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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: 

• Base Case – all facilities currently in operation; 

• Sensitivity Case 1 – all facilities currently in operation with reduced ESDV success rate of 98% instead 

of 100%; and 

• 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. 



  

KAPUNI GAS TREATMENT PLANT 

QUANTITATIVE RISK ASSESSMENT REPORT 

 

 

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

July 2022 Page iv 

  

Figure 1: Base Case LSIR Contours at KGTP  

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

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

site boundary;  

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

the Ballance site; 

• 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; 

• 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_71mm) and Ammonia Condensers 

(KGT80_AMM_03_L_71mm) within the CO2 Recovery Unit (at approximately 15°C and 15 barg); and 

• 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). 

• 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). 

  

A 

B 

C 

D 
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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: 

• 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 

• 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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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: 

• 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 

• 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. 



  

KAPUNI GAS TREATMENT PLANT 

QUANTITATIVE RISK ASSESSMENT REPORT 

 

 

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

July 2022 Page 1 

1 ABBREVIATIONS 

API American Petroleum Institute  

BLEVE Boiling Liquid Expanding Vapour Explosion  

CO2 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  

SDV 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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VCE Vapour Cloud Explosion 

Worley Worley New Zealand Limited  
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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]. 

2.3 Scope 

Facilities considered in the QRA include: 

• CO2 Removal Unit (Benfield); 

• Dehydration and Dew Point Control Unit; 

• Propane Refrigeration System; 

• Liquefied Petroleum Gas (LPG) Production Unit; 

• Storage tanks for LPG & Loadout Facility; 

• Storage tank for Natural Gasoline (NGL) & Loadout Facility; 

• Product Lines and Compressors; 

• Cogeneration Area; 

• Utilities; 

• CO2 Recovery Unit; and 

• CO2 Storage tanks & Loadout Facility. 

2.4 Exclusions 

The following facilities and scope of work are excluded from the QRA: 

• Utilities such as instrument air and utility water as they do not contain any hydrocarbon inventory;  

• The flare and blowdown; 

• The impact 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; 

• Risk other than hydrocarbon/ process (e.g. transportation/ seismic/ volcanic risks); 

• Societal Risk (F-N Curve); and 

• Occupied building risk assessment. 
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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: 

• 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 

Base Case 

• Current plant operation with 2 Benfield nominal 

throughput (12 Sm3/s), includes all Operating 

units summarised in Table 3-2 

• Assumed ESDV system has 100% isolation 

success probability 

- 

Sensitivity Case 1 

(98% ESDV 

Success 

Probability) 

• Current plant operation with 2 Benfield nominal 

throughput (12 Sm3/s), includes all Operating 

units summarised in Table 3-2 

• Assumed ESDV system has 98% success 

probability  

• Increased release inventories during 

ESDV failure, i.e. 2% of the time. The 

volume for each isolatable section is 

added with the next biggest 

connecting isolation inventory 

Sensitivity Case 2 

(Future 

Operation) 

• Maximum throughput operation (29 Sm3/s) for 

future operation after the Kapuni development 

project, includes all Operating, Mothballed and 

Standby units summarised in Table 3-2 

• Assumed ESDV system has 100% isolation 

success probability (noting that the 100% and 

98% scenarios give very similar results) 

• Additional equipment considered in 

the QRA model 

• Increased in inventory for each 

isolatable section due to increase in 

throughput 

• Increased in total leak frequency  
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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 (CO2). 

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 CO2 Removal 

2 Dehydration and Dewpoint Control 

3 Refrigeration 

4 LPG Production 

5 Product Lines and Compressors (West) 

6 Product Lines and Compressors (East) 
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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 CO2 Recovery 

14 Alkali Storage 

15 LTS Road Bridge 

16 LTS Pipe Bridge 

17 Methanol Storage 
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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) 

 

 

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 CO2 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) CO2 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. 
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Figure 3-5: Kapuni Gas Treatment Plant Process Overview 
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3.3 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? 

CO2 Removal Unit 

(Benfield) 

Train 1, 2 Operating Yes 

Train 3 Mothballed Note1 Yes (Sensitivity case 2) Note 1 

Dehydration and Dew Point 

Control Unit 

No. 2 Chilling System Operating Yes 

No. 1 Chilling System Standby Note2 Yes (Sensitivity case 2) Note 2 

Propane Refrigeration System Operating Yes 

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

Train 2 Operating Yes 

LPG Storage & Loadout Facility Operating Yes 

• 60/40 Condensing Tank Mothballed Note 6 Yes (Sensitivity case 2) Note 6 

Natural Gasoline Storage & Loadout Facility Operating Yes 

Product Lines and Compressors Operating Yes 

• Stab Gas Compressor 

• CNG Compressor 

• No.4 Product Gas Compressor 

Abandoned Note 3 No 

Gas Gathering Facility Operating Yes 

Cogeneration Area Operating Yes 

CO2 Recovery Unit Operating Yes 

Utilities Operating Yes 
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Plant/Unit Operational Status Considered in QRA? 

• Boilers (B-901-1/2/3) 

• De-aerator (E-901-1) 
Mothballed Note 4 Yes (Sensitivity case 2) Note 4 

• Demin Plants 1&2 Abandoned Note 3 No 

LTS Conditioning Unit Abandoned Note 5 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. 
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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. 

 

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. 

4.2.1 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. 

 

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: 

• 2/F – wind speed of 2 m/s with Pasquill Stability class F – stable, night with moderate clouds and 

light/moderate wind 

• 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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• 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 

Stability 

North 
North 

East 
East 

South 

East 
South 

South 

West 
West 

North 

West 
Total 

0 - 2 m/s / F 2.1% 1.1% 0.3% 1.4% 0.6% 0.3% 1.7% 1.5% 9.0% 

2 - 5 m/s / D 10.1% 5.1% 1.5% 6.9% 3.1% 1.4% 8.2% 7.2% 43.5% 

5 - 10 m/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: 

• Ambient temperature: 14°C  

• 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 m is 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 Oil 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. 

4.2.4 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 (EI) 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]: 

• 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 m², site area above 35,000 m²). 
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• 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 m2, site area above 35,000 m2) and which are not bunded or 

otherwise contained. 

• 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 m² area). 

The graphs of ignition probabilities as a function of mass release rate are shown in Figure 4-3. 

 

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 
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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 CO2 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 ln (t × q4/3) 

Where: 

t = exposure duration in seconds 

q = thermal radiation level in W/m2 

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;  

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

• topography;  

• sparsely populated rural land use adjoining the site;  



  

KAPUNI GAS TREATMENT PLANT 

QUANTITATIVE RISK ASSESSMENT REPORT 

 

 

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

July 2022 Page 20 

• availability of shelter;  

• opportunity for escape; and  

• 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 

Explosion 

Overpressure (kPa) 
Effects 

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 

70 
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 

Equipment 

Tag no. 
Description 

V/H 
Note 2 

MaterialNote1 
Equip. 

Volume (m3) 

Liquid 

Inventory (m3) 

D-420-2 De-Ethaniser V K402 33.5 16.75 

D-420-1 Stabiliser V K402 10.3 5.15 

D-430-2 De-Propaniser V K404 20.9 10.45 

D-430-1 De-Propaniser V K404 14.3 7.15 

F-4003 Propane Storage Vessel H Propane 113 51.32 Note 3 

F-4004 Propane Storage Vessel H Propane 230 106.59 Note 3 
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Equipment 

Tag no. 
Description 

V/H 
Note 2 

MaterialNote1 
Equip. 

Volume (m3) 

Liquid 

Inventory (m3) 

F-4001 Butane Storage Vessel H Butane 66 51.29 Note 4 

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/m3 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/m3 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 ln (Cn·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; 

• Ethyl Mercaptan (odorant); 

• 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 

Material n 
SLOT DTL 

(ppmn·min) 

SLOD DTL 

(ppmn·min) 

Ammonia 2 3.78 x 108 1.03 x 109 

Methanol 1 8.02 x 105 2.67 x 106 

Ethyl mercaptan 1 1.66 x 105 6.62 x 105 

t-Butyl mercaptan 1 9.9 x 105 3.96 x 106 

Carbon Dioxide 8 1.5 x 1040 1.5 x 1041 

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 Oil 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. CO2 toxic effects on 

personnel fatalities are considered in the QRA study as discussed in Section 4.2.7. It is noted that the CO2 toxic 

fatality effects are only considered for scenarios with equipment containing pure CO2. 

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: 

• Product gas (89 mol% Methane and 11 mol% Ethane); 

• LPG (60 mol% Propane and 40 mol% Butane); and 

• 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. 
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Table 5-1: Release Scenarios and Operating Conditions 

Node Description / Boundaries 
Stream 

No. (Note 1) 
T (° C) P (barg) 

Max Pipe / 

Hose Diameter 

(mm) (Note 2) 

Pipe / Hose 

Length (m) 
(Note 3)  

Volume of 

Isolatable 

Section (m³) 

Raw Gas and Maui Gas Lines 

KGT01_RGS_01_V 

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-

1/2), Cogen Plant Header (XSV-603), LTS Plant Gas Header and bypass to 

Separator (D-201-4) top line 

K101 15 40 500 259 233.0 

KGT01_RCS_01_L 
Raw Condensate from Cyclone Bank (M-507) bottom to LPG Surge Vapouriser 

(F-201) inlet (liquid inventory taken up to XSV-516) 
K919 15 40 100 218 4.1 

KGT01_MAU_01_V 

Maui Gas from 300 line & 309 line (XSV-594) adjoining with Product Gas 

Compressors Inlet header and sending Maui Gas export to AUP/ Ballance & 

Lactose Plant -306 line (up to XSV-9622) 

K502 15 45 500 111 233.0 

KGT01_MAU_02_V 
Maui Gas export via Dry Gas In-line Filter (M-512) to A/U Plant- 112 line (up to 

HV-300) 
K502 15 45 100 63 233.0 

CO2 Removal 

KGT02_TGS_01_V 
Treated gas from top of CO2 Absorber Tower (D-101-1) via Gas Cooler (E-105-1) 

and Gas Separator (M-101-1) to FV-102-1 (Benfield Train 1) 
K102 42 40 300 15 36.2 

KGT03_TGS_04_V 
Treated gas from top of CO2 Absorber Tower (D-101-2) via Gas Cooler (E-105-2) 

and Gas Separator (M-101-2) to FV-102-2 (Benfield Train 2) 
K102 42 40 250 15 36.0 

Dehydration and Dewpoint Control 

KGT01_TGS_07_V 
Treated gas from CO2 Removal Unit via Decanted Water Stripper (D-201-3) and 

Wash Water Stripper (D-201-4) to Chilling System 
K203 42 40 300 48 233.0 

KGT01_TGS_10_V 
Treated gas from Strippers via Gas/Gas Heat Exchangers (E-313-1/2) and Gas 

Chiller (E-313-3) to Low Temperature Separator (M-313) inlet 
K203 42 40 300 48 233.0 

KGT01_TGS_12_V 
Treated gas from Strippers via Gas/Liquid Heat Exchanger (E-303-4) adjoining 

with Gas Chiller (E-313-3) inlet line 
K203 42 40 200 49 233.0 

KGT01_PGS_02_V 

Product gas from Low Temperature Separator (M-313) and Two-Phase 

Separator (M-314) via Gas/Gas Heat Exchangers (E-313-1/2) to Product Gas 

header (PV-337) 

K205 12 40 200 15 233.0 

KGT04_PGS_07_V 
Product gas from top of High Temperature Separator (M-307) to Product Gas 

header (PV-380) 
K205 12 40 80 15 2.4 

KGT01_MPG_01_L 
Mixed LPG from bottom of Low Temperature Separator (M-313) and Two-Phase 

Separator (M-314) to FV-357 on outlet line 
K204 12 40 80 15 56.3 

KGT04_MPG_03_L 
Mixed LPG from FV-357 on outlet line of Two-Phase Separator (M-313) via Gas 

Liquid Heat Exchanger (E-303-4) to High Temperature Separator (M-307) inlet 
K204 12 40 100 35 4.0 

KGT04_MPG_04_L 

Mixed LPG from bottom of High Temperature Separator (M-307) to HT 

Separator Condensate Pumps (G-301-1/2) suction. 

(G-301-2 is on stand-by) 

K204 12 40 150 15 4.0 

KGT04_MPG_05_L 
Mixed LPG from HT Separator Condensate Pump (G-301-1) Discharge to Wash 

Water Coalescer (M-302) inlet 
K204 12 40 100 15 4.0 

KGT04_MPG_06_L 
Mixed LPG from Wash Water Coalescer (M-302) to LPG Production Unit (XSV-

332) 
K204 12 40 100 15 4.0 

Product Gas Lines and Compressors 

KGT01_PGS_01_V 

Product Gas header from Dehydration and Dew 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) 

K501 15 40 400 229 233.0 

KGT01_PGS_13_V 
Product Gas from Product Gas header to blanket Hydrocarbon Separator (M-

111) top section 
K501 15 40 100 15 233.0 

KGT01_PGS_14_V 
Product Gas from Product Gas Header (FV-0106) via LTS pipe bridge to XSV-

0109 near Gas Storage Compressors in LTS unit  
K505 15 40 200 274 233.0 

KGT13_PGS_15_V 
Product Gas from XSV-0109 to Gas Storage Compressors (D4-0401/0402) Inlet 

(D4-0402 is on standby.) 
K901 15 40 500 56 23.5 

KGT13_PGS_16_V 
Product Gas from Gas Storage Compressor (D4-0401) Discharge via Gas Storage 

Compressor Cooler (D2-0402) to Coalescer (D11-0417) inlet  
K901 15 40 150 51 23.5 

KGT13_PGS_17_V 
Product Gas export from Coalescer (D11-0417) to Gas Storage/ 070 Pipeline 

(XSV-0112) 
K901 15 40 500 51 23.5 

KGT01_MGS_01_V 
Mixed Gas from Process Gas header and Maui Gas line to suction of Product Gas 

Compressor (C-903-2/3/5) (C-903-3 is on standby.) 
K501 15 40 400 91 233.0 

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 Gas discharge header to the flange to the flange with Transmission 

export line 
K506 40 70 350 91 41.3 

KGT11_MGS_08_V Mixed Gas domestic supply to Stores/ Workshop/ Admin. Building K506 40 70 50 251 41.3 

KGT11_MGS_09_V 

Mixed Gas export from Product Gas Compressor Discharge header via Oil 

Coalescer (M-919) to 100/200 Pipelines in Transmission metering area and side 

uses as purge gas for Odorant Injection Tank (F-553) and instrument gas for 

XSV-0107 

K506 40 70 350 278 41.3 
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Node Description / Boundaries 
Stream 

No. (Note 1) 
T (° C) P (barg) 

Max Pipe / 

Hose Diameter 

(mm) (Note 2) 

Pipe / Hose 

Length (m) 
(Note 3)  

Volume of 

Isolatable 

Section (m³) 

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 

KGT01_MPG_21_V 
Mixed LPG from top of LPG Surge Vaporiser (F-201) via Rich Fuel Gas Separator 

(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 78 233.0 

KGT01_MPG_22_L Mixed LPG at bottom of LPG Surge Vaporiser (F-201) K919(L) 88 3.9 50 15 56.3 

KGT01_MPG_23_L 
Mixed LPG from bottom of Hydrocarbon Separator (M-111) to LPG Surge 

Vapouriser (F-201) inlet 
K919 15 40 50 50 56.3 

KGT01_FGA_01_V 
Product Gas from Product Gas header via Fuel Gas Heater (E-602) and Fuel Gas 

KO Pot (M-601) to Fuel Gas Superheater (E-603) 
K503 15 40 150 38 233.0 

KGT01_FGA_02_V 

Fuel Gas from Fuel Gas Superheater (E-603) via Fuel Gas Filters (M-628-A/B) to 

HRSG A/B Burners (B-604-A-1/2/3, B-604-B1/2/3) 

(M-628-B is on standby.) 

K503 15 40 150 138 233.0 

KGT01_PGS_19_V 
Product gas from Product Gas header to Ammonia/ CO2 Compressor Engines 

(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 

KGT01_MPG_07_L 
Mixed LPG from Dehydration unit (XSV-332) via De-Ethaniser Feed Preheater (E-

420-3) to De-Ethaniser (D-420-2) inlet (LPG Production Train 2) 
K401 12 30 100 194 56.3 

KGT01_DET_01_V 

De-Ethaniser (D-420-2) Top Vapour via De-Ethaniser OVHD Condenser (E-420-2) 

and De-Ethaniser Reflux Drum (F-420-2) to XSV-411-2 on inlet line to OVHD 

Compressor Suction Scrubber (M-422) (LPG Production Train 2) 

K408 20 30 100 15 233.0 

KGT01_PGS_04_V 

Product gas from De-Ethaniser(D-420-2) via top of Suction Scrubber (M-422) to 

OVHD Compressor (C-421-1/2) inlet (LPG Production Train 2) 

(C-421-2 is on standby.) 

K408 20 30 80 110 233.0 

KGT01_PGS_05_V 

Product gas from De-Ethaniser OVHD Compressor (C-421-1) discharge via De-

Ethaniser OVHD Compressor Cooler (E-421-1) to Product gas header and to 

adjoining Treated Gas line from Strippers (LPG Production Train 2) 

K408 20 30 200 143 233.0 

KGT01_DEX_01_L 

Reflux from De-Ethaniser Reflux Drum (F-420-2) via De-Ethaniser Reflux Pumps 

(G-420-1/2) to De-Euthaniser (D-420-2) top side (LPG Production Train 2) 

(G-420-2 is on standby.) 

K402 100 30 80 15 56.3 

KGT01_DEB_01_L 
De-Ethaniser (D-420-2) Bottom Liquid to/from De-Ethaniser Reboiler (E-422-2) 

and to De-Propaniser Feed Surge Drum (F-420-3) inlet (LPG Production Train 2) 
K402 100 30 150 15 56.3 

KGT01_MPG_09_L 
Mixed LPG from Bottom of De-Propaniser Feed Surge Drum (F-420-3) to De-

Propaniser (D-430-1/2) inlet 
K402 100 30 150 22 56.3 

KGT01_MPG_10_V 
Mixed LPG from Top of De-Propaniser Feed Surge Drum (F-420-3) to De-

Propaniser (D-430-2) inlet 
K402 100 30 100 15 233.0 

LPG Production Facility - De-Propaniser 

KGT01_DPT_11_V 
De-Propaniser (D-430-2) Top Vapour via De-Propaniser Condenser (E-430-2) to 

De-Propaniser Reflux Drum (F-430-2) (LPG Production Train 2) 
K403 20 14 150 15 233.0 

KGT01_DPX_11_L 

Reflux from De-Propaniser Reflux Drum (F-430-2) via De-Propaniser Reflux 

Pumps (G-430-3/4) to De-Propaniser (D-430-2) (LPG Production Train 2) 

(G-430-4 is on stand-by.) 

K403 20 14 100 15 56.3 

KGT01_PC3_02_L 

Product propane from De-Propaniser Reflux Pump (G-430-3) via Propane 

Product Cooler (E-4001-2) to XSV-417-2 on the export line to Storage (LPG 

Production Train 2) 

K403 20 14 50 15 56.3 

KGT01_DPB_11_L 
De-Propaniser (D-430-2) Bottom Liquid to/from De-Propaniser Reboiler (E-432-

2) and to De-Butaniser (D-440-1/2) (LPG Production Train 2) 
K404 105 14 150 56 56.3 

LPG Production Facility - De-C4 

KGT01_DBT_11_V 

De-Butaniser (D-440-2) Top Vapour via De-Butaniser Condenser (E-440-2) to De-

Butaniser Reflux Drum (F-440-2) and to Surge Vaporiser (F-201) (LPG Production 

Train 2) 

K405 20 7 150 168 233.0 

KGT01_DBX_11_L 

Reflux from De-Propaniser Reflux Drum (F-440-2) via De-Butaniser Reflux Pumps 

(G-440-3/4) to De-Butaniser (D-440-2) (LPG Production Train 2) 

(G-440-4 is on standby.) 

K405 20 7 80 15 56.3 

KGT01_NGL_01_L 

Natural Gasoline from bottom of De-Butaniser (D-440-2) and De-Butaniser 

Reboilers (E-442-1/2) to De-Ethaniser FEED Pre-Heater (E-420-3) inlet (LPG 

Production Train 2) (E-442-1 is on standby.) 

K406 115 7 150 42 56.3 

KGT01_NGL_02_L 
Natural Gasoline from De-Ethaniser Feed Pre-Heater (E-420-3) via Gasoline 

Cooler (E-460) to the export lines KPS and Storage (XSV-416 and XSV-481-1) 
K407 20 7 150 23 56.3 
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Node Description / Boundaries 
Stream 
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Pipe / Hose 
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(Note 3)  

Volume of 

Isolatable 
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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 

Site Boundary) 
K507 20 7 50 210 0.4 

KGT33_NGL_06_L 
Natural Gasoline from LPG Production Unit (XSV-481-1) to XSV-4073 on the inlet 

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 

KGT35_NGL_09_L 
Natural Gasoline export from Natural Gasoline Storage Tank (F-4033) via 

Natural Gasoline Load Out Pump (G-4033) to XSV-4068 on the NGL export line 
K803 15 2.95 100 15 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 

KGT36_NGL_12_L 
Note 4 

Natural Gasoline Road Tanker K803 15 2.95 100 - 20 tonnes 

KGT37_PC3_05_L 
Product Propane export from LPG Production Unit (XSV 417-2) to SDV-4004 on 

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 - - 123.4 

KGT40_PC3_10_L Liquid Section of Propane Storage Vessel (F-4004) K704 15 7 - - 106.6 

KGT41_PC4_04_L 
Product Butane export from LPG Production Unit (XSV-419-2) to SDV-4005 on 

the inlet lines to Butane Storage Vessels (F-4001, F-4002) 
K702 15 7 80 562 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 

KGT45_PC3_12_L 

Product Propane export from Propane Storage Vessels (F-4003, F-4004) via 

Propane Loadout Pumps (G-4002/4024) to SDV-4017 on the LPG export line 

(G-4002 is on standby.) 

K801 15 10 200 15 0.5 

KGT46_PC4_11_L 
Product Butane export from Butane Storage Vessels (F-4001, F-4002) via Butane 

Loadout Pump (G-4001) to SDV-4016 on the LPG export line 
K802 15 5 200 15 0.5 

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 

KGT47_LPG_03_L 
Note 4 

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 

KGT47_LPG_06_L 
Note 4 

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 refrigerant from bottom of Propane Refrigerant Surge Drum (F-315) to 

Propane Refrigerant Economiser (D-315-2) inlet 
K301 15 4 100 15 25.2 

KGT70_REF_03_V 
Propane refrigerant from Propane Refrigerant Economiser (D-315-2) to 

Compressors (C-330-1/ C-330-2) inter-stage suction 
K301 15 4 150 22 36.4 

KGT70_REF_04_L 

Propane refrigerant from bottom of Propane Refrigerant Economiser (D-315-2) 

to each user (E-313-3, E-420-2) 

(E-303-3 is on standby.) 

K301 15 4 200 174 25.2 

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 

KGT70_REF_11_V 
Propane refrigerant from each user via Propane Compressor Suction Scrubber 

(M-333) to Compressors (C-330-1/ 2) suction 
K302 -34 1 300 154 36.4 

KGT70_REF_14_V 
Propane refrigerant from Compressors (C-330-1/2) discharge via Oil Separator 

(M-330-1/2) to Propane Refrigerant Condensers (E-317-1A/B, E-317-2) inlet 
K301 15 4 250 65 36.4 

KGT70_REF_15_L 
Propane refrigerant from Propane Refrigerant Condensers (E-371-1A/B, E-317-

2) to Propane Refrigerant Surge Drum (F-315) inlet 
K301 15 4 200 28 25.2 

Mercaptans and Methanol 

KGT50_EMC_01_L 

Ethyl Mercaptan from Transportable Odorant Drums (F-4007-A/ B) via Odorant 

Injection Pump (G-4011) to LPG Loadout Arm (T-4002) inlet 

(F-4007-B is on standby.) 

K804 15 10 15 15 0.2 

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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Node Description / Boundaries 
Stream 

No. (Note 1) 
T (° C) P (barg) 

Max Pipe / 

Hose Diameter 

(mm) (Note 2) 

Pipe / Hose 

Length (m) 
(Note 3)  

Volume of 

Isolatable 

Section (m³) 

KGT52_BMC_02_L 

t-Butyl Mercaptan from Odorant from Odorant Injection Tank (F-553) via 

Odorant Injection Pumps (G-552-A/B) to Transmission export lines (100/200 

lines) (G-552-B is on standby.) 

K602 15 80 15 15 19.0 

KGT52_BMC_03_L  t-Butyl Mercaptan Filling Hose K603 15 1 50 - 19.0 

KGT53_BMC_04_L 
Note 4 

t-Butyl Mercaptan Road Tanker K603 15 1 50 - 16 tonnes 

KGT55_MOH_01_L Methanol Storage Tanks (F-502-1/2/4/6) K918 15 

ATM 

Liquid 

head 

(2.7m) 

- - 8.7 

KGT55_MOH_02_L 

Methanol from Methanol Storage Tanks (F-502-1/2/4/6) via Metering Pumps 

(G-309-1/2, G-319-1/2) to users 

(G-309-2, G-319-2 are on standby.)  

K917 15 50 25 343 8.7 

KGT55_MOH_03_L  Methanol Filling Hose K918 15 0 40 - 8.7 

KGT56_MOH_04_L 
Note 4 

Methanol Road Tanker K918 15 0 40 - 4 tonnes 

CO2 Recovery - Ammonia 

KGT80_AMM_01_V 
Ammonia gas from Ammonia Compressor (C-888) discharge to Ammonia 

Condenser (E-895) through Oil Separator (M-892) (Train A) 
K908 15 15 150 15 3.3 

KGT80_AMM_11_V 

Ammonia gas from Ammonia Compressor (C-821) discharge to Ammonia 

Receiver (F-823) through Oil Separator (M-825) and Ammonia Condenser (E-

825) (Train B) 

K908 15 15 150 15 3.3 

KGT80_AMM_02_V Ammonia gas section of Liquid Receivers (F-803/F-823)  K908 15 15 32 15 3.3 

KGT80_AMM_03_L 
Ammonia liquid from Ammonia Condensers (E-895/825) to Liquid Receiver (F-

803/F-823) 
K908 15 15 100 15 4.9 

KGT80_AMM_04_L 
Ammonia liquid from Liquid Receivers via Liquid Sub-Coolers (E-826/896) and 

CO2 Condenser (E-804) to Oil Receiver (M-828) 
K908 15 15 100 21 4.9 

KGT80_AMM_07_L 
Ammonia liquid from SV-825 and SV-896C via Oil Receiver (M-828) (coil) to CO2 

Chiller (E-803) 
K908 15 15 25 38 4.9 

KGT80_AMM_08_V 
Ammonia gas return from CO2Condenser (E-804) and Oil Receiver (M-828) to 

Ammonia Compressors (C-888/821) suction 
K909 -30 0 250 15 3.3 

KGT80_AMM_09_V 
Ammonia gas return from CO2 Chiller (E-803) and liquid ammonia vaporising via 

Liquid Sub-Coolers (E-826/896) to Ammonia Compressors (C-888/821) suction 
K909 -30 0 80 48 3.3 

CO2 Recovery - CO2 

KGT90_CO2_01_V 

CO2 gas from CO2 Compressor (C-802) Discharge via Pulsation Vessel (F-806), 

Intercooler (E-807) and Interstage Separator (M-830) to After Cooler (E-802) 

inlet (Train A) 

K910 -26.6 15 100 15 45.6 

KGT90_CO2_02_V 

CO2 gas from CO2 Compressor (C-822) Discharge via Pulsation Vessel (F-826), 

Intercooler (E-827) and Interstage Separator (M-829) to After Cooler (E-802) 

(Train B) 

K910 -26.6 15 100 15 45.6 

KGT90_CO2_03_V 
CO2 gas from CO2 After Cooler (E-802) via Aftercooler Separator (M-881) and via 

CO2 Chiller (E-803) to Chiller Separator (M-882) 
K910 -26.6 15 100 31 45.6 

KGT90_CO2_07_V 

CO2 gas from Chiller Separator (M-882) outlet via CO2 Purifiers(M-807-1/2), CO2 

Driers (B-801-1/2) and CO2 Particulate Filters (M-879-1/2) to CO2 Condenser (E-

804) inlet adjoin with CO2 gas lines from Storage Tanks (F-801-1/2/3) 

(M-807-2, B-801-2 and M-879-2 are on standby.) 

K910 -26.6 15 80 89 45.6 

KGT90_CO2_08_L 
CO2 liquid from CO2 Condenser (E-804) via CO2 Liquid Receiver (F-802) and 

CO2Condenser Pump (G-883) to Liquid CO2 Storage Tanks (F-801-1/2/3) inlet 
K910 -26.6 15 100 71 223.0 

KGT90_CO2_16_V 

CO2 gas from Aftercooler Separator (M-881) and Raw Gas Boosters (C-885/823) 

discharge via Catalyst Carbon Vessels (D-821/ D-801) to CO2 Compressors (C-

802/822) suction 

K907 15 1 300 180 45.6 

KGT90_CO2_18_V 
CO2 gas from Storage Tanks (F-801-1/2/3) to users (Compressor shelters, LPG 

Storage tanks and LPG Loading facility) 
K920 15 0.094 50 796 45.6 

KGT90_CO2_19_V 
CO2 gas for Regeneration Cycle via Regeneration Heaters (B-802/ B-803), CO2 

Purifier (M-807-2), CO2 Drier (B-801-1) 
K922 15 0.1 80 15 45.6 

KGT90_CO2_09_L Liquid CO2 Storage Tank (F-801-1) K910 -26.6 15 - - 223.0 

KGT90_CO2_10_L Liquid CO2 Storage Tank (F-801-2) K910 -26.6 15 - - 223.0 

KGT90_CO2_11_L Liquid CO2 Storage Tank (F-801-3) K910 -26.6 15 - - 223.0 

KGT90_CO2_12_L Air Liquide CO2 Storage Tank (F-811) K910 -26.6 15 - - 223.0 

KGT90_CO2_24_L 
Liquid CO2 from Storage Tanks (F-801-1/2/3) via CO2 loadout pumps (G-821, G-

801-1/2) to BOC CO2 Road Tanker Loadout Connections 
K906 -26.6 15 100 71 223.0 

KGT90_CO2_25_L 
Liquid CO2 from Air Liquid CO2 Storage Tank (F-811) via G-812 to Air Liquid Road 

Tanker Loadout Connection 
K906 -26.6 15 50 15 223.0 

KGT90_CO2_26_V 
CO2 gas to Storage Tanks (F-801-1/2/3) from BOC CO2 Road Tanker Revert 

Connections 
K906 -26.6 15 50 23 45.6 

KGT90_CO2_27_V 
CO2 gas to from Air Liquid CO2 Storage Tank (F-811) from Air Liquid Road Tanker 

Revert Connection 
K906 -26.6 15 25 15 45.6 
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Node Description / Boundaries 
Stream 
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KGT90_CO2_28_L  Vector CO2 Loadout connection  K906 -26.6 15 50 - 223.0 

KGT90_CO2_29_V  BOC CO2 Road Tanker Revert connections K906 -26.6 15 25 - 45.6 

KGT90_CO2_30_L  BOC CO2 Road Tanker Loadout Connection K906 -26.6 15 80 - 223.0 

KGT90_CO2_31_V  Air Liquide Road Tanker Revert connection K906 -26.6 15 25 - 45.6 

KGT90_CO2_32_L  Air Liquide Road Tanker Loading connection K906 -26.6 15 50 - 223.0 

KGT90_CO2_33_L 
Note 4 

Vector CO2 Road Tanker  K906 -26.6 15 50 - 18 tonnes 

KGT90_CO2_34_L 
Note 4 

BOC CO2 Road Tanker  K906 -26.6 15 80 - 18 tonnes 

KGT90_CO2_35_L 
Note 4 

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 

Node Section 
Base Case Release Frequencies (per year) Note 1 

1 - 3 mm 3 - 10 mm 10 - 50 mm 50 - 150 mm > 150 mm Total % Contrib. 

Raw Gas and Maui Gas 

Lines 

1.50E-02 6.58E-03 3.50E-03 6.07E-04 1.03E-04 2.58E-02 2.9% 

CO2 Removal 6.12E-03 2.82E-03 1.56E-03 3.83E-04 3.57E-05 1.09E-02 1.2% 

Dehydration and Dewpoint 

Control 

2.56E-02 1.10E-02 5.66E-03 1.06E-03 2.54E-04 4.36E-02 4.9% 

Product Gas Lines and 

Compressors 

6.28E-02 2.75E-02 1.39E-02 2.96E-03 4.61E-04 1.08E-01 12.0% 

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 - 

Stabiliser, De-C2 

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

LPG Production Facility - 

De-C3 

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

LPG Production Facility - 

De-C4 

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

LPG Production Facility - 

Product Export and 

Loadout 

2.33E-02 6.71E-02 3.40E-03 6.87E-04 5.94E-03 1.00E-01 11.2% 

Propane Refrigeration 

System 

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

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

CO2 Recovery - Ammonia 7.07E-02 2.81E-02 1.14E-02 2.90E-03 2.50E-04 1.13E-01 12.6% 

CO2 Recovery - CO2 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 Location Specific Individual Risk (LSIR) 

7.1.1 Criteria 

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 

Commercial developments 

including retail centres, offices and 

entertainment centres 

5E-06 

(1 in 200,000) 

5E-06 risk contour should not extend to these 

areas 

Sporting complexes and active 

open space 

10E-06 (or 1E-05) 

(1 in 100,000) 

1E-05 risk contour should not extend to these 

areas 

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

(1 in 20,000) 

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

contained within the boundaries of the industrial 

site where applicable 

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 
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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 Blue Industrial 

5E-05 / year risk contour 

should, as a target, be 

contained within the 

boundaries of the industrial site 

where applicable. 

1. 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 5E-05 per year contour offsite impact is 

mainly attributed to toxic events. 

1E-06 / year Red Residential 

1E-06 / year risk contour should 

not extend to residential, 

hotels, motels, tourist resorts 

The 1E-06 per year contour extends onto the 

property of the closest neighbour north west of 

KGTP site but does not extend as far as the dwelling 

and farm buildings. 

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.  

 

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 

Risk Points Release Source Description 
LSIR (per 

year) 

Percentage of 

Risk 

Contribution 

(%) 

A - Shed 

Area  

KGT80_AMM_04_L_ 

71mm 

Ammonia liquid from Liquid Receivers via Liquid 

Sub-Coolers (E-826/896) and CO2 Condenser (E-

804) to Oil Receiver (M-828) 

5.21E-07 43.1% 

KGT80_AMM_03_L_ 

71mm 

Ammonia liquid from Ammonia Condensers (E-

895/825) to Liquid Receiver (F-803/F-823) 

4.21E-07 34.8% 

B - Ballance 

Site 1 

KGT80_AMM_04_L_ 

22mm 

Ammonia liquid from Liquid Receivers via Liquid 

Sub-Coolers (E-826/896) and CO2 Condenser (E-

804) to Oil Receiver (M-828) 

2.97E-05 34.5% 

KGT80_AMM_03_L_ 

22mm 

Ammonia liquid from Ammonia Condensers (E-

895/825) to Liquid Receiver (F-803/F-823) 

2.22E-05 25.8% 

A - Shed Area 

B - Ballance Site 1 

C - Ballance Site 2 

D - KGTP Site East 

E - LPG Area 
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Risk Points Release Source Description 
LSIR (per 

year) 

Percentage of 

Risk 

Contribution 

(%) 

C -Ballance 

Site 2 

KGT80_AMM_04_L_ 

22mm 

Ammonia liquid from Liquid Receivers via Liquid 

Sub-Coolers (E-826/896) and CO2 Condenser (E-

804) to Oil Receiver (M-828) 

3.75E-05 35.5% 

KGT80_AMM_03_L_ 

22mm 

Ammonia liquid from Ammonia Condensers (E-

895/825) to Liquid Receiver (F-803/F-823) 

2.47E-05 23.3% 

D - KGTP 

Site East 

KGT13_PGS_16_V_ 

85mm 

Product Gas from Gas Storage Compressor (D4-

0401) Discharge via Gas Storage Compressor 

Cooler (D2-0402) to Coalescer (D11-0417) Inlet 

6.65E-07 33.5% 

KGT13_PGS_15_V_ 

85mm 

Product Gas to Gas Storage Compressors (D4-

0401/0402) Inlet  

3.87E-07 19.5% 

E – LPG 

Area 

KGT01_TGS_10_V_ 

212mm 

Treated gas from Strippers via Gas/Gas Heat 

Exchangers (E-313-1/2) and Gas Chiller (E-313-3) 

to Low Temperature Separator (M-313) inlet 

2.64E-07 23.5% 

KGT01_PGS_01_V_ 

245mm 

Product Gas header from Dehydration and Dew 

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) 

1.23E-07 11.0% 

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 of 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 

E – LPG Area 
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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  
Load out Frequency 

(loadings/year) 

Filling Time 

(hours/loading) 

NGL Tankers Hose 715 (20 T/Load) 2 hours 

LPG  
Tankers Arm 1452 (20 T/Load) 2 hours 

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: 

• 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: 

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

• In the order of magnitude of 10-2 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 

Isolatable 

Section 
Description 

Volume of 

Isolatable Section 

(m³) 

Connecting 

Isolatable 

Section 

Volume of 

Connecting 

Isolatable Section 
Note 1 (m³) 

Total Volume 

(m³) 

Vapour Liquid Vapour Liquid Vapour Liquid 

KGT01 

Raw gas and Maui gas 

lines, Dehydration and 

dewpoint unit, LPG 

production unit, Product 

gas lines, Utilities 

233.0 56.3 

KGT11 – 

Vapour;  

KGT04 - 

Liquid 

41.3 4.0 274.2 60.3 

KGT02 CO2 removal (Train 1) 36.2 - KGT01 233.0 - 269.2 - 

KGT03 CO2 removal (Train 2) 36.0 - KGT01 233.0 - 269.0 - 

KGT04 

Mixed LPG - High 

Temperature Separator 

(M-307) and Wash Water 

Coalescer (M-302) 

2.4 4.0 KGT01 233.0 56.3 235.4 60.3 

KGT11 

Mixed gas export from 

Product Gas Compressors 

(C-903-2/3/5) discharge 

41.3 - KGT01 233.0 - 274.2 - 
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Isolatable 

Section 
Description 

Volume of 

Isolatable Section 

(m³) 

Connecting 

Isolatable 

Section 

Volume of 

Connecting 

Isolatable Section 
Note 1 (m³) 

Total Volume 

(m³) 

Vapour Liquid Vapour Liquid Vapour Liquid 

header to 100/200 

Pipelines 

KGT13 

Product gas export from 

Gas Storage Compressors 

(D4-0401/0402) to Gas 

Storage/070 Pipeline 

23.5 - KGT01 233.0 - 256.5 - 

KGT32 

NGL export from LPG 

production unit to 

KGTP/KPS boundary 

- 0.4 KGT01 - 56.3 - 56.8 

KGT33 

NGL export from LPG 

production unit to 

Storage 

- 4.7 KGT34 - 65.0 - 69.7 

KGT34 
NGL Storage Tank (F-

4033) 
- 65.0 KGT33 - 4.7 - 69.7 

KGT35 
NGL Loadout Pump (G-

4033) 
- 0.1 KGT34 - 65.0 - 65.1 

KGT36 NGL Loadout System - 0.1 KGT35  0.1 - 0.2 

KGT37 

Propane export from LPG 

production unit to 

Storage 

- 2.5 KGT01 - 56.3 - 58.9 

KGT39 
Propane Storage Vessel 

(F-4003) 
61.7 51.3 KGT37 - 2.5 61.7 53.9 

KGT40 
Propane Storage Vessel 

(F-4004) 
123.4 106.6 KGT37 - 2.5 123.4 109.1 

KGT41 

Butane export from LPG 

production unit to 

Storage 

- 2.6 KGT01 - 56.3 - 58.9 

KGT43 
Butane Storage Vessel (F-

4001) 
14.7 51.3 KGT41 - 2.6 14.7 53.8 

KGT44 
Butane Storage Vessel (F-

4002) 
68.6 44.5 KGT41 - 2.6 68.6 47.0 

KGT45 
Product Propane Loadout 

System 
- 0.5 KGT40 - 106.6 - 107.1 

KGT46 
Product Butane Loadout 

System 
- 0.5 KGT43 - 51.3 - 51.8 

KGT47 
Product LPG Loadout 

System 
- 0.1 KGT45 - 0.5 - 0.6 

KGT50 

Odorant (Ethyl 

mercaptan) Injection 

System for LPG loadout 

- 0.2 - - - - 0.2 

KGT51 

Odorant (t-Butyl 

mercaptan) Injection 

System for Domestic  

- 0.1 - - - - 0.1 
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Isolatable 

Section 
Description 

Volume of 

Isolatable Section 

(m³) 

Connecting 

Isolatable 

Section 

Volume of 

Connecting 

Isolatable Section 
Note 1 (m³) 

Total Volume 

(m³) 

Vapour Liquid Vapour Liquid Vapour Liquid 

KGT52 

Odorant (t-Butyl 

mercaptan) Injection 

System for Gas Export 

Line 

- 19.0 - - - - 19.0 

KGT55 
Methanol Injection 

System 
- 6.5 - - - - 6.5 

KGT70 
Propane Refrigeration 

System 
36.4 25.2 - - - 36.4 25.2 

KGT80 
CO2 Removal Unit – 

Ammonia System 
3.3 4.9 - - - 3.3 4.9 

KGT90 
CO2 Removal Unit – 

Ammonia System 
45.6 223.0 - - - 45.6 223.0 

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 KGT01 which contains both vapour and liquid phase, only the 

vapour inventory from KGT01 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. 

 

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: 

• 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 

• 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) 

Node Description / Boundaries 
Stream 

No. 
T (degC) P (barg) 

Max Pipe / 

Hose Diameter 

(mm) 

Pipe / Hose 

Length (m) 

Volume of 

Isolatable 

Section (m³) 

CO2 Removal 

KGT05_RGS_07_V 
Raw gas from Raw Gas header from HV-105-3 via Gas/Gas Heat Exchanger (E-

101-3/2) to CO2 absorber tower (D-101-3) inlet (Benfield Train 3) 
K101 15 40 300 15 33.0 

KGT05_TGS_16_V 

Treated gas from top of CO2 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 

to Strippers (D-201-3/4) in Dehydration and Dewpoint Control Unit (Benfield 

Train 3) 

K102 42 40 300 15 33.0 

Dehydration and Dewpoint Control 

KGT01_TGS_11_V 

Treated gas from Strippers via Gas/Gas Heat Exchangers (E-303-1/2) and Gas 

Chiller (E-303-3) to 3 Phase Low Temperature Separator (M-306) inlet (No.1 

Chilling System) 

K203 42 40 200 43 271.6 

KGT01_PGS_03_V 

Product gas from top of 3 Phase Low Temperature Separator (M-306) via 

Gas/Gas Heat Exchanger (E-303-1/2) to PV-338 adjoining with Product Gas 

header (No.1 Chilling System) 

K205 12 40 150 15 271.6 

KGT01_MPG_02_L 

Mixed LPG from bottom of 3 Phase Low Temperature Separator (M-306) to FV-

381 on the line adjoining with inlet of Gas/Liquid Heat Exchanger (E-303-4) 

(No.1 Chilling System) 

K204 12 40 100 15 56.3 

Utilities and Cogen Unit 

KGT01_PGS_22_V Product gas to Boilers (B-901-1/2) K501 15 40 150 50 271.6 

LPG Production Facility - Stabiliser, De-Ethaniser 

KGT01_MPG_13_L 
Mixed LPG from XSV-332 on outlet line of Wash Water Coalescer (M-302) in 

Dehydration unit to Stabiliser (D-420-1) inlet (LPG Production Train 1) 
K401 12 30 150 144 56.3 

KGT01_STT_01_V 
Stabiliser (D-420-1) Top Vapour via Stabiliser OVHD Scrubber (M-420) to XSV-

420 on inlet line to Suction Scrubber (M-421) (LPG Production Train 1) 
K408 20 30 80 15 271.6 

KGT01_PGS_10_V 

Product gas from top of Stabiliser OVHD Scrubber (M-421) to Stabiliser OVHD 

Compressor (C-420-1/2) suction (LPG Production Train 1) 

(C-420-1 is on standby)  

K408 20 30 100 90 271.6 

KGT01_PGS_11_V 

Product gas from Stabiliser OVHD Compressor (C-420-2) discharge via Stabiliser 

OVHD Compressor Cooler (E-420-5) to Product gas header (LPG Production 

Train 1) 

K408 20 30 100 15 271.6 

KGT01_STB_01_L 
Stabiliser (D-420-1) Bottom Liquid to/from Stabiliser Reboiler (E-422-1) and to 

De-Propaniser Feed Surge Drum (F-420-3) inlet (LPG Production Train 1) 
K402 100 30 150 15 56.3 

LPG Production Facility - De-Propaniser 

KGT01_DPT_01_V 
De-Propaniser (D-430-1) Top Vapour via De-Propaniser Condenser (E-430-1) to 

De-Propaniser Reflux Drum (F-430-1) (LPG Production Train 1) 
K403 20 14 150 15 271.6 

KGT01_DPX_01_L 

Reflux from De-Propaniser Reflux Drum (F-430-1) via De-Propaniser Reflux 

Pumps (G-430-1/2) to De-Propaniser (D-430-1) (LPG Production Train 1) 

(G-430-2 is on stand-by.) 

K403 20 14 100 15 56.3 

KGT01_PC3_01_L 

Product propane from De-Propaniser Reflux Pump (G-430-1) via Propane 

Product Cooler (E-4001-1) adjoining with export line to storages (LPG 

Production Train 1) 

K403 20 14 50 22 56.3 

KGT01_DPB_01_L 
De-Propaniser (D-430-1) Bottom Liquid to/from De-Propaniser Reboiler (E-432-

1) and to De-Butaniser (D-440-1/2) (LPG Production Train 1) 
K404 105 14 150 44 56.3 

LPG Production Facility - De-C4 

KGT01_DBT_01_V 
De-Butaniser (D-440-1) Top Vapour via De-Butaniser Condenser (E-440-1) to De-

Butaniser Reflux Drum (F-440-1) (LPG Production Train 1) 
K405 20 7 100 15 271.6 

KGT01_DBX_01_L 

Reflux from De-Butaniser Reflux Drum (F-440-1) via De-Butaniser Reflux Pumps 

(G-440-1/2) to De-Butaniser (D-440-1) (LPG Production Train 1) 

(G-440-2 is on standby) 

K405 20 7 80 15 56.3 

KGT01_DBB_01_L 
De-Butaniser (D-440-1) Bottom Liquid to /from De-Butaniser Reboiler (E-442-1) 

(LPG Production Train 1) 
K406 115 7 150 15 56.3 

KGT01_PC4_12_L 

Product Butane from HV-450-1/2 on Debutaniser Reflux Pumps Discharge via 

Butane Cooler (E-450) adjoining with Product Propane at 60/40 Condensing 

Tank (M-430) inlet 

K405 20 7 80 41 56.3 

KGT01_PC3_13_L 
Product Propane from Propane Product Coolers (E-4001-1/2) adjoining with 

Product Butane at 60/40 Condensing Tank (M-430) inlet 
K403 20 14 50 15 56.3 

KGT01_LPG_04_L 
LPG product 60/40 via 60/40 Condensing Tank (M-430) to XSV-434 on KPS 

export line 
K808 20 10.5 50 232 56.3 

Propane Refrigeration System 

KGT70_REF_06_L Propane refrigerant Gas Chiller (E-303-3) K302 -34 1 150 64 25.2 

CO2 Recovery - CO2 

KGT90_CO2_23_V CO2 gas from CO2 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 

Isolatable 

Section 
Description 

Volume of Isolatable 

Section (m³) Base Case 

Volume of Isolatable 

Section (m³) Sensitivity 

Case 2 

Vapour Liquid Vapour Liquid 

KGT01 

Raw gas and Maui gas lines, Dehydration 

and dewpoint unit, LPG production unit, 

Product gas lines, Utilities 

233.0 56.3 271.6 84.8 

KGT05 CO2 removal (Train 3) 0 Note 1 0 Note 1 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) 

Node Section 

Sensitivity 2 Release Frequencies (per year) Note 1 

1 - 3 mm 

(2 mm) 

3 - 10 mm 

 (6 mm) 

10 - 50 

mm 

(22 mm) 

50 - 150 

mm 

(85 mm) 

> 150 mm 

(Rupture) 
Total 

% 

Contributi

on 

Raw Gas and Maui Gas 

Lines 

1.50E-02 6.58E-03 3.50E-03 6.07E-04 1.03E-04 2.58E-02 2.4% 

CO2 Removal 1.28E-02 5.82E-03 3.20E-03 6.10E-04 1.17E-04 2.25E-02 2.1% 

Dehydration and 

Dewpoint Control 

3.30E-02 1.45E-02 7.54E-03 1.71E-03 2.69E-04 5.70E-02 5.4% 

Product Gas Lines and 

Compressors 

6.28E-02 2.75E-02 1.39E-02 2.96E-03 4.61E-04 1.08E-01 10.2% 

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 - 

Stabiliser, De-C2 

4.99E-02 2.16E-02 1.06E-02 2.81E-03 5.84E-05 8.49E-02 8.0% 

LPG Production Facility - 

De-C3 

3.13E-02 1.26E-02 6.06E-03 1.23E-03 3.30E-05 5.13E-02 4.8% 

LPG Production Facility - 

De-C4 

3.96E-02 1.59E-02 7.52E-03 1.63E-03 2.86E-05 6.47E-02 6.1% 

LPG Production Facility - 

Product Export and 

Loadout 

2.33E-02 9.14E-02 3.40E-03 6.87E-04 8.37E-03 1.27E-01 12.0% 
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Node Section 

Sensitivity 2 Release Frequencies (per year) Note 1 

1 - 3 mm 

(2 mm) 

3 - 10 mm 

 (6 mm) 

10 - 50 

mm 

(22 mm) 

50 - 150 

mm 

(85 mm) 

> 150 mm 

(Rupture) 
Total 

% 

Contributi

on 

Propane Refrigeration 

System 

3.99E-02 1.73E-02 8.06E-03 1.73E-03 3.22E-04 6.73E-02 6.3% 

Mercaptans and 

Methanol 

1.95E-02 2.01E-02 3.85E-03 2.05E-03 1.21E-03 4.68E-02 4.4% 

CO2 Recovery - Ammonia 7.07E-02 2.81E-02 1.14E-02 2.90E-03 2.50E-04 1.13E-01 10.7% 

CO2 Recovery - CO2 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. 

 

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: 

• 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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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 

Risk 

Points 
Release Source Description 

LSIR (per 

year) 

Percentage 

of Risk 

Contribution 

A - Shed KGT80_AMM_04_L_ 

71mm 

Ammonia liquid from Liquid Receivers via Liquid 

Sub-Coolers (E-826/896) and CO2 Condenser (E-

804) to Oil Receiver (M-828) 

5.22E-07 41.6% 

KGT80_AMM_03_L_ 

71mm 

Ammonia liquid from Ammonia Condensers (E-

895/825) to Liquid Receiver (F-803/F-823) 

4.22E-07 33.6% 

B - 

Ballance 

Site 1 

KGT80_AMM_04_L_ 

22mm 

Ammonia liquid from Liquid Receivers via Liquid 

Sub-Coolers (E-826/896) and CO2 Condenser (E-

804) to Oil Receiver (M-828) 

2.97E-05 34.1% 

KGT80_AMM_03_L_ 

22mm 

Ammonia liquid from Ammonia Condensers (E-

895/825) to Liquid Receiver (F-803/F-823) 

2.22E-05 25.5% 

C - 

Ballance 

Site 2 

KGT80_AMM_04_L_ 

22mm 

Ammonia liquid from Liquid Receivers via Liquid 

Sub-Coolers (E-826/896) and CO2 Condenser (E-

804) to Oil Receiver (M-828) 

3.75E-05 34.7% 

KGT80_AMM_03_L_ 

22mm 

Ammonia liquid from Ammonia Condensers (E-

895/825) to Liquid Receiver (F-803/F-823) 

2.47E-05 22.8% 

D - KGTP 

Site East 

KGT13_PGS_16_V_ 

85mm 

Product Gas from Gas Storage Compressor (D4-

0401) Discharge via Gas Storage Compressor 

Cooler (D2-0402) to Coalescer (D11-0417) inlet  

6.65E-07 32.9% 

KGT13_PGS_15_V_ 

85mm 

Product Gas to Gas Storage Compressors (D4-

0401/0402) Inlet (D4-0402 is on standby) 

3.87E-07 19.1% 

E- LPG 

Area 

KGT01_TGS_10_V_ 

212mm 

Treated gas from Strippers via Gas/Gas Heat 

Exchangers (E-313-1/2) and Gas Chiller (E-313-3) 

to Low Temperature Separator (M-313) inlet 

2.84E-07 20.4% 

KGT01_PGS_01_V_ 

245mm 

Product Gas header from Dehydration and Dew 

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) 

1.32E-07 9.5% 

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 

QRA Methodology Guideline [Ref. 2]. The KPS base case LSIR contour is shown in Figure 9-1. 

 

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. 

Legend 

 5E-05/year 

 1E-06/year 



  

KAPUNI GAS TREATMENT PLANT 

QUANTITATIVE RISK ASSESSMENT REPORT 

 

 

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

July 2022 Page 51 

 

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 Blue Industrial 

5E-05 / year risk contour 

should, as a target, be 

contained within the 

boundaries of the industrial site 

where applicable. 

1. The 5E-05 per year risk contour remains 

mostly within the Todd Energy site boundary, 

with the exception at the west boundary.  

2. The 5E-05 per year contour extends across 

Palmer Road and into the bushes at the west 

boundary of the Ballance site. 

1E-06 / year Red Residential 

1E-06 / year risk contour should 

not extend to residential, 

hotels, motels, tourist resorts 

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

the dwelling and farm building in the 

immediate vicinity of KPS to the northwest. 
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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; 

• Sensitivity Case 1 – all facilities currently in operation with reduced ESDV success rate of 98% instead 

of 100%; and 

• 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 

Sensitivity Case 1 – ESDV 

Success Probability of 98% 

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. 

2. 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. 

Sensitivity Case 2 – Future 

Operations 

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. 

2. 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 

 



KGT02_TGS_01_V

KGT01_RGS_01_V

KGT01_TGS_07_V

KGT01_PGS_05_V



KGT01_RGS_01_V

KGT03_TGS_04_V

KGT02_TGS_01_V

KGT01_PGS_05_V

KGT01_TGS_07_V



KGT01_PGS_13_V

KGT01_MPG_23_L

From mothballed fa-
cilities



KGT05_TGS_16_V
(Sensitivity 2)

KGT05_RGS_07_V
(Sensitivity 2)



KGT90_CO2_16_V



KGT90_CO2_16_V



KGT90_CO2_23_V

KGT90_CO2_16_V



KGT01_TGS_07_V

KGT01_PGS_03_V
(Sensitivity 2)

KGT01_PGS_01_V

KGT01_TGS_12_V

KGT01_TGS_11_V
(Sensitivity 2)

KGT55_MOH_02_L



KGT01_TGS_11_V
(Sensitivity 2)

KGT01_TGS_12_V

KGT04_MPG_03_L

KGT01_MPG_02_L
(Sensitivity 2)

KGT01_PGS_03_V
(Sensitivity 2)

KGT04_MPG_03_L

KPS70_REF_04_L

KPS70_REF_06_L
(Sensitivity 2)

15mm
KGT55_MOH_02_L



KGT04_MPG_03_L

KGT04_MPG_04_L

KGT04_MPG_05_L

KGT04_PGS_07_V

Assumed as stand-by

KGT01_MPG_07_L
Assumed as Normally 
Closed

Assumed as Normally 
Closed

KGT01_PGS_01_V

Stabiliser is currently in stand-by condition.

KGT01_MPG_13_L
(Sensitivity 2)

KGT55_MOH_02_L

From N/C valve



KGT01_RGS_01_V

KGT01_TGS_07_V

KGT01_PGS_01_V

KGT01_PGS_05_V

Confirmed with oper-
ation: normally open

Confirmed with oper-
ation: normally open

KGT01_PGS_13_V

KGT01_TGS_10_V



KGT01_TGS_12_V

KGT01_PGS_02_V

KGT04_MPG_03_L

KGT01_MPG_01_L

KGT01_TGS_12_V

KGT01_PGS_01_V

KPS70_REF_04_L

KPS70_REF_05_L

KPS70_REF_11_V

KGT55_MOH_02_L

KGT01_TGS_10_V



KPS70_REF_01_V

KPS70_REF_02_L

KPS70_REF_15_L

Assumed as normally closed.
Only used for propane make-up.



KPS70_REF_02_L

KPS70_REF_03_V

KPS70_REF_04_L

KPS70_REF_14_V

KPS70_REF_15_L



KPS70_REF_11_V

KPS70_REF_14_V

KPS70_REF_03_V



KPS70_REF_03_V

KPS70_REF_14_V

KPS70_REF_11_V



KPS70_REF_11_V

KPS70_REF_14_V

KPS70_REF_06_L
(Sensitivity 2)



KGT01_DEB_01_L

KGT01_STB_01_L
(Stand-by)

KGT01_MPG_09_L

KGT01_MPG_10_V



KGT01_MPG_07_L

KGT01_DET_01_V

KGT01_PGS_04_V

KGT01_DEX_01_L

Assumed as stand-by

Assumed as Normally
Closed

Assumed as Normally
Closed

KGT01_DEB_01_L

KGT01_PGS_10_V
(Sensitivity 2)

KGT01_PGS_01_V

KGT01_PGS_10_V
(Sensitivity 2)

KPS70_REF_04_L

KPS70_REF_07_L

KGT55_MOH_02_L

KPS70_REF_11_V



KGT01_MPG_09_L

KGT01_MPG_10_V

KGT01_DPT_11_V

KGT01_DPX_11_L

KGT01_DPB_11_L

KGT01_DPB_11_L

KGT01_PC3_02_L

Unit Trip (ED)



KGT01_DPB_01_L
(Sensitivity 2)

KGT01_DPB_11_L

Butane ratio control
decommissioned

KGT01_DBT_11_V

KGT41_PC4_04_L

KGT01_DBX_11_L

Confirmed by operation 
60/40 Blending is mothballed.

KGT01_NGL_01_L

KGT01_DBX_01_L
(Sensitivity 2)



KGT01_DPT_01_V
(Sensitivity 2)

From NC valve

KGT01_MPG_09_L

Unit Trip (ED)

KGT01_DPX_01_L
(Sensitivity 2)

KGT01_PC3_01_L
(Sensitivity 2)

KGT01_DPB_01_L
(Sensitivity 2)

(Downstream of FV 430-1 
inlet to D-430-1) This sec-
tion is included in 
MPG_09_L (Base Case).



KGT01_DPB_01_L
(Sensitivity 2)

KGT01_DPB_11_L

Butane ratio control
decommissioned

Butane ratio control
decommissioned

KGT01_DBT_01_V
(Sensitivity 2)

KGT05_DBB_01_L
(Stand-by)

KGT01_DBX_01_L
(Sensitivity 2)

KGT01_DBB_01_L
(Sensitivity 2)

KGT01_NGL_01_L

60/40 Blending is mothballed.
KGT01_PC4_12_L
Sensitivity 2

to NC valve



KGT01_PC3_02_L

KGT01_PC3_01_L
(Sensitivity 2)

KGT37_PC3_05_L

KGT01_PC3_13_L
Sensitivity 2
60/40 blending is mothballed.

KGT01_PC3_13_L
Sensitivity 2
60/40 blending is mothballed.



From NC valve

From NC valve KGT01_LPG_04_L
Sensitivity 2



KGT01_MPG_07_L

KGT01_NGL_02_L

KGT01_NGL_01_L

KGT32_NGL_05_L

KGT33_NGL_06_L



Confirmed with oper-
ation, 60/40 LPG fa-
cilities mothballed.
Sensitivity 2

60/40 Blending is mothballed.
KGT01_PC4_12_L
Sensitivity 2

KGT01_PC3_13_L
Sensitivity 2

KGT01_LPG_04_L
Sensitivity 2



KGT37_PC3_05_L

KGT33_NGL_06_L

KGT41_PC4_04_L

Isolation v/v

isolation v/v



KGT41_PC4_04_L KGT46_PC4_11_L

KGT43_PC4_07_L

KGT43_PC4_06_V

KGT90_CO2_18_V



KGT41_PC4_04_L

KGT44_PC4_08_V

KGT44_PC4_09_L

KGT46_PC4_11_L

KGT90_CO2_18_V



KGT37_PC3_05_L

KGT39_PC3_07_V

KGT39_PC3_08_L

KGT45_PC3_12_L

KGT90_CO2_18_V



KGT40_PC3_09_V

KGT40_PC3_10_L

KGT45_PC3_12_L

KGT37_PC3_05_L

KGT90_CO2_18_V



Confirmed with operation :
Stand-by

KGT46_PC4_11_L

KGT90_CO2_18_V

KGT45_PC3_12_L



KGT35_NGL_09_L KGT36_NGL_10_L

KGT45_PC3_12_L

KGT46_PC4_11_L

KGT47_LPG_01_L

KGT90_CO2_18_V

KGT50_EMC_01_L

KGT47_LPG_02_L
LPG Load-out 

KGT36_NGL_11_L
NGL Load-out



Normally No Flow



KGT50_EMC_01_L

KGT50_EMC_02_L



KGT90_CO2_18_V



KGT33_NGL_06_L

KGT34_NGL_07_L

KGT35_NGL_09_L



KGT01_PGS_01_V

KGT01_PGS_11_V
(Sensitivity 2)

KGT01_RCS_01_L

Assumed : Blind 
(closed) added due to 
mothballing of M-502

C-501 at mothball 
status until PSV-505 
is replaced.

To NC valve



CO2 Removal Train 3 : 
Currently Air-gapped.

C-501 at mothball 
status until PSV-505 
is replaced.

C-501 at mothball 
status until PSV-505 
is replaced.

Empty line

KGT01_PIG_01_V

Confirmed with operation 
team. Manually closed.

KGT01_MAU_01_V

KGT01_RCS_01_L

KGT01_RGS_01_L

Isolation v/v XSV-516



KGT01_MPG_13_L 
(Sensitivity 2)

C-501 at mothball 
status until PSV-505 
is replaced.



KGT01_MPG_13_L
(Sensitivity 2)

KGT01_STT_01_V
(Sensitivity 2) KGT01_PGS_10_V

(Sensitivity 2)

KGT01_PGS_11_V
(Sensitivity 2)

KGT01_STB_01_L
(Sensitivity 2)

Stand-by

C-501 at mothball
status

Stabiliser system is in 
stand-by condition.
Only considered in 
Sensitivity case 2.



KGT01_PGS_04_V

KGT01_PGS_05_V

Assumed as stand-by
Assumed as Normally
Closed

Assumed as Normally
Closed



KGT01_PGS_11_V
(Sensitivity 2)

KGT01_PGS_01_V

KGT01_PGS_05_V

Confirmed with oper-
ation: upstream con-
trol valve (FV-120) is 
manually closed. So, 
this valve is also as-
sumed to be closed.

KGT01_PGS_05_V

KGT01_PGS_11_V
(Sensitivity 2)

KGT01_PGS_14_V

KGT01_FGA_01_V

KGT01_PGS_22_V
Sensitivity 2

KGT01_PGS_19_V

KGT01_PGS_01_V

KGT01_PGS_21_VKGT01_MAU_02_V



KGT01_PGS_01_V

KGT11_MGS_08_V KGT51_BMC_05_L

LTS unit : mothballed.



KGT52_BMC_01_L

KGT52_BMC_03_L
Odorant filling

KGT11_MGS_09_V

Stand-by

KGT51_BMC_05_L
Used for transport 
odourant to F-521

KGT52_BMC_02_L



KGT01_MAU_01_V

KGT01_PGS_01_V

KGT01_MGS_01_V

From NC valve
KGT01_MAU_02_V

KGT01_MAU_01_V



KGT01_MGS_01_V

KGT01_MGS_03_V

KGT11_MGS_05_V



KGT01_MGS_01_V



KGT01_MGS_01_V

KGT01_MGS_01_V

Assumed as closed

KGT11_MGS_05_V

KGT11_MGS_05_V

Stand-by

Assumed as closed

KGT11_MGS_08_V

KGT11_MGS_09_V



Assumed that C-903-3
is in stand-by status.
This valve is assumed
as closed.



KGT01_MGS_01_V

To Flare header

KGT11_MGS_05_V



KGT01_MGS_01_V

To Flare header

KGT11_MGS_05_V

KGT01_MGS_07_V



KGT01_PGS_14_V



KGT01_FGA_02_V

Stand-by



KGT01_FGA_02_V

KGT01_MPG_21_V



KGT01_FGA_02_V

KGT01_MPG_21_V



Assumed: blinded

KGT90_CO2_16_V

KGT90_CO2_16_V



Assumed : normally closed

KGT90_CO2_16_V

KGT90_CO2_16_V

KGT90_CO2_18_V

KGT90_CO2_03_V



KGT90_CO2_01_V

KGT90_CO2_16_V



KGT90_CO2_02_V

KGT90_CO2_16_V



KGT01_PGS_19_V



H/Ex (Shell)

KGT80_AMM_07_L

KGT80_AMM_09_V

KGT90_CO2_02_V

KGT90_CO2_01_V

KGT90_CO2_03_V

KGT90_CO2_04_V

KGT90_CO2_07_V



KGT90_CO2_07_V

KGT90_CO2_19_V

KGT90_CO2_18_V

KGT90_CO2_07_V

Assumed N.C.
LTS plant in moth-
balled status



H/Ex (Shell)

KGT80_AMM_04_L

KGT80_AMM_08_V

KGT80_AMM_07_L

KGT90_CO2_07_V

KGT90_CO2_08_L



KGT90_CO2_08_L

KGT90_CO2_09_L
KGT90_CO2_10_L KGT90_CO2_11_L

KGT90_CO2_26_V

KGT90_CO2_24_L

KGT90_CO2_07_V

KGT90_CO2_28_L

KGT90_CO2_30_L

KGT90_CO2_29_V

Standby



to NC valve
Assumed : blinded

KGT90_CO2_12_L

KGT90_CO2_27_V

KGT90_CO2_25_L

KGT90_CO2_31_V

KGT90_CO2_32_L

KGT90_CO2_08_L



KGT80_AMM_11_V

KGT80_AMM_08_V

KGT80_AMM_09_V



KGT01_PGS_19_V

KGT01_PGS_19_V



KGT80_AMM_01_V

KGT80_AMM_08_V

KGT80_AMM_09_V



KGT80_AMM_01_V

KGT80_AMM_03_L

KGT80_AMM_02_V

KGT80_AMM_04_L

KGT80_AMM_04_L

KGT80_AMM_09_V

KGT80_AMM_07_L



KGT80_AMM_11_V

KGT80_AMM_01_V

KGT80_AMM_03_L

KGT80_AMM_02_V

KGT80_AMM_03_L

KGT80_AMM_09_V

KGT80_AMM_09_V KGT80_AMM_04_L

KGT80_AMM_04_L

KGT80_AMM_04_L

KGT80_AMM_07_L



KGT01_PGS_19_V



KGT01_PGS_22_V
(Sensitivity case 2)



KGT01_PGS_22_V

(Sensitivity case 2)



KGT01_PGS_22_V
(Sensitivity case 2)

Assume B-901-3 
Mothballed.



KGT01_MPG_23_L

KGT05_DBT_11_V
From De-butaniser Train 2

From NC valve

From LC valve

From NC valve

From NC valve

From NC valve

From NC valve

From NC valve

From NC valve

From NC valve

From NC valve

From NC valve

Assumed : NNF

From NC valve

From NC valve

From NC valve

From NC valve

From NC valve

From NC valve

From NC valve

KGT01_RCS_01_L

From NC valve

From NC valve

From NC valve

KGT01_MPG_21_V

KGT01_MPG_22_L

KGT01_MPG_21_V

KGT01_PGS_22_V
Sensitivity 2

Assumed : Normally 
No Flow (NNF)

KGT11_MGS_08_V

to N.C Valve

Assumed : Normally 
No Flow (NNF)

Assumed : NNF



KGT01_PGS_21_V



KGT01_PGS_21_V

Assumed as blinded



Stand-by

Stand-by

KGT55_MOH_03_L
Methanol filling

KGT55_MOH_01_L

KGT55_MOH_02_L

Assumed : Empty



KGT01_RGS_01_V

KGT01_FGA_01_V



KGT01_FGA_01_V



KGT01_MPG_21_V

From NC Valve

Assumed as open

KGT01_FGA_01_V

KGT01_FGA_02_V



KGT01_RGS_01_V
Assuming these vales 
are close from Raw 
gas header.

KGT01_PGS_14_V

KGT13_PIG_02_V

KGT13_PGS_17_V

KGT13_PGS_15_V

KGT11_MGS_09_V



Stand-by

KGT13_PGS_15_V

KGT13_PGS_16_V

Assumed :blinded

Assumed :blinded



KGT13_PGS_17_V

KGT13_PGS_16_V



CONTACT FGL FOR LATEST REVISION

USE THIS PDF FOR DEMARCATION 

ONLY. 

KGT11_MGS_09_V



CONTACT FGL FOR LATEST REVISION

USE THIS PDF FOR DEMARCATION ONLY. 

KGT52_BMC_02_L

KGT11_MGS_09_V

KGT11_PIG_03_V

KGT11_PIG_04_V

to NC valve
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KGT01_RGS_01_V KGT01_RCS_01_L KGT01_MAU_01_V KGT01_MAU_02_V

Process Pipe 0-2" 0 0 0 0
3"-6" 0 0 0 63

7"-12" 0 0 0 0
13"-18" 0 0 0 0
19"-24" 0 0 0 0
25"-36" 0 0 0 0

Process Pipe (Inter-unit) 0-2" 0 0 0 0
3"-6" 0 218 0 0

7"-12" 0 0 0 0
13"-18" 0 0 0 0
19"-24" 259 0 111 0
25"-36" 0 0 0 0

Flange 0-2" 13 16 8 8
3"-6" 29 2 25 24

7"-12" 41 0 22 0
13"-18" 10 0 0 0
19"-24" 2 0 1 0
25"-36" 0 0 0 0

Manual Valves 0-2" 34 21 23 3
3"-6" 10 1 9 9

7"-12" 14 0 8 0
13"-18" 3 0 0 0
19"-24" 0 0 2 0
25"-36" 0 0 0 0

Actuated Valves 0-2" 5 2 1 1
3"-6" 2 0 4 0

7"-12" 0 0 0 0
13"-18" 0 0 0 0
19"-24" 0 0 1 0
25"-36" 0 0 0 0

Small Bore Fittings 2" 19 2 18 10
Process Vessel <= 6" 1 0.5 0 0

> 6 " 0.5 0 0 0
Centrifugal Pump <= 6" 0 0 0 0

> 6 " 0 0 0 0
Reciprocating Pump <= 6" 0 0 0 0

> 6 " 0 0 0 0
Centrifugal Compressor <= 6" 0 0 0 0

> 6 " 0 0 0 0
Reciprocating Compressor <= 6" 0 0 0 0

> 6 " 0 0 0 0
Shell Side Heat Exchanger <= 6" 0 0 0 0

> 6 " 0 0 0 0
Tube Side Heat Exchanger <= 6" 0 0 0 0

> 6 " 0 0 0 0
Plate Heat Exchanger <= 6" 0 0 0 0

> 6 " 0 0 0 0
Air Cooled Heat Exchanger <= 6" 0 0 0 0

> 6 " 0 0 0 0
Filters <= 6" 0 0 0 1

> 6 " 0 0 0 0
Pig Trap <= 6" 0 0 0 0

> 6 " 0 0 0 0

Equipment Size

Raw Gas and Maui Gas Lines

Appendix



KGT02_TGS_01_V KGT03_TGS_04_V KGT05_RGS_07_V KGT05_TGS_16_V

Process Pipe 0-2" 0 0 0 0
3"-6" 0 0 0 0

7"-12" 15 15 15 15
13"-18" 0 0 0 0
19"-24" 0 0 0 0
25"-36" 0 0 0 0

Process Pipe (Inter-unit) 0-2" 0 0 0 0
3"-6" 0 0 0 0

7"-12" 0 0 0 0
13"-18" 0 0 0 0
19"-24" 0 0 0 0
25"-36" 0 0 0 0

Flange 0-2" 9 9 2 19
3"-6" 15 18 8 19

7"-12" 4 4 17 12
13"-18" 0 0 0 0
19"-24" 0 0 0 0
25"-36" 0 0 0 0

Manual Valves 0-2" 5 5 5 10
3"-6" 1 3 0 3

7"-12" 0 0 4 0
13"-18" 0 0 0 0
19"-24" 0 0 0 0
25"-36" 0 0 0 0

Actuated Valves 0-2" 2 2 0 2
3"-6" 3 3 2 2

7"-12" 0 0 0 0
13"-18" 0 0 0 0
19"-24" 0 0 0 0
25"-36" 0 0 0 0

Small Bore Fittings 2" 12 11 7 19
Process Vessel <= 6" 0.5 0 0 0

> 6 " 0.5 1 0 1
Centrifugal Pump <= 6" 0 0 0 0

> 6 " 0 0 0 0
Reciprocating Pump <= 6" 0 0 0 0

> 6 " 0 0 0 0
Centrifugal Compressor <= 6" 0 0 0 0

> 6 " 0 0 0 0
Reciprocating Compressor <= 6" 0 0 0 0

> 6 " 0 0 0 0
Shell Side Heat Exchanger <= 6" 0 0 0 0

> 6 " 0 0 1 0
Tube Side Heat Exchanger <= 6" 1 1 0 0

> 6 " 0 0 0 1
Plate Heat Exchanger <= 6" 0 0 0 0

> 6 " 0 0 0 0
Air Cooled Heat Exchanger <= 6" 0 0 0 0

> 6 " 0 0 0 0
Filters <= 6" 0 0 0 0

> 6 " 0 0 0 0
Pig Trap <= 6" 0 0 0 0

> 6 " 0 0 0 0

CO2 Removal

Equipment Size

Appendix



KGT01_TGS_07_V KGT01_TGS_10_V KGT01_TGS_12_V KGT01_PGS_02_V KGT04_PGS_07_V KGT01_MPG_01_L KGT04_MPG_03_L

Process Pipe 0-2" 0 0 0 0 0 0 0
3"-6" 0 0 0 0 15 15 35

7"-12" 48 48 49 15 0 0 0
13"-18" 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0

Process Pipe (Inter-unit) 0-2" 0 0 0 0 0 0 0
3"-6" 0 0 0 0 0 0 0

7"-12" 0 0 0 0 0 0 0
13"-18" 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0

Flange 0-2" 17 4 1 3 2 6 12
3"-6" 28 2 20 10 9 5 12

7"-12" 29 13 8 6 0 0 0
13"-18" 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0

Manual Valves 0-2" 17 3 5 1 1 3 8
3"-6" 9 1 8 0 2 0 4

7"-12" 7 3 0 0 0 0 0
13"-18" 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0

Actuated Valves 0-2" 2 0 0 0 1 1 0
3"-6" 2 0 1 3 1 0 0

7"-12" 0 0 0 0 0 0 0
13"-18" 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0

Small Bore Fittings 2" 20 12 7 8 5 5 1
Process Vessel <= 6" 0.5 0 0 0.5 0.5 1 0

> 6 " 0.5 0 0 0.5 0 0 0
Centrifugal Pump <= 6" 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0
Reciprocating Pump <= 6" 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0
Centrifugal Compressor <= 6" 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0
Reciprocating Compressor <= 6" 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0
Shell Side Heat Exchanger <= 6" 0 0 0 0 0 0 1

> 6 " 0 0 0 2 0 0 0
Tube Side Heat Exchanger <= 6" 0 0 0 0 0 0 0

> 6 " 0 3 1 0 0 0 0
Plate Heat Exchanger <= 6" 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0
Air Cooled Heat Exchanger <= 6" 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0
Filters <= 6" 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0
Pig Trap <= 6" 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0

Dehydration and Dewpoint Control

Equipment Size

Appendix



Process Pipe 0-2"
3"-6"

7"-12"
13"-18"
19"-24"
25"-36"

Process Pipe (Inter-unit) 0-2"
3"-6"

7"-12"
13"-18"
19"-24"
25"-36"

Flange 0-2"
3"-6"

7"-12"
13"-18"
19"-24"
25"-36"

Manual Valves 0-2"
3"-6"

7"-12"
13"-18"
19"-24"
25"-36"

Actuated Valves 0-2"
3"-6"

7"-12"
13"-18"
19"-24"
25"-36"

Small Bore Fittings 2"
Process Vessel <= 6"

> 6 "
Centrifugal Pump <= 6"

> 6 "
Reciprocating Pump <= 6"

> 6 "
Centrifugal Compressor <= 6"

> 6 "
Reciprocating Compressor <= 6"

> 6 "
Shell Side Heat Exchanger <= 6"

> 6 "
Tube Side Heat Exchanger <= 6"

> 6 "
Plate Heat Exchanger <= 6"

> 6 "
Air Cooled Heat Exchanger <= 6"

> 6 "
Filters <= 6"

> 6 "
Pig Trap <= 6"

> 6 "

Equipment Size KGT04_MPG_04_L KGT04_MPG_05_L KGT04_MPG_06_L KGT01_TGS_11_V KGT01_PGS_03_V KGT01_MPG_02_L

0 0 0 0 0 v
15 15 15 0 15 15
0 0 0 43 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 v
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
2 9 10 0 5 6
7 7 14 13 7 2
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
2 2 7 1 2 3
2 3 2 2 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 3 0 2 1
0 0 1 0 1 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
2 1 9 7 11 4

0.5 0 1 0 0.5 0.5
0 0 0 0 0 0
0 1 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 2 0
0 0 0 0 0 0
0 0 0 3 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
1 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0

Appendix



KGT01_PGS_01_V KGT01_PGS_13_V KGT01_PGS_14_V KGT13_PGS_15_V KGT13_PGS_16_V KGT13_PGS_17_V KGT01_MGS_01_V

Process Pipe 0-2" 0 0 0 0 0 0 0
3"-6" 0 15 0 0 51 0 0

7"-12" 0 0 0 0 0 0 0
13"-18" 0 0 0 0 0 0 91
19"-24" 0 0 0 56 0 51 0
25"-36" 0 0 0 0 0 0 0

Process Pipe (Inter-unit) 0-2" 0 0 0 0 0 0 0
3"-6" 0 0 0 0 0 0 0

7"-12" 0 0 274 0 0 0 0
13"-18" 229 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0

Flange 0-2" 24 20 3 4 6 0 45
3"-6" 28 1 3 32 28 25 11

7"-12" 46 0 7 4 0 2 31
13"-18" 0 0 0 0 0 0 6
19"-24" 0 0 0 0 0 1 0
25"-36" 0 0 0 0 0 0 0

Manual Valves 0-2" 34 10 1 10 3 6 34
3"-6" 12 0 1 5 5 3 2

7"-12" 13 0 2 3 0 4 5
13"-18" 0 0 0 0 0 0 2
19"-24" 0 0 0 0 0 2 0
25"-36" 0 0 0 0 0 0 0

Actuated Valves 0-2" 3 4 0 0 2 0 16
3"-6" 2 0 1 1 1 5 2

7"-12" 0 0 0 0 0 1 3
13"-18" 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 1 0
25"-36" 0 0 0 0 0 0 0

Small Bore Fittings 2" 26 6 2 6 10 17 33
Process Vessel <= 6" 0 0.5 0 2 2 1 1

> 6 " 0 0 0 0 0 0 3
Centrifugal Pump <= 6" 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0
Reciprocating Pump <= 6" 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0
Centrifugal Compressor <= 6" 0 0 0 0 1 0 0

> 6 " 0 0 0 0 0 0 0
Reciprocating Compressor <= 6" 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0
Shell Side Heat Exchanger <= 6" 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0
Tube Side Heat Exchanger <= 6" 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0
Plate Heat Exchanger <= 6" 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0
Air Cooled Heat Exchanger <= 6" 0 0 0 0 1 0 0

> 6 " 0 0 0 0 0 0 0
Filters <= 6" 0 0 0 1 0 0 1

> 6 " 0 0 0 0 0 0 2
Pig Trap <= 6" 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0

Product Gas Lines and Compressors

Equipment Size

Appendix



Process Pipe 0-2"
3"-6"

7"-12"
13"-18"
19"-24"
25"-36"

Process Pipe (Inter-unit) 0-2"
3"-6"

7"-12"
13"-18"
19"-24"
25"-36"

Flange 0-2"
3"-6"

7"-12"
13"-18"
19"-24"
25"-36"

Manual Valves 0-2"
3"-6"

7"-12"
13"-18"
19"-24"
25"-36"

Actuated Valves 0-2"
3"-6"

7"-12"
13"-18"
19"-24"
25"-36"

Small Bore Fittings 2"
Process Vessel <= 6"

> 6 "
Centrifugal Pump <= 6"

> 6 "
Reciprocating Pump <= 6"

> 6 "
Centrifugal Compressor <= 6"

> 6 "
Reciprocating Compressor <= 6"

> 6 "
Shell Side Heat Exchanger <= 6"

> 6 "
Tube Side Heat Exchanger <= 6"

> 6 "
Plate Heat Exchanger <= 6"

> 6 "
Air Cooled Heat Exchanger <= 6"

> 6 "
Filters <= 6"

> 6 "
Pig Trap <= 6"

> 6 "

Equipment Size KGT01_MGS_03_V KGT01_MGS_07_V KGT11_MGS_05_V KGT11_MGS_08_V KGT11_MGS_09_V

0 0 0 0 0
0 0 0 0 0

15 15 0 0 0
0 0 91 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 251 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 278
0 0 0 0 0
0 0 0 0 0
0 0 1 37 2

12 13 8 0 26
4 3 8 0 23
0 0 6 0 8
0 0 0 0 0
0 0 0 0 0
0 2 12 24 29
0 1 1 0 10
1 1 4 0 11
0 0 2 0 3
0 0 0 0 0
0 0 0 0 0
0 0 0 9 13
3 3 2 0 1
1 1 0 0 4
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0

13 4 5 5 31
1 0 0 0 0
1 0 0 0 1
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
1 1 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 1 0 0 0
1 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0

Appendix



KGT01_PIG_01_V KGT13_PIG_02 _V KGT11_PIG_03_V KGT11_PIG_04_V

Process Pipe 0-2" 0 0 0 0
3"-6" 0 0 0 0

7"-12" 0 0 0 0
13"-18" 0 0 0 0
19"-24" 0 0 0 0
25"-36" 0 0 0 0

Process Pipe (Inter-unit) 0-2" 0 0 0 0
3"-6" 0 0 0 0

7"-12" 0 0 0 0
13"-18" 0 0 0 0
19"-24" 0 0 0 0
25"-36" 0 0 0 0

Flange 0-2" 2 1 3 3
3"-6" 2 1 3 3

7"-12" 1 1 1 1
13"-18" 0 0 0 0
19"-24" 0 0 0 0
25"-36" 0 0 0 0

Manual Valves 0-2" 3 3 1 1
3"-6" 1 1 1 1

7"-12" 0 0 0 0
13"-18" 0 0 0 0
19"-24" 0 0 0 0
25"-36" 0 0 0 0

Actuated Valves 0-2" 0 0 0 0
3"-6" 0 0 0 0

7"-12" 0 0 0 0
13"-18" 0 0 0 0
19"-24" 0 0 0 0
25"-36" 0 0 0 0

Small Bore Fittings 2" 2 1 1 1
Process Vessel <= 6" 0 0 0 0

> 6 " 0 0 0 0
Centrifugal Pump <= 6" 0 0 0 0

> 6 " 0 0 0 0
Reciprocating Pump <= 6" 0 0 0 0

> 6 " 0 0 0 0
Centrifugal Compressor <= 6" 0 0 0 0

> 6 " 0 0 0 0
Reciprocating Compressor <= 6" 0 0 0 0

> 6 " 0 0 0 0
Shell Side Heat Exchanger <= 6" 0 0 0 0

> 6 " 0 0 0 0
Tube Side Heat Exchanger <= 6" 0 0 0 0

> 6 " 0 0 0 0
Plate Heat Exchanger <= 6" 0 0 0 0

> 6 " 0 0 0 0
Air Cooled Heat Exchanger <= 6" 0 0 0 0

> 6 " 0 0 0 0
Filters <= 6" 0 0 0 0

> 6 " 0 0 0 0
Pig Trap <= 6" 0 0 0 0

> 6 " 1 1 1 1

P ig g ing

Equipment Size

Appendix



KGT01_MPG_21_V KGT01_MPG_22_L KGT01_MPG_23_L KGT01_FGA_01_V KGT01_FGA_02_V KGT01_PGS_19_V KGT01_PGS_21_V KGT01_PGS_22_V

Process Pipe 0-2" 0 15 50 0 0 0 0 0
3"-6" 78 0 0 38 0 0 0 50

7"-12" 0 0 0 0 0 0 0 0
13"-18" 0 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0 0

Process Pipe (Inter-unit) 0-2" 0 0 0 0 0 154 0 0
3"-6" 0 0 0 0 138 0 274 0

7"-12" 0 0 0 0 0 0 0 0
13"-18" 0 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0 0

Flange 0-2" 12 8 13 21 27 25 36 27
3"-6" 33 0 0 51 89 2 1 41

7"-12" 0 0 0 0 0 0 0 0
13"-18" 0 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0 0

Manual Valves 0-2" 7 2 5 9 35 15 17 17
3"-6" 8 0 0 16 23 1 1 7

7"-12" 0 0 0 0 0 0 0 0
13"-18" 0 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0 0

Actuated Valves 0-2" 4 0 1 2 19 9 5 9
3"-6" 4 0 0 3 15 0 0 10

7"-12" 0 0 0 0 0 0 0 0
13"-18" 0 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0 0

Small Bore Fittings 2" 13 0 1 20 56 7 9 13
Process Vessel <= 6" 1.5 0.5 0.25 1 1 0 0 0

> 6 " 0 0 0 0 0 0 0 0
Centrifugal Pump <= 6" 0 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0
Reciprocating Pump <= 6" 0 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0
Centrifugal Compressor <= 6" 0 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0
Reciprocating Compressor <= 6" 0 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0
Shell Side Heat Exchanger <= 6" 0 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0
Tube Side Heat Exchanger <= 6" 0 0 0 2 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0
Plate Heat Exchanger <= 6" 0 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0
Air Cooled Heat Exchanger <= 6" 0 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0
Filters <= 6" 1 1 0 0 2 4 8 0

> 6 " 0 0 0 0 0 0 0 0
Pig Trap <= 6" 0 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0

U til ities and Cog en U nit

Equipment Size

Appendix



KGT01_MPG_07_L KGT01_DET_01_V KGT01_PGS_04_V KGT01_PGS_05_V KGT01_DEX _01_L KGT01_DEB _01_L KGT01_MPG_09_L

Process Pipe 0-2" 0 0 0 0 0 0 0
3"-6" 0 15 0 0 15 15 22

7"-12" 0 0 0 0 0 0 0
13"-18" 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0

Process Pipe (Inter-unit) 0-2" 0 0 0 0 0 0 0
3"-6" 194 0 110 0 0 0 0

7"-12" 0 0 0 143 0 0 0
13"-18" 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0

Flange 0-2" 3 3 8 22 30 5 9
3"-6" 18 19 5 15 1 18 36

7"-12" 0 0 0 7 0 0 0
13"-18" 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0

Manual Valves 0-2" 7 6 6 9 19 9 14
3"-6" 8 4 2 5 0 6 12

7"-12" 0 0 0 2 0 0 0
13"-18" 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0

Actuated Valves 0-2" 2 3 1 3 1 1 0
3"-6" 0 1 0 1 0 0 2

7"-12" 0 0 0 0 0 0 0
13"-18" 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0

Small Bore Fittings 2" 5 7 7 10 5 10 11
Process Vessel <= 6" 0 1 2 1 0.5 0.5 0.5

> 6 " 0 0 0 0 0 0 0
Centrifugal Pump <= 6" 0 0 0 0 1 0 0

> 6 " 0 0 0 0 0 0 0
Reciprocating Pump <= 6" 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0
Centrifugal Compressor <= 6" 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0
Reciprocating Compressor <= 6" 0 0 0 1 0 0 0

> 6 " 0 0 0 0 0 0 0
Shell Side Heat Exchanger <= 6" 0 0 0 0 0 1 0

> 6 " 0 0 0 0 0 0 0
Tube Side Heat Exchanger <= 6" 1 1 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0
Plate Heat Exchanger <= 6" 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0
Air Cooled Heat Exchanger <= 6" 0 0 0 1 0 0 0

> 6 " 0 0 0 0 0 0 0
Filters <= 6" 0 0 0 0 1 0 0

> 6 " 0 0 0 0 0 0 0
Pig Trap <= 6" 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0

LPG Production F acil ity  -  S tab il iser,  D e- C2

Equipment Size
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Process Pipe 0-2"
3"-6"

7"-12"
13"-18"
19"-24"
25"-36"

Process Pipe (Inter-unit) 0-2"
3"-6"

7"-12"
13"-18"
19"-24"
25"-36"

Flange 0-2"
3"-6"

7"-12"
13"-18"
19"-24"
25"-36"

Manual Valves 0-2"
3"-6"

7"-12"
13"-18"
19"-24"
25"-36"

Actuated Valves 0-2"
3"-6"

7"-12"
13"-18"
19"-24"
25"-36"

Small Bore Fittings 2"
Process Vessel <= 6"

> 6 "
Centrifugal Pump <= 6"

> 6 "
Reciprocating Pump <= 6"

> 6 "
Centrifugal Compressor <= 6"

> 6 "
Reciprocating Compressor <= 6"

> 6 "
Shell Side Heat Exchanger <= 6"

> 6 "
Tube Side Heat Exchanger <= 6"

> 6 "
Plate Heat Exchanger <= 6"

> 6 "
Air Cooled Heat Exchanger <= 6"

> 6 "
Filters <= 6"

> 6 "
Pig Trap <= 6"

> 6 "

Equipment Size KGT01_MPG_10_V KGT01_MPG_13_L KGT01_STT_01_V KGT01_PGS_10_V KGT01_PGS_11_V KGT01_STB _01_L

0 0 0 0 0 0
15 0 15 90 15 15
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 144 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0

22 6 4 9 13 18
1 10 16 17 21 4
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0

11 4 3 6 8 9
0 2 2 7 8 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
2 2 2 1 2 1
0 0 1 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
4 2 19 12 3 20

0.5 0 1.5 2 1 0.5
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 1 0
0 0 0 0 0 0
0 0 0 0 0 1
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 1 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0

Appendix



KGT01_DPT_11_V KGT01_DPX _11_L KGT01_PC 3_02 _L KGT01_DPB _11_L KGT01_DPT_01_V KGT01_DPX _01_L KGT01_PC 3_01_L KGT01_DPB _01_L

Process Pipe 0-2" 0 0 15 0 0 0 22 0
3"-6" 15 15 0 56 15 15 0 44

7"-12" 0 0 0 0 0 0 0 0
13"-18" 0 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0 0

Process Pipe (Inter-unit) 0-2" 0 0 0 0 0 0 0 0
3"-6" 0 0 0 0 0 0 0 0

7"-12" 0 0 0 0 0 0 0 0
13"-18" 0 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0 0

Flange 0-2" 11 16 30 44 15 22 25 36
3"-6" 12 21 1 11 11 11 0 4

7"-12" 0 0 0 0 0 0 0 0
13"-18" 0 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0 0

Manual Valves 0-2" 6 10 17 29 8 10 13 21
3"-6" 0 7 0 4 0 5 0 0

7"-12" 0 0 0 0 0 0 0 0
13"-18" 0 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0 0

Actuated Valves 0-2" 2 1 3 2 2 1 2 2
3"-6" 3 0 1 0 3 0 0 0

7"-12" 0 0 0 0 0 0 0 0
13"-18" 0 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0 0

Small Bore Fittings 2" 8 8 8 12 26 10 5 16
Process Vessel <= 6" 1 0.5 0 0.5 1 0.5 0 0.5

> 6 " 0 0 0 0 0 0 0 0
Centrifugal Pump <= 6" 0 1 0 0 0 1 0 0

> 6 " 0 0 0 0 0 0 0 0
Reciprocating Pump <= 6" 0 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0
Centrifugal Compressor <= 6" 0 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0
Reciprocating Compressor <= 6" 0 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0
Shell Side Heat Exchanger <= 6" 0 0 1 1 0 0 1 1

> 6 " 0 0 0 0 0 0 0 0
Tube Side Heat Exchanger <= 6" 0 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0
Plate Heat Exchanger <= 6" 0 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0
Air Cooled Heat Exchanger <= 6" 1 0 0 0 1 0 0 0

> 6 " 0 0 0 0 0 0 0 0
Filters <= 6" 0 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0
Pig Trap <= 6" 0 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0

L P G  P rodu c tion F ac ility -  De- C3

Equipment Size

Appendix



KGT01_DB T_11_V KGT01_DB X _11_L KGT01_N GL _01_L KGT01_N GL _02 _L KGT01_DB T_01_V KGT01_DB X _01_L KGT01_DB B _01_L

Process Pipe 0-2" 0 0 0 0 0 0 0
3"-6" 0 15 42 23 15 15 15

7"-12" 0 0 0 0 0 0 0
13"-18" 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0

Process Pipe (Inter-unit) 0-2" 0 0 0 0 0 0 0
3"-6" 168 0 0 0 0 0 0

7"-12" 0 0 0 0 0 0 0
13"-18" 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0

Flange 0-2" 31 49 33 32 21 30 12
3"-6" 18 6 4 1 6 6 4

7"-12" 0 0 0 0 0 0 0
13"-18" 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0

Manual Valves 0-2" 26 28 18 15 10 18 7
3"-6" 3 2 0 0 0 2 0

7"-12" 0 0 0 0 0 0 0
13"-18" 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0

Actuated Valves 0-2" 2 4 2 5 2 2 1
3"-6" 3 0 0 0 2 0 0

7"-12" 0 0 0 0 0 0 0
13"-18" 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0

Small Bore Fittings 2" 8 15 16 14 15 12 9
Process Vessel <= 6" 1 0.5 0.5 0 1 0.5 0.5

> 6 " 0 0 0 0 0 0 0
Centrifugal Pump <= 6" 0 1 0 0 0 1 0

> 6 " 0 0 0 0 0 0 0
Reciprocating Pump <= 6" 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0
Centrifugal Compressor <= 6" 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0
Reciprocating Compressor <= 6" 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0
Shell Side Heat Exchanger <= 6" 0 0 1 1 0 0 1

> 6 " 0 0 0 0 0 0 0
Tube Side Heat Exchanger <= 6" 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0
Plate Heat Exchanger <= 6" 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0
Air Cooled Heat Exchanger <= 6" 1 0 0 1 1 0 0

> 6 " 0 0 0 0 0 0 0
Filters <= 6" 0 1 0 1 0 0 0

> 6 " 0 0 0 0 0 0 0
Pig Trap <= 6" 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0

L P G  P rodu c tion F ac ility -  De- C4

Equipment Size

Appendix



Process Pipe 0-2"
3"-6"

7"-12"
13"-18"
19"-24"
25"-36"

Process Pipe (Inter-unit) 0-2"
3"-6"

7"-12"
13"-18"
19"-24"
25"-36"

Flange 0-2"
3"-6"

7"-12"
13"-18"
19"-24"
25"-36"

Manual Valves 0-2"
3"-6"

7"-12"
13"-18"
19"-24"
25"-36"

Actuated Valves 0-2"
3"-6"

7"-12"
13"-18"
19"-24"
25"-36"

Small Bore Fittings 2"
Process Vessel <= 6"

> 6 "
Centrifugal Pump <= 6"

> 6 "
Reciprocating Pump <= 6"

> 6 "
Centrifugal Compressor <= 6"

> 6 "
Reciprocating Compressor <= 6"

> 6 "
Shell Side Heat Exchanger <= 6"

> 6 "
Tube Side Heat Exchanger <= 6"

> 6 "
Plate Heat Exchanger <= 6"

> 6 "
Air Cooled Heat Exchanger <= 6"

> 6 "
Filters <= 6"

> 6 "
Pig Trap <= 6"

> 6 "

Equipment Size KGT01_PC 4_12 _L KGT01_PC 3_13_L KGT01_L PG_04_L

0 15 0
41 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 232
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0

14 9 36
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0

13 10 23
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
6 5 6
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
5 3 11
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
1 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0

Appendix



KGT32 _N GL _05_L KGT33_N GL _06_L KGT34_N GL _07_L KGT35_N GL _09_L KGT36_N GL _10_L KGT36_N GL _11_L KGT37_PC 3_05_L KGT39_PC 3_07_V

Process Pipe 0-2" 0 0 0 0 0 0 0 0
3"-6" 0 0 0 15 15 0 0 0
7"-12" 0 0 0 0 0 0 0 0

13"-18" 0 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0 0

Process Pipe (Inter-unit) 0-2" 210 0 0 0 0 0 0 0
3"-6" 0 103 0 0 0 0 81 0
7"-12" 0 0 0 0 0 0 0 0

13"-18" 0 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0 0

Flange 0-2" 4 9 0 3 0 0 1 0
3"-6" 0 4 0 12 16 0 14 0
7"-12" 0 0 0 0 0 0 0 0

13"-18" 0 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0 0

Manual Valves 0-2" 6 10 0 4 2 0 4 0
3"-6" 0 2 0 2 3 0 3 0
7"-12" 0 0 0 0 0 0 0 0

13"-18" 0 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0 0

Actuated Valves 0-2" 1 3 0 1 1 0 3 0
3"-6" 0 0 0 2 1 0 3 0
7"-12" 0 0 0 0 0 0 0 0

13"-18" 0 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0 0

Small Bore Fittings 2" 1 6 0 2 3 0 1 0
Process Vessel/  Storage Tank <= 6" 0 0 1 0 1 0 0 0.5

> 6 " 0 0 0 0 0 0 0 0
Centrifugal Pump <= 6" 0 0 0 1 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0
Reciprocating Pump <= 6" 0 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0
Centrifugal Compressor <= 6" 0 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0
Reciprocating Compressor <= 6" 0 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0
Shell Side Heat Exchanger <= 6" 0 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0
Tube Side Heat Exchanger <= 6" 0 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0
Plate Heat Exchanger <= 6" 0 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0
Air Cooled Heat Exchanger <= 6" 0 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0
Filters <= 6" 0 0 0 1 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0
Pig Trap <= 6" 0 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0
Loading Hose - 0 0 0 0 0 1 0 0
Loading Arm - 0 0 0 0 0 0 0 0

Equipment Size

L P G  P rodu c tion F ac ility -  P rodu c t E x port and L oadou t
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Process Pipe 0-2"
3"-6"
7"-12"

13"-18"
19"-24"
25"-36"

Process Pipe (Inter-unit) 0-2"
3"-6"
7"-12"

13"-18"
19"-24"
25"-36"

Flange 0-2"
3"-6"
7"-12"

13"-18"
19"-24"
25"-36"

Manual Valves 0-2"
3"-6"
7"-12"

13"-18"
19"-24"
25"-36"

Actuated Valves 0-2"
3"-6"
7"-12"

13"-18"
19"-24"
25"-36"

Small Bore Fittings 2"
Process Vessel/  Storage Tank <= 6"

> 6 "
Centrifugal Pump <= 6"

> 6 "
Reciprocating Pump <= 6"

> 6 "
Centrifugal Compressor <= 6"

> 6 "
Reciprocating Compressor <= 6"

> 6 "
Shell Side Heat Exchanger <= 6"

> 6 "
Tube Side Heat Exchanger <= 6"

> 6 "
Plate Heat Exchanger <= 6"

> 6 "
Air Cooled Heat Exchanger <= 6"

> 6 "
Filters <= 6"

> 6 "
Pig Trap <= 6"

> 6 "
Loading Hose -
Loading Arm -

Equipment Size KGT39_PC 3_08_L KGT40_PC 3_09_V KGT40_PC 3_10_L KGT41_PC 4_04_L KGT43_PC 4_06_V KGT43_PC 4_07_L KGT44_PC 4_08_V KGT44_PC 4_09_L

0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 87 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 4 0 0 0 0
0 0 0 11 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 8 0 0 0 0
0 0 0 3 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 5 0 0 0 0
0 0 0 2 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0

0.5 0.5 0.5 0 0.5 0.5 0.5 0.5
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

Appendix



Process Pipe 0-2"
3"-6"
7"-12"

13"-18"
19"-24"
25"-36"

Process Pipe (Inter-unit) 0-2"
3"-6"
7"-12"

13"-18"
19"-24"
25"-36"

Flange 0-2"
3"-6"
7"-12"

13"-18"
19"-24"
25"-36"

Manual Valves 0-2"
3"-6"
7"-12"

13"-18"
19"-24"
25"-36"

Actuated Valves 0-2"
3"-6"
7"-12"

13"-18"
19"-24"
25"-36"

Small Bore Fittings 2"
Process Vessel/  Storage Tank <= 6"

> 6 "
Centrifugal Pump <= 6"

> 6 "
Reciprocating Pump <= 6"

> 6 "
Centrifugal Compressor <= 6"

> 6 "
Reciprocating Compressor <= 6"

> 6 "
Shell Side Heat Exchanger <= 6"

> 6 "
Tube Side Heat Exchanger <= 6"

> 6 "
Plate Heat Exchanger <= 6"

> 6 "
Air Cooled Heat Exchanger <= 6"

> 6 "
Filters <= 6"

> 6 "
Pig Trap <= 6"

> 6 "
Loading Hose -
Loading Arm -

Equipment Size KGT45_PC 3_12 _L KGT46_PC 4_11_L KGT47_L PG_01_L KGT47_L PG_02 _L KGT47_L PG_05_L

0 0 0 0 0
0 0 15 0 0

15 15 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
6 2 0 0 0

18 12 11 0 0
8 6 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0

13 6 4 0 0
3 2 3 0 0
2 2 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
5 4 2 0 0
5 3 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
4 3 3 0 0
0 0 0 0 0
0 0 0 0 0
1 1 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
1 1 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 1
0 0 0 1 0
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KGT70_REF _01_V KGT70_REF _02 _L KGT70_REF _03_V KGT70_REF _04_L KGT70_REF _05_L KGT70_REF _07_L KGT70_REF _11_V

Process Pipe 0-2" 0 0 0 0 0 0 0
3"-6" 15 15 22 0 15 15 0

7"-12" 0 0 0 0 0 0 0
13"-18" 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0

Process Pipe (Inter-unit) 0-2" 0 0 0 0 0 0 0
3"-6" 0 0 0 0 0 0 0

7"-12" 0 0 0 174 0 0 154
13"-18" 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0

Flange 0-2" 3 6 3 21 5 3 7
3"-6" 1 8 23 1 3 2 13

7"-12" 0 0 0 3 0 0 24
13"-18" 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0

Manual Valves 0-2" 2 2 2 15 1 1 12
3"-6" 0 3 7 0 0 1 5

7"-12" 0 0 0 0 0 0 6
13"-18" 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0

Actuated Valves 0-2" 1 1 1 6 0 0 3
3"-6" 1 0 1 0 0 0 1

7"-12" 0 0 0 0 0 0 0
13"-18" 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0

Small Bore Fittings 2" 3 3 4 5 5 2 7
Process Vessel <= 6" 0.5 0.5 0.5 0 0 0 0

> 6 " 0 0 0 0.5 0 0 0.5
Centrifugal Pump <= 6" 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0
Reciprocating Pump <= 6" 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0
Centrifugal Compressor <= 6" 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0
Reciprocating Compressor <= 6" 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0
Shell Side Heat Exchanger <= 6" 0 0 0 0 1 1 0

> 6 " 0 0 0 0 0 0 0
Tube Side Heat Exchanger <= 6" 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0
Plate Heat Exchanger <= 6" 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0
Air Cooled Heat Exchanger <= 6" 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0
Filters <= 6" 0 0 2 0 0 0 0

> 6 " 0 0 0 0 0 0 2
Pig Trap <= 6" 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0

Propane R ef rig eration

Equipment Size

Appendix



Process Pipe 0-2"
3"-6"

7"-12"
13"-18"
19"-24"
25"-36"

Process Pipe (Inter-unit) 0-2"
3"-6"

7"-12"
13"-18"
19"-24"
25"-36"

Flange 0-2"
3"-6"

7"-12"
13"-18"
19"-24"
25"-36"

Manual Valves 0-2"
3"-6"

7"-12"
13"-18"
19"-24"
25"-36"

Actuated Valves 0-2"
3"-6"

7"-12"
13"-18"
19"-24"
25"-36"

Small Bore Fittings 2"
Process Vessel <= 6"

> 6 "
Centrifugal Pump <= 6"

> 6 "
Reciprocating Pump <= 6"

> 6 "
Centrifugal Compressor <= 6"

> 6 "
Reciprocating Compressor <= 6"

> 6 "
Shell Side Heat Exchanger <= 6"

> 6 "
Tube Side Heat Exchanger <= 6"

> 6 "
Plate Heat Exchanger <= 6"

> 6 "
Air Cooled Heat Exchanger <= 6"

> 6 "
Filters <= 6"

> 6 "
Pig Trap <= 6"

> 6 "

Equipment Size KGT70_REF _14_V KGT70_REF _15_L KGT70_REF _06_L

0 0 0
0 0 64

65 28 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0

13 1 5
22 4 8
1 1 0
0 0 0
0 0 0
0 0 0
7 5 1
4 1 3
0 0 0
0 0 0
0 0 0
0 0 0
2 0 0
1 0 0
0 0 0
0 0 0
0 0 0
0 0 0

20 8 4
2 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
2 0 0
0 0 1
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 2 0
0 1 0
0 0 0
0 0 0
0 0 0
0 0 0
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KGT50_EMC _01_L KGT50_EMC _02 _L KGT51_B MC _05_L KGT52 _B MC _01_L KGT52 _B MC _02 _L KGT52 _B MC _03_L KGT55_MO H _01_L KGT55_MO H _02 _L KGT55_MO H _03_L

Process Pipe 0-2" 15 0 0 0 15 0 0 0 0
3"-6" 0 0 0 0 0 0 0 0 0
7"-12" 0 0 0 0 0 0 0 0 0

13"-18" 0 0 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0 0 0

Process Pipe (Inter-unit) 0-2" 0 0 0 0 0 0 0 343 0
3"-6" 0 0 0 0 0 0 0 0 0
7"-12" 0 0 0 0 0 0 0 0 0

13"-18" 0 0 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0 0 0

Flange 0-2" 0 0 0 0 3 0 0 17 0
3"-6" 0 0 0 0 0 0 0 0 0
7"-12" 0 0 0 0 0 0 0 0 0

13"-18" 0 0 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0 0 0

Manual Valves 0-2" 19 0 0 0 17 0 0 55 0
3"-6" 0 0 0 0 0 0 0 0 0
7"-12" 0 0 0 0 0 0 0 0 0

13"-18" 0 0 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0 0 0

Actuated Valves 0-2" 3 0 0 0 0 0 0 2 0
3"-6" 0 0 0 0 0 0 0 0 0
7"-12" 0 0 0 0 0 0 0 0 0

13"-18" 0 0 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0 0 0

Small Bore Fittings 2" 3 0 0 0 6 0 0 9 0
Storage Tank  / Portable Drum <= 6" 0 1 1 1 0 0 4 0 0

> 6 " 0 0 0 0 0 0 0 0 0
Centrifugal Pump <= 6" 1 0 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0 0
Reciprocating Pump <= 6" 0 0 0 0 1 0 0 2 0

> 6 " 0 0 0 0 0 0 0 0 0
Centrifugal Compressor <= 6" 0 0 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0 0
Reciprocating Compressor <= 6" 0 0 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0 0
Shell Side Heat Exchanger <= 6" 0 0 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0 0
Tube Side Heat Exchanger <= 6" 0 0 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0 0
Plate Heat Exchanger <= 6" 0 0 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0 0
Air Cooled Heat Exchanger <= 6" 0 0 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0 0
Filters <= 6" 1 0 0 0 2 0 0 4 0

> 6 " 0 0 0 0 0 0 0 0 0
Pig Trap <= 6" 1 0 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0 0
Loading Hose - 0 0 0 0 0 1 0 0 1
Loading Arm - 0 0 0 0 0 0 0 0 0

Mercaptans and Meth anol  I nj ection S y stem

Equipment Size
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KGT80_AMM_01_V KGT80_AMM_11_V KGT80_AMM_02_V KGT80_AMM_03_L KGT80_AMM_04_L KGT80_AMM_07_L KGT80_AMM_08_V KGT80_AMM_09_V

Process Pipe 0-2" 0 0 15 0 0 38 0 0
3"-6" 15 15 0 15 21 0 0 48

7"-12" 0 0 0 0 0 0 15 0
13"-18" 0 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0 0

Process Pipe (Inter-unit) 0-2" 0 0 0 0 0 0 0 0
3"-6" 0 0 0 0 0 0 0 0

7"-12" 0 0 0 0 0 0 0 0
13"-18" 0 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0 0

Flange 0-2" 6 2 2 6 21 8 6 37
3"-6" 9 7 0 2 0 0 10 1

7"-12" 0 0 0 0 0 0 4 0
13"-18" 0 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0 0

Manual Valves 0-2" 12 8 7 9 21 14 12 21
3"-6" 4 3 0 0 0 0 4 0

7"-12" 0 0 0 0 0 0 1 0
13"-18" 0 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0 0

Actuated Valves 0-2" 1 2 2 0 9 2 1 7
3"-6" 0 0 0 0 0 0 0 0

7"-12" 0 0 0 0 0 0 0 0
13"-18" 0 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0 0

Small Bore Fittings 2" 6 7 4 2 6 4 4 7
Process Vessel <= 6" 0.5 0.5 1 1 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0
Centrifugal Pump <= 6" 0 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0
Reciprocating Pump <= 6" 0 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0
Centrifugal Compressor <= 6" 0 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0
Reciprocating Compressor <= 6" 0 0 0 0 0 0 0 0

> 6 " 1 1 0 0 0 0 0 0
Shell Side Heat Exchanger <= 6" 0 0 0 0 1 1 1 0

> 6 " 0 0 0 0 0 0 0 0
Tube Side Heat Exchanger <= 6" 0 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0
Plate Heat Exchanger <= 6" 0 0 0 2 2 0 0 2

> 6 " 0 0 0 0 0 0 0 0
Air Cooled Heat Exchanger <= 6" 0 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0
Filters <= 6" 0 0 0 0 3 0 1 2

> 6 " 0 0 0 0 0 0 0 0
Pig Trap <= 6" 0 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0

CO 2  R ec ov ery -  A m m onia

Equipment Size
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KGT90_C O 2_01_V KGT90_C O 2_02_V KGT90_C O 2_03_V KGT90_C O 2_07_V KGT90_C O 2_08_L KGT90_C O 2_16 _V KGT90_C O 2_18_V KGT90_C O 2_19_V KGT90_C O 2_23_V

Process Pipe 0-2" 0 0 0 0 0 0 0 0 0
3"-6" 15 15 31 89 71 0 0 15 0
7"-12" 0 0 0 0 0 0 0 0 15

13"-18" 0 0 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0 0 0

Process Pipe (Inter-unit) 0-2" 0 0 0 0 0 0 321 0 0
3"-6" 0 0 0 0 0 0 0 0 0
7"-12" 0 0 0 0 0 180 0 0 0

13"-18" 0 0 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0 0 0

Flange 0-2" 2 4 5 33 35 11 30 44 0
3"-6" 9 6 15 26 11 11 0 5 2
7"-12" 0 0 0 0 0 60 0 0 3

13"-18" 0 0 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0 0 0

Manual Valves 0-2" 3 5 3 18 23 18 33 22 1
3"-6" 2 2 1 15 7 2 0 1 0
7"-12" 0 0 0 0 0 18 0 0 0

13"-18" 0 0 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0 0 0

Actuated Valves 0-2" 2 2 1 1 12 0 2 5 0
3"-6" 0 0 1 0 0 2 0 0 1
7"-12" 0 0 0 0 0 2 0 0 1

13"-18" 0 0 0 0 0 0 0 0 0
19"-24" 0 0 0 0 0 0 0 0 0
25"-36" 0 0 0 0 0 0 0 0 0

Small Bore Fittings 2" 9 9 6 9 9 25 2 19 1
Process Vessel/  Storage Tank <= 6" 2 2 2 2 1 0 0 2 0

> 6 " 0 0 0 0 0 5.5 0 0 1
Centrifugal Pump <= 6" 0 0 0 0 1 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0 0
Reciprocating Pump <= 6" 0 0 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0 0
Centrifugal Compressor <= 6" 0 0 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 2 0 0 0
Reciprocating Compressor <= 6" 0 0 0 0 0 0 0 0 0

> 6 " 1 1 0 0 0 0 0 0 0
Shell Side Heat Exchanger <= 6" 0 0 1 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0 0
Tube Side Heat Exchanger <= 6" 1 1 1 0 1 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0 0
Plate Heat Exchanger <= 6" 0 0 0 0 0 2 0 0 0

> 6 " 0 0 0 0 0 0 0 0 0
Air Cooled Heat Exchanger <= 6" 0 0 0 0 0 0 0 2 0

> 6 " 0 0 0 0 0 0 0 0 0
Filters <= 6" 0 0 0 1 1 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0 0
Pig Trap <= 6" 0 0 0 0 0 0 0 0 0

> 6 " 0 0 0 0 0 0 0 0 0
Loading Hose - 0 0 0 0 0 0 0 0 0
Loading Arm - 0 0 0 0 0 0 0 0 0

CO 2  R ec ov ery -  CO 2

Equipment Size
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Process Pipe 0-2"
3"-6"
7"-12"

13"-18"
19"-24"
25"-36"

Process Pipe (Inter-unit) 0-2"
3"-6"
7"-12"

13"-18"
19"-24"
25"-36"

Flange 0-2"
3"-6"
7"-12"

13"-18"
19"-24"
25"-36"

Manual Valves 0-2"
3"-6"
7"-12"

13"-18"
19"-24"
25"-36"

Actuated Valves 0-2"
3"-6"
7"-12"

13"-18"
19"-24"
25"-36"

Small Bore Fittings 2"
Process Vessel/  Storage Tank <= 6"

> 6 "
Centrifugal Pump <= 6"

> 6 "
Reciprocating Pump <= 6"

> 6 "
Centrifugal Compressor <= 6"

> 6 "
Reciprocating Compressor <= 6"

> 6 "
Shell Side Heat Exchanger <= 6"

> 6 "
Tube Side Heat Exchanger <= 6"

> 6 "
Plate Heat Exchanger <= 6"

> 6 "
Air Cooled Heat Exchanger <= 6"

> 6 "
Filters <= 6"

> 6 "
Pig Trap <= 6"

> 6 "
Loading Hose -
Loading Arm -

Equipment Size KGT90_C O 2_09_L KGT90_C O 2_10_L KGT90_C O 2_11_L KGT90_C O 2_12_L KGT90_C O 2_24_L KGT90_C O 2_25 _L KGT90_C O 2_26 _V

0 0 0 0 0 15 23
0 0 0 0 71 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 4 11 7
0 0 0 0 17 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 5 3 11
0 0 0 0 13 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 10 2 1
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 1 2 1
1 1 1 1 0 0 0
0 0 0 0 0 0 0
0 0 0 0 1 0 0
0 0 0 0 0 0 0
0 0 0 0 0 1 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 1 1 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
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Process Pipe 0-2"
3"-6"
7"-12"

13"-18"
19"-24"
25"-36"

Process Pipe (Inter-unit) 0-2"
3"-6"
7"-12"

13"-18"
19"-24"
25"-36"

Flange 0-2"
3"-6"
7"-12"

13"-18"
19"-24"
25"-36"

Manual Valves 0-2"
3"-6"
7"-12"

13"-18"
19"-24"
25"-36"

Actuated Valves 0-2"
3"-6"
7"-12"

13"-18"
19"-24"
25"-36"

Small Bore Fittings 2"
Process Vessel/  Storage Tank <= 6"

> 6 "
Centrifugal Pump <= 6"

> 6 "
Reciprocating Pump <= 6"

> 6 "
Centrifugal Compressor <= 6"

> 6 "
Reciprocating Compressor <= 6"

> 6 "
Shell Side Heat Exchanger <= 6"

> 6 "
Tube Side Heat Exchanger <= 6"

> 6 "
Plate Heat Exchanger <= 6"

> 6 "
Air Cooled Heat Exchanger <= 6"

> 6 "
Filters <= 6"

> 6 "
Pig Trap <= 6"

> 6 "
Loading Hose -
Loading Arm -

Equipment Size KGT90_C O 2_27_V KGT90_C O 2_28_L KGT90_C O 2_29_V KGT90_C O 2_30_L KGT90_C O 2_31_V KGT90_C O 2_32_L

15 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
5 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
6 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
3 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
1 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 1 1 1 1 1
0 0 0 0 0 0
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 Table A3- 1: Estimated Piping Lengths 

From To Estimated length (m) Note1 

After applied 25% Safety 

Factor 

(m) 

Raw Gas from (M-507) 
Absorber Towers (D-101-1/2) inlet Valves (PV-101-1/2) and bypass to 

Separator (D-201-4) top line 
207 259 

Inlet Separator (M-507) LPG Surge Vaporiser (F-201) 174 218 

300 line & 309 line (XSV-594) AUP/ Ballance & Lactose Plant -306 line (up to XSV-9622) 88.7 111 

High Temperature Separator (M-307) KPS and Whareroa (up to KPS/KGTP Site Boundary) 183 229 

Product Gas header near LTS pipe bridge Gas Storage Compressors in LTS unit (via LTS pipe bridge) 219 274 

Product Gas compressors (C-903-2/3/5) Stores/ Workshop/ Admin. Building (end of pipe rack) 201 251 

Product Gas compressors (C-903-2/3/5) 100/200 Pipelines in Transmission metering area (via LTS pipe bridge) 222 278 

Fuel Gas Superheater (E-603) HRSG A/B Burners (B-604-A-1/2/3, B-604-B1/2/3) 111 138 

Product Gas header from Gas Treatment Plant Ammonia/ CO2 Compressor Engines (CE-821/822) in CO2 Recovery Unit 123 154 

Product Gas header from Gas Treatment Plant Gas Flare System Burners (D1-4100B) 219 274 

High Temperature Separator (M-307) De-ethaniser (D-420-2) 155 194 

De-Ethaniser(D-420-2) OVHD Compressor (C-421-1/2) 88 110 

De-Ethaniser OVHD Compressor (C-421-1) Absorber Towers (D-101-1/2) and Decanted Water Strippers (D-201-3/4) 115 143 

Wash Water Coalescer (M-302) Stabiliser (D-420-1) 115 144 

De-Butaniser (D-440-2) Surge Vaporiser (F-201) 134 168 

60/40 Condensing Tank (M-430) XSV-434 on KPS export line (up to KPS/KGTP Site Boundary) 186 232 

Gasoline Cooler (E-460) KPS (up to KPS/KGTP Site Boundary) 168 210 

Gasoline Cooler (E-460) NGL Storage Tank (F-4033) 
83 (aboveground) 

475 (underground) Note2 
578 Note2 

Propane Product Coolers (E-4001-1/2) Propane Storage Vessels (F-4003, F-4004) 
81 (aboveground) 

475 (underground) Note2 
556 Note2 

De-Butaniser Reflux Pumps (G-440-3/4) Butane Storage Vessels (F-4001, F-4002) 
70 (aboveground) 

475 (underground) Note2 
562 Note2 

Propane Refrigerant Economiser (D-315-2) Gas Chiller (E-313-3), De-Ethaniser Overhead Condenser (E-420-2) 140 174 

Gas Chiller (E-313-3), De-Ethaniser Overhead 

Condenser (E-420-2) 
Compressors (C-330-1/ 2) 123 154 

Methanol Storage Tanks (F-502-1/2/4/6) 
De-ethaniser (D-420-2), HT Separator Condensate Pumps (G-30101/2), 

Gas/gas Heat Exchanger (E-313-1/2) 
274 343 

Raw Gas Boosters (C-885 / C-823) CO2 Compressors (C-802/822) 144 180 

CO2 storages (F-801-1/2/3) 
Utility CO2 users: Product Gas Compressor Shelter and LPG Storage 

tanks 

257 (aboveground) 

475 (underground) Note2 
796 Note2 

Note: 

1. The piping lengths are measured from KGTP Layout drawings using scale. A safety factor of 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. 

2. Underground length (475m) is indicated on P&ID (1000000-0104-0033-01). 25% safety factor is only applied to aboveground section, assuming no bend and 

elevation change for underground piping section. 
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Table A4- 1: Leak Frequencies 

No Node Section Base Case/ Sensitivity Case 1 Release Frequencies (per year) Sensitivity 2 (Future Production) Release Frequencies (per year) 

1 - 3 mm 

(2 mm) 

3 - 10 mm 

 (6 mm) 

10 - 50 mm 

(22 mm) 

50 - 150 mm 

(85 mm) 

> 150 mm 

(Rupture) 

Total % Contribution 1 - 3 mm 

(2 mm) 

3 - 10 mm 

 (6 mm) 

10 - 50 mm 

(22 mm) 

50 - 150 mm 

(85 mm) 

> 150 mm 

(Rupture) 

Total % Contribution 

Raw Gas and Maui Gas Lines 

1 KGT01_RGS_01_V 6.06E-03 2.72E-03 1.52E-03 2.82E-04 5.65E-05 1.06E-02 1.19% 6.06E-03 2.72E-03 1.52E-03 2.82E-04 5.65E-05 1.06E-02 1.00% 

2 KGT01_RCS_01_L 1.31E-03 6.00E-04 3.07E-04 1.04E-04 2.44E-06 2.32E-03 0.26% 1.31E-03 6.00E-04 3.07E-04 1.04E-04 2.44E-06 2.32E-03 0.22% 

3 KGT01_MAU_01_V 4.12E-03 1.83E-03 1.02E-03 1.39E-04 3.51E-05 7.14E-03 0.80% 4.12E-03 1.83E-03 1.02E-03 1.39E-04 3.51E-05 7.14E-03 0.67% 

4 KGT01_MAU_02_V 3.54E-03 1.43E-03 6.57E-04 8.28E-05 9.16E-06 5.72E-03 0.64% 3.54E-03 1.43E-03 6.57E-04 8.28E-05 9.16E-06 5.72E-03 0.54% 

CO2 Removal 

5 KGT02_TGS_01_V 3.09E-03 1.42E-03 7.86E-04 1.97E-04 1.46E-05 5.51E-03 0.61% 3.09E-03 1.42E-03 7.86E-04 1.97E-04 1.46E-05 5.51E-03 0.52% 

6 KGT03_TGS_04_V 3.03E-03 1.40E-03 7.73E-04 1.87E-04 2.11E-05 5.41E-03 0.60% 3.03E-03 1.40E-03 7.73E-04 1.87E-04 2.11E-05 5.41E-03 0.51% 

7 KGT05_RGS_07_V 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00% 2.50E-03 1.13E-03 6.03E-04 9.17E-05 3.21E-05 4.36E-03 0.41% 

8 KGT05_TGS_16_V 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00% 4.14E-03 1.86E-03 1.04E-03 1.35E-04 4.91E-05 7.23E-03 0.68% 

Dehydration and Dewpoint Control 

9 KGT01_TGS_07_V 4.84E-03 2.14E-03 1.17E-03 1.55E-04 3.03E-05 8.34E-03 0.93% 4.84E-03 2.14E-03 1.17E-03 1.55E-04 3.03E-05 8.34E-03 0.79% 

10 KGT01_TGS_10_V 3.37E-03 1.65E-03 9.73E-04 1.88E-04 1.03E-04 6.28E-03 0.70% 3.37E-03 1.65E-03 9.73E-04 1.88E-04 1.03E-04 6.28E-03 0.59% 

11 KGT01_TGS_12_V 2.19E-03 1.03E-03 5.89E-04 9.96E-05 4.51E-05 3.95E-03 0.44% 2.19E-03 1.03E-03 5.89E-04 9.96E-05 4.51E-05 3.95E-03 0.37% 

12 KGT01_PGS_02_V 3.63E-03 1.68E-03 8.67E-04 1.66E-04 5.65E-05 6.40E-03 0.71% 3.63E-03 1.68E-03 8.67E-04 1.66E-04 5.65E-05 6.40E-03 0.60% 

13 KGT04_PGS_07_V 1.25E-03 5.44E-04 2.82E-04 4.54E-05 3.86E-06 2.12E-03 0.24% 1.25E-03 5.44E-04 2.82E-04 4.54E-05 3.86E-06 2.12E-03 0.20% 

14 KGT01_MPG_01_L 1.32E-03 5.88E-04 3.08E-04 6.92E-05 1.44E-06 2.29E-03 0.25% 1.32E-03 5.88E-04 3.08E-04 6.92E-05 1.44E-06 2.29E-03 0.22% 

15 KGT04_MPG_03_L 1.68E-03 7.74E-04 3.88E-04 1.33E-04 4.74E-06 2.98E-03 0.33% 1.68E-03 7.74E-04 3.88E-04 1.33E-04 4.74E-06 2.98E-03 0.28% 

16 KGT04_MPG_04_L 1.87E-03 7.41E-04 3.10E-04 7.55E-05 2.13E-06 3.00E-03 0.33% 1.87E-03 7.41E-04 3.10E-04 7.55E-05 2.13E-06 3.00E-03 0.28% 

17 KGT04_MPG_05_L 3.13E-03 8.28E-04 2.39E-04 3.09E-05 2.48E-06 4.23E-03 0.47% 3.13E-03 8.28E-04 2.39E-04 3.09E-05 2.48E-06 4.23E-03 0.40% 

18 KGT04_MPG_06_L 2.33E-03 1.02E-03 5.32E-04 1.01E-04 3.86E-06 3.99E-03 0.45% 2.33E-03 1.02E-03 5.32E-04 1.01E-04 3.86E-06 3.99E-03 0.38% 

19 KGT01_TGS_11_V 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00% 2.52E-03 1.28E-03 7.71E-04 3.57E-04 1.02E-05 4.94E-03 0.47% 

20 KGT01_PGS_03_V 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00% 3.89E-03 1.75E-03 8.83E-04 2.48E-04 3.17E-06 6.78E-03 0.64% 

21 KGT01_MPG_02_L 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00% 1.01E-03 4.44E-04 2.28E-04 4.47E-05 1.44E-06 1.73E-03 0.16% 

Product Gas Lines and Compressors 

22 KGT01_PGS_01_V 5.87E-03 2.59E-03 1.44E-03 1.84E-04 3.56E-05 1.01E-02 1.13% 5.87E-03 2.59E-03 1.44E-03 1.84E-04 3.56E-05 1.01E-02 0.96% 

23 KGT01_PGS_13_V 1.83E-03 7.99E-04 3.99E-04 8.55E-05 1.44E-06 3.12E-03 0.35% 1.83E-03 7.99E-04 3.99E-04 8.55E-05 1.44E-06 3.12E-03 0.29% 

24 KGT01_PGS_14_V 7.70E-04 3.48E-04 1.90E-04 2.66E-05 1.02E-05 1.34E-03 0.15% 7.70E-04 3.48E-04 1.90E-04 2.66E-05 1.02E-05 1.34E-03 0.13% 

25 KGT13_PGS_15_V 3.71E-03 1.68E-03 8.83E-04 2.47E-04 5.23E-05 6.57E-03 0.73% 3.71E-03 1.68E-03 8.83E-04 2.47E-04 5.23E-05 6.57E-03 0.62% 

26 KGT13_PGS_16_V 7.35E-03 3.16E-03 1.49E-03 4.24E-04 8.35E-06 1.24E-02 1.39% 7.35E-03 3.16E-03 1.49E-03 4.24E-04 8.35E-06 1.24E-02 1.17% 

27 KGT13_PGS_17_V 3.88E-03 1.80E-03 1.01E-03 1.76E-04 6.43E-05 6.93E-03 0.77% 3.88E-03 1.80E-03 1.01E-03 1.76E-04 6.43E-05 6.93E-03 0.65% 
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No Node Section Base Case/ Sensitivity Case 1 Release Frequencies (per year) Sensitivity 2 (Future Production) Release Frequencies (per year) 

1 - 3 mm 

(2 mm) 

3 - 10 mm 

 (6 mm) 

10 - 50 mm 

(22 mm) 

50 - 150 mm 

(85 mm) 

> 150 mm 

(Rupture) 

Total % Contribution 1 - 3 mm 

(2 mm) 

3 - 10 mm 

 (6 mm) 

10 - 50 mm 

(22 mm) 

50 - 150 mm 

(85 mm) 

> 150 mm 

(Rupture) 

Total % Contribution 

28 KGT01_MGS_01_V 1.38E-02 5.91E-03 2.89E-03 5.52E-04 1.22E-04 2.33E-02 2.60% 1.38E-02 5.91E-03 2.89E-03 5.52E-04 1.22E-04 2.33E-02 2.20% 

29 KGT01_MGS_03_V 7.12E-03 3.08E-03 1.47E-03 3.68E-04 2.68E-05 1.21E-02 1.34% 7.12E-03 3.08E-03 1.47E-03 3.68E-04 2.68E-05 1.21E-02 1.14% 

30 KGT01_MGS_07_V 5.42E-03 2.31E-03 1.05E-03 3.11E-04 1.11E-05 9.10E-03 1.01% 5.42E-03 2.31E-03 1.05E-03 3.11E-04 1.11E-05 9.10E-03 0.86% 

31 KGT11_MGS_05_V 2.16E-03 1.07E-03 6.38E-04 1.48E-04 7.01E-05 4.09E-03 0.46% 2.16E-03 1.07E-03 6.38E-04 1.48E-04 7.01E-05 4.09E-03 0.39% 

32 KGT11_MGS_08_V 2.76E-03 1.20E-03 5.70E-04 1.56E-04 0.00E+00 4.68E-03 0.52% 2.76E-03 1.20E-03 5.70E-04 1.56E-04 0.00E+00 4.68E-03 0.44% 

33 KGT11_MGS_09_V 8.16E-03 3.57E-03 1.87E-03 2.89E-04 5.86E-05 1.39E-02 1.56% 8.16E-03 3.57E-03 1.87E-03 2.89E-04 5.86E-05 1.39E-02 1.32% 

Pigging 

34 KGT01_PIG_01_V 9.52E-07 4.86E-07 2.70E-07 6.52E-08 2.91E-08 1.80E-06 0.00% 9.52E-07 4.86E-07 2.70E-07 6.52E-08 2.91E-08 1.80E-06 0.00% 

35 KGT13_PIG_02_V 8.80E-07 4.56E-07 2.53E-07 6.52E-08 2.91E-08 1.68E-06 0.00% 8.80E-07 4.56E-07 2.53E-07 6.52E-08 2.91E-08 1.68E-06 0.00% 

36 KGT11_PIG_03_V 8.76E-07 4.53E-07 2.52E-07 6.23E-08 2.91E-08 1.67E-06 0.00% 8.76E-07 4.53E-07 2.52E-07 6.23E-08 2.91E-08 1.67E-06 0.00% 

37 KGT11_PIG_04_V 8.76E-07 4.53E-07 2.52E-07 6.23E-08 2.91E-08 1.67E-06 0.00% 8.76E-07 4.53E-07 2.52E-07 6.23E-08 2.91E-08 1.67E-06 0.00% 

Utilities and Cogen Unit 

38 KGT01_MPG_21_V 5.40E-03 2.28E-03 1.08E-03 2.10E-04 1.72E-05 8.98E-03 1.00% 5.40E-03 2.28E-03 1.08E-03 2.10E-04 1.72E-05 8.98E-03 0.85% 

39 KGT01_MPG_22_L 1.66E-03 6.53E-04 2.58E-04 8.39E-05 0.00E+00 2.65E-03 0.30% 1.66E-03 6.53E-04 2.58E-04 8.39E-05 0.00E+00 2.65E-03 0.25% 

40 KGT01_MPG_23_L 1.22E-03 5.37E-04 2.53E-04 8.31E-05 0.00E+00 2.10E-03 0.23% 1.22E-03 5.37E-04 2.53E-04 8.31E-05 0.00E+00 2.10E-03 0.20% 

41 KGT01_FGA_01_V 5.24E-03 2.41E-03 1.34E-03 3.48E-04 1.44E-05 9.35E-03 1.04% 5.24E-03 2.41E-03 1.34E-03 3.48E-04 1.44E-05 9.35E-03 0.88% 

42 KGT01_FGA_02_V 1.51E-02 6.35E-03 3.12E-03 4.50E-04 3.52E-05 2.50E-02 2.79% 1.51E-02 6.35E-03 3.12E-03 4.50E-04 3.52E-05 2.50E-02 2.36% 

43 KGT01_PGS_19_V 7.50E-03 2.91E-03 1.15E-03 2.79E-04 3.46E-07 1.18E-02 1.32% 7.50E-03 2.91E-03 1.15E-03 2.79E-04 3.46E-07 1.18E-02 1.12% 

44 KGT01_PGS_21_V 1.21E-02 4.59E-03 1.73E-03 4.04E-04 2.98E-06 1.88E-02 2.10% 1.21E-02 4.59E-03 1.73E-03 4.04E-04 2.98E-06 1.88E-02 1.77% 

45 KGT01_PGS_22_V 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00% 4.86E-03 2.11E-03 1.05E-03 1.77E-04 2.45E-05 8.23E-03 0.78% 

LPG Production Facility - Stabiliser, De-C2 

46 KGT01_MPG_07_L 1.83E-03 8.53E-04 4.70E-04 1.57E-04 4.63E-06 3.32E-03 0.37% 1.83E-03 8.53E-04 4.70E-04 1.57E-04 4.63E-06 3.32E-03 0.31% 

47 KGT01_DET_01_V 2.51E-03 1.16E-03 6.33E-04 2.10E-04 4.55E-06 4.52E-03 0.50% 2.51E-03 1.16E-03 6.33E-04 2.10E-04 4.55E-06 4.52E-03 0.43% 

48 KGT01_PGS_04_V 1.94E-03 8.86E-04 4.73E-04 1.27E-04 1.75E-06 3.43E-03 0.38% 1.94E-03 8.86E-04 4.73E-04 1.27E-04 1.75E-06 3.43E-03 0.32% 

49 KGT01_PGS_05_V 1.04E-02 4.62E-03 2.15E-03 7.04E-04 8.73E-06 1.79E-02 2.00% 1.04E-02 4.62E-03 2.15E-03 7.04E-04 8.73E-06 1.79E-02 1.69% 

50 KGT01_DEX_01_L 5.37E-03 1.75E-03 6.47E-04 1.45E-04 1.44E-06 7.91E-03 0.88% 5.37E-03 1.75E-03 6.47E-04 1.45E-04 1.44E-06 7.91E-03 0.75% 

51 KGT01_DEB_01_L 2.93E-03 1.32E-03 6.85E-04 1.63E-04 3.51E-06 5.10E-03 0.57% 2.93E-03 1.32E-03 6.85E-04 1.63E-04 3.51E-06 5.10E-03 0.48% 

52 KGT01_MPG_09_L 2.56E-03 1.13E-03 6.19E-04 8.89E-05 9.72E-06 4.41E-03 0.49% 2.56E-03 1.13E-03 6.19E-04 8.89E-05 9.72E-06 4.41E-03 0.42% 

53 KGT01_MPG_10_V 1.34E-03 5.95E-04 3.06E-04 7.36E-05 1.44E-06 2.31E-03 0.26% 1.34E-03 5.95E-04 3.06E-04 7.36E-05 1.44E-06 2.31E-03 0.22% 

54 KGT01_MPG_13_L 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00% 8.47E-04 3.63E-04 1.80E-04 3.18E-05 2.07E-06 1.42E-03 0.13% 

55 KGT01_STT_01_V 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00% 3.49E-03 1.51E-03 8.04E-04 1.07E-04 3.86E-06 5.91E-03 0.56% 

56 KGT01_PGS_10_V 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00% 3.46E-03 1.52E-03 7.82E-04 1.57E-04 1.11E-05 5.94E-03 0.56% 
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No Node Section Base Case/ Sensitivity Case 1 Release Frequencies (per year) Sensitivity 2 (Future Production) Release Frequencies (per year) 

1 - 3 mm 

(2 mm) 

3 - 10 mm 

 (6 mm) 

10 - 50 mm 

(22 mm) 

50 - 150 mm 

(85 mm) 

> 150 mm 

(Rupture) 

Total % Contribution 1 - 3 mm 

(2 mm) 

3 - 10 mm 

 (6 mm) 

10 - 50 mm 

(22 mm) 

50 - 150 mm 

(85 mm) 

> 150 mm 

(Rupture) 

Total % Contribution 

57 KGT01_PGS_11_V 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00% 9.26E-03 4.12E-03 1.89E-03 6.85E-04 4.20E-06 1.60E-02 1.51% 

58 KGT01_STB_01_L 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00% 3.99E-03 1.75E-03 9.17E-04 1.58E-04 1.44E-06 6.82E-03 0.64% 

LPG Production Facility - De-C3 

59 KGT01_DPT_11_V 3.06E-03 1.27E-03 6.12E-04 1.26E-04 6.62E-06 5.08E-03 0.57% 3.06E-03 1.27E-03 6.12E-04 1.26E-04 6.62E-06 5.08E-03 0.48% 

60 KGT01_DPX_11_L 4.59E-03 1.47E-03 5.91E-04 8.80E-05 3.86E-06 6.75E-03 0.75% 4.59E-03 1.47E-03 5.91E-04 8.80E-05 3.86E-06 6.75E-03 0.64% 

61 KGT01_PC3_02_L 2.98E-03 1.34E-03 6.74E-04 1.84E-04 1.73E-06 5.17E-03 0.58% 2.98E-03 1.34E-03 6.74E-04 1.84E-04 1.73E-06 5.17E-03 0.49% 

62 KGT01_DPB_11_L 4.09E-03 1.84E-03 9.47E-04 2.36E-04 6.76E-06 7.12E-03 0.79% 4.09E-03 1.84E-03 9.47E-04 2.36E-04 6.76E-06 7.12E-03 0.67% 

63 KGT01_DPT_01_V 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00% 5.26E-03 2.19E-03 1.11E-03 1.31E-04 6.62E-06 8.70E-03 0.82% 

64 KGT01_DPX_01_L 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00% 4.76E-03 1.54E-03 6.22E-04 8.62E-05 3.17E-06 7.01E-03 0.66% 

65 KGT01_PC3_01_L 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00% 2.42E-03 1.09E-03 5.45E-04 1.69E-04 0.00E+00 4.22E-03 0.40% 

66 KGT01_DPB_01_L 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00% 4.18E-03 1.86E-03 9.57E-04 2.07E-04 4.22E-06 7.21E-03 0.68% 

LPG Production Facility - De-C4 

67 KGT01_DBT_11_V 3.56E-03 1.52E-03 7.58E-04 1.83E-04 7.83E-06 6.03E-03 0.67% 3.56E-03 1.52E-03 7.58E-04 1.83E-04 7.83E-06 6.03E-03 0.57% 

68 KGT01_DBX_11_L 7.28E-03 2.56E-03 1.07E-03 1.93E-04 2.13E-06 1.11E-02 1.24% 7.28E-03 2.56E-03 1.07E-03 1.93E-04 2.13E-06 1.11E-02 1.05% 

69 KGT01_NGL_01_L 4.11E-03 1.82E-03 9.36E-04 1.98E-04 4.03E-06 7.06E-03 0.79% 4.11E-03 1.82E-03 9.36E-04 1.98E-04 4.03E-06 7.06E-03 0.67% 

70 KGT01_NGL_02_L 5.96E-03 2.45E-03 1.11E-03 2.48E-04 2.21E-06 9.77E-03 1.09% 5.96E-03 2.45E-03 1.11E-03 2.48E-04 2.21E-06 9.77E-03 0.92% 

71 KGT01_DBT_01_V 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00% 3.88E-03 1.62E-03 8.01E-04 1.32E-04 4.90E-06 6.44E-03 0.61% 

72 KGT01_DBX_01_L 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00% 5.21E-03 1.74E-03 7.23E-04 1.12E-04 2.13E-06 7.78E-03 0.73% 

73 KGT01_DBB_01_L 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00% 2.61E-03 1.17E-03 6.03E-04 1.53E-04 1.44E-06 4.54E-03 0.43% 

74 KGT01_PC4_12_L 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00% 2.48E-03 1.12E-03 5.66E-04 2.02E-04 3.94E-06 4.37E-03 0.41% 

75 KGT01_PC3_13_L 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00% 1.47E-03 6.34E-04 2.96E-04 7.85E-05 0.00E+00 2.48E-03 0.23% 

76 KGT01_LPG_04_L 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00% 3.01E-03 1.30E-03 6.52E-04 1.29E-04 0.00E+00 5.10E-03 0.48% 

LPG Production Facility - Product Export and Loadout 

77 KGT32_NGL_05_L 6.83E-04 2.98E-04 1.42E-04 4.45E-05 0.00E+00 1.17E-03 0.13% 6.83E-04 2.98E-04 1.42E-04 4.45E-05 0.00E+00 1.17E-03 0.11% 

78 KGT33_NGL_06_L 1.49E-03 6.41E-04 3.22E-04 5.40E-05 1.68E-06 2.51E-03 0.28% 1.49E-03 6.41E-04 3.22E-04 5.40E-05 1.68E-06 2.51E-03 0.24% 

79 KGT34_NGL_07_L 0.00E+00 1.00E-04 5.00E-06 0.00E+00 5.00E-06 1.10E-04 0.01% 0.00E+00 1.00E-04 5.00E-06 0.00E+00 5.00E-06 1.10E-04 0.01% 

80 KGT35_NGL_09_L 4.77E-03 1.46E-03 4.84E-04 9.03E-05 5.59E-06 6.81E-03 0.76% 4.77E-03 1.46E-03 4.84E-04 9.03E-05 5.59E-06 6.81E-03 0.64% 

81 KGT36_NGL_10_L 1.24E-03 5.63E-04 2.96E-04 7.35E-05 4.20E-06 2.18E-03 0.24% 1.24E-03 5.63E-04 2.96E-04 7.35E-05 4.20E-06 2.18E-03 0.21% 

82 KGT36_NGL_11_L 0.00E+00 5.72E-02 0.00E+00 0.00E+00 5.72E-03 6.29E-02 7.02% 0.00E+00 8.00E-02 0.00E+00 0.00E+00 8.00E-03 8.80E-02 8.30% 

82A KGT36_NGL_12_L 0.00E+00 0.00E+00 0.00E+00 8.16E-08 8.16E-08 1.63E-07 0.00% 0.00E+00 0.00E+00 0.00E+00 1.14E-07 1.14E-07 2.28E-07 0.00% 

83 KGT37_PC3_05_L 1.07E-03 4.68E-04 2.26E-04 5.09E-05 7.00E-06 1.82E-03 0.20% 1.07E-03 4.68E-04 2.26E-04 5.09E-05 7.00E-06 1.82E-03 0.17% 

84 KGT39_PC3_07_V 0.00E+00 5.00E-06 2.50E-07 0.00E+00 2.50E-07 5.50E-06 0.00% 0.00E+00 5.00E-06 2.50E-07 0.00E+00 2.50E-07 5.50E-06 0.00% 
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1 - 3 mm 
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3 - 10 mm 

 (6 mm) 
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(2 mm) 
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Total % Contribution 

85 KGT39_PC3_08_L 0.00E+00 5.00E-06 2.50E-07 0.00E+00 2.50E-07 5.50E-06 0.00% 0.00E+00 5.00E-06 2.50E-07 0.00E+00 2.50E-07 5.50E-06 0.00% 

86 KGT40_PC3_09_V 0.00E+00 5.00E-06 2.50E-07 0.00E+00 2.50E-07 5.50E-06 0.00% 0.00E+00 5.00E-06 2.50E-07 0.00E+00 2.50E-07 5.50E-06 0.00% 

87 KGT40_PC3_10_L 0.00E+00 5.00E-06 2.50E-07 0.00E+00 2.50E-07 5.50E-06 0.00% 0.00E+00 5.00E-06 2.50E-07 0.00E+00 2.50E-07 5.50E-06 0.00% 

88 KGT41_PC4_04_L 1.33E-03 5.78E-04 2.70E-04 7.22E-05 5.33E-06 2.25E-03 0.25% 1.33E-03 5.78E-04 2.70E-04 7.22E-05 5.33E-06 2.25E-03 0.21% 

89 KGT43_PC4_06_V 0.00E+00 5.00E-06 2.50E-07 0.00E+00 2.50E-07 5.50E-06 0.00% 0.00E+00 5.00E-06 2.50E-07 0.00E+00 2.50E-07 5.50E-06 0.00% 

90 KGT43_PC4_07_L 0.00E+00 5.00E-06 2.50E-07 0.00E+00 2.50E-07 5.50E-06 0.00% 0.00E+00 5.00E-06 2.50E-07 0.00E+00 2.50E-07 5.50E-06 0.00% 

91 KGT44_PC4_08_V 0.00E+00 5.00E-06 2.50E-07 0.00E+00 2.50E-07 5.50E-06 0.00% 0.00E+00 5.00E-06 2.50E-07 0.00E+00 2.50E-07 5.50E-06 0.00% 

92 KGT44_PC4_09_L 0.00E+00 5.00E-06 2.50E-07 0.00E+00 2.50E-07 5.50E-06 0.00% 0.00E+00 5.00E-06 2.50E-07 0.00E+00 2.50E-07 5.50E-06 0.00% 

93 KGT45_PC3_12_L 6.16E-03 2.08E-03 7.99E-04 1.52E-04 2.13E-05 9.22E-03 1.03% 6.16E-03 2.08E-03 7.99E-04 1.52E-04 2.13E-05 9.22E-03 0.87% 

94 KGT46_PC4_11_L 5.54E-03 1.80E-03 6.51E-04 1.16E-04 1.75E-05 8.13E-03 0.91% 5.54E-03 1.80E-03 6.51E-04 1.16E-04 1.75E-05 8.13E-03 0.77% 

95 KGT47_LPG_01_L 9.71E-04 4.15E-04 2.06E-04 3.29E-05 2.48E-06 1.63E-03 0.18% 9.71E-04 4.15E-04 2.06E-04 3.29E-05 2.48E-06 1.63E-03 0.15% 

96 KGT47_LPG_02_L 0.00E+00 8.71E-04 0.00E+00 0.00E+00 8.71E-05 9.58E-04 0.11% 0.00E+00 1.79E-03 0.00E+00 0.00E+00 1.79E-04 1.97E-03 0.19% 

96A KGT47_LPG_03_L 0.00E+00 0.00E+00 0.00E+00 1.66E-07 1.66E-07 3.32E-07 0.00% 0.00E+00 0.00E+00 0.00E+00 3.41E-07 3.41E-07 6.82E-07 0.00% 

97 KGT47_LPG_05_L 0.00E+00 6.24E-04 0.00E+00 0.00E+00 6.24E-05 6.86E-04 0.08% 0.00E+00 1.20E-03 0.00E+00 0.00E+00 1.20E-04 1.32E-03 0.12% 

97A KGT47_LPG_06_L 0.00E+00 0.00E+00 0.00E+00 8.90E-10 8.90E-10 1.78E-09 0.00% 0.00E+00 0.00E+00 0.00E+00 1.71E-09 1.71E-09 3.42E-09 0.00% 

Propane Refrigeration System 

98 KGT70_REF_01_V 9.37E-04 4.14E-04 2.08E-04 4.63E-05 3.17E-06 1.61E-03 0.18% 9.37E-04 4.14E-04 2.08E-04 4.63E-05 3.17E-06 1.61E-03 0.15% 

99 KGT70_REF_02_L 9.71E-04 4.28E-04 2.21E-04 4.47E-05 2.48E-06 1.67E-03 0.19% 9.71E-04 4.28E-04 2.21E-04 4.47E-05 2.48E-06 1.67E-03 0.16% 

100 KGT70_REF_03_V 3.80E-03 1.50E-03 6.23E-04 1.33E-04 6.26E-06 6.05E-03 0.68% 3.80E-03 1.50E-03 6.23E-04 1.33E-04 6.26E-06 6.05E-03 0.57% 

101 KGT70_REF_04_L 2.12E-03 9.36E-04 4.65E-04 1.06E-04 9.60E-06 3.63E-03 0.41% 2.12E-03 9.36E-04 4.65E-04 1.06E-04 9.60E-06 3.63E-03 0.34% 

102 KGT70_REF_05_L 1.70E-03 7.66E-04 3.87E-04 1.05E-04 1.44E-06 2.96E-03 0.33% 1.70E-03 7.66E-04 3.87E-04 1.05E-04 1.44E-06 2.96E-03 0.28% 

103 KGT70_REF_07_L 1.34E-03 6.17E-04 3.05E-04 1.05E-04 1.79E-06 2.37E-03 0.26% 1.34E-03 6.17E-04 3.05E-04 1.05E-04 1.79E-06 2.37E-03 0.22% 

104 KGT70_REF_11_V 4.91E-03 1.99E-03 9.02E-04 1.49E-04 3.14E-05 7.98E-03 0.89% 4.91E-03 1.99E-03 9.02E-04 1.49E-04 3.14E-05 7.98E-03 0.75% 

105 KGT70_REF_14_V 1.80E-02 8.15E-03 3.84E-03 8.13E-04 2.48E-04 3.10E-02 3.46% 1.80E-02 8.15E-03 3.84E-03 8.13E-04 2.48E-04 3.10E-02 2.93% 

106 KGT70_REF_15_L 4.01E-03 1.52E-03 6.46E-04 1.03E-04 1.10E-05 6.28E-03 0.70% 4.01E-03 1.52E-03 6.46E-04 1.03E-04 1.10E-05 6.28E-03 0.59% 

107 KGT70_REF_06_L 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00% 2.13E-03 9.46E-04 4.61E-04 1.23E-04 7.18E-06 3.67E-03 0.35% 

Mercaptans and Methanol 

108 KGT50_EMC_01_L 5.77E-03 1.95E-03 7.39E-04 2.37E-04 0.00E+00 8.70E-03 0.97% 5.77E-03 1.95E-03 7.39E-04 2.37E-04 0.00E+00 8.70E-03 0.82% 

109 KGT50_EMC_02_L 1.20E-04 2.88E-05 0.00E+00 0.00E+00 4.00E-06 1.53E-04 0.02% 1.20E-04 2.88E-05 0.00E+00 0.00E+00 4.00E-06 1.53E-04 0.01% 

110 KGT51_BMC_05_L 1.00E-06 2.40E-07 0.00E+00 0.00E+00 2.00E-06 3.24E-06 0.00% 1.00E-06 2.40E-07 0.00E+00 0.00E+00 2.00E-06 3.24E-06 0.00% 

111 KGT52_BMC_01_L 0.00E+00 1.00E-05 5.00E-07 0.00E+00 5.00E-07 1.10E-05 0.00% 0.00E+00 1.00E-05 5.00E-07 0.00E+00 5.00E-07 1.10E-05 0.00% 

112 KGT52_BMC_02_L 4.42E-03 1.97E-03 1.01E-03 5.79E-04 0.00E+00 7.98E-03 0.89% 4.42E-03 1.97E-03 1.01E-03 5.79E-04 0.00E+00 7.98E-03 0.75% 
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113 KGT52_BMC_03_L 0.00E+00 2.66E-05 0.00E+00 0.00E+00 2.66E-06 2.93E-05 0.00% 0.00E+00 2.66E-05 0.00E+00 0.00E+00 2.66E-06 2.93E-05 0.00% 

113A KGT52_BMC_04_L 0.00E+00 0.00E+00 0.00E+00 3.80E-11 7.60E-10 7.98E-10 0.00% 0.00E+00 0.00E+00 0.00E+00 3.80E-11 7.60E-10 7.98E-10 0.00% 

114 KGT55_MOH_01_L 0.00E+00 4.00E-05 2.00E-06 0.00E+00 2.00E-06 4.40E-05 0.00% 0.00E+00 4.00E-05 2.00E-06 0.00E+00 2.00E-06 4.40E-05 0.00% 

115 KGT55_MOH_02_L 9.19E-03 4.12E-03 2.10E-03 1.23E-03 0.00E+00 1.66E-02 1.86% 9.19E-03 4.12E-03 2.10E-03 1.23E-03 0.00E+00 1.66E-02 1.57% 

116 KGT55_MOH_03_L 0.00E+00 8.40E-03 0.00E+00 0.00E+00 8.40E-04 9.24E-03 1.03% 0.00E+00 1.20E-02 0.00E+00 0.00E+00 1.20E-03 1.32E-02 1.25% 

116A KGT55_MOH_04_L 0.00E+00 0.00E+00 0.00E+00 1.20E-08 2.40E-07 2.52E-07 0.00% 0.00E+00 0.00E+00 0.00E+00 1.71E-08 3.42E-07 3.59E-07 0.00% 

CO2 Recovery - Ammonia 

117 KGT80_AMM_01_V 8.30E-03 3.77E-03 1.75E-03 3.93E-04 1.18E-04 1.43E-02 1.60% 8.30E-03 3.77E-03 1.75E-03 3.93E-04 1.18E-04 1.43E-02 1.35% 

118 KGT80_AMM_11_V 8.46E-03 3.82E-03 1.77E-03 3.88E-04 1.18E-04 1.46E-02 1.62% 8.46E-03 3.82E-03 1.77E-03 3.88E-04 1.18E-04 1.46E-02 1.37% 

119 KGT80_AMM_02_V 1.43E-03 6.42E-04 3.24E-04 9.75E-05 0.00E+00 2.49E-03 0.28% 1.43E-03 6.42E-04 3.24E-04 9.75E-05 0.00E+00 2.49E-03 0.24% 

120 KGT80_AMM_03_L 1.21E-02 4.42E-03 1.58E-03 4.18E-04 1.44E-06 1.85E-02 2.06% 1.21E-02 4.42E-03 1.58E-03 4.18E-04 1.44E-06 1.85E-02 1.75% 

121 KGT80_AMM_04_L 1.83E-02 6.86E-03 2.55E-03 6.83E-04 2.02E-06 2.84E-02 3.17% 1.83E-02 6.86E-03 2.55E-03 6.83E-04 2.02E-06 2.84E-02 2.68% 

122 KGT80_AMM_07_L 2.48E-03 1.12E-03 5.45E-04 1.87E-04 0.00E+00 4.32E-03 0.48% 2.48E-03 1.12E-03 5.45E-04 1.87E-04 0.00E+00 4.32E-03 0.41% 

123 KGT80_AMM_08_V 3.27E-03 1.40E-03 6.46E-04 1.89E-04 5.75E-06 5.51E-03 0.61% 3.27E-03 1.40E-03 6.46E-04 1.89E-04 5.75E-06 5.51E-03 0.52% 

124 KGT80_AMM_09_V 1.64E-02 6.07E-03 2.23E-03 5.41E-04 4.61E-06 2.52E-02 2.81% 1.64E-02 6.07E-03 2.23E-03 5.41E-04 4.61E-06 2.52E-02 2.38% 

CO2 Recovery - CO2 

125 KGT90_CO2_01_V 9.50E-03 4.37E-03 2.09E-03 5.57E-04 1.17E-04 1.66E-02 1.86% 9.50E-03 4.37E-03 2.09E-03 5.57E-04 1.17E-04 1.66E-02 1.57% 

126 KGT90_CO2_02_V 9.52E-03 4.38E-03 2.10E-03 5.63E-04 1.17E-04 1.67E-02 1.86% 9.52E-03 4.38E-03 2.10E-03 5.63E-04 1.17E-04 1.67E-02 1.57% 

127 KGT90_CO2_03_V 3.37E-03 1.60E-03 8.57E-04 3.36E-04 5.05E-06 6.17E-03 0.69% 3.37E-03 1.60E-03 8.57E-04 3.36E-04 5.05E-06 6.17E-03 0.58% 

128 KGT90_CO2_07_V 4.78E-03 2.05E-03 9.86E-04 2.35E-04 1.37E-05 8.06E-03 0.90% 4.78E-03 2.05E-03 9.86E-04 2.35E-04 1.37E-05 8.06E-03 0.76% 

129 KGT90_CO2_08_L 8.75E-03 3.25E-03 1.37E-03 3.95E-04 9.24E-06 1.38E-02 1.54% 8.75E-03 3.25E-03 1.37E-03 3.95E-04 9.24E-06 1.38E-02 1.30% 

130 KGT90_CO2_16_V 2.50E-02 1.02E-02 4.48E-03 8.92E-04 1.99E-04 4.08E-02 4.55% 2.50E-02 1.02E-02 4.48E-03 8.92E-04 1.99E-04 4.08E-02 3.85% 

131 KGT90_CO2_18_V 1.63E-03 7.45E-04 3.80E-04 1.36E-04 0.00E+00 2.89E-03 0.32% 1.63E-03 7.45E-04 3.80E-04 1.36E-04 0.00E+00 2.89E-03 0.27% 

132 KGT90_CO2_19_V 6.14E-03 2.55E-03 1.23E-03 2.56E-04 1.79E-06 1.02E-02 1.13% 6.14E-03 2.55E-03 1.23E-03 2.56E-04 1.79E-06 1.02E-02 0.96% 

133 KGT90_CO2_23_V 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00% 8.01E-04 3.82E-04 2.04E-04 4.31E-05 1.78E-05 1.45E-03 0.14% 

134 KGT90_CO2_09_L 0.00E+00 1.00E-05 5.00E-07 0.00E+00 5.00E-07 1.10E-05 0.00% 0.00E+00 1.00E-05 5.00E-07 0.00E+00 5.00E-07 1.10E-05 0.00% 

135 KGT90_CO2_10_L 0.00E+00 1.00E-05 5.00E-07 0.00E+00 5.00E-07 1.10E-05 0.00% 0.00E+00 1.00E-05 5.00E-07 0.00E+00 5.00E-07 1.10E-05 0.00% 

136 KGT90_CO2_11_L 0.00E+00 1.00E-05 5.00E-07 0.00E+00 5.00E-07 1.10E-05 0.00% 0.00E+00 1.00E-05 5.00E-07 0.00E+00 5.00E-07 1.10E-05 0.00% 

137 KGT90_CO2_12_L 0.00E+00 1.00E-05 5.00E-07 0.00E+00 5.00E-07 1.10E-05 0.00% 0.00E+00 1.00E-05 5.00E-07 0.00E+00 5.00E-07 1.10E-05 0.00% 

138 KGT90_CO2_24_L 6.53E-03 2.19E-03 7.77E-04 1.78E-04 1.13E-05 9.69E-03 1.08% 6.53E-03 2.19E-03 7.77E-04 1.78E-04 1.13E-05 9.69E-03 0.91% 

139 KGT90_CO2_25_L 2.85E-03 1.35E-03 7.40E-04 5.17E-04 0.00E+00 5.45E-03 0.61% 2.85E-03 1.35E-03 7.40E-04 5.17E-04 0.00E+00 5.45E-03 0.51% 

140 KGT90_CO2_26_V 8.01E-04 3.57E-04 1.74E-04 6.00E-05 0.00E+00 1.39E-03 0.16% 8.01E-04 3.57E-04 1.74E-04 6.00E-05 0.00E+00 1.39E-03 0.13% 
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141 KGT90_CO2_27_V 8.77E-04 3.78E-04 1.72E-04 5.31E-05 0.00E+00 1.48E-03 0.17% 8.77E-04 3.78E-04 1.72E-04 5.31E-05 0.00E+00 1.48E-03 0.14% 

142 KGT90_CO2_28_L 0.00E+00 6.00E-03 0.00E+00 0.00E+00 6.00E-04 6.60E-03 0.74% 0.00E+00 6.00E-03 0.00E+00 0.00E+00 6.00E-04 6.60E-03 0.62% 

143 KGT90_CO2_29_V 0.00E+00 2.40E-02 0.00E+00 0.00E+00 2.40E-03 2.64E-02 2.94% 0.00E+00 2.40E-02 0.00E+00 0.00E+00 2.40E-03 2.64E-02 2.49% 

144 KGT90_CO2_30_L 0.00E+00 2.40E-02 0.00E+00 0.00E+00 2.40E-03 2.64E-02 2.94% 0.00E+00 2.40E-02 0.00E+00 0.00E+00 2.40E-03 2.64E-02 2.49% 

145 KGT90_CO2_31_V 0.00E+00 4.60E-03 0.00E+00 0.00E+00 4.60E-04 5.06E-03 0.56% 0.00E+00 4.60E-03 0.00E+00 0.00E+00 4.60E-04 5.06E-03 0.48% 

146 KGT90_CO2_32_L 0.00E+00 4.60E-03 0.00E+00 0.00E+00 4.60E-04 5.06E-03 0.56% 0.00E+00 4.60E-03 0.00E+00 0.00E+00 4.60E-04 5.06E-03 0.48% 

147 KGT90_CO2_33_L 0.00E+00 0.00E+00 0.00E+00 8.56E-09 8.56E-09 1.71E-08 0.00% 0.00E+00 0.00E+00 0.00E+00 8.56E-09 8.56E-09 1.71E-08 0.00% 

148 KGT90_CO2_34_L 0.00E+00 0.00E+00 0.00E+00 3.42E-08 3.42E-08 6.84E-08 0.00% 0.00E+00 0.00E+00 0.00E+00 3.42E-08 3.42E-08 6.84E-08 0.00% 

149 KGT90_CO2_35_L 0.00E+00 0.00E+00 0.00E+00 6.56E-09 6.56E-09 1.31E-08 0.00% 0.00E+00 0.00E+00 0.00E+00 6.56E-09 6.56E-09 1.31E-08 0.00% 

Total 4.53E-01 3.19E-01 8.79E-02 2.14E-02 1.51E-02 8.97E-01 100% 5.31E-01 3.80E-01 1.05E-01 2.52E-02 1.81E-02 1.06E+00 100% 

% Contribution 50.5% 35.6% 9.8% 2.4% 1.7% 100%   50.2% 35.9% 9.9% 2.4% 1.7% 100%   
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Table A5- 1: Ignited and Toxic Event Frequencies 

Line 

No. 
Release Scenario 

Release 

Rate 

(kg/s) 

Explosion 

Probability 

Base Case/ Sensitivity Case 1 Sensitivity 2 (Future Operation) 

Immediate 

Ignition Event 

Frequency 

Delayed Ignition 

Event Frequency 

Unignited Event 

Frequency Note 1 

Immediate 

Ignition Event 

Frequency 

Delayed Ignition 

Event Frequency 

Unignited Event 

Frequency Note 1 

1 KGT01_RGS_01_V_2mm 0.03 0.04 1.82E-06 4.24E-06 6.05E-03 1.82E-06 4.24E-06 6.05E-03 

2 KGT01_RGS_01_V_6mm 0.2 0.04 1.21E-06 2.83E-06 2.72E-03 1.21E-06 2.83E-06 2.72E-03 

3 KGT01_RGS_01_V_22mm 3.1 0.12 3.56E-06 8.32E-06 1.51E-03 3.56E-06 8.32E-06 1.51E-03 

4 KGT01_RGS_01_V_85mm 47 0.12 9.88E-06 2.30E-05 2.49E-04 9.88E-06 2.30E-05 2.49E-04 

5 KGT01_RGS_01_V_274mm 485 0.3 1.10E-05 2.57E-05 1.98E-05 1.10E-05 2.57E-05 1.98E-05 

6 KGT01_RCS_01_L_2mm 0.1 0.04 4.70E-07 1.10E-06 1.31E-03 4.70E-07 1.10E-06 1.31E-03 

7 KGT01_RCS_01_L_6mm 1.1 0.12 5.04E-07 1.18E-06 5.99E-04 5.04E-07 1.18E-06 5.99E-04 

8 KGT01_RCS_01_L_22mm 15 0.12 2.29E-06 5.34E-06 2.99E-04 2.29E-06 5.34E-06 2.99E-04 

9 KGT01_RCS_01_L_71mm 160 0.3 4.14E-06 9.66E-06 9.23E-05 4.14E-06 9.66E-06 9.23E-05 

10 KGT01_MAU_01_V_2mm 0.02 0.04 1.24E-06 2.88E-06 4.11E-03 1.24E-06 2.88E-06 4.11E-03 

11 KGT01_MAU_01_V_6mm 0.2 0.04 7.98E-07 1.86E-06 1.83E-03 7.98E-07 1.86E-06 1.83E-03 

12 KGT01_MAU_01_V_22mm 2.9 0.12 2.25E-06 5.24E-06 1.01E-03 2.25E-06 5.24E-06 1.01E-03 

13 KGT01_MAU_01_V_85mm 44 0.12 4.57E-06 1.07E-05 1.23E-04 4.57E-06 1.07E-05 1.23E-04 

14 KGT01_MAU_01_V_274mm 456 0.3 6.85E-06 1.60E-05 1.23E-05 6.85E-06 1.60E-05 1.23E-05 

15 KGT01_MAU_02_V_2mm 0.02 0.04 1.06E-06 2.48E-06 3.54E-03 1.06E-06 2.48E-06 3.54E-03 

16 KGT01_MAU_02_V_6mm 0.2 0.04 6.24E-07 1.46E-06 1.43E-03 6.24E-07 1.46E-06 1.43E-03 

17 KGT01_MAU_02_V_22mm 2.9 0.12 1.45E-06 3.38E-06 6.52E-04 1.45E-06 3.38E-06 6.52E-04 

18 KGT01_MAU_02_V_71mm 31 0.12 2.11E-06 4.93E-06 8.49E-05 2.11E-06 4.93E-06 8.49E-05 

19 KGT02_TGS_01_V_2mm 0.02 0.04 9.28E-07 2.17E-06 3.09E-03 9.28E-07 2.17E-06 3.09E-03 

20 KGT02_TGS_01_V_6mm 0.2 0.04 6.00E-07 1.40E-06 1.42E-03 6.00E-07 1.40E-06 1.42E-03 

21 KGT02_TGS_01_V_22mm 2.7 0.12 1.58E-06 3.68E-06 7.80E-04 1.58E-06 3.68E-06 7.80E-04 

22 KGT02_TGS_01_V_85mm 40 0.12 5.90E-06 1.38E-05 1.77E-04 5.90E-06 1.38E-05 1.77E-04 

23 KGT02_TGS_01_V_212mm 249 0.3 2.73E-06 6.36E-06 5.52E-06 2.73E-06 6.36E-06 5.52E-06 

24 KGT03_TGS_04_V_2mm 0.02 0.04 9.09E-07 2.12E-06 3.03E-03 9.09E-07 2.12E-06 3.03E-03 

25 KGT03_TGS_04_V_6mm 0.2 0.04 5.90E-07 1.38E-06 1.40E-03 5.90E-07 1.38E-06 1.40E-03 

26 KGT03_TGS_04_V_22mm 2.7 0.12 1.55E-06 3.63E-06 7.68E-04 1.55E-06 3.63E-06 7.68E-04 

27 KGT03_TGS_04_V_85mm 40 0.12 5.60E-06 1.31E-05 1.68E-04 5.60E-06 1.31E-05 1.68E-04 

28 KGT03_TGS_04_V_194mm 208 0.3 3.29E-06 7.68E-06 1.01E-05 3.29E-06 7.68E-06 1.01E-05 

29 KGT05_RGS_07_V_2mm 0.03 0.04 0.00E+00 0.00E+00 0.00E+00 7.51E-07 1.75E-06 2.50E-03 

30 KGT05_RGS_07_V_6mm 0.2 0.04 0.00E+00 0.00E+00 0.00E+00 5.04E-07 1.18E-06 1.13E-03 

31 KGT05_RGS_07_V_22mm 3.1 0.12 0.00E+00 0.00E+00 0.00E+00 1.41E-06 3.30E-06 5.98E-04 

32 KGT05_RGS_07_V_85mm 47 0.12 0.00E+00 0.00E+00 0.00E+00 3.21E-06 7.49E-06 8.10E-05 

33 KGT05_RGS_07_V_212mm 290 0.3 0.00E+00 0.00E+00 0.00E+00 6.26E-06 1.46E-05 1.12E-05 

34 KGT05_TGS_16_V_2mm 0.02 0.04 0.00E+00 0.00E+00 0.00E+00 1.24E-06 2.90E-06 4.14E-03 

35 KGT05_TGS_16_V_6mm 0.2 0.04 0.00E+00 0.00E+00 0.00E+00 7.87E-07 1.84E-06 1.86E-03 

36 KGT05_TGS_16_V_22mm 2.7 0.12 0.00E+00 0.00E+00 0.00E+00 2.09E-06 4.87E-06 1.03E-03 

37 KGT05_TGS_16_V_85mm 40 0.12 0.00E+00 0.00E+00 0.00E+00 4.04E-06 9.43E-06 1.21E-04 

38 KGT05_TGS_16_V_212mm 249 0.3 0.00E+00 0.00E+00 0.00E+00 9.16E-06 2.14E-05 1.85E-05 

39 KGT01_TGS_07_V_2mm 0.02 0.04 1.45E-06 3.39E-06 4.83E-03 1.45E-06 3.39E-06 4.83E-03 

40 KGT01_TGS_07_V_6mm 0.2 0.04 9.03E-07 2.11E-06 2.14E-03 9.03E-07 2.11E-06 2.14E-03 

41 KGT01_TGS_07_V_22mm 2.7 0.12 2.36E-06 5.51E-06 1.17E-03 2.36E-06 5.51E-06 1.17E-03 

42 KGT01_TGS_07_V_85mm 40 0.12 4.64E-06 1.08E-05 1.39E-04 4.64E-06 1.08E-05 1.39E-04 

43 KGT01_TGS_07_V_212mm 249 0.3 5.66E-06 1.32E-05 1.15E-05 5.66E-06 1.32E-05 1.15E-05 

44 KGT01_TGS_10_V_2mm 0.02 0.04 1.01E-06 2.36E-06 3.37E-03 1.01E-06 2.36E-06 3.37E-03 

45 KGT01_TGS_10_V_6mm 0.2 0.04 6.95E-07 1.62E-06 1.65E-03 6.95E-07 1.62E-06 1.65E-03 

46 KGT01_TGS_10_V_22mm 2.7 0.12 1.95E-06 4.56E-06 9.66E-04 1.95E-06 4.56E-06 9.66E-04 

47 KGT01_TGS_10_V_85mm 40 0.12 5.63E-06 1.31E-05 1.69E-04 5.63E-06 1.31E-05 1.69E-04 

48 KGT01_TGS_10_V_212mm 249 0.3 1.93E-05 4.50E-05 3.91E-05 1.93E-05 4.50E-05 3.91E-05 

49 KGT01_TGS_12_V_2mm 0.02 0.04 6.57E-07 1.53E-06 2.19E-03 6.57E-07 1.53E-06 2.19E-03 
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Line 

No. 
Release Scenario 

Release 

Rate 

(kg/s) 

Explosion 

Probability 

Base Case/ Sensitivity Case 1 Sensitivity 2 (Future Operation) 

Immediate 

Ignition Event 

Frequency 

Delayed Ignition 

Event Frequency 

Unignited Event 

Frequency Note 1 

Immediate 

Ignition Event 

Frequency 

Delayed Ignition 

Event Frequency 

Unignited Event 

Frequency Note 1 

50 KGT01_TGS_12_V_6mm 0.2 0.04 4.35E-07 1.02E-06 1.03E-03 4.35E-07 1.02E-06 1.03E-03 

51 KGT01_TGS_12_V_22mm 2.7 0.12 1.18E-06 2.76E-06 5.85E-04 1.18E-06 2.76E-06 5.85E-04 

52 KGT01_TGS_12_V_85mm 40 0.12 2.99E-06 6.97E-06 8.96E-05 2.99E-06 6.97E-06 8.96E-05 

53 KGT01_TGS_12_V_173mm 166 0.3 5.60E-06 1.31E-05 2.64E-05 5.60E-06 1.31E-05 2.64E-05 

54 KGT01_PGS_02_V_2mm 0.02 0.04 1.09E-06 2.54E-06 3.63E-03 1.09E-06 2.54E-06 3.63E-03 

55 KGT01_PGS_02_V_6mm 0.2 0.04 7.03E-07 1.64E-06 1.68E-03 7.03E-07 1.64E-06 1.68E-03 

56 KGT01_PGS_02_V_22mm 2.6 0.12 1.71E-06 3.98E-06 8.62E-04 1.71E-06 3.98E-06 8.62E-04 

57 KGT01_PGS_02_V_85mm 39 0.12 4.88E-06 1.14E-05 1.50E-04 4.88E-06 1.14E-05 1.50E-04 

58 KGT01_PGS_02_V_173mm 162 0.3 6.87E-06 1.60E-05 3.36E-05 6.87E-06 1.60E-05 3.36E-05 

59 KGT04_PGS_07_V_2mm 0.02 0.04 3.74E-07 8.73E-07 1.25E-03 3.74E-07 8.73E-07 1.25E-03 

60 KGT04_PGS_07_V_6mm 0.2 0.04 2.28E-07 5.32E-07 5.44E-04 2.28E-07 5.32E-07 5.44E-04 

61 KGT04_PGS_07_V_22mm 2.6 0.12 5.54E-07 1.29E-06 2.80E-04 5.54E-07 1.29E-06 2.80E-04 

62 KGT04_PGS_07_V_63mm 22 0.12 7.95E-07 1.85E-06 4.66E-05 7.95E-07 1.85E-06 4.66E-05 

63 KGT01_MPG_01_L_2mm 0.1 0.04 4.25E-07 9.92E-07 1.32E-03 4.25E-07 9.92E-07 1.32E-03 

64 KGT01_MPG_01_L_6mm 0.8 0.04 4.15E-07 9.68E-07 5.87E-04 4.15E-07 9.68E-07 5.87E-04 

65 KGT01_MPG_01_L_22mm 11 0.12 1.78E-06 4.15E-06 3.02E-04 1.78E-06 4.15E-06 3.02E-04 

66 KGT01_MPG_01_L_63mm 93 0.3 2.39E-06 5.58E-06 6.27E-05 2.39E-06 5.58E-06 6.27E-05 

67 KGT04_MPG_03_L_2mm 0.1 0.04 5.41E-07 1.26E-06 1.68E-03 5.41E-07 1.26E-06 1.68E-03 

68 KGT04_MPG_03_L_6mm 0.8 0.04 5.46E-07 1.27E-06 7.72E-04 5.46E-07 1.27E-06 7.72E-04 

69 KGT04_MPG_03_L_22mm 11 0.12 2.24E-06 5.23E-06 3.80E-04 2.24E-06 5.23E-06 3.80E-04 

70 KGT04_MPG_03_L_71mm 118 0.3 5.39E-06 1.26E-05 1.20E-04 5.39E-06 1.26E-05 1.20E-04 

71 KGT04_MPG_04_L_2mm 0.1 0.04 6.03E-07 1.41E-06 1.87E-03 6.03E-07 1.41E-06 1.87E-03 

72 KGT04_MPG_04_L_6mm 0.8 0.04 5.23E-07 1.22E-06 7.39E-04 5.23E-07 1.22E-06 7.39E-04 

73 KGT04_MPG_04_L_22mm 11 0.12 1.79E-06 4.18E-06 3.04E-04 1.79E-06 4.18E-06 3.04E-04 

74 KGT04_MPG_04_L_85mm 169 0.3 2.95E-06 6.87E-06 6.57E-05 2.95E-06 6.87E-06 6.57E-05 

75 KGT04_MPG_04_L_150mm 527 0.3 8.31E-08 1.94E-07 1.85E-06 8.31E-08 1.94E-07 1.85E-06 

76 KGT04_MPG_05_L_2mm 0.1 0.04 1.01E-06 2.36E-06 3.13E-03 1.01E-06 2.36E-06 3.13E-03 

77 KGT04_MPG_05_L_6mm 0.8 0.04 5.84E-07 1.36E-06 8.26E-04 5.84E-07 1.36E-06 8.26E-04 

78 KGT04_MPG_05_L_22mm 4.3 0.12 6.11E-07 1.43E-06 2.37E-04 6.11E-07 1.43E-06 2.37E-04 

79 KGT04_MPG_05_L_71mm 4.3 0.12 8.54E-08 1.99E-07 3.31E-05 8.54E-08 1.99E-07 3.31E-05 

80 KGT04_MPG_06_L_2mm 0.1 0.04 7.52E-07 1.75E-06 2.33E-03 7.52E-07 1.75E-06 2.33E-03 

81 KGT04_MPG_06_L_6mm 0.8 0.04 7.23E-07 1.69E-06 1.02E-03 7.23E-07 1.69E-06 1.02E-03 

82 KGT04_MPG_06_L_22mm 11 0.12 3.07E-06 7.16E-06 5.22E-04 3.07E-06 7.16E-06 5.22E-04 

83 KGT04_MPG_06_L_71mm 118 0.3 4.08E-06 9.52E-06 9.10E-05 4.08E-06 9.52E-06 9.10E-05 

84 KGT01_TGS_11_V_2mm 0.02 0.04 0.00E+00 0.00E+00 0.00E+00 7.56E-07 1.76E-06 2.52E-03 

85 KGT01_TGS_11_V_6mm 0.2 0.04 0.00E+00 0.00E+00 0.00E+00 5.42E-07 1.27E-06 1.28E-03 

86 KGT01_TGS_11_V_22mm 2.7 0.12 0.00E+00 0.00E+00 0.00E+00 1.55E-06 3.62E-06 7.66E-04 

87 KGT01_TGS_11_V_85mm 40 0.12 0.00E+00 0.00E+00 0.00E+00 1.07E-05 2.50E-05 3.21E-04 

88 KGT01_TGS_11_V_173mm 166 0.3 0.00E+00 0.00E+00 0.00E+00 1.27E-06 2.95E-06 5.97E-06 

89 KGT01_PGS_03_V_2mm 0.02 0.04 0.00E+00 0.00E+00 0.00E+00 1.17E-06 2.72E-06 3.88E-03 

90 KGT01_PGS_03_V_6mm 0.2 0.04 0.00E+00 0.00E+00 0.00E+00 7.35E-07 1.71E-06 1.75E-03 

91 KGT01_PGS_03_V_22mm 2.6 0.12 0.00E+00 0.00E+00 0.00E+00 1.74E-06 4.05E-06 8.77E-04 

92 KGT01_PGS_03_V_85mm 39 0.12 0.00E+00 0.00E+00 0.00E+00 7.27E-06 1.70E-05 2.23E-04 

93 KGT01_PGS_03_V_150mm 122 0.3 0.00E+00 0.00E+00 0.00E+00 2.90E-07 6.76E-07 2.20E-06 

94 KGT01_MPG_02_L_2mm 0.1 0.04 0.00E+00 0.00E+00 0.00E+00 3.27E-07 7.62E-07 1.01E-03 

95 KGT01_MPG_02_L_6mm 0.8 0.04 0.00E+00 0.00E+00 0.00E+00 3.13E-07 7.31E-07 4.43E-04 

96 KGT01_MPG_02_L_22mm 11 0.12 0.00E+00 0.00E+00 0.00E+00 1.31E-06 3.07E-06 2.23E-04 

97 KGT01_MPG_02_L_71mm 118 0.3 0.00E+00 0.00E+00 0.00E+00 1.80E-06 4.20E-06 4.01E-05 

98 KGT01_PGS_01_V_2mm 0.02 0.04 1.76E-06 4.11E-06 5.87E-03 1.76E-06 4.11E-06 5.87E-03 

99 KGT01_PGS_01_V_6mm 0.2 0.04 1.08E-06 2.52E-06 2.58E-03 1.08E-06 2.52E-06 2.58E-03 
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Line 

No. 
Release Scenario 

Release 

Rate 

(kg/s) 

Explosion 

Probability 

Base Case/ Sensitivity Case 1 Sensitivity 2 (Future Operation) 

Immediate 

Ignition Event 

Frequency 

Delayed Ignition 

Event Frequency 

Unignited Event 

Frequency Note 1 

Immediate 

Ignition Event 

Frequency 

Delayed Ignition 

Event Frequency 

Unignited Event 

Frequency Note 1 

100 KGT01_PGS_01_V_22mm 2.6 0.12 2.81E-06 6.56E-06 1.43E-03 2.81E-06 6.56E-06 1.43E-03 

101 KGT01_PGS_01_V_85mm 39 0.12 5.36E-06 1.25E-05 1.66E-04 5.36E-06 1.25E-05 1.66E-04 

102 KGT01_PGS_01_V_245mm 323 0.3 6.95E-06 1.62E-05 1.25E-05 6.95E-06 1.62E-05 1.25E-05 

103 KGT01_PGS_13_V_2mm 0.02 0.04 5.50E-07 1.28E-06 1.83E-03 5.50E-07 1.28E-06 1.83E-03 

104 KGT01_PGS_13_V_6mm 0.2 0.04 3.33E-07 7.78E-07 7.97E-04 3.33E-07 7.78E-07 7.97E-04 

105 KGT01_PGS_13_V_22mm 2.6 0.12 7.78E-07 1.81E-06 3.96E-04 7.78E-07 1.81E-06 3.96E-04 

106 KGT01_PGS_13_V_71mm 27 0.12 1.77E-06 4.12E-06 8.11E-05 1.77E-06 4.12E-06 8.11E-05 

107 KGT01_PGS_14_V_2mm 0.02 0.04 2.31E-07 5.39E-07 7.69E-04 2.31E-07 5.39E-07 7.69E-04 

108 KGT01_PGS_14_V_6mm 0.2 0.04 1.45E-07 3.39E-07 3.48E-04 1.45E-07 3.39E-07 3.48E-04 

109 KGT01_PGS_14_V_22mm 2.6 0.12 3.70E-07 8.64E-07 1.88E-04 3.70E-07 8.64E-07 1.88E-04 

110 KGT01_PGS_14_V_85mm 39 0.12 7.74E-07 1.80E-06 2.40E-05 7.74E-07 1.80E-06 2.40E-05 

111 KGT01_PGS_14_V_173mm 161 0.3 1.23E-06 2.88E-06 6.12E-06 1.23E-06 2.88E-06 6.12E-06 

112 KGT13_PGS_15_V_2mm 0.02 0.04 1.11E-06 2.59E-06 3.70E-03 1.11E-06 2.59E-06 3.70E-03 

113 KGT13_PGS_15_V_6mm 0.2 0.04 7.03E-07 1.64E-06 1.68E-03 7.03E-07 1.64E-06 1.68E-03 

114 KGT13_PGS_15_V_22mm 2.6 0.12 1.72E-06 4.02E-06 8.77E-04 1.72E-06 4.02E-06 8.77E-04 

115 KGT13_PGS_15_V_85mm 39 0.12 7.18E-06 1.68E-05 2.23E-04 7.18E-06 1.68E-05 2.23E-04 

116 KGT13_PGS_15_V_274mm 404 0.3 1.02E-05 2.38E-05 1.83E-05 1.02E-05 2.38E-05 1.83E-05 

117 KGT13_PGS_16_V_2mm 0.02 0.04 2.20E-06 5.14E-06 7.34E-03 2.20E-06 5.14E-06 7.34E-03 

118 KGT13_PGS_16_V_6mm 0.2 0.04 1.32E-06 3.08E-06 3.16E-03 1.32E-06 3.08E-06 3.16E-03 

119 KGT13_PGS_16_V_22mm 2.6 0.12 2.90E-06 6.77E-06 1.48E-03 2.90E-06 6.77E-06 1.48E-03 

120 KGT13_PGS_16_V_85mm 39 0.12 1.23E-05 2.88E-05 3.83E-04 1.23E-05 2.88E-05 3.83E-04 

121 KGT13_PGS_16_V_150mm 121 0.3 7.58E-07 1.77E-06 5.83E-06 7.58E-07 1.77E-06 5.83E-06 

122 KGT13_PGS_17_V_2mm 0.02 0.04 1.16E-06 2.72E-06 3.88E-03 1.16E-06 2.72E-06 3.88E-03 

123 KGT13_PGS_17_V_6mm 0.2 0.04 7.51E-07 1.75E-06 1.79E-03 7.51E-07 1.75E-06 1.79E-03 

124 KGT13_PGS_17_V_22mm 2.6 0.12 1.97E-06 4.60E-06 1.00E-03 1.97E-06 4.60E-06 1.00E-03 

125 KGT13_PGS_17_V_85mm 39 0.12 5.12E-06 1.19E-05 1.59E-04 5.12E-06 1.19E-05 1.59E-04 

126 KGT13_PGS_17_V_274mm 404 0.3 1.25E-05 2.93E-05 2.25E-05 1.25E-05 2.93E-05 2.25E-05 

127 KGT01_MGS_01_V_2mm 0.02 0.04 4.14E-06 9.66E-06 1.38E-02 4.14E-06 9.66E-06 1.38E-02 

128 KGT01_MGS_01_V_6mm 0.2 0.04 2.47E-06 5.76E-06 5.90E-03 2.47E-06 5.76E-06 5.90E-03 

129 KGT01_MGS_01_V_22mm 2.6 0.12 5.63E-06 1.31E-05 2.87E-03 5.63E-06 1.31E-05 2.87E-03 

130 KGT01_MGS_01_V_85mm 39 0.12 1.61E-05 3.75E-05 4.98E-04 1.61E-05 3.75E-05 4.98E-04 

131 KGT01_MGS_01_V_245mm 323 0.3 2.38E-05 5.56E-05 4.28E-05 2.38E-05 5.56E-05 4.28E-05 

132 KGT01_MGS_03_V_2mm 0.04 0.04 2.13E-06 4.98E-06 7.11E-03 2.13E-06 4.98E-06 7.11E-03 

133 KGT01_MGS_03_V_6mm 0.3 0.04 1.55E-06 3.62E-06 3.07E-03 1.55E-06 3.62E-06 3.07E-03 

134 KGT01_MGS_03_V_22mm 4.4 0.12 4.84E-06 1.13E-05 1.45E-03 4.84E-06 1.13E-05 1.45E-03 

135 KGT01_MGS_03_V_85mm 66 0.3 1.81E-05 4.23E-05 3.08E-04 1.81E-05 4.23E-05 3.08E-04 

136 KGT01_MGS_03_V_173mm 272 0.3 5.22E-06 1.22E-05 9.37E-06 5.22E-06 1.22E-05 9.37E-06 

137 KGT01_MGS_07_V_2mm 0.04 0.04 1.63E-06 3.79E-06 5.41E-03 1.63E-06 3.79E-06 5.41E-03 

138 KGT01_MGS_07_V_6mm 0.3 0.04 1.16E-06 2.71E-06 2.31E-03 1.16E-06 2.71E-06 2.31E-03 

139 KGT01_MGS_07_V_22mm 4.4 0.12 3.46E-06 8.07E-06 1.04E-03 3.46E-06 8.07E-06 1.04E-03 

140 KGT01_MGS_07_V_85mm 66 0.3 1.53E-05 3.56E-05 2.60E-04 1.53E-05 3.56E-05 2.60E-04 

141 KGT01_MGS_07_V_173mm 272 0.3 2.17E-06 5.07E-06 3.90E-06 2.17E-06 5.07E-06 3.90E-06 

142 KGT11_MGS_05_V_2mm 0.04 0.04 6.49E-07 1.52E-06 2.16E-03 6.49E-07 1.52E-06 2.16E-03 

143 KGT11_MGS_05_V_6mm 0.3 0.04 5.41E-07 1.26E-06 1.07E-03 5.41E-07 1.26E-06 1.07E-03 

144 KGT11_MGS_05_V_22mm 4.4 0.12 2.10E-06 4.90E-06 6.31E-04 2.10E-06 4.90E-06 6.31E-04 

145 KGT11_MGS_05_V_85mm 66 0.3 7.26E-06 1.69E-05 1.23E-04 7.26E-06 1.69E-05 1.23E-04 

146 KGT11_MGS_05_V_229mm 476 0.3 1.37E-05 3.19E-05 2.45E-05 1.37E-05 3.19E-05 2.45E-05 

147 KGT11_MGS_08_V_2mm 0.04 0.04 8.28E-07 1.93E-06 2.76E-03 8.28E-07 1.93E-06 2.76E-03 

148 KGT11_MGS_08_V_6mm 0.3 0.04 6.03E-07 1.41E-06 1.20E-03 6.03E-07 1.41E-06 1.20E-03 

149 KGT11_MGS_08_V_22mm 4.4 0.12 1.88E-06 4.39E-06 5.64E-04 1.88E-06 4.39E-06 5.64E-04 
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150 KGT11_MGS_08_V_50mm 23 0.12 2.65E-06 6.18E-06 1.47E-04 2.65E-06 6.18E-06 1.47E-04 

151 KGT11_MGS_09_V_2mm 0.04 0.04 2.45E-06 5.71E-06 8.15E-03 2.45E-06 5.71E-06 8.15E-03 

152 KGT11_MGS_09_V_6mm 0.3 0.04 1.80E-06 4.19E-06 3.57E-03 1.80E-06 4.19E-06 3.57E-03 

153 KGT11_MGS_09_V_22mm 4.4 0.12 6.17E-06 1.44E-05 1.85E-03 6.17E-06 1.44E-05 1.85E-03 

154 KGT11_MGS_09_V_85mm 66 0.3 1.42E-05 3.32E-05 2.41E-04 1.42E-05 3.32E-05 2.41E-04 

155 KGT11_MGS_09_V_229mm 476 0.3 1.14E-05 2.67E-05 2.05E-05 1.14E-05 2.67E-05 2.05E-05 

156 KGT01_PIG_01_V_2mm 0.02 0.04 2.86E-10 6.67E-10 9.51E-07 2.86E-10 6.67E-10 9.51E-07 

157 KGT01_PIG_01_V_6mm 0.2 0.04 2.12E-10 4.95E-10 4.85E-07 2.12E-10 4.95E-10 4.85E-07 

158 KGT01_PIG_01_V_22mm 2.9 0.12 5.95E-10 1.39E-09 2.68E-07 5.95E-10 1.39E-09 2.68E-07 

159 KGT01_PIG_01_V_85mm 44 0.12 2.15E-09 5.01E-09 5.80E-08 2.15E-09 5.01E-09 5.80E-08 

160 KGT01_PIG_01_V_274mm 456 0.3 5.68E-09 1.32E-08 1.02E-08 5.68E-09 1.32E-08 1.02E-08 

161 KGT13_PIG_02_V_2mm 0.02 0.04 2.64E-10 6.16E-10 8.79E-07 2.64E-10 6.16E-10 8.79E-07 

162 KGT13_PIG_02_V_6mm 0.2 0.04 1.90E-10 4.44E-10 4.55E-07 1.90E-10 4.44E-10 4.55E-07 

163 KGT13_PIG_02_V_22mm 2.6 0.12 4.94E-10 1.15E-09 2.51E-07 4.94E-10 1.15E-09 2.51E-07 

164 KGT13_PIG_02_V_85mm 39 0.12 1.90E-09 4.43E-09 5.89E-08 1.90E-09 4.43E-09 5.89E-08 

165 KGT13_PIG_02_V_274mm 404 0.3 5.68E-09 1.32E-08 1.02E-08 5.68E-09 1.32E-08 1.02E-08 

166 KGT11_PIG_03_V_2mm 0.04 0.04 2.63E-10 6.13E-10 8.75E-07 2.63E-10 6.13E-10 8.75E-07 

167 KGT11_PIG_03_V_6mm 0.3 0.04 2.28E-10 5.32E-10 4.52E-07 2.28E-10 5.32E-10 4.52E-07 

168 KGT11_PIG_03_V_22mm 4.4 0.12 8.30E-10 1.94E-09 2.49E-07 8.30E-10 1.94E-09 2.49E-07 

169 KGT11_PIG_03_V_85mm 66 0.3 3.06E-09 7.15E-09 5.20E-08 3.06E-09 7.15E-09 5.20E-08 

170 KGT11_PIG_03_V_173mm 272 0.3 5.68E-09 1.32E-08 1.02E-08 5.68E-09 1.32E-08 1.02E-08 

171 KGT11_PIG_04_V_2mm 0.04 0.04 2.63E-10 6.13E-10 8.75E-07 2.63E-10 6.13E-10 8.75E-07 

172 KGT11_PIG_04_V_6mm 0.3 0.04 2.28E-10 5.32E-10 4.52E-07 2.28E-10 5.32E-10 4.52E-07 

173 KGT11_PIG_04_V_22mm 4.4 0.12 8.30E-10 1.94E-09 2.49E-07 8.30E-10 1.94E-09 2.49E-07 

174 KGT11_PIG_04_V_85mm 66 0.3 3.06E-09 7.15E-09 5.20E-08 3.06E-09 7.15E-09 5.20E-08 

175 KGT11_PIG_04_V_173mm 272 0.3 5.68E-09 1.32E-08 1.02E-08 5.68E-09 1.32E-08 1.02E-08 

176 KGT01_MPG_21_V_2mm 0.003 0.04 1.62E-06 3.78E-06 5.39E-03 1.62E-06 3.78E-06 5.39E-03 

177 KGT01_MPG_21_V_6mm 0.03 0.04 6.83E-07 1.59E-06 2.27E-03 6.83E-07 1.59E-06 2.27E-03 

178 KGT01_MPG_21_V_22mm 0.4 0.04 5.96E-07 1.39E-06 1.08E-03 5.96E-07 1.39E-06 1.08E-03 

179 KGT01_MPG_21_V_71mm 4.4 0.12 7.45E-07 1.74E-06 2.25E-04 7.45E-07 1.74E-06 2.25E-04 

180 KGT01_MPG_22_L_2mm 0.04 0.04 4.97E-07 1.16E-06 1.65E-03 4.97E-07 1.16E-06 1.65E-03 

181 KGT01_MPG_22_L_6mm 0.4 0.04 3.46E-07 8.08E-07 6.52E-04 3.46E-07 8.08E-07 6.52E-04 

182 KGT01_MPG_22_L_22mm 5.1 0.12 7.59E-07 1.77E-06 2.55E-04 7.59E-07 1.77E-06 2.55E-04 

183 KGT01_MPG_22_L_50mm 26 0.12 9.81E-07 2.29E-06 8.06E-05 9.81E-07 2.29E-06 8.06E-05 

184 KGT01_MPG_23_L_2mm 0.1 0.04 4.40E-07 1.03E-06 1.22E-03 4.40E-07 1.03E-06 1.22E-03 

185 KGT01_MPG_23_L_6mm 1.1 0.12 4.51E-07 1.05E-06 5.35E-04 4.51E-07 1.05E-06 5.35E-04 

186 KGT01_MPG_23_L_22mm 15 0.12 1.89E-06 4.40E-06 2.47E-04 1.89E-06 4.40E-06 2.47E-04 

187 KGT01_MPG_23_L_50mm 79 0.3 2.46E-06 5.75E-06 7.48E-05 2.46E-06 5.75E-06 7.48E-05 

188 KGT01_FGA_01_V_2mm 0.02 0.04 1.57E-06 3.67E-06 5.24E-03 1.57E-06 3.67E-06 5.24E-03 

189 KGT01_FGA_01_V_6mm 0.2 0.04 1.00E-06 2.34E-06 2.40E-03 1.00E-06 2.34E-06 2.40E-03 

190 KGT01_FGA_01_V_22mm 2.6 0.12 2.61E-06 6.10E-06 1.33E-03 2.61E-06 6.10E-06 1.33E-03 

191 KGT01_FGA_01_V_85mm 39 0.12 1.01E-05 2.36E-05 3.14E-04 1.01E-05 2.36E-05 3.14E-04 

192 KGT01_FGA_01_V_150mm 121 0.3 1.30E-06 3.04E-06 1.00E-05 1.30E-06 3.04E-06 1.00E-05 

193 KGT01_FGA_02_V_2mm 0.02 0.04 4.53E-06 1.06E-05 1.51E-02 4.53E-06 1.06E-05 1.51E-02 

194 KGT01_FGA_02_V_6mm 0.2 0.04 2.65E-06 6.19E-06 6.35E-03 2.65E-06 6.19E-06 6.35E-03 

195 KGT01_FGA_02_V_22mm 2.6 0.12 6.09E-06 1.42E-05 3.10E-03 6.09E-06 1.42E-05 3.10E-03 

196 KGT01_FGA_02_V_85mm 39 0.12 1.31E-05 3.06E-05 4.06E-04 1.31E-05 3.06E-05 4.06E-04 

197 KGT01_FGA_02_V_150mm 121 0.3 3.19E-06 7.45E-06 2.46E-05 3.19E-06 7.45E-06 2.46E-05 

198 KGT01_PGS_19_V_2mm 0.02 0.04 2.25E-06 5.25E-06 7.49E-03 2.25E-06 5.25E-06 7.49E-03 

199 KGT01_PGS_19_V_6mm 0.2 0.04 1.22E-06 2.84E-06 2.91E-03 1.22E-06 2.84E-06 2.91E-03 
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200 KGT01_PGS_19_V_22mm 2.6 0.12 2.24E-06 5.23E-06 1.14E-03 2.24E-06 5.23E-06 1.14E-03 

201 KGT01_PGS_19_V_50mm 13 0.12 2.81E-06 6.56E-06 2.69E-04 2.81E-06 6.56E-06 2.69E-04 

202 KGT01_PGS_21_V_2mm 0.02 0.04 3.62E-06 8.45E-06 1.21E-02 3.62E-06 8.45E-06 1.21E-02 

203 KGT01_PGS_21_V_6mm 0.2 0.04 1.91E-06 4.47E-06 4.58E-03 1.91E-06 4.47E-06 4.58E-03 

204 KGT01_PGS_21_V_22mm 2.6 0.12 3.38E-06 7.89E-06 1.72E-03 3.38E-06 7.89E-06 1.72E-03 

205 KGT01_PGS_21_V_71mm 27 0.12 8.27E-06 1.93E-05 3.79E-04 8.27E-06 1.93E-05 3.79E-04 

206 KGT01_PGS_22_V_2mm 0.02 0.04 0.00E+00 0.00E+00 0.00E+00 1.46E-06 3.41E-06 4.86E-03 

207 KGT01_PGS_22_V_6mm 0.2 0.04 0.00E+00 0.00E+00 0.00E+00 8.81E-07 2.06E-06 2.11E-03 

208 KGT01_PGS_22_V_22mm 2.6 0.12 0.00E+00 0.00E+00 0.00E+00 2.05E-06 4.79E-06 1.04E-03 

209 KGT01_PGS_22_V_85mm 39 0.12 0.00E+00 0.00E+00 0.00E+00 5.15E-06 1.20E-05 1.60E-04 

210 KGT01_PGS_22_V_150mm 121 0.3 0.00E+00 0.00E+00 0.00E+00 2.22E-06 5.19E-06 1.71E-05 

211 KGT01_MPG_07_L_2mm 0.1 0.04 5.60E-07 1.31E-06 1.83E-03 5.60E-07 1.31E-06 1.83E-03 

212 KGT01_MPG_07_L_6mm 0.7 0.04 5.71E-07 1.33E-06 8.52E-04 5.71E-07 1.33E-06 8.52E-04 

213 KGT01_MPG_07_L_22mm 10 0.12 2.39E-06 5.57E-06 4.62E-04 2.39E-06 5.57E-06 4.62E-04 

214 KGT01_MPG_07_L_71mm 101 0.3 5.89E-06 1.37E-05 1.42E-04 5.89E-06 1.37E-05 1.42E-04 

215 KGT01_DET_01_V_2mm 0.02 0.04 7.52E-07 1.75E-06 2.50E-03 7.52E-07 1.75E-06 2.50E-03 

216 KGT01_DET_01_V_6mm 0.1 0.04 4.36E-07 1.02E-06 1.16E-03 4.36E-07 1.02E-06 1.16E-03 

217 KGT01_DET_01_V_22mm 1.9 0.12 9.09E-07 2.12E-06 6.30E-04 9.09E-07 2.12E-06 6.30E-04 

218 KGT01_DET_01_V_71mm 20 0.12 3.20E-06 7.48E-06 2.04E-04 3.20E-06 7.48E-06 2.04E-04 

219 KGT01_PGS_04_V_2mm 0.02 0.04 5.82E-07 1.36E-06 1.94E-03 5.82E-07 1.36E-06 1.94E-03 

220 KGT01_PGS_04_V_6mm 0.1 0.04 3.32E-07 7.74E-07 8.85E-04 3.32E-07 7.74E-07 8.85E-04 

221 KGT01_PGS_04_V_22mm 1.9 0.12 6.78E-07 1.58E-06 4.70E-04 6.78E-07 1.58E-06 4.70E-04 

222 KGT01_PGS_04_V_63mm 16 0.12 1.51E-06 3.53E-06 1.24E-04 1.51E-06 3.53E-06 1.24E-04 

223 KGT01_PGS_05_V_2mm 0.02 0.04 3.12E-06 7.29E-06 1.04E-02 3.12E-06 7.29E-06 1.04E-02 

224 KGT01_PGS_05_V_6mm 0.1 0.04 1.73E-06 4.03E-06 4.61E-03 1.73E-06 4.03E-06 4.61E-03 

225 KGT01_PGS_05_V_22mm 1.9 0.12 3.09E-06 7.21E-06 2.14E-03 3.09E-06 7.21E-06 2.14E-03 

226 KGT01_PGS_05_V_85mm 29 0.12 1.51E-05 3.52E-05 6.54E-04 1.51E-05 3.52E-05 6.54E-04 

227 KGT01_PGS_05_V_173mm 118 0.3 7.74E-07 1.81E-06 6.14E-06 7.74E-07 1.81E-06 6.14E-06 

228 KGT01_DEX_01_L_2mm 0.1 0.04 1.74E-06 4.07E-06 5.37E-03 1.74E-06 4.07E-06 5.37E-03 

229 KGT01_DEX_01_L_6mm 0.9 0.04 1.24E-06 2.90E-06 1.74E-03 1.24E-06 2.90E-06 1.74E-03 

230 KGT01_DEX_01_L_22mm 0.9 0.04 4.62E-07 1.08E-06 6.45E-04 4.62E-07 1.08E-06 6.45E-04 

231 KGT01_DEX_01_L_63mm 0.9 0.04 1.05E-07 2.44E-07 1.46E-04 1.05E-07 2.44E-07 1.46E-04 

232 KGT01_DEB_01_L_2mm 0.1 0.04 9.52E-07 2.22E-06 2.93E-03 9.52E-07 2.22E-06 2.93E-03 

233 KGT01_DEB_01_L_6mm 0.9 0.04 9.36E-07 2.18E-06 1.31E-03 9.36E-07 2.18E-06 1.31E-03 

234 KGT01_DEB_01_L_22mm 12 0.12 4.02E-06 9.38E-06 6.72E-04 4.02E-06 9.38E-06 6.72E-04 

235 KGT01_DEB_01_L_85mm 172 0.3 6.37E-06 1.49E-05 1.42E-04 6.37E-06 1.49E-05 1.42E-04 

236 KGT01_DEB_01_L_150mm 537 0.3 1.37E-07 3.20E-07 3.06E-06 1.37E-07 3.20E-07 3.06E-06 

237 KGT01_MPG_09_L_2mm 0.1 0.04 8.30E-07 1.94E-06 2.55E-03 8.30E-07 1.94E-06 2.55E-03 

238 KGT01_MPG_09_L_6mm 0.9 0.04 8.05E-07 1.88E-06 1.13E-03 8.05E-07 1.88E-06 1.13E-03 

239 KGT01_MPG_09_L_22mm 12 0.12 3.63E-06 8.47E-06 6.07E-04 3.63E-06 8.47E-06 6.07E-04 

240 KGT01_MPG_09_L_85mm 172 0.3 3.47E-06 8.09E-06 7.73E-05 3.47E-06 8.09E-06 7.73E-05 

241 KGT01_MPG_09_L_150mm 537 0.3 3.79E-07 8.84E-07 8.45E-06 3.79E-07 8.84E-07 8.45E-06 

242 KGT01_MPG_10_V_2mm 0.03 0.04 4.01E-07 9.35E-07 1.33E-03 4.01E-07 9.35E-07 1.33E-03 

243 KGT01_MPG_10_V_6mm 0.2 0.04 2.71E-07 6.32E-07 5.94E-04 2.71E-07 6.32E-07 5.94E-04 

244 KGT01_MPG_10_V_22mm 3.3 0.12 7.60E-07 1.77E-06 3.03E-04 7.60E-07 1.77E-06 3.03E-04 

245 KGT01_MPG_10_V_71mm 35 0.12 1.94E-06 4.53E-06 6.86E-05 1.94E-06 4.53E-06 6.86E-05 

246 KGT01_MPG_13_L_2mm 0.1 0.04 0.00E+00 0.00E+00 0.00E+00 2.59E-07 6.04E-07 8.46E-04 

247 KGT01_MPG_13_L_6mm 0.7 0.04 0.00E+00 0.00E+00 0.00E+00 2.43E-07 5.67E-07 3.62E-04 

248 KGT01_MPG_13_L_22mm 10 0.12 0.00E+00 0.00E+00 0.00E+00 9.13E-07 2.13E-06 1.77E-04 

249 KGT01_MPG_13_L_85mm 145 0.3 0.00E+00 0.00E+00 0.00E+00 1.24E-06 2.90E-06 2.77E-05 
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250 KGT01_MPG_13_L_150mm 453 0.3 0.00E+00 0.00E+00 0.00E+00 8.09E-08 1.89E-07 1.80E-06 

251 KGT01_STT_01_V_2mm 0.02 0.04 0.00E+00 0.00E+00 0.00E+00 1.05E-06 2.44E-06 3.48E-03 

252 KGT01_STT_01_V_6mm 0.1 0.04 0.00E+00 0.00E+00 0.00E+00 5.67E-07 1.32E-06 1.51E-03 

253 KGT01_STT_01_V_22mm 1.9 0.12 0.00E+00 0.00E+00 0.00E+00 1.15E-06 2.69E-06 8.00E-04 

254 KGT01_STT_01_V_63mm 16 0.12 0.00E+00 0.00E+00 0.00E+00 1.31E-06 3.05E-06 1.07E-04 

255 KGT01_PGS_10_V_2mm 0.02 0.04 0.00E+00 0.00E+00 0.00E+00 1.04E-06 2.42E-06 3.46E-03 

256 KGT01_PGS_10_V_6mm 0.1 0.04 0.00E+00 0.00E+00 0.00E+00 5.70E-07 1.33E-06 1.52E-03 

257 KGT01_PGS_10_V_22mm 1.9 0.12 0.00E+00 0.00E+00 0.00E+00 1.12E-06 2.62E-06 7.78E-04 

258 KGT01_PGS_10_V_71mm 20 0.12 0.00E+00 0.00E+00 0.00E+00 2.51E-06 5.85E-06 1.59E-04 

259 KGT01_PGS_11_V_2mm 0.02 0.04 0.00E+00 0.00E+00 0.00E+00 2.78E-06 6.48E-06 9.25E-03 

260 KGT01_PGS_11_V_6mm 0.1 0.04 0.00E+00 0.00E+00 0.00E+00 1.54E-06 3.60E-06 4.12E-03 

261 KGT01_PGS_11_V_22mm 1.9 0.12 0.00E+00 0.00E+00 0.00E+00 2.71E-06 6.32E-06 1.88E-03 

262 KGT01_PGS_11_V_71mm 20 0.12 0.00E+00 0.00E+00 0.00E+00 1.03E-05 2.40E-05 6.55E-04 

263 KGT01_STB_01_L_2mm 0.1 0.04 0.00E+00 0.00E+00 0.00E+00 1.30E-06 3.02E-06 3.99E-03 

264 KGT01_STB_01_L_6mm 0.9 0.04 0.00E+00 0.00E+00 0.00E+00 1.24E-06 2.90E-06 1.75E-03 

265 KGT01_STB_01_L_22mm 12 0.12 0.00E+00 0.00E+00 0.00E+00 5.38E-06 1.26E-05 8.99E-04 

266 KGT01_STB_01_L_85mm 172 0.3 0.00E+00 0.00E+00 0.00E+00 6.16E-06 1.44E-05 1.37E-04 

267 KGT01_STB_01_L_150mm 537 0.3 0.00E+00 0.00E+00 0.00E+00 5.62E-08 1.31E-07 1.25E-06 

268 KGT01_DPT_11_V_2mm 0.01 0.04 9.19E-07 2.14E-06 3.06E-03 9.19E-07 2.14E-06 3.06E-03 

269 KGT01_DPT_11_V_6mm 0.1 0.04 4.29E-07 1.00E-06 1.27E-03 4.29E-07 1.00E-06 1.27E-03 

270 KGT01_DPT_11_V_22mm 1.4 0.12 6.55E-07 1.53E-06 6.10E-04 6.55E-07 1.53E-06 6.10E-04 

271 KGT01_DPT_11_V_85mm 21 0.12 2.00E-06 4.68E-06 1.19E-04 2.00E-06 4.68E-06 1.19E-04 

272 KGT01_DPT_11_V_150mm 66 0.3 3.29E-07 7.69E-07 5.53E-06 3.29E-07 7.69E-07 5.53E-06 

273 KGT01_DPX_11_L_2mm 0.1 0.04 1.38E-06 3.22E-06 4.59E-03 1.38E-06 3.22E-06 4.59E-03 

274 KGT01_DPX_11_L_6mm 0.7 0.04 9.55E-07 2.23E-06 1.47E-03 9.55E-07 2.23E-06 1.47E-03 

275 KGT01_DPX_11_L_22mm 3.8 0.12 1.37E-06 3.19E-06 5.86E-04 1.37E-06 3.19E-06 5.86E-04 

276 KGT01_DPX_11_L_71mm 3.8 0.12 2.13E-07 4.96E-07 9.11E-05 2.13E-07 4.96E-07 9.11E-05 

277 KGT01_PC3_02_L_2mm 0.1 0.04 8.93E-07 2.08E-06 2.98E-03 8.93E-07 2.08E-06 2.98E-03 

278 KGT01_PC3_02_L_6mm 0.7 0.04 8.65E-07 2.02E-06 1.33E-03 8.65E-07 2.02E-06 1.33E-03 

279 KGT01_PC3_02_L_22mm 3.8 0.12 1.56E-06 3.64E-06 6.69E-04 1.56E-06 3.64E-06 6.69E-04 

280 KGT01_PC3_02_L_50mm 3.8 0.12 4.31E-07 1.00E-06 1.84E-04 4.31E-07 1.00E-06 1.84E-04 

281 KGT01_DPB_11_L_2mm 0.1 0.04 1.23E-06 2.86E-06 4.09E-03 1.23E-06 2.86E-06 4.09E-03 

282 KGT01_DPB_11_L_6mm 0.7 0.04 1.19E-06 2.79E-06 1.83E-03 1.19E-06 2.79E-06 1.83E-03 

283 KGT01_DPB_11_L_22mm 9.0 0.12 4.51E-06 1.05E-05 9.32E-04 4.51E-06 1.05E-05 9.32E-04 

284 KGT01_DPB_11_L_85mm 135 0.3 9.20E-06 2.15E-05 2.05E-04 9.20E-06 2.15E-05 2.05E-04 

285 KGT01_DPB_11_L_150mm 420 0.3 2.64E-07 6.15E-07 5.88E-06 2.64E-07 6.15E-07 5.88E-06 

286 KGT01_DPT_01_V_2mm 0.01 0.04 0.00E+00 0.00E+00 0.00E+00 1.58E-06 3.68E-06 5.26E-03 

287 KGT01_DPT_01_V_6mm 0.1 0.04 0.00E+00 0.00E+00 0.00E+00 7.39E-07 1.73E-06 2.19E-03 

288 KGT01_DPT_01_V_22mm 1.4 0.12 0.00E+00 0.00E+00 0.00E+00 1.19E-06 2.77E-06 1.11E-03 

289 KGT01_DPT_01_V_85mm 21 0.12 0.00E+00 0.00E+00 0.00E+00 2.09E-06 4.88E-06 1.24E-04 

290 KGT01_DPT_01_V_150mm 66 0.3 0.00E+00 0.00E+00 0.00E+00 3.29E-07 7.69E-07 5.53E-06 

291 KGT01_DPX_01_L_2mm 0.1 0.04 0.00E+00 0.00E+00 0.00E+00 1.43E-06 3.33E-06 4.75E-03 

292 KGT01_DPX_01_L_6mm 0.7 0.04 0.00E+00 0.00E+00 0.00E+00 9.97E-07 2.33E-06 1.54E-03 

293 KGT01_DPX_01_L_22mm 4.5 0.12 0.00E+00 0.00E+00 0.00E+00 1.66E-06 3.88E-06 6.17E-04 

294 KGT01_DPX_01_L_71mm 4.5 0.12 0.00E+00 0.00E+00 0.00E+00 2.39E-07 5.58E-07 8.85E-05 

295 KGT01_PC3_01_L_2mm 0.1 0.04 0.00E+00 0.00E+00 0.00E+00 7.25E-07 1.69E-06 2.41E-03 

296 KGT01_PC3_01_L_6mm 0.7 0.04 0.00E+00 0.00E+00 0.00E+00 7.06E-07 1.65E-06 1.09E-03 

297 KGT01_PC3_01_L_22mm 4.5 0.12 0.00E+00 0.00E+00 0.00E+00 1.46E-06 3.40E-06 5.40E-04 

298 KGT01_PC3_01_L_50mm 4.5 0.12 0.00E+00 0.00E+00 0.00E+00 4.51E-07 1.05E-06 1.67E-04 

299 KGT01_DPB_01_L_2mm 0.1 0.04 0.00E+00 0.00E+00 0.00E+00 1.26E-06 2.93E-06 4.18E-03 
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300 KGT01_DPB_01_L_6mm 0.7 0.04 0.00E+00 0.00E+00 0.00E+00 1.21E-06 2.82E-06 1.85E-03 

301 KGT01_DPB_01_L_22mm 9.0 0.12 0.00E+00 0.00E+00 0.00E+00 4.56E-06 1.06E-05 9.42E-04 

302 KGT01_DPB_01_L_85mm 135 0.3 0.00E+00 0.00E+00 0.00E+00 8.07E-06 1.88E-05 1.80E-04 

303 KGT01_DPB_01_L_150mm 420 0.3 0.00E+00 0.00E+00 0.00E+00 1.65E-07 3.84E-07 3.67E-06 

304 KGT01_DBT_11_V_2mm 0.01 0.04 1.07E-06 2.49E-06 3.56E-03 1.07E-06 2.49E-06 3.56E-03 

305 KGT01_DBT_11_V_6mm 0.1 0.04 4.57E-07 1.07E-06 1.52E-03 4.57E-07 1.07E-06 1.52E-03 

306 KGT01_DBT_11_V_22mm 0.8 0.04 5.24E-07 1.22E-06 7.56E-04 5.24E-07 1.22E-06 7.56E-04 

307 KGT01_DBT_11_V_85mm 12 0.12 1.63E-06 3.79E-06 1.77E-04 1.63E-06 3.79E-06 1.77E-04 

308 KGT01_DBT_11_V_150mm 37 0.12 2.17E-07 5.06E-07 7.11E-06 2.17E-07 5.06E-07 7.11E-06 

309 KGT01_DBX_11_L_2mm 0.1 0.04 2.18E-06 5.10E-06 7.27E-03 2.18E-06 5.10E-06 7.27E-03 

310 KGT01_DBX_11_L_6mm 0.5 0.04 1.50E-06 3.51E-06 2.56E-03 1.50E-06 3.51E-06 2.56E-03 

311 KGT01_DBX_11_L_22mm 3.1 0.12 2.11E-06 4.91E-06 1.06E-03 2.11E-06 4.91E-06 1.06E-03 

312 KGT01_DBX_11_L_63mm 3.1 0.12 3.83E-07 8.95E-07 1.94E-04 3.83E-07 8.95E-07 1.94E-04 

313 KGT01_NGL_01_L_2mm 0.1 0.04 1.23E-06 2.88E-06 4.10E-03 1.23E-06 2.88E-06 4.10E-03 

314 KGT01_NGL_01_L_6mm 0.5 0.04 1.06E-06 2.48E-06 1.81E-03 1.06E-06 2.48E-06 1.81E-03 

315 KGT01_NGL_01_L_22mm 6.7 0.12 3.47E-06 8.09E-06 9.25E-04 3.47E-06 8.09E-06 9.25E-04 

316 KGT01_NGL_01_L_85mm 100 0.3 7.12E-06 1.66E-05 1.74E-04 7.12E-06 1.66E-05 1.74E-04 

317 KGT01_NGL_01_L_150mm 311 0.3 1.57E-07 3.67E-07 3.51E-06 1.57E-07 3.67E-07 3.51E-06 

318 KGT01_NGL_02_L_2mm 0.1 0.04 1.79E-06 4.17E-06 5.96E-03 1.79E-06 4.17E-06 5.96E-03 

319 KGT01_NGL_02_L_6mm 0.5 0.04 1.47E-06 3.43E-06 2.44E-03 1.47E-06 3.43E-06 2.44E-03 

320 KGT01_NGL_02_L_22mm 7.2 0.12 4.39E-06 1.02E-05 1.10E-03 4.39E-06 1.02E-05 1.10E-03 

321 KGT01_NGL_02_L_85mm 108 0.3 9.51E-06 2.22E-05 2.17E-04 9.51E-06 2.22E-05 2.17E-04 

322 KGT01_NGL_02_L_150mm 335 0.3 8.61E-08 2.01E-07 1.92E-06 8.61E-08 2.01E-07 1.92E-06 

323 KGT01_DBT_01_V_2mm 0.01 0.04 0.00E+00 0.00E+00 0.00E+00 1.17E-06 2.72E-06 3.88E-03 

324 KGT01_DBT_01_V_6mm 0.1 0.04 0.00E+00 0.00E+00 0.00E+00 4.86E-07 1.13E-06 1.62E-03 

325 KGT01_DBT_01_V_22mm 0.8 0.04 0.00E+00 0.00E+00 0.00E+00 5.53E-07 1.29E-06 7.99E-04 

326 KGT01_DBT_01_V_71mm 8.3 0.12 0.00E+00 0.00E+00 0.00E+00 8.49E-07 1.98E-06 1.34E-04 

327 KGT01_DBX_01_L_2mm 0.1 0.04 0.00E+00 0.00E+00 0.00E+00 1.56E-06 3.64E-06 5.20E-03 

328 KGT01_DBX_01_L_6mm 0.5 0.04 0.00E+00 0.00E+00 0.00E+00 1.02E-06 2.38E-06 1.73E-03 

329 KGT01_DBX_01_L_22mm 3.1 0.12 0.00E+00 0.00E+00 0.00E+00 1.42E-06 3.32E-06 7.19E-04 

330 KGT01_DBX_01_L_63mm 3.1 0.12 0.00E+00 0.00E+00 0.00E+00 2.25E-07 5.25E-07 1.14E-04 

331 KGT01_DBB_01_L_2mm 0.1 0.04 0.00E+00 0.00E+00 0.00E+00 7.84E-07 1.83E-06 2.61E-03 

332 KGT01_DBB_01_L_6mm 0.5 0.04 0.00E+00 0.00E+00 0.00E+00 6.86E-07 1.60E-06 1.17E-03 

333 KGT01_DBB_01_L_22mm 6.7 0.12 0.00E+00 0.00E+00 0.00E+00 2.23E-06 5.21E-06 5.96E-04 

334 KGT01_DBB_01_L_85mm 100 0.3 0.00E+00 0.00E+00 0.00E+00 5.48E-06 1.28E-05 1.34E-04 

335 KGT01_DBB_01_L_150mm 311 0.3 0.00E+00 0.00E+00 0.00E+00 5.62E-08 1.31E-07 1.25E-06 

336 KGT01_PC4_12_L_2mm 0.1 0.04 0.00E+00 0.00E+00 0.00E+00 7.43E-07 1.73E-06 2.47E-03 

337 KGT01_PC4_12_L_6mm 0.5 0.04 0.00E+00 0.00E+00 0.00E+00 6.57E-07 1.53E-06 1.12E-03 

338 KGT01_PC4_12_L_22mm 6.7 0.12 0.00E+00 0.00E+00 0.00E+00 2.11E-06 4.93E-06 5.59E-04 

339 KGT01_PC4_12_L_63mm 55 0.3 0.00E+00 0.00E+00 0.00E+00 4.50E-06 1.05E-05 1.91E-04 

340 KGT01_PC3_13_L_2mm 0.1 0.04 0.00E+00 0.00E+00 0.00E+00 4.42E-07 1.03E-06 1.47E-03 

341 KGT01_PC3_13_L_6mm 0.7 0.04 0.00E+00 0.00E+00 0.00E+00 4.10E-07 9.58E-07 6.33E-04 

342 KGT01_PC3_13_L_22mm 8.9 0.12 0.00E+00 0.00E+00 0.00E+00 1.39E-06 3.25E-06 2.91E-04 

343 KGT01_PC3_13_L_50mm 46 0.12 0.00E+00 0.00E+00 0.00E+00 1.47E-06 3.43E-06 7.36E-05 

344 KGT01_LPG_04_L_2mm 0.1 0.04 0.00E+00 0.00E+00 0.00E+00 9.03E-07 2.11E-06 3.01E-03 

345 KGT01_LPG_04_L_6mm 0.6 0.04 0.00E+00 0.00E+00 0.00E+00 8.09E-07 1.89E-06 1.30E-03 

346 KGT01_LPG_04_L_22mm 7.9 0.12 0.00E+00 0.00E+00 0.00E+00 2.78E-06 6.50E-06 6.43E-04 

347 KGT01_LPG_04_L_50mm 41 0.12 0.00E+00 0.00E+00 0.00E+00 2.19E-06 5.11E-06 1.22E-04 

348 KGT32_NGL_05_L_2mm 0.1 0.04 2.05E-07 4.78E-07 6.82E-04 2.05E-07 4.78E-07 6.82E-04 

349 KGT32_NGL_05_L_6mm 0.5 0.04 1.79E-07 4.18E-07 2.98E-04 1.79E-07 4.18E-07 2.98E-04 
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350 KGT32_NGL_05_L_22mm 7.2 0.12 5.59E-07 1.30E-06 1.40E-04 5.59E-07 1.30E-06 1.40E-04 

351 KGT32_NGL_05_L_50mm 37 0.12 6.98E-07 1.63E-06 4.22E-05 6.98E-07 1.63E-06 4.22E-05 

352 KGT33_NGL_06_L_2mm 0.1 0.04 4.47E-07 1.04E-06 1.49E-03 4.47E-07 1.04E-06 1.49E-03 

353 KGT33_NGL_06_L_6mm 0.5 0.04 3.85E-07 8.99E-07 6.39E-04 3.85E-07 8.99E-07 6.39E-04 

354 KGT33_NGL_06_L_22mm 7.2 0.12 1.27E-06 2.97E-06 3.18E-04 1.27E-06 2.97E-06 3.18E-04 

355 KGT33_NGL_06_L_71mm 75 0.3 1.58E-06 3.69E-06 5.04E-05 1.58E-06 3.69E-06 5.04E-05 

356 KGT34_NGL_07_L_10mm 0.01 0.04 3.00E-08 7.00E-08 9.99E-05 3.00E-08 7.00E-08 9.99E-05 

357 KGT34_NGL_07_L_50mm 0.1 0.04 1.60E-09 3.74E-09 4.99E-06 1.60E-09 3.74E-09 4.99E-06 

358 KGT34_NGL_07_L_FBR 1000 0.3 2.25E-08 5.25E-08 4.93E-06 2.25E-08 5.25E-08 4.93E-06 

359 KGT35_NGL_09_L_2mm 0.04 0.04 1.43E-06 3.34E-06 4.77E-03 1.43E-06 3.34E-06 4.77E-03 

360 KGT35_NGL_09_L_6mm 0.3 0.04 7.54E-07 1.76E-06 1.46E-03 7.54E-07 1.76E-06 1.46E-03 

361 KGT35_NGL_09_L_22mm 4.7 0.12 1.33E-06 3.11E-06 4.80E-04 1.33E-06 3.11E-06 4.80E-04 

362 KGT35_NGL_09_L_71mm 11 0.12 5.33E-07 1.24E-06 9.41E-05 5.33E-07 1.24E-06 9.41E-05 

363 KGT36_NGL_10_L_2mm 0.04 0.04 3.73E-07 8.71E-07 1.24E-03 3.73E-07 8.71E-07 1.24E-03 

364 KGT36_NGL_10_L_6mm 0.3 0.04 2.90E-07 6.77E-07 5.62E-04 2.90E-07 6.77E-07 5.62E-04 

365 KGT36_NGL_10_L_22mm 4.7 0.12 8.16E-07 1.90E-06 2.94E-04 8.16E-07 1.90E-06 2.94E-04 

366 KGT36_NGL_10_L_71mm 49 0.12 1.53E-06 3.58E-06 7.26E-05 1.53E-06 3.58E-06 7.26E-05 

367 KGT36_NGL_11_L_10mm 1.0 0.04 4.24E-05 9.90E-05 5.71E-02 5.94E-05 1.39E-04 7.98E-02 

368 KGT36_NGL_11_L_100mm 97 0.3 2.01E-04 4.69E-04 5.05E-03 2.81E-04 6.56E-04 7.06E-03 

369 KGT37_PC3_05_L_2mm 0.1 0.04 3.20E-07 7.47E-07 1.07E-03 3.20E-07 7.47E-07 1.07E-03 

370 KGT37_PC3_05_L_6mm 0.7 0.04 3.04E-07 7.08E-07 4.67E-04 3.04E-07 7.08E-07 4.67E-04 

371 KGT37_PC3_05_L_22mm 8.9 0.12 1.07E-06 2.50E-06 2.23E-04 1.07E-06 2.50E-06 2.23E-04 

372 KGT37_PC3_05_L_63mm 73 0.3 1.61E-06 3.75E-06 5.26E-05 1.61E-06 3.75E-06 5.26E-05 

373 KGT39_PC3_07_V_10mm 0.2 0.04 1.94E-09 4.52E-09 4.99E-06 1.94E-09 4.52E-09 4.99E-06 

374 KGT39_PC3_07_V_50mm 3.9 0.12 7.36E-10 1.72E-09 2.48E-07 7.36E-10 1.72E-09 2.48E-07 

375 KGT39_PC3_07_V_FBR 1000 0.3 4.88E-08 1.14E-07 8.75E-08 4.88E-08 1.14E-07 8.75E-08 

376 KGT39_PC3_08_L_10mm 1.3 0.12 4.70E-09 1.10E-08 4.98E-06 4.70E-09 1.10E-08 4.98E-06 

377 KGT39_PC3_08_L_50mm 33 0.12 3.52E-09 8.20E-09 2.38E-07 3.52E-09 8.20E-09 2.38E-07 

378 KGT39_PC3_08_L_FBR 1000 0.3 9.75E-09 2.28E-08 2.18E-07 9.75E-09 2.28E-08 2.18E-07 

379 KGT40_PC3_09_V_10mm 0.2 0.04 1.94E-09 4.52E-09 4.99E-06 1.94E-09 4.52E-09 4.99E-06 

380 KGT40_PC3_09_V_50mm 3.9 0.12 7.36E-10 1.72E-09 2.48E-07 7.36E-10 1.72E-09 2.48E-07 

381 KGT40_PC3_09_V_FBR 1000 0.3 4.88E-08 1.14E-07 8.75E-08 4.88E-08 1.14E-07 8.75E-08 

382 KGT40_PC3_10_L_10mm 1.3 0.12 4.70E-09 1.10E-08 4.98E-06 4.70E-09 1.10E-08 4.98E-06 

383 KGT40_PC3_10_L_50mm 33 0.12 3.52E-09 8.20E-09 2.38E-07 3.52E-09 8.20E-09 2.38E-07 

384 KGT40_PC3_10_L_FBR 1000 0.3 9.75E-09 2.28E-08 2.18E-07 9.75E-09 2.28E-08 2.18E-07 

385 KGT41_PC4_04_L_2mm 0.1 0.04 3.98E-07 9.28E-07 1.32E-03 3.98E-07 9.28E-07 1.32E-03 

386 KGT41_PC4_04_L_6mm 0.5 0.04 3.39E-07 7.92E-07 5.77E-04 3.39E-07 7.92E-07 5.77E-04 

387 KGT41_PC4_04_L_22mm 6.8 0.12 1.01E-06 2.36E-06 2.67E-04 1.01E-06 2.36E-06 2.67E-04 

388 KGT41_PC4_04_L_63mm 56 0.3 1.70E-06 3.97E-06 7.19E-05 1.70E-06 3.97E-06 7.19E-05 

389 KGT43_PC4_06_V_10mm 0.1 0.04 1.50E-09 3.50E-09 5.00E-06 1.50E-09 3.50E-09 5.00E-06 

390 KGT43_PC4_06_V_50mm 1.5 0.12 2.86E-10 6.66E-10 2.49E-07 2.86E-10 6.66E-10 2.49E-07 

391 KGT43_PC4_06_V_FBR 1000 0.3 4.88E-08 1.14E-07 8.75E-08 4.88E-08 1.14E-07 8.75E-08 

392 KGT43_PC4_07_L_10mm 0.7 0.04 3.38E-09 7.89E-09 4.99E-06 3.38E-09 7.89E-09 4.99E-06 

393 KGT43_PC4_07_L_50mm 19 0.12 2.20E-09 5.13E-09 2.43E-07 2.20E-09 5.13E-09 2.43E-07 

394 KGT43_PC4_07_L_FBR 1000 0.3 9.75E-09 2.28E-08 2.18E-07 9.75E-09 2.28E-08 2.18E-07 

395 KGT44_PC4_08_V_10mm 0.1 0.04 1.50E-09 3.50E-09 5.00E-06 1.50E-09 3.50E-09 5.00E-06 

396 KGT44_PC4_08_V_50mm 1.5 0.12 2.86E-10 6.66E-10 2.49E-07 2.86E-10 6.66E-10 2.49E-07 

397 KGT44_PC4_08_V_FBR 1000 0.3 4.88E-08 1.14E-07 8.75E-08 4.88E-08 1.14E-07 8.75E-08 

398 KGT44_PC4_09_L_10mm 0.7 0.04 3.38E-09 7.89E-09 4.99E-06 3.38E-09 7.89E-09 4.99E-06 

399 KGT44_PC4_09_L_50mm 19 0.12 2.20E-09 5.13E-09 2.43E-07 2.20E-09 5.13E-09 2.43E-07 
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400 KGT44_PC4_09_L_FBR 1000 0.3 9.75E-09 2.28E-08 2.18E-07 9.75E-09 2.28E-08 2.18E-07 

401 KGT45_PC3_12_L_2mm 0.1 0.04 1.85E-06 4.32E-06 6.16E-03 1.85E-06 4.32E-06 6.16E-03 

402 KGT45_PC3_12_L_6mm 0.6 0.04 1.27E-06 2.97E-06 2.08E-03 1.27E-06 2.97E-06 2.08E-03 

403 KGT45_PC3_12_L_22mm 7.6 0.12 3.28E-06 7.66E-06 7.88E-04 3.28E-06 7.66E-06 7.88E-04 

404 KGT45_PC3_12_L_85mm 12 0.12 9.20E-07 2.15E-06 1.49E-04 9.20E-07 2.15E-06 1.49E-04 

405 KGT45_PC3_12_L_173mm 12 0.12 1.29E-07 3.01E-07 2.09E-05 1.29E-07 3.01E-07 2.09E-05 

406 KGT46_PC4_11_L_2mm 0.05 0.04 1.66E-06 3.88E-06 5.53E-03 1.66E-06 3.88E-06 5.53E-03 

407 KGT46_PC4_11_L_6mm 0.4 0.04 9.96E-07 2.32E-06 1.80E-03 9.96E-07 2.32E-06 1.80E-03 

408 KGT46_PC4_11_L_22mm 5.7 0.12 2.12E-06 4.94E-06 6.44E-04 2.12E-06 4.94E-06 6.44E-04 

409 KGT46_PC4_11_L_85mm 14 0.12 7.92E-07 1.85E-06 1.14E-04 7.92E-07 1.85E-06 1.14E-04 

410 KGT46_PC4_11_L_173mm 14 0.12 1.19E-07 2.79E-07 1.71E-05 1.19E-07 2.79E-07 1.71E-05 

411 KGT47_LPG_01_L_2mm 0.1 0.04 2.91E-07 6.79E-07 9.70E-04 2.91E-07 6.79E-07 9.70E-04 

412 KGT47_LPG_01_L_6mm 0.5 0.04 2.43E-07 5.67E-07 4.14E-04 2.43E-07 5.67E-07 4.14E-04 

413 KGT47_LPG_01_L_22mm 6.7 0.12 7.67E-07 1.79E-06 2.03E-04 7.67E-07 1.79E-06 2.03E-04 

414 KGT47_LPG_01_L_71mm 70 0.3 9.45E-07 2.21E-06 3.23E-05 9.45E-07 2.21E-06 3.23E-05 

415 KGT47_LPG_02_L_8mm 0.9 0.04 6.27E-07 1.46E-06 8.69E-04 1.29E-06 3.01E-06 1.79E-03 

416 KGT47_LPG_02_L_80mm 89 0.3 2.84E-06 6.63E-06 7.76E-05 5.84E-06 1.36E-05 1.60E-04 

417 KGT47_LPG_05_L_5mm 0.3 0.04 3.21E-07 7.49E-07 6.23E-04 6.17E-07 1.44E-06 1.20E-03 

418 KGT47_LPG_05_L_50mm 35 0.12 9.24E-07 2.16E-06 5.93E-05 1.78E-06 4.15E-06 1.14E-04 

419 KGT70_REF_01_V_2mm 0.001 0.04 2.81E-07 6.56E-07 9.36E-04 2.81E-07 6.56E-07 9.36E-04 

420 KGT70_REF_01_V_6mm 0.01 0.04 1.24E-07 2.90E-07 4.13E-04 1.24E-07 2.90E-07 4.13E-04 

421 KGT70_REF_01_V_22mm 0.2 0.04 8.44E-08 1.97E-07 2.08E-04 8.44E-08 1.97E-07 2.08E-04 

422 KGT70_REF_01_V_71mm 1.9 0.12 6.91E-08 1.61E-07 4.92E-05 6.91E-08 1.61E-07 4.92E-05 

423 KGT70_REF_02_L_2mm 0.04 0.04 2.91E-07 6.80E-07 9.70E-04 2.91E-07 6.80E-07 9.70E-04 

424 KGT70_REF_02_L_6mm 0.4 0.04 2.23E-07 5.21E-07 4.28E-04 2.23E-07 5.21E-07 4.28E-04 

425 KGT70_REF_02_L_22mm 4.9 0.12 6.26E-07 1.46E-06 2.19E-04 6.26E-07 1.46E-06 2.19E-04 

426 KGT70_REF_02_L_71mm 51 0.3 9.58E-07 2.23E-06 4.40E-05 9.58E-07 2.23E-06 4.40E-05 

427 KGT70_REF_03_V_2mm 0.004 0.04 1.14E-06 2.66E-06 3.79E-03 1.14E-06 2.66E-06 3.79E-03 

428 KGT70_REF_03_V_6mm 0.03 0.04 4.49E-07 1.05E-06 1.49E-03 4.49E-07 1.05E-06 1.49E-03 

429 KGT70_REF_03_V_22mm 0.5 0.04 3.55E-07 8.28E-07 6.22E-04 3.55E-07 8.28E-07 6.22E-04 

430 KGT70_REF_03_V_85mm 6.9 0.12 6.87E-07 1.60E-06 1.31E-04 6.87E-07 1.60E-06 1.31E-04 

431 KGT70_REF_03_V_150mm 21 0.12 1.01E-07 2.35E-07 5.92E-06 1.01E-07 2.35E-07 5.92E-06 

432 KGT70_REF_04_L_2mm 0.04 0.04 6.35E-07 1.48E-06 2.12E-03 6.35E-07 1.48E-06 2.12E-03 

433 KGT70_REF_04_L_6mm 0.4 0.04 4.88E-07 1.14E-06 9.35E-04 4.88E-07 1.14E-06 9.35E-04 

434 KGT70_REF_04_L_22mm 4.9 0.12 1.32E-06 3.07E-06 4.61E-04 1.32E-06 3.07E-06 4.61E-04 

435 KGT70_REF_04_L_85mm 72 0.3 2.91E-06 6.78E-06 9.62E-05 2.91E-06 6.78E-06 9.62E-05 

436 KGT70_REF_04_L_173mm 300 0.3 3.74E-07 8.74E-07 8.35E-06 3.74E-07 8.74E-07 8.35E-06 

437 KGT70_REF_05_L_2mm 0.02 0.04 5.10E-07 1.19E-06 1.70E-03 5.10E-07 1.19E-06 1.70E-03 

438 KGT70_REF_05_L_6mm 0.2 0.04 3.16E-07 7.37E-07 7.65E-04 3.16E-07 7.37E-07 7.65E-04 

439 KGT70_REF_05_L_22mm 2.5 0.12 6.30E-07 1.47E-06 3.85E-04 6.30E-07 1.47E-06 3.85E-04 

440 KGT70_REF_05_L_85mm 38 0.12 1.65E-06 3.85E-06 9.90E-05 1.65E-06 3.85E-06 9.90E-05 

441 KGT70_REF_05_L_150mm 117 0.3 5.62E-08 1.31E-07 1.25E-06 5.62E-08 1.31E-07 1.25E-06 

442 KGT70_REF_07_L_2mm 0.02 0.04 4.03E-07 9.39E-07 1.34E-03 4.03E-07 9.39E-07 1.34E-03 

443 KGT70_REF_07_L_6mm 0.2 0.04 2.54E-07 5.94E-07 6.16E-04 2.54E-07 5.94E-07 6.16E-04 

444 KGT70_REF_07_L_22mm 2.5 0.12 4.96E-07 1.16E-06 3.03E-04 4.96E-07 1.16E-06 3.03E-04 

445 KGT70_REF_07_L_85mm 38 0.12 1.66E-06 3.88E-06 9.99E-05 1.66E-06 3.88E-06 9.99E-05 

446 KGT70_REF_07_L_150mm 117 0.3 6.96E-08 1.62E-07 1.55E-06 6.96E-08 1.62E-07 1.55E-06 

447 KGT70_REF_11_V_2mm 0.001 0.04 1.47E-06 3.44E-06 4.90E-03 1.47E-06 3.44E-06 4.90E-03 

448 KGT70_REF_11_V_6mm 0.01 0.04 5.97E-07 1.39E-06 1.99E-03 5.97E-07 1.39E-06 1.99E-03 

449 KGT70_REF_11_V_22mm 0.2 0.04 3.66E-07 8.54E-07 9.00E-04 3.66E-07 8.54E-07 9.00E-04 
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450 KGT70_REF_11_V_85mm 2.7 0.12 2.98E-07 6.95E-07 1.48E-04 2.98E-07 6.95E-07 1.48E-04 

451 KGT70_REF_11_V_212mm 17 0.12 3.91E-07 9.13E-07 3.01E-05 3.91E-07 9.13E-07 3.01E-05 

452 KGT70_REF_14_V_2mm 0.004 0.04 5.39E-06 1.26E-05 1.80E-02 5.39E-06 1.26E-05 1.80E-02 

453 KGT70_REF_14_V_6mm 0.03 0.04 2.45E-06 5.71E-06 8.15E-03 2.45E-06 5.71E-06 8.15E-03 

454 KGT70_REF_14_V_22mm 0.5 0.04 2.19E-06 5.11E-06 3.84E-03 2.19E-06 5.11E-06 3.84E-03 

455 KGT70_REF_14_V_85mm 6.9 0.12 4.20E-06 9.81E-06 7.99E-04 4.20E-06 9.81E-06 7.99E-04 

456 KGT70_REF_14_V_194mm 36 0.12 6.68E-06 1.56E-05 2.26E-04 6.68E-06 1.56E-05 2.26E-04 

457 KGT70_REF_15_L_2mm 0.04 0.04 1.20E-06 2.81E-06 4.00E-03 1.20E-06 2.81E-06 4.00E-03 

458 KGT70_REF_15_L_6mm 0.4 0.04 7.90E-07 1.84E-06 1.51E-03 7.90E-07 1.84E-06 1.51E-03 

459 KGT70_REF_15_L_22mm 4.9 0.12 1.83E-06 4.26E-06 6.40E-04 1.83E-06 4.26E-06 6.40E-04 

460 KGT70_REF_15_L_85mm 72 0.3 2.83E-06 6.60E-06 9.35E-05 2.83E-06 6.60E-06 9.35E-05 

461 KGT70_REF_15_L_173mm 300 0.3 4.29E-07 1.00E-06 9.56E-06 4.29E-07 1.00E-06 9.56E-06 

462 KGT70_REF_06_L_2mm 0.02 0.04 0.00E+00 0.00E+00 0.00E+00 6.40E-07 1.49E-06 2.13E-03 

463 KGT70_REF_06_L_6mm 0.2 0.04 0.00E+00 0.00E+00 0.00E+00 3.90E-07 9.11E-07 9.45E-04 

464 KGT70_REF_06_L_22mm 2.5 0.12 0.00E+00 0.00E+00 0.00E+00 7.51E-07 1.75E-06 4.59E-04 

465 KGT70_REF_06_L_85mm 38 0.12 0.00E+00 0.00E+00 0.00E+00 1.94E-06 4.53E-06 1.16E-04 

466 KGT70_REF_06_L_150mm 117 0.3 0.00E+00 0.00E+00 0.00E+00 2.80E-07 6.53E-07 6.25E-06 

467 KGT50_EMC_01_L_2mm 0.02 0.04 1.73E-06 4.04E-06 5.76E-03 1.73E-06 4.04E-06 5.76E-03 

468 KGT50_EMC_01_L_6mm 0.02 0.04 5.86E-07 1.37E-06 1.95E-03 5.86E-07 1.37E-06 1.95E-03 

469 KGT50_EMC_01_L_12mm 0.02 0.04 2.93E-07 6.84E-07 9.76E-04 2.93E-07 6.84E-07 9.76E-04 

470 KGT50_EMC_02_L_5mm 0.2 0.04 4.68E-08 1.09E-07 1.20E-04 4.68E-08 1.09E-07 1.20E-04 

471 KGT50_EMC_02_L_10mm 0.6 0.04 1.84E-08 4.30E-08 2.87E-05 1.84E-08 4.30E-08 2.87E-05 

472 KGT50_EMC_02_L_FBR 1000 0.3 1.56E-07 3.64E-07 3.48E-06 1.56E-07 3.64E-07 3.48E-06 

473 KGT51_BMC_05_L_5mm 0.4 0.04 5.53E-10 1.29E-09 9.98E-07 5.53E-10 1.29E-09 9.98E-07 

474 KGT51_BMC_05_L_10mm 1.7 0.12 2.81E-10 6.55E-10 2.39E-07 2.81E-10 6.55E-10 2.39E-07 

475 KGT51_BMC_05_L_FBR 1000 0.3 7.80E-08 1.82E-07 1.74E-06 7.80E-08 1.82E-07 1.74E-06 

476 KGT52_BMC_01_L_10mm 0.6 0.04 6.25E-09 1.46E-08 9.98E-06 6.25E-09 1.46E-08 9.98E-06 

477 KGT52_BMC_01_L_50mm 15 0.12 3.66E-09 8.53E-09 4.88E-07 3.66E-09 8.53E-09 4.88E-07 

478 KGT52_BMC_01_L_FBR 1000 0.3 1.95E-08 4.55E-08 4.35E-07 1.95E-08 4.55E-08 4.35E-07 

479 KGT52_BMC_02_L_2mm 0.001 0.04 1.33E-06 3.10E-06 4.42E-03 1.33E-06 3.10E-06 4.42E-03 

480 KGT52_BMC_02_L_6mm 0.001 0.04 5.90E-07 1.38E-06 1.97E-03 5.90E-07 1.38E-06 1.97E-03 

481 KGT52_BMC_02_L_12mm 0.001 0.04 4.75E-07 1.11E-06 1.58E-03 4.75E-07 1.11E-06 1.58E-03 

482 KGT52_BMC_03_L_5mm 0.2 0.04 1.02E-08 2.37E-08 2.66E-05 1.02E-08 2.37E-08 2.66E-05 

483 KGT52_BMC_03_L_50mm 15 0.12 1.95E-08 4.54E-08 2.60E-06 1.95E-08 4.54E-08 2.60E-06 

484 KGT55_MOH_01_L_10mm 0.01 0.04 1.20E-08 2.80E-08 4.00E-05 1.20E-08 2.80E-08 4.00E-05 

485 KGT55_MOH_01_L_50mm 0.1 0.04 6.49E-10 1.52E-09 2.00E-06 6.49E-10 1.52E-09 2.00E-06 

486 KGT55_MOH_01_L_FBR 1000 0.3 9.00E-09 2.10E-08 1.97E-06 9.00E-09 2.10E-08 1.97E-06 

487 KGT55_MOH_02_L_2mm 0.01 0.04 2.76E-06 6.44E-06 9.19E-03 2.76E-06 6.44E-06 9.19E-03 

488 KGT55_MOH_02_L_6mm 0.01 0.04 1.24E-06 2.88E-06 4.12E-03 1.24E-06 2.88E-06 4.12E-03 

489 KGT55_MOH_02_L_16mm 0.01 0.04 1.00E-06 2.33E-06 3.33E-03 1.00E-06 2.33E-06 3.33E-03 

490 KGT55_MOH_03_L_4mm 0.01 0.04 2.52E-06 5.88E-06 8.39E-03 3.60E-06 8.40E-06 1.20E-02 

491 KGT55_MOH_03_L_40mm 1.1 0.12 6.78E-07 1.58E-06 8.38E-04 9.69E-07 2.26E-06 1.20E-03 

492 KGT80_AMM_01_V_2mm 0.01 - Toxic Toxic 8.30E-03 Toxic Toxic 8.30E-03 

493 KGT80_AMM_01_V_6mm 0.1 - Toxic Toxic 3.77E-03 Toxic Toxic 3.77E-03 

494 KGT80_AMM_01_V_22mm 0.9 - Toxic Toxic 1.75E-03 Toxic Toxic 1.75E-03 

495 KGT80_AMM_01_V_85mm 14 - Toxic Toxic 3.93E-04 Toxic Toxic 3.93E-04 

496 KGT80_AMM_01_V_150mm 43 - Toxic Toxic 1.18E-04 Toxic Toxic 1.18E-04 

497 KGT80_AMM_11_V_2mm 0.01 - Toxic Toxic 8.46E-03 Toxic Toxic 8.46E-03 

498 KGT80_AMM_11_V_6mm 0.1 - Toxic Toxic 3.82E-03 Toxic Toxic 3.82E-03 

499 KGT80_AMM_11_V_22mm 0.9 - Toxic Toxic 1.77E-03 Toxic Toxic 1.77E-03 
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500 KGT80_AMM_11_V_85mm 14 - Toxic Toxic 3.88E-04 Toxic Toxic 3.88E-04 

501 KGT80_AMM_11_V_150mm 43 - Toxic Toxic 1.18E-04 Toxic Toxic 1.18E-04 

502 KGT80_AMM_02_V_2mm 0.01 - Toxic Toxic 1.43E-03 Toxic Toxic 1.43E-03 

503 KGT80_AMM_02_V_6mm 0.1 - Toxic Toxic 6.42E-04 Toxic Toxic 6.42E-04 

504 KGT80_AMM_02_V_18mm 0.6 - Toxic Toxic 4.21E-04 Toxic Toxic 4.21E-04 

505 KGT80_AMM_03_L_2mm 0.1 - Toxic Toxic 1.21E-02 Toxic Toxic 1.21E-02 

506 KGT80_AMM_03_L_6mm 0.8 - Toxic Toxic 4.42E-03 Toxic Toxic 4.42E-03 

507 KGT80_AMM_03_L_22mm 11 - Toxic Toxic 1.58E-03 Toxic Toxic 1.58E-03 

508 KGT80_AMM_03_L_71mm 115 - Toxic Toxic 4.20E-04 Toxic Toxic 4.20E-04 

509 KGT80_AMM_04_L_2mm 0.1 - Toxic Toxic 1.83E-02 Toxic Toxic 1.83E-02 

510 KGT80_AMM_04_L_6mm 0.8 - Toxic Toxic 6.86E-03 Toxic Toxic 6.86E-03 

511 KGT80_AMM_04_L_22mm 11 - Toxic Toxic 2.55E-03 Toxic Toxic 2.55E-03 

512 KGT80_AMM_04_L_71mm 115 - Toxic Toxic 6.85E-04 Toxic Toxic 6.85E-04 

513 KGT80_AMM_07_L_2mm 0.1 - Toxic Toxic 2.48E-03 Toxic Toxic 2.48E-03 

514 KGT80_AMM_07_L_6mm 0.8 - Toxic Toxic 1.12E-03 Toxic Toxic 1.12E-03 

515 KGT80_AMM_07_L_16mm 5.9 - Toxic Toxic 7.33E-04 Toxic Toxic 7.33E-04 

516 KGT80_AMM_08_V_2mm 0.000 - Toxic Toxic 3.27E-03 Toxic Toxic 3.27E-03 

517 KGT80_AMM_08_V_6mm 0.001 - Toxic Toxic 1.40E-03 Toxic Toxic 1.40E-03 

518 KGT80_AMM_08_V_22mm 0.01 - Toxic Toxic 6.46E-04 Toxic Toxic 6.46E-04 

519 KGT80_AMM_08_V_85mm 0.1 - Toxic Toxic 1.89E-04 Toxic Toxic 1.89E-04 

520 KGT80_AMM_08_V_194mm 0.7 - Toxic Toxic 5.75E-06 Toxic Toxic 5.75E-06 

521 KGT80_AMM_09_V_2mm 0.000 - Toxic Toxic 1.64E-02 Toxic Toxic 1.64E-02 

522 KGT80_AMM_09_V_6mm 0.001 - Toxic Toxic 6.07E-03 Toxic Toxic 6.07E-03 

523 KGT80_AMM_09_V_22mm 0.01 - Toxic Toxic 2.23E-03 Toxic Toxic 2.23E-03 

524 KGT80_AMM_09_V_63mm 0.1 - Toxic Toxic 5.46E-04 Toxic Toxic 5.46E-04 

525 KGT90_CO2_01_V_2mm 0.01 - Toxic Toxic 9.50E-03 Toxic Toxic 9.50E-03 

526 KGT90_CO2_01_V_6mm 0.1 - Toxic Toxic 4.37E-03 Toxic Toxic 4.37E-03 

527 KGT90_CO2_01_V_22mm 1.7 - Toxic Toxic 2.09E-03 Toxic Toxic 2.09E-03 

528 KGT90_CO2_01_V_71mm 18 - Toxic Toxic 6.75E-04 Toxic Toxic 6.75E-04 

529 KGT90_CO2_02_V_2mm 0.01 - Toxic Toxic 9.52E-03 Toxic Toxic 9.52E-03 

530 KGT90_CO2_02_V_6mm 0.1 - Toxic Toxic 4.38E-03 Toxic Toxic 4.38E-03 

531 KGT90_CO2_02_V_22mm 1.7 - Toxic Toxic 2.10E-03 Toxic Toxic 2.10E-03 

532 KGT90_CO2_02_V_71mm 18 - Toxic Toxic 6.80E-04 Toxic Toxic 6.80E-04 

533 KGT90_CO2_03_V_2mm 0.01 - Toxic Toxic 3.37E-03 Toxic Toxic 3.37E-03 

534 KGT90_CO2_03_V_6mm 0.1 - Toxic Toxic 1.60E-03 Toxic Toxic 1.60E-03 

535 KGT90_CO2_03_V_22mm 1.7 - Toxic Toxic 8.57E-04 Toxic Toxic 8.57E-04 

536 KGT90_CO2_03_V_71mm 18 - Toxic Toxic 3.41E-04 Toxic Toxic 3.41E-04 

537 KGT90_CO2_07_V_2mm 0.01 - Toxic Toxic 4.78E-03 Toxic Toxic 4.78E-03 

538 KGT90_CO2_07_V_6mm 0.1 - Toxic Toxic 2.05E-03 Toxic Toxic 2.05E-03 

539 KGT90_CO2_07_V_22mm 1.7 - Toxic Toxic 9.86E-04 Toxic Toxic 9.86E-04 

540 KGT90_CO2_07_V_63mm 14 - Toxic Toxic 2.49E-04 Toxic Toxic 2.49E-04 

541 KGT90_CO2_08_L_2mm 0.1 - Toxic Toxic 8.75E-03 Toxic Toxic 8.75E-03 

542 KGT90_CO2_08_L_6mm 1.0 - Toxic Toxic 3.25E-03 Toxic Toxic 3.25E-03 

543 KGT90_CO2_08_L_22mm 2.1 - Toxic Toxic 1.37E-03 Toxic Toxic 1.37E-03 

544 KGT90_CO2_08_L_71mm 2.1 - Toxic Toxic 4.04E-04 Toxic Toxic 4.04E-04 

545 KGT90_CO2_16_V_2mm 0.001 - Toxic Toxic 2.50E-02 Toxic Toxic 2.50E-02 

546 KGT90_CO2_16_V_6mm 0.01 - Toxic Toxic 1.02E-02 Toxic Toxic 1.02E-02 

547 KGT90_CO2_16_V_22mm 0.2 - Toxic Toxic 4.48E-03 Toxic Toxic 4.48E-03 

548 KGT90_CO2_16_V_85mm 2.5 - Toxic Toxic 8.92E-04 Toxic Toxic 8.92E-04 

549 KGT90_CO2_16_V_212mm 15 - Toxic Toxic 1.99E-04 Toxic Toxic 1.99E-04 
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Line 

No. 
Release Scenario 

Release 

Rate 

(kg/s) 

Explosion 

Probability 

Base Case/ Sensitivity Case 1 Sensitivity 2 (Future Operation) 

Immediate 

Ignition Event 

Frequency 

Delayed Ignition 

Event Frequency 

Unignited Event 

Frequency Note 1 

Immediate 

Ignition Event 

Frequency 

Delayed Ignition 

Event Frequency 

Unignited Event 

Frequency Note 1 

550 KGT90_CO2_18_V_2mm 0.000 - Toxic Toxic 1.63E-03 Toxic Toxic 1.63E-03 

551 KGT90_CO2_18_V_6mm 0.003 - Toxic Toxic 7.45E-04 Toxic Toxic 7.45E-04 

552 KGT90_CO2_18_V_22mm 0.04 - Toxic Toxic 3.80E-04 Toxic Toxic 3.80E-04 

553 KGT90_CO2_18_V_50mm 0.2 - Toxic Toxic 1.36E-04 Toxic Toxic 1.36E-04 

554 KGT90_CO2_19_V_2mm 0.000 - Toxic Toxic 6.14E-03 Toxic Toxic 6.14E-03 

555 KGT90_CO2_19_V_6mm 0.003 - Toxic Toxic 2.55E-03 Toxic Toxic 2.55E-03 

556 KGT90_CO2_19_V_22mm 0.05 - Toxic Toxic 1.23E-03 Toxic Toxic 1.23E-03 

557 KGT90_CO2_19_V_63mm 0.4 - Toxic Toxic 2.57E-04 Toxic Toxic 2.57E-04 

558 KGT90_CO2_23_V_2mm 0.001 - 0.00E+00 0.00E+00 0.00E+00 Toxic Toxic 8.01E-04 

559 KGT90_CO2_23_V_6mm 0.01 - 0.00E+00 0.00E+00 0.00E+00 Toxic Toxic 3.82E-04 

560 KGT90_CO2_23_V_22mm 0.2 - 0.00E+00 0.00E+00 0.00E+00 Toxic Toxic 2.04E-04 

561 KGT90_CO2_23_V_85mm 2.5 - 0.00E+00 0.00E+00 0.00E+00 Toxic Toxic 4.31E-05 

562 KGT90_CO2_23_V_212mm 15 - 0.00E+00 0.00E+00 0.00E+00 Toxic Toxic 1.78E-05 

563 KGT90_CO2_09_L_10mm 2.8 - Toxic Toxic 1.00E-05 Toxic Toxic 1.00E-05 

564 KGT90_CO2_09_L_50mm 70 - Toxic Toxic 5.00E-07 Toxic Toxic 5.00E-07 

565 KGT90_CO2_09_L_FBR 1000 - Toxic Toxic 5.00E-07 Toxic Toxic 5.00E-07 

566 KGT90_CO2_10_L_10mm 2.8 - Toxic Toxic 1.00E-05 Toxic Toxic 1.00E-05 

567 KGT90_CO2_10_L_50mm 70 - Toxic Toxic 5.00E-07 Toxic Toxic 5.00E-07 

568 KGT90_CO2_10_L_FBR 1000 - Toxic Toxic 5.00E-07 Toxic Toxic 5.00E-07 

569 KGT90_CO2_11_L_10mm 2.8 - Toxic Toxic 1.00E-05 Toxic Toxic 1.00E-05 

570 KGT90_CO2_11_L_50mm 70 - Toxic Toxic 5.00E-07 Toxic Toxic 5.00E-07 

571 KGT90_CO2_11_L_FBR 1000 - Toxic Toxic 5.00E-07 Toxic Toxic 5.00E-07 

572 KGT90_CO2_12_L_10mm 2.8 - Toxic Toxic 1.00E-05 Toxic Toxic 1.00E-05 

573 KGT90_CO2_12_L_50mm 70 - Toxic Toxic 5.00E-07 Toxic Toxic 5.00E-07 

574 KGT90_CO2_12_L_FBR 1000 - Toxic Toxic 5.00E-07 Toxic Toxic 5.00E-07 

575 KGT90_CO2_24_L_2mm 0.1 - Toxic Toxic 6.53E-03 Toxic Toxic 6.53E-03 

576 KGT90_CO2_24_L_6mm 1.0 - Toxic Toxic 2.19E-03 Toxic Toxic 2.19E-03 

577 KGT90_CO2_24_L_22mm 14 - Toxic Toxic 7.77E-04 Toxic Toxic 7.77E-04 

578 KGT90_CO2_24_L_71mm 142 - Toxic Toxic 1.89E-04 Toxic Toxic 1.89E-04 

579 KGT90_CO2_25_L_2mm 0.1 - Toxic Toxic 2.85E-03 Toxic Toxic 2.85E-03 

580 KGT90_CO2_25_L_6mm 1.0 - Toxic Toxic 1.35E-03 Toxic Toxic 1.35E-03 

581 KGT90_CO2_25_L_22mm 14 - Toxic Toxic 7.40E-04 Toxic Toxic 7.40E-04 

582 KGT90_CO2_25_L_50mm 70 - Toxic Toxic 5.17E-04 Toxic Toxic 5.17E-04 

583 KGT90_CO2_26_V_2mm 0.01 - Toxic Toxic 8.01E-04 Toxic Toxic 8.01E-04 

584 KGT90_CO2_26_V_6mm 0.1 - Toxic Toxic 3.57E-04 Toxic Toxic 3.57E-04 

585 KGT90_CO2_26_V_22mm 1.7 - Toxic Toxic 1.74E-04 Toxic Toxic 1.74E-04 

586 KGT90_CO2_26_V_50mm 8.8 - Toxic Toxic 6.00E-05 Toxic Toxic 6.00E-05 

587 KGT90_CO2_27_V_2mm 0.01 - Toxic Toxic 8.77E-04 Toxic Toxic 8.77E-04 

588 KGT90_CO2_27_V_6mm 0.1 - Toxic Toxic 3.78E-04 Toxic Toxic 3.78E-04 

589 KGT90_CO2_27_V_16mm 0.9 - Toxic Toxic 2.25E-04 Toxic Toxic 2.25E-04 

590 KGT90_CO2_28_L_5mm 0.7 - Toxic Toxic 6.00E-03 Toxic Toxic 6.00E-03 

591 KGT90_CO2_28_L_50mm 70 - Toxic Toxic 6.00E-04 Toxic Toxic 6.00E-04 

592 KGT90_CO2_29_V_2.5mm 0.02 - Toxic Toxic 2.40E-02 Toxic Toxic 2.40E-02 

593 KGT90_CO2_29_V_25mm 2.2 - Toxic Toxic 2.40E-03 Toxic Toxic 2.40E-03 

594 KGT90_CO2_30_L_8mm 1.8 - Toxic Toxic 2.40E-02 Toxic Toxic 2.40E-02 

595 KGT90_CO2_30_L_80mm 180 - Toxic Toxic 2.40E-03 Toxic Toxic 2.40E-03 

596 KGT90_CO2_31_V_2.5mm 0.02 - Toxic Toxic 4.60E-03 Toxic Toxic 4.60E-03 

597 KGT90_CO2_31_V_25mm 2.2 - Toxic Toxic 4.60E-04 Toxic Toxic 4.60E-04 

598 KGT90_CO2_32_L_5mm 0.7 - Toxic Toxic 4.60E-03 Toxic Toxic 4.60E-03 

599 KGT90_CO2_32_L_50mm 70 - Toxic Toxic 4.60E-04 Toxic Toxic 4.60E-04 
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Line 

No. 
Release Scenario 

Release 

Rate 

(kg/s) 

Explosion 

Probability 

Base Case/ Sensitivity Case 1 Sensitivity 2 (Future Operation) 

Immediate 

Ignition Event 

Frequency 

Delayed Ignition 

Event Frequency 

Unignited Event 

Frequency Note 1 

Immediate 

Ignition Event 

Frequency 

Delayed Ignition 

Event Frequency 

Unignited Event 

Frequency Note 1 

600 KGT36_NGL_12_L_100mm 97 0.3 2.87E-09 6.69E-09 8.16E-08 4.01E-09 9.35E-09 1.14E-07 

601 KGT36_NGL_12_L_Cat 1000 0.3 3.18E-09 7.43E-09 8.16E-08 4.45E-09 1.04E-08 1.14E-07 

602 KGT47_LPG_03_L_80mm 89 0.3 5.41E-09 1.26E-08 1.66E-07 1.11E-08 2.59E-08 3.41E-07 

603 KGT47_LPG_03_L_Cat 1000 0.3 6.46E-09 1.51E-08 1.66E-07 1.33E-08 3.10E-08 3.41E-07 

604 KGT47_LPG_06_L_50mm 35 0.12 1.32E-11 3.08E-11 8.90E-10 2.54E-11 5.92E-11 1.71E-09 

605 KGT47_LPG_06_L_Cat 1000 0.3 3.47E-11 8.10E-11 8.90E-10 6.68E-11 1.56E-10 1.71E-09 

606 KGT52_BMC_04_L_50mm 15 0.12 2.78E-13 6.48E-13 3.80E-11 2.78E-13 6.48E-13 3.80E-11 

607 KGT52_BMC_04_L_Cat 1000 0.3 2.97E-11 6.92E-11 7.60E-10 2.97E-11 6.92E-11 7.60E-10 

608 KGT55_MOH_04_L_40mm 1 0.12 9.68E-12 2.26E-11 1.20E-08 1.38E-11 3.23E-11 1.71E-08 

609 KGT55_MOH_04_L_Cat 1000 0.3 9.35E-09 2.18E-08 2.40E-07 1.34E-08 3.12E-08 3.42E-07 

610 KGT90_CO2_33_L_50mm 70 - Toxic Toxic 8.56E-09 Toxic Toxic 8.56E-09 

611 KGT90_CO2_33_L_Cat 1000 - Toxic Toxic 8.56E-09 Toxic Toxic 8.56E-09 

612 KGT90_CO2_34_L_80mm 180 - Toxic Toxic 3.42E-08 Toxic Toxic 3.42E-08 

613 KGT90_CO2_34_L_Cat 1000 - Toxic Toxic 3.42E-08 Toxic Toxic 3.42E-08 

614 KGT90_CO2_35_L_50mm 70 - Toxic Toxic 6.56E-09 Toxic Toxic 6.56E-09 

615 KGT90_CO2_35_L_Cat 1000 - Toxic Toxic 6.56E-09 Toxic Toxic 6.56E-09 

Notes: 

1. Unignited frequency is the remaining portion of the leak frequency that is not ignited, i.e. Immediate ignition frequency + delayed ignition frequency + unignited 

frequency = total leak frequency 

 For scenarios which consist of toxic materials, the unignited frequency is the toxic event frequency. 
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1. ABBREVIATIONS 

API American Petroleum Institute  

AWS Automatic Weather Station 

BLEVE Boiling Liquid Expanding Vapour Explosion  

BOP Blowout Preventer 

DNV GL Det Norske Veritas Germanischer Lloyd 

EI Energy Institute 

ESDV Emergency Shutdown Valve 

FBR Full Bore Rupture  

GOR Gas Oil Ratio 

HCRD Hydrocarbon Release Database 

HIPAP4 NSW Hazardous Industry Planning Advisory Paper No. 4 

HMB Heat and Material Balance 

HPKO High Pressure Knock Out 

IOGP International Association of Oil and Gas Producers 

IRPA Individual Risk Per Annum 

KPS Kapuni Production Station 

LFL Lower Flammable Limit 

LPG Liquefied Petroleum Gas 

LSIR Location Specific Individual Risk 

LTS Low Temperature Separator 

PFD Process Flow Diagram 

PFP Passive Fire Protection  

P&ID Piping & Instrumentation Diagram  

PLL Potential Loss of Life 

QRA Quantitative Risk Assessment 

RADD Risk Assessment Data Directory 

STDC South Taranaki District Council 

UK HSE United Kingdom Health and Safety Executive 

VCE Vapour Cloud Explosion 

WSO Water Shut-off 
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2. INTRODUCTION 

This document sets out the assumptions to be used for the Todd Energy (Todd) Kapuni wellsites Quantitative 

Risk Assessment (QRA).  

2.1 Objective 

The objective of the QRA is to develop risk contours to meet the risk assessment requirements of the South 

Taranaki District Council (STDC) District Plan, Section 11: Hazardous Substances. 

2.2 Scope  

The scopes include:  

1) Conduct risk assessment for seven (7) Kapuni wellsites with 17 wells; and 

2) Update the existing KA-4/14 and KA-13 wellsites QRA [Ref. 1] and hence supersedes the results from 

the QRA. 

The final report will be a combined QRA report for all nine (9) Kapuni wellsites with 20 wells.  

Currently, seven (7) wellsites are producing, KA-3 is out of service and KA-9 is designed for water disposal only. 

The wellsite details are summarised in Table 2-1. Only producing wells will be considered in the QRA. 

Table 2-1: Kapuni Wellsites 

Wellsite 
Number of 

wells 
Producing 

Scheduled 

for 

Abandon-

ment Note 1 

Suspended 
Note 2 

Shut in  
Note 3 

Observation / 

water Note 4 
Notes 

KA-1, KA-7, KA-19 

and KA-20 
4 1   1 (KA-7) 

2 (KA-1 and 

KA-20) 
 

KA-2 1 1      

KA-3 1   1    

KA-4 and KA-14 2 2     

KA-14 is only 

operating once 

(for 24 hours) 

every 10 days [Ref. 

20]. 

KA-5 and KA-10 2 1    1 (KA-10)  

KA-6, KA-11 and KA-

17 
3 2  1 (KA-11)    

KA-8, KA-12, KA-15 

and KA-18 
4 2 1 (KA-12)  1 (KA-15)   

KA-9 2     2 

A new well, KW03, 

is drilled in May 

2021 for further 

water injection 

purposes. 
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Wellsite 
Number of 

wells 
Producing 

Scheduled 

for 

Abandon-

ment Note 1 

Suspended 
Note 2 

Shut in  
Note 3 

Observation / 

water Note 4 
Notes 

KA-13 1 1     
KA-13 is only 

operating in 1 out 

of every 3 months.  

Total 20 10 1 2 2 5   

Notes: 

1. Wells that are scheduled for abandonment are plugged with abandonment plans underway. 

2. Suspended wells are plugged and major intervention is required to bring the well back to service. 

3. Shut in wells are isolated but could be brought back into service. Note that KA-7 and KA-15 were 

considered as producing well in the Kapuni Safety Case [Ref. 2], however, the wells are currently shut-

in and hence will not be included in the risk assessment [Ref. 3 and Ref. 4]. 

4. Water wells are for water injection only and will not be used for hydrocarbon / producing. Observation 

wells are only for monitoring reservoir conditions and informing development of reserves estimates. 

They are designed for instrumentation only and cannot inject or produce. 

There is no plan to bring the non-producing wells back online in the future. In the unlikely event that this 

changes, the QRA will be updated to verify any impact on the risk contours. Engagement with STDC will be 

completed as part of this process and a new resource consent will be required. 

2.2.1 Exclusions 

The following will be excluded from the QRA scope: 

• Risk from the gathering pipelines to Kapuni Production Station (KPS). The scope for each wellsite will 

include up to the pipeline isolation valves (if available) or when the pipelines go underground. 

Pipelines passing through the wellsites (e.g., at KA-4/14 and KA-5) are not considered in the base case. 

The pipeline sections will be assessed in the sensitivity case. Note that the pipeline (P/L) to PECPR on 

the P&ID will be used in some sections to identify the pipeline boundary; 

• Risk other than hydrocarbon / process risk (e.g., transportation risk, seismic risk and volcanic risks);  

• Decommissioned and/or mothballed equipment; 

• Utilities such as produced water and instrument air as they do not contain any hydrocarbon inventory;  

• Individual risk calculations, including Individual Risk Per Annum (IRPA) and Potential Loss of Life (PLL) 

as the wellsites are normally unmanned; 

• Societal risk (F-N curve) as the wellsites are located as remote area with low populations;  

• Corrosion Inhibitors present at the wellsites as they are not flammable; 

• Methanol injecting pumps as they are only used during start-up (except for KA-8/12/15/18 wellsite 

where methanol dosing is required throughout the year). Note that methanol tanks are always full 

and connected to the methanol pumps, with the pumps turn off when methanol is not being injected 

[Ref. 19], hence the methanol tanks and tubing to the methanol pumps will be included. 

• Toxic effect of carbon dioxide.  
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2.3 Facility Description 

Kapuni is an onshore gas and condensate field located in South Taranaki, approximately 50 km south of New 

Plymouth. 20 Kapuni wells are located on nine (9) separate wellsites in the area surrounding the Kapuni 

Production Station (KPS). The production wellsite process is a simple separation of gas and liquids involving the 

direction of wellstream gas and liquids to a low temperature separator (LTS) unit on the wellsite. The LTS 

separates the gas and liquids by means of pressure reduction to cause cooling.  

An aerial overview of the wellsites location with reference to KPS is shown in Figure 2-1. 

The wellsites access are via vehicle gates which are normally adjacent to the main wellsite control huts for the 

wellsites. Each wellsite hut is a single storey building which contains the wellsite control logic systems, 

emergency and communications equipment. 

The wellsites have an open layout with areas separated from each other to prevent knock-on effects. The open 

area reduces the potential for overpressure from an explosion and reduces fire damage / escalation potential. 
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Figure 2-1: Kapuni Wellsites Location with reference to Kapuni Production Station 

The details of each of the wellsite is as below. 



  

KAPUNI WELLSITES QRA 

ASSUMPTIONS REGISTER 

 

 

610114-RPT-R0001-R1 (Assumptions Register) 

July 2022 Page 6 

2.3.1 Wellsite KA-1, KA-7, KA-19 and KA-20 

Located just off Palmer Road, the site contains 4 wells. A wellstream heater is fitted to the KA-19 well. KA-1 well 

is suspended, KA-7 is not operational following the recent unsuccessful Water Shut-off (WSO) [Ref. 3] and KA-

20 well is an observation well.  

This site also acts as a distribution point for gas from the northern wells. It re-routes gas arriving from the 

gathering lines from wellsite KA-4/14 and KA-8/12/15/18 to KPS. 

2.3.2 Wellsite KA-2 

Located on Palmer Road, the site has an LTS unit and the flowline is equipped with two wellstream coolers. 

2.3.3 Wellsite KA-3 

This wellsite has been suspended and plugged.  

2.3.4 Wellsite KA-4 and KA-14 

Located just off Palmer Road, the site contains two wells, two LTS units, and a wellstream heater. 

2.3.5 Wellsite KA-5 and KA-10 

Located just off Skeet Road, this site contains one producing well (KA-5) and one observation well (KA-10), with 

a Desander unit for solids separation, and a PCV used on start-up. 

2.3.6 Wellsite KA-6, KA-11 and KA-17 

Located on Ahipaipa Road, this site contains two in service wells, and one suspended well (KA-11). KA-6 and KA-

17 wellstream fluids are co-mingled, routed through a wellstream cooler and then to an LTS Unit. 

2.3.7 Wellsite KA-8, KA-12, KA-15 and KA-18 

Located just off Eltham Road, this site contains two (2) producing wells. KA-12 well is plugged and scheduled for 

abandonment and KA-15 well is shut-in and isolated [Ref. 4]. Two wellstream process skids and two wellhead 

compression units are fitted to the wells.  

2.3.8 Wellsite KA-13 

Located just off Skeet Road, this site contains one well, Desander, a flowline choke valve and a High Pressure 

Knock Out (HPKO) vessel. It connects into the KA-6/5 gathering lines. 

2.3.9 Wellsite KA-9 

Located on Lower Duthie Road, two wells were drilled on the site, KA-9 (referred to as KW-2) and KA-16. KA-16 

is suspended and KW-2 is currently in service as a water injection well. There is very little equipment left on the 

wellsite, only the water injection line, a filter, and two pig receivers. 

The wellsites flow schematic is presented in Figure 2-2. 
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Figure 2-2: Kapuni Wellsites Flow Schematic 
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3. MODELLING INPUTS AND ASSUMPTIONS 

This section outlines all modelling inputs and assumptions that will be used in the QRA. The assumptions and 

methodology will be consistent with those in the Todd Energy’s Fire and Gas Analysis and Quantitative Risk 

Assessment Methodology Guideline [Ref. 5].  

3.1 Assessment Tool 

The risk assessment model will be set up using DNV GL Safeti version 8.22 [Ref. 6].  

3.2 Definition of Parts Count Sections 

3.2.1 Isolatable Inventory 

Sectionalisation will be performed to segregate the facilities into a number of isolatable sections. Each potential 

leak source will be associated with a particular isolatable inventory. Primarily, the isolatable inventories will be 

defined by emergency shutdown valve (ESDV) boundaries. These sections will be split further where required, 

and the entire contained inventory was considered as available for release. Further segregations are based on: 

• Significant change in operating parameters (temperature and pressure); 

• Significant change in stream composition; 

• Change in stream phase; and 

• Equipment location. 

The probability of successful detection and isolation is assumed to be 100%. At isolatable boundaries, the valve 

will be assumed as the last component of the upstream inventory. If a cap or blind flange is shown against a 

valve, it will be assumed to be closed, even if not indicated as such.  

Node sections will be highlighted in the Process Flow Diagrams (PFDs) and will be detailed in a Node Definition 

table in the QRA report which presents details of all the nodes including unique identification code, definition 

of boundaries, operating temperature and pressure, maximum pipe diameter, etc.  

Following sectionalisation, a parts counts will be conducted to perform the frequency analysis for the QRA. 

3.2.2 Components  

The definition of components within the parts count will be aligned with failure rate data published in the 

International Association of Oil and Gas Producers (IOGP) Risk Assessment Data Directory (RADD) Process 

Release Frequency [Ref. 7]. The parts count will consider the following: 

• Equipment items; 

• Valves; 

• Flanges; 

• Instrumentation and small-bore fittings; and 

• Pipework. 

The parts count will be recorded in an MS Excel spreadsheet, with each section broken down based on the piping 

and instrumentation diagrams (P&IDs). Marked up P&IDs will be attached with the QRA report. 
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3.3 Failure Frequency Data and Hole Size Distributions 

3.3.1 General Leak Frequency 

The leak frequencies for process equipment and piping will be taken from the IOGP Process Release Frequency 

[Ref. 7]. The release frequencies of the main process equipment items from IOGP are based on the UK HSE (UK 

Health and Safety Executive) hydrocarbon release database (HCRD) which has been compiled by the UK HSE over 

a 20-year period. Two sets of data are presented in IOGP Process Release Frequency, which include the 1992 – 

2015 data and 2006 – 2015 data.  

The recommended values based on experience in the period 2006 – 2015 (inclusive) will be used. The IOGP 

release notes state that the number of incidents recorded per year in the database has been steadily decreasing, 

and it is considered appropriate to base the frequency on more recent data on the assumption that this is more 

representative of what will occur in the future. 

Failure frequency data from the HCRD contains detailed historical information on offshore hydrocarbon release 

incidents occurring in the UK offshore environment and is considered an industry standard for offshore QRA 

applications. The database categorises failure rates on a detailed basis of equipment type and size and provides 

a probabilistic hole size distribution associated with the failure. 

The HCRD data are also normally used for QRA at onshore facilities, although the use of offshore failure rate 

may be considered to be conservative for use in most onshore applications, on the basis that: 

• Offshore environments tend to be harsher, both external (saliferous environment) and internal 

(produced sand), increasing the rate of equipment corrosion and erosion; 

• Congestion at offshore facilities increases the likelihood of damage through impact; and 

• Restricted access to offshore facilities may limit maintenance campaigns, increasing the likelihood of 

failure. 

Atmospheric Storage Tank  

The IOGP Release Frequency Data does not provide the frequencies for atmospheric storage tanks. Therefore, 

the following leak frequencies as shown in Table 3-1 from the TNO Purple Book [Ref. 23] will be used for 

methanol tanks. 

Table 3-1: Release Frequencies for Atmospheric Storage Tank 

Type of Release Storage Tanks, Atmospheric 

Instantaneous release of the complete inventory 5.0E-06 per year 

Continuous release of the complete inventory in 10 minutes at a constant rate 5.0E-06 per year 

Continuous release from a hole with an effective diameter of 10 mm 1.0E-04 per year 
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3.3.2 Pigging 

Pig traps are located at the wellsites to clean, condition and/or monitor the pipelines. The pigging frequency will 

be used to calculate a modification factor for the leak frequency from the pig receivers. 

Table 3-2: Pigging Frequencies and Modification Factor [Ref. 19] 

Tag Description To 

Pigging 

Frequency 

(per year) 

Average 

pigging 

duration 

(hours) 

Modification 

Factor 

KA-06/17 

A-2613 Hydrocarbon gas to gathering line A-5001 KPS 4 1.5 0.001 

A-2614 Hydrocarbon liquid to gathering line A-5003 KPS 4 1.5 0.001 

KA-02 

A-0101B Hydrocarbon liquid to A-0501A (KPS) A-0501A KPS 2 8 0.002 

A-0103 Hydrocarbon gas to A-0503 (KPS) A-0503 KPS 4 1.5 0.001 

KA-08/18 

A-2863 Wet gas from KA-4/14 A-2165 KA-19 4 1.5 0.001 

A-2813 Dry gas to KA-4 A-0502D KPS 2 1 0.0002 

A-2814 Dry gas to KA-4 A-2440 KA-4/14 4 1.5 0.001 

A-2864 Condensate to KA-1&7 A-0501B KPS 4 7 0.003 

KA-4/14 

A-2440 Dry gas to KA-7 A-2167 KA-19 1 1 0.0001 

KA-19 

A-2165 Wet gas to KA-8/18 via KA-4/14 A-2863 KA-8/18 4 1 0.0005 

A-2167 Dry gas from KA-4/14 wellsites A-2440 KA-4/14 1 1 0.0001 

A-2163 Wet gas from A-5002 A-5002 KPS 4 0.5 0.0002 

A-2166 Dry gas to KPS A-502A A-0502A KPS 1 0.5 0.0001 

A-2164 Vector Treated Gas from KPS A-5004 A-5004 KPS 1 0.5 0.0001 

A-2169 
(Hydrocarbon gas) To Kiwi Dairy Co. 

& Taranaki Byproducts Co. 
N/A Other 1 6 0.001 

Note: No pig traps at KA-05 and KA-13. 

3.3.3 Release Hole Sizes 

For every component failure, there is a range of credible hole sizes ranging from pinhole leak to full bore rupture 

(FBR). The representative hole sizes to be used for process sites are as shown in Table 3-3. 

The geometric mean for hole diameter will be used to represent a range in hole sizes as this approach has a 

mathematical basis that aligns with numbers that are exponential in nature, such as is the case for hole sizes 

where the consequence is dependent on the area of the hole size or square of the diameter. 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 IOGP Process Release Frequency [Ref. 7]. 
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Table 3-3: Hole Size Distribution 

IOGP 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 will be used as the maximum hole size for small bore fittings as per the Todd Energy’s Methodology 

Guideline [Ref. 5]. 

The same approach will be taken to select the representative hole size for rupture cases (release > 150 mm). 

The selected hole size will be the geometric mean of 150 and the largest line size in the section.  This is consistent 

with the approach used for other release size categories and may be appropriate given the limited FBR base data 

that is used by the algorithm to calculate frequency.  

It is noted for methanol tanks that will reference to TNO Purple Book [Ref. 23] failure data, actual hole sizes 

following the failure data will be used as there are no sufficient leak size distribution data in Purple Book to 

calculate the geometric mean. 

3.3.4 Leak Frequency Modification Factor 

Several leak frequency modification factors will be applied to the release frequency database as per the Todd 

Energy’s Methodology Guideline [Ref. 5]. These are listed below: 

• Piping Release Frequency 

− Pipework will be split into categories: process (on skid) piping and interskid piping as described 

in the definition for equipment type 1: steel process pipes of IOGP Process Release Frequencies 

[Ref. 7].  

− For interskid piping, the modification factor for “inter-unit piping” (section 3.3.3 of IOGP Process 

Release Frequencies) which is 0.9 will be applied, i.e. there will be a 90% reduction in frequencies. 

• Rupture Release Frequency  

− A review of the UK HSE Hydrocarbon Release Database (HCRD) from 1992 to 2015 has been 

performed and it was determined that there were 31 incidents in the full-bore release category 

within 24 years. These were reviewed by Todd to determine the applicability of these cases in 

comparison with Todd Energy facilities. For wellsites, 22 of the incidents can be discounted on 

the basis that the release scenarios cannot occur on an onshore wellsite. The frequency for 

rupture release will be reduced by 65%.  

The maximum flange release hole size will also be limited to 22 mm as a release from a flange is normally limited 

to a segment of a gasket between bolts [Ref. 5]. 
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3.4 Blowout Events 

For normal operations, it is assumed that a blowout may occur during either production, well workover or well 

wireline activities. The categories applied for classifying the incidents [Ref. 11 and 12] are shown in Table 3-4. 

Table 3-4: Categories of Blowout Incidents 

Main Category Description 

Blowout and 

well release 

Blowout (surface flow) • Uncontrolled incidents with surface flow, including subsea releases, 

e.g., from topside or subsea wellhead, drill floor or Christmas tree. 

• Considered as a full blowout event from the full well bore size. This 

will be modelled based on the expected maximum well fluid 

flowrate that the reservoir can supply to the wellbore instead of the 

wellhead pressure to avoid over-estimating the release rate and 

creating unrealistic results. 

Blowout (underground 

flow) 

• Underground flow only or with limited surface flow where minor 

flow occurred and typically the Blowout Preventer (BOP) has been 

activated. 

• Considered to have no consequences on the surface and will 

therefore not considered in this study. 

Diverted well release • An incident where the diverter system functioned as intended. 

• Assumed to be a well release that can be shut-in or diverted to flare 

in a short period of time. This event will not be included as the event 

frequency as given in Table 3-4 is equal to zero. 

Well release • An incident where hydrocarbons (oil or gas) flow from the well at 

some point where flow was not intended, and the flow was stopped 

by use of the barrier system that was available on the well at the 

time the incident started. 

• Assumed to be release from the wellhead and Christmas trees. It will 

be modelled as a horizontal well fluid release at well pressures. 

Release sizes will be based on the same hole size distribution used 

for other release cases. 

The blowout likelihood from the IOGP Blowout Frequencies [Ref. 11] will be used, specifically data for offshore 

operations in areas not operating according to North Sea Standard (Table 2-3 in the IOGP). It is noted that the 

Kapuni wellsites are located onshore, however, IOGP recommends the use of offshore data presented in Section 

2 in the IOGP but noted that there will be a greater degree of uncertainty. The frequency for well wirelining 

considered in the KA-4/14 and KA-13 QRA [Ref. 1] is once per well per year, and no workover will be performed 

in the wells’ life time. These assumptions will be used in this QRA as well. 

Table 3-5: Blowout and Well Release Frequencies for Production Operation 

Operation Category Frequency 

Production (Excluding 

external causes Note 1) 

Blowout (surface flow) 3.3E-05 per well year 

Diverted well release 0 per well year 

Well release 2.9E-05 per well year 

Wireline Blowout (surface flow) 9.0E-06 per well year 

Diverted well release 0 per well year 

Well release 2.6E-05 per well year 

Note 1: External causes are external loads such as storms or fire leading to blowout or well release. 
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3.5 Ignition Probabilities 

The probability of ignition of a release is a function of the release rate, the nature of the material being released 

and the conditions of the surrounding plant. For this QRA, The Energy Institute (EI) ignition probability model 

referenced in IOGP Ignition Probabilities [Ref. 8] will be used for the estimation of overall ignition probability of 

loss of containment scenarios. 

For wellsite, ignition probabilities should be taken from Scenarios 5 and 6 and they are assumed to particularly 

apply to a ‘plant’ where processing takes place. This is considered conservative for use at wellsites as not much 

processing takes place. 

The scenarios are described as: 

• Scenario 5 – Small Plant Gas LPG (Gas or LPG release from small onshore plant) - Releases of 

flammable gases, vapour or liquids significantly above their normal boiling point from small onshore 

plants (plant area up to 1200 m2, site area up to 35,000 m2). 

• Scenario 6 - Small Plant Liquid (Liquid release from small onshore plant) - Releases of flammable 

liquids that do not have any significant flash fraction (10% or less) if released from small onshore 

plants (plant area up to 1200 m2, site area up to 35,000 m2) and which are not bunded or otherwise 

contained. 

The graphs of ignition probabilities as a function of mass release rate are shown in Figure 3-1. 

 

Figure 3-1: Ignition Probability 

Early and Delayed Ignition Probabilities 

The graph 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.  

Scenario 5 – Small plant gas LPG 

Scenario 6 – Small plant liquid 
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For this study, a 30:70 split for early to delayed ignition probability will be used. Given the maturity of the 

hazardous area for all wellsites, it can be assumed that probability of early ignition would be low. 

3.6 Material Composition 

The Heat and Material Balances (HMBs) will be provided by Todd Energy’s process engineer [Ref. 9]. The 

wellstream fluid from each well have different flowrates, material compositions and operating conditions. Any 

stream that has unique consequences will be represented by dedicated sections. For sections with similar 

operating conditions or fluid composition that have similar consequence results, the worst-case scenario will be 

selected as representative, to rationalise the number of scenarios performed. This is to avoid the averaging out 

of inputs of different wellstreams, as it may create a stream with ‘brand new’ operating conditions, material 

compositions and flowrates which does not represent the actual release conditions.  

As far as is reasonable, the compositions in each stream are simplified, i.e. isomers are summed together and 

the C6+ hypothetical materials (KP01, up to KP30) are represented by different heavy alkanes. The following 

alkanes are selected to represent different ranges of hypothetical materials found in the streams based on their 

properties: 

• KP01 to KP10 are assumed to be C7; 

• KP11 to KP20 are assumed to be C10; and 

• KP21 to KP30 are assumed to be C20.  

Note that the hypothetical materials in the Todd Energy’s Methodology Guideline are represented in ST01 to 

ST30; whereas the hypothetical materials in the HMB provided by the process engineer are represented in KP01 

to KP30. The hypotheticals STXX are the same as KPXX [Ref. 19]. 

The important characteristic of molecular weight is kept close to the actual value to ensure the release rate is 

representative.  

The effects of water cut of the hydrocarbon on fire hazards will be considered to identify the streams that are 

considered not flammable due to high water content. According to Oil and Gas UK Fire and Explosion Guidance 

[Ref. 10], for water cuts under 50%, no significant reduction in heat fluxes to engulfed objects can be expected 

(<10%). However, for water cuts over 50%, the flames are significantly less radiative, and the overall heat flux to 

an obstacle can be reduced by 40% or more. To be in line with Oil and Gas UK Fire and Explosion Guidance, it is 

assumed that a mixture remains flammable if it has a water cut of up to 125% (defined as mass of water/ mass 

of fuel x 100%), although not necessarily capable of supporting a stable flame in the absence of some other 

supporting mechanisms.  

Similarly, increasing concentrations of CO2 were found to reduce the likelihood of ignition of a methane jet 

release. At CO2 concentrations of 22–40% (v/v) it was possible for a self-sustaining flame to exist, but beyond 

these concentrations a pilot flame was required to aid combustion. Beyond 60% CO2 the pilot flame had no 

effect and the mixture was completely inert [Ref. 22].  

The average flammability of the mixtures will be calculated by Safeti software, considering the effects of the 

inert components (e.g., CO2, N2 and H2O). 

3.7 Release Scenarios  

Release rates will be calculated based on the release hole size and operating pressure. All releases will be 

modelled at initial process conditions until the entire isolatable inventory has been depleted and will not take 

account of the depressurisation that occurs over time. 

All wellsites have automated ESD on fire detection, and KA-8/18 has automatic ESD on gas detection as well. 

Hydrocarbon leaks at the wellsites or along the pipelines (other than minor leaks) will lead to pressure and/or 

liquid level drop at KPS, which will alert the operators to perform a check at the wellsite(s).   
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Given the proximity to the KPS, operators can generally arrive at the wellsites within 15 minutes. As such, 15 

minutes delayed detection will be assumed, and 15 minutes of released inventory will be added. Full bore 

rupture cases are only considered credible when there is major work on site, and the wellsite would be manned 

to detect the leak immediately. Hence undetected full bore rupture is not considered credible. 

The inventory for well blowout and well release events will be considered as unlimited because they can be 

supplied from the downhole reservoirs. 

The wellsites bunding and drainage systems are designed to contain hazardous materials within the boundaries 

of the wellsite. Therefore, condensate pools are assumed to remain confined within the site. 

Other assumptions to be applied in the QRA include: 

• The height of release from all scenarios will be assumed to be at 1 m above ground, although some 

equipment may be located at the elevation higher than the ground level.  

• For wellsite releases, 70% of the releases should be modelled as horizontal releases and 30% of the 

releases as vertical releases. Well blowout will be modelled as 100% vertical release.  

• All outdoor releases are modelled as non-impinged (free) releases and are monitored at the 

downwind direction. 

• A free-field condition is assumed although in real facility situations, multiple obstructions beyond the 

leak source could shield or deflect the jet fire. Obstructions in the path of the vapour cloud could also 

alter the concentration of gas in the cloud 

• Fire durations are estimated based on the assumption that isolation and shutdown are immediate. 

• In estimating piping length, a safety factor of 1.25 will be applied to all lengths measured from the 

map to account for bends and elevations which could not be determined from the 2D map. 

• For liquid releases from pressurised sources, if the rainout is significant then a pool fire will result. If 

not, a spray fire (equivalent to a jet fire) will result. It is suggested in the Oil and Gas UK Fire and 

Explosion Guidance [Ref. 10] that for ignited two-phase releases: 

− If the Gas Oil Ratio (GOR) is low, at drive pressures above 10 bar(abs) a spray fire will result; 

− If the GOR is high, at drive pressures above 5 bar(abs) a spray fire will result.  

Note: Gas oil ratio is the ratio of gas to oil within the hydrocarbon fluid. A high GOR indicates a high gas content 

which has implications for the potential for gas fires from a depressurisation and release [Ref. 10]. 

3.8 Congested Area 

A flammable vapour cloud accumulation at congested area(s) is the prerequisite to a vapour cloud explosion 

(VCE). There is limited equipment at the wellsites, and these areas are generally open with good ventilation 

expected throughout the year. The possibility of flammable vapour accumulating and developing into 

subsequent vapour cloud explosions, are considered not credible. Hence, VCE modelling will not be carried out. 

3.9 Atmospheric Conditions for Modelling 

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). 
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3.9.1 Wind Speed and Direction 

Wind speed and direction data are taken from NIWA’s CliFlo database [Ref. 16] for the Hawera Automatic 

Weather Station (AWS) to represent the atmospheric conditions at Kapuni. 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 3-2. 

 

Figure 3-2: Hawera AWS Windrose 

The following combinations of wind speed and atmospheric stability will be considered in the QRA that 

represents the typical wind speed conditions around the wellsites: 

• 2/F – wind speed of 2 m/s with Pasquill Stability class F – stable, night with moderate clouds and 

light/moderate wind 

• 5/D – wind speed of 5 m/s with Pasquill Stability class D – neutral, little sun and high wind or 

overcast/windy night 

• 10/D – wind speed of 10 m/s with Pasquill Stability class D 

For the modelling, wind speed reference height (the height at which the wind impacts a release) will be set at 1 

m (i.e., so as to match the release height). The Power Law wind profile will be 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 3-6. 

Table 3-6: Hawera AWS Wind Data 

Wind Speed / 

Pasquill 

Stability 

North 
North 

East 
East 

South 

East 
South 

South 

West 
West 

North 

West 
Total 

0 - 2 m/s / F 2.1% 1.1% 0.3% 1.4% 0.6% 0.3% 1.7% 1.5% 9.0% 
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Wind Speed / 

Pasquill 

Stability 

North 
North 

East 
East 

South 

East 
South 

South 

West 
West 

North 

West 
Total 

2 - 5 m/s / D 10.1% 5.1% 1.5% 6.9% 3.1% 1.4% 8.2% 7.2% 43.5% 

> 5 m/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% 

3.9.2 Ambient Temperature and Relative Humidity 

The following ambient temperature and relative humidity as consistent with those used in the KPS QRA [Ref. 18] 

will be used in the QRA: 

• Ambient temperature: 14°C  

• Relative humidity: 83% 

3.9.3 Solar Radiation 

The allowance for solar radiation will not be included in the thermal radiation effects consideration. 

3.9.4 Surface Roughness 

Safeti cannot take into account the effects of the local undulating topography for the gas dispersion. The surface 

roughness of 30 mm will be applied, which generally represents an area of “open flat terrain; grass, few isolated 

objects” to represent the open area of the wellsites. 

3.10 Fatality Criteria 

The physical effects from these consequences can have different impacts on humans. The variation of harm from 

different effects is reflected in a parameter known as the harm probability. In this study, human harm relates to 

high potential for fatality.  

3.10.1 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. 17]. The Probit function is defined as follows: 

Probit = -36.38 + 2.56 ln (t × q4/3) 

Where: 

t = exposure duration in seconds 

q = thermal radiation level in W/m2 

Safeti calculates the Probit values during the analysis. 

An exposure duration of 20 seconds has been used as a base case, although it is noted that personnel are likely 

to find some form of shielding protection within this time frame. 

3.10.2 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 vapour in air can be ignited.  
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A flash fire occurs when a dispersed cloud of flammable 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:  

• uneven mixing of flammable vapour and air in the cloud resulting in uneven propagation of the flame,  

• topography,  

• sparsely populated rural land use adjoining the site,  

• availability of shelter,  

• opportunity for escape, and  

• clothing worn by persons exposed to the flash fire.  

Thermal radiation outside of the flash fire footprint, reduces 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.  

3.10.3 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 light 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 

fatalities from the explosion overpressure effects are considered in this risk assessment. The probability of BLEVE 

depends on various factors, including the types of flammable material and liquid inventory in the vessel, material 

of construction of the vessel, types and number of fire protection systems (e.g. relief valves, cooling systems), 

mechanism of vessel failure (external impact, jet fire impingement or pool fire impingement), etc. Passive Fire 

Protection (PFP) can be provided on pressurised vessels to minimise the probability of BLEVE. There is no clear 

guideline or criteria to determine the likelihood of a BLEVE on a pressurised vessel. For this risk assessment, 

BLEVE will be considered credible if a pressurised vessel containing at least 4 m3 of volatile hydrocarbon (liquid 

butane or lighter) is exposed to direct flame impingement for 5 minutes or longer.  

Liquid volume calculation for the vessels at the wellsites are shown in Table 3-7. 

Table 3-7: Kapuni Wellsites Vessels Liquid Volume Estimation 

Tag Description 
Diameter 

(m) 

Length / 

Height (m) 

Volume 

(m3) 

Liquid 

Level 

(mm) 

Liquid 

Volume 

(m3) 

KA-02 

V-201A HP Knockout 0.686 4.572 1.69 343 0.84 

V-204A Secondary Knockout 0.914 3.048 2.00 457 1.00 

V-0202A LT Separator 1.219 3.810 4.45 1905 2.22 

KA-05 

V-0516 KA-5 Desander 0.406 4.572 0.59 406 0.59 
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Tag Description 
Diameter 

(m) 

Length / 

Height (m) 

Volume 

(m3) 

Liquid 

Level 

(mm) 

Liquid 

Volume 

(m3) 

KA-19 

V-2154 Wellhead Knockout 1.068 4.572 4.10 534 2.05 

KA-8/18 

V-2803 HP Knockout Drum 0.685 4.570 1.68 342.5 0.84 

V-9010 Wellstream Separator (2 phase) 1.600 4.500 9.05 800 4.52 

V-9020 Wellstream Separator (2 phase) 1.600 4.500 9.05 800 4.52 

V-2808 LT Separator 1.830 5.640 14.83 915 7.42 

V-2804 Low Temperature Separator 1.220 3.810 4.45 1905 2.23 

V-2805 Secondary Knockout 915 3.050 2.01 457.5 1.00 

Based on the table, the liquid volume for the KA-8/18 Wellstream Separators (V-9010 & V-9020) and LT 

Separator (V-2808) might be greater than 4 m3. However, based on the Heat and Material Balance, the 

composition of the liquid sections from the Wellstream Separators is mainly water (approx. 88 vol%), and the 

liquid from the LT Separator is mostly heavy hydrocarbons with volatile hydrocarbons making up only 15 vol% 

of the total composition. Therefore, it is considered that all vessels in Kapuni Wellsite do not have BLEVE 

potential. 

3.10.4 Toxic Effects 

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

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

 Probit = a + b ln (Cn × t) 

where: 

t = exposure duration in minutes 

C = concentration in ppm 

a, b and n = material specific probit constants 

Toxic effect from methanol will be considered in the QRA. UK HSE gives the following toxic load values for 

methanol: 

• SLOT = 8.02 × 105 ppmn · min (1% fatality probability) 

• SLOD = 2.67 × 106 ppmn · min (50% fatality probability) 

By solving the simultaneous equation, the other constants a and b can be calculated. The probit constants for 

methanol are: 

 a = -23.67 

 b = 1.94 

 n = 1 
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3.11 Risk Criteria 

Risk is the combination of the likelihood and consequence of such accidents. It is defined as the probability of a 

specific adverse event occurring in a specific period or in specified circumstances. The likelihood may be 

expressed either as a frequency (i.e. the rate of events per unit time) or a probability (i.e. the chance of the event 

occurring in specified circumstances). The consequence is the degree of harm caused by the event. 

Escape and evacuation fatalities are generally not considered for an onshore plant due to the open site layout 

and personnel’s ready accessibility to the muster area. Hence, only immediate fatalities will be taken into 

account when performing the risk analysis to onsite workers.  

Key deliverable for this study is the location specific individual risk (LSIR) in the form of risk contour. LSIR is 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. In real situation, people do not constantly remain in one location, so this risk 

value does not provide a realistic representation of the true level of risk.  

However, this value allows different areas to be compared on the same basis and is a useful measure for 

establishing the most hazardous areas of the plant, or for the comparison of facility risk profiles against standard 

criteria. The LSIR can be expressed as follows:   

                                                        

Where: 

F = Frequency of an event outcome per year 

P = Probability of death due to the event at the location 

∑ = Sum over all modelled events 

LSIR is usually presented as risk contours or by defining risks at selected locations (e.g. site boundary). 

As there are no standard risk criteria which have been developed for the NZ context, this deliverable will be 

assessed against the suggested risk criteria in the NSW Hazardous Industry Planning Advisory Paper No. 4 

(HIPAP4) “Risk Criteria for Land Use Planning” as shown in Table 3-8. 

Table 3-8: HIPAP 4 Individual Fatality Risk criteria 

Land Use Risk Criteria Adopted (per annum) Interpretation for QRA 

Hospitals, schools, childcare facilities, 

old age housing 

0.5 × 10-6 (or 5 × 10-7) 

(1 in 2 million) 

5 × 10-7 risk contour should not 

extend to these areas 

Residential, hotels, motels, tourist 

resorts 

1 × 10-6 

(1 in 1 million) 

1 × 10-6 risk contour should not 

extend to these areas 

Commercial developments including 

retail centres, offices and 

entertainment centres 

5 × 10-6 

(1 in 200,000) 

5 × 10-6 risk contour should not 

extend to these areas 

Sporting complexes and active open 

space 

10 × 10-6 (or 1 × 10-5) 

(1 in 100,000) 

1 × 10-5 risk contour should not 

extend to these areas 

Industrial 50 × 10-6 (or 5 × 10-5) 

(1 in 20,000) 

5 × 10-5 risk contour should, as a 

target, be contained within the 

boundaries of the industrial site 

where applicable 

LSIR = Σ F × P 
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NSW HIPAP 4 states that where these criteria are initially exceeded, commercial and industrial land development 

may be appropriate where mitigating measures can be implemented to reduce risk exposure to less than the 

target individual fatality risk level. 
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