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Introduction

1. At the last session of WP.15 (Geneva, 10-13 November 2020), Germany submitted
informal document INF.6, which described the problem of non-electrical explosion
protection on vacuum-operated waste tanks. During the discussion, it emerged that for a
detailed discussion, the expertise of the Joint Meeting’s working group on tanks is required.
The representative of Germany noted the comments made at the meeting and said he would
submit an official document to the Joint Meeting to be examined by the working group on
tanks. See also paragraph 53 of the report of that meeting (ECE/TRANS/WP.15/251).

2. As a supplement to the attached informal document INF.6, this document once again
summarises the main elements of the complex issue of non-electrical explosion protection on
vacuum-operated waste tanks.

3. For vacuum-operated tanks for flammable wastes, ADR prescribes various methods
for non-electrical explosion protection in the construction when an explosive atmosphere is
present. If the mixture composition of the flammable waste of Class 3 is not known precisely,
zone 0 must be declared in the case of doubt. As a result of this classification, all parts of the
vacuum-operated waste tank system must have a high degree of freedom from sources of
ignition.

4, According to RID/ADR 6.10.3.8 (b),

a. the tank may be explosion pressure shock resistant,
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b. pumps may be used which, because of their design, are not liable to generate
sparks,
c. pumps which do not meet this requirement must be appropriately protected

by a device to prevent the passage of flame.

5. It can therefore be concluded that a tank need not be designed to be explosion pressure
shock resistant or need not be fitted with devices to prevent the passage of flame if pumps
are used which, because of their design, are not liable to generate sparks (case as in 4 b.). As
a rule, liquid ring vacuum pumps are used to achieve this safety requirement.

6. The question arises of how it can be proved that these types of pumps do not generate
any sparks.

a. In Germany, pumps of category 1 according to Directive 2014/34/EU (ATEX)
are used for these purposes (electrical explosion protection).

b. It is not sufficient to consider only the interior of the pump to assess the
explosion protection; the entire pump/tank system, i.e. the entire internal explosion
protection must be assessed.

c. Due to their design, liquid ring vacuum pumps contain a liquid ring, which
covers potential sparks. However, this protective function only works if the liquid ring
can be guaranteed in all operational circumstances. Due to their design though, liquid
ring vacuum pumps are not free from sparks in all operational circumstances.
Consequently, freedom from sparks can only be ensured by monitoring the liquid ring.
The two following scenarios must be considered:

1. The start-up phase of the pump, in which the protective liquid ring first
has to be built up,

ii. Loss of the liquid during operation.

7. To resolve the problem, it is proposed to carry out an ignition hazard assessment of
the non-electrical ignition source risk on the basis of an international standard. This is
adequate for the standard on electrical explosion protection. Standard ISO 80079-36/37
permits an assessment of the non-electrical sources of ignition of the pressure vacuum pump
system and the vacuum-operated waste tank system.

8. To achieve the protective aims required in standard ISO 80079-36/37, redundant
monitoring of the level of the liquid has to take place to obtain a positive assessment in
accordance with standard ISO 80079-36/37.

9. The attached informal document INF.6 contains the detailed analysis and the precise
derivation of the problem.

Proposal

10.  Inaccordance with the requirements for electrical explosion protection, it is therefore
proposed to include the following text in ADR 9.7.8.2 after the third sentence:

“l.  Non-electrical equipment on vacuum-operated waste tanks (6.10), situated in areas
where an explosive atmosphere is, or may be expected to be, present in such quantities as to
require special precautions, shall be suitable for use in a hazardous area. The same applies to
non-electrical equipment through which the explosive atmosphere is conveyed.

2. Such equipment shall meet the general requirements of standard ISO 80079-36/37.
The requirements for the non-electrical apparatus of the relevant group and temperature class
according to the substances to be carried shall be met.”
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Annex [English only]

INF.6 (9-13 November 2020)

Interpretation of the requirements for vacuum operated
waste tanks

Transmitted by the Government of Germany

Introduction

1. The Working Party may wish to discuss the following questions. If the working party
agrees, the problem will be put to an official working paper for the next session.

2. The carriage of flammable wastes in vacuum-operated tanks has to meet/is subject to
the requirements regarding the use of vacuum pumps/exhauster units set out in 6.10.3.8 (b)
of ADR.

3. 6.10.3.8
“The tanks shall be fitted with the following additional service equipment:”
6.10.3.8 b)

“A device to prevent immediate passage of flame shall be fitted to all openings of a
vacuum pump/exhauster unit which may provide a source of ignition and which is
fitted on a tank used for the carriage of flammable wastes, or the tank shall be
explosion pressure shock resistant, which means being capable of withstanding
without leakage, but allowing deformation, an explosion resulting from the passage
of the flame;”

4. Conversely, this means that a vacuum-operated tank that is equipped with a vacuum
pump that does not provide a source of ignition does not have to be explosion pressure shock
resistant and does also not have to be fitted with devices to prevent immediate passage of
flame.

5. In most cases, so-called liquid ring vacuum pumps (LRVP) for which the
manufacturer confirms that they do not provide a source of ignition are currently used. In
Europe, this confirmation is usually based on the categorisation of this pump into equipment
category 2 in accordance with Directive 2014/34/EU (ATEX). It is thus by an attestation of
conformity that the manufacturer declares that the requirements relating to equipment and
protective systems intended for use in potentially explosive atmospheres are met.

6. For various reasons, this is not sufficient.

7. As wastes are usually mixtures of substances which are largely unknown, it is almost
impossible to provide reliable safety-related data on the substances in the specific case.

8. In cases of doubt, the inside of the tank must always be classified as zone 0. The inside
of the pipe connector of the pump, which is then directly in contact with zone 0, must thus
be compliant with equipment category 1.

9. As a consequence, only those pumps that are compliant with equipment category 1
for zone 0 on the inside of the mounting flange, and with equipment category 2 for zone 1 on
the outside can be used in vacuum-operated tanks.

10.  The following facts should be considered to meet the requirements set out in 6.10.3.8
(b) of ADR:

a) During the assessment, not only the pump should be taken into consideration,
but also the associated sensor and control technology, the piston, the openable end and other
potential sources of ignition.
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b) For the assessment, it is not imperative that the ATEX Directive with its
indication of zones and categories be applied, as this is not explicitly required in ADR
(6.10.3.8 (b)). Here, it would be sufficient and likely to achieve results if the compliance was
proven in accordance with ISO standard 80079-36:2016 (Explosive atmospheres - Part 36:
Non-electrical equipment for explosive atmospheres - Basic method and requirements).
Especially since 9.7.8 of ADR already regulates explosion protection for electrical equipment
on vehicles by referencing the corresponding IEC 60079. Furthermore, the zones for both the
inside of the tank and the immediate surroundings are already defined there. Therefore, the
procedure described above would be a systematic and coherent approach.

c) For liquid ring vacuum pumps, the technical and formal efforts required to
comply with ISO 80079-36:2016 are relatively manageable. However, demonstrating the
compliance of multi-cell vacuum pumps requires greater effort.

Specification

11.  Studies on whether it is necessary to flesh out the explosion protection requirements
to be met by vacuum pumps/exhauster units in vacuum-operated waste tanks found that
despite already existing high standards it cannot be generally ruled out that, in certain modes
of operation of the LRVP, scenarios in which effective sources of ignition occur are to be
expected. Only scenarios of explosion protection for non-electrical equipment are to be taken
into consideration.

12.  To address this situation appropriately, it would make sense to introduce a procedure
for analysing such potential operating states (explosion protection scheme). This procedure
should be standardised to ensure a level playing field and transparency.

13.  Different standards exist at the national, European and global level.

14. In keeping with the dangerous goods provisions (ADR), an internationally
standardised procedure (also beyond Europe) should be favoured.

15.  The provisions already include such a standardisation regarding explosion protection
for electrical equipment. Part 9 of ADR regarding the vehicle equipment refers to IEC 60079
in 9.7.8.2. The classification of zones that is already contained in 9.7.8.2 of ADR is based on
this IEC standard.

16.  The equivalent of IEC 60079 with regard to explosion protection for non-electrical
equipment is ISO 80079-36/37, which already refers to IEC 60079, for instance concerning
categorisation and the classification of zones. The same standards should apply to ensure
harmonisation. It would thus be appropriate and transparent to introduce a reference to
ISO 80079-36 and ISO 80079-37 in ADR for the assessment of explosion protection for non-
electrical equipment in vacuum-operated waste tanks.

17.  ISO 80079-36 and ISO 80079-37 already contain provisions on requirements for the
technical documentation and leave compliance with the documentation to the manufacturer.

Background / specification of the problem

18. When waste is sucked into the collection tank of the vacuum-operated tank-vehicle, it
has to be expected during operation that a dangerous explosive atmosphere forms and is
conveyed through the LRVP. The probability of dangerous explosive atmosphere forming
during operation stands almost at 100 percent. Therefore, this atmosphere is to be classified
as zone 0 in accordance with Directive 1999/92/EC (transposed by the Dangerous Chemicals
Ordinance into German law). As a consequence, all items of equipment fitted to the vacuum-
operated tank-vehicle that are in contact with this dangerous explosive atmosphere must be
to a very high degree free from sources of ignition. In accordance with Directive 2014/34/EU,
equipment of equipment category 1 or, in accordance with ISO 80079-36, equipment with
EPL Ga (equipment protection level) would be required. For the used sensors, this
requirement is to be met by using suitable explosion-proof equipment.
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19.  The LRVP is a turbomachine and is to be considered mechanical equipment. Since
there are no internationally applicable standards for such vacuum pumps, it is only possible
to assess them on the basis of standards ISO 80079-36 and ISO 80079-37, which both exists
as harmonised EN standards, too. An LRPV essentially consists of a stator and a rotor that is
eccentrically arranged within the stator. As a result of their function, it is necessary to leave
very small gaps between the two components. Therefore, it can not be ruled out that the rotor
and the stator will come into contact. As a consequence, mechanically created flashover and
friction sparks may occur. The same applies if small particles, which can get stuck between
the rotor and the stator, are sucked in together with the conveyed gas. Such flashover or
friction sparks are to be avoided in so far as possible.

20.  As a result of its function, the LRVP contains a liquid; in vacuum-operated tank-
vehicles, this is usually water. Due to the movement of the rotor, centrifugal forces throw the
liquid outwards so that it forms a liquid ring within the stator. This liquid ring covers all
potential points of contact at which mechanically created flashover or friction sparks may
occur in liquid, so that potential sparks are covered (and thus are not in contact with
dangerous explosive atmosphere) and will be extinguished. It should be noted here that,
during the process, liquid is always discharged together with the gas, so that liquid needs to
be continuously fed in during operation.

21.  Inorder to ensure that the pump is to a very high degree free from sources of ignition,
this liquid ring must be guaranteed as reliably as possible. This can only be achieved through
appropriate monitoring of the liquid in the ring. In accordance with ISO 80079-36 and ISO
80079-37, a control of ignition source of IPL 2 (ignition protection standard) is required to
this end. This can usually be achieved through redundant monitoring devices.

22.  In an LRVP, the gap between the rotor and the side walls is considered critical and
needs to be very narrow. Therefore, it cannot be ruled out that the rotor comes in contact with
a side wall. During operation, due to the rotation, a liquid ring is formed within the pump
which may be considered a liquid immersion. During the process, all potential points of
friction between the moving rotor and the fixed stator are covered in liquid and any contact
between flammable vapours and gases and the potential points of contact is avoided. Thus,
there is no risk of ignition. However, the start-up phase, during which the liquid ring is being
created, remains problematic. For this purpose, when the pump is started, it must always be
filled to more than half of the regular level. This needs to be monitored. However, if the pump
is overfilled, it can fail due to an unacceptable rise in pressure. There are pumps that, even
though they are regularly filled to the maximum level, withstand without damage the pressure
that builds up during the start-up phase due to their structural design. In this case, it would
apparently not be necessary to monitor the filling level, as described above, yet this still needs
to be assessed.

23.  During operation, liquid is discharged together with the gas flow. This would cause
a loss of liquid within the pump. It could then no longer be guaranteed that the liquid ring
will be maintained. It is thus imperative that liquid be continuously fed into the pump. The
necessary liquid flow rate, which is to be defined by the manufacturer of the pump, must be
monitored.

Proposal

24.  As part of the assessment of whether the pump is free from any sources of ignition,
ISO 80079-36 as well as ISO 80079-37 must be complied with in order to reach equipment
category 1 in accordance with Directive 2014/34/EU. An LRVP for which adequate fluid
intake during operation as well as an adequate level during the start-up phase is given is free
from sources of ignition during normal operation, i.e. this, in principle, corresponds to
category 3 in accordance with Directive 2014/34/EU. To reach the level of category 1,
sources of ignition can be avoided by using monitoring devices, while IPL 2 (ignition
protection level) must be applied. This ignition protection level can be achieved through
redundant monitoring devices, i.e. the level of liquid before the start and the liquid flow rate
during operation are to be monitored both in a redundant manner, while each monitoring
operation should be compliant with SIL 1 (safety integrity level).



ECE/TRANS/WP.15/AC.1/2021/6

25.  The ignition hazard assessment is to be limited to atmospheric conditions. Potentially
explosive mixtures are only conveyed through the LRVP in suction mode. In suction mode,
the interior of the LRVP and the other components is subject to negative pressure. However,
during the discharge of the vacuum-operated tank in overpressure mode, only air from the
surrounding environment, which is not explosive, is conveyed.

26.  Inthe sludge tank, it has to be expected that explosive gases can evaporate. This needs
to be assessed separately.

27.  Non-electrical equipment that has been assessed in accordance with Directive
2014/34/EU and certified for a corresponding equipment category in accordance with the
relevant zone can generally be used in vacuum-operated waste tank-vehicles. The conformity
assessment in accordance with Directive 2014/34/EU is usually based on the requirements
set out in ISO 80079-36 and ISO 80079-37. In accordance with this standard, it is also
permitted to make an assessment based on the equipment protection level (EPL). Outside the
EU, this is equivalent to the assessment in categories in accordance with Directive
2014/34/EU. (At the international level, ISO 80079-36 and IEC 60079-0 use the term
“equipment protection level” (EPL)).

28.  This procedure is similar to the existing practices in explosion protection for electrical
equipment, where the assessment is generally based on IEC 60079.

Proposed wording

29.  After the third sentence in 9.7.8.2 insert the following:

“Non-electrical equipment on vacuum-operated waste tanks (6.10), situated in areas where
an explosive atmosphere is, or may be expected to be, present in such quantities as to require
special precautions, shall be suitable for use in a hazardous area. The same applies to non-
electrical equipment through which the explosive atmosphere is conveyed.

Such equipment shall meet the general requirements of standard ISO 80079-36/37. The
requirements for the non-electrical apparatus of the relevant group and temperature class
according to the substances to be carried shall be met.”




