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1  Introduction

This guide on the retention of dangerous substances flowing through
pressure relief equipment is based on requirements of immission con-
trol law as defined in the Federal Immission Contrel Act and.are in
close relation with the Guide for the Identification and Control of
Exothermic Reactions. ) :

~ Where pressurE'reiief is part of tha'Safety concept of an exothermic
reaction, it must be ensured that dangercus substances to be dis- _
charged from the reactor pressure system during pressure relief do not
represent a hazard to man or the environment.

Dangerous substances witin the gxclusive characteristics:

1. explosive

2.  oxidising

3. extremely flammable
4. highly flammable

5. flammable

will not be considered for our'purposeé, since these substances do not
have a direct impact on man or the environment.

This guide is a summary of relevant knowledge and proven practices of
the chemical industry and of the varicus institutions dealing with
issues relating to safety of chemical reactions.

The guide identifies the measures to be taken for the retention of
dangerous substances and specifies the conditions under which a direct
and safe discharge of these substances into the environment is possi-
ble. - )

In this context, reference is made to section 3.4 of the latest vwer-
sion of TRB 600 on the installation of pressure vessels.

2 'Scope of Application ' _—

This guide applies to installations subject teo licensing pursuant to
the Appendix of the 4th Ordinance for the Implementation of the Fede-
ral Immission Control Act in which pressure vessels with pressure re-
lief eguipment where chemical reactions take place are integrated.




3 Definitions
Within the meaning of this guide, the following definitions apply:

Retention measures:
- e.g. the collecticn, accumulation, separat;on, storage and con-
' densation in closed collecting ' systems;

- the transformation into. harmless substances, €.9. through con-
" bustion in flares; -

Substances or substance-mixtures (preparations) pursuant to Art. 3 a
of the Chemicals Act and to Annexes II, III and IV of the Hazardous
Incident Ordinance which show one or more of the following characteri-
stics: ' ' '

6. very toxic
7. toxic

8. harmful

9. ‘corrosive
10. irritant

11. sensitising (?)
12. carcinogenic

13. teratogenic (toxic for reproduction)

14. mutagenic '

15, other chronically damaging properties

16. dangerous for the environment
Eressure reljef equipment:

Equipment which automatically prevents the exceeding of admissible
operating overpressure by discharging substances.

4 Overall concept and general principles

Pressure relief equipment is the last link in a chain of measures to
prevent the exceeding of admissible aperating overpressure levels for
a preéssure vessel. In accordance with current regulations, pressure

relief equipment must not be used for any control:functions. Response




from pressure-rglief equipment must be avoided wherever possible and
is a very rare event. '

If pressure relief is necessary, the dedision on how ;he requirement
‘of retaining the dangerous substances can be met should be preceded by
an analysis of the individual case. ' '

Such an analysis must take into account the installation’s specific
conditipns'of release as well as the conditions of propagation at the
site in question. ' '

Depending on the résult or assessment of an individual case analysis,
the safe discharge or retention ghould be based on the following
three-step concept:

1. Retention by closed collecting systems
2. Retention by treatment systems (i.e. separator, flare)
3. Direct discharge into the environment

Gas/vapour/liquid/sclid

Compliance with assessment values?

yes | 3% no 2*. ‘mo | 1%
Discharge into - |Treatment system ' closed collecting
the environment (e.g. washer) system

* thres-step concept




Labelling in accordance with the | Qualifying quantity* (in kg)
Ordinance on Hazardous Substan- ,

ces :

very toxic (T+) - - 200

toxic (1)’ . 2.000

harmful (Xn) : _2.000

corrosive (C) 750

irritant (Xi) : . -" 750

?g?gerous for the environment 2.000

with the exception of carcinegenic substances, which will be
treated as follows: ‘ '
Pursuant to Qualifying quantity (in kg)
Art. 15.a (1) 0

Annex I no. 1, 1.4.2.1.XKat. 1 20
Amnex T no. 1, 1.4.2.1.Kat. 2 200
of the Ordinance on Hazardous Substances

* The reference quantity for the qualifying guantity is the con-
| tent of the vessel made safe by the pressure relief equipment
taking into account the type and quantity of the substance to be
released. ' '
The gualifying quantity for the individual substances listed in Annex
IT of the Hazardous Incident Ordinance is one tenth of the quantities
specified in column 1 of this Annex. '

5 Procedure for individual case analysis

The procedure for individual case analysis may be'subdivided_into the
following processing steps: '

5.1 Determination of the safety—related parameters of the suhstances
The characteristic values for the hazard potential of chemical reac-

tions are described in the Guide for the Identification and Control of
Exothermic Reactions. '
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5.2 Determination of the mass flow blown out at opening of presasure
. relief equipment and of the total quantity released ’

The basis for the determination of the potentially released quantity

is an analysis of the interaction, under'failure conditions, betwaen

properties of individual substances and mixtures, and the process and
' operatlng parameters of installation components.

5.2. 1 Determination of the -axi-u- mass flow to be reloved in the de—
sign case

To determine the design case, a closed volume, either in the 1ntended
_use or due to a fault, is assumed ‘for the pressure vessel, qu it is
analysed whether the input of mass and/or of thermal energy can result
in inadmissibly high levels of pressure. With regard to the substan-
cee,'the limited compressibility and the vapour pressures, which go up
as temperatures increaée are of_importénce.

Pepending on overall conditions in the 'individual case, the design
cases may, in principle, be subdivided into four groups.

5.2.1.1 Pressure increase caused by a pump or compressor

Mass flow can be determined by using the perforance curves of pumps or
Compressors. '

5.2.1.2 Overflow from a higher pressure level

This refers to the overflow through open energy channels, the failure
of reduction and pressure retention valves or an internal leakage re—'
sulting from inadmissible material strain. In such cases, the mass
flow is produced by the pressure difference and the flow area.

5.2.1.3 Heating up from a'higher temperature level

In these cases, the vessel volume is heated up using either direct

. heat flow in the form of mass or indirect heat flow transferred using
a heat exchange area. _

To determine the mass flow to be removed, the quantity of heating me-
dium introduced and the energy balance are used.




ad 1)

ad 2)

'aq 3)

If operative treatment systems (e.g. separaters, flares) are
unsuitable due to their limited capacities or similar technical
limitg, closed collecting systems can be used. These are sophi-
sticated installations specifically designed for the retention
of dangerous substances flowing-thrdugh pressure relief equip-
ment.

Ih some of the operative facilities, used in continuous opéra-'
tion, substances can be treated, depending on their properties,
by means of dissolving, condensation, combustion or chemical
reaction. It must be assessed whether the immission. loads emana-
ting from the non-retained residues are tolerable.

The qﬁélifying quantities specified in the table below are in-
tended to provide assistance in taking the decision on the ne-
cessity of a treatment or retention system. The qualifying quan—
tities have been selected in such a way that a treatment or re-
tention system is normally necessary when they are exceeded. 1f
the individual case analysis provides proof that the possibility
of generating a serious danger within the meaning of the Hazar-
dous Incident Ordinance is pfecluded because measured values are
below recognised assessment values for scil, water and air {e.g.
the ERPG-2 value), a direct discharge of the substances blown
out in the environment may be tolerated. o

With regard to requirements for official controls, it is recommended
to require submission of the results of individual case analyses if

the qualifying guantities set out in the table below are exceeded,

provided that no treatment or retention systems are planned.

1f the quantities are below the qualifying guantities, it is recommen-

ded, in usual cases, not to require submission of the results of indi-
vidual case analyses. -
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5.2.1.4 Pressure increase resulting from material transfer

Measures to be taken in extreme cases involving chemical reactions
‘normally require a partidnlarly extensive analysis based on detailed
investigations involving laboratory equipment. The Guide for the Iden-
tifiéation and Cbntrol of Exothermic Reactions provides the necessary
adv1ce and describes the procedure for the definition of a safety con-
" cept.

If pressure relief including safe retention or safe discharge is inte-
| grated in the safety concept as a limiting measure after the failure
of upstream measures to prevent the feared event, the design case must .
be clearly characterised.

Example: Failure of the cooling system of a batch reactor in which
the design quantities safeguarded by organisational and
technical measures have been added.

For the design of pressure relief, e.g. the following prerequisites
must be fulfilled, and/or the following data be provided:

C - clear correlation between temperature and pressure (set pres—
surle

- sufficiently high vapour preésure {set pressure > normal pres-
sure}; _ )

- sufficient quantity of evaporable substances for the purpose of
cooling by boiling;

- substance properties such as propensity to expansion and higher
viscosity may result in an escape in two phases;

- heat production rate dQR/dt and/or gas formation rate dH/dt at
the temperature corresponding to the set pressure;

- the function of the pressure relief equipment must not be affec-
ted by excessive polymerisation, conglutination or corrosion. _

For ‘the relieve of a reactor, a sufficiently large quantity of vapour
mass flow, depending on the heat production rate, must be blown out of
the reactor. In addition, a gas mass flow must be discharged depending
on the gas formation rate. when dlmen51on1ng the pressure relzef area,
both mass flows must be taken into account.
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5.2.2'Dilensioming the relief area taking account of upstreas and -
downstream parts of the installation (pipings)

Depending on the physical condition of the gpbstances within the mass
flow, or the splitting into gaseous or liquid portions, the calcgla—
tion of thé‘pressurg'relief area 1is carried out on the basis of diffe-
rent calculation methods: '

- | one-phase gas/vapour or fluid flow using the laws of fluid dyna-
mics; ' '
- assessing whether two-phase escape occurs, on the basis of the

substance properties (surface tension, viscosity) and the phase
separation conditions (gas velocity?, filling level in the ves-
sel) using a phase separation model (e.g. DIERS diagramme);

- multiphase escape through mass flow and pressure loss models
(émpirical approaches, the results of which have been proven by
tests). Pressure relief test benches are available in particu-
larly difficult individual cases.

In the following, some of the influences of upstream and downstream
installation parts (pipings) have been listed which may reduce the
blow-out capacity of the pressure relief equipment and must therefore
be taken into account with a view to dimensioning the pressure_relief
area.

- pressure loss in the supply line;

- pressure'loss in the blow-out line;

- pressure loss in the liquid separators and retenfion systems,
increased back pressure on the pressure relief equipment due to
the required condensing pressure in the retention system.

In this context, the process of determining the flow forces in the
pipings (especially in the case of two-phase flows) must be mentioned.

As regards the dimensioning of pressure relief equipment, attention is
drawn te the guide for dimensioning the flow areas of safety valves

in relation to the wvessel c¢ross section




and rupture disks, which is at the moment being drawn up by a group of
experts representing both industry and scientific institutions.

5.2.3 beternination of the total quantity released at opening of'ptes-'
~ sure relief equipment '

As a result of the selection of the pressure relief egquipment (rupture
disk or safety valve) and the definition of the pressure relief area,
the blow-out process is-unambiguously characterised with respect to
mass flow. '

" On the basis of an energy or mass balance, the mass flow released over
time -and the total éuantity thus blown out, or the duration of the
process, may be determined for chenical reactions or for pressure re- -
lief procasseé that are fed by a limited energy and mass reservoir
located outside the vessel.

In the case of préssﬁre relief processes that are triggered by a pres-
' sure generator (e.g. a pump) Or an energy source (e.g. supérhéated
Qap0ur supply), the total quanfity is eritically influenced by the
time at which these sources are switched off through organisational or
technical measures.

5.3 Specification of the conditions for the blow-out from pressure
relief equipment

¢nce the evolution of the mass flow over time and thus the total quan-

tity blown out as well as the properties of the substances blowh out

are known, it is time to spgcify the conditions for the blow-ocut with
regard to the following:

- phfsical'condition of the substances;

- place, direction and height of the outlet;

- impulse of the outlet flow (direcfion, speed); .

- factors relating to the surroundings (vicinity, water bodies,
" built-up areas etc.). ‘ '

The physical condition of the substances is relevant with a view to
assessing the blow-out process in two different respects. For the gas-
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eous part of the mass flow, the mixture with ambient-air must be moni-
tored, and the propagation calculated. For the liquid part, it must be
determined where the liquid splashes or is sprinkled (possibly on the
roof of the building)} and what mass flows volatilise or evaporate'from
the liquid released. Depending on the hazard potential, a decision on
the separation and collection of the liquid phase may become necessary
at this stage.

The place of blow-out is of partlcular importance for the turbulent
mixing of the quantities of gas ‘blown out and thus for dilution in the
atmosphere. Therefore, the place of blow-out chosen shOuld be located
as far as possible above the building housing the installation. '
In the near vicinity of the place of blow-out, the hazard can be mini—'
mised by choosxng to direct the release to areas not under risk (e. g
on the works premises).

Inly in the vicinity of the outlet is the impulse of the outlet fiou
of great impdrtance for the dilution of the substances releaséd. A
turbulent free jet allowed to develop unhampered leads to a rapid in-
itial dilution, so that even the blow—out of gases with a specific
weight higher than that of air deces not entail any-heavy gas effeéts; '
,Aéart from an increase in the effective height of release in the case
of a vertically upward outlet, the propagation of a free jet has no
major impact on immission loads at distances of more than 100 m.

- 1f, at a close range, no turbulent free jet is formed, or if an accu-
mulation of heavy gases occurs as a result of the volatilisation or
evaporation from a liquid‘spill a propagation of heavy gases must be
assumed. This applies all the more, the closer the place of blow-out
is to ground level.

In ordér to determine the place uhere'a poseible hazard for men and
the environment may occur, the surroundings of the place of blow-out
must be investigated. This includes, if applicable, the surroundings
of the installation on the works premises as well és the endangered
zones {e.g. buildings, water bodies, so0il) outside'the works premises.
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5.4 Determination of the concentration and duration of the 1lpact in
characteristic places

wWith the aid of recognised propegafion modeln for the description of
free Jet propagation or atmospheric propagation (see VDI 3783), the
evolution over time of the concentrations of the substances emitted
can be calculated for the air peth, depending on the distance to the
pressure rellef equipment.

The following data are essentisl for the caleulation of VDI 3783:

- mass f£low over time or, in the case of spontaneous release, the
total guantity; :

- height at which the blow-out occurs, altitude and distance of
the point of contact with the earth, the surroundings {built-up
areas, topographyi characterised by "scil roughness categories";

- - weather situation (turbulence rate of the;atmosphere} character-
ised by propagation categories (stable, unstable and indifferent
propagation situations), taking into account possible inversion
layers; ' '

- wind velocity.

On the basis of the time dependent mass flow determined, a continuous
 point release {including, if necessary, the formation of a free jet)
is simulated, or, if the period of emission is short (considerably
lower than the quotient of distance from the contact point and wind
velocity), a spontanecus point release of the total mass is simulated.

If the release takes place at a point high above the installation, and
if places at a distance.of more than 100 m are to be_investioated; a
density neutral release of gas can as a rule be assumed. The applica-
ticn range of these prooagation models is limited to distances of more
than 100 m. If ehorter distances are taken, immission prognoses are
subject to a hlgher degree of uncertainty, due to model characterl—
stics. In the vicinlty of the point of blow-out, a free jet propaga-
tion or a heavy gas propagation can be assumed, dependlng on the invi-
didual case.
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of blow-out.
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With regard to the atmospheric propagation pursuant to VDI 3783, ‘the
turbulence rate of the atmosphere, which develops depending on the
vertical temperature gradients in certain weather gonditions, is de-

‘fined by three propagation categories (stable, unstable and indiffe- .

rent) .’

Normally, an inversion layer is assumed to exist at a level of 20 m.
At lérge—scale,industrial_facilities, hdwever, a considerably higher
inversion layer (up to 100 m) may be assumed due to thermal charac-

teristics. ' ' ' '

For a height of blow-out of mere than 20 m, it is assumed that the
emission is reflected from a blocking layer at the level of the point

Taking into account the categories of roughness for the_modelling of
"unevenness" of the surroundings such as built-up areas or vegetation,
the immission load at the contact point is calculated for the three
propagation categories with an assumed wind belocity of 1 m/5 and as-
suming the existence of an inversion layer. The most unfavourablé re-
sult of these three calculations (i.e. the highest immission load)

thus characterises the most unfavourable propagation situation, which
only rarely occurs simultanecusly with the blow-out from pressure re-
lief equipment, and ig used for the assessment of the hazard.

In justifiable exceptional cases, a mean propagation situation with
indifferent weather conditions without a blocking layer and with a
wind velocity of 3 m/s is assumed, and thus, the immission load is
determined for frequent propagation conditions.

If, in the case of a blow-out, a significant part of the liquid is
releésed, the ligquid which is distributed into the atmosphere in the
form of drops and volatilises, evaporates‘or is sprinkled must be
taken into account for determining the immission load. For this pur-
pose, assumptions must be made about drop size, drop distribution as
well as the volatilisation or évaporation rate. '

Flowing period models (e.g. the Rhine Model} can be used to determine
the evolution of concentrations in surface waters.
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5.5 assesa;ent values

In order to answer the gquestion of what is the substance gquantity that
must be released to present a hazard for man and the environment at
the contact point, substance-specific assessment values are needed.
Since the blow-out from‘pressﬁre relief equipment generally involves
operatidns that last for a shoft period of time only {severél mi-
nutes), these assessment values must primarily refer to acute, short-
term hazafds. Apart from concentratibn levels, the duration ¢f impact -
15 of major importance. )

At the moment, there are no uniferm éhd generally recoghised assess-
ment values yet. With regard to human toxicology, the ERPG-2 values
should, where available, be used for the assessment of the discharge
of dangerous substances,'based_on the discussion results of the Hazar-
dous Incident Commission. |

Where no recognised assessment values are available to assess the ha-
zards of long-term effects of short-term exposure, assesgment must
take place on a case-by-case basis in consultation with experts.

As regards the water path, a first assessment of possible hazards for

the environment can be made using the classification method applied‘by
the International Commission for the Protection of the River Rhine in

the case of accidents resulting in damage to water bodies, |

7] Safe dischafge or safe retention of substances flowing through
pressure relief equipment

The following thrée—step concept can be used to meet the requirements _

of immission control law and to be in line with the state of the art

of safety technoclogy applicable to hazard-free discharge:

- retention by closed collecting systems;
- retention by treatment systems (e.g. separators, flares);
- direct discharge into the environment. '
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Retention by closed collecting gystems

6.1.1 Closed space for collection

Can be used for ligquids, solids and gases/vapours.

Flease note the followlng

the mass that can be collected is llmxted, especially wlth
gases/vapOurs {otherwise largs volumes are needed);
the resulting pressure influences the pressure relief equipmeht.

6.1.2 Closed collecting system with upstrea= immersion facility

Pipe manifolds or jet condensers can be used for

condensable vapours;

gases easily soluble in gaseous form in the liquid of the up-
streaM'immersion facility;

- substances to be chemically neutralised or transformed in the

liquid of the upstream immersion facility (e.g. chlor;ne in so-

dium hydroxide); :

if necessary, they are alse suitable for the lower, liquid con-

tent of a two-phase flow if the ﬁressuré differénée is tolerable

-for the distribution;

if necessary, safe disposal of the non-condensable/non-soluble
parts .in a downstream flare/TAR (necessary especially for major
guantities of inert gas}). '

Please note the following:

the condensation rate (“efficiency factor") increases with the
quality of vapour distribution, the decrease in the temperature
of the cooling agent used and the reduction of the quantity of
inert gas; T

the pressure used to condense the substances should be suffi-
ciently low (since it hss an 1mpacﬁ on the compressive strength
of the equipment and on the back pressure bearing on the pres-
sure relief equipment); _ )
pressure losses caused by distribution systems, feeder lines and
the depth of immersion have an effect on pressure relief equip-
ment;
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- measures of measuring and control technology to guarantee that
conditions are in line with assumptions made for the design: 
e.g. monitoring devices including alarm'for filling lgvels and
temperatures; ' . ‘

- if necessary, heating for outdoor facilities (antifreezlng} or
cooling of the liquid to be’ used '

6.2 Retention by treatsent systems

In some of the operative facilities, uséd in continuous operation,

substances can be "diaposéd of" by means of dissolving, condensation, .

combustion or chemical reaction, depending on their properties. With a
view to the suitability and Selection of one of the alternati#e Pro-
cezses, a number of generally valid ecriteria need to be cons:dered
including the following:

- examining the capacity concerﬁing fhe mass flow and total quan-
tity blown out;

- considering the effects of pressuré loss in the pipings and in

different pieces of eguipment on the preésure relief equipment;
- ensuring that the relevant path cannot be closed up;

- " examining the corrosive strain on the materials.

The suitability of the alternative systems regarding the retention of
substances as well as their limits of application or, if necessary,
relevant criteria will be described in the following.

6.2.1 Separator {filter) or collecting container (catch tank)

Can be used for

- liquids;

- two-phase (or three-phase) mass flows with separators {or fil-
ters) and with collectors for the ligquids (or solids) and with
collectors for gases/vapours in dqwﬁstrgam_operative facilities.
such as washers, flares/TAR or A-carbon toﬁers, or retention of
gases and vapours in closed collectxng systems, if appl:cable,
Hlth upstream immersion facilities.
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6.2.2 Washers and upstreas immersion facilities

Can be used for all types of gases and vapours, combustible, toxic,
very toxic or carcinogenic, which are '

soluble or
neutralisable or
condensable by using a cold clean;ng solution or

chemically absorbable.

Please consider the following:

What are the effects on the waste water of the washers’ Does
separate disposal become necessary?

Is the washing liquid suitable for the substances to be re-
tained? : '

Can undesired reactions with the washing liquid occur in the

. washer (i.e. compatibility of the substances)?

6.2.3 Plare/thermal waste gas purification {TAR) ‘ .

,Can be used for

combustible gases/vapours;

toxic, very toxic or carcinogenic substances, insofar as they
are thermally decomposable/combustlble and the combust1on gases
formed present no hazards.

"Please consider the following:

Is the flare or TAR designed for possibly high short-term expo-
sure levels, i.e. might it not be extinguished, or is there not
the possibility of a bypass, due to the excessive exposure le-

. vels?
Will the classification of exp1051on zones for the waste gases

which are to be burnt in the flare/TaR change as a result of the
input of the combustible substance, i.e. are effects regarding -

backflash etc. possible? Can other effects on the connected in- -
stallation parts be excluded?

Since the feeder lines are usually long, the loss of pressure on

the pressure relief egquipment must be examined separately.
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6.2.4 Activatéd carbon sfstems

Can be used for all types of gases or vapours which can be linked by
absorption to A-carbon. -

Please note the following:

- assessing the hazard potential-doncefnidg possible oxidisation

or'decomposition reactions (A-coal burning);
- - disposable mass flow or total mass is very limited.

. 6.3 Direct discharge into the environment

The existing operative safety concept, the installation-specific con-
ditions of release and the specific propagation conditionsg at the site
can be used to evaluate, on a case-by-case basis, the risks that may

‘occur during the blow-out from'pressure relief equipment outside of

the installation.

If the results of these case-by-case examinations fall below the level
of recognised assessment values, a direct discharge into the environ-
ment of the substances blown out can be tolerated.
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