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APPENDIX 1 – Detailed presentation of the Italian methodology
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Classification of hazardous zones for open environment

Classification of hazardous zones for confined environment

Classification of hazardous zones from openings in confined environments
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UNIPI experiences

UNIPI experiences

OPEN ENVIRONMENT

Determination of the gas release flow rate, Qg[kg/s]

Determination of the Hazardous zone extension, dz[m]

Determination of the hazardous volume, Vz [m3]

Determination of the time of persistence of the explosive atmosphere once stopped the release, t [s]

Determination of the ventilation grade

Determination of the ventilation availability

Decision about the type of the Zone
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Determination of the sources of emission: continuous, primary or secondary grade
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UNIPI experiences

UNIPI experiences

OPEN ENVIRONMENT: 

Determination of the gas release flow rate, Qg [kg/s]

Continuous grade of emission

Primary or secondary grade of 

emission

Statistical data on Qg [kg/s] Statistical data on A [m

2

]

Determination of Qg [kg/s]

Italian methodology –Guide 31-35 & Guide 31-35/A



[image: image7.emf]HySafeWP12 Workshop on hazardous zone classification, 24-25th January,  2006, PISA                                        University of Pisa, UNIPI

UNIPI experiences

UNIPI experiences

OPEN ENVIRONMENT: 

Determination of the gas release flow rate, Qg [kg/s]

Continuous grade of emission Statistical data on Qg [kg/s]
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Gas

Drains, discharges, 

instrument valves
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Gas
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activated check valves
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Gas
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fittings
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UNIPI experiences

UNIPI experiences

OPEN ENVIRONMENT: 

Determination of the gas release flow rate, Qg [kg/s]

Primary or secondary grade of 

emission

Statistical data on A [m

2

]

Determination of Qg [kg/s]

Gasket in compressed fiber : 2.5 mm

2

.

Wrapped gasket (spiral gaskets): 0.25 mm

2

.

Ring connection with steel over steel (ring 

joint): 0.5 mm

2

.

NOTE: when it is foreseen a timely intervention 

of an operator and/or when it is applied a 

rigorous maintenance program, it can be 

assumed a value of 0.1 mm

2

.

To determine the emission hole  for an emission 

from a flange, it is considered the fault of the 

gasket.

In the industry field, the hole is defined as a 

function of the flange, and of the type and 

thickness of the gasket. The main types of 

gaskets are:

•gasket in compressed fiber;

•wrapped gasket (spiral gaskets);

•ring connection with steel over steel (ring joint).

Flange connections

A [m2] Notes Component
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UNIPI experiences

UNIPI experiences

OPEN ENVIRONMENT: 

Determination of the gas release flow rate, Qg [kg/s]

Primary or secondary grade of 

emission

Statistical data on A [m

2

]

Determination of Qg [kg/s]

2.5 mm

2

.

NOTE: it suggested to use the data furnished by the 

manufacturer when available.

To determine the emission hole for a 

compressor, it is considered the 

release from the seals (when they are 

not collected and conveyed to a vent 

line)

Compressors

0.25 mm

2

, for valve of generic use on pipings with 

diameter smaller than 150 mm.

2.5 mm

2

, for valve of generic use on pipings with 

diameter greater than 150 mm, or for all the valves that 

work in hard conditions.

To determine the emission hole for an 

emission from a valve, it is considered 

the release from the valve beam.

Valves

A [m2] Notes Component
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Theemission flow rate from a hole can be sonic or sub-sonic. The type of the flux is evaluated through 

the verification of the following relation:

if     then the flux is sonic.

Where:

Pa: 101325 Pa, atmospheric pressure

P: absolute gas pressure [Pa]



: ratio between specific heat at constant pressure and specific heat at constant volume.

UNIPI experiences

UNIPI experiences

OPEN ENVIRONMENT: 

Determination of the gas release flow rate, Qg [kg/s]

Primary or secondary grade of 

emission

Statistical data on A [m

2

]

Determination of Qg [kg/s]
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The emission flow rate is espressed as:

Where:

c: emission coefficient furnished by the manufacturer or

0.97 for safety valves and 0.8 for all the other components.

A: emission area [m

2

]



: ratio between specific heat at constant pressure and specific heat at constant volume



: (



+1)/(



-1)

P: absolute gas pressure [Pa]

R

0

: 8314 J/kmolK universal constant of gas

T: gas temperature [K]

M: gas molar mass [kg/kmol]



: 1 in the case of sonic flux; in case of sub-sonic flux it is evaluated as

UNIPI experiences
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UNIPI experiences

UNIPI experiences

OPEN ENVIRONMENT: 

Determination of the Hazardous zone extension, dz [m]

Sub-sonic Flux or continuous 

emissions

Sonic Flux
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Where:

Qg: emission flow rate [kg/s]

M: gas molar mass [kg/kmol]

LEL%vol.: lower flammability limit [%vol.]

w: air velocity [m/s] = 0. 5 m/sis the worst scenario for open environment

P: absolute gas pressure [bar]

A: emission area [m

2

]

f: coefficient of ventilation efficacy (1-5)
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a) f=1

: 

: open environment with free air circulation and without obstaclesthat can reduce the mixing of the flammable 

atmosphere with fresh air in the volume interested by the emission of the flammable substance.

b) f=2: open environment with some obstacles to the free air circulation that can slightly reduce the mixing of the 

flammable atmosphere with fresh air in the volume interested by the emission of the flammable substance (i.e. 

environment with several openings and / or structures partly closed).

c) f=3: open environment with a medium number of obstacles to the freeair circulation that can reduce enough the 

mixing of the flammable atmosphere with fresh air in the volume interested by the emission of the flammable 

substance (i.e. environment with many structures partly closed, or the internal part of a container, depression in the 

ground, etc.).

d) f=4

: 

: open environment with a large number of obstacles to the free air circulation that can reduce in a significant way 

the mixing of the flammable atmosphere with fresh air in the volume interested by the emission of the flammable 

substance (i.e. environment with many structures partly closed, or the deep internal part of a container, deep 

depression in the ground, etc.).

e) f=5: open environment with a high number of obstacles to the free air circulation that can reduce in a very significant 

way the mixing of the flammable atmosphere with fresh air in thevolume interested by the emission of the flammable 

substance (i.e. environment with sources of emission located just behind big obstacles, or open environment that may 

be considered a closed ones because of few change of air, etc.).

UNIPI experiences

UNIPI experiences

OPEN ENVIRONMENT: 

Determination of the Hazardous zone extension, dz [m]

Coefficient of ventilation efficacy (f) - Open spaces.
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UNIPI experiences

UNIPI experiences

OPEN ENVIRONMENT: 

Determination of the hazardous volume, Vz [m3]

Evaluation of the minimum fresh 

air flow rate, Qa,min [m

3

/s], to 

keep the explosive atmosphere 

below k*LEL

Evaluation of the air changes in proximity 

of the source of emission, C

0

[s

-1

]

Evaluation of the hazardous 

volume, Vz [m

3

]

 

s m

/      

293

Ta
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Qg

Q

3

min a,







Where:

Qg: emission flow rate [kg/s]

k: safety factor, 0.25 for emissions of continuous and primary grade and 0.5 for emissions of 

secondary grade

LELm: massive lower flammability limit [kg/m

3

]

Ta: ambient temperature [K]
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UNIPI experiences

UNIPI experiences

OPEN ENVIRONMENT: 

Determination of the hazardous volume, Vz [m3]

Where:

w: air velocity [m/s] = 0. 5 m/sis the worst scenario for open environment

L

0

: 2 * dz[m], diameter of the hazardous zone

Qa, min: fresh air flow rate [m

3

/s]

f: coefficient of ventilation efficacy (1-5)

] [s       

1 -
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0
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] m [       

3

0

min

C

Qa f

V

z





Evaluation of the minimum fresh 

air flow rate, Qa,min [m

3

/s], to 

keep the explosive atmosphere 

below k*LEL

Evaluation of the air changes in proximity 

of the source of emission, C

0

[s

-1

]

Evaluation of the hazardous 

volume, Vz [m

3

]
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UNIPI experiences

UNIPI experiences

OPEN ENVIRONMENT: 

Determination of the time of persistence of the explosive 

atmosphere once stopped the release, t [s]

[s]      

. %

ln

0 0

X

k vol LEL

C

f

t









Where:

f: coefficient of ventilation efficacy (1-5)

Co: air changes in proximity of the source if emissions [s

-1

]

LEL%vol. lower flammability limit [%vol.]

k: safety factor, 0.25 for emissions of continuous and primary grade and 0.5 for emissions of 

secondary grade

X

0

: is the initial concentration of the flammable substance measuredin the same units as LEL. 

Somewhere in the explosive gas atmosphere, the concentration of the flammable matter may be 

100% vol. (in general only in the very close vicinity of the release source). However, when 

calculating “t”, the proper value for Xo to be taken depends on the particular case, considering 

among other aspects the affected volume as well as the frequencyand the duration of the 

release (NORM EN 60079-10: 2004-01).
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UNIPI experiences

UNIPI experiences

OPEN ENVIRONMENT: 

Determination of the ventilation grade

Vz is negligible? Then the ventilation grade is HIGH
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Then the ventilation grade is MEDIUM

Yes

No
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UNIPI experiences

UNIPI experiences

OPEN ENVIRONMENT: 

Determination of the ventilation availability

In open environment the ventilation availability is 

generally GOOD (“ventilation present virtually 

continuously”).
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UNIPI experiences

UNIPI experiences

OPEN ENVIRONMENT: 

Decision about the type of the Zone
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UNIPI experiences

UNIPI experiences

OPEN ENVIRONMENT: 

Decision about the type of the Zone

Verification of the type of the Zone

(1) In the case of total duration of the release (explosive atmosphere) in 365 days (1 year) less than 0.1hours, the area is 

generally non hazardous, in particular when the emission are more than one in 365 days. However, to be sure than the area 

is really non hazardous, it is better to perform a risk assessment analysis case by case.

(2) In the case that reliable fault rates are not available, it can be assumed that at least one event is likely to occur in one 

year.

More than 0.1 hours up to 10 hours (1) 10 -3P > 10 -5 Zone 2 (2)

More than 10 hours up to 1000 hours 10 -1P > 10 -3 Zone 1

More than 1000 hours P > 10 -1 Zone 0

Total duration of presence of a explosive 

atmosphere in 365 days (1 year): release 

duration, t + time of persistence after 

release

Likelihood of presence of 

the explosive atmosphere 

in 365 days (1 year)

Zone
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UNIPI experiences

UNIPI experiences

CONFINED ENVIRONMENT WITH NATURAL VENTILATION

Determination of the gas release flow rate, Qg[kg/s]

Determination of the Hazardous zone extension, dz[m]

Determination of the hazardous volume, Vz [m3]

Determination of the time of persistence of the explosive atmosphere once stopped the release, t [s]

Determination of the ventilation grade

Determination of the ventilation availability

Decision about the type of the Zone

Same approach seen for 

open environments

Determination of the fresh air flow rate in the confined environment, Qa[m3/s]
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Evaluation of the average concentration of the explosive atmosphere within 

the confined environment, Xm%vol.
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UNIPI experiences

UNIPI experiences
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CONFINED ENVIRONMENT WITH NATURAL VENTILATION: Determination of the fresh 

air flow rate in a confined environment, Qa [m3/s]

Where:

w: air velocity outside the confined environment = 0. 5 m/sis the worst scenario for open 

environment

A: area of the opening [m

2

]

A

1

: total area of the openings located in the high part of the local[m

2

]

A

2

: total area of the openings located in the bottom part of the local [m

2

]

 

]

s

m

[      w 0.025 Qa

3

2 1

   

A A

When the ventilation openings are 

located on the same side of the local

]

s

m

[      w 0.025 Qa

3

  

A

When there is only one ventilation 

opening
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UNIPI experiences

UNIPI experiences
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CONFINED ENVIRONMENT WITH NATURAL VENTILATION: Determination of the fresh 

air flow rate in the confined environment, Qa [m3/s]

Where:

w: air velocity outside the confined environment [m/s] = 0. 5 m/sis the worst scenario for open 

environment



Cp: 0.9 



0.1; it is the coefficient that takes into account the wind speed prevalent direction with 

respect to the openings (perpendicular or not to the opening’s area)



cp = 0.9 when the wind prevalent direction is perpendicular to the openings



cp = 0.4 when the wind prevalent direction is at 45

°

with respect to openings



cp = 0.2 when the wind prevalent direction is <45

°

with respect to openings



cp = 0.1 when the openings are shielded by other structures or obstacles

A

high

: total area of the openings located in the high part of the local[m

2

]

A

low

: total area of the openings located in the bottom part of the local [m

2

]

 

]

s

m

[      Δc w A 0.65 Qa

3

0.5

p w

   

When the ventilation openings are 

located on opposite sides of the 

local

] [m          

) (A
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) (A
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2
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UNIPI experiences

UNIPI experiences
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CONFINED ENVIRONMENT WITH NATURAL VENTILATION: Determination of the fresh 

air flow rate in the confined environment, Qa [m3/s]

Where:

Qa: fresh air flow rate in the confined environment [m

3

/s]

Va: free volume of the confined environment [m

3

/s]

L: medium length of the space covered by the air inside the confined environment (to enter and exit 

from the openings) [m]

NOTE:

Once determined Qa, it can be determined the number of air changes, Ca, and the air 

velocity, w, within the whole internal volume of the confined environment :

] [s     

Va

Qa

Ca

1 - 













 

s

m

     L Ca w
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UNIPI experiences

UNIPI experiences

CONFINED ENVIRONMENT: 

Evaluation of the average concentration of the explosive 

atmosphere within the confined environment, Xm%vol.
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Qa
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Xm%vol.

gas
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g











Continuous grade emissions:

Where:

Qg: emission flow rate [kg/s]

Qa: fresh air flow rate in the confined environment [m

3

/s]



gas

: gasdensity [kg/m

3

]

The evaluation of the medium concentration of the explosive atmosphere in the confined environment, 

Xm%vol.,  depends on the type of emission under study:
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Where:

Qg: emission flow rate [kg/s]

Qa: fresh air flow rate in the confined environment [m

3

/s]



gas

: gas density [kg/m

3

]

Ca: air changes in the confined environment = Qa/Free volume of the confined environment [s-1] 

te: time of emission evaluated considering the medium duration of the release or considering the 

time needed to the operator to intervene [s]

UNIPI experiences

UNIPI experiences

CONFINED ENVIRONMENT: 

Evaluation of the average concentration of the explosive 

atmosphere within the confined environment, Xm%vol.

Primary grade emissions

:

[%vol.]   100 ) e (1

Q

Q

100  

Q

Q

Xm%vol.

e a

t C

gas a

emis.   grade   prim.   g

gas a

emis.   grade   contin.

g

 
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

 





 

 
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NOTE: in the evaluation of the Xm%vol. only the primary grade emissions that 

can occur contemporarily should be included.
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Where:

Qg: emission flow rate [kg/s]

Qa: fresh air flow rate in the confined environment [m

3

/s]



gas

: gas density [kg/m

3

]

Ca: air changes in the confined environment = Qa/Free volume of the confined environment [s-1] 

te: time of emission evaluated considering the medium duration of the release or considering the 

time needed to the operator to intervene [s]

UNIPI experiences

UNIPI experiences

CONFINED ENVIRONMENT: 

Evaluation of the average concentration of the explosive 

atmosphere within the confined environment, Xm%vol.

Italian methodology –Guide 31-35 & Guide 31-35/A
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Secondary grade emissions

:

NOTE: in the evaluation of the Xm%vol. only the primary grade emissions that 

can occur contemporarily should be included.
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Where:

k: safety factor, 0.25 for emissions of continuous and primary grade and 0.5 for emissions of 

secondary grade

f: coefficient of ventilation efficacy (1-5)

LEL%vol.: lower flammability limit [%vol.]

Ca: air changes in the internal volume of the local due to the natural ventilation [s

-1

]

Co: air changes in proximity of the sources of emission [s-1]

UNIPI experiences

UNIPI experiences

CONFINED ENVIRONMENT: 

Evaluation of the average concentration of the explosive 

atmosphere within the confined environment, Xm%vol.

Italian methodology –Guide 31-35 & Guide 31-35/A

NOTE: if the medium concentration of the explosive atmosphere in the confined environment, Xm%vol. is 

smaller than k LEL%vol. then the explosive atmosphere is not extended to the whole volume of the confined 

environment. In this case the extension of the hazardous zone isequal to dzaround the sources of emissions.

So it should be verified the following relation:

f

LEL%vol. k

Xm%





Yes: 

the hazardous zone has a length of dz

around the sources of emissions and the air changes 

in proximity of the sources of emission, C

0

, should 

be evaluated.

No:

the hazardous zone is extended to the whole 

internal volume and the air changes in the internal 

volume are equal to Ca.
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Where:

Qg: emission flow rate [kg/s]

M: gas molar mass [kg/kmol]

LEL%vol.: lower flammability limit [%vol.]

w: air velocity inside the confined environment [bar]

P: absolute gas pressure [bar]

A: emission area [m

2

]

f: coefficient of ventilation efficacy (1-5)

Xm%vol.: medium concentration of the explosive atmosphere in the confinedenvironment [%vol.]

1 k     ., % 7 . 0 k   until   applicable   k
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z z z

z z
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
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k

z

UNIPI experiences

UNIPI experiences

CONFINED ENVIRONMENT: 

Determination of the Hazardous zone extension, dz [m]

Sub-sonic Flux or continuous 

emissions

Sonic Flux
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a) f=1

: 

: confined environment with free air circulation and without obstacles that can reduce the mixing of the flammable 

atmosphere with fresh air in the volume interested by the emission of the flammable substance (i.e. environment with 

well distributed openings for the inlet and outlet of fresh air,or environment with local artificial ventilation, etc.).

b) f=2: confined environment with some obstacles to the free air circulation that can slightly reduce the mixing of the 

flammable atmosphere with fresh air in the volume interested by the emission of the flammable substance (i.e. 

environment with several openings and / or structures partly closed, or environment with not so suited ventilation 

system and/or quite wrong openings distribution, etc.).

c) f=3: confined environment with a medium number of obstacles to the free air circulation that can reduce enough the 

mixing of the flammable atmosphere with fresh air in the volume interested by the emission of the flammable 

substance (i.e. environment with many structures partly closed, or environment with not so correct designed 

ventilation system and/or wrong openings distribution, etc.).

d) f=4

: 

: confined environment with a large number of obstacles to the free air circulation that can reduce in a significant 

way the mixing of the flammable atmosphere with fresh air in thevolume interested by the emission of the flammable 

substance (i.e. environment with many structures partly closed, or environment with sources of emission that are 

subjected to a few change of air as some areas under the roof for light gases, or environment with not correct 

designed ventilation system and/or wrong openings distribution etc.).

e) f=5: confined environment with a high number of obstacles to the free air circulation that can reduce in a very 

significant way the mixing of the flammable atmosphere with fresh air in the volume interested by the emission of the 

flammable substance (i.e. environment with sources of emission located just behind big obstacles, environment with 

sources of emission that are subjected to a very few change of air, as some very confined areas under the roof for 

light gases, etc.).

UNIPI experiences

UNIPI experiences

CONFINED ENVIRONMENT: Determination of the Hazardous zone extension, dz [m]

Coefficient of ventilation efficacy (f) – Confined environments

Italian methodology –Guide 31-35 & Guide 31-35/A
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UNIPI experiences

UNIPI experiences

CONFINED ENVIRONMENT: 

Determination of the hazardous volume, Vz [m3]

Evaluation of the minimum fresh 

air flow rate, Qa,min [m

3

/s], to 

keep the explosive atmosphere 

below k*LEL

Evaluation of the air changes in proximity 

of the source of emission, C

0

[s

-1

]

Evaluation of the hazardous 

volume, Vz [m

3

]

 

s m

/      

293

Ta

LELm k

Qg

Q

3

min a,







Where:

Qg: emission flow rate [kg/s]

k: safety factor, 0.25 for emissions of continuous and primary grade and 0.5 for emissions of 

secondary grade

LELm: massive lower flammability limit [kg/m

3

]

Ta: ambient temperature [K]

Italian methodology –Guide 31-35 & Guide 31-35/A
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UNIPI experiences

UNIPI experiences

CONFINED ENVIRONMENT: 

Determination of the hazardous volume, Vz [m3]

Where:

w: air velocity within the internal volume of the confined environment [m/s]

L

0

: 2 * dz[m], diameter of the hazardous zone

Qa, min: minimum fresh air flow rate to keep the explosive atmosphere below k*LEL [m

3

/s]

f: coefficient of ventilation efficacy (1-5)

] [s       

1 -

0

0

L

w

C



] m [       

3

0

min

C

Qa f

V

z





Evaluation of the minimum fresh 

air flow rate, Qa,min [m

3

/s], to 

keep the explosive atmosphere 

below k*LEL

Evaluation of the air changes in proximity 

of the source of emission, C

0

[s

-1

]

Evaluation of the hazardous 

volume, Vz [m

3

]

Italian methodology –Guide 31-35 & Guide 31-35/A
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UNIPI experiences

UNIPI experiences

CONFINED ENVIRONMENT: 

Determination of the time of persistence of the 

explosive atmosphere once stopped the release, t [s]

[s]      

. %

ln

0

X

k vol LEL

C

f

t









Where:

f: coefficient of ventilation efficacy (1-5)

C: air changes= Ca (air changes of the whole confined environment if the explosive atmosphere is 

extended to the whole internal volume) or = C

0

(air changes in proximity of the source if emissions if 

the explosive atmosphere is not extended to the whole internal volume) [s

-1

]

LEL%vol. lower flammability limit [%vol.]

k: safety factor, 0.25 for emissions of continuous and primary grade and 0.5 for emissions of secondary 

grade

X

0

: is the initial concentration of the flammable substance measuredin the same units as LEL. 

Somewhere in the explosive gas atmosphere, the concentration of the flammable matter may be 

100% vol. (in general only in the very close vicinity of the release source). However, when calculating 

“t”, the proper value for Xo to be taken depends on the particular case, considering among other 

aspects the affected volume as well as the frequency and the duration of the release (NORM EN 

60079-10: 2004-01).

Italian methodology –Guide 31-35 & Guide 31-35/A
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UNIPI experiences

UNIPI experiences

CONFINED ENVIRONMENT: 

Determination of the ventilation grade

Italian methodology –Guide 31-35 & Guide 31-35/A

f

LEL%vol. k

Xm%





NO

Then the ventilation grade is LOW

YES

The medium concentration of the explosive atmosphere in the confined environment, Xm%vol., should 

be compared with the lower flammability limit (corrected with a safety factor “k”and the coefficient of 

ventilation efficacy (1-5)):

The hazardous volume Vz 

is negligible?

NO YES

Then the ventilation 

grade is HIGH

Then the ventilation 

grade is MEDIUM
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

GOOD: the ventilation is present virtually continuously.



FAIR: the ventilation is expected to be present during normal operation. Discontinuities are 

permitted provided they occur infrequently and for short periods.



POOR: ventilation which does not meet the standard of fair or good, but discontinuities are not 

expected to occur for long periods.

UNIPI experiences

UNIPI experiences

CONFINED ENVIRONMENT: 

Determination of the ventilation availability

Italian methodology –Guide 31-35 & Guide 31-35/A

NOTE: ventilation that does not even meet the requirements for poor availability must not  

be considered to contribute to the ventilation of the area (NormCEI EN 60079-10, 2004).
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UNIPI experiences

UNIPI experiences

CONFINED ENVIRONMENT: 

Decision about the type of the Zone

Zone 1

or Zone 0

Zone 2 Zone 2 Zone 2

Non 

hazardous 

zone

Non 

hazardous 

zone

Non 

hazardous 

zone

Secondary 

Zone 1

or Zone 0

Zone 1 + 

Zone 2

Zone 1 + 

Zone 2

Zone 1

Non 

hazardous 

zone

Non 

hazardous 

zone

Non 

hazardous 

zone

Primary

Zone 0

Zone 0 + 

Zone 2

Zone 0 + 

Zone 2

Zone 0

Non 

hazardous 

zone

Non 

hazardous 

zone

Non 

hazardous 

zone

Continuous

Good, fair or 

poor

Poor Fair Good Poor Fair Good

Availability of the ventilation

Low  Medium High

Ventilation grade

Grade of 

release
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UNIPI experiences

UNIPI experiences

CONFINED ENVIRONMENT: 

Decision about the type of the Zone

Verification of the type of the Zone

(1) In the case of total duration of the release (explosive atmosphere) in 365 days (1 year) less than 0.1hours, the area is 

generally non hazardous, in particular when the emission are more than one in 365 days. However, to be sure than the area 

is really non hazardous, it is better to perform a risk assessment analysis case by case.

(2) In the case that reliable fault rates are not available, it can be assumed that at least one event is likely to occur in one 

year.

More than 0.1 hours up to 10 hours (1) 10 -3P > 10 -5 Zone 2 (2)

More than 10 hours up to 1000 hours 10 -1P > 10 -3 Zone 1

More than 1000 hours P > 10 -1 Zone 0

Total duration of presence of a explosive 

atmosphere in 365 days (1 year): release 

duration + time of persistence after 

release

Likelihood of presence of 

the explosive atmosphere 

in 365 days (1 year)

Zone

Italian methodology –Guide 31-35 & Guide 31-35/A
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UNIPI experiences

UNIPI experiences

OPENINGS IN CONFINED ENVIRONMENTS

Proceed as the classification of hazardous zones for open 

environment

Italian methodology –Guide 31-35 & Guide 31-35/A

Determination of the grade of emission of the opening

Determination of the type of opening

Determination of the release flow rate [kg/s]
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UNIPI experiences

UNIPI experiences

OPENINGS IN CONFINED ENVIRONMENTS : Determination of the type of opening.

Italian methodology –Guide 31-35 & Guide 31-35/A

Openings are classified as A, B, C and D with the following characteristic:

TYPE A: openings not conforming to the characteristics specified for types B, C, or D. Examples are: 



open passages for access or utilities, ducts, pipes through wall, ceilings and floor;



fixed ventilation outlets in room, buildings and similar openings of types B, C and D which 

are opened frequently or for long periods.

TYPE B: openings which are normally closed (i.e. automatic closing) and infrequently opened and 

which are close-fitting. 

TYPE C: openings normally closed (i.e. automatic closing) and infrequently opened, conforming to 

type B, which are also fitted with sealing device (i.e. a gasket) along the whole perimeter; or 

2 type B openings in series, having independent automatic closing device. 

TYPE D: openings normally closed conforming to type C, which can only be opened by special means 

or in an emergency. Type D openings are effectively sealed, such as in utility passages (i.e. 

duct pipes) or can be a combination of 1 opening type C adjacentto a hazardous area and 1 

opening type B in series.
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UNIPI experiences

UNIPI experiences

OPENINGS IN CONFINED ENVIRONMENTS : Determination of the grade of emission of 

the opening.

Italian methodology –Guide 31-35 & Guide 31-35/A

The grade of emission of an opening depends on the type of the opening and on the type of the above zone:

No emission D

No emission C

No emission B

Secondary A

Zone 2

No emission D

No emission C

Secondary B

Primary A

Zone 1

No emission D

Secondary C

Primary B

Continuous A

Zone 0

Emission grade of the opening Type of opening

Type of Zone above the 

opening
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UNIPI experiences

UNIPI experiences

OPENINGS IN CONFINED ENVIRONMENTS : Determination of the release flow rate from 

the opening [kg/s].

Italian methodology –Guide 31-35 & Guide 31-35/A

For safety reasons, it is considered that the opening has a flow rate, Qg, equal 

to the emission source that has generated the hazardous zone in the whole 

internal volume of the confined environment.


APPENDIX 2 – Description of generic hydrogen station

[image: image44.png]Generic Hydrogen Station Description

e Introduction

- The description is intended to be used as a test case for determination of
hazardous zones at a hydrogen station, using the methodology in Italian Guide
31-35, “Electrical apparatus for explosive atmospheres, Guide for classification
of hazardous areas”

¢ The description is
- NOT representative for all hydrogen stations, BUT

- Main assumptions (hydrogen production/supply rate, storage volume, pressure,
equipment dimensions) are quite similar to several of the CUTE stations

¢ Intended as example to test the methodology
- Later descriptions of HyApproval generic stations can be examined

¢ Hydrogen production or supply will be included at later stage

e HRD e ON0B.01.93 = Pane: 2 0| & Eraray HYDRD



 

[image: image45.png]Main components

¢ Hydrogen production or supply detailed description will be included
later)

Purification - Drying/cleaning

Compression

High pressure storage and gas distribution
Hydrogen dispenser - stationi/vehicle interface

o Filling operation




[image: image46.png]Example ECTOS - Iceland

Hydrogen _ |8l Purification and S8 High

|| production compression pressure dispenser :
\ storage

Ancillary systems

~SHH = Date: 2008-01-23 * Page: 4+ Oil & Eneray HYDRO




[image: image47.png]Assumed layout - Generic Hydrogen Station

for piping H2 supply

‘Separation wa,
g7\qm

Dt o] piping
High proksure H2

Cortrol Processigas section - Hghompe 2

section purificason, o storagh vessess
Gompression. gas e ron stoar
distribution g

dispdnsor

\\

Gas processing
buiding.





[image: image48.png]Simplified process diagram of generic HRS

GD

DE/DR — Deoxidiser/dryer
HC: High pressure
compressor

BT: Buffer tank

DP: Distribution valve panel

GS: Gas storage
GD: Gas dispenser





[image: image49.png]Process description

e Purification
Deoxidiser, dryer
Removal of O2, water, other components, if necessary
Assumed to be located inside gas processing building
Pressure upstream compressor assumed to be 15 barg
¢ Compression
- Requirement: Oil-free hydrogen gas and high enough pressures
- Type of compressor may vary
- Alternatives - Oil free diaphragm compressors or hydraulic compressors
- Pressure downstream compressor assumed to be 460 bar
- Assumed to be located inside gas processing building

- Suction buffer tank assumed to be located upstream compressor (to take
account of small fluctuations in prod. cap.) — located outside gas processing
building
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¢ High pressure storage

Compressed H2 transported in pipeline to HP storage tanks

Assumed totally 8 pressure vessels, divided in 3 pressure banks (HP, MP, LP
bank) — used for cascade refuelling of the vehicles

Each pressure banks equipped with own pressure relief devices and pressure
monitoring equipment

Non return valve on line from compressor to storage vessels to prevent reverse
flow from high pressure storage vessels into gas processing building in case of a
leak downstream the compressor

Assumed pressure 460 bar
Located outdoors

¢ Gas distribution panel

Valve panel for for distribution of of gas from compressor unit to storage vessels
and from pressure banks to dispenser

Assumed located inside gas processing building
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¢ Dispenser

Stand-alone" unit, provides mechanical interface between H2 station storage
tanks and vehicle together with safety features and metering equipment

Small enclosure where regulation and control valves are located

- Often divided into two parts to due to classification of hazardous areas. 1)
Section contains all gas processing equipment 2) Control section, no
equipment containing flammable gas

Natural ventilation

High pressure during vehicle refuelling. Beyond filling pressure in pipeline from
storage banks not relieved, but valves in the gas distribution panel assumed to
be closed

Pressure in the equipment located in the dispenser enclosure may or may not
be relieved beyond refuelling, dependent on the pressure certificate

Break away coupling
Often roof for weather protection above dispenser
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e Practical operation quite similar to refuelling at conventional stations

Filling hose, filing adapter, which will be coupled to the filling nozzle of the
vehicle. Filling will not start without correct connection

Pressing a button initiates pressure check to examine the amount of gas in the
vehicle tank — prevention of overfiling and secure “safe” temperatures and
pressure in the vehicle tank
e Filling sequence automatic. Vehicles will start to fill from the low
pressure bank. When the pressure in LP bank and vehicle tank is
balanced, the filling will automatically continue from the next medium
pressure bank. Finally, the filling will be completed by topping up the
vehicle tanks from the high pressure bank




[image: image53.png]Control system

e Station assumed fully automated an unattended

e Master control-panel located inside the control section in the gas
processm% bui dlng. The main control-panel will handle all control,
alarm and trip for the station

e Automatic shut down will take place in case of hazardous deviations
from normal conditions. Dependent on the reason for shutdown and
stop mode, the process can be restarted from a remote control unit or
from the master control-panel in the enclosure

¢ Emergency switches at the filling station. Remote emergen
switches or alarm generating systems can also activate shut down
¢ Gas and fire detectors located inside gas processing house.

¢ In case of gas/fire/smoke detection,

the process sections inside the gas processin_ﬂ building are assumed to be
|solated,_?roductlonlsupply will stop, valves will go to failsafe position, ESD
valves will close to storage banks. Emergency Ventilation might be initiated.

For some stations the gas contained inside the equipment in the Gas processing
building might be ventilated to safe location and systems might be automatically’
purged with N, or other inert gases.




[image: image54.png]Quantitative assumptions

Hydrogen supply or production capacity 60 Nm3/hour
Pressure upstream compressor 15 barg

Maximum pressure downstream compressor: 460 bar
Number of storage vessels: 8

Number of pressure banks: 3

Maximum storage pressure 460 bar

Amount of gas per stored in high pressure vessels 200 kg

Typical piping and valve dimension 10 — 15 mm for medium pressure
(upstream compressor)

Typical piping and valve dimension 6 - 8 mm for high pressure
(downstream compressor)
Amount of hydrogen inside process equipment in gas processing

building (including purification and compression): 200 - 300 g (rough
estimate)
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Hydrogen supply or production capacity 60 Nm3/hour
Pressure upstream compressor 15 barg

Maximum pressure downstream compressor: 460 bar
Number of storage vessels: 8

Number of pressure banks: 3

Maximum storage pressure 460 bar

Amount of gas per stored in high pressure vessels 200 kg

Typical piping and valve dimension 10 — 15 mm for medium pressure
(upstream compressor)

Typical piping and valve dimension 6 - 8 mm for high pressure
(downstream compressor)
Amount of hydrogen inside process equipment in gas processing

building (including purification and compression): 200 - 300 g (rough
estimate)




[image: image56.png]Storage banks and gas dispenser

e Storage banks
- Located outdoors in gas storage area
- Safety valves: 3 (1 for each storage bank)
- Instrument valves and manual valves
¢ Gas dispenser
- Located as shown in drawing inside small enclosure

- Several valves (regulation, non-return, safety valve) and filter located inside
dispenser housing

- Flexible hose
- Breakaway coupling
- Refuelling nozzle:

- Assumed to be able to refuel 3 hydrogen FC buses a day (representative for the
CUTE project).

- Refuelling time 5 — 15 minutes
- Natural ventilation




APPENDIX 4 – Detailed calculations (Alessia, Sandra, Prankul, Alexander , more?)

Detailed calculation of the results obtained with the Italian Method (Guide 31-35 and Guide 31-35/A):

Definition of the hazardous substance.

	Substance
	Hydrogen

	Density, (gas (T=20 °C and p=101325 Pa)
	0.0772 kg/m3

	Molar mass, M
	16.34 kg/kmol

	Ratio between specific heat at constant pressure and specific heat at constant volume, (=Cp/Cv
	1.41

	LEL
	4,0 vol.%; 0.003355 kg/m3


Scenario 1– Valve leak inside the dispenser enclosure

Definition of the environment and components.

	Location
	Dispenser enclosure. All the valve and connections are located inside the enclosure (confined environment) with natural ventilation.

	Box volume
	Total free volume: 1,2 m3 TO BE VERIFIED

	Ventilation
	Natural ventilation through openings

	Openings
	4 ventilation openings, each with dimensions of 0,08 * 2 m2 TO BE VERIFIED

	Operating pressure, P
	460 barg

	Ambient pressure, Pa
	1 atm

	Operating temperature, Ta
	25 °C

	Wind velocity, w
	0,5 m/s

	Ventilation efficiency, f
	f = 2 or 3

	Release diameters, A
	0,25 – 0,03 – 0,008 mm2


The natural ventilation is due to the wind that enters the local through the openings; the natural ventilation flow rate, Qa, is evaluated as:
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(2)

where:

Aw =
opening’s area coefficient = 0,226 m2 (Ahigh: total area of the openings located in the high part of the box = 0,32 m2; Alow: total area of the openings located in the bottom part of the box = 0,32 m2) TO BE VERIFIED
w =
wind’s speed outside the confined environment = 0,5 m/s

(cp =
0.9 ( 0.1; it is the coefficient that takes into account the wind speed prevalent direction with respect to the openings ((cp = 0.9 when the wind prevalent direction is perpendicular to the openings; (cp = 0.4 when the wind prevalent direction is at 45° with respect to openings; (cp = 0.2 when the wind prevalent direction is <45° with respect to openings; (cp = 0.1 when the openings are shielded by other structures or obstacles). In the present case it is assumed (cp = 0.9, however it would be cautelative to apply some reduction factor due to protection structures on the openings (grates).

The number of air changes inside the free volume of the box is evaluated as:
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where Va is the internal free volume of the box = 1,2 m3.

CONTINUOUS GRADE EMISSION IN THE CONFINED ENVIRONMENT

Inside the enclosure it is supposed that there are:

· 3 flange connections

· 3 valves

The continuous grade emissions could be contemporary as they are leaks from discontinuity points. The Italian Guide gives these reference parameters to apply for the evaluation of the emission flow rates:

	Qg flange [kg/s]
	Qg valves[kg/s]

	1,9 10-8
	5,6 10-7


Evaluation of the Zone extension:
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NOTE: if the medium concentration of the explosive atmosphere in the confined environment, Xm%vol. is smaller than k LEL%vol. then the explosive atmosphere is not extended to the whole volume of the confined environment. In this case the extension of the hazardous zone is equal to dz around the sources of emissions.

So it should be verified the following relation: 


[image: image63.wmf]f

LEL%vol.

k

Xm%

×

£








(7)
In the present case it results: 

	Xm %vol.
	<
	K*LEL%VOL/f

	0,0322509804
	
	0,3333333333


So the hazardous area due to the continuous grade emission is not extended to the whole internal volume of the enclosure.

Determination of the hazardous volumes generated by the leaks:
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(8)
	Vz flange [m3]
	Vz valves [m3]

	0,0000068309
	0,0012945049


Both the hazardous volume generated by the flange and the valve leaks are negligible, so the ventilation grade should be considered HIGH. The type of the hazardous areas is determined entering the table on the influence of ventilation on type of zone of the EU Norm 60079-10 (the same of the Italian method) with the combination of the following conditions:

· Continuous grade of emission;

· Availability of the ventilation GOOD (natural ventilation has always a good availability when it refers to a wind velocity of 0,5 m/s, a very conservative value);

· Ventilation grade HIGH

The hazardous area is ZONE 0 NE (Non hazardous).

 This means that the continuous grade emissions don’t generate hazardous areas.

SECONDARY GRADE EMISSION IN THE CONFINED ENVIRONMENT

The secondary emissions are not expected to occur in normal operation and, if it does occur, is likely to do so only infrequently and for short period. The secondary emission are not expected to be contemporary, so the worst scenario should be evaluate when assessing an hazardous area. In this case it is the fault of a valve located inside the enclosure.

Several values of leak size have been considered:

· 0,25 mm2: proposed value of leak size in the Guide 31-35 and 31-35/A (this values don’t refer to hydrogen, but to industrial installation of natural gas / methane probably with larger equipment dimensions and lower process pressure than for the current HRS technology). To examine the effect of reduced, and probably more realistic release sizes it has been decided that for all scenarios a leak size with leak diameter 0.1 mm and 0.2 mm will be considered for secondary grade of  releases.  This corresponds respectively to release areas of: 
· 0,03 mm2
· 0,008 mm2
The emission flow rate from a hole can be sonic or sub-sonic. The type of the flux is evaluated through the verification of the following relation:
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then the flux is sonic




(9)

as   0.002 ≤ 0.54

then the flux is sonic

Where:

Pa:
101325 Pa, atmospheric pressure

P:
190 105 Pa (190 bar): absolute pressure within the piping

(:
1.31, ratio between specific heat at constant pressure and specific heat at constant volume.

The emission flow rate is expressed as:
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Where:

(:
1
in the case of sonic flux

c:
0.8
emission coefficient

(:
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R0:
8314 J/kmol K: universal constant of gas

So:

	
	A = 0,25 mm2
	A = 0,03 mm2
	A = 0,008 mm2

	Qg [kg/s]
	5,69 10-3 kg/s
	6,83 10-4 kg/s
	1,82 10-4 kg/s


When evaluating the medium concentration of the explosive atmosphere in the confined environment Xm %vol., due to the secondary grade emission, also the continuous grade emissions should be taken into account, as they might occur contemporarily. The gas concentration in air, due to the secondary grade emissions, rises in an exponential way depending on the free volume of the environment. The medium volume concentration, Xte%, after the emission time “te” is estimated as:
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Where:

te:
300 s, time of emission plus the time needed for the operator to intervene.

As already seen with equation (7), if the medium concentration of the explosive atmosphere in the confined environment, Xm%vol. is smaller than k LEL%vol. then the explosive atmosphere is not extended to the whole volume of the confined environment.

Since this relation is not verified (for all the three hole sizes), the flammable atmosphere should be considered extended to the whole internal volume of the enclosure, and the grade of ventilation should be considered “Low” (LV). 

The type of the hazardous areas is determined entering the table on the influence of ventilation on type of zone of the EU Norm 60079-10 (the same of the Italian method) with the combination of the following conditions:

· Secondary grade of emission;

· Availability of the ventilation GOOD (natural ventilation has always a good availability when it refers to a wind velocity of 0,5 m/s, a very conservative value);

· Ventilation grade LOW

The hazardous area is ZONE 1 extended to all the internal volume of the dispenser enclosure.

CLASSIFICATION OF THE AREA OUTIDE THE OPENINGS OF THE DISPENSER ENCLOSURE

The openings constitute emission sources as the internal atmosphere is flammable. 

According to the Italian guides 31-35 and 31-35/A the fixed ventilation outlets are openings of Type A, so they generate an emission of primary grade (see the following table extracted from the Italian guides).

Openings classification

	Zone upstream the opening
	Opening type
	Grade of release of the opening

	Zone 0
	A
	Continuous

	
	B
	(Continuous) 1) / Primary

	
	C
	Secondary

	
	D
	No release

	Zone 1
	A
	Primary

	
	B
	(Primary) 1) / Secondary

	
	C
	(Secondary) 1) / No release

	
	D
	No release

	Zone 2
	A
	Secondary

	
	B
	(Secondary) 1) / No release

	
	C
	No release

	
	D
	No release


1) For grade of release shown in brackets, the frequency of operation of the openings should be considered
For safety reasons, the gas flow rate at the openings is assumed equal to the gas flow rate from the valve that generate the hazardous Zone 1. Evaluating the extension of the hazardous area for a release at atmospheric pressure:
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these are the results:

	
	A = 0,25 mm2
	A = 0,03 mm2
	A = 0,008 mm2

	dz [m]
	0,5 m
	0,2 m
	0,1 m


The hazardous volume, Vz, is evaluated through:
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these are the results:

	
	A = 0,25 mm2
	A = 0,03 mm2
	A = 0,008 mm2

	Vz [m3]
	0,028 m3
	0,0011 m3
	0,00016 m3


· In the case of the valve’s hole size inside the enclosure of 0,25 mm2, the openings generate a Zone 1 (result obtained entering the table on the influence of ventilation on type of zone of the EU Norm 60079-10 (the same of the Italian method) with the combination of the following conditions: Primary grade of emission; Availability of the ventilation GOOD; Ventilation grade MEDIUM). The Zone 1 is hemispherical with a radius of 0,5 m.

· In the case of the valve’s hole size inside the enclosure of 0,03 and 0,008 mm2, the openings generate a Zone 1 NE (result obtained entering the table on the influence of ventilation on type of zone of the EU Norm 60079-10 (the same of the Italian method) with the combination of the following conditions: Primary grade of emission; Availability of the ventilation GOOD; Ventilation grade HIGH). But for safety reason it is suggested a Zone 1 hemispherical with a radius of 0,2 m and 0,1 (leak hole size of 0,03 and 0,008 mm2respectively.

Scenario 2– Opening of safety valve – release from release point

Definition of the environment and components.

	Location
	Vent line for the safety valve. Open environment. 4 m above ground. See Figure 1

	Ventilation
	Natural ventilation

	Operating pressure, P
	460 barg

	Ambient pressure, Pa
	1 atm

	Operating temperature, Ta
	25 °C

	Wind velocity, w
	0,5 m/s

	Ventilation efficiency, f
	f = 1

	Release diameters, A
	0,25 mm2 TO BE VERIFIED. THE OPENING AREA OF A SAFETY VALVE SHOULD BE FIXED.


SECONDARY GRADE EMISSION IN OPEN  ENVIRONMENT

The flux is sonic (see equation (9), P=460 barg).

The emission flow rate Qg = 5,51 10-3 kg/s is evaluated through equation (10).

The extension of the hazardous area, dz = 5 m is evaluated through equation (13). Since the release from a safety valve is well oriented upwards (pressure driving force), for safety reason it is better to extend the hazardous areas upwards.

So the classified area should be of the shape of a cone with the vertex in the discharge point of the valve. Height of the cone 7,5 m and base radius of 5,0 m for the safety level of 2 %vol. Hydrogen in air.

The hazardous volume, Vz = 71,55 m3,  needed to evaluate the degree of ventilation is calculated through equation (14).

The type of the area, Zone 2, is evaluated entering the table on the influence of ventilation on type of zone of the EU Norm 60079-10 (the same of the Italian method) with the combination of the following conditions: Secondary grade of emission; Availability of the ventilation GOOD; Ventilation grade MEDIUM.

So for the scenario of opening of safety valve of the vent line the suggestion is to settle a Zone 2 with the shape of a cone with the vertex in the discharge point of the valve. Height of the cone 7,5 m and base radius of 5,0 m for the safety level of 2 %vol. Hydrogen in air.
Scenario 3– Outdoor valves at storage vessels

Definition of the environment and components.

	Location
	Outdoor valves at storage vessels. Open environment. 1 m above ground. See Figure 1

	Ventilation
	Natural ventilation

	Operating pressure, P
	460 barg

	Ambient pressure, Pa
	1 atm

	Operating temperature, Ta
	25 °C

	Wind velocity, w
	0,5 m/s

	Ventilation efficiency, f
	f = 1 or 2

	Release diameters, A
	0,25 – 0,03 – 0,008 mm2


For the formulas applied see “Scenario 2 - Opening of safety valve – release from release point” as the leak takes place in open environment as well.

 These are the results:

	
	A = 0,25 mm2
	A = 0,03 mm2
	A = 0,008 mm2

	Type of Zone
	Zone 2
	Zone 2
	Zone 2

	dz [m]
	5 m
	1,7 m
	1,0 m

	Shape
	Spherical 
	Spherical
	Spherical


Scenario 4– Refuelling nozzle

Definition of the environment and components.

	Location
	Outdoor, refuelling nozzle. Open environment. 1 m above ground. See Figure 1

	Ventilation
	Natural ventilation

	Operating pressure, P
	460 barg

	Ambient pressure, Pa
	1 atm

	Operating temperature, Ta
	25 °C

	Wind velocity, w
	0,5 m/s

	Ventilation efficiency, f
	f = 1 or 2

	Release diameters, A
	0,25 – 0,03 – 0,008 mm2


For the formulas applied see “Scenario 2 - Opening of safety valve – release from release point” as the leak takes place in open environment as well.

These are the results:

	
	A = 0,25 mm2
	A = 0,03 mm2
	A = 0,008 mm2

	Type of Zone
	Zone 2
	Zone 2
	Zone 2

	dz [m]
	5 m
	1,7 m
	1,0 m

	Shape
	Spherical 
	Spherical
	Spherical


Scenario 5– Valve at buffer tank
Definition of the environment and components.

	Location
	Outdoor, valve at buffer tank. Open environment. 1 m above ground. See Figure 1

	Ventilation
	Natural ventilation

	Operating pressure, P
	15 barg

	Ambient pressure, Pa
	1 atm

	Operating temperature, Ta
	25 °C

	Wind velocity, w
	0,5 m/s

	Ventilation efficiency, f
	f = 1 or 2

	Release diameters, A
	0,25 – 0,03 – 0,008 mm2


For the formulas applied see “Scenario 2 - Opening of safety valve – release from release point” as the leak takes place in open environment as well.

These are the results:

	
	A = 0,25 mm2
	A = 0,03 mm2
	A = 0,008 mm2

	Type of Zone
	Zone 2
	Zone 2
	Zone 2

	dz [m]
	0,90 m
	0,35 m
	0,20 m

	Shape
	Spherical 
	Spherical
	Spherical


Scenario 6– Shutoff valve outside gas processing building

Definition of the environment and components.

	Location
	Outdoor, Shutoff valve outside gas processing house. Open environment. 1 m above ground. See Figure 1

	Ventilation
	Natural ventilation

	Operating pressure, P
	460 barg

	Ambient pressure, Pa
	1 atm

	Operating temperature, Ta
	25 °C

	Wind velocity, w
	0,5 m/s

	Ventilation efficiency, f
	f = 1 or 2

	Release diameters, A
	0,25 – 0,03 – 0,008 mm2


For the formulas applied see “Scenario 2 - Opening of safety valve – release from release point” as the leak takes place in open environment as well.

These are the results:

	
	A = 0,25 mm2
	A = 0,03 mm2
	A = 0,008 mm2

	Type of Zone
	Zone 2
	Zone 2
	Zone 2

	dz [m]
	5,0 m
	1,70 m
	1,00 m

	Shape
	Spherical 
	Spherical
	Spherical


Scenario 7– Release inside the gas processing building

Definition of the environment and components.

	Location
	Indoor, shutoff valve outside gas processing house. Confined environment. See Figure 2

	Ventilation
	Natural ventilation and forced ventilation

	Operating pressure, P
	15 barg at the inlet and 460 barg at the outlet

	Ambient pressure, Pa
	1 atm

	Operating temperature, Ta
	25 °C

	Wind velocity, w
	0,5 m/s in natural ventilation

	Ventilation efficiency, f
	f = 2 or 3

	Release diameters, A
	0,25 – 0,03 – 0,008 mm2


Inside the gas processing house it is supposed that there are:
· 1 compressor skid;

· 18 valves (assumption made on the basis of the document “Description of Generic refuelling station.doc” compiled by Sandra Nilsen and distributed between WP12 partners). DATA TO BE VERIFIED????
· 7 instrumentation valves (assumption made on the basis of the document “Description of Generic refuelling station.doc” compiled by Sandra Nilsen and distributed between WP12 partners). DATA TO BE VERIFIED????
· 3 safety valves (assumption made on the basis of the document “Description of Generic refuelling station.doc” compiled by Sandra Nilsen and distributed between WP12 partners). DATA TO BE VERIFIED????
For the formulas applied see “Scenario 1 - Valve leak inside the dispenser enclosure” as the leak takes place in confined environment as well. 
When evaluating the case of forced ventilation note that the air changes per hour are fixed by the mechanical system (100, 300 and 800 air changes per hour).
These are the results:
	Natural ventilation

	Hazardous area classification
	Release area

	
	A = 0,25 mm2
	A = 0,03 mm2
	A = 0,008 mm2

	Inside the gas processing house
	Type of Zone
	Zone 0
	Zone 0
	Zone 0

	
	dz [m]
	Extended to the whole internal volume of the building
	Extended to the whole internal volume of the building
	Extended to the whole internal volume of the building

	
	Shape
	/
	/
	/

	Outside the ventilation openings
	Type of Zone
	Zone 0
	Zone 0
	Zone 0

	
	dz [m]
	0,5 m
	0,2 m
	0,1 m

	
	Shape
	hemisphere
	hemisphere
	hemisphere

	Forced ventilation characterized by 150 air changes per hour

	Hazardous area classification
	Release area

	
	A = 0,25 mm2
	A = 0,03 mm2
	A = 0,008 mm2

	Inside the gas processing house
	Type of Zone
	Zone 1
	Zone2
	Zone 2

	
	dz [m]
	Extended to the whole internal volume of the building
	Extended to the whole internal volume of the building
	Extended to the whole internal volume of the building

	
	Shape
	/
	/
	/

	Outside the ventilation openings
	Type of Zone
	Zone 1
	Zone 2
	Zone 2

	
	dz [m]
	1,2 m
	0,4 m
	0,2 m

	
	Shape
	hemisphere
	hemisphere
	hemisphere

	Forced ventilation characterized by 300 air changes per hour

	Hazardous area classification
	Release area

	
	A = 0,25 mm2
	A = 0,03 mm2
	A = 0,008 mm2

	Inside the gas processing house
	Type of Zone
	Zone 2
	Zone 2
	Zone 2

	
	dz [m]
	Extended to the whole internal volume of the building
	Extended to the whole internal volume of the building
	1,8 m

	
	Shape
	/
	/
	Spherical

	Outside the ventilation openings
	Type of Zone
	Zone 2
	Zone 2
	Zone 2

	
	dz [m]
	0,8 m
	0,3 m
	0,15 m

	
	Shape
	hemisphere
	hemisphere
	hemisphere

	Forced ventilation characterized by 800 air changes per hour

	Hazardous area classification
	Release area

	
	A = 0,25 mm2
	A = 0,03 mm2
	A = 0,008 mm2

	Inside the gas processing house
	Type of Zone
	Zone 2
	Zone 2
	Zone 2

	
	dz [m]
	Extended to the whole internal volume of the building
	Extended to the whole internal volume of the building
	1,8 m

	
	Shape
	/
	/
	Spherical

	Outside the ventilation openings
	Type of Zone
	Zone 2
	Zone 2
	Zone 2

	
	dz [m]
	0,6 m
	0,2 m
	0,1 m

	
	Shape
	hemisphere
	hemisphere
	hemisphere





Classification of hazardous zones from openings in confined environments





Classification of hazardous zones for confined environment





Classification of hazardous zones for open environment
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