Safety Aspects in Urea Plants:
Y2K Update
The flammability limits of mixtures containing ammonia, hydrogen and methane in explosion risk
in urea plants is interpreted. Hydrogen is highlighted as the main wrongdoer and points out that it
is possible to design emergency relief systems for a urea plant, discharging directly into the
atmosphere, that is, in accord with present safety views.
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Introduction

regular update of safety guidelines and standards.

Explosion risks in urea plants

Some Backgrounds on theY2K Update
Flammability limits

A

dding oxygen to the urea process has proven
to be an effective and reliable way to minimize corrosion to the stainless steels used in
a urea plant. On the other hand, ever since the introduction of this technology in the early 1950s, the fire
and explosion risk associated with the introduction of
oxygen (air) in the urea synthesis has asked for special
attention in design and operation to ensure safe production of urea.
Experience and knowledge of these safety aspects
has grown over the years, through experience gained in
operating plants, as well as through fundamental
research. Also, over the years, safety in production has
increasingly been required from the chemical process
industries. Stamicarbon believes that these increased
demands on safety related topics certainly are justified.
The combination of growing insight on the one hand,
and increasing demands on the other hand, justifies a
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The flammability limits of mixtures containing
ammonia, hydrogen, and methane at elevated temperature and pressure are known already quite some time;
they were reported in the 1982 Stamicarbon sixth Urea
symposium. Knowledge of these flammability limits,
of course, is an important pre-requisite in safety studies, however, they don't give a direct answer to practical problems and questions that we can ask ourselves.
Moreover, the flammability limits, as reported, don't
account for the big difference in mixture reactivity,
with respect to combustion, that exists between, for
example, ammonia-air mixtures on one hand, and
hydrogen-air mixtures on the other. Our present Y2K
update on explosion risks is, among others, based on
these limits of flammability; the update, however, gives
a more concrete and balanced interpretation of these
flammability limits.
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Risk: combination of chance and effect
Risk as perceived by human beings to always have
two aspects: on the one hand, there is the chance of
occurrence of some undesirable event, whereas, on the
other hand, there is the magnitude of the potential
unwanted effects associated with the undesirable event.
Scenarios that have a high likelihood and at the same
time are associated with detrimental effects, such as
injury or even death, of course, are unacceptable. On
the other hand, there are numerous examples of scenarios having a low likelihood and minor effects that are
fully acceptable. Between these two extremes, there
exists an area where scenarios are acceptable, provided
that appropriate precautions are taken. It is especially
in this area of "conditional acceptability" where safety guidelines have a function. Such guidelines aim at
quantifying the axes, and specifying the borders
between the "acceptable" and "not acceptable" area.
Moreover, a guideline will provide adequate and wellbalanced safety conditions in the area of conditional
acceptability. It should be noted that these borders and
conditions might be time and place dependent.

(composition, pressure, and temperature) that are typical for a urea synthesis. The experimental setup consisted of a 20-m long pipeline with an internal diameter of 59 mm. In this pipeline NH3/H2/air gas mixtures
were introduced and the detonability of these gas mixtures, as a function of their composition, was tested at
(initial) 150°C and (initial) pressures up to 150 bar. The
design pressure of the test rig is 5,000 bar static pressure and 7,000 bar dynamic loading for the tube itself.
The flanges and the photo- and pressure-sensorfittings
were designed for 2,840 bar constant working pressure
at 320°C, with a test pressure of 3,700 bar. The most
important parameter measured was the flamespeed.

Urea plant explosion risks: The chance axis
For an explosion to occur, there must be a gas mixture with a composition within the flammability limits
and there must be a source of ignition. In urea plants,
the combustible components of concern are ammonia
and hydrogen. In some plants, also the amount of
methane introduced with the liquid ammonia feed cannot be neglected. If we compare these combustibles, it
should be noted that there is a big difference in mixture
reactivity if we compare hydrogen/air mixtures to
ammonia/air mixtures. It is well known that the minimum ignition energy for hydrogen/air mixtures is
much lower as compared to ammonia/air mixtures.
The large difference in mixture reactivity between
these two combustibles was also confirmed by a recent
experimental research project. This research project
was carried out at the German institute IBExU
(University of Freiberg) under the guidance of DSM
Research. The project aimed at investigating mixture
reactivities with respect to deflagration to detonation
(Figure 1) transitions in pipelines under conditions
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Figure 1. Test rig used to measure high-pressure
detonation to deflagration transitions.
The full results of this research program will be
reported shortly in open literature. The main results of
the project can be summarized as follows:
(a) For ammonia/air mixtures over the entire concentration range, flamespeeds were very low: The maximum flamespeed measured (near the stoichiometric
NH3/air ratio) was 1.8 m/s. (Transition of flames to detonation develops once a flame accelerates to
800-1,000 m/s!)
(b) The experiments showed that up to 5% (by mol.)
of hydrogen could be added to these ammonia/air mix-
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turcs, with flamespeeds that remain far from detonation.
(c) At higher hydrogen concentrations, especially in
the presence of small amount of ammonia, distinct
flame acceleration was observed. It cannot be ruled out
that in actual process piping turbulence producing
internals fittings could accelerate the flame propagation sufficiently for detonation to occur.
The test rig was also used for explosion tests on gas
mixtures containing NH3/H2 as combustibles mixed
with oxygen enriched air. These experiments resulted
in an unpleasant surprise: at an experiment with oxygen enriched air (40 mol. % O2 / 60 mol. % N2), a detonation occurred that was so violent that the test rig
(test pressure 3,700 bar!) was severely damaged.
The mixture tested at the moment of the incident contained 28% of ammonia and only 3% of hydrogen.
Taking into account the findings at "normal air", this
violent detonation was rather unexpected. The experimental program was seriously delayed. As a consequence of this incident, Stamicarbon decided to stop
further safety research with oxygen enriched air systems. The present Stamicarbon Y2K guideline does not
allow for use of oxygen enriched air systems in a urea
plant.
A second research program that was recently finished
aimed at finding the auto-ignition temperature of
ammonia/hydrogen/methane/air mixtures at elevated
temperature and pressure. This research program was
carried out jointly by the University of Leuven
(Belgium) and DSM Research. Tests were carried out
in a spherical vessel with a volume of 8 L. Also for this
research program, the full results will be published in
scientific literature; from a practical point of view, the
main conclusions can be summarized as follows:
(a) The most dangerous mixture composition in this
system consists of 10 mol. % hydrogen, 5 mol. %
methane and 2.5 mol. % of ammonia. The auto-ignition
temperature (AIT) for this mixture is 211°C in a volume of 7.1 m3 at a pressure of 200 bar.
(b) Mixtures of ammonia, methane (max 10 mol. %),
hydrogen (max 20 mol. %) and air cannot ignite spontaneously in the exhaust piping of the HP scrubber.
(c) Increasing the O2/N2 ratio ("oxygen enriched air"
and from 21/79 to 40/60) has little influence on the AIT
of urea plant gas mixtures, but has a great influence on
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the effects of an explosion (higher pressure rise and
pressure rise-velocity).
(d) Catalytic material influences the AIT. For
instance, minor amounts of our standard Pt H2 removal
catalyst significantly reduces the AIT of
ammonia/methane/air mixtures.
(e) During the experiments at higher hydrogen concentrations, nonexplainable spontaneous ignition of
hydrogen/air mixtures occurred. From this it was concluded that AIT is not the only possible source of ignition.
Urea plant explosion risks: The effect axis
In a urea plant we can distinguish two different
effects of an explosion. First, there are the direct
effects such as rupture and fragmentation of equipment, and the release of hot process fluid. These direct
effects form a threat to people in the direct vicinity of
the equipment concerned. Second, rupture of equipment results in loss of containment of the chemicals
present in the equipment.
This second effect often brings a much larger risk. In
a urea plant, in some equipment items large amounts of
ammonia at elevated temperature and pressure are
present. Ammonia is a toxic substance, it is corrosive to
the eyes, skin and respiratory tract. Inhalation of
vapor/fumes can cause severe breathing difficulties
(lung edema). In serious cases there is the risk of death.
The release of large amounts of ammonia can have
effects at considerable distances from the urea plant.
These effects justify a differentiation in the safety
approach, depending on the amount of ammonia that
would be released in case of loss of containment.
Several measures are known, and have been used, in
order to minimize the effects of an explosion:
(a) "Dome area" constructions. These are provisions
that limit the amount of damage in case of an explosion
to the internals of the relevant equipment items. This
kind of construction has been applied in several forms
in high pressure urea scrubbers (Figure 2).
In case of an explosion in the protected part of the
equipment, the internals will be damaged and the production process must be stopped for repair. However,
there will be no release of ammonia to the environment. For this kind of construction, there seem to be no
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Present HP scrubber design ("Scrubber sphere")

Former HP scrubber design ("Scrubber cigar")

Figure 2. Two examples of HP scrubber design with dome construction.
putational fluid dynamics techniques and dynamic
finite-elements analyses.
Figure 3 shows the results of an explosion where the
entire HP scrubber packed bed was filled with a stochiometric hydrogen-air mixture. Note that in this figure the radial displacements of the metal have been
scaled (with a factor 5) hi order to get a better visualization of the effects.

guidelines or standards in the public domain.
Stamicarbon, using in-house proprietary design rules,
therefore always has done the design of these constructions themselves. These in-house design rules recently
have been verified in a study carried out by
Stamicarbon, supported by the expertise of the
University of Leuven (Belgium) and the Dutch institute
for applied research TNO, using a combination of comAMMONIA TECHNICAL MANUAL
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Figure 3. Example of calculated tensions in a scrubber sphere in case of an internal explosion.
From this study, Stamicarbon concluded that under
worst case conditions, the present HP scrubber with
spherical dome area will be critically loaded in case of
an internal explosion. However, the underlying "worst
case" assumptions and conditions contain sufficient
margin to assure the mechanical integrity of the present
HP scrubber "dome area" concept. It was also concluded that permanent deformations to the scrubber sphere
couldn't be excluded (depending on the intensity of the
explosion). Therefore, the mechanical integrity of the
HP scrubber always should be verified by means of
inspection after an explosion has taken place in it.
(b) Rupture discs that protect the equipment against
too high a pressure in case of a deflagration, with
release to the environment (Venting of deflagrations).
The U.S. NFPA 68 guide provides guidelines for the
AMMONIA TECHNICAL MANUAL

design of such systems. In urea plants, the possibilities
with venting of deflagrations, however, are rather limited for the following reasons:
• In the synthesis section the release of ammonia to
the atmosphere presents the main risk of an explosion;
this release of ammonia is hardly minimized by deflagration venting. Moreover, the risk and consequences
of inadvertent rupture of the rupture disc should be
considered.
• In the low pressure section protection against
explosion, if required, usually is achieved in a better
way by application of alternative (c):
(c) The equipment is designed deflagration proof
(deflagration pressure containment).
Guidelines for the design of systems that are "deflagration proof' can be found in the U.S. NFPA guide 69.
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Deflagration proof design is recommended for lowpressure equipment in which there can be explosive
gas-mixtures with high hydrogen concentrations. In a
plant with low hydrogen concentrations in the CO2 and
NH3 feed (see Chapter 2), high hydrogen concentrations do not occur and deflagration proof designs therefore are not deemed necessary. As threshold value max.
5% (by mol) of hydrogen in the fully condensed gas is
recommended to distinguish between "high" and "low"
concentration in this respect.
It should be noted that in pipelines at higher hydrogen concentrations, flames could accelerate into detonations. Detonation proof design of pipeline systems is
not possible. Therefore, the presence in pipeline systems of high concentrations of hydrogen, together with
oxygen or air, should always be prevented.

Conclusions from our Recent Research
Projects
Our main conclusion is that hydrogen is the main
wrongdoer in explosion risk in urea plants. Higher concentrations of hydrogen, in the presence of oxygen,
should be avoided in process equipment and pipelines.
As a second conclusion, the importance of inert
(nitrogen) was stressed once more from our recent
research work. We therefore gave up the use of oxygen
enrichment systems in urea plant designs under
Stamicarbon responsibility.
In the third place we concluded that the main risk in
a urea plant does not originate from the explosion
itself. Rather, the potential uncontrolled and sudden
release of large amounts of toxic ammonia is the main
point of concern.
These conclusions have been further specified and
quantified in the form of an engineering guideline. This
"Stamicarbon Y2K Guideline on the Explosion Risks
in Urea Plants" guides in qualifying designs and scenarios in the effect/chance diagram. Application of the
guideline results in a well-balanced classification of
scenarios. Moreover, the guideline guides in specifying
conditions that should be fulfilled in order to be called
"acceptable". (The full text of the guideline can be
obtained from Stamicarbon upon request.)
Most urea plants operating under a Stamicarbon
license are of the type: Total recycle, CO^ stripping;
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for those plants application of this new Y2K guideline
results in the following:
(a) Dose oxygen in the form of air. Don't use oxygen
enrichment systems or pure oxygen dosing.
(b) With oxygen dosing in the range of 0.6 to 0.8%
(by vol. with respect to the CO2 flow), limit the hydrogen concentration in the feedstocks to the urea plant to
the following values:
• Hydrogen in CO2: max. 300 PPM (by vol.)
• Hydrogen in ammonia: max. 100 PPM (by wt.)
In most cases, in order to meet these concentration
limits, it will be required to operate a catalytic hydrogen removal system in the CO2 feed; in some cases a
hydrogen reducing system (such as pre-flash) in the
ammonia feed will be required.
(c) Monitor these hydrogen concentrations on a regular basis; in case these hydrogen concentrations are
exceeded, ultimately corrective actions must be taken
(the plant must be stopped).
(d) To minimize the possible ignition sources, all
equipment (high pressure, as well as low pressure,
including piping) in which there is a flammable component (such as hydrogen, methane or ammonia) that
might contain oxygen or air should be grounded and
protected against direct hit by lightning. During operation, no "hot work" (welding, cutting) activities at or
near such equipment is allowed. Such hot work activities may only be done when the absence of flammable
components (including ammonia) in the equipment or
piping has been ascertained.
(e) High-pressure scrubbers of the total condensation
type (that is, scrubbers provided with a packed bed
washing section in the top) should be provided with a
dome area construction. A dome area is a construction
that restricts the amount of damage in case of an explosion to the internals of the HP scrubber.
For other types of plants (such as conventional plants
or nontotal recycle plants), Stamicarbon can be contacted in case of difficulties with the interpretation of
the foregoing.

Disposal of Emergency Relief Discharges
Ammonia is a toxic substance. In a urea plant, relative large amounts of ammonia are present under elevated temperature and pressure. Engineering guidelines, such as the well known "API Recommended
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Practices" give guidelines about the necessity and sizing of emergency relief systems, aiming at protection
of the plant under emergency conditions. Traditionally,
disposal of the ammonia containing gases from such
emergency relief systems (safety valves or rupture
discs) from urea plants has been done as direct discharge into the atmosphere. Recently, a study was conducted by Stamicarbon to see whether this practice is
acceptable from a safety point of view, taking into
account progressing insight gained in the subject of
emergency relief in recent years.

"probit" relationships, a limit ammonia concentration
of 4,120 mg/m3 was selected in the present study, being
the limit concentration with a mortality effect of 5% to
an average population at 10 min exposure time. It is
defensible that this will be the approximate limit at
which irreversible effect to the health of average working personnel may be expected, also taking into
account their natural reaction towards danger. The
above limit value may be disputable, however, it must
be stressed that the absolute value used hardly influences the main conclusions from our present study.
In summary: "Discharge to safe location" in the present study is defined as a discharge that does not result
in ammonia concentrations above 4,120 mg/m3 in areas
that are accessible to personnel in a normal manner.

Toxicity of Ammonia
The threshold of perception of ammonia varies with
the individual. A lower level of detection in the range
of 0.4 to 2 PPM is reported. Concentrations in the 10
to 50 PPM range are irritating to the eyes or nose, but
it is known that exposed persons rather quickly get
accustomed to ammonia.
Generally accepted is a TLV-TWA value for ammonia of 25 PPM. Please remember the definition of
time-weighted average threshold limit value (TLVTWA) is the time weighted average concentration for a
normal 8-h workday and a 40-h workweek, to which
nearly all workers may be repeatedly exposed, day
after day, without adverse affects.
At higher concentrations in the air, ammonia may be
corrosive to the eyes, skin and respiratory tract.
Inhalation can cause severe breathing difficulties (lung
edema), with a risk of death in serious cases.

Effects "Outside the Fence"
The above definition of "safe location" is defensible
as far as exposure to personnel in the direct environment of the plant in case of an emergency is concerned.
Authorities may and will also put constraints on the
risk and nuisance from an emergency situation in a
process plant to the further environment of the plant.
Moreover, within the process industry there is a growing understanding that stringent limits to the nuisance
to which we expose the population outside the plant are
a requirement in order to sustain the public's acceptance of process industry. For these reasons, also the
effect of a release of major amounts of ammonia to the
further environment of a urea plant were studied.

Safe Location

Emergency Pressure Relief Systems in a
Urea Plant

Traditionally, relief devices to the atmosphere were
specified with an exhaust to a "safe location".
Unfortunately, there seems to be no general, globally
accepted, definition of "safe location" in this respect.
As a minimum requirement, it is obvious that a relief to
"safe location" should be such that concentrations of
toxic substances do not result in any irreversible effects
to the health at locations that are accessible to personnel in their normal working routine. The relationship
between the concentration of a toxic substance, the
exposure time and the effects of exposure, ranging
from irritation to mortality, can be represented by
means of dose-response relationships. From these
AMMONIA TECHNICAL MANUAL

A typical Stamicarbon CO2-stripping urea plant is
equipped with several emergency relief systems:
(1) Pressure relieving devices on the liquid ammonia
supply system to the urea plant and pressure relief
devices in the suction and discharge of the HP ammonia pumps. These systems usually discharge into
ammonia receiving systems at lower pressure, or they
discharge into a vent sack at atmospheric pressure. Via
this vent stack, part of the relieved ammonia will
escape in gaseous form from the top to safe location;
however, the majority of the relieved ammonia will be
23
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diluted with water and contained in the ammonia water
tank.
(2) Pressure relieving devices on the HP synthesis.
The synthesis loop is typically protected against overpressure by means of pressure relieving devices at the
compressor and HP pumps and with one or more pressure relief valves in the gas phase of the synthesis loop
(usually: in the reactor off-gas line). The discharge of
the relief valves of the HP carbamate pump typically
discharges into the suction line or vessel of these
pumps, such that no ammonia release to the atmosphere is expected over here. The pressure relief
valve(s) in the gas phase of the synthesis loop protect
the equipment against too high a pressure caused by
maximum heat input via the HP stripper into the synthesis loop. Typically, these relief valves discharge into
the atmosphere at safe location. Blow-off rates from
these PSVs are large, however actual operating experience has learned that the maximum blow-off rates are
hardly ever reached, and blow-off time at high blow-off
rate is usually very short.
(3) Pressure relief devices on the low pressure side
of the high pressure heat exchangers. On the low pressure side of the high pressure heat exchanger, pressure
relief devices (usually rupture discs) are installed to
protect the low pressure system against too high a pressure in case of a tube rupture. In high pressure strippers
actual tube ruptures have been reported to
Stamicarbon. These rupture discs relieve directly into
the atmosphere, in most plants relieving outside the
plant structure via a short horizontal pipe. A tube rupture in one of the HP heat exchangers will result in the
release of a major amount of ammonia; there is no way
to stop the flow and the entire HP synthesis loop will
depressurize via the rupture disc!
(4) Pressure relief devices on the low pressure equipment. Also, in the low pressure sections pressure relief
devices (usually relief valves) are installed. Typically,
these devices discharge via the vent stack to safe location. The maximum capacity of the PSVs on the recirculation section of the plant is considerable; however,
actual operating experience has learned that the duration of emergency relief usually is relatively short.
From the above, it can be concluded that from these
emergency relief devices, the rupture disc(s) at the HP
stripper in a Stamicarbon CO2 stripping plant has the
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highest potential of resulting in a major ammonia
release to the atmosphere. Because of this, the present
study focuses mainly on the effects of a HP stripper
tube rupture. However, the principle results of this
study readily can be translated to the other pressure
relief systems mentioned above.

HP Stripper Tube Rupture
API-RP 521 recommends the following basis to be
used to study the effects of a tube-failure in a heat
exchanger:
(a) The tube failure is a sharp break of one tube.
(b) The tube failure is assumed to occur at the backside of the tubesheet.
(c) The high-pressure fluid is assumed to flow both
through the tube stub remaining in the tubesheet and
through the other longer section of tube.
Observation of actual ruptured tubes in HP-strippers
(Figure 4) shows that the above assumptions provide a
realistic basis for such an unwanted event. Although
there is no "sharp" break, clearly a surface area equal
to twice the surface area of a tube becomes available
for flow from the high pressure side to the low pressure
side of the heat exchanger. The scenario that develops
after a tube rupture can be split in the following phases.
Phase 0: Immediately following the tube rupture,
gaseous phase rich in CO2, will flow through the tuberupture faces into the shell of the HP stripper. This gas
will rapidly pressurize the shell of the HP stripper;
within some 10 seconds, the pressure in the shell will
exceed the set pressure of the PSV/PSE that protects
the shell side against too high a pressure. As the gas
flows from the top and bottom channel of the HP stripper into the shell, its place will be taken by liquid from
the reactor. The flow rate of gas through the ruptured
tube faces in this phase will be some 20 kg/s (of which
- 40% wt. ammonia).
Taking into account the relative small gas volume
available in the HP stripper (and HP carbamate condenser), it follows that it will take only 1 to 2 min
before the stripper will be entirely filled with liquid.
From that moment on, boiling liquid will flow to the
tube rupture faces and expand into the shell as a
gas/liquid mixture.
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ally decreases. The volume that becomes available in
the synthesis from this reduction in liquid volume is
taken by the gas phase, partially by expansion of the
present gas and partially from evaporation of gas from
the remaining liquid. As a result, the synthesis pressure,
as well as the synthesis temperatures, will gradually
drop. This drop in synthesis pressure now will gradually reduce the flow rate through the ruptured tube faces.
This will result in a gradual decrease of the pressure in
the stripper shell. Quantifying the above for a large
scale (-3,000 MTD) plant demonstrates:
• It will take some 4,400 s (so a bit more than an
hour) before the synthesis section is "empty" (that is,
free of liquid).
• In this time span, the synthesis pressure will gradually drop from some 140 down to 50-60 bar.
• The (average) temperature of the liquid in the reactor will have dropped from some 177 down to 150°C.
• The total flow rate of liquid from the synthesis
through the rupture disc gradually decreases from some
85 kg/s down to some 48 kg/s.
• The ammonia release from the synthesis reduces
from some 30 kg/s down to some 15 kg/s.
At the end of phase 1, all liquid that was originally
present in the synthesis has been released; in the synthesis section there remains an ammonia rich gaseous
phase with a pressure of some 50-60 bar. From the calculation, it follows that phase 1 will take some 4,400 s
for a large-scale plant. It should be noted that the flow
rates are predominately determined by the flow areas
(flow area of the ruptured tube faces and the flow area
of the rupture disc).
Since these flow areas are independent of the plant
(design) capacity, it follows that for smaller plants, the
flow rates will be the same; however, the duration of
the emission will be shorter (as a first approximation,
the duration of the emission will be proportional to the
plant capacity).
Phase 2: Following phase 1, the gas remaining in the
synthesis will expand over the ruptured tube faces, followed by expansion over the rupture disc. This flow of
gas from the synthesis section will result in a further
gradual decrease of the synthesis pressure and a further
gradual decrease of the pressure in the shell of the stripper. Initially, at phase 2, the total flow rate of gas
released will be some 7.5 kg/s, of which some 5 kg/s is
ammonia. The pressure at the shellside of the stripper

Figure 4. Ruptured HP stripper tube.
In the calculation it is assumed that by this time the
operating personnel realizes what happens and stops
the CO2, steam, ammonia and carbamate supply to the
synthesis section. By this time, the pressure in the shell
undoubtedly will have exceeded the set pressure of the
rupture disc protecting the HP stripper shell. Through
expansion of gas over this ruptured disc, the pressure in
the stripper shell remains some 25 bar. The size of the
HP stripper shell is sufficient to allow for liquid/gas
separation under these conditions; however taken into
account the relative small volume of the stripper shell,
(and HP steam saturator), it will take no more then
5-10 min before the shell is entirely filled with liquid.
Phase 1: Some five minutes after the tube rupture
(end of phase 1), some 85 kg/s of (boiling) liquid is
flowing through the ruptured tube faces, expanding to
some 25 bar in the shell of the stripper. Up to the location of the (ruptured) rupture disc, the shell of the stripper will be entirely filled with liquid. The liquid flows
to and through the shell as a carbamate/ammonia/
urea/water mixture from the urea reactor. Pressure in
the shell of the stripper will be maintained by the
expansion of 85 kg/s of gas/liquid mixture that is
expanding over the rupture disc to atmospheric pressure. Taking the typical composition of the reactor content into account, this results in an ammonia release
rate via the rupture disc of some 30 kg/s at the start of
phase 1. During phase 1, liquid is flowing from the synthesis, such that the remaining volume of liquid graduAMMONIA TECHNICAL MANUAL
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will then be some 8.5 bar. Around T=6,900 s (counted)
from the moment of tube rupture, so about 2,500 s from
the start of phase 2), the pressure in the shell of the
stripper will have fallen to some 2 bar (abs), and the
flow rate of gas released will then have fallen to 1 kg/s
of ammonia (1.7 kg/s in total). Up to this moment, the
expansion over the rupture disc will have been a critical expansion, resulting in speed of sound velocities
downstream of the rupture disc. In case no containment
system is installed, the predominant flow phenomena at
the discharge point of this rupture disc into the atmosphere will be a turbulent free jet emission.
Phase 2 theoretically lasts infinitely; however, at
T=l 1,000 s (some 3 h after the tube rupture), the emission rate will have fallen below 0.1 kg/s of ammonia;
the remaining synthesis pressure will be 1.15 bar (abs);
the remaining ammonia hold up in the entire synthesis
now is some 150 kg.
For a large scale (~3,000 MTD) plant, in total some
100.000 kg of ammonia will have been released, 93
tons of ammonia during phase 1, and 7 tons of ammonia during phase 2. For smaller-scale plants, the total
ammonia released will be smaller (as a first approximate directly proportional to the plant capacity).
Since the major part of the emission occurs within a
time span of roughly one hour from the moment of
tube-rupture, it is not realistic to expect any real reduction by the emission from starting a synthesis drain
procedure in this emergency case. Even if we assume
that the operating personnel would be able to start such
a procedure in this emergency case, a normal full synthesis drain takes some 8 h to complete!

Disposal Systems
First alternative: atmospheric discharge; horizontal blow off
In the vast majority of all Stamicarbon CC>2 stripping
plants designed so far, atmospheric discharge has been
chosen as a disposal system for the ammonia release in
the unlikely event of a HP heat exchanger tube rupture.
In many of these plants, the release point simply is a
piece of pipe downstream of the rupture disc, pointing
horizontally outside of the urea plant structure.
Typically, this venting point for the HP stripper is locatAMMONIA TECHNICAL MANUAL

ed some 10-15 m above ground level. For this situation, the dispersion of the ammonia released into the
atmosphere has been calculated using the so-called
TNO Yellow Book (litl). Gases that are released with
high velocities will cause jets. The velocity difference
between the jet and the surrounding air generates finescale turbulence causing dilution and resulting in the
jet to spread sideways. As long as the velocity inside
the jet is high compared to the velocity in the ambient
air, the extent and mixing in the jet is only affected by
the properties of the jet itself. The velocity in the jet
reduces about proportional to the distance to the point
of release. Finally, the velocity will be reduced such
that passive dispersion takes over. The point where the
passive dispersion takes over is called the transition
point. The location of this transition point, as well as
the dispersion of ammonia from the transition point
further into the environment depends on the weather
condition at the time of the event.
In order to obtain a realistic scenario for the dispersion of the ammonia cloud, typical weather conditions
at several places in the world were taken as a basis.
Typical weather conditions have been collected for:
Calgary: representing a typical land climate,
Maastricht: representing a typical sea climate, Dubai:
representing a typical desert shore climate, and
Singapore: representing a typical tropical shore climate.
Meteorological conditions are divided into a number
of classes, also known as Pasquill classes. This classification can be used for dispersion calculations. A stability class is a measure of the atmospheric turbulence.
Stability classes are determined on the basis of the time
of the day, cloudiness, wind speed and the season.
The following stability classes which can be distinguished are shown in Table 1.
The stability class is often followed by a numeral
denoting the wind speed in m/s. Stability class F is
most adverse for dispersion of vapors. Note, however,
that stability class F only occurs over flat and dry grass
land. It does not normally occur over industrial areas
because of turbulence induced by cooling towers, furnaces, stacks, and the like.
An overview of the weather conditions at these
selected sites is given in the next table (Table 2).
As can be seen from the table, Dubai and Singapore
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essentially don't have a prevailing weather condition.
For this reason, for these two sites, calculations have
been done for two different meteorological conditions.
In Chapter 9, an initial source strength of 30 kg/s of
ammonia has been calculated. Previously, it has
already been argued that the resulting ammonia cloud
will have two distinguishable components: the first part
is a turbulent free jet at the transition point followed by
passive dispersion. The contour of the 4,120 mg/m3
concentration (see Chapter 6) now can be calculated to
check whether the discharge fulfills the criterion of
"blowoff to safe location".
The result of these calculations can be summarized in
Figures 5 and 6, and Table 3.
Since the direction of the wind may vary, the contour
of the cloud may fall in the entire circular area as
shown in Figure 5.
Note: that in Figure 6, the sections "L" and "R" usually will not be in the same plane. The section "L" is
pointing in the direction of the source and the section
"R" is pointing in the direction of the wind.
As can be seen from Table 3 and figures, the distance
from the source to the points where the ammonia concentration is below the selected threshold value is
measured in several hundreds of meters and therefore

Table 1. Stability Classes

Stability Class

Weather Condition

A
B
C
D
E
F

highly unstable
unstable
mildly unstable
neutral
stable
highly stable

considerable! In order to justify blowoff to "safe location", the entire space occupied by the cloud with the
selected contour concentration should not be accessible to personnel in their normal working routine.
Taking into account that for a typical CO2 stripping
plant, the source height (blowoff from the HP stripper
rupture disc) is located well below 25 m, it follows that
the cloud will touch ground level. Under the definition
of "safe location" as used in this article, such a horizontal blowoff, located lower than 25 m above ground
level, cannot be classified as blowoff to a safe location.

Table 2. Overview of Weather Conditions
Calgary

Dubai

Pasquil Occurrence Most
in%
class
prevailing
windspeed
(m/s)

Singapore

Maastricht

Occurrence Most
Occurrence Most
in%
prevailing
in%
prevailing
windspeed
windspeed
(m/s)
(m/s)

Occurrence
in%

Most
prevailing
windspeed
(m/s)

A

6

1

10

1

1

1

3

3

B

14

2

17

2

15

2

8

4

C

g

3

12

3

18

2

6

6

D

43

2

23

3

29

2

62

4

E

10

2

10

2

8

1

8

4

F

18

1

28

1

29

1

12

2

AMMONIA TECHNICAL MANUAL

27

2001

TO P VIEW
Horizontal outflow
(example)
\Transition point

Source

Figure 5. Top view of cloud with 4,120 mg/m3 contour.

SIDE VIEW
Horizontal outflow
(example)

Transition point

Source

Figure 6. Side view of the cloud with 4,120 mg/m3 contour.
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Table 3. Dimensions of the Cloud (4,120 mg/m3 Contour)

Selected Location and
Weather Condition

Ammonia Concentration
at the Transition Point
(mg/m3)

L
(m)

R
(m)

W
(m)

Calgary (D2)

4,690

350

5

25

Dubai (D3)

7,020

230

85

25

Dubai (Fl)

2,350

700 (*)

-

25

Singapore (D2)

4,690

350

5

25

Singapore (Fl)

2,350

700 (*)

-

25

Maastricht (D5)

11,700

100

25

140

Under Fl weather conditions, the ammonia concentration at the transition point is lower than the selected threshold value. This
means that, under these conditions, the ammonia is diluted to a value below the threshold value within the contour of the turbulent free jet. The threshold concentration (4,120 mg/m3) is reached within the turbulent free jet at a distance of some 400 m from
the source. Note, however, that Fl weather conditions are not likely to occur over industrial areas.

gradual.
Figure 7 represents the 4,120 mg/m3 contour for
ammonia concentration in a plane in the direction of
the wind. The main dimensions of this contour under
different weather conditions can be taken from Table 4.
From Table 4, it follows that under all the studied
cases, the transition point is well above the height of a
typical urea plant. For many urea plants, the area within the sketched contour will be such that it is not accessible to personnel in their normal working routine, provided that at the point of release, it is located some
20-25 m outside the urea plant itself. Such a vertical
relief therefore, in our opinion fulfills the present criterion of a "blowoff to safe location".

Second alternative: atmospheric discharge; vertical blowoff
The discharge from the rupture disc results in a turbulent free jet with considerable length. It is therefore
logical to study the effects using a vertical blowoff,
since the turbulent free jet will transport the ammonia
released to a considerable height.
The 4,120 mg/m3 contour for ammonia concentration has been calculated for a vertical outflow; the
resulting contour from this calculation can be represented by Figure 7 and Table 4. It should be noted that
in actual practice the transition from turbulent free jet
to passive dispersion will be most likely a bit more

AMMONIA TECHNICAL MANUAL
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SIDE VIEW
Vertical outflow
(example)

Transition point

Figure 7. Side view of 4,120 mg/m3 contour in case of vertical blowoff.
Table 4. Main Dimensions of Contour Under Different Weather Conditions
Selected Location and
Weather Condition

Ammonia Concentration
Transition Point (mg/m3)

L
(M)

R
(M)

W
(M)

Calgary (D2)

4,690

350

5

25

Dubai (D3)

7,020

230

85

25

Dubai (Fl)

2,350

700 (*)

-

25

Singapore (D2)

4,690

350

5

25

Singapore (Fl)

2,350

700 (*)

-

25

Maastricht (D5)

11,700

100

25

140

Under Fl weather conditions, the ammonia concentration at the transition point is lower than the selected threshold value. This
means that, under these conditions, the ammonia is diluted to a value below the threshold value within the contour of the turbulent
free jet. The threshold concentration (4,120 mg/m3) is reached within the turbulent free jet at a distance of some 400 m from the
source. Note, however, that Fl weather conditions are not likely to occur over industrial areas.
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It may not seem very practical to locate the actual
discharge of the rupture disc piping pointing upward,
some 20-25 m outside the urea plant structure. The
contour of the turbulent free jet, however, also allows
for a discharge located at the plant boundary, pointing
upward under an angle such that the actual urea plant
structure is not "hit" by the turbulent free jet. Of
course, the actual direction of discharge should be such
that no obstacles are present in the vicinity of the free
jet. For practical purposes, a jet is considered free when
its cross-sectional area is less then one-fifth of the total
cross-sectional flow area of the region through which
the jet is flowing.
Since the turbulent free jet (initially) diverges under
an angle of less then 15°, it is recommended to have the
discharge piping pointing upward under an angle of 75°
with the horizontal plain (Figure 8).
Mechanical Considerations. Most of the HP heat

exchangers in urea plants are vertical shell-and-tube
heat exchangers with the high pressure on the tubeside.
The logical way to connect a rupture disc on the shell
side then is via (initially) horizontal piping. This
implies that one or more bends will be present in this
piping in case the actual discharge direction should be
essentially vertical. It must be emphasized that large
forces will act on nozzles and piping in case of an actual relief via such a relief device.
The discharge of a pressure relief will impose a reaction force as a result of the flowing fluid. This force
will be transmitted into the mounting nozzle and adjacent piping. The precise magnitude of the load and
resulting stresses will depend on the reaction force and
the configuration of the piping system. Therefore, the
discharge system should be carefully analyzed to determine whether the reaction forces and the associated
bending moments may cause excessive stresses on any

SIDE VIEW
Outflow un der angle
(example)

Transition point

Figure 8. Side view of 4,120 mg/m3 contour in case of blowoff under 75° angle.
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of the components in the system. More information on
this subject can be found also in the API Recommend
Practice 520, Part II.
Effects on Large Distance from the Plant. In the
before mentioned calculations, it has been demonstrated that an essentially vertical turbulent free jet will
transport the ammonia released to a high altitude,
before it will undergo further dilution by passive dispersion. As for the effects on larger distance from the
plant, such a release can be seen as a virtual source at
an altitude that equals the altitude of the transition
point. Varying upon weather conditions, this altitude
may be in the range of 150 to 700 m above ground
level. At this virtual source height, the virtual source
will already be diluted to quite some extent, due to the
mixing with the surrounding air in the free jet itself.
The relative density of ammonia gas (in comparison
with air) is 0.6, so the gas will have a tendency to rise.
In the presently used (computer) model effect calculations this difference in density is not taken into
account. The further dispersion of the ammonia takes
place at great heights, so, before the gas will reach the
ground, it has to pass some boundary layers. This will
cause a further concentration drop because a part of the
gas will rebounce on this layer(s). Also, these effects at
present are not included in the (computer) simulations
of dispersion of gaseous components in the atmosphere. Judging the above factors has resulted in the following present expert opinion.
In actual practice it is unlikely that, when the outflow
causes an essential vertical turbulent free jet, there will
be any noticeable ammonia concentration in the order
of TLV-TVA value (25 PPM) on ground level.
Disposal systems, third alternative: containment
systems
The principles of "vertical" or "angled" outflow provide a possibility for a safe relief to the atmosphere of
ammonia in the emergency situation of a tube rupture
in a high-pressure heat exchanger. Nevertheless, there
are several drawbacks associated with such a relief into
the atmosphere:
(1) Environmental. As demonstrated before, a tube
rupture in a HP heat exchanger in a large-scale urea
plant will result in a considerable discharge of ammo-
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nia (say 100 ton of ammonia for a 3,000 MTD urea
plant). This amount of ammonia, if discharged into the
atmosphere, is in the same order of magnitude as the
total discharge during normal operation over the entire
lifetime of the plant. Of course, the possibility of a tube
rupture will be rather remote, certainly, if the mechanical condition of the heat exchangers is checked on a
regular basis. Nevertheless, it may be argued that such
an emergency relief in a such a short time span cannot
be ignored in the assessment of the total pollution
caused by a urea plant.
(2) Nuisance from spilled urea. In the previous section of this article, we have been concentrating ourselves on the dispersion of ammonia to the atmosphere.
This was, of course, triggered by the knowledge that
ammonia is a toxic substance, endangering human
health and life. We should, however, not forget that the
release from a ruptured HP heat exchanger tube does
not contain ammonia only. During the first 1 to 1.5 h
after the tube rupture, considerable amounts of urea are
discharged as well. At the relief point, this urea is present in a liquid phase, as a mixture with water, ammonia
and carbamate. In the turbulent free jet, the major part
of this liquid water, ammonia, and. carbamate will
evaporate through mixing with air, while the urea present will cool down and solidify. For a large-scale plant,
in total some 60-70 tons of urea will be released. This
urea will settle to the ground as a humid, white powder.
The area effected by this will depend strongly on the
direction of the relief; in case of "essential vertical discharge", then "urea snow" may be expected kilometers
away from the site! The nuisance caused by this to the
plants neighbors will not be appreciated and may be
sufficient reason to consider an alternative way of discharge.
Stamicarbon now has available a containment system, based on the principle of scrubbing the rupture
disc relief with a large amount of water. The system is
installed in DSMs new urea plant UF2.
The system protects both HP heat exchangers present
in this plant (HP stripper and HP pool reactor) utilizing
a single scrubbing vessel (Figure 9).
The discharge piping of the rupture discs is connected to the bottom section of the scrubber. In this bottom
section the liquid and gas phases will be separated. The
gas will rise into the top section where it is washed
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Figure 9. Containment system.
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Figure 10. The limits of flammability of mixtures of H2 + HN3 and N2 in air (at bar 44 bar and at 150°C).
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Figure 11. The limits of flammability of mixtures of H2 +CH4 + NH3 (H2/CH4 = 1) and N2 in air (at 44 bar
and at 150°C).

Figure 12. The limits of flammability of mixtures of H2 + HN3 and N2 in air (at 175 bar and at 150°C).
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using a large amount of water. The liquid discharge
from both the top, as well as from the bottom, section
is sent to the sewer. The system is designed such that
the water supplied to the scrubber will absorb practically all gases relieved. For safety reasons, the off-gas
line from the scrubber nevertheless has a large size and
discharges to safe location.
High-temperature switches (THS), located downstream of the rupture discs detect the actual rupture of
one of the rupture discs. Detection of a high temperature via these switches will automatically start the
water supply to the scrubber via the XPV in the water
supply line. To minimize the chance of spurious trips,
while maintaining a high level of reliability of this trip
system, a "2 out of 3" detection system for this THS
has been selected.
Given the large amounts of gas and liquid to be handled by this system, the dimensions of the system are
rather impressive. The scrubber has a diameter of nearly 5 m, and a height of about 7 m. To ensure total
absorption of the gases released in case of a tube rupture, some 700 m3/h of water has to be supplied. Of
course, the availability of such a large water flow over
several hours must be ensured if a plant is to be

equipped equipped with this kind of containment system.
The system discharges into the sewer in the DSM
plant. In principle, of course, the liquid discharged
from the containment system could be collected and
stored for later recovery of the content, for example,
via the urea plant waste water treatment. In this case,
however, a large liquid storage should be added to the
containment system, moreover, in such a case the quality demands to the water used on the scrubbing system
must be tightened.
The necessity of this kind of containment system
may well be argued. After all, the chance of a tube rupture in a high-pressure heat exchanger in a urea plant is
rather remote, certainly if the HP heat exchangers are
subjected to regular inspections. Based on the sparse
reports of these kind of tube ruptures to Stamicarbon,
and taking into account the large number of urea plants
licensed by us, we can safely state that for any individual urea plant it is unlikely that it will suffer from a HP
heat exchanger tube rupture within its entire lifetime.
Nevertheless, the chance of such an unwanted event
never can be excluded totally, and the containment system as described is available for licensing.

Figure 13. The limits of uammability of mixtures of H2 + CH4 and NH3 (H2/CH4= 1) and N2 in air (at 175
bar and at 150°C).
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Conclusions
(1) It is possible to design emergency relief systems
for a urea plant, discharging directly into the atmosphere, that is safe according to current generally
accepted safety views.
(2) Although direct discharge to the atmosphere can

be done in a safe way, such a discharge may result in
considerable nuisance to the direct plant environment.
In case such a nuisance is deemed undesirable, alternative containment systems may be considered.
(3) The actual layout of emergency relief systems in
urea plants often is such that modifications are required
in order to make them acceptable to present generally
accepted safety views.

QUESTIONS AND ANSWERS
Lai Kah Chhmg, Asean Bintulu Fertilizer. In the
proposed system: Section 10.3: the discharges from
PSV all go to a scrubber system. I feel that the discharges will come into high resistance. This will cause
the urea reactor, stripper to come under high pressure.
Usually safety reliefs are piped into discharges that are
as free of obstacles as possible. Have this view been
taken into consideration?
Jo Meessen, Stamicarbon b.v.i As a general answer
to Mr. Chiung's concern: Indeed, in the past, safety
reliefs were often released to the atmosphere with
short, no obstacle, piping. However, we observe an
ever growing concern of the impact of the activities of
the process industry on the environment and on the
safety of our workers and neighbors. It is in this light
that containment systems, like the one described in my
article, nowadays are under consideration (and implementation) in more and more industrial plants in the
entire process industry, so certainly not only in urea
plants. Of course, these containment systems in itself
must be carefully designed in order to ensure that they
do not create dangerous situations by itself.
More specifically to the system described in my article: In the design of the piping, of course, due consideration is given to the pressure drop in pipelines and
equipment under emergency release condition. This
includes the pressure drop resulting from the two-phase
flow in the piping between the rupture disk and the
scrubber. As an additional precaution an open discharge to the atmosphere is provided on the top of the
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scrubber, to prevent pressure buildup in any of the
equipment and piping involved, also in case of malfunction of any of the components involved.
The system has been subjected to our standard system of Hazard and Operability studies, which include a
careful analyses of all scenarios that could result in
dangerous situations. No such dangerous situations
were identified in this series of studies. It is therefore
that we can give the designation: "Safe" in good faith
to this system.
Alexander More, British Sulphur Publishing: How
many actual cases of explosion in the HP scrubber have
there been?
Meessen: Over the last period of 30 years, of a 125
urea plants in operations, seven cases where reported to
us. The systems which I have described performed
properly and prevented a release of ammonia into the
surrounding plants.
Keith C. Wilson, PCS Nitrogen: (1) Has Stamicarbon
considered the case where the stripper rupture disc is
piped to the prill tower?
Meessen: We did not specifically do a study on that
Keith, but I can imagine that this can also result in the
safe discharge because prill tower is definitely in an
area where no people are present and we discharge the
ammonia to a high point.
Wilson: Were there common factors in the four reported stripper tube ruptures?
Meessen: Not really apart from one common thing take good care of your installation of liquid distribution
system at the top of the high pressure stripper.
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