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Bericht der informellen Arbeitsgruppe fiir die Verringerung des BLEVE-Risikos

tibermittelt durch die Niederlande

1. Die Arbeitsgruppe hat vom 8. bis 10. November 2006 eine erste Tagung in Den Haag (Nieder-
lande) unter dem Vorsitz von Herrn P. de Leeuw (Niederlande) abgehalten. An der Tagung
nahmen Vertreter Belgiens, Kanadas, Frankreichs, Deutschlands, der Niederlande, Norwe-
gens, Polens und des Vereinigten Kénigreichs sowie der folgenden nichtstaatlichen Organisa-
tionen teil: Europaischer Flissiggase-Verband (AEGPL), Internationales technisches Komitee
fur vorbeugenden Brandschutz und Feuerldschwesen (CTIF), Internationale Stral3entransport-
Union (IRU) und Internationale Privatwagen-Union (UIP).

2. Folgende Dokumente standen auf der Tagesordnung:

— OCTI/RID/GT-III/2006-A — ECE/TRANS/WP.15/AC.1/102 Absatze 5 bis 12, 20 und 21
(Bericht Giber die Gemeinsame RID/ADR/ADN-Tagung im Marz 2006);

— OCTI/RID/GT-III/2006-A/Add.1 — ECE/TRANS/WP.15/AC.1/102/Add.1 Punkt 4 (Bericht
der Tank-Arbeitsgruppe der Gemeinsamen Tagung im Marz 2006);

— OCTI/RID/GT-I11/2006/8 — ECE/TRANS/WP.15/AC.1/2006/8 (Niederlande);
— Informelles Dokument INF.3 (Niederlande) (Gemeinsame Tagung im Marz 2006);
— Informelles Dokument INF.26 (AEGPL) (Gemeinsame Tagung im Marz 2006).

3. Herr J. Lintsen, stellvertretender Generaldirektor des Ministeriums fur Transport, 6ffentliche
Arbeiten und Wasserverwaltung der Niederlande, begrite die Teilnehmer. Er erlauterte die
Politik der Niederlande im Gefahrgutbereich, die sich nicht ausschliellich auf den Transport-
bereich beschranke, sondern die gesamte Kette beriicksichtige. Eine Untersuchung in den
Niederlanden zu Risikoanalysen, einschliellich einer Kosten-Nutzen-Analyse, habe ergeben,
dass das gesellschaftliche Risiko deutlich verringert wiirde, wenn das Risiko eines BLEVE und
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insbesondere eines heilRen BLEVE reduziert werden konnte. Er wiinschte den Teilnehmern
eine erfolgreiche Tagung.

Der Vorsitzende verwies auf die Hauptpunkte des von der Gemeinsamen RID/ADR/ADN-
Tagung erteilten Mandates:

a) Vorbeugung eines BLEVE;

b) Verringerung der Auswirkungen eines BLEVE;

c) Betrachtung des heilten BLEVE und des kalten BLEVE;
d) Berlcksichtigung technischer und anderer MalRinahmen;
d) weitere Grundsatzfragen.

Das Thema des ersten Tages bestand in der Frage, ob ein BLEVE ein reelles Problem dar-
stellt oder nicht. Prasentationen zu diesem Thema erfolgten durch die Vertreter Kanadas, der
Niederlande, Norwegens, des AEGPL und des CTIF. Eine Zusammenfassung der Prasentati-
onen und Reaktionen hierzu ist in der Anlage 1 zu diesem Bericht (nur in englischer Sprache)
enthalten. Die vollstandigen Prasentationen werden allen Teilnehmern der informellen Ar-
beitsgruppe zur Verfigung gestellt.

Alle Teilnehmer waren sich einig, dass ein BLEVE ein tatsadchliches Problem darstellt und es
daher erforderlich und nutzlich ist, darliber zu diskutieren, wie ein BLEVE vermieden werden
kann und wie die Auswirkungen eines BLEVE reduziert werden kdnnen.

Es folgte eine Diskussion Uber die Begriffsbestimmung eines heillen und eines kalten BLEVE.
Alle Teilnehmer waren sich einig, dass zwischen einem heillen und einem kalten BLEVE un-
terschieden werden kann. Die Einigung auf eine exakte Begriffsbestimmung beider Phanome-
ne erschien jedoch zu kompliziert und zeitraubend. Aus diesem Grunde beschloss die Ar-
beitsgruppe, die Diskussion vorlaufig einzustellen.

Das Thema des zweiten und des dritten Tages bestand darin, wie das Risiko eines BLEVE
verringert werden kann. Zu dieser Frage erfolgten Prasentationen durch die Vertreter der Nie-
derlande, des AEGPL, Kanadas, des CTIF und Deutschlands. Eine Zusammenfassung der
Prasentationen und Reaktionen hierzu ist in der Anlage 1 zu diesem Bericht (nur in englischer
Sprache) enthalten. Die vollstdndigen Prasentationen werden allen Teilnehmern der informel-
len Arbeitsgruppe zur Verfigung gestellt.

Bezlglich der zu ergreifenden MaRnahmen vertraten einige Teilnehmer die Auffassung, dass
das RID, das ADR und das ADN nur normale Beforderungsbedingungen und nicht Maf3nah-
men bei Unfallen behandeln und daher nur vorbeugende MalRnahmen betrachtet werden soll-
ten. Andere Teilnehmer waren der Meinung, dass zahlreiche Bestimmungen des
RID/ADR/ADN Unfallsituationen behandeln und daher alle Malnahmen zur Vermeidung eines
BLEVE in Betracht gezogen werden sollten. Nach einer langeren Diskussion wurde vereinbart,
ein Inventar aller Arten moglicher MaRnahmen zur Vermeidung eines BLEVE mit den einher-
gehenden Vor- und Nachteilen zu erstellen. Das Ergebnis dieser ersten Prifung ist Gegens-
tand der Anlage 2. Die Teilnehmer vereinbarten, dass diese Liste moglicher Mallnahmen nur
einen ersten Schritt darstellt und diese anlasslich spaterer Tagungen verfeinert, geandert und
umstrukturiert werden sollte.

Die informelle Arbeitsgruppe empfiehlt daher, eine zusatzliche Tagung durchzufiihren. Diese
kénnte im Anschluss an die Gemeinsame Tagung im Marz 2007 erfolgen. Die Regierung Nor-
wegens ist bereit, diese Tagung auszurichten.



Anlage 1
Prasentationen und Reaktionen dazu

(nur Englisch — nicht bearbeiteter Text)

Presentations on the question: “What is the problem or the risk of a BLEVE?”
Introduction by the Netherlands
Introduction Dutch policy on the transport of dangerous goods.

The deputy DG of the Ministry of Transport of the Netherlands elaborated on Dutch pol-
icy regarding the safety of the transport of dangerous goods over the past few years. This policy
is influenced by the Enschede disaster in 2000 where a storage of fireworks exploded, devastat-
ing the whole neighbourhood. This policy resulted in a study on measures to enhance the safety
of the use, storage, production and transport of the (most) dangerous substances: ammonia, chlo-
rine and LPG. One of the results was that the application of a heat resistant material on a LPG-
tank would cut back the risk of a hot BLEVE by 85%. The necessary investment involves a large
amount of money, but seems realistic and economically feasible when related to price per li-
tre/km transported during the life time of the tank. The Dutch policy will continue a systematic
approach to activities with dangerous goods and the risks involved for the society.

Presentation by Canada

In Canada and the USA the use of thermal protection systems against fire and safety
valves on rail-tank wagons with all liquefied gases, with the exception of refrigerated gases are
compulsory since the early 1980’s. This policy is due to many accidents between 1958 and the
late 1970’s with non-insulated tanks. Since 1980 the occurrence of hot BLEVEs was reduced
considerably. Continuous research resulted in a combination of measures and permanent adapta-
tions of those measures. The compulsory thermal protection system combined with a safety
valve for a given loaded tank car must prevent the release of any dangerous goods from the tank
car, except through the safety valve, for a minimum of 100 minutes in a pool fire and 30 minutes
in a torch fire. For the transport of chlorine there are additional considerations.

Since 1980 3 hot BLEVEs have occurred and 1 cold BLEVE in Canada and the USA. Nowadays
that is related to 800.000 transport movements daily with dangerous goods.

Reactions:

The representative of Germany reminded the meeting that few BLEVESs have occurred in Europe
and that a systematic approach to the problem is necessary in this situation.

Presentation by the Netherlands

The Netherlands uses a systematic risk analysis to calculate the risk of the transport of
dangerous goods for the people present in the surroundings of the infrastructure [railways and
roads]. The risk for a specific good like LPG is compared to the risk of other dangerous goods.
Due to the great effects of a hot BLEVE the societal risk of the transport of LPG is dominant for
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the calculated risk along roads and railways. This method uses incident casuistry on all goods
and not merely on dangerous goods. Therefore in the Netherlands the occurrence of incidents
with the transport of LPG is not determinant for the calculated risk.

Reactions:

The representative of AEGPL pointed out that there were few incidents with low fatali-
ties over the past 50 years.

The representative of Germany pointed out that the cold BLEVE in Los Alfaques in
Spain (1976) resulted in 200 lives lost due to open fire on the camping near the tank vehicle. A
few years ago there was a cold BLEVE in Germany; there was no ignition-source and fortu-
nately no casualties. The representative of France said the issue of this meeting is the prevention
of many victims. The prediction and comparison of the risks is very difficult with few incidents.
This meeting should try to cope with the uncertainties and the effects of possible measures.

Presentation by Norway

The representative of Norway explained about a railway-accident in Lillestrom in the
year 2000. Two rail tanks with LPG were involved in a fire after a collision at the railway station
of Lillestrem. For 3 till 5 days 2000 people were evacuated from their homes near the railway
station. The cause of the accident was a failure of the brakes of the train. Politicians in Norway
find these consequences of an accident with a train unacceptable and want measures to be taken.
The German rail tanks involved in the accidents were provided with a sunshield and were not
equipped with a safety valve. In Norway a safety valve is compulsory. The fire brigade in Nor-
way is against the use of sunshields because it hinders the fire fighting. A commission that inves-
tigated the accident recommended the use of safety valves and also the thermal insulation to
prevent the overheating of dangerous gas.

The representative of Norway pointed out that severe accidents can be the result of silly
mistakes and that it is task of the working group to prevent a BLEVE from happening. Norway
also pointed out that tanks with LNG are already thermally protected and therefore this is an
existing preventive measure.

Presentation by AEGPL

The representative of AEGPL said that his organisation wants to share all relevant infor-
mation based on the experience and expertise of its members. He appreciated the broad approach
taken by the working group and presented lists of preventive measures in the area of equipment
(means), procedures (methods) and workers (persons). He also claimed there had been only 6
BLEVESs in Europe for the past 50 years and that the causes of those BLEVEs have been ex-
cluded by measures taken since. AEGPL showed a film of a modern road vehicle for the carriage
of LPG and its precautionary measures. AEGPL also showed an event tree and said it is most
important that measures should prevent the LPG from leaving the tank. The position paper of
AEGPL for the Joint Meeting was already available to the working group.



Reactions:

In addition to the casuistry the representative of France told about an accident in 2003
that resulted in a BLEVE within 20 minutes after the collision of a LPG tank vehicle with an
other truck followed by a fire. The rupture of the tank was due to the temperature which dam-
aged the welding and not due to the collision. It was an old tank and the pressure was not so
high. The tank was deformed by the collision. The representative of France concluded that a
BLEVE can be initiated by a fire of the truck when the tank is deformed. A report on the incident
in French is available for anyone interested. France was lucky this accident did not occur on a
highway through a city and that the police was able to prevent other vehicles to come near the
place of the accident. It was also fortunate that the fire brigade arrived after the BLEVE.

The representative of France was in favour of protective measures to prevent a BLEVE
but was not convinced that thermal protection would have prevented this BLEVE.

The representative of the Netherlands pointed out that the event-tree of AEGPL excludes
an external fire, but that these fires do occur in real life.

The representative of AEGPL agreed that an external fire cannot be excluded completely.

The representative of the United Kingdom suggested that depending on circumstances the
available time before a BLEVE could better be used for evacuation of the public than for fire
fighting.

Presentation by CTIF

The representative of CTIF presented information on the four BLEVEs in USA en Can-
ada that occurred since 1980 and the casualties involved in these accidents. This issue is very
important for the CTIF because the fire fighters bear the greatest risk of being killed by a
BLEVE. The goal of CTIF is that there should be no fire fighters killed by accidents whatsoever.
All necessary measures to guarantee the safety of fire fighters and others should be taken.

General reactions on the question: “What is the problem or the risk of a BLEVE?”

The Netherlands has a problem related to the societal risk and is of the opinion that meas-
ures should be taken to prevent a hot BLEVE. The Dutch public expects a solution to this prob-
lem.

AEGPL agreed that the Netherlands has a problem with many roads and railways cross-
ing densely populated areas, but that other solutions might be more effective elsewhere.

The representative of France agreed there is a problem but thought a single solution is too
easy. The problem is complex and causes differ. Some causes are easily tackled, but the effi-
ciency of measures is hard to define. Investigation in France pointed out that there had been 59
fires with trucks in 6 months (all trucks, not limited to dangerous goods). There is a discussion
on the time available for fire fighting and how to ensure that that time will be available. The
measurement of the temperature inside the tank for example can give certainty about the risk of a
BLEVE. The tracking of vehicles carrying dangerous goods is a measure that shows promise.
The representative of France was of the opinion that if the risk calculation method of the Nether-
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lands would be accepted for the risk of a BLEVE this should also have consequences for other
risks.

The representative of Norway pointed out that, although Norway is not a densely popu-
lated country, roads and railways tend to cross cities and that this causes problems. The public
perception of the risk of dangerous goods is changing and the safety of the general public has to
be ensured. Trucks should be fireproof but fires will always happen. He asked for measures that
are already standard in USA and Canada and at sea. The investigating commission in Norway
also advised the measurement of the temperature in the tank, but Norway did not ask for that
measure in the Joint Meeting because it is not a standard.

The representative of CTIF is aware that there are few accidents, but wants to ensure that
sufficient time would be available for action by the fire brigade. In most circumstances evacua-
tion is not a solution because it takes a lot of time to evacuate buildings. The necessary water
supply is a problem along roads and railways.

The representative of AEGPL agreed on managing the risk but preferred a globally stan-
dard measure. AEGPL pointed out the risk of 5% more transport movements as a result of the
weight increase by application of thermal protection on the tank.

The representative of Germany wants a complete insight of the advantages and disadvan-
tages of possible measures before deciding on this matter.

Presentations on the question: “How to reduce the risk of a BLEVE?”
Presentation by the Netherlands

In the Netherlands the societal risk will be considerably reduced when measures are taken
to prevent a hot BLEVE. A large number of possible measures were investigated by means of a
Societal Cost Benefit Analysis (SCBA). Copies of the SCBA in English were available at the
meeting. The Netherlands presented the causes of a hot and a cold BLEVE and the consequences
in lethality of people when a 60 m’ LPG tank vehicle or a 110 m® tank wagon explodes. The
measures to prevent a hot BLEVE were also presented and the decision of the Dutch government
to proceed in this matter.

The Netherlands showed a film of a test of a 3 m’ stationary tank with a heat resistant
coating and a safety valve in a pool fire. The test showed that the tank resisted the fire for at least
80 minutes. The temperature of the tank and the liquid/gas in the tank was measured during the
test.

Reactions:
The representative of AEGPL asked how the coating would react in a collision.

The representative of the Netherlands answered that the producer of the epoxy coating
was testing that, but that the coating seems very strong.

The representative of the United Kingdom shared the worry about damage of the coating
in a crash.
6



The representative of Germany said that a coating only had merits in a fire without im-
pact. Human behaviour and organisational aspects were important to prevent a BLEVE. BAM
had also tested tanks with and without coatings and safety valves.

The representative of France said that a coating that can withstand an impact might be an
effective solution. But a coating could also be an extra problem for the fire brigade when the
delay effect would not be reliable.

The representative of the Netherlands said that a coating would be effective in many
situations according to the experience of Canada and the USA.

Presentation by AEGPL

The representative of AEGPL told the meeting about measures taken by private enter-
prises to ensure there is no LPG release at an incident. It is a line-management responsibility for
material, procedures and workers to prevent LPG release from the tank. The representative of
AEGPL wants barriers to prevent an incident rather than measures to reduce the effects of an
incident. A coating is a barrier after an incident. He presented a list of pro-active barriers and a
list of re-active barriers.

Reactions:

The representative of CTIF stated that the AEGPL measures are very dependent on hu-
man behaviour.

The representative of AEGPL agreed that technical measures like a coating in Hong
Kong and a safety valve on Shell-tanks can be of value globally.

The representative of Norway pointed out that re-active barriers are important, because
Norway had a serious accident and was very near to a BLEVE in Lillestrem. Management in the
pro-active phase however is not enough.

The representative of AEGPL insisted that preventive measures are of primary impor-
tance.

The representative of Norway said that many pro-active measures are already part of
ADR/RID rules, but that accidents still happen. Therefore re-active measures should be dis-
cussed.

Presentation by Canada

Vessel failure is a point of concern in Canada and many measures were taken to avoid
that. Cold BLEVEs however call for different measures than hot BLEVEs. There was a definite
reduction of hot BLEVEs after the introduction of the thermal protection combined with PRV.
However every measure can have disadvantages in the extreme situation of an accident.

After recent accidents with tank wagons carrying chlorine and anhydrous ammonia there
is a strong pressure to increase the puncture resistance of those tank wagons. Canada has the
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experience that detailed regulations requiring thermal protection and PRVs on rail tank cars are
necessary and successful contributors in reducing the occurrence of BLEVEs.

Reactions:
The representative of France asked how the external tank inspections are done.

The representative of Canada answered that part of the external jacket and protection is
removed and restored afterwards.

Presentation by CTIF

The representative of CTIF stressed that prevention is always better than reaction. He
emphasized the importance of learning from accidents and recommended two sites:
http://www.ntsb.gov/ and a http://www.csb.gov/. The response of the fire brigade includes: plan-
ning, personnel, equipment resources, training and water supply. He suggested the water supply
at roads, railways and at tank stations should be improved. That would decrease time needed for
effective fire fighting. Zoning law on dangerous places can also be helpful to prevent casualties
from accidents.

Presentation by Germany

A test of a 45 m’ rail wagon filled with propane for 22 % of its capacity, without insula-
tion and pressure relief device in a pool fire was presented. A BLEVE occurred in 17 minutes. In
another test a 5 m® storage tank with pressure safety devices failed in a pool fire after 7 minutes.

The representative of Germany presents a diagram of the tests showing the time-pressure
characteristics of unprotected, water protected and insulated vessels for LPG. It shows that the
use of a pressure relief device only is not enough to prevent a BLEVE. In combination with a
water protected or insulated vessels however no BLEVE occurred
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Inventar moglicher MaBnahmen

(nur Englisch — nicht bearbeiteter Text)

Anlage 2

Identified technical and operational measures to reduce risk / avoid BLEVEs duringroad
and rail transport

Table A1 Road and rail - technical measures
Al. 1 Pressure Relief Valve
Al. 2 Complete thermal protection
Al. 3 Thermal insulation
Al. 4 Sun shield
Al. 5 Aluminium foils / balls inside tank to prevent BLEVE
Al. 6 Protection against overfilling
Al. 7 Additional mechanical tank protection
Al. 8 Increased wall thickness tank
Al. 9 Apply normalised carbon steel
Al.10 Heat treatment after welding
Al.11 Higher integrity (foot-valve) vessel closure; interlocked transfer
Al.12 Thermal system to close foot valve
Al.13 Excess flow valves
Al.14 Control systems breaks
Al.15 Use of telematics
Al.16 On-board fire extinguish equipment
Al.17 Sufficient water supply near road/rail




Table A2

Road and rail - Organisational measures

A2.
A2.
A2.
A2.
A2.
A2.
A2.
A2.
A2.

O 00 3 &N L A W N =

A2.10
A2.11
A2.13
A2.14
A2.15
A2.16
A2.17
A2.18
A2.19
A2.20
A2.21

Operational measures

Additional inspection

Periodic inspection

Daily inspection + pre-shipment inspection
Modal shift road/rail/pipeline/ship

Routeing

Day time / Night time transport

On-line monitoring on-board computer + GPS
Tank size limit

Speed limitation

Safety management system

Journey management / route management
Company control of rule violation
Pre-start alcohol control

Driver health/drugs/alcohol abuse
Maintenance

(Near) accident investigation / reporting
(Internal) company audit program
Quality assurance and quality management
Emergency planning and preparedness
Fire brigade education and training
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Table B

Road measures

B1 Technical measures
B1. 1  Vehicle design
B1. 2 Accept only LPG tank vehicle or LPG semi-trailer
B1. 3 Improve Bumper/Side/Rear impact resistance
B1. 4  Electronic vehicle stability control to avoid overturning
B1.5  Control systems brakes
B1. 6  Reduction of sources of fire
B1. 7  Automatic engine fire extinguisher
B1. 8 Limit capacity fuel tank
B1. 9  Aluminium foils/balls inside fuel tank
B1.10  Protection of fuel tanks
B1.11  Design and construction of fuel tanks
B1.12  Avoiding of sources of heat and ignition
B1.13  Tyre control + inflate with nitrogen
B1.14  Automatic battery master switch
B2 Operational measures
B2.1 Lane departure warning / distance warning
B2.2  Defensive driver training
Table C Rail measures
C1 Technical measures
Cl.1  Wagon design
Cl.2  Improve Side/End impact resistance
Cl3 Over buffering tank wagons flammable gases/flammable liquids
Cl1.4  Crash elements tank wagons flammable liquids/flammable gases
Cl.5  Derailment detection
Cl1.6  Hot box detection
C2 Operational measures
C2.1  Dedicated trains for flammable gases only
C2.2  On train segregation / protection wagons
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II.

Discussion of advantages and disadvantages of the identified measures

Al.1 Pressure relief valve

Advantages:

Limitation of the burst pressure (at PRV set point)
Delays burst

Overfill protection

Some cooling during venting

Reduced inventory

Warning signal to emergency service

isadvantages:
In case of overturning limited cooling tank wall in vapour space
Wrenching off in case of accidents?

W —=gnk»D—

ble gases) + ignition source of fire

Potential negative effects overturning (e.g. torch fire)

In case overturning lower cooling effect but better than no PRV
PRV does not prevent overheating vapour space wall

On 110 m’ tank PRV enough capacity (exist and tested in C)
Risk from vented gas (fire + toxicity + etc)

. Risk of gas vented in tunnels (Flammable gases?)

00N LA

Remarks:

Al.2 Complete thermal protection

Advantages:
1. Protection for at least 100 min (pool fire) 30 min (torch fire) if combined with
PRV and other tank features
Smaller size of safety valves needed
Sufficient time for safe fire brigade response to pool fire
Cost benefit
Additional mechanical protection for some systems
Improved emergency evacuation
Sunshield not required?
8. Reduced effect zone due to vented LPG gas

Nownbkwn

Disadvantages:

Reduced effect if damaged

Reduced external tank inspection

Water cooling hindered

Effectiveness not proven in road accident situations
For existing tanks maximum allowed width exceeded
May increase corrosion risk

Efficiency in case of small tanks unknown (torch fires?)
Reduced pay-load increase in trips increase risks

9. Higher centre of gravity

10. Rail decrease of pay load due to more wall thickness
11. Cost benefit

12. 30 min torch fire not enough for fire brigade response
13. Behaviour rocketing unknown

PN DB DD =

Remarks:

Al.4 Sunshield

Advantages:
1. Limits the heat input to solar radiation
2. Better inspection possible compared to full insulation
3. Increase in pay load
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Disadvantages:
1. Problems when cooling down
2. Higher filling degree
3. Can be ripped off
4. Opposite no 2 advantage

Remarks:

A1.6 Protection against overfilling

Advantages:

Disadvantages:

Remarks:
1. Procedural
2. Electronic control
3. Mechanical

Al.7 Additional impact protection

Advantages:
1. Better impact strength

Disadvantages:

Remarks:
1. Tank protection/impact protection
2. Includes measures A1.8, Al1.11, B1.1, B1.3,C1.1,C1.2,C1.3,C1.4

Al1.9 Apply normalised carbon steel

Advantages:

Disadvantages:

Remarks:
* Improve cold temperature properties of steel
* Improving impact strength

A1.10 Heat treatment after welding

Advantages:

Disadvantages:

Remarks:
1. Measure for carbon steel tanks

Al1.16 On-Board fire extinguishing equipment

Advantages:
1. Could prevent escalation of small fire

Disadvantages:
1. Reliability

Remarks:
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A1.17 Water supply near rail/road

Advantages:
Disadvantages:
Remarks:
1. Water often not available on critical locations
2. Also water supply near loading and unloading facilities

B1.4 Electronic vehicle stability control

Advantages:

Disadvantages:

Remarks:
1. Measure reduces roll-over in curves

B1.6 Reduction of fire sources

Advantages:
1. Encapsulation engine
2. Keeping LPG in de tanks, all valves closed

Disadvantages:

Remarks:

B1.10 Protection of fuel tank

Advantages:
1. Reduce significantly external fire size
Disadvantages:
Remarks:
1. Must be applied to all vehicles?
2. Assess in combination with measures B1.8, B1.9, B1.11

B1.12 Avoiding sources of ignition

Advantages:
1. Encapsulation engine
2. Keeping LPG in de tanks, all valves closed

Disadvantages:

Remarks:

B1.13 Tyre control and inflate with nitrogen

Advantages:
Disadvantages:
Remarks:
1. Nitrogen results in lower tyre temperatures than air
2. This measure should include requirements for tyre quality

A2, B2, C2 Operational requirements

Advantages:

Disadvantages:

Remarks:
1. Include the measures in the tables A2, B2, C2
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A2.1 Additional inspection

Advantages:

Disadvantages:

Remarks:
Remarks periodic testing: Inspections + tests

» Focus on critical safety components
Include NDT + specific equipment inspections

15



