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1 Project Background 

 

Enemalta Corporation, the main producer of electricity in Malta, plans the construction and 

operation of a Liquefied Natural Gas (LNG) import terminal and associated Regasification Unit 

in order to operate a new Combined Cycle Gas Turbine (CCGS), high efficiency Natural Gas 

Power Plant. The facilities will be located in Marsaxlokk Bay close to existing ENEMALTA 

Delimara Power Station facilities (DPS).  

 

The final option of LNG facilities, selected by Electrogas Malta Consortium, included a Floating 

Storage Unit (FSU) permanently moored in the southern part of the harbour and a 

Regasification Unit (R/U) onshore.  The plant is regarded an “Upper Tier SEVESO” 

establishment according to the Control of Major Accident Hazards (COMAH) Regulations1.  

 

For purposes of fulfilling the land-use planning and environmental permitting requirements 

ENEMALTA submitted a Preliminary Quantitative Risk Assessment (QRA) Report and Damage 

Zones Study (SGS, Dec. 2013) for the preconstruction phase of the selected proposal (Option 

B) for LNG facilities.  Taking into account the current needs to integrate the results of 

submitted safety studies in planning decisions as well as in view of updating Marsaxlokk Bay 

Local Plan, Maltese COMAH Competent Authorities in collaboration with Enemalta launched a 

project for the development of a guidance document supporting planning policy framework 

and implementing the Land Use Planning (LUP) objectives of SEVESO II Directive. 

 

The present study adopts a consistent and systematic risk based approach aligned with 

practices used by European Competent Authorities and Bodies controlling major accident 

hazard risks and international organizations (RIVM, HSE etc.), in EU Member States. The 

results of the study aim at providing advice on applications for Land use planning permission 

and the development of consultation zones in the vicinity of Delimara Power Station and the 

new LNG storage and regasification facilities in Marsaxlokk Bay.  

 

The present report summarizes the results of the study.   

 

 

 

                                                           
1
 The latest version of the ‘Seveso’ Directive (Directive 2003/105/EC, which amended Directive 

96/82/EC) is transposed into Maltese law through the Control of Major Accident Hazards (COMAH) 

Regulations - L.N. 37 of 2003 and as amended by L.N. 6 of 2005. The Competent Authority is the 

Occupational Health and Safety Authority (OHSA) together with the Malta Environment and Planning 

Authority (MEPA) and the Civil Protection Department of the Ministry for Home Affairs and National 

Security (CPD). 
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2 Objectives  

 

The purpose of the present study, titled “LUP RISK ANALYSIS” (LUP RA), is to provide a risk 

based decision-support tool for the development of Consultation Zones (CZs) in Delimara 

area. The LUP RA study addresses the needs of Maltese COMAH Competent Authorities 

(OHSA, Environment Protection Directorate of MEPA and Civil Protection Department) as well 

as of Enemalta Corporation, to combine and integrate the results extracted from risk 

assessment studies performed for both major accident hazard establishments located in 

Delimara: the existing Delimara Power Station and the new LNG Storage and Regasification 

facilities in Marsaxlokk Bay.  

 

The main objective is to incorporate the results of Risk Analysis performed for the new LNG 

project in the identification and delineation of CZs in the area. 

 

 

3 Risk Analysis (RA) approach  

 

The new LUP RA is based on data derived from Hazard Analysis performed in previous safety 

studies for both COMAH establishments. Consequence Assessment and Quantitative Risk 

Assessment are performed in the present study to assess the risk for the individuals 

associated with the major accident hazard industrial establishments in Delimara area.  

 

The analysis is structured in two phases. In the initial  phase a Consequence Assessment 

(physical effects modeling) is performed in order to evaluate the consequences of major 

accidents following the Loss Of Containment (LOC) of a substantial amount of dangerous 

substances involved in the safety critical units of the COMAH establishments.  

 

Concerning the proposed new LNG storage and Regasification facilities, the Worst Case 

Scenarios (WCSs) are selected for large releases of LNG and Natural Gas, the physical effects 

involved are modeled and the adverse consequences of such WCSs scenarios are assessed.  

The LUP RA addresses major accident hazards of all the safety critical units and equipment 

involved in the design of the new LNG project including storage, unloading, processing and 

transfer of LNG in both liquid and gaseous states.  At the current stage of the study, all design, 

technical and operational data concerning the involved safety critical equipment were drawn 

from previous safety studies of the LNG terminal [10] [11]. Detailed design data and 

operational conditions of the involved safety critical units used in the present study, are 

presented in Section 8 of this report.  

 

As regards the existing establishment of Delimara Power Station, the results of the 

consequence assessment performed in the COMAH Safety Report for the major releases of 

liquid fuels and for fires, are extracted from the Safety Report and incorporated in the 

present analysis without any modifications or updating [1] [8]. The results of consequence 

assessment for both major hazard establishments have been incorporated in the QRA 

performed in the second phase of the present study.   
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In the second and concluding phase, a Quantified Risk Assessment- QRA study is performed 

and the Location Risk of individuals in the region is evaluated. The new QRA performed for 

LUP purposes, is based on the results of consequence assessment performed at the first 

phase of the study and the list of selected LOC frequencies and probabilities (ignition, stability 

classes, wind roses,  etc)2.  

 

The deliverables of the current version of the study, are the plots of the Individual Risk 

Contours (Location Risk) on appropriate background maps of the region. The Individual Risk 

Contours are depicted for the WCSs of major accidents as examined for both COMAH 

establishments.  The results could thus be combined with specific LUP criteria e.g. PADHI 

system [4], to support the identification and development of CZs in the region of Delimara.  

 

The present  LUP RA study can be used as a basis for future QRA studies that would take into 

account the “as built” technical and safety data e.g. PIDs, safety systems and procedures, 

operation, shut down, maintenance and emergency procedures, etc. Review and updating of 

the present LUP RA study should be performed when specific technical information 

concerning construction and operational procedures is available and at the detailed 

engineering phase of the LNG project. 

 

The implemented HSE Management System of the operator should also be incorporated in 

future QRA studies in order to demonstrate that:  

 

� The safety measures (preventing, controlling, and mitigation) are appropriately 

implemented and the major accident risks are kept as low as reasonably possible and 

within acceptable limits, and  

� The emergency response measures are sufficient and effective to handle all major 

accident hazards so as the public is exposed to no extra risks due to the operations of the 

new LNG plant. 

 

General limitations  

 

As not specific QRA criteria have been established in Malta until today, the present study uses 

frequencies, risk assessment and risk acceptance criteria (based on individual risk) with cut off 

values adopted by HSE UK (PADHI system [4]),  HSA Ireland [5], the Dutch authorities [9] and 

other relevant QRA references. The present report uses as main reference the HSE LUP 

methodology [4] and the Purple Book Guideline for QRA [9].  

 

The detailed Safety and Fire protection Systems as will be implemented have not been taken 

into account in the present analysis. It is proposed that reliability data of safety critical 

equipment, detection and response time of emergency measures should also be taken into 

account in future versions of QRA. This will provide further risk based arguments for 

diminishing the risk of the LNG terminal considering the efficiency of safety and emergency 

measures implemented.  

                                                           
2
 Concerning the Delimara Power Station, the fire frequencies regarding the liquid fuels used in the 

current version of the study, have been have been incorporated in the present analysis without any 

modifications or updates , as included in the existing Safety Report of the site [1]. 
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4 Methodological steps of the study  

 

The practice applied for the development of the present study includes the following steps: 

 

• Review of available technical data provided at the preconstruction phase of the LNG 

facilities including the Regasification Unit (R/U) and the Delimara Power Station 

establishment;  

• Adoption and determination of available technical and design data for the LNG 

terminal, loading/unloading and R/U facilities; 

• Collection and elaboration of regional meteorological data for the definition of 

weather classes; 

• Identification of Worst Case Scenarios (WCSs) of major hazard accidents. Concerning 

the LNG terminal, the WCSs have been identified in the present study based on the 

design characteristic and operation conditions of the safety critical equipment 

involved in the LNG storage terminal, R/U and gas transmission lines. Concerning the 

existing Delimara Power Station, the WCSs, the consequence assessment and the 

event frequency data have been adopted without modification from the COMAH 

Safety Report of the Delimara Power Station.  

• Consequence assessment of the WCSs identified for the LNG facilities using the 

EFFECTS 9.0/TNO software. The model parameters have been adjusted to the design 

and operation data of the LNG terminal.  

• Quantitative Risk Assessment (QRA) performed for the LNG terminal and R/U facilities 

is based on the results of consequence assessment achieved in the present study and 

the event frequencies and probabilities adjusted to the available design features and 

operation conditions of the proposed LNG terminal. The ultimate output is the plot of 

Iso-Risk Contours on map of the region (Individual Risk).  For the development of the 

Iso-Risk Contours plots the simulation models of Riskcurves 9.0/TNO 2012 software 

were used. 

 

The results of the present QRA study can be used in parallel with risk acceptance criteria in 

order to develop Consultation Zones and support Land Use Planning purposes.  
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5  List of safety critical units and equipment  

 

The safety critical units and equipment of the new LNG terminal are analytically presented in 

Section 8 of the present report. The safety critical units and equipment examined in the 

present study include:  

 

• The LNG tanker (unloading to the FSU) 

• The ship to ship LNG unloading arms or hoses (from Tanker to the FSU) including the 

Gas return arms or hoses (from FSU to the Tanker) 

• The FSU (Floating Storage Unit)  

• The ship to shore LNG unloading arms or hoses (from FSU to the jetty ) including the 

Gas return arm or hose (from Jetty to FSU) 

• The Jetty LNG pipeline (from unloading arm/hose to the secondary pump) 

• The Regasification Unit (R/U) located onshore, including at least the following safety 

critical equipment and their connecting pipes :  

� Secondary pumps 

� Vaporizers 

� Compressor (including the jetty pipeline from FSU to Compressor)  

� Liquefier / absorber (including the jetty LNG return pipe to the FSU) 

� Metering station and odourization 

• The Gas pipeline from RU to the Metering Station  

• The Gas  pipeline from the Metering Station to the Combined Cycle Gas Turbines  in 

the Natural Gas Power Plant. 

 

For the safety critical equipment the Worst Case Scenarios have been studied. To this end, 

major LNG and gas releases are examined, following the catastrophic rupture of equipment 

and of pipes, by considering loss of containment (LOC) at full capacity and at operational 

conditions. 

 

The only dangerous substance examined for the LNG terminal and R/U is LNG and natural gas. 

For simulation purposes and risk assessment modeling the chemical substance used is 

Methane.   
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6 Description of the Environment  

6.1 Location of the Delimara Power Station  

 

Enemalta Power Station (P/S) is located approximately 1 km south east of Marsaxlokk Village, 

at LInginier, on the Delimara Peninsula [1]. The P/S is built on partly reclaimed land and 

commenced operations in 1991. The site is bounded to the east by a road which runs 

between Tas Silg Fort and Fort Delimara, at an elevation of approximately 40m above sea 

level. The western boundary of the site is delineated by Marsaxlokk Bay. The location of the 

installation is shown in Figure 6.1.  

 

The site is semi-enclosed in a crescent shaped hollow and is partly screened from Marsaxlokk 

Village by the Rdum-il-Bies headland, which rises to 50m. Access to the installation is 

provided by a dedicated road which runs from outside Marsaxlokk Village, along the coast. A 

second access point is provided at the south east corner of the site for emergency purposes. 

The power station occupies an area of approximately 184.500 m2, from which approximately 

103.500 m2 has been reclaimed from the sea [1].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.1: Delimara Power Station in Malta                      
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6.2  LNG Terminal  

 

The proposed new LNG terminal will be located in the Marsaxlokk Bay, close to the existing 

ENEMALTA P/S facilities in the Delimara peninsula, onshore, on reclaimed land, and offshore 

in the harbor. Specifically according to the approved proposal (Option B), an LNG Floating 

Storage Unit (FSU) will be permanently moored in the southern part of the harbour and a 

Regasification Plant (RU) onshore without any clearing of the hill [10]. 

 

The site is bounded on the east side by the Delimara Peninsula, on the north side by the 

existing facilities owned and operated by ENEMALTA and on the west by the coastline to be 

modified. The access to the proposed facilities is a public road that runs in a North-South 

direction, bordering the coastline and currently stopping at ENEMALTA entrance. In the 

future, this road should be enlarged up to the entrance of the LNG terminal. The area of 

concern, as well as the proposed site, is presented in the Figure 6.2. 

 

 

 

 

Figure 6.2: The proposed location of the main units of the LNG terminal : FSU and RU   [10] 
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6.3 Land Uses  

 

The site proposed for the new LNG terminal is designated in the Marsaxlokk Bay Local Plan as 

part of the existing ENEMALTA facilities, being the adjacent area mainly dedicated to 

agricultural use, with a few isolated buildings. The description of land uses in the vicinity of 

the establishments is presented in the Figure 6.3 and the Delimara Power Station is clearly 

indicated with red outline [10]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.3: Land Uses in the vicinity of hazardous establishments [10]  
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7 Meteorological  data 

 

7.1 Development of Pasquill stability classes for Delimara region 

 

Meteorological data are necessary to perform the simulation of atmospheric dispersion of gas 

clouds and risk assessment calculations based on wind rose data and weather stability 

classes. Meteorological data can be expressed in terms of Pasquill classes. The Pasquill 

stability classes describe the amount of turbulence Meteorological data present in the 

atmosphere and range from “A” to “F” class. Stability class “A” corresponds to ‘unstable’ 

weather, with a high degree of atmospheric turbulence, as would be found on a bright sunny 

day. Stability class “D” describes ‘neutral’ conditions, corresponding to an overcast sky with 

moderate wind. A clear night with little wind would be considered to represent ‘stable’ 

conditions, denoted by stability class “F”.   

 

Stability classes “D” and “F” are commonly used in Risk Assessment and QRA studies as 

representative of the neutral and stable weather conditions in the site location. 

 

The Pasquill stability classes were derived from the available meteo data of Delimara region. 

Meteorological data were obtained by Malta International Meteo Office (Benghajsa Station) 

and Enemalta Delimara Meteo Station. The data obtained from Benghajsa Meteo station, 

cover the area of the Freeport / Birzebbugia and refer to the period 2006 to 2012. The data 

obtained from Delimara Meteo Station cover the area of Delimara Peninsula and Marsaxlokk 

Bay and refer to the period 2010 to 2013. The meteo data include observations in terms of 

year, month, date, hour (24 hours), and on the wind direction and the wind speed (8760 

records per year).  

 

The analytical meteo data collected (in total 35.040 records from Delimara Meteo Station for 

a 4year period: 2010-2013 and 26.280 records from Benghajsa Meteo station for a 3year 

period: 2011-2013) were elaborated in the present study in order to produce the actual 

weather stability classes applicable in the region of Delimara LNG terminal.  To this end, the 

Pasquill- Gifford stability method was applied with the following inputs (recorded data): 

• Horizontal wind speed 

• Cloud cover 

• Ceiling height, and 

• Time of observation 

 

Data on cloud cover of the examined region were obtained by Malta International Airport 

(data from Luqa Station for the years 2010 to 2013). Moreover, the solar elevation angle was 

recorded for 24hour observations in terms of year, month and date for Malta Longitude (35° 

54' ) and Latitude (14° 31') 3.  

 

The following matrices were used as guideline for the identification of stability classes in 

Delimara area based on local meteo records.  

                                                           
3
  http://keisan.casio.com/exec/system/1224682331 
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PASQUILL- GIFFORD STABILITY CATEGORIES 

 

Surface 

Wind 

( Measured 

at 10 m ) 

( m / s ) 

Day  

Incoming 

Solar 

Radiation** 

(Insolation ) 

( Strong ) 

Day  

Incoming 

Solar 

Radiation** 

(Insolation ) 

(Moderate ) 

Day  

Incoming 

Solar 

Radiation** 

(Insolation ) 

( Slight ) 

Night * 

(Thin Overlast  

or >= 4/8 

cloudiness* ) 

Night * 

( <= 3/8 

cloudiness* ) 

< 2 A A-B B F F 

2 - 3 A-B B C E F 

3 - 5 B B-C C D E 

5 - 6 C C-D D D D 

6 C D D D D 

Table 7.1: Pasquill-Gifford Stability Categories 

 

*   Night is defined as the period from 1 hour before sunset to 1 hour after sunrise.  

** Appropriate Insolation categories have been determined through the use of sky cover and 

solar elevation information according to the following matrix. 

 

Sky Cover  

( Opaque or Total ) 

Solar Elevation  

Angle > 60 
o
 

Solar Elevation 

Angle < 60
 o

 

but, > 35 
o
 

Solar Elevation 

Angle < 35 
o
 

but, > 15
 o

 

4/8 or less or, 

Any amount of High Thin Clouds 

Strong Moderate Slight 

5/8 to 7/8 Middle Clouds 

( 700 ft. - 16000 ft. base ) 

Moderate Slight Slight 

5/8 to 7/8 Low Clouds 

( Less than 700 ft base ) 

Slight Slight Slight 

Table 7.2: Sky Cover-Solar Elevation matrix 

 

In the QRA study, at least six representative weather classes should be used, covering the 

several stability conditions such as stable, neutral and unstable, as well as several wind 

speeds from low to high. The number of wind directions should be at least eight.  

 

To limit the calculation time for QRA a number of representative groups of stability classes 

have been derived. To this end, the following matrix (Table 7.3)  of six class groups (Bmed, Dlow, 

Dmed, Dhigh, Emed and Flow) vs. wind speed intervals was applied to the collected meteorological 

data [9].  
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Wind speed A B B/C C C/D D E F 

< 2.5 m s-1 D low F low 

2.5 – 6 m s-1 D medium 

>6 m s-1 

B medium 

D high 

E medium 

   Table 7.3: Allocation of observation into six weather classes [9] 

 

The available data were separated in night-time and daytime. The period of the day 

attributed to daytime should have the day-time and night–time statistic added accordingly. 

The mean average day-time fraction for Malta was considered to be 54% of total time [10].  

 

The Pasquill-Gifford stability method and the Purple Book guidelines for allocation of 

observations into six weather classes, have been implemented using the collected meteo  

data of  Delimara area.  

 

The obtained average frequency distributions of weather classes, regarding data obtained by 

Delimara Meteo Station for the years 2010-2013 , are presented in Table 7.4 for 12 wind 

directions and 6 weather classes. Direction 346-015 corresponds to wind coming from the 

North and is indicatively presented with Wind Sector 0 (degrees). The average wind speed per 

weather class equals to the average wind speed of all observations in each class.  

      Table 7.4: Stability classes break down per wind direction and average wind speed.      

Weather Stability Classes 

Wind Direction 
B 

medium 

D  

low 

D  

medium 

D  

high 

F  

low 

E 

medium 
Total 

0,00 1,35% 0,20% 0,74% 0,03% 3,08% 0,20% 5,61% 

30,00 0,46% 0,01% 0,00% 0,00% 1,02% 0,00% 1,49% 

60,00 0,34% 0,01% 0,00% 0,00% 0,75% 0,00% 1,10% 

90,00 2,62% 0,24% 1,25% 0,09% 1,49% 0,45% 6,14% 

120,00 5,05% 0,36% 3,31% 0,89% 1,88% 0,99% 12,48% 

150,00 2,53% 0,16% 2,12% 0,68% 1,84% 0,54% 7,88% 

180,00 5,15% 0,46% 1,61% 0,23% 1,57% 0,50% 9,51% 

210,00 2,69% 0,31% 1,78% 0,37% 1,42% 0,39% 6,97% 

240,00 0,97% 0,22% 1,37% 0,65% 1,47% 0,51% 5,18% 

270,00 1,07% 0,15% 2,08% 0,80% 2,42% 0,55% 7,07% 

300,00 2,60% 0,32% 5,81% 6,00% 4,80% 2,20% 21,72% 

330,00 3,19% 0,42% 2,88% 1,39% 5,50% 0,00% 13,38% 

Total stability 

contribution   % 
28% 3% 24% 11% 28% 6% 100% 

Average Wind 

Speed per 

stability class 

[m/sec] 

 

2,2 (B) 

 

2,2(D) 

 

4,4 (D) 

 

7,4 (D) 

 

0,9 (F) 

 

3,2 (E) 
 



  14 

 

 

 

In order to examine the possible changes of the derived stability classes through the years the 

distribution of their occurrence was evaluated for the period 2010 to 2013, and presented in 

the following Figure 7.1.  

 

 

Figure 7.1: Weather Classes Frequency Distribution  

 

According to results of the present analysis based on data derived from Delimara Meteo 

Station, the following conclusions can be extracted:  

   

• Weather classes F, D and B are those with the highest occurrence in the 4 year period 

examined. Their mean average values are 28%, 24% and 28% respectively 

• There are no substantial variation in the contribution (occurrence) of the classes through 

the years 2010-2013 

• The average wind speeds in this period for the prevailing classes are F 0.9 m/s, D 4.3 m/s 

and B 2.2 m/s  

• D stability class has a total contribution of 38% (Dmedium 24% with an average wind speed 

of 4.3m/s,   Dhigh 11% with 7,4 m/s and Dlow 3% with 2.2 m/s ). D stability class can thus be 

accurately represented by an overall average wind speed of 5 m/s (D5) 

• F stability class has a total contribution of 28% with an average wind speed of 0.9m/s. F 

stability class can thus be conservatively represented by an overall average wind speed of 

2 m/s (F2).  

 

It is acceptable practice in QRA studies to consider the stability classes A to D to be 

represented overall by D stability class, and the stability classes E and F to be represented 

overall by F class. In such case, the observed meteo data can be represented overall by D  

class with an average wind speed of 4 m/s (D4) and by F class with an average wind speed of 

1,3 m/s (F1,3).  

 

In conclusion, the analysis above indicates that the selection of representative weather 

classes D5 and F2, is in consistency with the elaborated Meteo data, correctly representing 

the weather conditions of the region and providing an appropriately conservative approach 

for the risk assessment.  
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7.2 Verification of selected weather classes  

 

The results of the above analysis concerning weather classes distribution, average values of 

wind directions and wind speeds were also compared to further data obtained from both 

Meteo Stations (Delimara and Benghajsa) and the consistency of the outcomes was verified. 

 

An indicative Wind Rose from Delimara Meteo Station is presented in Figure 7.2 

demonstrating that the results of Table 7.4 comply with the distributions wind speeds and 

wind directions, as specified in the wind rose for the year 2013. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.2: Delimara Wind Rose Year 2013 

 

Additionally an analysis of meteorological data obtained by the Benghajsa Meteo station 

regarding a period of 7 years (2006-2012) was performed. The data include daily average 

records (observations) for wind speed and wind directions (365 days per year).  

 

In Table 7.5 the wind speed intervals (< 2.5 m/s, 2.5 to 6m/s and > 6m/s) are presented for 

the 7year period examined. In Figure 7.3 the values are graphically presented in order to 

illustrate their variation over the years.    

 

 Wind Speed 

m/sec 
2006 2007 2008 2009 2010 2011 2012 

7 year 

Average 

% 

< 2,5 37 % 35 % 45 % 44 % 24 % 38 % 38 % 38% 

2,5 - 6 58 % 58 % 50 % 53 % 70 % 57 % 57 % 58% 

> 6 5 % 5 % 5 % 3 % 5 % 5 % 5 % 5% 

Table 7.5: Percentage of observations for all wind directions (0-360 degrees), Benghajsa 

Meteo Station. 

  

 



  16 

 

 

 

Figure 7.3: Variation of selected wind speed intervals, Years 2006-2012, Benghajsa Meteo 

Station. 

 

According to Figure 7.3, high wind speeds (>6m/s) remain constant and with a very low 

contribution (~5%) over the 7 years examined. Low and medium range wind speeds exhibit 

fairly constant contribution over the years with no obvious tendencies. In general, low and 

medium range winds show lower speeds in the years 2008 and 2009, and somehow higher 

speeds in 2010.     

 

The results obtained by both Meteo stations (Benghajsa and Delimara) are in striking 

agreement for the examined wind speed (WS) intervals (especially for the medium range 

wind):   

• WS < 2.5m/s (38% vs. 30%) ,  

• 2,5 <WS< 6 m/s (58% vs. 59%) and  

• WS > 6m/s (5% vs. 11%). 

 

The present analysis indicates that the selection of representative wind speeds of 5 m/sec for 

D stability class and 2 m/sec for F stability class, is in consistency with the observations from 

both Meteo stations. Conclusively, the collected meteo data for the past 7 years have been 

elaborated and analysed so as to determine broad wind speed and weather stability classes. 

This allows the risk assessment to calculate risk at representative weather conditions for the 

LNG terminal location. It is postulated that the weather profile of the last 7 years will not 

exhibit substantial changes within the next years and thus can provide a solid reference to 

future predictions.   

 

The results of the above analysis support the selection of representative weather classes D5 

(average wind speed of 5 m/sec for D stability class) and F2 (average wind speed of 2 m/sec 

for F stability class) as the prevailing weather stability classes in the examined region for the 

coming years. For simulation modelling and Risk Assessment purposes stability classes D5  

and F2 are thus considered to be consistent with the observed meteo data and to satisfy a 

conservative approach for all possible consequences of worst case accident scenarios 

examined.  

 



  17 

 

 

7.3 Weather Classes Profile in QRA 

The meteorological data set contains probabilities for typical weather classes (Pasquill 

stability class, wind-speed, day or night) occurring at the location of Delimara. The weather 

classes determine the damage definitions contained in QRA.  

 

The weather classes profile as developed for the purposes of the LUP RA study, according to 

the analysis presented in section 7.1 and 7.2 above, is presented in Table 7.6 and Figure 7.4 

below.  
 
Day Probability Distribution: MALTA DELIMARA AREA YEARS 2010 2011 2012 2013  

Probability [%] B2.2 Day D2.2 Day D4.4 Day D7.4 Day

Wind sector (from) % % % %

0 2,49 0,37 1,08 0,04

30 0,85 0,02 0,00 0,00

60 0,62 0,02 0,00 0,00

90 4,85 0,45 1,56 0,06

120 9,34 0,66 3,76 0,92

150 4,68 0,30 2,55 0,70

180 9,54 0,85 2,27 0,26

210 4,97 0,58 2,41 0,44

240 1,79 0,41 1,74 0,73

270 1,99 0,28 2,84 1,19

300 4,82 0,59 7,12 7,70

330 5,90 0,77 3,86 1,70

Night Probability Distribution: MALTA DELIMARA AREA YEARS 2010 2011 2012 2013  

Probability [%] D4.4 Night D7.4 Night F0.9 Night E3.2 Night

Wind sector (from) % % % %

0 0,34 0,03 6,70 0,44

30 0,00 0,00 2,21 0,00

60 0,00 0,00 1,62 0,01

90 0,88 0,12 3,25 0,98

120 2,78 0,85 4,10 2,16

150 1,61 0,66 4,00 1,18

180 0,83 0,18 3,40 1,08

210 1,05 0,29 3,08 0,85

240 0,93 0,55 3,19 1,10

270 1,18 0,34 5,27 1,19

300 4,26 4,01 10,40 4,77

330 1,73 1,14 12,00 3,25
 
Other Information 
Main program Riskcurves 9.0.17.8052 

Table 7.6: Probabilities of Delimara Weather Classes (Day/Night) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.4: Wind Rose for Weather Classes in Delimara Area 
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8 Selected design and operational data of LNG terminal for the Risk 

Assessment  

 

LNG Tanker  

 

LNG sea transport is carried out with large LNG carriers with a capacity of up to 250,000 m³. 

Tankers of Standard class with a capacity of 125-150,000 m³ are assumed to be used for 

loading the FSU of the LNG terminal.   

 

The parameters assumed for the LNG tankers are as follows [10] :  

• Capacity: max. 125,000 m³ to 140,000 m³ (Moss, spherical tanks not bigger than 31250 to 

35000 m³ each) 

• Vapour return gas at -151°C 

• LNG discharge pressure: 3 to 4 barg at ship manifold 

 

Considering that the total Maltese consumption rate is approximately 2440 m³ LNG /day 

(~100/h or ~12 kg/s), the number of tanker visits and the FSU reloading is estimated to vary 

between 7 and 8 times per year.  The visiting LNG tanker would be moored to the FSU.  

 

Ship to ship unloading by arms or hoses (Tanker to FSU) 

 

The LNG transfer from the visiting tanker to the FSU can be carried out through 2 LNG 

unloading 12’’ arms each capable of unloading 4,000 m³/h of LNG and one 12’’ vapour return 

arm, all operating at 4 barg. Total unloading rate is estimated at 8000  m³/h. 

 

The unloading is assumed in the present study to be carried out through 4  flexible hoses, 10’’ 

diameter, each capable of unloading ~1500 m³/h of LNG  and one 10’’ vapour return hose, all 

operating at 3 barg. Total unloading rate is estimated at approximately 6000  m³/h.   

 

According to the above data, unloading may last for up to 24 hours. For a total 8 tanker visits 

per year, the probability at which the tanker is expected to be present in the port and moored 

to the FSU is approximately 2-3% in a year. 

 

LNG is discharged by the visiting ship pumps to either one or more of the FSU storage tanks. 

The tanks BOG (boil-off gas) is sent back to the tanker via the return gas arm or hose for 

displacement gas supply during unloading and to the BOG compressors where it is 

compressed for re-condensation in the liquefier. 

 

Floating Storage Unit (FSU) 

 

The FSU storage capacity is assumed, for the study purposes, to be 125,000 m³ (e.g. 4 

spherical tanks of 31,250 m³ each). The FSU is going to be permanently moored to the jetty 

(8760 hours per year).  
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FSU to onshore Regasification Unit  

 

The LNG transfer from the FSU to the onshore pipelines (jetty) can be carried out through one 

6’’ arm unloading 200 m³/h of LNG and one vapour return arm, all operating at 4 barg. Total 

unloading rate is estimated at 200  m³/h. 

 

The unloading is assumed in the present study to be carried out through one flexible hoses, 

10’’ diameter (or 8’’), unloading ~145 m³/h of LNG  and one 10’’ (or 8’’) vapour return hose, 

both operating at 3 barg. Total unloading rate is estimated at approximately 150  m³/h. 

 

Jetty 

The jetty allows permanent mooring of the FSU and provides permanent services to the ship. 

The LNG pipeline on the jetty connects the FSU unloading arm or hose to the onshore 

secondary pump. The 4’’LNG pipeline operating at 4 barg is assumed to be 300m long. 

 

Primary (LP) and secondary (HP) pumps 

 

The LNG is pumped from the FSU storage tanks by primary or low pressure pumps located in 

several wells inside the tanks and submerged in the liquid. The liquid is passed, directly or 

indirectly through an absorber, to the high pressure pumps (HP pumps) which is assumed to 

feed the vaporizers at 47.5 barg. 

 

Regasification Unit R/U 

 

The Regasification Unit and all its equipment is assumed to be sited onshore at the indicated 

location to the south of the existing hill in the pathway to Delimara Power Station. The R/U 

includes the following safety critical equipment : 

• Secondary pumps (operating at 47.5 barg with 6’’connecting LNG pipes to R/U)  

• Vaporizers (with 1,5 ’’ tubes operating at 45 barg) 

• Compressor (operating at 15 or 38 barg with 6’’connecting Gas pipes to Liquefier) 

• Liquefier (operating at 6 barg with 4’’connecting LNG pipes to FSU through the jetty) 

• Metering station (10’’ Gas pipeline from R/U to metering station operating at max 45 barg)  

 

The battery limit conditions are assumed 35 barg with a minimum temperature of 5 °C.  

 

Boil Off Gas treatment in the FSU 

During tanker unloading a part of the vapour displaced in the FSU tanks is sent back to the 

tanker by means of return gas line through the boil-off header, the vapour return line and the 

10’’ vapour arm (or 12’’ vapour hose) at 0,03 barg and -151 °C. Excess boil-off gas from FSU is 

transferred through a 6’’, 300m long pipe to boil-off compressors. 

 

Metering station and odourization 

Before export to the CCGT plant, the gas passes through the gas metering station at 35 barg. 

The exact route from the metering station to CCGT is not known at the present stage. The 

metering consists of two parallel metering lines. The gas is odourized at the metering station 
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and thus any gas leakage preceding the odourization unit cannot be detected through 

olfaction.    

 

9 Consequence Assessment  

9.1 LNG facilities  

  

All the safety critical equipment of the proposed LNG terminal and R/U facilities have been 

examined for their major accident hazards due to their LNG and natural gas content. The 

Worst Case Scenarios were identified by analyzing the catastrophic failure of the safety 

critical equipment involved in the whole process of LNG storage, loading/unloading, 

vaporization and transfer including Gas process and delivery.  

 

The potential releases of LNG and natural gas due to possible catastrophic failure of the 

safety critical equipment are analysed for each case separately. To this end, safety critical 

vessels and pipeline inventories are reviewed for their hold up. The possible LNG or gas 

release following catastrophic failure of equipments are analysed for the Worst Case 

Scenarios. All identified WCSs are presented in Section 9.2.   

 

The main parameters, conditions and limitations of the analysis involved in the consequence 

assessment are presented in the following Sections 9.1.1 to 9.1.3. An overview is provided 

below on the main assumptions made for the examined system, the LNG and gas releases, 

the physical phenomena expected such as LNG pools and their evaporation on water, and the 

evaluation of the adverse consequences of possible Pool fires, Flash Fires and Gas explosions.  

 

The results of consequence assessment analysis have been incorporated in the present QRA 

study.   

 

 

9.1.1 Main Parameters of the Analysis 

 

The main parameters involved in the analysis, include: 

• The conditions of liquid and gas;  operating conditions of LNG storage : -161oC at  0.03 

barg; for LNG streams -161oC at  3 to 4 barg; for natural gas streams  -151oC at 0.03 

barg  and - 5 oC to 20 oC at 15 to 45 barg; 

• The volume capacity of the equipment and pipelines (diameter, length, filling degree); 

• The inventory of LNG or gas in the equipment or pipe involved as calculated according 

to the density of LNG and of compressed gas at the operational conditions of the 

equipment examined e.g. 0.03 barg for storage ; 3-4 barg for unloading; and 15 or 45 

barg for gas transfer. 

• The hole opening and hole location on the equipment or the pipes, for which the 

releases of LNG and of gas have been calculated (breach size, release rates). For pipes 

FBR (Full bore ruptures are considered);  

• The pumping rate or static head driving the release; 



  21 

 

 

• The release duration; release duration for tanks assumed to be until empty, for pipe 

ruptures release duration assumed 2 min, and for hoses 10 s.   

• The surface on which LNG is released and evaporated (sea or land); 

• The evaporation rates of LNG; in large scale LNG experiments (spills on water) the 

evaporation rates were recorded as high as 0.15 Kg/s m2; 

• The size of LNG pools; depends on the combination of release rate and evaporation 

rate; 

• The Surface Emissive Power; in large scale Natural Gas fires was recorded higher than 

200 kW/m2; 

• The ignition probability of gas cloud and time to ignition; ignition probability has been 

derived according to the presence of ignition sources and delayed ignition of 2 min 

has been assumed; 

• The failure frequency of equipment and pipes and the frequency of releases e.g. 

tanker collision, FBR of hoses/pipes, etc, have been determined for each safety 

critical part by application of generic frequency data. The frequency data and relevant 

probabilities have been derived based on the following guidelines: 

1. the Purple Book RIVM [9],   

2. the HSE FRED (Failure Rate and Event Data) contained within the Planning Case 

Assessment Guide [6],  

3. LNG QRA studies: LNG Delimara QRA, SGS 2013 [10] & LUP QRA Shannon Ireland, 

ERM 2007 [2].   

All frequencies and event probabilities have been appropriately adjusted to the 

available design features and operation conditions of the proposed LNG terminal.  

• Risks of collision of the loading Tanker and FSU have been considered based on 

general Marsaxlokk port traffic data [10]. A detailed analysis (marine study) should be 

performed with actual data e.g.  vessels traffic data, routes and maneuvering, etc.  

 

 

9.1.2 Releases of LNG and Gas  

 

The Worst Case Scenarios examined for the safety critical equipment of the terminal 

comprise 13 sets of major accident scenarios that address the following LNG and Gas 

releases. 

 

• The release of LNG to the sea from the Tanker after collision of vessel with the Tanker 

and hole opening in the LNG tank bottom and walls (small and medium size holes of 

500 mm, 1000mm diameter). Development of LNG pool on the sea surface, LNG 

evaporation and development and dispersion of gas cloud; 

• The release of LNG to the sea after rupture of the ship to ship unloading arms or 

hoses. Development of LNG pool on the sea surface, LNG evaporation and 

development and dispersion of gas cloud; 

• The release of Gas, development and dispersion of gas cloud after rupture of the gas 

return arms or hoses (from FSU to the Tanker); 

• The release of LNG to the sea from the FSU  after collision of vessel with FSU and hole 

opening in the LNG tank bottom and walls (small and medium sizes: 500 mm, 
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1000mm). Development of LNG pool on the sea surface, LNG evaporation and 

development and dispersion of gas cloud; 

• The release of LNG to the sea after rupture of the ship to shore unloading arms or 

hoses. Development of LNG pool on the sea surface, LNG evaporation and 

development and dispersion of gas cloud; 

• The release of Gas, development and dispersion of gas cloud after rupture of the gas 

return arm or hose (from Jetty to FSU); 

• The release of LNG to the sea after rupture of the Jetty LNG pipeline.  Development of 

LNG pool on the sea surface, LNG evaporation and development and dispersion of gas 

cloud; 

• The release of LNG on land in the area of R/U (development of LNG pool, LNG 

evaporation and development and dispersion of gas cloud) after pipe rupture of the : 

Secondary pumps,  Vaporizers and Liquefier 

• The release of LNG to the sea (development of LNG pool, LNG evaporation and 

development and dispersion of gas cloud) after the rupture of LNG return pipe to the 

FSU (on the jetty); 

• The release of Gas, development and dispersion of gas cloud after pipe rupture of the 

Compressor, of  the pipeline from FSU to Compressor (on the jetty);  

  and,  

• The release of Gas, development and dispersion of gas cloud after rupture of the  Gas 

pipeline from R/U to the Metering Station and from the Metering Station to the 

Combined Cycle Gas Turbines in the proposed Natural Gas Power Plant. 

 

9.1.3 Physical Phenomena characteristics 

 

With reference to the Worst Case Scenarios the phenomena of POOL FIRES, FLASH FIRES and 

Vapour Cloud EXPLOSIONS have been examined for LUP purposes. Jet Fires have not been 

examined in the present study since immediate ignition of releases is a remote probability 

assuming that the areas within the boundaries of the Regasification Unit, the FSU location 

including loading/unloading, are ignition free (ATEX classified).  

 

The consequences of POOL FIRES, FLASH FIRES and Vapour Cloud EXPLOSIONS have been 

evaluated using the EFFECTS 9.0 /TNO software. To this end, a number of assumptions have 

been made concerning the characteristics of the physical phenomena examined such as: the 

development of LNG pools and evaporation of LNG on water, ignition of evaporated gas and 

Pool fires, Gas cloud dispersion, Delayed ignition of dispersed gas cloud and Flash fires or 

unconfined gas cloud explosions.     

 

LNG Pools and LNG evaporation 

 

• LNG pools can be sustained for a reasonable time period (e.g. longer than 2 min) 

when the LNG release is semi-continuous and it lasts for at least 2 minutes with a 

release rate higher than the evolving evaporation rate. 
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• An instantaneous release of a large amount of LNG can also create a liquid pool. 

Instantaneous LNG releases on land are not expected in the area where the 

secondary pump and the RU is located. Instantaneous release of LNG on water is 

simulated as a semi-continuous liquid release at very high rates e.g. following the 

catastrophic rupture of an LNG tank (or even of the unloading Arms/ Hoses) at the 

Tanker (Unloading Vessel) or the FSU.  

• LNG pools on water is likely to develop nucleate boiling due to high heat transfer 

rates at the free or rigid interfaces. Free interfaces are assumed to be the upper and 

lower boundaries of a horizontal LNG layer on water. Rigid interface are assumed to 

be the lower boundary of an LNG layer on ice when ice is formed at the free surface 

of water.     

• Evaporation rates for nucleate boiling of LNG have estimated to be as high as 0.14 to 

0.2 kg/m2s. Such high evaporation rates have been obtained in large scale 

experiments for large releases of LNG on water [12].  

• For a given LNG release rate, the size of LNG pool area (before vapour ignition) 

heavily depends on the evaporation rate of the pool. Lower evaporation rates can 

sustain larger pools and vice versa.   

• LNG pools on water are assumed to develop very high evaporation rates and limited 

pool surface areas.  It is therefore postulated that the extent of LNG pools on water is 

controlled by the heat transfer rate at the lower interface of LNG layer.   

• Very high LNG evaporation rates can also be obtained at rigid interfaces of thermally 

conductive materials when heat transfer is carried out at constant temperature (very 

high temperature difference). Simulation performed for evaporation of LNG layer on 

metal surfaces at constant temperature (e.g.  0o C or temp. difference of 161 o K) 

provides excellent results for the inevitably high evaporation rates obtained with LNG 

spills on water. Such high evaporation rates have been obtained in large scale 

experiments with large release of LNG on water [12].    

• Evaporation rates of LNG pools on soil or concrete are much lower than those on 

water (i.e. one order magnitude lower) and are normally controlled by the heat 

transfer rate established at the lower interface of the LNG layer with subsoil.            

 

Pool Fires  

 

• A pool fire requires the formation of an open LNG pool developed either on water 

surface or on land and the ignition of the evaporated cloud at concentrations higher 

than LFL (flammable cloud).  

• Vapour ignition sources can be activated at locations either inside the maximum area 

of the LNG pool or within an extended area where the flammable cloud is dispersed 

(for a specified time period of 2 min). The ignited dispersed cloud will in turn ignite 

the vapour above the pool and generate a pool fire.      

 

 

Gas Cloud dispersion and ignition  

• A gas cloud can be generated either by evaporation of an LNG pool or by a large gas 

release.   
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• A natural gas cloud is assumed to be neutral after being well mixed with air and its 

dispersion is simulated as Neutral Gas at real weather conditions.  

• The weather stability classes examined have been derived from elaboration of past 7 

years meteo data, for Delimara region. The main outputs of the meteo data analysis 

are: F 1,3 m/s and D 4 m/s for weather stability classes and average wind speeds  (see 

analysis in Section 7).   

• In the present study a conservative approach has been adopted for the principal 

weather classes and average wind speeds. For purposes of cloud dispersion modeling 

the weather stability classes  F2 and D5 have been considered as principal.    

• The generated natural gas cloud is assumed not to be immediately ignited, since the 

examined release points and areas e.g. within the boundaries of the Regasification 

Unit, the FSU location including loading/unloading, are assumed to be “ignition free”.  

• Immediate ignition is not considered in the present study and since possible jet fires 

at the release source are not examined.  

• A natural gas cloud generated by a large LNG or gas release, if not immediately 

ignited, can be dispersed as far as 200-300m away from the release point within 2 

min under F2  weather conditions. Larger distances can be documented when gas 

clouds are allowed to disperse for longer periods or at different weather conditions.  

• The relief of the area (ground roughness) where the cloud is dispersed plays an 

important role to the resulting cloud dimensions. The present study adopts a 

conservative approach for the cloud dispersion and since flat terrain (open sea 

surface) has been assumed.     

• The generated natural gas cloud is assumed to be ignited 2 min after its dispersion 

from release point has started. A delayed ignition is assumed based on potential 

ignition sources located in the vicinity of the LNG terminal at a distance of up to 

700m.  

• The locations and frequencies of potential ignition sources have been assumed in 

appropriate ignition zones around the FSU and R/U sites. The average ignition 

probability used in the study, Pdelayed ign = 0.33 to 0.38, was derived for an overall 

distance of 700m away from FSU in all directions. The derived figure for delayed 

ignition of natural gas clouds compares well with figures used in relevant studies [2] 

although conservative if compared with figures extracted from the literature (e.g. 

0.02 to 0.09).  

• The result of the delayed cloud ignition is a Flash Fire or an Explosion of the explosive 

mass of cloud.  The ignited cloud is assumed in turn to ignite the vapour above the 

pool and to generate a Pool fire if a pool of LNG still exists. The average probability of 

a LNG pool ignition was derived to be Pdel ign PF = 0.33 while that of clouds, Pdel ign FF= 

0.38.   

• Given the ignition of the gas cloud the probability of Flash Fire is taken as 60% while 

that of an explosion as 40%. Explosions are considered to be medium strong 

deflagrations. This is a conservative assumption, since explosions of unconfined 

natural gas clouds are not, as of today, well documented in the literature.   

• Extended clouds are examined as unconfined (up to 8% confinement) while clouds of 

limited extension as semi-confined (up to 30% confinement). This conservative 

assumption is taken to account for gas clouds that may get confined in the area of 

R/U or within the P/S units.   
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9.2 Worst Case Scenarios  

9.2.1 LNG Terminal  

 

The Worst Case Scenarios for the LNG terminal and R/U are identified in the present study. 

The potential of releases, the evaporation of LNG and the consequences of the Pool Fires, 

Flash Fires and Explosions for WCSs are calculated using validated computer programs 

(EFFECTS/TNO 9.0 and RISKCURVES/TNO 9.0).  

 

For the evaluation of accident scenarios consequences in a consistent manner weather 

conditions derived by actual Delimara meteo data are used (see Section 7 of the present 

report).  

 

In total 72 Worst Case Scenarios (WCSs) have been examined for the LNG terminal and R/U. 

An analytical list of the WCSs for LNG Facilities is presented in the following Table 9. 1. 

 

Table 9.1: Worst Case Scenarios (WCSs), in total 72, considered in the present QRA for the 

safety critical equipment of the new LNG terminal 

 

 LNG 100 – FSU LNG RELEASE ON WATER/FSU (Floating Storage Unit )  

2mins CLOUD DISPERSION 

1 GAP LUP_Sc100-FSU FSUSphD500mm Bottom Hole FLASH FIRE or EXPLOSION D5 

2 GAP LUP_Sc100-FSU FSUSphD500mm Bottom Hole FLASH FIRE or EXPL F2 

3 GAP LUP_Sc100-FSU FSUSphD500mm Bottom Hole POOLFIRE  

4 GAP LUP_Sc100-FSU-s FSUSphD500 mm 20mWall Hole FLASH FIRE or EXPL D5 

5 GAP LUP_Sc100-FSU-s FSUSphD500 mm 20mWall Hole FLASH FIRE or EXPL F2 

6 GAP LUP_Sc100-FSU-s FSUSphD500mm 20mWall Hole POOLFIRE  

7 GAP LUP_Sc101-FSU FSUSphD1000mm Bottom Hole FLASH FIRE or EXPL D5 

8 GAP LUP_Sc101-FSU FSUSphD1000mm Bottom Hole FLASH FIRE or EXPL F2 

9 GAP LUP_Sc101-FSU FSUSphD1000mm Bottom Hole POOLFIRE 

10 GAP LUP_Sc101-FSU-s FSUSphD1000mm 20m Wall Hole FLASH FIRE or EXPL D5 

11 GAP LUP_Sc101-FSU-s FSUSphD1000mm 20mWall Hole FLASH FIRE or EXPL F2 

12 GAP LUP_Sc101-FSU-s FSUSphD1000mm 20mWall Hole POOLFIRE  

13 GAP LUP_Sc102-FSU FSUSphD1500mm Bottom Hole FLASH FIRE or EXPL D5 

14 GAP LUP_Sc102-FSU FSUSphD1500mm Bottom Hole FLASH FIRE or EXPL F2 

15 GAP LUP_Sc102-FSU FSUSphD1500mm Bottom Hole POOLFIRE  

16 GAP LUP_Sc102-FSU-s FSUSphD1500mm 20mWall Hole FLASH FIRE or EXPL D5 

17 GAP LUP_Sc102-FSU-s FSUSphD1500mm 20mWall Hole FLASH FIRE or EXPL F2 

18 GAP LUP_Sc102-FSU-s FSUSphD1500 mm 20mWall Hole POOLFIRE  

   

 LNG 100 GAS TANKER RELEASE ON WATER/TANKER (LNG UNLOADING VESSEL) 

2mins CLOUD DISPERSION 

19 GAP LUP_Sc100 TKRSphD500B FLASH FIRE or EXPLOSION D5 

20 GAP LUP_Sc100 TKRSphD500B FLASH FIRE or EXPL F2 
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21 GAP LUP_Sc100 TKRSphD500B POOLFIRE  

22 GAP LUP_Sc100-s TKRSphD500H05 FLASH FIRE or EXPL D5 

23 GAP LUP_Sc100-s TKRSphD500H05 FLASH FIRE or EXPL F2 

24 GAP LUP_Sc100s TKRSphD500H05 POOLFIRE  

25 GAP LUP_Sc101 TKRSphD1000B FLASH FIRE or EXPL D5 

26 GAP LUP_Sc101 TKRSphD1000B FLASH FIRE or EXPL F2 

27 GAP LUP_Sc101 TKRSphD1000B POOLFIRE  

28 GAP LUP_Sc101-s TKRSphD1000H05 FLASH FIRE or EXPL D5 

29 GAP LUP_Sc101-s TKRSphD1000H05 FLASH FIRE or EXPL F2 

30 GAP LUP_Sc101-s TKRSphD1000H05 POOLFIRE 

31 GAP LUP_Sc102 TKRSphD1500B FLASH FIRE or EXPL D5 

32 GAP LUP_Sc102 TKRSphD1500B FLASH FIRE or EXPL F2 

33 GAP LUP_Sc102 TKRSphD1500B POOLFIRE  

34 GAP LUP_Sc102-s TKRSphD1500H05 FLASH FIRE or EXPL D5 

35 GAP LUP_Sc102-s TKRSphD1500H05 FLASH FIRE or EXPL F2 

36 GAP LUP_Sc102-s TKRSphD1500H05 POOLFIRE  

  

 LNG 200 TANKER to FSU UNLOADING 10'' HOSES (TANKER TO FSU, LOW PRESSURE

3barg) 10s Release 

37 GAP LUP_Sc200x4-10s FBR 10'' FLASH FIRE or EXPLOSION D5 

38 GAP LUP_Sc200x4-10s FBR 10'' FLASH FIRE or EXPLOSION F2 

39 GAP LUP_Sc200x4-10s FBR 10'' POOLFIRE 

   

 LNG 300 FSU TO JETTY UNLOADING 10'' HOSE (LNG FSU TO JETTY, LOW PRESSURE

3barg) 10s Release  

40 GAP LUP_Sc300- 10s FBR 10'' POOLFIRE 

41 GAP LUP_Sc300- 10s FBR 10'' FLASH FIRE or EXPLOSION D5 

42 GAP LUP_Sc300- 10s FBR 10'' FLASH FIRE or EXPLOSION F2 

   

 LNG 400 TANKER UNLOADING 12'' HOSE-GAS RETURN  

43 GAP LUP_Sc400-2min FBR of 12in GAS pipe - 2min FLASH FIRE or EXPLOSION D5 

44 GAP LUP_Sc400-2min FBR of 12in GAS pipe - 2min FLASH FIRE or EXPLOSION F2 

   

 LNG 500 PIPELINE FROM FSU TO SECONDARY PUMP JETTY LOW PRESSURE PIPE 6''   

45 GAP LUP_Sc500-2min JettySecPumpD6LPFBR FLASH FIRE or EXPLOSION D5 

46 GAP LUP_Sc500-2min JettySecPumpD6LPFBR FLASH FIRE or EXPLOSION F2 

47 GAP LUP_Sc500-2min JettySecPumpD6LPFBR POOLFIRE 

48 GAP LUP_Sc501-s JettySecPumpD6LP2inHole FLASH FIRE or EXPLOSION D5 

49 GAP LUP_Sc501-s JettySecPumpD4LP2inHole FLASH FIRE or EXPLOSION F2 

50 GAP LUP_Sc501-s JettySecPumpD4LP2inHole POOLFIRE 

   

 LNG 600 SECONDARY PUMP OUTLET HIGH PRESSURE PIPE 4’’ 

51 GAP LUP_Sc600-2min SecPumpOutletD4HPFBR FLASH FIRE or EXPLOSION D5 

52 GAP LUP_Sc600-2min SecPumpOutletD4HPFBR FLASH FIRE or EXPLOSION F2 

53 GAP LUP_Sc600-2min SecPumpOutletD4HPFBR POOLFIRE 
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 LNG 700 PIPELINE FROM SECONDARY PUMP TO RU HIGH PRESSURE 6’’ PIPE POINT 1

(47.5 barg) 

54 GAP LUP_Sc700-2min SecPumptoRUD6HPFBR FLASH FIRE or EXPLOSION F2 

55 GAP LUP_Sc700-2min SecPumptoRUD6HPFBR FLASH FIRE or EXPLOSION D5 

56 GAP LUP_Sc700-2min SecPumptoRUD6HPFBR POOLFIRE 

   

 LNG 700 PIPELINE FROM SECONDARY PUMP TO RU HIGH PRESSURE 6’’ PIPE POINT 2 

(47.5 barg) 

57 GAP LUP_Sc700-s-2min SecPumptoRUD6HPFBR-s FLASH FIRE or EXPLOSION D5 

58 GAP LUP_Sc700-s-2min SecPumptoRUD6HPFBR-s FLASH FIRE or EXPLOSION F2 

59 GAP LUP_Sc700-s-2min SecPumptoRUD6HPFBR-s POOLFIRE 

   

 LNG 800 REGASIFICATION UNIT 

60 GAP LUP_Sc800-2min RU 10 x 1,5’’ TUBES FBR (1m) - 2 min FLASH FIRE or EXPL D5 

61 GAP LUP_Sc800-2min RU 10 x 1,5’’ TUBES FBR (1m) - 2 min FLASH FIRE or EXPL F2 

   

 LNG 900 PIPELINE FROM RU TO METERING STATION HIGH PRESSURE 10'' [0,74 km] 

62 GAP LUP_Sc900-2min RU 10 in Pipe FBR (1m) FLASH FIRE or EXPLOSION D5 

63 GAP LUP_Sc900-2min RU 10 in Pipe FBR (1m) FLASH FIRE or EXPLOSION F2 

  

 LNG 1000 PIPELINE FROM FSU TANK TO COMPRESSOR MEDIUM PRESSURE 6'' POINT 

1 

64 GAP LUP_Sc1000-2min FBR of 6in GAS pipe - 2min  FLASH FIRE or EXPL D5 

65 GAP LUP_Sc1000-2min FBR of 6in GAS pipe - 2min  FLASH FIRE or EXPL F2 

   

 LNG 1000 PIPELINE FROM FSU TANK TO COMPRESSOR MEDIUM PRESSURE 6'' [0,40 

km] 

66 GAP LUP_Sc1000-2min FBR of 6in GAS pipe - 2min  FLASH FIRE or EXPL F2 

67 GAP LUP_Sc1000-2min FBR of 6in GAS pipe - 2min FLASH FIRE or EXPL D5 

   

 LNG 1112 PIPELINE FROM COMPRESSOR TO FSU LIQUFIER MEDIUM PRESSURE 6'' 

POINT 

68 GAP LUP_Sc1112-2min FBR of 6in GAS pipe - 2min  FLASH FIRE or EXPL D5 

69 GAP LUP_Sc1112-2min FBR of 6in GAS pipe - 2min FLASH FIRE or EXPL F2 

   

 LNG 1300 PIPELINE FROM LIQUEFIER TO FSU LOW PRESSURE 4'' [0,40 km] 

70 GAP LUP_Sc1300-2min RUtoFSUD4LPFBR POOLFIRE 

71 GAP LUP_Sc700-s-2min SecPumptoRUD6HPFBR-s FLASH FIRE or EXPL D5 

72 GAP LUP_Sc700-s-2min SecPumptoRUD6HPFBR-s FLASH FIRE or EXPL F2 
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9.2.2 Delimara Power Station  

 

Hazard analysis, identification of WCSs, consequence assessment for the fuels involved in the 

safety critical equipment of the Delimara Power Station (DPS), have been performed in the 

existing DPS Safety Report [1].  The results of the analysis and reported scenarios frequencies 

have been incorporated in the present QRA study without any modification. Pool Fires 

resulting from LOCs in Diesel Tanks and HFO Tanks are considered as the worst credible 

scenarios that might occur in the DPS. Jet fires involving fuels such as Diesel and HFO are not 

taken into account since not substantiated.  

  

In total 65 Worst Case Scenarios (WCSs)  have been taken from the DPS Safety Report.  

 

Table 9.2:  Worst Case Scenarios (WCSs), in total 65, considered in the present QRA for the 

safety critical equipment of the existing Delimara Power Station (DPS) 

 

 PS 1 ΗFΟ STORAGE RELEASE T1 

1 Damage Definition (Poolfire) CATASTROPHIC RUPTURE D5 

2 Damage Definition (Poolfire) CATASTROPHIC RUPTURE F2 

3 Damage Definition (Poolfire) FIXED DURATION D5 

4 Damage Definition (Poolfire) FIXED DURATION F2 

5 Damage Definition (Poolfire) FIXED DURATION MANHOLE F2 

   

 PS 1 ΗFΟ STORAGE RELEASE T2 

6 Damage Definition (Poolfire) CATASTROPHIC RUPTURE D5 

7 Damage Definition (Poolfire) CATASTROPHIC RUPTURE F2 

8 Damage Definition (Poolfire) FIXED DURATION D5 

9 Damage Definition (Poolfire) FIXED DURATION F2 

10 Damage Definition (Poolfire) FIXED DURATION MANHOLE F2 

   

 PS 2 ΗFΟ RELEASE WΑTER DISCHARGE 

11 Damage Definition (Poolfire) LINE RUPTURE D5 

12 Damage Definition (Poolfire) LINE RUPTURE F2 

   

 PS 3 ΗFΟ RELEASE INTO QUAY 

13 Damage Definition (Poolfire) FIXED DURATION F2 

14 Damage Definition (Poolfire)FIXED DURATION D5 

   

 PS 4 HFO RELEASE IN TRANSFER PIPE BOILER [0,46 km] 

15 Damage Definition (Poolfire) FIXED DURATION F2 

16 Damage Definition (Poolfire)FIXED DURATION D5 

   

 PS 5 ΗFΟ SERVICE BUFFER STORAGE RELEASE 

17 Damage Definition (Poolfire) CATASTROPHIC RUPTURE D5 

18 Damage Definition (Poolfire) CATASTROPHIC RUPTURE F2 
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19 Damage Definition (Poolfire) FIXED DURATION F2 

20 Damage Definition (Poolfire) FIXED DURATION D5 

21 Damage Definition (Poolfire) FIXED DURATION MANHOLE F2 

   

 PS 6 HFO RELEASE IN TRANFER PIPE TO ENGINE [0,20 km] 

22 Damage Definition (Poolfire)FIXED DURATION D5 

23 Damage Definition (Poolfire)FIXED DURATION F2 

   

 PS 7 DIESEL STORAGE RELEASE POINT T0 

24 Damage Definition (Poolfire) CATASTROPHIC RUPTURE D5 

25 Damage Definition (Poolfire) CATASTROPHIC RUPTURE F2 

26 Damage Definition (Poolfire) FIXED DURATION D5 

27 Damage Definition (Poolfire) FIXED DURATION F2 

28 Damage Definition (Poolfire) FIXED DURATION MANHOLE D2 

29 Damage Definition (Poolfire) FIXED DURATION MANHOLE F2 

   

 PS 7 DIESEL STORAGE RELEASE POINT T1 

30 Damage Definition (Poolfire) CATASTROPHIC RUPTURE D5 

31 Damage Definition (Poolfire) CATASTROPHIC RUPTURE F2 

32 Damage Definition (Poolfire) FIXED DURATION D5 

33 Damage Definition (Poolfire) FIXED DURATION F2 

34 Damage Definition (Poolfire) FIXED DURATION MANHOLE D2 

35 Damage Definition (Poolfire) FIXED DURATION MANHOLE F2 

   

 PS 7 DIESEL STORAGE RELEASE POINT T2 

36 Damage Definition (Poolfire) CATASTROPHIC RUPTURE D5 

37 Damage Definition (Poolfire) CATASTROPHIC RUPTURE F2 

38 Damage Definition (Poolfire) FIXED DURATION D5 

39 Damage Definition (Poolfire) FIXED DURATION F2 

40 Damage Definition (Poolfire) FIXED DURATION MANHOLE D2 

41 Damage Definition (Poolfire) FIXED DURATION MANHOLE F2 

   

 PS 7 DIESEL STORAGE RELEASE POINT T3 

42 Damage Definition (Poolfire) CATASTROPHIC RUPTURE D5 

43 Damage Definition (Poolfire) CATASTROPHIC RUPTURE F2 

44 Damage Definition (Poolfire) FIXED DURATION D5 

45 Damage Definition (Poolfire) FIXED DURATION F2 

46 Damage Definition (Poolfire) FIXED DURATION MANHOLE D2 

47 Damage Definition (Poolfire) FIXED DURATION MANHOLE F2 

   

 PS 8 DO RELEASE WΑTER DISCHARGE POINT T0 

48 Damage Definition (Poolfire) LINE RUPTURE D5 

49 Damage Definition (Poolfire) LINE RUPTURE F2 

   

 PS 8 DO RELEASE WΑTER DISCHARGE POINT T1 

50 Damage Definition (Poolfire) LINE RUPTURE D5 
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51 Damage Definition (Poolfire) LINE RUPTURE F2 

   

 PS 8 DO RELEASE WΑTER DISCHARGE POINT T2 

52 Damage Definition (Poolfire) LINE RUPTURE D5 

53 Damage Definition (Poolfire) LINE RUPTURE F2 

   

 PS 8 DO RELEASE WΑTER DISCHARGE POINT T3 

54 Damage Definition (Poolfire) LINE RUPTURE D5 

55 Damage Definition (Poolfire) LINE RUPTURE F2 

   

 PS9 DΟ RELEASE INTO QUAY 

56 Damage Definition (Poolfire) LINE RUPTURE F2 

57 Damage Definition (Poolfire)FIXED DURATION D5 

  

 PS 10 DΟ SERVICE STORAGE RELEASE 

58 Damage Definition (Poolfire) CATASTROPHIC RUPTURE D5 

59 Damage Definition (Poolfire) CATASTROPHIC RUPTURE F2 

60 Damage Definition (Poolfire) FIXED DURATION F2 

61 Damage Definition (Poolfire) FIXED DURATION D5 

62 Damage Definition (Poolfire) FIXED DURATION MANHOLE D5 

63 Damage Definition (Poolfire) FIXED DURATION MANHOLE F2 

   

 PS 11 DO RELEASE IN TRANSFER PIPE TO GAS [0,48 km] 

64 Damage Definition (Poolfire)FIXED DURATION D5 

65 Damage Definition (Poolfire)FIXED DURATION F2 
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9.3 Consequence Assessment Criteria   

 

In the present study, the evaluation of consequence zones of the Worst Case Scenarios is 

performed using the following criteria for Thermal Radiation of open Fires, Explosion 

overpressure and the extent of flammable cloud.  

 

Consequence Assessment Criteria 

Fire - Received Thermal 

Radiation 

37,5 kW/m2  

15 kW/m2  

13,4  kW/m2  

 9,3  kW/m2  

 7,3 kW/m2  

  5 kW/m2       

99 % Fatalities     

50 % Fatalities  

40 % Fatalities   

5 % Fatalities   

3 % Fatalities      

1% Fatalities       

Cloud fires (Flash Fires) within the LFL and UFL of the 

gas cloud (Methane in air) 

100% fatalities 

Explosion (Overpressure) 350 mbar  

140 mbar 

50 % Fatalities 

 1 % Fatalities     

Table 9. 3:  Consequence Zones Criteria used in the LUP RA 

 

The above criteria are in good general agreement with the criteria proposed for consequence 

zoning in several EU countries considering both protected and unprotected persons. 

Exemplified cases are presented in the table below.  

 

 “Inner Zone” 

Significant lethality 

“Middle Zone” 

1% Lethality 

“Outer Zone” 

Irreversible effects 

France 

8 kW/m2 or 

1800 TDU 

200 mbar  

5 kW/m2 or 

1000 TDU 

140 mbar  

3 kW/m2 or 

600 TDU 

50 mbar  

UK 1800 TDU 1000 TDU 500 TDU 

 

Italy 

 

12,5 kW/m2 

300 & 600 mbar 

7 kW/m2 

140 mbar 

5 kW/m2 

70 mbar 

 

Greece 

 

15 kW/m2 

350 mbar 

6 kW/m2 

140 mbar 

3 kW/m2 

50 mbar 

 

Malta
4
 

50% fatalities in 

normal population 

1 - 5% fatalities in normal 

population  

(1 - 5% fatalities in  

vulnerable population) 

Table 9.4:   Consequence Zones Criteria used in some EU countries   

                                                           
4
  

 

Consequence 

Zones Criteria 

as used in 

Safety Reports 

of COMAH sites 

in Malta 

 

“Inner Zone” 

 

13.4 kW/m
2
 for 50% 

fatalities in protected 

(clothed) persons [11] 

13.4 kW/m
2
, Damage to 

protected person  [1] 

“Middle Zone” 

 

9.3 kW/m
2
 for (1%) fatalities in 

protected (clothed) persons [11] 

 

9.3 kW/m
2  

, High damage to 

unprotected person  [1] 

 

“Outer Zone”  

 

7.3 kW/m
2
 for (1%) 

fatalities in unprotected 

(unclothed) persons [11] 

7.3 kW/m
2 

 , Low damage 

to unprotected person [1] 
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For reasons of comparison, the risk of fatality for people indoors and outdoors as adopted by 

HSA in Ireland [5], is presented below: 

 

Overpressure 

(mbar) 

Outdoor Risk Indoor Risk 

3000 94.10% 100% 

1000 53.21% 100% 

600 27.12% 70% 

300 6.12% 50% 

100 0.12% 5% 

50 0% 1% 

10 0% 0% 

Table 9.5:  Risk of fatality associated with various levels of Overpressure 

Thermal 

Radiation 

kW/m2 

Person Outdoors
5
 

6.8 1% 

9.23 10% 

13.4 50% 

Thermal 

Radiation 

kW/m2 

Person Indoors
6 

< 12.7 0% 

People are assumed to be protected, so 0% fatality 

12.7 to 25.6 People are assumed to escape outdoors, and so have a risk of 

fatality corresponding to that outdoors 

> 25,6 100% (Building conservatively assumed to catch fire quickly and 

so 100% probability) 

Table 9.6:  Risk of fatality associated with various levels of Thermal Radiation 

 

                                                           
5
 The probit most commonly used to determine the risk from thermal radiation is the Eisenberg et al 

(1975) probit, i.e.  Probit = -14.9 + 2.56 ln (I1.33 t) with I in kW/m2 and t in seconds The Eisenberg 

probit relationship  

 
6
 Crossthwaite et al (1988) 
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10 Risk Assessment  

 

The Quantitative Risk Assessment (QRA) performed for the LNG terminal and R/U facilities is 

based on the results of consequence assessment of the present study. The event frequencies 

and probabilities are adjusted to the available design features and operation conditions of the 

proposed LNG terminal. The probabilities of ignition, weather stability classes, etc, taken into 

consideration in the analysis have been mentioned in Section 9.1.1 to 9.1.3 of this report.  

 

The result of present QRA performed for LUP purposes is the Location Risk of individuals in 

the region. The ultimate output is the plot of Iso-Risk Contours (Individual Risk) on 

appropriate background maps of the region. For the development of the Iso-Risk Contours 

plots the simulation models of Riskcurves 9.0/TNO 2012 software is used. 

 

The Individual Risk Contours are depicted for the WCSs of major accidents as examined for 

both COMAH establishments: the existing Delimara Power Station and the new LNG Storage 

and Regasification facilities in Marsaxlokk Bay.  The results of the present study could be used 

in combination with specific LUP criteria e.g. PADHI system [4], to support the identification 

and development of CZs in the region of Delimara.  

 

10.1 Pool Fire and Flash Fire Frequencies    

The failure frequency of equipment and pipes and the frequency of releases e.g. tanker 

collision, FBR of hoses/pipes, etc, have been determined for each safety critical part by 

application of generic frequency data. The frequency data and relevant probabilities have 

been derived using the following guidelines: 

• the Purple Book RIVM, [9],   

• the HSE FRED (Failure Rate and Event Data) contained within the Planning Case 

Assessment Guide [6],  

• LNG QRA studies: LNG Delimara QRA, SGS 2013 [10] and LUP QRA Shannon 

Ireland, ERM 2007 [2].   

 

All frequencies and event probabilities have been appropriately adjusted to the available 

design features and operation conditions of the proposed LNG terminal.  

 

A total of 137 accident scenarios independently of the frequency of their occurrence are 

taken into account in the QRA,  72 out of 137 scenarios refer to the new LNG terminal and 65 

to the existing DPS. 

  

The frequencies used in the QRA for Pool Fires and Flash Fires (including explosions) are 

summarized, for both the LNG terminal and the DPS, in Table 10.1 below.  
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Table 10.1:  POOL FIRE and FLASH FIRE FREQUENCIES (DELIMARA LNG TERMINAL and POWER 

STATION) 

 

SCENARIOS  
POOL FIRE / FLASH FIRE  

Frequency 

  [/year] 

LNG 100 – FSU LNG RELEASE ON WATER/FSU (Floating Storage Unit )  

2mins CLOUD DISPERSION 
 

GAP LUP_Sc100-FSU FSUSphD500mm Bottom Hole FLASH FIRE or EXPLOSION D5 6,53E-06 

GAP LUP_Sc100-FSU FSUSphD500mm Bottom Hole FLASH FIRE or EXPL F2 6,53E-06 

GAP LUP_Sc100-FSU FSUSphD500mm Bottom Hole POOLFIRE  5,49E-06 

GAP LUP_Sc100-FSU-s FSUSphD500 mm 20mWall Hole FLASH FIRE or EXPL D5 6,53E-06 

GAP LUP_Sc100-FSU-s FSUSphD500 mm 20mWall Hole FLASH FIRE or EXPL F2 6,53E-06 

GAP LUP_Sc100-FSU-s FSUSphD500mm 20mWall Hole POOLFIRE  5,49E-06 

GAP LUP_Sc101-FSU FSUSphD1000mm Bottom Hole FLASH FIRE or EXPL D5 1,24E-06 

GAP LUP_Sc101-FSU FSUSphD1000mm Bottom Hole FLASH FIRE or EXPL F2 1,24E-06 

GAP LUP_Sc101-FSU FSUSphD1000mm Bottom Hole POOLFIRE 2,08E-06 

GAP LUP_Sc101-FSU-s FSUSphD1000mm 20m Wall Hole FLASH FIRE or EXPL D5 1,24E-06 

GAP LUP_Sc101-FSU-s FSUSphD1000mm 20mWall Hole FLASH FIRE or EXPL F2 1,24E-06 

GAP LUP_Sc101-FSU-s FSUSphD1000mm 20mWall Hole POOLFIRE  2,08E-06 

GAP LUP_Sc102-FSU FSUSphD1500mm Bottom Hole FLASH FIRE or EXPL D5 4,79E-08 

GAP LUP_Sc102-FSU FSUSphD1500mm Bottom Hole FLASH FIRE or EXPL F2 4,79E-08 

GAP LUP_Sc102-FSU FSUSphD1500mm Bottom Hole POOLFIRE  8,05E-08 

GAP LUP_Sc102-FSU-s FSUSphD1500mm 20mWall Hole FLASH FIRE or EXPL D5 4,79E-08 

GAP LUP_Sc102-FSU-s FSUSphD1500mm 20mWall Hole FLASH FIRE or EXPL F2 4,79E-08 

GAP LUP_Sc102-FSU-s FSUSphD1500 mm 20mWall Hole POOLFIRE  8,05E-08 

  

LNG 100 GAS TANKER RELEASE ON WATER/TANKER (LNG UNLOADING VESSEL) 

2mins CLOUD DISPERSION 
 

GAP LUP_Sc100 TKRSphD500B FLASH FIRE or EXPLOSION D5 6,53E-08 

GAP LUP_Sc100 TKRSphD500B FLASH FIRE or EXPL F2 6,53E-08 

GAP LUP_Sc100 TKRSphD500B POOLFIRE  1,10E-07 

GAP LUP_Sc100-s TKRSphD500H05 FLASH FIRE or EXPL D5 6,53E-08 

GAP LUP_Sc100-s TKRSphD500H05 FLASH FIRE or EXPL F2 6,53E-08 

GAP LUP_Sc100s TKRSphD500H05 POOLFIRE  1,10E-07 

GAP LUP_Sc101 TKRSphD1000B FLASH FIRE or EXPL D5 2,47E-08 

GAP LUP_Sc101 TKRSphD1000B FLASH FIRE or EXPL F2 2,47E-08 

GAP LUP_Sc101 TKRSphD1000B POOLFIRE  4,15E-08 

GAP LUP_Sc101-s TKRSphD1000H05 FLASH FIRE or EXPL D5 2,47E-08 

GAP LUP_Sc101-s TKRSphD1000H05 FLASH FIRE or EXPL F2 2,47E-08 

GAP LUP_Sc101-s TKRSphD1000H05 POOLFIRE 4,15E-08 

GAP LUP_Sc102 TKRSphD1500B FLASH FIRE or EXPL D5 9,58E-10 

GAP LUP_Sc102 TKRSphD1500B FLASH FIRE or EXPL F2 9,58E-10 

GAP LUP_Sc102 TKRSphD1500B POOLFIRE  1,61E-09 

GAP LUP_Sc102-s TKRSphD1500H05 FLASH FIRE or EXPL D5 9,58E-10 
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GAP LUP_Sc102-s TKRSphD1500H05 FLASH FIRE or EXPL F2 9,58E-10 

GAP LUP_Sc102-s TKRSphD1500H05 POOLFIRE  1,61E-09 

  

LNG 200 TANKER to FSU UNLOADING 10'' HOSES (TANKER TO FSU, LOW PRESSURE 

3barg) 10s Release 
 

GAP LUP_Sc200x4-10s FBR 10'' FLASH FIRE or EXPLOSION D5 4,66E-06 

GAP LUP_Sc200x4-10s FBR 10'' FLASH FIRE or EXPLOSION F2 4,66E-06 

GAP LUP_Sc200x4-10s FBR 10'' POOLFIRE 7,83E-06 

  

LNG 300 FSU TO JETTY UNLOADING 10'' HOSE (LNG FSU TO JETTY, LOW PRESSURE 3barg) 

10s Release /6monthLC 
 

GAP LUP_Sc300- 10s FBR 10'' POOLFIRE 9,79E-05 

GAP LUP_Sc300- 10s FBR 10'' FLASH FIRE or EXPLOSION D5 1,16E-04 

GAP LUP_Sc300- 10s FBR 10'' FLASH FIRE or EXPLOSION F2 1,16E-04 

  

LNG 400 TANKER UNLOADING 12'' HOSE-GAS RETURN   

GAP LUP_Sc400-2min FBR of 12in GAS pipe - 2min FLASH FIRE or EXPLOSION D5 9,19E-06 

GAP LUP_Sc400-2min FBR of 12in GAS pipe - 2min FLASH FIRE or EXPLOSION F2 9,19E-06 

  

LNG 500 PIPELINE FROM FSU TO SECONDARY PUMP JETTY LOW PRESSURE PIPE 6''  [0,26 

km] 
 

GAP LUP_Sc500-2min JettySecPumpD6LPFBR FLASH FIRE or EXPLOSION D5 7,66E-06 

GAP LUP_Sc500-2min JettySecPumpD6LPFBR FLASH FIRE or EXPLOSION F2 7,66E-06 

GAP LUP_Sc500-2min JettySecPumpD6LPFBR POOLFIRE 6,44E-06 

GAP LUP_Sc501-s JettySecPumpD6LP2inHole FLASH FIRE or EXPLOSION D5 1,92E-04 

GAP LUP_Sc501-s JettySecPumpD4LP2inHole FLASH FIRE or EXPLOSION F2 1,92E-04 

GAP LUP_Sc501-s JettySecPumpD4LP2inHole POOLFIRE 1,61E-04 

  

LNG 600 SECONDARY PUMP OUTLET HIGH PRESSURE PIPE 4’’10s ESD 2Pumps 6months 

Interchange 
 

GAP LUP_Sc600-2min SecPumpOutletD4HPFBR FLASH FIRE or EXPLOSION D5 1,15E-05 

GAP LUP_Sc600-2min SecPumpOutletD4HPFBR FLASH FIRE or EXPLOSION F2 1,15E-05 

GAP LUP_Sc600-2min SecPumpOutletD4HPFBR POOLFIRE 9,66E-06 

  

LNG 700 PIPELINE FROM SECONDARY PUMP TO RU HIGH PRESSURE 6’’ PIPE POINT 1 

(47.5 barg) 
 

GAP LUP_Sc700-2min SecPumptoRUD6HPFBR FLASH FIRE or EXPLOSION F2 7,66E-08 

GAP LUP_Sc700-2min SecPumptoRUD6HPFBR FLASH FIRE or EXPLOSION D5 7,66E-08 

GAP LUP_Sc700-2min SecPumptoRUD6HPFBR POOLFIRE 6,44E-09 

  

LNG 700 PIPELINE FROM SECONDARY PUMP TO RU HIGH PRESSURE 6’’ PIPE POINT 2 

(47.5 barg) [0,03 km] 
 

GAP LUP_Sc700-s-2min SecPumptoRUD6HPFBR-s FLASH FIRE or EXPLOSION D5 3,83E-06 

GAP LUP_Sc700-s-2min SecPumptoRUD6HPFBR-s FLASH FIRE or EXPLOSION F2 3,83E-06 

GAP LUP_Sc700-s-2min SecPumptoRUD6HPFBR-s POOLFIRE 6,44E-06 
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LNG 800 REGASIFICATION UNIT  

GAP LUP_Sc800-2min RU 10 x 1,5’’ TUBES FBR (1m) - 2 min FLASH FIRE or EXPL D5 3,83E-06 

GAP LUP_Sc800-2min RU 10 x 1,5’’ TUBES FBR (1m) - 2 min FLASH FIRE or EXPL F2 3,83E-06 

  

LNG 900 PIPELINE FROM RU TO METERING STATION to P/S HIGH PRESSURE 10'' (10s 

ignition /2000kg expl mass) HIGH PRESSURE 10'' [0,81 km] 
 

GAP LUP_Sc900-2min RU 10 in Pipe FBR (1m) FLASH FIRE or EXPLOSION D5 1,32E-05 

GAP LUP_Sc900-2min RU 10 in Pipe FBR (1m) FLASH FIRE or EXPLOSION F2 2,64E-05 

  

LNG 1000 PIPELINE FROM FSU TANK TO COMPRESSOR MEDIUM PRESSURE 6'' POINT 1  

GAP LUP_Sc1000-2min FBR of 6in GAS pipe - 2min  FLASH FIRE or EXPL D5 7,66E-08 

GAP LUP_Sc1000-2min FBR of 6in GAS pipe - 2min  FLASH FIRE or EXPL F2 7,66E-08 

  

LNG 1000 PIPELINE FROM FSU TANK TO COMPRESSOR MEDIUM PRESSURE 6'' [0,40 km]  

GAP LUP_Sc1000-2min FBR of 6in GAS pipe - 2min  FLASH FIRE or EXPL F2 3,83E-06 

GAP LUP_Sc1000-2min FBR of 6in GAS pipe - 2min FLASH FIRE or EXPL D5 3,83E-06 

  

LNG 1112 PIPELINE FROM COMPRESSOR TO FSU LIQUFIER MEDIUM PRESSURE 6'' POINT  

GAP LUP_Sc1112-2min FBR of 6in GAS pipe - 2min  FLASH FIRE or EXPL D5 4,60E-07 

GAP LUP_Sc1112-2min FBR of 6in GAS pipe - 2min FLASH FIRE or EXPL F2 4,60E-07 

  

LNG 1300 PIPELINE FROM LIQUEFIER TO FSU LOW PRESSURE 4'' [0,40 km]  

GAP LUP_Sc1300-2min RUtoFSUD4LPFBR POOLFIRE 1,61E-05 

GAP LUP_Sc700-s-2min SecPumptoRUD6HPFBR-s FLASH FIRE or EXPL D5 9,58E-06 

GAP LUP_Sc700-s-2min SecPumptoRUD6HPFBR-s FLASH FIRE or EXPL F2 9,58E-06 

  

PS 1 ΗFΟ STORAGE RELEASE T1  

Damage Definition (Poolfire) CATASTROPHIC RUPTURE D5 1,46E-07 

Damage Definition (Poolfire) CATASTROPHIC RUPTURE F2 1,46E-07 

Damage Definition (Poolfire) FIXED DURATION D5 1,46E-07 

Damage Definition (Poolfire) FIXED DURATION F2 1,46E-07 

Damage Definition (Poolfire) FIXED DURATION MANHOLE F2 1,46E-07 

  

PS 1 ΗFΟ STORAGE RELEASE T2  

Damage Definition (Poolfire) CATASTROPHIC RUPTURE D5 1,46E-07 

Damage Definition (Poolfire) CATASTROPHIC RUPTURE F2 1,46E-07 

Damage Definition (Poolfire) FIXED DURATION D5 1,46E-07 

Damage Definition (Poolfire) FIXED DURATION F2 1,46E-07 

Damage Definition (Poolfire) FIXED DURATION MANHOLE F2 1,46E-07 

  

PS 10 DΟ SERVICE STORAGE RELEASE  

Damage Definition (Poolfire) CATASTROPHIC RUPTURE D5 9,16E-09 

Damage Definition (Poolfire) CATASTROPHIC RUPTURE F2 9,16E-09 

Damage Definition (Poolfire) FIXED DURATION F2 9,16E-09 

Damage Definition (Poolfire) FIXED DURATION D5 9,16E-09 

Damage Definition (Poolfire) FIXED DURATION MANHOLE D5 9,16E-09 
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Damage Definition (Poolfire) FIXED DURATION MANHOLE F2 9,16E-09 

  

PS 11 DO RELEASE IN TRANSFER PIPE TO GAS [0,48 km]  

Damage Definition (Poolfire)FIXED DURATION D5 8,50E-08 

Damage Definition (Poolfire)FIXED DURATION F2 8,50E-08 

  

PS 2 ΗFΟ RELEASE WΑTER DISCHARGE  

Damage Definition (Poolfire) LINE RUPTURE D5 4,77E-12 

Damage Definition (Poolfire) LINE RUPTURE F2 4,77E-12 

  

PS 3 ΗFΟ RELEASE INTO QUAY  

Damage Definition (Poolfire) FIXED DURATION F2 5,51E-08 

Damage Definition (Poolfire)FIXED DURATION D5 5,51E-08 

  

PS 4 HFO RELEASE IN TRANSFER PIPE BOILER [0,46 km]  

Damage Definition (Poolfire) FIXED DURATION F2 7,55E-08 

Damage Definition (Poolfire)FIXED DURATION D5 7,55E-08 

  

PS 5 ΗFΟ SERVICE BUFFER STORAGE RELEASE  

Damage Definition (Poolfire) CATASTROPHIC RUPTURE D5 9,16E-09 

Damage Definition (Poolfire) CATASTROPHIC RUPTURE F2 9,16E-09 

Damage Definition (Poolfire) FIXED DURATION F2 9,16E-09 

Damage Definition (Poolfire) FIXED DURATION D5 9,16E-09 

Damage Definition (Poolfire) FIXED DURATION MANHOLE F2 9,16E-09 

  

PS 6 HFO RELEASE IN TRANFER PIPE TO ENGINE [0,20 km]  

Damage Definition (Poolfire)FIXED DURATION D5 4,47E-07 

Damage Definition (Poolfire)FIXED DURATION F2 4,47E-07 

  

PS 7 DIESEL STORAGE RELEASE POINT T0  

Damage Definition (Poolfire) CATASTROPHIC RUPTURE D5 1,19E-07 

Damage Definition (Poolfire) CATASTROPHIC RUPTURE F2 1,19E-07 

Damage Definition (Poolfire) FIXED DURATION D5 1,19E-07 

Damage Definition (Poolfire) FIXED DURATION F2 1,19E-07 

Damage Definition (Poolfire) FIXED DURATION MANHOLE D2 1,19E-07 

Damage Definition (Poolfire) FIXED DURATION MANHOLE F2 1,19E-07 

  

PS 7 DIESEL STORAGE RELEASE POINT T1  

Damage Definition (Poolfire) CATASTROPHIC RUPTURE D5 1,19E-07 

Damage Definition (Poolfire) CATASTROPHIC RUPTURE F2 1,19E-07 

Damage Definition (Poolfire) FIXED DURATION D5 1,19E-07 

Damage Definition (Poolfire) FIXED DURATION F2 1,19E-07 

Damage Definition (Poolfire) FIXED DURATION MANHOLE D2 1,19E-07 

Damage Definition (Poolfire) FIXED DURATION MANHOLE F2 1,19E-07 

  

PS 7 DIESEL STORAGE RELEASE POINT T2  
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Damage Definition (Poolfire) CATASTROPHIC RUPTURE D5 1,19E-07 

Damage Definition (Poolfire) CATASTROPHIC RUPTURE F2 1,19E-07 

Damage Definition (Poolfire) FIXED DURATION D5 1,19E-07 

Damage Definition (Poolfire) FIXED DURATION F2 1,19E-07 

Damage Definition (Poolfire) FIXED DURATION MANHOLE D2 1,19E-07 

Damage Definition (Poolfire) FIXED DURATION MANHOLE F2 1,19E-07 

  

PS 7 DIESEL STORAGE RELEASE POINT T3  

Damage Definition (Poolfire) CATASTROPHIC RUPTURE D5 1,19E-07 

Damage Definition (Poolfire) CATASTROPHIC RUPTURE F2 1,19E-07 

Damage Definition (Poolfire) FIXED DURATION D5 1,19E-07 

Damage Definition (Poolfire) FIXED DURATION F2 1,19E-07 

Damage Definition (Poolfire) FIXED DURATION MANHOLE D2 1,19E-07 

Damage Definition (Poolfire) FIXED DURATION MANHOLE F2 1,19E-07 

  

PS 8 DO RELEASE WΑTER DISCHARGE POINT T0  

Damage Definition (Poolfire) LINE RUPTURE D5 4,77E-12 

Damage Definition (Poolfire) LINE RUPTURE F2 4,77E-12 

  

PS 8 DO RELEASE WΑTER DISCHARGE POINT T1  

Damage Definition (Poolfire) LINE RUPTURE D5 4,77E-12 

Damage Definition (Poolfire) LINE RUPTURE F2 4,77E-12 

  

PS 8 DO RELEASE WΑTER DISCHARGE POINT T2  

Damage Definition (Poolfire) LINE RUPTURE D5 4,77E-12 

Damage Definition (Poolfire) LINE RUPTURE F2 4,77E-12 

  

PS 8 DO RELEASE WΑTER DISCHARGE POINT T3  

Damage Definition (Poolfire) LINE RUPTURE D5 4,77E-12 

Damage Definition (Poolfire) LINE RUPTURE F2 4,77E-12 

  

PS9 DΟ RELEASE INTO QUAY  

Damage Definition (Poolfire) LINE RUPTURE F2 4,93E-05 

Damage Definition (Poolfire)FIXED DURATION D5 4,93E-05 
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10.2 Risk Acceptance Criteria (examples of EU practices) 

For demonstration reasons, the risk acceptance criteria and LUP practice proposed by HSE in 

UK (PADHI system [4]) and HSA in Ireland, are referred in this section.  The application of such 

criteria may provide useful support to LUP authorities in identifying appropriate Consultation 

Zones in Delimara area. 

 

A proposed development is classified into one of four “Sensitivity Levels”. The main factors 

that determine these levels are the numbers of persons at the development, their sensitivity 

(vulnerable populations such as children, old people) and the intensity of the development. 

With these two factors known, a simple decision matrix is used to give a clear ‘Advise Against’ 

(AA) or ‘ Don’t Advise Against’ (DAA) response, as shown in Table 10.2 below.  

 

New Developments in the vicinity 

of major hazard establishments 

Development 

in Inner Zone 

Development in 

Middle Zone 

Development in 

Outer Zone 

Risk of fatality  (per year) 1 x 10
-5

 1x 10
-6

 3 x 10
-7

 

Level of sensitivity of  

new Developments  
   

Level 1  DAA DAA DAA 

Level 2  AA DAA DAA 

Level 3  AA AA DAA 

Level 4  AA AA AA 

Table 10.2:  Decision Matrix for LUP (HSE UK [4])   

 

A similar decision matrix is proposed by HSA Ireland as shown in Table 10.3. 

 Development in 

Inner Zone 

Development in 

Middle Zone 

Development in 

Outer Zone 

Risk of fatality (per year)  for 

New Developments in the vicinity 

of major hazard establishments and 

according to Levels of Sensitivity  

(Table 10.2) 

1 x 10
-5

 1 x 10
-6

 1 x 10
-7

 

Risk of fatality for 

New major hazard establishments 

Risk < 5 x 10
-6  

per year to the current non residential neighbors 

or  

Risk < 1x 10
-6

  per year to the nearest residential type property 

Table 10.3: Decision Matrix for LUP (HSA Ireland [5])   

 

DAA means Do not Advise Against the Development  

AA means Advise Against the Development 

Sensitivity Level 1 - Example: Factories  

Sensitivity Level 2 - Example: Houses  

Sensitivity Level 3 - Example: Vulnerable members of society e.g. primary schools, old 

people’s homes,        
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Sensitivity Level 4 - Example: Football ground/Large hospital.  

10.3 QRA study results     

 

The results of the present QRA concerning Individual Risk in form of “Iso Risk Contours” are 

presented in Figures 10.1, 10.2 and 10.3, as follows. 

 

In Figure 10.1, the IR contour representing the Location Risk of 1x10-5 per year for individuals, 

is plotted on the background map of the new LNG terminal.    

 

 

Figure 10.1: The IR contour that represents Location Risk of 1x10-5 per year for individuals 

 

Following the identification of the 1x10
-5

 per year zone, the application of Risk Acceptance 

criteria, in case of New major hazard establishments such as the New offshore DEMIMARA 

LNG Terminal and the R/U, could provide support for Advising Against or Not Advising 

Against developments of specified sensitivity.      

 

In the present case, the area within the RED contour (IR > 10
-5

 per year) is an area where the 

Authorities should Advise Against any Land Uses with the exception of working areas for 

specific industrial purposes. As indicated in Figure 10.1, two such areas have been identified, 

one in the sea around the FSU and another one on land located entirely within the 

boundaries of the DPS. Therefore, both such areas are by default out of scope of LUP 

limitations.   
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In Figure 10.2, the IR contours that represent Location Risk of 1x10-5 and 5x10-6 per year for 

individuals, are plotted on the background map of the new LNG terminal.    

 

 

Figure 10.2:  The Location Risk contours of 1x10-5 and 5x10-6 per year for individuals 

 

In the present case, the zone between the RED contour (IR = 10
-5

 per year) and the GREEN 

contour (IR = 5 x 10
-6

 per year) is an area where the Authorities should NOT Advise Against 

any Land Uses with the exception of dense residential development and vulnerable sites of 

sensitivity higher or equal to level 3 (see Section 10.2). As illustrated in Figure 10.2, one such 

zone is identified along the coastline.  

 

The major part of this zone will be occupied by the R/U and the auxiliary onshore equipment 

of the LNG terminal. For the rest of the area within such zone no restrictions are normally 

applied either for industrial land uses or non-residential developments or for residential 

developments of certain population density (Sensitivity Levels 1 and 2, see Section 10.2).   
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In Figure 10.3, the IR contours that represent Location Risk of  5x10-6 and 1x10-6  per year for 

individuals, are plotted on the background map of the new LNG terminal.    

 

 

Figure 10.3: The Location Risk contours of 5x10-6 and 1x10-6 per year for individuals    

 

At the present stage of the study this zone can also be identified drawn by the route of the 

gas pipeline delivering gas from R/U to the CCGS, despite the fact that pipe design and lining 

details are still uncertain.  This zone, between the GREEN contour (IR = 5x 10
-6

 per year) and 

the BLUE contour (IR = 1x10
-6

 per year) is an area where the Authorities should NOT Advise 

Against any Land Uses with the exception of dense residential development and vulnerable 

sites of sensitivity higher or equal to level 3 (see Section 10.2). In the present case, one such 

zone has been identified within the boundaries of the DPS and another one around the R/U 

as illustrated in Figure 10.3. For the area within such a zone and outside the DPS boundaries 

no restrictions are normally applied either for commercial, or non-residential development or 

for residential development of certain population density (Sensitivity Levels 1 and 2).   

 

All areas outside the contour 10-6 per year are areas where the Authorities should NOT Advise 

Against any Land Uses with the exception of specific vulnerable sites of sensitivity higher or 

equal to level 4 (see Section 10.2). For all such areas outside the zone and outside the DPS 

boundaries no restrictions should be applied either for commercial, non-residential 

development or any type of residential development (Sensitivity Levels 1, 2 and 3).  

_______________________________
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