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Name Student Number Question and Contribution 

Sam Hiscox 13056106 1 - 12.5% 

Jia Xi Tay 110004537 2 - 12.5% 
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Emmanouela Rokofyllou 14039779 5 - 12.5% 

Karan Pinto 13055036 5,67 - 12.5% 

Haizhen Wu 13006404 5,6,7 - 12.5% 

Chilam Cheng 14032591 8 - 12.5% 
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Question 1: What were the reasons for the explosion and fire being so large 

in this case? 

The Buncefield fire was a large explosion and subsequent fire at a storage depot near 

Hemel Hempstead, the magnitude of which was so great the noise was heard as far as 

Belgium and it took two days for the fire to be extinguished. The British Geological Survey 

reported that the blast measured 2.4 on the Richter scale and windows were blown in as 

far as 5 miles from the depot. 

There were many factors which lead to the Buncefield disaster being on such an enormous 

scale. A primary cause was the composition of the fuel being stored. Buncefield was used 

to store various fuels, with 50% of the capacity used for aviation fuel, which has a flash 

point of around 40°C. Unfortunately, Tank 912 which was the source of the leak was being 

filled with unleaded petrol, which has a much lower flash point, well under 0°C. During 

the winter months when the temperature is reduced, butane is commonly added to petrol, 

as it increases the rate at which the fuel vapourises, crucial for internal combustion 

engines. This ‘winter-grade’ fuel was significantly more flammable than ‘summer-grade’ 

fuel which contains less or no butane. 

Another primary cause of the scale of 

the disaster was the formation of the 

fuel into a foam. When the 

butane/petrol fuel started leaking out of 

the ullage ventilation holes on top of 

Tank 912, the flow as it fell from the 

sides of the tank was disrupted by a 

water deflector plate. This increased the 

formation of droplets and encouraged 

the fuel to mix with air. A second 

interaction of the flow with a support 

brace around the tank further 

encouraged the fuel to mix with air, 

creating a low density foam. As the fuel 

and air were effectively premixed, this foam was extremely flammable. The low density 

also caused the bunds, which surrounded the tank, to be rendered ineffective, as they were 

designed to contain 110% of the capacity of the tank in liquid phase. 

The geography of the Buncefield site contributed to the extent of the damage. Tank 912 

was situated at the highest point of the depot, and with the bunds failing to contain the 

leak, the fuel foam propagated through the site under the effects of gravity. There was 

little or no wind on the morning of the incident, so there was no mechanism to disperse 

the foam, which could have disjointed the fire or lowered the severity. Evidence suggests 

that rows of dense vegetation beside the roads on site congested the flow of fuel foam, 
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meaning that when the foam was ignited the congested zones caused the flame front to 

accelerate, leading to a detonation. A detonation is where a flame propagation is 

accelerated rapidly, so that the unburned fuel ahead of the flame front is compressed 

above auto-ignition temperatures. This is in contrast to a deflagration explosion, where 

the propagation is through thermal conduction, which has slower flame speeds and 

reduced overpressure. The overpressures caused by the explosion shockwave and coupled 

with the fire caused damage to pipe infrastructure, adding more fuel to the fire. 

The overfilling of Tank 912 which caused the explosion also would have meant there was 

a larger than normal amount of fuel in the tank, so the subsequent fire was additionally 

fuelled. The proximity of Tank 912 to other storage tanks within its bund meant the 

explosion and fire damaged these tanks, leaking more fuel onto the site. The bunds were 

damaged in the explosion, meaning liquid fuel could leak into other bunds, creating a 

knock on effect of damaged bunds and storage tank leaks. 

As well as the physical reasons for the explosion and fire being so large in this case, there 

were compounding human factors. Tank 912 leaked for approximately 40 minutes before 

the fuel was ignited. During this time the foam could be seen on CCTV, which was 

displayed in the Buncefield control room. The filling should have also been checked at 

least once during this time, as checks should’ve been made each hour. These two failings 

meant the quantity of fuel which escaped was much larger than it could have been, 

meaning the subsequent explosion and fire were devastating. 
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Question 2: What were the reasons for there being no fatalities, given the 

scale of the fire?  

The Buncefield fire destroyed 20 fuel tanks at the site and took five days to extinguish. It 

was the largest fire seen in peacetime UK. The huge blast at the fuel depot was heard as 

far away as Netherlands. Over 53 million litres of water and 180,000 litres of foam were 

used to extinguish the flame. Considering the scale of the flame and the proximity of 

surrounding residential and commercial properties, it was a pleasant surprise that there 

were no fatal casualties in the accident. Around 2,000 people were evacuated from the 

surrounding areas. In all 43 people were injured of which two need to be hospitalised. 

Although the original depot was intentionally situated away from nearby industrial and 

residential properties, developments and rising demands in the surrounding areas have 

led to both commercial and residential buildings being built too close to the depot. In the 

nearby Maylands employment area where 16,500 people were employed by 630 

businesses, 90 of the businesses were severely affected as their premises and other assets 

were partially or totally destroyed. Six properties were so severely damaged that they had 

to be demolished. In addition, many residential properties were also severely damaged. 

In the neighbourhoods of Adeyfield, Leverstock Green and Woodhall Farm, a survey 

found that 76% of the respondents experienced damage to their property. In one of many 

harrowing experience, the BBC also reported stories of close calls in many people’s 

residences during the accident. Although there were several contributory factors for there 

being no fatalities which are elaborated below, it was really down to luck that the accident 

passed without a single fatality. 

The reasons identified for there being no fatalities are in three specific areas. The timing 

of the, the quick evacuation response of the authorities and favourable weather 

conditions. 

Firstly, the occurrence of the fire on an early weekend morning helped to minimise 

casualties. The explosion and subsequent fire took place on a Sunday morning at 06:01 

am. The Buncefield Fuel Depot was running with only lean staff levels. Most of the staff 

present were meant for essential operations. Local business buildings, specifically those 

operating in the Maylands Industrial Estate immediately west of the depot, were 

practically empty as more were closed for the weekend. Most of the buildings in the 

industrial estate were severely damaged and should there have been people inside, the 

likelihood of fatalities and casualties would have been much higher. In addition, 

commuter traffic and pedestrians on the surrounding streets were also few at that timing. 

These all contributed to the lowered chance of injury and fatalities. 

Secondly, expeditious action by the authorities also helped to limit the potential damage. 

The authorities evacuated 2,000 people from the surrounding areas and closed some 18 

miles of the M1. The expeditious action by the authorities prevented unknowing 
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commuters from entering the danger areas and also helped to remove individuals from 

the effects of the subsequent blast and fumes within the area. However, this effort was 

significantly aided by the timing as well. Should the fire have occurred during a normal 

working weekdays, it was predicted that the required evacuation efforts may overwhelm 

local authorities. Anecdotal reports have also suggested that staff members working at the 

depot cordoned off and blocked off streets after noticing abnormalities. These grassroots 

efforts likely contributed to the low casualty rate and zero fatality as well. 

Thirdly, the high buoyancy nature and high thermal energy of the plume, coupled with 

favourable meteorological conditions contributed to limiting air quality impacts as a 

result of the pollutants emitted from the fire. Due to the high heat of the flame, the 

resulting plume rose rapidly through the atmosphere and was trapped in the upper layers 

of the atmosphere. Subsequently, a weak frontal system helped to spread the plume and 

transport it away from the immediate area. Therefore, with no grounding of the plumes, 

the most immediate health impact which are typically from smoke plumes were limited. 

This helped to reduce respiratory-related illnesses in the population. 
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Question 3: List all the engineering and human factors failures that could 

singly, or in combination, cause a major failure of primary containment of a 

tank during a fuel transfer process (ie a serious overfilling of a single tank)  

 

There are various human and engineering factors, that could have contributed to the 

overflowing of the single tank, the following lists show the failures respectively. 

  

Human Factors 

  

Sending depot failure 

·       Despite the calculations being completed in sufficient time regarding the volume of fuel 

that should be sent by the sending depot, the sending depot did not stop sending fuel. 

This caused an excess amount of fuel to be sent which could have been due to calculations 

being inaccurate. 

Failure to identify gauge failure 

·       The staff failed to identify the failed gauge that that was stuck in a static position, this 

should have been detected by the staff, considering they should be aware of how the gauge 

should behave, thus, being attentive of any irregularities.  This would have allowed them 

to react and thus potentially prevent overfilling of the tank from occurring. 

Failure of regular testing of IHLA 

·       The staff failed to conduct regular tests of the IHLA as they missed the most recent due 

date for the test. This could have potentially allowed them to detect any issues regarding 

the IHLA, thus, being able to replace the IHLA with a properly functioning one. 

Failure of CCTV use 

·       There is reason to believe that the staff were not actively using the CCTVs, considering 

there was no remedial reaction to the growth in the vapour cloud post explosion of the 

single tank. 

Failure of addressing ATG issues and missed safety checks 

·       The ATG failed 14 times in 15 weeks. This should have been rectified. The staff did not 

perform regular checks on the ATG, perhaps due to staff negligence, sickness and absence 

or being distracted. 

Failure to respond to alarms 

  This prevents remedial action from being taken. 
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Engineering factors 

ATG failure 

·       There was a failure in the (Automatic Tank Gauge) ATG as it did not pick up changes as 

the fuel continued to fill in the single tank. 

·       The gauge sticks were stuck in a fixed position. 

·       There was zero drift, thus, the volume of fuel measured may be lower than the real 

amount of fuel. 

·       Corrosion of potentiometer could cause false readings of fuel level. 

IHLA failure 

·       The independent high level alarm (IHLA) failed to sound in the control room, signalling 

that there has been an overflow in the single tank. This prevented remedial action to be 

taken by the on-site staff. 

·       The switch for the IHLA could fail which would prevent the alarm and trips from 

operating. 

Valves failure 

·       The valves did not shut off automatically. 

·       If the valves are not in position, it could cause an unexpected amount of fuel going into 

each tank, which could result in overflowing. 

 Bund issues 

·       The Bunds were not designed to compensate for excess amounts of the foam mixture 

that formed.
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Question 4: Draw a fault tree to show the “and” and “or” logic for the probability of overfilling a single tank 

in a year 
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Question 5: Calculation of Probability using the Fault Tree & the Standard 

Data 

 
We are required to find the probability that fuel tank overfilling will occur in the period 
of one year. In order to calculate that we must first calculate the probability of the events 
circled in the fault tree. Then depending on if there is an “AND” or an “OR” gate 
connecting the events, we will respectively multiply the probabilities or add them. We 
multiply the probabilities in the “AND” gate case as we consider the events independent. 
We add the probabilities in the case of the “OR” gate and we subtract it by the probability 
of those two events occurring at the same time as we do not assume them mutually 
exclusive because it renders the result less accurate. 
 
The probabilities of failure of the events are calculated using the formula below: 
 

𝑃 = 1 − 𝑒−𝜆𝜏 
Where:  

- 𝑒−𝜆𝜏 : The probability that something is going to work for a given 𝜏 without failing 

- λ : forecast failure rate 

- 𝜏 : Period of interest 

The failure rate is in failure per million hours and the period of interest is in hours. Since 

we are interested in the probability of failure over the period of 1 year, we will convert this 

period of time into hours. Note that a day has 24 hours and a year will be assumed to 

always have 365 days. The calculation is shown below: 

𝜏 = 1 𝑦𝑒𝑎𝑟 

𝜏 = 365 × 24 ℎ𝑜𝑢𝑟𝑠  

𝜏 = 8760 ℎ𝑜𝑢𝑟𝑠 

However, the units in which the period of interest is in can vary depending on the units 

of the failure rate. If the failure rate is per million hours, then the period of interest will 

be in hours, if the failure rate is per transfers then the period of interest will be in transfers 

and so on.  

The failure rate is often given in failure per million operating hours or per number of 

transfers, where number of transfers are the times the tank has to be refilled. We know 

that during the period of 1 year, 52 transfers typically happen. Therefore, when the failure 

rate is given per transfers, 𝜏 becomes: 

𝜏 = 1 𝑦𝑒𝑎𝑟 

𝜏 = 52 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟𝑠 

In the case that the failure rate is given in failures per million operating hours, we need to 

find how many operating hours we have over the period of a year. For some items like the 

ATG this does not make a difference since it is consistently working. However, in failures 
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such as the ones at the supplier-sending site, the operating hours depend on the number 

of transfers. There are 52 transfers per year and each transfer takes 12 hours so the 

operating hours can be calculated by multiplying the two: 

𝜏 = 1 𝑦𝑒𝑎𝑟 

𝜏 = 52 × 12 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 ℎ𝑜𝑢𝑟𝑠 

𝜏 = 624 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 ℎ𝑜𝑢𝑟𝑠 

However, another equation for the probability is used in the case of dormant equipment. 

This equation is displayed below:  

𝑃 = 1 − 𝑒−0.5𝜆𝜏 
 
In the above equation, we can see the only difference from the previous equation used is 
a 0.5 factor in the exponent. We add this factor since if a piece of equipment is dormant 
then when it is required to work it will only work half the time and, thus, the probability 
of it working is 0.5. However, 𝜏 in this case will not be the period of interest, but the time 
interval at which it is tested to check if it still operates. 
 
As seen by the above fault tree diagram there are three conditions, which if all fail, since 
they are connected by an “AND” gate, will lead to fuel tank overfilling. These are the 
failure of the safety system, an excess amount of fuel being sent to the tank and, lastly, 
inspection failures. So, there are three main events which we have to calculate the 
probabilities of. To calculate those probabilities we have to calculate the probabilities of 
all the smaller events that may lead up to the main event. 
 

1. Probability of Safety System to Fail 
 
For the safety system to fail both the Automated Level Gauge alarm (ATG) and the 
Independent High Level Alarm (IHLA) must fail.  
 
Probability of ATG failure 

In order for the ATG to fail there must either be a device failure or a failure to respond to 
the ATG alarm: 
 

 Probability of ATG Device Failure 
 
There are three cases in which the device fails. These have 𝜆 of 2, 4 and 7 and since either 
of these can fail and lead to the ATG device failure (use of an “OR” gate), we can add these 

failure rates to get an overall 𝜆 =
13

𝑚𝑖𝑙𝑙𝑖𝑜𝑛 ℎ𝑜𝑢𝑟𝑠
. Therefore: 

 

𝑃𝐴𝑇𝐺 𝑑𝑒𝑣𝑖𝑐𝑒 = (1 − 𝑒
− 

2
106×8760

) + (1 − 𝑒
−

5
106×8760

) + (1 − 𝑒
−

7
106×8760

) 

 
𝑃𝐴𝑇𝐺 𝑑𝑒𝑣𝑖𝑐𝑒 = 0.112783999  
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𝑃𝐴𝑇𝐺 𝑑𝑒𝑣𝑖𝑐𝑒 ≈ 0.113  
 
 

 Probability of Failure to Respond to ATG  
 

In this case the failure rate is in transfers:  𝜆 =
1

3000 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟𝑠
  and, thus, 𝜏 = 52 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟𝑠. 

𝑃𝐴𝑇𝐺 𝑟𝑒𝑠𝑝𝑜𝑛𝑑 =  1 − 𝑒−𝜆𝜏 

𝑃𝐴𝑇𝐺 𝑟𝑒𝑠𝑝𝑜𝑛𝑑 =  1 − 𝑒−
1

3000
×52 

𝑃𝐴𝑇𝐺 𝑟𝑒𝑠𝑝𝑜𝑛𝑑 =  0.01718397531 

𝑃𝐴𝑇𝐺 𝑟𝑒𝑠𝑝𝑜𝑛𝑑 ≈  0.0172 

Either of the two above reasons will cause this alarm system not to serve its intended 

purpose. The probability of this happening, therefore, is the sum of the probabilities of 

failure of the two reasons stated above: 

𝑃𝐴𝑇𝐺 = 𝑃𝐴𝑇𝐺 𝑑𝑒𝑣𝑖𝑐𝑒 +  𝑃𝐴𝑇𝐺 𝑟𝑒𝑠𝑝𝑜𝑛𝑑 − (𝑃𝐴𝑇𝐺 𝑑𝑒𝑣𝑖𝑐𝑒 ×  𝑃𝐴𝑇𝐺 𝑟𝑒𝑠𝑝𝑜𝑛𝑑) 

𝑃𝐴𝑇𝐺 = 0.126550 

 
Probability of IHLA failure 
 
Similarly, the IHLA can fail due to either a device failure due to its wrong installation or 
a failure to respond to it: 
 

 Probability of IHLA Device Failure 
 
The IHLA is a dormant item and as such we will use the equation that is specifically for 
dormant items to calculate its probability of failure. We will use 6 months as our 𝜏 since 
that is the time interval that it is regularly checked and the failure rate is given as 𝜆 =

8

𝑚𝑖𝑙𝑙𝑖𝑜𝑛 ℎ𝑜𝑢𝑟𝑠
. We have calculated the hours in a year, so we will just take half of that value. 

 

𝑃𝐼𝐻𝐿𝐴 𝑑𝑒𝑣𝑖𝑐𝑒 = 1 − 𝑒−0.5𝜆𝜏 
 

𝑃𝐼𝐻𝐿𝐴 𝑑𝑒𝑣𝑖𝑐𝑒 = 1 − 𝑒
−0.5×

8
106×

8760
2  

 
𝑃𝐼𝐻𝐿𝐴 𝑑𝑒𝑣𝑖𝑐𝑒 = 0.01736741718 

 
𝑃𝐼𝐻𝐿𝐴 𝑑𝑒𝑣𝑖𝑐𝑒 ≈ 0.0174 

 
 
 

 Probability of Failure to Respond to IHLA  
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The failure rate in this case is the same as that of responding to the ATG, so their 
probabilities of failure will be the same: 

𝑃𝐼𝐻𝐿𝐴 𝑟𝑒𝑠𝑝𝑜𝑛𝑑 =  𝑃𝐴𝑇𝐺 𝑟𝑒𝑠𝑝𝑜𝑛𝑑 

𝑃𝐴𝑇𝐺 𝑟𝑒𝑠𝑝𝑜𝑛𝑑 =  0.01718397531 

𝑃𝐴𝑇𝐺 𝑟𝑒𝑠𝑝𝑜𝑛𝑑 ≈  0.0172 

Either of the two above reasons will cause the IHLA not to serve its intended purpose. The 

probability of this happening, therefore, is the sum of the probabilities of failure of the 

two reasons stated above: 

𝑃𝐼𝐻𝐿𝐴 = 𝑃𝐼𝐻𝐿𝐴 𝑑𝑒𝑣𝑖𝑐𝑒 +  𝑃𝐼𝐻𝐿𝐴 𝑟𝑒𝑠𝑝𝑜𝑛𝑑 − (𝑃𝐼𝐻𝐿𝐴 𝑑𝑒𝑣𝑖𝑐𝑒 × 𝑃𝐼𝐻𝐿𝐴 𝑟𝑒𝑠𝑝𝑜𝑛𝑑) 

 

𝑃𝐼𝐻𝐿𝐴 = 0.0342529 

 

For the safety system to fail completely both alarm systems must fail. Therefore, in order 

to calculate the probability of the whole safety system failing we multiply the probability 

of failure of the ATG with that of the IHLA: 

𝑃𝑆𝑎𝑓𝑒𝑡𝑦 𝑆𝑦𝑠𝑡𝑒𝑚 = 𝑃𝐴𝑇𝐺 × 𝑃𝐼𝐻𝐿𝐴 

𝑃𝑆𝑎𝑓𝑒𝑡𝑦 𝑆𝑦𝑠𝑡𝑒𝑚 =  0.126550 × 0.0342529 

𝑃𝑆𝑎𝑓𝑒𝑡𝑦 𝑆𝑦𝑠𝑡𝑒𝑚 = 0.0043347167 

𝑷𝑺𝒂𝒇𝒆𝒕𝒚 𝑺𝒚𝒔𝒕𝒆𝒎 ≈ 𝟒. 𝟑𝟑 × 𝟏𝟎−𝟑 

 
2. Probability of an Excess Amount of Fuel being sent to the tank 

 
In order for an excess amount of fuel to be sent to the tank there has to either be an error 
that causes the supplier to send too much fuel or there is a wrong tank lined up.  
 
Probability of Supplier sending too much Fuel 
 
The supplier sending higher amounts of fuel can be due to one of two causes; either due 
to a request of higher amounts of fuel because of wrong “ullage” calculation or due to an 
error at the sending site. This can either be an  
 

 Probability Of Higher Fuel Amount Calculation  
 

For the incorrect calculation to cause an excess amount of fuel we must calculate a higher 
quantity of fuel than required. As such, an “AND” gate is added to illustrate that not only 
does the “ullage” calculation has to be wrong but also it has to lead to a result that is above 
the required amount of fuel. We will make the assumption that on average half of the 
calculations made are higher and since they are connected by the “AND” gate we will 
multiply that probability with that of a wrong “ullage” calculation occurring. The failure 
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rate associated with the wrong “ullage” calculation is 𝜆 =
1

1000 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟𝑠
. As before, since 

the failure rate is given per transfers, 𝜏 will be 52. 
 

𝑃𝐻𝑖𝑔ℎ𝑒𝑟 𝐶𝑎𝑙𝑐. = 𝑃𝐻𝑖𝑔ℎ𝑒𝑟 × 𝑃𝑊𝑟𝑜𝑛𝑔 𝐶𝑎𝑙𝑐. 

 

𝑃𝐻𝑖𝑔ℎ𝑒𝑟 𝐶𝑎𝑙𝑐. =
1

2
× (1 − 𝑒−𝜆𝜏) 

 

𝑃𝐻𝑖𝑔ℎ𝑒𝑟 𝐶𝑎𝑙𝑐. =
1

2
× (1 − 𝑒−

1
1000

×52) 

 
𝑃𝐻𝑖𝑔ℎ𝑒𝑟 𝐶𝑎𝑙𝑐. = 0.02533556658 

 
𝑃𝐻𝑖𝑔ℎ𝑒𝑟 𝐶𝑎𝑙𝑐. ≈ 0.0253 

 
 Probability of Failure of Operator Processes & Automated Controls at 

the Sending Site  

The probability of failing at the sending site is calculated using 𝜆 =
10

𝑚𝑖𝑙𝑙𝑖𝑜𝑛 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 ℎ𝑜𝑢𝑟𝑠
. 

Since 𝜆 is per operating hours, 𝜏 = 624 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 ℎ𝑜𝑢𝑟𝑠 as calculated before. 
 

𝑃𝑆𝑒𝑛𝑑𝑖𝑛𝑔 𝑆𝑖𝑡𝑒 =  1 − 𝑒−𝜆𝜏 

𝑃𝑆𝑒𝑛𝑑𝑖𝑛𝑔 𝑆𝑖𝑡𝑒 = 1 − 𝑒
− 

10
106×624

 

𝑃𝑆𝑒𝑛𝑑𝑖𝑛𝑔 𝑆𝑖𝑡𝑒 = 6.220571632 × 10−3 

𝑃𝑆𝑒𝑛𝑑𝑖𝑛𝑔 𝑆𝑖𝑡𝑒 ≈ 6.22 × 10−3 

 

The probability of the supplier sending too much fuel is the addition of the two above 

reasons since they are connected by the “OR” gate. 

𝑃𝑆𝑢𝑝𝑝𝑙𝑖𝑒𝑑 𝐸𝑥𝑐𝑒𝑠𝑠 = 𝑃𝐻𝑖𝑔ℎ𝑒𝑟 𝐶𝑎𝑙𝑐. + 𝑃𝐼𝑛𝑝𝑢𝑡 𝐸𝑟𝑟𝑜𝑟 − (𝑃𝐻𝑖𝑔ℎ𝑒𝑟 𝐶𝑎𝑙𝑐.  ×  𝑃𝐼𝑛𝑝𝑢𝑡 𝐸𝑟𝑟𝑜𝑟) 

𝑃𝑆𝑢𝑝𝑝𝑙𝑖𝑒𝑑 𝐸𝑥𝑐𝑒𝑠𝑠 = 0.0313985365 

 
𝑃𝑆𝑢𝑝𝑝𝑙𝑖𝑒𝑑 𝐸𝑥𝑐𝑒𝑠𝑠 ≈ 0.0314 

 
 
Probability that the Wrong Tank is Lined Up 
 
Similarly, if the wrong tank is lined up, that will only matter if the tank that the fuel is 
going to has inadequate tank space for the incoming fuel since it is already mostly filled 
up. So, again we input an “AND” gate to depict that both we have turned the wrong valve 
and also that the tank we connect to doesn’t have enough space in it. The failure rate of 

turning the wrong valve is 𝜆 =
1

1000 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟𝑠
. The probability that the tank that the fuel will 

be sent will have enough space is 
1

2
 , since they are connected by the “AND” gate we will 
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multiply this with the probability of turning the wrong valve. In addition, sending fuel to 
the wrong tank could lead to 4 other tanks receiving the wrong amount of fuel and as such 
we will multiply failure rate by 4. 
 

𝑃𝑤𝑟𝑜𝑛𝑔 𝑡𝑎𝑛𝑘 = 𝑃𝑛𝑜 𝑠𝑝𝑎𝑐𝑒 × 𝑃𝑤𝑟𝑜𝑛𝑔 𝑣𝑎𝑙𝑣𝑒 

𝑃𝑤𝑟𝑜𝑛𝑔 𝑡𝑎𝑛𝑘 =
1

2
× (1 − 𝑒−4𝜆𝜏) 

𝑃𝑤𝑟𝑜𝑛𝑔 𝑡𝑎𝑛𝑘 =
1

2
× (1 − 𝑒−

4
1000

×52) 

 
𝑃𝑤𝑟𝑜𝑛𝑔 𝑡𝑎𝑛𝑘 = 0.09389648164 

 
𝑃𝑤𝑟𝑜𝑛𝑔 𝑡𝑎𝑛𝑘 ≈ 0.0939 

 
The above probabilities are connected using the “OR” gate and, as such, the probability 

of having an excess amount of fuel sent to the tank is calculated through the addition of 

the two: 

𝑃𝑒𝑥𝑐𝑒𝑠𝑠 𝑓𝑢𝑒𝑙 = 𝑃𝑆𝑢𝑝𝑙𝑖𝑒𝑑 𝐸𝑥𝑐𝑒𝑠𝑠 + 𝑃𝑤𝑟𝑜𝑛𝑔 𝑡𝑎𝑛𝑘 − (𝑃𝑆𝑢𝑝𝑙𝑖𝑒𝑑 𝐸𝑥𝑐𝑒𝑠𝑠 ×  𝑃𝑤𝑟𝑜𝑛𝑔 𝑡𝑎𝑛𝑘) 

𝑃𝐸𝑥𝑐𝑒𝑠𝑠 𝐹𝑢𝑒𝑙 = 0.03155613821 + 0.09389648164 − (0.03155613821 ×  0.09389648164) 

𝑃𝐸𝑥𝑐𝑒𝑠𝑠 𝐹𝑢𝑒𝑙 =  0.122346806 

𝑃𝐸𝑥𝑐𝑒𝑠𝑠 𝐹𝑢𝑒𝑙 ≈ 0.12235 

 
3. Probability of Manual Inspection Failure 
 

Lastly, for an inspection failure to occur there are two thing that need to happen; both the 
manual checks and the CCTV checks have to not be as consistent and frequent as needed.  
 
Probability of Manual Regular checks 
 
Manual regular checks are required to inspect both filling processes and, successively, the 

flow rate. For these checks 𝜆 =
1

500 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟𝑠
.  

  

𝑃𝑀𝑎𝑛𝑢𝑎𝑙 𝐶ℎ𝑒𝑐𝑘 =  1 − 𝑒−𝜆𝜏 

𝑃𝑀𝑎𝑛𝑢𝑎𝑙 𝐶ℎ𝑒𝑐𝑘 = 1 − 𝑒− 
1

500
×52 

𝑃𝑀𝑎𝑛𝑢𝑎𝑙 𝐶ℎ𝑒𝑐𝑘 = 0.09877470258 

𝑃𝑀𝑎𝑛𝑢𝑎𝑙 𝐶ℎ𝑒𝑐𝑘 ≈ 0.0988 

 
Probability of CCTV Inspection Failure 
 

The failure to notice a substantial leakage through CCTV is given by 𝜆 =
1

200 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟𝑠
. 
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𝑃𝐶𝐶𝑇𝑉 𝐶ℎ𝑒𝑐𝑘 =  1 − 𝑒−𝜆𝜏 

𝑃𝐶𝐶𝑇𝑉 𝐶ℎ𝑒𝑐𝑘 = 1 − 𝑒− 
1

200
×52 

𝑃𝐶𝐶𝑇𝑉 𝐶ℎ𝑒𝑐𝑘 = 0.2289484142 

𝑃𝐶𝐶𝑇𝑉 𝐶ℎ𝑒𝑐𝑘 ≈ 0.229 

 

A failure in manual inspection will occur when both of the above fail and as such we 

multiply them giving: 

𝑃𝐼𝑛𝑠𝑝𝑒𝑐𝑡𝑖𝑜𝑛 𝐹𝑎𝑖𝑙 = 𝑃𝑀𝑎𝑛𝑢𝑎𝑙 𝐶ℎ𝑒𝑐𝑘 × 𝑃𝐶𝐶𝑇𝑉 𝐶ℎ𝑒𝑐𝑘 

𝑃𝐼𝑛𝑠𝑝𝑒𝑐𝑡𝑖𝑜𝑛 𝐹𝑎𝑖𝑙 = 0.09877470258 × 0.2289484142 

𝑃𝐼𝑛𝑠𝑝𝑒𝑐𝑡𝑖𝑜𝑛 𝐹𝑎𝑖𝑙 = 0.02261431152 

𝑷𝑰𝒏𝒔𝒑𝒆𝒄𝒕𝒊𝒐𝒏 𝑭𝒂𝒊𝒍 ≈ 𝟎. 𝟎𝟐𝟐𝟔 

 

PROBABILITY OF FUEL TANK OVERFILLING 
 

For the tank to overfill the safety system must fail, as well as, manual inspection and an 

excess amount of fuel must be sent to the tank. To calculate the probability of these three 

independent events all occurring in order for the tank to overfill in the period of 1 year, 

we multiply them: 

𝑃𝑂𝑣𝑒𝑟𝑓𝑖𝑙𝑙 𝑇𝑎𝑛𝑘 = 𝑃𝑆𝑎𝑓𝑒𝑡𝑦 𝑆𝑦𝑠𝑡𝑒𝑚 × 𝑃𝐸𝑥𝑐𝑒𝑠𝑠 𝐹𝑢𝑒𝑙 × 𝑃𝐼𝑛𝑠𝑝𝑒𝑐𝑡𝑖𝑜𝑛 𝐹𝑎𝑖𝑙 

𝑃𝑂𝑣𝑒𝑟𝑓𝑖𝑙𝑙 𝑇𝑎𝑛𝑘 = 0.0043347167 ×   0.122346806 × 0.02261431152 

𝑃𝑂𝑣𝑒𝑟𝑓𝑖𝑙𝑙 𝑇𝑎𝑛𝑘 = 0.00001199324582            

 

𝑃𝑂𝑣𝑒𝑟𝑓𝑖𝑙𝑙 𝑇𝑎𝑛𝑘 = 1.199324582  × 10−5 

𝑃𝑂𝑣𝑒𝑟𝑓𝑖𝑙𝑙 𝑇𝑎𝑛𝑘 ≈ 1.20 × 10−5 
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Question 6: Recalculation of the probability of a major overfill using the 

data acquired during the incident investigation 

 

a. Probability of the operator calculating the wrong “ullage” or failing to 
enter it into the overfill protection system correctly, or not following 
correct filling procedure, is not 1 in 1,000 fills but 1 in 50 fills: 

 

𝜆 =
1 𝑓𝑎𝑖𝑙𝑢𝑟𝑒

50 𝑓𝑖𝑙𝑙𝑠
×

52 𝑓𝑖𝑙𝑙𝑠

𝑦𝑒𝑎𝑟
=

52

50

𝑓𝑎𝑖𝑙𝑢𝑟𝑒𝑠

𝑦𝑒𝑎𝑟
 

𝑃 =
1

2
× (1 − 𝑒−𝜆𝜏) 

𝑃(𝑡) =
1

2
× (1 − 𝑒−

52
50) 

𝑃(𝑡) = 0.3233 
 

This recalculation is inserted into the probability of higher fuel amount calculation 
𝑃𝐻𝑖𝑔ℎ𝑒𝑟 𝐶𝑎𝑙𝑐. =  0.3233 

 

b. Recalculation of the failure rate based on the fact that the ATG had failed 
on 14 separate occasions between 31st August and 11th December (15 
weeks): 

 

 

𝜆 =
14 𝑓𝑎𝑖𝑙𝑢𝑟𝑒𝑠

15 𝑤𝑒𝑒𝑘𝑠
=

14 𝑓𝑎𝑖𝑙𝑢𝑟𝑒𝑠

(15 ∗ 7 ∗ 24 ) ℎ𝑜𝑢𝑟𝑠
 

𝑃(𝑡) = 1 − 𝑒−
14

2520
×8760 

𝑃(𝑡) = 1 
 
This recalculation is inserted into the probability of total ATG device failure calculation 

 𝑃𝐴𝑇𝐺 𝑑𝑒𝑣𝑖𝑐𝑒 =  0.3233 
 

 

c. A padlock that is required to keep the test lever horizontal in normal 
operation and that is unlocked to raise it for a bi-annual alarm test in the 
Independent High Level had never been fitted. It was assumed that there 
was a 50% chance, per test period, that the lever fell below horizontal and 
the valve was, as a result, in an inoperable position:  

 

 

𝜆 =  
 1 𝑓𝑎𝑖𝑙𝑢𝑟𝑒

2 𝑡𝑒𝑠𝑡𝑠
 ×  2

𝑡𝑒𝑠𝑡𝑠

𝑦𝑒𝑎𝑟
= 1

𝑓𝑎𝑖𝑙𝑢𝑟𝑒

𝑦𝑒𝑎𝑟
 

𝑃(𝑡) = 1 − 𝑒−1 
𝑃(𝑡) = 0.6321 
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IHLA test failing which is calculated above is not mutually exclusive with IHLA device 

failing. This gives us the total IHLA device failure, which is not mutually exclusive with 

the IHLA failure to respond probability. 

𝑃𝑇𝑂𝑇𝐴𝐿 𝐼𝐻𝐿𝐴 𝐷𝐸𝑉𝐼𝐶𝐸 𝐹𝐴𝐼𝐿𝑈𝑅𝐸

=  𝑃𝑡𝑒𝑠𝑡 𝑓𝑎𝑖𝑙𝑖𝑛𝑔 + 𝑃𝐼𝐻𝐿𝐴 𝑑𝑒𝑣𝑖𝑐𝑒 − (𝑃𝑡𝑒𝑠𝑡 𝑓𝑎𝑖𝑙𝑖𝑛𝑔  ×  𝑃𝐼𝐻𝐿𝐴 𝑑𝑒𝑣𝑖𝑐𝑒)  

𝑃𝑇𝑂𝑇𝐴𝐿 𝐼𝐻𝐿𝐴 𝐷𝐸𝑉𝐼𝐶𝐸 𝐹𝐴𝐼𝐿𝑈𝑅𝐸

=  0.6321205588 +  0.01736741718 − (0.6321205588 ×  0.01736741718) 

𝑃𝑇𝑂𝑇𝐴𝐿 𝐼𝐻𝐿𝐴 𝐷𝐸𝑉𝐼𝐶𝐸 𝐹𝐴𝐼𝐿𝑈𝑅𝐸 =  0.63850967460 

 

𝑃𝑇𝑂𝑇𝐴𝐿 𝐼𝐻𝐿𝐴  𝐹𝐴𝐼𝐿𝑈𝑅𝐸

=  𝑃𝑇𝑂𝑇𝐴𝐿 𝐼𝐻𝐿𝐴 𝐷𝐸𝑉𝐼𝐶𝐸 𝐹𝐴𝐼𝐿𝑈𝑅𝐸 + 𝑃𝐼𝐻𝐿𝐴 𝑓𝑎𝑖𝑙𝑢𝑟𝑒 𝑡𝑜 𝑟𝑒𝑠𝑝𝑜𝑛𝑑

− (𝑃𝑇𝑂𝑇𝐴𝐿 𝐼𝐻𝐿𝐴 𝐷𝐸𝑉𝐼𝐶𝐸 𝐹𝐴𝐼𝐿𝑈𝑅𝐸  ×  𝑃𝐼𝐻𝐿𝐴 𝑓𝑎𝑖𝑙𝑢𝑟𝑒 𝑡𝑜 𝑟𝑒𝑠𝑝𝑜𝑛𝑑)  

 

𝑃𝑇𝑂𝑇𝐴𝐿 𝐼𝐻𝐿𝐴  𝐹𝐴𝐼𝐿𝑈𝑅𝐸 =  0.63850967460+ 0.01718397531−(0.63850967460×

 0.01718397531) = 0.6447215154 

  

 

 

  

d. The combination of a high workload, poor communications with the 
UKOP South sending site, and inadequate levels of supervision meant that 
physical checking of the filling process was flawed. Assume that the 
probability of there being no physical checks is 15% of the 52 fills in one 
year 

𝑃(𝑡) = 0.15 
 

Probability of Standard checks and inspections  not occuring (a) is not mutually 
exclusive with probability of manual regular checks (b) 

𝑃𝑐ℎ𝑒𝑐𝑘𝑠 1 =  𝑃𝑎 +  𝑃𝑏 − (𝑃𝑎  ×  𝑃𝑏)  

 

𝑃𝑐ℎ𝑒𝑐𝑘𝑠 1 =  0.15 + 0.0987747 − (0.15 ×  0.0987747) 

𝑃𝑐ℎ𝑒𝑐𝑘𝑠 1 = 0.2339584972 
 

e. Similarly, checking of CCTV and computer screens was inadequate. You 
can assume the probability of there being inadequate control room 
operating checks was 15% of the filling occasions (52/year) 

2. 0.08062353746 
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𝑃(𝑡) = 0.15 

 
Probability of CCTV and computer screen checking failing (a) is not mutually exclusive 
with probability of CCTV inspection failure (b) 
 

𝑃𝑐ℎ𝑒𝑐𝑘𝑠 2 =  𝑃𝑎 +  𝑃𝑏 − (𝑃𝑎  ×  𝑃𝑏)  

 

𝑃𝑐ℎ𝑒𝑐𝑘𝑠 2 =  0.15 + 0.2289484142 − (0.15 ×  0.2289484142) 

𝑃𝑐ℎ𝑒𝑐𝑘𝑠 2 = 0.3446061521 
 

The total probability of inspection failure is an AND gate between check 1 and 

check 2.  

𝑷𝑰𝒏𝒔𝒑𝒆𝒄𝒕𝒊𝒐𝒏 𝑭𝒂𝒊𝒍 =  𝑃𝑐ℎ𝑒𝑐𝑘𝑠 1 ×  𝑃𝑐ℎ𝑒𝑐𝑘𝑠 2   

𝑷𝑰𝒏𝒔𝒑𝒆𝒄𝒕𝒊𝒐𝒏 𝑭𝒂𝒊𝒍 =  0.2339584972 ×  0.3446061521 = 0.08062353746  

 

a. Comment on whether you think the calculated risk is acceptable or not. 
 

PROBABILITY OF FUEL TANK OVERFILLING 
 

Probability of tank overfilling after integrating and accounting for the values from the 

incident investigation we get a value, which is significantly, higher than that obtained in 

question 5. The risks in this case are intolerable and the necessary measures to reduce 

the probability of risks should be implemented as soon as possible irrespective of costs. 

 

 

 
 

𝑃𝑂𝑣𝑒𝑟𝑓𝑖𝑙𝑙 𝑇𝑎𝑛𝑘 = 𝑃𝑆𝑎𝑓𝑒𝑡𝑦 𝑆𝑦𝑠𝑡𝑒𝑚 × 𝑃𝐸𝑥𝑐𝑒𝑠𝑠 𝐹𝑢𝑒𝑙 × 𝑃𝐼𝑛𝑠𝑝𝑒𝑐𝑡𝑖𝑜𝑛 𝐹𝑎𝑖𝑙 

𝑃𝑂𝑣𝑒𝑟𝑓𝑖𝑙𝑙 𝑇𝑎𝑛𝑘 = 0.6447215154 ×  0.3906293367  ×  0.08062353746  

𝑃𝑂𝑣𝑒𝑟𝑓𝑖𝑙𝑙 𝑇𝑎𝑛𝑘 = 2.030480716 × 10−2 

𝑷𝑶𝒗𝒆𝒓𝒇𝒊𝒍𝒍 𝑻𝒂𝒏𝒌 ≈ 𝟐. 𝟎𝟑 × 𝟏𝟎−𝟐 
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Question 7: Calculate the overfill for 5 tanks in 10 years. 

 

As it’s for ten-year period so the time interested are 10 instead of 1. 

 

Standard assumption: 

 

 Probability Of Higher Fuel Amount Calculation  
 

So the probability of higher calculation is: 

𝑃𝐻𝑖𝑔ℎ𝑒𝑟 𝐶𝑎𝑙𝑐. = 𝑃𝐻𝑖𝑔ℎ𝑒𝑟 × 𝑃𝑊𝑟𝑜𝑛𝑔 𝐶𝑎𝑙𝑐. 

 

𝑃𝐻𝑖𝑔ℎ𝑒𝑟 𝐶𝑎𝑙𝑐. =
1

2
× (1 − 𝑒−𝜆𝜏) 

 

𝑃𝐻𝑖𝑔ℎ𝑒𝑟 𝐶𝑎𝑙𝑐. =
1

2
× (1 − 𝑒−

1
1000

×520) 

 
𝑃𝐻𝑖𝑔ℎ𝑒𝑟 𝐶𝑎𝑙𝑐. = 0.202739726 

 
Probability of Failure of Operator Processes & Automated Controls at the 
Sending Site  
 

𝑃𝑆𝑒𝑛𝑑𝑖𝑛𝑔 𝑆𝑖𝑡𝑒 =  1 − 𝑒−𝜆𝜏 

𝑃𝑆𝑒𝑛𝑑𝑖𝑛𝑔 𝑆𝑖𝑡𝑒 = 1 − 𝑒
− 

10
106×6240

 

𝑃𝑆𝑒𝑛𝑑𝑖𝑛𝑔 𝑆𝑖𝑡𝑒 = 0.06049299118 

These two probabilities above are not mutually exclusive: 

𝑃𝑆𝑢𝑝𝑝𝑙𝑖𝑒𝑑 𝐸𝑥𝑐𝑒𝑠𝑠 = 𝑃𝐻𝑖𝑔ℎ𝑒𝑟 𝐶𝑎𝑙𝑐. + 𝑃𝐼𝑛𝑝𝑢𝑡 𝐸𝑟𝑟𝑜𝑟 − (𝑃𝐻𝑖𝑔ℎ𝑒𝑟 𝐶𝑎𝑙𝑐. × 𝑃𝐼𝑛𝑝𝑢𝑡 𝐸𝑟𝑟𝑜𝑟) 

𝑃𝑆𝑢𝑝𝑝𝑙𝑖𝑒𝑑 𝐸𝑥𝑐𝑒𝑠𝑠 = 0.202739726 + 0.06049299118 − (0.202739726 × 0.06049299118) 

𝑃𝑆𝑢𝑝𝑝𝑙𝑖𝑒𝑑 𝐸𝑥𝑐𝑒𝑠𝑠 = 0.2509683847 

 

Probability that the Wrong Tank is Lined Up 
𝑃𝑤𝑟𝑜𝑛𝑔 𝑡𝑎𝑛𝑘 = 𝑃𝑛𝑜 𝑠𝑝𝑎𝑐𝑒 × 𝑃𝑤𝑟𝑜𝑛𝑔 𝑣𝑎𝑙𝑣𝑒 

𝑃𝑤𝑟𝑜𝑛𝑔 𝑡𝑎𝑛𝑘

1

2
× (1 − 𝑒−𝜆𝜏) 

𝑃𝑤𝑟𝑜𝑛𝑔 𝑡𝑎𝑛𝑘 =
1

2
× (1 − 𝑒−

1
1000

×520) 

 
𝑃𝑤𝑟𝑜𝑛𝑔 𝑡𝑎𝑛𝑘 = 0.4375348939 

 

So the probability of one tank overfill, in ten year period: 

𝑃𝑒𝑥𝑐𝑒𝑠𝑠 𝑓𝑢𝑒𝑙 = 𝑃𝑆𝑢𝑝𝑙𝑖𝑒𝑑 𝐸𝑥𝑐𝑒𝑠𝑠 + 𝑃𝑤𝑟𝑜𝑛𝑔 𝑡𝑎𝑛𝑘 − (𝑃𝑆𝑢𝑝𝑙𝑖𝑒𝑑 𝐸𝑥𝑐𝑒𝑠𝑠 × 𝑃𝑤𝑟𝑜𝑛𝑔 𝑡𝑎𝑛𝑘) 



Page 22 of 26 

𝑃𝐸𝑥𝑐𝑒𝑠𝑠 𝐹𝑢𝑒𝑙 = 0.2509683847 + 0.4375348939 − (0.2509683847 × 0.4375348939) 

𝑃𝐸𝑥𝑐𝑒𝑠𝑠 𝐹𝑢𝑒𝑙 = 0.5786958531 

For five tanks: 

𝑃𝐸𝑥𝑐𝑒𝑠𝑠 𝐹𝑢𝑒𝑙 𝑜𝑓 𝑓𝑖𝑣𝑒 𝑡𝑎𝑛𝑘𝑠 = 0.5786958531 × 5 = 2.893479265 

 

Probability of Supplier Sending too much Fuel 
 
 Probability Of Higher Fuel Amount Calculation  

 
 

𝑃𝐻𝑖𝑔ℎ𝑒𝑟 𝐶𝑎𝑙𝑐. = 𝑃𝐻𝑖𝑔ℎ𝑒𝑟 × 𝑃𝑊𝑟𝑜𝑛𝑔 𝐶𝑎𝑙𝑐. 

 

𝑃𝐻𝑖𝑔ℎ𝑒𝑟 𝐶𝑎𝑙𝑐. =
1

2
× (1 − 𝑒−𝜆𝜏) 

 

𝑃𝐻𝑖𝑔ℎ𝑒𝑟 𝐶𝑎𝑙𝑐. =
1

2
× (1 − 𝑒−

1
50

×520) 

 
𝑃𝐻𝑖𝑔ℎ𝑒𝑟 𝐶𝑎𝑙𝑐. = 0.4999847838 

 
 
 Probability of Failure of Operator Processes & Automated Controls at the 

Sending Site  
 

𝑃𝑆𝑒𝑛𝑑𝑖𝑛𝑔 𝑆𝑖𝑡𝑒 =  1 − 𝑒−𝜆𝜏 

𝑃𝑆𝑒𝑛𝑑𝑖𝑛𝑔 𝑆𝑖𝑡𝑒 = 1 − 𝑒
− 

10
106×6240

 

𝑃𝑆𝑒𝑛𝑑𝑖𝑛𝑔 𝑆𝑖𝑡𝑒 = 0.06049299118 

These probability are not mutually exclusive: 

 

𝑃𝑆𝑢𝑝𝑝𝑙𝑖𝑒𝑑 𝐸𝑥𝑐𝑒𝑠𝑠 = 𝑃𝐻𝑖𝑔ℎ𝑒𝑟 𝐶𝑎𝑙𝑐. + 𝑃𝑠𝑒𝑛𝑑𝑖𝑛𝑔 𝑠𝑖𝑡𝑒 − (𝑃𝐻𝑖𝑔ℎ𝑒𝑟 𝐶𝑎𝑙𝑐. × 𝑃𝑠𝑒𝑛𝑑𝑖𝑛𝑔 𝑠𝑖𝑡𝑒) 

𝑃𝑆𝑢𝑝𝑝𝑙𝑖𝑒𝑑 𝐸𝑥𝑐𝑒𝑠𝑠 = 0.4999847838 + 0.06049299118 − (0.4999847838 × 0.06049299118) 

𝑃𝑆𝑢𝑝𝑝𝑙𝑖𝑒𝑑 𝐸𝑥𝑐𝑒𝑠𝑠 = 0.5302321998 

 
 
Probability that the Wrong Tank is Lined Up 
 
 

𝑃𝑤𝑟𝑜𝑛𝑔 𝑡𝑎𝑛𝑘 = 𝑃𝑛𝑜 𝑠𝑝𝑎𝑐𝑒 × 𝑃𝑤𝑟𝑜𝑛𝑔 𝑣𝑎𝑙𝑣𝑒 

𝑃𝑤𝑟𝑜𝑛𝑔 𝑡𝑎𝑛𝑘 =
1

2
× (1 − 𝑒−𝜆𝜏) 

𝑃𝑤𝑟𝑜𝑛𝑔 𝑡𝑎𝑛𝑘 =
1

2
× (1 − 𝑒−

1
50

×520) 
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𝑃𝑤𝑟𝑜𝑛𝑔 𝑡𝑎𝑛𝑘 = 0.4375348939 

 
So the probability of one tank overfill, in ten year period: 

𝑃𝑒𝑥𝑐𝑒𝑠𝑠 𝑓𝑢𝑒𝑙 = 𝑃𝑆𝑢𝑝𝑙𝑖𝑒𝑑 𝐸𝑥𝑐𝑒𝑠𝑠 + 𝑃𝑤𝑟𝑜𝑛𝑔 𝑡𝑎𝑛𝑘 − (𝑃𝑆𝑢𝑝𝑙𝑖𝑒𝑑 𝐸𝑥𝑐𝑒𝑠𝑠 × 𝑃𝑤𝑟𝑜𝑛𝑔 𝑡𝑎𝑛𝑘) 

𝑃𝐸𝑥𝑐𝑒𝑠𝑠 𝐹𝑢𝑒𝑙 = 0.5302321998 + 0.4375348939 − (0.5302321998 × 0.4375348939) 

𝑃𝐸𝑥𝑐𝑒𝑠𝑠 𝐹𝑢𝑒𝑙 = 0.7357720044 

So for five tanks: 

𝑃𝐸𝑥𝑐𝑒𝑠𝑠 𝐹𝑢𝑒𝑙 𝑓𝑜𝑟 𝑓𝑖𝑣𝑒 𝑡𝑎𝑛𝑘𝑠 = 0.7357720044 × 5 = 3.678860022 
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Question 8. List what you consider were the five main reasons why the 

incident took place and make practical recommendations designed to 

prevent a recurrence for each reason. 

 

Unprofessional staff 

The staffs actually have the most responsible for this incident. When the oil mist begins 

to spread, the monitor in the control room clearly shows it, but none of the staff 

members recognize it and no action was done to it. There was only one screen for the 

data to show the ATG system on several tanks, by all mean only one tank’s status can be 

viewed at once. Also the supervisors are relying too much on the ATG system when 

filling fuels, and having no backup plan for this control process. The emergency 

shutdown is supposed to do an immediate shutdown with the red button. The shutdown 

button is said to be no longer working, but the staffs never test it and get it replaced. 

Having more computer screens in the control room showing each tank on an individual 

screen would help a lot to show more clearly what the tank is happening. So that a quick 

action can be done to it and have it shut down before the disaster gone worse. These 

factors are all to do with the lack of training provided to the employees, a regular test on 

how staffs will deal with different problem should be done and if the particular staff 

wasn’t able to react to the issues, they should be given an easier task that is not an 

important role. 

 

IHLS failure 

Independent high-level switch (IHLS) is designed to stop the system automatically once 

the petrol in the tank is overfilled. However, it is stated that there is communication 

between installer and site operator, and so the padlock isn’t retaining in its check lever 

and not fitted. There wasn’t anything happening in the control room when the disaster 

happens. Furthermore, the site operator wasn’t given a sufficient exercise of the whole 

working procedure, and none of the staff was aware of how important the effect of the 

correct position of padlock and test lever. 

A full detailed of how the IHLS works should be given to the site operator and all 

operators at every shift must be able to identify if something may have gone wrong in it. 

Every site operator should be given a practical failure of this system and know how to 

deal with the problem. 

 

ATG failure 

The purpose of the ATG was to alert the operators immediately when the level of petrol 

is too high. The gauge had stuck since its first service in august 2005, but no one seems 

to have responded to this issue. In fact, there were 14 times being stuck since 31 august 
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2005, what the supervisor did to this was to rectify the symptoms of sticking by raising 

the gauge to its highest position and let itself to settle down. Therefore, these failures get 

worse and worse as the problem was never fully identified and no one is aware of the 

trouble it will be when anything happens. 

First of all, we cannot see any problem as a small matter, every little bit will cause a 

disaster. In this tank gauge failure, petrol will come out unstoppably if the gauge fails. 

The most effective way is simply arranging a time to fix the issue and knowing what has 

gone wrong causing this frequent failure and avoid it from happening again. 

Additionally, making sure that the employee responsible for monitoring the filling 

operation checks every 2-3 hours, and report the system status. 

 

Design of Tank and Bund wall 

The tank can hold 10% more of the fuel capacity in its liquid state. In the fire incident, 

some fuel was mixed with air and some was in its vapour state, so that it spilled out from 

the tank due to a bigger volume occupied.  Due to the different safety factors that could 

affect the volume, a serious consideration must be taken into account when designing 

the fuel tank. The shuttering used to hold the concrete bund in place when it is set was 

held using the tie bars. The bund was constructed by using tie bars penetrating through 

the bund.  However, despite they were plugged and grouted, they were still unable to 

resist the fire and therefore opened up allowing further pathways for fuel leakage. 

The tank should also be surrounded by an even bigger container which can be useful to 

stop any oil mist escaping a certain area around the tank. And a proper drainage system 

would also be helpful to prevent a consistent coming of fuel. 

 

Tank Location 

The tank was located at a relatively high point of the whole oil storage terminal and the 

flow of the fuel mist came down all the way from the top without anything stopping it. 

The position of it has lead to oil mist spreading all around the site easily, this will put the 

worker’s life into danger and causing damages to the environment. 

If the land is not evenly flat and with some specific high points, it is suggested to have 

the oil tanks built on a low-levelled land in order to lower the damages caused by the 

gravitational of flow. In addition, car park should always be away from the storage tank 

as it might trigger the chain of explosion with the cars.  
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