
        

 
Safety Audit in Operating Plants 

  
This paper will discuss how systematic safety assessments should be performed at regular inter-

vals in operating plants and also when changes in operating procedures or configuration is imple-
mented. For illustration, this paper will describe one of several possible ways to perform a safety audit 

in accordance with IEC 61511 in a running plant. Finally some case stories are presented showing 
learning points that were found after Hazard and Operability Study (HAZOP) and Safety Integrity 

Level (SIL) analysis at the Geleen ammonia facilities of Orascom Construction Industries. 
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Introduction. 
ver the years, many incidents have been 
described in the Ammonia Safety Sym-
posium meeting. 
 

While some of the incidents were caused by the 
fact that ammonia technology, although a mature 
technology, still holds surprises, a large number of 
the incidents, among those some very serious 
ones, could be described as preventable. So why 
did they happen? 

 
One answer could be routine. Experience shows 
that in the long run, even the most dangerous 
tasks can become boring. Boredom promotes 
sloppiness, and sloppiness promotes accidents. 

 
Another answer could be stress. If the operator, 
who may be tired or exhausted due to many hours 
of hard work, needs to make a decision in a hurry, 

chances are that not all possible consequences of 
the action will be considered. 
Also lack of knowledge can be a problem. Espe-
cially since plants are running uninterrupted for a 
long time, it can become a problem to secure the 
know-how on how to start-up a plant after a trip 
or a turnaround.  

 
Even if the utmost care is employed, unexpected 
events still take place. Whenever they do, it is im-
portant that the possible consequences are mini-
mised. 

 
The best way to prevent accidents thus is: 

 
• To build as much tolerance against hu-

man error as possible into the design.  
• To plan procedures that cover every 

possible aspect of manual action and to 
make sure that all the operators know the 
procedures by heart. 

O
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• To minimise the consequences of an er-
ror 

 
In this paper, we will look into how these very 
general and self evident rules can be implemented 
in an operating plant. 

 
 

Risk Assessment at the Time of 
Commissioning 
Check of the As-build Plant 

 
For a new chemical plant, it is almost invariably 
the practice to invoke some form of a safety audit 
in the design phase. The audit will normally in-
clude a process hazard analysis (PHA). In the 
United States, the Occupational Safety and Health 
Administration (OSHA), made the use of PHAs 
mandatory. 
 
A PHA could apply several technologies such as 
Checklist, What/if, HAZOP, Failure Mode and 
Effects Analysis (FMEA), Layer of Protection 
Analysis (LOPA), and Fault Tree Analysis. How-
ever, within the ammonia industry most often it 
will be done in the form of a HAZOP study, 
sometimes supplemented by an analysis of the 
SIL. More often than not, the study is carried out 
at a design stage when not all the details are 
known.  
 
The PHA report will often contain recommenda-
tions regarding some minor modifications in the 
design that will increase the safety level in the 
plant. With the plant still being in the design 
phase, the responsibility for the actual implemen-
tation will be with the EPC contractor. 
 
The result of this approach is often that, apart 
from checking that the recommendations issued 
during the PHA are actually implemented, nobody 
responsible for the plant operation feels a particu-
lar ownership for the report. Once the plant is 
build and in operation, the process hazard analysis 
is sometimes shelved and forgotten. This is not to 
say that the people responsible for the plant opera-

tions are not safety-aware. The problem is that 
they find that the report – dealing with the hazards 
of the basic design, which have all been dealt with 
by modification of the design or deemed to be ac-
ceptable low-risk – holds little value for future 
use. As such, they do not regard it as the basis for 
the ongoing risk evaluation. 
 
Actually, a lot of work in the line of safety may be 
in progress at the time of commissioning. Lines 
and valves are marked, access ways to important 
points improved, barriers are erected to minimise 
the risk of equipment damage due to moving ve-
hicles and the fire fighting equipment evaluated. 
All this improves safety, of course, but if there is 
no regular systematic evaluation, important points 
might be overlooked. Especially scenarios includ-
ing leaks to the surroundings such as: 

• Gland leaks 
• Flange gasket failures 
• Leaks from stuffing boxes 

that can cause a jet flame touching some vital 
equipment, have a tendency to be overlooked. 
 
Operating Procedures 

 
Some points in the PHA may address the operat-
ing procedures, for instance where the safeguard 
against some undesired incident lies within the 
operational procedures. Where this is the case, it 
is of course essential to write the operational pro-
cedures in such a way that no ambiguity exists 
and further that the procedure is straightforward 
and logical. For instance, if the procedure states 
that the operator must close valve A, B and C, but 
A and C are located close to each other and B fur-
ther away, then, if the sequence is important, it 
must be underlined that this is the fact.  
 
While the basic procedures are normally written 
by the process technology licensor, others will 
typically detail the final operation instructions. It 
is important to ensure that no vital points are 
missed during detailing. 
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Risk Assessment during Normal 
Operation  
Once the plant is in normal operation, one might 
tend to believe that there is no further use for risk 
analysis. The staff responsible for operation and 
maintenance will ensure that everything is run-
ning smoothly, and as long as everything is kept 
the same, there is no reason to re-evaluate the ha-
zard – or is there? 

 
Well, in the first place it is necessary to ensure 
that the plant in every aspect conforms to the de-
sign that was subject to the PHA, and that all de-
tails are covered. It seldom is. Minor details are 
added or modified during the late design phase or 
during erection and commissioning. Some points 
like the above-mentioned leak scenarios may not 
have been addressed during the initial PHA. 
 
Secondly, we should remember that few things 
remain the same. International and national safety 
standards change from time to time, and if an ac-
cident happens, somebody will ask why the latest 
safety standards were not followed. While there 
might be many good reasons for not implementing 
the newest standards, “we did not even consider 
it” is definitely the wrong answer. But also the 
plant itself is under constant change. Small 
changes in hardware or procedures making the 
operation easier or improving production may be 
introduced with safety-awareness, however, may-
be without taking everything into consideration. 
Especially with many of our plants running build 
in the 70’s or 80’ many modifications will have 
been installed in these 30-40 years.  
 
Thus, the risk assessment of a running plant 
should be an ongoing exercise. Using the original 
PHA as a backbone, this does not necessarily need 
to be a very time consuming exercise. OCI Nitro-
gen Geleen has a program of performing complete 
plant HAZOP studies for their two ammonia 
plants and storage and (un)loading facilities in a 5 
year cycle.  
 
 

An update should be made when:  
 

• The plant has been in commercial opera-
tion for a few months. 

• Planning a revamp, such as the installation 
of a membrane unit or a CO2 flue gas re-
covery unit. In this connection focus 
should be, not just on the new equipment, 
but also on the impact on the connecting 
systems. The updated PHA report is a 
good place to record that, for instance, the 
existing pressure relieve valve has been 
checked and found adequate for the in-
creased flow. 

• Planning significant modifications to 
hardware, also as a part of the normal 
maintenance, like for instance replacement 
of a valve with higher Cv or replacing 
pump with a new one, having a different 
impeller. 

• Modifications, even minor, of the detailed 
operating procedures are necessary. 

• And, otherwise, at regular intervals, say 
every two to five years. 

 
The HAZOP study is a useful tool to identify the 
points of risk in the plant. If the study also em-
ploys a risk matrix, it is possible to estimate the 
consequences of an incident in terms of personnel 
safety, cost of production loss, capital costs and 
environmental impact. It is also possible to do a 
rough estimation of the likelihood of such an inci-
dent. However, to make a more systematic ap-
proach to the estimation of likelihood, tools that 
are more sophisticated are required. A HAZOP 
study is often supplemented by a SIL analysis. 
The SIL analysis is a systematic way to determine 
the performance for a Safety Instrumented Func-
tion (SIF) and thereby the risk of a particular inci-
dent occurring.  

 
The SIL analysis need not be updated unless mod-
ifications are made to Safety Instrumented System 
(SIS), the trip system. On the other hand, the SIL 
analysis is a useful tool in case it is planned to 
make systematic improvement of the plant safety. 
Doing the design verification also performs a 
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complete check of the entire “chain” from the de-
sign to the real build equipment.. 

 
In the following, we shall describe a practical ex-
ample of the use of the techniques described 
above  
 
Some learning points found from 
HAZOP and SIL analysis at the am-
monia plants of OCI Nitrogen in Ge-
leen. 

 
Begin 2010, the Egyptian company Orascom 
Construction Industries (OCI) has acquired the 
melamine and fertilizer business of DSM. The 
newly formed company is called OCI Nitrogen. In 
Geleen in The Netherlands, OCI Nitrogen oper-
ates two ammonia plants, each with a nameplate 
capacity of 1499 tpd (1360 mtpd) of ammonia. 
One plant (AFA-2) was designed and constructed 
by Bechtel; the plant was commissioned in 1971. 
The other plant (AFA-3) was designed and con-
structed by M.W. Kellogg based on Kellogg's re-
duced energy ammonia technology; the plant was 
commissioned in July 1984. Current capacity of 
both plants is 1653 tpd (1500 mtpd) each. 

 

 
 
Photo 1.  OCI Nitrogen’s ammonia plants in 
Geleen in The Netherlands 

 
Upgrade of the low air flow protection of the 
steam superheater burners to SIL-2 level. 

 

In the reformer furnace of the Kellogg ammonia 
plant AFA-3, 12 steam superheater burners are 
present. These burners increase the flue gas tem-
perature in the convection section of the furnace 
to be able to use this flue gas to superheat steam 
in coils located after these burners in the convec-
tion bank. These burners use natural gas. The air 
flow to these burners has a low-flow-switch in-
stalled to be sure that there is always sufficient air 
going to these burners. When the air flow is 
dropped, one can get into a situation where the 
natural gas that is fed to the superheater burners, 
is not burned at the burners but is going directly 
into the convection box. There the natural gas can 
build up to form an explosive cloud where it can 
explode with the oxygen still present in the flue 
gas and the various ignition sources (hot surfaces) 
in the furnace. This is evaluated as a SIL-2 scena-
rio. 
 
The protection against this SIL-2 scenario (the air 
low-flow switch) was based only a pressure drop 
measurement over the burners. When the pressure 
drop goes below a certain value, the natural gas 
flow to the steam superheater burners is stopped. 
The design verification showed that this protec-
tion was not adequate and not enough. The pres-
sure drop cell was not of the correct type, and also 
having only one protection is not sufficient to 
reach the SIL-2 level. 

 
The pressure drop cell was replaced by an A-type 
(SIL-1 level classified) transmitter type 3051 from 
Emerson. Furthermore an oxygen analyser was in-
stalled in the flue gas duct directly behind the 
steam superheater burners. When the oxygen level 
gets below 3 vol. % the natural gas flow to these 
burners is stopped.  
 
 
Hydrogen containing process gas getting into 
the sewer system; a SIL-1 scenario 

 
In the Bechtel ammonia plant AFA-2, a separator 
vessel is installed behind the CO2 removal sec-
tion. This is to remove any entrainment before the 
process gas is sent to the methanator. In this am-
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monia plant the CO2 washing system consist of 
an aMDEA system. Any entrained liquids could 
foul and deactivate the methanator catalyst.  
 
In the bottom section of the separator vessel a lev-
el controller is installed and connected to a drain 
valve that sends the liquid to the sewer. This valve 
opens when the level of liquid in the vessel reach-
es a certain value and closes when the level is 
low. Normally a little amount of liquid is entering 
the vessel and only small amounts have to be 
purged to the sewer system. 
 
When this level control system fails, process gas 
from the separator can leave the vessel through 
the bottom and enter the sewer. The pressure of 
the process gas in the vessel is 435 psig (30 barg). 
In this way hydrogen gets into the sewer that can 
form an explosive cloud. This is an unwanted sit-
uation classified as a SIL-1 scenario. 
 
The action taken consists of installing a separate 
low level switch in the separator. This low level 
switch (LLS) operates separately from the level 
control system. The low level switch is coupled to 
a separate open/close valve. This valve is located 
upstream of the level control valve and also pro-
tects against a leaking level control valve. Fur-
thermore the level control valve was reduced to 
the smallest possible size and the level controller 
is converted to a so-called gap-controller. It opens 
when the level is high and it closes again when 
the level is low. 

 

 
Photo 2.  Are you sure not having explosives get-
ting into your sewer? 

 
Another case where process gas can get into 
the sewer system; a SIL-1 scenario 

 
The AFA-2 ammonia plant has an aMDEA CO2 
removal system.  After CO2 absorption, the loaded 
aMDEA solution is first fed to an expansion ves-
sel before the solution is sent to a stripper column 
to remove the CO2.The expansion vessel operates 
at about 102 psig (7 barg).  In the expansion ves-
sel a major part of the dissolved hydrogen is re-
leased together with some nitrogen and CO2. This 
hydrogen rich gas is cooled and sent to a separator 
vessel before the gas is used as fuel gas in the re-
former. In this separator vessel some water is also 
injected to wash out any entrained aMDEA solu-
tion. The pressure in the separator is close to 87 
psig (6 barg). 
 
Similar to the previous example the liquid level in 
the bottom section of the separator is controlled 
using a level measurement and a drain valve. 
However before the liquid is sent to the sewer it is 
sent to a small degassing vessel from which the 
gasses go to the central flare. A non return valve 
is installed in the gas line to the flare. 

 

267 AMMONIA TECHNICAL MANUAL2010



 
Photo 3.  Process water separator with level con-
trol valve and separate low level switch. 
 
 
In the past process gas has entered the sewer 
through abovementioned system. This was caused 
by a failing level control in the separator vessel 
and by gas flowing back from the flare system be-
cause the non-return valve did not work properly. 
The hydrogen rich process gas can form an explo-
sion in the sewer and this was classified as a SIL-
1 scenario. 
 
To improve this situation and get all the system 
and the equipment SIL-1 level classified, the 
small degassing vessel was removed. In this way 
the coupling between the flare system and the 
sewer no longer exists. A separate low level 
switch was installed in the separator and the 
switch was coupled to a new separate open/close 
valve. An end contact is installed on the 
open/close valve to guarantee that under normal 
conditions the valve is closed. The open/close 
valve is only opened when the level control valve 
opens the drain valve to reduce the liquid level in 
the separator. It is situated in series with the level 
control valve 

 

 
Photo 4.  Bottom of separator with two separate 
valves to make sure that no explosive gas can get 
into the sewer system 

 
 
 

Ammonia storage sphere; the blowing of the 
Pressure Relief Valve causing a SIL-1 scena-
rio. 

 
OCI Nitrogen’s ammonia plants in Geleen have a 
storage facility with two atmospheric ammonia 
storage tanks of 882867 ft3 (25.000 m3) and one 
pressure sphere. This pressure sphere has a vo-
lume of 77692 ft3 (2200 m3) and operates at 58 
psig (4 barg). The scenario of overpressurizing the 
sphere and having a leak in the sphere is classified 
as SIL-2. This scenario is protected by three Pres-
sure Relief Valves (PRV’s) located in the top of 
the sphere that have sufficiently high capacities to 
remove the excess ammonia causing the overpres-
sure. The governing case of the PRV’s of the 
ammonia sphere, is equivalent to the release of 
119 t/h (108 te/h) of ammonia. This ammonia re-
lease will result in flashing of the pressurized 
ammonia forming an ammonia vapour cloud of 14 
t/h (13 te/h). A part of the ammonia released will 
stay in the liquid. This liquid ammonia will form a 
pool of liquid ammonia and will be evaporating 
for a significant time, contributing to the vapour 
cloud.  
 
So when one of the pressure relief valves of the 
sphere has to open, a very large ammonia release 
with vapour cloud is formed. As such this release 
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can also be classified. Primarily because of the 
large amount of ammonia, we came to the conclu-
sion that blowing PRV’s are a SIL-1 scenario. The 
sphere already has one electronic high pressure 
switch (HPS) that closes the feed to the sphere 
when a certain pressure level is passed. During the 
design and construction verification it was found 
that one HPS was not enough to guarantee a SIL-1 
level. Therefore a second HPS will be installed. It 
is of course important to make sure that this 
second HPS is operating independent from the 
first one. So it should be on another line, and pre-
ferable be based on another measuring principle. 
 

 
Photo 5.  77692 ft3 (2200 m3) ammonia sphere 
with 3 pressure relief valves on top. 
 
 

 
Photo 6.  Detail of the 3 pressure relief valves, 
each with a capacity of 119 t/h (108 te/h) of am-
monia. 

Protecting a primary reformer against an ex-
plosion during start-up; a SIL-2 scenario. 

 
On April 1st 2003 an explosion occurred in a gas-
fired furnace in the melamine plant of DSM in 
Geleen. Three people sadly lost their lives during 
the accident. The gas-fired furnace at which the 
accident occurred generates heat for the melamine 
process and is installed next to this plant as a sep-
arate unit. The explosion occurred during start-up 
of the furnace after a short maintenance stop. A 
detailed root cause analysis was done and the 
conclusions of this are also applicable to furnaces 
and other gas fired equipment in the chemical in-
dustry.  
 
After this accident a new HAZOP Safety Analys-
es were performed on all gas-fired equipment of 
the plants at the Geleen site. The focus was for a 
major part on the ammonia plants where gas is 
fired in the primary reformer, the auxiliary boiler, 
the start-up furnaces and the gas turbine.  
 
The perception is often that natural gas is not a 
dangerous gas and therefore the risks of operating 
a gas-fired apparatus are not always recognised. 
There is clearly the effect of habituation due to the 
constant use of natural gas in the plant.  
 
The dedicated HAZOP that was performed for the 
fertiliser plants resulted in a lot of potential im-
provement. With regards to instructions and pro-
cedures one has to make sure that clear instruc-
tions are present and that work is done exactly 
according to these instructions. Operators not fol-
lowing the work procedures create new operating 
methods and the SHE aspects of these new me-
thods are not always reviewed properly. This is 
especially important during start-up of gas-fired 
equipment. This is by far the most dangerous 
moment because starting up a gas-fired apparatus 
is not easy and it is not frequently done. If the first 
start-ups fail, operators can become creative in 
finding ‘ways round’ giving rise to unsafe situa-
tions. Furthermore it was concluded that because 
of the explosion risk one should try to prevent lo-
cal panels close to the gas-fired equipment. 
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Main learning point derived from a dedicated 
HAZOP on gas-fired equipment are:  

- start-up is the most dangerous moment 
- leaking valves are a major risk factor 
- prevent local panels at gas-fired equipment 
- be sure to have clear instruction 
- make sure operators follow these instruction 
- keep air ventilation on if possible when a fur-

nace is stopped 
- try to inert the gas feed line when not in opera-

tion 
- be aware of other combustible gases going to 

furnaces 
- keep up with the newest regulations 
- perform a quantitative risk analysis on the safety 

system 
 
 

 
Photo 7.  A primary reformer furnace.  
Risk of explosion especially during start-up.  
 
 
Prevent formation of explosive gas mixtures in 
the primary reformer caused by leaking valves. 
 
Before a start-up one relies on block-in valves like 
pneumatically operated or electrically operated 
isolation valves to be tight. However this is not 
always the case. Block-in valves are not always 
100 % closed and they can leak. This is especially 
the case with very large valves like for example in 
the fuel gas line to the burners of a world-scale 
ammonia plant consuming tens of thousands of 
m3 natural gas per hour. Leaking valves can cause 

the primary reformer firebox to be filled with gas 
forming an explosion mixture. To prevent this 
from happening one should use top class valves 
and preferably install two valves in series with a 
bleed system in between, a so called block-and-
bleed system. Experience has shown that even 
two valves (without a bleed in between) were not 
100% close anymore after many years of opera-
tion. It is also advised to always purge the fire box 
before start-up and preferably continuously so that 
no gas can be building up in the furnace. 
 
Gwyn (1987) describes a system that provides a 
reliable, positive method of testing to assure that 
there are no leaking valves and that conditions are 
safe for lighting the gas burners. The OCI Nitro-
gen ammonia plants in Geleen use more or less 
the same system. 
 
The system basically functions by injecting natu-
ral gas through a by-pass valve into the header 
piping to establish a positive pressure in the main 
fuel gas header down stream of the main gas 
supply valve. The gas is injected for a predeter-
mined time or until the header reaches a certain 
pressure. On attaining the correct pressure the by-
pass valve is closed, and the header is required to 
hold a given pressure for a certain time.  
 
This test must be done in 2 different modes. First 
the pressure in the header must be chosen low 
(almost atmospheric). With this mode one can test 
the closeness of the main fuel gas valve. If this 
valve leaks the pressure will increase. A leaking 
main fuel gas valve is also a very dangerous situa-
tion when stopping a furnace. A furnace like a 
primary reformer has a lot of manual plugcock 
valves and operators need some time to close 
them when the equipment is stopped. A leaking 
main gas valve is then a potential risk for an ex-
plosion. 
 
The second mode of the pressure test is to do the 
test at a high pressure (max. feed gas pressure). 
With this mode one can check if all the (manual 
plugcock) valves at the burners are tight. When 
the burner valves are not close one must look in 
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the field which one is leaking and close / repair 
this one. An ultrasonic device can be used to 
detect the valves with excessive leakage. 
 
Upon the header holding the required pressure, 
and completion of the purge cycle the system will 
allow resetting and opening of the main gas valve. 
While the system certainly can be built using con-
ventional relays and hardware, the application fa-
vors using a Programmable Logic Controller 
(PLC). Also, another medium can be used for 
pressuring the main gas header; however, this 
medium would then have to be purged from the 
system to get natural gas to the burners. 
 

 
Overfilling of an ammonia rail tank car; a SIL-
2 scenario. 

 
Overfilling an Ammonia Rail Tank Car (RTC) 
can result in a very dangerous loss-of-containment 
scenario. This is the scenario where the tank of 
the RTC can burst under the thermal expansion 
pressure of the liquid ammonia. This situation 
could occur when an RTC is overfilled to such an 
extent that there is too little gas space left, above 
the liquid, to accommodate the thermal expansion 
of the liquid ammonia. During the residence time 
of the ammonia in the RTC, the ammonia can be-
come warmer due to ambient conditions, especial-
ly during extreme hot summer days. For that rea-
son the legally allowed maximum fill level of the 
RTC in Europe is limited to 33.1 lb/ft3 (0.53 kg/l) 
of ammonia per effective tank volume. If a RTC 
contains more than this legally allowed quantity 
the RTC must be regarded as overfilled and im-
mediate action should be taken to correct the situ-
ation. It should be stressed that overfilling is not 
defined as the level where liquid ammonia leaves 
the tank car via the gas return lines/pipes. Overfil-
ling already happens at levels far beneath the 
point that liquid returns via the gasreturn line. 
 

 
Photo 8.   Ammonia Rail Tank Car with maximum 
filling of 33 lb/ft3 (530 kg/m3). 

 
To prevent overfilling the filling weight has to be 
controlled by at least two independent measuring 
systems. The filling weight can be extracted from 
the available systems listed below. 

 
 The filling weight of the railway tank 

wagon is continuously monitored during 
the filling process on a weighing bridge 
The filling automatically ends when the 
predetermined maximum is reached. 

 The mass flow into the tank is monitored 
continuously during the filling operation. 
The filling automatically ends when the 
predetermined maximum is reached.  

 Before transporting the weight of the RTC 
is additionally checked off line on an in-
dependent and officially calibrated scale 
or weighing bridge.  

 
One important step in the filling process is to de-
termine whether or not an empty rail tank car is 
really empty. This is normally checked via weigh-
ing at the weighing bridge. Correct communica-
tion between the weighing bridge and the filling 
station is essential in avoiding dangerous overfil-
ling. Also, the weighing procedure applied, 
stand-alone on the bridge, coupled to a train, even 
moving, can be a source of weighing failures 
which can lead to overfilling. If the filling station 
is equipped with a weighing bridge itself, the 
weighing procedure should be examined for 
sources of inaccurate weighing. The input of the 
correct data for filling is often done manually and 
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thereby can form a potential high-risk step. When 
one types 27357 lb instead of 24357 lb into the 
filling computer makes a big difference and can 
cause overfilling of the RTC. And remember that 
operators have to type these weights thousands of 
times during a year, so there is a serious chance 
that once this can go wrong.  
 
When filling is monitored by measuring the vo-
lumetric/mass flow into the tank, all steps in de-
termining and controlling the correct batch 
amount put into the monitoring equipment should 
be assessed for sources of error and preferably 
double-checked.  
 
Finally, when an offline check of the RTC weight 
is performed on a weighing bridge, this weighing 
bridge is most likely the same weighing bridge as 
used for weighing the incoming empty RTC. Here 
again, the weighing procedure applied plays a role 
in the risk of not discovering over-weight rail tank 
cars. Also, a systematic error in the weighing 
bridge could remain undiscovered since it is in-
fluencing the empty weighing and on the filled 
weighing in the same way. 
 
The OCI Nitrogen Geleen ammonia plants have 
added two extra steps to assure that no overfilling 
is taking place. Adjacent to the RTC a separate 
long small vessel (thick pipe) is installed with a 
level detector inside. This small vessel has a simi-
lar height as the RTC. When the filling of the 
RTC is ready this long small vessel is connected 
to the RTC via the RTC’s liquid line and gas line. 
In this way the vessel is in “equilibrium”  with the 
RTC and the vessel fills itself with ammonia to 
the same height as in the RTC. The level mea-
surement is this vessel is connected to a high level 
alarm (equivalent to the maximum filling level of 
the RTC). The alarm informs the operators when 
the RTC is overfilled.  
 
And finally there is one more safeguard installed 
at the RTC filling process.  In the gas line of the 
RTC a vessel is installed that detects any liquid 
coming over with the gas phase. If this is the case 
the RTC is seriously overfilled. In most RTC’s the 

top of the gas line is situated at a tank level of 95-
99 %. So when liquid ammonia is getting into the 
gas line, the liquid is at 95-99 % tank level. This 
is unacceptable for ammonia tank cars where typ-
ically a maximum filling of 80-85 % is applied. 
 
 

 
Photo 9.  A separately installed high level protec-
tion to prevent overfilling of ammonia rail tank 
cars. 
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