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ABBREVIATIONS
AS Australian Standard
BPCS Basic Process Control System
CCTV Closed Circuit Television Cameras
EFR External Floating Roof
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LFL Lower Flammable Limit
LOPA Layer of Protection Analysis
MHF Major Hazard Facility
SIL Safety Integrity Level
VCE Vapour Cloud Explosion
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SUMMARY

Background

Caltex Australia Petroleum Pty Ltd (Caltex) operates a hydrocarbon fuel terminal in
Wickham near Newcastle, NSW.

There are several examples of tank separation distances to boundary, to onsite
protected places, to offsite protected places and distances between tanks that have
been confirmed to be non-compliant with AS1940:2017.

SafeWork NSW provided advice to Caltex to establish an improvement plan to ensure
all deficiencies are satisfactorily addressed to minimise risk so far as is reasonably
practicable. The improvement plan indicating all area of non-compliance, existing
controls, proposed controls and actions and an estimated timeframe for completion is to
be submitted to SWNSW.

To address this request Caltex retained Sherpa Consulting Pty Ltd (Sherpa) to carry out
a risk comparison review for the non-compliances in AS1940:2017 separation distances.
Note: the risk review does not include any other type of non-compliance, these are being
addressed separately. ‘

The overall objective of the study is to assess the relative difference in risk for each
specific non-compliance in separation distance. ‘

The base case risk assumes all mandatory’ AS1940:2017 control measures (i.e.
controls that ‘shall’ be implemented under the standard) are in place. This is compared
against the risk with the control measures as installed at the site to determine whether
the risk is equivalent, higher or lower with the installed controls.

Approach

Given the relatively small magnitude of the non-compliances, for example separation
from T-214 is 46m versus the requirement of 50m to a protected place, the risk’ at these
locations will be dominated by fire events (i.e. flame impingement or radiant heat) and
any potential material difference in consequence will be a function of different heat
radiation levels.

Industry incidents and subsequent investigations by bodies such as the UK HSE, show
that large flammable vapour clouds and resulting flashfire or overpressures from a
gasoline tank overfill event (the ‘Buncefield’ scenario) have potential effect distances of
many hundreds of metres. Separation distance of the scale required in AS1940:2017 is
not a mitigation for this event, so these events are not covered in this review.

T Compliance with AS1940:2017 is not a statutory requirement under NSW legislation hence is not
mandatory. However AS1940:2017 is a recognised ‘good practice’ by Worksafe. ‘Mandatory’ in the
context of this study means a control that ‘shall’ be implemented under AS1940:2017.
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The scope of the risk equivalence review covered:

1. Summarising the mandatory control measures required under AS1940:2017 (which
are relevant to reducing the likelihood of loss of containment from tanks and
associated equipment, or mitigating the consequence of tank or bund fires) and
comparison of the mandatory controls with the control measures installed at the site.

2. Consequence modelling using PHAST 8.2 for tank top fire and bund fire scenarios
for each tank with a non-compliant separation distance to establish any material
differences in radiant heat at the required and actual separation distance for each
scenario.

3. Estimating the likely change in likelihood of fire per tank due to any additional
controls using Layer of Protection Analysis (LOPA) factors to adjust a base statistical
frequency (from LASTFIRE 2012).

4. For any non-compliances where the risk of the installed system is higher than the
AS1940:2017 equivalent risk, identifying potential additional controls to reduce the
risk to an AS1940:2017 equivalent or lower level.

Note that this approach is intended to show the relative difference in risk from a specific
tank or bunded area. Probability of exposure factors such as wind direction or wind
speed are not included. Therefore the results are not suitable for cumulating or
comparison to risk criteria.

1.3. Results
All mandatory controls required under AS1940:2017 (with the exception of separation
distances) were found to be installed at the Terminal, including the requirements from
the most recent standard update (i.e. from AS1940:2004 to 2017) for:
e independent tank high level alarms
e gas or hydrocarbon detection in bunds.
Additional control measures beyond the requirements of AS1940:2017 which are
installed at the Terminal are:
e Independent high-level shutdown function on each tank
e CCTV covering all bunds (i.e. flammables, mixed storage and combustible only).
e Bund foam pourers in flammable bunds
e In tank foam systems for all combustible tanks except T352 (which is a diesel tank

in a separate bund).

Consequence modelling was carried out using PHAST 8.2. In summary, the fire
modelling results show that: '
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e There is no material difference in the probability of a fatality due to heat radiation or
flame impingement from fires at the AS1940:2017 required separation distance
compared against the actual separation distances.

o For non-compliance with separation distances from tanks or bund walls
to boundaries, there is no material difference in the probability of fatality
as the receptor is directly under the tilted flame in both compliant and
current separation distance and the predicted fatality probability is 100%.

o For non-compliant separation distances to offsite protected places the
predicted heat radiation levels are below fatality levels for the current
separation distances and hence compliant separation distances would
not result in reduced consequences.

e For tank to tank escalation there is no material difference at the AS1940:2017
required separation distance compared against the actual separation distances. The
heat radiation at a neighbouring tank at a separation distance of the required range
of 7.5m to 15m is in excess of 23 kW/m? (where structural failure may occur).

From these consequence results it is concluded that, given a fire occurs, there is no
material difference in the fatality or escalation outcomes at defined receptors between
the current and AS1940:2017 compliant separation distances.

As risk is a combination of consequence and likelihood, the likelihood of realising the
consequences of a non-compliant separation distances tank or bund fire was assessed.
The likelihood was determined for the current ‘all installed additional controls case’ and
AS1940:2017 compliant case.

Publicly available statistical data for tank fire, bund fire and overfill events (LASTFIRE
2012) was collected and assumed to be applicable to the base case including all
AS1940:2017 mandatory controls. This was then adjusted for each relevant tank or bund
using Layer of Protection Analysis (LOPA) factors based on industry guidance from
CCPS (Ref (1)).

Figure 1.1 shows a summary of the relative risk to receptors (e.g. protected places) for
the case with AS1940:2017 mandatory controls compared with risk with all installed
additional controls. These are presented for each tank fire or bund fire. All risks are
equivalent to or lower than the case with AS1940:2017 mandatory controls.

Figure 1.2 shows a summary of the relative risk of tank to tank escalation with
AS1940:2017 mandatory controls compared with escalation risk with all installed
additional controls. All risks are equivalent to or lower than the case with AS1940:2017
mandatory controls.

1.4. Conclusions
Overall, the results demonstrate that the risk from tank top fires or bund fires to receptors
defined in AS1940:2017 (i.e. protected places, site boundary, security fences,
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neighbouring tanks) with additional installed controls at the Terminal and slightly reduced
separation distances, is the same or lower than the risk with all mandatory AS1940:2017
control measures at the required separation distance.

Additional control measures have therefore not been identified or further assessed as
risk equivalence has been demonstrated.
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INTRODUCTION

Background

Caltex Australia Petroleum Pty Ltd (Caltex) operates a hydrocarbon fuel terminal in
Wickham near Newcastle, NSW. Petroleum fuels are generally imported by pipeline and
exported by road tanker. Small quantities may also be imported from road tankers. The
Terminal is not a Major Hazards Facility (MHF), although has notified SafeWork NSW
that the facility storage capacity for flammable materials exceeds 10% of the MHF
threshold.

The Terminal has been in use since the 1960s with numerous changes and upgrades
implemented. This includes additional control measures that exceed requirements of the
relevant Australian Standard AS1940:2017 The storage and handling of flammable and
combustible liquids. However there are also a number of existing non-compliances with
the separation distances defined in the current version of AS1940:20172.

There are several examples of tank separation distances to boundary, to onsite
protected places, to offsite protected places and distances between tanks that were
confirmed to be non-compliant with AS1940 (2017). SafeWork NSW provided advice to
Caltex to establish an improvement plan to ensure all deficiencies are satisfactorily
addressed to minimise risk so far as is reasonably practicable. The improvement plan is
to be submitted to SWNSW that indicates all area of noncompliance, existing controls,
proposed controls and actions and an estimated timeframe for completion.

To address this request Caltex retained Sherpa Consulting Pty Ltd (Sherpa) to carry out
a risk comparison review for the non-compliances in AS1940:2017 separation distances.

The intent of the comparison is to demonstrate that the ‘risk’ with the control measures
installed at the Terminal is equivalent to or better than the risk level with mandatory
control measures defined in AS1940:2017 if the separation distances were met.

Scope and objectives
The scope of the study covers the identified non-compliances in AS1940:2017
separation distances summarised in Table 3.1.

The overall objective of the study is to assess the relative difference in risk for each
specific non-compliance identified in Table 3.1.

2 Separation distance requirements have not changed in AS1940:2017, i.e. remain as per AS1940:2004
so the non-compliances are not new.
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The base case risk assumes mandatory® AS1940:2017 control measures (i.e. controls
that ‘shall’ be implemented under the standard) are in place, and this is compared
against the risk with the control measures as installed at the site.

Scenarios

Historically, pool fires due to ignition of hydrocarbon spills, bund fires, tank top fires and
internal explosions in storage tanks have been regarded as credible incident scenarios
at fuel terminals.

Large flammable clouds and resulting flashfires or vapour cloud explosions (VCEs) were
regarded for many years as barely credible, largely due to the relatively open and
uncongested layout of most terminal sites. (Flashfires are very intense short duration
fires without overpressure, significant overpressure may also be generated if
environmental factors causing high flame speeds are present, resulting in a VCE).

However, in 2005, an overfill of gasoline from a storage tank at the HOSL terminal in
Buncefield, UK, resulted in a large flammable vapour cloud and extremely damaging
explosion, followed by an extensive fire and emergency response effort that continued
for several days. Investigations identified a number of common factors in similar
incidents that have occurred. These included:

e Potential for overfill or other release of hydrocarbon containing volatile material that
continues undetected for some time resulting in significant droplet formation and
vapourisation, and good mixing with air resulting in a flammable mixture

e Low wind speed, stable atmospheric conditions (ie poor dilution of cloud)
e An ignition source in the vicinity

e |ocalised congestion or confinement of dispersing-flammable vapour clouds or
some other factor resulting in high flame speeds.

Subsequent guidance developed by the UK HSE based on extensive investigation and
modelling (Ref (2)) suggests that there is a flammable vapour cloud risk for vertical
aboveground gasoline storage tanks more than 5m high, with import rates greater than
approximately 100m?hr. These factors are applicable to most fuel terminals that store
gasoline, including the Newcastle Terminal.

However as has been clearly established by previous incidents and modelling produced
by the UK HSE, these events have potential effect distances of hundreds of metres, i.e.
separation distance of the scale required in AS1940:2017 is not a mitigation for this
event.

3 Compliance with AS1940:2017 is not a statutory requirement under NSW legislation hence is not
mandatory. However AS1940:2017 is a recognised ‘good practice’ by Worksafe. ‘Mandatory’ in the
context of this study means a control that ‘shall’ be implemented under AS1940:2017.
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For the purposes of this study the scenarios considered to contribute to off site risk are:
e Tank top fires (full surface area)
e Bund fires (caused by overfill or major tank failure).

Other scenarios such as rim seal fires, tank vent fires or internal explosions are not
assessed by themselves, as, in the worst case, these will also result in a tank top fire.
Large flammable vapour clouds and resulting flashfire or overpressures from a gasoline
tank overfill event (the ‘Buncefield’ scenario) are also not covered in this review.

2.4, Methodology

Given the relatively small magnitude of the non-compliances, for example separation

from T-214 is 46m versus the requirement of 50m to a protected place, the ‘risk’ at these

locations will be dominated by fire events (i.e. flame impingement or radiant heat) and
any potential material difference in consequence will be a function of different heat
radiation levels.

The scope of the risk equivalence review covered:

1. Preparation of a summary of the mandatory control measures required under
AS1940:2017 which are relevant to reducing the likelihood of loss of containment
from tanks and associated equipment or mitigating the consequence of tank or bund
fires (excluding the ‘mandatory’ separation distances).

2. Comparison of AS1940: 2017 mandatory controls (excluding separation distances)
with the control measures installed at the site.

3. Define consequence criteria expressed as heat radiation levels resulting in fatality or
asset damage.

4. Complete consequence modelling using PHAST 8.2 for each non-compliant tank top
fire and associated bund fire scenario to establish the difference in radiant heat at
required and actual separation distance for each scenario impact compared against
the consequence criteria. A worst case wind condition was used for this modelling.

5. Estimate the change in risk of fire per tank or bund taking into account installed non-
mandatory controls using Layer of Protection Analysis (LOPA) factors to adjust a
base statistical frequency (from LASTFIRE, Ref (3)). Note that this approach is
intended to show the relative difference in risk from a specific tank or bunded area
and is not intended to be cumulated for comparison to risk criteria.

6. As the non-compliance issues relate to separation distance, the risk is typically
assessed in the form of frequency of effect at specific locations. Probability of
presence of a receptor or escape potential is not accounted for.

7. Escalation risk between tanks is assessed using damage threshold levels (i.e. within
flame or specific radiant heat levels).
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For any non-compliances where the risk of the installed system is higher than the
AS1940:2017 equivalent risk, potential additional controls to reduce the risk to an
AS1940:2017 equivalent or lower level were identified.

2.5. Exclusions and limitations

The following exclusions and limitations apply:

This advice covers non-compliances relating to AS1940:2017 separation distance
requirements only. Review of any other non-compliance is not with the scope of this
review.

Modelling is only included for tanks or bunds with an identified non-compliance in
separation distances, no other modelling is included.

The tanker loading bay is not covered as there are no identified non-compliances
relating to AS1940:2017 separation distance.

This advice covers risk comparison for an individual non-compliance on a specific

tank or bund basis only. An assessment of overall Terminal cumulative risk is not

within the scope of this study.

The risk review is consistent with the risk analysis / assessment steps given in
AS1940:2017 Appendix E, section E2.3, however is limited to the issues relating to
separation distances only.

Identified non-compliances in required separation distance have been advised to
Sherpa by Caltex as per Table 3.1 based on site surveys. Sherpa has also cross
checked these using Google Earth imagery (which would be less accurate than the
survey data).

Additional control measures at the site are assumed to be designed to meet their
design intent and tested to meet reliability requirements, with supporting
documentation available within Caltex.
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3. AS1940:2017 CONTEXT
3.1. Overview
In the context of AS1940:2017 relevant terminal characteristics are:
e Category 6 tanks
e Flammables and combustibles stored in same bund
e Aboveground tank storage of aggregate capacity 2000m?and greater
e High volume tank fills (i.e. pipeline transfers at rates > 100m?/hr).
A site layout and tank schedule is provided in Figure 3.1.
Locations of tanks storing gasoline or bunds storing flammables in at least one tank are
shown in Figure 3.2.
3.2. Protected places
Broadly, AS1940:2017 The storage and handling of flammable and combustible liquids
specifies separation distances from tanks or bund walls to receptors such as protected
places (both onsite and offsite), or a site boundary or security fence. A protected place
is defined as:
1.4.56 Protected place is any of the following:
(a) A dwelling, residential building, place of worship, public building, school or college,
hospital, theatre, and any building or open area in which persons are accustomed to
assemble whether it is within or outside the property boundary of the installation.
(b) A factory, workshop, office, store, warehouse, shop, or building where persons are
employed, that is outside the property boundary of the installation.
(c) A ship lying at permanent berthing facilities.
(d) Any storage facility for dangerous goods outside the property boundary of the
installation, except for those defined as minor storages in this or other Standards or
regulations.
For tanks exceeding 2000m? of Class 3 PGII such as gasoline storages at the Terminal,
50m is required to a protected place (AS1940:2017 Table 5.4), and from a bund wall
storing flammables 15m to a protected place (AS1940:2017 clause 5.8.3i). Distances
from combustible storage are smaller than for flammables.
Locations of the tanks where a separation distance to a protected place (onsite or offsite)
is non-compliant with AS1940:2017 (as summarised in Table 3.1) are identified in Figure
3.3. (Note that tank to tank separation distances are non-compliant for most tanks so
these are not shown specifically in Figure 3.3).
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Mandatory controls

It should be noted that the update from the previous version of the standard
AS1940:2004 to AS1940:2017 significantly increased the number of mandatory controls,
including requiring gas or hydrocarbon liquid detection for spills into flammable bunds,
an independent high level alarm on tanks, a more extensive definition of ‘tank-on fire’
hence additional fire protection for cooling neighbouring tanks in a tank fire event.

Table 3.2 summarises the mandatory controls under AS1940:2017 (apart from
separation distances) that affect ignited events.

The installed controls at the terminal are also summarised in Table 3.2. It can be seen
that all mandatory controls under AS1940:2017 are installed at the Terminal, inc|uding
the requirements from the most recent standard update for independent tank high level
alarms and gas or hydrocarbon detection in bunds.

Additional control measures beyond the requirements of AS1940:2017 which are
installed at the Terminal are:

e Independent high level shutdown function on each tank
e CCTV covering all bunds (i.e. flammables, mixed storage and combustible only).
e Bund foam pourers in flammable bunds

e |n tank foam systems for all combustible tanks except T352 (which is a diesel tank
in a separate bund).

Document: 21345-RP-001

Revision:

1

Revision Date: 5-Sep-2019

File name:

21345-RP-001 Rev 1 Page 16

64



65

/1 ebed L A9Y L00-dY-GvELT ‘dweu 9|i4
6102-dos-g :8jeQ uoisiney
L ‘UoISIney
L00-dY-GvELT ‘uawnoo
Atepunog ays / Buip|ing sinoqybiau 0} adue)sip pue doysyiom SIa}ly 0} aoue)sip
Joy Jueldwod jou si pung ulayinog ‘aoejd pajosjolid ays-uo 1o aoe|d pajosjold
€86 B 0} WG| 8q 0} paJinbai s palojs sI pinbi| ajgewwel} alaym pung wol asuelsiq | 119dE sa|qewwe] pung yuoN
‘Buipjing sinoqubiau 0} @oueISIp pUB WOOJ [0J3U0D 0} doUEB]SIP
Joy jueldwod jou sI pung uldyinog "aoejd pajosloid ays-uo 1o ade|d pajosiold
€86 B 0] WG| aq 0} pasinbal sI palojs sI pinbi| ajqewiwe]} alaym pung wody aoueisiq | 19dE sa|qewwe| pung yinos
paJinbai (9-1 40 Jjey) WG| e palinbal - W ¢°G SI Syue) |e2ILSA USSMIS] doUelsI(] (3ol Ajpuauno) -1 0} O- 1
€L palinbal (9-1 JO jley) WG| 6 paiinbal - W g'g si syue) [edjUdA usamieq soueysiq | 1119dE Sa|qeuwe| /1 0}9-1
€2'G| paunbal (y12-1 0 jley) WG| 6 paJinbal - W g'g SI SYUE) [EOINBA USBMIB] Boueysid | |19dE s9jqeulwe| LZ/S1L1L0lvle-L
paiinbal WG|~ We'y| SI spinbl| a|qewwel) 104 SyUe} [BOILSA UdaMIaq douelsiq 12/G11018/¢-1
€4 paJinbal WG |- wWg'/ sI spInbl| d|qewwey) 1o} SUE) [BOIUSA usamjeq douelsia | [19dE sa|qewiwie| 4 ¥1c-10318/.¢-1
palinbal WG| - wg 9 Sl spinbi| ajgewwel) 10} SyuUe) |ED2ILSA UsdMID] SoUe)sI(] 029-1 0} Z8%-1
palinbal WG| - we QL si spinbi| 8|qewwel} Jo} syue} [edlan usamiaq aouessiq 0/6/-1 0}y Z8¥-1
€LS palinbas wg), - w/ '/ sl spinbi| d|qewwel) Joj SYUE) [EOILSA USdMIS] douelsig | [19dE Sa|qewule|{ 696/-1 0} 28¥-1
¥'G alqel ¢W000¢ < Muey Joj W 0§ @9 pinoys
€'.L'S w 9y Ajgjewixoidde aur Jybiesis st eoejd pajosjold a)is Yo jsalesu o} souelsiq | [19dE 112'955'C i=Ell d1Nds ylc-L
eW000¢
<uey Joj W Qg 8g pinoys w g¢ si 9e|d pajosjoid a)is Yo jsaiesu 0} 8ouelsiq | 19dE 726'C¥6'9 l=EE! d1nd 8.¢€-1
G alqeLl ¢WO00T < MUE} 10} W G 89 PINOYS ‘W 908 9¥ |[eM }se|g/ialuieq JnodeA
€9 punole ‘W 6| '6¢ dulT }ybles si aoejd pajosjold 8)is Yo jsaiesu o) ouelsig | [19dE 1G9°229'G o4l d1nd 28v-L
£°G 9|9eL aoe|d pajosjold 10 8ous) AJIN28S 0} WG| 8 p|Noys (3ol Ajpuarino)
LS aoe|d pajosjold B 0} WG| > /-1 | [IDE 000°'L€8'C | jool paxi4 sd|qewwe| L1
€'G 9|qeL aoe|d pajosjold 1o 9ous) AJINdaS 0] WG/ 8q pinoys
LS ‘Wg'g sl 9ous} AJIN0SS JseMm 0} doue}sIg 10 €0L'€22'G | jool paxi4 [@sald ¢Gee-1
Ja1 2102 (saa)
:0P6LSY anss| | sse|) foeden | adA] yue) ERIVVETS yuej

Arewwins aoueldwoo-uou asue)sip uoneledas /L0Z:0v6LSY :L°€ 2|9eL

ediays




66

81 abed

L A3Y 100-dd-SvEle
6102-dos-G

3
100-dY-G¥€LC

‘aweu aji4
:9)e( UOISINSY
:UoISINSY
;JuswinooQ

et ]

- }

_ LA wws w A Eun! R i
I [ 4 e AL TN e e —t &mﬂﬁ
. lomsioed  waa ron T R -4 o
saml samade s s
—

ediays

1noAe| d)sg :L°¢ ainbi4



67

61 abed

L AOY L00-dH-GPELZ ‘aweu ajl4
610z-das-g :9)e( UOISINDY

L :uoisiney

100-dd-GvELe Juswinoo(g

punq abelols o|qewwe|q

SHUE) BUI|0SEL) -

ediays

so|qewwely Bulio}s spunq pue abelols auijoseb Buimoys jnoAke| ayg :z ¢ ainbi4



68

0z abed

L A9Y 100-dd-SvELe

‘aweu oyl

610zZ-dos-g ;9B UOISINDY

3
L00-dYd-G¥€lLC

:uolsiney
uswnooq

(susyo 1o aysuo) aoe(d! pajosjoid 0} adoueldwoo-uou e yym syue |

suo1}eo0| (8)isyo 1o aysuo) asejd pajosjold o0} asueljdwos-uou asuelsip uonjesedas /10Z:0¥6LSV :£°¢ 24nbi4

ediays




69

1z abed

L ASY 100-dd-SvELe

‘aweu 9|14

610z-dos-g :9]e( UOISINDY

3
100-dd-G¥ElLe

:uoIsinay
‘JuswinooQ

(Ajuo ausyo) soeld pajoslold 0) @ouel|dwoo-uou B Yium syue |

suoljeoo| aoe|d pajoajoud ajisyjo 0} aoueldwoo-uou aosuelsip uoneledas /L0Z:0¥6LSY 'S 2Inb14

ediays




s3nsaJjue]
TVNI4 S}NSa1 uoneipes Jeay 2[e) SYETT

saved paoarod ausyo oy ouocs [N

Ba.JE UONE[RISD UIYIM / A)l|eje) %00T 03 3W02IN0 }3s- paydipaldiapun uojelpes jeay- awey Japun Al

jue) dupnoqudiau
03 3ujjood BuiAdde
404 ALDD 40} 50 pue juey .
2|q1sNquI0 921n0s Uy s1ainod
uey uj jeuonippe 10} 10 Ppapiroud Bujjood Aeds|
80-369°Z SO0 Aq paanpas baiy a1y joou paxid|Ssz'0 £L0-35T'S - 3UI023N0 U} IUBIYIP [e3jeW ON|p'ST €91 501 £ 62 ON 96 ST (z8v-1) yueyjuadelpy|TeS 13sa1poig| 400 paxid|  OL6L-L|
ALDD 10} MO||V 'OV TSV
J1apun paiinbai 3ujjood papiroud Bujjood Aeds|
90-369°Z S0 Aeuds jeuopippe BuiyioN|sT'0 903575 - 3W023n0 U} IUIAYIP [e1131ew ONS'IT 1x4 133 61 6 ON z9 ST (z8v-1) yueyjuazelpy|0gz loueyy3| 696L-L|
ALD310} MOV OP6TSY.
13pun paiinbai 3ujood Ppapiaoid 3ujjo0d Aeds)
90-369°' S0 Aeids jeuonyippe BuiyioN|sz'0 90-357'S - 3W023n0 Ul 93U IAYIP [e1aew oNfs 6T ST S5 S's 114 ON 58 76 (9-L) yueyjuaselpy|zsoz jar[  yoo1 paxiy £-1]
SWe|} payjn Japun
50-30T°Z T weoj [euonippe ujyioN 50-30T°Z - 3UI02JN0 U} DUIIYIP [el3ew ON|69T STT 9's SS ST ON 6 ST 232 ‘sdoysiiom @240 £592 37| yood paxy L1
Paynuenb you Papino.d Bujjoo> Aeids|
00+300'0 21d se oLeuads aues: -3W02}N0 uj 22uaJa4 P [edrew oNfo's9 %9 06 [43 og ON g8 76 (£-1) yuey f [9s310|  joou paxiy 9-1|
Gded
U0 9-1328 03 apnppu; 9-1 0} papiroud Bujjoo> Aeuds| .
90-3€9°C S0 £-15n01A3.d se oleUIs dues|ST'0 903575 - 3UI02INO U} DUIIYIP [BL13YeW ON|0'SY Lv9 06 6 3 ON Ls 6 (T-L)juey yuaselpy|gpse 12s31|  y0od paxiy 9
ey Bunoqyaeu
03 Buyj00d Bui|dde
10§ ALD 40} §°0 pue juey
3|q1sNquIod 221n0s U} s1ainod
yuey uj [euoyippe 10} T'0
80-3€9°C 500 Aq paanpa bayj auyy ool paxtd |50 £L0-35T'S €09 009 02T LT 6T ON Ls 8's (9-1)uey il T 12531 11|
ALDD 10} MO|IV "OVETSY
J1apun pauinbai 3ujjood papiroad Bujjood Aeuds|
£0-350°9 S0 Aeids jeuonippe BUIyioN|sT'0 903121 0wy £ 2T L9z oy ON 69 ST (029-1) yuey Juadelpy|Lz9s udl|  Z8v-l]
ALDD 10} MO[IV "OVE TSV
J1apun pauinbai 3ujjood papiroad Bujjoo> Aeuds|
£0-350°'9 S0 Aeuds jeuonippe BuiyioN|sz'0 90-31TT - JWOINO Uj BDUIIILIP [elJdjew ON|S'bL 0'vy L 8T L9T oy ON €0T ST (0£6£-1) yueyjuadelpy|Lz9s Hdl| 8p-L|
ALDD 10} MOV "OPETSY|
J1apun paiinbai 3ujjood papiroad 3ujjood Ae.ds
£0-350'9 S0 Aeids [euonippe BUIYioN|sT'0 903121 - 2UI02INO U] DUIIYIP [B1IEW ON|S YL (22 L8T L9z o OoN 9 ST (696£-L)jue) Juadelpy| /295 udl|  T8p-L
SuessIp|
das painbas Je Jouing [enoe
18 PaPAIIXI ZW/MIL't 4O XS Aunfu]
pajieysul Apeaje 3woino|
90-3v8'% T weoj [euonippe SUlYioN| T 90-3v8'Y. Ayijeyej ou - 32uaiayp [esdewl oN|s e 61 s 8 o ON 0'6€ 05 £295 ¥dl|  z8v-l]
ALDD 40} MO||Y "OPETSY|
Japun paiinba, 3ujjood papiroud 3ujood Aeids- awo2ino
£0-350'9 S0 Aeads jeuonippe BuiyioN|sz'0 903171 uopje|edsa uj 32UIaHIp [el1ajew ONfTz9 681 817 602 43 ON 9L ST (8LE-L) yue3 3uazelpv|60vT aujjosen uil| b1zl
aoueysip das pasnbal 1o [enyoe e
Papaadxa 10U ZW/MYL b J0 Ysu Ainfuj
pajje3sul Apeasje awoano
90-3v8'v T weoj [euonippe BulLON [T 90-3v8'y Ajjeyej ou - 33uaJayip eliarew oN|9'T ST oz L1 143 ON o9y 0s 607 | pITy
ALDD 10} MO||Y "OVE TSV
J1apun paiinbai 3ujjood papinoid Buj|ood Aeids- awonno)
90-319°9 S0 Aeuds jeuonippe BuiyoN|sz'0 S0-3ZE'T UORE[eIS3 Uf 33U3JI3H 1P [B1HIIEW ON|Z'0L 9°0v 81T 3T 6€ ON 9L ST (T2£ST-L) yue) Juaelpy | pp69 ¥43|  8LE-L
ALDD 10} MOV OF6TSY
J1apun panbai 3uijood papmoid Bujjood Aeids- awionno)
90-319°9 S0 Aeuds jeuonippe BulyioN|sZ'0 S0-3ZE'T UORE[eIS3 Uf 2DUBI3H1P [e1IIeW ON|Z'0L 90y 81T L9 6€ ON 9L ST (pT2-L) jues uadefpy|vrr69 ¥43|  8LEL
Saueys|
das painbas je Jouing e
18 PapPaRXD ZUI/MAL 1 40 Ysu Ainfu|
pajjeisu; Ayoedes weoy Ajuo awonno
S0-36Z'S T |eas wu jeuonppe BulyioN 50-36Z'S Alejej ou - 33uaayp [elaieW ON|g'Y L1 99 Lz 6€ ON (X33 0s 7769 ¥43|  8LE-L]
ALDD 10} MO||Y "O¥6 TSV 3
J1apun paijnbai 3ujjood papinoid Buljood Aeids- auionno|
£0-389°C S0 Aeuds jeuonippe BulyioN|sz'0 £0-35TS uonefedsa Latd (441 0bT PE ON Lv1 ST (vT2-1) yues Juadelpy|eLLs 25€-|
[eUoRouUN} J0UJj0
PaY20|g- (3uey 3|qnsnquiod)
90-30T°Z T s12unod weoy yuey uj 90-30T°Z - 3UI02INO UJ 3DUIIYIP [eLIA1eW ON|Z'L9 v'v9 91T 0ET vE ON 99 SL 92udy Mndas|esss 125319 2s€-|
Rousnbe1j] TUoniod swey) snouwny
juey 204n0s ysnfpe o) J9pun Ajpjewixoidde,
pasn - Ajuo uopejeasa)| asuesip 2duRsip - puno.a 03 payafoid|
101984 VdO1 241y doyyuey Joyiey [euopdauq (4eaA sad) @dueysip das jenpe das payinbay| @dueisip das jenyoe| das pasnbay | zw /M) S°ZT 03 Ino ea.e a))| (w) (w) )
[ Gpaendajes ¥p3)
[euofppe) 25e> £T0Z:0¥6TSV) (223u@2 jjuey wouy) ydrey yuey (243u3 yuey woyy) 3yday 213U OPET SV Ym 23pa yuey Woly| yuey woy ues|p| )
5w pajjesu| $|03U0) [RUOIPPY Aouanbaiy suawwo)| 3e(-) [PAa| uoiieipRl JRaH padipald  |wS T 1k (-) [2AR] UOHIRIPRI eI PaldIpad | Huey Wioy (W) Juaxe aweyy| @dueydwo)| adueysip das jemoy| das pasinbay Joydeday Apedey|  oases adAL| qiyuey]




/1

O XIAN3ddV

L A8y L00-dY-S¥ELZ ‘aWweu 9|14
610z-dos-g :8)e( UOISINDY
l :UOoISINSY

100-dYH-G¥€ L2 -1equnu juswndoqg

ediays

abed Buimo|jo) uo pauasul XSTX TVNI4 SHNnsal uoneipel jeay 9|e) GHE | Z Wodj 1oelix]
sallj pung 2¢O



12

Ansay pung

VNI 53nNs24 uonelpes Jeay djed SpETT

Ajljeie) 5400T 03 9WO2IN0 }13s- paydlpaldiapun uonelpes jeay- aweyy Japun Apdaaiq

L1061 80T " 80 S B 0'sT 2%e|d payrajoidg/g
e - 85 ON |r6z £8'5D|6'Er SHEys
00T 00T £0'6T 80T 85 ON |6t 80 £8'5D[6EV 0'ST Asepunog aus[g'/§
I1y43n0 .
01 paynune
Aouabayy
40 %08 03
Ajdde o3 awnsse)
umopinys |an3|
T0 Y31y Juapuadapu|
auweyy E8'EL 0T €5 0'ST doysy1om sant|g 6y 78V '8LE 'VTIT pung yioN
s1ainod pa1|1 Japun yioq se Ajjerey 85 ON |zog £8'SD[6'6€ 119d€
L0391 [T0 weoj pung|S0-3ET'T uj 23UdJ341p paje|najed oN|00'T 00T
i i . | | 2oe|d pajoaroud i
oot o't 09 ON |86 X3 [OF:X6] :54% 0'ST ausyo| V€S
00T 00T 6T 07 0T 09 ON [62¢ TT £8'SD[8TY 0°sT Atepunog a)i5[9°€§
|1y43n0
01 paanune
Aouabauy
40 %08 03 .
Aidde 03 awnsse)
umopinys |[2A9|
10 Y31y yuapuadapuy
dweyy
s1a1nod pa1n ;pun yioq se Ayjerey 6107 L0T 09 ON g8t ST £8'SD[8'TY 0'ST wooi jouod|9'es I19dg| aujosen L'9'T pung yinos
L0-39T€  [r0 weoy pung|S0-3ET'T ur2cuaay1p pajenojes oN|00°T 00'T
(uoniod aweyy
snoujwn| 12pun
Aprewixoirdde
- punoi3|
dueysip adueysip dueysip @dueysip o} papafoid zw /my
1opey saiy pung (1eaA sad) das |enye| das paiinbay das jenye| das pasinbay| §'ZT 0311no ease a1, (w) (w) (w) (w)
punq
(spsendajes| (213ua2 a1y wouy)| (anuad
|euonippe) | ased 0v6T SV| |ood woy)| adueysip auy jood (23pa punq
ases LT0Z:006TSV) (213uad jue) woiy) W3y we'T 38 (zw/my) udd Hjuey wiody|  Yyum ad adueysip das| J21|wouy) adueysip| wouy) dueysip 19)33welp|
pajjelsu| sjosyuo) jeuonippy|  Aouanbaiy| syudwwo) [ 3y31ay ws'T 3e Aljerey Jo qoid [[9A2] uonelpes yedH papipald | (w)3udixa aweyy| uendwod| dasjenidy|  jemov| £10Z op6TSY| das pain dag a1y jood| ssepoa| 2dmas|  punquisyue) pung|




sherpa

APPENDIX D. REFERENCES

1. CCPS. Guidelines for Initiating Events and Independent Layers of Protection. 20186.

2. RR1113 Review of Vapour Cloud Explosion Incidents. HSE, UK. 2017.

3. LASTFire Project Update. Large Atmospheric Storage Tank Fire Project, Incident Survey
for 1984-2011. 2012 Edition.

4. NSW Department of Planning and Environment. Hazardous Industry Planning Adivsory
Paper No 10 - Land Use Safety Planning . 2011.

5. TNO Institute of Environmental Sciences. Green Book: Method of determination for
possible damage to people and objects resulting from the release of hazardous materials. 2nd.
2005.

6. VROM. Besluit Externe Veiligheid Inrichtingen (External Safety (Establishments) Decree).
2014.

7. Fire and Blast Information Group. Technical Note 12 — Vapour Cloud Development in over-
filling Incidents. April 2013.

8. UK HSE. Safety and environmental standards for fuel storage sites - Process Safety
Leadership Group Final Report. 2009.

9. TNO Institute of Environmental Sciences. Yellow Book: Methods for the calculation of
physical effects due to releases of hazardous materials (liquids and gases). 2005. Third Edition
Second revised print.

10. Association, Chemical Industries. Guidance for the location and design of occupied
buildings on chemical manufacturing sites. 2nd Edition, 2003.

Document number: 21345-RP-001

Revision: 1

Revision Date: 5-Sep-2019

File name: 21345-RP-001 Rev 1 APPENDIX D

/3



sherpa

B3.3. Heat radiation distances T482: Gasoline

|

‘ -

-

NOTE: these show impacts in all / any direction. Actual effect would be in downwind area only.
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APPENDIX C.

C1. Overview

sherpa

FREQUENCY DATA AND RESULTS

Relevant frequencies have been reproduced below from LASTFIRE 2012 Ref (3).

C1.1. Tank top fire

T'able 7. 1(c) shows nm seal fire and full swrface fire wcident frequencies by tank type

' Rim Seal Fires

Full Surface Fires

Fires/tank vear
(IFR)

Fires/tank vear Fires/tank year Fires/tank vear ! Fires/tank vear
(OTFR) | (IFR) (FIXED) | (OTFR)

I R | |
2275 10 30510 21x10 S29x 10

|
i

None recorded

Table 7.1(c) - Rim Seal/Full Surface Fire Incident Probabilities By Tank Tyvpe

C1.2. Bund Fires

7.1 Current Data

I'able 7 {{a) summanses calculated mcident probabilities based on the data recenved for the LASTFIRE

Update Incident Survey -

‘Rim Seal Fire

-

15 H’l g

Full Surface Fire | Boilover

a8 x 10

Vent Fire

| Pipe, Flange, Bund Fire

| Valve Fire

107 [a07x10° P13 107

Other l Vapour Space
i Explosion
| Note [1] [34x10° [ 227 x10

i 453

| Spill on Roof
| Fire

N 107

| Pontoon
| Explosion

: 227310

~ Table 7.1(a) - Summary of Incident Probabilities =

The majority of fully developed bund fires are assumed to occur as a result of major
tank failures or overfills. Analysis of the causes of loss of containment data in
LASTFIRE as per Section C1.3 suggests that historically about 83% of major loss of
containments are due to overfill and 17% to tank mechanical failures.

For the purposes of assessment, it is assumed that large bund fires causes are
approximately in the same proportion, i.e. 80% due to overfill, 20% to mechanical

failure.
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C1.3. Major leak data
Summary of LASTFIRE 2011 report data for leaks into bund

TOTAL 3.97E-04 |Type of Leak freq [With Notes
release distrib warning?
(bund) (per year)
Corrosion of tank bottom 33 Majobr 7.49E-05|Yes
Floor plate weld failure 2 Major 4.54E-06|Yes
Bottom annular plate corrosion 2 Major 4.54E-06(Yes
Human error 3 Minor 6.81E-06|No ?
Drain failure 20 Minor 4.54E-05|No dewatering errors
Mixer leak 5 N/A 1.13E-05|- not applicable
Leak from p/wrk, flange, valve 6 Minor 1.36E-05|No
Shell weld fracture 1 Major 2.27E-06|No
Roof / shell weld fracture 4 N/A 9.07E-06|- roof height
Roof instability 1 N/A 2.27E-06(- roof height
Earthquake 3 Major 6.81E-06|no
Shell corrosion 1 Minor 2.27E-06|Yes
Overfil 20 N/A 4.54E-05(-
Other 74 Minor 1.68E-04|No
Total 175 Total 3.97E-04
Overall Totals Frequency Comments
Major 9.07E-06|'No warning' events only
Minor 2.34E-04
N/A 0.00E+00
TOTAL 2.43E-04

NOTE: excludes 'with warning' events and N/A events

Bund fire freq 1.13E-05 per year
Major 9.07E-06 per year
Overfill 4.54E-05 per year
Proportion Major 0.17
Proportion Overfill 0.83

C2. Frequency results

The following tables provide the base frequency (i.e. AS1940:2017) for each tank and
bund fire event, together with the estimated effect on frequency with the additional
installed controls. (Note that the frequency estimates do not include probability of
exposure factors such as wind direction or wind speed, probability of presence,
successful escape. Therefore, they cannot be used for cumulating risk or comparison
to risk criteria).
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4.1.

4.2.

4.3.
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CONSEQUENCE ASSESSMENT

Overview

The potential impacts of fully developed tank surface fires and bund fires were modelled.

Assumptions

The largest impact areas from heat radiation distances for pool fires are experienced
under high wind conditions. The NSW Fire Brigade typically request a 95 percentile wind
speed be used for modelling in Fire Safety Studies for development consent and this
approach has been adopted for this review. Meteorological data was reviewed as
contained in APPENDIX A and 10.8 m/s selected as the wind speed. Other modelling
assumptions are summarised in APPENDIX B.

The heat radiation levels have been correlated to a probability of fatality using a probit
equation as per APPENDIX B. This is used to assess the effect at protected places (i.e.

on people), hence evaluate any differences in impact at the required separation distance
versus the actual distance.

Escalation potential at a neighbouring tank is assessed against specific heat radiation
levels.

All assessment impact levels are summarised in Table 4.1.

Table 4.1: Vulnerability summary

Event Level Probability of Other effects
fatality
(20 secs exposure
from probit)

Pool fire Within fire envelope | 100% Escalation due to-direct
or under tilted flame impingement

23 kW/m2 71% Escalation range

12.5 KW/m?2 16% 23kW/m?2 structural steel
9.9 kKW/m2 19 failure due to heat radiation.
. (o]

However, spray cooling of
atmospheric tanks is typically
required (common industry
practice) where heat radiation
levels are in the range 8 —
12kW/m?2

4.7 kW/m? Injury Injury only

Results

All consequence results are provided in tabular form in APPENDIX B.

Representative side view diagrams and heat radiation versus distance charts are also
provided for a tank top fire and a bund fire in APPENDIX B.
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Note that the results are shown in the downwind direction. If the receptor is under the
tilted flame, to account for flame drag effects, 100% fatality is assumed.

Effects upwind are minimal as can be seen from the side view diagrams in APPENDIX B.

In summary, the fire modelling results show that:

There is no material difference in the probability of a fatality outcome due to heat
radiation or flame impingement from tank top fires at the AS1940:2017 required
separation distance compared against the actual separation distances.

o For small separation distances from tanks (i.e. 7.5 to 15m to boundaries)
this is because the receptor is directly under the tilted flame and the
predicted fatality probability is 100%.

o For large separation distances (e.g. 40 - 50m to offsite protected places)
predicted heat radiation levels are below fatality levels.

For bund fires, the required separation distance is 15m to various receptors
compared with 1-3 m actual distance. For a fully developed bund fire, there is no
material difference in the probability of a fatality outcome as the receptor is directly
under the tilted flame and the predicted fatality probability is 100%. However it is
recognised that direct flame ‘contact is more likely very close (i.e. at 1 — 3 m) to the
bund wall.

For tank to tank escalation there is no material difference at the AS1940:2017
required separation distance compared against the actual separation distances. The
heat radiation at a neighbouring tank at a separation distance of 7.5 m or 15mis in
excess of 23 kW/m? (where structural failure may occur). Tank cooling is required
under AS1940:2017 Appendix | for tanks within 1.5 diameters of a tank-on-fire. In all
cases for tanks within 1.5 diameters of a neighbouring tank, fixed cooling sprays are
already installed.
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FREQUENCY AND RISK ASSESSMENT

Overview

Risk is a combination of frequency and consequence. As per the consequence results,
there is no difference in consequence outcomes (measured as fatality due to heat
radiation or flame engulfment) between the AS1940:2017 or the actual separation
distances.

This means that the relative difference in risk can be assessed at the AS1940:2017 and
actual distances on a frequency basis only, without accounting for any differences in
consequence or severity.

The approach taken was to:
e |dentify publicly available statistical data for tank fire, bund fire and overfill events.

e Assume that the data is applicable to the base case risk with all AS1940:2017
mandatory controls in place. It is noted these values will most likely represent an
overestimate of event frequencies for sites with all mandatory controls in
AS1940:2017. Some of these controls have not been, and still may not be present
in fuel terminals (e.g. gas detection has not been commonly implemented in
hydrocarbon fuel terminals). However as the purpose is to assess only the relative
effect on frequency of additional controls for particular types of scenarios, adopting
the industry average statistical data is regarded as suitable for this purpose.

e Adjust the base case frequency to account for additional installed controls relevant
to the event using Layer of Protection Analysis (LOPA) factors based on guidance
from CCPS (Ref (1)) and arrive at an adjusted frequency.

e Compare the base case and adjusted frequency for each tank or bund non-
compliance to identify whether risk with installed controls is at least equivalent or
lower than risk for the AS1940:2017 installed case, or whether additional control
measures are required.

Frequency data

5.2.1. Incident frequencies

LASTFIRE 2012 data Ref (3) was used to approximate the frequency of tank top fires or
bund fires.

Base data and assumptions for use are summarised in Table 5.1. Additional background

information is provided in APPENDIX C.
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Table 5.1: Incident frequency data

Incident Frequency Comments

per year per
item

Bund fires 1.13E-05 | Fully developed bund fire
Proportion due to overfill 80%

Proportion due to major mechanicai failure 20%

Fixed roof tank fire 2.1E-06 | Lastfire adjusted by a factor of 0.1 to account for

(combustible) reduced ignition potential of combustibles such as
diesel

Fixed roof tank fire 2.1E-05 | Jet fuel and ethanol only.

(flammable)

IFR tank fire 4.84E-06 | No records in LASTFIRE 2012 of full surface fires
in IFR tanks. Assume 10% of rim seal fires plus
spill on roof fires potentially result in a full surface
fire. This approach accounts already for fire
protection and ignition control so additional fire
protection credit can’t be taken.

EFR tank fire 5.29E-05 | OTFR (same as EFR) data indicates rim seal fire

frequency of 2.27x10-4 per year, full surface fire of
5.29x10-5

5.2.2. Control measures

It is assumed that the effect of control measures required by AS1940:2017 is already
accounted for in the base data, i.e. no adjustment has been made to the historical
LASTFIRE data to attempt to account for control measures that are becoming more
common e.g. gas detection.

LOPA factors have been applied only for those control measures which are installed and
are additional to AS1940:2017 requirements. This has the effect of reducing the event
frequencies, hence reducing risk.

Table 5.2: LOPA factors for additional control measures

Additional control Factor Comments Ref
Independent tank high level 0.1 | Closes tank inlet valve, testing CCPS
shutdown assumed to be adequate to meet

reliability target of 90%. This is

equivalent to an independent BPCS

layer or the lowest reliability end of the

SIL1 range.
Fixed foam system 0.1 | Manually activated based on detection | CCPS
(automatic or manual) for by operator and / or CCTV. Reduces
combustibles in vertical likelihood of fire developing to the point
fixed roof tanks of tank roof collapse and full surface

fire.
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Additional control Factor Comments Ref
CCTV covering all tanks 0.5 | This improves detection and response | Estimate
and bunds with flammable time for other events. It is not a control

storage measure by itself but helps to allow

credit to be taken for manual detection
and activation of other systems such
as foam pourers or spray cooling.
Assume this is a factor of two better
than average detection via operator
rounds etc. This factor is applied only
for escalated scenarios as there is a
longer response time before damage
to neighbouring tanks occur

Bund foam pourers 0.1 | Manually activated based on detection | CCPS
by operator and / or CCTV. Assumed
to be effective in preventing ignition if
applied to large spill before ignition
and to minimizing growth of fire if

immediate ignition occurs.

Frequency results

All frequency results are provided in tabular form in APPENDIX C.

Figure 5.1 shows a summary of the relative risk to receptors of the case with
AS1940:2017 mandatory controls compared with risk with all installed additional
controls. These are presented for each tank fire or bund fire. All risks are equivalent to
or lower than the case with AS1940:2017 mandatory controls.

Figure 5.2 shows a summary of the relative risk of tank to tank escalation with
AS1940:2017 mandatory controls compared with escalation risk with all installed
additional controls. All risks are the same or lower than the case with AS1940:2017
mandatory controls.

Note that the frequency estimates do not include probability of exposure factors such as
wind direction or wind speed, probability of presence, successful escape. Therefore the
frequency results cannot be used for cumulating risk or comparison to risk criteria.

Conclusions

Overall the results demonstrate that the risk from tank top fires or bund fires to receptors
defined in AS1940:2017 (i.e. protected places, site boundary, security fences,
neighbouring tanks) with additional installed controls is the same or lower than the risk
with all mandatory AS1940:2017 control measures.

Additional control measures have therefore not been identified or assessed.
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Figure 5.1: Relative risk — to receptors such as protected places
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APPENDIX A. WIND DATA
Wind speed range | Upper wind | Upper wind | percentage of percentage of the days
speed speed the days in the under the upper bound
(km/h) (m/s) wind speed windspeed
range
Calm 1.1 0.3 0.44% 0.44%
Light 12.6 3.5 29.23% 29.67%
Gentle 19.8 5.5 31.07% 60.74%
Moderate 28.8 8.0 24.37% 85.11%
Fresh 38.9 10.8 10.34% 95.45%
Strong 50 13.9 3.90% 99.35%
Near Gale 61.9 17.2 0.65% 100.00%
Gale 74.9 20.8 0.0037% 100.00%
‘ b #H ‘ Where is - +
} wind wallyweather com au
¢ kS Wi Re-Tirme
Newcastie Vind Statistics
August Wind Wind Rose @ i
3‘ -‘\e
2019 July August ‘
BT ARl
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APPENDIX B. CONSEQUENCE MODELLING

Fires

Fires were modelled using PHAST v8.2. The Two Zone pool fire model was used with
the source term based on an equivalent diameter pool to the bund surface area.

Modelling parameters are shown in Table B.1.

Results showing estimated heat radiation level at the AS1940:2017 distance from the
tank and the heat radiation level at the actual separation distance are shown in the tables
in Section B3.4 for tank top fires and Section B3.5 for bund fires, together with the
predicted probability of fatality at each distance.

Note that for areas directly under a tilted elevated flame the model predicted heat
radiation at ground level significantly underestimates effects as it does not count for
direct flame contact due to flame drag wind effects. This is noted in the results and 100%
fatality effect assumed in this area. This is also illustrated in the diagram in Section B3.1.

The results for representative bund fire and tank fire scenarios were also obtained for
the following heat radiation levels defined in HIPAP 4, Ref (4):

e 23 kW/m? — likely fatality for extended exposure and chance of fatality for
instantaneous exposure

e 12.6 kW/m? — Significant chance of fatality for extended exposure. High chance
of injury
e 4.7kW/m? — Will cause pain in 15-20 seconds and injury after 30 seconds

exposure (at least second degree burns will occur).

An example of the impact area of these heat radiation levels for T482 is shown and
compared against the required separation distance to offsite protected places (50m).

Table B.1: Modelling parameters

Item Value Basis
Product Gasoline - ULP Summer | PHAST database materials used for
Diesel — n-dodecane modelling.
Ambient temperature | 10°C Nominal
Soil temperature 10°C Assumed equal to ambient temperature.
Relative humidity 70% Typical
Height of the receiver | 1.5 m 1.5 m around upper body/face height.
Tank height Tank height for receptors at height e.g.
neighbouring tank
Wind speed at 10 m 10.8 m/s 95 percentile windspeed condition.
height Higher wind speed would result in longer
flame lengths and greater distances to
specified heat radiation levels.
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B2.  Vulnerability

The vulnerability relationship for heat radiation is from the TNO Green Book, Ref (5),
which is defined by the probit shown below:

Pr = -36.38 + 2.56(Q*"t)

where, Pr probit (-)
Q heat radiation level (W/m2)
t exposure time (s)

TNO recommends 20 seconds for heat radiation exposures on the basis that the
average escape time is 20 seconds which includes 5 seconds reaction time and then
escaping at 4 metres per second, Ref (6). This was adopted as the exposure duration.

The probit value can then be converted to a probability of fatality using the relationship
below. Examples are summarised in Table B.3.

These can then be converted to a probability of fatality using the error function

transform:
. Pr-5
Probability = 0.5(1 + erf(T))
2
Table B.2: Vulnerability summary
Event Level Probability of Other effects
fatality assumed in
QRA
(20 secs exposure
calculated from
probit)
Pool fire Within fire 100% Escalation due to direct
envelope impingement
23 kW/m? 71% Escalation - due to structural
steel failure due to heat
radiation.
12.5 kW/m? 16% Possible fatality indoors if line
of sight exposure occurs.
9.9 kW/m? 1%
4.7 kW/m? Injury Injury only
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B3. Example fire diagrams

B3.1. T352: Diesel

T-352 (Diesel)
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B3.2. South Bund
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