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The ungoverned space?
Dr Carl Hunter considers the physical dynamics
of ships’ movement at sea and how the effect on
marine fire extinguishing systems and protected
spaces raises key fire safety points

S

HIPPING, NAVAL and offshore
oil and gas sectors are all
safety critical, with catastrophic
results in the event of fire. A container
ship is a thinly crewed and isolated
marine asset, transporting essential
cargoes at sea globally and sailing
alone at sea for 365 days a year, but
without the ability to call upon fire
and rescue services as a land-based
asset might.
Marine engineers manage
highly effective and pressurised
marine gaseous extinguishing
systems as an essential defence
against the risk of fire at sea.
If the contents escape due to
their pressurisation from vessel
movement or leakage under
pressure, the ship has no other
means to control the fire event.
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Technology exists to constantly
monitor these assets and the
‘protected spaces’ into which the
extinguishant gas will discharge at
the point of fire detection.

Maritime nation
We are an island nation, and 95%
of goods arrive in and leave the UK
by sea. The maximum cargo carried
by aircraft is approximately 100 tons.
Ships at sea are vast (50,000 to
300,000 dwt) and a gas carrier is at
sea every 300 nautical miles, every
moment of each day between
Milford Haven and Doha in Qatar,
carrying 17% of the UK’s gas needs.
The UK is one of only five
world powers operating, designing
and building nuclear attack
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and strategic nuclear ballistic
submarines. The Royal Navy’s
approach to naval damage control
is rivalled only by that of the US
Navy in safety and survivability.
The Royal Navy is soon to commission
two of the world’s largest aircraft
carriers, after which the UK will
be one of only four nations
with the capability to deliver
fifth generation maritime strike
capabilities. Alongside the USA,
the UK is the most respected fire
engineering country globally and is
uniquely positioned to contribute to
global maritime fire safety.

Fire safety at sea
The International Maritime Risk
Rating Agency declared fire safety
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the most common deficiency on
tankers in October 2016, with 126
incidents. The International Union
of Marine Insurance suggested
improving fire safety standards on
container ships, advocating that
‘major fires on container vessels
count among the worst hazards in
global shipping’ and highlighting
the United States Coast Guard’s
awareness of the need for improved
fire safety.
As stated, a container ship is
alone at sea and its fire system
is its protection. Marine gaseous
extinguishing systems protect
against special hazards and, if we
recognise that a gaseous system is
a pressurised one, then we accept
that it exists in a dynamic state
requiring constant monitoring.
In fire engineering, there are
four key areas that ensure the
efficacy of the system: content of
agent in the cylinders, weight of
agent in them, cylinder pressure
and protected space integrity.
Poor maintenance of extinguishing
systems risks accidental fatalities
due to lack of training about the
lethal properties of carbon dioxide
(CO2) which, when released, reduces
oxygen levels to extinguish fire.
Limited appreciation of the
need for room integrity testing of
protected spaces leads to minimal
regulation compliance, which could
result in the fire system failing to
extinguish a fire because the room
is unable to hold the discharged
gas, due to leaks from the space into
which it actuates – leaks will occur
in any engineering structure as it
ages. A ship also ‘turns and bends’
as it travels through changing seas,
adding an additional dynamic of
physical stresses.
Stakeholders in fire safety
include ship operators; their
mariners; their insurers; their
families; the asset itself; and the
fire company that designs, installs,
commissions and maintains
the marine clean agent system –
typically lasting 20 years.
Automatic fire protection
systems result in fewer fires, which
still must be contained by the ship
in its isolation. Ship operators

expect 100% availability of the
asset and 100% safety on it. As
ships are at sea 365 days a year
with rare access to fire services,
is it not time that the fire systems
enabling vessel availability should
be monitored 100% of the time?

Gaseous accidents
If a fault occurs on an aircraft, that
information is quickly and openly
shared with airline operators; but
in shipping, far less so. Pressurised
systems leak and protected space
integrity changes. Some ships
sail with partially filled, overfilled
or empty cylinders; accidental
discharges or slow seepages occur;
and protection of space integrity
goes unmonitored.
The following are examples of
reported gaseous accidents:
• September 2004 – inspection
of the fixed CO2 extinguishing
system led to the death of
four officers in Hong Kong
· November 2008 – at least 20
people died on a Russian

·

·

·

·

Akula II-class submarine
when an extinguishing
system activated
May 2010 – uncontrolled
release of fire-extinguishing
gas into the engine room on
Marsol Pride
August 2011 – accidental
discharge of CO2 on board
SD Nimble
July 2014 – at Port Hedland
in Western Australia when
responding to a fire in the
engine room of the bulk carrier,
Marigold, the crew activated
the gas suppression system
but full release did not occur,
nor was the engine room
effectively sealed
February 2015 – 22 US
marines were injured when a
gaseous system discharged in
Twentynine Palms, California

Marine extinguishing
systems
Two broad categories of ship and
offshore extinguishing systems
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exist: sprinkler systems and
pressurised gas systems (CO2 or
NOVEC 1230). While the former can
suffer leakage, the latter can cause
catastrophic effect due to their
high pressures. An average ship’s
CO2 system comprises 200-600
cylinders, each containing 45kg of
CO2 under high pressure – typically
720psi. Checks should be as follows:
• IMO’s Safety of Life at Sea
International Fire Safety
Systems Code, Chapter 5,
2.1.1.3, states: ‘means shall
be provided for the crew to
safely check the quantity of the
fire-extinguishing medium in
the containers’ – this should
be carried out in-between the
annual maintenance check, ie
at sea
• IMO MSC Circular 1120, 7.3.2.6,
states: ‘CO2 cylinders are
normally filled up to two-thirds
of the height of the cylinder.
Means should be provided to
verify the liquid level in all the
cylinders, either by weighing
the cylinders or by using a
suitable liquid level detector’
– but these are impossible to
weigh at sea
• IMO MSC Circular 1120, 7.3.7.3,
states: ‘CO2 makes allowance
for crew to undertake if
suitably qualified. IMO MSC/
Circular 1318 MCA adopts
the following policy for this

20

circular: ‘iv) eg crew who have
undertaken an STCW Advanced
Fire Fighting course’, however,
the majority of crews are
not qualified

Ultrasonic technology
Thus, going above and beyond
regulatory compliance is vital to
increasingly high value vessels.
New smart ship technology
counters the environment in which
a ‘safety first’ culture remains
unpursued and unrewarded.
With the impact of marine fires
more widely understood, new best
practice research is exploring the
use of ultrasonic technology to
monitor the extinguishing systems
through inspection and continuous
monitoring, and to give eyes to
shore-based operators at a time of
fewer crew members. Ultrasound is
now being put to more advanced,
innovative uses in shipping for fire
safety solutions, and the UK is at
the forefront of this capability.
These technologies monitor
liquefied gaseous content and
non-liquefied gaseous pressure
safely from the external sides of the
cylinder, rather than within it, in
both fixed and portable forms. Fast,
accurate and reliable ultrasonic
methods are used, for example, in
checking contents by liquid level
indication. Once able to monitor
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the contents, the mass/weight of
the liquefied extinguishant can
be calculated. If the pressure of
the gas on top of the liquefied
extinguishant can be monitored,
then so can the pressure of an
inert gas which is in an entirely
vaporous form.
Ultrasonics can be used for
constant monitoring, delivering
remote diagnostics and data to
a shore-based operator, enabling
them to go beyond minimal
compliance, and giving confidence
that a fire company has installed a
gaseous extinguishing system with
a semi-autonomous monitoring
capability to safeguard it. Who
today would want a fire system that
is left standing and unsupervised
over thousands of miles of open
sea, often in extreme weather states,
for 364 days of the year until its
annual certification check?

Room integrity
Under ISO 14520, gaseous
extinguishing systems are designed
in relation to the discharging agent
hold-time (if the room cannot
hold the agent because of leaks,
the agent will disperse and not
extinguish the fire). A ship ages at
sea and a good deal of bending
and deformation naturally occurs
during travel. The ship’s structure is
changed and leak sites develop.
The extent of these ‘turns and
bends’ is determined by its load
state, sea state and wind state.
IMO SOLAS Chapter II-2
Regulation 10, G23.3 states: ‘The
regulations require that 85% of
the required concentrations for
machinery spaces and cargo
pump rooms is achieved in such
spaces within two minutes.’ If room
integrity is insecure, incorrect
arrangements are made to increase
the rate of CO2 discharge when
the problem relates to the room
integrity itself.
Given the importance of
maintaining room integrity in order
for the gas to suppress a fire within
two minutes, protected spaces on
board vessels should be tested far
more frequently and this can now
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be done ultrasonically, both to
do that and to protect crew when
entering spaces protected by CO2.
However, the industry does not
access them.

How it works
This technology uses the attenuation
of the ultrasound as it travels
through different materials. It is the
extent of this attenuation and its
energy dissipation that diﬀerentiates
between diﬀerent materials.
Instrumentation such as Coltraco
Ultrasound’s Portalevel MAX
handheld liquid level indicator and
its Permalevel Multiplex constant
monitoring system convert electrical
energy into ultrasonic waves
through the reverse piezoelectric
effect. The liquid level of a cylinder
can be found because the ultrasonic

signal received from the vapour
section of the cylinder is different
to the liquid section. The large
difference in density suggests
that the liquid and gas sections
disperse ultrasound very differently.
The ultrasound generator emits
a modulated signal of a specific
frequency of ultrasound. By using
a lower frequency of ultrasound,
attenuation in air is reduced to allow
effective wave propagation through
any leaks in seals. The receiver then
picks up the signal leaking through
the seal and converts it into a result
indicating room integrity.

Constant monitoring
Marine gaseous fire systems deliver
the self-contained resilience a ship
needs at sea, but resilience means
the permanence of capability and

functionality that can only be
delivered by constantly monitoring
the systems which enable it. If this
is neglected, it is at the peril of lives
and financial risk to the vessel or
offshore platform.
Just as importantly, the
marine gaseous system should be
maintained regarding the protected
space into which its extinguishing
agents discharge on actuation. If
that space cannot hold the agent on
discharge or sustain the pressures
of the gaseous agent on discharge,
the agent will disperse and the fire
will grow unimpeded. Constant
monitoring of the compartment
room integrity is now possible
with products such as Coltraco
Ultrasonics’ Portascanner and
Portalevel Intrinsically Safe liquid
level indicator.
To summarise, the science of
a marine gaseous extinguishing
system is complex – gaseous systems
are pressurised and dynamic, not
passive. A gaseous system can
protect critical marine structures
in a safe and expeditious way if
complemented by the integrity
of the protected space. Why leave
unattended the very automatic
gaseous clean agent extinguishing
systems that protect at sea, when
even the core regulations relating to
their installation and maintenance
specifically allude to the potential
for accidental discharge or leaking
of contents? Should our industry
not implement constant monitoring
24/7? We can do it, now we have
the technology and it is British
Dr Carl Hunter is CEO and MD of
Coltraco Ultrasonics. For more
information, view page 5
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