularly the risk analysis to be
performed in work package 4.8.2. Moreover, the gmesd example demonstrates the capability of risk
analysis as a pro-active method.

Achievements

In this work valuable insights that were gainedrirstatistical data are combined with findings of a
(pro-active) hazard identification. This result ganvide a solid foundation for further steps @& th
high-level FSA on DG Transport on Open-Top vessels.

Not achieved

The identified hazards and the associated scengaigesnot been broken down to the particular
substances but to more general hazard classes.oA[d&ailed analysis of single substances and thei
hazards seemed unfavourably for the present approac
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Input from other Deliverables
Selection of risk acceptance criteria is informgadhe work on risk evaluation criteria that was
published in SAFEDOR report 4.5.2.

How the results relate to the overall goals of SAHEOR
Results of this work form the input for the follawp tasks of the FSA on Dangerous Goods Transport
on Open-Top Container Vessels, which is performeSAFEDOR SP 4.8.

Work carried out by Approved by

Kay Dausendschon (GL) Rainer Hamann (GL)

- name of internal reviewer -

- signature of internal reviewer and date of acceptan
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- name of external reviewer (for WP-leader)-
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1 Introduction

1.1 Concretization of Task Description

The primary objective of this subproject is to penfi a Formal Safety Assessment (FSA) as a firpt ste
towards a possible modernisation of the Internalitdaritime Dangerous Goods (IMDG) Code and
regulation 19 of SOLAS which govern the transpépackaged dangerous goods and the outfitting of
vessels. Whereas the IMDG code is updated regutangflect current dangerous goods, SOLAS-I1.2/19
is unchanged for about 22 years. Still the IMDGecogqjuires stowing of several dangerous goods on
deck — which cannot be accomplished for open-topaioer vessels.

The main question in this respect is: Do open-tmga holds evoke a greater risk of dangerous cargo
transport than the deck area of conventional coataressels. Presuming this is not true, thereis n
reason to keep the transport restriction. Thermialg be even reduced when more cargo is transported
with such vessels.

Therefore, a modernisation of the involved rulesdsded to offer commercially attractive open-top
container ships with large operational flexibilifyhe goal of this activity is to demonstrate a-tisised
approach for transport of dangerous cargo on bofacdntainer vessels.

1.2 Summary

This document summarises the Hazard Identificgtitazld) that was performed as part of a high level
Formal Safety Assessment (FSA) on Dangerous Gomssport on Open-Top Container Vessels.

The Hazld (“Step 1” of the FSA process, cf. sec@ipoomprises the first step in the FSA process and
provides the ground for follow-up steps. For pregan of the Hazld a review of the current reguiasi

and classifications for the transport of Danger@osds (DG), such as SOLAS and the IMDG Code, has
been conducted. Hazards imposed by substancesiethgsthe IMDG code serve as a basis for the
analysis. DG incident statistics, container tradéistics and incident reports have been studiextder to
restrict the analysis to a suitable focus.

Central part of the work was a two-day hazard ifieation (Hazld) meeting in which the FMEA method
has been applied to a “base system”. This systesnre@g@esented by the open-top cargo holds of aalpi

“Feedermax” vessel (approx. 1000 TEU). The FMEA watisnded by experts from shipping companies,
yards, port authorities, federal institutions, @msities and a classification society.

As a result the main hazards for Open-Top vessgissed by the transport of DG have been identified
and rated based on predefined scales for prohaaiiid consequence. According to this rating, hazard
(spillages, fires) involving gases and liquids @@ most dangerous and should considered for furthe
investigation in task 2.

1.3 Related SAFEDOR Tasks

The hazard identification described in this docunufines the focus of the follow-up activitiestive
FSA of Open-Top vessels; which comprise a riskyaisftask 4.7.2), a cost-benefit analysis (tagk3}.
and preparation of the material for a submissiolvto (task 4.7.4).
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Within the SAFEDOR project, high-level FSAs havesatly been performed for cruise ships (SP 4.1),
RoPax vessels (SP 4.2), LNG tankers (SP 4.3) ani@io@r ships (SP 4.4). Work on an FSA on
dangerous goods on open top container ships (Sks4tBprogress.

The development of a risk-based regulatory fram&varthe design and approval of ship systemsas th
subject of SP 4.5.

1.4 Related Projects

Parallel to the FSA on transport of packaged Damgefs0o0ds with Open-Top Container Ships the EU-
funded project “DAGOB?” investigates the maritimarisport and risks of packaged Dangerous Goods in
the Baltic Sea region [4].

1.5 Structure of the this report

This report is structured as follows. A brief irdration to the FSA process is provided in sectio®2
the basis of a review of relevant incident datatjstics and Open-Top design considerations thpesob
the analysis is developed in section 3. Underftiuss, a hazard identification was performed with
participation of different experts. The descriptafrthe HazID is presented in section 0. The resufithe
HazID session with detailed descriptions and ratioigthe identified scenarios can be found in the
Annex.
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2 Introductory comments on FSA

In April 2002 the IMO has published the “Guidelirfes formal safety assessment (FSA) for use in IMO
rule making process”; circular MSC/Circ.1023 [6heBe guidelines were revised and updated at the
Maritime Safety Committee’s (MSC) 83ession [7].

The purpose of this guideline is to introduce apss which provides objective indicators for tHe ru
making process. The FSA process (see Figure Ipgiisshes four steps (and one preparatory step)
which constitute a risk assessnfgmbcess:

Step 1: Hazard Identification

Step 2:  Risk Assessment with scenario definitistingation of frequencies
and consequences, risk summation and risk evatuatio

Step 3:  Analysis of risk control measures and oggtio

Step 4:  Cost benefit assessment

The focus of this report is on the preparatoryp€iand on step®.Steps 2 through 4 will be covered by
tasks 4.8.2 and 4.8.3 of SAFEDOR work package 4.8.

Figure 1: Flow chart of the Formal Safety Assesdmpencess based on MSC/Circ. 1023
(2002, annotations in italics added)

2 For a more extensive introduction to risk assessinethe Maritime industry, see [11].

3 An in-depth investigation of acceptance criteriaus of the scope of this document. For a detaliedussion of
suitable criteria, see [10] (with respect to safetye. human life) and [12] (for an extensive eaviof safety,
environmental and economic criteria).
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3 Preparation of the Hazld

In this preparatory step the current regulatiomgpfrkaged dangerous goods in sea transport are
reviewed and analysed. Intentions for the clas#ifi of the substances with respect to stowage
positions are especially highlighted. Furthermg&tems (vessels) that are considered in the cadfithe
analysis are presented. Trade and incident da¢gaiswed for the purpose of defining the focushef t
analysis.

The stowage requirements for packaged dangerowsgoaea transport, i.e. the IMDG Code, are
historically developed regulations and it is quastible whether these requirements really reflect th
hazards imposed by a certain substance. Espeitialgse of Open-Top (hatchless) containerships,
current regulations greatly reduce the flexibibfycargo transport. For these types of ships ngactrat
requires “on-deck-stowage” can be transported iohiass cargo holds. For that reason all Open-Top
vessels are also equipped with closed holds, misthe front and in the back. Although hatchlemgyo
holds have no deck in a general sense they atedraa closed cargo-holds which is a contradicton,
least to some extent.

In the HazID session itself the current regulationly play a minor role. This is due to the faatth
scenarios of interest are a combination of an dpprcargo hold and cargo that is not allowed to be
transported in such holds. Thus, it will be assuthedlall cargo can be transported in the operctwgo
area, and hazards related to such hypotheticahsosmwill be identified.

3.1 Open-Top Container Ships

3.1.1 General description

“Open-Top” or “Hatchless” container ships are desmin such a way that one or more of the cargo
holds are not fitted with a hatch cover, i.e. thieskel are completely open. They first appearedraadbe
beginning of the 1990s and were intended to makgodaandling more economic. In 1993 and 1994,
Howaldtswerke-Deutsche Werft AG (HDW) deliveredftiatchless 2780 TEU container ships to the
Swiss shipping company Norasia Line. Except fodld and 2, which are equipped with pontoon hatch
covers to allow the carriage of DG, these vessale Imo hatch covers. Almost all of the Open-Top
vessels currently in service, about 120, are ottfee-Max” size (500-1000 TEU). However, there are a
few “Handysize” (1000-2000 TEU) and “Sub-Panam&0Qq0-3000 TEU) ships. In Figure 2 and Figure
3 two different Open-Top ship types are shown.
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Figre 2: 1600 TEU Open-Top container sHJifiioeih open-top area flanked by closed
cargo holds |G ]

Figure 3: Typical Open-Top design with open-topaaspanning the complete midship deck
[

3.1.2 Open-top cargo hold features

In this paragraph special design features of OpgmQontainer Vessels are presented. Those featges
based on the “Interim Guidelines for Open-Top Cimaiships” [3].

Access

Open-Top cargo holds are usually accessible focte through catwalks and inclined ladders at both
ends of a container bay. These structures cantbeseifrom the main deck and alleyways next to the
hold. Supervision of particular containers is polgsihowever, it is not possible to open the dadrs
container.

Ventilation

Ventilation of the Open-Top cargo area is provibdgd combination of two measures. Passive
ventilation is generally accomplished by naturakaipply and exhaust due to the open structurerder
to remove heavier than air gases and toxic vagoums the bottom of the hold mechanical exhaust
systems are installed (as required in [3]). Thesehanical systems either work with an exhaust fitoen
bottom of the hold or with an overpressure from possed air. Both systems are required to maintain
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two complete atmosphere changes of an empty hakdnnene hour. With approximately 80% of the
volume of a hold filled with containers up to tanchanges per hour can be reached.

Bilge Pumps

Open-top cargo holds are equipped with Bilge Puimpsder to remove water from ingress, storm or
rainfall. For each cargo hold at least three puarpsprovided that can be controlled automaticaily a

manually from the engine room alarm and monitoggpgtem. Sensors monitor the water level at the

bottom of the cargo-hold. Bilge water is pumpecdiy overboard or is collected outside of the pagi
room. Special attention should be paid when pumflargmable or toxic liquids from cargo leakages.
For such cases closing valves avoid the liquidsdopumped through the engine room.

Fire Detection

Open-top cargo holds are always equipped withdigtection systems. The most common types are local
electronic ionization detectors for smoke and hEhag¢se detectors are positioned at different girate
locations inside the hold. Some older vessels niigrgquipped with a sample extraction smoke deiecti
system.

Electrical Installations
Electrical installations, wiring and ventilationeazertified and explosion-proof for the case tledes or
liquids with a flashpoint below 23°C are transpdrte

Fire Extinguishing

For fire extinguishing different measures are piled. Besides mobile fire extinguishers and fire psim
positioned on deck a manually operated fixed wsppegty system is installed inside the cargo holds Th
system is capable of spraying water down from #ekdevel. Spray nozzles are located circularlyad
each bay of the entire open cargo hold. In cadieeothe particular container bay can be isolatéth &
water curtain; meanwhile the adjacent containegssainuctures can be cooled.

Container Securing

Lashing of containers is not required in open-t@aa. Containers are secured and stabilized id fixe
cell-guides that take transverse forces. This wayr fashing (human error) or lashing equipmentifail
(e.g. due to corrosion) is ruled out and contdliogs or damage in heavy weather is very unlikely.

Intact stability

Even if all open cargo holds are completely fillgith water (permeability of 0.7 for container hdlds
intact stability of the fully loaded ship meets thevival criteria given in SOLAS , Part B-1, Chaipll-
1).

3.1.3 Conventional container ship

Main differences between open-top design and cdioread container ship design occur for cargo access
as well as for container securing, fire detectiod fire extinguishing measures.

Access

Under deck cargo is usually not accessible foictba due to the closed hatches; the first two pér
on-deck cargo can be accessed through catwalkebetilie bays. Supervision of on-deck containers is
possible for those being accessible.

Fire Detection
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Although decentralized electronic detection systamsused on increasing numbers, sample extrastion
still the standard principle applied inside closadgo holds. For on-deck cargo usually no detection
measures are installed.

Fire Extinguishing

For fire extinguishing inside cargo holds severabsures can be applied. Fixed systems, such as High
or Low Pressure C{systems (standard), sprinklers or foam generatershe main instruments. On-
deck measures include fire pumps and hoses agsvpbhrtable extinguishers. During the last yeaifsssh
are also equipped with fire monitors that are sop¢o the standard fire pump/hose principle.

Container Securing
Lashing on deck is usually done for three layersooftainers. Containers stored above that layeoralse
secured by twistlocks.

3.2 Carriage of Packaged Dangerous Goods

3.2.1 The IMDG Code

The objective of the International Maritime Danges@oods (IMDG) Code is to enhance the safe
transport of dangerous goods while facilitating fitee unrestricted movement of such goods [1F It i
intended for use not only by the mariner but alg@albthose involved in industries and services
connected with shipping, and contains advice amiteslogy, packaging, labelling, placarding, marlsng
stowage, segregation, handling, and emergency mespdhe code is updated and maintained by the
IMO every two years.

Within the IMDG code substances are grouped inte different classes, some of which also contain
several sub-classes. These classes mainly refletype of hazard that a substance imposes; to some
extent the physical properties are also criteniacfassification. However, many substances beaemor
than one type of hazard. Therefore, substancebeassigned a primary hazard class and a subsidiary
class for other hazards. These classes are aw$ollo

Class 1: Explosives

Class 2: Gases

Class 2.1: Flammable gases

Class 2.2: Non-flammable, non-toxic gases

Class 2.3: Toxic gases

Class 3: Flammable Liquids

Class 4: Flammable solids; substances liable to spontaneous combustion; substances

which, in contact with water, emit flammable gases

Class 4.1: Flammable solids, self-reactive substances and desensitized explosives

Class 4.2: Substances liable to spontaneous combustion

Class 4.3: substances which, in contact with water, emit flammable gases

Class 5: Oxidizing substances and organic peroxides

Class 5.1: Oxidizing Substances

Class 5.2: Organic Peroxides
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Class 6: Toxic and infectious substances
Class 6.1: Toxic Substances

Class 6.2: Infectious Substances

Class 7: Radioactive substances

Class 8: Corrosive substances

Class 9: Miscellaneous substances

3.2.2 Stowage of Dangerous Goods

Stowage requirements for every hazardous substarqgearts of the IMDG code. Of main interest irs thi
HazID are those substances that require stowagea Stowage positions are represented in the IMDG
code by “stowage categories” (numbers for classostances and capital letters for all other sulostEn
Stowage on deck is prescribed for those substahaeare labelled with 14 (class 1), C or D (other
classes). All substances that require on-deck gfewave been extracted from the IMDG code and can
be found in Annex A.3.

On deck stowage of certain substances is requaresefzeral reasons. These can be grouped into three
categories:

Applicability of preventive measures that mitigéte frequency of an incident

Applicability and impact of emergency proceduresuntermeasures that mitigate the severity of
an unwanted incident

Ship design considerations that have an effecewargy (natural exhaust, likelihood of

structural damage)

According to the 88 7.1.1.8 in the IMDG code stoeag deck has been generally prescribed in cases
where

Constant supervision is required

Accessibility is particularly required

There is a substantial risk of formation of explesgas mixtures, development of highly toxic
vapours, or unobserved corrosion of the ship

However, the IMDG code states “in the view of tlghhprotective advantages, stowage under deck has
been recommended wherever possible, except thiatefin articles of class 1 whose principal hdisr
the production of smoke or toxic fumes, stowagelerk has been recommended”.

In general on deck only cargoes are associatedgngtiter risks [14], whereas the type of risk map a
apply to under deck cargoes.

General considerations that impose on deck stowage:

Atmosphere on deck in beneficial for vapour exhafpplies to flammable and fire enhancing
vapours in case of an explosion or fire, toxic wagdo prevent poisoning or suffocation.
Incidents, such as smoke or leaking containerdedretter observed when stowed on deck.
Substances that can not be extinguished with veaitearbon dioxide may be controlled by
cooling of the adjacent containers/cargo in cadees.
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Corrosive substances could be washed away/overbgtrdarge amounts of water. Under deck
damage to the ship structure may be caused if ¢artgansported under deck.
Jettisoning of cargo.

Hazards that suggest cargo stowage on deck only (Bf summary of hazards specified in the
IMDG-Code):

Class 2: Gases
Poisonous, corrosive, and flammable gases shouldshected to on deck only due to the greater risk
of explosion, poisoning or suffocation. Gases, eigflg those being heavier than air, could
accumulate inside a cargo hold.

Refrigerated gases are kept liquefied at very Emperatures. These gases should be restricted to on
deck only due to a greater risk associated witkdgas, which may lead to frostbite, and with
increasing pressure when temperature rises (s@ryaccessibility required).

Class 2.1: Flammable Gases
Many of these flammable gases require a refrigdraigmsport. In general, required supervision and a
higher risk of explosion suggests on deck only sigav

Class 2.2: Non-flammable, non-toxic gases
Gases of this class require either a refrigeratatsport or have an oxidizing effect, thus, impgsin
greater risk in case of fire.

Class 2.3: Toxic Gases
Almost all of these gases require on deck only agewdue to a risk of intoxication or suffocation.

Class 3: Flammable Liquids
Danger of combustion is typically caused by vapaidithe substance. In individual cases, cargo
imposes greater risk due to fire, explosion otteck. Gases, especially those with low flashpoint,
have a very low boiling temperature and shoulddygt ks cool as possible. A secondary risk label
(6.1) indicates a higher risk due to inhalatioiaxdic vapours (isocyanates).

Class 4:Flammable solids; substances liable to spontaneous combusii substances which,
in contact with water, emit flammable gases
Class 4.1: Flammable solids, self-reactive substarand desensitized explosives
Cargo imposes greater risk of explosion. Substamigist generate explosive gases when
decomposing, thus, should be stored as cool agbfmss

Class 4.2: substances liable to spontaneous corolipust

Pyrophoric substances may ignite spontaneously or @arbon dioxide. There is no possibility to
extinguish such fires in cargo hold and adjacentaioers are difficult to cool. Substances migkbal
evolve toxic fumes when involved in a fire and foamexplosive mixture with air (celluloid).

Class 4.3: substances which, in contact with wadenit flammable gases
Substances impose a higher risk of explosion acteapours. Substances that react violently with
water usually evolve hydrogen gas.

Class 5: Oxidizing substances and organic peroxides
Class 5.1: oxidizing substances
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Oxidizing and explosive effect of these substarfpesmanganates, hypochlorites) imposes strong
reaction in case of fires. Must be separated flamrable substances.

Class 5.2: organic peroxides
Stowage on deck due to thermal instability andredesd fire risk.

Class 6: Toxic and infectious substances
Substances present a severe risk associated wilation or irritation. Risk associated with
imminent corrosion could be determined for somestarires.

Class 8: Corrosive substances
Stowage on deck due to increased risk of unobserwedsion of the ship and toxic or irritating
vapours. Liquid mineral acids and other substapoesent a serious inhalation hazard.

3.2.3 Emergency procedures

Emergency procedures apply in case of accidentfi@ipdcontrol or mitigate consequences. These
actions are applicable for two main categoriesofdents, spillages and fires.

The general recommendation is to wash spillagesoaed with copious quantities of water. If a
dangerous reaction with water is expected thisIshimeidone from as far away as practicable. The
general rule is that the safety of the crew alwaas priority over pollution of the sea.

Water is the main fire fighting medium at sea. Hegrefor some substances being highly reactive with
water dry chemical extinguishing is recommendeda:sehextinguishing media are available onboard in
only very low quantities; hence, the only altermatis to use copious quantities of water havingaiog
effect. A general recommendation for the handlihgamgerous goods in case of fire is to jettis@nth
overboard when there is a likelihood of their imehent in a fire. (may be impractical)

Class 2: Gases
General: Emergency team should avoid contact wetrefied gases. Additional hazards caused by
very low temperatures around leakages of liquafiesks.

2.1 Flammable gases:

Spillage: Let gas dissipate, for large quantitiebgoefied gas use water jet from as far as pdsdin
accelerate evaporation.

Fire: Create water spray, cool nearby cargo withiaxss quantities of water or jettison cargo invalve
in fire, do not try to extinguish gas flame.

2.2 Non-flammable, non-toxic gases:

Spillage: Let gas dissipate, for large quantitiebgoefied gas use water jet from as far as pdsdio
accelerate evaporation.

Fire: Use copious quantities of water.

2.3 Toxic gases:

Spillage: Let gas dissipate, for large quantitiebgoefied gas use water jet from as far as pdsdin
accelerate evaporation.

Fire: Create water spray, cool nearby cargo withiauss quantities of water or jettison cargo invalve
in fire, do not try to extinguish gas flame.
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Class 3: Flammable Liquids
Vaporized flammable liquids:
Spillage: Wash overboard with copious quantitiesafer, do not use direct water jet.
Fire: Create water spray and cool burning transgodl nearby cargo with copious quantities of
water or jettison cargo involved in fire.

Toxic and corrosive flammable liquids:

Spillage: Wash overboard with copious quantitiesafer, do not use direct water jet. Use water
spray to drive vapours away.

Fire: Create water spray and cool burning transgodl nearby cargo with copious quantities of
water or jettison cargo involved in fire.

Flammable liquids not soluble in water:

Spillage: Restrict leakage, try to absorb, colt#atnclose spillage. If not possible, wash overtboar
with copious quantities of water.

Fire: Create water spray and cool burning transgodl nearby cargo with copious quantities of
water or jettison cargo involved in fire.

Class 4: Flammable solids; substances liable to spontaneaumsnbustion; substances which,
in contact with water, emit flammable gases
4.1 Flammable solids, self-reactive substancesdasgnsitized explosives
Spillage: Wash overboard with copious quantitiesafer, collect if possible (not self-reactive), if
molten smother with dry inert material.
Fire: Create water spray and cool burning transpordl nearby cargo with copious quantities of
water or jettison cargo involved in fire.

4.2 Substances liable to spontaneous combustiote(smeactive)

Spillage: Avoid getting water in or on cargo tramgpunits, dispose overboard immediately

Fire: Do not use water or foam, smother with digrinrmaterial or let fire burn. If not practicabémol
nearby cargo with copious quantities of water. fbravoid water get into the container.

4.3 Substances which, in contact with water, danitiihable gases

Spillage: Keep dry and dispose overboard or washbmard with copious quantities of water
Fire: Do not use water or foam, smother with digrinrmaterial or let fire burn. If not practicabémol
nearby cargo with copious quantities of water. fbravoid water get into the container. Remove
receptacles likely to be involved in a fire.

Class 5: Oxidizing substances and organic peroxides
5.1 Oxidizing substances
Spillage: Wash overboard with copious quantitiewafer.
Fire: Create water spray and cool burning transpodl nearby cargo with copious quantities of
water.

5.2 Organic Peroxides

Spillage: Wash overboard with copious quantitiesafer. Collect damaged or leaking receptacles
and dispose overboard.

Fire: Cool burning transport units and nearby camngoosed to the fire with copious quantities of
water. After extinguishing keep water sprayinggeveral hours.
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Class 6: Toxic and infectious substances
6.1 Toxic substances
Spillage: Wash overboard with copious quantitiesvafer. Do not direct water jet straight onto the
spillage.
6.2 Infectious substances
Spillage: Wash overboard with copious quantitiesvafer. Do not direct water jet straight onto the
spillage.

Class 8: Corrosive substances
Corrosive substances
Spillage: Wash overboard with copious quantitiesvafer. Do not direct water jet straight onto the
spillage.

3.2.4 Cargo handling

Of all cargo that is transported in containers leetw5% and 10% are DG, depending on the route.
Undeclared DG are not factored in, but estimatgmsip to 30% of the declared DG [15]. That means,
with about 100 million containers being transpomed year up to 10 million contain DG and up to 3
million contain undeclared DG. Transport insureqgezt that the portion of packaged DG will even
increase in the future.

For the cargo covered by the regulations of the ®ADode a review of DG statistics [8] of the Hamburg
port has been conducted. The Hamburg port is ttensebiggest port in Europe with approximately 9
million containers handled per year (2006), appr@ately the same number as Rotterdam port.
Furthermore Hamburg is regarded as the feederectmtthe Baltic Sea. Thus, data from this port lsan
seen as fairly representative for Europe.

Statistics from the years 2002 to 2006, shown gufe 4, indicate that the most transported pack&gzd
are those of class 3 — flammable liquids, followgctlass 8 —corrosive substances. Classes 9, 8.6.4n
are also transported in major quantities.

Based on a container safety study [15], conducstiden 1996 and 2000 by the IMO, 30% of all
inspected containers (approx. 20000) had defet®9% of those cases the container itself (stregtur
showed defects, 20% were marked inadequately, Hi¥fptoblems with the documentation, 15% were
badly stowed or showed poor cargo securing and% @f the cases the labelling was wrong or
insufficient.
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Dangerous Cargo Handling
Hamburg Port (2002 - 2006 [avg. t/year])
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Figure 4: Hamburg Port Statistics: Handling of meggd dangerous goods
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3.3 Incidents

3.3.1 Dangerous Goods incidents

Extensive studies of DG incidents have been madbédiund University, Sweden [13]. In this work
two US-American databases have been analyzedaii;dete database of the U.S. National Response
Center (NRC) and the Hazardous Materials Infornma8gstem (HMIS). According to those databases,
almost 35% of all documented incidents involve €lasubstances and more than 25% involve
substances of class 3 (see Figure 5). When compatiethe port statistics these classes also retfhec
largest portions in DG transport. A high numbeimaidents does not necessarily mean that the
substances involved are associated with a higblerin order to determine the risk the consequeotes
an incident have to be known, but quantificatiohsuzh consequences are only rarely available.

DG Classes involved in vessel incidents

40.00% -
35.00% -
30.00% -
25.00%
20.00% -
15.00%
10.00% -
5.00% I
0.00% ‘ _— - ——
1 2 3 4 5 6 7 8 9
Class

Figure 5: Distribution of dangerous goods classeslved in sea transport incidents;
based on DG-vessel incidents, 1993-2004 [13]

The incident type has also been analyzed and lasééracted from the databases, as shown in Figure
6.
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Figure 6: Distribution of incident types based dB-Ressel
incidents, 1993-2004 [13]

In order to find out whether certain classes oksaices show a disproportionate share of the intsde
and thus give hint for the focus of further analygiort statistics and hazard incident databases lesen
compared. From this comparison it can be conclulda] based on their share in transport, especially
class 2, class 8 and class 3 seem to be more tikélg involved in an incident than other clasbes.
contrast, involvement of classes 1, 4 and 5 sedma fess likely.
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Figure 7: Class-based comparison: Share of diffalasses in sea transport and their involvement in
DG-incidents
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Figure 8: Proportional share of incidents of aaiarDG class

Almost all of the known serious DG accidents amsoamted with fire and explosion. There can be
various reasons for that; they can be associatddthé production of the particular substance
(impurification), poor packaging, improper labetjijhandling, stowing, cargo securing etc. In meses
external factors are also involved, so that cunudaiccurrence leads to an accident [16].

Table 1 shows an overview of major DG-accidents dlbaurred during 1998 - 2006.
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Table 1: Major DG accidents 1998 - 2006

Name Year Accident/Type | Human Loss | Property damage

DG Harmony | 1998 Fire 2 fatalities >US$ 20,000,000

Sealand 1998 Explosion,

Mariner Fire

Aconagua 1998 Explosion, >US$ 15,000,000
Fire

Ever Decent | 1999 Fire after
collision

CMA Djakarta | 1999 Explosion, >US$ 25,000,000
Fire

Hanjin 2000 Fire

Bremen

Sloman 2001 Fire

Traveller

Hanjin 2002 Fire, 2 fatalities > US$ 100,000,000

Pennsylvania Explosion

Sea Elegance | 2003 Fire 1 fatality

LT Utile 2003 Fire

MOL 2006 Fire

Renaissance

Hyundai 2006 Fire Approx. US$ 300,000,000

Fortune

Not only injuries, fatalities or damages to thepsitself should be considered. The property dantlage
is caused by loss of cargo is also significantiandany cases exceeds the damage to the vessel.

A realistic quantification of cargo values can heitbe achieved based on volume nor on weight.
Furthermore, the number of empty containers besrgsported is very difficult to determine since
shipping industry treats this information very ddehtial. Nevertheless, a global value is needed,
especially for calculation of insurance rates. (Relrers calculated a weight based value of U3$5L,
per ton in 2004 [5]. Considering an average weightO t for a 20 ft container and 18 t for a 40 ft
container as well as a safety margin of 10% theameevalue will be US$ 20,000 and US$ 36,500
respectively for a single container (in the Corgaidessel-FSA [9] a value of US$ 20,000 has beed us
for a 20 ft container). For certain trans-pacibates and routes between Europe and the UnitedsStat
average values of US$ 100,000 per container caedmhed [5]. An approximation of the relation
between transported 20 ft and 40 ft containersbeaobtained by checking the number of certificagion
for the specific types by GL. From Figure 9 it denderived that about half of the containers aré 20
and half are 40 ft which would result in an averagst per container of about US$ 30,000. Not inetud
in this calculation are reefers and containersfarcial purposes, as well as empty containers.
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GL certified Containers 2005/2006*
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Figure 9: Containers certified by GL
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4 Hazard ldentification

In this section the Hazld is documented that wafopaed in Hamburg on November"¥45" 2007.
First, the applied hazard identification and evibramethod (FMEA, section 4.1) and the team that
participated in the analysis are described (se@igh Then, the focus of the Hazld is outlinedenms or
processes and systems (section 4.3). Finally,rtalysis results are summarised (section 4.4).

4.1 Analysis method: Process-FMEA

For the hazard identification Failure Mode and EffeAnalysis was applied. FMEA is a method that
examines potential failures in products or procgesiéenay be used to evaluate risk management
priorities for mitigating known threat-vulnerabidéis. FMEA helps select remedial actions that reduce
cumulative impacts of life-cycle risks from a syst&ilure. This method illustrates connections ezt
causes and consequences in a standard format.

The basic process is to take a description oftyessand tasks of a system, and list the consegaéina
task fails. Then the FMEA participants evaluatedbesequences with respect to two criteria, frequen
and consequence. These criteria are predefinedferedt scales:

Frequency index, E {1..8}
Severity index, ®{1..6}

From these indices the risk index Rl is calculdig@dddition: RI=F+S
The scales of valuation are based on recommendatiof6]. Scales shown in Table 2 and Table 3 were
used in the course of the FMEA to ensure that égese their judgements on the same basis. For the

assessment of the severity class, descriptions gieee for safety implications and property-related
implications. It should be noted that SOLAS is ceined predominantly with safety-related aspects.
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Table 2: Frequency Index (FI)

FI | Frequency Definition F (per
ship
year)

8 | Very frequent Likely to happen once or twice a week on one ship 100

7 Frequent Likely to occur once per month on one ship 10

6 Probable Likely to occur once per year on one ship 1

5 Reasonably Likely to occur once per year in a fleet of 10 ships, 0.1

probable i.e. likely to occur a few times during the ship’s life

4 | Unlikely Likely to occur once per year in a fleet of 100 ships 0.01

Remote Likely to occur once per year in a fleet of 1,000 ships, | 0.001
i.e. likely to occur in the total life of several similar
ships
2 Very remote Likely to occur once per year in a fleet of 10,000 ships | 0.0001
Extremely remote Likely to occur once in the lifetime (20 years) of a 0.00001
world fleet of 5,000 ships
Table 3: Severity Index (SI)
Sl Severity Human Safety Property Related
Equiv. [US$]
fatalities
Single or minor | 0.0001 Damage to parts of the 3.000
1 Minor injuries cargo of a smgle_
container, no ship
damage
Multiple minor 0.001 Damage of 1 container, 30.000
2 Moderate injuries minor damage to ship, No
delays in transport
Single severe 0.1 Damage of about 10 300.000
3 Sianificant injury or containers, reparable
9 multiple injuries damages of the ship,
minor downtime
Single fatality, 1 Damage of about 100 3.000.000
multiple severe containers, significant
4 Severe injuries damage to ship,
considerable downtime /
repair time
Multiple 10 Loss of more than 100 30.000.000
Extremely o X
5 fatalities containers, severe
severe .
damage top ship

6 Catastrophic Multl_ple 100 Total loss of cargo and >>30.000.000

fatalities vessel
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The risk index is used to prioritize all potenfalures with the ultimate aim to decide upon atsio
leading to reduce the risk, usually by reducingesiéy and / or improving controls for detecting the
failure.

In the analysis at hand a third rating scale has li@troduced (Table 4). This scale is used tosasthe
consequences of an incident on an Open-Top Conshiipen relation to a conventional ship, i.e. gsh
with hatch covers. It is important to note thastimdex does not affect the Risk-Index (RI). The
combination of the Severity-, Frequency- and thei®pop-Index is useful in order to determine
scenarios that are particularly critical for theengiop design. These scenarios can be identified by
calculating the “Risk Priority Number”, RPN=SI*FI1OThe RPN overweighs those hazards which are
more critical for the open-top designs compareithdse being equal or less critical. Please notettiea
RPN has no direct relation to the risk. It is onbed for ranking of the hazards.

Table 4: Open-Top Index (Ol)

Ol Description
superior to conventional design

equal to conventional design

3 inferior to conventional design
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4.2 Hazld Team
The following persons participated in the FMEA s&ss.
ID. | Name Company Background Role
1 |Ingo Doering German Federal Institutel Specialist for Reactive Substances expert
for Materials Research andand Systems.
Testing Working Group, Assessment of
Dangerous Goods/Substances
2 | Uwe Kraft Bremen Port Authority Dangerous Good$JIG Code expert
specialist
3 | Rainer Briick Dohle Captain, Dangerous Goods expert
Representative
4 | Kurt Riedel Dohle Naval Architect observer
5 | Friedo Holtermann Germanischer Lloyd Speciatistiangerous Cargo, Firteexpert
Extinguishing Systems
6 | Frank Monnig Aker Yards Design Engineer, Cargdddo expert
7 | Wolfgang Hintzsche | German Shipowners Captain, Safety Management expert
Association Representative
8 | Joanne Ellis SSPA Project Manager, Research EBegjiobserver
9 | Andreas Baumgart Germanischer Lloyd Project Mandgesearch Engineg¢facilitator/
recorder
10 | Kay Dausendschdn Germanischer Lloyd Project anaresearch Enginegfacilitator/
recorder
11 | Sandra Peter Germanischer Lloyd Student Intern bserwer
12 | Hinnerk Hatecke Aker Yards Student Intern obsery

4.3 Definition of analysis focus

4.3.1 System description

The hazard assessment in this task will be exeieplin a reference vessel type on which all
considerations will be focused. A so called Fe@dar-container carrier with a capacity of approxiatat
900 TEU has been chosen since it reflects to & laxgent the market of Open-Top container ves8els.

typical vessel of this type is shown in Figure 10.

Document Id. SAFEDOR-D-4.8.1-2008-02-08-GL-HAZI-te

page 27 of 76



Date 2008-02-08

HazID Open Top Container Vessels
D4.8.1

Open Top area

Figure 10: 900 TEU Container Vessel

This ship type was developed in the middle of 880k to meet the need for bringing containerized
cargo also to small container ports which couldbeserved by the larger vessels in such an dtticie
way. With regard to their principal dimensions aglipment, these ships differ only negligibly, eifen
advancement over 1000 TEU and the trend to moreemtions for reefer containers are noticeable.
However, risk increases with the number of contaieing transported. Such ships are generally
designed for the transport of dangerous goods@S@EAS Chapter II-2, Regulation 19 and equipped
for container transport in worldwide trade.

4.3.2 Structure of the FMEA

In order to structure the analysis, the followimggesses have been considered for the FMEA.

Operations in restricted waters and open sea toainsp
Loading/unloading

Most of the documented DG-incidents with vessetsioduring the voyage or en route phase [13]. It
should be noted that a strict distinction betweandport and loading operations with respect to
dangerous goods incidents seems unfavourably. Exagreed that design differences between Open-
Top and conventional vessels mostly affect theautes of an incident when the vessel is in operation

For the FMEA a structure has been chosen thatsiscban the classes and sub-divisions of the IMDG
code. The hazard identification followed the substs of these classes and their associated hazards.
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Table 5: FMEA Structure

Class 1 — explosives

division 1.1 and 1.2: mass explosives and projectiles
division 1.3 and 1.4: minor blast, minor projection hazard
division 1.5 and 1.6 (no relevance)

Class 2 — gases

2.1 flammable gases
2.2 non-flammable, non-toxic gases
2.3 toxic gases

Class 3 - flammable liquids

packing group | (boiling point < 35C)

packing group Il (flash point <23T)

packing group Il (flash point between 23<C and 61° C)
liquid desensitized explosives

Class 4 - flammable solids; substances liable to sp  ontaneous combustion;
substances which, in contact with water, emit flamm able gases

4.1 flammable solids, self-reactive substances and solid desensitized explosives
flammable solids
self-reactive solids
solid desensitized explosives
4.2 substances liable to spontaneous combustion
packing group | (pyrophoric solids)
packing group Il and Il (combustible substances)
4.3 substances which, in contact with water, emit flammable gases

Class 5 - oxidizing substances and organic peroxide S
5.1 oxidizing substances
solid substances

liquid substances
5.2 organic peroxides

Class 6 - toxic and infectious substances

6.1 toxic substances

toxic by inhalation

toxic by dermal or oral contact
6.2 infectious substances

Class 7 - radioactive material
Class 8 - corrosive substances

Class 9 - miscellaneous dangerous substances and articles
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substances evolving flammable vapours
marine pollutants

lithium Batteries

fumigated units

4.3.3 Root causes

Dangerous goods incidents can be caused by sérmralauses”, i.e. causes at the beginning ofaanch
of events. Root causes include the basic eventéethéito a leakage of the packaging, fire, explosic.
These root causes have not been considered héegailhbecause a rating of the frequency of eaoh ro
cause associated with a certain consequence wauidbeen impossible. For many of the incidents that
are documented or that are known from expert’sguetisexperience root causes are even unknown. For
that reason experts agreed that the chain of eleamdgg to an incident should start with eitheeinal

or external root causes with no further differetitia

Internal root causes are causes emanating from@&eontainer itself, including those involving non-
DG:

- Production (impurification)

- Bad stowage

- Inadequate packaging

- Improper segregation

- Bad labelling ( improper stowage)

- Damage of packaging due to handling

External root causes involve events from outsi@elis-container:

- Sea sloshing / green water

- Heavy weather

- Fire

- Overheating due to bad stowage
- Grounding

- Collision

- Parametric roll

- Vibrations

4.4 Hazld evaluation

For the purpose of the FSA, a high-level analysis performed. Hazards were identified with resfeect
safety (effect on human life) and property (effectship and cargo). Environmental damage is hard to
assess for dangerous goods substances, howdvas,atso been considered associated with property
damage.

Hazards were evaluated using pre-defined frequandyseverity scales (Table 2 and Table 3). A hazard
is considered to be serious if the Risk Index @ Bigher.
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The complete evaluation of hazard scenarios isgiveéhe tables of A.2. For detailed informatioeade
refer to the Annex. An excerpt of the FMEA residtsompiled in Table 6. In this table scenarios are

ranked based on their risk index.

Table 6: Scenarios with the highest Risk Index (RI)

RI Subgtance/CIass Failure Effect Cause
involved
9 | 2.2 non flammable, gas leakage for liquefied gas: Internal: poorly
non toxic gases liquid will fill the manufactured tubes, gas
hold with the bottles, gas cylinders,
transported gas receptacles,
(N3, COy, Oy, ...) containments, seals, ...
-> personnel
accident External: cargo inside
-> structural adjacent containers
damage due to comes loose due to
cryogenic heavy weather and poor
substances cargo securing practice
and damages the tank
not-liquefied: for container; fire on-board
gases heavier than | vessel, pressure built-up
air due to excessive heat,
-> depletes containment bursts due to
oxygen, suffocation | over-pressure; lack of
of personnel securing of dangerous
goods inside container
9 | 2.3 toxic gases gas leakage personnel Mainly external causes,
accidents, also internal causes
inhalation of toxic
gases - intoxication
9 | 4.3 substances exposure of material to | development of External causes
which, in contact water and / or humidity | flammable / toxic
with water, emit (packing failure, water | gases
flammable gases ingress, rupture of * explosion
container) * fire
* injuries / death
8 | 2.1 flammable gases | gas leakage explosion, fire Internal: poorly
manufactured tubes, gas
bottles, gas cylinders,
receptacles,
containments, seals.
Containment leaks gas
(from aerosols, lighters
transported as bulk ...)
8 | 2.2 non flammable, gas leakage for oxidizing Internal: poorly
non toxic gases substances (02) manufactured tubes, gas
together with a bottles, gas cylinders,
spark / cigarette receptacles,
-> personnel containments, seals, ...
accidents
-> pure oxygen is
toxic for persons ->
accidents
-> causes a fire /
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explosion due to

increased
flammability /
combustion
7 | 3 flammable liquids, | Leakage Formation of an External and internal
packing group |l explosive mixture, causes

explosion fire
7 | 4.2 substances liable | spontaneous ignition fast developing fire | Mainly external causes

to spontaneous by itself after rupture of | (liquid flows down
combustion — packaging/containment | into cargo hold)
packing group |
7 | 5.1 solid oxidizing leakage from damaged | effect depends Mainly external causes
substances packaging (self- mainly on cargo
decomposition is stored in direct

possible, but is limited | vicinity. Explosion
to special substances) | (if reacting with
Ammonia), Fire (in
case of reaction
with combustibles);
fire fighting is
superior for open

top vessels
7 | 6.1 toxic substances, | leakage of packaging intoxication or Mainly external causes
toxic by inhalation death
7 | 8 corrosive Leakage of liquids damage to the ship | Mainly external causes
substances structure

-> it is unclear what
damage a full tank
container does to
the ship structure
->what it does to
bilge pumps

-> major parts of
the container itself
are affected and
the whole stack
collapses

7 | 1.3/1.4 explosives Ignition explosion External: Shock, fire,
(minor blast, minor collision, grounding
projection hazard,
fire hazard)

4.5 Comparison with conventional container ship design

In 1995 a study has been made on safety requirsrfamthe safe transport of dangerous goods on
containerships [14]. Requirements for both, theveational and open-top stowage should be measured
by the same standards. For this reason, Open-ggelehave been evaluated and compared with
conventional container vessels. The study concltisigidthe Open-top design is superior in almost all
categories listed in Table 7. Experts involvedha Hazld did not support all ratings made in thegt In
general they confirmed that fire fighting on OpempTvessels is more efficient, due to the support of
water spray systems inside the hold and the bealdgwel from which extinguishing measures can be
applied (low stowage height with respect to deslelp However, for large fires and explosions
structural damages to the ship structure may be tiaaly.
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Accidents that are associated with the accumulatiagases being heavier than air and leakage wifilig
pose a higher threat.
For a comparative rating of different accident sc@s please refer again to the FMEA tables in A.2.

Table 7: Comparison of container vessels
Conventional on Open-top container positions
deck container :
G Design features Expert

positions Rating

(reference) (HazID)
Access reference Catwalks, open hold O
Supervision reference Catwalks, open hold O-
Explosive reference Mechanical ventilation -
Gas
Mixtures
Toxic reference Mechanical ventilation -
Vapours
Fire reference Smoke detection system, sprinkler system, +
detection supplemental fire hoses, flooding of hold
and fire
protection
Container reference Cell guides in and above hold +
securing
Container n.a. n.a. n.a.
jettisoning
Unobserved reference Sprinkler system, bilge/stripping system, -
corrosion damage stability

+ better ; +O better or equal; O equal; O- equalarse; - worse

4.6 General remarks

During the FMEA session various remarks have beatenvith respect to the general increase of safety
on vessels. The following list summarises the [@oint

- Improvement of information management, especiallgrimation exchange on cargo content of
containers between charterer and master.

- General shoreside training of people, especialthh vaspect to packing and overfilling of containers
- Establish procedure: “Ventilate cargo holds betoperson enters a hold”.

- Countermeasures (general): Container with @@ fighting, smoke/heat detection (align with S
discussions).
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- Improve quality of containments/packaging.
- Gas leakages: Provide self-contained breathingrapmafor the crew.

- Foam extinguishing systems might be useful sinceynsabstances react with water or cannot be
extinguished with water. Use alcohol persistentrfea
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5 Summary and conclusions

As first step of the FSA on “Dangerous Goods Trarnspn Open-Top Container Vessels” this report
presented a ranked list of hazards for the operaticuch vessels. The conducted work included a
review of literature on Dangerous Goods accidemtstastorical incident data, as well as a two-day
hazard identification (Hazld) meeting. The Hazldsvedtended by experts from shipping companies,
yards, port authorities, federal institutions, @mgities and a classification society.

The core result is the identification and rankifidn@zards and their associated scenarios — prieditby
identified risk level — that should be in focusnedre thorough analysis in subsequent phases ¢fShe
as well as a description of causes and effectsaufrded hazards.

The analysis showed that especially those hazavddving heavier than air gases and liquids polsigla
risk for open-top vessels compared to conventiooatainer ship design. However, experts agreed that
by application of risk reducing measures a sigaifiqositive effect may be achieved. Thereforeghéur
guantitative investigation should have a focush@sé scenarios.
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Annex
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RPN Calculations: Cause RPN = Severity x Occurrence  x Detection  Roll Up RPNs = Sum of all associated = Cause RPNs

Severity Rating Scale
# Description

1 Minor

2 Moderate
3 Significant
4  Severe

5 Extremely severe

6 Catastrophic

Criteria

Single minor injury (equiv. fatalities 0.0001). Local damage to
cargo of a single container. No ship damage.

Multiple minor injuries (equiv. fatalities 0.1). Small increase in
operational duties of crew. Damage of 1 container. No delays in
transport.

Single severe injury or multiple injuries (equiv. fatalities 0.1).
Increase in operational duties of crew. Damage of about 10
containers. Reparable damage to ship, minor downtime.

Single fatality or multiple severe injuries. Loss of about 100
containers, significant ship damage, considerable
downtime/repair time

Large number of fatalities (equiv. fatalities 10). Loss of more
than 100 containers. Severe damage to ship with significant
downtime.

Large number of fatalities (equivalent fatalities 100). Total loss
of cargo and vessel.

Occurrence Rating Scale

#
1

Description

Extremely remote

Very remote

Remote

Unlikely

Reasonably probable

Probable
Frequent

Very frequent
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% Reduction = (Initial RPN - Revised RPN) / Initial RPN

Criteria

Likely to occur once in a lifetime (20 years) of a world
fleet of 5,000 ships. 0.00001 times per ship year

Likely to occur once per year in a fleet of 10,000 ships.
0.0001 times per ship year

Likely to occur once per year in a fleet of 1,000 ships.
0.001 times per ship year

Likely to occur once per year in a fleet of 100 ships.
0.01 times per ship year

Likely to occur once per year in a fleet of 10 ships. 0.1
times per ship year

Likely to occur once per year on one ship. 1 time per
ship year

Likely to occur once per month on one ship. 10 times
per ship year

Likely to happen once or twice an week on one ship.
100 times per ship year

Open Top Rating Scale

# Description
better

1
2  equal
3 worse

Criteria
Superior to conventional design

equal to conventional design
inferior to conventional design
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A.2 FMEA Tables
o
> (8] |9 =z
Class/Substance Failure Effect o Cause o f= o Action
) O 9 14
o
1 - Class 1 - explosives
division 1.5 and 1.6 are of no relevance (low quantities)
division 1.1 and 1.2 (mass expl. and projectiles)
divl.land 1.2 ignition explosion, of minor 5 external: shock, 1 2 10
relevance: fire vibration, fire,
collision, grounding,
internal: poor cargo 1 2 10

securing and
subsequent shock

division 1.3 and 1.4 (minor blast, minor projection hazard, fire hazard)

divl.3and 1.4 ignition explosion, fire 4 external: shock, fire, 3 1 12
collision, grounding,

internal: poor cargo 1 1 4
securing and
subsequent shock
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o
. > Q |9 P .
Class/Substance Failure Effect (o Cause © | = | o Action
n C| g |x
O
2 - Class 2 - gases
2.1 flammable gases
Flammable gases | gas explosion, fire 3 Internal: poorly manufactured tubes, | 5 1 15 | improve quality of
leakage gas bottles, gas cylinders, containments
receptacles, containments, seals.
Containment leaks gas (from
aerosols, lighters transported as bulk
)
xternal: fire on-board vessel, 3 |2 18 | Better in case of explosions
pressure built-up due to excessive because:
heat, containment bursts due to over- * many chemicals react
pressure unfavourably with CO2 / H20
*in an open-top bay, the
pressure of an explosion will
not damage the ship structure
Equal for on-deck storage
2.2 non-flammable, non-toxic gases
non-flammable, gas for liquefied gas: liquid will 4 | Internal: poorly manufactured tubes, 5 3 | 60 | improve quality of
non-toxic gases leakage fill the hold with the gas bottles, gas cylinders, containments

transported gas (N2, CO2,
02,..)

-> personnel accident

-> structural damage due
to cryogenic substances

receptacles, containments, seals, ....
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not-liquefied: for gases External: cargo inside adjacent 60
heavier than air containers comes loose due to heavy
-> depletes oxygen, weather and poor cargo securing
suffocation of personnel practice and damages the tank

container; fire on-board vessel,

pressure built-up due to excessive

heat, containment bursts due to over-

pressure; lack of securing of

dangerous goods inside container
for oxidizing substances Internal: poorly manufactured tubes, 30 | improve quality of

(02) together with a spark
/ cigarette

-> personnel accidents

-> pure oxygen is toxic for
persons -> accidents

-> causes a fire / explosion
due to increased
flammability / combustion

gas bottles, gas cylinders,
receptacles, containments, seals, ....

containments

External: fire on-board vessel, 18
pressure built-up due to excessive
heat, containment bursts due to over-
pressure
2.3 toxic gases
toxic gases gas personnel accidents, internal factors 48 | provide self-contained
leakage inhalation of toxic gases - breathing apparatus for crew

intoxication

improved ventilation - but: this
may endanger persons on
deck

external factors

60

store in ship center
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Class/Substance

Failure

Effect

Sev

Cause

Occ

OpenTop

RPN

Action

3 - Class 3 - flammable liqui

General

Stacking height above deck
level is lower for open top
vessels. Accessibility for fire
fighting is better. This might
change with IMO rules (Fire
protection of cargoes carried on
deck). SOLAS II-2;
Incompatibility of water as
extinguisher with burning fluid
may make fire fighting
impossible. Example: Ether
This might affect the rating for
open top vessels.

Actions: Foam extinguishing
systems might be useful. Use
alcohol persistent foams

Incompatibility of water as
extinguisher with burning fluid
may make fire fighting
impossible. Example: Ether
This might affect the rating for
open top vessels.

packing group | - boiling

point lower than 35C

flammable liquids - packing
group |

Leakage,
evaporization

Formation of an
explosive
mixture,
explosion, fire

External causes

Internal causes

Vapours act as
an anaesthesia,

Internal causes

Document Id. SAFEDOR-D-4.8.1-2008-02-08-GL-HAZID-t1e

page 42 of 76




temporary bad
health,
unconsciousnes
s

Date 2008-02-08

HazID Open Top Container Vessels

packing group Il - flashpo

int lower than 23C

flammable liquids - packing
group Il - flashpoint less 23T

Leakage

Formation of an
explosive
mixture,
explosion, fire

Vapours act as
an anaesthesia,
temporary bad
health

packing group Il - flashpoint between 23 and 61 C

flammable liquids - packing
group Il - flashpoint between
23C and 61T

Leakage

Formation of an
combustible
mixture, fire

Vapours act as
an anaesthesia,
temporary bad
health

liquid desensitized explosives

liquid desensitized explosives

evaporation of
solvent

explosion, fire

D4.8.1
External causes 6
External causes 12
Internal causes 12
Internal causes 6
External causes 6
External causes 12
Internal causes 8
Internal causes 6
External causes 6
External (only fire) 4
Internal (only if 8

packaging is
inappropriate)
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Q.
. > Q |9 P .
Class/Substance Failure Effect G Cause O | | o Action
] O Q| x
@)
4 - Class 4 - flammable solids; spontaneous combustion; water-reactive, ....
4.1 flammable solids, self-reactive substance, solid desensitized explosives
flammable solids
flammable solids Ignition after damage of Fire (consequences might 3 | External (Fire only) | 2 2 |12
packaging be higher for metal
powders)
self-reactive substances
self-reactive substances Ignition of liquid fast developing fire 4 | External 2 2 | 16
(substance can react with Internal 1| 2 | 8 | whenstoredina
itself, combustion will be (substances are reefer container both
faster when packaging is transported under sides of the container
damaged) temperature (door and reefer
control; substance aggregate) must be
might self-ignite accessible
when reefer fails)
Ignition of solid (substance | fast developing fire 4 | External 2 2 | 16
can react with itself; Internal 1| 2 | 8 | whenstoredina
combustion will be faster (substances are reefer container both
after damage of transported under sides of the container
packaging) temperature (door and reefer
control; substance aggregate) must be
might self-ignite accessible
when reefer fails)
solid desensitized explosives
solid desensitized evaporation of solvent / explosion, fire 4 | External (only fire) 1 2 8

de-mixture

explosives
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subsequent ignition; for
this packing group ignition
is delayed w.r.t. packing

vibration, sun, )

D4.8.1
Internal (only if 2 8
packaging is
inappropriate)
4.2 substances liable to spontaneous combustion
packing group | - pyrophoric solids a. liquids - high affinity of combustion
combustible substances - Spontaneous ignition by fast developing fire (liquid External 3 | 30
packing group | - itself after rupture of flows down into cargo hold) Internal 3 |15
pyrophoric solids a. liquids | packaging/containment
- high affinity of
combustion Spontaneous ignition by fast developing fire External 2 | 16
itself of solid after damage Internal 2 8
of packaging
packing group Il and IlI
combustible substances - self-heating of liquid with developing fire (liquid flows External (heating 3 9
packing group Il - medium | subsequent ignition; for down into cargo hold); due to exposure to
affinity of ignition this packing group ignition sun)
is delayed w.r.t. packing
g:)?g'plleaka e is not Internal 3 9 | Cargo of this class
: g should not be shipped
relevant because usually ; .
the unpressurized liquid n venylated _
will not self-ignite containers (ventilation
holes could also be
sealed using simple
tape) - because
ventilation may trigger
self ignition
use reefer container
for transport
self-heating of solid with developing fire External (mainly 2 |12
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group | Internal (hot 2 |16
loading of
charcoal, fishmeal)
4.3 substances which, in contact with water, emit flammable gases
Class 4.3 - summary exposure of material to development of flammable / external 2 | 40 | there is no way to stop
water and / or humidity toxic gases the fire with present
(packing failure, water * explosion fire fighting equipment
ingress, rupture of * fire
container) * injuries / death
transport in sealed
reefer container filled
with N2
transport in special
container
internal (overfilling 2 |20

of tank container
and subsequent
rupture upon
heating / warm-up,
other packing
mistakes, ....)
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. > O |9 zZ X
Class/Substance Failure Effect o Cause O | = | o Action
n C| Q| x
O
Class 5 - oxidizing substances and organic peroxides
5.1 oxidizing substances
solid substances
Solid substances Leakage from damaged Effect depends 4 | External 3 1|12
packaging (self-decomposition is mainly on cargo Internal 2 1 8
possible, but is limited to special stored in direct
substances) vicinity. Explosion (if
reacting with
Ammonia), Fire (in
case of reaction with
combustibles); fire
fighting is superior
for open top vessels
Burning of human 1 | External 3|2 6
skin if in direct Internal 2 2 4
contact, sets clothes
on fire (e.g. if crew
member (usually
reefer mechanics)
tries to clean up
spillage)
liquid substances
Liquid substances Leakage from damaged Effect depends 4 | External 2 2 |16
packaging (self-decomposition is mainly on cargo Internal 1 2 8
possible, but is limited to special stored in direct
substances);less liquids than vicinity. Explosion (if
solids in this class reacting with
Ammonia), Fire (in
case of reaction with
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Burning of human
skin if in direct
contact, sets clothes
on fire (e.g. if crew
member (usually
reefer mechanics)
tries to clean up
spillage)

5.2 organic peroxides

organic peroxides Ignition of liquid (substance can
react with itself potentially emitting
oxygen, combustion will be faster
when packaging is damaged)

very fast developing
fire (could be sub
risk of Class 1)

Ignition of solid (substance can
react with itself potentially emitting
oxygen; combustion will be faster
after damage of packaging)

very fast developing
fire (could be sub
risk of Class 1)

D4.8.1
External 3 2 |12
Internal 2 2 8
External (heat -> causing 2 3 | 24
decomposition)
Internal (if substances are 1 3 | 12 | when stored in a
transported under reefer container
temperature control; both sides of the
substance might self-ignite container (door and
when reefer fails) reefer aggregate)
must be accessible
External 2 2 | 16
Internal (if substances are 1 2 8 | when stored in a
transported under reefer container
temperature control; both sides of the
substance might self-ignite container (door and
when reefer fails) reefer aggregate)
must be accessible
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. > Q |9 P .
Class/Substance Failure Effect o Cause o c | o Action
n C| g | x
@)
Class 6 - toxic and infectious substances
6.1 toxic substances
Extend the classification
criteria to class 6.1 to include
harmful substances (example
: clean up operation by crew
member)
toxic by inhalation
toxic by inhalation leakage of packaging intoxication and/or death 5 | External 2 3 |30
Internal 1 3 |15
toxic by dermal or oral contact
toxic by dermal or oral | leakage of packaging intoxication (for example: 4 | External 1 2| 8
contact aniline oil, skin absorption) Internal 1 2 8

and/or death

6.2 infectious su

bstances

infectious substances;
is not considered here
because transported

guantities are neglible
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Class/Substance

Failure

Effect

Sev

Cause

Occ

OpenTop

RPN

Action

Class 7 - radioactive

material

radioactive material

Leakage due to damaged
packaging; medium
radioactive substances are
only considered (Hexafluoride
is of special concern);
packaging of highly
radioactive substances are
very unlikely to leak or to be
damaged. Low radioactive
materials are of no concern.

contamination (adjacent
cargo, ship structure,
crew); detection of a
leakage is difficult/unlikely

External

10

Action: Carry detector on board;
restrict access in case of

leakage

Structural failure of container
underneath the container
carrying radioactive materials
(such containers are
extremely heavy).

Collapse

External
(negligence)

12

Document Id. SAFEDOR-D-4.8.1-2008-02-08-GL-HAZID-t1e

page 50 of 76




Date 2008-02-08

HazID Open Top Container Vessels
D48.1

o
. > (&) |9 Z .
Class/Substance Failure Effect o Cause O | | a Action
) C| g |x
O
Class 8 - corrosive substances
corrosive substances - when in leakage of damage of human skin 3 | external 1 3 9
contact with human skin, inhaled liquids internal 1 3 9
or contact with ship structures toxic when inhaled 3 | external 2 | 3|18
-> when diluted inappropriately in case
of an incident
-> during clean-up operations
internal 1 3 9
damage to the ship structure 3 | external 4 3 |36
-> jt is unclear what damage a full tank
container does to the ship structure
-> what it does to bilge pumps
-> major parts of the container itself are
affected and the whole stack collapses
internal 3 3 |27
leakage of damage of human skin 3 | external 1 2 6
solids internal 1216
toxic when inhaled 3 | external - may 1|2 6
-> when diluted inappropriately in case produce toxic gases
of an incident when in contact with
-> during clean-up operations water - otherwise, no
relevant generation
of gases
internal - same as 1 2 6
external
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damage to the ship structure 3 | external - generates 3| 2|18
-> it is unclear what damage a full tank a corrosive liquid
container does to the ship structure when brought
-> what it does to bilge pumps# together with water -
-> major parts of the container itself are > see liquid corrosive
affected and the whole stack collapses material

internal 3 3 |27
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. > (8} |9 zZ .
Class/Substance Failure Effect o Cause O | ¢ | A Action
) C| g | x
@)
Class 9 - miscellaneous dangerous substances and articles
Substances evolving flammable vapours
Substances evolving Exposure to source of Fire 3 | External: welding 2 1 6
flammable vapours ignition work, smoking,
grinding,
hammering,
electric
installations
Marine pollutants
Marine pollutants Leakage (applies to Pollution of marine 2 | External 4 2 | 16
marine pollutants in other | environment Internal 3 2 | 12
classes in case of
emergency and pumping
overboard)
Lithium Batteries
Lithium Batteries Short circuit and Fire 3 | Internal: poor 3 119
subsequent ignition packing of
batteries
External: heat, 2 1 6
poor stowage,
fire...
Fumigated units
Exposure of personnel to | lliness, Intoxication 2 | External: heat 2 3 |12

Fumigated units

toxic gases

increasing
respiration rate;
external damage
of container
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A.3 Goods that require on deck stowage acc. to IMDGeCod

UN Class or Subsidiary
No. Proper Shipping Name Division Risks Stowage
SAMPLES, EXPLOSIVE other
190 | than initiating explosive 1 14
354 | Articles, Explosive 1.1 8, on deck recommended
357 Substances, Explosive 1.1 8, on deck recommended
15 Ammunition, Smoke 1.2 3, on deck recommended
18 Ammunition, Tear Producing 1.2 3, on deck recommended
20 Ammunition, Toxic 1.2 3, on deck recommended
Ammunition, Incendiary, White
243 | Phosphorus 1.2 8, on deck recommended
Ammunition, Smoke, White
245 | Phosphorus 1.2 8, on deck recommended
248 Contrivances, Water-Activated 1.2 4.3 8, on deck recommended
355 | Articles, Explosive 1.2 8, on deck recommended
358 | Substances, Explosive 1.2 8, on deck recommended
380 Atrticles, Pyrophoric 1.2 8, on deck recommended
16 Ammunition, Smoke 1.3 3, on deck recommended
19 Ammunition, Tear Producing 1.3 3, on deck recommended
21 Ammunition, Toxic 1.3 3, on deck recommended
Ammunition, Incendiary, White
244 Phosphorus 1.3 8, on deck recommended
Ammunition, Smoke, White
246 | Phosphorus 1.3 8, on deck recommended
249 Contrivances, Water-Activated 1.3 4.3 8, on deck recommended
Rocket Motors wit Hypergolic
250 Liguids 1.3 8, on deck recommended
356 | Articles, Explosive 1.3 8, on deck recommended
359 | Substances, Explosive 1.3 8, on deck recommended
301 | Ammunition, Tear Producing 1.4 6.1/8 4/8, on deck recommended
303 | Ammunition, Smoke 1.4 4/8, on deck recommended
C, for waste aerosols. clear of
living quarters and away from
sources of heat. Segregation
as for the appropriate sub-
1950 | Aerosols 2 division of class 2
1001 | Acetylene, dissolved 2.1 D
1036 | Ethylamine 2.1 D, clear of living quarters
1038 | Ethylene, refrigerated liquid 2.1 D, clear of living quarters
Methyl Chloride (refrigerant gas R
1063 | 40) 2.1 D, clear of living quarters
Methyl Chloride and Methylene
1912 | Chloride Mixture 2.1 D, clear of living quarters
Compressed Gas, Flammable,
1954 | N.O.S. 2.1 D, clear of living quarters
1961 | Ethane, refrigerated liquid 2.1 D, clear of living quarters
D, clear of living quarters.
1966 | Hydrogen, refrigerated liquid 2.1 "Separated from" chlorine.
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Date 2008-02-08

HazID Open Top Container Vessels
D4.8.1

1972 | with high methane content 2.1 D, clear of living quarters
Ethylene, Acetylene and
Propylene Mixture, Refrigerated
Liquid containing at least 71.5%
ethylene, with not more than
22.5% acetylene and not more D, clear of living quarters.
3138 | than 6% propylene 2.1 "Separated from" chlorine.
3161 | Liquefied Gas, Flammable, N.O.S. 2.1 D, clear of living quarters
Gas Sample, Non-Pressurized,
Flammable, N.O.S., not
3167 | refrigerated liquid 2.1 D
Difluoromethane (Refrigerated
3252 | Gas R 32) 2.1 D, clear of living quarters
Gas, refrigerated Liquid,
3312 | Flammable, N.O.S. 2.1 D, clear of living quarters
Insecticide Gas, Flammable,
3354 | N.O.S. 2.1 D
Refrigerating Machines containing
3358 | flammable, non-toxic, liquefied gas 2.1 D
D. shaded from radiant heat.
clear of living quarters.
3374 | Acetylene, Solvent Free 2.1 "Separated from" chlorine.
Hydrogen in a Metal Hydride
3468 | Storage System 2.1 D
1003 | Air, refrigerated liquid 2.2 5.1 D
1073 | Oxygen, refrigerated liquid 2.2 5.1 D
1977 | Nitrogen, Refrigerated Liquid 2.2 D
2451 | Nitrogen Trifluoride 2.2 5.1 D, clear of living quarters
Trifluoromethane, Refrigerated
3136 | Liquid 2.2 D
Compressed Gas, Oxidizing,
3156 | N.O.S. 2.2 5.1 D
3157 | Liquefied Gas, Oxidizing, N.O.S. 2.2 5.1 D
3158 | Gas, refrigerated Liquid, N.O.S. 2.2 D
Gas, refrigerated Liquid, Oxidizing,
3311 | N.O.S. 2.2 5.1 D
1005 | Ammonia, anhydrous 2.3 8 D
1008 | Boron Trifluoride 2.3 8 D
1016 | Carbon Monoxide, compressed 2.3 2.1 D
1017 | Chlorine 2.3 8 D
1023 | Coal Gas, compressed 2.3 2.1
1026 | Cyanogen 2.3 2.1
Ethylene Oxide or Ethylene Oxide
with Nitrogen up to a total pressure
1040 | of 1MPa at 50C 2.3 2.1 D, clear of living quarters
D, clear of living quarters.
Segregation as for class 5.1
1045 | Fluorine, compressed 2.3 5.1/8 but "separated from" class 7.
1048 | Hydrogen Bromide, anhydrous 2.3 8 D, clear of living quarters
1050 | Hydrogen Chloride, anhydrous 2.3 8 D, clear of living quarters
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1053 | Hydrogen Sulphide 23 2.1 D, clear of living quarters
Methyl Bromide with not more than
1062 | 2.0% chloropicrin 2.3 D, clear of living quarters
1064 | Methyl Mercaptan 2.3 21P D, clear of living quarters
D, clear of living quarters.
Dinitrogen Tetroxide (Nitrogen Segregation as for class 5.1
1067 | Dioxide) 2.3 5.1/8 but "separated from" class 7.
1069 | Nitrosyl Chloride 2.3 8 D, clear of living quarters
1071 | Oil Gas, compressed 2.3 2.1 D, clear of living quarters
1076 | Phosgene 2.3 8 D, clear of living quarters
1079 | Sulphur Dioxide 2.3 8 D, clear of living quarters
Chloropicrin and Methyl Bromide
Mixture with more than 2% D, shaded from radiant heat.
1581 | chloropicrin 2.3 Clear of living quarters.
Chloropicrin and Methyl Chloride D, shaded from radiant heat.
1582 | Mixture 2.3 Clear of living quarters.
1589 | Cyanogen Chloride, stabilized 2.3 8P D, clear of living quarters
Hexaethyl Tetraphosphate and
1612 | Compressed Gas Mixture 2.3 D, clear of living quarters
D, clear of living quarters.
1741 | Boron Trichloride 2.3 8 Shaded from radiant heat.
D, clear of living quarters.
Segregation as for class 5.1
1749 | Chlorine Trifluoride 2.3 5.1/8 but "separated from" class 7.
1859 | Silicon Tetrafluoride 2.3 8 D, clear of living quarters
D, clear of living quarters.
1911 | Diborane 2.3 2.1 "Separated from" chlorine.
Compressed Gas, Toxic,
1953 | Flammable, N.O.S. 2.3 2.1 D, clear of living quarters
1955 | Compressed Gas, Toxic, N.O.S. 2.3 D, clear of living quarters
1967 | Insecticide Gas, Toxic, N.O.S. 2.3 D, clear of living quarters
Nitric Oxide and Dinitrogen D, clear of living quarters.
Tetroxide Mixture (nitric oxide and Segregation as for class 5.1
1975 | nitrogen dioxide mixture) 2.3 5.1/8 but "separated from" class 7.
2188 | Arsine 2.3 2.1 D, clear of living quarters
D, clear of living quarters.
Segregation as for class 2.1,
but "away from" class 4.3. See
2189 | Dichlorosilane 23 2.1/8 7.21.12.1.2
D, Keep as dry as reasonably
practicable. clear of living
guarters. Segregation as for
class 5.1, but "separated from"
2190 | Oxygen Difluoride, compressed 2.3 5.1/8 class 7
2191 | Sulphuryl Fluoride 2.3 D, clear of living quarters
2192 | Germane 2.3 2.1 D, clear of living quarters
2194 | selenium Hexafluoride 2.3 8 D, clear of living quarters
2195 | Tellurium Hexafluoride 2.3 8 D, clear of living quarters
2196 | Tungsten hexafluoride 2.3 8 D, clear of living quarters
2197 | Hydrogen lodide, Anhydrous 2.3 8 D, clear of living quarters
2198 | Phosphorus Pentafluoride 2.3 8 D, clear of living quarters
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2199 | Phosphine 2.3 2.1 D, clear of living quarters
2202 | Hydrogen Selenide, Anhydrous 2.3 2.1 D, clear of living quarters
2204 | Carbonyl Sulphide 23 2.1 D, clear of living quarters
2417 | Carbonyl Fluoride 2.3 8 D, clear of living quarters
D, clear of living quarters.
2418 | Sulphur Tetrafluoride 2.3 8 "Separated from" acids.
2420 | Hexafluoroacetone 2.3 8 D, clear of living quarters
D, clear of living quarters.
Segregation as for class 5.1,
2421 | Nitrogen Trioxide 2.3 5.1/8 but "separated from" class 7
D, clear of living quarters.
Segregation as for class 2.1
2534 | Methylchlorosilane 2.3 2.1/8 but "away from" class 4.3
D, clear of living quarters.
Segregation as for class 5.1,
2548 | Chlorine Pentafluoride 2.3 5.1/8 but "separated from" class 7.
2676 | Stibine 2.3 2.1 D, clear of living quarters
D, clear of living quarters.
Segregation as for class 5.1
2901 | Bromine Chloride 2.3 5.1/8 but "separated from" class 7.
3057 | Trifluoroacetyl Chloride 2.3 8 D, clear of living quarters
3083 | Perchloryl Fluoride 2.3 5.1 D, clear of living quarters
Liquefied Gas, Toxic, Flammable,
3160 | N.O.S. 2.3 2.1 D, clear of living quarters
3162 | Liquefied Gas, Toxic, N.O.S. 2.3 D, clear of living quarters
Gas Sample, Non-Pressurized,
Toxic, Flammable, N.O.S., not
3168 | refrigerated liquid 2.3 2.1 D
Gas Sample, Non-Pressurized,
Toxic, N.O.S., not refrigerated
3169 | liquid 2.3 D
Ethylene Oxide and Carbon
Dioxide Mixture with more than
3300 | 87% ethylene oxide 2.3 2.1 D, clear of living quarters
Compressed Gas, Toxic,
3303 | Oxidizing, N.O.S. 2.3 5.1 D, clear of living quarters
Compressed Gas, Toxic,
3304 | Corrosive, N.O.S. 2.3 8 D, clear of living quarters
D, clear of living quarters.
Compressed Gas, Toxic, Segregation as for class 2.1
3305 | Flammable, Corrosive, N.O.S. 2.3 2.1/8 but "away from" class 4.3
D, clear of living quarters.
Compressed Gas, Toxic, Segregation as for class 5.1
3306 | Oxidizing, Corrosive, N.O.S. 2.3 5.1/8 but "Separated from" class 7.
Liquefied Gas, Toxic, Oxidizing,
3307 | N.O.S. 2.3 5.1 D, clear of living quarters
Liquefied Gas, Toxic, Corrosive,
3308 | N.O.S. 2.3 8 D, clear of living quarters
D, clear of living quarters.
Liquefied Gas, Toxic, Flammable, Segregation as for class 2.1
3309 | Corrosive, N.O.S. 2.3 2.1/8 but "away from" class 4.3
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D, clear of living quarters.
Segregation as for class 5.1

3310 | Corrosive, N.O.S. 2.3 5.1/8 but "Separated from" class 7.
Ammonia Solution relative density D, clear of living quarters.
less than 0.880 at 15T in water, "Separated from" chlorine and

3318 | with more than 50% ammonia 2.3 8 acids.

Insecticide Gas, Toxic,

3355 | Flammable, N.O.S. 2.3 2.1 D, clear of living quarters

1194 | Ethyl Nitrite, solution 3 6.1 D, clear of living quarters

1222 | Isopropyl Nitrate 3 D
Trimethylamine, aqueous solution D, clear of living quarters.
not more than 50 % "Separated from" mercury and

1297 | trimethylamine, by mass 3 8 mercury compounds

1302 | Vinyl Ethyl Ether, stabilized 3 D
Zirconium, suspended in a

1308 | flammable liquid 3 D

D, Segregation as for class
5.1, but "away from" classes

1865 | Propyl Nitrate 3 4.15.1and 7

1991 | Chloroprene, stabilized 3 6.1 D, clear of living quarters
Bicyclo[2.2.1]Hepta-2,5-Diene,
stabilized (2,5-Norbornadiene,

2251 | stabilized) 3 D

2345 | 3-Bromoprpyne 3 D, clear of living quarters

2353 | Butyryl Chloride 3 8 C, clear of living quarters

2395 | Isobutyryl Chloride 3 8 C, clear of living quarters
Isocyanates, Flammable,

Toxic,N.O.S. or Isocyanates,
2478 | Solution, Flammable, Toxic,N.O.S. 3 6.1 D, clear of living quarters
D, clear of living quarters.

2481 | Ethyl Isocyanate 3 6.1 "Separated from" acids.

2483 | Isopropyl Isocyanate 3 6.1 D, clear of living quarters

2486 | Isobutyl Isocyanate 3 6.1 D, clear of living quarters

2605 | Methoxymethyl Isocyanate 3 6.1 D, clear of living quarters
Amines, Flammable, Corrosive,

N.O.S. or Polyamines, Flammable, D, clear of living quarters.

2733 | Corrosive, N.O.S. 3 8 "Separated from" acids.

2749 | Tetramethylsilane 3 D

3079 | Methacrylonitrile, Stabilized 3 6.1 D, clear of living quarters
Aircraft Hydraulic Power Unit Fuel
Tank (containing a mixture of D, clear of living quarters.
anhydrous hydrazine and Segregation as for class 3, but

3165 | methylhydrazine) 3 6.1/8 "away from" class 4.1 and 8.
Nitroglycerin Mixture,

Desensitized, Liquid, Flammable,
N.O.S. with not more than 30%
3343 | nitroglycerin, by mass 3 D
Nitroglycerin Mixture,
Desensitized, Liquid, N.O.S. with
not more than 30% nitroglycerin,
3357 | by mass 3 D
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D48.1

D, "Away from" heavy metals

3379 | N.O.S. 3 and their salts.
Ammonium Picrate, wetted with D, "away from" class 3 and
1310 | not less than 10% water, by mass 4.1 heavy metals and their salts.
Films, Nitrocellulose Base, gelatin
1324 | coated, except scrap 4.1 D, "away from" class 3.
Nitrostarch, wetted, with not less D, "away from" class 3 and
1337 | than 20% water, by mass 4.1 heavy metals and their salts.
Silver Picrate, Wetted, with not D, "away from" class 3 and
1347 | less than 30% water, by mass 4.1 heavy metals and their salts.
Fibres or Fabrics Impregnated with
weakly nitrated
1353 | Nitocellulose,N.O.S. 4.1 D
Zirconium Picramate, Wetted with D, "away from" class 3 and
1517 | not less than 20% water, by mass 4.1 heavy metals and their salts.
2304 | Naphthalene, molten 4.1 C
2448 | Sulphur, Molten 4.1 C, "Separated from" class 5.1
Nitrocellulose with Alcohol (not
less than 25% alcohol, by mass,
and not more than 12.6% nitrogen, D, "away from" class 3 and
2556 | by dry mass 4.1 heavy metals and their salts.
Nitrocellulose with not more than
12.6% nitrogen, by dry mass
Mixture With or Without Plasticizer, D, "away from" class 3 and
2557 | With or Without Pigment 4.1 heavy metals and their salts.
Dipicryl Sulphide, Wetted with not D, "away from" class 3 and
2852 | less than 10% water, by mass 4.1 heavy metals and their salts.
Titanium, Sponge Granules or
2878 | Titanium, Sponge Powders 4.1 D, "Separated from" class 5.1
Flammable Solid, Corrosive,
2925 | Organic, N.O.S. 4.1 D, clear of living quarters
D, Keep as cool as reasonably
practicable. For packages
carrying a subsidiary risk of
5-tert-Butyl-2,4,6-Trinitro-m-Xylene class 1, segregation as for
2956 | (Musk Xylene) 4.1 class 1, division 1.3
Flammable Solid, Organic, Molten,
3176 | N.O.S. 4.1 C
Flammable Solid, Corrosive,
3180 | Inorganic, N.O.S. 4.1 D, clear of living quarters
D, "Separated from" acids and
alkalis. For packages carrying
a subsidiary risk label of class
1, segregation as for class 1,
3221 | Self-Reactive Liguid Type B 4.1 division 1.3
D, "Separated from" acids and
alkalis. For packages carrying
a subsidiary risk label of class
1, segregation as for class 1,
3222 | Self-Reactive Solid Type B 4.1 division 1.3
D, "Separated from" acids and
3223 | Self-Reactive Liquid Type C 4.1 alkalis.
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D, "Separated from" acids and

3224 | Self-Reactive Solid Type C 4.1 alkalis.
D, "Separated from" acids and
3225 | Self-Reactive Liquid Type D 4.1 alkalis.
D, "Separated from" acids and
3226 | Self-Reactive Solid Type D 4.1 alkalis.
D, "Separated from" acids and
3227 | Self-Reactive Liquid Type E 4.1 alkalis.
D, "Separated from" acids and
3228 | Self-Reactive Solid Type E 4.1 alkalis.
D, "Separated from" acids and
3229 | Self-Reactive Liquid Type F 4.1 alkalis.
D, "Separated from" acids and
3230 | Self-Reactive Solid Type F 4.1 alkalis.
D, "Separated from" acids and
alkalis. For packages carrying
a subsidiary risk label of class
1, segregation as for class 1,
division 1.3. Shall be
Self-Reactive Liquid Type B, transported under temperature
3231 | Temperature Controlled 4.1 control
D, "Separated from" acids and
alkalis. For packages carrying
a subsidiary risk label of class
1, segregation as for class 1,
division 1.3. Shall be
Self-Reactive Solid Type B, transported under temperature
3232 | Temperature Controlled 4.1 control
D, "Separated from" acids and
Self-Reactive Liquid Type C, alkalis. Shall be transported
3233 | Temperature Controlled 4.1 under temperature control
D, "Separated from" acids and
Self-Reactive Solid Type C, alkalis. Shall be transported
3234 | Temperature Controlled 4.1 under temperature control
D, "Separated from" acids and
Self-Reactive Liquid Type D, alkalis. Shall be transported
3235 | Temperature Controlled 4.1 under temperature control
D, "Separated from" acids and
Self-Reactive Solid Type D, alkalis. Shall be transported
3236 | Temperature Controlled 4.1 under temperature control
D, "Separated from" acids and
Self-Reactive Liquid Type E, alkalis. Shall be transported
3237 | Temperature Controlled 4.1 under temperature control
D, "Separated from" acids and
Self-Reactive Solid Type E, alkalis. Shall be transported
3238 | Temperature Controlled 4.1 under temperature control
D, "Separated from" acids and
Self-Reactive Liquid Type F, alkalis. Shall be transported
3239 | Temperature Controlled 4.1 under temperature control
D, "Separated from" acids and
Self-Reactive Solid Type F, alkalis. Shall be transported
3240 | Temperature Controlled 4.1 under temperature control
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C, shaded from radiant heat.
clear of living quarters. Keep
as cool as reasonably
practicable. During transport, it
shall be protected from direct
sunshine and stored (or kept)
in a cool and well-ventilated
place, away from all sources of

3241 | 2-Bromo-2-Nitropropane-1,3-Diol 4.1 heat.
D, "Separated from" class 5.1,
3242 | Azodicarbonamide 4.1 acids and alkalis.
D, Keep as cool as reasonably
practicable. During transport, it
shall be protected from direct
sunshine and stored (or kept)
in a cool and well-ventilated
place, away from all sources of
3251 | Isosorbide-5-Mononitrate 4.1 heat.
2-Amino-4,6-Dinitrophenol,
Wetted, with not less than 20% D, "away from" class 3 and
3317 | water by mass 4.1 heavy metals and their salts.
Desensitized Explosive, Solid, D, "Away from" class 3 and
3380 | N.O.S. 4.1 heavy metals and their salts.
1369 | p-Nitosodimethylaniline 4.2 D, "away from" foodstuffs
Metal Catalyst, Wetted, with a
1378 | visible excess of liquid 4.2 C
1380 | Pentaborane 4.2 6.1 D
Pyrophoric Metal, N.O.S. or
1383 | Pyrophoric Alloy, N.O.S. 4.2 D
1854 | Barium Alloys, Pyrophoric 4.2 D
Calcium, Pyrophoric or Calcium
1855 | Alloys, Pyrophoric 4.2 D
1932 | Zirconium, scrap 4.2 D
2002 | Celluloid. Scrap 4.2 D
2004 | Magnesium Diamide 4.2 C
Plastics, Nitrocellulose-base, self-
2006 | heating, N.O.S. 4.2 C
2008 | Zirconium Powder, dry 4.2 D
Zirconium, Dry finished sheets,
2009 | strip or coiled wire 4.2 D
Titanium Trichloride, Pyrophoric or
Titanium Trichloride Mixture,
2441 | Pyrophoric 4.2 8 D, clear of living quarters
2447 | Phosphorus, White, Molten 4.2 6.1 PP D
2545 | Hefnium Powder, dry 4.2 D
2546 | Titanium Powder, dry 4.2 D
D, Prohibited on any ship
carrying class 1 with the
2845 | Pyrophoric Liquid, Organic, N.O.S. 4.2 exceptions listed in 7.2.7.1.3.2
2846 | Pyrophoric Solid, Organic, N.O.S. 4.2 D
2870 | Aluminium Brohydride 4.2 4.3 D
2870 | Aluminium Brohydride in Devices 4.2 4.3 D
2881 | Metal Catalyst, dry 4.2 C

Document Id. SAFEDOR-D-4.8.1-2008-02-08-GL-HAZI-te

page 61 of 76




Self-Heating Solid, Organic,

Date 2008-02-08

HazID Open Top Container Vessels
D4.8.1

3088 | N.O.S. 4.2 C
Self-Heating Solid, Corrosive,

3126 | Organic, N.O.S. 4.2 8 C
Self-Heating Solid, Toxic, Organic,

3128 | N.O.S. 4.2 6.1 C
Self-Heating Liquid, Organic,

3183 | N.O.S. 4.2 C
Self-Heating Liquid, Toxic,

3184 | Organic, N.O.S. 4.2 6.1 C
Self-Heating Liquid, Corrosive,

3185 | Organic, N.O.S. 4.2 8 C
Self-Heating Liquid, Inorganic,

3186 | N.O.S. 4.2 C
Self-Heating Liquid, Toxic,

3187 | Inorganic, N.O.S. 4.2 6.1 C
Self-Heating Liquid, Corrosive,

3188 | Inorganic, N.O.S. 4.2 8 C
Metal Powder, Self-Heating,

3189 | N.O.S. 4.2 C
Self-Heating Solid, Inorganic,

3190 | N.O.S. 4.2 C
Self-Heating Solid, Toxic,

3191 | Inorganic, N.O.S. 4.2 6.1 C
Self-Heating Solid, Corrosive,

3192 | Inorganic, N.O.S. 4.2 8 C
D, Prohibited on any ship

Pyrophoric Liquid, Inorganic, carrying class 1 with the

3194 | N.O.S. 4.2 exceptions listed in 7.2.7.1.3.2

3200 | Pyrophoric Solid, Inorganic, N.O.S. 4.2 D
D, "Separated from" carbon

3254 | Tributylphosphane 4.2 tetrachloride

3255 | tert-Butyl Hypochlorite 4.2 8 D

3313 | Organic Pigments, Self-Heating 4.2 C

3341 | Thiourea Dioxide 4.2 D

3342 | Xanthates 4.2 D, clear of living quarters

Organometallic Substance, Solid,
3391 | Pyrophoric 4.2 D
D, Prohibited on any ship
Organometallic Substance, Liquid, carrying class 1 with the
3392 | Pyrophoric 4.2 exceptions listed in 7.2.7.1.3.2
Organometallic Substance, Solid,

3393 | Pyrophoric, Water-Reactive 4.2 4.3 D, "Separated from" acids.
D, Prohibited on any ship
carrying class 1 with the

Organometallic Substance, Liquid, exceptions listed in 7.2.7.1.3.2.

3394 | Pyrophoric, Water-Reactive 4.2 4.3 "Separated from" acids.

Organometallic Substance, Solid,
3400 | Self-Heating 4.2 C
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D, clear of living quarters.
Segregation as for class 3 but
"away from" classes 3, 4.1 and

1183 | Ethyldichlorosilane 4.3 3/8 8.
D, clear of living quarters.
Segregation as for class 3 but
"away form" classes 3, 4.1 and
1242 | Methyldichlorosilane 4.3 3/8 8.
D, clear of living quarters.
Segregation as for class 3 but
"away from" classes 3, 4.1 and
1295 | Trochlorosilane 4.3 8/3 8.See 7.2.1.13.1.2
Phosphorus Pentasulphide, free
1340 | from yellow or white phosphorus 4.3 4.1 D
1389 | Alkali Metal Amalgam, liquid 4.3 D, "separated from" acids
Alkali Metal Dispersion or Alkaline
1391 | Earth Metal Dispersion 4.3 D, "separated from" acids
Alkaline Earth Metal Amalgam,
1392 | liquid 4.3 D, "separated from" acids
1407 | Caesium 4.3 D, "separated from" acids
Metal Hydrides, water-reactive,
1409 | N.O.S. 4.3 D, "separated from" acids
Lithium Aluminium Hydride,
1411 | ethereal 4.3 3 D, clear of living quarters
1420 | Potassium Metal Alloys, liquid 4.3 D, "separated from" acids
1421 | Alkali Metal Alloy, liquid, N.O.S. 4.3 D, "separated from" acids
1422 | Potassium Sodium Alloys, liquid 4.3 D, "separated from" acids
1423 | Rubidium 4.3 D, "separated from" acids
1428 | Sodium 4.3 D, "separated from" acids
Methylmagnesium Bromide in
1928 | Ethyl Ether 4.3 3 D
2257 | Potassium 4.3 D, "separated from" acids
D, clear of living quarters.
Segregation as for class 3, but
Boron Trifluoride Dimethyl "away from" classes 3, 4.1 and
2965 | Etherate 4.3 3/8 8.
D, clear of living quarters.
Segregation as for class 3, but
Chlorosilanes, Water-Reactive, "away from" classes 3, 4.1 and
2988 | Flammable, Corrosive, N.O.S. 4.3 3/8 8.
Water-Reactive Liquid, Corrosive,
3129 | N.O.S. 4.3 8 D
Water-Reactive Liquid, Toxic,
3130 | N.O.S. 4.3 6.1 D
Water-Reactive Solid, Corrosive,
3131 | N.O.S. 4.3 8 D
Water-Reactive Solid, Toxic,
3134 | N.O.S. 4.3 6.1 D
3401 | Alkali Metal Amalgam, Solid 4.3 D, "Separated from" acids
Alkaline Earth Metal Amalgam,
3402 | Solid 4.3 D, "Separated from" acids
3403 | Potassium Metal Alloys, Solid 4.3 D, "Separated from" acids
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D, "Separated from" acids

1448

Barium Permanganate

5.1

6.1

D, "separated from"
ammonium compounds,
cyanides and peroxides

1456

Calcium Permanganate

5.1

D, "separated from"
ammonium compounds,
cyanides and peroxides

1479

Oxidizing Solid, N.O.S.

5.1

D, "separated from" powdered
metals, ammonium
compounds, cyanides and
peroxides

1482

Permanganates, Inorganic, N.O.S.

5.1

D, "separated from"
ammonium compounds,
cyanides and peroxides

1490

Potassium Permanganate

5.1

D, "separated from"
ammonium compounds,
cyanides and peroxides

1503

Sodium Permanganate

5.1

D, "separated from"
ammonium compounds,
cyanides and peroxides

1510

Tetranitromethane

51

6.1

D, clear of living quarters.
"separated from" class 4.1

1515

Zinc Permanganate

5.1

D, "separated from"
ammonium compounds,
cyanides and peroxides

1745

Bromine Pentafluoride

5.1

6.1/8

D, shaded from radiant heat.
clear of living quarters.
Segregation as for class 5.1
but "separated from" classes
4.1and 7

1746

Bromine Trifluoride

5.1

6.1/8

D, shaded from radiant heat.
clear of living quarters.
Segregation as for class 5.1
but "separated from" classes
4.1and 7

1748

Calcium Hypochlorite, Dry or
Calcium Hypochlorite Mixture, Dry
with more than 39% available
chlorine(8.8% available oxygen)

5.1

D, Cargo transport units shall
be shaded from direct sunlight
and stowed away from sources
of heat. Packages in cargo
transport units shall be stowed
so as to allow for adequate air
circulation throughout the
cargo. "Separated from"
ammonium compounds, acids,
cyanides. hydrogen peroxides
and liquid organic substances.

1873

Perchloric Acid with more than
50% but not more than 72% acid,
by mass

5.1

D, "separated from" class 4.1
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Ammonium Nitrate with not more
than 0.2% total combustible
material, including any organic

substance, calculated as carbon to

the exclusion of any other added

Date 2008-02-08

HazID Open Top Container Vessels
D4.8.1

1942 | substance 5.1 C
Hydrogen Peroxide, Aqueous D, shaded from radiant heat.
Solution with not less than 20% "Separated from"
but not more than 60% hydrogen permanganates and class 4.1.
2014 | Peroxide (stabilized as necessary) 5.1 8 See 7.2.1.13.1.2
Hydrogen Peroxide, stabilized or
Hydrogen Peroxide, Aqueous D, shaded from radiant heat.
Solution, Stabilized with more than "Separated from"
2015 | 60% hydrogen peroxide 5.1 8 permanganates and class 4.1.
2067 | Ammonium Nitrate Based fertilizer 5.1 C
D, Cargo transport units shall
be shaded from direct sunlight
and stowed away from sources
of heat. Packages in cargo
transport units shall be stowed
so as to allow for adequate air
circulation throughout the
cargo. "Separated from"
Calcium Hypochlorite Mixture, Dry ammonium compounds, acids,
with more than 10% but not more cyanides. hydrogen peroxides
2208 | than 39% available chlorine 5.1 and liguid organic substances.
D, "Separated from"
combustible material,
bromates, chlorates, chlorites,
hypochlorites, nitrites,
Ammonium Nitrate, liquid (hot perchlorates, permanganates
2426 | concentrated solution) 5.1 and powdered metals.
D, shaded from radiant heat.
clear of living quarters.
Segregation as for class 5.1
but "separated from" classes
4.1 and 7. "Separated from"
2495 | lodine Pentafluoride 5.1 6.1/8 acids.
Chloric Acid, Aqueous Solution D, "Separated from"
with not more than 10% chloric ammonium compounds and
2626 | acid 5.1 cyanides.
D, Cargo transport units shall
be shaded from direct sunlight
and stowed away from sources
of heat. Packages in cargo
transport units shall be stowed
so as to allow for adequate air
circulation throughout the
Calcium Hypochlorite, Hydrated or cargo. "Separated from"
Calcium Hypochlorite, Hydrated ammonium compounds, acids,
Mixture with not less than 5.5% but cyanides. hydrogen peroxides
2880 | not more than 16% water 5.1 and liquid organic substances.
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3085

Oxidizing Solid, Corrosive, N.O.S.

5.1

Date 2008-02-08

HazID Open Top Container Vessels

D48.1

D, Keep as dry as reasonably
practicable. "Separated from"
ammonium compounds,
cyanides and peroxides.

3087

Oxidizing Solid, Toxic, N.O.S.

5.1

6.1

D, "Separated from"
ammonium compounds,
cyanides and peroxides.

3098

Oxidizing Liquid, Corrosive, N.O.S.

5.1

D, Keep as dry as reasonably
practicable. "Separated from"
ammonium compounds,
cyanides and peroxides.

3099

Oxidizing Liquid, Toxic, N.O.S.

5.1

6.1

D, "Separated from"
ammonium compounds,
cyanides and peroxides.

3139

Oxidizing Liquid, N.O.S.

5.1

D, "Separated from"
ammonium compounds,
cyanides and peroxides.

3149

Hydrogen Peroxide and
Peroxyacetic Acid Mixture with
acid(s), water and not more than
5% peroxyacetic acid, Stabilized

5.1

D, shaded from radiant heat.
"Separated from"
permanganates and class 4.1.
See 7.2.1.13.1.2

3212

Hypochlorites, Inorganic, N.O.S.

5.1

D, E, Closed Cargo Transport
Unit and pallet boxes only.
Ventilation may be required.
The possible need to open
hatches in case of fire to
provide maximum ventilation
and to apply water in an
emergency, and the
consequent risk to the stability
of the ship through flooding of
the cargo space, shall be
considered before loading.
"Separated from" ammonium
compounds, acids, cyanides,
hydrogen peroxide and liquid
organic substances. "Away
from" sources of heat.

3214

Permanganates, Inorganic,
Aqueous Solution, N.O.S.

5.1

D, "Separated from"
ammonium compounds,
cyanides, peroxides and
sulphur.

3356

Oxygen Generator, Chemical

5.1

D

3375

Ammonium Nitrate Emulsion or
Suspension or Gel intermediate for
blasting explosives

5.1

D, "Away from" sources of
heat. "Separated from" class
4.1, combustible material
(particularly liquids), bromates,
chlorates, chlorites,
hypochlorites, nitrites,
perchlorates, permanganates
and powdered metals.
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3101

Organic Peroxide Type B, Liquid

5.2

Date 2008-02-08

HazID Open Top Container Vessels
D4.8.1

D, For packages carrying a
subsidiary risk label of class 1,
segregation as for class 1,
division 1.3. "Separated from"
acids and alkalis.

3102

Organic Peroxide Type B, Solid

5.2

D, For packages carrying a
subsidiary risk label of class 1,
segregation as for class 1,
division 1.3. "Separated from"
acids and alkalis.

3103

Organic Peroxide Type C, Liquid

5.2

D, "Separated from" acids and
alkalis.

3104

Organic Peroxide Type C, Solid

5.2

D, "Separated from" acids and
alkalis.

3105

Organic Peroxide Type D, Liquid

5.2

D, "Separated from" acids and
alkalis. See 7.2.1.13.1.2

3106

Organic Peroxide Type D, Solid

5.2

D, "Separated from" acids and
alkalis.

3107

Organic Peroxide Type E, Liquid

5.2

D, "Separated from" acids and
alkalis. See 7.2.1.13.1.2

3108

Organic Peroxide Type E, Solid

5.2

D, "Separated from" acids and
alkalis.

3109

Organic Peroxide Type F, Liguid

5.2

D, "Separated from" acids and
alkalis. See 7.2.1.13.1.2

3110

Organic Peroxide Type F, Solid

5.2

D, "Separated from" acids and
alkalis.

3111

Organic Peroxide Type B, Liquid,
Temperature Controlled

5.2

D, For packages carrying a
subsidiary risk label of class 1,
segregation as for class 1,
division 1.3. Shall be
transported under temperature
control. "Separated from" acids
and alkalis.

3112

Organic Peroxide Type B, Solid,
Temperature Controlled

5.2

D, For packages carrying a
subsidiary risk label of class 1,
segregation as for class 1,
division 1.3. Shall be
transported under temperature
control. "Separated from" acids
and alkalis.

3113

Organic Peroxide Type C, Liquid,
Temperature Controlled

5.2

D, Shall be transported under
temperature control.
"Separated from" acids and
alkalis.

3114

Organic Peroxide Type C, Solid,
Temperature Controlled

5.2

D, Shall be transported under
temperature control.
"Separated from" acids and
alkalis.

3115

Organic Peroxide Type D, Liquid,
Temperature Controlled

5.2

D, Shall be transported under
temperature control.
"Separated from" acids and
alkalis.
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3116

Organic Peroxide Type D, Solid,
Temperature Controlled

5.2

Date 2008-02-08

HazID Open Top Container Vessels

D48.1

D, Shall be transported under
temperature control.
"Separated from" acids and
alkalis.

3117

Organic Peroxide Type E, Liquid,
Temperature Controlled

5.2

D, Shall be transported under
temperature control.
"Separated from" acids and
alkalis.

3118

Organic Peroxide Type E, Solid,
Temperature Controlled

5.2

D, Shall be transported under
temperature control.
"Separated from" acids and
alkalis.

3119

Organic Peroxide Type F, Liquid,
Temperature Controlled

5.2

D, Shall be transported under
temperature control.
"Separated from" acids and
alkalis.

3120

Organic Peroxide Type F, Solid,
Temperature Controlled

5.2

D, Shall be transported under
temperature control.
"Separated from" acids and
alkalis.

1660

Nitric Oxide, compressed

2.3

5.1/8

D, clear of living quarters.
Segregation as for class 5.1
but "separated from" class 7.

1092

Acrolein stabilized

3P

D, clear of living quarters

1051

Hydrogen Cyanide, stabilized

6.1

D, clear of living quarters

1098

Allyl Alcohol

6.1

w

D, clear of living quarters

1135

Ethylene Chlorohydrin

6.1

D, clear of living quarters

1163

Dimethylhydrazine, unsymmetrical

6.1

3/8 P

D, clear of living quarters.
Segregation as for class 3 but
"away from" class 4.1 and
class 8. "Separated from"
acids.

1182

Ethyl Chloroformate

6.1

3/8

D, clear of living quarters.
Segregation as for class 3 but
"away from" class 4.1

1185

Ethyleneimine, stabilized

6.1

D, clear of living quarters

1238

Methyl Chloroformate

6.1

3/8

D, clear of living quarters.
Segregation as for class 3 but
"away from" class 4.1

1239

Methyl Chloromethyl Ether

6.1

D, clear of living quarters

1244

Methylhydrazine

6.1

3/8

D, clear of living quarters.
Segregation as for class 3 but
"away from" class 4.1 and
class 8. "Separated from"
acids.

1251

Methyl Vinyl Ketone, stabilized

6.1

3/8

D, clear of living quarters.
Segregation as for class 3 but
"away from" class 4.1

1259

Nickel Carbonyl

6.1

3PP

D, clear of living quarters.
Prohibited on any ship carrying
class 1 with the exceptions
listed in 7.2.7.1.3.2
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Date 2008-02-08

HazID Open Top Container Vessels
D4.8.1

D, shaded from radiant heat.
clear of living quarters.
"Separated from" acids and

1541 | Acetone Cyanohydrin, stabilized 6.1 P alkalis.
1545 | Allyl Isothiocyanate, stabilized 6.1 3 D, clear of living quarters
1569 | Bromoacetone 6.1 3P D, clear of living quarters
1580 | Chloropicrin 6.1 P D, clear of living quarters
1583 | Chloropicrin Mixture, N.O.S. 6.1 C, clear of living quarters
1594 | Diethyl Sulphate 6.1 C
1595 | Dimethyl Sulphate 6.1 8 D, clear of living quarters
1600 | Dinitrotoluenes, molten 6.1 C
1603 | Ethyl Bromoacetate 6.1 3 D, clear of living quarters
1605 | Ethylene Dibromide 6.1 D, clear of living quarters
Hydrocyanic Acid, Aqueous
Solution (Hydrogen Cyanide,
Aqueous Solution) with not more
1613 | than 20% hydrogen cyanide 6.1 P D, clear of living quarters
Hydrogen Cyanide, stabilized,
containing less than 3% water and D, shaded from radiant heat.
1614 | absorbed in a porous inert material 6.1 P clear of living quarters.
Methyl Bromide and Ethylene
1647 | Dibromide Mixture, liquid 6.1 P C, clear of living quarters
D, clear of living quarters.
1649 | Motor Fuel Anti-Knock Mixture 6.1 P Shaded from radiant heat.
1670 | Perchloromethyl Mercaptan 6.1 P D, clear of living quarters
1672 | Phenylcarbylamine Chloride 6.1 D, clear of living quarters
Tear Gas Substance, liquid,
1693 | N.O.S. 6.1 D, clear of living quarters
D, Keep as cool as reasonably
practicable. Clear of living
quarters. "Separated from"
1694 | Bromobenzyl Cyanides, liquid 6.1 acids.
D, clear of living quarters.
"Segregation as for class 3 but
1695 | Chloroacetone, stabilized 6.1 3/8 P "away from" class 4.1
D, Keep as cool as reasonably
practicable. Clear of living
1697 | Chloroacetophenone, solid 6.1 guarters.
1698 | Diphenylamine Chloroarsine 6.1 PP D, clear of living quarters
1699 | Diphenylchloroarsine, solid 6.1 PP D, clear of living quarters
1700 | Tear Gas Candles 6.1 4.1 D, clear of living quarters
1701 | Xylyl Bromide, liquid 6.1 D, clear of living quarters
1704 | Tetraethyl Dithiopyrophosphate 6.1 P D, clear of living quarters
D, clear of living quarters.
Segregation as for class 3 but
1722 | Allyl Chloroformate 6.1 3/8 "away from" class 4.1
D, Keep as dry as reasonably
practicable. clear of living
1737 | Benzyl Bromide 6.1 8 guarters
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Date 2008-02-08

HazID Open Top Container Vessels
D4.8.1

D, Keep as dry as reasonably
practicable. clear of living

1738 | Benzyl Chloride 6.1 8 quarters
1750 | Chloroacetic Acid Solution 6.1 8 C, clear of living quarters
1751 | Chloroacetic Acid, solid 6.1 8 C, clear of living quarters
1752 | Chloroacetyl Chloride 6.1 8 D, clear of living quarters
1809 | Phosphorus Trichloride 6.1 8 D, clear of living quarters
1851 | Medicine, liquid, toxic, N.O.S. 6.1 C, clear of living quarters
1886 | Benzylidene Chloride 6.1 D, clear of living quarters

D, clear of living quarters.
1889 | Cyanogen Bromide 6.1 8P "Separated from" acids.
1892 | Ethyldichloroarsine 6.1 P D, clear of living quarters
1994 | Iron Pentacarbonyl 6.1 3 D, clear of living quarters
2075 | Chloral, Anhydrous, Stabilized 6.1 D, clear of living quarters

Cm clear of living quarters.
2078 | Toluene Diisocyanate 6.1 Shaded from radiant heat.
2232 | 2-Chloroethanal 6.1 D, clear of living quarters

Dichlorodimethyl Ether,

2249 | symmetrical 6.1 3 D, clear of living quarters

C, Keep as dry as reasonably

practicable. clear of living
2281 | Hexamethylene Diisocyanate 6.1 quarters

D, shaded from radiant heat.
2285 | Isocyanatobenzotrifluorides 6.1 3 clear of living quarters
2295 | Methyl Chloroacetate 6.1 3 D
2334 | Allylamine 6.1 3 D, clear of living quarters

D, clear of living quarters.

"Separated from" class 5.1.
2382 | Dimethylhydrazine, symmetrical 6.1 3P "Separated from" acids.

D, clear of living quarters.

Segregation as for class 3, but
2407 | Isopropyl Chloroformate 6.1 3/8 "away from" class 4.1.

D, shaded from radiant heat.

clear of living quarters.

Segregation as for class 3, but
2438 | Trimethylacetyl Chloride 6.1 3/8 "away from" class 4.1
2477 | Methyl Isothiocyanate 6.1 3 D

D, clear of living quarters.
2480 | Methyl Isocyanate 6.1 3 "Separated from" acids.
2482 | Propyl Isocyanate 6.1 3 D, clear of living quarters
2484 | tert-Butyl Isocyanate 6.1 3 D, clear of living quarters
2485 | Butyl Isocyanate 6.1 3 D, clear of living quarters
2487 | Phenyl Isocyanate 6.1 3 D, clear of living quarters
2488 | Cyclohexyl Isocyanate 6.1 3 D, clear of living quarters

D, "Away from" acids and
2521 | Diketene, stabilized 6.1 3 alkalis. clear of living quarters.

2-Dimethylaminoethyl

2522 | Methacrylate 6.1 D, clear of living quarters
2558 | Epibromohydrin 6.1 3P D, clear of living quarters
2643 | Methyl Bromoacetate 6.1 D, clear of living quarters
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Date 2008-02-08

HazID Open Top Container Vessels
D4.8.1

C, Keep as cool as reasonably
practicable. clear of living

2644 | Methyl lodide 6.1 quarters
2646 | Hexachlorocyclopentadiene 6.1 D, clear of living quarters
D, shaded from radiant heat.
2785 | 4-Thiapentanal 6.1 "Away from" acids and alkalis.
D, clear of living quarters.
"Separated from" odour-
3023 | 2-Methy-2-Heptanethiol 6.1 3 absorbing cargoes.
Mercaptans, Liquid, Toxic,
Flammable, N.O.S. or Mercaptan C, clear of living quarters.
Mixture, Liquid, Toxic, Flammable, "Separated from" all odour-
3071 | N.O.S. 6.1 3 absorbing cargoes.
C, clear of living quarters.
Segregation as for class 3, but
"away from" class 4.1.
3073 | Vinylpyridines, Stabilized 6.1 3/8 "Separated from" acids.
Isocyanates, Toxic, Flammable,
N.O.S. or Isocyanate Solution, D, shaded from radiant heat.
3080 | Toxic,Flammable, N.O.S. 6.1 3 clear of living quarters
3086 | Toxic Solid, Oxidizing, N.O.S. 6.1 5.1 C
3122 | Toxic Liquid, Oxidizing, N.O.S. 6.1 5.1 C
Toxic Liquid, Water-Reactive,
3123 | N.O.S. 6.1 4.3 D, clear of living quarters
3124 | Toxic Solid, Self-Heating, N.O.S. 6.1 4.2 D, clear of living quarters
Toxic Solid, Water-Reactive,
3125 | N.O.S. 6.1 4.3 D, clear of living quarters
3246 | Methanesulphonyl Chloride 6.1 8 D, clear of living quarters
3249 | Medicine, Solid, Toxic, N.O.S. 6.1 C, clear of living quarters
3250 | Chloroacetic Acid, Molten 6.1 8 C, clear of living quarters
3281 | Metal Carbonyls, Liquid, N.O.S. 6.1 D, clear of living quarters
Hydrogen Cyanide, Solution in
Alcohol, with not more than 45%
3294 | hydrogen cyanide 6.1 3P D, clear of living quarters
3302 | 2-Dimethylaminoethyl Acrylate 6.1 D, shaded from radiant heat.
3315 | Chemical Sample, Toxic 6.1 D, clear of living quarters
Chlorosilanes, Toxic, Corrosive,
3361 | N.O.S. 6.1 8 C, clear of living quarters
C, clear of living quarters.
Chlorosilanes, Toxic, Corrosive, Segregation as for class 3, but
3362 | Flammable, N.O.S. 6.1 3/8 "away from" class 4.1.
Toxic by Inhalation Liquid, N.O.S.
with an inhalation toxicity lower
than or equal to 200 ml/m”3 and
saturated vapour concentration
3381 | greater than or equal to 500LC50 6.1 D, clear of living quarters
Toxic by Inhalation Liquid, N.O.S.
with an inhalation toxicity lower
than or equal to 1000 ml/m”3 and
saturated vapour concentration
3382 | greater than or equal to 10LC51 6.1 D, clear of living quarters
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3383

Toxic by Inhalation Liquid,
Flammable, N.O.S. with an
inhalation toxicity lower than or
equal to 200 mli/m”3 and saturated
vapour concentration greater than
or equal to 500LC52

6.1

Date 2008-02-08

HazID Open Top Container Vessels
D4.8.1

D, clear of living quarters

3384

Toxic by Inhalation Liquid,
Flammable, N.O.S. with an
inhalation toxicity lower than or
equal to 1000 mli/m”3 and
saturated vapour concentration
greater than or equal to 10LC53

6.1

D, clear of living quarters

3385

Toxic by Inhalation Liquid, Water-
Reactive, N.O.S. with an inhalation
toxicity lower than or equal to 200
ml/m”3 and saturated vapour
concentration greater than or
eqgual to 500LC54

6.1

4.3

D, clear of living quarters

3386

Toxic by Inhalation Liquid,
Flammable, N.O.S. with an
inhalation toxicity lower than or
equal to 1000 ml/m~3 and
saturated vapour concentration
greater than or equal to 10LC55

6.1

4.3

D, clear of living quarters

3387

Toxic by Inhalation Liquid,
Oxidizing, N.O.S. with an
inhalation toxicity lower than or
equal to 200 ml/m~3 and saturated
vapour concentration greater than
or equal to 500LC56

6.1

51

D, clear of living quarters

3388

Toxic by Inhalation Liquid,
Flammable, N.O.S. with an
inhalation toxicity lower than or
equal to 1000 ml/m~3 and
saturated vapour concentration
greater than or equal to 10LC57

6.1

5.1

D, clear of living quarters

3389

Toxic by Inhalation Liquid,
Corrosive, N.O.S. with an
inhalation toxicity lower than or
equal to 200 ml/m~3 and saturated
vapour concentration greater than
or equal to 500LC58

6.1

D, clear of living quarters

3390

Toxic by Inhalation Liquid,
Flammable, N.O.S. with an
inhalation toxicity lower than or
equal to 1000 mli/m”3 and
saturated vapour concentration
greater than or equal to 10LC59

6.1

D, clear of living quarters

3416

Chloroacetophenone, Liguid

6.1

D, Keep as cool as reasonably
practicable. Clear of living
quarters.

3417

Xylyl Bromide, Solid

6.1

D, clear of living quarters
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Date 2008-02-08

HazID Open Top Container Vessels
D4.8.1

3448 | Tear Gas Substance, Solid, N.O.S. 6.1 D, clear of living quarters

D, Keep as cool as reasonably

practicable. Clear of living

quarters. "Separated from"
3449 | Bromobenzyl Cyanides, Solid 6.1 acids.
3450 | Diphenylchloroarsine, solid 6.1 D, clear of living quarters
3466 | Metal Carbonyls, Solid, N.O.S. 6.1 D, clear of living quarters
3373 | Biological Substance, Category B 6.2 C, clear of living quarters
1052 | Hydrogen Fluoride, anhydrous 8 6.1 D, clear of living quarters
1716 | Acetyl Bromide 8 C, clear of living quarters
1724 | Allyltrichlorosilane, stabilized 8 3 C, clear of living quarters
1728 | Amyltrichlorosilane 8 C, clear of living quarters
1729 | Anisoyl Chloride 8 C, clear of living quarters
1730 | Antimony Pentachloride, liquid 8 C, clear of living quarters
1731 | Antimony Pentachloride Solution 8 C, clear of living quarters

D, clear of living quarters.

Segregation as for class 5.1

but "away from" classes
1732 | Antimony Pentafluoride 8 6.1 4.15.1and7
1733 | Antimony Trichloride 8 C, clear of living quarters
1736 | Benzoyl Chloride 8 C, clear of living quarters
1739 | Benzyl Chloroformate 8 P D, clear of living quarters

D, Keep as cool as reasonably

practicable. clear of living

guarters. Segregation as for

class 5.1 but "separated from"
1744 | Bromine or Bromine Solution 8 6.1 classes 4.1, 5.1 and 7.
1747 | Butyltrichlorosilane 8 3 C, clear of living quarters
1753 | Chlorophenyl Trichlorosilane 8 P C, clear of living quarters

Chlorosulphonic Acid (with or

1754 | without sulphur trioxide) 8 C, clear of living quarters

C, clear of living quarters.

Segregation as for class 5.1

but "away from" classes
1755 | Chromic Acid Solution 8 4.15.1and 7

C, clear of living quarters.

Segregation as for class 5.1

but "separated from" classes
1758 | Chromium Oxychloride 8 4.15.1and?7
1762 | Cyclohexenyltrichlorosilane 8 C, clear of living quarters
1763 | Cyclohexyltrichlorosilane 8 C, clear of living quarters
1765 | Dichloroacetyl Chloride 8 D, clear of living quarters
1766 | Dichlorophenyltrichlorosilane 8 P C, clear of living quarters
1767 | Diethyldichlorosilane 8 3 C, clear of living quarters
1769 | Diphenyldichlorosilane 8 C, clear of living quarters
1770 | Diphenylmethyl Bromide 8 D, clear of living quarters
1771 | Dodecyltrichlorosilane 8 C, clear of living quarters
1777 | Fluorosulphonic Acid 8 D, clear of living quarters
1780 | Fumaryl Chloride 8 C, clear of living quarters
1781 | Hexadecyltrichlorosilane 8 C, clear of living quarters
1784 | Hexyltrichlorosilane 8 C, clear of living quarters
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Hydrofluoric Acid and Sulphuric

Date 2008-02-08

HazID Open Top Container Vessels
D4.8.1

1786 | Acid Mixture 8 6.1 D, clear of living quarters
1787 | Hydriodic Acid 8 C
1788 | Hydrobromic Acid 8 C
1789 | Hydrochloric Acid 8 C
D, Keep as cool as reasonably
Hydrofluoric Acid solution, with not practicable, clear of living
1790 | more than 60% hydrofluoric acid 8 6.1 guarters
D, clear of living quarters.
Segregation as for class 5.1,
but "separated from" class
1792 | lodine Monochloride 8 4151and?7
Nitration Acid Mixture with more D, clear of living quarters.
1796 | than 50% nitric acid 8 5.1 "Separated from" class 4.1
Nitration Acid Mixture with not
1796 | more than 50% nitric acid 8 D, clear of living quarters
D, clear of living quarters.
Segregation as for class 5.1,
but "separated from" class
1798 | Nitohydrochloric Acid 8 4151and7
1799 | Nonyltrichlorosilane 8 C, clear of living quarters
1800 | Octadecyltrichlorosilane 8 C, clear of living quarters
1801 | Octyltrichlorosilane 8 C, clear of living quarters
Perchloric Acid with not more than
1802 | 50% acid, by mass 8 5.1 C, "separated from" class 4.1
1803 | Phenolsulphonic Acid, liquid 8 C, for metal drums, category B
1804 | Phenyltrichlorosilane 8 C, clear of living quarters
C, clear of living quarters.
Segregation as for class 5.1,
but "away from" classes
1806 | Phosphorus Pentachloride 8 4151and?7
1808 | Phosphorus Tribromide 8 C, clear of living quarters
1810 | Phosphorus Oxychloride 8 C, clear of living quarters
1816 | Propyltrichlorosilane 8 3 C, clear of living quarters
1817 | Pyrosulphuryl Chloride 8 C, clear of living quarters
C, clear of living quarters. See
1818 | Silicon Tetrachloride 8 7.2.1.13.1.2
Nitrating Acid Mixture, Spent with D, clear of living quarters.
1826 | more than 50% nitric acid 8 5.1 "separated from" class 4.1
Nitrating Acid Mixture, Spent with
1826 | not more than 50% nitric acid 8 D, clear of living quarters
1827 | Stannic Chloride, Anhydrous 8 C
1828 | Sulphur Chlorides 8 C, clear of living quarters
1829 | Sulphur Trioxide, stabilized 8 C, clear of living quarters
Sulphuric Acid with more than 51%
1830 | acid 8 C, for steel drums category B
C, for steel drums category B.
1831 | Sulphuric Acid, fuming 8 6.1 clear of living quarters
1832 | Sulphuric Acid, spent 8 C, for metal drums category B.
1834 | Sulphuryl Chloride 8 C, clear of living quarters
1836 | Thionyl Chloride 8 C, clear of living quarters
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1837 | Thiophosphoryl Chloride 8 C, clear of living quarters
1838 | Titanium Tetrachloride 8 C, clear of living quarters
1998 | Acetyl lodide 8 C, clear of living quarters
1906 | Sludge Acid 8 C, for metal drums, category B
C, Keep as cool as reasonably
practicable. clear of living
1939 | Phosphorus Oxybromide, solid 8 guarters
D, clear of living quarters.
Segregation as for class 3, but
"away from" class 4.1.
2029 | Hydrazine, Anhydrous 8 3/6.1 "Separated from" acids.
Hydrazine, Aqueous Solution with
more than 37% hydrazine, by D, clear of living quarters.
2030 | mass 8 6.1 "Separated from" acids.
D, Segregation as for class
Nitric Acid other than red fuming, 5.1, but "separated from"
2031 | with more than 70% nitric acid 8 5.1 classes 4.1,5.1 and 7
D, if concentration exceeds
50% acid, segregation as for
Nitric Acid other than red fuming, class 5.1, but "separated from"
2031 | with not more than 70% nitric acid 8 classes 4.1,5.1 and 7
D, clear of living quarters.
Segregation as for class 5.1,
but "separated from" class
3032 | Nitric Acid, Red Fuming 8 5.1/6.1 4151and7
C, shaded from radiant heat.
2218 | Acrylic Acid, stabilized 8 3 clear of living quarters
D, clear of living quarters.
Segregation as for class 5.1,
but "separated from" class
2308 | Nitrosylsulphuric Acid, liquid 8 4.151and7
2401 | Piperidine 8 3 D, "separated from" acids
2434 | Dibenzyldichlorosilane 8 C, clear of living quarters
2435 | Ethylphenyldichlorosilane 8 C
2437 | Methylphenyldichlorosilane 8 C, clear of living quarters
2442 | Trichloroacetyl Chloride 8 D, clear of living quarters
2443 | Vanadium Oxytrichloride 8 C, clear of living quarters
2444 | Vanadium Tetrachloride 8 C, clear of living quarters
2502 | Valeryl Chloride 8 3 C, clear of living quarters
2508 | Molybdenum Pentachloride 8 C, clear of living quarters
C, clear of living quarters.
2513 | Bromoacetyl Bromide 8 "Separated from" alkalis.
2531 | Methacrylic Acid, stabilized 8 C, clear of living quarters
2571 | Alkylsulphuric Acids 8 C, for metal drums, category B
2576 | PhosphorusOxybromide, molten 8 C, clear of living quarters
2577 | Phenylacetyl Chloride 8 C, clear of living quarters
2604 | Boron Trifluoride Diethyl Etherate 8 3 D, clear of living quarters
C, Keep as cool as reasonably
2692 | Boron Tribromide 8 practicable.
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D, Keep as cool as reasonably
practicable. clear of living

2751 | DiethylthioPhosphoryl Chloride 8 quarters.
Corrosive Liquid, Flammable, C, shaded from radiant heat.
2920 | N.O.S. 8 3 clear of living quarters
Chlorosilanes, Corrosive,
2986 | Flammable, N.O.S. 8 3 C, clear of living quarters
2987 | Chlorosilanes, Corrosive, N.O.S. 8 C, clear of living quarters
3084 | Corrosive Solid, Oxidizing, N.O.S. 8 5.1 C
3093 | Corrosive Liquid, Oxidizing, N.O.S. 8 5.1 C
Corrosive Liquid, Water-Reactive,
3094 | N.O.S. 8 4.3 D
Corrosive Solid, Self-Heating,
3095 | N.O.S. 8 4.2 D
Corrosive Solid, Water-Reactive,
3096 | N.O.S. 8 4.3 D
Corrosive Liquid, Self-Heating,
3301 | N.O.S. 8 4.2 D
D, clear of living quarters.
Segregation as for class 5.1
but "separated from" classes
3456 | Nitrosylsulphuric Acid, Solid 8 4.1,5.1and 7
1845 | Carbon Dioxide, solid (dry ice) 9 C, clear of living quarters
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