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Flame Arresters – The new standard and its consequences 
 
Hans Förster, Physikalisch-Technische Bundesanstalt, Braunschweig 
 
 
1. Introduction 
 
The new European Standard EN 12 874 ”Flame arresters – Performance 
requirements, test methods and limits for use”[1] has been applied as a pre-standard 
in Europe since the end of 1998 and was finally adopted in 2000. This standard has 
its roots in the two national European standards BS7244 [2] and the DIN draft 
”Flammendurchschlagsicherungen” [3], which were published in 1990. It was also 
prepared in view of the North American standards ”Guidelines for Detonation Flame 
Arresters” and ”Standard Specification for Tank Vent Flame Arresters”, also 
published in 1990 in the Federal Register [4]. 
 
The need for such standardisation work was then seen on the one hand in the 
establishment of the Single European Market which required harmonisation of the 
relevant technical requirements and certification procedures as has meanwhile been 
established by the EC Directive 94/9/EC [5] covering flame arresters as ”protective 
systems”.  
On the other hand the international discussion and the introduction of vapour 
recovery systems then placed flame arresters into the focus of interest. This 
discussion revealed a lot of diverging and unclear ideas about the benefits and 
drawbacks of and the performance requirements for flame arresters. So it was felt 
that technical clarifications were urgently needed and should be laid down in the form 
of a standard. In that situation the preparation of a mandated European Standard 
(CEN) was clearly given preference over an international standard (ISO).  
 
 
2. Scope – general limitations 
 
The standard takes account of all types of flame arresters presently known. It 
addresses manufacturers (performance requirements), Notified Bodies (test 
methods) and customers (limits for use).  
 
It does not encompass applications for explosive mixtures which tend to self-
decomposition, are chemically unstable, show more than atmospheric oxygen 
concentration or contain carbon disulphide. 
 
Neither is external safety-related measurement and control equipment covered, 
which is required to keep the operating conditions within the established safe limits. 
This equipment includes sensors, electronic equipment, actuators, valves etc., which 
might have to comply with the requirements of Directive 94/9/EC and which have to 
be selected by the customer to have a complete safe system at his disposal. 
 
 
3. Classifications and qualifications 
 
Flame arresters are specifically built for a variety of flame loads (deflagration, 
detonation, stabilised burning), for substances of different reactivity (Explosion 



groups) and they use different operating principles (quenching in gaps, gaseous 
counterflow, liquid seals). Classifications according to these aspects are given in the 
standard and are of great importance for the customer for the selection of a flame 
arrester most appropriate for a given application. 
 
3.1 Installation 
Flame arresters may be built and tested as end-of-line flame arresters (one pipe 
connection) or as in-line flame arresters (two pipe connections). The definition, 
testing and installation according to the new standard are exclusive, so an in-line type 
is not to be used in an end-of-line installation as was often observed in the past. 
 
3.2 Load from propagating flames 
As regards the different hazards from propagating flames, the standard considers 
deflagrations in unconfined situations and deflagrations as well as detonations in 
pipework. The hazards and the associated classifications are given in table 1.  
 
Table 1: Hazards from propagating flames and flame arrester classification 
 
Basic hazard situation (application) Flame arrester classification 
An unconfined deflagration propagates into 
an enclosure 

End-of-line deflagration 

A deflagration confined by an enclosure 
propagates to the atmosphere outside  

Pre-volume deflagration 

A deflagration confined by a pipe propagates 
into connecting pipework 

In-line deflagration 

A detonation confined by a pipe propagates 
into connecting pipework 

In-line detonation 

 
 
For in-line applications the customer has to check if the distance between potential 
ignition source and arrester is greater than 50 pipe diameters. In that case, he has to 
use a detonation arrester. If said distance is less than 50 pipe diameters, the 
customer may try to find a deflagration arrester on the market, which has been tested 
and approved for the required run-up length of the flame. 
 
3.3 Load from stabilised flames 
While the basic classification relates to hazards from propagating flames, there might 
be an additional hazard of flame transmission after stabilised burning. This could 
happen after an explosion when the explosive mixture continues to flow through the 
arrester. The associated heating-up of the whole device could result in delayed flame 
transmission.  
 
Table 2 :Hazards from stabilised flames and flame arrester qualification 
 
Basic hazard situation (application) Flame arrester qualification 
Stabilised burning at the arrester is detected 
and can be stopped within 30 seconds by 
emergency action (stopping, bypassing, 
diluting or inerting the flow)  

Safe with respect to short time burning 

Stabilised burning at the arrester cannot be 
stopped 

Safe with respect to endurance burning 

 



 
As regards the combustion loads, it has to be mentioned that deflagration arresting is 
an indispensable capability of any flame arrester. The capability of detonation 
arresting is an additional option which, when available, dominates technically and is 
reflected by the name: so every detonation arrester also has to prevent flame 
transmission from deflagrations.  
In the same way, the capability of withstanding stabilised burning is an additional 
option: For example: An end-of line deflagration arrester can be endurance burn safe 
and then is often simply called an endurance burning flame arrester. In-line 
detonation arresters often offer short time burning safety (which in this case is not 
reflected by the name).  
 
3.4 Reactivity of the mixture 
With respect to flame transmission, the reactivity of the explosive mixtures is 
classified by the maximum experimental safe gap (MESG) and, accordingly, flame 
arresters are classified and marked with the most reactive explosion group for which 
– in the test - they showed to be capable of preventing flame transmission.  
To provide just sufficient but not too much quenching capability, the new standard 
subdivides explosion group IIB as shown in table 3. This allows for appropriate flame 
arresting without inadequate narrow gaps (and accompanying high pressure losses).  
 
Table 3: Subdivision of explosion group IIB 
 
Explosion group (marking) Maximum Experimental Safe Gap 

(MESG) of test mixture in mm 
IIB1 ≥ 0.85 
IIB1 ≥ 0.75 
IIB3 ≥ 0.65 
IIB ≥ 0.50 
 
 
3.5 Operating principle 
The best known and most widespread flame arresters operate by quenching flames 
in narrow gaps. In the new standard they are specified as ”static” flame arresters 
since they do not use moving parts or material. Other operating principles like ”liquid” 
arresters and high-velocity vent valves have also been taken into account. During the 
development of the standard it was soon realised, that definitions, test procedures 
and limits of use had to be specifically addressed for the different operating 
principles. Table 4 gives an overview of the different operating principles, the name of 
the corresponding type and the prevailing field of application. 



 
Table 4: Types of flame arresters according to the operating principle 
 
Operating principle Flame arrester type Field of application 
Quenching the flame in narrow 
gaps 

Static flame arrester 
(in-line and end-of-line) 

General use  

Producing flow velocities 
above flame velocity by valve 
action  

High velocity vent valve 
(end-of-line) 

Tank venting 

Producing and monitoring flow 
velocities above flame velocity 
by action of external 
equipment 

Flow controlled aperture 
(end-of-line) 

Burner injection, stacks 

Forming a liquid seal (siphon) 
by liquid product in a product 
line 

Liquid product flame arrester
(in-line) 

Liquid-filled lines 

Breaking the flow of explosive 
mixture into discrete bubbles in 
a water column 

Hydraulic flame arrester 
(in-line) 

Gas-air mixtures loaded 
with particles (e.g. dust, 
droplets) 

 
 
4. Limits for use 
 
4.1 Pressure and temperature 
Although the scope of Directive 94/9/EC is limited to atmospheric conditions, it was 
decided to extend the scope of the new standard beyond these limitations. This is 
because the transportation of gas requires or produces pressure losses which 
inevitably lead away from atmospheric pressure levels.  
Gases in the process industry often show elevated temperatures and have to be 
safely piped or discharged without costly and energy-consuming cooling. These 
practically important pressures and temperatures above atmospheric mean mixtures 
with comparatively increased capability of flame transmission and therefore have 
been taken into account in the new standard. Conditions below atmospheric are not 
so important in practice and tend to the safe side, so they have not been considered. 
 
For ”non-static” arresters and for ”static” end-of-line arresters, the new European 
standard provides testing and approval under atmospheric pressure conditions at 
least on one side of the arrester. The pressure on the other side may be slightly 
higher (maximum 0.2 bar – determined, for example, as the set pressure of a valve 
or the height of a water column) but essentially remain ”atmospheric”.  
In the same sense, for the above-mentioned classes of flame arresters, the new 
standard provides testing and approval at atmospheric temperatures only. 
 
For static in-line flame arresters, the new standard provides testing and approval for 
pressures up to 1.6 bar abs. and temperatures up to 150  C. These limits are wide 
enough to cover most practical applications. On the other hand, they are so close to 
atmospheric conditions that no essential changes of the characteristic safety data of 
the mixtures have to be expected (for example, the composition of the most 
dangerous mixture or the ignition temperature). 
 
Indeed, elevated pressures mean a higher load for the flame arresters (safe gap and 
pressure of the mixture are related reciprocally). In some standards [2, 3, 4], 



pressure venting is allowed during the in-line explosion testing by a bursting 
diaphragm. In the European draft standard such an unspecified relief is not included 
and the test set-up has to remain closed throughout the test. This closed system 
testing is certainly harder than test procedures with pressure relief. 
 
The use of a closed test system with possibly elevated pressures creates a lot of 
technical problems. One problem which is still unsolved is that there are no test 
procedures for stabilised burning at elevated pressures in any standard available. So 
the use of in-line arresters with short time burning or endurance burning capability is 
presently limited to atmospheric pressure. The European certification under Directive 
94/9/EC is not affected, since a formal and general limitation to atmospheric 
conditions exists. 
 
4.2 Pipe installation 
In-line deflagration arresters are tested with a certain run-up length between ignition 
source and arrester and consequently, in practical use the installed ”unprotected” 
pipe length must not exceed the pipe length tested (always less than 50 pipe 
diameters to avoid development of detonations). Experience shows that the reduction 
of the ”protected” pipe length (or confinement) is also of importance and stimulates 
transient pressure build-up and thus deflagration flame transmission. This was 
demonstrated at least for the closed system test set-up. In practice, limitations for the 
protected side installations are hardly acceptable. The said pressure build-up is 
therefore avoided by requiring installations in which an open end (minimum 10 % of 
the cross sectional area of the pipe) at the point of possible ignition immediately 
relieves any burnt gas expansion. 
In-line detonation flame arresters are tested against deflagrations and detonations; 
there is no limitation of use as regards pipe installations like with deflagration 
arresters. 
 
4.3 Special aspects 
The ”non-static” operating principles require special limits for use. The most important 
limitations are as follows:  
Hydraulic flame arresters are characterised by a maximum volume flow rate which 
must not be exceeded. 
High-velocity valves and flow-controlled apertures require a minimum volume flow 
rate, which in the former case is maintained by the construction and the pressure 
setting and in the latter case, has to be ensured by external safety equipment. 
 
 
5. Stable and unstable detonation arresters 
 
The new European standard specifies stable and unstable detonation arresters. The 
background for this differentiation is the following: 
In industrial practice, detonations in pipes may develop from deflagrations, which – 
after a flame path of about 100 pipe diameters - can undergo so-called deflagration 
to detonation transition (DDT) and then form an overdriven detonation which 
eventually ends in a stable detonation. The latter exhibits invariable velocity and 
pressure characteristics, the so-called Chapman-Jouguet values (pressure about 20 
bar, velocity about 1800 m/s for most fuels).  
The DDT is a highly local phenomenon occurring within a flame path of one or two 
pipe diameters and showing extremely high detonation pressures (up to 100 bar). 



The overdriven phase - following DDT - may extend over a length of some 10 pipe 
diameters, within which pressures and velocities decline to the values of a stable 
detonation. 
DDT and overdriven detonation – due to their transient and extreme characteristics – 
are specified as ”unstable detonation” and are a much higher load for a flame 
arrester than a stable detonation. 
As regards risk assessment, worst-case testing and approval of detonation arresters 
via DDT would be desirable. 
From a viewpoint of reliable testing and repeatable results, the unstable detonation 
phase is extremely difficult to handle. The reason for this has to be seen in the highly 
stochastic nature of extremely turbulent flame acceleration which eventually summits 
in the DDT - all test results show extreme scattering and so prevent an efficient and 
easy assessment of flame arresters with respect to unstable detonation testing. 
Knowing these problems [6], in Germany, it was decided in the early sixties to test 
and approve detonation arresters for stable detonations only. Since these ”stable” 
detonation arresters are not tested for the worst case, redundant measures against 
flame transmission were required. The necessary redundancy is laid down in a risk 
assessment scheme [7] which takes into account the likelihood of explosive 
atmosphere (zone) and that of an ignition source (category within the meaning of the 
Directive 94/9/EC). The corresponding scheme is shown in table 5. 
 
Table 5: Number of measures against flame transmission 
 
                       Classification 
                                 of area 
 
Ignition source 

Zone 0 Zone 1 Zone 2 

Permanent, normal operation 
(no category) 3 2 1 

Normal faults 
(category 3) 2 1 0 

Rare faults 
(category 2) 1 0 0 

 
 
This concept - based on ”stable” detonation arresters – has been used in Germany 
for decades without unfavourable safety records. In view of these considerations, it 
was therefore decided to include the testing and the approval of ”stable” detonation 
arresters in the new standard. 
 
On the other hand, in Great Britain and North America, the national standards have 
ever since required unstable testing of detonation arresters. Taking account of this 
aspect, the new standard provides also the testing and approval of ”unstable” 
detonation arresters which then resemble the detonation arresters in those countries. 
This was done for reasons of competition and market access, neglecting the very 
serious problems posed by reproducible testing in that field (which are existing in all 
standards). 
 
Having the choice between stable and unstable detonation arresters the customers 
clearly raise the question as to when what type should be used . When looking for an 
answer, one should bear the following facts in mind: 



• It is not possible to predict or influence the location of DDT in practice, so 
unstable situations cannot be avoided by specific positioning of the arrester. In 
other words: If a detonation has to be reckoned with, there will always be a minor 
chance that a DDT could happen just on the arrester position. 

• It is not disputed that unstable detonation arresters are superior to stable 
detonation arresters as regards the flame arresting capability. Nevertheless - due 
to the statistically insignificant testing in all known standards– available unstable 
detonation arresters do not at all provide 100 % safety with respect to flame 
transmission in unstable detonations.  

• Unstable detonation arresters show higher pressure losses than stable ones. This 
might not only be an economic drawback but could also degrade the safety 
concepts by increasing pressures and creating a need for additional, potentially 
sparking equipment like blowers. 

 
The schematic safety concept of table 5 stems from tank farms for flammable liquids 
and has a background of stable detonation arresters. It represents an accepted level 
of safety and stable detonation arresters ensuring this safety level will - also in future 
- be acceptable to German safety authorities. A general need for unstable detonation 
arresters cannot be seen here. 
An idea suggesting itself is to replace two measures in the above scheme (e. g. a 
deflagration arrester and a stable detonation arrester) by a single unstable detonation 
arrester. In my view, this loss of redundancy is not compensated for by the higher 
performance flame arrester and therefore means a decrease in safety. 
 
The Directive 1999/92/EC [8] requires mandatory risk assessment for hazardous 
workplaces. The resulting safety concepts certainly must allow for the cost aspects 
and national habits. A prerequisite for the decision whether stable or unstable 
detonation arresters should be used is a sound knowledge of the properties of the 
different types. It remains to be seen whether general guidance for this decision can 
be made available in Europe. 
 
6. Remaining problems and future work 
During the development and initial application of the standard, problems and open 
questions arose which should be solved before the next revision of the standard. In 
my view, the most important items are the following: 
• The present procedure for unstable detonation testing does not comply with 

fundamental requirements for the reproducibility of tests. Future work will have to 
investigate the impact of that specific combustion process on flame transmission 
in arresters in order to enhance the significance of the test results. 

• Experience shows that when the pipe size is in the order of the quenching 
distance, quenching effects in the run-up pipe are added to those in the arrester 
itself and the net result is extremely dependent on pipe installation, flow and 
ignition source. So for the testing of small-sized in-line arresters special 
procedures still have to be developed. 

• External safety devices have not been included in the standard for the sake of 
flexibility. In order to achieve consistent safety concepts, general guidance for the 
selection of suitable devices should be given - for example with reference to the 
classes of operational reliability in EN 954-1 ”Safety related parts of control 
systems” [9]. 
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1. Introduction 
On January 26, 2005, PROTEGO (USA), Inc. and George Grant Company met with 
Michael Pulis in order to perform a safety analysis concerning protection of different 
plant areas with flame arresters and vents. The goal was to analyze if the plant is 
provided with sufficient safety in respect to flame arrester technology. 

The selection and application of flame arresters is not as easy as it may seem. 
Engineers have to be able to differentiate the different combustion processes and need 
detailed knowledge and understanding of the test standards in order to make the right 
choice in the end. It is very common that a high amount of flame arresters and 
detonation arresters are misapplied, because the information describing the testing 
procedures and their limitations are not widely spread. 

For a more detailed analysis of the safety level in the Cytec facility detailed P&ID’s are 
needed and more process information has to be collected. 

However, it is clear that a lot of arresters in the facility are clearly misapplied. End-of- 
line arresters are installed in inline applications. It is necessary check if all the headers 
and tanks are operated below the LEL at all times. If so, no flame arresters are needed. 
If this is not the case, all arresters in in-line applications should be upgraded. 

If the result of the evaluation is based on the information provided and visually collected 
during the site survey. The result is a recommendation for upgrading the plant with state 
of the art flame arrester technology in order to reduce the risk of capital losses, which 
could occur from explosions resulting either from human or technical failure. 

The report shows that probably all investigated plant areas need safety technical 
improvements. 

At this point we are assuming that the devices had been installed correctly and probably 
later on a decision was made to install a vent header system which is routed to an 
incinerator. 

Should any further support be needed please do not hesitate to contact the PROTEGO 
USA Team at any time. 
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2. Flame Arrester Fundamentals 
To avoid the misapplication of flame arresters (flame arrester means in-line flame 
arrester [in line deflagration arrester, in-line stable & unstable detonation arrester] 
end of line flame arrester [atmospheric deflagration, short time burning, 
endurance burning]) it is important to understand the function of such a safety device. 
There are several different flame-arresting technologies on the market place. In the 
following, only the so-called static flame arresters shall be reviewed. Static flame 
arresters are independent of any kind of secondary energy supply and have no moving 
parts that could lead to malfunction. Therefore, they are a reliable high profile safety 
means if applied to the process in the right way. 

In simplified terms, a static flame arrester is a heat exchanger that absorbs the heat 
from i.e. a deflagration or a detonation flame front, hereby extinguishes the flame and 
only allows the vapors to propagate through the arrester.   

As already mentioned, selecting the correct flame arrester is one of the problems 
encountered in the flame arrester market today. The complexity involved in 
understanding the combustion process when selecting flame protection devices, leads 
to confusion and misapplications. 

Equally important to understanding the combustion process is the clear understanding 
of the boundary conditions for proper installation.  Many flame arresters are tested by 
an independent third party to obtain an approval which proves the arrester has passed 
specific test conditions and installation configurations.  If the arrester is installed 
incorrectly, this approval is void because the arrester is likely to fail. The probably** 
most common misapplication of this kind in the US industry, is the installation of end of 
line flame arresters into in- line mode, as a result of EPA demanding to tie free venting 
tanks into vapor recovery or vapor destruction systems (Flares, Thermal Oxidizers) to 
reduce emission. In most cases the installation of the end of line flame arrester was 
perfectly safe but tied into a complex vent header system. The end of line flame arrester 
is now exposed to in line flame velocities and pressures, which exceed the test 
conditions by far and make the arrester fail. 

For a better understanding the report explains the different processes of combustion in 
the following chapter. 

 

2.1 Differentiating the Combustion Process 
Flame arresters can only be installed correctly if engineers understand the combustion 
process and know under which conditions [(process pressure, temperature, oxygen 
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concentration, distance from ignition source, in line, end of line)] the flame arrester was 
tested. 

For flame arrester applications, the combustion process can be differentiated in 
stabilized burning and explosion (Figure 1). Stabilized burning is a combustion process 
in which a steady flame occurs for a short time or a long time (endurance burning). 
These combustion processes can be present during the venting of tanks or reactors. 
Depending on the time during which a combustible gas mixture vents, short time or 
endurance burning can be present. A typical endurance-burning situation may occur 
during the filling process of a storage tank, which can take several hours or even up to 2 
days in the petrochemical industry. 

 

short time burning endurance burning

stabilised burning

unconfined
deflagration

confined
deflagration

deflagration

stable
detonation

unstable
detonation

detonation

explosion

Process of Combustion

 

Figure 1: Differentiating the Process of Combustion 

The combustion process concerning explosion can be differentiated into deflagration, 
with flame front velocities below the speed of sound and detonations with flame 
velocities above the speed of sound. For deflagrations, we have to distinguish between 
unconfined deflagration which mainly occurs   end of line, i.e., at conservation vents on 
top of a tank or reactor during the out breathing process, and confined deflagration 
which occurs within piping systems leading to vapor recovery or vapor destruction units 
(i.e. incinerators or flares). For a better understanding of the confined deflagration 
process [compare with figure 2]. 
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Figure 2: Flame Speed and Pressure Curve of a Confined Explosion Process  

Figure 2 shows the velocity and pressure build-up in a confined piping system. The area 
in which the velocity build-up is below that of the speed of sound is called the confined 
deflagration range. Flame arresters tested to quench a flame within this range of 
combustion are called In-Line-Deflagration Arresters. It is extremely important that the 
test conditions comply with the process conditions. For example, if the arrester is tested 
to atmospheric conditions with slightly elevated pressures of 15 psia but the arrester is 
installed in process conditions at elevated temperatures and pressures of 30 psia, the 
arrester is going to fail. 

 

6 

During the confined explosion process, the flame velocity and pressure builds up over 
the pipe length. During ignition, the temperature increases which leads to an expansion 
of the vapor in front of the flame front. This causes the vapors to be pre-compressed, 
which again accelerates the combustion process. During the confined deflagration 
phase the pressure wave remains in front of the flame front. At the point of deflagration 
to detonation transition, the flame front and flame velocity increases to a maximum. 
Now it is above the speed of sound. This phase of combustion is also called unstable 
detonation. Due to thermodynamic effects the combustion process then stabilizes. At 
this point, the phase of so called stable detonation is reached. In this phase the velocity 
and pressure are relatively constant in respect to time. A consequence is that flame 
arresters can also be tested according to unstable and stable detonations. 
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2.2 Selecting the Correct Flame Arrester 
In order to select the correct flame arrester we have to determine the location of the 
application, which can be: 

A) End Of Line (Tank, Reactor, Free Vent..),  

B) In Line (Vent header, Incinerator, Carbon Absorption…), 

C) On Equipment (Blower, Dry Running Vacuum Pump) 

 

A) There can be an arrester for: 

 A1) atmospheric deflagration only 

 A2) atmospheric deflagration + short time burning 

 A3) atmospheric deflagration + short time burning + endurance burning 

B)   
There can be an arrester for: 

 B1) In-Line Deflagration 

 B2) Stable Detonation 

 B3) Unstable Detonation 

C) There can be an arrester for: 

 C1) type tested on equipment (vacuum pump, blower…) 

 

Besides determining the location, we have to check the process conditions and evaluate 
if the arrester was tested within these conditions. This means the 

• Process temperature 

• Process pressure 

• Oxygen concentration 

have to be clearly addressed. In addition, the NFPA vapor group has to be determined. 
Here we distinguish between Group D,C,B and A vapors. If these parameters are clear 
and the independent third party approval has been checked and complies with the 
process conditions, the arrester can be selected. 
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3. Basics of Tank Venting and Tank Protection for Inerted Tanks 
In storage tanks, pressure increases and pressure decreases occur depending on 
pump-in and pump-out rates and through thermal impact on the tank. Because storage 
tanks are not designed on the same basis as pressure vessels, the pressure increases 
and pressure decreases have to be kept within the design pressure of the tank. For this 
reason tanks, are equipped with breathing devices.  When storage tanks are breathing 
into the environment, a permanent vapor loss occurs. For economic and environmental 
reasons, this vapor loss should be reduced to a minimum. 

When inert gas blanketing is used, the venting should be reduced to a minimum to 
avoid excessive losses. The best measure is to set the vent as close as possible to the 
MAWP (maximum allowable working pressure) and operate as far as possible from the 
operating pressure. 

It is a mistake to assume that if inert gas blanketing is used, flame arresters do not have 
to be installed on a storage tank. The TRbF 20 defines in detail those cases where the 
inert gas blanketing rate is sufficient to eliminate the need for a flame arrester. 

3.1 Design and Operating Considerations for Inerted Tanks with Breathing 
Devices 

1) The breathing device should only be designed as an emergency system, which 
opens according to extreme boundary conditions (failure of inert gas supply, 
extreme cooling according to weather changes, etc.) 

2) The tanks can be equipped with a lower degree of safety measures if nitrogen 
blanketing is provided, so that the likelihood of explosive atmosphere is reduced 
and the requirements of point 3), 4) and 5) are fulfilled. 

3) Before the first filling or refilling of the tanks (for instance after maintenance) the 
tank must be flushed with nitrogen so that the oxygen concentration in the tank 
atmosphere is 50 % below the oxygen boundary concentration. The first inerting 
period must be controlled by oxygen concentration detection. 
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4) Consideration must be given in the design process for a failure of the emergency 
blanketing control system. The venting device must have the capability to provide 
sufficient volume in case the pressure regulator of the inert system fails. 

5) The tank breathing during pump-out or during thermal out breathing is performed 
via inert gas. For the inert gas supply, minimum values of the inert gas volume 
flow IV& and the stored inert gas supply volume IV  are requested. These 
requests are based on the maximum inbreathing and pump volume flow ( ithV ,

& , 

opV ,
& ). When it comes to safety and control equipment the three different amount 

of nitrogen blanketing are technical safe. 

1. Inert Stage 1 

 opith V ,,
&& +        [1] I VV 1.0& ⋅=

AI VV &⋅= 04.0         [2] 

Consider that the volume of the Inert gas system piping should be evaluated 
additionally. 

The inert gas system must be monitored by reliable measurement (i.e. tank 
pressure or oxygen concentration). If the set pressure of the inbreathing 
device is reached, an alarm system must be activated which shuts down the 
pump-out pump. 

With this measure, the tank is safely protected when the in and out breathing 
side of the breathing device is protected with atmospheric deflagration proof 
flame arresters and endurance burning flame arresters. For endurance 
burning protection vapor group D flame arresters are sufficient. 
Recommended are arresters with independent third party approvals (FM, PTB 
or IBExU). Only then can it be assured that the arrester can be properly 
applied to the process conditions. 

2. Inert Stage 2 

 opith V ,,
&& +        [3] 
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I VV 2.0& ⋅=

AI VV &⋅= 08.0         [4] 
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For this amount of nitrogen supply, the breathing system only has to be 
equipped with atmospheric deflagration proof flame arresters tested for Group 
D vapors. Again it is highly recommended to install arresters with independent 
third party approvals (FM, PTB or IBExU). 

 

3. Inert Stage 3 

 opith V ,,
&& +        [5] IV 5.0& ⋅=

AI VV &⋅= 12.0

I
&

V

         [6] 

The tank pressure must be monitored by redundant measure. The inert gas 
supply must be controlled at positive pressure. Furthermore, the inert gas 
volume flow V  must be reached at a pressure, as low as the minimum of the 
ambient pressure. The set pressure of the emergency vent (not emergency 
relief vent for fire case) has to be 5 mbar below this boundary pressure. The 
emergency vent should be installed at the inert gas supply line. If the 
boundary pressure is reached, an alarm system must be activated to shut 
down the pump-out pumps. 

6) For this system flame arresters are not required. But still the engineering design 
measures of chapter 2.1 must be fulfilled. 

 

10 
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4. Flame Arrester Evaluation 
Most of the devices inspected are PROTECTOSEAL 4950 Series end- of- line vent pipe 
flame arresters for storage tanks. In a majority of the applications, these devices are 
installed in an in-line mode. As described in Chapter 2, theses devices will not withstand 
the impact of an in-line deflagration or even in-line detonation. We are assuming at this 
point that the devices had been specified for end-of- line use and then later on the 
decision was made route the vapors into an incinerator. This resulted in a 
misapplication. 

However it should be checked if the vapor header line and the tanks are operated below 
LEL all the time, also during start up and shut down and especially during a nitrogen 
failure mode. If the nitrogen blanketing level is high enough the arresters are not 
needed. But if the result is that arresters are needed true independent third party tested 
in line flame arresters should be applied. 
 

4.1 Tanks at loading facility 
It is recommended that tank loading facilities which connect to tank trucks are equipped 
with detonation arresters or at least in line deflagration arresters if the tested L/D ratio is 
not exceeded. The T5101, T5102, T5103 and T 5105 are all equipped with end –of- line 
vent flame arresters of the Model PROTECTOSEAL 4952 Series. These end-of- line 
arresters are specifically tested for tank venting applications and not in- line 
applications. They will not withstand an in-line deflagration or an even detonation. 
In addition the following remarks have to be made: 
Tank 5101: 

The stored product is Styrene, MESG > 0.9 mm 
Tank 5102: 
The stored product is N-Butyl-Acrylate, MESG = 0.88 mm 

Tank 5103: 
The stored product is N-Butyl-Meth-Acrylate, MESG = 0.94 
Tank 5105: 

The stored product is MAA, MESG = 0.85 – 0.89 
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4.2 Tanks 5210, 5211, 5212 and 5213 
All these tanks have an interesting piping design. It is recommended safety practice to 
install flame or detonation arresters as close as possible to the vessel, which shall be 
protected. In this case the devices are installed relatively far away from Tank 5213, 
5212. 

Again a PROTECTOSEAL 4953F Series is applied. This device tied into a vent header 
system, which leads to an incineration system. The long run up distances provide a high 
risk level if the nitrogen system fails and detonation can occur in the header piping. 

In addition we experienced an extreme leaking problem at the top of the tanks, which 
causes not only a health and safety risk but an impact on the environment. 
Furthermore, it was investigated if the wash solvent tank 5601 and the recovery solvent 
tank were connected with tank T5211.  In case of an explosion in one of the tanks, it 
would impact all the tanks that are connected. We should mention that the vent header 
of these tanks was open to atmosphere. During times where the vent header is below 
atmospheric pressure the air is sucked into the vent header system, which may 
increase the risk of an explosion. 
Recommendation: 
a) Check the nitrogen blanketing level and see if arresters are needed at all. If the 
nitrogen system can fail or is not redundant, use in line detonation flame arresters. 
b) Replace, or at least repair/upgrade vents to avoid vapor losses and to reduce 
hazardous exposure of employees and reduce environmental impact. 
c) Have a nitrogen blanketing gas regulator vent combination set up test performed to 
assure that there is no overlapping of set pressure and closing pressure of the 
conservation vent and nitrogen regulator.  
d) Check the reason for the open vent header system 
b) and c) should reduce vapor losses and nitrogen blanketing gas losses, which is a 
direct payback of the investment made. 
 
4.3 Flame Arrester at Incinerator 
Directly in front of the incinerator, a PROTECTOSEAL 4950 series device is installed. 
As already mentioned above, this device is for end-of- line applications only. The 4950 
Series is not the correct design for the impact of an in-line deflagration. 

Recommendation: 
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Check the L/D ration from the burner port to the flame arrester. If a device can be 
installed within L/D ratio of 50, an in- line deflagration arrester should be installed. If the 
L/D requirement cannot be fulfilled an in- line detonation arrester should be the choice. 
 
4.4 T 5515 and sample station 
This tank is installed with a PROTECTOSEAL 4952 F Series device. Again this is a 
misapplication. See remarks toward safety of 4.2. 
The Sample station is also equipped with a 4950 Series device and vents into the 
atmosphere. Please check if the L/D ratio requirement is fulfilled. 
Recommendation: 
Request Third Party approval from Vendor and check the max. pipe distance, which is 
allowed to be installed and the vapor Group the device was tested for. The Vendor has 
to provide you with the test gas used. The test gas should have a lower or at least the 
same MESG as the vapor you are processing. 

 
4.5 T 5702 
The hot oil storage tank is not equipped with a flame arrester. It may be very likely that 
the stored product is stored way below the flash point, which then would not require a 
flame arrester. However the tank is tied into the vent header system. 
Recommendation: 
Install a flame arrester onto the tank for additional safety or monitor the piping leading to 
the tank and assure it operates below LEL all time, also during start up and shut down. 
 

4.6 Vacuum Pumps type Sihi 
All vacuum pumps are again equipped with 4950 end of line devices. The application 
clearly calls for in- line devices, either type tested or detonation arresters. 

 
Recommendation: 
PROTEGGO offers a special line of type tested flame arresters, which are tested in 
combination with the vacuum pumps. These are safe and independent third party 
approved. 
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Clarify if the lines operate below LEL all time. If this is fulfilled, no flame arresters are 
needed. Should flame arresters be seen as an additional safety measure, the correct in- 
line flame arresters are needed. 
It is also recommended to install a temperature sensor at the flame arrester on the 
suction side of the vacuum pump, so detect a signal in the case of an endurance 
burning. 
 
4.7 T 5240,T 5241,T 5120,T 5130,T 5230, T 5232, T5140, T5513 
Again we have a Protectoseal 4950 Series end –of-line arrester installed in an in- line 
application 
Recommendation: 
The already mentioned recommendations apply. Check LEL and see if a flame arrester 
is needed. If so, use in- line detonation arresters. 
 
4.8 T 5703 
The Tank is connected to the vent header and again there is no flame arrester applied. 
Recommendation: 
Install a flame arrester at the tank for additional safety or monitor the piping leading to 
the tank and assure an operation below LEL all time, also during start up and shut 
down. 
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5. Final Remarks 
It is proven that flashbacks can occur at any time in the processing areas of chemical 
plants, tank farms and other areas where explosive mixtures are handled and stored. 
Flame arresters [-when properly installed -] are safety devices that protect man, 
environment and chemical plants against the effects of a flashback. Arresters need 
regular maintenance, so it should be the goal of every plant to reduce maintenance 
costs by investing in proven state of the art technology, which increases safety by 
reducing operating costs and hence, have the lowest cost of ownership. 

For a more detailed analysis of the safety level in the Cytec facility detailed P&ID’s are 
needed and more process information has to be gathered. 
However it is clear that a lot of arresters in the facility are clearly misapplied. End- of- 
line arresters are installed in in-line applications. It has to be check if all the headers and 
tanks are operated below the LEL at all times. If so, no flame arresters are needed. 
Should this not be the case, all arresters in in-line applications should be upgraded. 

As in most applications there are more than one safety solution, each offering a different 
level of protection. Through your Process Hazard Analysis program, you can 
appropriately determine the level of protection that is required for your plant. If you 
would like PROTEGO (USA), Inc. to participate in this process do not hesitate to contact 
us. 
PROTEGO World Wide is committed to increase plant safety and offers any engineering 
necessary to provide the right engineering measures for safe plant operation. 
Should any further assistance be needed please do not hesitate to contact us at any 
time. 
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1. Introduction 
On October 25, 2004, PROTEGO (USA), Inc. had the opportunity to show Brad Otis 
from Shell Global Solutions test results and calculation results comparing “full lift type” 
venting technology to standard technology available on the market. 

During the presentation, calculation methods were shown for estimating the vapor 
losses of storage tanks using equations derived from live field testing. The official 
engineering guideline used for the calculation was the VDI 3479 standard. These 
validated equations show that vapor emissions can be reduced by using full-lift vent 
technology which can be set closer to the desired design pressure than with 
conventional designs. Higher set pressures reduce the opening cycles, and breathing 
losses are minimized. In this report calculations of the API 2516 standard are compared 
to those of the VDI 3479 standard. The resulting vapor emissions calculated based on 
the API 2516 standard are higher than those of the VDI 3479 standard. To achieve a 
conservative approach on showing the vapor saving potential the VDI 3479 standard 
shall be used. Both standards do not determine the differences in vent technology 
towards leak rate. API 2000 assumes that leakage may occur at 75% of the set 
pressure. In addition, it is stated that weight loaded vents have a 0% blow down. Both 
are not correct. In addition to all leak rate discussion in this report, it is recommended to 
check different vent designs and make sure that the reseating pressure (blow down) of 
the vent does not exceed the blanketing gas regulator pressure. Should the reseating 
pressure fall below the regulator set pressure, high blanketing gas losses may occur. 

Driven by the German Clean Air Act, PROTEGO has developed a special vent test 
standard for conservation vents. This standard complies with the API 527 leak rate 
standard for high pressure safety relief vents. As a result, the PROTEGO standard leak 
rate is at least ten times better than the API 2521 standard which defines the allowable 
leak rates for conservation vents. 

This report includes tests conducted in accordance with the API 2521 standard.  
PROTEGO can demonstrate that with its special sealing surfaces extremely low leak 
rates can be achieved and through the “full lift type” technology vapor losses can be 
minimized. 

The goal of this report is to analyze PROTEGO’s superior vent technology and show 
vapor emission saving potential and have PROTEGO added to Shells approved global 
vendor list. 
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2. Theory of emission reduction by VDI 3479 standard 
The VDI 3479 standard enables industry to determine overall emission losses in tank 
storage operations. The emission mass flows and concentrations in accordance with 
this standard are based on average values. These values are not applicable for 
explosion risk and the determination of corresponding safety precautions. Any safety 
rules or regulations will not be affected by this standard. 

To demonstrate the conservative approach of the VDI 3479 standard results are 
compared to the API 2516 standard. The overall emission losses resulting from the API 
calculation model are in average 10% above the VDI standard [1]. 

The focus of this report is mainly on the breathing losses. In this case the results of the 
API standard are even more conservative as shown in chapter 2.1, even though the 
standard does not consider the losses resulting from pump out within the breathing 
losses. 

 

2.1 Basic theory on vapor saving with pressure vacuum vents 
Storage tanks are generally equipped with pressure-vacuum conservation vents to 
reduce vapor losses. The function of the P/V vent is to keep the vapor space closed 
during variations in gas volume changes that occur from changes in atmospheric 
pressure and/or temperature until set point is reached [2]. The goal is to avoid in-
breathing of ambient air and out-breathing of hydrocarbons. The P/V vent mainly 
influences the thermal breathing losses. When the set pressure of the P/V vent is met 
during the filling process, the vent opens and releases the hydrocarbon/air mixture from 
the tank head space into the environment (filling loss). 

Main influencing parameters for emission reduction of hydrocarbon air mixtures are: 

a) set pressure and set vacuum 

b) temperature difference within the vapor space of the tank 

c) hydrocarbon concentration of hydrocarbon/air mixtures in 
the vapor space 

d) vapor pressure of the stored product 

The P/V vent has to be set in accordance with the maximum allowable operating 
pressure of the tank, which in some cases can be the Maximum Allowable Working 
Pressure (MAWP). This pressure should not be exceeded, otherwise tanks may explode 
or implode. 
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In industry, different technologies are in use for achieving this goal. The API 2000 
document shows that most of the technologies require an 80% to 100% overpressure to 
reach full relieving capacity [3]. This results in very low set pressure and increased 
emission losses due to increased operating cycles. This can be reduced by using 
PROTEGO “full lift type” technology (10% overpressure) P/V vents. 

To calculate the emission reduction through full lift type technology one has to 
understand that the emission mass flow of a tank consists of 

 fillingbreathingwithdrawalk mmmm &&&& ++=tan     (1) 

The total breathing losses of a fixed roof tank without any P/V vents are defined as 
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For receiving the reduced emission mass flow of a fixed roof tank using P/V vents the 
total breathing loss has to be multiplied by the efficiency factor 
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In equation (3) the Volume flow in the summer and winter time is defined by equation 
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2.2 Calculated Pressure Vacuum Vent (P/V Vent) losses 
To take a scientific approach, the calculation of most of the results of this chapter are 
based on the data published [1]. The parameters used are the results of the 
measurements of the DGMK research report 4590. The measured results of this report 
are typical data measured in a middle European climate. 

2.1.1 Vapor breathing losses as a function of the vapor pressure 

Diagram 1 shows the calculation results of the vapor losses in lbs/day as a function of 
the vapor pressure of API 2516 compared to the results of VDI 3479. The curves show 
the API results are more conservative, meaning higher vapor losses results for the same 
tank pressure and size. 

For this calculation the Tank size was varied from API 1 = 6,290 barrels, API 3 = 18,869 
barrels, API 5 = 31,449 barrels, to API 10 = 62,898 barrels, the vapor pressure was 
varied from 120 “wc to 260 “wc. 

The expected results are that the increasing vapor pressure increases the tank 
breathing losses and that more vapor losses occur from tanks with greater storage 
volume. This also means that if the set pressure of a tank can be increased the vapor 
losses are reduced. 

 

2.1.2 Vapor breathing losses as a function of the positive set pressure 
The curves in Diagram 2 are a clear indicator for the vapor emission loss reduction if 
tank set pressures can be increased. In this case the tank volume and positive set 
pressure was varied. Again the tank volume was varied from API 1 = 6,290 barrels, API 
3 = 18,869 barrels, API 5 = 31,449 barrels, to API 10 = 62,898 barrels. The tank 
pressure was varied from 0 “wc to 60 “wc. For the negative tank pressure (vacuum) a 
value of 0.68 oz/sq inch was set constant. 
For the VDI 3479 Guideline the gradient for vapor loss reduction through set pressure 
increase is steeper than for the API 2516 equations. 
The VDI 3479 Guideline results show that from a set pressure of 40 “wc no vapor losses 
occur from breathing losses. One of the boundary condition to be fulfilled for this is a 0 
leakage vent at 40 “wc. 
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2.1.3 Vapor breathing losses as a function of the negative set pressure 
In Diagram 3 the API 2516 standard does not show any significant vapor loss reduction 
potential in dependence of increasing the negative set pressure. The VDI 3479 
Guideline shows an effect of the negative set pressure on the vapor losses reduction. 
Considering that the VDI 3479 guideline includes the pump out saving in the breathing 
losses, this make sense, because according to the physical equilibrium a leaning of the 
vapor head space through inbreathing results into liquid turning into the vapor phase. So 
if the negative set pressure can be increased the breathing cycles are reduced, which 
should result in vapor saving. 
 

2.1.4 Vapor Saving potential as function of 50%, 10% full lift type technology 
and increased MAWP and MAWV 

Diagram 4 shows the vapor saving potential if 50% overpressure or 10% full lift type 
technology is used. In this diagram curve 50% tech low pressure shows the vapor mass 
saving potential per day for a tank with a MAWP of 1.0 oz/sq inch and a MAWV of 0.5 
oz/sq inc. Curve 10% tech low pressure shows the vapor mass flow saving for the same 
MAWP and MAWV. The tank sizes have been varied from 6290 barrels to 62898 
barrels. As assumed the vapor saving potential increases with increasing tank sizes. 
In addition this diagram 4 also shows the vapor saving potential if the design pressure 
would be increased to MAWP = 4.54 oz/sq inch and MAWP = 2.27 oz/sq inch. It is very 
interesting to see that the vapor saving potential for the 50% technology is around 11% 
additional saving and for the 10% full lift type technology vent is 27%. It is even more 
interesting to see that the combined effect of 10% technology with increasing the MAWP 
and MAWV gives a total saving potential of 42%. This is one of the reasons why the 
German tank standard typically rates tanks on the vacuum side to 2.27 oz/sq inch and 
on the pressure side to 4.54 oz/sq inch. 
It is recommended to do a life cycle analysis on tanks including the vapor loss reduction 
as a function of the set pressure. Furthermore, it should be considered that EPA 
regulations force Petrochemical companies into vapor balancing, recovery and 
destruction. Also in these cases greater tank design pressures are of advantage, 
because a higher energy reservoir can be utilized. 
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3. Vapor emissions loss testing 
The VDI 3479 standard assumes that all vents have the same sealing characteristics. 
This is not the case. For this reason, it is necessary to perform emission loss tests. It is 
our recommendation that besides the test performed in our Charleston facility we test 
the PROTEGO technology in direct comparison against our competitors at the Shell 
facility. 

With these real world test vapor saving potential can be determined if “full lift type” 
technology is used in comparison to our competition. 

 

3.1 Leak Rate on the PROTEGO portable vent test rig 
PROTEGO USA Inc. has developed a portable vent test stand. This test stand can be 
used to perform leak rate testing of vents in sizes up to 8”. The objective is to show 
PROTEGO’s superior sealing technology in comparison to the competition and to show 
the vapor saving potential if the 10% overpressure vent is used instead of older 
technology. To determine the real vapor losses over time, Shell would have to provide 
pressure data of the storage tanks. PROTEGO can then determine the leak rates based 
on these different pressures and total emission losses can be calculated in respect to 
time. 

The test setup shown in figure 1 is in compliance with API 2521. The wet meter is a 
high sensitive bubble counter for measuring very low leakages. Basically, the system is 
operated at the desired tank pressure and a flow meter (bubble counter or rotameter) 
measures the losses. To avoid any negative thermodynamic effect from the relative 
small storage volume the vent is fixed on an API type flange. To determine the overall 
losses the bubble meter is measured in front of the vent. 

Diagram 5 shows the results of tests performed by PROTEGO USA Inc. comparing a 
PROTEGO 2” (PROTEGO Model VD/SV 2”), a Groth Model 2” (Groth Model 1220A-02-
III-100) and a PROTECTOSEAL 2” (PROTECTOSEAL Model 18540). 

The vertical line 75% to set (0.5 oz/sq inch) shows the leak rate at 75% of the set 
pressure for a set pressure of 0.5 oz/sq inch, which is the recommended point of leak 
rate measurement according to the API 2521 guideline. 

The vertical line 75% to set (0.675 oz/sq inch) shows the leak rate at 75% of the set 
pressure for a set pressure of 0.9 oz/sq inch. This is important if comparing technology 
against technology, because the PROTEGO full lift design vent can be set 10% below 
the maximum allowable operating pressure. 
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The vertical line, point of full open, shows the pressure at which the PROTEGO full lift 
type vent set at 0.9 oz/sq inch and the Groth vent set at 0.5 oz/sq inch would reach their 
point of full open, which results in full performance. The PROTECOSEAL vent is fully 
open at less than 100% above the set pressure. Problems resulting from this shall be 
described later. 

First series of tests, comparison of sealing technology (curves Groth, 
PROTECTOSEAL, PROTEGO) 
A) PROTEGO compared to Groth 
To compare the sealing technology all devices have been set at 0.5 oz./in2. The Groth 
device started to open at 0.44 oz./ in2 (true set pressure), which is within a tolerable 
range. Unfortunately, we were unable to verify the exact set point of the Groth device 
because the device had already shown excessive leakage before reaching 75% of set 
pressure (0.375 oz/ in2). 

At 75% of the set pressure the Groth device has a more than 10 times higher leak rate 
than the PROTEGO device. However the Groth device does meet the API 2521 
requirements and the Groth certified test report figure 2 show the same result as the 
PROTEGO leak rate test. 

At 75% of set pressure (being 0.375 oz/ in2) we were unable to measure the leakage 
rate because it exceeded the capacity of our bubble counter. We were able to measure 
a leak rate of 250 bubbles at 0.116 oz/ in2, which is 23.2 % of the set pressure (0.116 
oz/ in2). To get a measurement of the leakage at higher pressures the bubble counter 
had to be replaced by a rotameter. 

Additionally, our pressurized tank bled off to 0 psig within 55 seconds. This means that if 
all Groth vents perform the same you are likely to experience massive vapor losses 
through the other Groth vents that you have onsite. (This assumes our test vent was 
typical of their performance.) 

B) PROTEGO compared to PROTECTOSEAL 

The typical test procedure to measure leak rates is to increase the pressure to the set 
pressure of the device and then to let the pressure drop again to the 75% of set 
pressure and then measure the leak rate at this point. This was not possible to achieve 
with the PROTECTOSEAL design. It seems so that after the set pressure is reached the 
PROTECOSEAL vent has a very low reseating pressure compare (diagram 5). The 
PROTECOSEAL device reached a 0 gauge pressure after 1 min of testing. 

The curves were then determined from increasing the pressure from 0 oz/sq inch to the 
set pressure. Still the PROTEGO device has a 3 times better leak rate. 
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PROTECOSEAL obviously achieves relatively good leak rates through over sizing their 
pallet. Through this, heavier vent pallets can be used for smaller vents sizes, which lead 
to better sealing but extremely high blow downs. Through the over sizing of the vent 
pallet PROTECOSEAL has created a vent, which has an extreme high blow down rate 
of up to 50%, diagram 6. 

Second series of tests, comparison of overall performance (curves Groth, 
PROTECTOSEAL, PROTEGO 10%) 
In this series of tests PROTEGO has tested a 2” and 6” vent by utilizing the full lift type 
vent technology. These curves (PROTEGO 10% and PROTEGO 10% 6”) demonstrate 
the vapor saving potential compared to the Groth and PROTECTOSEAL venting 
technology. During the time when the PROTEGO devices are still shut the Groth and 
PROTECTOSEAL devices are already releasing vapors excessively. These curves 
clearly underline the theoretical saving potential calculated by the VDI 3479 standard. 

In addition, the design advantages towards reseating pressure and higher operating 
pressures have to be considered. In many cases, especially, when blanketing gases are 
used for API 650 Tanks, PROTEGO may be the only solution for conserving blanketing 
gases if cost efficient weight loaded vents shall be used. 

 

3.2 Nitrogen loss reduction through blow down consideration by 
utilizing fill lift type technology 

Figure 3 shows PROTEGO’s TUV certified flow test facility. This facility can be used for 
determining breathing losses by conducting tests to simulate the pressures measured in 
your storage tanks. For this, Shell would have to provide PROTEGO with measured 
tank data. The pressure curve over the entire day or average values over the year 
would be preferred. 

In addition, PROTEGO uses this facility to conduct blow down test on our vents and do 
flow optimization studies for performance increase. Also, all flow performance (V(p)) 
curves are measured in this facility. 
In several industry studies, which PROTEGO USA Inc. has performed, we could prove 
the blow down problem of weight loaded conservation vents. The API 2000 document 
states that weight loaded pressure vacuum conservation vents have a 0% blow down. 
This means, that these vents would open at the set pressure and also reseat at the 
same set pressure. Due to the increased surface area a vent has to reseat below the 
set pressure. 
However, engineers globally use the API 2000 standard as an engineering basis 
assuming a 0% blow down but in many cases vents have reseating pressures below the 
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set pressure of the nitrogen blanketing valve set pressure. This results in blanketing gas 
bleeding losses, because if the vent has opened once it may not reseat again. 
In studies PROTEGO has performed in our TUV certified test facility we have proved 
blow down rates up to 30 % on our own full lift type technology. The blow down issue is 
a complex interaction of pallet design and vent housing design. If 50% or higher vent 
technology is used (full lift type) it is important to understand the fluid dynamic effects to 
avoid so called floating pallets which never reseat after opening once. 
Recent test performed with the PROTECTOSEAL vent technology showed a up to 50% 
blow down, diagram 6. 
The PROTEGO full lift type technology has reseating pressures (blow down rates) 
above the set pressure of all competitors vents. Even if our competition uses 50% vent 
technology the PROTEGO design reseats above these set pressures. This means that 
our design can solve common nitrogen bleeding loss problems and lead to excessive 
savings. 
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4. Conclusion 
This report proves the capability of “full lift type” vent technology to decrease vapor 
losses not only by the theoretical calculation model of the VDI 3479 standard but also 
by the leak rates testing results performed. 

To fulfill the demands of the German clean air act, PROTEGO had to develop state of 
the art vent technology, with improved sealing capabilities and vapor reduction potential 
by also increasing the application range of the devices. This goal was met through vents 
which only need 10% overpressure before reaching full flow performance. Through this 
design feature vents can be set higher to the maximum allowable operating pressure 
and working cycles, which reduces vapor losses to a minimum. 

In addition to the vapor loss reduction the new technology also reduces blanketing gas 
losses. In a lot of cases devices typically sold in the US market place need 100% 
overpressure to full lift. Some designs already feature 50% overpressure to full lift. 
However, in both case blow down does occur and if the blow down value is not known, 
especially in API 650 applications, the reseating pressure may fall below the set 
pressure of the blanketing gas regulator. In this case the blanketing gas regulator will 
not reseat and excessive blanketing as bleeding can be the result. 

An additional design advantage of the “full lift type” technology is the higher flexibility in 
setting the vent closer to the set pressure of the emergency relief vents without forcing 
these into the chattering zone. It is our recommendation to achieve full performance 
from a conservation vent 10% to 20% below the set pressure of the emergency below 
vent. 

PROTEGO is convinced that through our state of the art technology, exceptional 
research and development capabilities, special vent quality assurance program and well 
educated engineers we can be a beneficial asset to the Shell Corporation world wide. 

It is the PROTEGO global commitment to provide our customers with state of the art 
technology and provide safety devices to protect the environment and industrial 
facilities. It is our goal to constantly develop new products in close corporation with our 
key customers for meeting the most conservative industry standards to constantly stay 
ahead of our competition. 
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5. Annex 
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Diagram 1:  Vapor losses as function of vapor pressure 
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Diagram 2:  Vapor losses as function of positive set pressure 
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Diagram 3:  Vapor losses as function of the negative set pressure 
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Diagram 4: Vapor Saving potential as function of 50%, 10% full lift type technology 

and increased MAWP and MAWV 
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Figure 1: Vent leak rate test set up according to API 2521 
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Diagram 5 Vapor losses as function of the negative set pressure 
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Figure 2: Groth certified test report 
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Diagram 6: Reseating pressure Test showing lift over tank pressure 
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Performance Data: (i.e. System 1 and 2) 
pmax and pmin related to atmospheric pressure 
System 1: 
V1= 0 – 423,800.00 scfh  
pmax =       + 76.00 inch wc 
pmin =        -  68.00 mbar 
System 2: 
V2= 0 –   105,950.00 scfh  
pmax =        + 157.00 inch wc 
pmin =         -  149.00 inch wc 

 

Figure 3: PROTEGO privately owned TUV certified flow test facility 
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6. Equation Parameters 
 

  = saturation concentration of hydrocarbons in vapor phase nc

  = number of summer days per year Sd

  = number of winter days per year Wd

  = saturation ratio in summer SAf ,

  = saturation ratio in winter WAf ,

  = emission mass flow for total tank kmtan
&

  = emission mass flow for withdrawal withdrawalm&

  = emission mass flow for breathing brteathingm&

  = emission mass flow of filling fillingm&

  = annual emission mass flow (withdrawal + breathing) aAm ,
&

 M  = mean molar mass of hydrocarbons in vapor space 

 p  = atmospheric pressure 

  = vapor pressure of product Tp

  = standard pressure np

  = standard temperature nT

  = average temperature vapor space in summer ST

  = average temperature vapor space in winter WT

  = volume of vapor head space GV

  = average volume flow of summer days SV&

  = average volume flow of winter days WV&

  = reference time t
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