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1 INTRODUCTION AND SCOPE
1.1 Project Background

Ervia is assessing how Carbon Capture and Storage (CCS), located close to large-scale CO2 emitters can
play a role in reducing Ireland’s CO2 emissions. A technical feasibility study on the potential for large-scale
CCS in Ireland was completed by Ervia in 2020.

The general location of Poolbeg Power Station in Dublin was selected for a Central Processing Facility (CPF)
for liguefaction, storage, and export of CO2 overseas via a new marine jetty. The CPF will cater for CO2
captured at 3 emitter locations (Dublin Waste to Energy (Covanta), Poolbeg Power Station and ESB Dublin
Bay (Synergen) CCGT). A new CO: gas pipeline gathering network will transport CO2 from the emitters to the
CPF.

Ervia has appointed RPS / Bechtel to carry out a Pre-FEED study that involves a detailed assessment of the
key CPF, pipeline and storage infrastructure necessary to condition, compress, transport, and store liquid CO2
at Dublin Port for subsequent loading onto ships for export. (Note: The scope of this project does not include
the carbon capture facilities at each emitter).

1.2 Scope

There are two main mechanisms through which CO:2 poses a threat to life. The first and most common
mechanism is through asphyxiation and toxic effects. As CO: is released it reduces the oxygen concentration
of the air to dangerous levels but even at lower concentrations, CO2 can cause headaches, dizziness,
confusion and loss of consciousness. The second mechanism is through cryogenic burns from direct
impingement of personnel from a CO: release. The aim of this dispersion modelling is to determine the toxic
and cryogenic impingement hazard ranges for the cases identified within the HAZID study (Ref. [1]) that could
have significant impact on personnel and the surrounding populations.

The dispersion modelling has been conducted using the industry recognised consequence modelling software
package PHAST (developed by DNV) which has been validated for CO2 dispersion modelling. The results
presented in this document will be used to support pre-FEED engineering decisions with respect to distances
associated with toxic levels of CO2 and cryogenic effects, and also feed into the HIRA.

This report has not considered the potential harm associated with a release of ammonia due to either toxicity
or its flammable hazard as this was not included within the scope of work. However an ammonia specific
dispersion study will need to be carried out at the FEED stage.

MDE1234-RPS-00-DX-RP-Z-0003 | ERVIA CCS Pre-FEED Study | S3 P01 | 22 June 2022
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2

METHODOLOGY

The scope of this work is to conduct dispersion modelling for a range of scenarios, taking account of the
different operating conditions at different parts of the process.

2.1

Scenario Description

The scenarios are defined based on the findings of the HAZID and it was also deemed appropriate to consider
a release from the CO: spheres. A total of 6 scenarios are considered as detailed below. Appendix A shows a
summary table with the complete definition for each scenario. Sections 2.1.1 to 2.1.4 provide the justification
for the parameters used.

D1.

D2.

D3.

DA4.

D5.

D6.

Emitters to CPF Pig Launcher

This is an above ground release at the Power Station/WTE Plant collection point, from the pig
launcher on the pipeline from the Emitters to Dublin CPF, exceeding the pipeline design pressure
(Ref. [2]). The release location is shown on Figure 2-2.

Emitters to CPF Pig Receiver

This is an above ground release at the Dublin CPF from the pig receiver on the pipeline from the
Emitters to Dublin CPF, exceeding the pipeline design pressure (Ref. [2]). The release location is
shown on Figure 2-1.

Dublin CPF Inlet Stream

This is an above ground release at the Dublin CPF and is downstream of the pressure controller
(2P1C01007) and pig receiver at the Dublin CPF. The release is upstream of where the flow splits to
each of the liquefaction trains. The release location is shown on Figure 2-1.

Dublin CO, Storage Sphere

This is an above ground release at the Dublin CPF. This is a generic loss of containment mechanism
(e.g. seal failure, flange leak, corrosion etc.) scenario resulting in a liquid release. The release
location is shown on Figure 2-1.

Dublin Vent Stack

This release is at the Dublin CPF and is based upon an accidental release of CO:2 to the vent stack.
The release location is shown on Figure 2-1.

Dublin Jetty Loading Arm

This release is at the end of the Dublin Jetty Loading Arm. During loading operations, the jetty loading
will be through two out of three arms concurrently, with each arm loading into a different compartment
on the vessel. There are independent safety controls on each loading arm. Therefore, the release is
based on a single loading arm failing and common cause failure has not been considered. The
release location is shown on Figure 2-2.
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2.1.1 Release Elevations

Itis necessary to model the release within PHAST at a specific height. The release elevation for each scenario
and justification is summarised in Table 2-1.

Table 2-1 — Release elevations and justifications for each scenario.

Leak Location

Scenario Release

Scenario Desc. I : Justification (metres from
Num. Elevation end of pipeline)
Release from pid launcher This release location could be from 20*
'OM PIg fauncher-, - ahove valve connections or flanges and a
D1 at the Emitters on pipeline 1 . b
ground representative release height of 1 m

from Emitters to CPF.
has been assumed.

. . This release location could be from 20*
Release from pig receiver ;
T 1m  above valve connections or flanges and a
D2 at the CPF on pipeline 1 i ;
ground representative release height of 1 m

from Emitters to CPF.
has been assumed.

This release location could be from 35"
Release from Dublin CPF 1m  above valve connections or flanges and a
D3 ; h
Inlet Stream ground? representative release height of 1 m
has been assumed.
This release location could be from n/a
Release from Dublin CO2 1m  above valve connections or flanges and a
D4 ; ;
storage sphere. ground? representative release height of 1 m
has been assumed.
This is a release from the vent n/a
D5 Release from Dublin Vent 41m above stack, and therefore was defined as
Stack. ground as the vent stack height of 41m
(Ref. [3]).
Release height defined as the the 10>
. height of jetty deck above the sea
D6 55;%?}?9 Xfr;“ Dublin Jetty 22.5m dabo"e level (6.5 m) plus the height of the
9 9 loading arms above the jetty deck
(16 m).
Notes:

*  Leak location based on distance of pig launcher from nearest isolation point. Isolation credit has only been
taken for XV valves at emitters, and length of pipework from these valves to the pig launchers is assumed
to be 20m.

AN Leak location assumed to be at the splitting point of the liquefaction trains, between the isolation valve
upstream of inlet filter V-2101 and the isolation valves on each liquefaction train.

> Leak location assumed to be failure of loading arm, between the end of the loading arm connected to the
ship and the start of the loading arm at the jetty.

L A release height of 1 m is consistent with the example within (Ref. [8]).
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2.1.2 Release Conditions

The operating and design pressures and temperatures are taken from the HAZID study report (Ref. [1])
depending on the scenario being considered. The release conditions for each scenario are summarised in
Table 2-2. For all release scenarios the composition is assumed to be 100% CO:2 with no account taken of any
impurities. The actual CO2 composition will contain small amounts of other gases within the specification (e.g.
H2S, CO) [Ref. [4]] but to allow for the phase change between liquid and gaseous CO: to be captured correctly
within PHAST these are not included.

Table 2-2 — Release conditions and justifications for each scenario.

Release Release
Vent Flow Rate

Scenario Desc. Phase Pressure Temperature ka/hour
(bara) (°C) (kg )

Release from pig launcher at the Emitters on

D1 pipeline from Emitters to CPF. Gas s 11 i
o2 Reemelompgcver Do o a0 -
D3 Release from Dublin CPF Inlet Stream Gas 325 10 -
D4 Release from Dublin CO: storage sphere. Liquid 27 -27 -
D5 Release from Dublin Vent Stack. Gas 15 -3 236,484
D6 Release from Dublin Jetty Loading Arm Liquid 20 -30 -

2.1.3 Release Direction

An accidental release of CO:2 could be in any direction e.g. could be vertically orientated such that once the
CO2 reaches the ground it is not at a hazardous concentration. There is also the potential that the release is
impinged if it impacts either the ground or a nearby object. This reduces the momentum of the release and
entrainment of air leading to larger hazard ranges. To bound the calculated hazard ranges, releases are
modelled both in the horizontal (unimpinged) and vertically down directions. This is in line with (Ref. [5]) which
states that the release direction should consider both free and impinging jets. For the vent scenario (D5) a
single vertical release direction will be considered, and for the jetty scenario (D6), the vertically down direction
is modelled as unimpinged.

2.1.4 Hole Sizes

Four holes sizes are modelled for each leak scenario to bound the range of expected results. In the absence
of specific industry guidance on hole sizes to be considered for CO: risk assessments, guidance was taken
from Appendix 4 of IGEM/TD/2 [6] to determine hole size ranges for the 4 hole sizes that are to be modelled.
The hole size ranges specified in IGEM/TD/2 are listed in Table 2-3.

Table 2-3 — Hole size ranges as defined in Appendix 4 of IGEM/TD/2 (Ref. [6]).

Hole Size Description Hole Size Range

Pin hole Hole Size =< 6mm

Small hole 6mm =< Hole Size =< 40mm

Large hole 40mm < Hole Size < Pipe Diameter
Rupture Hole Size => Pipe Diameter

2 For the overpressure case, the pipeline design pressure of 40 bara was taken from the Pipeline Design Philosophy document [20] as
the release pressure.
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The hole sizes for each scenario are selected on the following basis:

e Pin hole leak: 6mm for all scenarios.
e Small hole leak: The midpoint of the small hole size range, 23 mm.
e Large hole leak: Rather than just choose the midpoint between the lower bound value for a

large hole of 40 mm and the pipe diameter, the large hole size is chosen to
ensure that the factor between the small hole size and large hole size and the
large and rupture is roughly equal. An example is given below. This ensures that
for cases with large pipe diameters that the large hole size is not too onerous or
conservative.

For D1 the small hole size is 23 mm and the pipe diameter is 200 mm (i.e. rupture
size). This gives a large hole size of 70 mm? (70/23 = 3.0 and 200/70 = 2.9).

e Rupture: Pipe diameter.

For each scenario the hole sizes are summarised in Table 2-4.

Table 2-4 — Representative hole sizes for each scenario

Scenario — Pin Hole
Description
(mm)

Ref.

Release from pig launcher at
D1 the Emitters on pipeline from 6 23 70 200
Emitters to CPF.

Release from pig receiver at
D2 the CPF on pipeline from 6 23 70 200
Emitters to CPF.

D3 Release from Dublin CPF 6 23 95 400
Inlet Stream

. 600/
D4 Release from Dublin CO2 6 23 120 catastrophic
storage sphere. failure

Release from Dublin Vent A single flow rate of 236,484 kg/hr will be considered for a vent

D5 Stack. diameter of 600 mm (Ref. [7]).

Release from Dublin Jetty

D6 Loading Arm

6 23 70 200

3 Note that hole sizes are rounded to the nearest 5 mm

4 For the pig launchers the rupture diameter is based on the pig trap bridle lines.
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2.1.5 Inventory Volumes

The inventory volumes for each scenario are summarised in Table 2-5. For the pipeline releases, the pin hole
and small release sizes are modelled with a steady state mass flow rate i.e., it is assumed that the release
rate can be sustained without significant depressurisation of the pipeline. For the large and rupture releases,
this assumption is too conservative, and the inventory volumes and pipeline mass flow rates have been used
to calculate how the pipeline depressurises with time. PHAST is not able to model a time varying release.
Therefore, the dispersion modelling is based on the average mass flow rate over the first 20 seconds; this is
the recommended default setting in PHAST and in [Ref [8]]. No credit is taken for Emergency Shutdown Valves
(ESDVs) being closed as valve closure times and emergency response procedures have not been defined at
this stage of the project. The Control and Safeguarding Philosophy for the project is defined in [Ref. [9]] .

Table 2-5 — Inventory volume.

Scenario Pipeline Pipeline Pipeline mass
Description length diameter flowrate
Ref.
(m) (kg/s)
D1 Release from pig launcher at the Emitters 1350° 0.4 24.80°
on pipeline from Emitters to CPF.
D2 Release from pig receiver at the CPF on 1350 04 57.87°
pipeline from Emitters to CPF.
D3 Release from Dublin CPF Inlet Stream 290¢ 0.4 57.876
D4 Release from Dublin CO2 storage sphere. n/a n/a n/a
D5 Release from Dublin Vent Stack. n/a n/a n/a
D6 Release from Dublin Jetty Loading Arm 1007 0.2 444.447

5 This is the pipeline length from ESB Dublin Bay Power Station to the CPF via the valving station. The mass flowrate was calculated
based on the flowrate of the pipeline shown on MDE1234-BEC-03-DX-DR-M-PFD0005.

5 This is the total length of pipe from the XV valve upstream of inlet filter V-2101 to the XV valves on each of the liquefaction trains at the
CPF. The mass flowrate was calculated based on the flowrate into the liquefaction facility shown on MDE1234-BEC-03-DX-DR-M-
PFDO0004.

" This is the pipeline length from the CPF to the Dublin Jetty from the Dublin Jetty Layout Philosophy report [14]. No credit is taken for
Motor Operated Valves (MOV) valves being closed remotely. The flowrate is based on the maximum loading rate shown on MDE1234-
BEC-04-DX-DR-M-PFD0001.
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2.2 Environmental Conditions

2.2.1 Wind Direction

For dispersion calculations, PHAST is unable to model cross-wind affects i.e. the wind direction is always
aligned and in the same direction as the release. The wind rose for the site is shown in Figure 2-3 (Ref. [10]).

Windrose Dublin Apt 1-Jan-1942 to 31-Dec-2014

o <5 kt o <59
o 510 kt o 5-10%
B 10-20 kt N o 10-15%
g 20-35 kt O 15-20%
B =35kt ¢

7o Ine

XY
‘%\‘0 C

—T—T—T— S Tot Hours=639312

0% B% 10%% 15% 20%

Figure 2-3 — Wind Rose

Figure 2-3 shows that the predominant wind direction is from a bearing of 240°, approximately corresponding
with the ordinal direction of west-southwest (WSW). For each scenario, a circular contour is also presented
as in reality the wind could come from any direction.

2.2.2 Wind Conditions

The stability of the environmental conditions effects the dispersion. The stability is characterised by the Pascal
Stability Class (A-F) which is a measure of the level of turbulence in the atmosphere. Stability is dependent on
the amount of solar heat and consequent convection currents that are set-up due to the heating of the ground.
The most unstable conditions are created by significant solar radiation and low cloud cover. More stable
environmental conditions tend to lead to larger hazard ranges as there is less mixing compared to unstable
conditions. At night, wind speeds tend to be lower and environmental conditions are more stable.

Two wind conditions have been considered for each scenario that are representative of day and night time
conditions as detailed below.

e Day: 5 m/s, Pascal Stability Class D.
e Night: 2 m/s, Pascal Stability Class F.

These are typical wind speeds [11] that are recommended for use in consequence studies. In addition to those
conditions stated above, an extreme weather case has also been considered (100 mph winds). This was
identified as an initiating event in the HAZID studies that could lead to loss of containment. PHAST is not
validated for such high wind speeds, but the results are still provided for information. Table 2-6 summarises
the wind conditions considered.
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Table 2-6 — Wind conditions for COz dispersion modelling.

Description Wind Speed (m/s) Pasquill Stability Class
Normal Day 5.0 D
Normal Night 2.0 F
Extreme Weather 44.7 (100 mph) B

2.2.3 Surface Roughness

The surface or ground roughness is a measure of the size of obstacles upstream and in the vicinity of the
release®. The greater the obstacle height, the greater the atmospheric turbulence and air entrainment which

leads to shorter hazard ranges.

A surface roughness of 0.1 m is recommended for dispersion over agricultural land (Ref. [11]) and low crops
with occasional large obstacles (Ref. [12]). For suburban areas a roughness value of 0.3 m is recommended,
and higher values may be justified for industrial sites. Despite this, roughness lengths greater than 0.3 m are
not recommended to determine hazard ranges as this can result in potentially over optimistic hazard ranges
(Ref. [11]). For scenarios adjacent to the sea a surface roughness of 0.002 m has been used (Ref. [12]); this
aligns with (Ref. [11]) which states that a value of less than 0.1 m may be appropriate for shore terminal or

estuary sites. The surfaces roughness lengths for each scenario are summarised in Table 2-7.

Table 2-7 — Surface roughness for each scenario.

Scenario Scenario Desc. Surface Jusiiesiian
Num. Roughness
D1 Release from pig launcher at the Emitters g g2 m Appropriate for shore terminal or
on pipeline from Emitters to CPF. estuary site.
D2 Release from pig receiver at the CPF on 0.002 m Appropriate for shore terminal or
pipeline from Emitters to CPF. ' estuary site.
D3 Release from Dublin CPF Inlet Stream 0.002 m Approprla}te for shore terminal or
estuary site.
D4 Release from Dublin CO2 storage sphere. 0.002 m Approprla}te for shore terminal or
estuary site.
D5 Release from Dublin Vent Stack. 0.002 m Appropngte for shore terminal or
estuary site.
D6 Release from Dublin Jetty Loading Arm 0.002 m Appropriate for shore terminal or

estuary site.

2.2.4 Ambient Temperature and Humidity

The mean maximum monthly temperatures range from 8.0 to 17.0°C in Dublin (Ref. [13]) with an average of
12.0°C. The average temperature of 12.0°C has been used for all scenarios.

The mean monthly relative humidity ranges from 77.0% to 86.0% in Dublin (Ref. [13]) with an average of
81.5%. The average relative humidity of 81.5% has been used for all scenarios.

8 The roughness length is approximately 1/30 of the obstacle height.
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2.3 Hazard Ranges

2.3.1 Toxic Hazard Criteria

As CO: is released it reduces the oxygen concentration of the air to dangerous levels but even at lower
concentrations, CO2 can cause headaches, dizziness, confusion, and loss of consciousness. The acute health
effects of CO2 are summarised in Table 2-8 (Ref. [14]).

Table 2-8 — Acute health effects of inhaled CO>

IO GeMEEIEL e Exposure Effects on humans

in air (% v/v)

17-20 Within 1 minute Loss of controlled and purposeful activity,
unconsciousness, convulsions, coma, death.

>10-15 1 minute to several minutes Dizziness, drowsiness, sever muscle twitching,
unconsciousness

7-10 Few minutes Unconsciousness, near unconsciousness

1.5 minutes to 1 hour Headache, increased heart rate, shortness of breath,
dizziness, sweating, rapid breathing

6 1-2 minutes Hearing and visual disturbances.
< 16 minutes Headache, difficult breathing (dyspnoea).
Several hours Tremors
4-5 Within a few minutes Headache, dizziness, increased blood pressure,

uncomfortable breathing (equivalent to concentration
expired by humans).

3 1 hour Mild headache, sweating, and difficult breathing at rest

2 Several hours Headache, difficult breathing upon mild exertion.

The hazard ranges are presented in terms of the Dangerous Toxic Load (DTL) for Specified Level of Toxicity
(SLOT) and Significant Likelihood of Death (SLOD) (Ref. [15]). These are defined by the Health and Safety
Executive (HSE) and are recommended in (Ref. [5]) as the criteria that should be used to assess human impact
of COo..

SLOT corresponds to the following:
e Severe distress to almost everyone in the area.
e Substantial fraction of exposed population requiring medical attention.
e Some people seriously injured, requiring prolonged treatment.
e Highly susceptible people possibly being killed.

SLOT is defined as the LD1 or the exposure which will result in mortality of 1% of an exposed population and
can also be taken as a pragmatic limit for injuries (Ref. [15]).

SLOD is defined as the LDso or the exposure which will result in mortality of 50% of an exposed population.
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SLOT and SLOD are both time dependent values, and thus the DTL is based on both concentration of gas
and time of exposure. In order to calculate the Toxic Load, the following formula has been developed by the
HSE:

Toxic Load = c™ T [15]
Where, T = time of exposure
c = average gas concentration
n = ten Berge toxic load exponent (n=8 for CO2[15])
The SLOT DTL and SLOD DTL values for CO:2 as defined by the HSE are listed in Table 2-9 below [15]:

Table 2-9 — HSE toxic hazard criteria for CO2 dispersion modelling.

L Toxic Load Concentration Duration
Hazard Criteria g :
(ppm®.min) (ppm) (minutes)
Specified Level of Toxicity DTL 1.5x 10% 7.5x 10% 15
Significant Likelihood of Death DTL 15x10% 1x10° 15

Based on the HSE SLOT and SLOT DTL values, the hazard ranges for 5 minute, 10 minute, 15 minute, 30
minute and 60 minute exposure times have been calculated, as shown in Table 2-10. The hazard ranges
have been calculated at the release height of 1 m and at ground level.

Table 2-10 — Exposure times and associated SLOT and SLOD concentrations required to reach the HSE DTL.

Specified Level of Toxicity DTL Significant Likelihood of Death

Exposure Time (minutes)

Concentration (ppm) DTL Concentration (ppm)
5 86,000 114,700
10 78,900 105,200
15 75,000 100,000
30 68,800 91,700
60 63,100 84,100

Results for exposure times greater than 60 minutes have not been presented as the difference in the
concentration and hence hazard ranges do not increase significantly, as shown in Figure 2-4. Furthermore, it
is expected that the release will be detected, and an emergency response will have been initiated after 60
minutes.
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Exposure Time vs. Concentration to Hazard Criteria
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Figure 2-4 — Concentrations required to reach SLOT and SLOD hazard criteria at varying exposure times.

The Health and Safety Authority define occupational exposure limits in their 2021 Code of Practice [17] of 5000
ppm for 8 hours exposure. The occupational exposure limits in this document are defined on the following
criteria:

“...exposures which, for the majority of chemicals listed, even when repeated regularly throughout a working
lifetime, are not expected to result in adverse effects on the health of exposed workers” [17]

However, these are occupational exposure limits and are not appropriate for consequence modelling of
accidental releases.

2.3.2 Averaging Time

The averaging time accounts for the potential for the plume to move from side to side due to changes in the
wind direction, hence reducing the concentration at a given point. The averaging time used is based on the
time of exposure for the results presented.

2.3.3 Cryogenic Hazard Criteria

Quantitative guidance on the cryogenic hazard posed by a CO: is not as well documented as the toxic hazard.
Inhaling CO2 vapour at low temperatures or inhaling solid CO: particles poses a severe cryogenic hazard as
solid COz: is formed at a temperature of -78°C, resulting in severe damage to the lungs and airway. The other
cryogenic hazard posed by a CO:2 leak is external contact of personnel with extremely cold vapour clouds of
CO:z. This hazard is of greater concern for the liquid leak scenarios, where the vapour cloud is likely to contain
a more significant portion of solid particles of CO2 which will then sublime. Note that at atmospheric conditions,
due to its thermodynamic properties, CO2 cannot exist as a liquid and will either be a solid or vapour.

For cryogenic hazards, DNVGL’'s CO2RISKMAN guidance (Ref. [17] suggests a hazard temperature range
between -40°C and -70°C and thus, this temperature has been used to define the hazard ranges for a
cryogenic hazard.

2.4 General Assumptions

As discussed in Section 2.2.3, a roughness length has been employed in the calculations to represent
obstacles. It should be noted that this is only an approximation of how obstacles influence dispersion and is
not able to capture the influence of large-scale structures like buildings accurately or the effects of changes in
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topography. To capture these, it would be necessary to employ more detailed modelling techniques such as
Computational Fluid Dynamics (CFD) that resolve geometry effects explicitly. It is recommended that this is
considered in the next phase of the design for key scenarios.
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3 RESULTS
3.1 D1 - Emitters to CPF Pig Launcher

The toxic and cryogenic hazard ranges for Scenario D1 are summarised in Table 3-1, Table 3-2 and Table
3-3. Note that for results for which the distance to the toxic hazard criteria is specified as “-*, either:

e The hazard criteria concentration is never reached at the specified elevation of interest.
e The hazard range is small enough to be considered insignificant by PHAST.

For the cryogenic hazard criteria, the results have been presented based on the maximum distance at which
the hazard criterion is met on the centreline of the plume. If the hazard criterion is not reached, the minimum
temperature of the cloud is stated in Table 3-3.

The worst case results for each hole size for an exposure time of 60 minutes are given in Figure 3-1 to Figure
3-8 for the concentrations associated with SLOT and SLOD, with Figure 3-4 and Figure 3-8 also showing the
exposure times of 5, 15, and 30 minutes.

The results show that the hazard ranges from a 6 mm hole are greatest for the extreme wind condition and
when the release is vertically downwards. This is because as the release is downward, the highest wind speed
pushes the gas cloud the furthest, with minimal mixing as the gas cloud proceeds along the ground.

The results show that for other release sizes, the hazard ranges are greatest for the day wind condition (5 m/s
/ D) and when the release is vertically downwards. The vertically downwards releases reduce the momentum
which restricts the entrainment of air through the differential velocity of the jet and the surrounding environment.
The reduced air entrainment and mixing allows the released gas cloud to remain at much higher concentrations
as it migrates further away from the release site, thereby producing much larger hazard distances where the
CO2 concentrations in the gas cloud remain above the SLOT and SLOD DTL concentrations.

The results show that for the large release case (i.e. a 70 mm leak) the effect zones extend to the boundary
of the Covanta WTE Plant for both the 60 minute SLOT and SLOD concentrations. As this is a large leak
case, the likelihood of such an event is expected to be low. The results also show that for the rupture release
case (i.e. a 200 mm full bore release) the effect zones extend to the boundary of the ESB Dublin Bay Power
Station for both the 60 minute SLOT and SLOD concentrations. As this is a rupture leak case, the likelihood
of such an event is expected to be low.

This work is a consequence based study hence has not considered either likelihood or risk. It is therefore
recommended that a risk based study is carried out at the next stage of the project. This is captured in the
recommendation below.

Recommendation

R1. The results of the CO: dispersion analysis have shown there is the potential for CO:2 at hazardous
concentrations to extend to receptors. This study is consequence based therefore it is
recommended that a risk based approach is taken at the next stage of the design taking account
of the frequency of such releases.
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Table 3-1 — Summary of toxic hazard ranges for D1 at a height of 1 m above ground level.

Hole Wind Distance to SLOT Concentration at  Distance to SLOD Concentration at

gierf(i?gn Size Speed time of interest in minutes (m) ° time of interest in minutes (m) °
(mm)(m/s) 5 10 15 30 60 5 15 30 60
6 2 15 1.6 1.6 17 17 = = 14 15 15
Horizontal 6 5 12 13 14 15 17 = = 11 1.2 13
6 Extreme - 14 14 15 15 = = = = =
6 2 = = = = = = = = = =
6 Extreme = = = = = > = s = >
23 2 4.5 4.9 5.2 5.6 6 3.4 3.7 3.9 4.3 4.6
Horizontal 23 5 4.6 51 5.3 5.8 6.2 3.5 3.8 4 4.4 4.7
23 Extreme 4 4.3 4.5 4.8 5.1 3.2 3.4 3.6 3.8 4.1
23 2 = = = = = = = = = =

23 Extreme - - - - - - - - - -

70 2 14.3 15.7 16.5 18 196 10.6 11.6 12.3 13.4 14.7
Horizontal 70 5 145 159 16.9 18.6 20.5 10.6 11.6 12.3 13.5 14.8
70 Extreme 11 11.9 12.6 13.8 15.2 8.7 9.3 9.7 10.4 11.2
70 2 385 423 446 487 531 27.7 30.7 325 359 395
70 5 39.8 443 47 52 575 273 308 329 36.8 41

Vertically
Down

70 Extreme - - - - - - - - - -

200 2 379 416 439 48 525 275 303 321 353 3838
Horizontal 200 5 39 431 458 506 559 278 308 327 36.2 40
200 Extreme 39.3 442 474 532 595 266 299 32 36 40.5
200 2 949 103 108 116.7 126 712 778 819 89.2 97
200 5 104.1 113.8 119.9 1309 1428 76.3 839 88.7 97.3 1065
200 Extreme 1.5 1.7 1.9 723 85.2 0.9 11 1.2 1.3 1.5

Vertically
Down

Table 3-2 — Summary of toxic hazard ranges for D1 at ground level.

Hole Wind Distanceto SLOT Concentration at  Distance to SLOD Concentration at
Release time of interest in minutes (m) ° time of interest in minutes (m) °

Size Speed

Direction (mm)  (m/s)

6 2 - - - - - - - - - -

Horizontal 6 5 - - - = = - - - - -

6 Extreme - - - - = = - - - -

9 The colours in each column of the table map to the relevant contour on the graphs.
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Hole

Release

Direction Sl

(mm)

Wind
Speed
(m/s)

Distance to SLOT Concentration at
time of interest in minutes (m) °

5

10

15

30

60

Distance to SLOD Concentration at
time of interest in minutes (m) °

5

10

15

30

60

\éiwrfa”y 5 41 45 48 52 58 3 33 35 38 42
6 Extreme 56 58 59 62 64 48 51 52 54 56
23 2 - - - - - - - - - -
Horizontal 23 5 - - - - - - - - - -
23 Extreme - - - - - - - - - -
23 2 146 16 168 183 199 108 119 125 137 15
\éi'wrfa”y 23 5 156 172 182 20 22 114 125 132 145 16
23 Extreme 14 148 152 16 168 117 124 128 135 142
70 2 - - - - - - - - - -
Horizontal 70 5 - - - - - - - - - -
70 Extreme - - - - - - - - - -
70 2 425 463 486 527 57 316 346 365 399 435
\éi'wrfa”y 70 5 472 517 546 598 653 345 379 401 44 483
70 Extreme 417 44 454 478 503 345 36.6 378 40 423
200 2 353 393 418 463 51 23 265 287 324 363
Horizontal 200 5 35.7 403 432 485 542 223 262 285 325 368
200 Extreme 288 34 373 433 494 - 171 202 251 301
200 2 97.3 1053 1103 119.1 1283 73.6 802 842 916 99.3
\éizv“r‘]’a”y 200 5 1081 117.9 124 135 1469 80.1 87.8 926 1012 110.5
200 Extreme 102.6 108.4 1119 118.1 1245 845 89.7 929 984 104.1

Table 3-3 — Summary of cryogenic hazard ranges for D1 at the centreline of the plume.

Release Direction

Hole Size (mm)

Wind Speed (m/s)

Distance to cryogenic hazard

temperature (m)

6 2 0.5
Horizontal 6 5 Min Temperature is 0.2°C

6 Extreme 0.6

6 2 0.8
Vertically Down 6 5 0.9

6 Extreme 1.0

23 2 0.7
Horizontal 23 5 0.7

23 Extreme 0.8
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Distance to cryogenic hazard
temperature (m)

Release Direction Hole Size (mm) Wind Speed (m/s)

23 2 2.4
Vertically Down 23 5 2.7
23 Extreme 3.3
70 2 3.8
Horizontal 70 5 3.8
70 Extreme 4.1
70 2 8.4
Vertically Down 70 5 8.9
70 Extreme 9.4
200 2 3.3
Horizontal 200 5 3.2
200 Extreme 3.6
200 2 15.1
Vertically Down 200 5 15.9
200 Extreme 191

Figure 3-1 — Worst Case SLOT Range for Scenario D1 based on 60 minutes exposure, 6 mm.
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Figure 3-2 — Worst Case SLOT Range for Scenario D1 based on 60 minutes exposure, 23 mm.
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Figure 3-5 — Worst Case SLOD Range for Scenario D1 based on 60 minutes exposure 6 mm.
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Figure 3-6 — Worst Case SLOD Range for Scenario D1 based on 60 minutes exposure, 23 mm.
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Figure 3-8 — Worst Case SLOD Range for Scenario D1 based on 5, 15, 30, and 60 minutes exposure, 200 mm.
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3.2 D2 — Emitters to CPF Pig Receiver

The toxic and cryogenic hazard ranges for Scenario D2 are summarised in Table 3-4, Table 3-5, and Table

3-6. Note that for results for which the distance to the toxic hazard criteria is specified as “-“, either:
e The hazard criteria concentration is never reached at the specified elevation of interest.
e The hazard range is small enough to be considered insignificant by PHAST.

For the cryogenic hazard criteria, the results have been presented based on the maximum distance at which
the hazard criterion is met on the centreline of the plume. If the hazard criterion is not reached, the minimum
temperature of the cloud is stated in Table 3-6.

The worst case results for each hole size for an exposure time of 60 minutes are given in Figure 3-9 to Figure
3-16 for the concentrations associated with SLOT and SLOD, with Figure 3-11, Figure 3-12, Figure 3-14,
Figure 3-15, and Figure 3-16 also showing the exposure times of 5, 15, and 30 minutes.

The results show that the hazard ranges from a 6 mm hole are greatest for the extreme wind condition and
when the release is vertically downwards. This is because as the release is downward, the highest wind speed
pushes the gas cloud the furthest, with minimal mixing as the gas cloud proceeds along the ground.

The results show that for other release sizes, the hazard ranges are greatest for the day wind condition (5 m/s
/ D) and when the release is vertically downwards. The vertically downwards releases reduce the momentum
which restricts the entrainment of air through the differential velocity of the jet and the surrounding environment.
The reduced air entrainment and mixing allows the released gas cloud to remain at much higher concentrations
as it migrates further away from the release site, thereby producing much larger hazard distances where the
CO2 concentrations in the gas cloud remain above the SLOT and SLOD DTL concentrations.

The results show that for the small release case (i.e. a 23 mm leak) the effect zones extend beyond the
boundary of the Dublin CPF for both the 60 minute SLOT and SLOD concentrations. As this is a small leak
case, the likelihood of such an event is expected to be medium. The results also show that for the large
release case (i.e. a 70 mm leak) the effect zones extend to the boundary of the Poolbeg Power Station and to
the Dublin CPF Control Room for both the 60 minute SLOT and SLOD concentrations. As this is a large leak
case, the likelihood of such an event is expected to be low.

This work is a consequence based study hence has not considered either likelihood or risk. It is therefore
recommended that a risk based study is carried out at the next stage of the project — see recommendation R1
in Section 3.1.

Table 3-4 — Summary of toxic hazard ranges for D2 at a height of 1 m above ground level.

Hole Wind Distanceto SLOT Concentration at  Distance to SLOD Concentration at

[R)glea§e Size Speed time of interest in minutes (m)?® time of interest in minutes (m) °
irection
(mm)  (m/s) 5 10 15 <) ) 15 30 60
6 2 1.5 1.6 1.6 1.6 1.7 - - 1.4 1.5 1.5
Horizontal 6 5 1.2 1.3 1.4 1.5 1.7 - - 1.1 1.2 1.3
6 Extreme - 1.4 1.4 1.5 1.5 - - - - -
6 2 - - - - - - - - - -
Vertically 6 5 i i i i i i i i i i
Down
6 Extreme - - - - - - - - - -
23 2 4.5 4.9 5.1 5.6 6 3.4 3.7 3.9 4.2 4.6
Horizontal 23 5 4.6 5 53 5.7 6.2 3.5 3.8 4 4.4 4.7
23 Extreme 4 4.3 4.5 4.8 51 3.2 3.4 3.6 3.8 4.1
23 2 - - - - - - - - - -
Vertically 23 5 i i i i i i i i i i
Down

23 Extreme - - - = = 5 - - - -
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Hole Wind Distance to SLOT Concentration at

Distance to SLOD Concentration at

gierf(i?gn Size Speed time of interest in minutes (m)* time of interest in minutes (m) °
(mm)  (m/s) 5 10 15 30 60 5 10 15 30 60
70 2 143 156 164 179 195 106 11.6 122 134 146
Horizontal 70 5 144 159 168 185 204 106 11.6 122 134 148
70 Extreme 11 119 125 137 151 87 93 97 104 112
70 2 384 421 444 485 529 276 305 324 357 39.3
\éi'wrfa”y 70 5 39.7 44 468 518 572 27.2 306 327 366 408
70 Extreme - - - - - - - - - -
200 2 363 399 421 461 503 264 291 308 339 37.2
Horizontal 200 5 374 414 439 485 536 267 295 314 347 384
200 Extreme 37.2 419 449 504 564 252 283 303 341 384
200 2 916 994 1042 1127 1217 687 751 791 86.1 93.6
\éiwrfa”y 200 5 1003 109.7 1155 1262 137.6 735 80.8 854 93.7 1026
200 Extreme 11 12 13 15 745 - - 08 09 11

Table 3-5 — Summary of toxic hazard ranges for D2 at ground level.

Hole Wwind Distanceto SLOT Concentration at
Release o Speed time of interest in minutes (m) °

Distance to SLOD Concentration at
time of interest in minutes (m) °

Direction mm)  (mis)
6 2 - - - - - - - - - -
Horizontal 6 5 - - - - - - - - - -
6 Extreme - - - - - - - - - -
6 2 39 43 45 49 53 29 32 33 36 4
\éf)wrfa”y 6 5 41 45 47 52 58 3 33 34 38 42
6 Extreme 55 58 59 61 64 48 5 52 54 56
23 2 - - - - - - - - - -
Horizontal 23 5 - - - - - - - - - -
23 Extreme - - - - - - - - - -
23 2 146 159 168 183 199 108 11.8 125 137 149
\éf)wrfa”y 23 5 156 17.1 181 199 219 113 124 132 145 159
23 Extreme 14 147 152 159 168 117 123 127 134 142
70 2 - - - - - - - - - -
Horizontal 70 5 - - - - - - - - - -
70 Extreme - - - - - - - - - -
70 2 42.4 461 484 525 569 315 345 364 397 434
\[;(e):,v“rfa”y 70 5 47 516 544 596 651 344 378 40 439 482
70 Extreme 415 438 452 47.6 501 344 364 377 398 421
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Hole Wind Distanceto SLOT Concentration at Distance to SLOD Concentration at
Release o o Speed time of interest in minutes (m) ° time of interest in minutes (m) °

Direction |
(mm) (m/s) 5 10 15 30 60 5 10 15 30 60

200 2 336 375 399 442 487 214 25 271 30.8 346
Horizontal 200 5 339 383 412 463 518 205 246 268 308 35
200 Extreme 26.2 31.3 345 402 46.2 > = 174 226 275
200 2 94.1 1019 106.6 1151 124 712 776 815 886 96.1
\éiwﬁany 200 5 104.4 1139 1198 1305 1419 775 849 895 978 106.8
200 Extreme 98.3 103.9 107.3 113.2 1193 811 86.1 89 943 99.7

Table 3-6 — Summary of cryogenic hazard ranges for D2 at the centreline of the plume.

Distance to cryogenic hazard
temperature (m)

Release Direction Hole Size (mm) Wind Speed (m/s)

6 2 0.5

Horizontal 6 5 0.5
6 Extreme 0.6

6 2 0.8

Vertically Down 6 5 0.9
6 Extreme 1.0

23 2 0.7

Horizontal 23 5 0.7
23 Extreme 0.8

23 2 2.4

Vertically Down 23 5 2.7
23 Extreme 3.3

70 2 3.8

Horizontal 70 5 3.7
70 Extreme 4.1

70 2 8.3

Vertically Down 70 5 8.9
70 Extreme 9.3

200 2 7.1

Horizontal 200 5 7.0
200 Extreme 3.3

200 2 15.8

Vertically Down 200 5 16.7
200 Extreme 20.8
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Figure 3-9 — Worst Case SLOT Range for Scenario D2 based on 60 minutes exposure, 6 mm.
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Figure 3-12 — Worst Case SLOT Range for Scenario D2 based on 5, 15, 30, and 60 minutes exposure, 200 mm.
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Figure 3-13 — Worst Case SLOD Range for Scenario D2 based on 60 minutes exposure, 6 mm.
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Figure 3-15 — Worst Case SLOD Range for Scenario D2 based on 5, 15, 30, and 60 minutes exposure, 70 mm.
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3.3 D3 — Dublin CPF Inlet Stream

The toxic and cryogenic hazard ranges for Scenario D3 are summarised in Table 3-7, Table 3-8, and Table

3-9. Note that for results for which the distance to the toxic hazard criteria is specified as “-“, either:
e The hazard criteria concentration is never reached at the specified elevation of interest.
e The hazard range is small enough to be considered insignificant by PHAST.

For the cryogenic hazard criteria, the results have been presented based on the maximum distance at which
the hazard criterion is met on the centreline of the plume. If the hazard criterion is not reached, the minimum
temperature of the cloud is stated in Table 3-9.

The worst case results for each hole size for an exposure time of 60 minutes are given in Figure 3-17 to
Figure 3-24 for the concentrations associated with SLOT and SLOD, with
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Figure 3-19,
Figure 3-20, Figure 3-23, and Figure 3-24 also showing the exposure times of 5, 15, and 30 minutes.

The results show that the hazard ranges from a 6 mm hole are greatest for the extreme wind condition and
when the release is vertically downwards. This is because as the release is downward, the highest wind speed
pushes the gas cloud the furthest, with minimal mixing as the gas cloud proceeds along the ground.

The results show that for other release sizes, the hazard ranges are greatest for the day wind condition (5 m/s
/ D) and when the release is vertically downwards. The vertically downwards releases reduce the momentum
which restricts the entrainment of air through the differential velocity of the jet and the surrounding environment.
The reduced air entrainment and mixing allows the released gas cloud to remain at much higher concentrations
as it migrates further away from the release site, thereby producing much larger hazard distances where the
CO2 concentrations in the gas cloud remain above the SLOT and SLOD DTL concentrations.

The results also show that for the large release case (i.e. a 95 mm leak) the effect zones extend to the boundary
of the Poolbeg Power Station and to the Dublin CPF Control Room for both the 60 minute SLOT and SLOD
concentrations. As this is a large leak case, the likelihood of such an event is expected to be low.

This work is a consequence based study hence has not considered either likelihood or risk. It is therefore
recommended that a risk based study is carried out at the next stage of the project — see recommendation R1
in Section 3.1.

Table 3-7 — Summary of toxic hazard ranges for D3 at a height of 1 m above ground level.

Hole Wind Distance to SLOT Concentration at Distance to SLOD Concentration at

gierlee(i?gn Size Speed time of interest in minutes (m) .° time of interest in minutes (m) °
(mm) (m/s) g 10 15 30 60 30 60
6 2 14 15 15 15 16 - - - 14 14
Horizontal 6 5 11 12 12 13 15 - - - 1.1 11
6 Extreme - - 1.3 1.3 1.4 - - - - -

6 2 - - - - - - - - - -

6 Extreme - - - - - - - - - -
23 2 4 4.3 4.5 4.9 5.3 3 383 3.4 3.7 4.1
Horizontal 23 5 4.1 4.4 4.7 51 55 3.1 383 3.5 3.8 4.2
23 Extreme 3.6 3.8 4 4.3 4.5 2.8 3 3.2 34 3.6

23 2 - - - - - - - - - -

23 Extreme - - - - - - - - - -

95 2 17.4 19 201 219 23.9 12.8 14 14.8 16.3 17.8
Horizontal 95 5 17.7 195 20.7 228 25.2 12.8 14.1 14.9 16.4 18.1
95 Extreme 13.8 15.3 16.3 18.2 20.3 10.3 111 11.7 129 14.2
95 2 46.7 51.1 53.9 58.7 63.8 34 375 39.7 436 47.8
95 5 49.6 54.9 58.2 64.1 706 349 389 414 46 51

Vertically
Down

95 Extreme - - - - - - - - - -
400 2 31.1 342 362 396 434 224 248 263 29 31.9
Horizontal 400 5 32 354 376 417 462 226 251 267 296 3238
400 Extreme 30.8 34.8 37.3 421 475 20.7 233 25 28.2 318
400 2 79.1 86.3 90.7 985 106.7 58.3 64 676 741 809
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Hole wind Distanceto SLOT Concentration at  Distance to SLOD Concentration at

gﬁ':(i?gn Size Speed time of interest in minutes (m) ° time of interest in minutes (m) °
(mm)  (m/s) 5 10 15 30 60 10 15 30 60

Vertically 400 5 876 963 101.7 111.6 1223 63 697 739 815 89.8

Down 400 Extreme 12 15 17 2 24 - 07 08 11 13

Table 3-8 — Summary of toxic hazard ranges for D3 at ground level.

Hole wind Distanceto SLOT Concentration at  Distance to SLOD Concentration at
Release Size Speed time of interest in minutes (m) ° time of interest in minutes (m) °

Direction mm)  (m/s)
6 2 - - - - - - - - - -
Horizontal 6 5 - - - - - - - - - -
6 Extreme - - - - - - - - - -
6 2 34 37 39 43 47 25 28 29 32 35
\éi'wrfa”y 6 5 36 39 42 46 51 26 29 3 33 37
6 Extreme 7.4 8 83 89 95 58 62 65 7 7.6
23 2 - - - - - - - - - -
Horizontal 23 5 - - - - - - - - - -
23 Extreme - - - - - - - - - -
23 2 129 141 149 162 176 96 105 11 121 13.2
\éf)wrfa”y 23 5 137 15 159 175 193 99 109 116 127 14
23 Extreme 129 136 14 147 154 108 114 118 124 131
95 2 - - - - 176 - - - - -
Horizontal 95 5 - - - - 16.8 - - - - -
95 Extreme - - - - - - - - - -
95 2 50.2 546 573 621 672 373 409 431 471 51.3
\éf)wrfa”y 95 5 559 613 647 707 773 409 45 475 522 57.3
95 Extreme 50.3 532 549 57.8 609 417 442 457 483 511
400 2 279 314 336 374 414 158 198 219 253 28.8
Horizontal 400 5 278 318 343 388 437 - 188 212 25 289

400 Extreme 186 234 26.2 31.3 36.9 - - - 144 19.9
400 2 81.3 884 929 100.7 1089 604 66.2 698 76.2 83.1
\[;?):Ntir(]:ally 400 5 915 100.3 1058 1158 1264 ©66.6 734 776 853 937
400 Extreme 87.3 92.3 953 100.6 106 719 764 79.1 837 88.6

Table 3-9 — Summary of cryogenic hazard ranges for D3 at the centreline of the plume.

Distance to cryogenic hazard
temperature (m)

Release Direction Hole Size (mm) Wind Speed (m/s)

Horizontal 6 2 0.5
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Distance to cryogenic hazard

Release Direction Hole Size (mm) Wind Speed (m/s)

temperature (m)

6 5 0.5

6 Extreme 0.6

6 2 0.0

Vertically Down 6 5 0.1
6 Extreme 1.2

23 2 0.8

Horizontal 23 5 0.8
23 Extreme 0.9

23 2 2.1

Vertically Down 23 5 2.3
23 Extreme 2.5

95 2 4.1

Horizontal 95 5 4.0
95 Extreme 4.4

95 2 8.1

Vertically Down 95 5 9.5
95 Extreme 10.7

400 2 1.6

Horizontal 400 5 1.6
400 Extreme 1.6

400 2 3.1

Vertically Down 400 5 3.1
400 Extreme 3.9

Figure 3-17 — Worst Case SLOT Range for Scenario D3 based on 60 minutes exposure, 6 mm.
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Legend — SLOT
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Figure 3-19 — Worst Case SLOT Range for Scenario D3 based on 5, 15, 30, and 60 minutes exposure, 95 mm.
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Figure 3-21 — Worst Case SLOD Range for Scenario D3 based on 60 minutes exposure, 6 mm.
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Figure 3-22 — Worst Case SLOD Range for Scenario D3 based on 60 minutes exposure, 23 mm.
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3.4 D4 — Dublin CO: Storage Sphere

The toxic and cryogenic hazard ranges for Scenario D4 are summarised in Table 3-16, Table 3-17, and Table

3-18. Note that for results for which the distance to the toxic hazard criteria is specified as “-“, either:
e The hazard criteria concentration is never reached at the specified elevation of interest.
e The hazard range is small enough to be considered insignificant by PHAST.

For the cryogenic hazard criteria, the results have been presented based on the maximum distance at which
the hazard criterion is met on the centreline of the plume. If the hazard criterion is not reached, the minimum
temperature of the cloud is stated in Table 3-18.

The worst case results for each hole size for an exposure time of 60 minutes are given in

Figure 3-41 to Figure 3-45 and Figure 3-47 to Figure 3-51 for the concentrations associated with SLOT and
SLOD, with
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Figure 3-26 to Figure 3-45 and Figure 3-32 to Figure 3-51 also showing the exposure times of 5, 15, and 30
minutes. For the catastrophic rupture case, figures were produced showing the variation between the gas
clouds formed for each wind condition in Figure 3-46 and Figure 3-52 for the SLOT and SLOD concentrations
associated with 60 minutes exposure time.

The results show that the hazard ranges from a catastrophic release at a 60 minute exposure time are worst
for the night wind condition (2/F) for SLOT exposure and the extreme weather condition (44.7/B 100 mph) for
SLOD exposure. The maximum hazard ranges are very close for both of these wind conditions, with the
difference at SLOT exposure being approximately 1.2% and at SLOD exposure approximately 5.5%. For other
release sizes, the hazard ranges are greatest for the day wind condition (5 m/s / D) and when the release is
vertically downwards. The vertically downwards releases reduce the momentum which restricts the
entrainment of air through the differential velocity of the jet and the surrounding environment. The reduced air
entrainment and mixing allows the released gas cloud to remain at much higher concentrations as it migrates
further away from the release site, thereby producing much larger hazard distances where the CO:
concentrations in the gas cloud remain above the SLOT and SLOD DTL concentrations.

The hazard ranges associated with the CO:2 storage sphere are much larger than the other scenarios as the
CO:z2 is denser hence the release rates are much larger for a given hole size. The results show that for small
hole size (i.e. a 23 mm leak) for the 60 minute SLOT and SLOD concentrations, the effect zones extend to the
Poolbeg Oil Storage Terminal and the Dublin CPF Control Room. The hazard ranges for the rupture (i.e. a 600
mm leak) and catastrophic release cases have the potential to reach the Irish Ferries — Dublin Port and the
future location for the North Wall Power Plant respectively. The catastrophic release case also has the potential
to reach residential areas to the south.

This work is a consequence based study hence has not considered either likelihood or risk. It is therefore
recommended that a risk based study is carried out at the next stage of the project — see recommendation R1
in Section 3.1.

Table 3-10 — Summary of toxic hazard ranges for D4 at a height of 1 m above ground level.

Hole Wind Distanceto SLOT Concentration at  Distance to SLOD Concentration at

gierleeci?gn Size Speed time of interest in minutes (m) ° time of interest in minutes (m) °
o s g 10 15 30 5 10 15 30 60

6 2 5.6 6 6.2 6.6 7 4.4 4.8 5 5.3 5.7

Horizontal 6 5 5.7 6 6.2 6.6 7 4.6 4.9 5.1 54 5.7
6 Extreme 4.5 4.7 4.9 51 5.3 3.9 4.1 4.2 4.4 4.6

6 2 = = = = = - = - = -

6 Extreme - = = = = - = = = =
23 2 226 245 257 28 303 171 186 195 212 231
Horizontal 23 5 22 241 255 279 305 163 178 188 206 226
23 Extreme 122 129 133 141 151 105 11 11.3 118 124

23 2 = = = = = = = = = =

23 Extreme = = = = = - = - - -

120 2 136.5 147 1534 164.8 176.7 104.9 113.8 1193 129 139.1
Horizontal 120 5 150.3 163.2 171.2 185.6 201 112.7 123.2 129.7 141.3 153.6
120 Extreme 124.6 134.2 140 150 160.3 939 1029 108.2 117.6 127.1
120 2 198.2 2141 224.1 242 261.3 152.3 165 172.8 187 202.2
120 5 246.6 2704 285.7 314.3 346.7 181.9 199.3 210.2 230.3 252.5
120 Extreme 120.2 129.2 1345 143.8 1535 914 100.1 105.1 113.8 1225

Vertically
Down
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Hole Wind Distance to SLOT Concentration at Distance to SLOD Concentration at
Release o o Speed time of interest in minutes (m) ° time of interest in minutes (m) °

Direction |
(mm) (m/s) 5 10 15 30 60 5 10 15 30 60

600 2 595.8 635.3 659.5 7025 747.8 4776 511 5314 567.6 605.8

Horizontal 600 5 667.5 7154 7452 7989 856.7 529.1 567.6 591.3 634 679.6
600 Extreme 821.3 864.7 891 937.4 985.8 688.1 726.4 749.5 790.2 8324

600 2 781.8 843.3 881.3 949.6 1022.8 606.8 654.9 6849 739.1 797.3

\éiwﬁany 600 5 1018.6 1112.5 1172.9 1285.7 1413.2 767.3 834.1 876.5 954.9 1041.9
600 Extreme 676.1 7154 739.3 781.7 826.2 558.3 591.6 612 648.1 686.1

2 1638.1 1771.5 1852.6 1991.2 2134.1 1258.8 1357.8 1418.8 1539.4 1672.1

5 1544.9 1716.9 1825.3 2005.8 2184.1 1159.4 1247.6 1308.6 1431.7 1586.3
Extreme 2152.3 2270.2 2337.9 2466.6 2595.6 1779.1 1885.8 1951.6 2067.8 2181.3

Catastrophic
Rupture

Table 3-11 — Summary of toxic hazard ranges for D4 at ground level.

Hole Wind Distance to SLOT Concentration at Distance to SLOD Concentration at
Release Size Speed time of interest in minutes (m) ° time of interest in minutes (m) °

Direction mm)  (m/s)
6 2 - - - - - - - - - -
Horizontal 6 5 - - - - - - - - - -
6 Extreme - - - - - - - - - -
6 2 16.5 17.7 18.5 19.9 21.4 12.9 13.9 14.5 15.6 16.8
\[;(;:N“r?a”y 6 5 231 251 262 282 301 172 188 198 21.7 236
6 Extreme 7.1 7.5 7.7 8.1 8.6 6 6.3 6.5 6.9 7.2
23 2 22 25.2 27 301 331 - - - 189 228
Horizontal 23 5 - 217 244 287 331 - - - - 17.9

23 Extreme = = = = = = = s s =
23 2 51.8 558 583 629 678 404 436 455 49 52.8
23 5 708 775 818 89.7 97.9 53 57.7 60.7 66.3 725
23 Extreme 27.5 29 299 315 331 229 242 25 264 27.9
120 2 139.9 150.2 156.6 167.8 179.6 108.7 117.5 1229 1325 1425
Horizontal 120 5 1559 168.7 176.6 190.9 206.2 118.8 129.1 1355 146.9 159.1
120 Extreme 118.8 130.6 137.3 148.8 160.2 70.5 88 96.5 109.7 121.9
120 2 205.6 221.6 2315 2495 268.9 160.5 1729 180.6 194.6 209.6
120 5 2729 298.6 3152 346.4 3819 205.2 223.1 2345 2556 279.3
120 Extreme 1455 153.6 1585 167.1 176.1 120.7 127.8 132.1 139.7 147.6
600 2 597.1 636.6 660.7 703.7 748.9 479.2 5125 5328 569 607.1
Horizontal 600 5 669.2 717.1 746.9 800.6 858.4 531.1 569.4 593.1 635.7 681.3
600 Extreme 834.2 877.2 903.3 949.3 997.3 703.1 740.6 763.4 8034 8452

Vertically
Down

Vertically
Down

MDE1234-RPS-00-DX-RP-Z-0003 | ERVIA CCS Pre-FEED Study | S3 P01 | 22 June 2022
rpsgroup.com Page 37



Gas Dispersion Study Report - Dublin

Hole Wind Distance to SLOT Concentration at Distance to SLOD Concentration at
Release o Speed time of interest in minutes (m) ° time of interest in minutes (m) °

Direction |
(mm) (m/s) 5 10 15 30 60 5 10 15 30 60

600 2 784.6 846.1 883.9 952.3 1025.6 609.7 657.8 687.7 741.9 800

\éiwﬁany 600 5 1026.6 1121.2 1182 1295.4 1423.9 774.3 841.4 883.9 962.7 1050.2
600 Extreme 687.9 726.8 750.6 792.7 837 570.9 604 624.2 660.1 697.8
2 2024.5 2199.7 2302.5 2468 2635 1428.1 1606.6 1712.3 1893.9 2069.7
5 1603.2 1790.1 1900.3 2078 2256.5 1184.4 1280.2 1345.3 1483.4 1651.5
Extreme 2160.4 2278.4 2346.6 2474.6 2603 1788.3 1895 1961.3 2076.6 2189.2

Catastrophic
Rupture

Table 3-12 — Summary of cryogenic hazard ranges for D4 at the centreline of the plume.

Distance to cryogenic hazard
temperature (m)

Release Direction Hole Size (mm) Wind Speed (m/s)

6 2 4.2
Horizontal 6 5 4.4
6 Extreme 3.5
6 2 10.4
Vertically Down 6 5 14.5
6 Extreme 3.6
23 2 15.3
Horizontal 23 5 17.4
23 Extreme 10.3
23 2 35.3
Vertically Down 23 5 40.0
23 Extreme 15.8
120 2 101.3
Horizontal 120 5 97.5
120 Extreme 77.8
120 2 134.9
Vertically Down 120 5 177.0
120 Extreme 69.8
600 2 489.6
Horizontal 600 5 439.7
600 Extreme 513.7
600 2 540.8
Vertically Down 600 5 687.2
600 Extreme 295.2
Catastrophic Rupture 2 219.9
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Release Direction Hole Size (mm) Wind Speed (m/s) DisiEnDe 1 ETREES Tz
temperature (m)
5 397.9
Extreme 1329.6

Figure 3-25 — Worst Case SLOT Range for Scenario D4 based on 60 minutes exposure, 6 mm.

Legend — SLOT
— 6310_0 ppm
60 mins

tx.s-,l.—;‘—"-“‘"‘ ==
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Figure 3-26 — Worst Case SLOT Range for Scenario D4 based on 5, 15, 30, and 60 minutes exposure, 23 mm.
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Figure 3-29 — Worst Case SLOT Range for Scenario D4 based on 5, 15, 30, and 60 minutes exposure, catastrophic
rupture.
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Figure 3-32 — Worst Case SLOD Range for Scenario D4 based on 5, 15, 30, and 60 minutes exposure, 23 mm.

Legend — SLOD
- 84100 ppm

60 mins
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Legend — SLOD
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15 mins
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5 mins

Figure 3-34 — Worst Case SLOD Range for Scenario D4 based on 5, 15, 30, and 60 minutes exposure, 600 mm.
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Figure 3-35 — Worst Case SLOD Range for Scenario D4 based on 5, 15, 30, and 60 minutes exposure, catastrophic
rupture.

Legend — SLOD
- 8410_0 ppm
60 mins

91700 ppm
30 mins

— 1000_00 ppm
15 mins

— 114_000 ppm
5 mins

Legend — SLOD
84100 ppm

5/D

84100 ppm
2/F

— 84100 ppm
Extreme

MDE1234-RPS-00-DX-RP-Z-0003 | ERVIA CCS Pre-FEED Study | S3 P01 | 22 June 2022
rpsgroup.com Page 43



Gas Dispersion Study Report - Dublin

35 D5 — Dublin Vent Stack

The toxic and hazard ranges for Scenario D5 are summarised in Table 3-19 and Table 3-20. Note that for

results for which the distance to the toxic hazard criteria is specified as “-, either:
e The hazard criteria concentration is never reached at the specified elevation of interest.
e The hazard range is small enough to be considered insignificant by PHAST.

The vent stack release does not present a cryogenic hazard as the plume does not extend down to ground
level.

The worst case results for the release for an exposure time of 60 minutes are given in Figure 3-53 and Figure
3-54 for the concentrations associated with SLOT and SLOD.

The results show that the hazard ranges from the release at ground level and 1 m above ground level are zero
because the gas cloud never reaches these elevations. At the elevation of the release, the greatest hazard
range is given by the extreme weather condition as the high wind speed causes a more elongated horizontal
plume. As the release is vapour and occurs at high elevations, excellent mixing reduces the hazard ranges
significantly, with hazard ranges not exceeding 10 m at the elevation of the release for either SLOT or SLOD
at 60 minutes exposure.

Table 3-13 — Summary of toxic hazard ranges for D5 at a height of 1 m above ground level.

Hole Wind Distance to SLOT Concentration at  Distance to SLOD Concentration at
Release Size Speed time of interest in minutes (m)?® time of interest in minutes (m) °

Direction (mm) (mis)
6 2 - - - - - - - - - -
Vertical 6 5 - - - - - = = - - -
6 Extreme - - - - - - = - - -

Table 3-14 — Summary of toxic hazard ranges for D5 at ground level.

Hole Wind Distanceto SLOT Concentration at  Distance to SLOD Concentration at
Release oo Speed time of interest in minutes (m) ° time of interest in minutes (m) °

Direction mm) (mis)
6 2 - - - - - - - - - -
Vertical 6 5 - - - - - = = - - -
6 Extreme - - - - - - = - - -
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Figure 3-37 — Side view along the centreline of the Scenario D5 SLOT plume at 60 minutes exposure, for the 2/F,

5/D and Extreme weather conditions.
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Figure 3-38 — Side view along the centreline of the Scenario D5 SLOD plume at 60 minutes exposure, for the 2/F,

5/D and Extreme weather conditions.
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3.6 D6 — Dublin Jetty Loading Arm

The toxic and cryogenic hazard ranges for Scenario D6 are summarised in Table 3-21, Table 3-22, and Table

“ ok

3-23. Note that for results for which the distance to the toxic hazard criteria is specified as “-“, either:
e The hazard criteria concentration is never reached at the specified elevation of interest.
The hazard range is small enough to be considered insignificant by PHAST.

For the cryogenic hazard criteria, the results have been presented based on the maximum distance at which
the hazard criterion is met on the centreline of the plume. If the hazard criterion is not reached, the minimum
temperature of the cloud is stated in Table 3-23.

The worst case results for the large and rupture hole sizes for an exposure time of 5, 15, 30, and 60 minutes
are given in Figure 3-59, Figure 3-62, and Figure 3-70 for the concentrations associated with SLOT and SLOD.
For all the hole sizes, the side view figures are given in Figure 3-55 to Figure 3-69 for an exposure time of 60
minute for the concentrations associated with SLOT and SLOD concentrations.

The results show that only the hazard ranges from large (70 mm) and rupture (200 mm) hole sizes reach
ground level or 1 m above ground level. For the large and rupture hole size releases, the hazard ranges are
greatest for the night wind condition (2/F).

The results show that for rupture hole size (200 mm) for the 60 minute exposure time at SLOT concentration,
the effect zone extends to the boundary of the ESB power station and The Royal Dublin Golf Club. For the 60
minute exposure time at SLOD concentration the effect zone extends to the Irish Ferries — Dublin Port. As
these are rupture hole size cases, the likelihood of such an events is expected to be low. This work is a
consequence based study hence has not considered either likelihood or risk. It is therefore recommended that
a risk based study is carried out at the next stage of the project — see recommendation R1 in Section 3.1.

Table 3-15 — Summary of toxic hazard ranges for D6 at a height of 1 m above ground level.

Hole Wind Distanceto SLOT Concentration at  Distance to SLOD Concentration at

gierleeci?gn Size Speed time of interest in minutes (m) ° time of interest in minutes (m) °®
(mm)  (m/s) 10 15 30 60 10 15 30 60
6 2 - - - - - - - - - -
Horizontal 6 5 - - - - - = = - - -
6 Extreme - - - - - - - - - -
6 2 - - - - - - - - - -
6 Extreme - - - - - - - - - -
23 2 - - - - - 5 - - - -
Horizontal 23 5 - - - - - - - - - -
23 Extreme - - - - - - = 5 - -
23 2 - - - - - = - - - -
23 Extreme - - - - - - = 5 - -
70 2 - - - - - = - - - -
Horizontal 70 5 - - - - - - - - - -
70 Extreme - - - - - - = 5 - -
Vertically 70 2 9.8 13.5 15.8 19.7 23.9 0 0 0 105 143
Down 70 5 - - - - - - - - - -
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Hole Wind Distance to SLOT Concentration at Distance to SLOD Concentration at
Release o o Speed time of interest in minutes (m) ° time of interest in minutes (m) °

Direction |
(mm) (m/s) 10 15 30 60 10 15 30 60

70 Extreme - - - = = - - - - -
200 2 - = = = - - - - - -
Horizontal 200 5 - - = = - - - - - -

200 Extreme
200 2 6527 751.2 813.4 927.2 1050.9 406.1 467.8 508.4 586.5 675.7
Vertically =, 5 136.6 1522 161.9 179.6 1989 889 101.2 108.7 122.3 136.9

Down
200 Extreme - - - = = - - - - -

Table 3-16 — Summary of toxic hazard ranges for D6 at ground level.

Hole Wind Distanceto SLOT Concentration at  Distance to SLOD Concentration at

gﬁ':(i?gn Size Speed time of interest in minutes (m) ° time of interest in minutes (m) °
(mm) (m/s) 10 15 30 60 10 15 30 60

6 2 - - - - - - - - - -

Horizontal 6 5 - - - - - = = - - -
6 Extreme - - - - - - = - - -

6 2 - - - - - - - - - -

6 Extreme - - - - - - - - - -

23 2 - - - - - 5 - - - -

Horizontal 23 5 - - - - - = = - - -
23 Extreme - - - - - - - - - -

23 2 - - - - - 5 - - - -

23 Extreme - - - - - - - - - -

70 2 - - - - - 5 - - - -

Horizontal 70 5 - - - - - = = - - -
70 Extreme - - - - - - = 5 - -

70 2 16.6 21.1 23.8 285 333 0 0 0 13.3 17.7

70 Extreme - - - = = 5 - - - -
200 2 - - - = = - - - - -
Horizontal 200 5 - - - = = - - - - -

200 Extreme - - - - - - - - - -
200 2 1140.7 1285.9 1368.8 1506.9 1642.4 672.9 802.3 884.7 1032.9 11785
Vertically ~5 4 5 1455 160.9 170.6 1882 207.3 101.6 113.7 121.2 1348 149.4

Down
200 Extreme - - - = = 5 - - - -
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Table 3-17 — Summary of cryogenic hazard ranges for D6 at the centreline of the plume.

Distance to cryogenic hazard
temperature (m)

Release Direction Hole Size (mm) Wind Speed (m/s)

6 2 2.2
Horizontal 6 5 25
6 Extreme 3.0
6 2 0.1
Vertically Down 6 5 0.1
6 Extreme 0.9
23 2 7.2
Horizontal 23 5 8.9
23 Extreme 9.2
23 2 0.3
Vertically Down 23 5 0.6
23 Extreme 13
70 2 21.4
Horizontal 70 5 23.8
70 Extreme 23.6
70 2 0.8
Vertically Down 70 5 1.6
70 Extreme 4.2
200 2 62.7
Horizontal 200 5 61.8
200 Extreme 50.7
200 2 239.9
Vertically Down 200 5 76.6
200 Extreme 11.0
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Figure 3-39 — Side view along the centreline of the Scenario D6 23mm horizontal SLOT plume at 60 minutes

exposure, for the 2/F, 5/D and Extreme weather conditions.
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Figure 3-40 — Side view along the centreline of the Scenario D6 23mm vertically downward SLOT plume at 60

minutes exposure, for the 2/F, 5/D and Extreme weather conditions.
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Figure 3-41 — Side view along the centreline of the Scenario D6 70mm horizontal SLOT plume at 60 minutes
exposure, for the 2/F, 5/D and Extreme weather conditions.
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Figure 3-42 — Side view along the centreline of the Scenario D6 70mm vertically downward SLOT plume at 60
minutes exposure, for the 2/F, 5/D and Extreme weather conditions.
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Figure 3-43 — Worst Case SLOT Range for Scenario D6 based on 5, 15, 30 and 60 minutes exposure, 70 mm.
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Figure 3-44 — Side view along the centreline of the Scenario D6 200mm horizontal
exposure, for the 2/F, 5/D and Extreme weather conditions.
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Figure 3-45 — Side view along the centreline of the Scenario D6 200mm vertically downward SLOT plume at 60

minutes exposure, for the 2/F, 5/D and Extreme weather conditions.
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Figure 3-46 — Worst Case SLOT Range for Scenario D6 based on 5, 15, 30 and 60 minutes exposure, 200 mm.
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Figure 3-47 — Side view along the centreline of the Scenario D6 23mm horizontal SLOD plume at 60 minutes
exposure, for the 2/F, 5/D and Extreme weather conditions.
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Figure 3-48 — Side view along the centreline of the Scenario D6 23mm vertically downward SLOD plume at 60
minutes exposure, for the 2/F, 5/D and Extreme weather conditions.
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Figure 3-49 — Side view along the centreline of the Scenario D6 70mm horizontal SLOD plume at 60 minutes
exposure, for the 2/F, 5/D and Extreme weather conditions.
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Figure 3-50 — Side view along the centreline of the Scenario D6 70mm vertically downward SLOD plume at 60
minutes exposure, for the 2/F, 5/D and Extreme weather conditions.
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Figure 3-51 — Worst Case SLOD Range for Scenario D6 based on 60 minutes exposure, 70 mm.
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Figure 3-52 — Side view along the centreline of the Scenario D6 200mm horizontal SLOD plume at 60 minutes
exposure, for the 2/F, 5/D and Extreme weather conditions.
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Figure 3-53 — Side view along the centreline of the Scenario D6 200mm vertically downward SLOD plume at 60
minutes exposure, for the 2/F, 5/D and Extreme weather conditions.
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Figure 3-54 — Worst Case SLOD Range for Scenario D6 based on 5, 15, 30 and 60 minutes exposure, 200 mm.
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4

CONCLUSIONS

The following conclusions can be drawn from the Gas Dispersion Study:

Releases that are vertically downwards result in the largest hazard ranges. This is because the impact
with the ground reduces the momentum which restricts the entrainment of air through the differential
velocity of the jet and the surrounding environment.

For the scenarios on the CPF where the concentration at ground level can reach SLOT and SLOD
concentrations at 60 minutes exposure (D2, D3, D4, and D6) there is the potential for large hole sizes
to result in hazardous concentrations at the control room.

The vent release case (D5) does not result in hazardous concentrations at ground level and the plume
at the 60 minute SLOT and SLOD concentration does not extend below the vent height under any
wind conditions.

The largest hazard ranges are for the liquid releases (D4 and D6). The gas cloud that evolves from
this leak is very dense which allows the gas cloud to spread along the ground whilst maintaining high
concentration, above the SLOT and SLOD threshold. This generates very large effect zones at the
largest hole sizes and the longest exposure times which encompass both industrial and residential
areas.

The modelling has been conducted using the software package PHAST. This does not account for
geometry within the vicinity of the release explicitly which has the potential to increase mixing and
reduce hazard ranges. The influence of geometry can be included if conducting Computational Fluid
Dynamics (CFD) modelling and it is recommended that this is considered at the next stage of the
design as summarised below.

Recommendation

R2. The dispersion modelling has been conducted using PHAST. This does not account for
geometry within the vicinity of the release explicitly which has the potential to increase
mixing and reduce hazard ranges. The influence of geometry can be included if
conducting Computational Fluid Dynamics (CFD) modelling and it is recommended that
this is considered at the next stage of the design.

This work is a consequence based study hence has not considered either likelihood or risk. It is
therefore recommended that a risk based study is carried out at the next stage of the design. See
recommendation R1 in Section 3.1.
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5 RECOMMENDATIONS

The recommendations made in this report are summarised in Table 5-1.

Table 5-1 — Summary of Recommendations.

Recommendation No. Recommendation Summary

R1 The results of the CO2 dispersion analysis have shown there is the potential for
CO2 at hazardous concentrations to extend to receptors. This study is
consequence based therefore it is recommended that a risk based approach is
taken at the next stage of the design taking account of the frequency of such
releases.

R2 The dispersion modelling has been conducted using PHAST. This does not
account for geometry within the vicinity of the release explicitly which has the
potential to increase mixing and reduce hazard ranges. The influence of geometry
can be included if conducting Computational Fluid Dynamics (CFD) modelling and
it is recommended that this is considered at the next stage of the design.
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Appendix A Dispersion Modelling Scenarios

Hole size Wind Conditions
. Leak (mm) (Wind Speed (m/s) / Pasquill Stability Class)
Scenario HAZID Leak Location Elevation Pressure Tempoerature
Ref. Reference (bara) (°C)
(m)
Pin Hole Small Hole Large Hole Rupture  Wind Condition 1 | Wind Condition 2 Wind Condition 3
b1 1611 Pig launcher at the Emitters on| 1 m above 40 2 1 G 6 23 20 200 oI . 44.7/B
.6.1. ineli i as
pipeline from Emitters to CPF. ground 1 (100 mph)
Pig receiver at the CPF on pipeline | 1 m above 44.7/B
D2 16.1.1 i 40 2 10 Gas 6 23 70 200 2/F 5/D
from Emitters to CPF. ground ! (100 mph)
. 44.7/B
D3 1.1.1.1 |Dublin CPF Inlet Stream. Lmabove | 555 10 Gas 6 23 95 400 2IF 5/D
ground (100 mph)
_ 600 & 44.7/B
D4 1.1.1.1 |Dublin CO2 storage sphere. 1 %Sﬁ’g‘f 27 27 Liquid 6 23 120 catastrophic 2IF 5/D
° failure (100 mph)
. i i ; 44.7/B
D5 26.1.1 |Dublin vent stack. 41 m above 15 3 Gas |A single rupture case with a flow rate of 236,484 kg/hr will = 5D
ground be considered for a vent diameter of 600 mm (Ref. [18]).
(100 mph)
o : 22.5m o 44.7/B
D6 3.1.1.1 |Dublin jetty loading arm. above sea 20 -30 Liquid 6 23 70 200 2IF 5/D
level (200 mph)
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