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THE YORK POTASH HARBOUR FACILITIES ORDER 201X 
 

APPLICANT’S RESPONSE TO BP CATS OBJECTION TO SOUTHERN CONVEYOR ROUTE 
 
 

1. Discussions between the Applicant and BP CATS have resulted in full agreement on the 

appropriate protective provisions in Schedule 9 with the exception only of the issue of an 
appropriate form of indemnity (see Appendix 2 of Document 8.10).  

2. Nevertheless, BP CATS are maintaining an objection to the southern conveyor route on the 
basis that, in its view, there are increased safety concerns relating to the southern route as 
evidenced, they say, by a Quantitative Risk Assessment (QRA). The position of BP CATS is 
set out in their Explanatory Note submitted for Deadline 5.  

3. The Applicant commissioned its own advice in relation to the QRA undertaken on behalf of 

BP CATS. As a result, the Applicant does not accept the analysis referred to in that 

Explanatory Note. It believes that it is flawed, being based on the use of inappropriate, and 
subjective, assumptions.  

4. The Applicant and BP CATS have discussed their different positions and have agreed a list 
of the disputed points. These disputed points, and the Applicant’s position in relation to 
risk, are set out in the report from Royal HaskoningDHV commissioned by the Applicant 

contained in Appendix 1 to this note.  

5. The list of disputed points (in bold) along with a summary of the Applicant’s position is set 
out below.  

1) Risk reduction through Protective Provisions:  The Applicant will reduce the 
risks associated with the southern route through application of engineering controls 
in the form of agreed protective provisions.  Based on the principles of Hierarchy of 
Control, this is an accepted method of risk reduction when risk elimination is not 

an appropriate method 

2) Preference for the Southern route: Although the southern route has an 
increased risk when compared to the northern route, it is still below the HSE 
guidance threshold. The increased risk of the southern Route is outweighed by the 
significant operational benefits associated with it.  

3) Supervision of the protective provisions: There will be multiple layers of 
supervision (including BP CATS, the Applicant’s supervisor, the Applicant’s 

contractor and Sembcorp).  Failure to properly implement the protective provisions 
is unlikely as it would require two or more errors of supervision within different 
organisations.  The revised QRA by Royal HaskoningDHV indicates the risk 
associated with the southern route is “tolerable” and the northern route is 
“acceptable” in accordance with HSE guidance. 

4) The impact of over familiarisation and normalisation of risk on human error 

rate for repetitive activities.  The Applicant does not consider that the piling 

work is repetitive because it is not a “routine” task in the generally accepted 
meaning of the term.  The piling activities are scheduled over a period over multiple 
months and executed by specialist contractors applying particular measures to 
minimise complacency.  The additional risk for complacency would be offset by 
improved familiarity with the task.  BP CATS use of an increased multiplication 
factor of 10 for this concern is not justified and distorts the results of their QRA 

making the overall risk ‘Intolerable’ in accordance with HSE guidance. 

5) Base input information for vehicle movements in the pipeline corridor.  The 
frequency proposed by BP CATS is based on a single historical occurrence and hence 
overreliance is placed upon it.  The Applicant believes a frequency should be based 
on scientifically based (accepted) statistics, taking local circumstances and 
protective measures into account.  
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6. The reasons for the need to provide for alternative conveyor routes were set out by the 

Applicant in Document 8.5 (Appendix 2).  The Applicant is clear. The southern route is 
operationally far superior. It involves less infrastructure and minimises product 
degradation. Significantly, it also minimises the need for compulsory acquisition, the 
Applicant having secured the vast majority of the legal interests necessary to construct that 
route. The northern route is needed as a consented alternative having regard to a possibility 
that implementation of the southern route is not possible as a result of matters which come 

to light when intrusive ground investigation is undertaken. The alternatives are essential in 
order that the scheme has the confidence of funders that it will be delivered within the 
timeline for the York Potash Project as a whole.  

7. The Applicant rejects the suggestion that there is any difference in the amount of risk 
associated with either route sufficient to influence the choice of route.  

8. It has to be remembered that the BP CATS pipeline has been constructed, maintained and 
operated through a congested pipeline corridor. It does not sit in splendid isolation but lives 

alongside other assets in close proximity, all of whom may impact upon the pipeline when 

carrying out construction, repair or maintenance activities.  

9. Indeed the pipeline corridor continues to accept additional pipelines as witnessed by the 
new SABIC pipeline which is currently under construction. The new pipeline is being 
constructed on the BP CATS side of the pipe rack. It is an over ground pipeline and it is 
noteworthy that construction vehicles travel over the BP CATS pipeline easement in 

connection with the construction of the new pipeline.  

10. The SABIC pipeline is being constructed under the “permit to work” regime contained in the 
Sembcorp lease (referred to in paragraph 3 Appendix 1 to Document 8.10). The protection 
afforded to BP CATS within the “permit to work” arrangements is far less than that provided 
by the protective provisions in Schedule 9. In addition, the Deed of Grant (contained at 
Appendix 2), pursuant to which the BP CATS pipeline was laid, does not provide BP CATS 
with anything like the protection now afforded to the pipeline by the protective provisions 

in Schedule 9.  

11. It is also noteworthy, when considering the BP CATS view of risk, that it made a decision 
to construct its pipeline within the pipeline corridor in full knowledge of the above. When it 
constructed its pipeline it no doubt could have chosen a different route to avoid the pipeline 
corridor and the proximity of other assets but it did not choose to do so. It chose that 
location and must have viewed it as acceptable. It is not accepted that the Applicant’s 
proposals should be regarded as materially changing that position.  

12. Whilst the argument of BP CATS appears to be based on its view that any degree of risk 
should be avoided if there is an alternative, this fails to have proper regard to the need (not 
choice) to maintain the alternatives.  
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Fault Tree Notes 

1. Introduction 

Three fault trees are produced: 

Southern route Construction phase, based on the original drawings from York Potash. It is assumed 

that the construction phase carries the greatest risk of a release from the CATS 36” pipeline. 

Northern Route Construction phase, based on the original layout drawings as received from York 

Potash. However it has been identified that there is an error in the representation of the CATS 

pipeline for the northern route, which affects the release frequency. This version of the analysis will be 

valid if York Potash re-route their conveyor based on the correct pipeline position to minimise 

interaction with the pipeline 

Northern Route Construction phase Corrected. This is based on the corrected pipeline position and 

the revised York Potash drawing received on 21/10/15. In reality, the dog-leg in CATS pipeline on the 

northern route occurs further north-east along the conveyor, close to the second conveyor tower. This 

results in an additional distance where the conveyor is adjacent to or directly above the pipeline, 

assuming that York Potash do not re-route their conveyor 

Many of the activities, errors and other failure frequencies are common to all three analyses. Any 

differences are highlighted in these notes 

2. Piling Activities (Fault tree Ref 1) 

It is assumed an excavation is required at each piling location to provide footings, so piling and 

excavation activities are not independent - e.g. if the pipeline position is correctly identified when the 

excavation is carried out, it is highly unlikely there will be an error in the piling location. Hence 

excavation of pile footings and piling are considered as one activity. 

Excavation as a cause in its own right is considered separately below as it is highly likely that BP will 

request that the pipeline is uncovered (either sections or in its entirety) 

2.1 Southern route 

120 piling locations identified, so frequency of 120 events per year. All piles considered to be 

‘adjacent’ to the pipeline 

2.2 Northern route  

18 piling locations identified, Some piling locations are >12m away from the pipeline, so only those on 

the side of the conveyor closest to the pipeline are considered to be a real risk, so frequency of 9 

events per year. 

2.3 Corrected Northern Route 

There are 38 piling locations along the northern route where the conveyor is in the vicinity of the 

pipeline, however only 30 piling locations are considered to be adjacent to the pipeline. 

Hence frequency of Fault tree ref 1 changes from 9 to 30 events per year 

 

 

3. Lifting Activities (Fault tree Ref 6) 



Assume 1 lift per piling location, plus 1 lift per section of conveyor 

3.1 Southern route 

120 piling locations identified, plus 60 sections of conveyor so frequency of 180 lifts per year.  

3.2 Northern route  

18 piling locations identified, plus 9 sections of conveyor so frequency of 27 lifts per year.  

3.3 Corrected Northern Route 

There are 30 piling locations and 19 sections of conveyor 

Hence frequency of Fault Tree Ref 6 changes from 27 to 49 lifts per year 

 

4. Excavations (Fault tree Ref 15) 

As discussed above, excavations for pile footings are not independent of piling activities, so are 

considered with the piling. 

It is likely that sections of the pipeline will be uncovered, so there are specific excavation activities that 

can impact the pipeline. 

The excavations could be one continuous activity to uncover the pipeline where it is immediately 

adjacent to the conveyor route, or a series of discrete excavations to uncover certain sections. Due to 

this uncertainty, the number of pipeline orientations is taken as the number of discrete excavations. 

This assumes that once one part of the pipeline has been uncovered with it in a particular orientation, 

then subsequent identification of the pipeline position will be relatively easy and the chance of an 

error is negligible, until the pipeline changes direction, when the chance of an error returns. 

4.1 Southern Route 

7 orientations due to dog-leg and small changes in direction 

4.2 Northern route  

2 orientations around the dog-leg 

4.3 Corrected Northern route 

This is unchanged from the original northern route at 2 orientations as there is still a single dog leg 

 

5. Traffic and pipeline crossings (Fault tree Ref 19) 

Based solely on number of crossing points where traffic will be driving over the top of the pipeline. No 

attempt to quantify number of journeys 

5.1 Southern Route 

3 identified crossing points 

5.2 Northern Route 

1 identified crossing point 



5.3 Corrected Northern Route 

Remains unchanged from the original northern route at 1 crossing point, though the location moves 

 

6. Human error (Fault tree Ref 2, 3, 7, 16, 17) 

Wrong location chosen resulting in piling, excavation work or crane siting on top of the pipeline when 

it is believed to be away from the pipeline 

It is noted that for the northern route there is generally more freedom and space for siting of piling rigs 

/ cranes etc outside the pipeline easement. The southern route is generally more congested with 

above and below ground pipelines with far less space for siting equipment. It would be reasonable to 

assume that the magnitude of any error resulting in the pipeline being struck on the northern route is 

greater than for the southern route, where a discrepancy of 0.5 - 1m could be critical. However, in this 

analysis no attempt is made to quantify this effect 

A widely used value for human error frequency is 0.001/opportunity. This is typically for an operator 

who is well trained with no stress and there is independent verification of his actions. 

Human error frequency for an Operator who is well trained with no stress and independent 

verification: 0.001/opportunity 

Kirwan (ref 1) quotes 0.001/opportunity for an error in a simple routine operation 

These error rates make no account of complacency or over-familiarity in routine tasks. An individual is 

likely to take more care with a one-off or unfamiliar task. 

Complacency is cited as one of the key human error factors in aviation incidents but no attempt has 

been made to quantify the effect in human error rates. It is a noticeable difference between the 

southern and northern routes that one has over 100 piling activities in close proximity to the pipeline 

whilst the other has less than 10. The repetitious nature of the activities, over an extended period of 

time is highly likely to lead to over-familiarisation and a de-sensitisation to the hazardous nature of the 

work. Hence it is suggested that a factor of 10 is appropriate - a human error is 10 times more likely 

on the southern route than on the northern route 

However, not all errors will result in an unsafe situation. It is possible that the error in pipeline location 

actually moves the excavation / piling location further away from the pipeline. Assume 10% of location 

errors result in the pipeline being exposed to excavation / piling activities 

6.1 Southern route - take 0.001 unsafe error probability 

6.2 Northern route - take 0.0001 unsafe error probability 

6.3 Corrected Northern Route - take 0.0001 unsafe error probability 

It is considered that the error frequencies are unchanged from the original northern route. Although 

there are more frequent piling and excavating activities adjacent to the pipeline, they are still 

considerably less than for the southern route. 

 

The same argument also applies to errors in operating machinery during excavation (Fault tree Ref 

16) and impacting the pipeline during backfilling. (Fault tree Ref 17) 

6.4 MoC error frequency 



It is expected that changes to the design of excavations or piling locations will be required as 

construction progresses - responding to unexpected ground conditions, layout on the ground differing 

from the drawings, etc. York Potash have stated that they expect to modify the design of the individual 

support footings as required to fit them in between easements and above ground pipelines, especially 

on the southern route where space is minimal. 

Take human error for MoC as 0.001 for both routes as it is expected that these will be infrequent and 

are an unusual activity so a lower chance of an error being made (Fault tree Ref 3). However, 

consider that the southern route will have a greater frequency of modification - say 10%, whereas the 

northern route will only require 5% of excavations and piling needing to be moved. 

6.5 Supporting Incidents and Experience 

Buried gas pipeline in Belgium which exploded in July 2004 killing 24 people had been damaged by a 

ground compactor 

One error in pipeline routing on the York Potash drawings identified during the HAZID 

BP CATS has experience of a 3rd party carrying out excavations over the CATS pipeline during 

construction of a new above ground line, whilst under Sembcorp permit to work 

7. Probability of full bore rupture vs minor leak vs no leak (Fault tree Ref A) 

This is to establish what happens to the pipeline once it is impacted - whether it fails catastrophically 

in a full bore rupture, or whether a minor leak (e.g. a crack or small hole) occurs, or whether the 

pipeline remains intact. 

Data on this is difficult to find as publically available failure rates include the probability of the pipeline 

being impacted. However, they do shed some light on the relative frequencies of small leaks and full 

bore ruptures 

EGIG (ref 2) quotes 0.016 ruptures per 1000km of pipeline per year, 0.135 minor leaks per 1000km of 

pipeline per year from holes, pinholes and cracks 

UKOPA (ref 3) quotes 191 incidents, of which 7 were full bore or greater 

From this, take probability of a rupture as 10-20 times less likely than that of a small leak.  

The nature of the impact needs to be considered 

It is acknowledged that the piles will be bored piles (not driven) However, if the pipe is impacted by 

the auger, the auger will continue to bore into the pipeline, so there is a chance that the pipeline will 

lose containment. Also consider that the pile diameter is approx 350mm and a full bore rupture is 

perhaps more likely if the pipeline is struck by the auger 

Hence impact from piling: 0.05 full bore rupture, 0.5 minor leak, 0.45 pipeline damaged but no loss of 

containment 

 

If the exposed pipeline is impacted whilst lifting, excavating or backfilling, it is far more likely to be a 

single blow rather than the continuous drilling from an auger. In fact it is considered highly unlikely 

that these activities will lead to a full bore rupture - a minor leak or no leak at all is probable 

Hence impact from dropped load, excavation or backfilling: 0.01 full bore rupture, 0.1 minor leak, 0.89 

pipeline damaged but no loss of containment 



If the pipeline is buried and suffers an impact, from a load drop, a crane or piling rig collapse or piling 

vibration, it is not considered credible that a full bore rupture will occur 

Hence impact from other causes:  0.1 minor leak, 0.9 pipeline damaged but no loss of containment 

8. Ignition probabilities (Fault tree Ref B) 

Widely used ignition probabilities in Layer of Protection Analysis are: 

Immediate ignition: 0.3 for high energy mechanical impact, 0.1 otherwise 

UKOPA (ref 3) - only 9 out of 191 incidents resulted in ignition 

EGIG (ref 2) - 32% of releases in pipelines >16” diameter result in ignition, 5% for all releases 

Pinhole crack / hole = 4.4 - 2.3%. Suggest use 0.03 for minor leak ignition probability 

Use 0.3 for FBR, 0.03 for minor leak 

NB - no account of the increased number of ignition sources due to the construction site, so these 

figures are conservative. 

9. Population present and affected (Fault tree Ref C) 

Affected populations include supermarket and car distribution warehouses, plus a sewerage works. 

These are all considered to employ shift workers, but there would be a reduced population during 

night hours. The trunk road (affected by the northern route) will also have a reduced population at 

night. However it is considered that major activities such as piling, lifting or excavating will take place 

in daylight hours only, when the full population is present. Hence probability of population present = 1 

for both routes 

There is also the probability that the incident occurs at a location on the pipeline where all the 

populations can be affected - if the pipeline is struck and ruptures at the western end, near the river, 

the resulting fire will not affect the sewerage works. There will still be offsite effects and potential 

casualties, but the number of fatalities will be diminished 

Southern route: By inspection of the pipeline, this is estimated to be 40%, so probability of the release 

affecting the full population = 0.4 

Northern route, the trunk road and sewerage plant will be affected from all potential rupture locations, 

so probability of the release affecting the full population = 1 

Also consider the direction of the jet fire following full bore rupture. The modelling predicts that the 

radiation contours are virtually circular, so regardless of the orientation, populations are affected by 

radiation, even if the flame is directed 180 degrees away from them. (I.e. it is does not require direct 

impingement of the flames for fatalities to occur) This is particularly relevant for the southern route, 

where the populations are close to the pipeline on either side of it. Most likely failure location will be in 

the top quadrant of the pipe so the flame will be vertically upwards or at an angle to the horizontal. 

Hence there is no additional reduction for leak rupture orientation on the southern route 

However for the northern route (both original and corrected), the trunk road is at the extremity of the 

affected area, so a factor of 0.25 is appropriate - the full population is only affected by a jet fire 

directed towards or above the trunk road 

Southern route, probability that fire affects full offsite population = 1 

Northern route, probability that fire affects full population = 0.25 



10. Traffic incident (Fault tree Ref 21) 

Supporting Experience 

BP CATS has experience of a 3rd party reversing a van towing a welding set into one of the CATS 

above ground product lines. On that occasion the pipeline was knocked off its supports but there was 

no loss of containment. One event in 15 years of operation 

Take 1 in 30 years for frequency of a traffic event 

11. Secondary Events (Fault tree Ref 4, 8, 9, 18, 20)  

11.1 Excessive vibration during piling (Fault tree Ref 4) 

Considered to be an issue if a human error is made in the vibration modelling or in carrying out the 

geological survey. Hence use 0.001 

11.2 Crane foundation failure or punch-through (Fault tree Ref 8 & 9) 

Considered to be an issue if a human error is made in the foundation design or in carrying out the 

geological survey. Hence use 0.001 

11.3 Design or placement of protection for the pipeline from vehicles (Fault tree Ref 20) 

Considered to be an issue if a human error is made in the protection design, setting it out, or in 

directing the traffic. Consider these to be 3 distinct phases of the activity so errors are independent 

Hence use 0.001 x 3 = 0.003 

11.4 Settlement of pipeline around excavations (Fault tree Ref 18) 

Considered to be an issue if a human error is made in the excavation design or in carrying out the 

geological survey. Hence use 0.001 

11.5 Piling Rig and Crane collapse (Fault tree Ref 5, 12 & 14) 

Noted that the work will involve temporary crane siting away from roads. 

Use 0.0001 for both routes, same as probability of a dropped load 

11.6 Dropped Load (Fault tree Ref 11 & 13) 

Use 0.0001 for both routes 

CCPS LOPA guidance (ref 4) is to use 1x10
-4

 per lift for a dropped load from a crane 
 
Report ‘A Survey of Crane Operating Experience at U.S. Nuclear Power Plants from 1968 through 
2002’ by the U.S. Nuclear Regulatory Commission reports 10 dropped loads in 34 years during 
construction activities 
 
OGP Risk Assessment Data Directory March 2010 ‘Mechanical Lifting Failures’ quotes offshore 
dropped object rate of 1.5 x 10

-5
 for all weights and all cranes, but cautions that the data is not 

applicable to onshore use 
 
11.7 Pipeline exposed (Fault tree Ref 11, 12, 13, 14 & 24) 

Considered that one of the BP requirements is likely to be that the pipeline is exposed, but not all 

pipeline may be exposed when lifting activities take place, hence assume 0.5 probability that the 



pipeline is exposed at the time of a dropped object, crane collapse or rupture of a 3rd party above 

ground pipeline 

But also consider that if the pipeline is exposed, there will be protection provided for it in the terms of 

crash mats / structures. However, given the size of some of the lifts it is debatable whether any 

protection would be sufficient 

For both routes take a further 0.01 probability that the exposed pipeline is not protected (either error in 

the location or design of the protection) 

12. Failure of above ground pipeline adjacent to CATS pipeline (Fault tree Ref 22 - 27) 

Applies only to Southern route 

Rupture of above ground pipeline (Fault tree Ref 22 & 26) 

Take 0.05, same as for rupture of CATS pipeline (conservative as these are thinner pipes) 

Ignition probability (Fault tree Ref 23 & 27) 

Likely releases are liquid propane or butane which would form a vapourising pool, potentially igniting 

immediately to form a jet fire or pool fire, or if there is delayed ignition, a vapour cloud explosion is 

possible.  

Immediate ignition and fire = 0.3 (as for CATS pipeline release as this is a high energy impact) 

Delayed ignition and a VCE = 0.5 (widely used value in Layer of Protection Analysis) 

Impingement of a fire on CATS pipeline 

Take 0.25, noting that a pool fire is likely to spread to the CATS pipeline, but jet fire can occur in any 

direction 

In the event of a fire impinging on the CATS pipeline, there will be a time delay before it fails, so 

evacuation of the site and possibly the local off-site population would be possible before the pipeline 

failed, so the probability of significant numbers of fatalities is further reduced. However, this is not 

included in the analysis as this cause is already a negligible frequency when compared to other 

causes  

 

 

13. Exclusions from the Fault Tree 

Hazards identified in the HAZID which have not been included in the fault tree: 

Deliberate violation of pipeline markers - negligible frequency compared to other causes 

Damage to pipeline Cathodic Protection system - negligible frequency compared to other causes 

Security issue leading to terrorist attack on pipeline - negligible frequency compared to other causes 
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SUMMARY

Southern Route Northern Route

Northern Route 

Corrected

events /yr events /yr events /yr

Multiple on and off site fatalities 8.23E-04 5.39E-06 2.09E-05

Multiple fatalities on site 2.52E-03 7.43E-05 2.12E-04

Gas released but disperses safely 8.63E-02 2.45E-03 7.05E-03

Pipe impacted, but no release 2.22E-01 1.68E-02 4.54E-02

Worst case societal impact (fatalities) >100 <50 <50

Dominant Cause of FBR

Error in pipeline 

position when 

excavating or piling

Error in pipeline 

position when 

excavating or piling

Error in pipeline 

position when 

excavating or piling

Notes

Northern Route

Northern Route Corrected

136 Thus, where societal concerns arise because of the risk of multiple fatalities occurring in one

event from a single major industrial activity, HSE proposes the following basic criterion for

the limit of tolerability, particularly for accidents where there is some choice whether to

accept the hazard or not , eg the risk of such an event happening from a major chemical site

or complex continuing to operate next to a housing estate. In such circumstances, HSE

proposes that the risk of an accident causing the death of 50 people or more  in a single

event should be regarded as intolerable  if the frequency is estimated to be more than one

in five thousand per annum.

As originally drawn, with error in pipeline position, but also applicable if 

York Potash re-route the conveyor to minimise interaction with pipeline

Pipeline position shown correctly, but with conveyor in original position

HSE Guidance 'REDUCING RISKS, PROTECTING PEOPLE: HSE’s decision-making process' , 2001 (Known as R2P2) 

suggests an incident which has the potential to kill more than 50 people and can occur with frequency greater than 2E-

04 per year is Intolerable
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FAULT TREE FOR RUPTURE AND FIRE FROM CATS 36" PIPELINE AS A RESULT OF YORK POTASH CONVEYOR CONSTRUCTION ACVTIVITY

SOUTHERN ROUTE  CONSTRUCTION PHASE

Activity Freq Event Prob Error Prob

Freq of 

pipeline 

impacts Prob Type Prob Type Prob Description Outcome Freq

1. Piling (and associated 

excavation) adjacent to 

pipeline 120 0.05

Full Bore 

rupture 0.3 Ignited Release (jet fire) 0.4

On and offsite population 

present and affected C1. Multiple on and off site fatalities 7 92E-04

2. Error in pipeline position. 

Excavation and subsequent piling 

on top of pipeline 0.001 AND 0.132 0.7

Unignited Release (gas 

cloud) C2. Gas Disperses, no safety impact 4.62E-03

OR 0.0011

3. Poor MoC if piling or excavation 

location moved 0.0001 0 5 Minor Leak 0 03 Ignited Release (jet fire) 1 Onsite population present C3. Multiple fatalities on site 1 98E-03

0 97

Unignited Release (gas 

cloud) C4. Gas Disperses, no safety impact 6.40E-02

4. Excessive vibration 0.001

OR 0.0011 0.45 No release C8. No release, no safety impact 5 94E-02

5. Piling rig collapse 0.0001

AND

0.132 0.1 Minor Leak 0 03 Ignited Release (jet fire) 1 Onsite population present C6. Multiple fatalities on site 3 96E-04

0 97

Unignited Release (gas 

cloud) C7. Gas Disperses, no safety impact 1 28E-02

0 9 No release C8. No release, no safety impact 1.19E-01

6. Lifting adjacent to 

pipeline 180 0.01

Full Bore 

rupture 0.3 Ignited Release (jet fire) 0.4

On and offsite population 

present and affected C9. Multiple on and off site fatalities 6.48E-07

7. Error in crane / pipeline 

position (crane on top of pipe) 0.001 AND 0.00054 0.7

Unignited Release (gas 

cloud) C10. Gas Disperses, no safety impact 3.78E-06

8. Crane foundations 

failure 0.001 AND 0 000002 0.1 Minor Leak 0 03 Ignited Release (jet fire) 1 Onsite population present C11. Multiple fatalities on site 1.62E-06

OR 0.002 OR 0.000003

9. Crane outrigger 

punchthrough 0.001 0 97

Unignited Release (gas 

cloud) C12. Gas Disperses, no safety impact 5 24E-05

11. Dropped Load 

(pipeline exposed) 0.00005 0.89 No release C13. No release, no safety impact 4 81E-04

OR

12. Crane collapse 

(pipeline exposed) 0.00005 0.0001 0 000001

Exposed Pipeline 

protection fails 0 01 AND

13. Dropped Load 

(pipeline buried) 0.00005

OR 0.0001

14. Crane collapse 

(pipeline buried) 0.00005 0.1 Minor Leak 0 03 Ignited Release (jet fire) 1 Onsite population present C14. Multiple fatalities on site 5.40E-05

AND 0.018

0 97

Unignited Release (gas 

cloud) C15. Gas Disperses, no safety impact 1.75E-03

0 9 No release C16. No release, no safety impact 1.62E-02

15. Excavation to uncover 

pipeline 7 0.01

Full Bore 

rupture 0.3 Ignited Release (jet fire) 0.4

On and offsite population 

present and affected C17. Multiple on and off site fatalities 1.68E-05

16. Error in operating excavation 

machinery (dig too deep) 0 001 AND 0.014 0.7

Unignited Release (gas 

cloud) C18. Gas Disperses, no safety impact 9 80E-05

OR 0.002

17. Error in backfilling operation 

causes impact 0 001 0.1 Minor Leak 0 03 Ignited Release (jet fire) 1 Onsite population present C19. Multiple fatalities on site 4 20E-05

0 97

Unignited Release (gas 

cloud) C20. Gas Disperses, no safety impact 1 36E-03

0.89 No release C21. No release, no safety impact 1 25E-02

A. Rupture B. Ignition C. Population
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18. Error in excavation design or 

execution causes pipeline settling 0 001 0.1 Minor Leak 0 03 Ignited Release (jet fire) 1 Onsite population present C22. Multiple fatalities on site 2.10E-05

AND 0.007

0 97

Unignited Release (gas 

cloud) C23. Gas Disperses, no safety impact 6.79E-04

0 9 No release C24. No release, no safety impact 6 30E-03

19. Traffic crossing 

pipeline 3

AND 0.1 Minor Leak 0 03 Ignited Release (jet fire) 1 Onsite population present C25. Multiple fatalities on site 2.70E-05

20. Error in design or placement of 

pipeline protection, or traffic 

routing 0 003 0.009

0 97

Unignited Release (gas 

cloud) C26. Gas Disperses, no safety impact 8.73E-04

0 9 No release C27. No release, no safety impact 8.10E-03

21. Vehicle strikes above 

ground pipeline 0.033

AND

22. Above ground 

Pipeline fails 0 05 6.1875E-05 0 5

Full Bore 

rupture 1 Ignited Release (jet fire) 0.4

On and offsite population 

present and affected C28. Multiple on and off site fatalities 1 24E-05

23. Release ignites (pool 

or jet fire) 0.3

24. CATS pipeline is 

exposed 0.5

25. Fire impinges on 

CATS pipeline 0 25

0.01

Full Bore 

rupture 0.3 Ignited Release (jet fire) 0.4

On and offsite population 

present and affected C29. Multiple on and off site fatalities 6 93E-07

0.7

Unignited Release (gas 

cloud) C30. Gas Disperses, no safety impact 4 04E-06

AND

26. Above ground 

Pipeline fails 0 05 0 0005775 0.1 Minor Leak 0 03 Ignited Release (jet fire) 1 Onsite population present C31. Multiple fatalities on site 1.73E-06

27. Release explodes 

(VCE) 0 35 0 97

Unignited Release (gas 

cloud) C32. Gas Disperses, no safety impact 5.60E-05

0.89 No release C33. No release, no safety impact 5.14E-04

Total Event Frequencies

Multiple on and off site fatalities 8.23E-04

Multiple fatalities on site 2.52E-03

Gas released but disperses safely 8.63E-02

Pipe impacted, but no release 2.22E-01
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FAULT TREE FOR RUPTURE AND FIRE FROM CATS 36" PIPELINE AS A RESULT OF YORK POTASH CONVEYOR CONSTRUCTION ACVTIVITY

NORTHERN ROUTE  CONSTRUCTION PHASE

Activity Freq Event Prob Error Prob

Freq of 

pipeline 

impacts Prob Type Prob Type Prob Description Outcome Freq

1. Piling (and associated 

excavation) adjacent to 

pipeline 9 0 05

Full Bore 

rupture 0.3 Ignited Release (jet fire) 0.25

On and offsite population 

present and affected C1. Multiple on and off site fatalities 5 0625E-06

2. Error in pipeline position. 

Excavation and subsequent piling 

on top of pipeline 0.0001 AND 0 00135 0.7

Unignited Release (gas 

cloud) C2. Gas Disperses, no safety impact 0.00004725

OR 0.00015

3. Poor MoC if piling or excavation 

location moved 0.00005 0.5 Minor Leak 0 03 Ignited Release (jet fire) 1 Onsite population present C3. Multiple fatalities on site 0.00002025

0 97

Unignited Release (gas 

cloud) C4. Gas Disperses, no safety impact 0.00065475

4. Excessive vibration 0 001

OR 0.0011 0.45 No release C8. No release, no safety impact 0 0006075

5. Piling rig collapse 0.0001

AND

0.0099 0.1 Minor Leak 0 03 Ignited Release (jet fire) 1 Onsite population present C6. Multiple fatalities on site 0 0000297

0 97

Unignited Release (gas 

cloud) C7. Gas Disperses, no safety impact 0 0009603

0.9 No release C8. No release, no safety impact 0 00891

6. Lifting adjacent to 

pipeline 27 0 01

Full Bore 

rupture 0.3 Ignited Release (jet fire) 0.25

On and offsite population 

present and affected C9. Multiple on and off site fatalities 2.43E-08

7. Error in crane / pipeline position 

(crane on top of pipe) 0.0001 AND 0.0000324 0.7

Unignited Release (gas 

cloud) C10. Gas Disperses, no safety impact 2.268E-07

8. Crane foundations 

failure 0.001 AND 2E-07 0.1 Minor Leak 0 03 Ignited Release (jet fire) 1 Onsite population present C11. Multiple fatalities on site 9.72E-08

OR 0.002 OR 0 0000012

9. Crane outrigger 

punchthrough 0.001 0 97

Unignited Release (gas 

cloud) C12. Gas Disperses, no safety impact 3.1428E-06

11. Dropped Load 

(pipeline exposed) 0.00005 OR 0 89 No release C13. No release, no safety impact 0 000028836

12. Crane collapse 

(pipeline exposed) 0.00005 0.0001 0 000001

Exposed Pipeline 

protection fails 0.01 AND

13. Dropped Load 

(pipeline buried) 0 00005

OR 0.0001

14. Crane collapse 

(pipeline buried) 0 00005 0.1 Minor Leak 0 03 Ignited Release (jet fire) 1 Onsite population present C14. Multiple fatalities on site 0 0000081

AND 0.0027

0 97

Unignited Release (gas 

cloud) C15. Gas Disperses, no safety impact 0 0002619

0.9 No release C16. No release, no safety impact 0 00243

15. Excavation to uncover 

pipeline 2 0 01

Full Bore 

rupture 0.3 Ignited Release (jet fire) 0.25

On and offsite population 

present and affected C17. Multiple on and off site fatalities 0 0000003

16. Error in operating excavation 

machinery (dig too deep) 0.0001 AND 0.0004 0.7

Unignited Release (gas 

cloud) C18. Gas Disperses, no safety impact 0 0000028

OR

17. Error in backfilling operation 

causes impact 0.0001 0.1 Minor Leak 0 03 Ignited Release (jet fire) 1 Onsite population present C19. Multiple fatalities on site 0 0000012

0.0002

A. Rupture B. Ignition C. Population
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0 97

Unignited Release (gas 

cloud) C20. Gas Disperses, no safety impact 0 0000388

0 89 No release C21. No release, no safety impact 0.000356

18. Error in excavation design or 

execution causes pipeline settling 0 001 0.1 Minor Leak 0 03 Ignited Release (jet fire) 1 Onsite population present C22. Multiple fatalities on site 0.000006

AND 0.002

0 97

Unignited Release (gas 

cloud) C23. Gas Disperses, no safety impact 0.000194

0.9 No release C24. No release, no safety impact 0.0018

19. Traffic crossing 

pipeline 1

AND 0.1 Minor Leak 0 03 Ignited Release (jet fire) 1 Onsite population present C25. Multiple fatalities on site 0.000009

20. Error in design or placement of 

pipeline protection, or traffic 

routing 0 003 0.003

0 97

Unignited Release (gas 

cloud) C26. Gas Disperses, no safety impact 0.000291

0.9 No release C27. No release, no safety impact 0.0027

21. Vehicle strikes above 

ground pipeline 0

AND

22. Above ground 

Pipeline fails 0.05 0 0.5

Full Bore 

rupture 1 Ignited Release (jet fire) 0.25

On and offsite population 

present and affected C28. Multiple on and off site fatalities 0

23. Release ignites (pool 

or jet fire) 0 3

24. CATS pipeline is 

exposed 0 5

25. Fire impinges on 

CATS pipeline 0.25

0 01

Full Bore 

rupture 0.3 Ignited Release (jet fire) 0.25

On and offsite population 

present and affected C29. Multiple on and off site fatalities 0

0.7

Unignited Release (gas 

cloud) C30. Gas Disperses, no safety impact 0

AND

26. Above ground 

Pipeline fails 0.05 0 0.1 Minor Leak 0 03 Ignited Release (jet fire) 1 Onsite population present C31. Multiple fatalities on site 0

27. Release explodes 

(VCE) 0.35 0 97

Unignited Release (gas 

cloud) C32. Gas Disperses, no safety impact 0

0 89 No release C33. No release, no safety impact 0

Total Event Frequencies

Multiple on and off site fatalities 0.0000054

Multiple fatalities on site 0.000074

Gas released but disperses safely 0.00245

Pipe impacted, but no release 0.01683

NOT A RELEVANT CAUSE FOR NORTHERN ROUTE - NO OTHER PIPELINES ON 

ROUTE
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FAULT TREE FOR RUPTURE AND FIRE FROM CATS 36" PIPELINE AS A RESULT OF YORK POTASH CONVEYOR CONSTRUCTION ACTIVITY

CORRECTED NORTHERN ROUTE  CONSTRUCTION PHASE

Activity Freq Event Prob Error Prob

Freq of 

pipeline 

impacts Prob Type Prob Type Prob Description Outcome Freq

1. Piling (and associated 

excavation) adjacent to 

pipeline 30 0 05

Full Bore 

rupture 0.3 Ignited Release (jet fire) 0.25

On and offsite population 

present and affected C1. Multiple on and off site fatalities 0 000016875

2. Error in pipeline position. 

Excavation and subsequent piling 

on top of pipeline 0.0001 AND 0.0045 0.7

Unignited Release (gas 

cloud) C2. Gas Disperses, no safety impact 0 0001575

OR 0.00015

3. Poor MoC if piling or excavation 

location moved 0.00005 0.5 Minor Leak 0 03 Ignited Release (jet fire) 1 Onsite population present C3. Multiple fatalities on site 0 0000675

0 97

Unignited Release (gas 

cloud) C4. Gas Disperses, no safety impact 0 0021825

4. Excessive vibration 0 001

OR 0.0011 0.45 No release C5. No release, no safety impact 0.002025

5. Piling rig collapse 0.0001

AND

0.033 0.1 Minor Leak 0 03 Ignited Release (jet fire) 1 Onsite population present C6. Multiple fatalities on site 0.000099

0 97

Unignited Release (gas 

cloud) C7. Gas Disperses, no safety impact 0.003201

0.9 No release C8. No release, no safety impact 0.0297

6. Lifting adjacent to 

pipeline 49 0 01

Full Bore 

rupture 0.3 Ignited Release (jet fire) 0.25

On and offsite population 

present and affected C9. Multiple on and off site fatalities 3.68235E-06

7. Error in crane / pipeline position 

(crane on top of pipe) 0.0001 AND 0.0049098 0.7

Unignited Release (gas 

cloud) C10. Gas Disperses, no safety impact 3.43686E-05

8. Crane foundations 

failure 0.001 AND 2E-07 0.1 Minor Leak 0 03 Ignited Release (jet fire) 1 Onsite population present C11. Multiple fatalities on site 1.47294E-05

OR 0.002 OR 0 0001

9. Crane outrigger 

punchthrough 0.001 0 97

Unignited Release (gas 

cloud) C12. Gas Disperses, no safety impact 0 000476251

11. Dropped Load 

(pipeline exposed) 0.00005 OR 0 89 No release C13. No release, no safety impact 0 004369722

12. Crane collapse 

(pipeline exposed) 0.00005 0.0001 0 000001

Exposed Pipeline 

protection fails 0.01 AND

13. Dropped Load 

(pipeline buried) 0 00005

OR 0.0001

14. Crane collapse 

(pipeline buried) 0 00005 0.1 Minor Leak 0 03 Ignited Release (jet fire) 1 Onsite population present C14. Multiple fatalities on site 0 0000147

AND 0.0049

0 97

Unignited Release (gas 

cloud) C15. Gas Disperses, no safety impact 0 0004753

0.9 No release C16. No release, no safety impact 0 00441

15. Excavation to uncover 

pipeline 2 0 01

Full Bore 

rupture 0.3 Ignited Release (jet fire) 0.25

On and offsite population 

present and affected C17. Multiple on and off site fatalities 0 0000003

16. Error in operating excavation 

machinery (dig too deep) 0.0001 AND 0.0004 0.7

Unignited Release (gas 

cloud) C18. Gas Disperses, no safety impact 0 0000028

OR

17. Error in backfilling operation 

causes impact 0.0001 0.1 Minor Leak 0 03 Ignited Release (jet fire) 1 Onsite population present C19. Multiple fatalities on site 0 0000012

0 0002

A. Rupture B. Ignition C. Population
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0 97

Unignited Release (gas 

cloud) C20. Gas Disperses, no safety impact 0 0000388

0 89 No release C21. No release, no safety impact 0.000356

18. Error in excavation design or 

execution causes pipeline settling 0 001 0.1 Minor Leak 0 03 Ignited Release (jet fire) 1 Onsite population present C22. Multiple fatalities on site 0.000006

AND 0.002

0 97

Unignited Release (gas 

cloud) C23. Gas Disperses, no safety impact 0.000194

0.9 No release C24. No release, no safety impact 0.0018

19. Traffic crossing 

pipeline 1

AND 0.1 Minor Leak 0 03 Ignited Release (jet fire) 1 Onsite population present C25. Multiple fatalities on site 0.000009

20. Error in design or placement of 

pipeline protection, or traffic 

routing 0 003 0.003

0 97

Unignited Release (gas 

cloud) C26. Gas Disperses, no safety impact 0.000291

0.9 No release C27. No release, no safety impact 0.0027

21. Vehicle strikes above 

ground pipeline 0

AND

22. Above ground 

Pipeline fails 0.05 0 0.5

Full Bore 

rupture 1 Ignited Release (jet fire) 0.25

On and offsite population 

present and affected C28. Multiple on and off site fatalities 0

23. Release ignites (pool 

or jet fire) 0 3

24. CATS pipeline is 

exposed 0 5

25. Fire impinges on 

CATS pipeline 0.25

0 01

Full Bore 

rupture 0.3 Ignited Release (jet fire) 0.25

On and offsite population 

present and affected C29. Multiple on and off site fatalities 0

0.7

Unignited Release (gas 

cloud) C30. Gas Disperses, no safety impact 0

AND

26. Above ground 

Pipeline fails 0.05 0 0.1 Minor Leak 0 03 Ignited Release (jet fire) 1 Onsite population present C31. Multiple fatalities on site 0

27. Release explodes 

(VCE) 0.35 0 97

Unignited Release (gas 

cloud) C32. Gas Disperses, no safety impact 0

0 89 No release C33. No release, no safety impact 0

Total Event Frequencies

Multiple on and off site fatalities 0.000021

Multiple fatalities on site 0.00021

Gas released but disperses safely 0.00705

Pipe impacted, but no release 0.04536

NOT A RELEVANT CAUSE FOR NORTHERN ROUTE - NO OTHER PIPELINES ON 

ROUTE

NORTHERN Const'n corrected 7 of 8

















APPENDIX 2 

 

BP CATS DEED OF GRANT1 

                                                
1 Although the Deed of Grant is not dated, it is effective; having been formally exchanged on 4 October 1991 


































































