
^ ^ 

TNO Institute of Environmental 
and Energy Technology 

L.aan van Westanenk 501 
P.O. Box 342 
7300 AH Apeldoorn 
The f^etherlands 

Telex 36395 tnoap nl 
Phone +31 55 49 34 93 
Fax+31 55 4198 37 

DNV 

TNO-report 
Risk assessment of the use of flammable 
refrigerants 

Final report 

Reference number 
File number 

Date 
NP 

Authors 

C.M.A. Jansen 

R95-189 
112327-24191 
June 1995 

R.J.M. van Gerwen 

EEC Contract JOU2-CT92-0060 
Replacemertt of CFC's 
Task 2: Environmentally Benign Flammable refrigerants 

All rights reserved. 
No part of this publication may be 
reproduced and/or published by print, 
photoprint, microfilm or any other means 
without the previous written consent of 
TNO. 

In case this report was drafted on 
instructions, the rights and obligations of 
contracting parties are sut>ject to either the 
'Standard Conditions for research 
instructions given to TNO', or the relevant 
agreement concluded between the 
contracting parties. 
Submitting the report for inspection to 
parties who have a direct interest is 
pemiitted. 

©TNO 

Part 2.2: Quantification of safety requirements for using flammable 
refrigeranis 

Intended for 

Prof. J. McMullan 
University of Ulster 
Co-ordinator of Project JOU2-CT92-0060 
in the framework of the JOULE2 programme of the 
European Union 

The Quality System of the TNG Institute of Envimnmental 
and Energy Technology has been certified in accordance 
with ISO 9001. 

The mission of the TNO Institute of Environmental 
and Energy Technology is to contritxjte to safe and 
sustainable Industrial production and rational energy 
ccnsumplion, through contract research In the fields 
of environmental, energy and chemical technology. 

TM0 
Netheriands Organlzatlan for 
Applied Scientific Research m ^ ) 

The Standard Conditions for leseaich instnictians 
given to TNO, as filed at the Registry of the District Court 
and the Chamber of Commerce in The hiague 
shall apply to all instnictians given to TNO. 



TNO-report 

Risk assessment of the use of flammable refrigerants 
Final report 

S u m m a r y 

Within the framework of the JOU2-CT92-0060 projea regarding the 
'replacement of CFC's' (Chloro Fluoro Carbons) 5 different tasks have been defined. 
In this study the results are given of Task 2.1. The content of task 2 is twofold: 

2.1 Collection of thermodynamic properties for potential flammable refiigerants 
and, 

2.2 Risk assessment of the use of flammable refrigerants. 
In this report the results of Task 2.2 are given. 

The aim of the study is to get a deeper understanding about the risk of the use of 
flammables as refrigerant instead of the non-flammable normally used. This because 
the lack of e:q>erience about the use of flammables instead of inflammable 
refrigerants. Relatively small scale mobile cooling installations have been chosen as 
subject for this research. 

The risk assessment has been carried out for two refiigerating systems: a small 
installation, mainly used for local transport, containing about 3 kg refiigerant and a 
large installation applied for international purposes with a content of about 8 kg 
refrigerant. 

Propane has been chosen as a characteristic flammable refiigerant with a highest 
potential impact with regard to risks for the surroundings comparing with e.g. butane 
and Ipg. 

For the identification of the hazards use is made of different approaches and experts: 
— a Hazard and Operability study, 
— specific knowledge by retaining of experts with regard to refiigerating units as weU 

as with regard to risk assessment smdies, 
— a firm specialised in the instaUation of refiigerating units and service activities has 

been consulted with regard to specific problems during normal conditions and 
during services. 

This approach resulted in a number of accident scenarios (releases of flammable 
material) and conclusions concerning the design of the installation. 

From the point of view of the design of the installation it is concluded that the design 
is appropriate and all safety measurements necessary, for the protection of the 
installation against flow, temperature and pressure deviations, are taken. 
Based on the accident scenarios effect and consequences have been calculated, the 
fi%quency of occurrence is determined and both individual risk and societal risk is 
calculated. 

Accident scenarios have been defined for three different working situations: normal 
working conditions, services (maintenance etc.) and accidents during transport. 
The results of the individual risk calculations show that the individual risk is higher 
than accepuble within a distance of 2.5 meter and 3.5 meter for a small and large unit 
respectively. This is mainly caused by the service activities. For larger distances the 
individual risk is acceptable according the criteria used in several countries. 

Ft95-189/112327'S4191 
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The societal risk is calculated for a number of characteristic residential areas, 
shopping areas, situation on a motor way and urban transport. The results show that 
the societal risk is negligible with regard to the criteria used. 

The total impact of the consequences due to fire effects are limited to about 35 meter. 
In case of explosion in the cold space the consequences can be larger due to augments 
of the destroyed cold space. The expected distance for a single fiagment is about 300 
meter. The consequences due to firagments as a result of explosions is expected to be 
low and are estimated as a single at a maximum. 

Although the risk is acceptable according to the criteria used in different coimtries, a 
number of risk reducing measures have been defined according the As Low As 
Reasonable Achievable approach. 
Possible risk reducing measures have been defined for the installation (indudii^ the 
cold space), training of driver and personal and services (non limitative). The main 
reducing measures are (non-limitative): 

Training and education: 
— training of drivers and maintenance persoimel with regard to the handling of 

flammable gases; 
— use of instruction manuals; 
— special anention for specific problems during maintenance (e.g. degassification of 

equipment). 

Maintenance: 
— application of specific quick release couplings for filling up of the refiigerant, to 

avoid exchange with non-flammable refiigerants; 
— use of specific filling up bottles with quantities comparable with the quantity of the 

installation; 
— instruction manuals with special attention to gasfi%e making of the equipment; 
— solder or welding activities must be applied on gasfiree equipment only; 
— in case of international transport, maintenance can be required at any location in 

any country. Therefore, adequate logistics have to be considered as well. 

Installation: 
— minimising of (screwed) coimections; 
— minimising the refiigerant content; 
— application of leak detection in the cold space (if technically possible); 
— application of explosion proof equipment in the cold space; 
— installation ofsmall fire extinguishing equipment; 
— application of hermetic compressors. 

Labelling: 
— application of specific labelling on gas cylinders (for refill usage) with flammables 

to prevent exchanges; 
— labelling on the installation itself e.g. 'filled with flammable refiigerant'. 

Safety cards: 
— safety cards or other information about flammables and how to handle in case of 

emergencies on board of the trucks. 

R95-189/112327-24191 
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This possible measures need further research, with regard to the effea of the 
reduction of the calculated risk of the individual risk reducing measures and to take 
care that priority is given to the most important measures. From casuistry it is known 
that human frdlures is an important cause of accidents. Therefore it is worthwhile to 
prevent human failures by training and education. 

R95-189/112327-24191 
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Introduction 

A risk analjrsis ofthe use of flammable refiigerants is carried out in the scope 
of the EC-Joule H projea 'replacement of CFC's in refiigerating equipment by 
environmentally benign alternatives'. 
This part ofthe study, defined as part of task 2 in the projea description, contains a 
Quantitative Risk-Analysis (QRA) with regard to the use of flammable refiigerants. 
A QRA contains an overview of possible accidental releases of, in this study, 
flammable material, the effects of the releases in terms of fatalities (consequences) 
and the frequency of the consequences. The combination of consequences and 
frequencies quantifies the risk. 

The QRA is carried out for two different installations; a small refiigeration unit used 
for local transport and a large installation used for international transport. The 
consequences are based on the use of propane as refiigerant. The reason for this 
choice is the application of flammable refiigerants in relatively small and mobile 
installations wiÄ a low content of refiigerant and the practical experience of the use 
of flammables in mobile installations (e.g. LPG and gasoline). For these reasons, 
mobile refiigeration systems seem to be attractive for using flammable refiigerants 
(hydrocarbons) which are an environmentally benign alternative for common used 
CFC, HCFC or HFC refiigerants. 
The QRA is applied for the application of flammables only. Production, bulk storage 
or buiktransport is not taken into account. 

Three main activities have been considered: 
1. normal operating conditions (cooling and defirost), 
2. transport, 
3. maintenance and repair. 

In the QRA a detailed smdy has been carried out about the possible accidents with 
the refiigerating sjrstem and the consequences of these accidents. Consequences of 
the accidents can be material, economic damage and/or personal damage. In this 
study consequences have been defined as fetally injured people as a result of being 
exposed to effects concerned. 

The limitation to fatalities is based on the presence of acceptability criteria for risks 
based on fetalities. By this approach comparison between the calculated risk and 
criteria are possible. 

A Quantitative Risk Assessment comprises the following three main steps: 
— Identification of accident scenarios: what can go wrong? 
— Calculation ofthe possible effeas ofthe incident and the corresponding damage 

or injuries; 
— Determination of the firequencies or probabilities that each of the consequences 

occur. 

The different elements are given in figure 1.1. 

R9S-18*112327-24191 
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Figure 1.1 Main steps In a QRA 

Risk is defined as: ^ e likelihood of an adverse outcome' 

So, risk is determined by two faaors: the adverse effect (consequences) of an 
exposure to hazard and the fi%quency of this exposure. In this QRA two criteria for 
risk are used: individual risk and societal risk. 

The results of this analysis have to be considered as a quantitative contribution to the 
discussion about the applicability of flammable refiigerants in refiigerating sjrstems. 
Readers are kindly invited to submit their comments to the authors. 

In this report the following subjects are described: 
— overview ofthe results ofthe literature survey (chapter 2), 
— description ofthe cooling system considered (chapter 3), 
— physical properties of flammable refiigerants (chapter 4), 
— identification of accident scenario's (chapter 5), 
— effea and consequence calculations (chapter 6), 
— calculations and presentation ofthe risks (chapters 7 and 8), 
— risk reducing measures (chapter 9), 
— conclusions and recommendations (chapter 10). 
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Literature survey 

2.1 Genera l 

The replacement of the commonly used refiigerants (which are not 
flammable) by flammable ones introduces the risk faaor: the possibility of the 
occurrence of a fire or an esqilosion due to the release and ignition of the flammable 
gas. 
Before starting a comprehensive risk assessment ofthe use of flammable refrigerants 
in relatively small installations a literature survey was carried out. The aim of the 
survey was to check the state ofthe art with respea to the application of flammables 
in refiigerating installations. 
This survey was performed in co-operation with the Centre for Information and 
Documentation (CID) TNO. A number of keywords related to the combination: 
(alternative) refiigerants and safety (safety, risk, risk assessment, refiigerants) were 
used. 
A number of databases in both Europe and the United States were seleaed. 
The results ofthe retrieval are given in the next paragraphs. First specific articles and 
studies with respea to safety are presented and next anention have been paid to 
directives and standards present for refiigerating ssrstems in general and the use of 
flammables as a refiigerant in particular. 

2.2 Articles a n d studies 

The retrieval has resulted in a Umited number of rrferences of articles and 
one specific report in which the safety ofthe use of flammable refiigerants was studied 
in more detail [15]. All references were summarised in the International Bulletin of 
Refiigeration, spread over several years. 

A number of articles give information with respea to the subjea: 'safety for people' 
in relation to the refiigerant used [7], [8], [9], [10], [11], [12] and [14]. In most cases 
the subjea is mentioned but not worked out in detail. Generally the conclusion was 
made that firom the safety point of view application of flammable refiigerants in 
relatively small installations will not result in dangerous situations. The main reason 
for this are the relatively small amoimt of refiigerant (mainly less than about 1 kg for 
domestic applications), the volume ofthe enclosed space and the relative high level 
ofthe lower explosion limit (about 40 g.m~ )̂ ofthe flammable used. 
The overall conclusion in the articles is that it is recommended to change the 
standards in such a way that the use of flammable refiigerants in relatively small 
installations (like domestic ones and comparables) will not be restriaed any more in 
the future. 
It is noted that this conclusion is not based on a detailed risk assessment ofthe use of 
flammables as refrigerant but on the presence of limited amounts of the flammable 
gas and the physical properties. 

In the only in-depth risk assessment of the use of flammable refiigerants for home 
appliances [15] it is concluded that a catastrophic leak firequency, based on a average 
situation, amounts 7.1.10"' per refiigerator per year. The catastrophic leak fi^quency 

R9S-18*112327-24191 
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for a worst case simation is 1.8.10'' per refiigerator per year. The frequency of fire/ 
explosion inside the refiigerator is 2.7.10""/year (on average) and 7.0.10''^/year 
(worst case), for the explosion outside the refiigerator the figures are respectively 
2.0.10"*/year and 5.0.10"''/year. 
This means that in the United States most likely 2 to 44 fires per year can occur due 
to the use of flammables in refiigeration equipment which are severe enough to cause 
fatalities. 
The report concludes also that the use of a flammable refiigerant would increase the 
risk of a kitchen fire by 0.04%, based on the worst case assumptions. 

Based on the results of the literature survey it is concluded that there is a lack of 
information with regard to the risk of use of flammable refiigerants for home 
appliances. 
No information is found with respea to the risk of the use of flammables in larger 
installations in general and mobile refiigeration installations and industrial 
installations in particular. 
Effea and consequences of the release of flammable refiigerants have not been 
calculated in det^. Also no attention is given to the probability of releases of 
flammables. 
For a soundly based decision about the allowance of flammable refiigerants it is 
necessary to have insight in tiie effects and consequences as well as in the firequency 
of occurrence ofthe consequences. Both determine the risk ofthe use of flammables. 

2.3 Directives a n d s tandards 

In a number of articles reference was made to directives and standards. 
With respea to the allowance and application of flammable refiigerants the most 
important are: 
- The British Standard BS 4434, 
- DIN 8975 (UW Kälteanlage VBG 20; DIN VDE 0165), 
- EEC directive 73/23/EEC, 
— (draft) prEN 378/1-13 European Standard. Safety and Environmental 

requirements for refiigerating systems and heat pumps. 

Using the flammable refiigerant propane as representative, the standards give the 
following restrictions: 
— The British Standard BS 4434 classifies propane as a group 3 refiigerant (Lower 

Explosion limit < 3.5% by vol.) that has flammable and explosives 
charaaeristics. 
This standard prohibits the use of group 3 refiigerants in domestic occupancies, 
but it allows the use in commercial occupancy provided the refrigerant does not 
exceed 2.5 kg. 

— fri the German standard DIN 8975 propane is also classified as a group 3 
refiigerant (like BS 4434). The use of propane is not equivocal prohibited. It is 
described that the use of refiigerant is acceptable if the inventory not exceeds 1 kg. 
But at the other liand the use of flammable refrigerants is allowed only in the 
circumstances of good supervision in industrial applications. 
The DIN VDE 0165 gives directives for the installation of electrical equipment in 
non-explosion proof spaces. 

R95-189/112327-24191 
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— In the draft standard prEN 378 part 1 until 13 a number of requirements have 
been given with respea to safety and environment: 
- part 1 : basic requirements and definitions, 
- part 2: general definitions, 
- part 3: classifications of refiigerants and occupancies, 
- part 4: selection of refrigerants, 
- part 5: design, construction and materials, 
- part 6: piping, 
- part 7: testing, commissioning and site inspection, 
- part 8: installation, 
- part 9: personal, 
- part 10: documentation and instruction, 
- part 11: maintenance and repair, 
- part 12: recovery, reuse and disposal, 
- part 13: competence. 

In the standard, requirements are given for flammable refiigerants. The 
categorisations with respea to risk to health and environment (groups L, G and O) 
and health and flammability (LI, L2a, L2b and L3) are the same as given in the 
standards BS 4434 and DIN 8975. 
This European Standard is in a final stage and is re-ordered in 4 parts. 

The directives and standards concern mainly the safety with regard to the use of 
electrical equipment, the environment (green house effea, ozone depletion) and the 
qualifications for different equipment applied in the installation. With respea to the 
risks ofthe use of flammable refiigerants nothing has been found. 

R95-189/112327-24191 1 0 
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Description ofthe cooling system 

3.1 Flow d iagram 

In figure 1 the flow diagram of the cooling system is given for installations 
used in trucks both for inland transport (small installations) as well as for 
international transport (large installations). 
An overview of dimensions, length and diameters of pipelines used etc. is given in 
table 3.1. 
This information has been based on specifications of two commonly used 
commercially available transport cooling systems which are representative for this 
kind of cooling systems. 

Table 3.1 Overview of characteristic dimensions and parts of an installation 

Parte 

length of lines 

line diameter 

number connections 

process control 

safety measures 

compressor type 

application 

refrigerant 

amount of refrigerant 

distribution of ttie location 
[% of total numt)ers] 

dimensions length, width, height [m] 

free volume [m^] 

volume of the cold space [m^] 

Smidit inite 

about 3 meter copper lines 
about 12 meter rubber lines 

6 - 12 mm 

> 4 

3-way valve and pressure regulator 

pressure control valve 

open compressor 

cooling and frost 

propane, LPG / R22 

3 kg 

10% under the truck 
90% at the front 

1 X 0.4 X 1 

0.3 

25 

Ijnrseuaiis 

about 8 meter copper lines 
about 15 meter rubber lines 

6 - 25 mm 

>10 

3-way valve and pressure regulator 

pressure control valve 

open compressor 

cooling and frost 

propane, LPG / R22 

7 - 8 kg 

10% under the truck 
90% at the front 

1.9x0.6x2.1 m 

0.5 

90 

R9S-189/112327-24191 11 



TNO-report 

Risk assessment ofthe use of flammable refrigerants 
Final report 

Table 3.2 Settings of the safety devices (Based on R22) 

Item Setting 

High pressure switch 

Low pressure switch 

High temperature switch 

High pressure relief valve 
Condenser fan switch 

20 - 30 bar 

-37 kPa 
110 °C 

just above setting high pressure switch 
start: 12 bar 
stop: 9 bar 

In figure 1 the flow diagram is given for the cooling situations, figure 2 shows the 
defrost situation. 
The working principle is the same for the small and large installation and is described 
below. 

Cooling situation 
The cooling situation (see figure 1) means that cooling takes place ofthe cargo, in this 
case, the cargo in the cold space. 
The refiigerant is pressurised by means of a compressor. The refrigerant condenses 
in the condenser and the liquid is collected in the receiver. 
From the receiver the liquid passes a heat exchanger in which the liquid will be 
subcooled before it passes the expansion valve, through which a further temperature 
decrease is achieved and passes the evaporator coil. 
The heat from the surroimdings (cargo) is taken via the air passing this evaporator 
coil. 
After the evaporator and the heat exchanger the gasflow passes an accumulator, to 
coUea any possible liquid and (the gasified refiigerant) enters the inlet of the 
compressor again. 

A high and low pressure switch, a high temperature switch (on the compressor outiet 
line), a pressure regulator and a high pressure relief valve have been installed to 
ensure a working situation within a prefixed pressure and temperature range (see 
table 5.2). Also an oil separator (in the compressor outiet line), a drier after the 
receiver and a check valve in the discharge line ofthe compressor are present. 
For back up reasons also a second compressor have been installed (optionally). 

Typical temperature and pressure for this kind of installations are: 12 bar and 40 °C 
downstream the compressor and 2-3 bar (-20 °C) upstream the compressor (R22). 

Defrost situation 
In the defrost situation relatively hot refrigerant gas is sent to the evaporator coil 
directiy from the compressor without passing the condenser. This is regulated by the 
three way valve downstream the compressor. 
See figure 2 for the flow diagram of this situation. 
The figure shows (see arrows for the flow direction) that the relative 'hot' refrigerant 
from the outiet of the compressor passes directiy to the pan heater (to prevent ice 
formation in the receiver) and the evaporator coil. The condenser check valve 
prevents the back flow of refiigerant form the receiver to the condenser. 

R95-189/112327-24191 12 
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3.2 Location o f t h e system 

The cooling system can be installed on mainly two different locations. One 
location is at the fix)nt side ofthe trailer between the truck and the trailer. The second 
location is under the trailer. 

3.3 Services 

3.3.1 Maintenance and repair 

From the es^erience with refiigerating systems operatii^ with CFC's it is 
known that maintenance and repair take place on a yearly base. The activities applied 
can differ fix)m checking couplings, safety devices, expansion valve, three way valve 
to exchange of equipment. 

3.3.2 Fill up the system 

During normal operating conditions part ofthe installation content will be 
released. From working practice it is known that this amounts about 20% ofthe total 
content. 
In this study it is assumed that the installation will be filled up every one year by use 
ofsmall gas cylinders with a content equivalent to the total content ofthe installation. 
The fill up takes place by use of a quick release coimection with the installation. 

R95-18»112327-24191 1 3 
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Physical properties of the flammable refrigerants 

In the table below an overview is given ofthe physical properties of propane, 
butane and LPG. The properties are given with regard to flammable risks [19] and 
[20]. 

Table 4.1 Oven/lew of physical properties of propane, butane and LPG (50/50) 

iPhysical property ! Propane | Butane LPG (50^0) 

refrigerant name 
mol. weight 

boiling point [°C] 
pressure [bar] (at 20 "C) 
liquid density [kg.m*] 

combustion heat [Mj.kg"^] 

ignition temperature f C]. 
LEL [%-vol.] 
UEL [%-vol.] 
critical pressure [bar] 

critical temperature fC] 

R290 

44.1 
-42.1 
8.3 

500 

46,35 
468 
2.1 
9.5 

42.5 
96.8 

R600 

58 

0.5 
2.1 

580 

45,85 
405 
1.8 
8.4 

37.97 

152 

? 

51.1 

-21.2 
5.2 

541 
45,94 

400 
2.0 
9.0 

-
124.5 

R95-189/112327-24191 14 
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Identification of accident scenarios 

5.1 General 

In the framework of this study accident scenarios are defined as abnormal 
conditions by which (a substantial part oQ the content ofthe system can be released. 
Such abnormal situations can occur due to internal failure ofthe s}rstem itself or due 
to external causes. Internal causes are for instance leakage as a result of internal 
corrosion, high pressure, Silure of a relief valve resulting in bursting of lines etc. 
Also external causes are possible, important causes for mobile installations are 
releases due to accidents. 

The methodology for the identification of accident scenarios and the results of the 
application ofthe methodology have been given in the subsequent paragraphs. 

5.2 Methodology 

The identification of accident scenarios has been carried out for three charaaenstic 
activities: 
1. normal operating conditions (cooling and defix^st), 
2. maintenance and repair, 
3. transport. 

For the identification of possible accident scenarios the following steps have been 
taken: 
— study of the process and instrument diagram of the system for the two different 

stadia (cooling and defix>sting), 
— information from historical accidents with comparable sjrstems, 
— accident identification by use of the HAZOP-method [17]. 

By use ofthe HAZard and OPerability method an analysis ofthe system by use of 
prefixed guidewords is carried out. 
The guidewords are applied to different sections of the installation. For this 
purpose the installation is divided into a number of different sections. In most 
cases the sections are separated by equipment (valves, compressor, heat exchanger 
etc.) 
In appendix I, Figure 1 and 2, the different sections for the cooling and the defix)St 
situation are given. The guidewords are used upstream the section number. 
For every guidewotd (an abnormal situation of the sjrstem, e.g. no flow, high 
pressure, high or low temperature etc.) the possible actions of the system itself 
(e.g. by use of a relief valve, pressure regulators, pressure switches) are analjrsed. 
Such a method is a very daailed and structured analysis ofthe sjrstem with respea 
to the design ofthe system, possible abnormal situations and possible accidents. 
This method is described in detail in [17]. 

R95-18S/112327-24191 1 5 
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5.3 Results of the accident identification 

5.3.1 Normal operating 

Historical accidents 
No historical accidents with regard to the use of refiigerants (others than ammonia) 
in both mobile and stationary installations have been found in the TNO databank 
FACTS. One of the main reasons for this is the application of non-flammable 
refiigerants on the one hand and the relative small content ofthe system on the other 
hand. 
From the maintenance point of view it is known that every one year about 20% ofthe 
content of CFC-like refiigerant ofthe installations is released to atmosphere. 
The main reason for this leakage is the use of a number of screwed coxmections 
(flares), vibrations of the system during transport and leakage throu^ the gland of 
the compressor. 

The HAZOP-analysü 
The HAZOP-team consisted of an expert on heat and refiigeration technology, an 
expen on reliability of installations and an e3q>ert on risk assessment and the 
application of HAZOP-studies. 
The analysis was carried out in four sessions. After this the results of the HAZOP 
were discussed in the HAZOP-team again and some unclear points were solved. 
Finally the results were summarised and tabulated. 

The restilts of the HAZOP-analysis, including an explanation of the results, have 
been summarised in Appendix I. 

The conclusions ofthe analjrsis are listed below: 
— the design ofthe sjrstem is appropriate. Deviations of process paramaers can be 

correaed by use ofthe installed instrumentation. 
— Application ofthe HAZOP-method resulted in the identification ofthe following 

accident scenario's: leakage or failure of pipelines or pipeline coimections, fiiilure 
ofthe evaporator coil or condenser coil, failure ofthe accumulator or receiver and 
blow off via relief valves. 

Five main accident scenario's are distinguished for the normal operation situation: 
— leakage of pipelines. 

Two release diamaers will be distinguished: 
- a full bore release with a release diamaer equal to the pipeline diamaer, 
- release diameter equivalent to 10% ofthe cross sectional area, 
- release diameter equivalent to 1% ofthe cross sectional area. 
The releases are situated on the location: 
- upstream the compressor, 
- at the condenser coil, 
- at the evaporator coil, 
- downstream the compressor. 

— Leakage of the gland of the compressor. 
— Failure ofthe acounulator. 
— Failure ofthe receiver. 
— Blow off via a relief valve. 
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5.3.2 Services 

Maintenance and repair 
Accidents can also occur during maintenance and repair. 
The type of accidents depends partiy ofthe actitrity applied. Within maintenance and 
repair the following activities can be distinguished: 
1. replace of parts (e.g. compressor), 
2. fill up the system with refiigerant. 

ad 1) Before replacing parts the installation must be made free of refiigerant. During 
this activity it is possible that this activity is not executed correctiy. The 
following accidents can be distinguished: 
a. the system is not completely made fi%e of refiigerant, 
b. release of refiigerant occurred during cleaning, 
c. system blocked in by use of leaking valves, 
d. release during fill up the sjrstem (see next subjea). 

Fiü up the instaUation 
During fill up the sjrstem the foUowing accidents can occur: 
a. release of (part of) the refiigerant, 
b. fill up the system with a wrong refrigerant. 

5.3.3 Transport 

Releases during transport can occur as a result of accidents or as 
'spontaneous' releases. 
If a release occur during the ride it is expeaed that the gas is diluted quickly and it is 
assumed that this can not result in hazardous simations. 
A potential hazardous situation can occur only in case of accidents. 
As a result of the accident the cooling installation can be damaged and (part) of the 
refiigerant can be released. 
The accident scenario for the transport simation is: 
— instantaneous release of the total content of the installation due to external 

damage due to caused by road accidents. 

A more detailed description of the possible release scenarios have been mentioned 
below. 

Leakage of pipelines 
Leakage of pipelines can be caused by internal causes such as: 
— internal corrosion, use of not qualified material, 
— external causes (e.g accidents), 
— mistakes during maintenance and repair, wrong filling procedure etc. 
A leakage of pipelines can occur in different leak sizes. In risk analysis it is common 
to use three sizes of leakages: full bore leakage (hole equal to the pipeline diameter), 
leaks^e equivalent with 10% and 1% of the cross sectional area. By this approach all 
sizes relevant for a representative risk assessment are available. The release will be 
located at different charaaeristic locations ofthe installation, downstream as well as 
upstream the compressor. 
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Failures of equipment 
Besides leakages of pipelines also fiiilure of equipment (vessels, compressors) are 
credible failures. 
From casuistry it is known that catastrophic failure of pressure vessels (in this study 
the accumulator and the receiver) can occur. 
The initial cause of a failiue can be the same as given for pipelines. 
An accidental release can also occur as a result of spontaneous opening of a relief 
valve. A spontaneous relief occurs at working pressure conditions often at pressures 
below the setting pressiure ofthe relief valve. 

The identified accident scenarios are the bases for the effea and consequence 
calculations. Next the frequency of occurrence will be calculated and finally the risk 
ofthe activity is calculated (chapter 6 and 7). 
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Effect and consequence calculations 

6.1 Genera l 

For effea and consequences of a release of flammable refiigerant a 
distinction is made between a release due to pipeline damage resulted in (semi-) 
continuous releases and instantaneous releases from the receiver or evaporator. 
Besides that also (no-accident related) relative small leakages occur. 

From practice experience with the use of mobile cooUng-tinits it is known that 
leakages occurred often. The most important cause ofthe occurrence of leakages are 
the vibrations ofthe installations during transport. It is well known that about 20% 
ofthe content ofthe installation is released on a yearly base. This result in a release 
of about 1.6 and 0.6 kg per year for respectively large and small installations. 
The released amount per unit of time is negligible. Leakages of this kind will not 
result in a flammable gasmixture if released in the open because ofthe mixing up with 
air through by the concentration of the refrigerant stays below the lower explosion 
limit. Ignition of tiie gascloud is only possible if the concentration is between the 
Lower Explosion Limit (LEL) and Upper Explosion Limit (UEL). 
The LEL is 38.5 g.m-^ and the UEL is 174.2 g.m"̂  (see also chapter 4). 
If the leakage takes place in a confined space of small volume a flammable mixture 
can occur only if accumulation of gas in the confined space can take place during a 
long period and without any ventilation. It is not expected that dangerous situations 
can occur as a result of leakages of this kind. 

Immediate dangerous situations can occur in case of larger (than leakage) releases in 
an unconfined or (partiy) confined area (under the truck or aside the truckj in the cold 
space). This e.g as a result of accidents, or failures due to internal causes (corrosion, 
defective material etc.). Instantaneous or (semi-) continuous releases can occur. An 
instantaneous release means that the total content ofthe installation (about 3 - 8 l i^ 
is released within a few seconds. In this case a flammable gascloud is present during 
a certain period of time. 
An instantaneous release is often caused by external forces due to accidents. In such 
cases an ignition source is mostiy present in the form of sparks generated by the 
external forces, a hot exhaust etc. 
In the next paragraph an overview is given ofthe possible effects as a result of releases 
of flammable refrigerants. 

6.2 Descr ipt ion of the possible effects 

A schematic overview of the possible effects and consequences in the case 
of a release of flammable gas is given in figure 3. 

The figure shows that in case of a release in an unconfined area and delayed ignition 
a flash fire can occur. A flash fire is a fast burning gascloud. Damage will occur only 
in the burning cloud itself due to direa flame contaa. 
In case of a release in a (semi-)confined area (but excluding the casing of the 
installation) two phenomena can be distinguished: a burning gascloud like a flash fire 
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and the generation of a pressure wave due to high flame speeds because of tiie 
confinement. The damage in the gascloud is the same as in the case of a flash fire (in 
unconfined situations). The pressure wave can destroy the confined space and also 
buildings in the surroundings. Damage to people (outside the confined area) can 
occur mainly due to fragments fcotn the confined space and, as a result of secondary 
damage, due to collapsed buildings (&lling walls, glass fragments a c ) . 

The eqviipment of a mobile cooling-unit is constructed in a compaa way inside a 
casing. Therefore we assumed that undisturbed releases are rare and are excluded in 
this study. 
Release from the evaporator coil in the cold space will be diluted quickly by the 
evaporator fan. 
Releases fcova the condenser coil will be quickly dispersed in the surroundings by use 
of the operating condenser &n. In this smdy the (pessimistic) assumption of a not 
working condenser &n is made. 

A flammable gasconcentration and ignition of the gas inside the casing of the 
installation will result in an explosion which demolishing (part of) the installation. 
Damage in the surroundings can be expeaed mainly due to firagments blown away 
fix>m the casing. Damage is also possible at short distances from the installation due 
to the burning gascloud. 

6.3 Calculation o f the effect and consequences 

6.3.1 General 

For the calculation ofthe effea and consequences of releases of flammable 
refiigerants a distinction is made between (semi-)continuous releases and 
instantaneous releases in a (semi-) confined space (e.g. the cold space, inside the 
casing) and releases in the open. Besides that the size of the installation (amoimt of 
refrigerant) is also taken into account. 
In the following an overview is given ofthe physical effea models used for the effea 
calculations and the consequence models used for the calculation of the 
consequences for the surroundings as a result ofthe effects, next the results are given. 
For the effea and consequence calculations two situations are distinguished, a release 
during transport and a release during parking. 
In case of a release during transport the released gas will be dispersed quickly in case 
of a release inside the casing and fix>m the condenser coil. For this simation a release 
from the evaporator coil inside the cold space is the only relevant release. 
In the case of a release during parking all releases will be relevant. 

6.3.2 Physical effect models 

For the calculations ofthe physical effects use is made of different models. 
Releases are calculated by use of release models for liquids, gases or two-phase flow 
from [21]. The selection ofthe appropriate model depends on the physical state of 
the refrigerant at a particular section of the installation. For the calculation of the 
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evaporation of a liquid release it is assumed here that all released liquid will be 
evaporate immediate. This because the low boiling point of the refiigerant and the 
possibility of the formation of an aerosol as a result of a release under higih pressure 
together with the possibility of impingement with nearby equipment. Due to the 
impingement the release result in an aerosol through which the evaporation rate is 
increased. 
In case of a release in the cold space it is assumed that the released gas will be diluted 
homogeneous in the cold space by the applied forced ventilation. 

In case of a release inside the casing it is assumed that dispersion takes place from the 
casing into the atmosphere. 

It is assumed that the evaporated refiigerant has a density comparable with air 
therefore the Gaussian dispersion model for neutral gases is used [21]. The dispersion 
is calculated for two weather-classes: 
— very stable weather (class F) and a windspeed of 2 m.s"^ and 
— neutral weather (class D) and a windspeed of 5 m.s'^ 

Igmtion of a (partly) confined gascloud can result in a generation of overpressure. 
The overpressure is calculated by use ofthe Multi Energy Method [22]. 

6.3.3 Consequence models 

For the calculation ofthe consequences as a result ofthe effects of released 
flammable refiigerants use is made ofthe consequence models fix)m [23]. 
In the case of flash-fires (buming gascloud) it is assumed that all people present in the 
flammable gascloud will be &tally injured. In the case of an esqilosion (a flash-fire 
with generation of peak overpressure) the consequences are the same as in the case of 
flash-fire and in addition 1% ofthe people present in heavy damaged buildings will 
be fatally injured. Heavy damage to buildings occurred in case of peakoverpressures 
of at least 0.3 bar. Injuries in the surroundings are also possible by fiagments of the 
casing or the cold space. 

6.3.4 Results ofthe calculations 

Overoiezo ofthe starting points 
For the calculation of the effea and consequences the following assumptions have 
been made with respea to the content ofthe different sections ofthe installation: 
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Section 

evaporator coil 
condenser coil 
accumulator 
receiver 
connected lines 

0(»iite»iis|t^] 

Small unit 

1.2 

1.2 
0.15 

0.15 

0.3 

Urget f f i i t 

3.2 
3.2 
0.4 
0.4 
0.8 

For the calculation of the released amounts it is assumed that the content of the 
section involved is released first, after that the release is calculated from the conneaed 
section(s). 
In the case of release downstream the compressor it is assumed that 80% ofthe total 
content will be released in case of a working compressor. 

Example ofthe approach ofthe eflfea calculations: 
in the case of a release from the condenser coil it is assumed that the total liquid 
content ofthe condenser coil is released instantaneous first. If the compressor is not 
tripped, 80% ofthe total content ofthe installation will be released to a flowrate equal 
to the compressor capacity. In case of a compressor trip, there is still a release because 
there is an open conneaion between the condenser coil and the receiver which results 
in evaporation of the remaining liquid in the receiver. Evaporation takes place tmtil 
the boiling point ofthe liquid is reached; the decrease in temperature is a result ofthe 
adiabatic evaporation of the liquid, because it is assumed that the release time is too 
short for a sufficient heat input from the surroimdings. 

The results ofthe efifea calculations are summarised in table 6.1. In this table also the 
frequency of occurrence have been given. A detailed description ofthe frequency data 
and probabilities used and the applied methodology is described in chapter 7. 

(The figures between brackets represents the additional flow for a situation for a 
working compressor.) 

R95-189/112327-24191 22 



T
ab

le
 6

.1
 O

ve
rv

ie
w

 o
f r

el
ea

se
 ra

te
s,

 d
im

en
si

on
s 

o
f f

la
re

s 
a
n
d
 fl

am
m

ab
le

 g
as

 c
lo

ud
s 

re
su

lte
d
 fr

om
 th

e
 id

e
n
tif

ie
d
 a

cc
id

en
t s

ce
na

rio
s 

- s
m

a
ll 

u
n
its

 

|i
p

iô
ll^

lii
iip

i 

R
el

ea
se

 r
at

e 
[k

g.
s'

^ 
a

n
d 

d
u

ra
ti

o
n 

[s
e

c]
 

G
as

./v
ap

ou
r 

R
at

e 
D

u
rn

tio
n 

] 

L
iq

u
id

 

R
p

jl 
p
u
ra

M
o
n
 

Lo
ea

S
oR

 

D
is

ta
n

c»
to

 
L

E
L

[m
] 

(F
-«

/D
-5

>
or

 
co

n
c«

n
t(

ïf
iti

o
n
 

(i
tM

id
e

e
o

td
 

sp
a
c«

) 
[g

.m
'^

 

no
rm

al
 o

pe
ra

tin
g 

co
nd

iti
on

s 

pi
pe

lin
e 

le
ak

ag
e 

(f
ul

l b
or

e)
 

- 
up

st
re

am
 c

om
pr

. 

- 
co

nd
en

se
r 

co
il 

- 
ev

ap
or

at
or

 c
oi

l 

- 
do

w
ns

tr
ea

m
 

co
m

pr
es

so
r 

0.
06

 
(0

.0
6)

 

0.
00

8 
(0

.0
08

) 

(0
.0

2)
 

0.
02

^)
 

3 (3
7)

 

6.
5 

(1
50

) 

(6
0)

 

12
0 

- 1.
2

 

1.
2

 

-

-

in
st

an
t. 

in
st

an
t. 

-

ca
si

ng
 

ou
ts

id
e 

co
ld

 s
pa

ce
 

ca
si

ng
 

ne
gl

. 

22
/1

2 

99
 

ne
gl

. 

pi
pe

lin
e 

le
ak

ag
e 

(1
 %

/1
0%

 l
ea

ka
ge

) 

- 
up

st
re

am
 

co
m

pr
es

so
r 

- 
co

nd
en

se
r 

co
il 

- 
ev

ap
or

at
or

 c
oi

l 

0.
00

06
 

0.
00

6 

0.
00

02
 

6 

0.
00

77
 

(0
.0

06
) 

(0
.0

6)
 

co
nt

.2
' 

40
0 

19
0 

15
5 

(2
30

) 

(2
1)

 

- -

0.
02

 

0.
2 

0.
00

17
 

0.
01

7 

- - 60
 

6 

ce
nt

. 

67
 

ca
si

ng
 

ca
si

ng
 

ou
ts

id
e 

ou
ts

id
e 

co
ld

 s
pa

ce
 

co
ld

 s
pa

ce
 

ne
gl

. 

ne
gl

. 

ne
gl

. 

21
/1

2 

99
 

99
 

tk
g

] 

D
is

fa
in

e«
 {m

] t
o

 
p
e
a
fc

o
ve

rp
r»

ss
u
re

 [
b
a
r]

 

ft
.t

 
>

v.
>

 
—

 

- 1.
0

 

1.
2

 

- - - - 1.
2

 

1.
2

 

1.
2

 

- 5 

0.
1

 
1

 0
.0

3
 

- 13
 

- 36
 

po
ss

ib
le

 le
th

al
ty

 a
fte

r 
op

en
in

g 
th

e 
do

or
 

- - - 5 

- - - - 13
 

- - - - 36
 

po
ss

ib
le

 le
th

al
ty

 b
y 

op
en

in
g 

th
e 

do
or

 

po
ss

ib
le

 le
th

al
ty

 a
fte

r 
op

en
in

g 
th

e 
do

or
 

F
re

q
u
d
n
cy

 [
yr

^J
 

f1
0

'»
i 

fi
re

 

- 3 9.
6 - - - " 10
 

96
 

32
 

E
xp

lo
si

o
n 

-

0.
75

 

2.
4 

2.
5 

24
 

8 

g 
»- n>

 
S (H

 

S
-

ni
 S
 

'S
' s 

IV
) 

W
 



T
ab

le
 6

.1
 O

ve
rv

ie
w

 o
f r

el
ea

se
 r

at
es

, d
im

en
si

on
s 

o
f f

la
re

s 
a

n
d 

fla
m

m
ab

le
 g

a
s 

cl
ou

ds
 r

es
ul

te
d f

lr
o

m
 th

e 
id

en
tif

ie
d 

ac
ci

de
nt

 s
ce

na
rio

s 
- s

m
a

ll 
un

its
 (

co
nt

in
ue

d)
 

A
cc

id
e

n
t s

ce
n

a
ri
o
 

- 
do

w
ns

tr
ea

m
 

co
m

pr
es

so
r 

rta
la

aa
ef

 r
a

ta
 p

ig
.a

"^
l 

a
n

d
 d

u
ra

tio
n

 [a
a
e
] 

6
a
a
A

ra
p
o
u
r 

R
at

e
 

0.
00

2 

0.
02

 

D
u
ra

tio
n
 

12
00

 

12
0 

L
iq

u
id

 

R
a
te

 

- -

D
ur

aH
on

 

- -

L
o

ca
tio

n
 

ca
si

ng
 

ca
si

ng
 

D
ia

te
n
ce

 t
o

 
L

E
L

fm
] 

(F
-2

/D
-S

)o
r 

co
n
ce

n
U

'a
tio

n
 

0
n
a
id

e
 e

o
id

 
a
p
a
ce

) 
[g

.m
'']

 

ne
gl

. 

ne
gl

. 

fa
ilu

re
 o

f v
es

se
l 

fa
ilu

re
 o

f a
cc

um
ul

at
or

 

fa
ilu

re
 o

f r
ec

ei
ve

r 
(+

 0
.0

2)
 

-

(5
3)

 

0.
15

-1
-

1.
2

 

0.
15

 +
 

1.
2

 

in
st

an
t. 

in
st

an
t 

ca
si

ng
 

ca
si

ng
 

24
/1

3 

24
/1

3 

fa
ilu

re
 o

f s
af

et
y 

de
vi

ce
s 

bl
ow

 o
ff

 r
el

ie
f 

va
lv

e 

tr
an

sp
or

t 

re
le

as
e 

o
f c

on
te

nt
 

fil
l u

p 
sy

st
em

 

re
le

as
e 

of
 to

ta
l 

co
nt

en
t 

re
pa

ir/
m

ai
nt

en
an

ce
 

re
le

as
e 

o
f t

ot
al

 
co

nt
en

t 

0.
00

2 
(0

.0
04

) 
12

00
 

(6
00

) 
-

1.
35

 

1.
35

 

1.
35

 

1.
35

 

-

in
st

an
t. 

in
st

an
t. 

in
st

an
t 

in
st

an
t 

ca
si

ng
 

bu
ild

 u
p 

ar
ea

 

m
ot

or
 w

ay
 

ga
ra

ge
 

ga
ra

ge
 

ne
gl

. 

24
/1

3 

24
/1

3 

r 
=

 2
.8

m
^)

 

r 
=

 2
.8

 m
 

- - 1.
1

 

1.
1

 

1.
1

 

1.
1

 

1.
1

 

1.
1

 

O
ia

ta
n
ce

 [m
] 
to

 
p
e
a
ko

ve
rp

t^
a
a
u
re

 {
b

a
r]

 

0.
3 - - 6.
5 

6.
5 - 6.
5 

6.
5 

0.
1 - - 13
 

13
 

- 13
 

13
 

0.
03

 

- - 38
 

38
 

- 38
 

38
 

po
ss

ib
le

 fa
ta

lit
ie

s 
in

 t
h

e
 

ga
ra

ge
 

po
ss

ib
le

 fa
ta

lit
ie

s 
in

 t
h

e
 

ga
ra

ge
 

P
re

q
tia

n
cy

 {
yr

'^
J 

(*
10

"«
) 

fi
re

 

- - 0.
4 

0.
4 -

0.
00

52
 

0.
00

02
4 

80
0 

80
0 

ix
p

to
a

io
n
 

- - 0.
1 

0.
1 -

0.
00

13
 

0.
00

00
6 

20
0 

20
0 

51
 >

3
 

s'
 S

: 

>§
 is

 
3 

I n>
 

SS
 

C
l 2
 

a 

'* 
eq

ua
l t

o 
th

e 
co

m
pr

es
so

r c
ap

ac
ity

 
*̂ 

m
ea

ns
 lo

ng
er

 th
an

 1
80

0 
se

co
nd

s 



O
l 

T
ab

le
 6

.2
 

O
ve

rv
ie

w
 o

f r
el

ea
se

 r
at

es
, d

im
en

si
on

s 
o

f f
la

re
s 

a
n

d 
fla

m
m

ab
le

 g
as

 c
lo

ud
s 

re
su

lte
d 

fr
om

 th
e 

id
en

tif
ie

d 
ac

ci
de

nt
 s

ce
na

rio
s 

- 
la

rg
e 

un
its

 

A
cc

id
e

n
t 

sc
e

n
a

ri
o 

R
el

ea
se

 r
at

e 
[k

g.
s"

^]
 

a
n

d 
d

u
ra

ti
o

n 
[s

e
c]

 

G
aa

/v
ap

ou
r 

R
at

e 
D

u
ra

ti
o

n 

L
iq

u
id

 

R
at

e 
D

ur
at

io
n 

{ 
D

is
ta

nc
e 

to
 

L
E

L
tm

l 

L
i)

ca
tlo

n 
co

nc
en

tr
at

ie
 

n 
(in

ai
de

 c
ol

d 
sp

ac
e)

 tg
.m

-*
| 

pi
pe

lin
e 

le
ak

ag
e 

(fu
ll 

bo
re

) 

- 
up

st
re

am
 c

om
pr

. 

- 
co

nd
en

se
r 

co
il 

- 
ev

ap
or

at
or

 c
oi

l 

- 
do

w
ns

tr
ea

m
 

co
m

pr
es

so
r 

0.
24

 
(0

.2
4)

 

0.
04

 
(0

.0
4)

 

(0
.0

6)
 

0.
06

^)
 

2 
(2

5)
 

3 (7
7)

 

(5
3)

 

10
7 

-

3.
2 

3.
2 

-

-

in
st

an
t. 

in
st

an
t. 

-

ca
si

ng
 

ou
ts

id
e 

co
ld

 s
pa

ce
 

ca
si

ng
 

ne
gl

. 

32
/1

7 

70
 

ne
gl

. 

pi
pe

lin
e 

le
ak

ag
e 

(1
 %

/1
0%

 l
ea

ka
ge

) 

- 
up

st
re

am
 

co
m

pr
es

so
r 

- 
co

nd
en

se
r 

co
il 

- 
ev

ap
or

at
or

 c
oi

l 

- 
do

w
ns

tr
ea

m
 

co
m

pr
es

so
r 

0.
00

2 

0.
02

 

0.
00

1 
(0

.0
03

) 

0.
01

 
(0

.0
3)

 

(0
.0

03
) 

(0
.0

3)
 

0.
01

 

0.
10

 

co
nt

.2
) 

32
0 

12
0 

(1
04

0)
 

12
 

(8
9)

 

(1
13

0)
 

(1
13

) 

64
0 

64
 

- -

0.
09

 

0.
9 

0.
00

75
 

0.
07

5 - -

- - 35
 4 

40
0 40
 

- -

ca
si

ng
 

ca
si

ng
 

ou
ts

id
e 

ou
ts

id
e 

co
ld

 s
pa

ce
 

co
ld

 s
pa

ce
 

ca
si

ng
 

ca
si

ng
 

ne
gl

. 

ne
gl

. 

ne
gl

. 

35
/1

8 

70
 

70
 

ne
gl

. 

ne
gl

. 

"e
x 

Ik
g]

 

D
Ia

ta
nc

e 
[m

\ t
o 

pe
ak

ov
er

pr
ea

su
re

 [
ba

r]
 

0.
3 

- 2.
2 

3.
2 

- - - - 2.
2 

3.
0 

3.
0 

- -

- 8 

0,
1 

- 17
 

0.
03

 

- 47
 

po
ss

ib
le

 fa
ta

lit
ie

s 
af

te
r 

op
en

in
g 

th
e 

do
or

 

- - - - 8 

- - - 17
 

- - - - 47
 

po
ss

ib
le

 fa
ta

lit
ie

s 
af

te
r 

op
en

in
g 

th
e 

do
or

 

po
ss

ib
le

 fa
ta

lit
ie

s 
af

te
r 

op
en

in
g 

th
e 

do
or

 

- -

- -

- -

Fr
e<

}u
ef

l«
» 

fy
r*

^]
 

flO
*»

) 

fi
f»

 

- 7.
2 

23
 

- - - 24
 

24
0 

80
 

- -

,&
(p

lo
si

o
n 

- 1.
8 

5.
8 

- - - 6 60
 

20
 

- -

i's
 

'S
 

b:
 

:^
 

C
l 9"
 

2 



T
ab

le
 6

.2
 O

ve
rv

ie
w

 o
f r

el
ea

se
 r

at
es

, d
im

en
si

on
s 

o
f f

la
re

s 
a

n
d 

fla
m

m
ab

le
 g

as
 c

lo
ud

s 
re

su
lte

d 
fr

om
 th

e 
id

en
tif

ie
d 

ac
ci

de
nt

 s
ce

na
rio

s 
- 

la
rg

e 
un

its
 (

co
nt

in
ue

d)
 

'§
W

i^
^l

^^
i(i

jß
^ 

• 
,4

:::
;ii

ilr
: 

R
el

ea
se

 r
a 

.?
:':

S
|, 

a
n

d 
d

u
râ

t 

G
a

s/
va

p
o

u
r 

R
at

e 
D

u
ra

tio
n 

te
p

tg
.s

:^
 

io
n 

[s
ec

] L 

1 a
u

id
 

R
at

e 
D

u
ra

tio
n 

M
K

r'
^M

Iâ
â

i-

lii
iii
.'
 

•"
:::

;S
>:

;:v
-:

-V
:::

::;
:;:

::i
:^

^^
 

D
is

ta
n

ce
 t

o 
L

E
L 

[m
] 

(F
-2

/D
-5

) 
o

r 
co

n
ce

n
tr

a
ti

o 
n 

(i
n

si
d

e 
co

ld
 

sp
ac

e)
 [

g.
m

-3
} 

fa
ilu

re
 o

f 
ve

ss
el

s 

fa
ilu

re
 o

f 
ac

cu
m

ul
at

or
 

fa
ilu

re
 o

f 
re

ce
iv

er
 

- -

- -

0.
4 

+
 

3.
2 

kg
 

0.
4 

+
 

3.
2 

kg
 

in
st

an
t. 

in
st

an
t. 

ca
si

ng
 

ca
si

ng
 

35
/1

8 

35
/1

8 

fa
ilu

re
 o

f 
sa

fe
ty

 d
ev

ic
e 

bl
ow

 o
ff 

re
lie

f 
va

lv
e 

tr
an

sp
or

t 

re
le

as
e 

of
 c

on
te

nt
 

fil
l u

p 
sy

st
em

 

re
le

as
e 

of
 to

ta
l 

co
nt

en
t 

re
pa

ir/
m

ai
nt

en
an

ce
 

re
le

as
e 

of
 to

ta
l 

co
nt

en
t 

0.
00

2 
34

0 
- 3.
6 

3.
6 

3.
6 

3.
6 

-

in
st

an
t. 

in
st

an
t. 

in
st

an
t. 

in
st

an
t. 

ca
si

ng
 

bu
ild

 u
p 

ar
ea

 

m
ot

or
 w

ay
 

ga
ra

ge
 

ga
ra

ge
 

ne
gl

. 

35
/1

8 

35
/1

8 

r 
=

 3
.5

m
1

) 

r 
=

 3
.5

 m
 

:•
:>

 
.Ï

: 

"e
x 

[i^
gl

 

2.
2 

2.
2 - 2.
2 

2.
2 

D
is

 
pe

ak
ov

 

0.
3 8 8 - 8 8 

ta
n

ce
 [

m
] 

to
 

e
rp

re
ss

u
re

 [
b

a
r]

 

0.
1 

17
 

17
 

- 17
 

17
 

0.
03

 

47
 

47
 

- 47
 

47
 

po
ss

ib
le

 f
at

al
iti

es
 in

 th
e 

ga
ra

ge
 

po
ss

ib
le

 fa
ta

lit
ie

s 
in

 th
e 

ga
ra

ge
 

F
re

q
u

e
n

cy
 [

yr
'^

J 
(*

io
-B

) 

fi
re

 

0.
4 

0.
4 -

0.
00

52
 

0.
00

02
4 

80
0 

80
0 

E
xp

lo
si

o
n _
J 

0.
1 

0.
1 -

0.
00

13
 

0.
00

00
6 

20
0 

20
0 

51
 >

} 
ft

 
»-

i's
 

B
i S
 

«^
 

S- ä Q
 2 s t?
 

'̂ 
eq

ua
l t

o 
th

e 
co

m
pr

es
so

r 
ca

pa
ci

ty
 

^'
 

m
ea

ns
 lo

ng
er

 th
an

 1
80

0 
se

co
nd

s 

T
he

 c
on

tr
ib

ut
io

n 
of

 th
e 

ad
di

tio
na

l f
lo

w
 d

ue
 to

 a
 w

or
ki

ng
 c

om
pr

es
so

r 
is

 in
 m

os
t c

as
es

 n
eg

lig
ib

le
. O

nl
y 

in
 th

e 
ca

se
 o

f a
 r

el
ea

se
 in

 th
e 

co
ld

 s
to

re
 th

er
e 

is
 

a 
si

gn
ifi

ca
nt

 c
on

tr
ib

ut
io

n.
 



TNO-report 

Risk assessment ofthe use of flammable refrigerants 
Final report 

Risk calculations 

R95-188/112327-24191 

7.1 General 

Risk consist of a combination of two elements: the consequences of an accident and 
the frequency of occurrence of these accidents. 
For the calculation and presentation of risks two criteria for risk are distinguished, 
risks are: 

Individual risk; üie frequency of fatal irgury on a certain distance from ike 
activity as a result cf accidents with a refrigerating unit; 

Societal risk; ^frequency of a minimum number of fatalities 
due to an accident with a mobile refrigerating unit. 

The individual risk and societal risk are used to evaluate the acceptability of risks of 
consequences of industrial activities. 

The individual risk gives, for a certain distance, the frequency of a &tal injury. 
The societal risk gives the minimum number of fatalities and the frequency of 
occurrence. 

In this chapter the calculation ofthe frequency of consequences is described. 
The frequency of consequences is a combination of the frequency of a release and 
different probabilities, such as a probability of direct ignition, delayed ignition and the 
probability of consequences to people. 

The risk analysis scheme is given in figure 1.1 (section 1). 

For the calculation of the societal risk the number of people present in the 
surroimdings is taken into account. Because the surroundings is not known on 
beforehand, for the activities concerned the following population densities or number 
of people present have been used: 
— normal working condition: 

- urban area with a characteristic population density of 120 persons/ha. 
accordir^ to [23], 

- big shopping centres, population density 1000 persons/ha (10% ofthe time); 
— services: 

- number of people present in garages: 5; 
— transport: 

- motor ways: number of people present within a radius of 100 meter: 95 
(based on an occupation of 1.5 persons per car), 

- within build up area: same as the urban area 120 persons/ha. 

Both the area classification and the related population densities are taken fix>m [23]. 

Furthermore it is assumed that given a fire and explosion in a gar^e or as a result of 
an explosion of flammable gascloud in the cold space, regardless the population 
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density, the probability of 1 fatal injury is 10%. In other words an accidental release 
resulted in a fire or an explosion results in 10% ofthe cases in 1 fatality. 

In the next paragraphs risk criteria used in several countries are given first. Thereafter 
calculation of accident frequencies and probabilities ofthe occurrence of effects and 
consequences are described. 

7.2 Riskcri teria 

In several countries criteria have been used for risk. 

An overview is given in tables 7.1 and table 7.2. 

Table 7.1 Individual risk in several countries 

Ministry VROM, the Netherlands (new activities) 
Existing plants 

Environmental Protection Authority 
(Western Australia (new plants) 

Health & Safety Executive, UK 
(new housing near plants) 

Hong Kong Government (new plants) 

Department of planning New South Wales 
(new plants and housing) 

IncSvldtfal risk eritenia per year 

intolerable 

10"^ 
10-5 

10-5 

10-5 

10-5 

10-^ 

Negi^eite 

10-^ 
10-8 

10-8 

10-5 

not used 

not used 

Table 7.2 Societal risk criteria in several countries 

Auti ic8% 

Ministry VROM, the Netherlands 
(new plants) 

Hong Kong Government 
(new plants) 

m 
OuKve 
ajope 

-2 

-1 

s o c l e s rfesA Qnteree^ 
w i t h N ^ I ) 

InkMÉrabie 

10"3 

10-3 

ne£MfsB)ie 

10-5 

-

L b ^ o r t ü 

1000 

1000 

under consideration 

Health & Safety Executive, UK 
(existing ports) 

., 10-̂  

— 

10-^ -
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In the Netherlands there is at this moment a move to use only the level of intolerance 
and to make use ofthe ALARA (As Low As Reasonable Achievable) principle by use 
of risk-reducing measures. This means that the negligible level no more will be used 
in future. 

7.3 Frequency o f the release of refi-igerants 

A number of accident scenarios have been described in chapter 5. Most of 
the incidents deals with the failure of equipment such as leakage or rupmre of 
pipelines, failure ofthe accumulator etc. 
For the retrieval of frequencies use is made ofthe TNO database COMPI [24]. This 
database consist a nimiber of failure frequencies of components (pipelines, valves, 
pumps, relief valves etc.) 
Beside this database also other databases have been studied such as E&P-Forum [25] 
and OREDA [26]. Both databases have been developed for off-shore activities and is 
imimportant for small installations. 
Retrieval of accident frequencies for this specific kind of refrigerating equipment is 
hardly available. The reason for this is the use of non-flammable and non-toxic 
refiigerants in this kind of mobil refrigerating units. In case of a release no dangerous 
situations can occur and no special attention is given to accidental releases. Therefore 
use is made of failure frequencies of equipment comparable with the small mobil 
refrigeration equipment. This means that use is made of generic failure frequencies. 
Engineering judgement is used to adjust the generic values to the specific units 
considered. 

Pipeline failure frequency (full bore rupture) 
The failure of a pipeline is derived from [27] and [28] and is: 3.10'^ m.'^yr'^ 
The construction and installation of a cooling-unit is such that a good protection has 
been achieved against external forces and inspection is carried out twice a year on 
average. For this reason the failure frequency is lowered by a factor 10. 
The total length is about 15 meter for small units and 23 meter for large units. 
It is assumed that the pipeline length upstream the compressor is the same as 
downstream. 
The total pipeline length ofthe evaporator is 40 meter and 100 meter, the length of 
the pipeline of the condenser is 25 meter and 60 meter (for small and large units 
respectively). 

This result in the following failure frequencies: 

Position of «he rt i^^re 

downstream compressor 
upstream compressor 
evaporator coil 
condenser coil 

Fietfo^cy îuiîa-lyf*3 * tir* 

Lanseunils 

3.45 
3.45 

30 
18 

Stnaii units 

2.25 
2.25 

12 
7.5 
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Pipeline failure frequency (1% and 10% leakage) 
The failure frequencies of a pipeline for a 1 % and 10% leakage are derived from [27] 
and [28] and are: 3.10'^ and LlO'^.m-^yr"^ respectively. 
Also in this case a reduction of a factor 10 has been applied, for the same reason as 
described at the frill bore rupmre. 
This result in the following failure frequencies: 

Position d ^le fupmre 

downstream compressor 
upstream compressor 
evaporator coil 
condenser coil 

Freqt^nc^ [«nT^.yr-^l * tO* 

iailg^tKKits 

10% 

11.5 
11.5 

100 
60 

1% 

34.5 
34.5 

300 
180 

^ l ^ l t m M s 

10% 

7.5 
7.5 

40 
25 

1% 

22.5 
22.5 

120 
75 

Failure of pressure relief valves 
The frequency of spontaneous opening ofthe relief valve is 4.10"^ .yr'^ [28]. 

Failure of accumulator and receiver 
Both accumulator and receiver can be considered as pressure vessels, for the failure 
frequency use is made of data derived from pressure vessels from [28] and amounts: 
for a catastrophic failure: l.lQ-^.yr'^ [29]. 

Failure of a low pressure szaitch 
The installation (compressor) is protected against low pressures by a low pressure cut 
out switch. In case of low pressures the compressor trips. 
A failure frequency of pressure switches specific for refrigerating systems is not 
available therefore a failure frequency for pressure switches in general is taken from 
[28] and is 0.1 per demand. 

7.4 F a i l u r e d u r i n g t r a n s p o r t 

A failure during transport can only occur in case of accidents with a certain 
impact. This kind of accidents are characterised here as accidents with at least 
injuries. 

The accident frequency is used for two situations: 
1. on motor ways: accident frequency: 6.10"^ veh"^km'^yr"\ 
2. within build up areas: accident frequency: 1.3.10"^ veh'^km-^yr'^ 

Given an accident the probability of a release is derived from [28]. In [28] the 
probability of a release is given for buiktransport in tankcars and is 0.05. For the 
refrigerating imit this release probability is lowered by a factor 10. This because ofthe 
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relative good protection of the installation and the location. This result in a release 
probability of 0.005 (given an accident). 

The frequency of a release is expressed for a transport length of 1 km. 
1. onmotorways: accidentfi%quency: 3.10""'veh"^km'^yr"^ 
2. within build up areas: accident fi%quency: 6.5.10"'veh"'.km"^yr"*. 

The risk of transport will be presented for a trafSc density of 10,000 vehicles per year 
for a fictitious road length which correspondence with the consequence distance, in 
both urban and a non-urban areas (motor-way). 

7.5 Fai lure dur ing services 

FiU up installation 
It is assumed that a release during filling up the installation mainly occur as a result 
of a human failure. In [28] probabilities are given for human frdlures for different 
activities: 

operator &ilure during transshipment: 1.10~*/demand, 
operator &ilure during control activities: 1.10'^/demand. 

In this smdy the probabili^ is used for control activities: 1. lO'^/demand. 

It is assumed that fill up takes place once a year; this results in a release frequency of: 
1.10-3/yr. 

Failure during maintenance 
For this situation the same probability for human failure is used as for fill up activities. 

Maintenance is assumed to take place twice a year on average; the fi^quency of a 
release is: 2.l0"^/yr. 

7.6 Probabil i ty of igmtion 

Ignition probabilities specific for the releases for this kind of installations are 
not available. An overview of ignition probabilities as a frmction to the release rate is 
given in [28] and [29]. The ignition probabilities are summarised in table 7.3. 
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Table 7.3 Overview of the ignition probabilities 

< 1 kg.s-1 
<10kg.s-'' 
1 - 50 kg.s"'' 

10-IOOkg.s-'' 
> 50 kg.s"'' 
>100kg.s-^ 

l ^ i t i «mpro l» i t ^ i%H 

loinieciiate 

0.2 

0.5 
0.3 
0.7 

iSeiayed 

0.05 

0.1 

0.2 

Tot»! 

0.01 
0.25 
0.07 

0.6 
0.3 
0.9 

L^ i^ tupe 

[29] 
[28] 
[29] 
[28] 
[28] 
[28] 

The effea calculations have shown that the release rates for the mobile refiigerating 
imit are, in allcases, less than 1 kg.s"' and < 5 kg. Because ofthe relative small releases 
the ignition probabilities for releases < 1 kg.s'' is used from [29]. For the distinction 
between immediate and delayed ignition the same ratio as valid for the figures from 
[28] is used. This approach results in the following ignition probabilities: 

Table 7.4 Overview ofthe ignition probabilities used for mobil refrigeration units 

^mea^&em^Êt 

-1 kg.s-1 
or < 5 kg. 

Ignition proti8t>ii% H 

fmmediate 

0.008 

i>eiayed 

0.002 

T ( ^ f 

0.01 

For a flammable gasmixmre present in the cold space it is assumed that ignition occur 
only during of after opening the door of the cold space. A possible ignition source in 
this case can be a electrical switch, a buming cigarette etc. 

7.7 Fai lure dur ing s ta t ionary situation 

As described in section 6, a release during transport would not result in 
hazardous situations because of the forced dispersion due to the speed. A release in 
the cold space (from the evaporator coil) results always in a dangerous situation. 
For the calculation of the frequency of fire of explosion it is assumed that the 
distribution ofthe transport and the stationary simation is 50% (probability 0.5). 

Combination ofthe failure frequency of pipelines or other equipment, the probability 
of ignition and the probability of occurrence of the stationary simation results in the 
frequency of the calculated effects. 
An overview ofthe results are summarised in table 6.1 and 6.2. 
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8 Presentation of individual and societal risk 

The consequence distances presented in section 5 and the frequency ofthe 
consequences presented in section 6 have Iseen combined together to calculate the 
individual risk. 
This means that for a number of locations in the surroundings the frequency of fatal 
injury is calculated. The number of locations depends on the consequence distance. 

Additional the societal risk is calculated by taking into account the population 
density. 

The individual riskcurve for all activities is presented in figure 4 and 5 (large and small 
unit). 
The individual riskcurve for services is presented in figure 6 and 7 (large and small 
unit). 
The individual riskcurve for transport, based on 10,000 trucks a jrear, is presented in 
figure 8, 9, 10 and 11 (large and small unit). 

If the calculated individual risk is compared with the criteria used in The Netherlands 
for new activities the individual risk is higher than acceptable up to a distance of 2.5 
meter (small unit) and 3.5 meter (large unit) and is defined by the service activities. 
The individual risk is acceptable by excluding the service activity. 

Acceptability criteria for transport activities are not yet established so no conclusions 
can be drawn with respect to acceptability. 

The societal riskcurve is given in figure 12 and 13 for both small and large units 
respectively. 
The number of casualties is lower than 10, so there is no societal risk according to the 
definition used in The Netherlands. 

Considering the individual risk of the different activities it is evident that the risk of 
the use of flammables is stated by accidents during services. The main point for risk 
reducing measures should be defined for services. 
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Risk reducing measures 

Although the risk is acceptable according to the criteria used in different 
countries, a number of risk reducing measures have been defined according the As 
Low As Reasonable Achievable approach. 
Possible risk reducing measures have been defined for the installation (including the 
cold space), training of driver and personal and services (non limitative). 

— Training: 
- training of drivers and maintenance personnel with regard to the handling of 

flammable gases; 
- special attention must be given to the specific problems during maintenance 

(e.g. degassification of equipment). 

— Mednterumce: 
- application of specific qttick release couplings for filling up of the refiigerant, 

to avoid exchange with non-flammable refiigerants, 
- use of specific filling up botties with quantities comparable with the quantity of 

the installation, 
- instruction manuals with special attention to gasfree making ofthe equipment, 
- solder or welding activities must be applied on gasfi^e equipment only, 
- in case of intemational transport, maintenance can be required at any location 

in any country. Therefore, adequate logistics have to be considered as well. 

— Installation: 
- minimising of (screwed) connections, 
- minimising the refiigerant content, 
- application of leak detection in the cold space (if technically possible), 
- application of explosion proof equipment in the cold space, 
- installation of small fire extii^uishing equipment, 
- application of hermetic compressors. 

— Labelling: 
- application of specific labelling on gas cylinders with flammables to prevent 

exchanges, 
- labelling on the installation itself e.g. 'filled with flammable refiigerant'. 

— Safety cards: 
- safety cards or other information about flammables and how to handle in case 

of emergencies on board ofthe trucks. 
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10 Conclusions and recommendations 

A risk assessment has been carried out for two refiigerating systems with 
flammable refiigerants. For the flammable refiigerant propane has been chosen as a 
charaaeristic one with the highest impact in the surroundings. 
The aim of the study is to get a deeper understanding about tiie risk of the use of 
flammables as refiigerant instead ofthe non-flammables normally used. This because 
the lack of experience about the use of flammables instead of inflammable refiigerants 
in relatively small scale mobile cooling installations. 

Two installations have been investigated: a large installation mainly used for local 
transport and a large installation applied for intemational purposes. 

For file identification of the hazards a Hazard and Operability smdy (HAZOP) has 
been carried out. This resulted in a number of accident scenarios (releases of 
flammable material). 
From the point of view ofthe design ofthe installation it is concluded that the design 
is appropriate and all safety devices to protect the installation against flow, 
temperature and pressure deviations necessary were taken. 

The results ofthe individual risk calculations show that the individual risk is higher 
tiian acceptable up to 2.5 and 3.5 meter for a small and large unit respectively. By 
excluding the service activity the individual risk is acceptable with regard to the 
criteria used in several countries. 

If the results of tiiis risk assessment are compared with the risk assessment of the 
application of flammables in home refrigerators it is concluded that, if the service 
activities are excluded, the risks are in the same order of magnimde. 

The societal risk is calculated for different characteristic poptilation densities for 
urban areas, big shopping centres and motor ways. The results show that the societal 
risk is negligible for all situations concerned, this with regard to the criteria used in 
different countries. 

The total impact ofthe consequences due to fire effects are limited to about 35 meter. 
In case of explosion in the cold space the consequences can be larger due to firagments 
ofthe destroyed cold space. The expected distance for a single fiagment is estimated 
at about 300 meter, l l ie consequences due to firagmentation is expected to l)e low 
and are estimated on a single fatality at a maximum. 

Analysing the results ofthe risks ofthe different activities learned that the dominant 
consequences are defined by accidents during service activities. Therefore a number 
of possible safety measures with regard to risk reduction have been su^ested. A non-
limitative list is given below. 

Training and education: 
— trainii^ of maintenance persoimel with regard to the handling of flammable gases 
— use of instruction manuals 

R9S-189/112327-24191 3 5 
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Mainterumce: 
— application of specific quick release couplings for filling up of the refiigerant, to 

avoid exchange with non-flammable refiigerants; 
— use of specific filling up botties with quantities comparable with the quantity ofthe 

installation; 
— instruction manuals with special attention to gasfree making ofthe equipment; 
— solder or welding activities must be applied on gasfiee equipment only; 

Installation: 
— application of specific qttick release couplings for filling up of the refiigerant, to 

avoid exchange with non-flammable refiigerants 
— use of specific filling up bottles with quantities comparable with the quantity ofthe 

installation 

Labelling: 
— application of specific labelling on gas cylinders (for refill usage) with flammables 

to prevent exchanges. 
— labelling on die installation itself e.g. 'filled with flammable refiigerant' 

Based on this analsrsis, the application of flammable refiigerants in transport 
refiigeration imits may be possible fixjm a safety point of view. However, some 
measures, especially related to maintenance are recommended accordingly to the As 
Low As Reasonable Achievable approach. 

R95-189/112327-24191 36 



TNO-report 

Risk assessment ofthe use cf flammable refrigerants 
Final report 

11 Literature 

[I] BS 4434. 
Specification for safety aspects in the design construction and installation of 
refiigeration appliances and sjrstems. 
British Standard Institutes 1989. 

[2] DBSr 8975. 
Teil 1 bis 9: Sicherheitstechnische Anforderungen für Gestaltung, Ausrüstung 
und Aufstellung von Kälteanlagen. 
Beuth-Verlag, Berlin, 1978 bis 1989. 

[3] DIN VDE 0165. 
Errichten elektrischer Anlagen in explosionsgeShrdeten Bereichen. 
VDE Frankfiut 1991. 

[4] prNEN-EN 378 (draft). 
Environmental and safety requirements for refiigerating systems and heat 
pumps, part 1-13. 

[5] Stouthart, F.J. 
'Groen koelen' met propaan en butaan. 
Koude magazin 1993 (only in Dutch). 

[6] Controle CFK besluit door landelijk handhavingsteam van start. 
Koude en luchtbehandeling 1986 ru:. 4 april 1993 (only in Dutch). 

[7] Petz, Manfred. 
FCKW Alternative Propan. Kohlenwasserstoff R290 als Kältemittel fiir 
K&-Kalte- imd Klimaanlagen. 
Die Kälte imd Klimatechiüek 5/1993. 

[8] James, R.W. Missenden, J.F. 
The use of propane in domestic refiigerators. 
Intemational of Journal Refiigeration, 1992, vol. 15, no. 2 

[9] Dohlinger, Manfred. 
Pro Propan- R290 als 'R290 Drop-In'. 
Entflammbarkeit beherschen und nutzen. 

[10] Koeling met propaanAjutaan: de Greenfi^eze. 
Een publicatie van Greenpeace. 
Koude en luchtbehandeling (only in Dutch). 

[II] Meyer, A. 
Pure hydrocarbons as refiigerant in household refiigerators. 
Die Kälte und Klimatechnik, 2/1993. 

R95-18a/112327-24191 3 7 



TNO-report 

Risk eissessment ofthe use of flammable refrigerants 
Final report 

[12] Missenden, J.F. and Wong, A.K. 
Le propane, fluide fiigorigène pour systèmes de faibles puissance. 
Rev. Gen. Froid, juin 1990/55. 

[13] Kramer, D. 
Why not propane? 
ASHRAE Journal, june 1991. 

[14] Treadwell, D.W. 
Utilisation du propane (R290) pour un esemble de climatisation monobloc 
centralisé. 
Revue Gen. Froid, juin 1992/45. 

[15] LittieA.D. 
Risk assessment of flammable refiigerants for use in home appliances. 
EPA-K5)ort, 1991 

[16] Council Directive of 19 February 1973 on the harmonization of the laws of 
Member States relating to electrical equipment designed for use within certain 
voltage limits. 
73/23/EEC 

[17] Hazard and Operability smdy. Why? When? How? 
Direaorate General of Labour,1979. Code: R3-E. 

[18] Jürgenson, Heinz. 
Messungen an Haushaltskühlgeräten mit breimbaren kältemineln. 
Die Kälte und Klimatechnik, 2/1993. 

[19] Working Fluid Safety, annex XX. 
Intemational Energy Agency Implementing Agreement Advanced Heat Pump 
Systems. 
Catholic University, Leuven, Belgium, September 1993. 

[20] Chemical Safety Sheets 1991. 
Working safely with hazardous chemicals. 
Published by: Kluwer Academic publishers, Samson Chemical Publishers, 
Dutch Instimte ofthe Worldng Environment, Dutch Chemical Industry 
Association, 1991. 

[21] YeUowBook. 
Methods for the calculation ofthe physical effects ofthe escape of dangerous 
materials (liquids and gases). 
Published by the Directorate General of Labour 1988. 
Second edition. 

[22] Berg, A.C., van den. 
The Multi Energy Method. 
Journal of Hazardous Materials, 12 (1985) 1-10. 

FI95-189/112327-24191 38 



TNO-report 

Risk assessment ofthe use cf flammable refrigerants 
Final report 

[23] Green Book. 
Methods for the calculation of consequences ofthe releases of hazardous 
materials. 
CPR-16, first edition 1990. 

[24] COMPI, database for failure data of components. 
TNO Institute of Evironmental and Energy Technology. 
Department of Industrial Safety. 

[25] E&P Forum. 
Hydrocarbon Leak and Ignition Data Base. 
London, UK (1992). 

[26] OREDA, Off shore REliability DAta handbook. 
OREDA Participants, Norway 1984. 

[27] Internal TNO-note for feiliure frequency of process and transfer pipelines. 

[28] LPG a study. 
TNO, Apeldoorn. May 1983. 

[29] Cox A.W., Lees F.P. and Ang M.L. 
Classification of hazardous locations. 
Institute of Chemical Engineers. Rugby, England. 
1990, ISBN 0 85295 258 9. 

R95-189/112327-24191 39 



TNO-report 

Risk eissessment ofûie use of flammable refrigerants 
Final report 

12 Authentication 

Name and address of the principal 

Prof J. McMullan 
University of Ulster 
Co-ordinator of Project JOU2-CT92-0060 
in the framework ofthe JOULE2 programme ofthe European Union 

Names and functions of the cooperators 

C.M.A. Jansen 

Names of establishments to which part of the research was put out to contract 

Date upon which, or period 'm which, the research took place 

June 1994 - June 1995 

Signature 

ir. R.J.Mrvan Gerwen 
research coordinator 

Approved by 

ir. M. Molag 
section leader 

R9S-189/112327-24191 40 



Il 

C
on

de
ns

er
 

S
e

ct
io

n 

E
va

po
ra

to
r 

S
e

ct
io

n 

Lo
w

 
S

uc
ti

on
 

P
re

ss
u

io
 

Il
e

a
l 

R
e

g
u

la
to

r 
E

xc
ha

ng
er

 

L
iq

u
id

 
In

ie
cl

lo
n 

U
n

a 
O

rl
llc

e 

T
ru

ck
 E

n
g

in
e 

S
e

ct
io

n 

I 'S
" a 

F
ig

ur
e 

1 
F

lo
w

 d
ia

gr
am

 c
oo

lin
g 

si
tu

at
io

n 



s 
C

on
de

ns
er

 
S

e
ct

io
n 

E
va

po
ra

to
r 

S
e

ct
io

n 

Il
e

a
l 

E
xc

ha
ng

er
 

L
iq

ui
d 

h
ijo

cl
lo

n 
L

in
e 

O
ill

lc
e 

T
ru

ck
 E

n
g

in
e 

S
e

ct
io

n 

S
IS

' 
a 

K- p I •is
' 

a 

F
ig

ur
e 

2 
F

lo
w

 d
ia

gr
am

 d
ef

ro
st

 s
itu

at
io

n 



ga
s 

re
le

as
e 

co
nt

in
uo

us
 

re
le

as
e no

 

In
st

an
ta

ne
ou

s 
re

le
as

e 

di
re

ct
 

ig
ni

tio
n?

 

no
 

de
la

ye
d 

ig
ni

tio
n?

 

no
 

no
 

ef
fe

ct
 

ye
s 

co
nt

in
uo

us
 

re
le

as
e 

di
re

ct
 

Ig
ni

tio
n?

 
ye

s 
fla

re
 

ye
s 

da
m

ag
e 

du
e 

to
 f

ir
e 

de
la

ye
d 

ig
ni

tio
n?

 
ye

s 
co

nf
in

ed
 

ar
ea

? 

ye
s 

fla
si

i f
ir

e 
da

m
ag

e 
du

e 
to

 fi
re

 

ye
s 

ex
pl

os
io

n 
da

m
ag

e 
du

e 
to

 f
ir

e 
an

d 
ex

pl
os

io
n 

no
 

fla
si

i f
ire

 
da

m
ag

e 
du

e 
to

 f
ire

 

ye
s 

co
nf

in
ed

 
ar

ea
? 

ye
s 

ex
pl

os
io

n 
da

m
ag

e 
du

e 
to

 f
ire

 
an

d 
ov

er
pr

es
su

re
 

no
 

fla
si

i f
ir

e 
da

m
ag

e 
du

e 
to

 fi
re

 

F
ig

ur
e 

3 
O

ve
rv

ie
w

 o
f t

he
 p

os
si

bl
e 

ef
fe

ct
 a

n
d 

co
ns

eq
ue

nc
es

 

3 
S

 

«^
 1=
 

a 8}
 



TNO-report 

Risk assessment ofthe use of flammable refrigerants 
Fined report 

l E - 0 3 -

1 E - 0 4 -

1 E - 0 5 -

C 
3 

L 
« 
°" 1 E - 0 6 -
L 
(« 
• 

c. 
a 
>. l E - 0 7 -
u 
c 
3 

«r 
L 

1 E - 0 8 -

1 E - 0 9 -

UI-UL.UAI 
: : • : 1 

: 1 

i 1 

i ! 

i 1 1 1 

; • - ^ - ^ , 

1 1 ' 
1 _ L _ i 
1 

1 
! i 
:—:—r - r 
; 1 . 1 
: 1 : 1 

1 ! 

' 

1 1 

1 : i 1 

1 1 1 

T _ ^ 1 
! Y 
1 1 
1 1 

i 

] 1 1 , 

i 1 

i 
1 
i 

i 
i 

1E-10 ~r ' ' •'•• '~^ 
lEOO 

! • ; 

1 i • i ! 

! ! - : l 
i i ' ' : i 

t 1 
1 • 

! i • ; • : i 

j i i j : i 

i M .N 
- i — i - i 1—r-i --n 

\ ' ! • 

! , . .: 

1 ' ! • ' : 

^ , , • -

1 ; . . 

1 ! • . 

; ' 1 * 

; • ! ! ! 

— H - 7—. r 
, , , . . 

i 

^ V 
• 1 
1 1 
i 1 

i ! 

! l ! 

i ; ; : ii 

n ;̂i 
. . 1 1 

! • • ' ' 

M i ! 
—: i-r 

1 . : : 

i • ' ; • 

1E01 1EC 
d i s t a n c e [m] 

. ; : : : : 
1 1 1 ! : 

1 1 

i ! 
; 1 

i : ! 
; i K 

1 ! i 

i 1 1 
- " : • •: i : 1 : 

• : ; 
i : ! ; 

I i 1 i 

•'II 

' ! 1 • ! 

• • ! 1 ! 

i : i ! ! 

i 
1 

^+++ 
1 1 1 1 

1 •• ' 

M i 
! • i 
' i l i 

! • ' 1 t 1 

! ; : 1 ! 1 

1 ' i l l : 

1 ; i Mi 
'• 1 — 

1 

: • • 1 ' 

1 : ! . 
' 1 • 

i . i i l 

_— 
- ^ 

] • 

I i 

1 . 

i 1 

1 i 
: 1 

_ 

^ 
T ; 

1 

j j . 

: . ! 
! 
j 

^ 

._ 

^ 
^ 

i 

= 

1 

1 I 

i! 

32 1E03 

I N D I V I D U A L R ISK FOR ALL A C T I V I T I E S 
FOR THE LARGE U N I T F i g . 4 

R95-18W112327-24191 



TNO-report 

Risk assessment ofthe use of flammable refrigerants 
Final report 

1E-03 -

lE-04-^ 

1E-05-

•M 

c 

3 

« 
a 

1E-06-
n 
v 
>. 

L 
« 
a 
>. 1E-07-: 
0 
c 
3 
0-
« 
L 

1E-08-

TE-10 -f 

1EC 

UHJM.UAI 

! 

- — ' i : 1 i ! 
1 

' . — 1 ! : 1 : 
1 
1 

1 

1 - -

— -

! 

! , 

1 1 

i ! 
1 

r — . ^ - r -

1 
i 1 

)0 1 

-rt r: • 

' 

! 
j 
I i • , -

11 ' 
11 ! 

' — : , i 1 

. 1 1 
1 1 I 

-i 1 1—!—i—i-f 
, . : , ' , , 1 1 ! ' 1 : 

; 1 1 1 M i 

•! i — : . i i 1 
1 i 1 1 1 ! 

1 ; 1 i 1 1 1 

! I I 
! 1 1 

1 1 

TT^ 

1 

I i 

= ^ 1 1 ! 
1 

< 1 1 1 

1 i 1 I I 

t 

EOT 1 
d i s t a n c e [m^ 

Tt\ j : h-r-H-

1 - . 1 1 
; , ' ! • 1 1 

1 ! . : < I i 

•' . : W 
I . 1 1 i 
1 : 1 h 

' '• : . i i 

: ' 1 ,' 1 1 

; ; 1 I ! 
1 

1 

1 ! l 
! 1 
i i 

^ - T - , TT-

' 1 i 1 1 

i 1 
! j 

1 

i ! 1 1 II 

—r 

i I I I ! 
— 1 . . : 1 i 

. • i , , , 

. : 1 1 ! 

' 1 ! 
! ii 

1 • • ' 

1 1 

1 

! ' 

i I 

! 1 I 
! ' i 

i i ! 

! ! 1 

E02 IE 

— 

\-\ 

i 
• 

• 

\ 

• \ 

_ 

• 

• 

1 
:o3 

INDIVIDUAL RISK FOR ALL ACTIVITIES 
FOR THE SMALL UNIT Fig. 5 

R95-189/112327-24191 



TNO-report 

JRisk assessment ofthe use of flammable refrigerants 
Final report 

• 

.u 

c 
3 

L 
« 
a 
L 
a 
V 

L 
« 
a 

u 
c 
V 
3 
0-
«1 
L 

l E - 0 3 -

1 E - 0 4 -

1 E - 0 5 -

1 E - 0 6 -

1E-07- : 

I E - O S -

1E-09 ; 

1 1 - 1 0 l" 

1EC 

Ul-ULbhKV.UAl 

j - •• - ' •••'— 
! 1 1 
i ! 

i 1 
i i 

' 1 1 1 

i 1 
1 

1 
^ ^ - ^ 

1 

' i | i . 
1 II 

^ — ^ i r r 

1 1 
1 1 

1 1 ! 

! 

)0 

^ Ï . , , ; : 
1 1 1 I I 
1 1 : i 1 

j 

i 
1 

- ^ , • : i : : 
. 1 • 1 1 ' 

i • 1 1 i 
1 i i 1 ! 

i i I I i 

i i j 

! ! 1 

i ' 

\ 
1 

; ! 
- r . \ : ' 

1 1 I I I 

I . I . 
' 1 1 1 1 • 

! i M 

i 
!—— 

f-h-H \ ! , 1 \̂.-r 
I I I i 

1 1 1 
1 1 

1 

r - t - f ^ \ Î — i - 1 — Î -
1 ; , i . 

j 

I i 
\ -r-^ 

1 1 . . , • 
r " : , 1 . i 

1 ; 1 ; 1 i 

i : ; 1 j 
. 1 1 

: ' 1 ! i 

1E01 1 
d i s t a n c e [m] 

i . . : 
! 

' 1 

; ' 1 

- T '• ^ 

i I 

! 
i 

1 

1 

; ' ' 
1 
I • 1 
1 . ' i 
1 : . : 
1 : • 

_ j ^ ; 

; 1 

i \ 

; 
i ' ! 

' J ' Î 

! ' ! 

— _ . — 1 ( 

i 

1 

1 : • i 

_i 1—1 

• i 

. 1 
1 

E02 1 

—— 
a : 

^ 

'A 

^ 

E 

^ 

J 

= 

! 

E03 

I N D I V I D U A L R ISK FOR SERVICES FOR THE 
LARGE U N I T F i g . 6 

R95-189/112327-24191 



TNO-report 

Risk assessment ofthe use of flammable refrigerants 
Fined report 

1 E - 0 3 -

1 E - 0 4 - : 

1 E - 0 5 -
1 4J 

i c 
3 
L 

" • ' 1 E - 0 6 -
IS 
« 
>. " 
t . • 
«I 
a 
X 1 E - 0 7 -
o 
c 
« 
3 
« 
I. 

I E - O S -

1 E - 0 9 -

1 E - 1 0 —I 

1E( 

oi-UMSLi^V . UA 1 

! :—' 1 i 

1 i 
! ' f 

! r - i - r -
1 •". r- !• ! ! 

1 1 1 I : 

i 1 i i i 

, 
1 i 1 i 
. I I I 

: . i , ! 
—:—i—m 

1 1 1 1 

i -
1 

1 
1 

! 

I ' M 

1 i ii 

! t ! 

1 ' 1 j 

1 '< i 

MM 
' 1 > ' 

! i ' 

! 1 1 

1 I i 
, . : ' 1 

. , : : 
•• • 1 ' 
! i 

.1 i 

i - ^ H 
. , 1 

: 1 1 

! : ' 

• • ! 

30 1 

T^ '̂ ~~^ 
1 

^̂ _̂  

— 

, 

^ 

m ^ ^ 

T ^ 

_ 

— 

== 

> , • 

1 , 1 

! 1 ' 

Mi i 

I ' M 
1 ; ; J 

i i ' 
I • . , 
1 . 1 
1 . 11 
i l , 

; . i 

1 1 : : . M 
1 

__ 

• ' • 1 

! ; 

! 1 i 

{ : ; .. r 
' : 1 1 . 1 . . 

\ ^ 

T i 
1 

i 
1 
1 

1 

_ 

1 • • 1 

1 * ' 

i i ;' 

1 

1 • 1 

: i i l 
i ' ' 

: ' ' i 

1 • '1 

j 

1 • i : i i ! 

i 

j 
1 

— r • M1; 
; ! I l l 

f • ; ' ' ! 
! 
1 

1 1 ! 

1—r-.-

1 ; 1 ; i n 
: 1 

< ; i 

i i 

1 

: i I I ! 
1 

_ - i 

i 1 1 

1 1 

— ' - i -

\—h-h^-f 
1 . • 1 1 

[ 

1 

! 

1 

: : . ; | ! 
1 1 1 1 1 

i i i 

1! 
: 

r ^ + -
1 I I I 

1 . i l l 
• ! I l l 

1 

i i 

—— 
- j - l . 

^ 

^ 
T 
T 
]"• 

_ 

f+ 

^ 

J 

^ 

J 

- r 

5 
1 

T 

' 1 1 
E01 1E02 1E03-

d i s t a n c e [ m ] 

INDIVIDUAL RISK FOR SERVICES FOR THE 
SMALL UNIT 

R9S-189/112327-24191 



TNO-report 

Risk assessment ofthe use of flammable refrigerants 

Final report 

1 E - 0 3 -

1 E - 0 4 -

- 1 E - 0 5 - : 
•/) 
«1 

0 
• » - 1 

r 

> 

O 1 E - 0 6 - : O 
O 

O 

t. 
v 
°" 1 E - 0 7 -

u 
c 
«I 
3 
O-
lU 
(. 
•^ 1 E - 0 8 -

l E - 0 9 -

BUiLUUHL.UAl 

. — 

: 

1 

ÜZI F^=rf 1 i 

1 

! 

^ - 4 ^ 
1 1 1 
; 1 

: j 

i 
1 
1 

I 
1 

— 1 1 , 

i ! i 
1 : t 

1 — , ! 1 ! ! 

1 

i 

i 

1 

! 
1 

. 
' 

1 

^ 

: • • 

t 

! 

' i 

—i—r 
t 

i 

1 

— i — 
1 

1 

j 

-rr 1 

! 
! 1 

-1 1 1 i — r — 1 - -

1 1 : 

1 

i i ! 
1 
! 

H '•—'•—\~r--
1 1 . 1 1 

. 1 : 1 1 1 
1 i 1 1 

! ! 1 

i ! 
. ! : 

1 
1 

: 1 _ 

1 

1 1 

1 

-- , 
1 

i 
1 

1 

1 

i 

^ = = = 
1 i i 

t 1 1 

i 

! , ! 
1 E - 1 0 ~ 7 ' . 1 1 1 i - i - i - j ~ ' 1- - I - - 1 1 .-1-7 

1E00 1E01 1 
d i s t a n c e [ m ] 

_J ; ' . M 

i 

1 

1 1 

! 1 

1— 
1 

1 

1 

! 

( 
1 
1 
! 
1 

1 r - : , 

1 
1 1 

i i 
M i i 

! , 1 ! ; : 
1 . . I I I 

1 
1 

i 
1 

1 
] 

= t i — ' — ^ -
1 1 1 

! l i l 
; l i l 

! 

i 

T •• 
! 1 

1 ! 
i 1 

1 1 

1 i 

i 1 

' M i ! 

E02 1 

— . 
- 1 — 

+ Î 
11 
t 
1 

— I -

T ^ 
[ 1 

1 
! 

i 

TTT 

1 

1 

n: 
"" 

_1_ 

n: 
1 

L 1 

E03 

INDIVIDUAL RISK FOR TRANSPORT FOR THE 
LARGE UNIT (BUILD UP AREA) Fig. 8 

R9S-189/112327-24191 



TNO-report 

Risk assessment ofthe use of flammable refrigerants 
Fined report 

lE-03 
SNtLWtUL.UAI 

1E-04 

> 

1E-05 

O TE 
o 
o 

-06 

0) 

a 
>. 
u 
c 
Cl 
3 
CT 
« 
L 

1E-07' 

1E-08' 

1E-09' 

lE-10' 
lEOO 

^ 

: 

• 

' 

: 

\ 

— 1 — 
i 
i 

1 

'. r ^ 

1 T T 

_ _ , 1 • ! 

1 i i : i i 

1 

! ; 1 

. 

\ r -
1 

; 

• 

1-f: i l l 
! 1 ! ! 1 1 1 
1 1 1 

1 1 i 
: ! 
1 1 

I 1 , 1 1 

•j 

i 

\ 1 : : : ! 
, . . I l 
1 . 

! 

[ ' 

' i . . . : 
1 . 

1 1 1 1 

1 ! i 1 
1 

1 1 

. . p-, 
1 ' 1 
, 1 1 

1 1 

i i 
1 

1 
j 1 
1 j 

T • • — . : ! ! • 
. 1 1 

! 1 1 

i—^-^ 

1 i 

; 
i 
'T 

1 

1 

1 

! 

1 1 i 

i 1 ! 

' 

1 

_j ^-f— 

1 1 I I 
1 1 1 • 

i! 
i 1 

É . . 

- r i i • : 
i i . , 

1 i : 

1 ( . . 
! ! ' • 

' 1 ' 

: ' 1 

1 1 . . 
1 1 : 1 . 

1 i : : 

1 \ \ • \ 

1 1 
i . 

1 • 

i 1 • 

i ! •• . : 

' 1 : i 

! 1 ! ' 1 

1 : 1 . 
1 ! : • 

{ ( 1 1 1 i 

! i ' ' 

1 1 • . 

1 î ; ! . 
i i l • • 
1 1 ; • 

! i • : i ' 

! < i 

' i • , * 

! ' r ' ' • 

1 
1E01 1E02 

distance [m] 
1E03 

INDIVIDUAL RISK FOR TRANSPORT FOR THE 
LARGE UNIT (MOTOR WAY) Fig. 9 

R9S-189/112327-24191 



TNO-report 

Risk assessment ofthe use of flammable refrigerants 
Final report 

1 l E - 0 3 -

l E - 0 4 -

m 1 E - 0 5 -

1 "̂  
Ü 

1 ''^ 
r 

1 0) 
> 
o 1 E - 0 6 -
o ° 
o 

"• 1 E - 0 7 -
>> -
u 
c 
ID 
O" 
0) 

I . 

•*• I E - O S -

I E - 1 0 —Î 

1E( 

BDTD JUMM.UAI 

1 1 

i • 1 i i 

1 

1 i 1 
1 j 

' -

i 

1 

j 

1 

- ' ' ' 

M M 

• • • 

i h 
1 1 1 

1 1 ! 
: 1 r : . 

1 

1 ' . 

1 i : 
1 j 
1 1 ' 
1 ! '• 

30 

-r-J •: 
- i - H : 
1 1 i 
i 1 
i i i 
i i 1 1 
1 i 

1 i 

' 1 ' 
! 1 

"H—'—-
• 1 1 
i l l : 

I I I 

. • 1 \L 

1 j *r 

-rrl 

• '1 

• | ' 

! 1 1 

' I I i 

1 1 1 

-.-T-l -

1 1 ! 
1 i 

' • 

^ 

- ^ f ^ 
: 1 • i 

; ' I ! 

1 ' . 

. 1 ; i 
1 i ! ' 

i i i i 
Mii 

1 1 ! I l 

i i I M 
i i i 

r 4 ^ 
! [ 1 1 

. • . Î 

i l i i l 

'HI 
: : i i ; 
. I I I 
1 
1 

1 1 1 1 

i ! ll 

r 
r 
1 

1 i . 1 1 
1 .• 1 : , 1 

i i M ' l 
1 1 1 i i 
i M 11 

r 1 •MM 
1 ; l l j l 

l E O l I E 
d i s t a n c e [ m ] 

i 1 
1 

1 

•1 ~ j 

P 

_̂ 

1 

1 

1 

j 
i 

1 . 1 
1 1 I 

1 11 

iH 
Nl 
' 1 < 

1.1 
i i ! 

Ni, 
1 ; : : i ' 

1 1 1 1 i 
1 ! ' 1 i 

i i ! i ! 
I j 1 I 
•• : ' T T 

- - t - ^ ^ 
1 1 1 ' 1 
1 : i 1 { 

i ! 1 11 

1 l l l | 
1 . i 11 

— . 1 r-

: i . i : i i 
! . 1 . 1 1 1 

i 
1 1 1 : 1 

i i l i l 

Nil 
: ' • . i i 

i . 1 I I I 

' i i : 11 
1 i i l l ! 

-1 1 i :—I i-
. . 1 , ! 

. . . • ! , , 1 • • ' 1 1 

1 - i l l ! 

! 1 : I M I 
i i • ; M i 
i l . ! ; 1 

02 I E 

3 

A 

1 

1 

\ 

] 

1 
03 

INDIVIDUAL RISK FOR TRANSPORT FOR THE 
SMALL UNIT (BUILD UP AREA) F i g . 10 

R95-189/112327-24191 



TNO-repor t 

Risk assessment ofthe use of flammable refrigerants 
Fined report 

lE-

1E-

« 
> 

o o o 

1E-C 

1E-

L 
V 
a 
>. 
o 
c 
0) 
3 a 
I. 

1E-

1E-

lE-C 

1E-
1E0O 

- 0 3 -

- 0 4 -

- 0 5 -

• 0 6 -

0 7 -

0 8 -

09 ^ 

1 0 7 

isNhrWtUM. UA 1 

1 1 - 1 • 
1 I • > I i ! 

j • , j 1 1 

1 ' - I I I 

• 1 • • 
1 1 < 

; , . 
j ; 1 

• I I I 
i _ j i 

. 1 

i , i ' : 

i M M 
i 11 

• i 1 1 ! 

^ 1 r ^ 
I ' l l 

. i l l ! 

• : ! i ! 

INI 
1 1 . 1 ' f 
1 i : 1 ! 1 

i . I U I 

! : ; 111 
i • • — ^ 

1 1 1 

1 

1 i ' ' i 

l - I N ! 
• 1 

1 1 • : I ! 
1 . . '. ; 1 1 

i i j 1 , 1 
i ': i ! ; ! 

• 

1 
11 
i 

II 
! 
1 

j . i . '- | •••t 

: - l - " 

•!- | ! 

m^mmem 

3 _ 

E 
1 

M l ! 
1 — 1 . '. 

1 1 1 

1 i i 
— : 1 

1 1 i 

i l l 
— ! ; 1 

1 1 1 

1—i—i—r-r-
1 > 1 

1 •; ; _ 

1 1 . 1 
I I I 1 

I'M 
1 1 1 i 
1 < 1 1 

i l ! , 1 1 1 1 
1 1 : 1 

' ' ' 1 
1 1 1 ' 

1—!—Î—h 

:—!—r-

r r • •• 1 " j 1 r 
1 1 I I I 

T H — i — -

j 1 1 
1" 1 1 

i j i 

1 ' 1 

1 1 1 

"Hi • — . 1 1 ' 
1 i i 1 

i 11 ' ' i 1 i 
I I I ! ' I l l 
i 1 1 1 1 ' 
1 1 i ' I I I 

l|M i MM 
i i { I • . . 

T-rfj 

r f 1 

' 1 ' 1 

' 1 " 1 

1 1 

1E01 1E02 
distance [m] 

1E03 

INDIVIDUAL RISK FOR TRANSPORT FOR THE 
SMALL UNIT (MOTOR WAY) Fig. 11 

fWS-188/112327-24191 



TNO-report 

Risk assessment ofthe use of flammable refrigeranu 
Fined report 

1E-03-

1E-04-

1E-05-

fH 

3 

C 

u 
a 

1 E - 0 6 -10 

0) 

a 
N 1E-07- : o 
c 
(1 
3 
a 
0) 
t . 

1 E - 0 8 -

l E - 0 9 -

11-10 —J 
1 E -

CI-CMUH.DAT-

.1 ;. 1 • . • 

. ' • 

' ' : 
' ' : 

;;, 

. 1 

; 1 

i 

1 \ '. '.••••• 
. 1 1 : 

I I I , 
! 1 ! • ' 

i : ' ; 

Iii; 
. 1 1 ; . . 

1 ; 1 1 

i i i i 

lili 

1 . 1 
1 • i 

i ' i ! 

I ' l l 

1 T . 

; . . 1 

•••••{ 

r ' i . -i 
i 1 

i 
! 

i . . . ; 
1 . , , ! 
1 . , 

1 1 
[ ; . . . 

l i l 
1 1 i 

- • 

-

^ ^ - ^ -

^ ^ r ^ 

1 

~̂' 
• 

' 

J 
-
i 
! 

• i 
—T+ 

1 1 
1 1 
1 

—i~r+ 
T 1 
1 1 
11 

! 

— ! : : ! 1 
11± 
! 
i 

i 
' • • • " " ! 

0 1 1 E 0 0 
n u m b e r o 

- r - l 

1. il 
i ! 

• " j " | -

ii 
--^-- = f ^ 

i l I 
- • • ; I 
;•! 1 ! 

!:: I 

Ii! • I 
. '. ; ' i 

i ! 1 1 
i i > 

!; 
1 i 

1 i 

• ' W 
-1 1 — î — J -
- r - T • 1 1 > 

' ' : 
H i 

il 
i : 
î 

! 1 

; 

1 [ 

4r. . : ' i 
; !•, 1 
, , . . I 
1 ' ! 

M 
I I 

ii • 

T^ k-t+-
i - i ' ! i 
I I I 1 : 1 1 

i l l ' 1 I i 
1; : 

H ' 
i 

- ^ 'r-^ 
• . . I I 
1.1 . 1 ' i 

i . i ; 1 : 
l i , I I 

: •• 1 1 ! 
• i ; 
; 1 

1E01 
F f a t a 

•• • 

1 
l i t i e s 

— I — 1 • 
1 

1 
1 

1 

1 

!::= 

1 1 . 1 

: i i i : ! 
1 

1 
i 

1 i 

1 

1 

t =? i : i l ' , 
I I 
i 1 
i | 

l i l l 
1 

• K-r+tf 
1 . . ! 1 
1 . 1 1 1 

; : l i 

i 

,.; •-. ' i l-r 

' ' • 1 

! 1 i 1 
111! 

±f : 1 :!i 
1 1 ; . ; 1 ( 
i ! 

1 1 
1 
! 

! i 1 
t i 1 

Mi 
i i i 

E02 1 
3 

— • , 

£ 

11 

J 

IX 

-Î ' 
"T 

::: 

3 

3 

E03 

SOCIETAL RISK FOR THE SMALL UNIT Fig. 12 

R95-189/112327-24191 



TNO-report 

Risk assessment ofthe use of flammable refrigerants 
Final report 

1 E - 0 3 
LI -LLUW.UAI 

l E - 0 4 

1 E - 0 5 

c 
3 
L 
U 
a 
(. 
Id 
u 
>. 
I. 
u 
a 

>« 
u 
c 
Ol 
3 
CT 
lU 
I . 

l E - 0 6 

1 E - 0 7 

1 E - 0 8 ' 

1 E - 0 9 -

1 E - 1 0 

IE- •01 

J -

: 
• 

: 

\ 

^ 

j 

! 

1 1 ' i ! 
1 1 M M i l I I 

^ ^ - ^ 

; 1 1 1 

—t-H-
1 11 

1 1 I I 

'r' i~l~ 

• • * 

T+H ^̂— 

l i l l 1 

j 1 ; ; 

1 ' 

-I-' 1 1 
1 • •• . 

ll 1 1 

1 i i 

—'—^~t~ 

1 1 

i 1 1 
M 1 : 

I I I 

1 1 i 1 1 1 1 1 

1—' 1 i r 
1 i ! 1 

: i 1 1 

l i l l 

1 ll 
1 i-H-j-

1 1 i 1 

i l l ' 
— l i l l 

s | ! : : i | | 
t t i t 1 1 

i 1 1 1 i 1 
1 1 j 1 u 

T - l i • i i • 

1 . r -• 1 , i 1 . . 

II I I I 

111 M ' 
i i i 

! l i 

H l — ' '— 

' i I I , ' 
; ' i I I ! 

I i ! 
ö : | : • 1 . : 

1 i ; 1 1 ' 

1 1 1 ' . i 

1 M 1 ' i 

1 . . . 

! 
. : i i 
i l . i l 

: i i i i ii 

; i ! i 
: ! j l 
1 1 

I l i l l i l 

1 . 1 i ' ' i l 
•• \ i l i l l i 

Il ^ Mlüll 
Y\ . . . . .+ 

: ••"• . . - i l 
1 ! 

I M 
If _ • 

I ' l l 

i i l l 

ill! 
:-| ^ ^ 

' 1 { 

1 1 ! 

1 '• \ 

1 ' 
. 1 i 

-1 

1 

lEOO 1E01 1E02 
n u m b e r o f f a t a l i t i e s 

1E03 

SOCIETAL RISK FOR THE LARGE UNIT Fig. 13 

R95-189/1ia327-24191 



TNO-report 

Risk assessment ofthe use of flammable refrigerants 
Fined report 

Appendix 1 Results of the HAZOP 

Explanat ion by the worksheets 

In this appendix an overview is given of the results of the Hazard and Operability 
study. 

The results are summarised in 'worksheets'. The heading of üie worlisheets gives a 
characteristic ofthe situation considered. 
The 'node' in the heading correspondents with a point in the installation on which 
the deviation ofthe normal conditions (the guide words: No, Less, More in column 
1) have been apphed. 
The deviation is considered for the 'parameter' (e.g. flow, temperature, column 2). 
Also the possible 'cause' ofthe deviation is given (column 3). In the fourth column 
the consequences of the deviation have been described. In the last column an 
overview ofthe possible automatic actions liave been descril>ed based on the installed 
safety devices, such as temperature switches, pressure switches etc. 
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\ZOP-PC 2.02 Worksheet Primatech Inc. 

Company: 
Facility: 

Session: 1 11-05-93 Revision: 0 11-05-93 Dwg#; 
Node: 1 inlet compressor (point 1 on drawing in fig. 1 ) 

arameter: Flow Intention: 

Node: 1 
Page: 1 

GW DEVIATION CAUSES CONSEQUENCES AUTOMATIC ACTION BY 

!fO 

Less 

No Flow 

Less Flow 

fore More Flow 

not relevant 

no demand for 
cooling 

faulty compressor 

leakage 

setting 
of suction 
pressure not 
correct; too low 

defective 
expansion valve 
or temp, bulb 

less cooling, 

release of gas; 
loss of cooling 
capacity, 
gasaccumulation 

less 
cooling capacity; 
possible air 
ingress 

possible liquid 
hammer if 
accumulator is 
filled up too 
high; possible 
damage to 
compressor 

adjustment by 
expansion valve; 
or loss of 
cooling capacity 

trip of 
compressor on 
high temp. 

file:///ZOP-PC


SOP-PC 2.02 Worksheet Primatech Inc. 

î ompany: 
acility: 

Session: 1 11-05-93 Revision: 0 11-05-93 Dwg#; 
Node: 1 inlet compressor (point 1 on drawing in fig. 1 ) 

rameter: Temperature Intention: 

Node: 1 
Page: l 

GW DEVIATION CAUSES CONSEQUENCES AUTOMATIC ACTION BY 

sss 

ore 

Lower 
Temperature 

Higher 
Temperature 

low pressure in 
system; LISV 
(partly) open 

higher pressure, 
failure of LISV 
(closed); high 
heat input from 
cold store (e.g. 
due to fire) 

gasrelease, 
possibility of a 
flammable gascloud 

adjustment of 
expansion valve 

initiating of 
high press, cut 
out switch and 
trip of 
compressor; 
relief valve 
opens 



ZOP-PC 2.02 Worksheet Primatech Inc. 

Company: 
acility: 

Session: 1 11-05-93 Revision: 0 11-05-93 Dwg#: 
Node: 1 inlet compressor (point 1 on drawing in fig. 1 ) 

rameter: Composition Intention: 

Node: 1 
Page : 1 

GW DEVIATION CAUSES CONSEQUENCES AUTOMATIC ACTION BY 

ther 
han 

Other Than 
Composition 

failure LISV 
(open) 

liquid hammer; 
damage to 
compressor 



-PC 2.02 Worksheet Primatech Inc. 

pany: 
lity: 

sion: 1 11-05-93 Revision: 0 11-10-93 Dwg#: 
Node: 2 outlet compressor (point 2/3 on drawing in fig. 1) 
eter: Flow Intention: 

Node: 
Page: 

2 
1 

DEVIATION CAUSES CONSEQUENCES AUTOMATIC ACTION BY 

No Flow 

Less Flow 

More Flow 

failure line or 
connection 

no or less demand 
for cooling 

failure of 
compressor 

incorrect suction 
pressure 

leakage 
via oil separator 

failue of 
expansion valve 
or temp, bulb 

failure LISV 
(open) 

failure 
accumulator; 
mechanical or 
high level 

release of 
flammable gas and 
possible flammable 
gascloud 

release of gas 
loss of cooling 
capacity, 
gasaccumulation 

loss of cooling 
capacity 

loss of cooling 
capacity 

possible liquid 
hammer in 
compressor if 
accumulator filled 
up; possible 
damage of 
compressor 

possible liquid 
hammer in 
compressor; damage 
of compressor 

liquid to 
compressor and 
possible liquid 
hammer; damage of 
the compressor 

adjustment by 
expansion valve; 
or loss of 
cooling capacity 

adjustment by 
expansion valve 
or loss of 
cooling capacity 

adjustment of 
expansion valve; 
or loss of 
cooling capacity 

trip of the 
compressor 

trip of 
compressor 

trip of the 
compressor 



?-PC 2.02 Worksheet Primatech Inc. 

apany: 
Llity: 

ssion: 1 11-05-93 Revision: 0 11-10-93 Dwg#: 
Node: 2 outlet compressor (point 2/3 on drawing in fig. 1) 
meter: Temperature Intention: 

Node: 2 
Page: 1 

s 

DEVIATION CAUSES CONSEQUENCES AUTOMATIC ACTION BY 

Lower 
Temperatxire 

.-e Higher 
Temperature 

failure LISV 
(open) 

failure of 
accumulator; 
(mechanical or 
too high level) 

closed expansion 
valve 

high 
pressure/failure 
of LISV (closed) 

high heat input 
from cold store 

liquid hammer 
compressor; damage 
of the compressor 

liquid to the 
compressor and 
liquid hammer 

possible air 
ingress if 
pressure < atmos. 
and liquid 
injection via LISV 

high pressure in 
system; possible 
leakage 

as above 

damage to the 
compressor 

damage to the 
compressor 

trip of the 
compressor (by 
high press, cut 
out switch) 

trip of the 
compressor (high 
temp. switch 
and/or high 
pressxire switch), 
release via 
relief valve 

as above 



^ZOP-PC 2.02 Worksheet Primatech Inc. 

Company: 
facility: 

Session: 1 11-05-93 Revision: 0 11-10-93 Dwg#: 
Node: 2 outlet compressor (point 2/3 on drawing in fig. 1) 

irameter: Composition Intention: 

Node: 2 
Page : 1 

GW DEVIATION CAUSES CONSEQUENCES AUTOMATIC ACTION BY 

Jther 
Chan 

Other Than 
Composition 
(oil/gas) 

failure working 
oil separator 

possible damage to 
the compressor and 
decrease of 
cooling capacity 

compressor trip 
on low oil 
pressure; 



P-PC 2.02 Worksheet Primatech Inc. 

mpetny: 
ility: 

ssion: 1 11-05-93 Revision: O 11-10-93 Dwg#: 
Node: 3 outlet "3"-way valve (point 4 on drawing in fig. 1) 

meter: Flow Intention: 

Node : 3 
Page: l 

;w DEVIATION CAUSES CONSEQUENCES AUTOMATIC ACTION BY 

No Flow 

>s Less Flow 

>re 

pipeline failure 

system in defrost 
position 

less cool demand 

failure of the 
compressor 

line/connection 
leakage 

setting a too low 
suction pressure 

failure of check 
valve 

More Flow 

blockage of 3-way 
valve 

failure of 
expansion 
valve/or temp, 
bulb 

no cooling 

no cooling 

less cooling 
capacity 

lowering of 
cooling capacity; 
release of 
flammable gases, 
flammable 
gasmixture outside 
or in housing 

lowering of 
cooling capacity 

high pressure 
upstream check 
valve 

high pressure 
upstream check 
valve 

possible liquid 
hammer if high 
level in 
accumulator; 
damage to the 
compressor 

adjustment of 
expansion valve 

adjustment of 
expansion valve 

adjustment of 
expansion valve 

LISV opens 
(correction of 
temp. increase) 

(replace press, 
cut out switch, 
upstream check 
valve). 
Check function 
discharge-
check valve. 

switch off 
compr. by high 
pressure cut out 
switch. 

trip compressor 
(high temp.) 



^ZOP-PC 2.02 Worksheet Primatech Inc. 

Company: 
facility: 

Session: 1 11-05-93 Revision: 0 11-10-93 Dwg#: 
Node: 3 outlet "3"-way valve (point 4 on drawing in fig. 1) 

irameter: Temperature Intention: 

Node: 3 
Page: l 

GW DEVIATION CAUSES CONSEQUENCES AUTOMATIC ACTION BY 

:.ess Lower 
Temperature 

lore Higher 
Temperature 

failure LISV 
(open) 

failure of 
accumulator; 
(mechanical 
failure or too 
high level 

high pressure/ 
failure of LISV 
(closed) 

high heat input 
from cooling 
store 

possible liquid 
to the compressor 
and liquid hammer 

as above 

trip out of 
compressor (high 
temp.) 

as above 

possible leakage 
due to high 
pressure 

as above 

trip compr. (high 
temp, switch or 
high pressure 
switch) release 
via relief valve 

as above 



ZOP-PC 2.02 Worksheet Primatech Inc. 

Company: 
acility: 

Session: 1 11-05-93 Revision: 0 11-10-93 Dwg#: 
Node: 3 outlet "3"-way valve (point 4 on drawing in fig. 1) 

rameter: Composition Intention: 

Node: 3 
Page: 1 

GW DEVIATION CAUSES CONSEQUENCES AUTOMATIC ACTION BY 

ther 
han 

Other Than 
Composition 

failure of oil 
separator 

possible damage to 
the compressor and 
decrease of 
cooling capacity 

low oil pressure 
and compressor 
trip 



»P-PC 2.02 Worksheet Primatech Inc. 

»mpany: 
:ility: 

jssion: 1 11-05-93 Revision: 0 11-10-93 
Node: 4 inlet expansion valve (point 5 on drawing in 

uaeter: Flow Intention: 

Node: 4 
Page : 1 

Dwg#: 
fig. 1) 

;w DEVIATION CAUSES CONSEQtJENCES AUTOMATIC ACTION BY 

No Flow 

ss 

ire 

Less Flow 

More Flow 

pipeline or-
connection 
failtire 

freezing of drier 

blockage of check 
valve of the 
condenser 

system in 
defrost position 

less cool demand 

failure of the 
compressor 

1ine/connection 
leakage 

setting a too low 
suction pressure 

partly blockage 
due to freezing 
the line 

see also "less 
flow" point 4 

failure expansion 
valve or temp, 
bulb 

no cooling; 
release of 
flammable gas; 
possible flammable 
gasmixture in and 
outside casing 

no cooling 

as above 

no cooling 

less cool capacity 

lowering of 
cooling capacity; 
release of 
flammable gas; 
flammable 
gasmixture in 
casing or outside 

lowering cooling 
capacity 

lowering cooling 
capacity 

alarm on high 
temp, in cold 
store 

possible liquid 
hammer if high 
level in 
acctimulator and 
damage to the 
compressor 

trip compr. on 
high pressure 

adjustment of 
expansion valve 

as above 

adjustment of 
expansion valve 

trip compressor 
(high press, cut 
out) 

trip compressor 
(high temp.) 



ZOP-PC 2.02 Worksheet Primatech Inc. 

Company: 
acility: 

Session: 
Node: 

rameter: 

Node: 4 
Page: 1 

1 11-05-93 Revision: 0 11-10-93 Dwg#: 
4 inlet expansion valve (point 5 on drawing in fig. 1) 
Composition Intention: 

GW DEVIATION CAUSES CONSEQUENCES AUTOMATIC ACTION BY 

ther 
han 

Other Than 
Composition 
(liquid/gas 

unsufficient 
coolant in system 

blocked drier 
(working is 
in this case the 
same as the 
expansion valve) 

decrease of 
cooling capacity 

as above 

adjustment of 
expansion valve 

as above 



50P-PC 2.02 Worksheet Primatech Inc. 

Company: 
icility: 

Session: 
Node: 

Node: 4 
Page: 1 

1 11-05-93 Revision: 0 11-10-93 3vt>s»j.vui ± XJ.-UO—»J Kevision: u ±JL-JLU—:JJ 
Node: 4 inlet expansion valve (point 5 on drawing in 

rameter: Temperatxore Intention: 

Dwg#: 
fig. 1) 

GW DEVIATION CAUSES CONSEQUENCES AUTOMATIC ACTION BY 

3SS Lower 
Temperature 

ore Higher 
Temperature 

fan not switched 
off 

failure LISV 
(open) 

failure of 
accumulator 
(mechanic or high 
level) 

higher pressure/ 
failure of LISV 
(closed) 

high heat input 
from cold store 

leakage 3-way 
valve 

too high use of 
energy 

possibly liquid to 
the compressor and 
liquid hammer 

as above 

possible leakage 
due to high 
pressure 

as above 

decrease of 
cooling capacity 
possible leakage 
due to high 
pressure 

damage to the 
compressor 

as above 

trip compressor 
(high temp, or 
high pressure) 

as above 

adjustment of 
expansion valve 



LZOP-PC 2.02 Worksheet Primatech Inc. 

Company: 
•acility: 

Session: 1 11-05-93 Revision: 0 11-19-93 
Node: 5 inlet accumulator (point 6 on the drawing in 

irameter: Flow Intention: 

Node: 5 
Page: 1 

Dwg#: 
fig. 1) 

GW DEVIATION CAUSES CONSEQUENCES AUTOMATIC ACTION 

ro No Flow 

j ess Less Flow 

tore More Flow 

expansion valve 

pipeline failure 

froozen drier 

blockage of check 
valve condenser 

pipeline leakages 

less cool demand 

failure of the 
compressor 

incorrect suction 
pressure setting 

partly froozen 
drier 

expansion valve 
completely open 

leakage of 3-way 
valve 

leakage of 
heatexchanger 
(liquid to vapour 
side) 

low pressure after 
compressure; no 
cooling 

no cooling; 
release of 
flammable gas 

no cooling; low 
pressure after 
compressor 

as above 

less cooling; 
release of 
flammable gas 

decrease of 
cooling capacity 

as above; possible 
air ingress 

decrease of 
cooling capacity 

accumulator filled 
up with liquid 

high pressure in 
system 

liquid 
accumulation in 
acctimulator 

trip compressor 
by low pressure 
cut out switch 

as above 

as above 

compressor trip 
by high pressure 
cut out switch 

adjustment by 
expansion valve 

adjustment by 
expansion valve 

compr. trip by 
high pressure cut 
out switch 



ZOP-PC 2.02 Worksheet Primatech Inc. 

Company: 
acility: 

Session: 1 11-05-93 Revision: 0 11-19-93 
Node: 5 inlet acctimulator (point 6 on the drawing in 

rameter: Temperatiore Intention: 

Node: 5 
Page : 1 

Dwg#: 
fig. 1) 

GW DEVIATION CAUSES CONSEQUENCES AUTOMATIC ACTION BY 

.ess 

[ore 

Lower 
Temperature 

Higher 
Temperature 

leakage 3-way 
valve 

failure of 
expansion valve 
(too far open) 

failure of LISV 
(closed) 

high heat input 
from cold store 

higher suction 
pressxire and 
outlet pressure 

liquid 
accumulation in 
accumulator 

higher pressure 

as above 

trip compressor 
by high pressure 
cut out switch 

trip by high 
temp, or high 
pressure cut out 
switch 

as above 



^ZOP-PC 2.02 Worksheet Primatech Inc. 

Company: 
racility: 

Session: 1 11-05-93 Revision: 0 11-19-93 Dwg#: 
Node: 5 inlet accumulator (point 6 on the drawing in fig. 1) 

irameter: Composition Intention: 

Node: 5 
Page: 1 

GW DEVIATION CAUSES CONSEQUENCES AUTOMATIC ACTION BY 

)ther 
Than 

Other Than 
Composition 
(liquid/vap 
our) 

(gas/air) 

failure LISV 
(open) 

failure 
accxamulator 

low pressure 
due to closed 
expansion valve 

more liquid to the 
compressor and 
possible liquid 
hammer 

liquid to 
compressor 
possible liquid 
hammer 

if press. < atmos 
possible air 
ingress 

damage to the 
compressor 

as above 

trip compressor 
by low pressure 
cut out switch 



TNO-report 

Risk assessment cfthe use of flammable refrigerants 
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ZOP-PC 2.02 Worksheet Primatech Inc. 

Company: 
'acility: 

Session: 1 11-22-93 Revision: 0 11-22-93 Dwg#; 
Node: 1 inlet compressor (point 1 on drawing in fig. 2) 

rameter: Flow Intention: 

Node: 
Page: 

1 
1 

GW DEVIATION CAUSES CONSEQUENCES RECOMMENDATIONS BY 

.ess 

No Flow 

Less Flow 

.ore More Flow 

no (or less) 
watersupply to 
the cooling coil 
of the 
accumulator 

leakage 

leakage via 
expansion valve 

leakage LISV 

liquid flow from 
the accumulator 

decrease of 
cooling capacity 

release of gas, 
possibility of 
flammable mixture 

closure of check 
valve receiver 

liquid hammer in 
the compressor 

as above 

damage to the 
compressor 

as above 



:OP-PC 2.02 Worksheet Primatech Inc. 

:ompany: 
icility: 

Session: 1 11-22-93 Revision: 0 11-22-93 Dwg#; 
Node: 1 inlet compressor (point 1 on drawing in fig. 2) 

rameter: Temperature Intention: 

Node: 1 
Page: 1 

GW DEVIATION CAUSES CONSEQUENCES RECOMMENDATIONS BY 

iSS 

>re 

Lower 
Temperature 

Higher 
Temperature 

failure of LISV 

delayed starting 
of cooling 

possible switch of 
by high pressure 
cut out switch 

no cooling 



IP-PC 2.02 Worksheet Primatech Inc. 

impany: 
:ility: 

îssion: 1 11-22-93 Revision: 0 11-22-93 Dwg#: 
Node: 2 outlet compressor, after oil separator (point 2 in fig. 2) 

imeter: Flow Intention: 

Node: 2 
Page: 1 

ÏW DEVIATION CAUSES CONSEQUENCES RECOMMENDATIONS BY 

5S 

re 

No Flow 

Less Flow 

More Flow 

no or less 
watersupply 

leakage 

leakage via 
expansion valve 

leakage oil 
separator 

leakage LISV 

liquid entrance 
via accumulator 

decrease of 
capacity 

release of gas, 
possible flammable 
mixture 

closure of check 
valve receiver 

decrease of 
capacity 

possibility of 
liquid hammer 

as above 

damage t o t h e 
compressor 

as sü3ove 



.ZOP-PC 2.02 Worksheet Primatech Inc. 

Company: 
'acility: 

Session: 1 11-22-93 Revision: 0 11-22-93 Dwg#: 
Node: 1 inlet compressor (point 1 on drawing in fig. 2) 

rameter: Composition Intention: 

Node: 1 
Page: 1 

GW 

•ther 
'han 

DEVIATION 

Other Than 
Composition 
(liquid/vap 
our) 

CAUSES 

leakage of LISV 

CONSEQUENCES 

liquid to the 
compressor and 
possible liquid 
hammer 

RECOMMENDATIONS BY 

damage to the 
compressor 



^ZOP-PC 2.02 Worksheet Primatech Inc. 

Company: 
Facility: 

Session: 1 11-22-93 Revision: 0 11-22-93 Dwg#: 
Node: 2 outlet compressor, after oil separator (point 2 in fig. 2) 

arameter: Temperature Intention: 

Node: 2 
Page: 1 

GW DEVIATION CAUSES CONSEQUENCES RECOMMENDATIONS BY 

More 

Less 

Higher 
Temperature 

Lower 
Temperature 

see point 2 
cooling situation 

as above 



EiAZOP-PC 2.02 Worksheet Primatech Inc. 

Company: 
Facility: 

Session: 1 11-22-93 Revision: 0 11-22-93 Dwg#: 
Node: 2 outlet compressor, after oil separator (point 2 in fig. 2) 

Parameter: Composition Intention: 

Node: : 
Page : ] 

GW DEVIATION CAUSES CONSEQUENCES RECOMMENDATIONS BY 

No 

Other 
Than 

No 
Composition 

Other Than 
Composition 

not applicable 

see point 2 
cooling situation 



'-PC 2.02 Worksheet Primatech Inc. 

ipany: 
Llity: 

îsion: 1 11-22-93 Revision: 0 11-22-93 Dwg#: 
Node: 3 downstream 3-way valve (point 3 on drawing in fig. 2) 
aeter: Flow Intention: 

Node: 3 
Page: 1 

DEVIATION CAUSES CONSEQUENCES RECOMMENDATIONS BY 

No Flow 

Less Flow 

More Flow 

3-way valve not 
in defrost 
position 

leakage 3-way 
valve 

failure of oil 
separator 

leakage (pipeline 
or connection) 

leakage of LISV 

no defrost 

ho defrost and no 
cooling 

decrease of 
capacity 

release of 
flammable gas 

possible liquid 
hammer 

possible 
flammable 
gasmixture 

damage to 
compressor 



î ZOP-PC 2.02 Worksheet Primatech Inc. 

Company: 
Facility: 

Session: 1 11-22-93 Revision: 0 11-22-93 Dwg#: 
Node: 3 downstream 3-way valve (point 3 on drawing in fig. 2) 

arameter: Temperature Intention: 

Node: 3 
Page: l 

GW DEVIATION CAUSES CONSEQUENCES RECOMMENDATIONS BY 

Less 

More 

Lower 
Temperature 

Higher 
Temperattare 

failure LISV 
(open) 

failure of 
accumulator 

heat input from 
cold store 

end of defrost 
period 

possible liquid 
hammer compressor 

as above 

higher pressure 

retxirn to cooling 
sitution 

damage to the 
compressor 

as above 

possible trip 
by high pressure 
cut out switch 



ZOP-PC 2.02 Worksheet Primatech Inc. 

Company: 
acility: 

Session: 1 11-22-93 Revision: 0 11-22-93 Dwg#: 
Node: 3 downstream 3-way valve (point 3 on drawing in fig. 2) 

rameter: Composition Intention: 

Node: 3 
Page: 1 

GW DEVIATION CAUSES CONSEQUENCES RECOMMENDATIONS BY 

ither 
han 

Other Than 
Composition 
(oil/gas) 

failure of oil 
separator 

oil contamination 
of the system 



3P-PC 2.02 Worksheet Primatech Inc. 

smpany: 
sility: 

2ssion: 1 11-22-93 Revision: 0 11-22-93 Dwg#: 
Node: 4 between evaporator and accumulator (point 4 in fig. 2 ) 

ameter: Flow Intention: 

Node: 4 
Page : 1 

;w DEVIATION CAUSES CONSEQUENCES RECOMMENDATIONS BY 

3S 

:e 

No Flow 

Less Flow 

More Flow 

leakage 3-way 
valve 

failure of oil 
separator 

leakage of 
pipe1ine/connecti 
on 

leakage via 
heatexchanger 

no cooling/no 
defrost 

oil contamination 
of the system, 
less lubricating 
of compressor 

release of 
flammable gas; 
possible flammable 
gasmixture 

possible overfill 
accumulator and 
liquid hammer 

switch to cooling 
possible because 
of lower suction 
pressure 

possible damage 
to the compressor 

damage to 
the compressor 



ZOP-PC 2.02 Worksheet Primatech Inc. 

Company: 
acility: 

Session: 1 11-22-93 Revision: 0 11-22-93 Dwg#: 
Node: 4 between evaporator and accumulator (point 4 in fig. 2 

rameter: Temperature Intention: 

Node: 4 
Page: 1 

GW DEVIATION CAUSES CONSEQUENCES RECOMMENDATIONS BY 

ess Lower 
Temperature 

leakage 3-way 
valve 

ore Higher 
Temperature 

failure of the 
oil separator 

leakage 3-way 
valve 

see point 1 high 
temperature 

fill up 
accumulator 
possible liquid to 
compressor 

no defrost nor 
cooling 

loss of 
defrost capacity 

loss of defrost 
capacity 

possible switch 
to cooling; 
low suction 
pressure 


