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1. Introduction

This document contains the basis for the findings of the H.S.A. (hereafter referred to as
the Authority) with regard to the request for land use planning advice from Mayo County
Council for the proposed gas terminal at Bellanaboy Bridge.

This document is divided into six sections with a further six appendices. The executive
summary in section two lists the main points from the assessment carricd out by the
Authority. Section three provides information on the detailed analysis of the likelihood
and consequences of the major accident scenatios identified, and also an analysis of the
major accidents to the environment. Section four provides commentary by the Authority
on the separate risk assessment provided by the Shell E&P Ireland Limited (the
applicant). Section five provides information on the Authority’s review of the applicants
proposed technical and operational measures. Finally section six details the conclusions
of the Authority. Appendix one contains a copy of the letter from Mayo County Council
requesting advice on the said development. Appendix two gives information on the role
of the Authority and the legal context under which it operates. Appendis three describes
the policy criteria that the Authority uses when considering requests for land use
planning advice. Appendix four contains a copy of the applicant’s risk assessment report.
Appendix five contains a list of all references that appear in this document. Finally
appendix six contains additional information requested from the applicant.

Based on the information supplicd by Shell E&P Ircland Liggiited (the applicant) in their
Notification, the proposed gas-oil terminal would be 2 lger—tier Seveso site under the
European Communities (Control of Major Accidc(\g; zards Involving Dangerous
Substances) Regulations, 2000. Consequently inning application falls within the
remit of the Authority to offer technical advic€ i relation to land-use planning,

Should the development proceed and no nding any conditions of a planning
permission, Shell E&P Ircland Lumtﬁo ¢ requited under the above regulations to
demonstrate to the Authority at an , that it has taken all necessary measures to
prevent major accidents occurring @ﬁl to limit the consequences of any such major
accidents for man and the envirc\)éfﬁcnt, and that it has a safety management system in
place. It will also be subject g\@éfcgular inspection by the Authority, and in the event of
‘development’ that could h4ve significant repercussions for major accident hazards,
planning permission will also be required.
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2. Executive Summary

This document has been prepared for Mayo County Council in respect of a request for
land-use planning advice (appendix 1) in relation to a proposed development at
Bellanaboy Bridge by Shell E&P Ireland Limited, as described in planning application
No.P03/3343. Part of the development would constitute an establishment within the
context of the E.C. (Control of Major Accident Hazards Involving Dangerous
Substances) Regulations S.1. 476 of 2000.

In formulating its advice, the Authority considered potential major accidents involving
flammable gas, flammable and toxic liquids, projectiles and the potential for impact of
thesc on the surrounding people and the environment.

The Authority determined that the risk of dangerous dose posed by the establishment
was found to be less than 5 x10°/year to their to their cutrent non residential neighbours
and less than 1 x10°/year to the nearest residenaal type property.

The Authority determined these risks were at such a level that, according to the land use
planning criteria of the Authority for this purpose, it does not advise against the
granting of planning permission in relation to this devclopment.

The Authority also makes the following recommendations:

a) Paved areas to be extended to bund walls and arrz@‘g;ﬂ so that any accidental
releases over bund wall are diverted to the open &mxﬁ?mp
b) Extension of impermeable areas around %@ﬁgcatchcr such that any potential

release is contained. Ko
c) Online Total Organic Carbon mont &g'ﬁg to be installed at silt ponds with
provision for automatic re-routing of ﬂee'u?@ contaminated firewater pond in event of
. . N

accidental discharge to system. O

RN

Qé \\‘&\Q
For the purposes of emergency pézﬁ%ing:
X

In addition arrangements slapﬁrfc\l be made between the applicant and Mayo Co. Co. to
provide for traffic control on roads close the terminal in the event of a major incident.

For the purpose of control on future development:

Should there be any proposed amendment to the permitted scheme which relates to the
control or impact of major accident hazards (as defined by Seveso II Directive) then that
amendment shall not proceed until the agreement of the H.S.A. has been obtained.

Consultaton Zone

Noting that the risk contours predominantly fall within the applicant’s landholding; the
Authority;

o does not suggest any restriction on land use outside the applicant’s landholding
or outside the parcel of land defined by the 3 x 10-7 contour (establishment
northwest corner, Figure 1)

e advises that any development within the aforementioned landholding or parcel of
land should be referred to the Authority. This area is greater than would normally
be specified as a consultation zone but for administrative convenience this
approach is suggested
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3. Quantified Risk Assessment (H.S.A.)

3.1 Introduction

The functions of the Authority arc set out in appendix 2. One of its many functions
relates to the provision of land use planning advice to planning authorities, which is a
legal obligation under SI 476 of 2000.

However there ate a number of general exclusions contained in the regulations, the most
relevant to this proposed development being as follows:

the occurrence outside an establishment of -
e the transport of dangerous substances by road, rail, internal waterways, sea ot air,
® associated intermediate temporary storage,

e the transport of dangerous substances in pipelines and pumping stations.

Then there are some activities, not listed as exclusions, which do not come within the

scope of the regulations: N

,@é‘

3
e Comparison of potential sites for a prop%ée?'z‘:\établishment
N\

&

e Activities related to site dcvclopmg@?fé:ﬁ%nstmction

QRS
There are aspects specific to this apgl&i@n which are excluded:
&
S
o Excavation of Peat at Be%@ﬁgboy Bridge site
A

¢ Decposition of Peat @chc Stahmore Site

The Authority has defined the scope of the analysis as follows

The Establishment:

The cstablishment is considered to be the terminal (the atea within the security fence
footprint where the hazardous substances are processed and stored). This decision was
taken in respect of the previous planning applications and has been retained following
discussions between the Authority and E.U. Commission officials and representatives of
the other E.U. member states.

Assessment of Global Stability of Terminal:

The Authority retains no expettise in-house for consideration of this issue in its
provision of land-use advice. The stability issues have been addressed in the
Environmental Impact Statement (EIS) provided by the applicant for normal conditions.
The Authority has requested and received specific information relating to major accident
hazards affecting global stability from the applicant. This has been forwarded to Mayo
County Council. It is the understanding of the Authority that Mayo County Council have
already retained a consultant to advise it in this regard.
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The way in which the Authority develops its technical advice and criteria it uses are set
out in Appendix 3. It will be noted that for new establishments the authority takes an
approach based on the estimation of risk.

Although the risk of fatality is commonly used for major hazards assessment (see table
10 of Appendix 3) the Authority, for land-use planning purposes, uses the ‘dangerous
dose or greater’ endpoint employed by the UK HSE. While the risk of receiving
dangerous dose could equate to risk of fatality close in to the source of hazard, further
out the risk of dangerous dose could be up to 100 times greater than the risk of fatality.
It is therefore 2 vety conservative approach for looking at off-site effects. In addition, the
Authority takes a conservative approach to the selection of scenarios to model, for
example assessing catastrophic failure or modelling VCEs using TNT method.

The hazards that are considered by the Authority for the determination of risk of
dangerous dose posed by a new establishment of this type are =

¢ Explosion overpressure of 140 mbar
o Thermal radiation dose of 1000 Thermal Dose Units
o Flash fire to half lower flammable limit ( ¥z LFL)

Explanations
&
This report makes reference to specific terminology relagedl to consequence and risk
assessment modelling. Explanations of tcrm.inolo%lgga in this report are listed below
S

S
5\0
Thermal Dose Unit is 2 measure of intensg(gogﬁzﬁeat flux and its duration.
A
A dangerous dosc is defined as one &dh\\%@
g A
\Q\@Q

e There is severe distress to‘alfost everyone.
&
X
e A substantial fracl:iox&ic@luires medical attention.
@)

e Highly susceptible people might be killed.

Flash Fire is defined as the combustion of a flammable gas ot vapour and air mixture in
which the flame propagates through the mixture at a rate less than sonic velocity so that
negligible damaging overpressure is generated.

Vapour Cloud Explosion (VCE) is the explosion resulting from 2 pre-mixed cloud of
flammable vapour, gas or spray with air, in which flames accelerate to sufficiently high
velocities to produce significant overpressure. The resulting pressure wave has the
potential to cause damage to people and property.
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3.2 Methodology

The consequence modelling packages used for analysis of this proposed development
were PHAST v6.3 (DNV Technica) and ALOHA (USEPA). Reference was made to
documents from CCPS books (2,3) and the Yellow Book (4)

For calculation of risk, and its visualisation, the Authority used — Riskplot Graphic
version 5, produced and suppotted by Environmental Resources Management (ERM)
Risk, Manchester, UK.

Failure frequency figures were soutced from the Purple Book (5)

3.3 Key Assumptions for Analysis ;

Upon examination of loss history databases and also through consultation, engineering
judgements and experience, the Authority chose a selection of different hazards, from
across the span of the site to determine the overall off-site risk posed by the proposed
terminal.

. : & :
The types of scenatios selected were guided by the mcthy\\gdology set out in the Purple
Book. Scenarios chosen included full-bore & partial.fad fites of pipe-work, catastrophic
failures of pressurised equipment in the processi}z area and major fires at the storage
tanks and tanker loading areas. S
S
A full-bore or partial rupture of a pipe gﬁ?og:@ragc vessel involving natural gas, if not
immediately ignited, will lead to dxe-f%?%tion of a flammable gas cloud which will drift
downwind, being diluted as it goet®Ifthis cloud meets a source of ignition in an
uncongested area a flash fire mayét%osult. It is conservatively assumed that anyone inside
the cloud will suffer fatality. T} extent of this flash fire corresponds to the region where
the gas concentration is at afabove the lower flammable limit (LFL) for the gas and
below the upper flammable limit. Because of fluctuations in the gas concentrations
within the cloud; the distance to half the lower flammable limit is modelled by the
Authority as the extent of the flash fire envelope. If the gas cloud encounters an ignition
source in an area of congestion, 2 Vapour Cloud Explosion (VCE) may occur.

In this analysis it was conservatively assumed that each release results in 2 flammable
cloud, which is always ignited, with subsequent thermal radiation and / or overpressure
effects. No allowance was made for the possibility that the gas cloud could safely
disperse without ignition. This assumption therefore overestimates the level of risk.
The key assumptions are outlined below for each stage of the risk assessment process.

3.3.1 Modelling Assumptions

1. The rate of release of gas from long pipelines will decay over time as the pressure in
the pipeline drops. The rates of release used in this analysis for long pipeline releases
were those predicted for the initial stage (initial 60 scconds) of the release and thus the
extent of the resultant consequence zones are maximised.
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2. The following endpoints were chosen as relevant for the quantified risk assessment;

e For Flash Fire, the distance to the Half Lower Flammable Limit (1/2 LFL)
envelope. The Purple Book methodology advocates the use of the LFL envelope,
however the Authority’s conservative approach takes account of potential rich
pockets of gas outside the LFL region.

e 1000 Thermal Dose Units zone for jet-fires and late pool fires.

e Overpressure effects of 140mbar for late explosion with ignition source located
200m from release.

3. Calculation of overpressure effects was conducted using the TNT Equivalency
method. This method is based on relating the available combustion energy in a vapour
cloud to an equivalent weight of TNT and thus determining the blast charactedstics of
the cloud. In practice, methane gas releases are very unlikely to lead to vapour cloud
explosions — in fact the FM Global Solutions Loss Prevention Data sheets actually
consider natural gas explosions as ‘beyond the scope of worst credible scenario’.
Notwithstanding this, the Authority’s analysis included Vapour Cloud Explosions and
also applied an extra level of conservatism by placing an igni#ion source some 200m from
the source of release, to maximize the flammable cloud O,gﬁhilablc for explosion.
VG
3.3.2 Scenarios Selected for Modelling &

&
1. Full bore rupturc of pipe and a leak e g@?ﬁ@ﬁ}t to 10% of the diameter of the high
pressure gas piping in the pipe rack, tak \&Q multiple points along the run of the pipe
work. R

Qé \\‘&\Q

2. Full bore rupture of pipe and &Q}%Qak equivalent to 10% of the diameter of the
Slugcatcher pipe work leading g5 release of methane / condensate mixture at multiple
points along the pipe workcP

3. Full bore ruptute of pipe and a leak equivalent to 10% of the diameter of the ‘Sales
Gas Export Pipeline’ at the Pig Launcher.

4. Full bore rupture of the pipe work to the Compressors in the Processing Area.
5. Catastrophic failure of the Methanol Flash drum in the Processing Area.

6. Catastrophic failure of the Methanol Coalescer in the Processing Area.

7. Catastrophic failure of the Methanol Reflux in the Processing Area.

8. Major bund fire at the Product Methanol Storage Area.

9. Major bund firc at the Condensate Storage Area.

10. Road tanker release of 20,000 litres of methanol with subsequent pool fire at the
tanker loading / unloading area.
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11. Full bote rupture of pipe and a leak equivalent to 10% of the diamecter of the high
pressure gas inlet pipe.

12. Major bund fire at the Raw Methanol storage area.

3.3.3 Input Data for Risk Assessment

1. Atmospheric conditions arc normally classified according to six Pasquill stability
classes (A-F). These classes related to air turbulence are correlated to wind speed and
quantity of sunlight, with A representing least stable conditions and F most stable. For
the purposes of quantified risk assessment and in the absence of detailed meteorological
weather data for a particular area, two common weather combinations are typically used
D5 (D stability class, wind speed 5m/s) and F2 (F stability class, wind speed 2m/s).
Weather data was taken as 88.7% D5 and 11.3% F2 as per metcorological data supplied
by Met Eireann for the Belmullet station. There was no synoptic weather data available
from the Glenamoy weather station.

2. The weather data used does not differentiate between day and night.
3. Failure Frequencies are assigned from Purple Book.

@.
4. The probabilities of release incidents leading to Flash g&t\gs,]et Fites or Vapour Cloud
Explosions were determined using event trees (c.g&ﬁ%&&c 1 in Appendix 3) applying the

Purple Book methodology. . 052(7:;:@
L
3.3.4 Rationale for Exclusion g &ertain Scenarios from further
* 5O
analysis _ -(\&@i N
)
QO

1. Hydrogen Chloride gas releas%;ﬁéetc evaluated from a spill of 30% Hydrochloric
Acid into 2 bund area of 10m? THe cffect distance found to the Dangerous Dose (10
minutes) was 11 metres undegF2 weather conditions and less under D5 and would
therefore be entirely contaiffed on the terminal site.

2. Methanol vapour releases were evaluated for toxic effects to the Dangerous Dose (10
minutes) for differing release scenatios. The analysis indicated the greatest effect could
extend to 30 metres. This effect would be completely contained within the site boundary.

3. Flare Stack — point of release taken as 40 metres from ground. Analysis shows that
the dangerous dose level was not reached beyond the establishment boundary.

4. Missiles could conceivably be produced from catastrophic equipment failures at the
proposed terminal site. The Authority’s analysis predicted that the likelihood of a missile
striking the nearest residential type development, having been generated at the nearest
part of the plant to the residence to be less than one in 10 million years. Other credible
soutces of missile generation are further set back and as such the risk is further reduced.
This risk is so remote that it was excluded from the risk analysis.

5. The odorant gas is composed of 80% Butyl mercaptan and 20% Dimethyl sulphide.
This material is classified as highly flammable, however a release leading to a flash fire or
pool fire was not deemed credible on account of the double-walled tank containment
specified for the material. The failure frequency stated in the Purple Book for
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instantaneous failure of a double containment atmospheric storage tank is 1.25 x10°® /
year. A spill of these materials into the containment bund was modelled for a toxic
effect to the Dangerous Dose (10 minutes) level for each and found to occur within 5
metres of the bund area and thus the effects are totally contained on the terminal site.
For this reason this event was excluded from the risk analysis.

6. A small number of Propane cylinders are expected to be present on site. The
cylinder sizes will be 50 kilogram in weight and will be stored in cylinder arrays as per IS
820 (Standard Specification Non Domestic Gas Installation). The major accident hazard
predicted from failure of the cylinders is significantly less than other scenarios already
modelled. These other scenarios modelled have adequately addressed the effects of this
type of incident and for this reason this event was excluded from the risk analysis.

3.4 Results

3.4.1 Individual Risk of Dangerous Dose around Proposed Terminal

The individual risk contours generated due to the combined effects of overpressure and
thermal radiation for the scenarios listed in Section 3.3.2 are graphically represented

below in Figure 1. Figure 2 represents the risk profile calculated for the nearest road to
the proposed terminal, the R314. &

§)
Figure 1. Individual Risk of Dangerous D@é&lﬁsed on Purple Book
PN

10
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Figure 1 shows that the contour which represents the Individual Risk of Dangerous
Dose per year at 5 x 10° extends beyond the establishment but is completely contained
within Shell E & P’s landholding. The risk contour for the 1x10°° and 3x107 levels are
predominantly contained within the applicant’s land holding, however both contours
extend off the landholding at the North-West corner of the terminal site. The Authority’s
normal practice on Land-Use Planning advice for new establishments is that they should
not present a risk of dangerous dose greater than 5 x 10° per year to their current non
residential neighbours or a risk of 1x10° per year to the nearest residential type property.
The analysis indicates that the risk posed by the proposed terminal to the nearest
residential neighbour is less than 1x 10° per year.

Figure 2. Risk profile for Road R314 between Points A & B
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Figure 2 presents the nisk Gﬁgﬁlc for the closest 600 meter stretch of the R314 running
directly parallel to the Téfminal (between Points A & B) and the analysis shows that the
maximum risk of dangerous dose posed at the R314 road way is less than 3 x 107 / year.
This risk level is less than the 1x 10° / year criteria used by the Authority for the nearest
residential type property.

3.4.2 Sensitivity Study

As a sensitvity study, to allow for uncertainties in using the Belmullet weather data and
the inland location of the proposed terminal site, the Authority took a more conservative
approach and used the 75% D5 / 25% F2 weather set. This represents 2 higher
proportion of calm weather at the location. This percentage of calm, F2 weather
conditions is greater than any F2 figure recorded by Met Eireann for inland weather
stations across the country. When this weather set is applied for the proposed terminal,
Figure 3 depicts the risk contours and Figure 4 the risk at the road R314.

11
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Figure 3. Individual Risk of Dangerous Dose —based on Purple Book with 25%F
weather

Figure 3 shows that the co 61;r that represents the Individual Risk of Dangerous Dose
per yearat 5 x 10° extepds beyond the establishment but is completely contained within
the applicant’s landholding. The risk contour for the 1x10° and 3x107 levels are
predominantly contained within the applicant’s land holding, however both contours

il extend off the landholding at the North-West corner of the terminal site. There is

i therefore no significant difference to the risk profile around the site when the 75% D /
25% F weather data set is used.
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Figure 4. Individual Risk of Dangerous Dose at R314 between Points A &B
based on Purple Book 25%F
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Figure 4 presents the risk profile for the closest 600 m et stretch of the R314 running
directly parallel to the Terminal (between Points ) and the analysis shows that the
maximum risk of dangerous dose posed at th R31% road way is less than 3 x 107 / year,
which is less than the 1x 10 / year critt:ti:sQ @ y the Authority for the nearest
tesidential type property. R \’1 X

It is normal practice for the Authorig}? eference the ‘Guidelines for Quantitative Risk
Assessment — CPR 18E’ (Purple B6ok) when assigning failure frequencies to plant and
equipment. As a further sensits &Reck, the Authority also considered the failure
frequencies listed in the HSE Q#fshore Hydrocarbon Release Statistics, 2001 (for the
period October 1992 to Ma@‘h 2001)(HCR 2001) (11) for comparison. The source data
was that compiled by the Fealth and Safety Executive for equipment failures used for
offshore applications. This data set differs from the Purple Book data as it is based on
failure events of equipment used in offshore environments. The offshote conditions ate
more challenging to the equipment’s containment integrity than those presented by land
based conditions. The individual risk contours generated due to the combined effects of
overpressure and thermal radiation for each scenatio due to the use of this data (HCR
2001) set is represented graphically below. The Individual Risk contours are represented
in Figure 5, while Figure 6 represents the Risk Profile at the R314 roadway.

From Figure 5 it can be seen that the risk contours for the 1x10 5 down to 3x107 levels
do extend beyond the edge of the landholding at the Northwest corner of the terminal
site and also at the southern boundary adjacent to the R314. The contour representing
the risk of dangerous dose of 1 x10 / year extends close to the nearest residential type
property. The risk of dangerous dose predicted at the nearest property is less than 9 x 10°
7 / year, which is less than the 1x 10 / year criteria used by the Authority for the
nearest residential type property.

Figure 6 presents the risk profile for the closest 600 meter stretch of the R314 running
directly parallel to the Terminal (between Points A & B) and the analysis shows that the
maximum risk of dangerous dose posed at the R314 road way is less than 7 x 10° / year.
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Figure 5. Individual Risk of Dangerous Dose —based on HCR 2001

Figure 6. Individual R@ﬁ%\f Dangerous Dose at R314 based on HCR 2001
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Based on the findings of these sensitivity studies, the Authority has not found reason to
revise its initial conclusion.

3.4.3 Other Issues Addressed by the Authority

3.4.3.1 Occupied On Site Buildings

Based on the analysis conducted by DNV and information supplied by the applicant
(Appendix 6), the level of risk posed at any of the occupied buildings complies with the
criteria laid down in the Chemical Industry Associations ‘Guidance for the location and
design of occupied buildings on chemical manufacturing sites’ (13).

3.4.3.2 Effects of Trees

3.4.3.21 Effects of Forest Fire on the Terminal Offices

The block of trees closest to an occupied building on ;h;{zf%poscd terminal 1s Jocated to
the south of the terminal, some 30 meters from the A istration & Maintenance
buildings. Using Cohen & Butler as a reference ;lzﬁ?f&ed on the fiercest type of tree fire
— crown fires, at a setback distance of 30 meteg€ghie expected incident thermal flux at
these locations is 25 kW /m® for a maximung® ¥ation of two minutes. This thermal flux
level exceeds the 6.3 kW /m? recommendfdsin the Chemical Industry Associations
‘Guidance for the location and dcsiwcﬁccupicd buildings on chemical manufacturing
sites’. However this part of the forgs i so far set back from the pressurised / processing
patt of the terminal that the risk ofilirect ignition is extremely low. Therefore
considering these tree fire eve ill not occur instantaneously and could only develop
in severity over time and combined with the shielding effect afforded by the buildings
themselves, the ability for personnel to safely escape these buildings will not be
compromised.

Similarly the control room, at a setback distance of 40 meters, the expected incident
thermal flux is 18 kW /m? for a maximum duration of two minutes. As the Control Room
is designed to be fire resistant for two hours, any tree fire incident would be incapable of
jeopardizing the integrity and function of the Control Room. The processing equipment
and transport piping around the site are set back from the nearest tree line by at least 90
meters ranging to 170 meters. No trec fire set back this distance would be capable of
dirccting the required 25 kW /m? thermal flux to jeopardize the containment integrity of
the plant. No account was taken of the mitigation measures proposed to be available at
the terminal.

The applicant has committed that the layout of the surrounding trees will be in
compliance with the Forest Protection Guidelines 2002 (Department of
Communications, Marine and Natural Resources), and also the requirements of the Mayo
County Council Fire Officer and as such will lessen the risk of fire spread.

15
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3.4.3.2.2 Effects of the Terminal on surrounding Trees

Based on the analysis of the worst credible scenarios for the proposed terminal, the risk
of these highly unlikely release incidents leading to conditions capable of ignition of the
surrounding forested areas has been postulated as being duc to a jet fire from rupture of
the high pressure system. The risk of an event like this occurring has been calculated to
be less than ot equal to 2.2 x 10° / year.

The fiercest type of tree fire is known as a crown fire, which is a fire event that has
developed from a surface / ground fire and spread into the tree canopy. Crown fires are
capable of spreading quickly and burning extremely intensely. However the UK Forestry
Commission’s Technical Note ‘Forest and Moorland Fire Suppression’ (24) states that
‘sustained crown fires are rare in UK conditions. Coillte rate this particular area of
forestland as low risk. There is no quantified value available for the background risk level
for tree fires in Ireland, however DNV in the QRA quote the background level for any
wooded environment in the UK. to be 2x10”/year. Based on this background level, the
increase in risk of forest fire initiated from events at the terminal is extremely low.

The nearest residence to the forest area subject to risk fromghe terminal is set back more
than 40 meters from the ncatest tree and is therefore notgt sk of ignition from forest

fire radiation. & @O
Py
3.44 Worst Possible Consequenggﬁ)gmajor Accident

A
The question is sometimes posed re j§§ of the risk as to what the worst possible
consequences of a major accident af % proposed development might be. Based on the
Authority’s analysis, the worst possible consequences would be caused by a full-bote
rupture at the high-pressure impgit gas pipeline. In the event of such an unlikely event
occurring, the following conssduences may occur;

Table 1: Consequences of Worst Possible Scenario

Event Distance (Meters) D5 Distance (Meters) F2
Extent of 1000 TDU 456 527
from Jet Fire
Extent of Piloted 398 470
Ignition of wood*
region (14.7 kW/m?
Extent of 140 mbar 334 344
overpressute

* Piloted Ignition is defined as the thermal flux level requited to sufficiently heata
matetial to decompose to form a volatile —air mixture capable of sustaining a flame, in
the presence of a pilot flame. The ignition heat flux/temperaturc in a standard test is
normally lower than the ignition temperature in an actual fire scenario.

However the Authority regards this scenario as less than credible based on
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The degree of operator control of pipeline
The thickness of the import pipeline at the terminal
The short length of above ground pipe and it’s location

The Purple Book gives a full bore loss of containment frequency of 1 x 107 per
metre per year for this diameter pipeline above ground
and as such the risk of such an event is considered highly unlikely.

3.5 Assessment of Major Accidents to the Environment

3.5.1 Introduction

This section of the submission is concerned with the environmental effects of major
accidents applicable to the proposed development. It should be noted that routine
emissions are not considered. Regulations of such emissions are the responsibility of,
and will be licensed by, the local authority or the Environmental Protection Agency as
applicable. Operation of the proposed terminal will be subject to an IPPC Licence as
regulated by the Environmental Protection Agency on the I\%g,sis of a projected energy

consumption of greater than SOMW. ,@‘3‘

N ,@O
&

SR\
e A Quantified Analysis of the Prpqeé\éxﬁ\%\lzatds at the Proposed Bellanaboy Bridge
Terminal — prepared by Det Ijﬁgi%oigg\’eritas (Appendix 4)
IR \(‘\\,
O
* Environmental Impact Stff%ggﬁ\ent prepared in respect of the proposed Bellanaboy
Bridge Gas Terminal andissociated Srahmore Peat Deposition Site prepared by

RSKENSR Envuom@t Limited
00

The assessment is based on informadon drawn
S

» Corrib Gas Field Development Planning Application

s Additional Information supplied by the Applicant(Appendix 6)

3.5.2 Environmental Impacts

Scenarios were considered on the basis of their potential to cause a Major Accident to
the Environment. Of these, scenarios 2, 8, 9 and 12 as listed in Section 3.3.2 were
deemed to represent the worst-case major accident from an environmental effects
viewpoint. These are namely —

Scenario 2 — Full bore rupture of pipe and a leak equivalent to 10% of the diamter of the
Slugcatcher pipe work leading to release of methane/condensate mixture at multiple
points along the pipe work

i?
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Scenario 8 - a major bund fire at the Product Methanol storage area
Scenario 9 — a major bund fire at the Condensate storage area
Scenario 12 — a major bund fitc at the Raw Methanol storage area.

3.5.3 Qualitative Assessment of Consequences

In assessing potential Major Accidents to the Environment, primary regard is given to
sensitive Receptors that may be impacted in the event of a major accident occurring.
Consideration of the envitonment of the proposed terminal highlighted the following
sensitive Receptors.

s Carrowmore Lake ¢cSAC and associated surface water systems
e Glenamoy River and Sruwaddacon Bay SPA
o Underlying groundwater resources

e Terrestrial habitat surrounding establishment

Assessment of the consequences of each of the scenarios sclected recognises that 2 major
accident to the environment could occur in the absence of engineered control and
containment, were these scenatios to occur. As such, the Aythority must be satisfied
that the measures as outlined by the operators are such thgt’the general statutory duties
assigned by Regulation 9 of S.I. No. 476 of 2000 will beomplied with. In making this
assessment, the Authority is particularly mindful S@Bféuhtion 9(2){e) requiting operators
to use best practicable means to prevent 2 maj¢h gﬁ%ssion into the environment from any
part of the establishment of dangerous subgfh s resulting from uncontrolled
developments in that establishment, and\\tﬁoﬁéc best practicable means for rendering
harmless and inoffensive such subs 2 \(c\\sﬁs may be so emitted.

Qé \\'&\Q
3.5.4 Spill Prevention éooQ
&
3.54.1 Primary Containment

The Terminal tank farm facility will comprise of 8 major storage tanks, in additon to
individual storage tanks for each of acid wash, heating medium and diesel. The major
storage tanks will be comprised of three Raw Methanol tanks, two Condensate tanks, one
Off spec Condensate Tank and two Product Methanol tanks. The Condensate on site is
treated as two substances — the unstabilised liquid contained in process vessels at high
pressure is categorised as a highly flammable liquid, while the stabilised liquid contained
in the storage tanks is categorised as ‘automotive petrol and other petroleum spirits’.
Methanol is classified as flammable and toxic. Uncontrolled release of each of these
matetials into the environment, at sufficiently high volumes, is likely to result in a major
accident to the environment under the terms of Directive 96/82/EC.

The storage tanks are to be designed to British Standard 2654 — specification for
manufacture of vertical steel non-refrigerated storage tanks with butt-welded shell for the

petroleum industry. Tanks are to be subject to hydrostatic testing before being put into
service.

18
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The operator has indicated that the tanks would be equipped with high-level indicators
and high-level alarms. In the event of an inadequate response to a rising liquid level a
“High-High” alarm and trip system would automatically isolate the supply to the tank.

3.5.4.2 Local Containment

All bulk inventories are located in bunded areas. Three Condensate tanks will be located
in common bunds, separated by dwarf walls. Similatly, three Raw Methanol tanks will be
located in a common bund, also with dwarf walls. Two Product Methanol tanks will be
located in a separate common bund, again with dwarf scparating walls. The base of the
tanks will be arranged so that leaks will be directed to the base rim of each tank allowing
for a leak detection system to operate. The volume of the bunds in each case will be
designed to contain a minimum of 110% of the largest tank in the bund, or greater than
25% of the total tank contents.

The bulk storage tanks are to be arranged inside common bunded areas in accordance
with National Fire Protection Association Standards, while spatial arrangements as
proposed are to be in accordance with the Institute of Petroleum Model Code of Safe
Practice Part 3 specifying tank spacing. Materials of construction are to be such that they
are impervious to the contained liquids.

The operator has indicated that drainage of bunds to rcryg@?r\’e rainwater, which is to be
performed by a manually operated valve, will be SQ\Ig.j%;Pto a permit to work system to
prevent the inadvertent discharge of any conta:?ﬂﬂ\g@c water. A concern with such
manual valve systems is that there is 2 temptag \@qo leave the valve continuously open to
remove rainwater thus defeating the purpg@& the bund. Current guidance on the issuc
suggests that such a gravity drain systc@%oggén with lockable valves provided should not
be employed in new installations unléSxthe bund is part of a properly designed combined
system. The Authority is sadsﬁe&%‘? the bunds as outlined arc part of a designed
combined system. 6\00

The opetator has indicated thagbund overflow pipes in methanol and condensate arcas
are sized to take the largestdé)\mbination of product, firewater and rainfall. The open
drains sump, which receives bund contents via gravity flow, is fitted with a pump to
allow transfer of any contaminants to the contaminated firewater retention pond.

3.5.4.3 Remote Containment

In the event of a major fire at the condensate, raw or product methanol tank bund, the
operators design as proposed allows for up to 6 hours deluge of firewater at an
application rate of 1200m’ per hour, thus totalling, 7200m’. Provision is made for
containment of this material on-site via the tank bund, the Open Drains Sump and the
Contaminated Firewater Pond, in addition to tank contents and associated rainfall run-
off concurrent with the fire scenario. Contaminated firewater is then tested to determine
whether on or off-site disposal is appropriate. Therefore, the operators proposed design
provides for on-site containment of generated contaminated firewater, in the event of a
bund fire in either of the main storage areas.

Containment issues may also be subject to conditions under an EPA administered
licence.
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3.5.4.4 Issues at Slugcatcher

Areas beneath flanged connections of the slugcatcher pipe wortk are to be paved. In
addition, the orientation of instrument connections will be such that any associated leaks
are to be contained via paved areas and the open drains system feeding to the surface
water treatment system. The operator asserts that a leakage from any othet part of the
slugcatcher that would result in condensate/methanol being discharged outside of the
terminal fence is not credible. Furthermore, the operator asserts that any liquid spilled
onto unpaved areas will be recovered in accordance with proposed terminal emergency
procedures. The operator in considering this scenario, calculates that a maximum of 10
tonnes of condensate could be released, and concludes that a release ‘to unpaved ground
may contaminate the surface and/or groundwater. Any condensate released to the
receiving watercourse may raise the Chemical Oxygen Demand in excess of a few days
and may thercfore constitute 2 MATTE (Major Accident to the Environment), although
the small quantities of condensate involved mean that this is unlikely.’

P
3.5.4.5 Comments regarding Spill Preventi n

S
The Authority recognises the potential for a mgjordccident to the environment resulting
from a release of a dangerous substances frgg? proposed terminal site. This is
particularly the case when the nature of ,tgcQ erable receptors as identified is
considered. Containment measures 2 q[?ro@osed must satisfy the ‘best practicable means’
criteria with regard to prevention %g\?\ se of dangerous substances to the external
environment. In considering the siﬁmry containment measures, bunding arrangements
for either of the product methaQé - condensate or raw methanol ateas, allied to the
remote containment systen, g?(c\ Authority acknowledges that the design proposal as
outlined can be considered@s satisfying this critetia.

However, the Authority recommends that:

¢ Paved areas should extend up to the bund walls to further protect against the
possibility of spigot flow leaks overshooting the bund wall/catastrophic failure of
primary containment, allowing such releases to be collected in the open drains
sump and associated treatment system/contaminated firewater pond.

e In consideration of a leak at the slugcatcher pipe work, additional measures
would be required to further satisfy the ‘best practicable means’ criteria. These
measures should include at a minimum, an impermeable atea around the
slugcatcher to capture any potential release.

3.5.5 Other Scenarios

3.5.5.1 Toxic Gas
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Toxic gas emissions were not considered as initiators of a major accident to the
eavironment in light of the material inventories on sitc and estimated concentrations at
the terminal boundary in the event of a gaseous release.

3.5.5.2 Flooding

The site drainage system has been designed to cater for a one in 100 year rainfall event
(of 31mm in one hour), and assessed for a maximum 45mm in one-hour event. As such,
flooding at the proposed terminal site was not considered as an inidator of a credible
accident scenario.

3.5.5.3 Lightning

The operator states that lightning protection has been provided in the design of the
terminal facilities in accordance with the requirements of BS 6651, Code of Practice for
Protection of Structures against Lightning. The earthing system is designed to British
Standard Code of Practice 1013: Earthing, and all storage tanks will be electrically
grounded.
N4
3.5.5.4 Silt Ponds &8
N

Surface water from unpaved areas and ground a6t from the terminal site is to be
routed through the silt ponds prior to disché% o the local watercourses, and ultimately,
to Carrowmore Lake. . 00%}

S
While a proposed interceptor systc&@f&‘@esigncd into this system prior to the silt ponds,
as an additional control, the Aut gﬁ\y recommends that:

e On-line organic conten fionitoring be installed at the silt ponds inflow point
with an associated sion for re-routing flow to the on-site wastewater
treatment system/ c%dntaminatcd firewater pond. Should the organic content
increase above background in the unlikely event of accidental discharge to this
system, this would allow diversion of the silt pond outfall from local
watercourses to the on-site treatment system.

21
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4. H.S.A. Commentary on DNV/Shell Risk Assessment

DNV were commissioned by Shell to conduct a quantified risk assessment (QRA) for
the proposed terminal with a view to estimating the offsite risk of dangerous dose at the
request of H.S.A. to neighbouring populations. Appendix 4 contains a copy of the QRA
as supplied to the Authotity from Shell E &P Ireland Limited. The QRA report
addresses the Terminal Facilities in Section 2, the consequence and frequency
methodologies in Section 3 and Appendix Il and presents the main predictions from the
analysis in Section 4.

DNV regard their report as being a best estimate in most respects but conservative i.e. an
overestimation, in its determination of maximum overpressute for explosions.in the
slugcatcher area and in its selection of frequencies for full or large failures in the high
pressure gas system. The failure frequency data used is based on 2 modified version of
the ‘Offshore Industry Hydrocarbon Release (OIR 12)’ database and the methodology
used to modify the database is described in Appendix II of the report. DNV regard this
database as the most representative failure frequency dataset for the types of failures that
could be expected at the proposed terminal. The figures used are more conservative than
those used in the Purple Book. The report is based on congideration of a wide range of
scenarios and includes reasoned arguments for the exclu.og%n of certain scenarios.
The DNV analysis indicates that, on the basis of the ghove criteria, the location of the
nearest housing is not at any significant risk fr%\é
SIS

e Overpressures greater than 70 n%\@%fﬁgurc XII1.2]

¢ Flash fires [Figure XII1.12] & &
e Thermal radiation gtcntc:@h?@ﬁ kW /m? from jet or pool fires [Figures

XIL10and XITL1T] ¥
e Thermal radiation gre r than 500 thermal dose units from short duration

thermal radiation eygiits [Figure XIII.13]

These figures show that the overall risk contours for dangerous dosc ate predominantly
contained within the boundary of the applicant’s landholding. Appendix XV indicates -
that the overall risk of dangerous dose to 1% 10¢ and 3 %107 / year are completely
contained with in the landholding.

The report does indicate that the nearest residence to the proposed terminal could
experience overpressures equivalent to less than one fifth of the dangerous dose
overpressure. Overpressures of this size have been documented as causing window
breakage.

The report examined trees in Section 3.6 in the context of:
» Ignition of trees from a fire at the terminal
e Increase in explosion potential if the trees act as a region of congestion
o Level of thermal radiation at the plant boundary due to a forest fire.

The predictions from the analysis are presented in Section 4.3. and updated in Appendix
XVI of the DNV report
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Section 4.3.1 gives the predicted thermal radiation from a serious forest fire at the tree
bank closest to the terminal ~some 40 meters away - as being 18 kW /m”. This thermal
radiation level is insufficient to affect the functon of the Control Room. The thermal
radiations levels predicted at processing equipment from forest fires do not exceed 8
kW /m?, which is insufficient to jeopardize the containment integrity of the process
equipment.

The risk of a short duration thermal radiation event igniting the surrounding trees is
presented in appendix XVI. The risk differs around the site and certain tree banks are at
higher risk than others depending on their proximity to the processing area of the
terminal. The predicted risk levels are less than 1 x10%/ year with the tree banks to the
north and east at the highest risk. It is pointed out that this is significantly lower than the
published UK background rate.

Section 3.6.3 makes a convincing case that the trees cannot act as regions of congestion
for explosion events due to major release incidents at the terminal.

The Authority, using its approach to Land-Use Planning under S.1. No. 476 of 2000
concludes that the DNV Limited analysis constitutes a reasonable rationale for the
assessment of the off-site risks posed by the proposed terminal.

The analysis has been conducted by experienced experts in the field of quantified risk
assessment and is premised on reputable methodologies fotestimation of consequence
zones and risk assessment. The approach taken by DN¥differs from that chosen by the
Authotity, however the overall risk contours gcnsi&ﬁ;}mﬁ\ by the differing approaches yield

broadly similar results concerning the level ogoﬁigﬁl risk posed by the terminal.
SN
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5. Applicants Proposed Technical and Operational Measures

5.1 Introduction

This section reviews a range of issues related to the ability of the proposed development
to meet the requirements of the Seveso II Directive. It provides qualitative information
as a support to the quantified assessment process.

This review cxamines the codes of practice and standards that the operator proposes to
adopt in the design, construction, commissioning and operation of the gas terminal. This
review also includes an examination of how the operator intends to verify that all
standards and codes are complied with throughout the terminal lifecycle.

Clearly some of the organisational and technical issues cannot be fully developed at this
time since the development is at the design stage but clear commitments have been given
to the Authority in documentation provided by the operator.

. &

5.2 Hazard and Risk Assessment &

S
S )

The Directive requires operators to identify th rds and assess their likelthood and

severity. The terminal design has been subjgg&& o a range of techniques widely used in

the process industrics such as: S
&
HAZARD IDENTIFICATION METHODS
ECE

Q
The operator uses both HAZIQC{\IE%azard Identification) and HAZOP (Hazard and
Operability Studies) tcchniqugﬁ‘\at the FEED stage (Front End Engineering Design).
These systematic techniquésidentify hazards, consequences and preventative controls at
an carly stage. They also identify protective and mitigating measures for dealing with
residual risk.

FIRE AND EXPLOSION RISK ASSESSMENT

This analysis involves the consideration of the impact of various types of fire/explosions,
and identifies the requirements for passive fire protection or deluge.

QUANTIFIED RISK ASSESSMENT

The operator submitted a quantified risk assessment report to the H.S.A. to assist in
giving land use planning advice. This document contains a detailed hazard analysis
consisting of

Generation of Representative Set of Major Accident Scenarios

An assessment of the likelihood and consequence (on site and off site) of these scenarios

DEPRESSURISATION STUDIES
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The operator has commissioned blowdown studies that provide data on the actual
conditions the terminal would experience in the event of an emergency blowdown. The
data generated during these studies was used to design the emergency blowdown system.

The company indicated that assurance systems are in place that track the outputs from all
safety management programmes throughout the terminal lifecycle, and that the
documentation will be available for future use should any plant changes need to be
considered (Sce Verification Section Below).

5.3 Plant Layout

The opetator has indicated that the plant design is laid out in accordance the Industrial
Risk Insurers guidelines publication IM 2.5.2 for layout and spacing of oil and chemical
plants. The operator has indicated that the general layout in some instances provides
separation distances that exceed those laid down in the guidelines. Industrial Risk
Insurets, based at Hartford, CT, USA, were formed in 1975 from the merger of the
Factory Insurance Association and the Oil Insurance Association.
&
§é~
5.4 Control of Ignition Sources
7&°
The operator has confirmed that hazardou: &%&chssiﬁcadon has been carried out in
accordance with the procedures laid dowd! i@ the Institute of Petroleum Model Code of
Safe Practice, Part 15 Area Classificag €ode for Petroleum Installations. This code
provides a methodology for the ag@} »briate selection of electrical /electronic equipment.
It has also been indicated that all s1\:qﬁ.ipment will be certified in accordance with the
ATEX (EU) Directive. &
The operator has indicated the terminal will be earthed and provided with a site wide
equi-potential bonding system to ensure that all equipment remains at the same potential
thus minimising the risk of a spark between structures. The operator has indicated that
all earthing systems will be designed in accordance with recognised standards.
The operator has indicated that all radios for use in hazardous areas will be certified as
intrinsically safe i.c. unable to produce sufficient energy to present an ignition soutce, and
that all equipment will be in compliance with the EMC Electro-magnetic compliance
Directive.
The operator has indicated that a permit to work system will be operated for any hot
work in hazardous areas.

5.5 Plant Control Systems

The plant will be equipped with a distributed control system (DCS) that will monitor and
control plant conditions and permit emergency action to be taken in the event ofa
process upset or non-scheduled release.

The operator has indicated that the control system (DCS) and the emergency shut down
(ESD) system will be separate systems (completely sepatate instrumentation and
controls). The operator has indicated the ESD system will be designed in accordance
with the recognised standard IEC61508 (Functional Safety of Electrical /Electronic/
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Programmable Electronic Safety Related Systems). This methodology determines how
many sensors are required for a particular process variable and the need for other
systems in addition to the instrumentation system. The ESD system has the capability of
shutting down and isolating all terminal systems automatically. It can also be initiated
manually from a number of locations on the terminal site.

The operator has indicated that power supplies to the DCS, ESD and FG (Fire and Gas
Detection) systems will be supplicd by a dual redundant UPS (un-interruptble power
supply) with battery for two hours.

Control Room:

The operator has indicated that the Central Control Room (CCR) has been designed to
withstand any predicted overpressure for that location (viz. up to 200mbar). It will be
permanently manned with two operatives and access to the room will be controlled so as
to limit potential distraction. The layout of the control room has been determined with
the aid of ergonomic studies in order to minimise the risk of operator fatigue. The alarm
warning system has been designed from an audio and visual perspective to enable an
operator to identify those alarms, which are critical.

The control room will be provided with 2 comprehensive communication systemn
including telephone, intercom, video, VHF radio and Intemnet services.

The operator has indicated that, in order to ensure operatp¥ competence a special
simulator will be constructed so that control room\\qgg ors can be trained in a more

realistic environment. ENA
AN
&S
S&
5.6 Pressure Vessel Integrigpi@‘
S5
. § ‘\\éﬁ(\
5.6.1 Design Codes C
\Q
O

The operator has indicated tb\gﬁiesign codes such as British Standard PD5500 and
Ametican Society of Mechénical Engineers ASME VIII for pressure vessels, ASME
B31.3 for process piping, have been used and will offer a high degree of protection.

Compliance with these codes will be ensured by the appointment of a competent third
party to confirm compliance with the PED (EU, Pressure Equipment Directive)
throughout the design, fabrication and construction phases of the project.

5.6.2 Protection against Overpressure

The operator has indicated that the terminal protection system (TPS) is provided by
means of a detection, relief and flare (blowdown) system. The TPS system is separate
from both the plant control system (DCS) and the emergency shutdown system (ESD).
The TPS depressutises vessels by venting the contained gas to a flare system. This
venting can be initiated automatically (by detection by sensor or by the lifting of a
pressure relief device) or manually by an operator if required. The operator has indicated
the TPS system and associated instrumentation will be designed in accordance with the
recognised standard IEC61508 (Functional Safety of
Electrical/Electronic/Programmable Electronic Safety Related Systems).

The pressure relief devices, which connect to a flare system, will be sized according to
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e APIRP 520[Design and Installation of Pressure Relieving Systems in Refineries]
and

e API RP 521[Guide to Pressure Relief and Depressurisation Systems]

The flare system is comptised of:

e System for high-pressure (HP) sources
e System for low-pressure (LP) sources
e System for maintenance related activities.

The operatot has indicated that the HP flare system is designed to provide full flow relief
of the gas export system as per the required design code. The operator has indicated that
suitably designed knock out vessels will be installed in the flare lines to remove any liquid
from the lines so that burning liquid is not discharged from the flaze stack. Flare headers

will be continuously purged with nitrogen to prevent air ingress and thus limit the risk of
explosion.

5.6.3 Protection against Corrosion o
N

The integrity of a plant depends on corrosion issues bc@%é identified and addressed so a
safe plant does not degenerate to an unsafe one @gzﬁ}ne Natural Gas and condensate
from this reservoir arc regarded as non—corrosgﬁéﬁlﬁethanol is also non-corrosive.
In some terminals corrosion problems are avated by the presence of H,S (hydrogen
sulphide)(sout gas). Reservoir analysis k{@(@ot recorded the presence of H,S.
The operator has indicated that a pr @ne of corrosion monitoring will be put in
place using corrosion probes and@% thickness measurements.

S
External corrosion protection ’}xﬁ be provided by surface coatings and /or cathodic
protection. o

5.7 Tank Farm Issues

5.7.1 Design

See section 3.5.4 above.

5.7.2 Protection against overfilling
See section 3.5.4 above.
5.7.3 Protection against vapour ignition

The operator has indicated that the tanks for methanol and condensate will have internal
floating roofs and will be nitrogen blanketed so that there will not be a flammable air
mixture above the liquid level, thus minimising any risk of an internal explosion. This
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also means that there will not be a flammable zone at the tank vents thus minimising any
risk from external ignition. According to the American Petroleum Institute’s (APT)
Recommended Practice 2003 Protection Against Ignitons Arising out of Static,
Lightaing and Stray Currents “Internal floating roof tanks are inherently protected
against internal ignitions from lightning induced spatking by Faraday cage effect”.

The opetator has confirmed that hazardous area classification has been catried out in
accordance with the procedures laid down in the Institute of Petroleum Model Code of
Safe Practice, Part 15 Area Classification Code for Petroleum Installations and that all
equipment will comply with the EU Directive (ATEX)

5.7.4 Protection against loss of containment

See section 3.5.4. Above,

5.8 Incident Intervention Issues

This is addressed in the order of incident detection, process isolation, process venting,

and fire fighting. &
8
5.8.1 Incident Detection S
O
&

The first line of defence is the normal rangsﬁg‘a&ﬁroccss instrumentation that will monitor
high/low pressures, liquid fill levels, ten@%@}mcs etc and provide warnings/alarms to
the control room. The operator has | cited it will incorporate the full range of

instrumentation, which will: NS
1 Display numbers/ fi that will give a plant operative some warning of an
impending alarm cge ition allowing action to be taken before that condition
occurs and &
2. Devices that wiﬁ only trigger once the alarm condition has been met.
5.8.2 Gas Detection

The opetator has indicated that two types of flammable gas detectors will be used to
detect presence of gas before the LEL (lower explosion limit) is reached.

IR (infra-red) open path suitable for the outdoor environment will be provided at the
slugcatcher and other process areas. These devices are most suitable for detection of gas
clouds in outside area regardless of fog or sunlight interference.

IR (infra-red) point gas detectors (infra red point detectors) will be provided at the
following:

e Buildings liable to gas accumulation
» Heating, ventilation and air conditioning air intakes
e Combuston air intakes for gas turbine and diesel engines
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Gas alarm points will in general be set to operate at 25% and 50% of the lower explosive
limit and at lower levels where the alarm automatically initiates an equipment
shutdown/closute.

The operator has indicated that 2 minimum of three gas detectors will be located inan
arca to provide suitable back up in the event of a sensor failure. Initiation of an alarm
condition on two out of the three will trigger an automatic response (e.g. alarm at HVAC
will shut inlet flaps)

5.8.4 Fire Detection

The operator has indicated that the plant will be protected by a compreheasive high
sensitivity smoke detection system that can initiate a terminal shutdown.

The site will also have closed circuit television monitoring (CCTV). The methanol and
condensate areas will be fitted with suitable IR flame detection that is required to detect
invisible methanol fires.

5.8.5 Process Isolation

In the event of a gas release the main object would be to isolate the relevant section of
plant so that the fuel to the release can be shut off. To thisgnd the operator has
indicated that the plant will be equipped with a compre%&sive emergency shut down
(ESD) system where the critical items of plant cax&\:br,gx‘emotely (manually or
automatically) isolated by ESD valves. Failure signal line to such valves will cause
them to move to a safe condition so the op ty of these valves will be maintained in
the event of loss of power. RN

The ESD system will be provided wi cated control systems and continuous self -
checking diagnostics. O\'\Q.\é)(\‘

The location of the ESD isolatioff @‘Fvcs will be such that the major items of plant can
be readily 1solated in the event QS\:?n incident.

N
5.8.6 Process Venting”

Depending on the incident scenario vessel isolation may be sufficient. Vessel contents
may be blown down, undet operator control to the flare line.

As described carlier cach pressure vessel is also equipped with a pressure relief valve
connection to a flare line to limit vessel overpressures.

The storage tanks will be equipped with local vents, in accordance with BS2654.

5.8.7 Emergency Arrangements/Fire Fighting

The operator has indicated that the site will be self sufficient with regard to fire water
supplies with a 7200 m3 firewater pond that is designed to fight the worst credible fire
scenarios. In addition to the sites own water a 10-inch emergency fill line; stated to have
a capacity of 300m3/hour will be supplied from the local authority water system. The
worst case firewater demand has been estimated to be 1200m3/hr thus giving a 6 hour
capability which exceeds the minimum 2 hour recommendation in the Institute of
Petroleum’s Model Code of Practice, Part 19.

The operator has proposed to install 4 firewater pumps any one of which can supply half
the design firewater requirement.
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Firewater monitots are to be positioned around the terminal that can be locally or
remotely activated from the central control room. This degree of remote acting capability
lessens the risk of staff being injured should they have to deal with an incident. Where
required, e.g. at the tank farm, monitors will be equipped with foam facilities.

The operator has indicated that the methanol and condensate tanks are fitted with
surface pouters that dispense alcohol resistant foam. The bund area will also be fitted
with a foam monitor that can be used to extinguish any fire that starts in the bund.

Finally the operator has indicated that fire hydrants and associated fully equipped fire
hose cabinets will also be provided at approptiate locations points throughout the
terminal.

The company has indicated that the fire fighting system has been designed with reference
to:

Institute of Petroleum’s code for Fire Precautions at Petroleum and Bulk Storage
Instailations (IP 19)

National Fire Protection Association’s standard for Low Expansion Foam (NFPA 11)
National Fire Protection Association’s standard for Water Spray Fixed Systems for Fire
Protection (NFPA 15)

The operator has indicated that emergency response arrangegnents will be put in place
5

that will address the following é
$

. Emergency command and control & o
. Emergency response teams (Roles and}eﬁgggsibiﬁdes)
. Emergency response facilities 0\& &@b
. Emetgency response plans and pgs%&%mes

g X &
. Training &
. Requirements for reporti fg\&y\\ notification
L ]

Liaison with Local Emcrg\qp%y Services
R
3

00&90
5.9 Operability Issues

In respect of the prevention of major accidents it is clear that technology alone does not
provide sufficient protection. The Directive requires companies to implement a safety
management system which address such issues as organisation, training, operational
control and management of change. Whilst such detail may not be fully developed at the
planning stage the company has been able to demonstrate an appropriate philosophy to
such issues.

5.9.1 Staffing Levels

The company proposes to conduct a Business Risk Assessment to establish suitable
staffing levels to cope with normal and major accident conditions. Later after production
has begun a further assessment will be conducted to ensure that the company can
demonstrate adequate staffing levels for the purposes of Seveso I The operator has also
indicated that it will compate manpower arrangements with other sites (manpower index
assessment). Finally the operator has indicated that once production commences a full
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detailed analysis based on a HSE (UK) Contract Research Report 348/2001 will carried
out.

5.9.2 Competency

The operator have signalled the intention to put in place a competence assurance system
which will be to the National Vocational Qualification Standard D32 and D33 with
independent third party verification of the assessment. This system is intended to verify
the attainment of a threshold of performance for personnel before they are allowed to
work unsupervised. The operator has also committed to include safety management
performance indicators for all staff in their appraisal system.

5.9.3 Training

The operator has indicated that training will be compctence based and include both
employces and contractors as appropriate. Reference has been made to the development
of a simulator for training of control room staff and shift supervisors.

The training will cover routine operations and non-routine operations such as emergency
shutdown, permit to work, alarm management and fire/gas systems. The operator has
committed all personnel to emetgency response training that will include the
participation of Mayo County Fire Brigade. Finally, the opegator has committed to one
major exercisc test per calendar year (Seveso I1 Dlrccuvog\élas requirement for once every

three years). &S
) \é
5.9.4 Management of Change Q\@:&\@é

A
The management of change is a cruci ‘%&ﬁ\c in the control of major hazards. The
operator has committed to dcvclogﬁg&g\ change control process as part of the safety
management system to ensure tha Q@‘iy changes to hardware or software ate properly
assessed and documented beforgimplementation. This system will operate throughout
the terminal lifecycle (dcsignogg‘\ decommissioning). All change requests will go through a
formal assessment progtanite that will require a signature of a designated person before
ptoceeding with a change. In particular any deviations from standards/specifications will
be reviewed in a major accident prevention context (as is required by Seveso 11
Directive).

5.9.5 Permit to Work

The operator has indicated that it will develop a permit to work system that will
incorporate isolation principles, practices and task based risk assessments. The system
will formally control the hazards and risks associated with particular tasks (e.g. hot work)
and make those responsible aware of these activities. The system will require an approval
signature from a designated individual before a task can proceed and it will provide a
formal hand over system for plant and equipment.
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5.10 Verification/Safety Assurance

The operator has indicated that a Quality Assurance programme covering all aspects of
the terminal throughout its lifecycle will be put in place. The objective will be to ensure
adherence with all standards and codes of practice. In addition to their own internal
assurance the operator has committed to the appointment of recognised independent
third party verification that will include an assessment of all aspects of work deemed
ctitical to the safe and reliable functioning of the terminal. The operator has also
committed to have a Safety Audit and Review programme as is requited by the Seveso II
Dircctive. Finally, if built the terminal would be subject to full safety management system
audit in year one and routine annual inspections by the Authority thereafter.

i2

EPA Export 08-07-2014:23:47:26



6. Conclusions

Based on the foregoing assessment, the following conclusions have been drawn by the
Authority: Concerning the environmental assessment of major hazards, the Authority is
satisfied that best practicable means will be employed in relation to spill containment,
provided the following conditions are complied with —

a) Paved areas to be extended to bund walls and arranged so that any accidental
releases over bund wall are diverted to the open drains sump
b) Extension of impermeable areas around the slugcatcher such that any potential

release is contained.

c) Online Total Organic Catbon monitoring to be installed at silt ponds with
provision for automatic re-routing of flow to contaminated firewater pond in event of
accidental discharge to system.

For the purposes of emergency planning:

In addition arrangements should be made between the applicant and Mayo Co. Co. to

provide for traffic control on roads close the terminal in the event of 2 major incident.

vé‘\)&

&
N ﬁ .

Should thete be any proposed amendment to t} tted scheme which relates to the

control or impact of major accident hazards \@E ed by Seveso II Directive) then that

amendment shall not proceed untl the a%{;@?\(&?nt of the H.S.A. has been obtained.
N

For the purpose of control on future development:

& §é

S
O
The QRA supplied by Shell and o Fout by DNV, reflected a detailed and reasonable

assessment of the risks likely to %c‘%osed by this development.
A

The off-site risks of dangergiis dosc are estimated to be less than 1 x 10 ™ per year to the
nearest residential dwelling and less than 5 x 10 to the current nearest non residential
neighbour.

The Authority ‘does not advise against’ this proposed development.

Noting that the risk contours predominantly fall within the applicant’s landholding; the
Authority;

e does not suggest any restriction on land usc outside the applicant’s landholding
or outside the parcel of land defined by the 3 x 10-7 contour (establishment
notrthwest corner, Figure 1)

e advises that any development within the aforementioned landholding or parcel of
land should be referred to the Authority. This area is greater than would normally
be specified as a consultation zone but for administrative convenience this
approach is suggested
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Appendix 1 Request for Advice
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PLANNING AND DEVELOPMENT SECTION

MAYO COUNTY COUNCIL
ARAS AN CHONTAE
CASTLEBAR
P03/3343

18/12/2003

MR JOHN COLREAVY

HEALTH AND SAFETY AUTHORITY

10 HOGAN PLACE

DUBLIN 2

RE.: PERMISSION: CONSTRUCT GAS TERMINAL FOR THE RECEPTION AND
SERAPATION OF GAS FROM THE CORRIB GAS FIELD, AMD FOR A PEAT DEPOSITION
SITE, RESPECTIVELY. THE DEVELOPMENT WILL CONSIST OF THE CONCURRENT
DEVELOPMENT OF TWO SITES LOCATED 11 KIROMETRES APART, APPROXIMATELY,
AND IDENTIFIED AS THE SITE OF THE GAS TERMINAL FOR THE RECEPTION AND
SEPARATION OF GAS FROM THE CORRIB (%S FIELD IN THE TOWNLAND OF
BELLAGELLY SOUTH AND THE SITE OESHE PEAT DEPOSITION SITE IN THE
TOWNLANDS OF SRAHMORE AND ABFAVALLY, BANGOR ERRIS. THE DEVELOPMENT
AT THE BELLAGELLY SOUTH SITEANIEL CONSIST OF: A GAS TERMINAL FOR THE
RECEPTION AND SEPARATION OF,GAS INCLUDING PLANT AND EQUIPMENT;
PROVISION OF 4,935 SQ M (GROSS FLOOR AREA), APPROXIMATELY, OF BUILDINGS;
ACCESS ROADS; 40 NO. CAR G SPACES; AND ANCILLARY DEVELOPMENTS, OF
WHICH 13 HA, APPROX, WILL BE DEVELOPED INRESPECT OF THE GAS TERMINAL'S
FOOTPRINT. THE PROPOSED DEV. WILL OF THE BELLAGELLY SOUTH SITE WILL ALSO
CONSIST OF; THE EXCAVATION AND REMOVAL OF 450,000 CUBIC M at BELLAGELLY
SOUTH SRAHMORE ATTAVALLY - Applicant Name: SHELL E & P IRELAND LIMITED

Dear Mr Colreavy

I refer to the above application and I enclose herewith one set of documents received with same.

Please let us have any comments before the 22" January 2004 and return documents.

Mise Ie meas,

WU wleere

FOR COUNTY SECRETARY

JIM/MM
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Appendix 2 Role of HSA (Legal Framework)

1.  NAOSH Background

The National Authority for Occupational Safety and Health (for convenience this s
oftcn shortened to the Health and Safety Authority - HSA) was set up under the Safety
Health & Welfare at Work Act, 1989.
As the name implies, it is primarily concerned with the health and safety of people at
work.
The principal functions, as set out in Section 16 of the Act are:

e To make arrangements for enforcement of relevant legislation

e To promote, encourage and foster the prevention of accidents

e To cncourage & foster measures directed towards the promotion of health and

safety of persons at work

The Authority is divided up into operational units.
The Process Industries Unit (PIU), which deals with the process industry including
pharmaceutical sector, Bulk Petroleum Storage, LPG etc. is responsible for the
implementation of the Seveso II Regulations and provision\&f Land-usc Planning advice

der.
thereunder &

<O
&8
N
The Authority, acting as the Central C@éﬁo fent Authority under the EC {Control of
Major Accident Hazards involving Pahjzerous Substances) Regulations, 2000 (SI 476 of
2000), gives technical advice to a ﬁfg@ﬁmg authority when requested, under regulation
29(1) in relation to &7
e The siting of new est:klé?ﬁ\sluncnts,
e Modifications to ancéox.isting establishment to which Article 10 of the Directive
applies

2.  Seveso Il Legal Context

e Proposed development in the vicinity of an existing establishment
In general, the Authority will always look for the best estimate, where there are
uncertainties, it will tend to takes a conservative approach and favour that which will
overcstimate the consequence or zisk.
SI 476 of 2000 implements EU Ditective 96/82/EC [Control of Majot-accident Hazards
involving Dangerous Substances]. Article 12 of that Directive states:
‘Member States shall ensure that their land-use and/or other relevant policies and the
procedures for implementing those policies take account of the need, in the long term, to
maintain appropriate distances between establishments covered by this Directive and
residential areas, areas of public use and areas of particular natural sensitivity or interest,
and, in the case of existing establishments, of the need for additional technical measures
in accordance with Article 5 so as not to increase the risks to people.’
The Major Accident Hazard Bureau/ Joint Research Centre of the European
Commission has produced guidance in this area for the National Competent Authorities,
concerning the status of technical advice furnished to planning authorities:
‘It is recognised that consideration of major-accidents is only one input to the process of
land-use planning controls and policies. ... many other considerations can be relevant,
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and that these may already be elaborated in various national policies and implemented in
national, regional or local structure and development plans.’

Exclusions
It should be noted that the Regulations exclude certain activities:
“These Regulations shall not apply to -

() any property occupied by the Defence Forces and any land or premises referred
to in scction 268(1) of the Defence Act, 1954 (No. 7 of 1954);

(b) hazards created by ionising radiation;
(©) the occurrence outside an establishment of -

) the transport of dangerous substances by road, rail, internal waterways,
sea or air,

(if) intermediate temporary storage associated with a subparagraph (i) actvity,

@ii)  the loading or unloading of dangerous substances at docks, wharves or

marshalling yards, )

R4
(iv)  the transport to and from anothet mcaﬁ\of transport at docks, wharves
or marshalling yards, and N

SN
<O
& o
) the transport of dangerouso Qﬁi&&hnces in pipelines and pumping stations.
Q&
G the actvides of extractive inQé%@s concerned with exploration for, and the
. - . . & N\ .
exploitation of, minerals in mmc&gi'g\%uamcs ot by means of borcholes;
$

S
(€) waste land-fill sites. ééj\\o
$
It should also be noted that biological agents are not within the definition of ‘dangerous
substance’ and ate therefore not covered by the Regulations. .

In giving its advice, the Authority considers only the effects of credible major accident
scenarios at the establishment and does not deal with routine emissions. It is the
understanding of the Authority that such emissions will be subject to EPA or Local
Authority scrutiny and control.

The Authority’s advice does not deal with site selection or the suitability of one site over
another.

Activities related to site development /construction are not within the remit of the
Authotity in the context of the provision of Land-use planning advice.
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Appendix 3 Criteria for Land Use Planning
1. Policy in Relation to Siting of New Establishments

The question considered by the HSA when it provides technical advice to a planning
authority is:

“If operational, would the risks posed by this establishment be tolerable?”

The Board-approved policy of the HSA in relation to LUP for new establishments states
that:

It is ... necessary to demonstrate for new “Greenfield/Brownficld” establishments that
they do not present a risk of 2 dangerous dose greater than 5 x 10°/yr. to their current
neighbours or a risk of a dangerous dose greater than 1 x 10 /yr. to the neatest
residential type property. This may be relaxed in respect of neighbours where the new
development is the same/similar to the existing neighbours; for example new oil storage
depot being set up in a location already occupied by tank farms.

The Authority will seek from the operators of proposed establishments a detailed
consequence and risk assessment in order to help it formulate a response to a request for
advice on a planning application. N

The Authority will also consider any potential impact ogﬂ%cal access/egress
arrangements in the context of public behaviour imth®event of an emergency and access

for emergency setvices. oog?;\é
The Authority will give consideration to an r issues it deems relevant to a particular
application notwithstanding what has bg\\eﬁo icated above.’
S
S &
2. Technical Basis for Advice
O

There are, as yet, no Europegn ot international standards for the provision of Land-use
Planning advice. An EU working group (European Working Group on Land-use
Planning), which has been in existence since 2002, was set up to consider the
implementation of Article 12. The HSA represents Ireland on this group.
At present in the EU, a variety of approaches are taken in developing LUP advice,
including

» The use of generic distance tables, where the distance relates to activity or

storage quantity
» Consequence only. i.e. the distance is related to the consequence
e Risk & Consequence i.c. the likelihood of the consequence is estimated

At present, the Authority takes either a ‘consequence’ or a ‘risk and consequence
approach’ in relation to developments, depending on the nature of the activity. For new
establishments, a ‘risk & consequence’ approach is taken.

Advice is provided concerning the potential effects of major accidents at establishments.
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2.1 Establishment

Establishment is defined in the Regulations-

“Establishment” means the whole arca under the control of an operator where
dangerous substances are present in one or more installations, including common ot
related infrastructures or activities and includes new, existing and other establishments.
In practice, the establishment is considered to be the area within the security fence
footprint where the hazardous substances are processed and stored. This area comes
under the remit of the regulations. This approach has historically being taken and has
been retained following discussions between the Authority and E.U. Commission
officials and representatives of the other E.U. member states.

2.2 Major Accident i

The Regulations define a major accident as follows:

“Major accident” means an occurrence such as a major. emission, fire or explosion
resulting from uncontrolled developments in the course of the operation of any
establishment, leading to a serious danger -

(a) to human health, ot &
§é
®) to the environment, & ,é\ﬁ
S
whether immediate or delayed, inside or ouﬁgﬂgc establishment, and involving one or
more dangerous substances.’ g
"N
A

Major accidents inevitably involve adgg of containment of a dangerous substance.

The general approach adopted byQ;%ﬁAu&lority is, therefore, to identify credible ‘loss of
containment’ hazards, identify th# consequences if such hazards were realised and, in
certain cases, estimate the ﬁk@;ood of those consequences.

Because Land-use planning(goncentrates on matters related to off-site nisks, these form
the focus of the approach. Lesser, but more likely, events are therefore not usually
included as they do not have off-site impacts.

The Authority cxamines the process and material inventories of the proposed
establishment to determine the location of inventories of dangerous substances that have
the potential for an off-site impact in the event of 2 major accident. Bulk storage tanks,
gas cylinders, pipelines, process and storage areas, road tankers etc. are all likely sources.

2.3 Credible Scenario

Credible accident scenarios that are considered (depending on the particular

establishment) include major spills, releases of flammable or toxic vapours, fires, vapour

cloud explosions and boiling liquid evaporating vapour explosions [BLEVE’s].

The selection of credible scenarios is a critical part of any analysis. In selecting such

scenarios, the HSA has particular regard to the Purple Book, the CCPS, reports

published by the UK Health and Safety Executive (HSE) and other reliable sources.

Some cvents are not considered credible:

e Earthquake is ruled out, based on a paper by the Dublin Institute for Advanced
Studies.
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¢ Using a methodology set out in 2 UK HSE commissioned research report CRR
150/1997 aircraft crash can be ruled out other than for sites near an airport or
significant flight path.
Other off-site initiators of major accidents are considered on a case-by-casc basis. They
will not be included if -
e The event is of equal or lesser damage potential than the events for which the
plant has been designed.
e The event has a significantly lower frequency of occutrence than other events
e With similar uncertainties and could not result in worse consequences than those
events.
o The event cannot occur close enough to the plant to affect it.
e The eveat is included in the definition of another event.

e The event is slow in developing and there is sufficient time to eliminate the
source of the threat or to provide adequate response. -

On the other hand, instantaneous failure of storage tanks and pressure vessels may be
considered credible, as are fullbore pipeline failures and fires in storage areas.

The precise events chosen are based around ‘Event Trees’, which describe the different
scenarios that could result from the loss of containment. An example, for a leak of
flammable pressutised gas, is given below.

&
&
ok
E Tree - conti refease of LPG 10- er 5
vent continuos § é@ g per sec
Immediate Delayed Flame o?ﬁo s\é Jet Fire VCE Flash Flre No Conseq.
ignition Ignition Accel, F» o
—r [Yeso | S »{ FEGEO]
0.5 é}‘
. <
- S
&S
5.00E-07
s [T —E€ DFEDH
0.5
W 350608

Tatal= [ 500604

Fig.1 Event tree medium level flammable gas release

The HSA use 2 high probability of on-site ignition even though more detailed models
might predict lower probabilites.

For many events the weather will be an important variable. The HSA will use weather
data from the nearest weather station in F, and D; conditions, as supplied by Met
Eireann and re-formatted by the Authority. If the site is a very great distance from any of
the named weather stations then the Authority will use the F,/D; weather-stability pairs
for dispersion modelling, assuming a split of 25% F, and 75% D; this will give 2 more
conservative result than using data from any of the known stations.

For new establishments the Authority performs an ‘Intermediate Quantitative Risk
Assessment (QRA)’, in that a representative set of incidents is chosen and historical
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frequency values are applied. Given the conservative approach adopted by the Authority,
insofar as off-site risk is concerned this will yield results equivalent to a detailed QRA.

2.4 The Consequences of Major Accidents

Different types of physical effects could result, depending on the hazard:

Release of Toxic material Contamination of airfwater

Vapour Cloud explasion, Physical Explosion Overpressure wave, Heat flux
Physical effects of projectiles

Poo! Fire, Jet Fire, BLEVE Heat Flux

Flash fire

Table 1: Major Accident Consequences

2.4.1 Effects of overpressure

A “level of concern’ at which these effects could be experienced must be chosen in order
to draw conclusions about impact

The effects of overpressute are set out below: &
sid s
ide-on S
overpressure O \o*
(kPa) Desc:iptio\zip\)@amaszc
. s o‘\Q;‘&\
0.15 Annoying noisg® &
&&°
0.2 Occasion ‘\%king of large windowpanes already under strain
0.3 Loud noigé;osonic boom glass failure
0.7 Breakagé of small windows under strain
1 ThreShold for glass breakage
2 “Safe distance," probability of 0.95 of no serious damage beyond
this value; some damage to house ceilings; 10% window glass
broken.
3 Limited minot structural damage
3.5-7 Large and small windows usually shattered; occasional damage to
window frames
5 Minor damage to house structures
8 Partial demolion of houses, made uninhabitable
7-15 Cotrugated asbestos shattered. Corrugated steel or aluminum

panels fastenings fail, followed by buckling; wood panel (standard
housing) fastenings fail; panels blown in

10 Steel frame of clad building slightly distorted

15 Partial collapse of walls and roofs of houses

15-20 Concrete ot cinderblock walls, not reinforced, shattered

18 Lower limit of serious structural damage 50% destruction of
brickwortk of houses

20 Heavy machines in industrial buildings suffered little damage;steel

frame building distorted and pulled away from foundadons
20-28 Frameless, self-framing steel panel building demolished; rupture
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30
35

35-50
50
50-55

60
70

of oil storage tanks

Cladding of light industrial buildings ruptured

Wooden utility poles snapped; tall hydraulic press in building
slightly damaged

Nearly complete destruction of houses

Loaded tank cars overturned

Unteinforced brick panels, 25-35 cm thick, fail by shearing or
flexure

Loaded train boxcars completely demolished

Probable total destruction of buildings; heavy machine tools
moved and badly damaged

Table 2: Damage Produced by Blast

Source: Guidelines for Evaluating Characteristics of Vapor Cloud Explosions, Flash fires
and BLEVEs, CCPS 1994, ISBN 0-8169-0474-X, based on the wotk of Glasstone

(1977)).

(Note 1 kPa = 10 mbar)
The Second Canvey Report has a table for overpressure effects on humans:

O/Pressure {psi)

Olpressure (mbar)

Human Effects

OiPressure (kPa)

5 340 34 Threshald of eardrum damage
10 690 69 Thrqq‘h‘old of lung damage
40 2760 276 ~\T,kﬁ'.sho!d of mortality
O
Fo

Table 3: Effects of Overpressure on HI.@\éﬁS

é»

2.4.2 Effects of Thermal Rz\d&ﬁ%n

S

Similarly, the effects of heat radug;tbn can be listed:

Radiation Intensity

(kWIm?)

Structural quage

Sufficient to cause damage to process equipment

25 Minimum energy {o ignite wood at indefinitely long exposures (non-piloted)

12.5 Minimum energy for piloted ignition of wood, melling of plastic tubing.

9.5 ~Pain threshold reached after 8 sec; second degree bums after 20 seconds

4 Sufficient lo cause pain to personnel if unable to reach cover in 20 sec., secondary burns
likely, 0% lethality.

1.6 Will cause no discomfort for long exposure

Table 4: Effects of Thermal Radiation (World Bank, 1985)
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2.4.3 Threshold Levels of concern (Dangerous Dose)

The threshold ‘levels of concetn’ used by the Authority is:

Consequence Level of Concern

Contamination of air Dangerous Dose {Concentration varies with substance & exposure
length)

Ovempressure wave 600 mbar, 140 mbar, 70 mbar

Missiles Distance travelled by 80% of projectiles

Heat Flux, Thermal Dose 1800, 1000, 500 TDU

Table 5:Levels of Concern used by H.S.A.

A dangerous dose is defined as one where there is severe distress to almost everyone. A
substantial fraction requires medical attention. Highly susceptible people might be killed.
It assumes that most people are/can go indoors and will be less likely to suffer a
dangerous dose therein (with the exception of overpressure, where in certain
circumstance they may be more at risk due to building damage).

Where a full risk-based approach is taken, the levels of concern are:

&
Consequence Level of Concern
Contamination of air with loxic Dangerous '.' [Concentration varies with substance)
Overpressure wave Dangergﬁ%’ Bose = 140 mbar
Missiles Dis\ ecific to event: 80% travel distance
XD X
Heat Flux, Thermal Dose g@mus Dose = 1000 TDU (75s exposure for Pool & Jet Fire,
. X

S \i{@ﬁ\eball duration for BLEVE)
Table 6: Dangerous Dose for cl\iﬂérent consequences

Qo

A

A thermal dose unit (T D%iﬁ\%\measurc of the heat flux and its duradon. 1000 TDU is
taken as the ‘dangerous dose’ based on research work commissioned by the HSE (CRR
285 of 2000- Thermal Radiation Criteria for Vulnerable Populations).

The 140mbar side-on overpressure figure is taken as the ‘dangerous dose’ for
overpressure, and the 70mbar figure is the limit for sensitive developments i.e. no
fatalities even for sensitive developments (Safety Cases for Consultation Distances For
Major Hazard Installations, P97)

To calculate the distances from the source at which these endpoints could be expected,
commercial software is used. The modelling software typically used by the Authority
includes PHAST (DNV Technica), ALOHA (US EPA), TSCREEN (US EPA), methods
from the American Institute of Chemical Engineers’ Centre for Chemical Process Safety
and the Yellow Book.

To determine how likely it is that these effects will happen, other software 1s used, most
usually RISKPLOT.

The output of all this analysis is a series of individual risk profiles overlaid on a map of
the establishment and its surroundings, illustrating the individual risk of receiving a
dangerous dose.
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2.5 Tolerable Risk

The following table, taken from The Second Canvey Report lists some common risks of
accidental fatality:

Motor vehicla accidenlts

7,219

No. of Fatalities

1.3 chances in 10 000 a year®

Chance of the Average Individual Being Killed

Accidents in the home 6,717 1.2 chances in 10 000 a year*
Accidenis at work 753 0.3 chancas in 10 000 a year**
Others 3,646 0.6 chances in 10 000 a year®
Total 18,335

* Averaged over the tolal population of Great Britain.
** Averaged over 22 million employees.

Table 7: Risk of death from accidents

The risk of death from natural causes for different age-groups is shown in the following

table:

Risk of death from natural causes in age groups

Age Risk &
0-4 34.4in 10 000 a year _ <@
5-14 18 " * " ‘ ﬁé\
15-24 30 " - " 0&‘\&79
25-34 48 " - P

3544 [ L

45-54 550 -~ - _° ¥

55-64 1477~ _* RN

65-74 4223~ * o\

75-84 1,073.0 * " " Rt

85+ 2,0235 " * " O O

Table 8: Risk of death from ng\tﬁﬁ"al causes
A

&

S
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Statistics available from the HSA on occupational fatality rates:

Economic sector Fatalities
Total Worker

Total at work Rates per

(QNHS 2002) Million

2002 2002
A, - Agriculture, Forestry and Hunting
B-Fishing 5 8 121,700 115
C — Mining and Quarrying 2
0 - Manufacturing 7 5 310,400 22.5
E - Electricity, Gas and Water Supply 2 0
F- Construction 21 20 183,200 109.1
G -~ Whotesale and Retail 1 0 249,100 0
[H — Hotels and Restaurants 0 0 108,700 0
- Transport, Storage, Communication B 7 108,900 64.2
J - Financial Intermediation 0 0 3t
K - Real Estate, Renting and Business 1 1 226,400 4.4
Activities
L - Public Admin, Defense and Social Security 2 2 82,000 24.3
M — Education, 0 0
N - Health and Social Work 0 0 260,000 0
O - Other 1 1 94,900 10.5
Tota! 81 52 1,745,500 34.9
Table 9: Fatality Rates per million Workers é\\p’

&
Risk that is broadly acceptable is that which is m@[@ comparison to the risk
experienced in daily life. At the other end of tgﬁ? géﬁc there cleatly is a level of risk that is
unacceptable. In deciding on LUP criteria @%Q@&FEA concluded that for the general
residential public an individual risk of d perous dose greater than 1 x 10° (Le. 1in
100,000) per year would not be tolerabicdor developments around existing
establishments, and for new esmbjﬁ@nts it should not exceed 1 x 10° (ie. 1in
1,000,000). K

S
&

&

S
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2.6 Criteria Used in other countries

for Land-Use Planning

The following are some of the better-developed criteria:

Maximum tolerable worker individual risk 1 in 1,000 per annum

Maximum tolerable public individual risk

1 in 10,000 per annum

Benchmark for new plant and developments

1 in 100,000 per annum

Broadly acceptable public individual risk

1 in 1,000,000 per annum

Land-use Planning - Residential development
unresiricted

Maximum lolerable public individual risk for existing
situations

1 in 1,000,000 per annum (Dangerous Dose)

1in 100,000 per annum

Maximum tolerable public individual risk for new
developmenis

1 in 1,000,000 per annum

Maximum tolerable public individual risk around airports,
above which re-housing is reguired.

1 in 20,000 per annum =

| "Broadly acceptable public individual risk

Acceptable risk to the public in residential zones from
hazardous industries

1 in 1,000,000 per annum

1 in 1,000,000 per annum

Hospital, Schools, Child-care

0.5 in 1,000,000 per annum

Acceptable total risk within hazardous industrial zones

1 in 10,000 per annum

Table 10: Various National risk criteria (fatality unl@gﬁ’otherwise stated)
$

Y
#5°
&
R
N &
S
S
QO\ \\‘&\Q
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2.7 Presentation of Risk
Risk figures can be confusing. The following figure show some of the different ways that

risk can be presented.

A Mllon

Incraaing
i 100,000

1000 -

1,000

200

Risk Figures
r— = —— N 5 ch;:espor |
|t } —r—| f— = {'2".'!"_“&‘2"_“.
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- $K106 —f—— &
15803 —7f—— 10
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&

Figure 2: Ways of Presenting Risk
O
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2.8 Classification of Development Types

In giving LUP advice, the FHISA classify developments under one of the following

categories:
o Residential
¢ Retail and catering
e Commercial
e Industral
L ]

Sensitive e.g. hospital, some schools, outdoor leisure complexes ctc.,
developments of nature are subject to special analysis

The following table sets out the risk zones that are estimated for the purposes of offering

land-use planning advice:

(figures are individual risk of dangerous dose per year)
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Zone 1. > 1x10” {i.e. > 10 cpm)

Zone 2. 1x10° <R <1 x 10° (i.e. 1-10 cpm)

Zone 3. 03x10° <R <1x 10" (i.e. 0.3 =1 cpm)

Table 11: Risk zones for LUP

The LUP advice for the different zones is as follows:

Zone 1 Advise against residential, office and retail, permit occasionally occupled
developments e.g. pump houses, transformer stations. Consult with H.S.A re.
Industrial development.

Zone 2: Permit workplace development.

Permit residential densities from 28 to 90 persons /ha., densily increasing as risk
decreases across the zone in developed areas and 22 {o 70 persons/ha. in less
developed areas. Permit modest retail and ancillary local services

Advise against shopping cenires, large-scale retail outlets, undue concentration of
restaurant/pub faciliies. . 0&'

Zone 3: No reslrictions except for sensiiive d%@ﬁﬁpments. which would be subject to

consultation If inside the cons-,\l{téligﬁ-ange and should not be at a risk greater
~-Q
than 0.3.10° A

QO
Sensitive developmenQ@ﬁl e créches, schools, hospitals, and nursing homes.

Locations of major & assembly will be subject to individual assessment.
Table 12;: LUP Advice zones basegﬁj\ isk
DN
$ O
The advice with respect to housir‘fg@%nsity in Zone 2 is based on consideration of the
analysis given in “A Worst Casg’SMethodology for Risk Assessment of Major Accident

Installations” in Process Safi rogress [Vol. 19, No. 2].
Qg@’ gress [V ]

Use of the criteria as outlined above will provide a basis for the advice on the
acceptability of a new ‘Seveso’ establishment and for justifying a separation distance
between Seveso establishments and off-site developments. These criteria do not
guarantec an absence of risk but suggest a tolerable level, given that major accidents with
offsite damage are relatively uncommon. They represent an attempt to balance
potential for harm against a social requirement that large tracts of land should not be
unnecessarily sterilised for future development.

The criteria will be subject to on-going review and revised in the light of new knowledge
and ongoing expetience.

2.9 Societal Risk

The approach as set out above includes an clement of societal risk in terms of the advice
for each of the zones (‘residential densities from 28 to 90 persons per ha.” ‘modest retail’,
‘arge-scale’ etc.). In most cases no further assessment of societal risk is necessary.
However, for very-high density developments or for developments in the vicinity of
highly populated areas a separate socictal risk assessment may be necessary. This can be
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carried out by inputting local population data into the RISKPLOT programme and
examining the calculated societal risk in relation to established UK and Dutch criteria.

3. Major Accidents, Environmental Effects and Land Use
Planning Advice

The Authority’s technical advice to the planning authority deals with the potential effects
of major accidents. It is only concerned with environmental effects related to major
accidents and does not consider routine emissions which are subject to license by the

local authority or EPA.

Currently, there is no common approach within the EU on suitable scenariosor
endpoints for the assessment of Major Accidents to the Environment (MATTESs) within
the framework of the Seveso II directive. Consequently, such assessment is less
developed than the previously described approach concerning majot accidents and the
potential effect on human receptors. This is due to the variable nature and sensitivity of
environmental receptors, allied to the lack of suitable sensitivity data for all receptors.

The approach of the HSA, in consideration of cnvironmcgé('effects associated with
Seveso 11 designated sites, is also conscious of the requigements placed on operators
(current or proposed) by Regulation 9 of S.I. Nooéf*(@f 2000.

In assessing the consequences of potential wogst: 3¢ credible accidents and their
impacts on the environment, the HSA congéﬁegﬁtcs on Regulation 9(2){e), requiring
operators to use best practicable means < &

to prevent a major emission into th% vitonment from any part of the establishment of
dangerous substances resulting frp(@? \\g(é\controllcd developments in that establishment,
and e

for rendering harmless and Qgig?ﬁ\ffensivc such substances as may be so emitted.

The Seventh Schedule to S.1#76 of 2000 lists the criteria for notification of accidents to
the Commission. Major accident hazards should have this type of potential in order to be
considered. ;

A major accident must have the potential to result in serious danger to the environment
and the occurrence will be unexpected and unplanned. There must be a potential setious
danger of significant damage to the natural or man-made environment. This damage may
sometimes be relatively long lasting but not necessarily irreversible. The time taken for
unassisted natural recovery to a state close to the original is an important factor that is
taken into account. Recovery of habitats can take considerably longer depending on the
dangerous substance in queston. In summary, the assessment of major accidents to the
environment focuses on the specific risks to sensitive receptors within the local
environment, the extent of consequences to such receptors, and on the ability of such
receptors to recover. More practical information on what might constitute a major
accident to the environment is given in guidelines from the HSA in relation to major
accidents to the environment and from the UK DETR.

HSA Approach
The approach of the Authority, therefore, is to assess impacts to the environment from
the identified credible major accident hazards and satisfy itself that appropriate ‘best
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practicable means’ are/will be in place to prevent such impacts where these could causc a
MATTE, and that approptiate remedial measures can be initiated promptly.

The potential for initiating a major accident due to flooding is assessed. The effect of

heavy rainfall events is considered (at a frequency of at least ‘1 in 50 years’) in relation to

its potential effect on storage tanks and storage areas, as well as important site utilities,

for example. The operator must demonstrate that other potential initiators have been

considered (lightning for example) and control/mitigation measures employed where

required. .
While the ‘best practicable means’ standard is also applied to control of gaseous loss of
containment events {e.g. suitably-sized catch pots for reaction vessels), the consequences
of such releases are examined as part of the general major accident scenarios described
previously.
Atticle 12 of the Directive requires Member States to ‘take account of the need to
maintain appropriate distances between establishments ... and areas of public use ...

o (recreational areas) ... areas of particular natural sensitivity or interest...’

'{‘) The Authority looks for such areas in the vicinity of establishments and, if found, will
undertake further analysis to satisfy itself that an appropriate distance can be maintained.
A scparation distance is currently considered appropriate if it is sufficient to enable the
installation of suitable mitigation measures or is such that t\lg tisk of serious damage is

low in the event of a major release. &
&
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Appendix 4 Quantified Risk Assessment(Shell/DNV)
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1I. METHODOLOGY
1.1 Introduction

The methodology assumptions for carrying out this analysis are given below in terms of:

Release rate type and duration type.
Frequency data.

Ignition and explosions.
Consequence analysis.

The methodology below is similar to that used for the preliminary QRA carried out for Amec
prior to the ABP Oral Hearing but the interpretation of the frequency data for QRAs has been
updated.
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Shell E&P Ireland 1.3 DNV Consulting
1 Quantified RA Bellanaboy Terminal (HSA) April 2004

The assumptions regarding the duration of a release are given in the following table.

" Ref Description Duration for Detection
3 and Isolation (s}
FGAIl Gas detector which auto closes ESD/automatic valve (XSFV). 120
FGBV Gas detector with isolation by manual valve closure. 260
FGCV Gas detector with isolation by remotely operated closure of control 660
valve.
FGMO Gas detector with isolation by remotely operated closure of ESD. 360
F PAAI Process trip which auto closes ESD. 360
PABV Process alarm with isolation by manual valve closure. 1200
PACV Process alarm with isclation by remotely operated closure of control 900
;4 valve.
PAINVCV [Process alarm with isolation of feed by remotely operated closure of] Max 1800
control valve. Duration determined by either inventory of material
" (max 1800s) or valve closure time (900s).
a O PAINVMO |Process alarm with isolation of feed by remotely operated closure of] Max 1800

ESD. Duration determined by either inventory of material (max
1800s) or valve closure time (600s).

r PAMO Process alarm with isolation by remotely operated closure of ESD. 600
| RABV Detection by field operator, remote area, with manual isola}'@ﬁ.’ 2700
Detection by field operator, remote area, with isolatio%\‘@ remotely 2400
I operated conirol valve. W)
' RAMO Detection by field operator, remote area, wig?%qdﬁtvion by remotely 2100
operated ESD. PR
: RPBV Detection by field operator routine patrolQwightmanual isolation. 1500
| RPCV Detection by field operator routine ;gﬁgb%m isolation by remotely 1200
operated control valve. RO
RPINVCYV |Detection by field operator ro spatrol, with isolation by remotely 1200

operated control valve. . Durat@ﬁ determined by either inventory of}
material (max 1800s) or valv@losure time,
RPINVMO [Detection by field Opeth&n routine patrol with isolation of feed by 9200
remotely operated closfe of ESD. Duration determined by either
inventory of material (max 1800s) or valve closure time.

= |RPMO Detection by field operator on routine patrol, with isolation by 900
'x,__} remotely operated ESD.

I1.3 Frequency Data

Failure frequencies have been taken from offshore data (OIR12 and HSE 2000), except for
failures given in Section IL.3.1. Details of the derivation from the offshore data are included
as an Annex to this Appendix. These data have been applied to the following:

Piping.

Pumps.
Compressors.

Heat exchangers.
Flanged joints.
Valves.

Small bore fittings.
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Quantified RA Bellanaboy Terminal (HSA)

I1.4

DNV Consulting
April 2004

The first four items have been included specifically as in the Annex.

The last three items have used a relationship based on generic values for the number of items

per m of piping, (see below) for piping in the process area only.

Piping Size No Flanges No inline Valves No 50mm Valves No Small Bore
per m per m per m Fittings per m
300mm and above 0.118 0.083 0.02 0.033
75mm to 250mm 0.136 0.116 0.03 0.133
50mm and less 0.714 0.1 0 0.133

For welded piping between units which runs on a rack (e.g. from the slugcatcher to the
process area) a modification factor of 0.1 has been applied to the piping frequencies
determined from the OIR 12 data. This is because direct use of the OIR 12 data gives failure
frequencies that are not experienced in practice for this type of piping, and a reduction factor
of 0.1 brings the predicted frequencies closer to experience (based on no failures).

I1.3.1 Other Frequencies

&.
The OIR 12 data do not contain any catastrophic vessel ngank failures. Data contained in a

document authored by the UK Health and Safety @gcégﬁive have therefore been used (HSE
2000, Planning) for vessels in the process ar °\o or pressure vessels the range in that
reference is 2E-06 to 6E-O6per year. As thes §$§els will be newly manufactured and use
modern design and verification methods th&iﬁ@r value in the above range has been used.
QRS
For tanks, the data in Lastfire have bf-:\e\ci?gs%\?i for a major bund fire (6E-O5per tank year).
ECF
Although OIR12 contains data on@?og? traps, the data set is quite small and no catastrophic
failures are included, although suﬁ failures are known to have occurred. The OIR 12 data do
however indicate that the lealo@equencies of pig launchers and pig receivers are similar. A
catastrophic failure of a pig trap is partly dependent on the inherent failure frequency of the
trap itself, but more influenced by the operator, A frequency of 1E-4 per operation has been
assumed for an error, with one in ten leading to a catastrophic failure. Pigging frequencies
are anticipated as one pig every five years for the import line and one pig per year for the
export line,

The slugcatcher is fitted with a manhole, and there is the potential for this to fail. A
frequency of 1E-O7per year has been used (based on a frequency of opening of once in 10
years, and a probability of incorrect replacement of 1 in 100,000 per operation).

For transfer operations a release frequency of 4E-06 per transfer has been assumed based on
the assumption that there are two pullaway prevention measures (wheel chocks and barriers)
with hose inspection and leak test prior to transfer (Gould and Anderson).

IL4  Ignition and Explosion

The ignition model has been based on the Classification of Hazardous Locations (Cox AW, et
al} (Figure 15.1). Releases which give a vapour cloud used the vapour cloud rate and the
“gas” line with a minimum value of 0.05 and a maximum value of 0.3. Releases which did
not give a vapour cloud used the liquid discharge rate and the “liquid” line with a minimum

P:A32176601 - PXC\WORD\REPORT\HSA REPORT\REVINAPPII-METHODOLOGY.DOC Revision |
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value of 0.05 and a maximum value of 0.1. The value for liquids was applied directly to a
liquid pool (see later). The value for vapour was equally divided into “immediate ignition”
and “delayed ignition”. The “immediate ignition” value was used directly. The “delayed
ignition” value comprised a base (minimum) value which was enhanced if the cloud covered
the identified “strong” ignition source (fired heater).

Instantaneous releases (from vessel ruptures) were assigned an ignition probability which was
equal to the ignition probability for a release from the main line either into or out of the
vessel {generally 0.15).

I1.4.1 Explosion Probability

The values for ‘explosion given ignition> were based on Figure 16.1 (Cox et al) which relates
the explosion probability to the release rate. This gives a minimum value of 0.04 for release
rates of 0.05kg/s and below and the value increases linearly (log/log scale) to a value of 0.3
for 100kg/s and a maximum value of 0.9 (1800kg/s). Ruptures used the surrogate release rate
to determine the explosion probablhty If the congested cloud volume was less than 1000m’

(approximately 80kg of fuel in a stoichiometric mixture), the cloud was considered too small
to explode. In accordance with the multi energy explosion $nework if the cloud does not

cover a region of congestion, then the explosion probability é\vhs assumed to be 0.
’\.

I1.5 Consequence Analysis og?’ %@

The consequences were categorised as one of Mﬁlowmg
953‘\ Q‘»

e Pool fire. .(\‘&\5\

o Jet fire. QOKQ\\‘\\O’

o Flash fire. 6\(’0

e VCE. Qf‘

e Fireball. oy

The consequence analysis was mainly carried out using the latest version of PHAST (v6.21).
For cloud dispersion, the releases were defined in terms of the release rate, the final velocity,
the duration and the droplet size or liquid fraction if the release was a flashing release. This
input was used to generate horizontal vapour cloud releases. 67% of releases were assumed
to be horizontal, 33% were assumed to lose momentum at source and adopt a cylindrical
shape centred at the release location. Releases were generally modelled as steady state.
When the release rate was predicted to vary significantly over time, e.g. from the outlet gas
pipeline, the release was modelled as six “linked” release rates determined from the time
varying release output from the long pipeline model in PHAST.

IL5.1 Immediate Ignition
IL5.1.1 Ruptures

A fireball radius, duration and distances to the radiation level that corresponds to spontaneous
ignition of whitewood were determined according to the model published by the I Chem E.
For pipeline only releases, the surface emissive power (SEP) was taken as 270kW/m (Bilo
and Kinsman). When the release included condensate the SEP was taken as 350kW/m?,
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115,12 Holes

Releases were assumed to form either a jet (if the release was vapour or a 2 phase release
with a flash fraction above 0.9) or a pool (if the release was liquid or 2 phase with a flash
fraction less than 0.9). For horizontal immediately ignited jet releases with release durations
>30s, the predicted hazard area was taken directly from the output from the jet flame model
(Shell). The edge of the hazard area was located at the release location. If the release
duration was <30s it was modelled as a fireball. For pools, the hazard range was determined
assuming a steady state pool, with SEP of 40kW/mZ2. For (et) releases with loss of
momentum the hazard area was equated to the hazard area for the horizontal jet fire but was
assumed to be circular and centred at the release location.

IL5.2 Delayed Ignition

The consequence envelope (to LFL) defined by PHAST for horizontal vapour cloud releases
was used directly for horizontal (directional) releases (flash fires and explosions).

These predictions were also used to generate the non-directional clouds (assumed to be

cylindrical and located at the release location). &
&
\Q
11521 Overpressures & @O\
o‘\\o«
Overpressures were calculated within BLAST\(@{@temal DNV program), assuming:
N
Q&
S5E
e Start overpressures of 1barg (Multj %\gy line 7) in the process area and 200mbarg
(Multi Energy line 5) in the s]ugggt&f@' area (considered to be a less congested region).
S
® The cloud shape from PHAST wﬁ% used by BLAST to determine a cloud energy for the

part of the cloud which is wigtr? any region of congestion assuming that the concentration
is stoichiometric. &

IL6 Impact Analysis

In order to determine the impact of the various hazards, fatality probabilities as given in
Appendix IV were used. For the impact of overpressure, the building design was
characterised in accordance with the classification contained in BEAST. Fatality
probabilities were assigned according to Oswald and Baker, with an assumption that ‘all
serious or life threatening injuries’ lead to fatalities.

P:A32176601 - PXC\WORD\REPORT\HSA REPORT\REVI\APPII-METHODOLOGY.DOC Revision |

EPA Export 08-07-2014:23:47:29



O

Shell E&P Ireland IL.7 DNV Consulting
Quantified RA Bellanaboy Terminal (HSA) April 2004

Annex — Onshore Process Equipment Leak Frequencies

The text below is taken directly from an internal BP document which was written to describe
the analysis of the OIR 12 data that BP carried out in order to derive release frequencies Jor
use in ORAs. The table at the end of this section gives the failure frequencies used in this
analysis.

Following the Piper Alpha accident UK North Sea operators were required to record data on
incidents involving the release of hydrocarbons on offshore installations and submit these
data for compilation by the UK Health and Safety Executive (HSE). These submissions are
compiled and published by the HSE each year in a document called the ‘Offshore Industry
Hydrocarbon Release (OIR12) Database’. The database covering the years 1992 to 1999
inclusive (OTO 1999) has been analysed on behalf of the UK. Offshore Operators Association
(UKOOA) by AEA Technology (AEA Technology 2001).

After considering the original database and the AEA Technology report BP has decided to
perform its own analysis of the database to derive appropriate values of generic leak
frequency / release size relationships for use by BP operations when performing risk
assessment studies. P
&S
The OIR12 Database &
S
The database considered lists 1545 incidents inv@ﬁ@ﬁ@g hydrocarbon process fluids. For each
O oG . « Q7 5 .
incident it gives the type of process fluid, estighgted hole diameter, operating pressure of the
QK o
system, the mass released and the release gjﬁ n and many other parameters and we believe
it to be the most comprehensive databas kind.
QQ\ *‘\\Q
In the risk assessment process it is l@jﬂ?al practice to use generic incident data to estimate the
likelihood of a release of hydrogdrbon. This is often categorized in terms of the annual
frequency at which a hole of agertain size will occur in the specific item of equipment. The
data are presented for each hole size category in terms of the frequency per unit equipment
year. The size of hole is used in combination with the normal operating pressure of the
equipment to estimate the release rate and mass of fluids released to the atmosphere. Various
effects such as fire and explosion are then modelled dependent on the type of fluid and its
release rate. These effecis are combined with their frequency of occurrence to give
estimations of risk.

In this methodology a relationship must exist between parameters such as the quantity of
material released in an incident and the size of the hole which occurs in the equipment.
However inspection of the database indicates that the real data do not reflect this. For
example the information for pipework incidents taken directly from the database is shown
overleaf - it appears to be almost a random scatter.
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Pipework release size vs hole diameter
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The rules for reporting of incidents require that the duration of the incident is represented by
the time between detection and cessation of a release and the mass is the total estimated mass
released in the incident. Hence it might be surmised that in some incidents the release will

and not be immediately detected. This is more likely to happen in small incidents than
large. In this case the duration may be underestimated and hence the release rate would be
overestimated - j.e, directionally away from the relationship assumed in QRA studies
between hole size and release rate.
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One explanation for the randomness of the actual data would be that the majority of release
events do not occur at the operating pressure of the leaking system. For example they occur
during maintenance, start-up after maintenance, or other non-steady state operating condition.
Though for the purposes of this exercise it is not necessary to understand why this apparent
randomness is occurring.

For a QRA analysis of an offshore installation or other facility we want to achieve
assumptions that accurately reflect the release size / frequency distribution seen in reality.
Use of the actual recorded hole size data and assuming that these holes occur in systems
which are at normal operating pressures will not achieve this goal, instead it will give an
analysis which shows a far higher percentage of large releases than is actually the case in
reality. Hence for use in QRA work it is recommended that BP operations do not use the
hole size / frequency distribution given in the AEA Technology report, but instead use the
following analysis.

The BP Analysis Methodology

For each incident BP has taken the implied average release rate (mass released divided by

duration) and the operating pressure of the system in which the release occurred and derived

a hole size consistent with these two parameters. Standarg;Yelease rate equations have been

used for this comparison, differentiating between ﬂg’idgﬁéscribed as “Gas” in the database

and all other process fluids (“process oil”, “2-p92) :«’?\“condensate”, etc) which have been
O

considered as “Liquids”. &
S
. . . R . .
The equations used to derive the equwalegi%&e area A and hence equivalent diameter were:
O

RS
\\“0

S
For Gas: Flowrate (kg/s) = 58%?9@% Jpx(22.4/273)x P
A
For Liquid:  Flowrate (kg/s) = Gif x Ax J2x10° x px P
&

Where:

P =Pressure (barg)

A = Area (m?)

p = Density (kg/m’)

Cd = Discharge coefficient (0.8 implied for gas and 0.6 for liquid)

Having established an equivalent hole size for each of the incidents in the database which is
consistent with a release at operating pressure, these “equivalent” hole sizes were grouped in
the following ranges. The representative hole diameter for each range is selected to be that
which represents the average area of the range.
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Representative Hole Diameter Equivalent Hole Diameter
{(mm) Range (mm)
2 01to2.83
12 283 1016.7
25 16.7 to 31.1
75 3L1to 1014
Full Bore Rupture >101.4

* A 75mm hole in items of equipment with diameters of 3” or less has
been categorized as Full Bore Rupture.

For each of the equipment categories the number of incidents in each range over the 8 year
period studied was divided by the relevant equipment “population”. This gives the failure
frequency of the equipment per year.

The types of equipment in the database can be differentiated by those which are an item or
unit; such as a pump or a compressor, and those which are continuous such as pipework. In
the case of the former the population is defined in terms of the number of unit years, in the
latter as the number of metre years. Hence the failure ﬁ;g@icy of pumps is given per pump
year and the failure frequency of pipework is given perA € year.
N
When the pipework data were considered it w \lded to use two categories; those below
3” diameter and those above 3” diameter. l%gﬁo Er categorization as in the AEA Technology
report was not used because it was cqgﬁ!\gﬂzsi that the data did not support this as the
frequency distribution in the hole size lzﬁ@‘s shown for categories of pipework in the ranges
3”7 t0 11” and >11” categories was v&;ﬁs&ilar.
&

(¢
When deriving the piping ﬁ'equerp;gi‘és, DNV has made the following adjustments:
&

* For pipework with diameters less than 3” (75mm), there were no full bore failures, but
there were failures in the 25mm hole size range. As the full bore failure of pipework
cannot be entirely ruled out, it was decided to use the 25mm hole size frequency as the
full bore frequency and adjust the 25mm frequency to zero, thus keeping the overall
failure frequency in line with the data.

 For welded pipework running on pipe supports outside the process areas, a reduction
factor of 10 was applied as described in Section II.3.

The following table gives the frequencies used by DNV in the risk analysis of the gas
terminal at Bellanaboy Bridge.
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Equipment calegory Equipmaent typa Fallura frequency {per year) by representailve hola siza fmm)
2mm 12mm 25mm 75mm FBR
(Ommto 2.8mmy) T2 Bmm 1o 16.7mm} _ |{1B.7mm ta 31.3mm} | 31. fmm to 101Tmm)

Valves) Valve <3 J0E-M 14E-04 1.9€-05 G.Efm 2.05E-06

Valve > 5.6E-04 1.7E-05 1.8E-05 0.0E+00 1.9E-08

Flanges| Flange <3 EXET 12E05 1.1E-08 0.0E+00 D.0E+00

Flange >3" 4.TE-D5 1.TE-05 2.1E-06 0.0E+00 1.4E-08

Stee! Plpawork Steel piping <3° (perm 12604 4.86-05 0.0E+00 0.0E+00 8.3-08

Steel pping >3 (perm, 2.8E405 13608 8.6E-07 5.6E07 5.66-07

Vestels ZAE03 17603 ZAE0A 24604 G.0E+00

Heal E gers & Cool Heat ger, HO In shell 2.7E-03 1.38.03 8.9E-04 I.@-{M 1.5E-04

Heat axchanger, HC in tuba 1.4E-03 71E.04 A.6E-04 8.4E-05 8.1E-05

Heat exchanger, plaie 7.95-03 34E03 1.8E-03 4.3E-04 A9E-4

Fin lan cooles 1.96-03 G5E-04 4.9E-04 1.2E04 1.1E-04

Instruments 8 Fittings| 4.1E-04 20E-04 0.0E+00 0.0E+00 2 6E-06

Pumps] 8.6E-03 2.6E-03 1.2E-03 (.0E+00 3.8E-04

C 3| 7.8E-02 AIE02 1.2E-02 2.3E-03 7.4E-04
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Figure IV.2 Location of Offsite Points (for hazard frequencies and individual risk)
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Table IV.1 Onsite Population
Location Structural BEAST Fatality Fatality Fatality Fatality Fatality Fatality Fatality Fatality Fatality Fatality Fatality Fatality Fatality Ne No Presence | Presence

Configuration Catepory Probabifity Prabability Prabability Probability Probability Probability Prabability Probability Probability Probability Probability Probability Probzbility | People Pcople Factor Factor
PoolFire | PoolFire | Jet Fire Jet Fire Firchall Firebal Explosion | Explosion | Explosion Explosion Explosion | Explosion | FlashFire | D7 [ MNisht Day Night
6-206W/m2 >20kW/m2 6-20kW/m2 >20kW/m2 1000TDU to (Firebatl 30-70mbar | 70-110mbar | 110-150mbar 150-300mbar | 300-500mbar >500mbar
Firchall Radius)

Guard House 1 Beast3 0.05 0.8 02 0.75 0.1 0.7 0 0.01 0.151 0,535 0.788 0.788 0.02 2 2 0.9 0.9
Block B 1 Beast3 0.01 0.25 0.05 0.5 0.05 0.4 0 0.01 0.151 0.535 0.788 0.788 0.02 6 0 0.7 0
Control Ropm 2 Beast12-200 0.01 025 0 0 0 0 1] 0 0 ¢ 0.161 0.8 0.02 2 2 | i
Canteen I Beast3 0.01 025 0,05 0.5 0.05 0.4 0 0.m 0.151 0.535 0.788 0.788 002 26 8 0.125 0.0625
Admin Building 1 Beast3 001 025 0.05 0.5 0.05 0.4 0 0.01 0.151 0.535 0.788 0.788 0.02 11 0 02 0
Laboratory 1 Beast3 0.05 0.8 02 0.75 0.1 0.7 0 0.01 0.151 0.535 0.788 0.788 0.02 1 1 | 0.0625
Warehouse 3 0.01 0.25 0.05 0.5 0.05 04 0 0.01 0.151 0.535 0,788 0.788 0.02 11 1 0.4 0.03125
Main Plant Outdoors 0.01 0.1 0.1 0.9 0.1 0.9 0 0 ¢ 0.0025 0.025 0.065 03 9 2 0.75 0.75

1. Portal Frame Building, Non Load Bearing Infill Reinforced Masonry Panels. &

2. Reinforced Concrete Frame, RC Walls and RC Roof. oé

3. Portal Frame Building, Non Load Bearing Infill Reinforced Masonry Panels Half Height and Cladding. w\\OA,

@
. oy g ‘. . . %
The location of the buildings is shown in Appendix I. \vom\&
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Source / Scenario / Scale of Prevention, Control and Mitigation Likelihood Impact/Significance MATTE
Effect {NC/L/M/H) (Y/N)
ODORANT: 1. See comment in Stabilised Condensate section NC 1. Any odorant released to the receiving watercourse Y
Catastrophic failure of a full with respect to tank and bund design etc. may raise the COD in excess of a few days and
odorant storage tank resulting in . may therefore constitute a MATTE.
the release of the entire Odorant storage tank is designed in accordance
inventory of 9te. This release with >.U.Zn_.r2man design codes (German 2. Release of VOC. Tertiary butyl mercaptan released N
could overtop the bund (or Code). The vessel is constructed of stainless in air degrades photochemically to produce
cause the bund to fail). steel with double skin to provide additional hydroxyl radicals (estimated half-life 1.6days). The
mitigation against leaks etc. odour is likely to be nuisance only.
Overtopping or bund failure The vessel is located withig a bund of 130 % ) .
could lead to a pool of some of the vessel capacity. If afi pdorant spill of 3. Combustion Products (Ignited odorant has the N
13m E.Eunau outside E.n bund this size enters the on-site drat@iage system it voﬁnzm_. to produce large quantities of mEEQ
(assuming 40% overtopping). will flow to the open drains sump .\@u combustion products. A.uEQ. toxic mno..qucm_:on
i ) 6 products may occur in cases of incomplete
1. Spillage to paved and 2. U._munnm_on of vapour from a leak %@gwwcum combustion).
unpaved ground, gives a maximum of 200m to *W,W of
dimethyl sulphide and 300m to 1 ppm
2. Evaporation from a spillage butyl mercaptan. Spillage would be neutra %
of odorant. by operational staff with wearing camg%&w\§,
2
3. Ignition of odorant release. appratus. % \M&@o
4. Firewater/foam 3. There are no ignition sources in the vicinity of v 0 >
’ ) the odorant storage. Any ignited pool would A@Q
be quickly extinguished using foam, so the S5}
quantity of combustion products would be
small.
4. See comments above for releases to paved and
unpaved areas.
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Source / Scenario / Scale of Prevention, Control and Mitigation Likelihood Impact/Significance MATTE
Effect (NC/L/M/H) (Y/N)
METHANOL (RAW): See comment under stabilised condensate section NC Although the release is only 30% methanol in water the Y
Catastrophic failure of a full raw | with respect to tank and bund design etc. inventory is greater than that for pure methanol, and the
methanol storage tank resulting release may therefore have a similar MATTE potential
in the release of the entire | See under methanol section for methanol/water as for the methanol release scenario, due to the
inventory of 1022te  of | mixtures, difficulties that would be encountered with remediating
methanol/water mix. This contaminated aquifers.
release could overtop the bund
{or cause the bund to fail),
Overtopping or bund failure .
could lead to a pool of some ¥,
155m diameter outside the é@o
bund. \@
DIESEL: See comment in Stabilised Condensate mng\?&SE NC 1. Diesel released to unpaved ground could migrate N
Catastrophic failure of a full | respect to tank and bund design. s A@ >, through the soil and enter surface or groundwater.
diesel storage tank resulting in X \o@ Any diesel released to the receiving watercourse
the release of the entire [ ) Any gverflow from the tank is routed to o_un%.vx@\ L may raise the COD in excess of a few days
inventory of 60te. This release drains system via paved area. %, % although the quantity may be too small to constitute
could overtop the bund (or . bw \A\Q a MATTE.
cause the bund to fail). [ 2. Spills would be cleared up by p:.mmw_w by &, «\Q
Overtopping or bund failure operational staff, Diesel has low volatility. wv\o 2 Release of VOCs to atmosphere, The concentration N?
could .Hmma to a moo_ of some | 3 Diesel has a flash point well above ambient A@, of VOC released to atmosphere following a release
40m diameter outside the bund.. temperature and so ignition of a spillage is om diesel will have a localised short-term impact.
very unlikely, Fire fighting facilities onsite . X
1. Diesel to unpaved ground. will enable any fire to be quickly extinguished. 3. Combustion products to atmosphere and deposited N?
. . Foam will be used to extinguish the fire. on the ground/water. (ignited diesel has the
2. Evaporation from a spillage potential to produce large quantities of smoky
of diesel. 4. Wm per 1. w_moi?ﬂumh. and wn%_.mm.qniﬁn_. omm combustion products). Fallout is likely to occur in
o ; € contamed wi e open drain sump an the prevailing wind direction with deposition
3. Ignition of diesel release. used fire water pond {capacity 5000m3). onnEmEm moEmérn_.o downwind. pe
4. Foam used during the
extinguishment of diesel 4. Release of contaminated firewater to watercourses N?
fire. @E&i&nﬂ
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Shell E&P Ireland h VIL3 DNV Consulting
Quantified RA Bellanaboy Terminal (HSA) April 2004
Source / Scenario / Scale of Prevention, Control and Mitigation Likelihood Impact/Significance MATTE
Effect (NC/L/M/H) (Y/N)
STABILISED CONDENSATE: All storage tanks are designed, manufactured, NC Condensate released to unpaved ground may N
Catastrophic failure of a full | inspected and tested in accordance with BS 2654. contaminate the surface andfor groundwater. Any NC)
condensate storage tank | Bunds are designed in accordance with NFPA 30 to condensate released to the receiving watercourse may
resulting in the release of the | contain at least 110 % of the maximum capacity of lower the COD for more than one month and may
entire inventory of 520 t. If the | one tank. Bund design and construction also therefore constitute a MATTE.
bund overtopped or failed it | satisfies the recommendation of UK EA Pollution
could lead to a pool of some | Prevention Guidelines (PPG2) and provides Combustion products of an ignited condensate release N
140m  diameter outside the | 250mm of free board over the 110% capacity to may contaminate ground, and surface/groundwater in
bund. Liquid could pass into | overcome dynamic effects such as over topping the surrounding area, but is unlikely to constitute a
the open drain system or onto | due to waves etc. A hole in the tiyk, which is more MATTE.
unpaved ground. likely than a catastrophic mm:ﬁaﬁ@:oinm by a

bund overtop, would be contained within the bund.
Ignition of condensate release | Each bund is built of reinforced concféts and is
will generate products of | designed to withstand any sort of 8_&@\ com a
incomplete combustion | tank failure however sudden or omsmn.ou?m\ e
(including oxides of carbon and | bund design incorporates an overflow pipe a@&\ )
nitrogen, soot, and other partial | would direct liquid to the open drains system ir%@x %
combustion products). the spill would be contained. The open drains‘®, %

system has a capacity in excess of that required to &®.§

contain any overflow from the bund. Condensate | ~Q, 0

collected in the open drain sump will be removed
for disposal by licensed waste contractors,

Sources of ignition are strictly controlled, and
extensive fixed and mobile fire fighting facilities
are provided. This will enable any ignited release
to be quickly extinguished. Tanks within the range
of a condensate tank fire will be deluged with fire
water to keep them cool and prevent the local fire

mmambm their contents.

O\J
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Shell E&P Ireland
Quantified RA Bellanaboy Terminal (HSA)

VIL2 DNV Consulting

April 2004

Table VII.1 Environmental Hazards

Note NC = Not Credible

EPA_EXxport.08-07-2014:23:47:30

Source / Scenario / Scale of
Effect

Prevention, Contrel and Mitigation

Likelihood
(NC/L/M/H)

Impact/Significance

MATTE
(Y/N)

HYDROCARBON GAS:
Loss of containment
terminal plant:

from

l. Release
2. Ignition
3. Firefighting

Gas leaks or fires lead to shutdown (ESD}:

1. The subsea pipeline is designed to IS 328 and
DNV 2000 codes. All pressure containing
equipment are n_nmmmuo%wo manufactured,
inspected and tested to BS 5500°%g ASME VIII
design code. The piping systems arg designed,
manufactured, inspected and tested e ASME
B 313. Additionally, Corrib phesssised
systems are subject to an integrity nWm_mv@._
design, manufacture and construction Hu_.&womma
by application of the European ‘“Pressuré,
Equipment Directive (PED)”. There is a very’
short length of thick wall pipeline before the
terminal ESD which is not anticipated to fail
(see main report). All other equipment is
downstream of the terminal ESD. In the event
of a release this valve would be closed either
automatically by the fire and gas system or
remotely from the control building.

2. Control of ignition sources through zoning and
safety management system.

3. Used firewater routed via open drain system to
the used firewater pond for monitoring and

Upstream of
ESD NC
Downstream
of ESDL

possible treatment before discharge or re-use.

OO

Release of hydrocarbon vapour, primarily methane,
to atmosphere limited in extent and duration .

Release of combustion products to atmosphere.
Ignited methane would be expected to burn cleanly
{unlikely to produce sooty combustion products)
with generation of heat (thermal radiation) and
possibly overpressure.

Release of contaminated firewater to watercourses
or groundwater.
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Shell E&P Ireland VI.1 DNV Consulting
Quantified RA Bellanaboy Terminal (HSA) April 2004

VI. HAZARDOUS MATERIALS ON THE SITE

This Table is reproduced from Amec document L3847-000-110-0114 (Lower Tier Site Justification).

EPA Export 08-07-2014:23:47:30

HAZARDOUS SUBSTANCES INVENTORY
Description Hazard Inventory Qualifying Qualifying Aggregation of
{tonnes) inventory inventory inventories
Articles 6 & 7 Article 9 Arts 6&7 Art9
Substances nonﬁvcmbm to flammable hazards
Hydrocarbon gas (natural gas) Part 1 substance. Extremely flammable 25 50 200 0.50 0.13
Stabilised condensate (petroleum spirit) Part 1 substance. Highly flammable liquid 1078 5000 50000 0.22 0.02
Unstabilised condensate Highly flammable ligtid (7a) 11 50 200 0.22 0.06
Propane Liquified extremely flarhtyable gas 1 10 50 0.02 0.01
[Methanol (product) Part 1 substance. Highly fléfamable liquid 773 500 5000 1.55 0.15
Methanol (raw) Part 1 substance. Highly flathtiable liquid (7b) 2856 5000 50000 0.57 0.06
Diesel Flammable N2 66 5000 50000 0.01 0.00
Lubricating Oils Flammable AR 1 5000 50000 0.00 0.00
Odorant Highly flammable (7b) AN 9 5000 50000 0.00 0.00
PURASPEC "™ Absorbent 1156 Highly flammable (7b) .@m@ 8 5000 50000 0.00 0.00
0%, 3.00 0.42
Substances contributing to toxic hazards and dangerous for the environment MED
Stabilised condensate (petroleum spirit) Part 1 substance. Toxic /dangerous for the éom 078 5000 50000 0.22 0.02
environment O
Unstabilised condensate Toxic /dangerous for the environment 11 50 200 0.22 0.06
Mercury Toxic /dangerous for the environment 0.4 50 200 0.01 0.00
Methanol (product) Part 1 substance. Toxic /dangerous for the 773 500 5000 1.55 0.16
environment
Methanol (raw) Part 1 substance. Toxic 2856 500 5000 5.71 0.57
Diesel Toxic / dangerous for the environment 66 500 2000 0.13 .0.03
Hydrochloric Acid Toxic / dangerous for the environment 3 50 200 0.06 0.02
PURASPEC " Absorbent 1156 Toxic 8 50 200 0.16 0.04
8.06 0.89

P:\32176601 - PXC\WORD\REPORTAHSA REPORT\REVI'\APPVI-HAZARDMATERIAL.DOC Revision 1



| uoistADY S0G TVIITLYWAVZYH-IAdV AT LIOJT VSHULEOJMAYOMIDKd - 1099LITEVd
f
|
&
\{\é
E &
- &
EN
Qo.@b
NN
S
E RPN
i
S
S
E QO\ A‘\\Q
o
R
,\0
, &
OO

......................................................... 4LIS FHL NO STYIHALVIAN SNOQYVZVH  IA

PITATR preNom T
p—
—
-

SINALNOD

00T 11dy (VSH) [eutuna], Loqeue(jag v paynuend
Sunnsuo) ANA pueaJ] 4229 [12US

R _ EPAFxpor08-07-2014:23:47.30



[ uolsiaay SO0 TYRALYWNGEVZVH- AV ATHLIOTY VSHLIOdTMAAOM\IN - 1099L1Z60d

&
‘0‘3‘0
Sy
AN
&
S
IS ay) uo %ﬁ(@‘jsw snopiezefy
L
SLEXTANIddV
SR
4&*&

&
#00T [udy (vSH) [putua |, foqeuefjog v paynuend)
Buninsuo) ANQ puejal| 43 [19YS

EPA Export 08-07-2014:23:47:33



Shell E&P Ireland V.1 DNV Consulting
Quantified RA Bellanaboy Terminal (HSA) April 2004

V.  METEOROLOGICAL DATA

S8

RRER: TR ] 3
130 0.0122 | 0.0092 | 0.0245] 0.0278 ] 0.0352 | 0.0161 | 0.1500
0.0737] 0.0694 | 0.0694 | 0.0520 | 0.1388] 0.1561 § 0.1995 | 0.0911 | 0.8500

o|m
2]

Angle 1 is from plant N.

V.l 1995 Windrose for Belmullet

3375° U° 225°

o

180015?.50
0 3 B 10 16 (knots)

| |'_“-. Wind speed

0 15 31 51 B2 (mis)
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IV. ONSITE POPULATION

Figure IV.1 Onsite Buildings near the Terminal Entrance
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Shell E&P Ireland

1

VIIIL.5 DNV Consulting
Quantified RA Bellanaboy Terminal (HSA) April 2004
Stream No From To Materlal Scenarios Comments Dispersion Dispersion
Released Distance{m) Distance(m) Distance(m)
to LFL at to LFL at to 6kW/m2
ground level ground level | or 1000TDU
F2 {Largest
Failure D5)
260a D-4001 LCVC-D4001 Condensz | 75 25 and 12mm holes 36
le
260 LCVC-D-4001 #206a Condensa | None Low flow
te
26la D-4003 LCVC-D-4003 Condensa | None Low flow
te
261 LCVC-D-4003 #260 Condensa | None Low flow
te
302 SC Manifold FCVM-SC Man ow,o Condensa | 12mm holes n
b, [{]
1 FCVM-SC Man D-4001 “@AeCH- | Full bore and 75, 25, and k|
12mm holes
310 D-1003 LCVM-D-i003 _,%W 12mm holes 29
ZNfe)
310a LCVM-D-1003 #1 MeO ne
P
320 D-2007 LCV-D-2007 Condensa | 12n% foles 17
te %. %
320a LCV-D-2007 #l Condensa ze_m@&%
te P
330a D-3001 LCVM-D-3001 MeOH- | 50 and 12mmehdies 36
0.3 NEECH
33072 LCVM-D-3001 #1 MeOH- | None ﬁ@%
03 %
450b D-4001 LCVM-D-4001 MeOH- | Full bore and 75,25, and 76
0.3 12mm holes
450¢ LCVM-D-4001 T-4001A/B/C MeOH- | Full bore and 75, and 4
0.3 25mm holes
1000 T-4001A/B/C P-4001A/B MeOH- | Full bore and 75, and 66
0.3 25mm holes
1001 P-4001A/B/C FCv MeOH- | Full bore and 25, and 23
0.3 12mm holes
1002 FCV E-4001 MeQH- | Full bore and 25, and 23
0.3 12men holes
1003 E-400t D-4003 MecOH- Full bore and 25, and 23
0.3 12mm holes
3 D-4003 FCV MeOH- | Full bore and 25, and 29
0.3 12mm holes
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Shell E&P Ireland VIIL.3 DNV Consulting
Quantified RA Bellanaboy Terminal (HSA) April 2004
Stream No From To Material Scenarios Comments Dispersion Dispersion
Released Distance(m) Distance(m) Distance(m)
to LFL at to LFL at to 6kW/m2
ground level ground level | or 1000TDU
F2 (Largest
Failure D5)
120b NRYV (Process Area) NRYV (Meter Area) CH4 Full bore and 75, 25, 12 49 78 295
and 2mm holes
120¢ NRV (Meter Area) FCv CH4 Full bare and 75, 25, 12 49 78 295
and 2mm holes
121 FCV Sales Gas Export CH4 Full bore and 75, 25, 12 49 78 295
Line NRV and 2mm holes
121b Sales Gas Export Line NRV | Onshore Pipeline CH4 75, 25, 12 and 2mm holes Larger hole sizes discounted as not 142 191 301
credible’
900/1 #120b E-8403 &, CH4 Full bore and 25, 12 and 51 78 86
%) 2mm holes
4 E-8403 D-8402 Q\OOI& Fult bore and 25, 12 and 33 52 50
7 2mm holes
3 D-8402 GT Driver |mm.@o Full bore and 25, 12 and 33 52 50
Ty, % | 2mmholes
2 phase pas releases O V2,
2022 Stug Catcher Oulet SC Manifold 2 phase °¢) Fd] bore and 75, and 292 431 390
_gas | holes
202 SC Manifold FCVC-SC Man 2phase | Fu d 75, and 261 328 317
gas 25mrkho
220 D-1003 LCVC-D-1003 2 phase | Full boré holes 214 282 152
Wﬂm Z 0@)
228 D-2007 LCVC-D-2007 2phase | Full bore w:a,mm.su.@,w_a 288 276 144
pas %
230 D-2009A LCV-D-2009 2 phase Full bore cA\OO 277 183 106
gas
302 SC Manifold FCVM-5C Man 2 phase | Full bore and 75, and 256 314 243
pas 25mm holes
310 D-1003 LCVM-D-1003 2phase [ Full bore and 25mm holes 231 291 155
_Bas_
320 D-2007 LCV-D-2007 2 phase Full bore 282 196 1§k
808
| Liquid releases
202a Slug Catcher Oulet SC Manifold Condensa | 12mm and 2mm holes 19
te
202 SC Manifold FCVC-SC Man Condensa | 12mm and 2mm holes 19
te
203 FCVC-5C Man D-3001 Condensa | Full bore and 75, 25, 12 20
te and 2mm holes
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Shell E&P Ireland VIIL1 DNV Consulting
Quantified RA Bellanaboy Terminal (HSA) April 2004

VIII. SCENARIOS AND CONSEQUENCE INFORMATION

A list of scenarios and consequence information is given in Table VIILI.

P:A32176601 - PXC\WORD\REPORT\HSA REPORTAREV NAPPVIlI-SCENARIOS.DOC Revision |

EPA Export 08-07-2014:23:47:33



Shell E&P Ireland DNV Consulting
Quantified RA Bellanaboy Terminal (HSA) April 2004
&.
N:
®é
8
ooffof
APPE»@P@X
Bund Overtopplggai\d Road Tanker Failure
Q
S
\(’OQ
,\0
&
OO
PA32176601 - PXCYWORD\REPORT\HSA REPORTAREVINAPPIX-BUNDS.DOC Revision 1

_EPA Export 08-07-2014:23:47:33,



Shell E&P Ireland i

DNV Consuiting
Quantified RA Bellanaboy Terminal (HSA)

April 2004

CONTENTS

IX.  BUND OVERTOPPING AND CATASTROPHIC ROAD TANKER FAILURE..IX.1
IX.1  Bund Overtopping

P:32176601 - PXC\WORD\REPORTIHSA REPORT\REV I\APPIX-BUNDS.DOC Revision |

EPA Export 08-07-2014:23:47:33



O

Q

Shell E&P Ireland IX.1 DNV Consulting
Quantified RA Bellanaboy Terminal (HSA) April 2004

IX. BUND OVERTOPPING AND CATASTROPHIC ROAD TANKER
FAILURE

The HSA indicated that explanations for the exclusion of the following events together with
an indication of the event consequences should be included in the QRA report.

IX.1 Bund Overtopping

A few failures of atmospheric storage tanks have resulted in the contents of the tank being
released in such a way that some of the contents have spread over the bund wall (Wilkinson
A). These failures have been attributable to either brittle failure or failure following a fire in
the bund or external explosion, but are very rare. Most of the brittle failures have been in old
crude oil tanks, and the escalation incidents have been due to ignition by lightning, involved
heated tanks or terrorist activities. If only failures in atmospheric tanks containing oil
products are considered, Wilkinson reported two failures in 20years in the USA. The tank
population was 600,000 tanks giving a failure frequency of 2E-O7per tank year. As this
report was based on data up to 1988, with 15 further years with only one reported bund
overtopping incident for a general purpose liquid tank, the derived failure frequency becomes
1.4E-O7per tank year. As the storage tanks will be built to modern standards, are not heated
and have internal floating roofs with inert blanketing, BNV considers that the bund
overtopping failure will be even lower, and hence this m@de of failure can been neglected.
Historically, a failure of a tank followed by a failur e bund is more likely to occur than a
bund overtop, but the consequences could be sigg‘»i’&grodepending on how extensive the bund
failure is. SN
NN
WO &

It is often assumed that a typical bund gy&ﬁp will be 50% of the tank capacity (HSE, HFL
SRAG). However, taking account gf\g@ design of the tanks proposed for the storage of
condensate and methanol, the predictﬁégovertop for vertical bund walls is 62% of the contents
(Atkins 2001). The (circular) size of the liquid which overtops the bund varies
according to the assumption abg»fgs@fbstratc as given in Table IX.1.

Table IX.1 Bund Overtopping — Predicted Circular Pool Diameters

Tank Type Pool Diameter Pool Diameter | Pool Diameter {m)
{m) for Concrete | (m) for Wet Soil for Dry Soil

Condensate 236 136 105

Raw Methanol 270 156 121

Methanol 191 110 85

IX.2 Catastrophic Failure of a Road Tanker

In certain circumstances there could be a major failure of a road tanker containing either
condensate or methanol whilst a tanker is on a customer site. The frequency for methanol
deliveries is estimated as 2-3 transfers per week (150 per year), for condensate is 7 per year
(but only starting in year 5) and for odorant is once per quarter (4 per year). Using data from
ACDS on petroleum tankers, and assuming that the tankers travel 1km within the terminal
fence, are ten times less likely to have an incident in the terminal than on the UK roads
(because of low speeds etc) and applying 2 historical ignition probability to the spill (0.03),
the frequency of a large release from a road tanker whilst on the site is approximately 1E-
08per year for methanol, and considerably lower for the odorant and the condensate. This

P:32176601 - PXC\WORD\REPORT\HSA REPORT\REVINAPPIX-BUNDS.DOC Revision |
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scenario has therefore not been included in the QRA. The consequences of a failure of a road
tanker during a transfer operation could cause 18te to be released, and give a pool which
could be ignited and therefore result in a pool fire. The consequences have been modelled for

the information of the HSA as given in Table IX.2.

Table IX.2 Consequence Distances (m) - Major Failure of a Road Tanker

Thermal Radiation | Windspeed Windspeed | Windspeed
Level (kW/m2) Zm/s Sm/s 15m/s
20 27 30 32
4 45 42 42
&
<@
&
S
F5°
&8
S
L&
XS é
POty
&E >
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O
&
oS
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Shell E&P Ireland X.1 DNV Consulting
Quantified RA Bellanaboy Terminal (HSA) April 2004

X. EXTERNAL HAZARDS

External hazards comprise any hazard initiator from a source that is not within the terminal
boundary. The hazards from the trees in the vicinity of the terminal have been analysed (see
main report); other external hazards are considered below.

Natural hazards, which comprise a significant proportion of the external hazards, cause some
2% of accidents (Rasmussen), (where accidents in this context are incidents that are recorded
on either the TNO FACTS or the HSE MHIDAS databases). In processing units specifically,
natural hazards cause 12% of accidents, and in storage facilities 31%. Overall in Europe
some 30% of accidents are caused by natural hazards. Most accidents attributed to natural
hazards in processing or storage facilities are caused by lightning (61%), while ‘outside
temperature causes 15% and earthquakes cause 9% of these accidents. Wind, rain, soil
erosion, ground subsidence and landslip together account for 13% of accidents attributed to
natural hazards.

The normal way to prevent accidents caused by natural hazards is to design in accordance
with recognised codes, and to operate with a good safety management system. The design
features that are relevant in reducing the likelihood of acmden,gs caused by natural hazards are
given below.

X.1 Lightning 055, \o*

Lightning protection has been provided in th@ d&lgn of the terminal facilities in accordance
with the requirements of BS 6651, Cod@\\g@ Practice for Protection of Structures against
Lightning. The earthing system is desi to BS CP 1013;1965, and all the storage tanks
will be electrically grounded. Once<heplant is in operation, resistance tests will be carried
out annually as part of the planngf maintenance programme. The design will provide
adequate protection of the co \iter controlled plant against lightning strike. Typical
frequency for a lightning strike‘th this part of Europe is 1E-07per year (one in ten million per

year).
X.2 Ambient Temperature Extremes

The plant has been designed to cope with the maximum temperature extremes anticipated (-
15 to +28°C). For low temperatures caused by operational events (e.g. during blowdown)
appropriate service materials have been chosen for equipment and piping based on protective
measures contained in Trident Consultants’ Corrib Depressurisation System - Dynamic
Simulation. These measures include low temperature carbon steel and stainless steel for
piping, stainless steel sleeves and stainless steel blow down valves located close to vessels.

X.3 Wind/Snow

The plant has been designed to BS CP 3 1997. Historical meteorological data indicate that
the most severe storm is 172.24 km/h (maximum instantaneous gust). Design for snowfall is
to BS 6399 Part 3.

PA32176601 - PXC'Word\Report HSA Report'ReviiAppX-NatHazDNV.doc Revision |

EPA Export 08-07-2014:23:47:33



Shell E&P Ireland X2 DNV Consulting
Quantified RA Bellanaboy Terminal (HSA) April 2004

X.4 Earthquake

The area is not known to be subject to seismic activity (typical frequency for a severe
earthquake is 1E-06 to 1E-O7per year, i.e. between one in a million and one in ten million per
year).

X.5 Storm/Flooding

The site is some 33.4 m above sea level (Malin) and will not be subject to flooding by sea.
Torrential rain can, however, give rise to flash floods. The site drainage system has been
designed to a one in 100 year rainfall event (31 mm in one hour). It has also been verified for
a 45mm in one hour extreme event (such recent flooding events have been experienced at
Pollotomish and Derrybrien).

X.6 Landslip/Subsidence

No mining has taken place at the Terminal site. A global stability review of the terminal site
has been carried out and has demonstrated that the terminal sgga is stable.
NS

&

X.7  Aircraft Impact &
S
As the proposed site is more than 3km from an giigé’r[, the crash rate is the local background
rate. No special measures are to be incorporagéd,>®
S

& &
5 (\& \O

S S
SN

\C’OQ
\0

&

S
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1. INTRODUCTION

Shell E&P Ireland Ltd (SEPIL) is planning to develop the Corrib gas field located some
70km off the west coast of Ireland. Part of this development involves the construction of a
gas terminal at Bellanaboy Bridge, County Mayo. SEPIL is currently preparing a planning
application for submission to Mayo County Council for the construction of the terminal. The
Health and Safety Authority (HSA) has requested that SEPIL prepare a detailed consequence
and risk assessment of the proposed terminal for submission to the HSA in conjunction with
SEPIL’s proposed planning application. DNV has prepared a quantified risk assessment
(QRA) of the terminal as presented in this report.

1.1  Purpose of this Document

The purpose of this document is to provide sufficient information to enable the HSA to give
technical advice on the risks arising from the proposed terminal to Mayo County Council.

1.2  Structure of this Document

The terminal facilities are described in Section 2, and,fhe consequence and frequency
methodology is summarised in Section 3 (a detailedSsummary of the methodology is
contained in Appendix II). The main predictiogs?\' presented in Section 4. Technical

details, contour plots and supplementary infonngﬁ:gﬁoare presented in the Appendices.
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SUMMARY

Shell E&P Ireland Ltd (SEPIL) is planning to develop the Corrib gas field located some
70km off the west coast of Ireland. Part of this development involves the construction of a
gas terminal at Bellanaboy Bridge, County Mayo. SEPIL is currently preparing a planning
application for submission to Mayo County Council for the construction of the terminal. The
Health and Safety Authority (HSA) has requested that SEPIL prepare a detailed consequence
and risk assessment of the proposed terminal for submission to the HSA in conjunction with
SEPIL’s proposed planning application. DNV has prepared a quantified risk assessment
(QRA) of the terminal as presented in this report.

The purpose of this document is to provide sufficient information for the HSA to give
technical advice on the risks arising from the proposed terminal to Mayo County Council.

The terminal facilities are described in Section 2, and the consequence and frequency
methodology is summarised in Section 3. The main predictions are presented in Section 4. I
Technical details, contour plots and supplementary information are presented in the '
Appendices.
&

The quantities of hazardous materials held on the site m@c@ the proposed terminal a lower tier

site under the Seveso II Directive, but all materials tiat are considered capable of giving a

major accident hazard have been included in :g@antiﬁed analysis which comprised three

»

g O

main elements: S
N
. . . QRS
e hazard identification; (\(&éf\ N
® consequence analysis; and NS
. o

¢ frequency analysis. &

o

3
The HSA has indicated that its¥ill consider risks in terms of a ‘dangerous dose’, which for
the proposed terminal is the combination of explosion overpressure in excess of 140mbar, a
thermal radiation dose in excess of 1000(kW/m?)'*** s (defined in Section 3) and flash fires
to half the lower flammable limit. Dangerous dose contours are included as Appendix XV. Y

The main findings of the analysis are that in the event of a fire or an explosion:

¢ The onsite buildings would not be subject to overpressures in excess of the dangerous
dose.

* The onsite buildings could potentially be subject to a thermal radiation dose in excess of
the dangerous dose, but this would be at low frequency (of the order of once in a million
years).

* The offsite buildings would be subject to overpressures, but the highest level would be
less than one fifth of the dangerous dose. However, the likelihood of an explosion is very
low, and the overpressure from most explosions would be well below this level.
Consequently the likelihood of this overpressure level being experienced is extremely
low.

® The road and the offsite buildings would not be subject to a thermal radiation dose in
excess of the dangerous dose. The maximum dose predicted at the nearest building is less
than one third of the dangerous dose.
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2. THE TERMINAL

The Corrib field is a gas field located in the Slyne Trough, under Licence Nos. 2/93 and 3/94

some 70 km off the County Mayo coastline in 350 m of water. The Corrib field contains a
dry sweet gas with an expected condensate yield of less than 0.5 bbl/MMSCF, 0.3% carbon
dioxide and no hydrogen sulphide.

The Corrib field is to be developed as a long-range sub-sea tieback to the shore. The gas will
be received and treated to meet sales gas specification in the onshore terminal; sales gas will
then be delivered into an export pipeline and then to end users via the Bord Gais Eireann
(BGE) gas transmission system.

A location plan and plot plan are contained in Appendix L.

2.1 Main Process Facilities

The onshore terminal will be a grass roots facility with process and utility equipment to
produce sales gas and will be operated by SEPIL. It will consist of the following process
facilities necessary to meet the export gas specification:

inlet reception;
gas conditioning; S
sales gas compression;
metering; and

odorisation. S

) . )
With the following process support s‘f,%o@\'ns:
\Q
O
e condensate stabilisation; Qéé,\\
e methanol regeneration and §fijection; and
¢ mercury removal.

The following utility systems will also be provided:

fuel gas;

condensate fuel;

diesel;

heating medium (TEG/water);
produced water treatment and disposal);
open and closed drains;

instrument and plant air;

nitrogen;

potable water;

firewater;

flare;

chemicals;

storage; and

power generation (including emergency power).
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The facility will also provide the necessary chemical injection, control and power
requirements to the subsea facilities via an umbilical.

A plan of the proposed terminal is given in Appendix 1.

2.2  Hydrocarbon Processing Facilities
2.2.1 General

The facility is designed to produce 350 MMSCFD of sales gas. A simplified process
schematic of the hydrocarbon facilities is included in Appendix I.

2.2.2 Process Facilities

The fluids arriving at the terminal will comprise hydrocarbon gas, condensate, aquifer and
condensed water together with hydrate inhibitor. In addition, the fluids will contain corrosion
inhibitor,

The gas will initially pass through the slugcatcher (D-lOOZ)\)éaxhere the bulk liquid separation
will take place, then an inlet separator (D-1003) where @re will be further separation, and
then via a heat exchanger to the cold separator (D-\%é) . The gas will then be compressed
(K-2002), metered and odorised before export to 5 E transmission system.
O &
Odorant (a mixture of tertiary butyl merc@ai&yand dimethyl sulphide) will be stored in a
double skinned stainless steel tank (T-2%}‘§§§: The odorant will be imported by road tanker
(estimated to be 4 per year during theSasly years and reducing with decline in production)
and injected into gas as it leaves thﬁ%@ﬁmal.
6\0
2.2.3 Condensate Stabﬂisatigonpé‘
C
Hydrocarbon condensate produced by the gas dew pointing system, together with any
condensate separated in the slugcatcher and inlet separator, will pass to the condensate
stabilisation system. This will comprise a two stage flash system (medium pressure D-3001,
and low pressure D-3002) with intermediate heating (E-3001). The stabilised condensate will
be air cooled and sent to storage (T-3001A/B/C). The condensate will be used as fuel within
the terminal. It is estimated that all condensate produced will be used as fuel and that there
will be no surplus. If there were to be a surplus, it would be exported by road tanker. At
worst this export would comprise one road tanker per day for seven days per year, declining
to zero soon after gas production falls below plateau,

2.2.4 Hydrate Inhibitor Regeneration

The methanol/water mix recovered from the slugcatcher will pass through a particulate filter
into the methanol flash drum (D-4001) where it will be combined with streams from the other
separators. From there it will pass to the raw methanol storage tanks (T4001A/B/C). Any
condensate that separates out in the methanol flash drum will be directed to condensate
stabilisation,

The methanol/water mix will be pumped from storage to the methanol still (C-4001) via the
methanol feed/bottoms exchanger (E-4001) and the methanol feed coalescer (D-4003). The
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column overhead vapour product will be condensed in a forced draught air cooled methanol
condenser (E-4002), collected in the methanol reflux drum (D-4002), and will then be
pumped to the product methanol storage tanks (T-4002A/B). Waste water effluent will be
pumped to the produced water treatment facility.

Fresh methanol for make-up will be imported to the product methanol storage tanks by road
tanker (maximum 2-3 road tankers per week and reducing as gas production declines),

2.3  Ignition Sources

In common with facilities of this type, ignition sources will be strictly controlled under the
permit to work system within the terminal boundary (security) fence. The only ‘strong’
ignition source’ on the plant at low level will be the fired heater located to the south east of
the main process facilities. This will be “on-line” whenever the plant is operational. There
are no permanent strong ignition sources outside the terminal boundary (security) fence
within the wooded area surrounding the terminal north of the R314 road.

2.4 Population

2.4.1 Onsite &
éo
A number of buildings will be located close to the m ﬁ entrance to the plant. These are
shown on the plot plan (Appendix I). The likel %%al day and shift populations in the
various buildings and on the plant are given in Rﬁldlx IV. All the buildings except for the
control building will be portal frame cons dﬁéﬁ with non load bearing infill. The control
building will be of reinforced concrete (frgﬂ?g\éwalls and roof) to give two hour fire resistance
and 200mbar blast resistance. q
S o

R

24.2 Offsite &° &
3

The terminal is in a sparsely pepulated area. The nearest building is some 40m to the south
of the R314 which runs some 200m to the south of the terminal boundary (security) fence.
There are no public areas’ in the vicinity of the terminal. In order to understand the potential
offsite risks, the hazard frequencies have been determined at a number of offsite locations. A
map showing the terminal and the surroundings and the location of these points is given in
Appendix IV,

2.5 The Environment
2.5.1 Meteorological Data

The windrose used for low momentum releases is the same as that used for the
Environmental Impact Statement (Belmullet). This is shown in Appendix V.

Information about the windspeed/stability combinations is not currently available, so it has
been assumed that these could be represented by F2 (Pasquill stability F-stable, windspeed
2m/s) and D5 (Pasquill stability D-neutral, windspeed 5m/s). It has further been assumed that

1 e. an open flame, or a suction air inlet to a system where combustion is taking place,
* i.e. an area where members of the public congregate, such as a market or sports stadium.
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D5 occurs for 85% of the time. In order to determine the risks that would be associated with
different meteorological conditions, a sensitivity analysis has been carried out which has
assumed that F2 conditions occur for 30% of the time (the balance being D5 conditions).

&
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3. ANALYSIS OF THE PROCESS HAZARDS

The analysis comprises three main elements:

¢ hazard identification;
* consequence analysis; and
e frequency analysis.

The method of analysis is summarised below. A more detailed account of the methodology is
contained in Appendix II.

3.1 Hazard Identification

The materials in the process which have hazardous properties (i.e. are flammable, may
explode or are toxic) are presented in Appendix VI. The quantities of hazardous materials
held on the site make the proposed terminal a lower tier site under the Seveso II Directive
Council Directive 96/82/EC. Some of these materials e.g. diesel and some other materials
given below have not been considered in this report because they are adjudged not to have
major accident hazard potential. Relevant properties of the main materials are given in Table
3.5 (flammable) and Table 3.6 (toxic). The potential iggpact of the materials on the
environment is considered in Appendix VII. ,@

3.1.1 Odorant og?’ \o*

The odorant is a highly flammable liquid @as?r point below °C) but is not considered to
present a major flammable accident h ecause of the small quantity (9te). It is not
especially toxic by inhalation (almougﬁg@methy] sulphide is listed (NIOSH) as having an
inhalation hazard, the LC50 for ratsﬁgéﬂo 000ppm and butyl mercaptan has an IDLH level®
of 500ppm). Evaporation from a le@?mto the bund (area 26m?) gives dispersion distances to
this level of less than 30m. Alth the facility is only some 25m from the terminal security
fence, it is over 200m from any’6ccupied onsite building and so is not considered to present a
major toxic accident hazard.

3.1.2 Methanol

Methanol is a highly flammable liquid (flash point 10°C), and is mildly toxic (IDLH
6000ppm). The fire effects have been analysed, but the toxic effects have been discounted
because it is not considered to pose a major toxic accident hazard.

3.1.3 Hydrochloric Acid

Hydrochloric acid is received as a 30% solution in an IBC and is then transferred to a day
tank prior to use in the process. The IBC and day tank are within a bund which has a surface
area of 5m” and is within a building. A spillage into the bund will cause the generation of
hydrogen chloride. A method proposed by Evans, Jones and Overstreet has been used to
predict the evaporation rate from a spillage contained by the bund (0.001kg/s} and PHAST
has been used to disperse this rate, assuming that the source is in the open air. The dangerous

*IDLH. The IDLH level is set to ensure that a worker could escape without injury or irreversible effects in the
event of the failure of respiratory protection equipment based on a 30 minute exposure to the IDLH level.
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dose* for hydrogen chloride is 800ppm for a 30 minute exposure (HSE, 2001). This
compares with two predictions for 1% fatality from probit equations, assuming the same
exposure duration, of 1690ppm (Purple Book) and 580ppm (PHAST, Perry and Articola).
These are, however, significantly above the IDLH level (50ppm). Dispersion predictions (m)
for 0.001kg/s HCI are presented in Table 3.1 for F2 and D5 conditions.

Although the evaporation of hydrogen chloride is likely to be greater in both damp and wet
conditions, as the facility is located indoors spillage into a wet environment has not been
considered. As the location of the hydrochloric acid facility is more than 150m from both
occupied buildings onsite and from the site boundary, it has been judged that the hydrochloric
acid will not give rise to a major accident and toxic hazards from hydrochloric acid have not
been considered further.

Table 3.1 Predicted Dispersion for Clouds of HCI

Cencentration Dispersion Cloud Dispersion Cloud Height
Distance (m) F2 Height {m) Distance (m) D5 (m)
800ppm 14 0.5 <5 0.3
30ppm 70 2 15 1
&
3.1.4 Quantified Analysis §é
&

In order to carry out the consequence and frequepydnalysis, the parts of the terminal which

contain hazardous material which are consgdﬁr to have the potential to give a major
accident are characterised by a finite numbegSf@iscrete scenarios of various sizes. These are
considered to adequately represent theéibobb ¢ spectrum of possible hazardous outcomes
associated with the process materialg:” $he scenarios included are presented in Appendix
VIIL, <’

\0

\0
3.2 Consequence Analysiss”
S

This part of the analysis involves the following:

¢ Aliocation of a release type (liquid, vapour, two phase etc) or hazard type (fire, fireball
etc) to each scenario.

e Determination of release rate for each scenario representing a loss of containment,
Standard release rate equations with a coefficient of discharge of 0.65 were used.
Releases from streams immediately downstream of a pump were either assumed to be
limited by the equipment to 150% of normal flow or were based on the calculated liquid
discharge rate, (if the latter was less than the former). For releases through large holes in
the high pressure parts of the plant directly connected to the inlet or export pipelines, a
pipeline model was used to determine the (reducing) release rate with time.

e Allocation of durations for loss of containment from the various streams. This allocation
is based on the detection and isolation times given in the methodology (Appendix II).

e Association of each scenaric with the type(s) of hazardous event that could occur should
there be ignition (i.e. pool fire, jet fire, fireball, flash fire and explosion).

‘ Defined in Section 3.2.
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¢ Determination of the consequences. These have been determined using DNV software
product PHAST, except for fireballs and vapour cloud explosions. Fireball properties
have been determined using the models proposed by the IChemE Working Party and Bilo
and Kinsman and explosion effects have been determined using the TNO Multi Energy
method proposed by van den Berg.

In the determination of the hazardous envelope(s) associated with each scenario, consequence
end points need to be defined for each hazard type. Although at present there are no Irish
standards for the determination of land use planning advice, the HSA is currently refining
criteria that may be used for such advice based on risk. In order to establish a common basis
for sites that present a combination of hazards, the authority will consider the risks associated
with a ‘dangerous dose’. A ‘dangerous dose’ is one which will:

s Cause severe distress to almost everyone.

* Require a substantial fraction to be given medical attention, with some suffering
irreversible effects.

e Cause fatalities in highly susceptible members of the population (most vulnerable 1%).

&
Dangerous dose levels for the hazards that are posed by tl'@sgroposed terminal are as follows:
S
e Overpressure ~ 140mbar. oy?@‘\
e Thermal radiation — 1000(kW/m?%)'*** s (rg&@éd to as Thermal Dose Units or TDU ).
e Travel distance for a ‘rocketing’ drum. xS Qé»
o Flash fires ~ to half the lower flam imit.
QO\ \\q

Travel distances for ‘rocketing drumgbogre not presented as the frequency of a missile hitting
a specified target has been determ%g‘ed to be very low (see Section 3.7).
IS
00
In addition to these end points, the HSA has requested information on other levels. These
end points and those which have been used to assess the impact on trees are shown in Table
3.2

Table 3.2 Consequence End Points

Hazard Type End Points
Overpressure 140, 70 and 20mbar
Long Duration Fire 20, 12, 6 and 4kW/m* (1)

Short Duration Fire (Fireball) | Fireball, distance to spontaneous ignition of wood, 1000 and 500(kW/m®)*~**'s
(termed 1000 and S00TDUs)

Flash Fire Lower Flammable Limit

n For an exposure duration of 75 seconds a thermal flux of 7kW/m? is approximately 1000TDU and a
thermal flux of 4kW/m? is approximately S500TDU. In this report 6kW/m?® has been used to represent
1000TDU.
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In the development of the analysis, if the consequences of certain releases are deemed to be
small, the releases have not been taken through to the frequency analysis. Exclusion of
certain scenarios is considered appropriate on the grounds of low potential impact on people
for the following:

e High pressure gas releases through small holes. If the release rate is below 1kg/s, the
releases have not been analysed. Relevant consequence properties are given in Tabie 3.3
for 1kg/s.

Table 3.3 Consequence Predictions for 1kg/s Releases

Hazard/Cloud Property Consequence Prediction
Cloud Volume 27m’
Distance To 4kW/m* 17m
Flash Fire Distance (F2) 14m
Flash Fire Distance (D5) 14m

» Liquid releases less than lkg/s. This release is predicted to form a burning pool of liquid
some 4m diameter, which is considered too small to giveog,.hazard to people.

e Releases from the low pressure fuel gas system (Sbgf%). Much of the system is 50mm
diameter, and the initial release rate is 1.5kg/s. éi%lgg*\:onsequences from such a release are
similar to the above, and so this part of the f@ﬁ@,&? has not been analysed further.

&

QO

7,

3.3 Frequency Analysis
&0

This part of the analysis involves th\\(\ dcation of failure frequencies for each scenario, the

consequences of which have been\ﬁalysed as summarised above, and the allocation of

conditional probabilities. Detaip;@%re given in Appendix II, but some relevant points are

repeated below: S

* Failure frequencies used for most loss of containment events in this analysis have been
derived from the OIR 12 data (offshore) as analysed by BP for vessel holes and
pipework,. Equipment failures are derived from the same database. Details of the
frequencies used are given in Appendix II. Frequencies from this data set are assumed to
represent all failure modes and would therefore include lapses due to human factors,
impacts including dropped objects etc.

¢ Rather than carry out a complete equipment count a typical number of valves, flanges and
small bore fittings per unit length of piping has been derived from a previous analysis of
an onshore facility. This relationship has been used to determine the frequency of failure
associated with these items and this frequency has been added to the frequency of failure
of piping and other equipment for each pipe length in the process area.

* Use of the piping failure frequency directly at existing installations has given failure
frequencies for welded inter unit piping runs considerably above experience.
Consequently, in order to align the predicted frequency with historical onshore
experience, the failure frequency for piping of this type has been reduced by one order of
magnitude.
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The application of failure frequencies from offshore experience to onshore plant is not ideal.
However, in the view of DNV, the OIR 12 database is the highest quality database available
for leak frequency determination, and the high quality of the data more than offsets the
potentially inappropriate application to onshore facilities. The overall leak frequencies used
are, incidentally, higher than those used by DNV from earlier onshore sources, higher than
those applied by the UK HSE (Planning Assessment Guidance) and higher than those in the
Netherlands (Purple Book).

Conditional probabilities for ignition and explosion have been allocated as given below:

e Ignition probabilities were derived from Cox, Lees and Ang, for both vapour and flashing
releases (using the gas data, with a maximum of 0.3) and liquids (maximum 0.08). For
vapours, the ignition probability was partitioned equally into immediate and delayed
ignition.

» Explosion probabilities were derived from Cox, Lees and Ang with a minimum of 0.04
and a maxtmum of 0.9.

Certain frequencies are not available from the OIR 12 data. Assumptions for such

frequencies are given below. éoéz’

&

e Failure of road tanker connection (methanol o cé\érfﬁ%nsate). A release frequency of 4E-6
per transfer has been assumed for the loss ,@s\tainment events based on the assumption
that there are two pullaway prevention \@Y\ues (wheel chocks and barriers) with hose
inspection and leak test prior to trans@%@}ould and Anderson). An ignition probability

of 0.1 has been assumed. For the e&fﬁgﬁﬁon of consequences, it has been assumed that all

A
releases are contained within thed@nker standing area.
O

¢}
¢ Bund fire. A fire frequency E-5 per tank year has been assumed (Lastfire) for the
atrnospheric storage tank bunds. The odorant tank is double skinned and is within a small
bund. The consequences of a fire in the odorant bund have not been analysed.

e Pig Traps. Although OIR12 contains data on pig traps, the data set is quite small and no
catastrophic failures are included, although such failures are known to have occurred.
The OIR 12 data do however indicate that the leak frequencies of pig launchers and pig
receivers are similar. A catastrophic failure of a pig trap is partly dependent on the
inherent failure frequency of the trap itself, but more influenced by the operator. A
frequency of 1E-4 per operation has been assumed for an error, with one in ten leading to
a catastrophic failure. Pigging frequencies are anticipated as one pig every five years for
the import line and one pig per year for the export line.

3.4  Specific Scenarios

The OIR 12 data have been applied directly to the high pressure gas system except for the
sections below:

» Inlet gas pipeline upstream of the first ESDV. This is the end of the line from the subsea
facilities as it rises above ground and enters the terminal (approximately 5m in length
above ground). Design in accordance with BS 8010 Part 2 results in a pipe wall thickness
of 27mm (including 1mm corrosion allowance). A recent analysis of failures in European
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gas pipelines (Bolt R) indicates that the major causes of pipe rupture are external
interference (third party activity) and ground movement. However, there is a strong
relationship between releases caused by third party interference and the pipe wall
thickness, and there have been no failures due to third party activity for pipelines with
wall thickness exceeding 15mm. Earlier research by British Gas (Jones and
Fearnehough) indicated that excavators cannot give a hole of 80mm diameter in pipe
which has a thickness of more than 12mm, which led to the conclusion that proximity
distances (in IGE/TD/1) should not be defined on the basis of a major puncture (or
rupture) and that a 3m separation (for operational reasons) would be adequate because if a
failure occurred it would be very small and would not propagate. Recent work by WS
Atkins on behalf of HSE (Planning Assessment Guidance) using data supplied by
UKOPA has enabled the HSE to allocate frequencies of rupture for pipelines. Failure
modes used are third party activity, mechanical (material or weld defects), natural,
corrosion and other. For pipe rupture these are as shown in Table 3.4. The most
significant failure mode for pipelines, third party activity, is not relevant for the part of

the pipeline within the terminal fence. Although it is recognised that site activities could & |
damage the pipeline, there will be no large mechanical diggers (of the type that have the b

potential to damage pipelines) in the vicinity and any lifting operations (which will be :
infrequent) will be the subject of the permit to work systg;n With respect to landslip, the 3

import pipeline will be supported on firm ground, tl@ export pipeline support may be

enhanced by mini piles. The standard of Suppo; 1§\¢herefore higher than that used for a 1
normal cross country pipeline, so applicatio g e frequency in Table 3.4 will glve a ]
conservative estimate. Applying the freq Q&s in Table 3.4 to a length of 5m gives a h
negligible frequency for pipeline l'llptlll'%Q

WO @
&é’ N d

Table 3.4 Q&’R\é}ne Rupture Frequencies :
Failure Mode \0 Frequency {per m per vear) -4
Third Party Activity Vnnubt?depcndcnt on the design factor, the wall thickness and the diameter
Mechanical o’ 8E-12
Natural 2E-09
Corrosion 3.7E-12
Other 0

As an operational pipeline, rapid depressurisation may cause a low temperature which in
turn could lead to brittle fracture (this failure mode is not explicitly recorded in pipeline
failure data, so a specific frequency cannot be derived). Depressurisation controls
embodied in the pipeline blowdown procedure will ensure that low temperature will not
occur. On the basis of the above, DNV consider that a large failure or rupture in this
section of the pipeline is substantially lower than the generic frequency and is of such a
low probability that it can be neglected for the purposes of this analysis.

 Slugcatcher. The slugcatcher has a wall thickness of 60mm, and has been designed to
ANSI B31.3. This code gives a greater wall thickness than other codes considered for the
design (vessel and pipeline codes). There are a number of slugcatchers in operation
worldwide, but the number of years operation without a failure is insufficient to derive a
statistically valid failure frequency. Although it would be inappropriate to apply the
failure frequencies derived for pipelines which have wall thicknesses much less than the
slugcatcher, if these frequencies are applied to the plan length of the slugcatcher (rather
than the actual length because of the major failure mode), the frequency of rupture would
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be 2E-07per year. Because of its thickness and its resistance to external impact or
operational loadings, and the non propagation of a hole to a rupture, this frequency is
adjudged to be an overestimate, and consequently DNV consider that a large failure or
rupture in the slugcatcher is of such a low probability that it can be neglected in this
analysis. The slugcatcher is provided with two manholes at the southern end for internal
inspection, If all controls fail, then there could be a failure of the manhole following an
internal inspection. The frequency of this event has been set at once every 100,000
operations, with an internal inspection every 10 years.

e Bund Overtopping. There have been a number of failures of atmospheric storage tanks
that have resulted in the contents of the tank being released in such a way that some of the
contents have spread over the bund wall (Wilkinson A). Appendix IX contains a
frequency and consequence evaluation. Because of the low frequency of failure (less than
2E-07per tank year) and the modemn design/construction/inspection of the tanks DNV
consider that this mode of failure can be neglected.

o Catastrophic failure of a road tanker. In certain circumstances there could be a major
failure of a road tanker whilst on the site. As this type of failure is extremely rare (less
than 1E-08per year, see Appendix IX) this scenario has not been included. Consequence
information for a major release from a road tanker, e.g, dluring transfer, is presented in
Appendix IX. Another scenario is a fire beneath a rgéid tanker containing methanol or
condensate which could result in the failure of the 1 d tanker due to flame impingement.
Such a failure would not give a ‘traditional’ ], but a relatively small release of low
pressure vapour. This is because the mategtalin the road tanker is liquid (rather than a
liquefied flammable gas) and the tanketgsQ ve a thin wall construction rather than the
thicker wall pressure vessel construc

3.5 External Hazards 6\°

As stated above, the OIR l%}oﬂﬁa include failures from all types of initiating events.
However, as they are based on offshore failures, certain failure modes normally considered
for onshore plant may not be included. A consideration of a number of external hazards is
contained in Appendix X. One specific external hazard which is relevant for the proposed
terminal is considered in more detail in the next section.

3.6 Effect of the Trees around the Terminal

The terminal will be surrounded by trees for visual impact reasons; the layout of the tree
banks is shown in Appendix 1. The presence of trees may affect the hazard potential
associated with the terminal in the following ways:

o Fire spread from the trees to the terminal.
o Ignition of the trees from a fire at the terminal.
e Increase in explosion potential because the trees act as a region of congestion.

There are examples of existing hazardous installations within areas of trees in Appendix XI.

In all cases the trees are present because the installation is in a rural area and there is a
requirement to provide a screen to limit the visual impact of the installation. The distances
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between the control buildings and the trees and between the plant and the trees are indicated,
and it can be seen that these distances are as low as 15m for the control building and a similar
distance for the plant. This compares with 40m for the proposed control building-tree
distance and 85m for the proposed plant — tree distance.

Codes of practice contain guidance on minimum separation distances between process plant
(normally storage facilities) and site boundaries etc. A summary of some relevant separation
distances is also contained in Appendix XI.

The frequency of tree fires in the west of Ireland is not known. Based on UK data, the
frequency of any particular location in a wooded environment being engulfed by fire is 2E-
O4per year.

3.6.1 Impact of Fire Spread from the Trees to the Terminal

This has been considered by calculating the thermal radiation levels at (1) the plant and (2)
the control building should the trees adjacent to these areas be on fire. This calculation has
used a solid flame method. Assuming that the control building and the tree fire are parallel
vertical surfaces, the vertical plane view factor (Yellow Book) can be used. The absorption
due to the atmosphere has been calculated using the averzgé‘i/alue for the formulae given in
Bilo and Kinsman and Lees FP. The temperature of thg®tree fire was derived to be 812°C
(1085K), which is equivalent to a surface emissive@og?‘er of 79kW/m?, based on the received
thermal radiation flux levels given in Cohen Butler, assuming an emissivity of unity.

The trees immediately to the south of the gﬁ ol building are some 11-11.5m high, and
separated from the building by 40m (this @Q@ istance beyond which ignition of a structure
from thermal radiation is unlikely to o&éf@f To derive a flame height, it has been assumed
that the ratio of tree height to flame g&ﬁgﬁ\ is 2.5 (Stocks et al). This relationship is for dense
65 year old jack pine 12m high wi 2 black spruce understory, a fuel ideally suited to the
generation of high intensity crownSfires, so may be conservative for the trees to the south of
the control building which are gfature conifers (Sitka spruce) planted in 1959 at 2m intervals
in rows 3m apart (typical Cotllte Teo planting). The duration of a tree fire, and hence the
likelihood that the thermal radiation will cause ignition of structures some distance away
from the trees is typically one to two minutes (Cohen and Butler). For an exposure of two
minutes, the thermal flux required to cause ignition of such structures would be
approximately 25kW/m’.

3.6.2 Impact of a Fire at the Terminal on the Ignition of the Trees

The potential impact of the terminal on the trees has been cons1dered using the thermal
radiation frequency contours for 25kW/m’ for jet fires (25kW/m® would be capable of
igniting trees if the exposure duration was very long) (Bilo and Kinsman), although a slightly
lower level is suggested by Cohen and Butler. For short duration fires, the distance to the
spontaneous ignition of wood has been calculated and used (Bilo and Kinsman).

3.6.3 Effect on Explosions

There have been several incidents where there has been a release of hydrocarbon from a
pipeline in a rural environment and subsequent ignition has caused the generation of
overpressure (thought to be assisted by trees in the vicinity of the release). The hydrocarbons

P:\32176601 - PXCAWORD\REPORT\HSA REPORTN\REV{'\EEIREPORTHSARL.DOC Revision 1

[ TN B u

[7=="" I, ST

EPA Export 08-07-2014:23:47:34



Shell E&P Ireland 3.9 Det Norske Veritas
Quantified RA Bellanaboy Terminal (HSA) April 2004

involved in these incidents (propane and NGLs natural gas liquids) produce vapours that are
heavier than air. The terminal will be handling natural gas, which is lighter than air and
during the dispersion following a loss of containment will tend to rise above trees rather than
accumulate at a low level. A recent study of incidents (Casella) involving high pressure
natural gas pipeline failures reported ‘no significant free air explosions’ although there was
an explosion when a release ignited in a confined space (in houses). Further, the HSE has
concluded that significant overpressures are not generated in the event of a rupture of a
natural gas pipeline followed by ignition, and no overpressures are therefore predicted in the
model they use for pipeline risk evaluation. On the basis of the incident experience and the
conclusion reached by the HSE, DNV considers that a release of natural gas which disperses
in the trees around the terminal and is ignited will not generate significant overpressures
during the combustion in the trees (i.e. any overpressure generation will be local rather than
throughout the cloud).

3.7 Missiles

Missiles can be produced in the event of a catastrophic failure of a pressure vessel. They
rarely cause injury directly and so are not normally included in QRAs. An analysis of
missiles that could potentially be generated based on Scilly and Crowther has indicated that
the likelihood of a specific target 500m from the process areagbeing hit is less than one in 10
million years. This is considered sufficiently remote that IQgssﬂes are not considered further.

: ) S &
3.8 Domino and Escalation éz?, O &
These terms are sometimes used mterchangegﬁ’l@ In this report, the following interpretations
have been used: (&@g §

Domino — The domino effect occursq‘f‘ ‘%lxkchhood or consequences of a major accident on
an installation could be increased ‘because of the location and proximity of another
installation (or ‘establishment’ qg’*‘ng the terminology of the Seveso II Directive) and the
dangerous substances present thére (HSE Guidance on COMAH Regulation 16). From this,
it can be seen that the domino effect is not relevant for the proposed terminal.

Escalation — An escalation occurs if a small incident leads to a second incident that has more
severe consequences. The most common escalation event is the Boiling Liquid Expanding
Vapour Explosion (BLEVE) which occurs if a flame impinges on a vessel containing a
liquefied flammable gas causing the vessel to fail and release the contents. The potential for
escalation is considered in Appendix XIL
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Shell E&P Ireland 4.1
Quantified RA Bellanaboy Terminal (HSA)

Det Norske Veritas
April 2004

4. PREDICTIONS

Predictions for hazard frequencies in contour format overlaid onto a plan of the site are
presented in Appendix XIII. Information on hazards excluded from the QRA but which may
be considered by the HSA are given in Appendix IX. A composite plot for dangerous dose is
included as Appendix XV. Contour plots for thermal radiation hazards which take into
account certain control measures are shown in Appendix XVI.

The predictions are presented in numerical format, e.g. 1E-06per year, which is the same as
1x10°° per year, or a likelihood of one in one million per year.

4.1 Hazard Predictions at Onsite Locations
4.1.1 Overpressure

The control building is not impacted at an overpressure level in excess of 110mbar and the
buildings close to the main gate are just beyond the range to 70mbar. The frequency of
impact by overpressures in the 70mbar range is in the order of 1E-06 to 1E-07 per year. For
the lowest overpressure level plotted (20mbar) the onsite buildings are within the 1E-04 per
year contour. Specific overpressure frequency values atgpoint locations on the onsite

buildings are given in Table 4.1. O;\(\é‘
g
Table 4.1 Overpressure Frequeatiés at Onsite Buildings
S
Location Frequency of mpg@ﬁm 20mbar | Frequency of more than 70mbar
but less t@q\\ﬂmbar but less than 110mbar
Control Building 138E04 9.30E-06
Administration Building O 1 33E-04 0.00E+00
Canteen . S1.32E-04 0.00E+00
Laboratory O 1.33E-04 0.00E+00
§¥

4.1.2 Thermal Radiation
The control building is not impacted at thermal radiation levels in excess of 12kW/m?. Most

of the onsite buildings are just within the range to 6kW/m?. The frequencies of thermal
radiation impact at point locations on the onsite buildings are given in Table 4.2.

Table 4.2 Jet Fire Frequencies at Onsite Buildings

Location Frequency of | Frequency of | Frequency of | Frequency of | Frequency of
Flash Fire Thermal Thermal Thermal Thermal
Radiation Radiation Radiation Radiation
from Jet from Jet from Jet from Jet
Fires Fires Fires Fires
(20kW/m2) (12kW/m2) {6kW/m2) {4kW/m2)
Contro! Building 2.36E-06 0 0 3.69E-07 1.2E-06
Administration Building 6.55E-07 0 0 1.12E-08 2.28E-07
Canteen 6.36E-09 0 0 0 1.42E-07
Laboratory 1.16E-08 0 0 1.50E-08 2.54E-07
Warehouse 1.56E-06 0 0 2.25E-08 2.87E-07
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4.2 Hazard Predictions at Offsite Locations
4.2.1 Overpressure

The hazard frequency contours for 70mbar show that they do not extend south of the onsite
building area, which is some 150m north of the R314. The 20mbar contours are more
extensive, with the road being just outside the 1E-O4per year contour. The nearest offsite
buildings are in the region where the frequency contours are dropping rapidly, with the
closest buildings being subject to this overpressure level at frequencies of the order of 1E-
O5per year, buildings slightly further away are subject to this level of overpressure at
frequencies of the order 1E-06 to 3E-07per year.

4.2.2 Thermal Radiation

Some of the higher consequence level pool fire contours (20 and 12kW/m?) extend offsite
across the north westem terminal security fence boundary, but none impacts the trees outside
the security fence. None of the lower levels (more relevant for people than trees) extend
significantly further outside the security fence. &

N

Jet fire exposure extends outside the security fence bo gl}’ at low frequencies for both 20
and 12kW/m?; there is a small area of trees to t&%@uth east that is subject to a thermal
radiation level above 12kW/m? at a frequency hﬁi@éen 1E-06 and 3E-07per year. The lower
levels of thermal radiation (6 and 4kW/m?) e&%pﬂ well beyond the security fence, but do not
reach the road or occupied offsite buildingds.oooé

&

R\
The flash fire contours extend over Q@&{@of the tree banks in all directions at frequencies up
to 1E-O5per year, but again do not re: the road or occupied offsite buildings.
X
The higher levels of short @ﬁ\ion fireball type events impact some areas of trees at
frequencies in excess of 1E-O5per year, but again the lower levels do not reach the road or
occupied offsite buildings.

The frequencies at which the fire and explosion hazards are experienced at certain points
around the terminal (identified in Appendix IV) are given in Table 4.3.

Table 4.3 Hazard Frequencies for Offsite Locations

Location Frequency of
>20mbar but Frequency of Frequency of Frequency of

<70mbar Flash Fire >1000TDU >500TDU
Building 1 1.84E-05 0 0 1.12E-08
Building 2 1.47E-05 0 0 0
Building 3 9.34E-06 0 0 0
Road 1 4.46E-05 9.55E-09 0 4.28E-07
Road 2 8.28E-05 0 0 3.7T4E-09
Road 3 5.38E-05 0 0 0
Intersection NW 1.32E-04 6.07E-07 3.12E-05 1.47E-04
Intersection NE 8.14E-05 1.68E-07 1.64E-06 7.30E-06
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4.2.3 Major Failures

The scenarios that cause the highest level of overpressure or thermal radiation at the closest
building to the terminal (Building 1 on the map) are identified below:

e Overpressure. Full bore failure of the slugcatcher outlet, with the cloud directed towards
the main process area, and delayed ignition gives an overpressure at Building 1 of
26mbar.

e Thermal radiation. Failure of the sales gas export line, with the release directed towards
Building 1 with immediate ignition gives a thermal radiation level of 11kW/m? or
300TDU for a 13s duration fireball.

An overpressure of 26mbar would be expected only to crack or break windows (crack small
windows, break large windows). The glass breakage would not be particularly forceful and
high velocity shards of glass would not be produced. No building damage would be
anticipated, and no fatalities would be anticipated. A thermal radiation level of 11kW/m?
would cause pain on exposed skin in approximately six seconds, but even if exposure was for

the whole of the duration of the fireball type combustion, gﬁlevels are too low to give fatal

injuries. N
S
43 Trees AN
S
&Q&\?
4.3.1 The Potential for a Tree Fire to A\\Ebigt the Terminal

&
The predicted level of thermal radiatigﬁf@f“?he control building, from tree block B some 40m
away is 18kW/m?. This level of tl'f‘%@al radiation would be required to exist for some 10
minutes before buildings would bedxpected to ignite. This is considerably longer than the
anticipated fire exposure duratigfff\\of -2 minutes. The control building is designed with an
external construction of two Idurs fire resistance. A tree fire is therefore adjudged not to

present a hazard to the control building or the control functions within the building.

The minimum separation between the process areas and a tree bank is some 80m (to the tree
bank to the east). This gives a predicted thermal radiation level of 8kW/m?, which is too low
to affect the integrity of the equipment, or the control functions.

4.3.2 The Potential for an Incident on the Terminal to affect the Trees

The jet fire contours for 20kW/m? do not extend over any trees that will remain after the
terminal has been constructed. The jet fire contours for 12kW/m® at a frequency between 1E-
06 and 3E-07per year cover a small area of the tree bank to the west of the terminal and the
tree bank to the south of the terminal.

Based on the initial operating conditions (Appendix XIII), the frequency at which a fireball
could impact the trees is approximately 1E-OSper year (tree bank to the east). The banks to
the north and west border the 3E-07per year contour. Levels of thermal radiation sufficient to
ignite the trees are predicted to occur just less than 1E-04per year (bank to the east and to the
north), and around 1E-06per year for the bank to the west.
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The HSA asked for clarification on the potential effects of terminal fires on the surrounding
woodland, so the thermal radiation calculations were repeated, but this time incorporated the
effect of certain control facilities, and the decrease in flowrate and operating pressure
throughout the life of the terminal. These revised contour plots (shown in Appendix XVI) are
considered to more realistic than those in Appendix III.

4.4  Sensitivity Analysis

A sensitivity analysis has been carried out which considered low windspeed conditions to
exist for 30% of the time (rather than 15% as assumed for the base case analysis). Hazard
contours for this sensitivity are presented in Appendix XIV. Comparison of these contours
with those in Appendix XIII shows that increasing the proportion of low windspeed
conditions has negligible effect on either the overpressure or the flash fire contours. This is
not too surprising as although the clouds are wider in low windspeed conditions, they have
shorter downwind distances along the ground (because of lift off).
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HSA Issue 2 Notification (AMEC Rev 5)

a.

Justification required for raw methanol flammable threshold value

b. Consideration should be given to waste inventories that may be classified as

."c R

dangerous substances
Statement requested on impact of Seveso amendment on terminal status

Response

d.

The Raw Methanol (Aqueous Methanol) for the Corrib terminal ranges from 18 -
40 wi% methanol in water. The Raw Methanol will be more concentrated in the
early years of production, becoming more diluted in later years. The flashpoint of
Raw Methanol! ranges between 43 °C and 29 °C. Therefore under the Seveso
Directive, Raw Methanol will be classified as a Part 2 flammable liquid (6) with a
qualifying inventory as per {Articles 6 & 7} of 5,000 tonnes and a qualifying
inventory as per (Aricle 9) of 50,000 tonnes, as indicated in Table 2 of
Hazardous Substances inventory. Table 1 indicates the existing Hazardous
Substances Inventory that is given in the Lower Tier Site Justification Report
(Doc. no. L3847-000-110-0114 Rev A2) amended to incorporate the above. The
diesel inventory has also been removed as it not considered flammable. Table 1
supersedes Hazardous inventory table on Doc. No. L3847-000-110-0114 Rev.
A2 and QRA Doc. No. 32176601A, Rev.1.
&
&
A review of waste inventories was made by Shell. No further dangerous (waste)
substances were found to be present oftigrsthan that already identified in the
Lower Tier Site Justification Report. \S@St of potentially dangerous waste
substances that are derived from thg%@% processing and utility systems is given
below: é}\o\@
o

Proppant 1280 kgfyear from@tié:@d\tg catcher (D-1002)

Aqueous Methanol Filters (£-1001A/B)

HP Condensate Filters((0;-1 002A/B) and Inlet Separator (D-1003).
Puraspec 1156 from the Feed Gas Mercury Removal Bed (N-1001)
Puraspec 5158 from the Condensate Mercury Removal Bed (N-3001)

Produced water from the Methanol Still {(C-4001) to Water Treatment Plant for
treatment.

Filter-cake from the Water Treatment Plant (collected in a skip and disposed
offsite).

Recovered oil pumped to Offspec Condensate Tank (T-3002) for re-treatment.

Treated water from the Treated Water Sumps (T-8302A/B) discharged to outfall
line.

Offspec water pumped to the Raw Methanal Storage Tanks (T-4001A/B/C) for
re-treatment.

Closed Drains - Stream is sampled - Hydrocarbon stream returned to MP Flash
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Drum (D-3001) and Methanol stream returmed to Methanol Flash Drum
(D-4001). This is accounted for in the general inventories.

Open Drains - Contaminated water is treated in Surface Water Treatment Plant

Firewater overflow is pumped from the open drains sump to the Used Firewater
Pond. Typically, the firewater is then treated, sampled and discharged to
offshore.

Of all of the above waste products, only Puraspec1156 is required to be part of
the dangerous substance inventory given in the Tables 1 and 2 below. All other
waste materials that have been identified are either included in the general
inventories, or are outside the requirements of the Seveso Directive.

A review of the Seveso Directive Amendment 2003/105/EC was made by Shell.
The findings were as follows:

1. Annex 1 2(d) the entry relating to "Automotive and other petroleum spirits’
including diesel and stabilised condensate is replaced by a qualifying inventory
(Articles 6 & 7) of 2500 tonnes and a qualifying inventory (Article 9) of 25000
tonnes.

2. Annex 1 3(b) the entry relating to risk phrases R51/R53 diesel replaced by a
qualifying inventory (Articles 6 & 7) of 200 tonnesFand a qualifying inventory
(Article 9) of 500 tonnes. g

3
3. Substances that are toxic and dangerou%m anovironment are to be separated.

O A
5\0
This is indicted in Table 2 of the Haza\r}@ﬁ@%ubstances Inventory.
Q&
ROV
Based on the inventories indicateg® ¢Table 2, the terminal remains a Lower Tier
Site under the Seveso Directive%a‘?endment 2003/105/EC.

S
\C’OQ
\0
&

S
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HSA Query 3 : Sweet / sour gas.

Gas samples have been recovered from the development wells drilled in the
Corrib-Field. All the samples show a high degree of consistency in terms of gas
composition, no H2S and small amounts of CO2 (as outlined in section 2.4 of the
EIS) were encountered in the aforementioned gas samples.

For a field like Corrib, produced solely under depletion drive (possibly with some
aquifer support) there is no known mechanism for generating H2S where there
was no H2S initially present in the reservoir. Thus no souring is expected in
Cormrib.

No souring has been seen in any dry gas fields in the North Sea or elsewhere that
have been produced purely by depletion, Where hydrocarbon fields have tumed
sour during production, the H2S has always been linked to fluids injected into the
reservoir (e.g. water injected for pressure support in oil fields or gas injected in
underground gas storage fields). Since there will be no injection into the Corrib
reservoir, it is highly unlikely that H2S / ‘sour’ gas can be produced by the Corrib
reservoir in its latter years of production.
@.
NS
Nevertheless, gas composition will be frequentlyﬁonitored and procedures will
be in place to safeguard operations should O@XQ,HZS be detected anywhere in the
production stream. AN
ST
N
S
S
QQ\ \\‘\\Q
\C’OQ
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&
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HSA Issue 4 Rainwater Management (Shell Rev 3)

Shell to provide a detailed description and explanation of the management and
control of effluents arising from rainwater from bunds under the PTW system

‘Response

All storage tanks are located within a secondary containment area i.e. a bund. The
purpose of the bund is to prevent poilution by ensuring that liquid spillage from the
tanks is contained within a walled compound. The purpose of the bund drainage
system is to allow the bund to be drained of liquid, including rainwater, into the
terminal oily water system for treatment prior to sampling and discharge offshore.
This arrangement is in accordance with the requirements of The Institute of
Petroleum ‘Refining Safety Code’ MCSP Part 3 (IP3) and Section 6 of the EPA —
Guidance Note on Storage and Transfer of Materials for Scheduled Activities.

A typical drainage schematic of a bund is shown in Figure 1.

During normal operation the valve draining the tank bund is locked closed providing
positive isolation between the bund and combined drainage system, and is only
opened under the strict control of the terminal permit to work (PTW) system. Any
rainwater that accumulates in the bund will be removed at regular intervals.

P
When the valve is opened the bund drains directly int%&\% terminal oily water system.
The oily water system is a piped systemn that grayi Aé*rains into the open drain sump,
and is then treated in the water treatment pla é% treated water is discharged from
the terminal site via an outfall pipeline to se;s; &,\&

S

The bund also includes an overflow sy gﬁ, which is set above the maximum liquid
level for tank spillage. The purpos fsthis overflow is to allow firewater deluge to
drain directly into the open drain Qw@ ensuring that the bund does not overflow.
SN

The PTW system is a rec Aised industry standard method of ensuring safe
practices and safe systems gf work for the management and control of all operations
on plant. The objective for e PTW system is for a suitably qualified and experienced
authorised person — who will ultimately approve the PTW certificate — to pre-assess
[with all the necessary technical assistance] the hazardous circumstances involved
with the management and disposal of any rainwater contaminants on plant.
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HSA Issue 5 Fire fighting Capability/Sizing of Firewater Pond (AMEC Rev
5)

Shell were requested to

Submit justification for choice of NFPA standards

Submit justification for worst case fire (Condensate/Methanol/Process
Area)

Submit calculation details for 1200 meters cubed per hour of water
Submit justification for 6hrs of firewater (no escalation)

Submit table with tank and bund volumes

Justify bund volume 110%

oo

~pan

Response

a. The following design codes for ‘fire protection’ were selected as the most
applicable and current oil and gas industry best practice:

e Industrial Risk Insurers information IM.2.5.2 * Oil and Chemical Plant
Layout and Spacing' to provide guidance on the separation of plant
areas and storage tanks.

¢ |Institute of Petroleum (IP) ‘Reﬁneryzsgfety Code'-Model Code of safe
Practice (MCSP) part 3 to providesa general guide to safe practice in
the layout, design, constg@li\.;’\l/@ and operation of oit and gas
installations. F°

ST

e Institute of F’etroleyt\{mQ ) Fire Precautions at Petroleum and Bulk
Storage lnstallatiggfsoﬁCSP part19 to define the type of fire protection
and determine O\tﬁgﬁre water quantity calculations based on fire areas
and water defi(;?sg@c\as.

&

« National Eife Protection Association (NFPA) national fire codes for
definingspecific fire protection requirements, such as Foam
extinguishing systems (NFPA 11), Water spray fixed systems (NFPA
15), Centrifugal fire pumps (NFPA 20) and Flammable and
combustible liquids code (NFPA 30).

The national fire codes, published by the National Fire Protection
Association (NFPA) of the USA are widely recognised as the most
authoritative codes for the design and installation of fire protection
systems. In general codes, such as those developed by P, do not cover
detailed design, hence reference must be made to specialist publications
such as the codes of the NFPA. In fact, organisations such as IP, IRI,
Chemical Industries Association (CIA), American Petroleum Institute (API)
and the UK Health & Safety Executive (HSE) take cognisance of the
NFPA publications in the development of their respective codes and
standards, and are duly referenced.

b. A number of fire scenarios were developed such as a slug catcher pool
fire, a condensate and methanol storage tank fire and process area pool
fire, to establish a worst-case fire scenario. These scenarios are indicated
in the following table. The table indicates fire scenarios and corresponding
water/ foam flow-rate required to extinguish or control a fire in the
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designated area. In addition, estimated fire duration and foam application
duration is included.

Firewater & Foam Calculations

Area Code Fire Rate Water Actual Water | Foam | Time to
Area |ipm/m? | Required by | supplied mh | m*%h | extinguish or
m? Code mh control {(mins)

On site Pipeline | IP19 100 4 24 114 <120 Note 7

Slug Catcher IP19 2000 |4 480 570 <120 Note 7

Flare KO Drurns | IP19 100 4 24 114 <120 Note 7

Road Tanker | NFPA 15 | 260 10.2 160 160 <120 Note 7

Loading

Metering IP19 400 4 96 228 <120 Note 7

Process IP19 3000 |4 720 798 <120 Note 7

Condensate IP19 a75 4 234 234 30 Note 6

Storage Bund

Condensate NFPA 11 | 79 4.1 20 20 55 Note 6

Storage  Tank

Top

Condensate NFPA 15 | 811 10.2 496 495 55 Note 6

Storage Deluge

Total Firewater & | 800 (inc. 2

for Condensate \ & hose streams

Storage SF at 50 m/h)

|I;—;lrfaduct IP19 659 4 Q&g&? 158 30 Note 6

ethanol Bund N X

Product NFPA 11 | 56 4.1 é‘%‘é 14 14 55 Note 6

Methanol ) (\r&(\\o

Storage  Tank 1

Top N

Product NFPA 15 | 639 Y 10.2 3N 391 55 Note 6

Methanol 0&55\

Storage Deluge -

Total Firewater 613 (inc. 2

for Product hose streams

Methanol at 50 m%h)

Storage

Raw Methanol | iP19 1371 |4 329 329 20 Note 6

Bund

Raw Methanol | NFPA 11 | 143 41 36 36 30 Note 6

Storage  Tank

Top

Raw Methanol | NFPA 15 | 1135 | 10.2 694 694 30 Note 6

Storage Deluge

Total Firewater 1109 (inc. 2

for Raw hose streams

Methanol at 50 m*h)

Storage
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The firewater and foam calculations in above table are based on the
following:

1. The fire area relates to the equipment area exposed to radiation from
the fire.

2. For storage bunds, the fire area is the net area of the bund excluding
the tank areas.

3. For storage deluge, the fire area is half the surface area of the two
adjacent tanks plus the surface area of the tank on fire.

4. For the storage tank top, the fire area is the liquid surface area in the
tank.

5. The total firewater demand is a sum of the bund, storage tank top,
storage deluge and two additional hose streams of 25 mfh.

6. The duration is the estimated time to extinguish the fire using foam
based on NFPA 11.

7. The estimated time for gasoline pool to burn out, based on a burn
rate of 0.05 kglmzls (Ref. NFPA Fire Pro;g&ion Handbook).
N

The above table indicates the R 7 Methanol Storage as having the
largest firewater demand of 1 #n°/h. This provides the basis for the fire
pump duty of 1200 m¥/h apé & pond sizing. However, the Condensate
Storage represents the rq&\?t@evere liquid fire hazard, since raw methanol
is between 18 and 4({)& ?Zg(f‘ueous mixture.

N
The Institute of @%ﬁ’eum Codes IP3 and IP19 give firewater storage
requirements rangig from 10 hours to 2 hours, respectively. Typically a
gas processingfacility would be provided with 2 hours of firewater storage
with complex units and large storage facility would be
provided with10 hours firewater storage. Considering the remote location
of this terminal from the nearest emergency services, along with its
relatively low inventory of flammable material, the provision of 6 hours
firewater storage was considered appropriate. A gross safety margin of 4
hours [200% over capacity] has therefore been used as the basis for
design. A total of 6 hours storage of firewaler is provided in the firewater
pond. The firewater pond is sized for the full design flow rate of 6 hours at
1200 m*/h which equals 7200 m*®. Make-up water is from the local Town's
water supplies at a rate of 300 m¥h. in addition, there is a 5000 m® used
firewater pond from where firewater may be recycled for further use, if
necessary.

o
=
a
o
o
=
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f.

Codes differ in their recommendations on bund capacity, which vary
between 75% and 110% of the nominal capacity of the container protected.
In some countries, this aspect of design is covered by pollution control
legislation. The Environmental Protection Agency (Ireland) draft IPC
Guidance Note on Storage and Transfer of Materials for Scheduled
Activities recommends that all storage tanks are located within a bunded
area, with the bund capacity being at least 110% of the tank volume or 25%
of the total volume of all the tanks in the bund (whichever is the largest).
This is the basis of design (BOD) given in the Corrib Environmental Impact
Statement (Ref: Table 17.5 of the EIS).

The HSE Safety Guidance Notes (HS (G) 50 & 52) recommend calculating
the bund capacity using the 110% rule.

The Scottish Environmental Protection Agency (SEPA) Pollution Prevention
Guidelines for above ground storage tanks PPG2 recommends 110%. The
10% margin is intended to take account of a range of factors including:

Loss of total contents due to vandalism or accident

e  Sudden tank failure or leaks
e  Overfilling
+ Containment of fire fighting agents )
e  Dynamic factors such as overtopping ge%sed by surge and wave action
following tank failure &
«  An allowance for rain water inoﬁﬁﬁfﬁmd
5\0

&
IP19 indicates for a single tasRo' Q% bund, it should be capable of holding a

volume equal to the maxiny perating capacity of the tank. Where two or

more tanks in a bund, i Id be capable of containing the largest tank or
10% of the total contg K f all tanks standing in the bund, whichever is the
greater. QQOQ*\

5

O
It is noted that'the Construction Industry Research and Information
Association (CIRIA) offer an alternative methodology for bund design, based
on risk. This approach is discussed in our response regarding paving.

The table above indicates criteria are met by providing freeboard for
rainwater, firewater and overtopping.
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HSA Issue 6 Paving Areal Slugcatcher leak off site (Shell Rev 3)

Shell to provide more detail on potential Slugcatcher leak scenarios and to clarify the

“fate of liquid releases to unpaved areas. The figure of 10 tonnes {of condensate) is to

be explained. Also, Shell to address bund overtopping and spigot flow in tank farm
areas.
Response

Slugcatcher Leak Scenarios

A large failure or rupture of the Slugcatcher is considered to be of such a low
probability, the risk is negligible. Reference DNV QRA Section 3.4.

A small bore {50mm dia.) leak could occur from the piping and instrument
connections associated with the boot of the Slugcatcher. This will result in a liquid
throw at a normal operating pressure of 110 barg, to approximately 45m from the
release point, which is within the terminal site boundary. Liquid collected on the
paved area will be collected and drained to the open drains system for treatment.
Liquid collecting on the gravel areas outside the paved areas will be recovered in
accordance with the terminal emergency procedures (to be developed).
S
v\\d‘o
&
. N
The volume of condensate in the boot of Jhes Slugcatcher, between the normal
interface level and the normal condensate@”@ is 8.7m>. Using the density range of
755 kg/m®, the mass of condensate in tlzge\)\&ﬁgcatcher is 6.6 tonnes. This was added
to other medium pressure conc&eﬁgﬂe from other vessels, which equals
approximately 10 tonnes . R
QQ\ ‘\\Q

Storage and Transfer Facilities éooQ

Slugcatcher Volume

3
The storage and transfer ga’céi\lities are designed to the Institute of Petroleumn (IP)
(1981) Refining Safety Code - MCSP Part 3 and recommendations from the
Environment Agency (PPG2) and the HSE guidance notes (HS (G) 50 and 51).

The resulting bund capacities range from 126% to 185% of the nominal capacity of
the largest tank within the bund and include allowances for rainfall, firewater and
surge. Excess firewater is removed via an overflow to the contaminated firewater
pond. Table e (HSA Issue 5) provides details on storage tank and bund volumes.

Bund overtopping as described in the DNV QRA is related to incidents where the
storage tank fails catastrophically by brittle failure or failure following a fire in the
bund or external explosion. Most examples of the brittle failures were in old crude oil
tanks and escalation incidents occurred through ignition by the lighting, heated tanks
or terrorist activity. The storage tanks in this terminal will be built to modern
standards, are not heated and have internal floating roofs with nitrogen blanketing,
therefore reducing the risk of ignition from lighting. 1t is therefore concluded that tank
failure is considered negligible. With regard to bund design, these are constructed
from reinforced concrete and have been designed to withstand hydrostatic load.

The Construction Industry Research and Information Association (CIRIA) produced a
report: “Design of containment systems for the prevention water pollution from
industrial incidents” (1997) RP 164. This report reviewed the legislation, standards
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and codes in force at the time, made comparisons between the various codes and
offered a number of alternative methodologies and recommendations. The Terminal
‘containment system’ is designed to IP3 and meets the requirements of the
Environmental Protection Agency (Ireland). There appear to be three main
differences between CIRIA RP 164 and IP3/EPA (lreland) IPC Guidance Notes

-(Draft) on Storage and Transfer of Materials for Scheduled Activities.

These are:

1. An alternative method for assessing containment capacity (as opposed to the
110% rule).

2. A different method of calculating bund capacity to prevent jetting over the bund
wall.

3. A requirement to assess hydrodynamic loads as well as hydrostatic load.

The first point is discounted by the negligible failure rate of tanks built to BS
2654:1989 Specification for manufacture of vertical steel welded non-refrigerated
storage tanks with butt welded shells for the petroleum industry. The DNV QRA
indicates a failure rate of 1.4E-07 for this type of tank.

The second point is discounted, as there are no tank connections above the bund
wall height, except for connections at the top of the tank, which are above the highest
liquid level. The storage tanks will be regularly inspected yisually for weld seam leaks
and emergency action would be taken to deflect jets oo&{?hquid into the bund.

static head to the brim of the bund, whic tes to a freeboard in excess of the
250mm recommended by CIRIA RP 164" ihis is commonly known as the dynamic
factor and is not to be confused witl&;\ﬁ odynamic load. If a sudden catastrophic
failure of the tank wall occurs, ar\v\@@ arge release of liquid follows, the bund is
subject to a dynamic load of 3 to 6 {iffies of that due to hydrostatic load and the wall
may fail. However, this is a very é\o{@? requency event and is therefore discounted.

Q¢‘\\

S

N
The third point is partially addressed by the g\ﬁf wall design being suitable for a
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HSA Issue 7 Control Building (AMEC Rev 5)

Shell to submit details on what heat flux the control room can withstand.

Response

The location of the Control Building is some 200m south of the Process Area and

40m north of the surrounding tree line. The DNV QRA indicates the maximum heat
flux at the Control Building from a tree fire is approximately 18 kW/m? (equivalent to a
surface temperature of 410 °C) for a period of 2 minutes, 11 kW/mz2 fireball for 13
seconds and a continuous heat flux of 6 kW/m? of approximately 30 minutes during
flaring.

The design for the Control Building is in accordance with the lrish Building
Regulations 1997 and will be required to have a valid fire certificate. It is constructed
of reinforced concrete construction, with reinforced concrete walls and roof. The
Control Building is blast rated for 0.2 bar static over pressure (blast) Openings in the
building envelope are limited to the access doors, which are all blast rated with a
120-minute fire rating.

The reinforced concrete was designed in accordance with BS8110 - “Structural use
of concrete”
&

&

The blast design was based on the following: &

Q

1. Static load of 20 kN/m2 was applied to iﬁg,é\wé'ﬁls and roof, equivalent to a blast
overpressure of 0.2bar. & \
R

2. The material strength was mcreasegﬂ@ 20%

0;

3. Blast load was combined wi hﬁ?]e self-weight of the reinforced concrete structure
in combination with any spepmﬁces supported by the structure. No other load factors
were applied. s

4. The design was also checked using a 50% rebound case.

The fire resistance of a reinforced concrete structure is dependent on the size of the
element, and the concrete cover to the reinforcement, as specified in BS8110: Part 1
“Structural use of concrete”. The fire resistance is expressed in terms of time as
determined in accordance with BS476-Part 8 in which the element is exposed to
heating, which is controlled to follow a standard time/ temperature curve. (Refer to
BSB110: Part 2 “Structural use of concrete code of practice for special
circumstance”)

For the Control Building all reinforcing has a minimum concrete cover of 35mm. The
walls are 300mm thick, which will provide a fire resistance in excess of 2 hours. The
roof is slab and beam construction; the slab is 250mm thick, which will provide a fire
resistance 2 hours.

The fire resistance stated in BS8110 is not directly based on a heat flux. It is based
on the standard timeftemperature curve for building fires that is it will withstand a fire
of up to 1000 °C for 2 hours. Therefore, the reinforced concrete structure will have a
fire resistance of 2 hours. Also, the doors will have a 2 hour fire rating and fire
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integrity of the door and components will be maintained for 2 hours at the above
stated temperature.

The building will remain habitable for at least two hours in the event of a fire. On
detection of an external fire the fire dampers automatically close in the building

-ventilation system, the HVAC system then re-circulates the air within the building.

The building construction and ventilation system have been designed to allow
personnel to safely operate within the control room, even in the event of an external

fire or blast.
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HSA Issue 8 AOB (AMEC Rev 5)
Shell to:

a.  Confirm office building arrangements comply with CIA standard

‘b.  Provide more narrative on access/egress/muster points for employees and

emergency services

c.  Confirm tanker area drains to closed drain system
d.  Confirm firewater pumps in separate cells

e. Confirm pipes to hydrants are underground

Response

a. The location of the Administration and Maintenance Building is some 220m
south of the Process Area and 20m north of the surrounding tree line,
Extrapolation of data from the DNV QRA indicates a maximum heat flux at the
Administration and Maintenance Building from a tree fire of approximately 25
kW/m? (equivalent to a surface temperature of 480 °C) in year 1 to
approxmately 30 kW/m2 in year 15, for a period of 2 minutes, 11 kW/m2 fireball
for 13 seconds and a continuous heat flux of 4 kW/m? of approximately 30
minutes during flaring.

The design for the Administration and Maintenang& Buildings is in accordance
with the Irish Building Regulations 1997 and wié@e issued with a fire certificate.
. \\\’ A
The Administration and Mainten é\qéé\Buildings are of steel-framed
construction, with brick and block infif’géhels, and profile metai roofing panels,
There are no window or door opg?ﬁ{zz%s on South (forest) side of the building.
The buildings are of brick and £ construction on the South side, which will
provide protection to persoQ\ ‘ 0)\B\zac:uating the building.

KL N
A review of the CIA G@ﬁ%nce for the Location and Design of Occupied
Buildings on Chemical Manufacturing Sites (1998) was carried out. Based on
the design informatjesft given above and using the conditions presented in the
CIA guidance for “explosion hazards the following calculations indicate
Individual Risk levels below 1E-06 and therefore it is considered that the
building meets the requirements of the CIA guide.

Building Explosion Vuinerability | Occupancy Individual Risk
Frequency (see Note below)

Administration | 1E-04 <0.01 0.2 2E-07
Buildings

Noté: Vulnerability of <0.01 is based on overpressure at building is <10kPa or
0.1bar at a frequency of 1E-04 from DNV QRA and using CIA Guidance Fig 8.

With regard to thermal hazards, the Administration and Maintenance Building
design give sufficient protection for the occupants to escape. Concerning
escape from the buildings, the recommended radiation of 6.3 kwim? is
exceeded during a tree fire, however escape would be via doors at the north
side of the buildings and protection will be provided by the building profile itself
until the escape route along the roadway is reached.

b. Emergency plans will be in place prior to start up of the Terminal. These will
provide action plans for plant, buildings and offsite hazards. Regular internal
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emergency response drills will be performed within the Terminal. Initially the
Terminal manager will be responsible for co-ordinating emergency procedures
for evacuation and first response of the on-site emergency services. Once the
County Mayo Fire and Rescue Services arrive on site, they will take over the
responsibility for co-ordinating emergency procedures.

The access/egress/muster points for employees and emergency services from
terminal incidents is generally from the work area using the most direct route to
the terminal road and then to the muster point in the car park just beyond the
Guard House. Escape from the Administration Building to the muster point in
the car park, is via the protected escape routes within the building itself. For
incidents external to the Terminal such as a tree fire, the escape route is from
the work area to the muster point in the car park, or if the car park is not
available, there are two alternatives escape routes. One is to the eastern exit
from the Terminal via the Terminal road between the process area and the
contaminated firewater pond. The other is the western exit from the Terminal
just beyond the export pipeline.

The tanker area is provided with a paved area and local sump sized to handle
spills and normal rainfall. The sump outlet is provided with an isolation valve,
which drains into the open drains system for treatment and disposal offshore.

The open drains sump has a design;capacity.of 1 346m®Which will contalnthe
N

catastrophic failure of a road tanker! &

&
The 4x50% fire pumps are housed in d{s‘{i@ in 2-hour fire rated enclosures
within the Fire Pump House. This arr. ent gives an acceptable availability

of 99.96%. Each fire pump is desig@f o NFPA 20 and can be operated to a
maximum of 150% of rated ﬂow..\\ 0‘1@5
&
)
The firewater ring main an{?&é)f@ipes connected to hydrants are underground.
N\
R

S
éé,\\é\

S
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XI.

SEPARATION DISTANCES

This Appendix contains some examples of hazardous installations in rural areas where trees
have been used to provide screening for visual impact purposes. One example is of an oil
separation facility in the UK, and the others are gas reception facilities in the Netherlands.

Also shown in Table XI.2 is a list of separation distances that are contained in codes of
practice that are in common usage (these distances are minimum separation distances).

Table X1.1 Examples of Separation Distances for Process Plants

Location Plant Distance (m) from | Distance (m) from Other
control building to | process facility to
trees trees
Qil separation Oil/gas scparation 15 60 22m separation for
facility, UK in forest/heath area. ground flares. 35m
separation between
LPG storage and
trees.
Westerveld, Gas processing with 15 25 Condensate/water
Netherlands thin tree screen. 0@' storage 25m from
& trees.
Hardenberg, Well and initial & 10-15 Unmanned
Netherlands processing. \* 3 P installation.
Ten Arlo, Gas processing with 15 og? Q‘S\O 20-25 to slugcatcher
Netherlands thin tree screen \\QA*
Roden, Netherlands | Well and initial . oo%&‘z‘” 15 15m between
processing,. é’}\ & condensate/water
. \Q‘&(\\O storage tanks and
& %‘\\Q forest. Installation
(,0Q close to golf course.
Tietjerk, Well and initial 15 40 Normally
Netherlands processing wuh&é;l unmanned
tree screen. installation.

Table XI.2 Examples of Separation Distances from Codes of Practice

Description

Applicable to

Separation
Distance {m)

Reference

30 HS(G)34 (published in 1987
but now withdrawn. HSW 30,
HS(G) 15, LPGIA Code of
Practice No 1, Shell LPG

Installations.

Vessels containing more
than 150te LPG.

Separation from buildings,
boundaries and property line

Separation from outer | Fixed and floating roof | 15 HS(G) 52 (published in 1991).
boundarics tanks containing more than The Storage of Flammable
250m’ highly flammable Liquids in Tanks.
liquids.
Separation from buildings, | Pressurised  storage of | 60 ICI Engineering Code.
boundaries and property linc | ethylene.
' Refrigerated storage of | 90 ICI Engineering Code.
elhylene.
PA32176601 - PXC\WORD\REPORTAHS A REPORTA\REVI'APPXI-SEPARATIONDISTANCES.DOC Revision 1

EPA Export 08-07-2014:23:47:36



I

PR

P

L

oo e R

T s

Shell E&P Ireland X1.2 DNV Consulting
Quantified RA Bellanaboy Terminal (HSA) April 2004
Description Applicable to Separation Reference
Distance (m)

Separation distance between | Buildings. Sufficient  so [ AS/NZS 1596:1997 (Storage
building and vessel containing that thermal | and handling of LP Gas.
LPG radiation from

building  does

not exceed

10kW/m2  on

the LPG vessel.
Separation distance between | Vessels above 500kL | 22 AS/NZS 1596:1997 (Storage
public place (i.e. a place open | (approximately 250te}. and handling of LP Gas.
to the public) and vessel
containing LPG
Separation distance between | Vessels above  500kL | 45 AS/NZS 1596:1997 (Storage
protected place (i.e. a building | (approximately 250te). and handling of LP Gas.

or open area where people
may assemble in large
numbers, or people are
employed) and vessel

containing LPG
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Figure XI.1 Site Plan- Qil Separation, UK

Ground flares

Y4 km

o =

o »
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Operations centre

Access Road
(3.3km from junction with A road to

gatehouse)

Qil wells

Canteen

Guard house

Control room

Process plant

Mounded LPG
storage
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Figure XI.2 Well and First Stage Process Facilities
Well
27-09-1485 HARDEMNBERG-GASEEHAND INSTALL.
Revision 1
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Figure XI.3 Gas Process Facilities
Control Room

Main
Glycol Area
Storage
8-10-1994  WESTERVELD-GASBEHAND.INST.
Revision |
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Figure XI.4 Gas Process Facilities (with slugcatchers)

Main Process

Revision |
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Figure X1.5 Wells and First Stage Separation
04-07-2001 RODEN-1
Revision 1
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Figure X1.6 Wells and First Stage Separation

Well
Water/Cogd
Main
Processing
Control
Room
14-10-1994  Roden 100
Revision i
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Figure X1.7 Wells and First Stage Processing
Wells
Control
Water/Cor
Main
Process
13-10-1886  Tietierk 300
Revision 1
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Shell E&P Ireland XII.1 DNV Consulting
Quantified RA Bellanaboy Terminal {(HSA) April 2004

XII. POTENTIAL ESCALATION EVENTS

Escalation occurs if a small release, usually an ignited release, causes a larger release to
oceur, usually by flame impingement. Typically a flame from a small leak could impinge on
a vessel or piping, and this could subsequently fail allowing the contents of the vessel or
piping to be released. On a plant which has been constructed, the normal way to analyse
potential escalation is to identify the vessels that have a large inventory of flammable
material, especially those vessels containing liquefied flammable gas, and then identify plant
or equipment in the vicinity that has the potential to give an ignited flame which could
impinge on the receptor. For the proposed plant the most likely source for escalation has
been taken as the high pressure gas system. A distance within which a potential receptor
would be at risk has been determined for a range of hole sizes, together with an indication as
to where these may be relevant. These are given in Table XII.1.

Table XII.1 Jet Flame Escalations

Pressure in Hole Size Hazard Comment
Gas System (mm) Distance
(m)
135 2 4 Applicable to import syslgpl including the slugcatcher.
5 8 @&
12 16 ‘ ﬁo\
25 29 S
50 51 E°
106 2 3 Applicabtedo D-1003 and mercury removal directly and other
vessels'inithe vicinity of piping upstream of D-2007.
5 7 S
12 12 ho‘%&
25 26 <SS
50 46 O
70 2 3 é’\\v Applicable to D-2007 and D-2009, directly and other vessels in
UOQ the vicinity of piping between D-2007 and the compressors,
5 6
12 12
25 22
= 50 39
88 2 3 Applicable to the system downstream of the compressors and
vessels in the vicinity of this piping, e.g. odorant storage.
5 7
12 13
25 24
50 43
10 2 1 Applicable to the flare line upstream of D-8101.
5 3
12 6
25 10
50 18

This table can be used to indicate the hole size in the high pressure gas system that could
cause escalation to equipment in the vicinity. The consequences following failure have been
included in the QRA, as major failures of all equipment items (except those specifically listed
in Section 3.4) have been included.
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Pool fires can also lead to escalations. One of the locations where there could be a leak and
pool fire is in the road tanker transfer facility. A major leak could cause a pool with a
diameter of up to 33m, (based on conservative modelling assumptions of no drainage, and flat
land). With ignition, the predicted thermal radiation levels on the nearest point of the
adjacent storage tanks (T-4002A/B) are shown in Table XI1.2. A smaller, but still significant
leak that results in a 15m diameter pool fire in the road tanker loading bay, gives maximum
thermal radiation levels of SkW/m?, so escalation would not be expected.

Small leaks of methanol or condensate in the process area which ignite could also cause
escalation. Predicted frequencies for pool fires in excess of 5m diameter are shown in Table
XIL3. Again both the direct consequences from the pool fire and the escalated consequences
have been included in the analysis.

Table XI1.2 Predicted Thermal Radiation Levels at T-4002A/B — Major Spillage in

Road Tanker Bay
Windspeed (m/s) Predicted Thermal Radiation Level at Comment
the Nearest Point on the Tank
i 21 . | Escalation unlikely
2 25 Y | Escalation unlikely
5 37 & Escalation possible
15 In flame A) Escalation possible
Fa’

Table XII.3 Predicted FrequenrQ\} ir Pool Fires in the Process Area
PA

s
Pool Diameter & Predicted Frequency
m S5 (per year)
>5 <N 5.5E-04
>15 £° 6.2E-05
T3 1.7E-05
&
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XV. DANGEROUS DOSE

The contour plots in Appendix XIII of this report show various hazards and different
consequence levels. The HSA has requested that a composite contour plot is compiled to
show the frequency of exceeding a Dangerous Dose. This plot combines the following:

Frequency of overpressure in excess of 140mbar
e Frequency of thermal radiation from jet fires and fireballs that is in excess of

PR

: 1000(kW/m?) '3 5
I s Frequency of flash fires (using a concentration of half of the lower flammable limit to
define the cloud)

%

: The plot is shown in Figure XV.1. This contour plot uses the plots in Appendix XIII, and
therefore the thermal radiation contribution is conservative as it does not take into account the

o factors incorporated in the contour plots presented in Appendix XVI (ie does not take account

i(:; of factors such as the decrease in pressure and flowrate, the effect of ESDs etc). Further, in

determining the flash fire impact, it has been assumed that delayed ignition ignites a cloud
which is been defined by a concentration which is half of the lower flammable limit, and
these clouds are also used for the overpressure effects. &

P:\32176601 - PXC\Word'Report ' HSA Report'Rev ' AppXV-DDCont.doc Revision |
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Figure XV.1 Frequency of Exceeding a Dangerous Dose
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XVI. EXTERNAL FIRE HAZARDS

The contour plots in Appendix XIII of this report show a plot for thermal radiation levels that
could cause the trees around the terminal to be ignited (Figure X1II.14). This indicates that,
although there is no risk to people living around the terminal, there is a potential for an
incident at the terminal to give rise to a tree fire at a frequency of the order of once in 10000
years (1E-Odper year) (see section 4.3.2 of the main report). The HSA has asked DNV to
provide more details about this statement.

The assumptions used to construct the plots were conservative, in that they did not take into
account the effect of either the pressure control equipment or the ESD valves or the reduction
in operating pressure during the life of the terminal. Although this was known at the time of
issue of the report, the assumptions were not refined at that time because there was no hazard
to people. However, because of the interest expressed by the HAS, the potential for external
fire hazards has been re-analysed to give a more accurate hazard frequency contour plot
which is given below. This contour plot includes all high pressure gas events that are
immediately ignited (to give either a jet flame or a fireball).

The re analysis has taken into account the following: o
NS
e The effect of the pressure control equipment in th %\ocess stream.
o The fire and gas detection system whigh\gﬁtomatically closes the emergency
shutdown (ESD) valves at various point J@ﬁghout the process train.
e The reduction in operating pressurgq"?gﬂ} flowrate throughout the lifetime of the
terminal. §§Q®

NN
The analysis has used the pressures atcfogﬁ?rears indicated in Table XVI.1.
(¢

A
Tablg®XV1.1 Operating Conditions
O

@)
Year Plant Operating Pressure in
Throughput section before compressor
(kg/h) (barg)
1 301000 70
5 215000 35
10 $0000 34
15 52000 20

In deriving the revised hazard contour plots it has been assumed that:

e There is no change to the consequences if there is a failure of the pipeline upstream of
the inlet ESD.

e A full bore failure allows the whole contents of the particular section plus 30 seconds
of normal flow to be released which then burns as a fireball, but the ESD closes after
30 seconds.

¢ Holes allow a stable flame to establish.

P:A32176601 - PXC'Wond'Report'HSA Report'Rev]'AppX VI-ExtmlFireHazds doc Revision |
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¢ The consequence level for jet flames is 25kW/m2 (the lowest level for spontaneous
ignition of wood according to Bilo and Kinsman).

 The consequence level (incident thermal flux) for fireballs is dependent on the fireball
duration in accordance with the following relationship (Bilo and Kinsman):

Ks=(-I)xt°

Where
K.=167.6kl/m?s°?
I =incident thermal flux kW/m 2
Iy =25.6kW/m?
t =duration of fireball s

Using these assumptions, the hazard frequency contours for the conditions given in Table
XVL.1 have been determined together with an overall contour plot assuming 5 years operation
at each condition. These are shown in Figures XV.1 to XV.5.

The composite contour plot (Figure XVI.5) now shows that the trees around the terminal are
exposed to the level of thermal radiation that could ignite th# trees at frequencies below 1E-
O5per year (approximately once in 100,000 years). Thisd considered to be a more realistic
prediction than the prediction included in Appendip XIIT which embodied conservative
assumptions. UK data indicates that the frequ(@gﬁof any particular location in a wooded
environment being engulfed by fire is 2E-04Bef“year. The addition of the frequency of
ignition due to the possible events at the tezmistal therefore makes a relatively small increase
to the background frequency for the igni \\g&\)f trees. It should also be recognised that even if
an incident at the terminal did result dgﬁ:\&\ﬂj% ignition of trees in the vicinity, there would be a

negligible risk to people. <R
A
(&)

&

S
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Figure XVI.1 Frequency of Thermal Radiation (Spontaneous Ignition of Woed) — Year 1
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Figure XVL2 Frequency of Thermal Radiation (Spontaneous Ignition of Wood) - Year 5
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Figure XV1.3 Frequency of Thermal Radiation (Spontaneous Ignition of Wood) — Year 10
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Figure XV1.4 Frequency of Thermal Radiation (Spontaneous Ignition of Wood) - Year 15
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Figure XVL.5 Frequency of Thermal Radiation (Spontaneous Ignition of Wood) -
Overall for 20 years operation
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Det Norske Veritas is an autonomous, independent Foundation with the objective of
safeguarding life, property and the environment.
The DNV organisation comprises 300 offices in 100 countries with a total of 5,500 employees.
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@ Shell Exploration & Production

Shell E&P Irelond Limited

Corrib House

52 lower leeson Street

Mr. John Sheeran, Dublin 2
Health and Safety Authority, reland
10 Hogan Place, Tel +353 1 669 4100
Dublin 2 Fax +353 1 669 4101

29th January 2004

Ref: COR-L-16-718

Dear Mr. Sheeran,
In reply to your e-mail of 20-Jan-2004 :

Item 1: ‘The global stability review of the terminal site’ : this report was submitted as a
technical appendix to the EIS (Appendix 1, Volume 1 : geolog? hydrogeology and global
stability). <\\
\% @
Item 2 : With reference to the request for the fo@ggﬁlg documents :
RS
COR-15-PLN-0004 (development phase au@%;‘@lew schedule)
COR-15-PLN-0005 (Quality plan) &eﬁ S
COR-15-PLN-0006 (Verification scggﬁi@g
R
All of these documents are schedu{&ﬂofor revision, to reflect the revised execution plan for the
Corrib project. These revised pr@@dures will demonstrate an equal level of rigour/standard with
respect to the management ofYerification (including third party).

Notwithstanding the above, section 4 of “The National Authority for Occupational Safety and
Health (NAOSH) - briefing document’ outlines the approach that will be taken with regard to
project management of Quality Assurance including third party verification

It is planned that these documents will be revised if / when planning permission is granted and
before work recommences.

Item 3 : Please find enclosed 4 copies of all the even numbered pages of Appendix 11 of the
QRA.

Item 4 : The lower tier site justificaton (document number 1.3847-000-110-0114) was issued on
the 20/06/°03, at which time Enterprse Energy Ireland Limited was the name of the company.
Subsequent to that date, and as a result of the takeover of Enterprise Oil by the
RoyalDutch/Shell Group, the name of the company has been changed to Shell E&P Ireland
Limited. I trust this explains the apparent discrepancy in company titles , to your satisfaction.

Registered Qlfice
Corib House

52 lower ieeson Stiget
Dublin 2. Ireland

Registered in reland
Number 316588

VAT Number. | E.6336588 P
ERAEXPort.08-07-2014.23:47:38
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Item 5 : As requested, please find enclosed 4 copies of an overall risk profile for the site .

Item 6 : Planned frequency of using the pig receiver : baseline survey to be performed in the
eatly years of operation, thereafter, nominally, 5 yeatly inspections . Regarding frequency of
usage of the BGE pig launcher , please find enclosed 4 copies of emails in response to this
request.

Yours Sincerely,

(LT

Gerry Céstello

EPA.EXport.08-07-2014.23:47.38
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Shell E&P Ireland

XL1

Quantified RA Bellanaboy Terminal (HSA)

DNV Consulting
December 2403

XI.

SEPARATION DISTANCES

This Appendix contains some examples of hazardous installations in rural areas where trees
have been used to provide screening for visual impact purposes. One example is of an oil
separation facility in the UK, and the others are gas reception facilities in the Netherlands.

Also shown in Table X1.2 is a list of separation distances that are contained in codes of
practice that are in common usage (these distances are minimum separation distances).

Table XI.1 Examples of Separation Distances for Process Plants

Location Plant Distance (m) from | Distance (m) from Other
control building to | process facility to
trees trees
Oil separation Oilgas separation 15 60 22m separation for
facility, UK in forest/heath area. ground flares. 55m
separation between
LPG storage and
trees.
Westerveld, Gas processing with 15 25 Condensate/water
Netherlands thin tree screen. 0&' storage 25m from
& trees.
Hardenberg, Well and initial & 10-15 Unmanned
Netherlands processing. & ﬁ insiallation.
Ten Arlo, Gas processing with 15 ogﬁo\é 20-25 to slugcaltcher
Netherlands thin tree screen & @b
Roden, Netherlands | Well and initial X 15 15m between
processing. y'\\oooé condensate/water
&@0 S storage tanks and
\‘\Q.\é)(‘\\ forest. Installation
Pt close to golf course.
Tietjerk, Well and initial 6\0"‘ 15 40 Normally
Netherlands processing with g\h unmanned
tree screen. installation.
)

Table XI.2 Examples of Separation Distances from Codes of Practice

Description Applicable to Separation Reference
Distance (m)
Separation from buildings, | Vessels containing more | 30 HS(G)34 (published in 1987
boundaries and property line | than 150te LPG. but now withdrawn, HSW 30,
HS(G) 15, LPGIA Code of
Practice No 1, Shell LPG
Installations.
Separation from outer | Fixed and floating roof | 15 HS(G) 52 (published in 1991),
boundaries tanks containing more than The Storage of Flammable
250m’ highly flammable Liquids in Tanks.
liquids.
Scparation from buildings, | Pressurised storage of | 60 ICI Engineering Code.
boundaries and property line | ethylene.
Refrigerated storage of | 90 ICI Engineering Code.
ethylene.
P:32176601 - PXC\WORD'\REFORTVHSA REPORT\APPXI-SEPARATIONDISTANCES DOC Revision t
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Shell E&P Ireland XL2 DNV Consulting
Quantificd RA Bellanaboy Terminal (HSA) December 2003
Description Applicable to Separation Reifercnce

Distance (m}
Separation distance between | Buildings. Sufficient  so | AS/NZS 1596:1997 (Siorage

building and vessel containing
LPG

that thermal
radiation from
building  does
not exceed
10kW/m2 on
the LPG vessel.

and handling of LP Gas.

Separation distance between
public place (i.e. a place open
to the public) and vessel
containing LPG

Vessels above  500kL
(approximately 2501c).

22

AS/NZS 1596:1997 (Storage
and handling of LP Gas.

Separation distance between
protected place (i.c. a building
or open area where people
may assemble in large
numbers, or pecople are
employed) and vessel
containing LPG

Vessels above  SO00kL
{approximately 250te).

45

AS/NZS 1596:1997 (Storage
and handling of LP Gas,

&
L

Note that the distances quoted above are the ‘minimum se

&

P:A32176601 - PXC\WORD\REPORTAHS A REPORTAAPPX1-SEFARATIONDISTANCES.DOC
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Quantified RA Bellanaboy Terminal (HSA) December 2003
Figure XI.2 Well and First Stage Process Facilities

Well
27.09-1985  HARDENBERG -GASBEHAND INSTALL
Revision 1
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Figure X14 Gas Process Facilities (with slugcatchers)

Main Process
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Figure X1.6 Wells and First Stage Separation

Well

Control
Room

14-10:1994)4' Roden 100
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Watters, Keith G SEPIL-EPE-T-IP

From: Carrigy, Mark W SEPIL-EPE-T-IP
Sent: 26 January 2004 10:52

To: Watters, Keith G SEPIL-EPE-T-IP
Subject: FW: BGE and pigging

—-Qriginal Message—----
From: Gallagher, Paul T SEPIL-EPE-T-IP

Sent: 23 January 2004 14:15

To: 'Peter Clarke’; Eoghan Lynch - ARUP; Brendan Mangan
Ce: Carrigy, Mark W SEPIL-EPE-T-IP

Subject: RE: BGE and pigging

Peter,

Thanks a lot for that. It helps a lot.

Regards

Paul

Paul Gallagher

Onshore Pipeline Engineer

Shell E&P Ireland Lid. &
Corrib House, 52 Lower Leeson Street, Dubilin 2, ireland &
Telephone: 353-(0)1-603-4810 &
Mobile: 353-(0)86-837-5879 S
E-mail: paul.gallagher@shell.com & &\0

——Original Message—— N

From:

Sent: 23 January 2004 13:58°, ©

To: Gallagher, Paul T § E‘f -EPE-T-IP; Eoghan Lynch - ARUP; Brendan
Mangan

Cc: Carrigy, Mark W§EPIL-EPE T-IP

Subject: RE: BGE and&bglng

S

Paul,

see attached wording
regards

Peter Clarke

---=-0riginal Message—-

From: Gallagher, Paul T SEPIL-EPE-T-IP [mailto:paul.gallagher@shell.com]
Sent: 23 January 2004 13:07

To: Eoghan Lynch - ARUP; Brendan Mangan - BGE; Peter Clarke - BGE

Cc: Carrigy, Mark W SEPIL-EPE-T-IP

Subject: FW: BGE and pigging

Eoghan / Brendan,

We recently received a request from the HSA as to the frequency
of pigging of the BGE Linkline from the Corrib terminal. We
would like to respond to this request in writing before Mayo
County Council determines our Planning Application. Please

EPA_EXxport.08-07-2014.23:47:38



O

confirm if we could send a response along the lines of the
following:

“BGE would carry out an initial pigging survey of the pipeline
after installation and commissioning, which would determine a
base line condition of the pipeline. Thereafter the Operations and
maintenance of the pipeline would be undertaken in accordance
with the recommendations of IS 328. Currently the frequency of
internal inspection does not exceed 10 years but this is subject to
ongoing review taking into account the good operating history on
existing pipelines which have been internally inspected to date ."

Please advise if this is acceptable or alternate wording.
Regards
Paul

Paul Gallagher &
Onshore Pipeline Engineer V\\é
Shell E&P Ireland Ltd. & @
Corrib House, 52 Lower LeesgﬁQSh‘eet Dublin 2, Ireland
Telephone: 353-(0)1-603-4816
Mobile: 353-(0)86-837 éﬁg«)
E-mail: paul. gallagher@&gll com
<
éé,\\é\

S
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: @ Shell Exploration & Production

"y,

Shell E&P Ireland Limited

rﬂ.p : Kél/i J 8ULC KL& \'( Conib House

52 lower leeson Shreet

Dublin 2

Ireland

Tel +353 1 669 4100
Fax +353 1 669 4101

Dear Mr. Sheeran,
In reply to your email of 02-02-’04 :

1) the contaminated firewater retention pond has been designed in accordance
with the EPA draft guidance note ‘fire-water retention facilities (draft)
guidance note to industry on the requirements for fire-water retention
facilities’. Accordingly, I can confirm that the design capacity of the
contaminated firewater retention pond is sufficient to retain: a) all firewater to
quench a worst credible fire, b) associated spilled material generated by a
worst credible fire, ¢) associated rainwater rupéff from paved/unpaved areas
in the event of heavy rainfall during z@,vwrost credible fire, and d) bund
overflow resulting from a worst credilz};‘;de scenario.

N

2) with respect to query 3, the desjg:;%0 \)hc plant is such that hazardous material
cannot spill onto any unp \gﬁrea. Section 2.5.11 of the EIS gives an
overview of the drainage sg(si\?@s for the terminal.

<

O
3) For clarification, the follgbvfr’ing tanks will have internal floating roofs :
T3001 A/B CQﬁensate storage tanks
T4001 A/B/C€ Raw methanol storage tanks
T4002 A/B Product methanol storage tanks

Yours sincerely

gl

Gerry Costello (Corrib project director)

Registered Cifice
Cortib House,

52 lower leeson Street,
Dublin 2, trelond

Ragistared in eland
Number: 316588
VAT Number | E 6336588 P
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CORRIB FIELD DEVELOPMENT : BELLANABOY BRIDGE GAS TERMINAL

TITLE

RETENTION REPORT

DOCUMENT No. L3847-000-110-0042 Al 25/01/02 3of7

1.0

2.0

INTRODUCTION

In the event of fire, firewater may become contaminated with hydrocarbon
products and any material used to fight the fire such as AFFF. To protect the
environment in view of the uncertain level of contamination of the used
firewater, the operating philosophy will be to collect this water initially in the
Open Drains Sump T-8301 and then to pump to the proposed new
Contaminated Firewater Pond T-8306 using the Firewater Transfer Pump P-
8304. This sump will be located West of the Flare Stack outside the sterile
area.

The purpose of this note is to define the controlling fire scenario and
corresponding firewater demands to enable P-8304 and T-8306 to be sized
and to prevent any possibility of T-8301 and/or T-8306 overflowing during an
emergency leading to contamination of the surface water system.

DESIGN CASE FIRE SCENARIO éoé”'
&

The following assumptions are made ig\\ﬁhiygssessment:
oy

. The contaminated ﬁrewat%ﬁ?{i Qgé\o be retained follows the draft
Environmental Protection ,@Q@ﬁ%y guidance note and is based on the
maximum water likely t@‘\gé used in fighting a fire. The proposed
retention requirements’ aSsume a maximum fire emergency of six
hours at the contrgghﬁ\gﬁe[uge rate of 1200 m%h, which corresponds to
the capacity of the\ g@water pond provided at the Terminal .

° Based on EP%@%idance. the maximum volume of rainfall should be

based on at east 50 mm of rainfall or if significantly different the 20
year, 24 hour rainfall event. In this report, a maximum daily rainfall of
67.8 mm over 24 hours equivalent to 2.828 mm/h has been used
based on the General Information Specification L3847-010-110-0001
Rev A1 which is more stringent than EPA.

e  Firewater deluge rate 1200 m°h over 2, 4 or 6 hours.

. Controlling firewater scenario of 1200 m%h is based on a condensate
tank fire.

e  Condensate bund capacity is 899 m°.

e  Paved areas 13,000 m?, Condensate bund area 1185 m?.

e  Firewater Pond T-8701. Capacity 7,200 m°.

o Both T-8301 and T-8306 will be at low level at start of event. This
should be covered by operational procedures.

The design or extreme fire case scenario is based on a condensate tank fire
with simultaneous deluge on the affected tank and adjacent tanks, the latter
requirement to prevent escalation. It is assumed that the duration of the fire
would last six hours at the peak demand . The deluge water application rate

ERAEXport.08-07-2014:23:47:39,
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CORRIB FIELD DEVELOPMENT : BELLANABOY BRIDGE GAS TERMINAL

TITLE

RETENTION REPORT

DOCUMENT No. L3847-000-110-0042 Al 25/01/02 40f7

3.0

4.0

5.0

is based on the ‘NFPA 15' recommended rate of 10.2 I/min/m? for storage
tanks. Also in this scenario it is assumed that three monitors would be
utilised continuously during the fire. This design case scenario gives a peak
firewater demand of 1200 m3/hr as detailed in Table 4 plus for comparative
purposes the water demand for a product methanol tank and process area
fires.

This peak demand is supplied from four 50% diesel driven fire pumps each
sized for 600 m*/h. Normally two would operate with one on standby and
one under maintenance. Also there are two electrically driven jockey pumps
each of 60 m*h capacity being 5% of fire pump capacity and sufficient for
two hydrants.

CONTAMINATED FIREWATER

Contaminated firewater from the various collection points is routed to the
Open Drains Sump T-8301 via the open drains collection system. In the
event of a confirmed fire, the strategy would be to automatically start P-8304
to ensure T-8301 is kept at the lowest posﬁ’ble level to prevent any
possibility of used firewater over-flowing tcgéﬁ‘ie surface water system. P-
8304 should be on the emergency boag\d'wd hence available throughout an
emergency. 09'726@

O.\

S

FIREWATER DEMANDS 00%\89

POty

The firewater demands fqpéf' \g in the bulk storage area and the process
area are given in Table 49;@\*\
O

&
L Table 4

CONTAMINATED FIREWATER REV DATE PAGE NO.

S Fire Scenario

Condensate Tank Product Methanol | Process Area
Fire Tank Fire Fire

Firewater m3/h m3/h m3/h
Demand

Deluge 818.7 430.0 -

Foam 38.2 26.9

Monitors 342 (3 off) 342 (3 off) 456 (4 off)

Total demand 1200 800 456

A condensate tank fire corresponds to the maximum firewater demand of
1200 m3/hr.
RAINWATER

The rainwater handling capacity given in Table 5 is based on the maximum
daily rainfall of 67.8 mm over 24 hours given in the General Information
Specification (L3847-010-110-0001 Rev A Page 4).

ERAEXport.08-07-2014.23:47:30



CORRIB FIELD DEVELOPMENT : BELLANABOY BRIDGE GAS TERMINAL

TIiTLE CONTAMINATED FIREWATER REV DATE PAGE NO.
RETENTION REPORT
DOCUMENT No. L3847-000-110-0042 A1l 25/01/02 50f7
Table 5
Paved Areas Condensate Tanks Total
Bund

Area m2 13,000 1185 14,185

Rainfall m*h 36.7 3.35 40.05 m°/h

{2.825 mm)

6.0

REQUIRED PUMP CAPACITY

The required size of pump P-8304 to prevent the Open Drain Sump T-8301
overflowing for fire scenarios lasting 2, 4 and 6 hours respectively are given
in Table 6.

Table 6
&
Duration of Fire (h) 2 4 4> 6
In flow to T-8301 , ﬁo\
from: S
- Paved areas 73.4 S 146.8 220.2 220.2
- Condensate 15045y 3911 6318 5618
Bund * St
- Total (m®) SNEF7 4058 6538 5838
Required pump rate <<0‘\ P80 870 1010 885
(m’h) |

3
The last column of ‘gézgle 6 gives the required pump rate when taking into
account allowanceés of 200 m® and 500 m?® for open drains hold up and
evaporation losses respectively over the six hour event.

In all cases the condensate bund will overflow after 0.75 h from initiation of
deluge.

*Values for inflow from condensate bund derived by: (Fire duration — Bund
overflow duration) x (Deluge application rate + Rainfall rate).

EPA_EXxport. 08-07-2014.23:47:30
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CORRIB FIELD DEVELOPMENT : BELLANABOY BRIDGE GAS TERMINAL

TITLE CONTAMINATED FIREWATER REV DATE PAGE NO.
RETENTION REPORT
DOCUMENT No. L.3847-000-110-0042 A1 25/01/02 6of7
7.0 REQUIRED RETENTION VOLUME OF T-8306
The required retention volume of the Contaminated Firewater Sump Tank T-
8306 should cater for the assumed fire-fighting scenarios of 2, 4 and 6 hours
at peak capacity and the assumed maximum daily rainfall of 67.8 mm over
24 hours.
Table 7
Overall event duration (h) 2 4 6
Pumping time (h) 1.25 3.25 5.25 5.25
Total firewater (m°) 1500 3900 6300 | 5800
Total rainwater (m®) 77.6 157.7 237.8 237.8
1577 4058 6538 6038
Less retained capacity of T- 1200 1200 1200 1200
8301 (m3) e
Less holdup capacity in Drains - > - - 200
Systems, (m°) &
Rainwater falling in T-8306 (m3) | 16" 32 47 47
Hence required volume of T- QO@?%QB 2890 5385 4685
8306 (m%) R
The last column in Table Zgives the required volume of the Contaminated
Firewater Pond taking intd @ccount evaporation losses of 500 m°® , estimated
by EEIL, and an open dor\aiﬁs hold up volume of 200 m® over six hour event.
3
o‘gb
80  PUMPING REQUIREMENTS

To prevent the Open Drains Sump T-8301 overflowing in any circumstances,
the following pump capacities should be installed in T-8301 (see Table 8.1).
The effective head difference between P-8304 and T-8306 is estimated to
be 16 mefres including frictional losses and an efficiency of 70% is

assumed,
Table 8
General event duration 2 4 6
{hrs)
Pumping Capacity 280 870 1010 885
(m3/hr)
Line Size a8" 12" 14" 12"
T-8301 to T-8306
Pumping power (kw) 13 44 49 47

EPA-Export 08-07-2014.23:47:39




CORRIB FIELD DEVELOPMENT : BELLANABOY BRIDGE GAS TERMINAL

TITLE

RETENTION REPORT

DOCUMENT No. 1.3847-000-110-0042 A1l 25/01/02 7of7

9.0

10.0

MANAGEMENT OF CONTAMINATED FIREWATER

During normal operation, the Open Drains Sump T-8301 will be kept at low
level by intermittent use of the Tilted Plate Separator Feed Pumps P-8306
A/B, i.e. a capacity of 1200 m* will always be available. In the event of a
confirmed fire, the proposed Firewater Transfer Pump P-8304 will take over
and be used to prevent T-8301 overflowing. The size of P-8304 depends on
the duration of the time the condensate tank firewater deluge system has to
be used. The overall duration is limited by the capacity of the firewater pond
T-8701 which is 7200 m’, i.e. 6 hours at 1200 m*/hr.

The Contaminated Firewater Pond T-8306 has sufficient capacity to contain
any contaminated firewater pumped from T-8301. At the end of an
emergency, contaminated firewater will be distributed between the
condensate bund, T-8301 and T-8306 as indicated in Table 7.

Following an emergency, the strategy will be to empty the affected bund by
gravity to T-8301 and pump forward to T-830% ing P-8304. The disposal
route of the contents of T-8306 will depend gh the degree of contamination,
i.e. on site treatment and return to ﬁre\@ét@‘\pond or disposal offsite. Based
on the capacity of the water treatmgnt:plant (2 x 30 m*hr), it is estimated
that the contaminated fire water Qgiﬁ@ e treated in 50, 90 and 130 hrs for a
fire event lasting 2, 4 and 6 hQLgs?@{é%pectively.
N
S
QQ\ Q\\‘\\Q
SUMMARY \6\"0
The Firewater Tra@ﬁé\r Pump P-8304 will have a capacity of 1000 m*h and
the Contaminated Firewater Pond T-8306 a capacity of 5000 m® , both

figures inciuding a 10% allowance,

Additionally, P-8304 will be on the Emergency Board so that it is always
available.

EPA_EXxport. 08-07-2014.23:47:30
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Shell Exploration & Production

Shell E&P Ireland Limited

Corrib House
Mr. John Sheeran, 52 lower I.ees;r:} ;:Irneezt
Health and Safety Authority, o
113(1)1113{1318 311 Place, Tel +353 1 669 4100
23rd February 2004 Fax +353 1 669 4101

Our Ref : COR-L-16-727

Dear Mr. Sheeran,

In response to your e-mail of 5-02-°04 regarding peat/gabion stability in the
event of an explosion overpressure :

e The gabion wall design complies with Eurocode 7: Geotechnical Design
and BS 8002 - Earth Retaining Structures, as @utlined in section 4.6 of
technical appendix 2 (‘earthworks’) of the EIS? The maximum overpressure
that is predicted at any part of the gabiga‘g%ﬁl is 300 mbar. At this level of
overpressure, the combination of horize tal and vertical pressures on the peat
and the design of the gabion walls \@3& ch that , peat destabilization will not

occur. Syt
A
O
In response to your e-mail ot;< d \\{\@-’04 :
R
o
1) With reference to the doc : “‘Forestry Protection Guidelines Nov 2002 ( Dept

Communications, Marine agg\ atural Resources)’ , I can confirm that :

¢ The planned firebreak distance between the terminal security fence, and the
adjoining forest , is in excess of that recommended in said document.
Moreover, intemnal firebreaks, within our landholding, will be developed and
maintained to the satisfaction of Mayo County Fire Brigade.

e A fire plan will be developed in conjunction with, and to the satisfaction of,
Mayo County Fire Brigade.

2) With reference to the document : Chief Inspectors Guidance Note Series 2 (52)
Process Subject to IPC, S2 1.09 Gasification Processes: Refining of Natural Gas
(Her Majestys Inspectorate of Pollution Nov 1995).

¢ Gas samples have been recovered from the development wells drilled in the
Corrib Field. All the samples show a high degree of consistency in terms of
gas composition, no H2S and small amounts of CO2 (as outlined in section 2.4
of the EIS) were encountered in any of the aforementioned gas samples. There

Regisieied Olfice wijll be no water injected into the Corrib reservoir (as a means of providing
Conib House
52 lover leesen Steat
Dublm 2. heland
Registered in lefand
Number 316588
VAT Number. 1£.6336588 P
EPA_Export.08-07-2014:23:47:39



reservoir support), accordingly, there is no mechanism whereby ‘sour’ gas can
be produced by the Corrib reservoir in its latter years of production.

Please, find enclosed 4 copies of a revision to page VII.4 of the QRA.

Your Sincerely

0O Gerry Costello (Corrib Project director)

_EPA_Export 08-07-2014:23:47:39
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Shell Exploration & Production

6 April 2004

Health and Safety Authority,

10 Hogan Place

Dublin 2

Ireland.

For the attention of Mr. J. Sheeran.

Dear Mr. Sheeran,

Cepy 1

Shell E&P Ireland Limited
Corrib House

52 lower leeson Strest
Dublin 2

Ireland

Tel +353 1 469 4100
Fax +353 1 669 4101

Further to the minutes of the meeting of 03-03-’04 between members of staff of the

Health and Safety Authority and Shell E&P Ireland Limited, here with please find

enclosed 4 copies of responses to issues 1 through to 8efFour copies of the revised

QRA were couriered today to the Health and Safety@%thority offices, at 10 Hogan

Place, Dublin2. This revised QRA addresoséogfﬁssue 8f, as minuted in the
Q

aforementioned meeting. <
SO

&

. . . Q .
Should you require any further mformggé}bb ease do not hesitate to contact me.

N)
&

3
Qo®

% Zt f p \6\0

Gerry Costello
Corrib Project Director

Yours sincerely,

Registered Offica
Conib House,
52 lower leeson Steet

Dublin 2, hefand

Registered in lrefand
Number- 316588
VAT Number: 1.E.6336588 P
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HSA query 1 : Global stability under accident conditions.
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1.0 INTRODUCTION
1.1 Summary

Assessinents have been conducted to assess the integrity of gabions and peat adjacent to
the terminal under accident conditions.. These assessments demonstrate that the integrity
of both the gabions and the peat, adjacent to the terminal footprint, will not be
undermined as a result of an overpressure event (with an event frequency of 1 in 10,000
years). The gabions have a factor of safety of 1.23 and the peat has a minimum factor of
safety of 1.25 in the event of such an overpressure.

1.2 Supporting Work to this Submission

In order to support this submission further expert advice in particular technical fields was
sought. The following parties have provided advice to this submission.

O (1) Arup Consulting Engineers. Principal earthworks designers for Bellanaboy Bridge
3] Terminal assessed the effect of the ptessure wave on the gabion retaining structure
around the northern perimeter of the site.

(2) Applied Ground Engineering Consultants LtdééﬁGEC). Geotechnical advisors to
Shell assessed the stability of existing pefl\t s&@es due to blast loading.
N S

S
(3) APEX Geoservices Ltd. APEX, an Igélgbbo;sed geophysical company with experience
in peat areas, advised on propagag' g "i'pressure waves through peat.
)

(4) QinetiQ. QinetiQ is Eurpﬁto\‘fgrgest science and technology organisation and
formerly an agency of thes sitish Ministry of Defence. QinetiQ are world renowned
experts in research intq\d@?ast effects and have provided technical advice in this
regard. éés\o

S

2.0 DEFINITIONS

) 21  Definition of Accident Conditions

A quantified analysis of risks associated with the processes at the gas terminal has been
carried out by Det Norske Veritas (DNV) (2003).

With respect to accident loading of geotechnical structures based on DNV (2003) the
relevant potential hazard arises from an explosion of a gas/air cloud following a gas leak.
The blast results in pressure a wave which expands outward from the centre of the blast.
The pressure wave, measured as over-pressure, applies an external load to the
surrounding geotechnical structures.

Eurocode 1 refers to the use of probability of 1x10 per year as appropriate for accidental
actions, accordingly, loadings as a result of an explosion associated with 1x10™ per year
frequency, i.e. a one in ten thousand year event, have been used for analysis purposes.
While factors of safety for blast related loading are not available in geotechnical standards
those referred to in Eurocode 1 (National Standards Authority of Ireland (NSAI), 1999)
are used.
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2.2 Critical Geotechnical Structures

The geotechnical structures that could be affected by the resulting pressure wave are as
follows:

(1) Gabion retaining structure around northern perimeter of terminal site, and
(2) Existing peat slopes surrounding the terminal site.

The location of these geotechnical structures with respect to the blast is shown
schematically in Figure 1.

3. RESULTS

3.1 Gabion Retaining Structure
C Gabion walls supporting the slopes around the perimeter of the terminal platform will be
a minimum 3 m wide, founded within the ‘mineral’ soil horizon, underlying the peat.
The DNV report advises that the horizontal (lateral) pressure against a solid wall (face)
will rise to twice that of the vertical pressure, due to, eflection’ effects. However, given
the open-textured nature of the gabion walls (esié‘n\tially stone-filled baskets), there will
be substantial dissipation of the lateral aj}\gﬁessure as it hits the wall, so that the
maximum lateral pressure is likely to bg @ﬁ\ess than twice the vertical pressure. This
pressure is resisted by the mass (w%i‘g?]\ Sof the wall, and the passive resistance of the
retained peat. é",\%o
&&°
The gabion wall design compﬁ\ sSwith Eurocode 7: Geotechnical Design and BS 8002 -
Earth Retaining Structuresé\oqas outlined in section 4.6 of technical appendix 2
(‘earthworks’) of the EI%}"‘The overpressure that is predicted, at a frequency of 1 in
10,000, at any part ofsthe gabion wall is 102 mbar incident (204 mBar reflected)
compared to a design load of 250 mBar. Accordingly, at this level of overpressure, the
{F gabion walls have a design factor of 1.23 and accordingly, destabilization of the gabions
' will not occur.

Applying the load generated by DNV from blast analysis does not destabilise the gabion
wall or adjoining peat.

3.2 Existing Peat Slopes Surrounding Terminal Site
Peat Characteristics

The characteristics of the peat have been assessed based on comprehensive ground
investigation at the site. This has included an assessment of peat thickness, inclination of
potential basal failure plane and undrained peat strength.

Analysis

The global stability of peat in the area surrounding the Bellanaboy Bridge Terminal has
been analysed using 200m by 200m grids for over-pressure loadings based on the DNV
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report. The over-pressure is assumed to work as a uniformly distributed static load
applied vertically to the peat surface. Analysis has taken into account previous work by
Arup (2003).

For each grid the calculated Factor of Safety against global stability failure was
determined before and during the brief period of applied loading.

Results

Results of the analysis are attached in Figure 3. These show the results for the following:
Normal condition - stability prior to blast loading, and

Accident condition - stability during blast loading.

During the brief period of loading, as represented by accident condition, failure is not
reached in any of the cells, that is, the Factor of Safety is greater than 1.0 (Figure 3), with
the minimum factor of safety being 1.25 during the event. Following the blast event and
the dissipation of over-pressure load the ground will return to its normal condition.
Accordingly, the global peat stability will not be undermined under accident events which
have a frequency of 1 in 10,000 years. &
&
QOther areas ) ﬁéz\\
N
o‘\\o«

The impact of the air pressure wave on th€'i¢rminal platform and exposed soil/rock slope
will be predominantly perpendicular tm‘it\@‘?\surface. This will result in compression of the
surface face. Given the stable copditidons and inherent strength of these surfaces, the
explosion event will not create eﬁé)@ﬁdue risk to ground stability.

N
QOOQ\\&
\Q
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