Mitigating the Risk of
Liquefaction

Practical guidance for mitigating liquefaction
risks when carrying IMSBC Group A cargoes,
from pre-loading checks and documentation to
onboard monitoring and emergency action.

Introduction — Liquefaction and Associated Risks

Liquefaction remains a major cause of bulk carrier losses, often developing rapidly and leaving the crew
with little or no opportunity for corrective action. Solid bulk cargoes classified as IMSBC Group A' may
appear to be in a solid state when loaded but can undergo liquefaction if their moisture content exceeds the
Transportable Moisture Limit (TML) due to moisture migration? or dynamic separation®. The resulting flow
state in the cargo holds can lead to a sudden loss of transverse stability, progressive listing, reduced
righting levers and in extreme cases capsize of the vessel without warning.

Effective mitigation therefore depends on strict compliance with the IMSBC Code, due diligence and
disciplined shipboard operational controls throughout the loading and voyage phases. Read further to
understand documentary and operational controls to mitigate these risks.

Pre-Loading Preparations — Vessel Readiness

Prior to the commencement of loading, all cargo spaces intended for the carriage of Group A cargoes
should be structurally sound, with emphasis on the prevention of water ingress. Hatch covers, coamings,
compression bars, seals, cleats and drain channels should be inspected to confirm their weathertight
integrity. Any defects that could permit the ingress of rainwater or seawater should be rectified and then
tested before loading.

Cargo hold structures, including side frames, manholes and gaskets, stool spaces, tank tops and bilge
wells should be checked to identify any structural damage that may cause water leaks into cargo spaces
and any damage should be repaired and tested before loading.

Bilge systems should be fully operational. Where fitted, bilge alarms and hold water ingress alarms should
be tested prior to loading. Bilge lines and valves should be free from blockage and defects to prevent
inadvertent flooding of cargo holds. Where liquefaction-prone cargoes are loaded, bilge management
should form part of the pre-loading checklist and should be followed throughout loading and the laden
voyage.

Pre-Loading Documentation Review

The Master should ensure that all mandatory documentation required by the IMSBC Code is valid and
available before commencing loading operations.

*Group A consists of cargoes which possess a hazard due to moisture that may result in liquefaction or dynamic separation if shipped at a moisture content in excess of their transportable
moisture limit.
2 Moisture migration means the movement of moisture contained in a cargo by settling and consolidation of the cargo due to vibration and ship's motion. Water is progressively displaced,
which may result in some portions or all of the cargo developing a flow state.
% Dynamic separation means the phenomenon of forming a liquid slurry (water and fine solids) above the solid material.
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Documentation that does not include the relevant IMSBC Group classification, or which includes an
inconsistent Bulk Cargo Shipping Name (BCSN) or vague cargo descriptions, or which deviates in any way
from the standard format prescribed in the IMSBC Code should be rejected as non-compliant and should
trigger further investigation of the cargo to be loaded. A valid Transportable Moisture Limit (TML) certificate
recording how the TML was tested should be made available to the Master along with the Moisture Content
(MC) certificate. The MC certificate must confirm that representative sampling and testing of the cargo was
conducted within seven days of the commencement of loading, by an entity recognised by the Competent
Authority* at the port of loading as required by the Code. The actual moisture content must be strictly less
than the declared TML — if the MC is the same as or higher than the TML, the cargo isn’t safe for shipping
and must not be loaded.

If cargo is exposed to rain, snow, or any other moisture source before or during loading, its MC must be re-
evaluated and re-certified to ensure it remains below the TML. It is the responsibility of the Shipper to
ensure this and provide evidence to the Master as soon as possible.

The Shipper should provide the Master with the approval document of procedures for controlling the
moisture content certified by the Competent Authority, recording the procedures for cargo sampling, testing,
and moisture determination.

Control +A1:C6 Requirement IMSBC Code Reference

Cargo Classification & Must include Proper Bulk Cargo Shipping Name (BCSN), Group
Shipper’s Declaration (A, B, or C), and total quantity.

For Group A, the shipper should provide a document stating that
Moisture Control the procedure for sampling and testing has been approved by the
Competent Authority.

4.3.3
MSC.1/Circ.1454/Rev.2

The test for Transportable Moisture Limit (TML) must have been

TML Certificate Validity: . .
conducted within 6 months of the loading date.

Moisture Content (MC) Sampling and testing for MC must be within 7 days of the
Validity commencement of loading.

Actual MC must be strictly less than the TML. If MC >=TML, the

Safety Margin
J g cargo must not be loaded.

The appointment of an independent surveyor is strongly recommended for cargoes prone to liquefaction. A
suitably qualified surveyor can assist the Master by inspecting the cargo stockpiles, conducting sampling
and testing to verify the cargo condition before loading and then if all is satisfactory, monitoring the loading
operations.

Their involvement provides an added level of assurance and independent evidence, supporting the
Master’s decision-making throughout the loading process and enhancing overall risk control.

Physical Cargo Assessment

For Group A cargoes, documentary compliance alone is not sufficient to demonstrate suitability for
shipment. The Master should conduct a physical assessment of the cargo and the loading environment
prior to and throughout loading. Stockpiles that show evidence of poor drainage, ponding, runoff channels,
surface crusting, or recent exposure to rainfall present an increased risk of elevated and non-uniform MC.
Where cargo is blended, re-handled, reclaimed from multiple sources, or transferred between stockpiles,
there is a heightened risk that sampling may not be representative of the cargo delivered to the vessel.

“Competent authority means any national regulatory body or authority designated or otherwise recognized as such for any purpose in connection with this Code. The competent authority
shall operate independently from the shipper.



As part of the Master’s practical assessment, the Can Test® may be employed as a complementary
screening tool to identify cargoes that may be unsafe due to excessive moisture. If free moisture appears
on the surface of the tested sample, or it shows signs of fluidity, or behaves like a fluid, loading should be
stopped immediately, and the cargo should be re-sampled and re-tested in a laboratory to check that the
MC remains below the declared TML. Please note that the Can Test is not a substitute for statutory
laboratory testing and does not provide quantitative assurance of compliance.

Controls and Monitoring During Loading

Loading of IMSBC Group A cargoes requires enhanced operational controls and monitoring. During loading
operations, the Master and crew should observe the appearance and behaviour of the cargo as it is loaded
into the holds.

Potential warning signs to monitor for include (but are not limited to) splashing, flattening of the cargo
surface, free water separation, or a tendency for the cargo to flow like a liquid rather than pile naturally.
Bilge wells and sounding pipes should be checked regularly. The presence of water in bilge wells during
loading of nominally dry cargo is abnormal and must be investigated immediately. If any of these warning
signs are observed, the MC might be close to or above the TML, loading should be immediately stopped
and the cargo re-evaluated as above.

IMSBC Code
Reference

Control Requirement

L. Cargo shall not be handled during precipitation unless
Handlingin Wet expressly permitted by an approved Moisture Management 4.3.3
Weather Pl;’n e Bl g MSC.1/Circ.1454/Rev.2

If significant rain/snow occurs between testing and loading,
Weather Re-verification |the shipper must provide evidence that the MC is still below
TML.

Cargo must be trimmed reasonably level to minimize the
Cargo Trimming risk of shifting. The Master has the right to require level
trimming if concerned about stability.

Master’s check: Half-fill a 0.5-1L can, strike 25 times from
The Can Test 0.2m. If free moisture or fluidity appears, stop loading and
request laboratory re-tests.

It is essential that weather conditions are continuously monitored throughout the loading operation. Loading
must be suspended immediately if precipitation occurs or if there is any risk of moisture entering the cargo.
During any adverse weather, hatch covers should be closed without delay to protect the cargo, and any
exposed cargo on the quay or in transit should be shielded to prevent moisture ingress. Should cargo be
exposed to precipitation after the original MC certificate has been issued, the validity of the certificate is
brought into question. In such cases, further verification may be necessary to confirm that the MC remains
below the TML before loading resumes.

When barges are used to transport cargo to the ship, these barges must be
individually identified and logged by the ship’s crew. A responsible officer Warning signs include
should monitor and ensure procedures are implemented on the barge to splashing, flattening of the
protect the cargo from any precipitation and water ingress. Cargo trimming cargo surface, free water
is a critical safety control to minimise the risk of cargo shifting and stability
effects.

separation, or a tendency
for the cargo to flow rather

The objective of trimming is to reduce void spaces, prevent slumping or flow [RRICHISEERICIVE
towards one side of the hold, and maintain predictable cargo geometry

° Can Test: Half fill a cylindrical can or similar container (0.5 to 1 L capacity) with a sample of the material. Take the canin one hand and bring it down sharply to strike a hard surface such as
asolid table from a height of about 0.2 m. Repeat the procedure 25 times at one- or two-second intervals. Examine the surface for free moisture or fluid conditions.



throughout the voyage. The Master has the right to require trimming where there are concerns regarding
vessel stability, cargo surface profile, or the behaviour of the cargo during loading.

Effective communication must be maintained at all times between the ship’s staff, terminal personnel, and
shore representatives. It is essential that any changes to the stockpile source, alterations to the loading
sequence, modifications in stockpile designation, or of adverse weather conditions are promptly
communicated to all relevant parties. Such information should be systematically assessed to ensure that
the safety and suitability of the cargo for loading is not compromised.

Voyage Considerations and in transit Monitoring

Where practicable, weather routing and speed management should be reviewed to minimise exposure to
heavy seas, synchronous rolling, or prolonged periods of severe vessel motion. Ensuring the water
tightness of the cargo holds and prompt measures to prevent water ingress are vital in ensuring vessel
safety.

Where safe to do so, the cargo surface should be checked and monitored
for warning signs of cracking, flattening, free water separation etc. any of
which could be a warning sign of a developing liquefaction process. Some
Group A cargoes, particularly certain sulphide concentrates and other
chemically active cargoes, may create oxygen-deficient or toxic
atmospheres inside cargo holds and adjacent spaces. Regardless of
whether the cargo properties cause an oxygen-deficient environment in the
cargo hold, procedures for entering enclosed spaces and atmosphere
testing as per Resolution MSC.581(110) (Revised Recommendation for
Entering Enclosed Spaces Aboard Ships) - must be followed before entering
any confined space.

Enclosed-space entry
procedures and atmosphere
testing must always be

followed before entering cargo
spaces for monitoring
purposes.

The vessel’s stability condition should be closely monitored, paying particular attention to any unexplained
changes in list, trim, or rolling characteristics. Early signs of liquefaction may be subtle and progressive
rather than sudden. A developing or increasing list, changes in roll period, sluggish vessel response, or
atypical motion in beam seas may indicate loss of cargo shear strength.

A high GM value resulting in
rapid rolling with high
acceleration and severe

Cargoes that are marginally compliant at the load port may deteriorate
during the voyage due to ship motion and vibration. A high GM value
resulting in rapid rolling with high acceleration and severe motions may
aggravate moisture migration and flow behaviour. Any free water detected in
the cargo hold bilges should be investigated immediately and pumped out
after careful risk assessment and controls.

motions may aggravate
moisture migration and flow
behaviour.

Ventilation should be managed conservatively during the voyage. Ventilation practices must consider
ambient temperature, humidity, and sea conditions, with the aim of minimising condensation and avoiding
the introduction of moist air into cargo spaces. In adverse weather, hatch covers should remain securely
closed and regularly inspected for integrity.

Actions if Liquefaction is Suspected

Experience has shown that once liquefaction develops, onboard corrective options available are limited.
The Master should immediately take steps to reduce vessel motions. This may include altering course and /
or speed to minimise rolling and synchronised motion. The vessel should consider proceeding to sheltered
waters or port of refuge.

Early communication with the Company, charterers and relevant experts is strongly recommended to obtain
specialist advice and support in managing the developing situation.

Any ballasting or de-ballasting intended to reduce list or improve stability must be carefully assessed, as
inappropriate adjustments may worsen the situation.



Conclusion

The safe carriage of Group A cargoes requires a more proactive and disciplined approach, combining
regulatory compliance with continuous operational vigilance. Masters and operators must prioritise early
risk identification, independent verification of cargo condition, and decisive intervention when concerns
arise. The growing complexity of supply chains and cargo sourcing underscores the need for consistent
compliance, enhanced monitoring practices, and structured decision-making.

Resources
IMSBC Code

Supportive Information

For further information on this or other Loss Prevention topics please contact the Loss Prevention
Department, Steamship Insurance Management Services Ltd.

Tel: +44 20 7247 5490

Email: loss.prevention@simsl.com

Disclaimer: The information contained in this publication is provided for general informational and guidance purposes only and does
not constitute legal or professional advice. While every effort has been made to ensure the accuracy and reliability of the content at
the time of publication, no guarantee is given that the information is complete, current or applicable to all circumstances.
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