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EXECUTIVE SUMMARY 

In this report, the risks associated with the ship transport of Liquefied Natural Gas (LNG) 

within the jurisdiction of Milford Haven Port Authority are represented using the concept of 

individual risk of receiving a dangerous dose level of exposure to thermal radiation from LNG 

pool fire events and the individual risk of being engulfed by a flash fire. Thermal dangerous 

dose is defined as the dose at which serious burns may be received, or a small percentage of the 

population may die; this is normally considered a dose that would result in 1% fatalities of the 

exposed population.  

Pool fire and flash fires have been considered to be the only credible Major Hazards Scenarios 

from releases of LNG within the jurisdiction of the Milford Haven Port Authority. Other 

hazardous events such as LNG BLEVE (Boiling Liquid Expanding Vapour Explosion) fireballs 

and Vapour Cloud Explosion (VCE) events are not credible according to the arrangements for 

LNG transport and offloading at this location. BLEVE fireballs cannot arise as design features 

of LNG ships will prevent overpressurisation and sudden release of the tank contents. VCE 

events have been discounted due to the open nature of the Haven and jetties, which do not 

provide the required level of confinement and congestion that would give rise to significant 

overpressures upon ignition of a flammable cloud. Ignition of flammable clouds can therefore 

be assumed to result in flash fire events only. 

The quantification of individual risk from major accident scenarios potentially arising from 

LNG ships in transit and offloading within the jurisdiction of the Milford Haven Port Authority 

has been carried out using HSL’s quantitative risk assessment tool QuickRisk.  

Inputs to the risk assessment exercise were defined according to generic failure frequency data 

used in the Netherlands for use in land-use planning, HSE harm criteria and harm contours from 

a set of credible LNG release scenarios generated using DNV’s Phast 6.7, and the LNG 

shipping trajectory and LNG traffic information provided by the Milford Haven Port Authority. 

Maps highlighting the individual risk associated with each of the terminals have been produced. 

The maps indicate that the risk levels are lower than would be required to produce the contours 

used by HSE to give land-use planning advice: inner zone (10 cpm/year), middle zone (1 

cpm/year) and outer zone (0.3 cpm/year). Therefore the maps show no contours. Individual risk 

levels are shown on the maps at four points. In all cases the individual risk levels are negligible. 
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1. INTRODUCTION 

The UK and Welsh Governments have agreed with the European Commission to represent the 

risks of major accident hazards associated with LNG transport and offloading operations within 

the jurisdiction of the Milford Haven Port Authority (MHPA) in a comparable way to that 

produced by the Health and Safety Executive (HSE) for land-based risks.  

Representation of land-based risks by HSE is done in accordance with Welsh Government 

Circular NAW20/01 ‘Planning Controls for Hazardous Substances’ and associated regulations. 

According to the aforementioned regulations, the Hazardous Substances Authority (HSA) must 

consult the Health and Safety Executive (HSE) when onshore installations seek consent to hold 

hazardous substances above a pre-defined threshold. HSE considers the hazards and risks which 

the hazardous substance may present to people in the surrounding area, and takes account of 

existing and potential developments, in advising the HSA on whether or not consent should be 

granted.   

If consent is granted, HSE determines a Consultation Distance (CD) around the installation, and 

the Local Planning Authority (LPA) must consult HSE on any future applications for certain 

types of development of land within this CD (essentially those that would result in an increase 

in population). The CD usually comprises three zones enclosed by three contours representing 

defined levels of risk or harm which any individual within that contour would be subject to. 

Where the zones are directly based on individual risk, they correspond to: 10 chances per 

million per year (cpm/year) at the boundary of the inner zone (IZ), 1 cpm/year at the middle 

zone (MZ) boundary, and 0.3 cpm/year for the outer zone (OZ) boundary. The outer zone 

boundary is also the CD. Here, the individual risk estimate is for a hypothetical ‘typical house 

resident’ sustaining the HSE ‘dangerous dose’ or worse (HSE, 2011). ‘HSE advises the LPA on 

the nature and severity of the risks presented by the installation to people in the surrounding 

area so that these risks are given due weight by the LPA when making its decision’ (HSE, 

2011a).  

The role of HSE is not limited to establishing consultation distances around onshore major 

hazard installations. HSE is also a statutory consultee on changes to land use within the CD of 

major hazard sites and pipelines, with the aim of controlling the risks introduced by the 

development of land. The LPA must consult HSE on developments within the CD that result in 

additional residential accommodation, more than 250 m
2
 of retail floor space, more than 500 m

2
 

of office space, more than 750 m
2
 of floor space dedicated to industrial operations, any transport 

links such as railways or roads or any change that results in additional numbers of people in the 

consultation distance as laid out in the Town and Country Planning (Development Management 

Procedure) (Wales) Order 2012, schedule 4. HSE’s methodology for assessment of development 

plans is a decision-making matrix based on the level of sensitivity of the development and its 

location within the 3 zones around the installation or installations (HSE, 2011b). The current 

methodology which HSE uses when providing land use planning advice is known as PADHI, 

which stands for Planning Advice for Developments near Hazardous Installations. 

According to this land-use planning context, HSE has established consultation zones around 

South Hook and Dragon LNG terminals, both served by LNG ships travelling within the 

jurisdiction of the Milford Haven Port Authority. These zones originate from land-based 

accident scenarios and are informed by the maximum LNG quantities that can be stored in the 

terminals at any given time (consented quantities). However, it should be noted that the onshore 

land-use planning zones for the terminals do not consider risks from the presence of LNG ships 

in the Haven (other than when the ships are at berth), nor do they explicitly represent risk, as 

they result from a protection-based methodology used by HSE to assess all flammable events 
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other than flash fires (ERM, 2004). When the protection-based approach is used to determine 

the CD and associated three zones around overpressure hazards (e.g. vapour cloud explosion 

[VCE] hazards) and the remainder of flammable hazards (fireball, pool fire), the boundaries of 

the three zones are 600 mbar (IZ), 140 mbar (MD), 70 mbar (OZ) for overpressure hazards, and 

1800 thermal dose units, (tdu, kW/m
2
)

4/3
·s), 1000 tdu (MZ) and 500 tdu (OZ), respectively. 

Application of HSE’s protection-based approach for flammable hazard land-use planning  to the 

assessment of LNG shipping risks is not really appropriate since the contours would be 

informed by the extent of the potential consequences only, and would not take into 

consideration the frequency of the initiating event nor the possibility of the hazard not always 

being present (as in the case in the transport of hazardous substances (ACDS, 1991), when the 

hazard could be present for a relatively short time only, depending on the speed of travel. As a 

result, in order to address the mandate from the European Commission, the assessment of risks 

from LNG ships requires the application of an individual risk model for flammable events.  

HSL’s risk assessment tool Quickrisk (Wardman and Lisbona, 2012; Lisbona and Wardman, 

2011; Lisbona et al., 2011), initially developed to quantify and represent societal risk from 

onshore major hazards installations (HSE, 2007), enables the quantification of extensive sets of 

major accident scenarios, includes quantitative risk models for flammable hazards, pipeline and 

transport route modelling, and calculates both individual and societal risk to pre-defined harm 

levels. These features enable Quickrisk to quantify LNG shipping risks according to the 

required methodology. As a result, the Welsh Government commissioned HSL to perform the 

quantitative risk assessment of the LNG shipping and off-loading operations within the Milford 

Haven Port Authority, and to represent them in terms of individual risk according to the 

following HSE individual risk contours: 10 chances per million per year (cpm/year), 1 

cpm/year, and 0.3 cpm/year. This was a unique piece of work that specifically focused on LNG 

and the port of Milford Haven.   

This report describes the work undertaken and its outputs. The report is for information only 

and does not have a formal role for land use planning consultation purposes. Section 2 of the 

report presents the risk assessment methodology, the information received from the Milford 

Haven Port Authority, and any assumptions made with regards to the risk assessment inputs. 

The set of risk contours are presented in section 3, accompanied by a qualitative discussion on 

their sensitivity to uncertainty and any potential changes in the most critical key inputs.  

 

 

 

 



 3 

2. LNG SHIPPING RISK MODELLING INPUTS 

2.1 SCENARIO SELECTION 

This section presents the rationale followed to derive the set of major hazard accident scenarios 

that have been considered to assess risks from LNG ship movement and offloading operations.  

2.1.1 Containment characteristics 

Two types of LNG ships, Q-Max and Q-Flex vessels serve both the South Hook and Dragon 

LNG terminals. Q-Max vessels have a total capacity of 266,000 m
3
 stored in five tanks and Q-

Flex vessels contain of 216,000 m
3
 of LNG when in full cargo (also stored in five tanks). The 

calculations presented in this report are based on the larger Q-Max ships for both South Hook 

and for Dragon and are therefore conservative in this regard. 

Ship to shore transfers are carried out using two jetty transfer lines at each of the terminals. The 

jetty transfer lines at South Hook are 32 inch in diameter giving a total transfer rate of 14,000 

m
3
/h when operating at full capacity. South Hook terminal has a total of five unloading arms, 

three for LNG duty, one for vapour return and one hybrid arm. The two jetty transfer lines of the 

Dragon terminal are 30 inch in diameter allowing a 12,000 m
3
/h total rate (via three unloading 

lines at up to 4,000 m
3
/h for each line). There is also a vapour return line which is 20 inch 

diameter and one vapour return unloading arm. For Dragon, the unloading arm is 16” in 

diameter and the same was assumed for South Hook. Although failures of the unloading arms 

are credible major accident scenarios during offloading of LNG at the terminals, they have not 

been considered in this assessment as they are already included in HSE’s assessment of land-

based risks. 

The calculations presented in this report consider a total number of transfers of 236 per year 

(140 transfers to South Hook and 96 transfers to Dragon). This reflects the projected number of 

transfers that could eventually take place per year.  In addition, the actual number of deliveries 

achieved over the period of a year during 2010-11, which has been the busiest so far (100 

transfers per year for the South Hook terminal and 28 transfers per year for the Dragon terminal) 

has been used.  

2.1.2 Initiating events 

Ship collisions, as initiating events of LNG releases, have been postulated in a number of 

publications (Pitblado & Woodward, 2011; Paik et al., 2001). The studies refer to damage 

caused by collisions between two LNG carriers travelling at 6-8 knots or LNG ships and very 

large cargo carriers (Paik et al., 2001). The possibility of such collisions within the jurisdiction 

of the Milford Haven Port Authority has been discounted in the risk assessment presented in this 

report. This initiating event is not considered credible as a result of the ship speed and 

movement restrictions in force when LNG carriers travel within the Port Authority’s jurisdiction 

and/or during off-loading/ transfer operations.  

Grounding of LNG ships was also discounted as an initiating event of LNG releases within the 

jurisdiction of the MHPA. The decision is based on the critical review of incidents involving 

LNG carriers provided by Pitblado and Woodward (2011) and examples of risk-assessment of 

LNG terminals such as the study by Bubbico et al. (2009): although grounding of LNG ships are 

not unknown events, with several cases documented since introduction of the LNG maritime 

transport technologies, none of the events recorded resulted in cargo breach. 
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Ship tanks 

Generic failures resulting in catastrophic failure were considered credible initiating events of 

releases from the LNG ships (see section 2.2 below for further details). Simultaneous failure of 

several tanks was not considered credible; therefore released quantities corresponded to failure 

of one tank only. For each of these failures, it has been considered that the following quantities 

are released: 

 100 % of the tank capacity; this applies to catastrophic failure of a full LNG ship during 

transit and to catastrophic failure whilst at the berth before significant offloading. 

 50 % of the tank capacity – this accounts for ships at the berth during offloading, when 

the level in the tanks changes with time. 

 10% of the tank capacity – this accounts for failure once the ship to shore transfer has 

finished and represents what would happen when the ship is leaving the dock.  Qmax 

and QFlex LNG ships typically retain a heel of 1 - 2 % of the tank capacity after 

offloading. The assumption of 10% in the calculations is conservative. 

2.1.3 BLEVE scenario 

In the selection of scenarios for the assessment of maritime risks, consideration was given to the 

credibility of each of the initiating events resulting in a fireball/ BLEVE scenario. Fireball 

events originate from large scale quasi-instantaneous releases of pressure liquefied flammable 

gases. These events are frequently referred to as Boiling Liquid Expanding Vapour Explosions 

(BLEVE) due to the physical phenomena underpinning the observed effects.  

In the analysis of historical events that could be considered as BLEVEs of LNG vessels, 

Pitblado (2007) reported that only one single event, which involved an atmospheric 20 tonne 

LNG tank, and took place onshore, could be considered to be a BLEVE (or an scenario 

essentially indistinguishable from BLEVE). No BLEVE or BLEVE-like events of LNG vessels 

have ever been reported offshore. The main contributing factor to the recorded LNG BLEVE 

occurrence was the design of the tank and pressure relief system: although the material of 

construction and insulation was adequate for the refrigerated LNG cargo, the tank was designed 

as a conventional pressure vessel with the relief valve set at 7 barg. This high pressure set point 

resulted in significant overpressurisation of the vessel from external fire, which resulted in a 

quasi-instantaneous evaporation of the LNG upon loss of tank integrity.  

In the analysis of the BLEVE potential from large LNG ships, Pitblado (2007) concluded that 

the chances of this event occurring is greatly reduced by the inherently safer vessel design. The 

frequency of any BLEVE events from LNG ships was considered to be negligible in 

comparison to the other fire scenarios and has not been taken into account in this work. 

2.1.4 Vapour Cloud Explosion (VCE) and Cargo Tank explosion 

The ignition of flammable gas or vapours following a loss-of-containment event can result in a 

vapour cloud explosion when the degree of congestion and/or confinement is high enough so 

that the flame front speed is above a few metres per second. Congestion can be generated by the 

presence of obstacles such as those associated with typical pipework and process plant 

equipment arrangements. Considering the low degree of congestion generated by the LNG 

jetties and LNG ships, the VCE scenario has been discounted. The possibility of Cargo Tank 

explosion scenarios was discounted on the basis that any vapour within the tank will be above 

the upper flammable limit (UFL) and ignition source controls in place. 
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2.1.5 Flash fire 

Flash fires occur as a result of the delayed ignition of a cloud of flammable gas or vapours when 

the degree of confinement is low enough so that acceleration of the flame front above a few 

metres per second does not take place. Failure of tanks during ship movements and offloading 

operations can result in releases of LNG, a fraction of which will initially flash or forms a liquid 

pool on the sea surface from which LNG vapours will also evolve. Flash fire scenarios are 

therefore credible for the ship transport of LNG and off-loading at both LNG terminals in 

Milford Haven 

2.1.6 Pool fire 

Pool fires involve burning of relatively low-volatile flammable substances that form liquid 

pools upon release. Upon failure of an LNG tank during offloading, a large fraction of the LNG 

released will be in liquid form until equilibrium with the atmosphere eventually takes place. 

These liquid pools of LNG can result in pool fires upon ignition of the vapour in equilibrium 

with the liquid in the pool surface. Pool fire events are therefore credible for the ship transport 

of LNG and off-loading operations at both LNG terminals in Milford Haven.  

2.2 EVENT FREQUENCY 

2.2.1 Failure rates 

HSE has not published generic failure frequency data specific to maritime LNG transport and 

transfer operations.  

 

LNG carriers are designed to the International Gas Carrier (IGC) code (IGC, 1993) published by 

the International Maritime Organisation, a part of the United Nations. The IGC design 

requirements are enforced by the flag State of the LNG carrier and supplemented by 

international Classification Society rules, e.g. (DNV, 2012). 

 

The main types of membrane tanks are GTT Mark III and NO 96. These incorporate both 

primary and secondary membranes. On MK III the membrane is 1.2 mm thick and made from 

stainless steel. On NO 96, the primary membrane is 0.4 mm thick and made from Invar (36% 

nickel steel which has a very low coefficient of expansion). Membrane tanks have full 

secondary containment. The primary membrane holds the cargo. The secondary membrane is a 

complete, liquid tight, barrier that prevents any leakage from the primary containment from 

passing to the ship’s hull where the steel is not designed for low temperature service. In the case 

of NO 96 the secondary barrier is identical in terms of material of construction and membrane 

thickness to the primary barrier. In the case of MK III containment system the secondary barrier 

is an aluminium sandwich. 

 
The design intent for the secondary barrier is to contain any envisaged leakage of liquid cargo 

for a minimum of 15 days, which will give the ship the time to return to port, prior to discharge 

the LNG from the carrier. The overall thickness of the containment system between the primary 

barrier and the ship’s inner hull is typically some 720mm with the secondary membrane 

contained within the insulation. Nitrogen is constantly purged through the inter barrier space 

between the primary and secondary membranes and is constantly monitored for the presence of 

hydrocarbon as an indicator of any leakage. In addition, the distance between the inner and 

outer hull is typically 1.5m at the side and at least 2m under the tanks. 

Since no catastrophic failure of LNG tanks in ships has ever been recorded, it could be argued 

than an upper limit to the catastrophic failure frequency could be calculated if the number of 
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LNG ship-years was available. Vanem et al. (2008) provided a number of ship-years (to year 

2005) of 2,838. According to the projected LNG fleet numbers by the same authors the number 

of ship-years is 5,400. Alternatively, assuming that all ships active as of 2005 are still in 

operation, and using records on new LNG ships from 2005 to 2012 provided by Colton (2012), 

the 2,838 ship-years to 2005 can be added with the operational years from 2005 to February 

2012 (2,110 ship-years) to give a total number of 5,048 ship-years. However, this available 

operating experience is only sufficient to derive failure frequencies of 1.98·10
-4

 (1/5048 ship-

years) or 1.85·10
-4

 (1/5400 ship-years). There are multiple (5) tanks in each ship, so that based 

on the available operating experience, the minimum failure rate would be in the range 3.7 to 4.0 

x10
-5

 per tank year.  Future operating experience is very likely to show that the actual failure 

rates are much lower, so that use of failure rates based on historical data for tanks in LNG ships 

would not be ideal. 

The approach taken in the current study has been to base failure rates on those derived for land-

based LNG tanks, which are of broadly similar construction to membrane tanks on LNG ships. 

Such failure rates have been derived by the Netherlands regulatory authority for membrane 

tanks (RIVM, 2009). A value of 1x10
-8

 per year (1 x 10
-6

 per year equates to 1 chances per 

million (cpm) /year, so 1 x 10
-8

 per year equates to 1x10
-2 

cpm /year) is given for catastrophic 

failure of a membrane tank. Loss of containment from smaller releases is not considered 

credible. The same failure rate data are also reported by the International Organisation of Oil 

and Gas Producers (OGP, 2010) 

 

Therefore the current work has used a frequency of 10
-8

 per tank year (equivalent to 10
-2

 

chances per million per tank year as described in the previous paragraph) for catastrophic failure 

of an LNG membrane tank (see Table 1).   

Table 1 Failure rates for LNG membrane tanks 

FAILURE TYPE Failure rate for single walled vessels 

(chances per million per tank per year) 

Catastrophic failure 1 x 10
-2

 

2.2.2 Derivation of event frequencies 

For the catastrophic failure scenarios of a tank, the probabilities of 100%, 50% and 10% loss 

were allocated according to Table 2. The reduced probability of a 100% loss at the berth 

location when compared with the ship in transit full cargo can be justified by lower fill levels as 

the offloading operation progresses (and also possibly on safety grounds as tanks would be 

more easily accessible in the event of a release when compared to the same ship in transit). 

Vapour-only releases have not been modelled on the basis of hazard ranges being significantly 

smaller that those from loss of liquid cargo. 

Table 2 Probability of inventory loss (percentage) upon catastrophic, major and 
minor failures 

LOCATION 
PROBABILITY 

100% loss 50% loss 10% loss 

In transit when 

full cargo 
1.0 0 0 

In transit after 

off-loading 
0 0 1.0 

At berth location 0.50 0.25 0.25 

Following a release, the probability of flash fire or a pool fire have been calculated at 0.48 and 

0.98, respectively, according to the event tree shown in Figure 1.  
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Figure 1 Event tree for cryogenic or fully refrigerated flammable liquids (adapted 
for LNG scenarios in Milford Haven) 

 

Initiating event 
Immediate 

ignition 
Delayed 
ignition 

Flame front 
acceleration 

Scenario 
Cumulative 
Probability 

      

 Yes     Pool fire 0.5·f 

 P1= 0.5     

LNG release    Yes VCE (+ Pool fire) 0 

f   Yes 3P = 0 (*)   

 No 
2P = 

0.96     

 (#) 1P = 0.5   No Flash fire ( + Poolfire) (
+
) 0.48·f 

    3P = 1   

  No   No consequences 0.02.f 

  
2P = 

0.04    

      

(*) VCE not considered credible 
(
+
) flash fire considered to burn back to the liquid pool source and continue as a pool fire therefore 

cumulative probability of pool fire is 0.98·f, for all combinations of scenario culminating in a pool 
fire. 
(#) P1, P2 and P3 represent the probabilities of each event (described in the headings) 

materialising. 1P , 2P  and 3P represent the step probabilities of the individual event not taking 

place 

Based on the failure frequency and probability assumptions, the event frequency is calculated 

for each scenario in turn using Eq. 1.  

outcomefailure PPfeventf  %loss)(  (1) 

Where f is the frequency of the event, ffailure is the failure frequency, P%loss is the probability of 

loss of a pre-defined amount of cargo and Poutcome is the cumulative probability of any given 

outcome as described in Figure 1. The calculation is illustrated here with an example for major 

failure of a tank in a Q-Flex ship docked at the berth, resulting in a 100% loss of the tank cargo 

leading to a pool fire (Eq. 2). 

year per cpmyearpereventf 398 109.4109.498.05.0101)(    (2) 

For flashfire events, modelling of the probability of ignition, which changes as the flammable 

cloud spreads and should also take into account the number and location of potential ignition 

sources, adds an additional level of complexity. The event frequency calculated as per Eq. (1) is 

therefore modified by the probability of ignition at each location. Modelling the probability of 

ignition as the LFL cloud spreads was carried out according to QuickRisk’s delayed ignition 

model, described in Wardman and Lisbona (2012) and Lisbona et al. (2012).  
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2.3 HARM CRITERIA 

This section presents the harm criteria used to define the extent of potential consequences 

associated with each release scenario. Consequence modelling was performed using DNV Phast 

6.7 software and this is presented in Section 2.4.   

2.3.1 Harm from thermal radiation; thermal dose 

HSE’s land use planning advice, when based on risk, estimates the risk of a hypothetical house 

resident receiving a level of harm equal to a dangerous dose (DD) or worse. The Dangerous 

Dose criterion is based on that level of exposure that would cause: 

 Severe distress to almost everyone in the area 

 Substantial fraction of exposed population requiring medical attention 

 Some people seriously injured, requiring prolonged treatment 

 Highly susceptible people possibly being killed 

For thermal radiation hazards (pool fire, fireballs and jet fires), harm to people can be correlated 

with the intensity of the thermal radiation and the exposure time defined in Eq. 3: 

 Thermal Dose = tI 3
4

 (3) 

where I is the incident thermal flux (kW/m
2
) and t is time (seconds). Consequently, a Thermal 

Dose Unit (TDU) has been defined as the thermal dose of 1 (kW/m
2
)

4/3
·s 

Harm criteria for the effect of thermal radiation have been presented in a number of studies 

(Daycock and Rew, 2000; Rew and Hulbert, 1996). A dangerous dose thermal dose level 

corresponding to 1% fatality for unsheltered individuals has been defined as 1,000 tdu (BLEVE, 

pool fire and jetfire scenarios), and is routinely used by HSE in providing  land-use planning  

advice based on the protection-based approach, and correspond with the boundary of the middle 

zone for land-based three zone maps. Considering that, in the risk-based land-use planning 

advice followed by HSE for onshore toxic hazards, the extent of harm is defined by the 

dangerous dose level of exposure; the dangerous thermal dose has been applied in this study to 

define the extent of harm from flammable events.  

The 1,000 tdu (1% fatality) level was applied to outdoor populations only. The effect of thermal 

radiation on building occupants is subject of a higher level of uncertainty as it is affected by 

heat transfer through windows or any openings, the building’s material of construction, 

sheltering and behaviour of building occupants as the building receives thermal radiation and/or 

secondary fires within the building start to take place. To rationalise this, HSE has correlated 

harm to building occupants with the effect of thermal radiation on buildings. The piloted 

ignition of wood threshold of 14.7 kW/m
2
 marks the extent of the 1% fatality harm level for 

indoor populations. At this thermal radiation flux level, ignition of the building may take place 

due to piloted ignition. Vulnerable members of the population could be killed if they are unable 

to escape. 

2.3.2 Harm from flash fire scenarios 

Harm vulnerability criteria for flash fires differ from the approach otherwise used for exposure 

to thermal radiation from fireballs, pool fires and jet fires. Modelling of flash fires usually 
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considers that harm extends to the area covered by the flammable cloud or slightly over that 

limit (Considine & Grint, 1984; Carter, 1991)  

 

Various limits to define the extent of the flammable cloud that had been considered in the 

models (Rew et al., 1996), with some authors favouring the use of the Lower Flammable Limit 

(LFL) concentration and others half the LFL concentration (Hertzberg & Lamnevik, 1983; 

Sellers and Keer (1992)). Variations of the degree of protection offered by buildings also vary 

among the models proposed. For this study the lower flammable limit concentration (LFL) 

footprint has been used. The probability of fatality for outdoors and indoors populations are 

summarised in Table 3. The probabilities for those within buildings are conservative 

(probability of fatality overestimated) compared with many models, for example Ashe and Rew 

(2003). 

 

Table 3 Probability of fatality for people indoors or outdoors which are partly or 
wholly within the nominal flame envelope 

Time 

period 

Location Distance Building/land 

type 

Fraction of 

occupants 

presumed not to 

survive 

Daytime Outdoor Any within flammable 

envelope 

Any 1 

Indoor Any within flammable 

envelope 

Any 0.2 

Night time Outdoor Any within flammable 

envelope 

Any 1 

Indoor <200 m from source  Residential 0.5 

 Business 0.3 

>200m from source Residential 0.25 

 Business 0.2 

2.4 CONSEQUENCE MODELLING 

All consequence modelling associated with the scenarios considered in this study has been 

carried out using DNV Phast version 6.7. LNG was assumed to be stored at -162º C, just below 

its boiling point. 

In typical onshore installations storing LNG, tanks are bunded therefore a certain degree of 

containment of any spilled liquid is usually assumed in the source term calculations. However, 

traditional bunding is not possible for releases on the open sea and when ships are docked to the 

jetties. However, the distinctive shape of the Haven means that the pool will not be able to 

spread out evenly on all sides as some geographical confinement by the shoreline would take 

place. At its narrowest, the Haven is approximately 1 km wide in the vicinity of the South Hook 

site.  As it travels into the Haven, the ship will follow the trajectory described in Section 2.5, 

which is close to the southern shore of the Haven. It is estimated that the ship is likely to be 

approximately 500 m from the shore, resulting in a pool of 1 km in diameter. A bund of area 

7.9 × 10
5
 m

2
, equivalent to a pool diameter of 1 km, was assumed for all releases. This is 

precautionary in comparison with work by Sandia National Laboratories (2010) which 

suggested a maximum pool diameter of around 350 metres. 

The standard HSE weather conditions of D5 and F2 were used to model the LFL concentration 

contours (flash fire events) and, for pool fires, the 1,000 tdu (dangerous dose harm criteria from 

thermal radiation to outdoor populations) and the 14.7 kW/m
2
 (1% fatality harm contour for 

persons indoors) contours. 
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2.5 LNG SHIP TRAJECTORIES 

2.5.1 Geographical information and methodology 

The LNG ship trajectories have been generated from the information provided by the MHPA. 

The key points that define the trajectories to the South Hook and Dragon LNG terminals are 

summarised in Table 4. In order to provide sufficient resolution for risk contouring, risk 

calculations must be repeated at regular intervals along the trajectories. The trajectories have 

been defined assuming that ships follow straight lines between the locations in Table 4. The risk 

calculations have been performed with a trajectory resolution of 50 m.  

Ships to South Hook LNG terminal pass through points 1, 2, 3, 4 and 5 as they approach the 

berth for offloading at the speeds shown in Table 4. The speed has been assumed to change 

linearly between point locations of different speed. If LNG ships swing before proceeding to 

berth, based on information provided by the MHPA, it has been assumed that it takes 25 

minutes for the ship to swing and subsequent approach to berth occurs at a constant speed of 1 

knot. If ships proceed straight to berth (swinging on return after offloading), the speed at the 

swinging area was considered to be 2 knots, and assumed to decrease linearly to zero at the 

offloading location. After offloading, the ship is assumed to reverse to the swinging area at a 

constant speed of 1 knot. The return trip continues through points 4, 3, 2 and 1.  

Ships approaching the Dragon LNG terminal pass through points 1, 2, 3, 4, 6 and 7 before 

docking at the terminal (point 8). Speed assumptions and changes (between points of different 

speed) are identical to those for South Hook for points 1, 2 and 3. Based on information 

provided by the MHPA, the speed at points 4 and 6 is 6 knots, with the speed at the Milford 

Shelf swinging area reaching 2 knots, again following a linear speed change from point 6, if the 

LNG ship goes direct to berth. Similar arrangements in terms of ships reversing at a constant 

speed of 1knot have been considered both for ships swinging before offloading and those that 

swing in their return journey. 

For both South Hook and Dragon terminal, it was assumed that LNG ships remain in the berth 

location for a total of 24 hours.  Recent information has indicated that ships are at berth for 30-

36 hours.  This would give a 25-50% increase to the contribution to the risk from those 

scenarios that occur from being at the berth in the vicinity of the terminals.  This would not lead 

to visible contours at the levels indicated. 

Table 4 Key points of LNG ship trajectories to South Hook and Dragon Terminal 
within MHPA’s jurisdiction 

ID LOCATION 
DESCRIPTION 

LOCATION (WGS84 
Latitude/Longitude 

SPEED 
(knots) 

SPEED 
(m/s) 

OS 
Eastings 

OS 
Northings 

1 
2 miles outside 
West Channel 

entrance 

51º 39.07’ N  
5º 11.85‘ W 

8 4.12 178,904 199,551 

2 
Entrance to 

West Channel 
51º 40.19’ N  
5º 10.32‘ W 

8 4.12 180,758 201,550 

3 Angle buoy 
51 º 41.7‘ N  
5º 08.23‘ W 

6 3.09 183,286 204,244 

4 
South Hook 

swinging area 
51º 41.78‘ N  
5 º 4.31‘ W 

0 (if 
swinging) 

0 

186,151 204,325 
2 or 3 if 

proceeding 
straight to 

berth 

1.03 
m/s or 
1.54 
m/s 

5 South Hook 51º 41.86‘ N  0 0 187,398 204,365 
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ID LOCATION 
DESCRIPTION 

LOCATION (WGS84 
Latitude/Longitude 

SPEED 
(knots) 

SPEED 
(m/s) 

OS 
Eastings 

OS 
Northings berth 5º 04.67’ W 

6 
East Angle 

buoy 
51º 41.81‘ N  
5º 5.75’ W 

6 3.09 187,807 204,200 

7 
Milford Shelf 

swinging area 
51º 42.03‘ N  
5º 2.16‘ W   

0 (if 
swinging) 

0 

190,302 204,559 
2 or 3 if 

proceeding 
to Dragon 
LNG berth 

1.03 
m/s or 
1.54 
m/s 

8 
Dragon LNG 

berth 
51º 41.95‘ N  
4º 59.66‘ W 

0 0 193,174 204,292 

Considering the speed and distance covered by the LNG ship between consecutive points that 

define the trajectory (50 m resolution), the time spent per ship at any single segment/ location 

can be calculated (including standing times at points where the ships remain stationary). 

Considering the estimated number of deliveries per year and the various trajectories for the two 

terminals when considering the swinging operations, the frequency (per year) of an LNG ship at 

any single location can be calculated and expressed in a geographical information system (GIS) 

compatible format. 

2.5.2 Scenario allocation 

Major accident scenarios were allocated to each point along the trajectory according to the most 

likely tank inventories at each stage. Pool fires and flash fires following catastrophic failure of 

tank, major and minor failures scenarios involving 100% and 50% of a single tank contents 

were modelled for points along the trajectory when the ships are in transit or swinging full 

cargo. Modelling releases of 100% and 50% of the tank’s contents for each scenario attempts to 

reflect the possibility of tank failures at different heights up the tank.  

Pool fires and flash fires following catastrophic failure of tank, major and minor failure 

scenarios involving 10% of the tank contents were applied to points along the trajectory when 

the ships are in transit or swinging after offloading (therefore approximately containing 10% of 

the initial inventory).  

At the offloading (berth) location, the scenarios modelled were pool fires and flash fires from 

catastrophic, major and minor failures of a single tank each potentially resulting in a 100%, 50% 

or 10% loss of the tanks contents.  The 10% loss of contents accounts for failure once the ship 

to shore transfer has finished and represents what would happen when the ship is leaving the 

dock.  Qmax and QFlex LNG ships typically retain a heel of 1 - 2 % of the tank capacity after 

offloading. The assumption of 10% in the calculations is conservative. 
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3. LNG RISK OUTPUTS  

3.1 INDIVIDUAL RISK COMPUTATION 

The extent of unidirectional hazards such as those originating from pool fires and flash fires, as 

defined by the consequence modelling contours, can, in theory, materialise in any direction from 

the release point. The likelihood of a directional hazard materialising in any given direction is 

affected by a number of factors, but will largely depend on wind direction.  

Computation of the risk associated with the scenario should therefore be informed by the 

likelihood of the event materialising in each direction around the release point. To account for 

this, the harm contours are rotated around the release point at a given chosen level of precision 

(e.g. 1 degree intervals) and the frequency modified by the probability of the wind blowing in 

each particular direction. The summation of these will equal the total/overall frequency of the 

event, which was calculated according to Section 2.2.2. Wind rose data (probability of wind 

blowing in a given direction) is often given as a set of 12 directions but this can be modified to 

account for finer resolution as shown in Eq. 4. Depending on the precision value chosen (the 

number of calculations done per wind rose sector defined by the set of wind directions), the 

frequency is calculated according to Eq. 4. 

 )/()( sec torsdirectionwindweather nPPPeventff    (4)  

For each geographical location, the summation of the f value associated to each contour 

affecting the location or cell give the individual risk. Geographical locations were defined as the 

centre of a 100 x 100 metre grid. Sensitivity studies showed little difference when increasing the 

resolution to a 50 x 50 metre grid. The individual risk contours calculated according to this 

methodology are shown in Section 3.2. 

3.2 INDIVIDUAL RISK MAPS 

This section presents the results of the LNG shipping risk assessment for ships offloading at the 

South Hook terminal (Figure 2) and Dragon LNG (Figure 3) with the maximum annual 

deliveries. Both figures represent the risk, in chances per million per year, of a hypothetical 

individual at any location receiving a thermal dose of 1000 tdu (dangerous dose from thermal 

radiation, applicable to pool fires scenarios), or being affected by a flash fire (the hypothetical 

individual being engulfed by the LFL contour). Risk contours would be shown if the risk 

exceeded the criteria used by HSE to present ‘three zone maps’ used to give land-use planning 

advice (as explained in section 1 above). The contours are shown in the map keys but the 

calculated risk levels were too low to produce these contours. 

Risks presented in Figures 2 and 3 are based on the assumption that 50% of the LNG ships 

swing before offloading and reverse back to the docking position at a speed of 1 knot, and the 

remaining ships swing after offloading has taken place (when approximately 10% of the 

vessel’s cargo is conservatively assumed to be left in the ship tanks).  The risks shown are a 

summation for populations who are indoors and outdoors. The risk would increase if a higher 

proportion of LNG ships swing when full, on their way to the berth/ offloading location. Lower 

risks would be associated with a higher proportion of ships swinging on departure from the 

berth location after offloading. These differences arise from the increased frequency of LNG 

ship presence in the approach to swinging locations as the ship reduces speed before swinging 

and berthing, and the time the ship remains in the swinging area. Similar individual risk 

contours have been produced (Figures 3 and 4) considering the actual number of deliveries in 

2011 (100 and 28 for South Hook and Dragon, respectively). 
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It can be seen from the maps that no risk contours are shown. This is because the risk was 

calculated to be well below the levels used by HSE to present contours for the three zone maps 

used to give planning advice (see section 1 above).  

 

The maps also show individual risk levels in chances per million (cpm) at four locations in: 

1. Milford Haven (OS grid reference 190529, 205665), nearest postcode SA73 3BD; 

2. Neyland (OS grid reference 196356, 204795), nearest post code SA73 1QA; 

3. Pembroke Dock (OS grid reference 196448, 203675), nearest postcode SA72 6JU; and 

4. Angle (OS grid reference 186922, 202810), nearest postcode SA71 5AN. 

These individual risk levels are also given in Table 5. 

 

Table 5: Individual risk levels calculated for four locations 
 

Case Individual risk (cpm) at location defined above 

1 2 3 4 

Deliveries to South Hook  

(140 transfers per year)  

(see Figure 2) 

nil nil nil 1x10
-2 

Deliveries to South Hook  

(100 transfers per year)  

(see Figure 4) 

nil nil nil 9x10
-3 

Deliveries to Dragon  

(96 transfers per year)  

(see Figure 3) 

3x10
-3 

nil nil 2x10
-4 

Deliveries to Dragon  

(28 transfers per year)  

(see Figure 5) 

9x10
-4 

nil nil 4x10
-5 

The calculated levels of individual risk as a result of LNG shipping are extremely low (at least 

an order of magnitude less than that for the lowest land use planning contour) and can be 

considered negligible. 
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Figure 2 Individual risk contours and risk at designated locations (to dangerous 
dose level of exposure, i.e. 1% fatality) from LNG ships sailing to and off-loading 

at South Hook (140 transfers per year). 

  

 

 
Figure 3 Individual risk contours and risk at designated locations (to dangerous 
dose level of exposure, i.e. 1% fatality) from LNG ships sailing to and off-loading 

at Dragon LNG (96 transfers per year). 
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Figure 4 Individual risk contours and risk at designated locations (to dangerous 
dose level of exposure, i.e. 1% fatality) from LNG ships sailing to and off-loading 

at South Hook (100 transfers per year). 
  

 

 

 
Figure 5 Individual risk contours and risk at designated locations (to dangerous 
dose level of exposure, i.e. 1% fatality) from LNG ships sailing to and off-loading 

at Dragon LNG (28 transfers per year). 
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4. CONCLUSIONS 

The quantification of individual risk from major accident scenarios potentially arising from 

LNG ships in transit and offloading within the jurisdiction of the Milford Haven Port Authority 

has been carried out using HSL’s quantitative risk assessment tool QuickRisk.  

Inputs to the risk assessment exercise were defined according to generic failure frequency data 

used in the Netherlands for use in land-use planning, HSE harm criteria and harm contours from 

a set of credible LNG release scenarios generated using DNV’s Phast 6.7, and the LNG 

shipping trajectory and LNG traffic information provided by the Milford Haven Port Authority. 

Maps highlighting the individual risk associated with each of the terminals have been produced. 

The maps indicate that the risk levels are lower than would be required to produce the contours 

used by HSE to give land-use planning advice: inner zone (10 cpm/year), middle zone (1 

cpm/year) and outer zone at 0.3 cpm/year. Therefore the maps show no contours. Individual risk 

levels are shown on the maps at four points. In all cases the individual risk levels are at least an 

order of magnitude less than the lower risk level applied by HSE for the purposes of land use 

planning. Consequently the risk level associated with the shipment of LNG in Milford haven 

may be regarded as negligible. 
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