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EXECUTIVE SUMMARY

Introduction

Worley New Zealand Limited (Worley) has been commissioned by Todd Energy (Todd) to perform a Quantitative
Risk Assessment (QRA) for the Kapuni Gas Treatment Plant (KGTP).

Objectives

The main objective of this study is to develop risk contours to assess land use compatibility in accordance with
the NSW Hazardous Industry Planning Advisory Paper No. 4 (HIPAP 4) “Risk Criteria for Land Use Planning”.

Methods

The study uses an internationally accepted QRA approach that involves identification of hazards, assessment of
the frequency of potential events, assessment of the consequences of potential events, risk computation and
comparison of risk results with Todd’s risk acceptance criteria and NSW HIPAP 4 individual fatality risk criteria.
The risk computation is carried out using DNV risk modelling software package Safeti version 8.22.

The assessment considers risks from KGTP for the following cases:
e  Base Case — all facilities currently in operation;

e Sensitivity Case 1 — all facilities currently in operation with reduced ESDV success rate of 98% instead
of 100%; and

e  Sensitivity Case 2 — all facilities currently in operations including standby and mothballed facilities
which might be brought back to operation in the future.

This QRA specifically evaluates onsite process/ flammable and toxic risks, but excludes risks from neighbouring
facilities, non-flammable risks due to natural environmental hazards and occupational hazards.

Results

Risk contours for the Base Case are presented in Figure 1.

610115-RPT-R0003-R2 (KGTP QRA Report)
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Figure 1: Base Case LSIR Contours at KGTP

The following conclusions have been made for the Base Case assessment:

e The 5E-05 per year contour extends into the KPS site to the north but remains within the Todd Energy
site boundary;

e  The 5E-05 per year contour extends across Palmer Road and into the bushes at the west boundary of
the Ballance site;

e The 1E-06 per year contour extends onto the property of the neighbour to the northwest
(approximately 180m NW of KGTP northern boundary) but does not extend as far as the dwelling and
farm buildings;

e The main risk contributors to the shed area (location A) are ammonia toxic events from 71 mm leaks
from the Liquid Receivers (KGT80_AMM_04_L 71lmm) and Ammonia Condensers
(KGT80_AMM_03_L_71mm) within the CO2 Recovery Unit (at approximately 15°C and 15 barg); and

e The main risk contributors to the Ballance site bushes (locations B and C) are ammonia toxic events
from 22 mm leaks from the Liquid Receivers (KGT80_AMM_04_L_22mm) and Ammonia Condensers
(KGT80_AMM_03_L_22mm) within the CO2 Recovery Unit (at approximately 15°C and 15 barg).

e The main risk contributors to the rural land area to the east of the plant (location D) are Product Gas
jet fire events from 85 mm leaks from the Gas Storage Compressor (D4-0401) to Coalescer
(KGT13_PGS_16_V_85mm), and the Gas Storage Compressor (KGT13_PGS_15_V_85mm) within the
Product Gas Lines and Compressors unit (at approximately 15°C and 40 barg).

610115-RPT-R0003-R2 (KGTP QRA Report)
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Risk contours for the Sensitivity Case 1 are presented in Figure 2.

Figure 2: Sensitivity Case 1 LSIR Contours at KGTP

The 5E-05 per year and 1E-06 per year risk contours for Sensitivity Case 1 are similar to the Base Case risk
contours. The assessment conclusions made against HIPAP 4 for Base Case are applicable to Sensitivity Case 1
as well. This is mainly due to:

e  The ESDV failure probability change is only 2%, therefore the frequencies of hazardous events (fire
explosion or toxic) associated with increased consequence distances (if any, from the additional
inventory due to isolation failure cases) are not expected to be apparent in the risk contours; and

e In most modelling cases, especially gas releases, it is expected that the consequence effects would
have reached the steady state condition before the inventory depletes. Hence the additional
inventory may lead to a prolonged fire event, but not increase the magnitude of the consequence.

610115-RPT-R0003-R2 (KGTP QRA Report)
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Risk contours for the Sensitivity Case 2 are presented in Figure 3.

Figure 3: Sensitivity Case 2 LSIR Contours at KGTP

The risk contours of 5E-05 per year and 1E-06 per year for Sensitivity Case 2 are slightly larger, when compared
to Base Case. This is particularly apparent at the LPG/NGL loading area at the southern edge of the KGTP site,
which is due to the increased in loading frequencies for both the NGL and LPG loading scenarios. The increase
in 5E-05 per year and 1E-06 per year contours do not change the assessment conclusions made against HIPAP 4
criteria. The assessment conclusions made against HIPAP 4 for Base Case are applicable to Sensitivity Case 2 as
well.

Although there is additional equipment and inventories considered in Sensitivity Case 2, the increase in risk
levels are not significant. This is most likely due to:

e The additional nodes/sections considered in Sensitivity Case 2 only formed a small part of the overall
KGTP hazardous nodes/sections. There is approximately 18 % increase in total release frequency for
Sensitivity Case 2 as compared to the Base Case, with 50% of the increase being from the “1-3 mm”
leak category; and

e In most modelling cases, especially gas releases, it is expected that the consequence effects would
have reached the steady state condition before the inventory depletes. Hence the additional
inventory due to the higher throughput in Sensitivity Case 2 may lead to a prolonged fire event, but
not increase the magnitude of the consequence.
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1 ABBREVIATIONS
API American Petroleum Institute
BLEVE Boiling Liquid Expanding Vapour Explosion
CO, Carbon Dioxide
DNV Det Norske Veritas
DTL Dangerous Toxic Load
ESDV Emergency Shutdown Valve
FBR Full Bore Rupture
FGL First Gas Limited
GCPS Global Congress on Process Safety
HCRD Hydrocarbon Release Database
HIPAP4 NSW Hazardous Industry Planning Advisory Paper No. 4
HMB Heat and Material Balance
IOGP International Association of Oil and Gas Producers
IRPA Individual Risk Per Annum
KGTP Kapuni Gas Treatment Plant
KPS Kapuni Production Station
LFL Lower Flammable Limit
LPG Liquefied Petroleum Gas
LSIR Location Specific Individual Risk
MEM Multi-Energy Method
NGL Natural Gasoline
NH3 Ammonia
NIWA National Institute of Water and Atmospheric Research Ltd
NZ New Zealand
P&ID Piping & Instrumentation Diagram
PFD Probability of Failure on Demand
PHAST Process Hazard Analysis Software Tool
SbV Shutdown Valve
SLOT Specified Level of Toxicity
SLOD Significant Likelihood of Death
QRA Quantitative Risk Assessment
RADD Risk Assessment Database Directory
STDC South Taranaki District Council
Todd Todd Energy
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2 INTRODUCTION

2.1 Background

A Quantitative Risk Assessment (QRA) was completed by Worley New Zealand Limited (Worley) for Kapuni Gas
Treatment Plant (KGTP) in 2020 as requested by Todd Energy (Todd).

An Assumptions Register has been prepared and agreed with Todd [Ref. 1] prior to commencing the QRA to
ensure all modelling inputs used represent the current processes and operating conditions of KGTP and
assumptions made are reasonable.

This report presents the QRA methodology, modelling inputs, assumptions and risk results.

2.2 Objectives

The main objective of the study is to develop risk contours to assess land use compatibility in accordance with
the NSW Hazardous Industry Planning Advisory Paper No. 4 (HIPAP 4) “Risk Criteria for Land Use Planning” [Ref.
8].

23 Scope
Facilities considered in the QRA include:
e  CO2 Removal Unit (Benfield);
° Dehydration and Dew Point Control Unit;
° Propane Refrigeration System;
e Liquefied Petroleum Gas (LPG) Production Unit;
e  Storage tanks for LPG & Loadout Facility;
e  Storage tank for Natural Gasoline (NGL) & Loadout Facility;
° Product Lines and Compressors;
° Cogeneration Area;
. Utilities;
° CO2 Recovery Unit; and

e  CO:Storage tanks & Loadout Facility.

24 Exclusions

The following facilities and scope of work are excluded from the QRA:
e  Utilities such as instrument air and utility water as they do not contain any hydrocarbon inventory;
e  The flare and blowdown;

e  Theimpact from Ballance Agri-Nutrients and Kapuni Production Station (KPS) to KGTP. The cumulative
risk considering both KGTP and KPS is discussed briefly in Section 9;

e  Risk other than hydrocarbon/ process (e.g. transportation/ seismic/ volcanic risks);
e  Societal Risk (F-N Curve); and

e  Occupied building risk assessment.

610115-RPT-R0003-R2 (KGTP QRA Report)
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2.5 QRA Study Cases

The QRA study includes base case and sensitivity cases assessment to study the impact of certain assumptions
and/or plant operating capacity on the risk results. The QRA Base Case includes the assessment of current KGTP
operation with a set of agreed modelling assumptions detailed in Section 4.2.

The two sensitivity cases considered in the KGTP QRA are:
e  Sensitivity Case 1: 98% ESDV Success Probability; and
° Sensitivity Case 2: Future Operations.
The details of Base Case, Sensitive Case 1 and Sensitivity Case 2 are summarised in Table 2-1.

Table 2-1: KGTP QRA Base Case, Sensitivity Case 1, Sensitivity Case 2 Comparison

QRA Case Details Potential Impact

e  Current plant operation with 2 Benfield nominal
throughput (12 Sm3/s), includes all Operating
Base Case units summarised in Table 3-2 -

e Assumed ESDV system has 100% isolation
success probability

e e Current plant operation with 2 Benfield nominal | e Increased release inventories during
Sensitivity Case 1

throughput (12 Sm3/s), includes all Operating ESDV failure, i.e. 2% of the time. The
(98% ESDV units summarised in Table 3-2 volume for each isolatable section is
Success i i
Probability) e Assumed ESDV system has 98% success added V\{'th .the next .b|ggest
probability connecting isolation inventory
e Maximum throughput operation (29 Sm3/s) for e Additional equipment considered in
future operation after the Kapuni development the QRA model
Sensitivity Case 2 project, includes all Operating, Mothballed and e Increased in inventory for each
(Future Standby units summarised in Table 3-2 isolatable section due to increase in
Operation) e Assumed ESDV system has 100% isolation throughput

success probability (noting that the 100% and .
98% scenarios give very similar results)

Increased in total leak frequency

610115-RPT-R0003-R2 (KGTP QRA Report)
July 2022 Page 4
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3 FACILITY AND PROCESS OVERVIEW

3.1 Facility Overview

Kapuni is an onshore gas and condensate field located in South Taranaki, approximately 50 km south of New
Plymouth and 14 km northwest of Hawera. Throughout the Kapuni gas field, there are feeder well-sites which
deliver raw Kapuni gas to Kapuni Production Station (KPS) and KGTP. The well sites, KPS and KGTP are owned
and operated by Todd. Todd recover hydrocarbon condensate from the raw gas at KPS. The remaining raw gas
is delivered via pipeline from KPS to KGTP.

KGTP is located directly to the south of KPS, with a fence separating the two facilities. Ballance Agri-Nutrients
plant is located to the west of the KGTP. The locations of these sites land area are shown in Figure 3-1:

Figure 3-1: Map Showing Locations of KPS, KGTP and Ballance Sites

Raw Kapuni gas has a very low heating value due to it containing about 40-46 mol% Carbon Dioxide (COz2).
Consequently, this gas needs to be treated at KGTP so that the natural gas meets the New Zealand (NZ)
specification for reticulated natural gas and can, therefore, go into the NZ open access gas transmission network
owned by First Gas Limited (FGL).

Overview site plans of KGTP are shown in Figure 3-2 to Figure 3-4, and Table 3-1 shows the description of each
area.

Table 3-1: KGTP Area Description

Area Description
1 CO, Removal
2 Dehydration and Dewpoint Control
3 Refrigeration
4 LPG Production
5 Product Lines and Compressors (West)
6 Product Lines and Compressors (East)

610115-RPT-R0003-R2 (KGTP QRA Report)
July 2022 Page 5
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Area Description
7 LPG Storage
8 LPG Loadout
9 Product Gas Storage Compressors (East)
10 Flare (East)
11 Flare (West)
12 Steam Boilers
13 CO; Recovery
14 Alkali Storage
15 LTS Road Bridge
16 LTS Pipe Bridge
17 Methanol Storage

610115-RPT-R0003-R2 (KGTP QRA Report)
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Figure 3-2: Kapuni Gas Treatment Plant Plot Plan (Main Process Area)
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Figure 3-3: Kapuni Gas Treatment Plant Plot Plan (Product Gas Compression Unit and Flare Pits)
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Figure 3-4: Kapuni Gas Treatment Plant Plot Plan (LPG Storage and Loadout Area)
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3.2 Process Overview
The generalised gas treatment process in KGTP involves the following steps:

a) Removal of the bulk of the CO:2 via a recirculating Benfield hot potassium carbonate process so that
the gas meets the acceptable specifications for energy content.

b) Removal of water by contact with methanol and then chilling using propane refrigerant to meet the
water content and hydrocarbon dewpoint specifications.

c¢) Removal of a large proportion of the heavier hydrocarbon components in the above chilling stage,
followed by separation to produce Liquefied Petroleum Gas (LPG) and Natural Gasoline (NGL) for
export/sale.

d) Compression and metering of treated spec gas to transfer into the transmission network. Note that
the Product Gas Compressor system is a First Gas asset but can be controlled from KGTP.

e) CO: collected from Benfield Process is processed into liquid CO2, using an ammonia refrigeration
system and transferred to storage tanks for export/sale.

The KGTP process overview is shown in Figure 3-5.

610115-RPT-R0003-R2 (KGTP QRA Report)
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Figure 3-5: Kapuni Gas Treatment Plant Process Overview
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33

Plant and/or Equipment Operational Status

Not all plant and equipment in the KGTP site are currently in operation. The four plant and equipment status
categories defined by Todd are as follow:

Operating: All plant and / or equipment that are currently in operation to achieve an outcome for the
business.

Standby: All plant and / or equipment that are ready to start when the operating plant and / or
equipment unit stops.

Mothballed: All plant and / or equipment that are unlikely to be used for achieving any business
outcome in the near future. They are positively isolated from all upstream and downstream process
systems. Blinds, spades or spacers are installed at all the points of disconnection from live process
systems. All systems are electrically isolated and earthed. The plant and / or equipment is preserved
to maintain it in a satisfactory condition.

Abandoned: All plant and / or equipment that are unlikely to be used for achieving any business
outcome in the foreseeable future. They are positively isolated and physically disconnected from all
upstream and downstream process systems with a visible air gap present to prove positive isolation
but maintain physical position on site. Blinds are installed at all the points of disconnection from live
process systems. All systems are electrically isolated / disconnected as appropriate. Plant or
equipment is not maintained or preserved.

The operational status of process plants / units in KGTP are summarised in Table 3-2.

Table 3-2 : KGTP Plants/Units Operational Status

Plant/Unit Operational Status Considered in QRA?

€O, Removal Unit Train 1, 2 Operating Yes
(Benfield) Train 3 Mothballed Netet Yes (Sensitivity case 2) Note
Dehydration and Dew Point No. 2 Chilling System Operating Yes
Control Unit No. 1 Chilling System Standby Note2 Yes (Sensitivity case 2) Note2
Propane Refrigeration System Operating Yes

Train 1 Standby Note2 Yes (Sensitivity case 2) Note2
LPG Production Unit

Train 2 Operating Yes
LPG Storage & Loadout Facility Operating Yes

e 60/40 Condensing Tank

Mothballed Note 6

Yes (Sensitivity case 2) Noteé

Natural Gasoline Storage & Loadout Facility Operating Yes
Product Lines and Compressors Operating Yes
e  Stab Gas Compressor
e  CNG Compressor Abandoned Note 3 No
. No.4 Product Gas Compressor
Gas Gathering Facility Operating Yes
Cogeneration Area Operating Yes
CO; Recovery Unit Operating Yes
Utilities Operating Yes

610115-RPT-R0003-R2 (KGTP QRA Report)
July 2022
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Plant/Unit

Operational Status

Considered in QRA?

e  Boilers (B-901-1/2/3)
e  De-aerator (E-901-1)

Mothballed Note 4

Yes (Sensitivity case 2) Note4

. Demin Plants 1&2

Abandoned Note3

No

LTS Conditioning Unit

Abandoned Note>

No Note5

Notes:

1. Benfield train 3 is mothballed and considered in QRA as Sensitivity case 2.

2. One out of two trains of the Dehydration and Dew Point Control Unit and the LPG Production Unit are
currently on standby and considered in QRA as Sensitivity case 2.

3. Equipment is abandoned and will never be recommissioned, therefore not considered in QRA.

4. Boilers and de-aerator are mothballed, and the fuel gas lines are blinded off. One boiler is not in the
condition that could be easily restarted but two can be brought back online fairly easy. Therefore, only
two boilers are considered in QRA as Sensitivity case 2.

5. The LTS gas conditioning unit is in an abandoned condition which would require significant remedial
work prior to recommissioning, therefore not considered in the study. However, a few live product gas
lines and Gas Storage Compressors (D4-0401/0402) in this area, are considered in QRA.

6. 60/40 LPG line is mothballed and is considered in QRA as Sensitivity Case 2.

The QRA study considers current KGTP operation as Base Case. Risk levels considering equipment to be use for
future production are considered in the Sensitivity Case 2 assessment.

610115-RPT-R0003-R2 (KGTP QRA Report)
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4 STUDY METHODOLOGY AND ASSUMPTIONS

The methodology followed for completing the QRA is aligned with good industry practice and the Todd Energy
Fire and Explosion Analysis and Quantitative Risk Assessment Methodology Guideline [Ref. 2]. The generic
process, specified in the Worley’s Onshore QRA Method Statement [Ref. 3], is illustrated in Figure 4-1 with the
minor modification in that this study does not include the provision of risk mitigation measure
recommendations.

Define the objectives, assumptions and rules set applicable to the QRA

Set Context study and the targeted audience.

|

Hazard ldentification

|

Scenario ldentification

|

Consequence Modelling

|

Event Frequency

|dentify credible hazardous events due to hydrocarbon releases from the
facility for further evaluation.

Each accident category identified is divided into a series of contributing
accidental events.

Credible scenario outcomes are modelled based on the material
composition and operating conditions to determine the impact of the
hazardous event outcome upon loss of containment, e_g. fire, explosion,
dispersion and etc.

The failure frequency for each isolatable section is estimated using the
parts count approach. Probabilities are assigned to each branch of event
tree and the respective outcome event frequency is estimated.

Estimation
Fatality estimation: Determine the fatality probabilities to personnel due
to each event outcome.

Risk analysis: Estimation of the risks posed to personnel.

Risk Assessment Risk summation: Summation of the risks to personnel from each event

outcome.
Risk evaluation: The risk levels are compared against defined risk
l acceptance cnteria to determine its tolerability level.
Controls and mitigating measures are proposed to reduce the likelihood
Risk Mitigation and/or impact of the hazardous event outcome. Hence, reduce the risk
to individuals.

Figure 4-1: QRA Methodology
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4.1 Assessment Tool

DNV Safeti Software version 8.22 [Ref. 6] is used to build the QRA model. Safeti is an integrated consequence
and risk modelling package developed by DNV Software aimed at the onshore petrochemical and chemical
process industry for assessing process plant risks via comprehensive QRA. It is designed to perform all the
analytical, data processing and results presentation elements of a QRA within a structured framework.

4.2 QRA Assumptions

An Assumptions Register [Ref. 1] was generated which outlines the basis of all assumptions and the input bases
inherent in the QRA study. Key assumptions are shown in the following subsections for reference.

42.1 Atmospheric Conditions

Meteorological conditions impact the outcomes of release modelling, including downwind flammable and toxic
vapour cloud dispersion distance (influenced by atmospheric stability and wind speed), rate of pool vaporisation
(ambient temperature), and atmospheric attenuation of radiant heat (temperature and relative humidity).

The following conditions are used as basis in the QRA modelling.
Wind Speed and Direction

Wind speed and direction data are taken from NIWA’s CliFlo database [Ref. 19] for the Hawera Automatic
Weather Station to represent the atmospheric conditions at KGTP. Data for 5-year period from January 2008 to
December 2012 are taken, with wind speed and direction measurements taken every hour. The wind rose is
shown in Figure 4-2.

Hawera AWS

North

North West North East

m>10m/s
5-10m/s

Wm2-5m/s

West East

0-2m/s

South West South East

South

Figure 4-2: Hawera AWS Windrose

The following combinations of wind speed and atmospheric stability is used in the QRA model to represent the
typical wind speed conditions around the plant area:

e 2/F — wind speed of 2 m/s with Pasquill Stability class F — stable, night with moderate clouds and
light/moderate wind

e 5/D — wind speed of 5 m/s with Pasquill Stability class D — neutral, little sun and high wind or
overcast/windy night
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e 10/D — wind speed of 10 m/s with Pasquill Stability class D — neutral, little sun and high wind or
overcast/windy night

For the modelling, wind speed reference height (the height at which the wind impacts a release) is set at 1 m
(i.e. so as to match the release height). The Power Law wind profile is applied, where the wind speed varies with
height according to power-law profile.

By consideration of the Pasquill Stability class relationship with day and night and wind speeds, the wind data
for use in the QRA model is calculated as shown in Table 4-1.

Table 4-1: Hawera AWS Wind Data

Wind Speed /
Pasquill North WLz East S South =L West o Total
T East East West West
Stability
0-2m/s/F 2.1% 1.1% 0.3% 1.4% 0.6% 0.3% 1.7% 1.5% 9.0%
2-5m/s/D 10.1% 5.1% 1.5% 6.9% 3.1% 1.4% 8.2% 7.2% 43.5%
5-10m/s/D 11.1% 5.6% 1.7% 7.5% 3.4% 1.5% 8.9% 7.9% 47.5%
Total 23.3% 11.8% 3.5% 15.9% 7.1% 3.2% 18.7% 16.5% 100.0%

Ambient Temperature and Relative Humidity

The following ambient temperature and relative humidity are used in the QRA:
e  Ambient temperature: 14°C

e  Relative humidity: 83%
Solar Radiation
The allowance for solar radiation has been excluded from the calculations.
Topography

Safeti cannot take into account the effects of the local undulating topography for the gas dispersion. The surface
roughness of 0.1 mis applied to represent an area of “low crops, occasional large obstacles”.

4.2.2 General Leak Frequency

The leak frequencies for process equipment in general are taken from the International Association of Qil and
Gas Producers (IOGP) Risk Assessment Data Directory (RADD) Process Release Frequency [Ref. 12]. Where IOGP
data does not cover such as storage vessels, TNO Purple book failure data [Ref. 10] was used. The details are
provided in the Assumptions Register [Ref. 1].

4.2.3 Release Hole Sizes

For every component failure, there is a range of credible hole sizes ranging from pinhole leak to full bore rupture.
In general, the representative hole sizes used in the QRA is as shown in Table 4-2.

Selected representative holes sizes were chosen using the geometric mean of the smallest and largest hole size
in each group. For example, the representative hole size for the range 10 — 50 mm is calculated as (10 x 50)0.5
=22 mm. The use of geometric mean is also aligned with the recommendation in the latest OGP Process Release
Frequency [Ref. 12].
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Table 4-2: Hole Size Distribution

OGP Hole Size Group (mm) Representative Hole Size (mm)
1-3 2
3-10 6
10-50 22
50-150 85
> 150 Range geometric mean

22 mm is used as the maximum hole size for small bore fittings. The maximum hole size for a flange is also limited
to 22 mm as a release from a flange is normally limited to a segment of a gasket between bolts [Ref. 2].

It is noted for equipment referencing TNO Purple Book [Ref. 10] failure data, actual hole sizes following the
failure data is used as there are no sufficient leak size distribution data in Purple Book to calculate the geometric
mean.

424 Leak Frequency Modification Factor

Several leak frequency modification factors are applied to the release frequency database as per the Assumption
Register [Ref. 1] and Todd Energy’s Methodology Guideline [Ref. 2].

Table 4-3: Leak Frequency Modification Factor

Type of Release Reduction in frequencies
Piping Release Frequency Process Piping -
Inter-unit Piping 90%
Rupture Release Frequency Full bore rupture 52%

For KGTP, process (on skid) piping are considered for pipework which connect equipment within the unit
boundary while inter-unit piping is considered for piping which connects different units within the KGTP site.

4.2.5 Isolation Success Probability

The Emergency Shutdown (ESD) systems are intended to shut down and isolate the process inventories to reduce
damage or risk of escalation. When activated, emergency shutdown valves (ESDVs) divide the process system
into a number of isolatable sections, with each potential leak source associated with a particular isolatable
inventory.

In this KGTP QRA, 100% ESDV success probability is assumed for the Base Case inventory consideration.

4.2.6 Ignition Probabilities

For KGTP QRA, the Energy Institute (El) ignition probability model referenced in OGP Ignition Probabilities [Ref.
14] is used for the estimation of overall ignition probability of loss of containment scenarios.

For this QRA, the following ignition scenarios are used [Ref. 14]:

e Scenario 8 — Large Plant Gas LPG (Gas of LPG release from large onshore plant) — Releases of
flammable gases, vapour or liquids significantly above their normal (NAP) boiling point from large
onshore outdoor plants (plant area above 1200 m?, site area above 35,000 m?).
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e Scenario 9 — Large Plant Liquid (Liquid release from large onshore plant) — Releases of flammable
liquids that do not have any significant flash fraction (10% or less) if released from large onshore
outdoor plants (plant area above 1200 m?, site area above 35,000 m?) and which are not bunded or
otherwise contained.

e  Scenario 13 — Tank Liquid 100 m x 100 m Bund (Liquid release from onshore tank farm where spill is
limited by small or medium sized bund) — Releases of flammable liquids that do not have any
significant flash fraction (10% or less) if released from onshore outdoor storage area ‘tank farm’ (e.g.
spill in a large tank bund containing four or fewer tanks, or any other bund less than 25,000 m? area).

The graphs of ignition probabilities as a function of mass release rate are shown in Figure 4-3.
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Figure 4-3 Ignition Probability
Early and Delayed Ignition Probabilities

The graph presented in Figure 4-3 represents the total ignition probability. An overall distribution for early to
delayed ignition ratio of 30:70 to 50:50 split is considered reasonable. The timing of ignition is used as a means
to predict the nature of the ignited event. Early ignition is taken to indicate a jet fire or pool fire depending on
the material released. Delayed ignition is taken to indicate that the ignition would initially result in a flash fire or
explosion.

For this study, a 30:70 split for early to delayed ignition probability is used. Given the maturity of the hazardous
area and ignition control measures in place on KGTP site, it can be assumed that 70% of releases will not find an
ignition source in the immediate area of the release and therefore will have a delayed ignition.

Explosion Probabilities
For this QRA, the generic explosion probabilities shown in Table 4-4 is used [Ref. 15].

Table 4-4: Explosion Probabilities

Release Rate Category Release Rate (kg/s) Explosion Probability given ignition
Minor <1 (0.5 nominal) 0.04
Major 1-50 0.12
Massive >50 (100 nominal) 0.3

610115-RPT-R0003-R2 (KGTP QRA Report)
July 2022 Page 17



Worley Lo

energy | chemicals | resources ENERGY

KAPUNI GAS TREATMENT PLANT
QUANTITATIVE RISK ASSESSMENT REPORT

4.2.7 Congested Areas
Flammable vapour cloud accumulation at congested area(s) is a prerequisite to initiate a Vapour Cloud Explosion
(VCE).

KGTP is generally open with good ventilation expected throughout the year. However, some areas around the
process plants can be quite congested due to the size and arrangement of process equipment/ vessels/ piping.
These areas are identified as congested areas and shown in Figure 4-4.

Figure 4-4: KGTP Congested Area

The estimated volume of each congested area is given in Table 4-5.

The VCE impacts are estimated using “Multi Energy Model” in Phast/Safeti, where the explosion overpressure is
modelled based on blast strength of each congested area. The blast strength class assumed for each congested
area is summarised in Table 4-5. Details and basis of the “Multi Energy Model” congested area parameters are
provided in Assumptions Register [Ref. 1].

Table 4-5: Volume and Blast Strength Index of the Congested Areas

No. Description Volume (m3) Blast Strength Class
Congested Area 1 Gas Compression Area Compressor Shed 5,852 5
Congested Area 2 CO; Recovery Area Compressor Shed 1,350 5
Congested Area 3 LPG Production Process Area 2,400 5
Congested Area 4 Cogeneration Process Area 2,904 5
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No. Description Volume (m3) Blast Strength Class
Congested Area 5 Boiler House 3,321 5
Congested Area 6 Gas Treatment Process Area 1 3,180 5
Congested Area 7 Gas Treatment Process Area 2 2,691 5
Congested Area 8 OVHD Compressor Shed 585 5
Congested Area 9 LTS Conditioning Process Area 2,451 3

Congested Area 10 LTS Gas Conditioning Compressor House 2,592 5
Congested Area 11 Stab Gas Compressor Shed 432 5

It is noted that VCE is performed with a “black box” calculations in the Safeti model. Safeti estimates explosion
risk based on percentage fill of the identified congested areas, taking into account of the flammable gas cloud
dispersion from all release scenarios within KGTP. The software however does not report the eventual
percentage filled in each identified congested area used for the explosion fatality risk modelling.

4.2.8 Fatality Criteria
Heat Radiation

The method of calculating the probability of fatality for an individual, given known exposure duration and
thermal heat radiation levels, is undertaken by using a Probit function. The Probit function is a general formula
which takes the same form, but with various constants used. The Probit used for lethality calculations is taken
from the TNO Green Book [Ref. 11]. The Probit function is defined as follows:

Probit = -36.38 + 2.56 In (t x g*?)
Where:
t = exposure duration in seconds
g = thermal radiation level in W/m?
Safeti calculates the Probit values during the analysis.

An exposure duration of 20 seconds is used as a base case, although it is noted that personnel are likely to find
some form of shielding protection within this time frame.

Flash Fire

If personnel are within the 100% lower flammable limit (LFL) of the gas plume, 100% fatality is assumed. LFL is
the lower end of the concentration range over which the flammable mixture of a gas/ vapour in air can be ignited
at a given temperature/ pressure.

A flash fire occurs when a dispersed cloud of flammable gas or vapour and air mixture is ignited within its
flammable regions, causing a wall of flame to spread throughout the flammable region and back to the release
point. The flame propagates through the cloud in a manner such that negligible or no damaging overpressure is
generated. This flash is almost instantaneous as the flame propagates at high speed through the cloud and back
to the source.

An assumption of 100% fatality rate within the footprint of the cloud is conservative and does not allow for
potential risk reducing considerations such as;

e uneven mixing of gas and air in the cloud resulting in uneven propagation of the flame;
e  topography;

e  sparsely populated rural land use adjoining the site;
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° availability of shelter;
e  opportunity for escape; and
e clothing worn by persons exposed to the flash fire.

Thermal radiation outside of the flash fire falls off rapidly and is not sustained due to the instantaneous nature
of the event. The potential for fatality outside the flash fire footprint is not considered credible.

Explosion Overpressure

The “Multi-Energy Explosion” model is used to model the congested area Vapour Cloud Explosion (VCE). The
assessment criteria for explosion overpressure effects are based on the explosion effects taken from the HIPAP4
[Ref. 8] as given in Table 4-6.

Table 4-6: Effects of Explosion Overpressure

Overf):::z::en(kPa) BHSeE
3.5 No fatality and very low probability of injury
7 Probability of injury is 10%. No fatality
21 20% chance of fatality to a person in a building
35 50% chance of fatality for a person in a building and 15% chance of fatality for a person in
the open
20 Threshold of lung damage

100% chance of fatality for a person in a building or in the open

Note: The two overpressure levels in bold are considered in the QRA as the fatality probabilities for personnel
in the open.

BLEVE

Boiling Liquid Expanding Vapour Explosion (BLEVE) is an escalation scenario that occurs as a result of prolonged
flame impingement on above ground pressurised vessels containing materials such as liquefied petroleum gas
(LPG) or lighter end hydrocarbon. BLEVE would result in an explosion overpressure together with a fireball and
missile generation over some distance. As the fireball tends to drift upward and to avoid double counting, only
the explosion overpressure effects are considered in the QRA. The fatality criteria for BLEVE explosion are
referenced from Table 4-6 above.

For KGTP study, BLEVE is considered credible if a pressurised vessel contains at least 4 m3 of volatile hydrocarbon
(liquid butane or lighter). The BLEVE scenarios considered in the KGTP QRA study are shown in Table 4-7. These
vessels are above ground vessels and no credit is taken for the available firefighting provisions (e.g. deluge).

Table 4-7: Vessels Considered for BLEVE in KGTP

EqTL:: r::.nt L L 'X’{EHZ R Volfl?r:?('mﬂ InveI:foL:iy‘j(m3)
D-420-2 De-Ethaniser Vv K402 335 16.75
D-420-1 Stabiliser \Y K402 10.3 5.15
D-430-2 De-Propaniser Vv K404 20.9 10.45
D-430-1 De-Propaniser Vv K404 14.3 7.15
F-4003 Propane Storage Vessel H Propane 113 51.32 Note3
F-4004 Propane Storage Vessel H Propane 230 106.59 Note 3
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F-4001 Butane Storage Vessel H Butane 66 51.29 Note4
F-4002 Butane Storage Vessel H Butane 113 44,45 Note 4
F-315 Propane Refrigerant Surge Drum H Propane 9.2 4.6
D-315-2 Propane Refrigerant Economiser H Propane 17.6 5.3
Notes:

1. Material composition is provided in Assumptions Register [Ref. 1].

2. V-denotes vertical vessel, H - denotes horizontal vessel.

3. Mass inventory values (26 tonnes, 54 tonnes) were converted to volume respectively using Propane
density of 506.6 kg/m?3 at 2 barg, 15°C [Ref. 6].

4. Mass inventory values (30 tonnes, 26 tonnes) were converted to volume respectively using Butane
density is 585.0 kg/m?3 at 2 barg, 15°C [Ref. 6].

Toxic Effects

Fatality probabilities when exposed to toxic gas as a function of concentration and exposure duration can be

calculated by using a probit function in the form given below:

Probit=a+ b In (C"-t)

where:

t = exposure durations in minutes

C= concentration in ppm

a, b and n = material specific probit constants

The toxic materials handled onsite include:

° Ammonia;

° Methanol;

e  Ethyl Mercaptan (odorant);

e  t-Butyl Mercaptan (odorant); and

° Carbon Dioxide.

UK HSE [Ref. 20] gives the following toxic load values for toxic materials as shown in Table 4-8.
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Table 4-8 : UK HSE Dangerous Toxic Load (DTL) for Specified Level of Toxicity (SLOT) and Significant Likelihood of Death
(SLOD) Values

SLOT DTL SLOD DTL
Material n
(ppm"-min) (ppm"-min)
Ammonia 2 3.78 x 108 1.03 x 10°
Methanol 1 8.02 x 10° 2.67 x 106
Ethyl mercaptan 1 1.66 x 10° 6.62 x 10°
t-Butyl mercaptan 1 9.9x 10° 3.96 x 10°
Carbon Dioxide 8 1.5 x 1040 1.5x 104

By solving the simultaneous equation, the other constants a and b can be calculated. The probit constants for
toxic materials onsite are shown in Table 4-9.

Table 4-9 : Probit Constants

Material a b n
Ammonia -43.24 2.32 2
Methanol -23.67 1.94 1
Ethyl mercaptan -17.58 1.68 1
t-Butyl mercaptan -20.53 1.68 1
Carbon Dioxide -90.94 1.01 8
4.3 Vapour Cloud Explosion and UK HSE Research Report RR1113 Findings

The UK Buncefield Qil Depot explosion and fire in December 2005 is of particular interest for sites with vapour
cloud explosion (VCEs) potential. UK HSE Research Report RR1113 (Review of Vapour Cloud Explosion Incidents)
[Ref.22] describes post-Buncefield work undertaken by the UK HSE (along with US safety regulators) to
consolidate previous research and analysis on vapour cloud development and explosions into a single review of
historical incidents.

The review focusses on source terms, cloud development and explosion mechanics for both permanent fuel
gases C2-C4 (e.g. LPG) and volatile liquids C4-C6 (e.g. gasoline). The report notes that, once a stable current of
cold heavy vapour forms, the subsequent development of LPG and gasoline clouds are similar [Ref.22]. Those
operating sites handling LPG should therefore be interested in records of vapour cloud development and VCEs
at gasoline sites and vice versa.

There is one gasoline tank (F-4033) at the KGTP site. However, the tank has a volume of 65 m3 and filling rate of
approximately 2 m3/hr, which is much lower than the 100 m3/hr “in-scope tank” criteria for Buncefield type
overflow scenarios consideration [Ref. 24]. The Buncefield type overflow scenario assessment is therefore not
addressed in this report.

The KGTP site handles and stores LPG, and it is acknowledged that the LPG spray releases could potentially form
large vapour clouds under nil/ very low wind conditions (< 1.3m/s).

RR1113 notes that under nil / very low wind speed conditions (<1.3 m/s) vapour dispersion will be gravity-driven,
and the vapour cloud will continue to grow for as long as the release continues (spreading out in all directions
and/or following any downward slopes around the release source).
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These large vapour clouds are almost certain to ignite, and the probability of a severe explosion event (open
area VCE) is high, especially for gasoline. However, for LPG incidents, it is suggested that the clouds formed can
be very rich or even over the upper flammability limit (UFL) and as such the risk of an open area VCE is most
likely less than 50%. RR1113 concluded that additional experimental and modelling work is required determine
what kind of LPG spray releases in nil/very low wind conditions could results in clouds within the flammable
range.

The report also concludes that although the transition to a severe explosion seems to involve some degree of
congestion or confinement as an initiator, the overpressure effects are not limited to areas of congestion or
confinement. The report suggests that overpressures in this scenario could be in excess of 2000 mbar, with 100%
fatalities throughout the extent of the large flammable cloud at time of ignition.

However, at this point in time, the explosion propagation mechanism through open/uncongested areas is
subjected to considerable academic debate, and there are no commonly available methods to reproduce these
specific conditions and subsequent high levels of overpressure with current industry standard explosion models
(e.g. Multi Energy Method). Furthermore, the UK HSE Vapour Cloud Assessment (VCA) method provided in
RR908 / FABIG 12 [Ref.26, 27] addresses gasoline overfill, but does not address LPG releases. As such, the LPG
vapour cloud formation under nil/ very low wind conditions have not been quantified in this QRA.

The findings of RR1113 are highlighted in this assessment to reinforce the maintenance of plant integrity as
critical risk reduction measures and suggest that the value of mitigation measures such as vapour detection
should be reviewed. Site emergency response planning should take into consideration the LPG vertical spray
release scenarios under nil / very low wind conditions.
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5 HAZARD IDENTIFICATION

5.1 Hazardous Materials

The material compositions used in the QRA modelling are based on information and confirmation provided by
Todd [Ref. 4, 5, 16].

Any stream that will generate different consequences is represented by different sections. For node sections
with similar operating conditions or fluid composition that will generate similar consequence results, the stream
which results in worst case result is selected as representative to rationalise the number of scenarios performed.
This is also to avoid the method of averaging out the inputs of different feed gas streams as it may create a
stream with ‘brand new’ operating conditions, material compositions and flowrates which does not represent
the actual release conditions.

The effect of CO in hydrocarbon mixtures on fire hazards is considered to avoid over/under conservatism in the
QRA. Research [Ref. 18] has found that CO2/methane mixture were ignitable up to a CO2 concentration of 60%.
Following the research findings, hydrocarbon mixtures with CO2 concentration of up to 60 vol% are assumed to
remain flammable and modelled in the QRA to account for the fire and explosion hazards. CO; toxic effects on
personnel fatalities are considered in the QRA study as discussed in Section 4.2.7. It is noted that the CO: toxic
fatality effects are only considered for scenarios with equipment containing pure CO..

As far as is reasonable, the compositions in each stream are simplified (i.e. isomers are summed together). The
important characteristic of molecular weight is kept close to the actual value to ensure the release rate is
representative.

In addition to the material composition provided in process condition summary [Ref. 4], the following materials
and the associated compositions are used in the QRA as well:

e  Product gas (89 mol% Methane and 11 mol% Ethane);
e LPG (60 mol% Propane and 40 mol% Butane); and
e Natural Gasoline (50 mol% Pentane and 50 mol% Hexane).

Detailed stream compositions used for each isolatable sections/node were provided in Assumptions Register
[Ref. 1].

Diesel and lube oil have high flash points and considered as combustible liquids, thus not further modelled in
the QRA study. The flash point of a liquid is the lowest temperature at which a liquid will form a vapour in the
air near its surface. For substances with high flash point, presence of major heat sources such as pre-existing fire
[Ref. 7] are required to heat the substances above its flash point before it can be ignited in air.

5.2 Isolatable Sections

An ESD system can limit the outflow once a loss of containment occurs. When activated, ESDVs divide the
process system into a number of isolatable sections, with each potential leak source associated with a particular
isolatable inventory. These sections were split further where necessary and the entire contained inventory was
considered as available for release.

Node sections highlighted in the Piping & Instrumentation Diagrams (P&IDs) are presented in Appendix 1. Details
of the node sections for Base Case and Sensitivity Case 2 are presented in Table 5-1. Inventory calculation for
Sensitivity Case 1 are detailed in Section 8.1.1.
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5.3 Release Scenarios

Release rates were calculated based on the release hole sizes and fluid pressure/ tank head pressure. The height
of release from all scenarios is assumed to be at 1 m above ground, although some equipment may be located
at the elevation higher than the ground level. It is assumed that 70% of the releases are horizontal and 30% of
the releases are vertical.

The release scenarios and the respective operating conditions used in the QRA study are presented in Table 5-1.

610115-RPT-R0003-R2 (KGTP QRA Report)
July 2022 Page 25



Worley

o>

TODD
energy | chemicals | resources ENERGY
KAPUNI GAS TREATMENT PLANT
QUANTITATIVE RISK ASSESSMENT REPORT
Table 5-1: Release Scenarios and Operating Conditions
- Max Pipe / Pipe / Hose Volume of
Node Description / Boundaries No. (Note 1) T(°C) P (barg) | Hose Diameter | Length (m) Isolatable
0. (mm) (Note 2) (Note 3) Section (ma)
Raw Gas and Maui Gas Lines
Raw Gas header from KPS/KGTP Site Boundary via Inlet Separator (M-507) and
Clanton Separator (M-105) to Absorber Towers (D-101-1/2) inlet valves (PV101-
KGTO1_RGS_01V 1/2), Cogen Plant Header (XSV-603), LTS Plant Gas Header and bypass to K101 5 40 >00 259 2330
Separator (D-201-4) top line
Raw Condensate from Cyclone Bank (M-507) bottom to LPG Surge Vapouriser
KGTO1_RCS_01L (F-201) inlet (liquid inventory taken up to XSV-516) K919 15 40 100 218 4.1
Maui Gas from 300 line & 309 line (XSV-594) adjoining with Product Gas
KGT01_MAU_01_V | Compressors Inlet header and sending Maui Gas export to AUP/ Ballance & K502 15 45 500 111 233.0
Lactose Plant -306 line (up to XSV-9622)
KGTO1_MAU_02_V Maui Gas export via Dry Gas In-line Filter (M-512) to A/U Plant- 112 line (up to K502 15 45 100 63 233.0
HV-300)
CO; Removal
Treated gas from top of CO, Absorber Tower (D-101-1) via Gas Cooler (E-105-1)
KGT02_TG5_01_V and Gas Separator (M-101-1) to FV-102-1 (Benfield Train 1) K102 42 40 300 5 36.2
Treated gas from top of CO, Absorber Tower (D-101-2) via Gas Cooler (E-105-2)
KGT03_TGS_04_V and Gas Separator (M-101-2) to FV-102-2 (Benfield Train 2) K102 42 40 250 5 36.0
Dehydration and Dewpoint Control
Treated gas from CO, Removal Unit via Decanted Water Stripper (D-201-3) and
KGTO1_TGS_07.V Wash Water Stripper (D-201-4) to Chilling System K203 42 40 300 48 233.0
Treated gas from Strippers via Gas/Gas Heat Exchangers (E-313-1/2) and Gas
KGTO1_TGS_10_V Chiller (E-313-3) to Low Temperature Separator (M-313) inlet K203 42 40 300 48 233.0
Treated gas from Strippers via Gas/Liquid Heat Exchanger (E-303-4) adjoining
KGT01_TGS_12_V with Gas Chiller (E-313-3) inlet line K203 42 40 200 49 233.0
Product gas from Low Temperature Separator (M-313) and Two-Phase
KGT01_PGS_02_V Separator (M-314) via Gas/Gas Heat Exchangers (E-313-1/2) to Product Gas K205 12 40 200 15 233.0
header (PV-337)
KGT04_PGS_07_V Product gas from top of High Temperature Separator (M-307) to Product Gas K205 12 0 30 15 24
header (PV-380)
KGTO1 MPG 01 L Mixed LPG from bottom of Low Temper.ature Separator (M-313) and Two-Phase K204 12 0 80 15 56.3
- - - Separator (M-314) to FV-357 on outlet line
Mixed LPG from FV-357 on outlet line of Two-Phase Separator (M-313) via Gas
KGT04_MPG_03_L Liquid Heat Exchanger (E-303-4) to High Temperature Separator (M-307) inlet K204 12 40 100 3 4.0
Mixed LPG from bottom of High Temperature Separator (M-307) to HT
KGTO4_MPG_04_L Separator Condensate Pumps (G-301-1/2) suction. K204 12 40 150 15 4.0
(G-301-2 is on stand-by)
KGT04_MPG_05_L Mixed LPG from HT Separjdtor Condensate Pump (G-301-1) Discharge to Wash K204 12 0 100 15 40
Water Coalescer (M-302) inlet
KGTO4_MPG_06_L g/g)z(;ed LPG from Wash Water Coalescer (M-302) to LPG Production Unit (XSV- K204 12 40 100 15 40
Product Gas Lines and Compressors
Product Gas header from Dehydration and Dew Point Unit to Product Gas
KGTO01_PGS 01_V Compressors Inlet header, domestic supply and sending Product Gas export to K501 15 40 400 229 233.0
KPS and Whareroa (up to KPS/KGTP Site Boundary)
KGTO1_PGS_13_V Product Gas from Product Gas header to blanket Hydrocarbon Separator (M- K501 15 40 100 15 233.0
111) top section
KGTO1 PGS 14 V Product Gas from Product Gas Headgr (FV-0196) via LTS pipe bridge to XSV- K505 15 0 200 274 233.0
- - - 0109 near Gas Storage Compressors in LTS unit
KGT13_PGS_15_V Product G.as from XSV-0109 to Gas Storage Compressors (D4-0401/0402) Inlet K901 15 40 500 56 235
(D4-0402 is on standby.)
Product Gas from Gas Storage Compressor (D4-0401) Discharge via Gas Storage
KGT13_PGS_16_V Compressor Cooler (D2-0402) to Coalescer (D11-0417) inlet K901 5 40 150 >1 235
KGT13 PGS 17 V Product Gas export from Coalescer (D11-0417) to Gas Storage/ 070 Pipeline K901 15 40 500 51 23.5
= (XSV-0112)
Mixed Gas from Process Gas header and Maui Gas line to suction of Product Gas
KGTO1_MGS_01_V Compressor (C-903-2/3/5) (C-903-3 is on standby.) K501 15 40 400 a1 233.0
KGT01_MGS_03_V Mixed Gas from Product Gas Compressor (C-903-2) Discharge K506 40 70 200 15 233.0
KGT01_MGS_07_V Mixed Gas from Product Gas Compressor (C-903-5) Discharge K506 40 70 200 15 233.0
KGT11 MGS 05 V Mixed Gjas discharge header to the flange to the flange with Transmission K506 0 70 350 91 413
- - - export line
KGT11_MGS_08_V Mixed Gas domestic supply to Stores/ Workshop/ Admin. Building K506 40 70 50 251 41.3
Mixed Gas export from Product Gas Compressor Discharge header via Oil
KGT11 MGS 09 V Coalescer (M-919) to 100/200 Plpellpes in Transmission meterlng area and side K506 0 70 350 278 413
- - - uses as purge gas for Odorant Injection Tank (F-553) and instrument gas for
XSV-0107
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Pigging
KGT01_PIG_01_V Pig Receiver - 300 and 309 Pipeline (M-918) K502 15 45 500 - 233.0
KGT13_PIG_02_V LTS Pig Launcher (M-917) K901 15 40 500 - 23.5
KGT11_PIG_03_V Kapuni North Pig Launcher - 200 Pipeline (M-915) K506 40 70 200 - 41.3
KGT11_PIG_04_V Kapuni South Pig Launcher - 100 Pipeline (M-916) K506 40 70 200 - 41.3
Utilities and Cogen Unit
Mixed LPG from top of LPG Surge Vaporiser (F-201) via Rich Fuel Gas Separator
KGTO1_MPG_21_V (M-201-2) to HRSG burners (B-604-A-1/2/3, B-604-B1/2/3) in Cogen. Unit K919 88 3.9 100 /8 2330
KGTO01_MPG_22 L Mixed LPG at bottom of LPG Surge Vaporiser (F-201) K919(L) 88 3.9 50 15 56.3
KGTO1 MPG 23 L Mixed L_PG from bo_ttom of Hydrocarbon Separator (M-111) to LPG Surge K919 15 0 50 50 56.3
- - - Vapouriser (F-201) inlet
Product Gas from Product Gas header via Fuel Gas Heater (E-602) and Fuel Gas
KGTO1_FGA_01_V KO Pot (M-601) to Fuel Gas Superheater (E-603) K503 5 40 150 38 2330
Fuel Gas from Fuel Gas Superheater (E-603) via Fuel Gas Filters (M-628-A/B) to
KGTO1_FGA_02_V HRSG A/B Burners (B-604-A-1/2/3, B-604-B1/2/3) K503 15 40 150 138 233.0
(M-628-B is on standby.)
Product gas from Product Gas header to Ammonia/ CO, Compressor Engines
KGTO1_PGS_19 V (CE-821/822) in CO2 Recovery Unit K501 15 40 50 154 233.0
KGT01_PGS_21_V Product gas from Product Gas header to Gas Flare System Burners (D1-4100B) K501 15 40 100 274 233.0
LPG Production Facility - Stabiliser, De-Ethaniser
Mixed LPG from Dehydration unit (XSV-332) via De-Ethaniser Feed Preheater (E-
KGTO1_MPG_07_L 420-3) to De-Ethaniser (D-420-2) inlet (LPG Production Train 2) K401 12 30 100 194 >6.3
De-Ethaniser (D-420-2) Top Vapour via De-Ethaniser OVHD Condenser (E-420-2)
KGTO1_DET_01_V and De-Ethaniser Reflux Drum (F-420-2) to XSV-411-2 on inlet line to OVHD K408 20 30 100 15 233.0
Compressor Suction Scrubber (M-422) (LPG Production Train 2)
Product gas from De-Ethaniser(D-420-2) via top of Suction Scrubber (M-422) to
KGT01_PGS_04_V OVHD Compressor (C-421-1/2) inlet (LPG Production Train 2) K408 20 30 80 110 233.0
(C-421-2 is on standby.)
Product gas from De-Ethaniser OVHD Compressor (C-421-1) discharge via De-
KGTO01_PGS_05_V Ethaniser OVHD Compressor Cooler (E-421-1) to Product gas header and to K408 20 30 200 143 233.0
adjoining Treated Gas line from Strippers (LPG Production Train 2)
Reflux from De-Ethaniser Reflux Drum (F-420-2) via De-Ethaniser Reflux Pumps
KGTO1_DEX_01_L (G-420-1/2) to De-Euthaniser (D-420-2) top side (LPG Production Train 2) K402 100 30 80 15 56.3
(G-420-2 is on standby.)
De-Ethaniser (D-420-2) Bottom Liquid to/from De-Ethaniser Reboiler (E-422-2)
KGTO1_DEB_O1_L and to De-Propaniser Feed Surge Drum (F-420-3) inlet (LPG Production Train 2) K402 100 30 150 5 263
KGTO1 MPG 09 L Mixed I?PG from Bottor’r? of De-Propaniser Feed Surge Drum (F-420-3) to De- K402 100 30 150 2 56.3
- - Propaniser (D-430-1/2) inlet
KGTO1 MPG 10 V Mixed ITPG from Top <?f De-Propaniser Feed Surge Drum (F-420-3) to De- K402 100 30 100 15 233.0
- - = Propaniser (D-430-2) inlet
LPG Production Facility - De-Propaniser
De-Propaniser (D-430-2) Top Vapour via De-Propaniser Condenser (E-430-2) to
KGTO1_DPT_11_V De-Propaniser Reflux Drum (F-430-2) (LPG Production Train 2) K403 20 14 150 15 2330
Reflux from De-Propaniser Reflux Drum (F-430-2) via De-Propaniser Reflux
KGT01_DPX_11_L Pumps (G-430-3/4) to De-Propaniser (D-430-2) (LPG Production Train 2) K403 20 14 100 15 56.3
(G-430-4 is on stand-by.)
Product propane from De-Propaniser Reflux Pump (G-430-3) via Propane
KGTO01_PC3_02_L Product Cooler (E-4001-2) to XSV-417-2 on the export line to Storage (LPG K403 20 14 50 15 56.3
Production Train 2)
De-Propaniser (D-430-2) Bottom Liquid to/from De-Propaniser Reboiler (E-432-
KGTO1_DPB_11._L 2) and to De-Butaniser (D-440-1/2) (LPG Production Train 2) K404 105 14 150 >6 263
LPG Production Facility - De-C4
De-Butaniser (D-440-2) Top Vapour via De-Butaniser Condenser (E-440-2) to De-
KGTO1_DBT_11_V Butaniser Reflux Drum (F-440-2) and to Surge Vaporiser (F-201) (LPG Production K405 20 7 150 168 233.0
Train 2)
Reflux from De-Propaniser Reflux Drum (F-440-2) via De-Butaniser Reflux Pumps
KGT01_DBX_11_L (G-440-3/4) to De-Butaniser (D-440-2) (LPG Production Train 2) K405 20 7 80 15 56.3
(G-440-4 is on standby.)
Natural Gasoline from bottom of De-Butaniser (D-440-2) and De-Butaniser
KGTO1_NGL_01_L Reboilers (E-442-1/2) to De-Ethaniser FEED Pre-Heater (E-420-3) inlet (LPG K406 115 7 150 42 56.3
Production Train 2) (E-442-1 is on standby.)
Natural Gasoline from De-Ethaniser Feed Pre-Heater (E-420-3) via Gasoline
KGTOI_NGL_02_L Cooler (E-460) to the export lines KPS and Storage (XSV-416 and XSV-481-1) K407 20 7 150 23 263

610115-RPT-R0003-R2 (KGTP QRA Report)

July 2022

Page 27



TOD

Worley

energy | chemicals | resources ENERGY
KAPUNI GAS TREATMENT PLANT
QUANTITATIVE RISK ASSESSMENT REPORT
Stream Max Pipe / Pipe / Hose Volume of
Node Description / Boundaries No. (Note 1) T(°C) P (barg) | Hose Diameter Length (m) Isolatable
&y (mm) (Note2) (Note 3) Section (m?)
LPG Production Facility - Product Export and Loadout
KGT32_NGL_05_L Natural Gasoline from XSV-416 in LPG Production Unit to KPS (up to KPS/KGTP K507 20 7 50 210 04
Site Boundary)
Natural Gasoline from LPG Production Unit (XSV-481-1) to XSV-4073 on the inlet
KGT33_NGL_06_L to NGL Storage Tank (F-4033) K703 15 7 100 578 4.7
KGT34_NGL_07_L Natural Gasoline Storage Tank (F-4033) K706 15 ATM - - 65.0
Natural Gasoline export from Natural Gasoline Storage Tank (F-4033) via
KGT35_NGL_09_L Natural Gasoline Load Out Pump (G-4033) to XSV-4068 on the NGL export line K803 15 2.95 100 5 0.1
KGT36_NGL_10_L Natural Gasoline from XSV-4068 to NGL Tanker Loading Hose (T-4003) inlet K803 15 2.95 100 15 0.1
KGT36_NGL_11_L Natural Gasoline Loadout Hose (T-4003) K803 15 2.95 100 - 0.1
NK(S;%—NGL—H—L Natural Gasoline Road Tanker K803 15 2.95 100 - 20 tonnes
Product Propane export from LPG Production Unit (XSV 417-2) to SDV-4004 on
KGT37_PC3_05_L the inlet lines to Propane Storage Vessels (F-4003, F-4004) K701 15 14 80 2:5
KGT39_PC3_07_V Vapour Section of Propane Storage Vessel (F-4003) K704 15 7 - - 61.7
KGT39_PC3_08_L Liquid Section of Propane Storage Vessel (F-4003) K704 15 7 - - 51.3
KGT40_PC3_09_V Vapour Section of Propane Storage Vessel (F-4004) K704 15 7 - - 1234
KGT40_PC3_10 L Liquid Section of Propane Storage Vessel (F-4004) K704 15 7 - - 106.6
Product Butane export from LPG Production Unit (XSV-419-2) to SDV-4005 on
KGT41_PC4_04_L the inlet lines to Butane Storage Vessels (F-4001, F-4002) K702 15 7 80 >62 2.6
KGT43_PC4_06_V Vapour Section of Butane Storage Vessel (F-4001) K705 15 2 - - 14.7
KGT43_PC4_07_L Liquid Section of Butane Storage Vessel (F-4001) K705 15 2 - - 51.3
KGT44_PC4_08_V Vapour Section of Butane Storage Vessel (F-4002) K705 15 2 - - 68.6
KGT44_PC4_09 L Liquid Section of Butane Storage Vessel (F-4002) K705 15 2 - - 44.5
Product Propane export from Propane Storage Vessels (F-4003, F-4004) via
KGT45_PC3_12 L Propane Loadout Pumps (G-4002/4024) to SDV-4017 on the LPG export line K801 15 10 200 15 0.5
(G-4002 is on standby.)
Product Butane export from Butane Storage Vessels (F-4001, F-4002) via Butane
KGT46_PCa_11_L Loadout Pump (G-4001) to SDV-4016 on the LPG export line K802 15 > 200 15 05
KGT47_LPG_01_L Product LPG export from SDV-4016/4017 to LPG Loadout Arm (T-4002) K806 15 7.5 100 15 0.1
KGT47_LPG_02_L LPG Loadout Arm (T-4002) K806 15 7.5 80 - 0.1
NKSLM—LPG—O?’—L LPG Road Tanker K806 15 7.5 80 - 20 tonnes
KGT47_LPG_05_L LPG Loadout Smart Hose to Isotainers K806 15 7.5 50 - 0.1
NK(S;M—LPG—%—L New LPG Road Tanker (Isotainer) K806 15 7.5 50 - 12 tonnes
Propane Refrigeration System
KGT70_REF_01_V Vapour section of Propane Refrigerant Surge Drum (F-315) K302 -34 1 100 15 36.4
KGT70_REF_02_L Propane refrlgerant from bot_tom of Propan_e Refrigerant Surge Drum (F-315) to K301 15 4 100 15 259
Propane Refrigerant Economiser (D-315-2) inlet
Propane refrigerant from Propane Refrigerant Economiser (D-315-2) to
KGT70_REF_03_V Compressors (C-330-1/ C-330-2) inter-stage suction K301 15 4 150 22 364
Propane refrigerant from bottom of Propane Refrigerant Economiser (D-315-2)
KGT70_REF_04 L to each user (E-313-3, E-420-2) K301 15 4 200 174 25.2
(E-303-3 is on standby.)
KGT70_REF_05_L Propane refrigerant in Gas Chiller (E-313-3) K302 -34 1 150 15 25.2
KGT70_REF_07_L Propane refrigerant in De-Ethaniser Reflux Drum (E-420-2) K302 -34 1 150 15 25.2
Propane refrigerant from each user via Propane Compressor Suction Scrubber
KGT70_REF_11_V (M-333) to Compressors (C-330-1/ 2) suction K302 34 1 300 154 364
Propane refrigerant from Compressors (C-330-1/2) discharge via Oil Separator
KGT70_REF_14_V (M-330-1/2) to Propane Refrigerant Condensers (E-317-1A/B, E-317-2) inlet K301 15 4 250 65 364
KGT70 REF 15 L Propane refrlgerar'!t from Propane Refrlgerant_Condensers (E-371-1A/B, E-317- K301 15 4 200 )8 259
- = 2) to Propane Refrigerant Surge Drum (F-315) inlet
Mercaptans and Methanol
Ethyl Mercaptan from Transportable Odorant Drums (F-4007-A/ B) via Odorant
KGT50_EMC_01_L Injection Pump (G-4011) to LPG Loadout Arm (T-4002) inlet K804 15 10 15 15 0.2
(F-4007-B is on standby.)
KGT50_EMC_02_L Ethyl Mercaptan Transportable Odorant Drums (F-4007-A/ B) K805 15 1 - - 0.2
KGT51_BMC_05_L t-Butyl Mercaptan Portable Odorant Tank (F-521) to domestic gas supply header K603 15 8 - - 0.1
KGT52_BMC_01_L t-Butyl Mercaptan Odorant Injection Tank (F-553) K603 15 1 - - 19.0
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t-Butyl Mercaptan from Odorant from Odorant Injection Tank (F-553) via
KGT52_BMC_02_L Odorant Injection Pumps (G-552-A/B) to Transmission export lines (100/200 K602 15 80 15 15 19.0
lines) (G-552-B is on standby.)
KGT52_BMC_03_L t-Butyl Mercaptan Filling Hose K603 15 1 50 - 19.0
5§L53_BMC_O4_L t-Butyl Mercaptan Road Tanker K603 15 1 50 - 16 tonnes
ATM
Liquid
KGT55_MOH_01_L Methanol Storage Tanks (F-502-1/2/4/6) K918 15 head - - 8.7
(2.7m)
Methanol from Methanol Storage Tanks (F-502-1/2/4/6) via Metering Pumps
KGT55_MOH_02_L | (G-309-1/2, G-319-1/2) to users K917 15 50 25 343 8.7
(G-309-2, G-319-2 are on standby.)
KGT55_MOH_03_L Methanol Filling Hose K918 15 0 40 - 8.7
55;56—MOH—04—L Methanol Road Tanker K918 15 0 40 - 4 tonnes
CO; Recovery - Ammonia
Ammonia gas from Ammonia Compressor (C-888) discharge to Ammonia
KGT80_AMM_01_V Condenser (E-895) through Oil Separator (M-892) (Train A) K908 15 15 150 5 33
Ammonia gas from Ammonia Compressor (C-821) discharge to Ammonia
KGT80_AMM_11_V | Receiver (F-823) through Oil Separator (M-825) and Ammonia Condenser (E- K908 15 15 150 15 3.3
825) (Train B)
KGT80_AMM_02_V | Ammonia gas section of Liquid Receivers (F-803/F-823) K908 15 15 32 15 3.3
KGTS0_AMM_03_L Ammonia liquid from Ammonia Condensers (E-895/825) to Liquid Receiver (F- K908 15 15 100 15 49
803/F-823)
Ammonia liquid from Liquid Receivers via Liquid Sub-Coolers (E-826/896) and
KGT80_AMM_04_L CO, Condenser (E-804) to Qil Receiver (M-828) K908 5 5 100 21 4.9
KGTS0_AMM_07_L Ammon|a liquid from SV-825 and SV-896C via Oil Receiver (M-828) (coil) to CO, K908 15 15 25 38 49
Chiller (E-803)
KGTS0_AMM_08_V Ammon!a gas return from COZCondenser_ (E-804) and Oil Receiver (M-828) to K909 30 0 250 15 33
Ammonia Compressors (C-888/821) suction
Ammonia gas return from CO; Chiller (E-803) and liquid ammonia vaporising via
KGT80_AMM_03_V Liquid Sub-Coolers (E-826/896) to Ammonia Compressors (C-888/821) suction K909 30 0 80 48 33
CO; Recovery - CO,
CO; gas from CO, Compressor (C-802) Discharge via Pulsation Vessel (F-806),
KGT90_C02_01_V Intercooler (E-807) and Interstage Separator (M-830) to After Cooler (E-802) K910 -26.6 15 100 15 45.6
inlet (Train A)
CO; gas from CO, Compressor (C-822) Discharge via Pulsation Vessel (F-826),
KGT90_C0O2_02_V Intercooler (E-827) and Interstage Separator (M-829) to After Cooler (E-802) K910 -26.6 15 100 15 45.6
(Train B)
CO; gas from CO;, After Cooler (E-802) via Aftercooler Separator (M-881) and via
KGT90_C02_03_V CO; Chiller (E-803) to Chiller Separator (M-882) K910 26.6 5 100 31 4>.6
CO; gas from Chiller Separator (M-882) outlet via CO; Purifiers(M-807-1/2), CO,
Driers (B-801-1/2) and CO, Particulate Filters (M-879-1/2) to CO, Condenser (E-
KGT30_C02_07_V 804) inlet adjoin with CO; gas lines from Storage Tanks (F-801-1/2/3) K910 266 15 80 89 456
(M-807-2, B-801-2 and M-879-2 are on standby.)
CO; liquid from CO, Condenser (E-804) via CO; Liquid Receiver (F-802) and
KGT90_co2_08_L CO,Condenser Pump (G-883) to Liquid CO, Storage Tanks (F-801-1/2/3) inlet K910 26.6 5 100 e 223.0
CO; gas from Aftercooler Separator (M-881) and Raw Gas Boosters (C-885/823)
KGT90_CO2_16_V discharge via Catalyst Carbon Vessels (D-821/ D-801) to CO, Compressors (C- K907 15 1 300 180 45.6
802/822) suction
KGT90 CO2 18 V CO; gas from Storage Tanks.(F-801.-.1/2/3) to users (Compressor shelters, LPG K920 15 0.094 50 796 156
- - Storage tanks and LPG Loading facility)
CO; gas for Regeneration Cycle via Regeneration Heaters (B-802/ B-803), CO>
KGT90_C02_19 V Purifier (M-807-2), CO, Drier (B-801-1) K922 15 0.1 80 15 45.6
KGT90_C02_09_L Liquid CO; Storage Tank (F-801-1) K910 -26.6 15 - - 223.0
KGT90_C02_10_L Liquid CO; Storage Tank (F-801-2) K910 -26.6 15 - - 223.0
KGT90_CO2_11_L Liquid CO; Storage Tank (F-801-3) K910 -26.6 15 - - 223.0
KGT90_CO2_12_L Air Liquide CO; Storage Tank (F-811) K910 -26.6 15 - - 223.0
Liquid CO; from Storage Tanks (F-801-1/2/3) via CO, loadout pumps (G-821, G-
KGT90_C02 24 _L 801-1/2) to BOC CO; Road Tanker Loadout Connections K906 26.6 = 100 1 223.0
KGT90_C02_ 251 Liquid CO; from Air quwfi CO; Storage Tank (F-811) via G-812 to Air Liquid Road K906 26.6 15 50 15 223.0
Tanker Loadout Connection
KGT90 CO2 26 V CO, gas Fo Storage Tanks (F-801-1/2/3) from BOC CO, Road Tanker Revert K906 26.6 15 50 23 456
- - - Connections
KGT90_C02_ 27 V CO, gas to from. Air Liquid CO, Storage Tank (F-811) from Air Liquid Road Tanker K906 26.6 15 25 15 156
Revert Connection
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KGT90_C02_28 L Vector CO, Loadout connection K906 -26.6 15 50 - 223.0
KGT90_C02_29 V BOC CO; Road Tanker Revert connections K906 -26.6 15 25 - 45.6
KGT90_C02_30_L BOC CO; Road Tanker Loadout Connection K906 -26.6 15 80 - 223.0
KGT90_C02_31 V Air Liquide Road Tanker Revert connection K906 -26.6 15 25 - 45.6
KGT90_C02_32_L Air Liquide Road Tanker Loading connection K906 -26.6 15 50 - 223.0
5§LQO_C02_33_L Vector CO, Road Tanker K906 -26.6 15 50 - 18 tonnes
5§L90_C02—34—L BOC CO, Road Tanker K906 -26.6 15 80 - 18 tonnes
5§LQO_C02_35_L Air Liquide Road Tanker K906 -26.6 15 50 - 18 tonnes

Notes:
1. Stream compositions are provided in Assumptions Register [Ref. 1].
2. The maximum pipe/hose diameters of each node are determined using the P&IDs.

3. The piping lengths are measured from the KGTP layout drawings using scale [Ref. 17]. A safety factor 1.25 has been applied to all lengths measured from the map to
account for bends and elevations which could not be determined from the 2D map. See Appendix 3 for the main estimated piping lengths.

4. Road tankers BLEVE have been excluded in the assessment since several control measures are provided for road tankers in KGTP site as listed below. This is in line with
the following TNO Purple Book [Ref. 10] recommendation where it stated “In general, the external impact LOCs for road tanker accidents do not have to be considered
in an establishment if measures have been taken to reduce road accidents, like speed limits.” The KGTP site specific measures are:

- Only one LPG/ NGL loadout occurs at a time. Other vehicles are precluded from entering the area via the site access system.
- Site speed limit

- Deluge cage over LPG loadout area
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6 FREQUENCY ANALYSIS

6.1 Release Frequency Assessment

Following the nodes sectionalisation, parts (equipment) count on each release scenario is conducted based on
Piping & Instrumentation Diagrams (P&IDs) to estimate the release frequency. The summary of estimated
release frequencies for each KGTP unit for the Base Case are presented in Table 6-1. The detail breakdown of
release frequencies for each node sections are provided in Appendix 4.

Table 6-1: Release Frequencies Summary for KGTP Units

Base Case Release Frequencies (per year) Notel

Node Section
1-3mm | 3-10mm | 10-50 mm (50 - 150 mm| > 150 mm Total % Contrib.

Raw Gas and Maui Gas 1.50E-02 6.58E-03 3.50E-03 6.07E-04 1.03E-04 2.58E-02 2.9%

Lines

CO; Removal 6.12E-03 2.82E-03 1.56E-03 3.83E-04 3.57E-05 1.09E-02 1.2%

Dehydration and Dewpoint | 2.56E-02 1.10E-02 5.66E-03 1.06E-03 2.54E-04 4.36E-02 4.9%

Control

Product Gas Lines and 6.28E-02 2.75E-02 1.39E-02 2.96E-03 4.61E-04 1.08E-01 12.0%
Compressors

Pigging 3.58E-06 1.85E-06 1.03E-06 2.55E-07 1.16E-07 6.83E-06 <0.01%
Utilities and Cogen Unit 4.82E-02 1.97E-02 8.94E-03 1.86E-03 7.00E-05 7.88E-02 8.8%

LPG Production Facility - 2.89E-02 1.23E-02 5.99E-03 1.67E-03 3.58E-05 4.89E-02 5.5%

Stabiliser, De-C2

LPG Production Facility - 1.47E-02 5.92E-03 2.82E-03 6.34E-04 1.90E-05 2.41E-02 2.7%

De-C3

LPG Production Facility - 2.09E-02 8.35E-03 3.88E-03 8.22E-04 1.62E-05 3.40E-02 3.8%

De-C4

LPG Production Facility - 2.33E-02 6.71E-02 3.40E-03 6.87E-04 5.94E-03 1.00E-01 11.2%
Product Export and

Loadout

Propane Refrigeration 3.78E-02 1.63E-02 7.60E-03 1.60E-03 3.15E-04 6.36E-02 7.1%

System

Mercaptans and Methanol | 1.95E-02 1.65E-02 3.85E-03 2.05E-03 8.51E-04 4.28E-02 4.8%

CO; Recovery - Ammonia 7.07E-02 2.81E-02 1.14E-02 2.90E-03 2.50E-04 1.13E-01 12.6%

CO; Recovery - CO; 7.98E-02 9.66E-02 1.54E-02 4.18E-03 6.80E-03 2.03E-01 22.6%

Total 4.53E-01 3.19E-01 8.79E-02 2.14E-02 1.51E-02 8.97E-01 100.0%

% Contribution 50.5% 35.6% 9.8% 2.4% 1.7% 100.0% -
Notes:

1. Release frequencies estimated have considered the operating factor of equipment.

The total release frequencies for the Base Case scenarios within KGTP are approximately 0.9 per annum, or
equivalent one leak every 1.1 years. Approximately 51% of the leak frequencies are contributed from the “1 -3
mm” hole sizes range.
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6.2 Ignition and Explosion Probabilities

The split between immediate ignition, delayed ignition and explosion probabilities for the node sections are
presented in Appendix 5.
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7 RISK ANALYSIS

This section presents QRA risk results, presented in the form of Location Specific Individual Risk (LSIR) contours.
Major risk contributors at selected points on the KGTP are discussed as well.

7.1

7.1.1 Criteria

Location Specific Individual Risk (LSIR)

LSIR is defined as the risk of fatality at a point in space to a hypothetical individual at a location for 365 days per
year, 24 hours a day, unprotected and unable to escape.

As there are no standard risk criteria which have been developed for the New Zealand context, the individual
risk has been assessed against the suggested risk criteria in the NSW HIPAP No. 4 “Risk Criteria for Land Use
Planning” [Ref. 8], as shown in Table 7-1.

Table 7-1: Individual Fatality Risk Criteria

Land Use

Risk Criteria Adopted (per
annum)

Interpretation for QRA

Hospitals, schools, childcare
facilities, old age housing

0.5E-06 (or 5E-07)

(1 in 2 million)

5E-07 risk contour should not extend to these
areas

Residential, hotels, motels, tourist
resorts

1E-06

(1 in 1 million)

1E-06 risk contour should not extend to these
areas

5E-06
(1 in 200,000)

5E-06 risk contour should not extend to these
areas

Commercial developments
including retail centres, offices and
entertainment centres

1E-05 risk contour should not extend to these
areas

10E-06 (or 1E-05)
(1in 100,000)

Sporting complexes and active
open space

5E-05 risk contour should, as a target, be
contained within the boundaries of the industrial
site where applicable

Industrial 50E-06 (or 5E-05)

(1in 20,000)

KGTP is situated in an area classified as “Rural Industrial” under the Operative South Taranaki District Plan [Ref.
23]. The KPS plant is located immediately adjacent to the north while the Ballance plant is located north-west of
the KGTP site, as presented in Figure 3-1. It should be noted that the KGTP, KPS and Ballance sites have been
classified as a single ‘Rural Industrial Zone’ on the STDC Operative District Plan.

There are no sporting complexes, hospitals or commercial developments in the area surrounding KGTP. The
closest identified offsite parties are a dwelling and a farm shed (approximately 220 metres and 180 metres,
respectively from the northwest boundary of KGTP), in addition to the KPS and Ballance plants. Therefore, only
the “Industrial” (i.e. the 5E-05/ year risk) and “Residential” (the 1E-06 /year risk) are considered in the QRA
study.

7.1.2 Base Case Risk Contours

Figure 7-1 presents the Base Case overall LSIR contours at KGTP. The LSIR for fire and explosion events as well
as toxic events are presented in Figure 7-2 and Figure 7-3, respectively.
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Figure 7-1: Base Case LSIR Contours at KGTP — All Events
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Figure 7-2: Base Case LSIR Contours at KGTP — Fire and Explosion Events

610115-RPT-R0003-R2 (KGTP QRA Report)
July 2022 Page 35



Worley Lo

energy | chemicals | resources ENERGY

KAPUNI GAS TREATMENT PLANT
QUANTITATIVE RISK ASSESSMENT REPORT

Figure 7-3: Base Case LSIR Contours at KGTP — Toxic Events

Overall risk levels are plotted between 5E-05 and 1E-06 per year, to allow for comparison against the NSW HIPAP
4 [Ref. 8] risk criteria documented in Table 7-2.

Table 7-2: Comparison with Fatality Risk Criteria (Base Case Overall LSIR)

Overall LSIR | Risk Contour Risk Criteria Result Observation

5E-05 / year Industrial 1. 5E-05 per year contour extends into the KPS
site to the north but remains within the Todd

Energy site boundary.

5E-05 / year risk contour
should, as a target, be

contained within the 2. The 5E-05 per year contour extends across
boundaries of the industrial site Palmer Road and into the bushes at the west
where applicable. boundary of the Ballance site.

3. The 5E-05 per year contour offsite impact is
mainly attributed to toxic events.

1E-06 / year Residential The 1E-06 per year contour extends onto the
1E-06 / year risk contour should property of the closest neighbour north west of
KGTP site but does not extend as far as the dwelling

and farm buildings.

not extend to residential,
hotels, motels, tourist resorts

The major risk contributors are identified and analysed in Section 7.2.
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7.2 Major Risk Contributors

The major risk contributors are extracted from the risk model at selected risk points (indicated as the red dots)

of interest, as shown in Figure 7-4.

"

e
A-Shed Area |

=¥ B - Ballance Site 1
T, :

C - Ballance Site 2 3

= |

Figure 7-4: Major Risk Contributors Points

7.2.1 Base Case Risk Contributor Analysis

The major risk contributing scenarios towards the risk points of interests for base case are presented in Table

7-3.
Table 7-3: Major Risk Contributors to Selected Locations for Base Case Assessment
Percentage of
Risk Points Release Source Description s R.ISk .
year) Contribution
(%)
A - Shed KGT80_AMM_04_L_ | Ammonia liquid from Liquid Receivers via Liquid 5.21E-07 43.1%
Area 71mm Sub-Coolers (E-826/896) and CO, Condenser (E-
804) to Oil Receiver (M-828)
KGT80_AMM_03_L_ | Ammonia liquid from Ammonia Condensers (E- 4.21E-07 34.8%
71mm 895/825) to Liquid Receiver (F-803/F-823)
B - Ballance KGT80_AMM_04_L_ | Ammonia liquid from Liquid Receivers via Liquid 2.97E-05 34.5%
Site 1 22mm Sub-Coolers (E-826/896) and CO, Condenser (E-
804) to Oil Receiver (M-828)
KGT80_AMM_03_L_ | Ammonia liquid from Ammonia Condensers (E- 2.22E-05 25.8%

22mm 895/825) to Liquid Receiver (F-803/F-823)
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Percentage of
Risk Points Release Source Description A5 R,'Sk .
year) Contribution
(%)
C -Ballance KGT80_AMM_04_L_ | Ammonia liquid from Liquid Receivers via Liquid 3.75E-05 35.5%
Site 2 22mm Sub-Coolers (E-826/896) and CO, Condenser (E-
804) to Oil Receiver (M-828)
KGT80_AMM_03 _L_ | Ammonia liquid from Ammonia Condensers (E- 2.47E-05 23.3%
22mm 895/825) to Liquid Receiver (F-803/F-823)
D - KGTP KGT13_PGS_16_V_ Product Gas from Gas Storage Compressor (D4- 6.65E-07 33.5%
Site East 85mm 0401) Discharge via Gas Storage Compressor
Cooler (D2-0402) to Coalescer (D11-0417) Inlet
KGT13_PGS_15 V_ Product Gas to Gas Storage Compressors (D4- 3.87E-07 19.5%
85mm 0401/0402) Inlet
E-LPG KGTO01_TGS_10_V_ Treated gas from Strippers via Gas/Gas Heat 2.64E-07 23.5%
Area 212mm Exchangers (E-313-1/2) and Gas Chiller (E-313-3)
to Low Temperature Separator (M-313) inlet
KGTO1_PGS 01 _V_ Product Gas header from Dehydration and Dew 1.23E-07 11.0%
245mm Point Unit to Product Gas Compressors Inlet
header, domestic supply and sending Product Gas
export to KPS and Whareroa (up to KPS/KGTP Site
Boundary)

Based on the major risk contributors above, it can be shown that the shed area and Ballance site risk ranking
points are mainly impacted by the ammonia release scenarios, in line with the LSIR toxic risk contours shown in
Figure 7-3. The KGTP site east risk point is mainly impacted by the Gas Storage Compressor inlet and discharge

line.

7.3 LPG Risk Analysis

The LPG storage and loadout facilities contribution to the overall plant risk for the base case are assessed in this
section [Ref. 28]. The 1E-06 per year LSIR contour generated from only the LPG storage and loadout area is
shown in Figure 7-5.
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Figure 7-5: 1E-06 per year Risk Contour Contributed by the LPG Storage & Loadout Area Scenarios only

The major risk contributors to the LPG area (point E) have been identified at Section 7.2 above. The LPG storage
and loadout equipment does not feature in the lists as they do not contribute significantly to the overall risk.
This is largely due to the low failure frequencies from the LPG equipment and the relatively small inventories
compared to the main process area. Each LPG vessel only contributes to about 1% of the risk at point E.

The main vessels, pipework and equipment from the LPG storage and loadout area that contribute to this risk
contour are summarized in Table 7-4.

Table 7-4: LPG Storage and Loadout Area Associated Scenarios

Description / Boundaries Volume ?f Isolatable
Section (m3)

Natural Gasoline Storage Tank (F-4033) 65.0
Natural Gasoline Loadout Facilities (including Load Out Pump (G-4033), Loadout Hose (T-4003)) 0.1
Natural Gasoline Road Tanker 20 tonnes
Vapour Section of Propane Storage Vessel (F-4003) 61.7
Liquid Section of Propane Storage Vessel (F-4003) 51.3
Vapour Section of Propane Storage Vessel (F-4004) 123.4
Liquid Section of Propane Storage Vessel (F-4004) 106.6
Vapour Section of Butane Storage Vessel (F-4001) 14.7
Liquid Section of Butane Storage Vessel (F-4001) 51.3
Vapour Section of Butane Storage Vessel (F-4002) 68.6
Liquid Section of Butane Storage Vessel (F-4002) 44.5
Propane and Butane Loadout Pumps (G-4002/4024, G-4001) 0.5
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Description / Boundaries

Volume of Isolatable
Section (m3)

LPG Loadout Arm (T-4002) 0.1
LPG Road Tanker 20 tonnes
LPG Loadout (Smart Hose to Isotainers) 0.1
New LPG Road Tanker (Isotainer) 12 tonnes
Ethyl Mercaptan Odorant Injection Pump (G-4011) 0.2
Ethyl Mercaptan Transportable Odorant Drums (F-4007-A/ B) 0.2

The loadout frequencies assumed for the loadout equipment at the LPG area are summarised in Table 7-5.

Table 7-5: Loadout Frequencies

Description Loading/Unloading Lo(alg:dui:‘;;x:::;cy (hzzf:ﬁ:;:"iig)
NGL Tankers Hose 715 (20 T/Load) 2 hours
Tankers Arm 1452 (20 T/Load) 2 hours
e Isotainers Hose 13 (12 T/Load) 1.2 hours

Ethyl Mercaptan

Transportable Odorant Drums (F-4007-A/B) contain Ethyl Mercaptan for odorising the LPG.
2 x 200L drums are swapped out approximately 12 times per year.
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8 SENSITIVITY CASES

The two sensitivities cases considered in the KGTP QRA study, as detailed in Section 2.5 are:
e  Sensitivity Case 1: 98% ESDV Success Probability; and
° Sensitivity Case 2: Future Operation.

This section presents results of the QRA sensitivity cases.

8.1 Case 1. ESDV Success Probability of 98%

The ESD systems are intended shutdown and isolate the process inventories to reduce damage or risk of
escalation. In the event an ESDV failed to close, the expected outcome is additional flow or inventory from the
process system adding to the release.

In the QRA Base Case assessment, the probability of successful detection and isolation is assumed to be 100%.
However, it is acknowledged that there is potential for detection and isolation to fail. The Probability of Failure
on Demand (PFD) of the ESDV can be referenced from industry sources as follow:

e 0.001-0.01 per demand depending on the types of the ESD system (TNO Purple Book [Ref. 10]); and

e In the order of magnitude of 102 per demand (CMPT Quantitative Risk Assessment for offshore
installation [Ref. 21]).

For the purpose of the Sensitive Case 1 assessment, ESDV success probability is assumed to be 98%, and the
corresponding ESDV failure probability is 2%.

8.1.1 Isolatable Inventories for ESDV Failure Consideration

In Sensitivity Case 1, the inventory from the next connecting isolatable section (or the largest inventory if
connecting with multiple isolatable sections) are added to the inventory from each isolatable section for the
ESDV failure. The connecting isolatable sections have been identified from the P&IDs and are given in Table 8-1.

Table 8-1: Identification of the Connecting Isolatable Sections and Inventories

Volume of Volume of
Isolatable Isolatable Section | Connecting Connecting. Total V;)Iume
Secti Description (m?) Isolatable Isolatable Section (m3)
ection Section Netel (m?)
Vapour | Liquid Vapour Liquid Vapour | Liquid
Raw gas and Maui gas KGT11 —
lines, Dehydration and Vapour;

KGTO1 dewpoint unit, LPG 233.0 56.3 41.3 4.0 274.2 60.3

production unit, Product KGTO4 -
gas lines, Utilities Liquid
KGT02 CO; removal (Train 1) 36.2 - KGTO1 233.0 - 269.2 -
KGTO3 CO; removal (Train 2) 36.0 - KGTO1 233.0 - 269.0 -
Mixed LPG - High
KGTos | |emperature Separator 24 4.0 KGTO1 2330 | 563 | 2354 | 603

(M-307) and Wash Water
Coalescer (M-302)

Mixed gas export from
KGT11 Product Gas Compressors 41.3 - KGTO1 233.0 - 274.2 -

(C-903-2/3/5) discharge
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Volume of
Volume of Connectin Total Volume
Isolatable Isolatable Section | Connecting latabl & 5
) Description (m?) Isolatable | Isolatable Section (m?)
Section . Note1 (m3)
Section
Vapour | Liquid Vapour Liquid Vapour | Liquid
header to 100/200
Pipelines
Product gas export from
Gas Storage Compressors
KGT13 23.5 - KGTO1 233.0 - 256.5 -
(D4-0401/0402) to Gas
Storage/070 Pipeline
NGL export from LPG
KGT32 production unit to - 0.4 KGTO1 - 56.3 - 56.8
KGTP/KPS boundary
NGL export from LPG
KGT33 production unit to - 4.7 KGT34 - 65.0 - 69.7
Storage
KGT34 NGL Sto;;i‘;; ank (F- - 65.0 KGT33 - 4.7 - 69.7
NGL Loadout Pump (G-
KGT35 2033) Pl - 0.1 KGT34 - 65.0 - 65.1
KGT36 NGL Loadout System - 0.1 KGT35 0.1 - 0.2
Propane export from LPG
KGT37 production unit to - 2.5 KGTO01 - 56.3 - 58.9
Storage
P St Vi |
KGT39 rOpanE(!F 4%?5)'3 esse 617 | 513 KGT37 - 2.5 61.7 | 53.9
P St Vi |
KGT40 r°pan?F 4‘(’)@5; €€ | 1234 | 106.6 KGT37 - 2.5 1234 | 109.1
Butane export from LPG
KGT41 production unit to - 2.6 KGTO1 - 56.3 - 58.9
Storage
But St Vi I (F-
KGT43 utane z;""ogle) essel ( 147 | 513 KGT41 - 2.6 147 | 538
Butane Storage Vessel (F-
KGT44 400g2) ( 68.6 445 KGT41 - 2.6 68.6 47.0
Product Propane Loadout
KGT45 System - 0.5 KGT40 - 106.6 - 107.1
Product But Loadout
KGT46 roduc S;’S::; oadou ; 0.5 KGT43 ; 51.3 - 51.8
Product LPG Loadout
KGT47 roduc cadou - 0.1 KGT45 - 05 - 0.6
System
Odorant (Ethyl
KGT50 mercaptan) Injection - 0.2 - - - - 0.2
System for LPG loadout
Odorant (t-Butyl
KGT51 mercaptan) Injection - 0.1 - - - - 0.1
System for Domestic
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Volume of
Volume of Connectin Total Volume
Isolatable Isolatable Section | Connecting _— € s
) Description (m?) Isolatable | Isolatable Section (m?)
Section . Note1 (m3)
Section
Vapour | Liquid Vapour Liquid Vapour | Liquid
Odorant (t-Butyl
KGTS2 mercaptan) Injection i 19.0 i i i i 190
System for Gas Export
Line
KGTSS Methanol Injection i 6.5 i i i i 6.5
System
P Refri ti
KGT70 ropane Retrigeration 364 | 252 - - - 364 | 252
System
CO2 Removal Unit —
KGT80 . 33 4.9 - - - 33 4.9
Ammonia System
CO2R | Unit —
KGT90 emovat-n 456 | 2230 - - - 456 | 2230
Ammonia System
Notes:
1. For modelling purposes, only the inventory within the same phase are added, e.g. KGT02 contains

vapour phase only, and is connected to KGTO1 which contains both vapour and liquid phase, only the
vapour inventory from KGTO1 is added to KGT02.

8.1.2

Sensitivity Case 1 Release Frequencies

There are no changes in estimated release frequencies for the node sections in Sensitivity Case 1. Release
frequencies assessment presented in Section 6.1 is applicable to Sensitivity Case 1.
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8.1.3 Sensitivity Case 1 Risk Contours

Figure 8-1 presents the LSIR contour for KGTP Sensitivity Case 1.

= 5F-05 per year

| == 1E-06 per year

Figure 8-1: Sensitivity Case 1 LSIR Contours at KGTP

The 5E-05 per year and 1E-06 per year risk contours for Sensitivity Case 1 are shown to be similar to the Base
Case risk contours (Figure 7-1). It can be concluded that the outcome of assessment against HIPAP 4 for
Sensitivity Case 1 is same as that captured in the Base Case. Conclusions made in Table 7-2 are applicable for
Sensitivity Case 1 as well.

The insignificant differences in risk contours for Sensitivity Case 1 when compared to Base Case is most likely
due to:

e In most modelling cases, especially gas releases, it is expected that the consequence effects would
have reached the steady state condition before the inventory depletes. Hence the additional
inventory may lead to a prolonged fire event, but not increase the magnitude of the consequence;
and

e  The ESDV failure probability change is only 2%, therefore the frequencies of hazardous events (fire
explosion or toxic) associated with increased consequences (if any) are not expected to be apparent
in the risk contours.

8.2 Case 2. Future Operating Case

KGTP future operation at maximum throughput operation (29 Sm3/s) is considered in the QRA as Sensitivity
Case 2.

8.2.1 Sensitivity Case 2 Release Scenarios

The additional release scenarios considered for the Sensitivity Case 2 assessment and the corresponding
operating conditions are presented in Table 8-2. The volume of some isolatable sections for existing (Base Case)
scenarios are increased due to maximum throughput consideration in Sensitivity Case 2.
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Table 8-2: Release Scenarios and Operating Conditions (Sensitivity 2)
Stream Max Pipe / Pipe / Hose Volume of
Node Description / Boundaries T (degC) | P(barg) | Hose Diameter P Isolatable
No. Length (m) . 5
(mm) Section (m?)
CO, Removal
Raw gas from Raw Gas header from HV-105-3 via Gas/Gas Heat Exchanger (E-
KGTO5_RGS_07_V 101-3/2) to CO absorber tower (D-101-3) inlet (Benfield Train 3) K101 5 40 300 5 33.0
Treated gas from top of CO, absorber tower (D-101-3) via Gas/Gas Heat
Exchanger (E-101-3/2) and Gas Separator (M-101-3) adjoining with the inlet line
KGTO5_TGS_16_V to Strippers (D-201-3/4) in Dehydration and Dewpoint Control Unit (Benfield K102 42 40 300 5 33.0
Train 3)
Dehydration and Dewpoint Control
Treated gas from Strippers via Gas/Gas Heat Exchangers (E-303-1/2) and Gas
KGT01_TGS_11 V Chiller (E-303-3) to 3 Phase Low Temperature Separator (M-306) inlet (No.1 K203 42 40 200 43 271.6
Chilling System)
Product gas from top of 3 Phase Low Temperature Separator (M-306) via
KGT01_PGS_03_V Gas/Gas Heat Exchanger (E-303-1/2) to PV-338 adjoining with Product Gas K205 12 40 150 15 271.6
header (No.1 Chilling System)
Mixed LPG from bottom of 3 Phase Low Temperature Separator (M-306) to FV-
KGTO1_MPG_02_L 381 on the line adjoining with inlet of Gas/Liquid Heat Exchanger (E-303-4) K204 12 40 100 15 56.3
(No.1 Chilling System)
Utilities and Cogen Unit
KGTO1_PGS_22_V Product gas to Boilers (B-901-1/2) ‘ K501 ‘ 15 40 ‘ 150 50 271.6
LPG Production Facility - Stabiliser, De-Ethaniser
Mixed LPG from XSV-332 on outlet line of Wash Water Coalescer (M-302) in
KGTO1_MPG_13_L Dehydration unit to Stabiliser (D-420-1) inlet (LPG Production Train 1) K401 12 30 150 144 263
Stabiliser (D-420-1) Top Vapour via Stabiliser OVHD Scrubber (M-420) to XSV-
KGT01_STT_01_V 420 on inlet line to Suction Scrubber (M-421) (LPG Production Train 1) K408 20 30 80 5 2716
Product gas from top of Stabiliser OVHD Scrubber (M-421) to Stabiliser OVHD
KGT01_PGS_10_V Compressor (C-420-1/2) suction (LPG Production Train 1) K408 20 30 100 90 271.6
(C-420-1 is on standby)
Product gas from Stabiliser OVHD Compressor (C-420-2) discharge via Stabiliser
KGTO1_PGS_11_V OVHD Compressor Cooler (E-420-5) to Product gas header (LPG Production K408 20 30 100 15 271.6
Train 1)
Stabiliser (D-420-1) Bottom Liquid to/from Stabiliser Reboiler (E-422-1) and to
KGTO1_STB 01| De-Propaniser Feed Surge Drum (F-420-3) inlet (LPG Production Train 1) K402 100 30 150 5 263
LPG Production Facility - De-Propaniser
De-Propaniser (D-430-1) Top Vapour via De-Propaniser Condenser (E-430-1) to
KGTO1_DPT_01_V De-Propaniser Reflux Drum (F-430-1) (LPG Production Train 1) K403 20 14 150 5 2716
Reflux from De-Propaniser Reflux Drum (F-430-1) via De-Propaniser Reflux
KGTO1_DPX_01 L Pumps (G-430-1/2) to De-Propaniser (D-430-1) (LPG Production Train 1) K403 20 14 100 15 56.3
(G-430-2 is on stand-by.)
Product propane from De-Propaniser Reflux Pump (G-430-1) via Propane
KGT01_PC3_01 L Product Cooler (E-4001-1) adjoining with export line to storages (LPG K403 20 14 50 22 56.3
Production Train 1)
De-Propaniser (D-430-1) Bottom Liquid to/from De-Propaniser Reboiler (E-432-
KGT01_DPB_01_L 1) and to De-Butaniser (D-440-1/2) (LPG Production Train 1) K404 105 14 150 a4 263
LPG Production Facility - De-C4
De-Butaniser (D-440-1) Top Vapour via De-Butaniser Condenser (E-440-1) to De-
KGTO1_DBT_01_V Butaniser Reflux Drum (F-440-1) (LPG Production Train 1) K405 20 7 100 15 2716
Reflux from De-Butaniser Reflux Drum (F-440-1) via De-Butaniser Reflux Pumps
KGT01_DBX_01_L (G-440-1/2) to De-Butaniser (D-440-1) (LPG Production Train 1) K405 20 7 80 15 56.3
(G-440-2 is on standby)
KGTO1_DBB_O1_L De-Butan|ser.(D-440.-1) Bottom Liquid to /from De-Butaniser Reboiler (E-442-1) K406 115 7 150 15 56.3
(LPG Production Train 1)
Product Butane from HV-450-1/2 on Debutaniser Reflux Pumps Discharge via
KGTO1_PC4_12 L Butane Cooler (E-450) adjoining with Product Propane at 60/40 Condensing K405 20 7 80 41 56.3
Tank (M-430) inlet
Product Propane from Propane Product Coolers (E-4001-1/2) adjoining with
KGTO1_PC3_13_L Product Butane at 60/40 Condensing Tank (M-430) inlet K403 20 14 >0 5 263
KGTO1 LPG 04 L LPG pro.duct 60/40 via 60/40 Condensing Tank (M-430) to XSV-434 on KPS K808 20 10.5 50 232 56.3
- - - export line
Propane Refrigeration System
KGT70_REF_06_L Propane refrigerant Gas Chiller (E-303-3) ‘ K302 -34 1 ‘ 150 64 25.2
CO; Recovery - CO,
KGT90_C0O2_23 V CO; gas from CO, Primary Separator (M-801-3) K907 15 1 300 15 48.5
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The modified isolatable section volume used in the Sensitivity Case 2 modelling are summarised in Table 8-3.

Table 8-3: Modified Volume of Isolatable Sections

Volume of Isolatable
Volume of Isolatable Section (m?3) Sensitivity
Isolat:alble Description Section (m3) Base Case Case 2
Section
Vapour Liquid Vapour Liquid
Raw gas and Maui gas lines, Dehydration
KGTO1 and dewpoint unit, LPG production unit, 233.0 56.3 271.6 84.8
Product gas lines, Utilities
KGTO5 CO; removal (Train 3) (Q Notel (QNotel 33.0 0
KGT70 Propane Refrigeration System 36.4 25.2 36.4 28.4
KGT90 CO2 Removal Unit — Ammonia System 45.6 223.0 48.5 223.0

Note 1: Only considered for Sensitivity Case 2 (for future operation).

8.2.2

Sensitivity Case 2 Leak Frequencies

The estimated release frequencies summary of each KGTP unit considered in Sensitivity Case 2 are presented in
Table 8-4. The detail breakdown of release frequencies for each node sections are provided in Appendix 4.

Table 8-4: Release Frequencies Summary for KGTP Units (Sensitivity 2)

Sensitivity 2 Release Frequencies (per year) Notel

Node Section 1-3mm | 3-10 mm 10-50 shlst 150 mm %
(2 mm) (6 mm) mm mm (Rupture) Total Contributi
(22 mm) (85 mm) P on
Raw Gas and Maui Gas 1.50E-02 6.58E-03 3.50E-03 6.07E-04 1.03E-04 2.58E-02 2.4%
Lines
CO, Removal 1.28E-02 5.82E-03 3.20E-03 6.10E-04 1.17E-04 2.25E-02 2.1%
Dehydration and 3.30E-02 1.45E-02 7.54E-03 1.71E-03 2.69E-04 5.70E-02 5.4%
Dewpoint Control
Product Gas Lines and 6.28E-02 2.75E-02 1.39E-02 2.96E-03 4.61E-04 1.08E-01 10.2%
Compressors
Pigging 3.58E-06 1.85E-06 1.03E-06 2.55E-07 1.16E-07 6.83E-06 <0.1%
Utilities and Cogen Unit 5.30E-02 2.18E-02 9.99E-03 2.03E-03 9.45E-05 8.70E-02 8.2%
LPG Production Facility - 4.99E-02 2.16E-02 1.06E-02 2.81E-03 5.84E-05 8.49E-02 8.0%
Stabiliser, De-C2
LPG Production Facility - 3.13E-02 1.26E-02 6.06E-03 1.23E-03 3.30E-05 5.13E-02 4.8%
De-C3
LPG Production Facility - 3.96E-02 1.59E-02 7.52E-03 1.63E-03 2.86E-05 6.47E-02 6.1%
De-C4
LPG Production Facility - 2.33E-02 9.14E-02 3.40E-03 6.87E-04 8.37E-03 1.27E-01 12.0%
Product Export and
Loadout
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Sensitivity 2 Release Frequencies (per year) Notel
: 10-50 50 - 150 %
Node Section 1-3mm | 3-10mm > 150 mm o
(2 mm) (6 mm) mm mm (Rupture) Total Contributi
(22 mm) (85 mm) g on
Propane Refrigeration 3.99E-02 1.73E-02 8.06E-03 1.73E-03 3.22E-04 6.73E-02 6.3%
System
Mercaptans and 1.95E-02 2.01E-02 3.85E-03 2.05E-03 1.21E-03 4.68E-02 4.4%
Methanol
CO; Recovery - Ammonia 7.07E-02 2.81E-02 1.14E-02 2.90E-03 2.50E-04 1.13E-01 10.7%
CO; Recovery - CO; 8.06E-02 9.70E-02 1.56E-02 4.22E-03 6.81E-03 2.04E-01 19.3%
Total 5.31E-01 3.80E-01 1.05E-01 2.52E-02 1.81E-02 1.06E+00 100.0%
% Contribution 50.2% 35.9% 9.9% 2.4% 1.7% 100.0% -

Notes:

1. Release frequencies estimated has considered the operating factor of equipment.

The Sensitivity Case 2 scenarios have higher total release frequencies of 1.1 per annum, equivalent to one leak
every 0.9 year. There is approximately 6% increase in total release frequencies for Sensitivity Case 2. This can be
attributed to Sensitivity Case 2 considered additional equipment in operation. Similarly, to the Base Case, 50%
of the leak frequencies are contributed from the “1 —3 mm” hole sizes range.
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8.2.3 Sensitivity Case 2 Risk Contours

Figure 8-2 presents the LSIR contour for Sensitivity Case 2.

= 5E-05 peryear |0

m— 1E-06 per year [

Figure 8-2: Sensitivity Case 2 LSIR Contours at KGTP

When compared to the Base Case, it can be seen that the Sensitivity Case 2 risk contours of 5E-05 per year and
1E-06 per year are slightly larger. This is particularly apparent at the LPG/NGL loading area, which is due to an
increased in loading frequencies for both the NGL and LPG scenarios. The slight increase in 5E-05 per year and
1E-06 per year contours however does not change the assessment conclusions made against HIPAP 4 criteria.
Conclusions made in Table 7-2 are applicable to Sensitivity Case 2 as well. Although there are additional
equipment and inventories considered in Sensitivity Case 2, the increase in risk levels are not significant. This is
most likely due to:

e  The additional nodes/sections considered in Sensitivity Case 2 only formed a small part of the overall
KGTP hazardous nodes/sections. There is approximately 18% increase in total release frequency for
Sensitivity Case 2 as compared to the Base Case, with 50% of the increase is from the “1-3 mm” leak
category; and

e In most modelling cases, especially gas releases, it is expected that the consequence effects would
have reached the steady state condition before the inventory depletes. Hence the additional
inventory may lead to a prolonged fire event, but not increase the magnitude of the consequence.
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8.2.4 Sensitivity Case 2 Risk Contributor Analysis

The major risk contributing scenarios towards the risk points of interests for Sensitivity Case 2 (which has the
worst case risk results) are presented in Table 8-5.

Table 8-5: Major Risk Contributors to Selected Locations for Sensitivity Case 2 Assessment

. Percentage
Risk LSIR
Poli;ts Release Source Description S ea(f)er of Risk
y Contribution
A - Shed KGT80_AMM_04_L_ Ammonia liquid from Liquid Receivers via Liquid 5.22E-07 41.6%
71mm Sub-Coolers (E-826/896) and CO, Condenser (E-
804) to Oil Receiver (M-828)
KGT80_AMM_03_L_ Ammonia liquid from Ammonia Condensers (E- 4.22E-07 33.6%
71mm 895/825) to Liquid Receiver (F-803/F-823)
B- KGT80_AMM_04_L_ Ammonia liquid from Liquid Receivers via Liquid 2.97E-05 34.1%
Ballance 22mm Sub-Coolers (E-826/896) and CO, Condenser (E-
Site 1 804) to Oil Receiver (M-828)
KGT80_AMM_03_L_ Ammonia liquid from Ammonia Condensers (E- 2.22E-05 25.5%
22mm 895/825) to Liquid Receiver (F-803/F-823)
C- KGT80_AMM_04_L_ Ammonia liquid from Liquid Receivers via Liquid 3.75E-05 34.7%
Ballance 22mm Sub-Coolers (E-826/896) and CO, Condenser (E-
Site 2 804) to Oil Receiver (M-828)
KGT80_AMM_03_L_ Ammonia liquid from Ammonia Condensers (E- 2.47E-05 22.8%
22mm 895/825) to Liquid Receiver (F-803/F-823)
D - KGTP KGT13_PGS_16_V_ Product Gas from Gas Storage Compressor (D4- 6.65E-07 32.9%
Site East 85mm 0401) Discharge via Gas Storage Compressor
Cooler (D2-0402) to Coalescer (D11-0417) inlet
KGT13_PGS_15 V_ Product Gas to Gas Storage Compressors (D4- 3.87E-07 19.1%
85mm 0401/0402) Inlet (D4-0402 is on standby)
E- LPG KGTO1_TGS_10_V_ Treated gas from Strippers via Gas/Gas Heat 2.84E-07 20.4%
Area 212mm Exchangers (E-313-1/2) and Gas Chiller (E-313-3)
to Low Temperature Separator (M-313) inlet
KGTO1_PGS 01 _V_ Product Gas header from Dehydration and Dew 1.32E-07 9.5%
245mm Point Unit to Product Gas Compressors Inlet

header, domestic supply and sending Product
Gas export to KPS and Whareroa (up to
KPS/KGTP Site Boundary)

The major risk contributors for Sensitivity Case 2 are consistent with the major risk contributors for Base Case,
with just slight differences on the fraction of risk contribution.
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9 POTENTIAL CUMULATIVE RISK FROM KPS AND KGTP

The KPS plant, which is located to the north of the KGTP plant, is also under Todd’s ownership / control. Risk
from KPS was assessed and presented in the KPS QRA report [Ref. 29]. That report was commissioned for the
South Taranaki District Plan Environment Court process.

Consistent assumptions and methodologies have been adopted for both QRAs, which followed the Todd Energy

5E-05/year

— 1E-06/year

Figure 9-1: KPS LSIR Contour

The KPS QRA was completed using DNV Safeti software version 6.7 (formerly known as Phast Risk). Newer
versions of the software have since been released, and one of the improvements made allows more accurate
modelling of vapour dispersion distances, especially for large releases. The older version (e.g. Phast Risk 6.7)
generally produced more conservative dispersion distances.

The plant has also been modified since the KPS QRA was finalised and accepted by the South Taranaki District
Council in July 2020. The stabilizer replacement project, including additional isolation valves to reduce the
inventory for some isolatable sections. This was considered in the KPS QRA (as sensitivity case 3) and has led to
further risk reduction.

The KPS model was then upgraded to Safeti version 8.22 and combined with the KGTP Safeti model to generate
the integrated QRA model. Releases from both plants and the interaction between them (e.g. a flammable
vapour cloud from one plant entering the congested area at another plant) were taken into consideration when
run as a single model to produce the cumulative risk.

The cumulative risk contours considering risks from both KPS and KGTP are presented in Figure 9-2.
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m 5E-05 per year

Figure 9-2: KPS and KGTP Integrated LSIR Contours

The risk contour for the cumulative risk does not extend further offsite in any direction, than the individual plant
contours. This shows that there are no noticeable potential synergistic or cumulative offsite risks from Todd
owned and operated plant. The risk assessment against the HIPAP4 criteria is as presented in Table 9-1.

Table 9-1: Risk Assessment Against HIPAP4 Criteria for the Cumulative Risk

Overall LSIR | Risk Contour Risk Criteria Observations

5E-05 / year Industrial 1. The 5E-05 per year risk contour remains
5E-05 / year risk contour mostly within the Todd Energy site boundary,
should, as a target, be with the exception at the west boundary.
contained within the 2. The 5E-05 per year contour extends across
boundaries of the industrial site Palmer Road and into the bushes at the west
where applicable. boundary of the Ballance site.

1E-06 / year Residential 1. The 1E-06 per year risk contour extends onto

1E-06 / year risk contour should the dwelling and farm building in the
not extend to residential, immediate vicinity of KPS to the northwest.

hotels, motels, tourist resorts
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10 CONCLUSIONS

A quantitative risk assessment (QRA) was carried out to assess the risk levels at Kapuni Gas Treatment Plant
(KGTP) due to fire, explosion and toxic hazards.

The assessment considers risks from KGTP for the following cases:
. Base Case — all facilities currently in operation;

e  Sensitivity Case 1 — all facilities currently in operation with reduced ESDV success rate of 98% instead
of 100%; and

e  Sensitivity Case 2 — all facilities currently in operations including standby and mothballed facilities
which might be brought back to operation in the future.

The overall risk levels are compared to the NSW HIPAP 4 [Ref. 8] risk criteria. The main findings of the QRA for
all 3 cases are summarised in Table 10-1.

Table 10-1: QRA Main Findings

Case Main Findings

Base Case 1. The 5E-05 per year contour extends into the KPS site to the north but remains within
the Todd Energy site boundary.

2. The 5E-05 per year contour extends across Palmer Road and into the bushes at the
west boundary of the Ballance site.

3. The 1E-06 per year contour extends onto the property of the neighbour to the
northwest (approximately 180m NW of KGTP northern boundary) but does not extend
as far as the dwelling and farm buildings.

4. The main risk contributors to the shed area are ammonia toxic events from the 71 mm
leaks from the Liquid Receivers (KGT80 _AMM_04 L 71mm) and Ammonia
Condensers (KGT80_AMM_03_L 71mm) within the CO2 Recovery Unit at
approximately 15°C and 15 barg.

5. The main risk contributors to the Ballance site bushes are ammonia toxic events from
the 22 mm leaks from the Liquid Receivers (KGT80_AMM_04_L_22mm) and Ammonia
Condensers (KGT80_AMM_03_L_22mm) within the CO2 Recovery Unit at
approximately 15°C and 15 barg.

6. The main risk contributors to the rural land area to the east of the plant are Product
Gas jet fire events from the 85 mm leaks from the Product Gas from the Gas Storage
Compressor (D4-0401) to Coalescer (KGT13_PGS_16_V_85mm), and Product Gas
feeding to the Gas Storage Compressor (KGT13_PGS_15_V_85mm) within the Product
Gas Lines and Compressors unit (at approximately 15°C and 40 barg).
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Case

Main Findings

Success Probability of 98%

Sensitivity Case 1 — ESDV 1.

There are no significant changes to the risk contours with modification of the ESDV
success probability. The assessment made against the HIPAP 4 criteria remains the
same as per the base case.

The similar risk contours finding is due to:

- The ESDV failure probability change is only 2%, therefore the frequencies of
hazardous events (fire explosion or toxic) associated with increased consequences
(if any) are not expected to be apparent in the risk contours; and

- In most modelling cases, especially gas releases, it is expected that the
consequence effects would have reached the steady state condition before the
inventory depletes. Hence the additional inventory may lead to a prolonged fire
event, but not increase the magnitude of the consequence.

Operations

Sensitivity Case 2 — Future 1.

The risk contours for Sensitivity Case 2 risk contours is slightly larger when compared
to the Base Case risk contours, however the contour increase is relatively small. The
assessment made against the HIPAP 4 criteria remains the same as per the base case.

The slight increase in risk contours is due to:

- The additional nodes/sections considered in Sensitivity Case 2 only formed a small
part of the overall KGTP hazardous nodes/sections. There is approximately 18%
increase in total release frequency for Sensitivity Case 2 as compared to the Base
Case, with 50% of the increase is from the “1-3 mm” leak category; and

- In most modelling cases, especially gas releases, it is expected that the
consequence effects would have reached the steady state condition before the
inventory depletes. Hence the additional inventory may lead to a prolonged fire
event, but not increase the magnitude of the consequence.
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Sectionalised P&IDs
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A B | C v D E F
EQUIPMENT No. D-101-1 E-105-1 M-101-1
DESCRIPTION 02 ABSORBER TOWER GAS COOLER GAS SEPARATOR
. 4.1m3
MAWP @ TEMP 55.2 Barg @ 127°C OR 49.4 @ 146°C TUBE: 60.33 Barg @ 138°C 52 Barg ® 0°C to 138°C
SHELL: 17.0 Barg @ 93°C
NOTES. RO ® (_ P10L-150-6C1_ )
1. THE LV OPERATING SPEED IN OPEN DIRECTION IS TO BE LIMITED. 20 128-1 -— = O101—OOOS/2>
TO E-105-2
2. HAND SWITCH INITIATES RAMP OF SET POINT FOR CARBONATE PUMP START UP. (" P1029-1-80-601 ) i FB (" Pi031-1-8001 ) EROM D02
3. VALVE TRIM SEALED SIDE MUST PGINT UPSTREAM. I >0
4. FLUSHING POINT USING FLUSHING RING ASSEMBLY SPI-275. LO
5. VALVE & GUTLET LGCATED AT TOP PLATFORM. 61 101 —e— &
6. FLUSHING RING FITTED 110
Hs O\ P71\ SET @
7. 300# OUT OF SPEC FLANGES IN 1H1/1C1 LINE SEGMENT REQUIRED . 52.0 Barg
DUE TO BACK PRESSURE EXERTED BY RO-106-1A/1B L Ny “‘:y 80x100 GEEERED, Lo (" Pr0zs-150-11 )
8. HIGH PRESSURE CONDENSATE FLUSHING PROVIDED FOR START-UP m XFO | g | I > g I T oveTEn 0109-0026/1>
& FAULT CONDITIONS. e A | 2 A 5 SET @ ATMOS 100 150100
9. SPEED SETPOINT TO SELECTED o ! % = 10.5 Barg FB [ —
CARBONATE PUMP CONTROLS. \128-1/ | o ! & T 200 x 200 ( Fw9009-200-1C1 ) = 100 | 100
10. HS-127-1 AND FIC-127-1 ARE PART OF COORDINATED PLANT ! S M T poq (C_Fw9033-100-1H1 ) 0109-001 >
INLET FLOW CONTROL ACROSS ALL THREE TRAINS. o | o TO ATMGS @ \ _ QOy [ | TO TRAIN 3 COOLING SYSTEM
11. OPEN END ELEVATION OF HPV TO BE ABOVE PSE-144-1. V2o | £D l U (NOTE 11) < : 100 -
e S S /PIC) NOTE 2. @ ® a = — 8 | S
u. 114-1/ = i —
o
T 5 6H1, 6C1 10 \ = $® 100 (CHTW11002-100-101 )
o —m—mm e mmmmm—— e —————— - 1 80>'§0 I 50 I 50 2 v - - I><]I TG E-1150 0109-0049 >
l ! NOTE 9 B | | oD_|o O |—E]—|0 : > A 9. ——‘-7 HOT WATER
. Y 50x60  FC  50xk TS 40 40 FW9008-100-1C1
Hs N VRALDY P RO ° OPV /FFI HO SP Y/ R \PEY b ~ (L_P1003-1-150-6f1_) mbﬁ({” 1 Do T T C )
16-1-0V - - - - (@] -
N N e N I 103 NO-Y) 6H1\_ A 100
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