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Report on Comments  –  November 2012 NFPA 67
_______________________________________________________________________________________________
67-1     Log #CC1

_______________________________________________________________________________________________
Technical Committee on Explosion Protection Systems,

67-6

5.4.5.2 As a deflagration propagates through a pipe, interaction with the pipe wall causes the flame to become
increasingly turbulent, which increases the burning velocity and flame speed. Meanwhile the flame is accelerated by
expansion of gas behind the flame front. If the translational speed of the flame approaches the speed of sound in the
unburned gas (of the order 300 m/s), increasing amounts of unburned gas become enfolded into the turbulent flame
system. This is because the burning rate of a deflagration flame is always limited by the rate of diffusion of heat and
radicals into the flame front, which is inhibited at translational velocities near the speed of sound in the unburned gas. At
this stage the enfolded gas pockets start to auto ignite randomly in the hot gas behind the flame front, producing a
series of weak shock waves that originate at random locations. Occasionally, the auto ignition of multiple enfolded
unburned gas pockets occurs sequentially so that individual weak shock waves become additive and produce a steep
shock front ahead of the flame front. The weak shock fronts catch up with each other because (via kinetic theory) the
speed of sound is proportional to the square root of the gas temperature; just ahead of the flame front the gas
temperature declines very steeply. If the steep shock front is sufficient by itself to cause auto ignition of unburned gas,
the system experiences DDT and becomes a DETONATION, propagating at relatively constant velocity that is not highly
dependent on the gas properties. DDT typically occurs over a distance of about 1 m or less, once the basic
requirements are met, and is accompanied by unusually high velocities and pressures caused by the coherent series of
auto ignitions behind the flame front. If the pipe diameter is insufficient to meet the cell diameter criteria discussed in
Section 5.2 the detonation is unsustainable but may progress in limiting cases (such as the "galloping detonation"

A reference was added to direct the user of the document to where further information is located on
"galloping detonations."

_______________________________________________________________________________________________
67-2     Log #CC2

_______________________________________________________________________________________________
Technical Committee on Explosion Protection Systems,

67-7
Revise as follows:

(1)  A deflagration in an explosion-proof enclosure threatens to enter a connected apparatus via a piping system which
is necessary for operation Flame arresters for this application are called pre-volume flame
arresters. Pre-volume flame arresters must be used, for example, at connections between fans and vapor pumps which
carry mixtures, since after ignition an unintended ignition and propagation of combustion into a connected apparatus
must be prevented.

This applies to all enclosures, not just those rated for pressure containment.
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_______________________________________________________________________________________________
67-3     Log #CC3

_______________________________________________________________________________________________
Technical Committee on Explosion Protection Systems,

67-8

This section provides practical guidance based on experience. Wall thicknesses for non conventional application
can be calculated using the method in Section 6.

At this time, there is no separate guidance provided for non conventional applications.

_______________________________________________________________________________________________
67-4     Log #CC4

_______________________________________________________________________________________________
Technical Committee on Explosion Protection Systems,

67-9
Revise text to read as follows:

8.2 Flame Quenching.
Flame quenching occurs if flames path through encounter a narrow enough gap. If the gap is sufficiently narrow the

flame will be quenched. This effect is based on heat transfer from the combustion zone to the wall of the gap and the
loss of radicals in this region. In a sufficiently narrow gap the autonomous combustion process will be stopped.
8.3.1 An extensive series of experiments has been carried out in long obstacle-laden combustion tubes of different

diameters to investigate the behavior of high speed flames at the onset of transition to detonation. The results indicate
that the transition process requires that the flame speed achieved prior to the onset of detonation be at least of the order
of the speed of sound of the combustion products. The necessary condition for transition is that the minimum transverse
dimension in the tube, be it the inner tube diameter in a smooth-walled tube or the orifice opening diameter of the
obstacle array, be of the order of or larger than the characteristic cell size λ for the particular mixture in the tube.
Therefore the limiting criterion for transition to detonation in an obstacle-laden tube can be quantified as d ≥ λ/(pi) /d ≤
1.

In section 8.2.1 the term "encounter" better describes the flames interaction with a narrow gap. The
second sentence was removed because it essentially repeats the previous sentence. A correction was made to the end
of Section 8.3.1.

_______________________________________________________________________________________________
67-5     Log #CC6

_______________________________________________________________________________________________
Technical Committee on Explosion Protection Systems,

67-10
Move the current Section 9.4, and associated Figures to Chapter 6 as the last active intervention

system. Renumber the remainder of chapter 6 accordingly.
The section on Water Spray fits better in Chapter 6 under active systems.
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Report on Comments  –  November 2012 NFPA 67
_______________________________________________________________________________________________
67-6     Log #2

_______________________________________________________________________________________________
Alexi I. Dimopoulos, ExxonMobil Research and Engineering

67-11
Revise text to read as follows:

It is recommended to The installation of detonation arresters within the filling and
emptying lines of below ground storage vessels should be considered if flammable atmospheres occur in these systems
during routine operation. unless it can be assured that these lines are filled with liquid during operation all times. In this
application in-line detonation arresters are recommended as the ignition source (i.e. pump) is likely to be pretty far away
from the vessel which has to be protected. For systems which may contain flammable mixtures for non-routine
operations such as commissioning and decommissioning, the selection of mitigation strategies should commensurate
with risk. The addition of Detonation Arresters should undergo a Process Hazard Assessment to ensure the use of the
device does not introduce a new risk (i.e. plugged vent or process lines which could result in equipment overpressure).

Industry experience indicates that for most industrial applications the wholesale addition of detonation
arrestors is unnecessary introducing additional complexity and potentially new hazards in process equipment for little
demonstrated reduction in risk. The risk of plugged vents and process lines which may result in over pressures and a
loss of containment could present a far greater risk to a facility than the explosion risk. The application of Flame
Arresters and Detonation Arresters should be risk based considering routine and non-routine operation, and equipment
failure modes.
Note - pumps are not likely ignition sources as the pump is not likely to be operating if the line contains vapor.

Revise text to read as follows:

It is recommended to The installation of detonation arresters within the filling and
emptying lines of underground storage vessels should be considered if flammable atmospheres occur in these systems
during operation. unless it can be assured that these lines are filled with liquid during operation all times. In-line
detonation arresters are recommended as since the ignition source (i.e. pump) is likely to be pretty far away remote from
the protected vessel. which has to be protected. When adding detonation arrestors, it is important to ensure that the use
of the device does not introduce a new risk (i.e. plugged vent or process lines which could result in equipment
overpressure). For systems which contain flammable atmospheres during non-routine operations such as
commissioning and decommissioning, the selection of mitigation strategies should be commensurate with risk. The
addition of Detonation Arresters should undergo a Process Hazard Assessment to ensure the use of the device

The proposed language was editorially corrected. The recommendation for a PHA was
removed as it is overly restrictive for smaller installations.
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Report on Comments  –  November 2012 NFPA 67
_______________________________________________________________________________________________
67-7     Log #3

_______________________________________________________________________________________________
Alexi I. Dimopoulos, ExxonMobil Research and Engineering

67-11
Revise text to read as follows:

In order to prevent exceeding the MAWP and MAWV of the vessel, a vent pipe to atmosphere is typically
installed. The installation of detonation arrester should be considered if flammable atmospheres occur in these systems
during routine operation. This vent pipe should be protected with a detonation arrester. Alternatively, an end-of-line
flame arrester can be installed if the length of the vent line is short enough so that the run-up distance from the possible
ignition source, which is likely to occur at the end of the vent line, is smaller than the tested L/D ratio of the end-of-line
flame arrester. For systems which may contain flammable mixtures for non-routine operations such as commissioning
and decommissioning, the selection of mitigation strategies should commensurate with risk. The addition of Detonation
Arresters should undergo a Process Hazard Assessment to ensure the inclusion of the device does not introduce a new
risk (i.e. plugged vent or process lines which could result in equipment overpressure.

Figure 10.2.1 shows one method of a typical safeguarding concept with flame and detonation arresters for an
above-ground storage tank containing flammable liquids utilizing flame and detonation arresters. The filling and
emptying line is secured with liquid seals. The figure shows a vessel that is connected to a closed system for vapor
balancing and is additionally equipped with end of line pressure vacuum valves with integrated flame arresters.

Industry experience indicates that for most industrial applications the wholesale addition of detonation
arrestors is unnecessary introducing additional complexity and potentially new hazards in process equipment for little
demonstrated reduction in risk. The risk of plugged vents and process lines which may result in over pressure and a loss
of containment could present a far greater risk to a facility than the explosion risk. The application of Flame Arresters
and Detonation Arresters should be risk based considering routine and non-routine operation, and equipment failure
modes.

Revise text to read as follows:

In order to prevent exceeding the maximum allowable working pressure, MAWP, and maximum allowable
working vacuum, MAWV, of the vessel, a vent pipe to atmosphere is typically installed. The installation of detonation
arresters should be considered if flammable atmospheres occur in these systems during operation. This vent pipe
should be protected with a detonation arrester. Alternatively, an end-of-line flame arrester can be installed if the length
of the vent line is short enough so that the run-up distance from the possible ignition source, which is likely to occur at
the end of the vent line, is smaller than the tested L/D ratio of the end-of-line flame arrester. When adding detonation
arrestors, it is important to ensure that the use of the device does not introduce a new risk (i.e. plugged vent or process
lines which could result in equipment overpressure). For systems which contain flammable atmospheres during
non-routine operations such as commissioning and decommissioning, the selection of mitigation strategies should be
commensurate with risk.

Figure 10.2.1 shows one method of a typical safeguarding concept with flame and detonation arresters for an
above-ground storage tank containing flammable liquids utilizing flame and detonation arresters. The filling and
emptying line is secured with liquid seals. The figure shows a vessel that is connected to a closed system for vapor
balancing and is additionally equipped with end of line pressure vacuum valves with integrated flame arresters. Other
options for protecting aboveground tanks, using inerting with or without flame arresting devices, are provided in Annex F
of ISO 28300 and API 2000 (6th edition).

The proposed language was editorially corrected. The recommendation for a PHA was overly
restrictive for smaller installations. A reference was added to Annex F of ISO 28300 and API 2000 for alternative
protection strategies.
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Report on Comments  –  November 2012 NFPA 67
_______________________________________________________________________________________________
67-8     Log #1

_______________________________________________________________________________________________
Harold Dinsmore, John Zink Company, LLC

67-11
Revise text to read as follows:

In the following the assumption is made that flammable
liquids are stored and processed and the vapors are recovered by a carbon, adsorption unit. The internal area of the
storage vessels, process vessels and piping is defined as zone O. To avoid hot spotting resulting from adsorption heat
release, the vapor concentration is, brought down to 50% below LFL. This measure, if controlled properly, is the primary
measure for explosion prevention. Additional explosion isolation measures are needed as the carbon adsorption vessels
are not designed explosion pressure proof and during the regenerative cycles it cannot be assured that the vapor air
mixture will remain below 50% of LFL. For this reason. secondary measures in the form of flame arresters are
recommended for enhancing safety. It is recognized that this protection strategy may not be practical for all vapor
recovery applications which use carbon adsorption processes. An example of an application for which the stated
protection strategy would not be appropriate would be those applications where vapor recovery units with vacuum
regenerated carbon adsorption beds are used to process feedstreams which have relatively high hydrocarbon vapor
concentration as would be typical of evaporative hydrocarbon vapor emissions resulting from the storage and/or filling of
transports at liquid product bulk distribution terminals. Therefore, for those types of applications, alternative safety
protection strategies which have been demonstrated to be effective by the suppliers of these systems, are acceptable.

John Zink Company strongly objects to the proposed protective strategy for carbon adsorption units as
presented in paragraphs 10.4 and 10.4.1 because if this strategy was required, if would effectively eliminate vapor
control technology which has been used around the world for the past 35 years in bulk product distribution and storage
terminals as the standard for vapor recovery of evaporative hydrocarbon vapor emissions. There are many different
applications where carbon adsorption is used. The process as depicted in Figure 10.4.1 appears to be a conventional
solvent recovery system which is characterized by passing an air stream containing a low concentration of hydrocarbon
solvent vapor through beds of activated carbon which are used to purify the air by adsorption of the hydrocarbon
solvent. The carbon beds are typically regenerated by introducing steam into the carbon beds. The steam desorbs the
solvent and it along with the desorbed solvent are condensed together using a suitable coolant. The condensed solvent
is then decanted from the steam condensate for recovery. While the protective strategy as proposed in Section 10.4
may be appropriate for this type of application, it is not appropriate, or even feasible, for other types of applications and
carbon adsorption processes For example, the ADAB™ process, which my company manufactures, is principally
applied to the recovery of evaporative hydrocarbon vapor emissions vented from transports (trucks, rail cars, barges and
ships) when those -l transports are being loaded with volatile organic liquids (e.g. gasoline loading). In the ADAB™
process a mixed air and I hydrocarbon vapor stream containing a relatively high concentration of hydrocarbon is passed
through beds of activated carbon where hydrocarbon vapor is adsorbed by the carbon allowing the purified air to be
vented to the atmosphere. With this process, the carbon beds are regenerated for re-use by taking them off stream and
pulling a vacuum on the bed with a mechanical vacuum pump. The desorbed hydrocarbon vapors discharging the
vacuum pump are then recovered by absorption into a circulating absorption fluid which normally is the liquid from which
the vapors were evaporated during the loading process.
The following comments are relative to the ADAB™ process:
1) There are an estimated 3,000 ADAB™ systems in operation around the world with an excellent track record of safe

performance dating back for over 35 years and 300 million hours of run time. Because of the excellent reputation for
reliability, recovery efficiency, and safety these systems have become the standard for evaporative hydrocarbon vapor
emission recovery at bulk distribution terminals around the world .
2) Inlet air dilution of the vapor feedstream to 50% of LEL is definitely not recommended as this would not be

compatible with the ADAB™ process. The applicability of the ADAB™ process is dependent upon the ability to process
relatively concentrated vapor feedstreams. Typically feedstreams to this process contain 10-50 volume % hydrocarbon
vapor and are normally above the UFL. To require dilution of the vapor feedstream to 50% of the LEL would require
huge quantities of air. For example, with a vapor feedstream containing 50 vol. % hydrocarbon vapor concentration,
approximately 60 volumes of dilution air would be required for everyone volume of inlet vapor in order to attain the 50%
LEL requirement. This dilution would not only significantly drive up system cost to handle all the dilution air, but would
have the effect of significantly reducing the adsorption capacity of the activated carbon to the extent that the process
would no longer be a viable vapor emission control alternative
3) John Zink company does agree that a detonation arrestor may be desired in the vapor feedstream piping between
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Report on Comments  –  November 2012 NFPA 67
the Vapor Recovery Unit and the transport loading operation however, we do not believe it is justified to install additional
arrestors in the vapor feed or vent piping from each adsorber vessel. In most ADAB applications, the vapor feed stream
is caused to flow through the carbon beds without the need for a vapor blower simply by allowing a small back pressure
to build in the transports as they are being filled. The additional arrestors would add significant pressure drop through
the system such that blowers would have to be provided to move the vapors through the vapor recovery system to
prevent too much back pressure in the transports being loaded. Further, the carbon beds are passive devices without
moving parts. They are filled with either granules or pellets of activated carbon, typically 2 to 4 mm in diameter. This
media acts as a flame arrestor and prevents passage of a flame front through the beds. Further, there are other proven
means that have been used by the suppliers of this type of equipment to safely address the rare. potential for carbon
bed hot spots. John Zink Company, for example, provides deeply imbedded temperature sensors in each carbon bed to
detect an abnormal rise in temperature. These temperature detectors provide the means to automatically shutdown the
system in a safe mode isolating each carbon bed by closing both inlet and outlet valves. The carbon bed temperature is
then reduced to normal levels by employing a special carbon bed cool-down procedure provided by the supplier. It is
important to realize that should a carbon bed high temperature excursion occur, the carbon bed does not burst into
flames or explode, instead there is a gradual temperature rise that develops over an extended time period of hours or
even several days of operation. This gives plenty of time for the problem to be recognized and corrective action to take
place. For that reason, the additional safety equipment suggested by Section 10.4 including the "extinguishing system"
connected to each carbon bed is not required for safe system operation.

Revise text to read as follows:
Strategies to control explosion hazards in carbon absorption

units are application specific and can include concentration control, flame and detonation arresters, instrumented
interlocks, and equipment which can contain explosion overpressures. In the following, the assumption is made that
flammable liquids are stored and processed and the vapors are recovered by a carbon adsorption unit. The internal area
of the storage vessels, process vessels and piping is defined as Zone 0. Two types are thermally regenerated, typically
operating below LFL; and vacuum regenerated, typically operating within and above the flammable range.

To avoid hot spotting resulting from adsorption heat release, the vapor concentration
is, brought down to 50% below LFL. This measure, if controlled properly, is the primary measure for explosion
prevention. Additional explosion isolation measures are needed as the carbon adsorption vessels are not designed
explosion pressure proof and during the regenerative cycles it cannot be assured that the vapor air mixture will remain
below 50% of LFL. For this reason. secondary measures in the form of flame arresters are recommended for enhancing
safety.
Figure 10.4.1 shows the recommended position of different flame and detonation arresters. The inlet line to the carbon
adsorption unit should be equipped with a detonation arrester (pos. 1) as the distance of the ignition source may be
pretty far way. Additionally the bypass line should be equipped with end-of-line endurance burning flame arresters (pos.
2) for process upset conditions. In addition it is recommended to install either end-of-line flame arresters or in-line flame
arresters at the discharge side of the adsorption vessel. The inlet side of the adsorption vessel should be equipped with
in-line detonation arresters or pre-volume flame arresters specifically tested per ISO 16852. [Schampel 49].

***Insert Figure 10.4.1 here*****

. Carbon bed adsorption systems using vacuum regeneration are typically used to
process feedstreams which have relatively high hydrocarbon vapor concentration, within or above the flammable range.
This would be typical of evaporative hydrocarbon vapor emissions resulting from the storage and/or filling of transports
at liquid product bulk distribution terminals. The primary basis of protection in these systems is the prevention of ignition
from overheating the carbon bed. A typical system could include redundant bed temperature monitoring systems. An
additional measure for prevention of ignition is often pre-conditioning of the carbon bed with hydrocarbon vapor in an
inert atmosphere to limit the potential for sudden temperature rise. Secondary measures in the form of flame arresters
are recommended for isolation of the carbon bed adsorption system from the vapor inlet line piping.

The committee understands that there are different approaches to the carbon adsorption
process. It was not the intent of the committee that the protection strategies shown in Figure 10.4.1, be used for all
instances. The suggestions of this comment have been considered and a new section has been added to Section 10.4
to address carbon adsorption units that are vacuum regenerated.
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_______________________________________________________________________________________________
67-9     Log #4

_______________________________________________________________________________________________
Alexi I. Dimopoulos, ExxonMobil Research and Engineering

67-11
Revise text to read as follows:

Strategies to control explosion hazards in carbon absorption
units is application specific and can include concentration control, Flame and Detonation Arresters, instrumented
interlocks, and equipment which can contain explosion overpressures. The protective strategy highlighted in this section
and Figure 10.4.1 is applicable to a specific application and may not be suitable for all industrial applications. In the
example provided In the following the assumption is made that flammable liquids are stored and processed and the
vapors are recovered by a carbon adsorption unit. The internal area of the storage vessels, process vessels and piping
is defined as zone 0 To avoid hot spotting resulting from adsorption heat release, The vapor concentration is reduced
brought down to 50% below LFL to avoid hot spotting resulting from adsorption heat release. This measure, if controlled
properly, is the primary measure for explosion prevention. Additional explosion isolation measures are needed as the
carbon adsorption vessels are not designed explosion pressure proof and during the regenerative cycles it cannot be
assured that the vapor air mixture will remain below 50% of LFL. For this reason secondary measures in the form of
flame arresters are recommended for enhancing safety.

The protective strategy for carbon adsorption systems noted in paragraph 10.4 and Figure 10.4.1
promotes the concept that the primary method for mitigation of the risk is dilution of the flammable gas to less than 50%.
This is design strategy is impractical for many applications including hydrocarbon adsorption/absorption (ADAB)
systems commonly used for hydrocarbon recovery in fuel terminal loading operations. Additionally the flame and
detonation arrestor configurations promoted by Figure 10.4.1 could not be applied as noted in an ADAB system as the
pressure drop associated with the multiple Flame and Detonation arresters would make the operation of ADAB systems
technically infeasible. Equivalent protection is provided through instrumentation and inherent design features which
prevent excessive adsorption heat release and the selective use of Flame and Detonation arresters. These systems
have a long record of safe operation. The committee should add additional language to Section 10.4.1 to emphasize
that the strategy to control explosion hazards in carbon absorption units is application specific and can include
concentration control, Flame and Detonation Arresters, instrumented interlocks, equipment which can contain explosion
overpressures, etc. The protective strategy highlighted in Section 10.4 and Figure 10.4.1 is applicable to a specific
application and may not be suitable for all industrial applications.

See the Action on 67-8 (Log #1).
The suggestions of this comment have been considered and incorporated into the Committee

Action on 67-8 (Log #1).

_______________________________________________________________________________________________
67-10     Log #CC5

_______________________________________________________________________________________________
Technical Committee on Explosion Protection Systems,

67-13
Revise text to read as follows:

12.7.2 Cleaning methods are dependent upon GTE the nature of the process material that is fouling the element and
manufacturers specific instructions.

This is an editorial change. The use of "GTE" was a misprint and has no meaning or use in this section
of the document.
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