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APPENDIX ZG
SPIRIT ENERGY TECHNICAL NOTE

SPIRIT ENERGY
TECHNICAL NOTE
Date:

1

14 December 2018

The Importance and Relevance of helicopters to safe operation of Spirit Energy’s offshore
infrastructure installations and activities

1.1

Spirit Energy’s (Spirit) offshore installations in proximity to Hornsea Project Three (Markham J6-A, Chiswick
and Grove) are located on the Continental Shelf approximately 94 nautical miles (174 km) from the Dutch
coast and a similar distance from the English coast. J6-A is in The Netherlands and Chiswick and Grove are
in the UK. Helicopters provide the means of transportation of personnel and some lightweight equipment to
and from the installations.

1.2

Helicopters also provide the primary means of evacuation of personnel in the event of an emergency.

1.3

The safety of those who rely on offshore helicopter flights is the Civil Aviation Authority’s (CAA) absolute
priority. Offshore helicopter services provide a vital link to ensure the viability of the UK’s oil and gas industry.
They transfer the majority of the workforce to and from offshore installations in an open sea environment that
is both challenging and hazardous. There were a total of 25 UK offshore helicopter accidents between 1992
and 2013, equating to 1.35 accidents per 100,000 flying hours; seven involved fatalities (see CAP 1145,
Executive Summary).

1.4

Chiswick and Grove are not normally manned installations (NUIs) whilst Markham J6-A is permanently
manned.

1.5

Under normal circumstances, the NUIs are visited by SE personnel on day shifts undertaking maintenance
and operations during daytime and not intended to accommodate personnel overnight. Whilst they are each
equipped with a temporary refuge, this is intended as a last resort and is not designed as accommodation but
as a refuge. Discussion with operations personnel suggests that the temporary refuge on Chiswick has only
been used overnight once within the last 3 years.

1.6

Whenever personnel are flown by helicopter to a NUI it is expected that they will be collected at the end of
their shift. Should the weather be closing in, a helicopter will mobilise earlier to collect them.

1.7

Although the NUIs are not normally manned, they are still regularly visited by personnel. Provision has been
made in the Offshore Installations (Offshore Safety Directive)(Safety Case etc) Regulations 2015 approved
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safety case for each of Chiswick and Grove, for typically 60 (and a maximum of 120) visits per year.
1.8

The permanently manned installation of J6-A will usually be serviced by 2 flights per day and that installations
has residential accommodation on it designed to be lived in.

1.9

Some vessels, for example: diving support vessels; drilling rigs (that drill into the seabed from sea level, such
as to establish C6 and C7 wells); flotels; and cranes; all have their own helidecks and would be regularly
serviced by helicopter flights whilst working close to one of the

installations or over sub-sea wells or

pipelines. These vessels are essentially permanently manned (but mobile) installations.
1.10

Permanently manned installations are attended by an emergency response and rescue vessel (ERRV). J6-A
has such a vessel but neither Chiswick nor Grove normally do. During extended campaigns of work on a NUI,
an ERRV will be in attendance whilst the NUI is manned.

1.11

In the event of an emergency evacuation which cannot wait for helicopters to arrive (e.g. an imminent vessel
collision) personnel would be expected to leave the installation by lifeboat or other route into the water from
where they would be recovered at the earliest opportunity by either (or a combination of both) the ERRV and
search and rescue helicopters.

1.12

As noted in the Application and discussed in Spirit’s written representation and these ISH 1 Submissions, the
proximity of the Project to Chiswick, Grove and the subsea wells (Grove G5 and the proposed Chiswick C6
and C7 wells) will result in additional restrictions to helicopter flights to/from these installations and/or vessels
at these locations.

1.13

The consequences of such additional restrictions will have an impact upon personnel safety and viability.

1.14

The Applicant’s ES conclusion in paragraph 8.11.2.64 on page 42 of the ES, Volume 2, Chapter 8, Aviation
(PINS Reference A6.2.8)(May 2018) is based on the asserted 5% of flights being undertaken under
instrument flight rules (IFR) as part of its justification to conclude that the significance of effect for the J6-A,
Chiswick and Grove offshore

installations would be of «minor adverse significance. The Applicant’s

conclusion is unsustainable and incredible in light of the actual data and analysis that has been referred to
above. The same can be said of the Applicant’s conclusion at paragraph 8.11.2.80. The Applicant has not
undertaken an ALARP assessment of the potential effects of its proposals as provided for by EN-3 paragraph
2.6.183 where, as here there is a potential effect on offshore infrastructure or activity, and this remains a gap
in its evidence supporting its Application.
2

Analysis of the potential effect of the Application upon helicopter operations

2.1

The Application proposes up to 300 turbines in an area outlined in red on the Works No. 1 plans. The
Applicant accepts in paragraph 8.11.2.34 on page 38 of ES, Volume 2, Chapter 8, Aviation (PINS Reference
A6.2.8)(May 2018) that: due to the presence [if permitted without Protective Provisions] of [all 300] wind
turbines in the Hornsea Project Three area, a volume of airspace would be considered unavailable for
instrument approaches to Chiswick and Grove offshore platforms.

2.2

The Spirit Energy’s Aviation Report and Addendum [Appendices Y and ZE] demonstrate that under IFR, in
order to conduct operations in accordance with standard procedures, an unhindered unobstructed approach
on a constant heading is required from 7.5nm from the platform or vessel. To cater for different wind

44089177v2

3
directions, the 7.5nm distance results in a radius centred on the offshore infrastructure or activity. Chiswick,
Grove and J6-A installations are offshore infrastructure and so too are the seabed wells, and the drilling of a
seabed well would be an activity as would gas exploitation. The direction of the helicopter approach must be
within +/-30o of a line running directly downwind of the destination.
2.3

The Applicant’s windrose in Figure 7.6 on page 24 of ES, Volume 5, Annex 8.1, Aviation (PINS Reference
A6.5.8.1)(May 2018) shows that wind comes from every direction in the course of a year. Therefore, the
7.5nm radius is 360O around each and is not truncated in this vicinity of the North Sea. Furthermore, 5nm
upwind of the platform is required to execute a missed approach procedure which includes two turns giving a
maximum 45o from the approach direction. Therefore, a safe landing approach to the helipads requires a
7.5nm radius unobstructed space linked to a 5nm radius unobstructed space in which to undertake a missed
approach before potentially again undertaking the initial approach. These radii have been shown drawn to
scale on the plans attached at [Appendix ZH - ZL]. The Applicant’s diagram at Figure 7.10 on page 33 of ES,
Volume 5, Annex 8.1, Aviation (PINS Reference A6.5.8.1)(May 2018) reflects the more accurate plans in
Spirit’s Appendix [Appendix ZH - ZL] but has been inaccurately drawn on the basis of a 7nm diameter
unobstructed space and does not account for helipad landings on drill rigs over G5 or C6 and C7 shown in
Figure 1, page 5, of the Spirit Written Representations shown further west of the Chiswick NUI.

2.4

As the Applicant has indicated an intention to place up to 300 turbines in the proposed Application area and
up to the eastern edge of the Project area, helicopter operations will not be possible safely under IFR when
the wind is from certain directions.

2.5

As discussed in [Appendix ZE] the Applicant’s analysis in its ES of the restricted sectors is incorrect as it
assumes procedures that are not consistent with standard procedures. The Applicant has not satisfied the
Basic Requirement of paragraph 3.31(1) of 7.5nm of unobstructed volume of air space in which a pilot can
safely complete his approach to a helipad at a Spirit Energy installation or vessel and in which a missed
approach can be flown in accordance with standard procedures designed to mitigate risk to the life of the pilot
or passengers. The Applicant has also not satisfied paragraph 3.32, because the Applicant’s Layout A and B
show inappropriately located wind turbines within the diameters of space required to be obstacle free
preventing the implementation of standard procedures for offshore operations. As the CAA guidance notes,
one consequence could be, and here would be, that the integrity of offshore platform or drilling unit safety
cases of Spirit, where, as is so here, the Spirit safety case emergency procedures are predicated on the use
of helicopters to evacuate the installation, is threatened.

2.6

The Applicant also states, based we understand purely on asserted anecdote, that conditions for IFR only
occur 5%of the time. See ES, Volume 5, Annex 8.1, Aviation (PINS Reference A6.5.8.1)(May 2018), page 25,
paragraph 7.4.4.8. The Applicant applies this percentage uniformly, and apparently arbitrarily, throughout the
year, ignoring seasonal variations, in Tables 7.6 (Chiswick) on page 29, and Tables 7.8 (J6A) and 7.9
(Grove) on page 30, of that A Annex.

2.7

Contrary to the Applicant’s assertion, in fact, twice daily weather reports specific to J6-A from WNI
Weathernews covering a 12 month period from 1 October 2017 to 29 September 2018 and giving metocean
conditions every 3 hours have been analysed. Two analyses of the facts were conducted. A sample of 200
days was reviewed by a pilot with extensive experience of North Sea offshore helicopter operations
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[Appendix ZM]. Using criteria provided by the same pilot, a comprehensive automated analysis of the data
every 3 hours was conducted [Appendix ZN].
2.8

Based on the pilot’s expert judgement an assessment was made of the likelihood of an airborne radar
approach (ARA) being required. The conclusion was that ARA would definitely be required on 24% of the
days. This is a material number of days. There was a 60% likelihood of ARA being required on a further 8.5%
of the days and a 30% likelihood on 6% of the days. Together this yields (24% + 0.6x8.5% + 0.3x6% = 31%)
the result that ARA is likely to be required on 31% of the days. This too is a material number of days,
representing nearly a third of the flight days.

2.9

For the automated analysis it was assumed that:
2.9.1

IFR would apply when visibility is less than 5000m or cloud base less than 1000ft;

2.9.2

no flights would be possible when the sea state has waves greater than 6m or there is potential
for icing at 500ft;

2.9.3

there is potential for icing when surface temperature is below 2oC and air conditions are not clear;
and

2.9.4

2.10

air conditions are clear when cloud base is greater than 2600ft and description is sunny or fair.

The automated analysis showed that conditions would not be suitable for flying 5% of the time. In fact, IFR
would apply 31% of the time and VFR the remaining 64% of the time. Furthermore the seasonal variation in
the frequency of IFR being applicable ranged from 14% to 56% [Appendix ZN]. These substantiated figures
are also material showing that in some months more than half of all flights would be under IFR.

2.11

The comprehensive analysis was also able to consider the changes that would arise as a result of wind
direction restrictions when operating under IFR with turbines along the eastern edge of the Project area. With
all of the 300 turbines of the Applicant’s proposal for up to 300 turbines and in the ideas of the places shown
in Layouts A and B by the Applicant, the number of days on which no safe flights would be possible increases
from the Applicant’s asserted 5% at all locations to a substantiated percentage at particular locations of 18%
at Chiswick; 10% at Grove; 20% at the Chiswick C6, C7 locations; and 15% at Grove G5. The seasonal
variations in these figures are shown in [Appendix ZN]. These substantiated and particular percentages are
also material.

2.12

For the NUIs, the analysis also considered how often the weather conditions would change within 9 hours so
that having been able to fly to the platform, it would then not be possible to safely fly people from the
installation at the end of their shift. This showed an increase of several times at both Chiswick (from 2% to
11%) and Grove (2% to 6%) with greater increases in some months. The seasonal variations in these figures
are shown in [Appendix ZN]. These differences are also material.
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The effects on the Safety Cases of Spirit offshore infrastructure installations and activities of
unavailable airspace resulting in unsafe helicopter access

3.1

As shown in these ISH 1 Submissions, the proximity of the Project will significantly increase the occurrence of
times when it is not possible to fly helicopters to/from the installations and vessels, in some months by over
20 times.

3.2

From a safety perspective there will be two main consequences:
3.2.1

The significantly increased likelihood of placing people on a NUI and then not being able to
recover them at the end of their shift requiring them to stay overnight in the Temporary Refuge;
and

3.2.2

In the event of an emergency evacuation being required (from any of the facilities or vessels, not
just the NUIs), helicopter flights not being possible at that time and thus requiring a secondary
form of evacuation into the water.

3.3

As part of the regulatory safety case for each NUI, and the manned platform, an assessment is made of the
risk to personnel. Depending on the nature of the role, the risks are different, but in all cases there is a risk
due to being on the installation (with one of the major components of that risk coming from vessel collision).
Having to stay overnight in the Temporary Refuge effectively doubles each individual’s risk exposure.

3.4

Helicopters are integral to each safety case because these aircraft are used as the primary method of
emergency evacuation as they provide a relatively safe and efficient method of transferring people from an
installation. An evacuation by a secondary means (lifeboat or other escape to sea) from a platform is
inherently more risky and introduces the added problem of subsequently recovering personnel from the
water.

3.5

In theory it would be possible to adapt the platforms to switch from helicopters as the primary means of
evacuation to using a «walk to work» vessel. Provision for evacuation would still need to be made when
personnel were on the platform when no walk to work vessel were present. If not helicopter evacuation, the
primary evacuation method would need to be lifeboats and an emergency response and recovery vessel
(ERRV) would need to be stationed close to the platform whenever personnel were on board. The issues
associated with such changes will be discussed further in relation to viability.

4

Viability consequences of helicopter restrictions

4.1

EN-3, paragraph 2.6.185 addresses “viability” and this term is not limited. As shown in the discussion of
helicopter operations, proximity of turbines will lead to a significant reduction in operability of helicopter
flights. This will manifest itself in the following circumstances of operational viability due to:
4.1.1

delays in mobilising personnel to the NUIs; and

4.1.2

reduced time working at the NUIs due to the need to be able to remove people whilst weather
conditions allow.

4.2

The consequences of both of these will inevitably also be an increase in operating costs (due to more flights
and wasted personnel time) and a reduction in production efficiency (i.e. more down-time).

44089177v2

4.3

6
Both of these will impact margins and the viability of Chiswick and Grove. Production from these satellite
fields is important to the viability of the host field, Markham and so the viability of Markham is also directly
affected.

4.4

As discussed in the section on safety consequences of helicopter restrictions, rather than rely upon
helicopters as the primary means of evacuation, modifications could be made to use walk to work (an
arrangement where a vessel is stationed next to the platform with a bridge in place throughout the time
personnel are on board) or have an ERRV on standby close to the platform. A walk to work vessel would
involve significant additional costs in securing a suitable vessel. In summer months these vessels are in very
short supply and it is likely that it would not be possible to secure such a vessel for unplanned work in the
summer leading to extensive loss of production. Mobilising an ERRV to the NUI again adds significant cost to
any work undertaken and requires some planning leading to delays before personnel could be mobilised to
the platform. As noted in paragraphs 2 and 3 above, such production losses and increased costs would pose
a threat to future economic viability.

5

Increased risk to the life of personnel resulting from potential restrictions to SAR operations

5.1

During any helicopter operations, there is always the potential that a helicopter needs to «ditch», i.e. make a
landing on the sea (North Sea helicopters are equipped with flotation to ensure that they stay afloat).

5.2

If a helicopter were to ditch close to J6-A, the attendant ERRV would mobilise to quickly recover people from
the helicopter (helicopters are top-heavy and so there is a high chance that the helicopter will capsize if on
the water for a long time).

5.3

If a helicopter were to ditch close to Chiswick or Grove then it would require a search and rescue (SAR)
helicopter to be mobilised to recover personnel. The nearest SAR helicopter is based at Humberside. The
presence of the wind farm in the path of the SAR helicopter will increase the time taken to reach personnel
(either due to a need to circumnavigate the wind farm – depending on weather conditions, or the additional
height to safely fly over the array), exposing them to additional risk.

6

Safety case update

6.1

The most significant risks to personnel arise from helicopter transportation and vessel collisions (see
Appendix ZC). The installation safety cases are routinely reviewed and have to be updated every 5 years or
when there has been a significant (material) change.

6.2

We believe that the impacts of the Project we have so far identified will constitute such a significant (material)
change and will necessitate quantitative risk assessments to be undertaken and the revised safety case
would require approval by the Competent Authority.

7

Noise impacts

7.1

The DL1 Statement of Common Ground between the Applicant and Spirit Energy acknowledges that the
parties agree that: “There will need to be consultation and close coordination of activities to ensure that piling
does not pose a risk to diving operations”.
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Spirit Energy partially agrees with the Applicant’s position that “this is an operational issue that can be
managed through consultation at the appropriate time”. It is true that close coordination should ensure that
there is no harm to personnel. It should however be noted:
7.2.1

(i) that such coordination is safety critical and appropriate safeguards need to be put in place to
ensure that any risks are ALARP; and

7.2.2
7.3

(ii) there is an economic impact that could be material to the viability of Spirit’s future operations

A combined operations plan in which the party that has divers has ultimate control of all other operations
whilst the divers are in the water may be such an appropriate safeguard.

7.4

Spirit Energy will generally deploy divers only where an intervention or repair is required that affects safety or
production. Keeping a diving spread waiting is expensive and would increase safety risks and/or production
losses. Accordingly, Spirit Energy requires to have priority for any diving operations over the Applicant’s
construction activities.

8

Search, bore and get petroleum: future exploitation

8.1

Spirit Energy has been granted licences by the Oil and Gas Authority in the vicinity of the Project. These
licences are to search and bore for and get petroleum» from the relevant blocks. Section C of the licence
states: the Minister... “hereby grants to the Licensee EXCLUSIVE LICENCE AND LIBERTY during the
continuance of this Licence and subject to the provisions hereof to search and bore for, and get, petroleum in
the seabed and subsoil under the seaward area ... comprising Block No. 49/4”.

8.2

Spirit Energy has been granted licences by the Oil and Gas Authority in the vicinity of the Project. These
subsisting licences exclusively entitle Spirit, under Clause C of each, to search and bore for, and get,
petroleum in the seabed and subsoil in the relevant Block identified in Schedule 1. Licence P.468 is one such
subsisting exclusivity licence.

8.3

The OGA, in fulfilling its statutory obligation to maximise economic recovery from the UK continental shelf has
established stewardship expectations for all licence holders. These include a requirement to undertake an
annual evaluation of all prospective resources and/or contingent resources on each licence.

8.4

At the end of 2016, following procedures developed by the Society of Petroleum Engineers and documented
in their Petroleum Resources Management System (published in 2007), Spirit Energy identified the C6 well
as contributing to the company’s contingent resource. C6 is shown in Figure 1 on page 5 of the Spirit Written
Representations to the west of the Chiswick NUI identified in that Figure and C7 is near to C6. The main
contingency is the outcome of the C5 well currently being drilled.

8.5

Spirit Energy uses a gated process for refining opportunities, commencing with establishing feasibility, then
evaluating options, defining the approach, and finally executing the opportunity. Between each stage there is
a gate requiring a range of documentation and assurance reviews. These checks and balances ensure that
opportunities are properly framed, and have the right level of technical and management support at each
stage. Using this approach, options are systematically considered and the preferred approach selected and
subsequently executed. In order to be considered contingent resource, an opportunity needs to be at least in
the evaluate stage but may, as in the case of C6, be waiting on further information (in this case from drilling
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the C5 well) before progressing through the stage gate into define. C7 is currently in the feasibility stage as
its viability is dependent upon results from C6. Once C6 progresses into define or execute, C7 will likely move
into evaluate.
8.6

Under the terms of the licence, the licensees are obliged to carry out the programme of work in their Field
Development Plan. That plan is regularly reviewed with OGA and may be amended as new opportunities
mature through the above process.

8.7

Where an opportunity involves the drilling of a well, some further consents are required prior to mobilising the
rig. Whilst these are not automatic, it would be rare for a prudent operator (such as Spirit) not to be able to
obtain these consents and so they can, therefore, be considered to be more operational. The key consent is
the award of a licence and agreeing a Field Development Plan for hydrocarbons in that licence. These have
both been awarded and agreed.

9

Vessel Allision Risk Reduction and mitigation

9.1

One of the major risks to personnel on each of the installations in proximity to the Project is that of vessel
collision. The principal means of mitigating against or to reduce this risk to an acceptable level is the early
warning provided by the ARPA and AIS systems on the J6-A platform. The early warning operates in practice
by sending out beams westwards from J06A towards the Chiswick and Grove platforms that reflect back off
vessels approaching those three platforms and so enable communicatoin with such vessels by which to avoid
allision. The introduction of a numerous steel structures west of the platforms results in the creation of
shadows through which vessels would pass, and so impair the recognition of their passage and reduce the
time in which necessary avoidance measures may be undertaken. This increases the risk of allision by
vessels with the Chiswick and Grove platforms due to the envisaged close proximity of new turbines.

9.2

The J6-A system comprises :
9.2.1
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Installed radar:
9.2.1.1

X-band radar scanner, Make: Sperry, Type: Vision Master

9.2.1.2

Vision master 8ft scanner, 65608/A

9.2.1.3

X-band turning unit with 25Kw TRANSCEIVER, 65925wap

9

Installed AIS (Automatic Identification System):
Make: JRC, Type JHS-183
Including compact AIS control/display unit,
simplified AIS control,
LCD display with simple graphic mode for safe navigation (pictured below)
combined AIS VHF/GPS antenna with built in GPS receiver
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The installed ECDIS system is supported by Transas, this system includes the charts and data service.
Software: Sentinel system driver, version not known, controlled and updated under the service contract.
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9.3

The system is operated in such a way as to give at least 20 minutes warning of a potential allision. Upon
receiving such a warning a set procedure is followed starting with trying to contact the vessel and/or assess
its intentions, followed by mustering all personnel whilst efforts to contact the vessel continue. If the vessel
continues towards the platform the lifeboats are boarded and an evacuation to sea is initiated.

9.4

In order to provide 20 minutes warning and cater for a vessel that could be steaming at 15 knots, the ARPA /
AIS must be able to identify the hazard at 5nm. In the case of the NUI’s this would be up to 3.5nm inside the
envisaged array of up to 300 turbines. The scale plans in Appendix ZH - ZL show the application of a 5nm
diameter around each of Chiswick and Grove offshore installations.

9.5

The Applicant has submitted the Radar Early Warning System Technical Report. This report assumes that
Spirit has a Radar Early Warning System and concludes that the ARPA / AIS system will operate effectively
in tracking vessels and providing warning of approaching vessels even in proximity to the wind farm. The
report however makes a number of further assumptions:

9.6

That the horizontal (azimuth) beam width (HBM) of the radar is 0.7˚. In practice these systems more typically
have HBM of 1.5o to 2o. The above technical specification suggests that at best (with an 8’ aerial) it would
have HBM of 1o. The shadowing effect is critically dependent upon HBM and so the study’s conclusions on
shadowing cannot be relied upon.

9.7

The report recognises that tracker performance cannot be accurately modelled without detailed knowledge of
the proprietary tracker algorithms. As such detailed knowledge was not available to the study, the
conclusions regarding tracking cannot be relied upon.

9.8

The modelling used an assumed layout of turbines. In fact the layout has yet to be determined. Lines of
orientation in turbine layout can be expected to have a particularly significant effect upon the results.
Accordingly the conclusions of the modelling study cannot be relied upon.

9.9

6.2.1.3 states “when a target is very close to the turbines (less than 1.5km) it is possible that multiple
reflections …..could generate false detections. However as this is normally considered a second order effect
it has not at this stage been computed. Such effects can be included in the simulations ….but add
significantly to modelling run time”. We contend that the shipping of most importance in this study (i.e. that
within the array or passing around it) will almost always be within 1.5km and so any effects of this proximity
should be included in the modelling. Accordingly the conclusions of the modelling study cannot be relied
upon.

9.10

6.2.1.4 states ‘ Hornsea 3 will introduce up to 361 new target detections on the REWS which might be added
to the track table. Undoubtedly, every turbine within range will be added, requiring considerable computing
capacity. Again, without knowing the specifics of the J6A ARPA I cannot estimate whether the set will be
‘overloaded’’. This accords with Spirit’s experience in the East Irish Sea where the radar tracking system in
proximity to a windfarm become ‘overloaded’. As a minimum we expect software changes to be required to
modify the algorithms and detailed testing will be required to ensure that the system can be relied upon.
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9.11

12
Spirit Energy accept that radar-based solutions can probably be found to provide effective early warning of
approaching vessels but the solutions are not in themselves a «radar early warning system». This is a
requirement in order to be able to operate the platforms with the risks to personnel ALARP.

9.12

Pending further technical studies, Spirit Energy considers that, given the operational safety and risk to life
criticality of reliable warnings of potential vessel allisions, J6-A system upgrades may be required to provide
as a minimum:
9.12.1

detectors at multiple locations in order to provide triangulation and better discrimination of false
positives and prevention of false negatives;

9.12.2
9.13

software to remove the effects of multiple reflections, any diffraction and shadowing.

Spirit Energy’s proposed protective provisions seek to identify any necessary upgrades (e.g. detectors on
more than one platform to allow triangulation) and an effective testing and qualification programme to ensure
that any system relied upon for personnel safety can be expected to work in that environment.

9.14

It should also be noted that in anticipation of and subsequently, as shipping behaviours following construction
of the Project become established, a full quantitative risk assessment will be required also in order to assess
and update the risks to personnel on the installations.
Max Rowe
14th December 2018
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