


 
 

 

 

The vessel acceptance flow sheet for a DRI Fines cargo is shown in Figure 5. 
 

 
 

Figure 5 - Vessel Acceptance Flow Sheet 



 
 

 

 

 
3.1.1.  Vessel Type 

 
The following types of vessels have been used for ocean transport of DRI Fines: 

• Dry bulk carriers - single-deck, handy-size, handy-max., supra-max, or 
Panamax with hydraulically or mechanically operated type or twin-fold type 
hatch covers of watertight construction 

• OBO with similar hatch-covers as above 
 
Twin-deck vessels are not recommended for this type of cargo. 
 
3.1.2. Ventilation Systems 

 
Direct reduction products are hygroscopic cargoes because they have a moisture 
content that can interact with air, and condensation or “sweat” can be formed on 
the steelwork in a ship’s hold.  Therefore, because the primary hazard associated 
with DRI Fines is the accumulation of hydrogen in enclosed spaces such as ship 
holds and adjacent spaces, as mentioned in Section 2.4.4 and described in Section 
2.5 of this guide, mechanical ventilation is a proven technique and is considered 
the best available practice (BAP) for this situation. 
 
The above practice is in line with the book, Cargo Ventilation, published by North 
England P & I Association Ltd. (see References in this guide), which includes the 
following statements regarding ventilation of DRI cargoes: 

• Ventilation is for the following purposes: 
- Ensuring an adequate oxygen level for people enter the holds 
- Removing  poisonous, flammable, or fumigant gases 
- Attempting to prevent condensation or sweat 

• DRI is a hygroscopic cargo that may require ventilation 
• Ventilation is only achieved with a bulk cargo by circulating air over the 

cargo  (Editor’s Note: The commonly accepted assumption that air will 
penetrate and circulate through a bulk cargo appears to be challenged by 
this statement) 

 
Also, Sections 3.4 and 3.5 of the IMSBC Code, 2009 Edition, deal with flammable 
atmosphere and ventilation for cargoes that emit flammable gases, indicating that 
ventilation is required. 
 
Explosion-proof mechanical surface ventilation is required for the carriage of this 
product due to its tendency to generate hydrogen gas during the voyage. 
 
Therefore, based on the collective knowledge and experience of the Venezuelan 
HBI producers, DRI Fines should be carried under mechanical ventilation.  All 
precautions and requirements, as per such sections of the IMSBC Code and the 
shipper’s detailed instructions should be strictly followed. 
 
3.1.3. Mechanical (Fan-Assisted) Ventilation System 

 
The best and safest available practice for the carriage of DRI Fines is using 
mechanical ventilation. It is advisable to fit each cargo holds carrying DRI Fines 
with two (2) explosion-proof ventilators, each one having a capacity as described in 
Section 3.1.5 of this guide. 
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Mechanical surface ventilation means power-assisted ventilation and ventilation 
only of the space above the cargo, as derived from the definitions in Section 3 of 
the IMO IMSBC Code.  A typical arrangement of “mushroom” electric ventilators 
located on deck between hatch covers is shown in Figure 6. 
 
Because DRI Fines is more reactive than DRI (A), mechanical ventilation is strongly 
advisable by shippers as a result of experience in safely shipping more than two 
million metric tons of DRI Fines. 

 
3.1.4. Arrangement of the Ventilation System 

 
• Vents should be installed on the upper part of the hatch covers or well 

above the main deck level. Where possible, ventilation entry/discharge 
should be not less than 3 meters above the top of the hatch covers or not 
less than 4.5 meters above the main deck level. 

• Cargocare™ type filters should be installed in the ducts in order to “dry” 
salty air. 

• Vents and ducts should restrict the ingress of water as much as possible 
• Water traps should be installed in the ducts when possible to avoid ingress 

of water during ventilation, particularly under rough seas  condition 
• Gases should be extracted from the holds as much as possible rather than 

blowing in humid air from the atmosphere 
 

 
 

Figure 6 - Mechanical ventilation device on deck (6) 
 

3.1.5. Performance (Number of Air Changes per Hour) 
 
According to Venezuelan direct reduction industry test results (8) on gas generation 
rate, the following is required: 

• Two changes of air per hour (minimum capacity of fans per hold = 235 
m³/min, empty compartment capacity). 

• Four changes of air per hour (preferred capacity of fans per hold, based on 
empty compartment capacity). 
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If the capacity of fans is lower, the duration of ventilation should be extended 
accordingly. 

 
3.1.6. Duration of Ventilation (Number of Air Changes per Hour) 

 
According to the Venezuelan DRI industry test results (8) on gas generation rate, the 
following is required: 

• One hour every two hours or continuous ventilation for the first 72 hours 
after loading and closing hatches. 

• Afterwards, one hour every four hours. 
 

If the capacity of fans is lower, the duration of ventilation should be extended 
accordingly. 

 
3.1.7. Type of Fan Drive 

 
Ventilators must have the following characteristics: 

• Certified marine explosion-proof in compliance with requirements of 
classification societies of ships  

• Axial flow 
• Reversible  
• Non-sparking blades 
• Variable speed 
• Drive mechanisms: 

- Air (pneumatic) 
- Water (hydraulic) 
- Electrical 

 
3.2 Handling and Storage at Loading Port 
 
The following general information and guidelines are derived from experience during 
the last 35 years regarding the safe handling and storage of direct reduction products 
at the loading port.  The flow sheets that follow were developed from actual operations 
at Compañia Operadora del Puerto de Palúa (COPAL) in San Felix, Venezuela, the 
largest and most experienced port in the world for handling, storing, and loading of DRI 
(A) and DRI Fines. 

 
Additional information on standard port operations and emergency procedures is 
available by contacting COPAL management (www.ggeneral@cantv.net).   

The main differences between flow sheets for DRI (A) and DRI Fines is the 
temperature at the time of loading of HBI and the temperature and water content of DRI 
Fines at time of loading.  These are the most important variables for making the 
decision to accept or reject the material prior to loading and for monitoring the cargo 
during the voyage. 

The procedure for handling and storage at the port for DRI Fines is shown in the flow 
sheet in Figure 7. 
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Figure 7 – Port Handling & Storage Procedure Flow Sheet 
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3.3. Preloading and Vessel Inspection 

The shipper should provide details regarding the nature of the material to the carrier.  A 
thorough inspection of the vessel must be carried out following the steps shown in the 
pre-loading flow sheet shown in Figure 8. 

Prior to loading, the shipper or his appointed agent should provide the safety 
precautions and emergency procedures associated with shipping DRI Fines to the 
Captain of the vessel. Details of the characteristics and properties, such as chemical 
hazards (i.e., toxicity and corrosiveness), stowage factor, angle of repose, etc. should 
be provided so all necessary safety precautions can be put into effect.  

The potential for DRI Fines to generate hydrogen gas after contact with water, 
especially seawater, and for hydrogen to accumulate in adjacent spaces should be 
pointed out and extensively discussed in the instructions provided to the carrier.  Proof 
that the instructions were furnished to the carrier, such as a signed receipt from the 
captain should be obtained by the shipper. 

Hydrogen gas levels should be constantly monitored. 
 

 
 

Figure 8 - Preloading Vessel Inspection Flow Sheet 
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3.4 Cargo Documentation 
 
When shipping DRI Fines, the following instructions are normally given to shipping 
companies and shipmasters prior to loading:   

• Maritime guide for transportation of DRI Fines,   
• Material Safety Data Sheet for DRI Fines– See Annex 2 of this guide 
• Material Compliance Certificate:   

- Issued by shipper  
- Issued by a competent person recognized by the national administration of 

the port of loading 
• Quantity to be loaded 
• Copy of relevant pages of the IMO IMSBC Code – see Annex 1 of this guide 
• US Coast Guard Special permits when applicable 
• Exemption granted by the port of loading as per Section 1.5 of the IMSBC Code 

since the provision of the DRI Fines cargo is different from the IMSBC Code 
DRI (C) schedule. 

 
It is very important that the proper shipping name is used for a DRI Fines cargo in the 
shipping documents and that the shipmaster is provided with all relevant information 
about the cargo.  Failure to do so could create problems in the safe carriage of the DRI 
Fines cargo with serious physical and legal consequences. 
 
3.5. Loading Procedure 
 
The following general information and guidelines are derived from experience during 
the last 35 years regarding the steps to follow for the safe loading of DRI Fines. 
 
DRI Fines should not be loaded during periods of heavy rain or if the temperature is in 
excess of 65° Celsius.  The moisture content should not be higher than 12 percent. 
 
The procedure for loading a vessel is shown in the Figure 9 flow sheet. 
 

3.5.1. Moisture Content 
 

Due to the moisture content of the cargo (> 0.3 percent up to 12 percent), 
condensation can occur in the ship holds as a result of water lost as water vapor by 
the steaming effect.  However, if water vapor is released and either natural or 
mechanical ventilation is used, no condensation will occur. 
 
The IMO classifies DRI (C) in the IMSBC Code as having a moisture content of up 
to 0.3 percent in order to be shipped under inert conditions (see Annex 1 of this 
guide).  However, the moisture content of DRI Fines, as generated from the 
production and handling of DRI (A) or DRI (B), is typically higher than 0.3 percent 
and up to 12 percent. Therefore, shippers, carriers, and receivers might need to file 
for exemption, as per Section 1.5 of the IMSBC Code, in order to carry high 
moisture DRI Fines on mechanically ventilated vessels.  Mechanical ventilation has 
been proven as the best available practice (BAP) for DRI Fines with moisture 
content of more than 0.3 percent.  
 
Care must be taken to ensure a clean cargo hold before loading.  The cargo hold 
should have no residual chlorides (often present if the cargo hold was last cleaned 
with seawater) or past cargoes (particularly those that may increase oxidization, 
such as cement, lye, and borax).  
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Figure 9 – Vessel Loading Procedure Flow Sheet 
 
 
3.5.2. Temperature Measurements 

 
Along with the detection and measurement of hydrogen gas emissions by all types 
of DRI, researchers have taken temperature readings inside the samples to study 
the auto ignition phenomenon.  The temperature reading under several holds 
conditions were measured. 
 
As noted in the previous paragraph, steaming can occur at time of loading, and 
temperatures can approach 85° Celsius.  Therefore, it has been determined that 
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the temperature of the material at the time of shipment must not exceed 65° 
Celsius. 
 
The temperature of the material combined with high humidity content must be 
closely monitored. The temperature of the DRI Fines should be measured along the 
yard to the ship hold to ensure that no material over 65° Celsius is loaded in the 
ship. 
 
Examples of temperature monitoring are shown in Figures 10, 11, and 12. 
 

 
 

 
 

 
 
Figure 12 - Temperature reading of DRI Fines at the moment of loading vessel’s hold 
 

Figure 10 - Temperature reading of 
DRI Fines at the moment of 
removal from pile 

Figure 11 - Temperature reading of 
DRI Fines on the conveyor belt in its 
ways to the ship  
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3.5.3. Hydrogen Emission Measurements 
 

Experiments confirm that hydrogen gas is evolved during re-oxidation only if water 
is present, and that hydrogen evolution occurs after approximately 16 hours. During 
the voyage, hydrogen gas concentrations can leak to other areas of the ship if the 
holds are not maintained in a gastight condition. Mechanical and natural ventilation 
show the lowest hydrogen content when compared to inert and air hermetic 
conditions.   
 
It is imperative that cargo holds and adjacent spaces are constantly monitored for 
hydrogen gas levels over safe values (i.e., LEL 4 percent in air). 
 

3.6. Top-Off Operations (11) 
 
Top-off operations are carried out when the total loading of a ship cannot be 
completed.  Therefore, to finish loading the ship, the direct reduction product is 
transported by barges to the ship. 
 
Top-off operations are not advisable for DRI Fines; however, in case they become 
necessary, the precautions indicated herein should be strictly followed. 
 
In the case of barges, the same precautions as for ship loading (described in Section 
3.5) should be followed.  It is very important that the barge cargo area is dry and clean.   
The cargo hold should have no residual chlorides or past cargoes, particularly those 
which may increase oxidization, such as cement, lye, and borax. 
 
DRI Fines must not be loaded if temperature is in excess of 65° C (150° F). 

DRI Fines should not be loaded during periods of heavy rain to avoid absorption of 
excess water. Unloading can be conducted under all weather conditions, as long as the 
direct reduction product remains outdoors and is not in a confined space and does not 
have a confined space directly above it. 

A photo of a top-off operation is shown in Figure 13. 

 

 

 

 

 

 

 

 

 
 
 

Figure 13 - Top-Off Operation in the Orinoco River 
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PART II 
Section 4 – DRI Fines OCEAN CARRIAGE 
 
This section provides information about safe carriage of DRI Fines developed from 
actual experiences during the past 20 years, particularly since 2005 when the 
mechanical ventilation procedure was introduced.  The information includes procedures 
in flow sheet form that are easy to understand and follow.  The following general 
procedures are presented in this section: 

• During the voyage 
• Seawater intrusion into holds 

 
Provisions stated in the IMO IMSBC Code should be followed when shipping DRI (C) 
containing up to 0.3 percent moisture.  For high moisture DRI Fines (over 0.3 percent 
and up to 12 percent moisture), the mechanical ventilation procedure, as per the 
shipper’s instructions, should be followed.   
 
The IMSBC Code also contains general provisions for cargoes that emit flammable 
gases, which should be followed. 
 
4.1. General Safety 

During the voyage, no smoking, burning, welding, cutting, chipping or other source of 
ignition should be allowed in the proximity of a loaded hold or on or near barges 
containing DRI Fines. The crew should be familiar with confined space rescue safety.   
 
During carriage, ventilation and routine checks and monitoring of the cargo should be 
given due consideration.  Hatches should remain closed while at sea to prevent the 
entry of seawater into the holds. Under no circumstances should seawater be allowed 
to enter the holds. 
 
The flow sheet with procedures during the voyage when transporting DRI Fines is show 
in Figures 14.  
 
4.2. Ventilation 
 
An explosion-proof, mechanical surface ventilation system is required in order to 
remove hydrogen gas that is generated inside the cargo holds containing DRI Fines.  
Mechanical surface ventilation is power-generated and is for use only in the space 
above the cargo, as derived from the definition in Section 3 of the International 
Maritime Solid Bulk Cargoes Code, 2009 Edition, published by the IMO. 
   
The ventilation system must be capable of operating in all but the most severe weather 
conditions without ingress of water into the cargo holds. 
 
For hydrogen gas contingencies involving the ventilation system, refer to Section 6.4 of 
this guide. 
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Figure 14 - Voyage Procedure Flow Sheet  
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4.3. Routine Checks   
 
Personnel should not be permitted to enter cargo spaces at any time during the 
voyage.  Suitable signs should be displayed at all access points, and where possible, 
access points to cargo spaces should be locked. 

 
Bilges should be sounded twice a day and any excess water pumped out. 

Enclosed spaces adjacent to cargo spaces, such as storerooms, carpenter shop, 
passageways, tunnels, etc., should be monitored regularly for the presence of 
hydrogen.  Such spaces should be adequately ventilated, and in the case of 
mechanical ventilation, only equipment safe for use in an explosive atmosphere should 
be used.  Testing is especially important prior to permitting personnel to enter such 
spaces or activating any equipment located in such spaces. 

Before entry by any personnel, enclosed adjacent spaces should be thoroughly 
ventilated and the atmosphere tested and found to be hydrogen gas-free and to have 
adequate oxygen for breathing.  If this is not possible, only trained personnel wearing 
self-contained breathing apparatus and under the supervision of a responsible officer 
should undertake emergency entry into such spaces.  In addition, special precautions 
should be taken to ensure that no source of ignition is carried into the space.  
 
4.4 Monitoring   
 
Various measurements of the cargo should be taken at least once every shift during 
the voyage.  The readings should be recorded and kept onboard and made available 
upon request for a minimum of two years.  Results of monitoring during the voyage 
should be sent to the shipper as soon as possible but no later than at voyage end.  

The vessel should have the means of determining qualitatively and quantitatively the 
oxygen and hydrogen content of the cargo spaces without requiring entry into the cargo 
spaces.  It also should be fitted with or carry onboard adequate equipment for remotely 
recording temperatures of the cargo in each hold.   

All monitoring equipment should be operational and properly calibrated at the 
commencement of loading.  The vessel’s crew should be properly trained in the use of 
this equipment.   
  

4.4.1. Procedure for Monitoring Hydrogen 
 
For quantitative measurements of hydrogen, a suitable detector should be onboard.  
The detector should be suitable for use in an atmosphere without oxygen and of a 
type certified safe for use in explosive atmosphere.  Ingress of moisture into the 
instrument should be restricted in order to get accurate results, and it should be 
properly calibrated, as per manufacturer’s instructions. 
 
The ship’s hatch covers should be fitted with appropriate sampling points (minimum 
one, preferably two) for the measurement of hydrogen gas in each cargo hold.  
 
The concentration of hydrogen in the cargo spaces should be kept below 1 percent, 
which is lower than the Lower Explosion Limit (LEL) of hydrogen by volume in air (4 
percent).  If this value is exceeded, immediate measures for dissipating hydrogen 
should be taken as per the Emergency Contingencies section of this guide (PART 
III, Section 6).  
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Throughout the voyage, hydrogen gas measurements should be taken as 
frequently as necessary but at least once per shift.  In case the LEL exceeds 1 
percent, additional ventilation procedures should be undertaken. Refer to the 
Emergency Contingencies section of this guide (PART III, Section 6). 
 
4.4.2. Procedure for Monitoring Oxygen 
 
For quantitative measurements of oxygen, a suitable detector should be onboard. 
The detector should be of a type certified safe for use in explosive atmosphere.  
Ingress of moisture into the instrument should be restricted in order to get accurate 
results, and it should be properly calibrated, as per manufacturer’s instructions. 
 
The ship’s hatch covers should be fitted with appropriate sampling points (minimum 
one, preferably two) for the measurement of oxygen gas in each cargo hold.  
  
4.4.3. Procedure for Monitoring Temperature 
 
Temperature of the cargo shall be taken regularly during the voyage and a record 
kept on board for a minimum of two years.  

It is advisable that adequate equipment for remote temperature monitoring within 
different parts of the cargo is incorporated at approximately half depth.  At least four 
spots in the cargo should be monitored per hold. 
 
There may be a steady rise in the cargo temperature for the first 24 to 36 hours 
after loading due to disturbances caused by material handling.  A gradual 
temperature decline towards ambient should follow.  
 
In warm latitudes, the ambient temperature of the cargo spaces above the stowage 
may rise during the day due to solar warming combined with accompanying 
condensation. This should not significantly affect the temperature within the cargo.   
 
If the temperature rises above 65° C, refer to the Emergency Contingencies section 
of this guide (PART III, Section 6). 
 

4.5  Seawater Intrusion into Holds 
 
A flow sheet with procedures to follow during the voyage in case of seawater intrusion 
into the vessel’s holds is show in Figure 15.    
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Figure 15 - Seawater intrusion into holds procedure flow sheet
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PART II 
Section 5 – DRI Fines INLAND TRANSPORT, HANDLING, AND STORAGE 
 
5.1. Equipment for Unloading and Handling DRI Fines 
 
All types of conventional bulk material handling equipment can be used to unload and 
handle DRI Fines:  

• Front-end loaders (Figure 16) 
• Cranes with clamshell type bucket (Figure 17) 
• Conveyor belts (Figure 18) 

 

 
 

 
 

 
 

 

 

Figure 18 - Transporting DRI Fines 
on a conveyor belt 

Figure 17- Unloading DRI Fines 
with a clam shell type bucket 

Figure 16 - Handling DRI Fines 
with a front-end loader
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5.2. Barge Transport 
 
In the case of inland barges, the same precautions should be taken as for barge top-off 
operations (see PART II, Section 3.6).  It is very important that the barge hold is dry 
and should have no residual chlorides (often present if the cargo hold was last cleaned 
with seawater) or residue from past cargoes (particularly those that may increase 
oxidization, such as cement, lye, and borax).  
 
 
Unloading can be conducted under all weather conditions as long as the DRI Fines are 
outdoors, are not in a confined space, and do not have a confined space directly above 
them.   

Some hydrogen gas may evolve in the cargo hold during the voyage if the DRI Fines 
are contacted by water or moisture from previous cargoes. Therefore, it is absolutely 
essential that the hydrogen gas is ventilated prior to commencing unloading operations. 
 
5.3. Truck and Railroad Transport 
 
Truck and railroad transportation of DRI Fines should be carried out in the same way 
as with other bulk materials.  Local transportation regulations should be followed.  The 
recommended way to load DRI Fines into a truck to avoid material spillage is shown in 
Figures 19 and 20. 
 
Hydrogen gas can evolve during transport if the DRI Fines come in contact with water 
or residue from a previous cargo.  Therefore, the cargo box or freight car should be 
clean and dry, and the tailgate or car doors/hatches should seal properly.  Once 
loaded, the temperature of the cargo should be checked at several points in the load. 
 
In case a hot spot is located in any area of the cargo box or freight car, that area 
should be unloaded immediately.  DRI Fines with a temperature above 65º Celsius 
should not be transported except to a nearby area for cooling.  Hot DRI Fines should 
not be loaded into trucks under any conditions.   
 
Trucking companies should not wet the material as it leaves the storage yard to reduce 
dust generation.  Instead, a tarpaulin should be used to cover the cargo box of the 
truck, which also helps avoid spillage. 

 
 
 
 

 

 

 

 

 
 

Figure 19 - Truck loading of DRI Fines (using front-end loader) 
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Figure 20 - Truck loading of DRI Fines (using front-end loader) 
 
5.4. Yard Storage 
 
DRI Fines can be handled by front end loaders and other standard bulk materials 
handling equipment and systems.  When using front end loaders, care should be taken 
to minimize running them on top of the material to avoid breakage. 
 
The storage area should be easily accessible by loading equipment. 
 
It is good practice to avoid standing water by providing adequate drainage.   
 
The storage area should be kept reasonably clean, which means free of wood debris, 
coal or coke residues, and any other combustible material or source.  The DRI Fines 
storage piles should be covered to prevent rapid re-oxidation.  
 
The most effective way to pile DRI Fines is shown in Figure 21. 

 
 

Figure 21 - Recommended DRI Fines Stock Piles 
 

DRI Fines will release water vapor.  This is called “steaming.”  The DRI Fines will 
increase in temperature to about 60º Celsius without overheating (temperature must 
exceed 100º Celsius before overheating occurs). 
 
The procedure to handling DRI Fines that have overheated is shown in Figure 22. 

Figure 22 

 
Caution: Water should not be sprayed on an overheated pile of DRI Fines.  If water is 
added to the pile, an aggressive oxidation reaction can develop, causing complete or 
partial melting of the DRI Fines. 
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Fines re-oxidize much faster than whole briquettes. A conservative estimate is 15 
percent loss for 6.35 mm fraction fines after exposed storage for a month.  FeO content 
will vary with the size of the fines. The increase of FeO in the 6.35 mm fraction is 
similar to -25.4 mm material. 
 
5.5. Silos and Bins Storage 
 
All sources of ignition, such as welding, gas torches, grinding, smoking, etc. should be 
kept away from DRI Fines piles to reduce the chance of accidents. 
 
In early work investigating hydrogen presence in a ship’s hold, it was observed that 
hydrogen levels in the hold remained less than 1 percent when the two end hatches 
were equipped with gravity ventilators.  However, at the center hatch, where there was 
no ventilation, hydrogen approached 10 percent and oxygen was reduced to less than 
1 percent.    
 
This demonstrated that equipping a large container, such as a cargo hold, bunker, or 
silo with natural ventilation would be insufficient to dissipate hydrogen gas in order to 
prevent its accumulation from exceeding safe LEL values. Therefore, mechanical 
ventilation needs to be provided for silos and bins. 
 
 
Some simple rules should be followed for the safe handling of DRI Fines in silos and 
bins: 

• Storage bins must be covered and protected against rain and flooding. 
• Bins and hoppers must be designed for complete discharge, with slopes of the 

walls and bottom greater than 50° Celsius to avoid material stagnation. 
• Bins with capacities larger than 100 tons must be equipped with dust collectors 

at the upper areas. 
• Bins and other bulk storage equipment/facilities should be equipped with 

thermocouples capable of activating alarm system if the temperature exceeds 
100° Celsius in any area. 

• Mechanical ventilation is highly recommended. 
 
The best method for handling any direct reduction product is to deliver it to the melt 
shop as soon as possible.  If this is not possible, a sheltered storage place to protect 
the material from harsh weather conditions is recommended. 
 
When these precautions are observed, the hazards attributed to direct reduction 
products do not pose a problem or hindrance to modern iron and steelmaking 
technologies.  However, the recommendations contained in Part III of this guide should 
be followed in case of a hazardous situation. 
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PART III 
Section 6 – EMERGENCY CONTINGENCIES 

 
This section provides information about contingency procedures commonly use during 
the past 35 years. 
 
Basically, there are two types of contingencies: 

• Self-heating 
• Hydrogen accumulation over the LEL in confined cargo or adjacent spaces 

 
6.1. During Storage and Loading Operations 
 
The following are instructions developed and implemented by the Port of Palúa, which 
handles and loads all DRI (A) and DRI Fines exported by Venezuela. 
 

6.1.1 General Contingencies  
 

The loading operations must be supervised by personnel familiar with the safety 
precautions and emergency procedures for handling DRI Fines.  The loading 
operators must be trained in the appropriate safety precautions and emergency 
procedures. 
 
Although field experience has shown that the probability of a DRI Fines pile is low, 
from the point of view of contingency, the rules that apply to other DRI materials are 
also applicable for DRI Fines in case of overheating. 
 
6.1.2. Action Plan for DRI Fines at Elevated Temperatures 

  
 The Operations Supervisor and the Material Handling Operators are responsible for 
properly executing the action plan if a train or truck arrives at the reception quay of 
the port carrying DRI Fines at the following temperature levels: 

  
6.1.2.1. Greater Than 65° Celsius but Less Than or Equal to 80° Celsius 

  
Proceed with the following actions: 
• Before unloading rail cars or trucks, measure the temperature of the DRI 

Fines in each rail car/truck and record in the temperature log book.          
• Unload the DRI Fines in the client’s assigned quay and immediately transfer 

the product to the storage yard zone indicated by the client and store it as 
suggested in PART II, Section 5.4 of this guide. 

          
6.1.2.2. Greater Than 80° Celsius but Less Than or Equal to 150° 

Celsius  
 
Proceed with the following actions:                
• Before unloading the rail cars or trucks, measure the temperature of the DRI 

Fines in each rail car/truck and record in the temperature log book. This 
should be done every two hours while the contingency is in effect.       

• Unload the rail cars/trucks with DRI Fines at a temperature less than 65° 
Celsius first, then those containing product between 65° and 100° Celsius.  
Continue unloading DRI Fines with temperatures between 100° and 150° 
Celsius in the first vibrating feeder, using the movement sense of the belt as 
a reference. 
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• Transfer the DRI Fines from the quayside to the storage yard indicated by 
the client in the following manner:              
- Transfer the product during a maximum of three-minute intervals, and 

dose (i.e., mix the hotter with the cooler material to have an average 
temperature lower than the hottest one – no water to be used) the DRI 
that is at temperatures between 100° and 150° Celsius for a maximum 
of two minutes. Stop the vibrating feeders for about five minutes, but 
keep the conveyor belts in motion.  Repeat these steps until finished 
with DRI Fines removal. 

- While transferring the DRI Fines, inspect the belt transfer system for any 
sign of overheating.  In case of belt overheating, stop the product dosing 
and transfer but keep the transfer belts in motion until they cool.  Take 
special care to avoid pouring water into hoppers and other equipment. 

- Use a front-end loader to spread the DRI Fines to a level of approximate 
30 centimeter height to stop the re-oxidation, as suggested in PART II, 
Section 5.4 of this guide. 

- Verify that the belts are cooled down, and resume DRI Fines transfer per 
the previous instructions.    

    
6.1.2.3. Greater Than 150° Celsius  

 
Proceed with the following actions:                
• Before unloading the rail cars or trucks, measure the DRI Fines temperature 

in each rail car/truck and record the measurements in the temperature log 
book. This should be done every two hours while the contingency is in 
effect. 

• Position the rail cars/trucks containing DRI Fines with temperatures greater 
than 150º Celsius at the end of the reception area and spray with 
pressurized water.  In this case, there is no option but to momentarily cool 
down the DRI Fines before being discharged into the quay and then into the 
conveyor belt system.  Otherwise, the belts will burn. Afterward, the DRI 
Fines is piled in the yard.  It then can be spread out for further cooling. 

• When the temperature is reduced to between 80° and 150° Celsius proceed 
with the steps described in 6.1.2.2. 

 
6.2. During the Voyage 

Over the years, there have been some incidents involving reoxidation and overheating 
of DRI where inexperience, carelessness, or negligence exposed the vessels, their 
crews, and the cargoes to extreme conditions.  By following the relevant precautions, 
DRI Fines can be safely transported throughout the world.  

 A combination of several factors is necessary to create a hazardous condition during 
ocean transport of any form of DRI.  Therefore, the entire crew of the vessel must be 
familiar with and closely follow the guidelines contained in the IMO IMSBC Code for 
shipping DRI Fines. 

During the voyage, if the temperature of the cargo shows signs of exceeding safe 
levels, the ship should head for the nearest suitable port (i.e., one equipped with shore 
cranes or other bulk cargo handling equipment) and discharge its cargo. 
 
In extreme cases (temperatures greater than 200° Celsius), the affected hold should be 
flooded with water as quickly as possible to prevent serious damage to the ship, and 
vents should be opened to remove remaining hydrogen (8). Flooding of cargo spaces 
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should be conducted as a last resource keeping the integrity of the ship as per Master’s 
expertise. 
 
Hydrogen gas is expected to evolve during the voyage.  Therefore, it is absolutely 
essential that this gas is ventilated from the holds whenever weather conditions allow. 
Natural surface ventilation is not sufficient to accomplish this; therefore, mechanical 
ventilation is a must.  Additionally, great care must be taken to prevent any seawater 
from entering the holds, as wetting the DRI Fines with saltwater could accelerate the 
rate of hydrogen emission beyond what is expected when freshwater is present.   

6.3.  During Unloading Operations (10) 

Unloading can be conducted under most weather conditions, as long as the DRI Fines 
remain well ventilated, is not in a confined space, and does not have a confined space 
directly above.   
 

6.3.1 General Contingencies 
The unloading operations must be supervised by personnel familiar with the safety 
precautions and emergency procedures for handling DRI Fines.  The unloading 
operators must be trained in the appropriate safety precautions and emergency 
procedures. 
 
6.3.2 Action Plan for DRI Fines at Elevated Temperatures 
 
The captain of the ship must notify the port authorities if hydrogen gas is detected 
in the ship holds or if abnormal temperatures are measured in the cargo holds. 

 
The Harbor Master and qualified personnel are responsible for executing the action 
plan when a ship or barge arrives with DRI Fines at the following temperature 
levels: 

  

6.3.2.1. Greater Than 65° Celsius but Less Than or Equal to 80° Celsius 
  

Proceed with the following actions: 
• Before unloading the vessel, measure the DRI Fines temperature in each 

hold and record the measurements in the temperature log book. 
• Unload the holds in the assigned zone and immediately transfer the DRI 

Fines to the storage yard zone as described in PART II, Section 5.4 of this 
guide. 

  
6.3.2.2. Temperature Greater Than 80° Celsius and Less Than or Equal 

to 150° Celsius   
 
Proceed with the following actions:                
• Before unloading the vessel, measure the DRI Fines temperature in each 

hold and record the measurements in the temperature log book. This should 
be done every two hours while the contingency is in effect.       

• Unload the holds with DRI Fines at temperature less than 65º Celsius first, 
then those containing DRI Fines between 65º and 100º Celsius.  Continue 
unloading DRI Fines with temperatures between 100º and 150º Celsius in 
the first transfer station, using the movement sense of the belt as a 
reference. 
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• Transfer the DRI Fines from the unloading zone clean and free of debris 
and flammable material, such as coal, coke and wood to the storage yard 
indicated by the client as follows: 
- Transfer the DRI Fines during a maximum of three-minute intervals, and 

dose  (i.e., mix the hotter with the cooler material to have an average 
temperature lower than the hottest one – no water to be used) the DRI 
FINES that is at temperatures between 100° and 150° Celsius with 
cooler material for a maximum of two minutes.  Stop the vibrating 
feeders for about five minutes, but keep the conveyor belts in motion.  
Repeat these steps until finished with DRI Fines removal. 

- While transferring the DRI Fines, inspect the belt transfer system for any 
sign of overheating.  In case of belt overheating, stop the DRI Fines 
dosing and transfer but keep the transfer belts in motion until they cool.  
Take special care to avoid pouring water into hoppers and other 
equipment. 

- Use a front-end loader to spread the DRI Fines to a level of approximate 
30 centimeter height to stop the re-oxidation, as suggested in PART II, 
Section 5.4 of this guide. 

- Verify that the belts are cooled down and resume DRI Fines transfer per 
the previous instructions.    

 
Caution: Do not spray water on hot DRI Fines that is steaming (i.e., emitting 
water vapor). 

 
6.3.2.3.  Greater than 150° Celsius  

 
Proceed with the following actions:                
• Before unloading the holds, measure the DRI Fines temperature in each 

hold and record the measurements in the temperature log book. This should 
be done every two hours while the contingency is in effect. 

• Position the DRI Fines with temperatures greater than 150° Celsius at the 
end of the reception area and spray with pressurized water.  In this case, 
there is no option but to momentarily cool down the DRI Fines.           

• When the temperature is reduced to between 80º and 150° Celsius proceed 
with the steps described in 6.3.2.2. 

 
6.4.  Hydrogen Gas Contingency 
 
The ultimate rule is to keep fresh water or seawater from entering the cargo holds. 
 
As demonstrated by testing on several samples of direct reduction products, all types 
DRI have the tendency to re-oxide due to a natural affinity for oxygen in air and water, 
particularly seawater.  Re-oxidation tends to generate hydrogen gas but does not 
cause spontaneous ignition of the gas unless an ignition source is present. 
 

6.4.1. Estimated Average Hydrogen Gas Generation  
• For the first 72 hrs.: 0.007 liter/kg-hr 
• For the following hrs.: 0.0001 liter/kg-hr 

 
6.4.2. Estimated Time to Reach LEL in Cargo Holds 
• For the first 72 hours, the LEL could be reached after 4 to 6 hours 
• For the following hours, the LEL could be reached after 24 hours 
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6.4.3. Additional Precautions if Hydrogen Concentration Is More Than 1 
Percent (25 Percent LEL): 
•  Verify operation of the ventilation system. It should be running continuously. 

Care must be taken to prevent any spark generation.   
•  Monitor the hydrogen concentration in the holds with the proper equipment and 

run the ventilation system until values fall below 1 percent. 
•  When hydrogen levels are within safe values, operate the ventilation as per 

Section 4.2 of this Guide. 
•  If hydrogen levels remain above safe values, additional ventilation should be 

applied to the space, if available, and re-testing should be conducted after a 
suitable interval.   

•  Contact the P&I Club and shipper and follow the instructions of the appointed 
expert or surveyor. 

•  At sea, do not open the affected hold(s) without explicit instructions from the 
appointed expert or surveyor. 

•  Ensure there are no possible sources of ignition in the vicinity of the cargo 
spaces, adjacent spaces, or open decks. 

 
If the hold is breached due to an accident and becomes flooded with seawater or 
there is a bubbling action in the flooded cargo due to the production of hydrogen: 
• Keep the mechanical ventilation system operating continuously and measure 

hydrogen concentration. Levels of LEL should be maintained at less than 25 
percent. The temperature of the water will remain constant. The steaming of 
DRI Fines might not occur until 16-24 hours after the entrance of seawater.  
DRI Fines contacted by seawater will oxidize to a reddish brown color.    

• Monitor the temperature of the cargo more constantly and follow the 
recommendations for temperatures over 65° Celsius in Sections 4.5 and 6.2. 
Inform the P&I Club and call the shipper for further actions to be taken. 

 
If a small amount of seawater enters the holds due to the hatch cover leaks during 
heavy seas: 
• Keep the holds closed and sealed for watertightness. Keep the mechanical 

ventilation system operating continuously and measure hydrogen 
concentration. Levels of LEL should be maintained at less than 25 percent. The 
steaming of DRI Fines might not occur until 16 -24 hours after the entrance of 
seawater. DRI Fines contacted by seawater will oxidize to a reddish brown 
color. 

• Monitor the temperature of the cargo more constantly and follow 
recommendations for temperatures over 65° Celsius in Sections 4.5 and 6.2. 
Inform the P&I Club and call the shipper for further actions to be taken. 

 
6.4.4 Hydrogen Generation Under Inert Conditions 
• DRI Fines samples were tested under inert condition, with natural ventilation, 

and with mechanical ventilation. 
•  DRI Fines samples containing up to 10.54 percent moisture from Trinidad and 

Tobago were tested alongside DRI Fines samples from Venezuela and 
monitored for hydrogen release, hydrogen accumulation, and temperature 
increase, and oxygen depletion.   

• All parameters were found to be within normal values.   
• No abnormal behavior was detected. 
• Test results are graphed in Figure 23. 
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Figure 23 

 
From the above figure, it is clear that hydrogen will be generated by the cargo 
under inert conditions or in a closed space.  Therefore, inerting does not prevent or 
stop hydrogen generation.  Accumulation of hydrogen gas can be controlled by 
venting, natural ventilation and mechanical ventilation under different frequency. 
 
6.4.5 Ventilation Procedure For Rough Seas or When Mechanical 
Ventilation Ceases: 
When the valves were open during the tests for gas-freeing operation, the 
hydrogen did drop to very low levels. This shows that in case the ventilation needs 
to be stopped for any reason, a ship equipped with mechanical ventilation can 
leave the vents open and restart the mechanical ventilation system as soon as 
possible at the recommended cycles referenced in Sections 3.1.5 and 3.1.6. 

 
During heavy seas, natural vents located on the aft part of the hatch covers or in 
masthouses can be left open to control the accumulation of hydrogen gas. 

 
Note: Each hatch must be equipped with two (2) ventilators of maximum capacity. 
This will provide the maximum ventilation even if only one of the ventilators is 
operating. 
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PART IV 
Annex 1 – IMSBC Code Schedule for Direct Reduced Iron (C) – By-product fines 
(Note: DRI Fines, the subject of this guide, differ from this schedule in moisture content 
limit and the method of carriage)  
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PART IV 
Annex 2 – TYPICAL MATERIAL SAFETY DATA SHEET DRI FINES – HIGH 
MOISTURE 
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 MANUFACTURER'S MATERIAL SAFETY DATA SHEET 
 
SECTION I – PRODUCT AND COMPANY IDENTIFICATION 
 
Product Identification  
Product Name & Trade Name: 
Chemical Name: 
Product Use: 
Description as per IMO IMSBC 
Code: 
Proper Shipping Name: 
Group:  
IMO Class:  
 
US Coast Guard Special Permits: 
 
  
Date of MSDS: 

  DRI Fines 
  Iron 
  Iron and Steel Production 
 
 Not listed 
 DRI Fines  
 B 
 MHB 
  
None 
 
 
 October 2009 

  
Company Identification  
Manufacturer’s Name: 
Address: 
 
Phone Numbers: 
Fax Numbers: 
Emergency Numbers: 
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SECTION II – Composition/Information on Ingredients 
 
TYPICAL  CHEMICAL DATA:             (percentages by weight)  

 
Total Iron (TFe):  68 %  (min.) 
Metallic Iron (°Fe):  1 %  (min.) 
Carbon (C):  0.2 % (min.) 
Sulfur (S):  0.05 % (max.)   
Phosphorus (P):  0.14 % (max.) 
Gangue:  6.0 % (max.)   
 
 
CAS N°  

 
 
Substance  National Institute of Standards and 

Technology Chemical Abstract System 
(CAS) Number 

EINECS N° 

DRI FINES  65996-67-0 265-998-4 
 
 
 
INGREDIENTS  

 
 
Ingredient  National Institute of Standards and 

Technology Chemical Abstract System 
(CAS) Number 

Concentration 

IRON  7439-89-6 1 - 65% 
IRON (II) OXIDE  1345-25-1 4 - 20% 
IRON (III) OXIDE  1309-37-1 4 - 50% 
METAL OXIDE  Not Available < 4% 
CARBON  7440-44-0 0.2-2.0% 
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SECTION III – Hazards Identification Including Emergency Overviews 
 
HAZARD INFORMATION  

 
Class Not Classified as Hazardous 
Ingredients No known hazardous ingredients 
Poisons Schedule NOT SCHEDULED 
 
HEALTH EFFECTS  

 
Acute Ingestion If swallowed, it may cause gastrointestinal disturbances. An 

overdose of iron may cause irritation to the mouth, 
esophagus and stomach. Symptoms may include nausea, 
vomiting, abdominal pain, bloody diarrhea and shock. 

Excessive Eye contact May cause mechanical irritation, redness and pain in contact 
with the eyes, which can result in redness and lacrimation. 
May cause conjunctivitis. 

Acute Skin Contact May cause mechanical irritation in contact with the skin, 
which can result in slight redness. 

Excessive Inhalation Inhalation of dust may cause irritation to the respiratory 
tracks. Symptoms may include coughing, sneezing, soreness 
of the throat and breathing difficulties. 

Chronic Repeated or prolonged exposure to this material may result 
in skin irritation in individuals with sensitive skin. Chronic 
exposure to iron dust has been associated with benign 
pneumoconiosis, not affecting lung function. Persons with 
impaired respiratory functions may be more susceptible to 
the effects of the substance. 

Decomposition May produce toxic iron fumes when heated to decomposition 
(1,535 °C) 
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SECTION IV – First Aid Measures 
 
FIRST AID 
 
If Swallowed Induce vomiting immediately. Seek medical attention.   
Inhalation Remove person to fresh air. Get medical attention in case of 

breathing difficulty. 
Eyes If contact with eye(s) occurs, wash with copious amounts of 

water for approximately 15 minutes holding eyelid(s) open. 
If irritation develops and persists seek medical attention. 

Skin Wash gently and thoroughly with water and soap. Ensure 
contaminated clothing is washed before re-use or discard. If 
irritation develops and persists seek medical attention. 

First Aid Facilities Eye wash fountains and normal wash room facilities 
 
ADVICE TO DOCTOR 
Advice to Doctor Treat symptomatically or consult a Poison Information 

Center  
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SECTION V – Fire Fighting Measures 
 

FIRE AND EXPLOSION HAZARD DATA 
 

- DRI Fines is an undersize material, which, in contact with water, may emit hydrogen 
(flammable gas).  The DRI Fines are already damp when loaded and will emit 
hydrogen.  This hydrogen must be ventilated from the holds whenever weather 
conditions allow.  If weather conditions do not allow, the mechanical ventilation system 
should be used. Care must be taken to prevent seawater from entering the holds, as 
wetting the DRI Fines with salt water will greatly accelerate the rate of hydrogen 
emission.  

 
- If stored in a closed compartment, hydrogen will evolve and accumulate.  Hydrogen is 

a flammable gas.  Mechanical ventilation shall be provided if stored in confined spaces. 
Material may self-heat if stacked incorrectly.  In fire situation, evacuate area and 
contact emergency services.  Remain upwind and notify those downwind of hazard. 

 
FIRE FIGHTING PROCEDURES  

 
- Wear fire protective clothing and self-contained breathing apparatus.  
- Wear non-sparking footwear. 
- Avoid all sources of ignition.  
- Remove the hot material from the stack. On a ship, a clamshell bucket may be used. 
- Divide hot material into small piles and spread it out to less than ½ m deep. The material 

will quickly cool below the ignition point. 
- In case it is not practical to spread the material over a wide area such as in a hold of a 

ship, coverage using a non-oxidant material (e.g. sand, and finely crushed slag) could be 
used, for smothering the fire and hindering the air supply. This technique would need to 
be decided depending on the emergency because it would contaminate the material. 

- Do not use CO2 as CO may be formed. Do not use dry chemical. 
- DO NOT USE EITHER FRESH WATER OR SEAWATER TO COOL DOWN HOT 

MATERIAL in enclosed spaces such a cargo hold on a ship, unless strictly necessary to 
keep integrity of vessel and under Master’s expertise. If water is used: i) use large 
amount of water to flood the material and ii) provide adequate ventilation to let 
hydrogen gas generated escape to atmosphere. 

- In fire situation, evacuate area and contact emergency services 
- Seek expert advice. Call the shipper. 
- Early application of an inert gas to a smoldering situation may be effective. 
-  Emergency Schedule to follow for packaged material: GOLF, as per IMDG Code 
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SECTION VI – Accidental Release Measures 
 
Material in bulk: Collect and reuse where possible. Avoid creating dust. 
Material in packaged form: Ventilate area if spilled into enclosed space. Use protective 

equipment specified in Section 8. Pick-up and place in a 
suitable container for reclamation or disposal.   
 

Emergency Schedule to follow 
for spillage of packaged 
material: 

November / Oscar / Papa, as per IMDG Code. 
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PART IV 
Annex 3 - Summary of Venezuela and Trinidad and Tobago DRI Fines 
Shipments May 2005-March 2009 (as contained in “Report on data, information and 
experiences on high moisture (up to 12 percent) content DRI Fines submitted by the 
Bolivarian Republic of Venezuela and Trinidad and Tobago” prepared for IMO DSC 14) 
 
 
1 Historical DRI (B) shipping practice from Trinidad & Tobago. The practice for 
DRI transportation from Trinidad and Tobago is described in the paper “Shipping and 
Handling of DRI”, by V.C. Vora Director (Shipping), ISPAT Shipping Ltd. Skillings 
Mining Review, Feb.28, 1998. Pp 4-8. This report is referred for DRI (B). 
 
2 In that paper, the production, handling and very detailed shipping practices, of 
seven (7) million metric tones until 1998, across the ocean from Trinidad not only to the 
US but also to the Far East and Southeast Asia is described. 
 
3 The vessels described in the above mentioned paper were fitted with ventilation 
systems fully operational and suitable for ventilation of DRI (B) during the voyage. 
Even though the hatch covers and ventilators should remain sealed throughout the 
voyage, except when the hydrogen level in any hold exceed  1 , that hold is to be 
ventilated, until the level is reduced to below 1 percent. This is today a standard practice 
for all DRI cargoes sailing out of Trinidad DR plants. In Table I, the average figures for 
different parameters of the 2.2 millions tones of DRI, in fines form, transported by sea 
from May 2005 until March 2009 are shown. 

 
Summary of Venezuela and Trinidad & Tobago DRI Fines shipments using 
surface ventilation 
 
4 From Table I it is noted that the average figures of 2.2 million tonnes of DRI 
Fines, transported by sea from May 2005 until March 2008. 

 

Grain Size 
 Cargo 

Temperature 
at Loading (ºC) 

Moisture 
Content (%) 

-12 mm 
 

Total 
tonnage 
shipped 

(t) 

# 
Shipments 

# 
Accidents 

Avg. Max Avg. Max Avg. Max 

Bulk 
Density 
(Kg/m³)

Ave. 

1,801,831 87 0 43.2 62.0 4.3 10.5 99.0 100.0 2,472 

 
Table Ia Relevant statistical information of Venezuelan shipments from May 2005 until 

March 2009 (only mechanical ventilation) 
 

Total 
tonnage 
shipped 

(t) 

# 
Shipments 

# 
Accidents 

Cargo 
Temperature 

at Loading (ºC) 

Moisture 
Content (%) 

Grain Size 
 

Bulk 
Density 
(Kg/m³)

Ave. 
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-12 mm 
 

Avg. Max Avg. Max Avg. Max 

410,269 17 0 29 47 5 12 99.0 100.0 2,410 

 
Table I b Relevant Statistical Information of Trinidad & Tobago shipments from May 
2005 until March 2009 (natural and mechanical ventilation) 

 

Loading Temperature Issue 

5 From above, it can be seen that the average temperature at loading, of 
Venezuelan DRI Fines, has been 43.2° Celsius and the maximum has been 62 degrees 
Celsius. In case of the Trinidad & Tobago material has been 47° Celsius, In any case, 
there is a standard practice not to load any DRI with the temperature higher than 65 
degrees Celsius.  

 
Shipment monitoring 
 
6 Some concerns were raised during the DSC 12 and DSC 13 regarding the 
hydrogen release and temperatures rising from the DRI Fines cargo. It was pointed out 
in the previous reports presented by the Venezuelan and Trinidad & Tobago delegations 
that DRI Fines are safe for sea transportation with surface ventilation, even when 10.5 
percent moisture could be in the cargo.  
 
7 For verification purposes, new shipments monitoring were performed to measure 
the hydrogen, oxygen evolution and temperature profile during the voyage. Results are 
shown in the following Table II.  

 
 Max. Average 

Vessel 

Voyage 

days Temp. 

(ºC) 
% O2  % H2  

Temp. 

(ºC) 
% O2  % H2  

Spar Eight 7 56.0 21.3 0.20 42.50 20.70 0.18 

Scanda 8 36.0 20.0 Nil 32.40 19.40 Nil 

Scanda 8 38.0 21.8 Nil 36.10 20.10 Nil 

Scanda 8 54.6 20.5 0.30 44.50 20.40 0.10 

Aviona 12 58.7 21.0 1.80 44.00 20.70 0.10 

Scanda 40 45.0 20.9 2.88 28.80 20.30 0.60 

Yung Cheng 40 61.0 21.0 0.50 39.90 20.70 0.30 
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Engin 

Kaptanoglu 
41 52.4 20.9 Nil 38.80 20.80 Nil 

Bulk Crusader 43 56.0 20.9 Nil 44.00 20.70 Nil 

Artic Voyager 43 51.0 20.5 1.75 34.00 20.09 0.20 

Rong Cheng 45 59.9 21.0 2.00 53.32 19.38 0.22 

Bulk Crusader 45 54.8 21.0 0.16 45.10 20.20 0.10 

Table II Venezuelan shipping DRI Fines cargoes monitoring of temperature, 
hydrogen evolution and oxygen depletion in cargo holds, by vessel and 
voyage duration (May 2005-March 2009) 

 
8 It is to be mentioned that one single abnormal situation of hydrogen level, of 7 
percent was reported for a trip to China of the MV Bulk Crusader in the DSC 13/4/8 due 
to voluntarily stopping mechanical ventilation prior to vessel’s arrival to port, contrary 
to shippers instructions. 
 
9 The ventilation frequency of these shipments was minimum 1 hour every four 
hours up to continuous. Capacity of fans: four changes of air per hour based on empty 
space. 
 
10 From Table II, it is possible to deduct that when mechanical ventilation was used 
during the voyage: 
 

.1 Temperature of the cargo never was over 61° Celsius;  

.2 Hydrogen never was above 3 percent; and 

.3 Oxygen in the hold was never below 20 percent. 
 
11 When the data gathered in Table I a and b is expressed in terms of voyage 
duration in days as presented in Tables  III a and b, it is possible to conclude that under 
mechanical ventilation DRI Fines are safe when properly handled. 
 

 Voyage Days 

 7-9  10-15  40-45  

 Temp. 

(ºC) 

% O2  

Vol 

% H2  

Vol. 

Temp. 

 (ºC) 

% O2 

Vol.  

% H2  

Vol 

Temp.  

(ºC) 

% O2  

Vol. 

% H2  

Vol. 

Maximum 56.00 21.80 0.30 58.70 21.00 1.80 61.00 21.00 2.88 
Average 38.90 20.15 0.14 44.00 20.70 0.10 40.03 20.28 0.68 
Readings 729 729 125 335 335 335 1785 1753 1394 

Table IIIa Venezuelan DRI Fines average and maximum values of temperature, 
hydrogen evolution and oxygen depletion in holds under mechanical ventilation 
operation. (May 2005-March 2009) 
 
12 From Table IIIa, it is possible to draw the following conclusions: 
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 .1 The maximum temperature value, although it may seem that are function 
of the voyage time, do not depend on the fines (percent below 4 mm) (refer to document 
DSC 12/4/2); 

 
.2 The hydrogen concentration will depend on the ventilation duration; and 
  
.3 The oxygen is also a function of the ventilation duration, and it was never 

below 20 percent. 
 
Voyage Days 

7-9  10-15  40-45  

 
Temp. 

(ºC) 

O2  

Vol. 

% H2  

Vol. 

Temp. 

 (ºC) 

% O2 

Vol.  

% H2  

Vol. 

Temp.  

(ºC) 
% O2  % H2  

Maximum 43 21.90 0.40 47 21.90 0.76 NA NA NA 
Average 36 20.00 0.40 44 20.70 0.64 NA NA NA 
Readings 60 60 60 210 210 10 NA NA NA 

Table VIII b Trinidad & Tobago DRI Fines average and maximum values of 
temperature, hydrogen evolution, and oxygen depletion in holds 
under mechanical ventilation operation 

 
13 From Table VIII b it is possible to draw the following conclusions: 

 
.1 The maximum temperature values, although it may seem that are 

function of the voyage time, still are in the safe range; and 
 
.2 The hydrogen concentrations will depend on the ventilation duration. 

(Related to conclusions from testing); and 
 
.3 The oxygen is also a function of the ventilation duration, and it was 

never below 20 percent. 

54



 
 

 

 

PART IV 
Annex 4 – Safety Index of Venezuela and Trinidad and Tobago DRI Fines 
Shipments Carried by Sea Using Mechanical Ventilation May 2005-March 2009 (as 
contained in “Report on data, information and experiences on high moisture (up to 12 
percent) DRI Fines submitted by the Bolivarian Republic of Venezuela and Trinidad and 
Tobago” prepared for IMO DSC 14) 

1 In relation to safety, it is important to mention and stress on the actions that the 
DRI industry from Trinidad and Tobago and Venezuela have taken since 2005 (after the 
accident with M/V Ythan) in order to control the hazards and risks associated with the 
sea carriage of DRI (C) and at the same time minimize or even eliminate any potential 
possibility of incidents and accidents from happening, as follows: 

.1 carriage of this cargo under mechanically ventilated holds to avoid any 
accumulation of flammable gases as per Sections 3 and 9 of the BC Code 
(and new IMSBC Code); 

.2 exhaustive research, testing, analyses in independent certified labs and 
producers’ plants as to the UN classification and what the main hazard 
was when carrying DRI Fines; 

.3 recognizing that hydrogen generation was the main hazard when carrying 
DRI Fines and that the real problem was accumulation of hydrogen in 
the holds rather than generation; 

.4 chartering of vessels fitted with a mechanical ventilation system in the 
cargo holds to carry DRI Fines, with capacity to remove a minimum of 
four (4) changes of air per hour based on empty space, with a ventilation 
frequency of at least one hour every four hours (as per guidelines of 
document DSC 12/4/1); 

.5 strict monitoring of cargo before and during loading, throughout the 
voyage and at discharge. Monitoring has consisted on measuring 
temperature of cargo by means of thermocouples; gas analyzing of 
hydrogen accumulation and oxygen concentration in cargo holds, mainly 
during the sea passage; 

.6 setting up procedures of what to do during the voyage and the emergency 
actions to take in case the LEL reached 25 percent; and  

.7 submitting to masters of vessels comprehensive information on the 
hazards of the cargo and the safe handling and carrying procedures (as 
per document DSC 12/4/1). 

2 The results of such safety index for the 2.2 million tonnes (104 shipments) of 
DRI Fines carried under mechanical ventilation conditions has been 100 percent safe 
since this practice was adopted by the Venezuelan and Trinidadian industry in 2005, see 
Figure 1. 
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FIGURE 1 
 
 
Conclusions 

3 From the data gathered from field measurements and laboratory experiments, 
comparing different practices, such as inerting, blanketing, natural continuous 
ventilation, mechanical ventilation one change of air every four hours, mechanical 
ventilation every three hours and continuous mechanical ventilation; it is possible to 
conclude the following: 

.1 both materials showed to be very similar in chemical and physical 
characteristics, therefore the present approved schedule does applies for a 
single cargo; 

.2 The main source for the hydrogen generation in the DRI Fines cargo is 
the moisture content inside the material. The moisture of any air intake 
during the trip will have effect on the cargo rusting. 

.3 The DRI Fines are neither 4.2 nor 4.3 Class Cargo, as per the UN Test as 
a valid test for the assessment of cargoes. 

.4 The major hazard of this cargo is not the hydrogen generation rate but 
the accumulation of same in the ship holds. 

.5 The rate of hydrogen generation makes very difficult to keep the 
hydrogen and oxygen concentrations less than 1 percent and below 5 
percent, respectively. Simply, it is neither practical nor feasibly. 

.6 based on information gathered from the limited number of tests 
performed, it shows that inerting may have the ability of reducing the 

Total DRI Fines Carriage by Sea
Mechanical Ventilation Safety Index

May 2005 - March 2009
(104 Shipments - 0 Accidents) Mechanical 

ventilation 104 
safe shipments 

Accidents / Incidents: 0 Shipments
Self-heating / Auto-ignition: 0 shipments
Total Tonnage Shipped: 2,212,000 tonnes
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rate at which hydrogen develops. However since it does not stop the 
generation of hydrogen, it cannot be used as a sole measure to protect 
vessel and seamen to reach the “SAFETY FIRST” aim. 

.7 it have been fully demonstrated that the mechanical ventilation is the 
most suitable and best available technology (BAP) to keep the safe 
conditions on ships for the sea transport of the DRI Fines of any moisture 
content.  

.8 Vessels needs the ability to ventilate. Further suggestion is to be able to 
ventilate in all sea/weather conditions to further minimize the possibility 
of accumulation of hydrogen. 

.9 The DRI Fines according to the recent tests results can be considered a 
safe cargo when appropriate handled following the advised settings of 
the IMO 12/4/1 document. 
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