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Individual schedules of solid bulk cargoes

DIRECT REDUCED IRON (C)
(By-product fines} (concluded)

Emergency procedures

Specual emergency equipment to be carried
* il

Emergency procedures
Nil

Emergency action in the event of fire
In the event of emergency, the specific procedures provided by the shipper should be
consulted and followed, as appropriate.
Do not use CO,. Do not use water, Do not use steamn.

Batten down and reinstate the inert atmosphere using supplies or equipment if available
on board. Increase the frequency of monitoring. If temperature and/or hydrogen
concentration steadily rise, seek expert advice as quickly as possible.

If the temnperature in the cargo space exceeds 120°C, the ship should make for the
nearest appropriate port to discharge the cargo affected. Preparanons should be made
for grab discharge.

If additional nitrogen gas is available, the use of this gas will assist in keeping the oxygen
concentration down and may contain the fire and prevent an explosive almosphere if
hydrogen is produced. -

Floodlng with water of the affecteéd cargo hold should only be contemplated as a last
resort, always taking the stability and strength of the ship inte account,

_ Medical First Aid
Refer to the Medical First Aid Cuide (MFAC), as amended.

SBC Code ' 127
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PART IV
Annex 2 - TYPICAL MATERIAL SAFETY DATA SHEET DRI FINES - HIGH
MOISTURE

ATTACHMENT

MSDS

Material Safety Data Sheet
for

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: DRI Fines

Chemical Name: Iron

Product Use: Iron and Steel Production
Description as per IMO IMSBC

Code: Not listed

Proper Shipping Name: DRI Fines

Group: B

IMO Class: MHB

US Coast Guard Special Permits: None

Date of MSDS: 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 EINECS N°
Technology Chemical Abstract System
(CAS) Number
DRI FINES 65996-67-0 265-998-4
INGREDIENTS
Ingredient National Institute of Standards and Concentration
Technology Chemical Abstract System
(CAS) Number
IRON 7439-89-6 1-65%
IRON (IT) 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

Excessive Eye contact

Acute Skin Contact

Excessive Inhalation

Chronic

Decomposition

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.

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

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

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

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.

May produce toxic iron fumes when heated to decomposition
(1,535 °C)
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SECTION 1V - First Aid Measures

FIRST AID

If Swallowed
Inhalation

Eyes

Skin

First Aid Facilities

ADVICE TO DOCTOR
Advice to Doctor

Induce vomiting immediately. Seek medical attention.
Remove person to fresh air. Get medical attention in case of
breathing difficulty.

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.
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.

Eye wash fountains and normal wash room facilities

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 /2 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 CO, 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 Moisture

Total Temperature Content (%) Bulk
tonnage # # at Loading (°C) ¢ Density
shipped | Shipments | Accidents -12 mm (Kg/m?)

) Ave.
Avg. Max | Avg. | Max Avg. Max
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 Carso Bulk
tonnage # # Tem el%ltlll‘e Moisture Grain Size Density
shipped | Shipments | Accidents pe o Content (%) (Kg/m?)

) at Loading (°C) Ave

51




SHBIA

HOT BRIQUETTED IRON ASSOCIATION

-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.

Voyage Max. Average
Vessel days Temp. % 0, % H, Temp. % 0, % H,
(°C) (§9)

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
41 52.4 209 Nil 38.80 20.80 Nil
Kaptanoglu
Bulk Crusader 43 56.0 20.9 Nil 44.00 20.70 Nil
Artic Voyager 43 51.0 20.5 175 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 I1 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. | %0, | % H, | Temp. | % O, | % H, Temp. % 0, | % H,
(4 Vol Vol O Vol Vol (4 Vol 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 I1la 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 Illa, it is possible to draw the following conclusions:
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1

2

3

below 20 percent.

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);

The hydrogen concentration will depend on the ventilation duration; and

The oxygen is also a function of the ventilation duration, and it was never

Voyage Days
7-9 10-15 40-45
Temp. 0, %H, | Temp. | %0, | %H, Temp.
("c;) v vol ("c;) vol vol ("c;) %0 %l
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

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

under mechanical ventilation operation

never below 20 percent.
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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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Accidents / Incidents: 0 Shipments
Self-heating / Auto-ignition: 0 shipments

Total DRI Fines Carriage by Sea
Mechanical Ventilation Safety Index
May 2005 - March 2009 .
(104 Shipments - 0 Accidents) echanical

ventilation 104

/ safe shipments

Total Tonnage Shipped: 2,212,000 tonnes
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;

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.

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.

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

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.

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

i 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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NOTES

58



SHBIA

HOT BRIQUETTED IRON ASSOCIATION

HBI Association Ltd.

624 Matthews-Mint Hill Road
Suite 410

Matthews, North Carolina 28105
USA

© HBI Association Ltd, December 2009





