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ENGINEERING TECHNICAL RECOMMENDATION Page:1/13

GASEOUS VENTING TO THE ATMOSPHERE
IN ATR SEPARATION UNITS

DISCLAIMER

The information contained in this document has been prepared exclusively for internal use by L'Air Liquide S_A_ and
its affiliates ("Air Liquide") and is based on technical information and experience currently available to Air Liquide.
Without written permission of the Owner of the specific document, as defined in each document, it shall not be
distributed to anyone other than Air Liquide personnel.

Since this document is confidential and proprietary to Air Liquide, third parties are not entitled to rely on it in any way.
With regard to third parties, Air Liquide does not bold itself out as recommending the use of the information contained
herein or reliance thereon in any way without its prior approval and Air Liquide does not give any warranties on the
information contained in this document and assumes no liability or responsibility in connection Wwith the information or
suggestions herein contained Moreover, it should not be assumed that every acceptable local grade, test or safety
procedure or method, precaution, equipment or device is contained within, or that abnormal or unusual circumstances
may not warrant or suggest further requirements or additional procedure.

Users of this document must ensure that they have the latest edition. Non-current versions of the document must not be
used. This document should not be confused with regulations, insurance requirements and codes.

Air Liquide makes no representations or warranties as to the completeness of this document and DISCLAIMS ALL
WARRANTIES, EXPRESS OR IMPLIED INCLUDING, BUT NOT LIMITED TO, THE WARRANTY OF
MERCHANTABILITY AND THE WARRANTY OF FITNESS FOR A PARTICULAR USE OR PURPOSE.

Supersedes :

Summary :

Gaseous Oxygen or Nitrogen venting to the atmosphere in Air Separation Units can cause local
abnormal oxygen concentrations in the atmosphere.

Design rules for the venting stacks heights and installation principles must therefore be set.
This document deals with Oxygen venting but can be used also for Nitrogen venting.
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ENGINEERING TECHNICAL
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GASEOQOUS VENTING TO THE ATMOSPHERE
IN AIR SEPARATION UNITS

1 PURPOSE

This document gives design rules for stacks venting gas on air separation units only.

2 SCOPE OF APPLICATION

This document applies primarily to gaseous oxygen venting stacks. It applies also to all plants likely
to vent oxygen enriched gas (35% oxygen or more). The rules given can also be used for gaseous

nitrogen venting, although the formation of an oxygen enriched atmosphere at ground level is more
likely than an oxygen deficient one.

This DSR’s intent is to : _
- Ensure that any oxygen enriched cloud stay at 2 minimum distance above ground level
- Ensure that compressor inlets are outside any significantly oxygen enriched atmosphere

- Predict the extent of atmosphere enriched in oxygen at plant fence line
This document does not apply to :

- Oxygen enriched gas venting with less than 35% oxygen
- Reliefvalves '

3 REFERENCES

1 CGAP14-1992 ACCIDENTPREVENTION IN OXYGEN RICH ATMOSPHERES
2 CGA SB-21992 OXYGEN-DEFICIENT ATMOSPHERES
3

IGC 04-93 PREVENTION OF THE ACCIDENTS ARISING FROM ENRICHEMENT OF THE OXYGEN
IN THE ATMOSPHERE
4 I1IGC 40-90 DANGER OF INERT GASES
IGC is the same as EIGA

4 DEFINITIONS - ABBREVIATIONS

As the oxygen enriched and the oxygen deficient atmospheres are usual risks in Air Separation

Units, the industrial gases producers associations have issued several recommendations on this topic
(see the references below)

CGA considers that the atmosphere becomes :

- "enriched in oxygen" when the oxygen volume concentration exceeds 23%. (reference 1)
"oxygen deficient” if the concentration is Jower than 19.5%.(reference 2)

EIGA considers that the situation becomes "dangerous™:

-------- i 2 i i kad b b g e e of b dny Fined To oy ool opy of i docame s i Sespeniey, 7T
Last primed : Jaly 13, 2004
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5.2.4 WIND VELOCITY

Diffusion is considered to be natural (worst case) when the wind velocity is less than 1m/s. Stronger
wind causes a longer and narrower oxygen rich cloud, that extends nearly horizontally from the
stack outlet. Over 5m/s, gusts of wind will certainly occur, causing high turbulence and efficient
oxygen dilution in the atmosphere.

5.2.5 TEMPERATURE DIFFERENCE BETWEEN THE OXYGEN AND AMBIENT AIR

Oxygen venting is generally performed approximately 10°C below the ambient temperature. It
depends on the oxygen pressure before the letting down and venting, though.

The colder the oxygen, the higher the stack must be. If the oxygen is colder than.40°C below
ambient temperature, a specific study is required.

If the oxygen is warmer than ambient temperature, the —~10°C curve is to be used (oxygen 10°C
colder than ambient temperature).

5.2.6 COMPOSITION OF THE VENTED GAS

The simulations for the DSR were made with pure oxygen venting. Obviously, the oxygen enriched

area when venting pure oxygen and when venting the same quantity of a gas with 40% oxygen and
60% nitrogen is not the same. In order to take it into account, the required stack height may be
reduced and based on a “correcied venting flow” for the venting of oxygen enriched air.

The corrected venting flow shall be determined as follows :
Q.=Q, x125x(c—20%)

Qc is the modified venting flow to be taken into account for the stack height determination
Q, is the actual (design) venting flow
¢ is the oxygen content (in %) of the gas being vented.

The venting velocity still has to be at least 10 meters per second with the real flow Q,.

Example : if a stack must be sized for venting 2000 tons per day of a gas containing 40%
oxygen and 60% nitrogen, the formula above gives :

Q¢ =2000x125x (40% — 20%) = 500

Therefore, the stack height is the same as the height required for the venting of 500 t/day of
pure oxygen, 10 to 12 meters depending on the temperature of the gas being vented instead of
16 to 18 meters for 2000 tons per day of pure oxygen.

5.2.7 . OBSTACLES

Obstacles close to the stack can disturb the diffusion. A specific study must be performed if high or
wide constructions other than the cold box like buildings or large storage tanks are present in the
oxygen cloud as shown in section 5.4 below.

............................................................................................................................

'I'knsx:nmmnﬂuddommﬁnndﬂ:.nnbewmd:dohsn!a:nthemdof&:hymmedﬁ:m}ymndmwufmudnmmnmmmzddmnﬂy
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- At more than 25 % oxygen because of the increased fire hazard (reference 3),
- Atless than 16% oxygen for anoxia reasons (reference 4)

Those two last values have been retained as a basis for stack design.

In this document references are made to a "25% oxygen cloud" meaning a cloud of gas where the
oXygen concentration is equal to or greater than 25%.

5 DESIGN OF ATMOSPHERIC VENTS

5.1 GENERAL

Gaseous oxygen is heavier than air by 11%. Therefore, it can accumulate above the ground if there
is little or no wind, even if it is vented at ambient temperature. Nitrogen is somewhat lighter than
air, the accumulation risk outside confined areas is smaller than with oxygen.

The recommendations below given for oxygen stacks can also be used for nitrogen stacks, even if
the requirements may be somewhat excessive. Therefore, the following is written for oxygen
venting.

Several parameters have an influence when venting large amounts of gaseous oxygen to the
atmosphere :

- Oxygen jet direction and velocity

- Stack height

- Oxygen flow rate

- Wind velocity

- Temperature difference between the oxygen and ambient air

- Composition of the vented gas

- Presence of large obstacles that modify the diffusion conditions

When venting oxygen to the atmosphere, steady state diffusion is reached afier approximately 10
minutes. The design rules intend to avoid reaching a 25% oxygen concentration 4 meters above

ground for all operating conditions in the considered plant, for any wind velocity, once steady state
conditions are achieved. : :

The 4 meters height is required to avoid of the “ground effect”, which is the influence of the ground
proximity on diffusion. The dilution of the oxygen vented to the atmosphere requires that diffusion
be possible. If the oxygen enriched cloud gets close to the ground, diffusion is blocked in half the
space (mirror effect), which causes the oxygen enriched area to expand on the ground.

Computer simulations were made with “PHAST Professional” version 5.2

............................................................................................................................
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5.3 VENTS SIZING

The following graphs give minimum stack heights as a function of the nominal venting flowrate (in

most cases equal to the plant capacity), taking into account the worst venting conditions . The
selected height may be more than indicated below.

The following graph shows the effect of the oxygen temperature for a venting velocity of 10 m/s.
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5.5 POSSIBLE VENTING SOLUTION

One possible solution for avoiding most potentially oxygen enriched atmosphere occurrences is
mixing the oxygen jet with residual nitrogen, either downstream of the water nitrogen cooling tower

(in order not to upset the cooling tower when venting), or possibly with the outlet of the front end
purification regeneration outlet.

However, great caution must be used in that case. Neither the oxygen stack nor the oxygen velocity
when venting should be lower than the limits given above if there is any possibility of oxygen
venting with no residual nitrogen. This may be particularly true if the networks of several cold
boxes are mixed there may be oxygen venting without residual nitrogen.

Besides, there will have to be some precautions for getting near the “residual nitrogen™ outlet
different if there is a possibility of oxygen venting. '

6 OXYGEN VENTING EXAMPLES

The following graphs are the results of simulation calculations showing the oxygen enriched cloud
~ obtained with a decreasing stack height.

Oxygen vented 30 °C below ambient temperature
‘Wind velocity : 1 meter per second
Flow rate : 500 tons per day at a velocity of 5 m/s
Decreasing stack heights :
' 12 meters
10 meters
8 meters

The different colors on the dispersion graphs are the boundaries of the 25%, 30%, 40% and 50%
oXygen zones.

Note that the required stack height for 500 tons per day vented at a 5 m/s velocity is 15 meters per
second in order to avoid an oxygen enriched atmosphere below 4 meters elevation.
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v=5m/s - {-30°C) PHAST Professional Version 5.2
Study: MISEAAIR
Material: OXYGEN
Case: 500t/
Weather F 1.0 m/s
': Continupus
i
g Concentrations {(Mal%,)
h 25%
! FE 30%
i 40%
n BEa 50%
m

Averaging time B00.00 s

10 15 20 25

Distance in m

This is #n unconwolied document and shall be considered ohsolete &t the end of the day printed. The only Tied copy of this g i i
Las primed : July 13, 2004




