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1.2

1.3

INTRODUCTION
BACKGROUND

ERM Siam Co. Ltd has been commissioned to conduct a Quantitative Risk Assessment (QRA)
study to assess the risks posed by the TTM natural gas and LPG pipelines to the surrounding
areas. This report has been developed as a supporting document for the Environmental Impact
Assessment (EIA) of the pipelines.

SCOPE OF WORK

The scope of work for the TTM Pipeline Risk Assessment study is to assess the risks associated
with the pipeline transport of natural gas and LPG from the Thai - Malaysia Gas Separation
Plant-1 (GSP-1) to the Thailand-Malaysia border. This includes the following:

« Identification, assessment and quantification of the consequences and risks associated with
the natural gas and LPG pipelines;

« Evaluation of the significance of the estimated risks and compare these against acceptable
individual risk criteria; and

» Recommending appropriate measures, including but not limited to, engineering measures to
be incorporated in the design, construction, completion and commissioning to reduce the
risks if necessary.

REPORT STRUCTURE
The remainder of this report is structured as follows:

» Section 2 documents the methodology used in this study;

» Section 3 summarises pertinent features of the pipeline design and routing:

» Section 4 identifies the hazards associated with the pipelines;

» Section 5 provides estimates of the pipeline failure frequencies;

» Section 6 describes potential hazardous outcomes that could occur following failure of the
pipelines;

» Section 7 contains results of the consequence analysis conducted in this study;

« Section 8 presents and discusses the results of the QRA study;

o Section 9 provides the study conclusions;

» Attachment A presents the data used in the analysis of pipeline faiiure frequency; and

» Antachment B gives an overview of the models used for consequence analysis.
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2.1

2.2

METHODOLOGY

MAIN STAGES OF THE STUDY

The methodology adopted for this study involved the following main stages:

 Facilities Familiarisation: This stage of the study involved a review of relevant project
documents such as process description, pipeline routing drawings, etc., to provide the
Consultant with a better understanding of the facilities, inherent hazards and safety measures
incorporated into the facilities design;

» Hazard Identification: Physical situations (failure modes or initiating events) that may lead
to a major accident with the potential for personnel injury or fatality, such as fires or the
release of a dangerous substance, were identified. This stage of the study culminated in a
representative set of discrete initiating events for further evaiuation and quantification in the
study;

o Dara Gathering and Verification: Based on the hazard identification exercise, data for
modeiling the identified hazards were collated and verified;

o Frequency Estimation: This task involved estimating the occurrence frequency of each of
the identified representative events using failure frequency data from published databases;

o Event Qutcome Development: During this stage of the study, potential outcomes associated
with each identified initiating event were determined. Event tree analysis was utilised to
determine how an initiating event (such as a flange leak) may lead to a number of different
hazardous outcomes (such as flash fires);

o Consequence Analysis: This stage of the study involved the determination of the effects
zone of various hazardous outcomes (such as pool fires). A probit analysis was then
conducted to estimate the fatality probability associated with each hazardous outcome based
on various factors including the intensity of the outcome and exposure duration;

* Risk Summation and Evaluation: The frequencies and consequences of the various
outcomes of the numerous accident scenarios were integrated at this stage using ERM’s
proprietary risk integration package, RISKPLOT II. The risk measure used for this study is
detailed in the following section. The results of the study are compared with appropriate risk
guidelines, as detailed in Secrion 8.3; and

« Mitigation Measures: Based on the results of the analysis, suitable mitigation measures are
proposed, as appropriate.

RISK MEASURE
For the purpose of this study, risk evaluated for the TTM pipelines is reported in terms of

individual risk (IR). Individual risk may be defined as the frequency of fatality per individual
per year due to the realisation of specified hazards, i.e.:

Individual risk = Number of fatalities per individual per year

Number of fatalities per year

B Number of people exposed to the risk, N

Individual risk is reported using risk transects, which express the risk to a single person in
a specific location due to all identified hazards. If the present levels of individual risk are
unacceptable when judged against appropriate risk acceptability criteria (see Section 8.3 0),
potential mitigation measures that may be required are focused on reducing the individual risk
to levels as low as reasonably practicable (ALARP).
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3 PERTINENT FEATURES OF PIPELINE DESIGN AND ROUTE

3.1 PIPELINE ROUTE

The proposed route for the TTM pipelines are shown in Fig.2.13 of the Main Report.

3.2  PIPELINE DESIGN AND OPERATING PARAMETERS

The key design and operating parameters for the proposed TTM natural gas and LPG pipelines
are given in Table J1.1

Table J1.1 Pipeline Design and Operating Parameters [1]

Parameters Sales Gas Pipeline LPG Pipeline

Length 88.5 km 88.5 km

Approximate distance between block valves 12 km 12 km

Quter diameter 36 inches 8 inches

Wall thickness 0.514 inch 0.250 inch

Minimum depth of soil cover >13m >2.0m

Design pressure 1,000 psig 1,470 psig

Maximum operating pressure 1,000 psig 1,470 psig

Design temperature 200 °F (maximum}) 200 °F (maximum}
-20 °F {minimum) -20 °F (minimum)

Maximum operating temperature 30°C 38 °C

The TTM pipelines will be used for the transport of natural gas and LPG from the Songkla
GSP-1 to the Thailand-Malaysia border. The composition of the natural gas and LPG used in
the QRA are summarised in Table J1.2.

Table J1.2° Composition of Natural Gas and LPG {1]

Component Compaosition (Y%mol)
Natural Gas LPG
Carbon dioxide (CO,) 522 0.0
Nitrogen {N.) 1.92 0.0
Methane (CH,) 86.79 0.0
Ethane (C.H,) 3.09 0.0
Propane (C;Hg) 0.99 4335
n-Butane(n-CyHiq) 0.0 30.76
i-Butane (I' C4H|U) 3.0 22.81
n-Peatane (n-CsH,.) 0.0 0.96
i-Pentane (i-CsH;2) 0.0 0.11
Hexane (CgH,.) 0.0 0.0
Heptane (C;H4) 0.0 0.0
Octane (CgH ) 0.0 0.0
Nonane (CoHyp) 0.0 0.0

CHo+ 0.0 0.0
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4 HAZARD IDENTIFICATION
4.1 OVERVIEW

4.2

This section identifies and discusses the hazards associated with the TTM pipelines. A
structured, systematic approach to hazard identification was adopted in order to identify all
potential major hazard scenarios, i.e. those with the potential to cause injuries or fatalities. A set
of hazardous events were identified and recorded during the hazard analysis and were
subsequently scrutinized to select those scenarios that required further analysis.

SALES GAS HAZARDS

The main component of the sales gas is methane (CH,). It also contains trace amounts of carbon
dioxide {C(,) and other heavier hydrocarbons.

Methane is a colourless and odourless flammable gas. It is a simple asphyxiant and a dangerous
fire and explosion hazard when exposed to heat or flame. It reacts violently with powerful
oxidisers. Vapours of methane are non-irritating to the eyes, nose and throat. It may cause
dizziness, difficulty in breathing and loss of consciousness if inhaled. Methane liquid is
practically harmless to the skin because it evaporates quickly. but may cause frostbite.

Carbon dioxide is a colourless and odourless gas. It is a simple asphyxiant and skin contact
with solid carbon dioxide snow can cause burns. It has been classified as a non-flammable gas
(UN Class 2.2). If inhaled, it may cause dizziness or breathing difficulty. It has an Immediately
Dangerous to Life and Health (IDLH) value of 40,000 ppm and a Threshold Limit Value (TLV)
is 5,000 ppm. The IDLH limit represents the maximum airborne concentration of a substance to
which a healthy male worker can be exposed for as long as 30 minutes and still be able to
escape without loss of life or irreversible organ system damage. The TLV is the concentration at
which it is believed that any normal person can be exposed to, for 8 hours a day and S days a
week, without adverse health effects.

Some relevant properties of these compounds are summariser! in Table J1.3

Table J1.3 Properties of Methane and Carbon Dioxide {2]

Property Methane Carbon Dioxide
Synonyms Marsh gas, Natural gas Carbonic acid anhydride, Dry ice
Chemical Formula CH, CO,

State at ambient Conditions Gas Gas

Molecular wei%ht (kg/kmol) 16.05 44.01

Density (kg/ m”) 422 at -160°C (liquid) 1560 at -79°C (solid)
Vapour density (kg/ m’} 0.55 1.53

Boiling Point (°C) -161.5 Not pertinent (sublimes)
Freezing Point (°C) -183.2 -78.5

Flammable Limits (% v/v) 53-15 Not Flammable

IDLH (ppm) Not defined 40,000

TLV- TWA (ppm) Not defined 5,000

TLV- STEL (ppm) Not defined 30,000

IMO/UN Class 2.0 2.2
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The sales gas comprises approximately 5% mol of CO,, i.e. 50,000 ppm (see Section 3.2). Since
the concentration of CO, in the sales gas is slightly higher than the IDLH value, dispersion of
the gas following a release from the Sales Gas pipeline is expected to reduce CO,
concentrations below the IDLH limit. Hence, it is considered that CO, will not pose any
significant toxic risk. In addition, it is a non-flammable gas and hence does not contribute to the
flammability of the gas but may instead inhibit ignition by reducing the O, levels.

The sales gas comprises approximately 87% mol of methane. It is thus considered as the main
hazard contributor following a release from the sales gas pipeline. Due to the flammable nature
of methane, the primary hazards arising from a leak from the sales gas pipeline are fires
following ignition of the release.

4.3 LPG HAZARDS

At ambient conditions, LPG is a colourless flammable gas with a weak odour. It is a dangerous
fire and explosion hazard when exposed to heat or flame. LPG vapours are non-irritating to the
eyes, nose and throat; inhalation of LPG vapours may cause dizziness, breathing difficulties or
loss of consciousness and asphyxiation at high concentrations, LPG liquid is practically
harmless to the skin because it evaporates quickly but may cause frostbite.

The main components of LPG are propane (C3Hs), n-butane and iso-butane (C4H,q). Relevant
properties for these compounds are summarised in Table J1.4 Due to the flammable nature of
propane and butane, the primary hazards arising from a leak from the LPG pipeline are
considered to be fires following ignition of the release.

Table J1.4 Properties of Propane, n-Butane and Iso-Butane [2]

Property Propane n-Butane Iso-Butane
Synonyms Dimethylmethane - 2-methylpropane
Chemical Formula CaHy CiHu CiHu
State at ambient conditions Gas Gas Gas
Molecular weight (ka/kmol) 441 38.1 58.1
Density (kg/ m) 390 at -30°C Qiquid) 600 at 0°C {liquid) 557 at 20°C (liquid)
Vapour denstty (kgf m') 113 20 2.0
Boiling Point (°C) 2.1 -0.5 -11.8
Freezing Point (°C) -187.7 -138 -255.3
Flammable Limits (% v/v) 21-95 1.8-84 1.8-84
IDLH (ppm} 20.000 Not dettned Not defined
TLV-TWA (ppm) ot detined 800 Not defined
TLV- STEL {ppm) Not defined Not defined Not defined
IMO/UN Class 2.0 2.0 2.0

4.4 FAILURE EVENTS

The principal causes for loss of containment from the pipelines are as follows:

« Corrosion - internal and external;

» Material defect;

« Construction defect;

+ Defect caused by pressure cycling;

« Improper operations, e.g. overpressurisation;

e Third party interference, e.g. during road construction, due to work on other underground
utilities, drilling for ground sampling, construction work on adjoining areas, etc.; and

« External factors such as flooding, subsidence, etc.

Failure frequencies related to all the above factors have been considered in the reference data
used for frequency estimation in this study.
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5 FREQUENCY ANALYSIS
5.1 OVERVIEW

5.2

Frequency analysis involves estimation of the frequency of failures resulting in ioss of
containment. The approach to frequency analysis is based on the application of historical data
worldwide for similar systems that are modified suitably to reflect local factors. Although it
may be preferable to use local data to estimate failure frequencies, such data may not be
available or may be insufficient to provide statistically valid results,

PIPELINE FAILURE DATA

Table J1.5 provides a summary of historical pipeline failure data from some of the best sources
of data for onshore pipeline systems. All these sources provide raw data on failure incidents and
pipeline length as well as a limited analysis of the failure causes. Further discussion on these
failure data sources is given in Artachment A.

Table J1.5 Comparison of Various International Pipeline Failure Data

Source Failure Frequency (per km per year)
US Gas, 1985-94 |3] 1.66 x 10™

US Gas, 1970-84 [4] 8.46 x 107

European Gas Pipelines, 1970-92 [5] 5.75 x 10

British Gas [5] 1L.1x10"

CONCAWE, European Oit Pipelines, 1987-91 {6] Sx 10"

It should be noted that the pipeline failure frequency is generally dominated by third party
interference, environmental factors and external corrosion, which are factors that are independent
of the fluid transmitted by the pipelines. Therefore, any of the above databases can be used to
derive the failure rates for the TTM pipelines as long as it is ensured that the database reflects the
conditions existing for the TTM pipelines. However, there are marked differences in the failure
rates from different databases and these can be attributed to a number of causes, which include
particular features of design, reporting format, quality of reporting, etc. Since there are a large
number of design and external parameters that can affect the failure rate, no one particular
database can be considered best to represent the pipelines under study. All of the databases
would therefore have certain advantages and disadvantages in their application to other
environments {(countries).

It ts considered that the US Natural Gas (1985-94) data is most suited for application to the
TTM pipelines since the data is quite recent and covers a reasonably long period. The databases
for the 1970's and 1980's contain a large proportion of very old pre-1940s pipelines, which
would have been of poorer design compared to newer (post-1970) pipelines. The major
advantage of the US database for 1985-94 is that the analysis was produced specifically for
application to risk assessment. A detailed analysis of the 1985-94 US Gas Data is given in
Attachment A. Therefore, the US Gas Pipeline base failure rate only accounting for pipeline
incidents for onshore transmission pipelines was adopted for the TTM pipelines. No
modifications have been made to this base failure rate to reflect the presence or absence of the
specific causes of failure discussed in Attachment A. The failure frequency for the TTM
pipelines is therefore taken to be 1.15 x 10™*/km/year.
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5.4

RELEASE HOLE SIZES

The range of hole sizes resulting from pipeline damage are difficult to estimate from incident
databases since there is no consistent definition on how the incidents must be classified, whether
as rupture, puncture or leak and how these have been reported. The raw data for the US natural
gas pipelines [3] was analysed to derive the hole size classification and percentages (see
Attachment A). For the TTM pipelines, the hole size distribution given in Table JI.6 was

assumed.

Table J1.6 Hole Size Distribution for TTM Pipelines

Category Hole Size (") Proportion
Rupture 6 5%
Puncture 4 15%
Hole 2 30%
Leak 1 50%

FAILURE FREQUENCIES FOR TTM PIPELINES

Based on the above hole size distribution, the corresponding TTM pipeline failure frequencies

are shown in Tuble J1.7.

Table J1.7 Failure Frequencies for TTM Pipelines

Category Hole Size (™) Failure Frequency (per km per vear)
Rupture 6 5.75 x 10
Puncture 4 1.73 x 107
Hole 2 3.45x 107
Leak | 5.75x 107

LIS K107
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6.1

6.1.1

6.1.2

EVENT OUTCOME DEVELOPMENT

EVENT OUTCOMES

As discussed earlier, the main hazard from releases of natural gas or LPG from the TTM
pipelines is the flammability of the re!~~sed material. The consequences of a failure event
depends on the nature of the released material, the amount of material released, the type of
failure, time of ignition and on the weather conditions prevalent at the time of an accident.
Figures J1.1 - J1.3 present the generic event trees used for the various release cases considered
in this study. The probabilities used in the analysis are discussed further in the following

sections.

Release Orientation

Vertical and horizontal releases have been considered in this study. Each of these orientations
have been assumed to have an equal probability of occurring.

Ignition Probability

The potential for ignition depends not only on the presence of ignition sources but is also a
function of release rate and duration of release. Larger releases are more likely to ignite than
smaller ones. Similarly, releases that continue for a longer duration have a higher probability of
ignition than short duration releases. Based on a number of sources, Cox e al. [7] estimates the
ignition probabilities given in Table J1.8 for gas and liquid releases.

Table J1.8 Ignition Probability for Gas and Liquid Releases [7]

Leak Size Probability of Ignition
Gas Liguid
Minor (< 1 kg/s) 0.01 6.01
Major (1 - 50 kg/s) 0.07 0.03
Massive (> 50 kg/s) 0.30 0.08

In this study, the ignition probabilities given in Table J1.8 were applied to estimate the
probabilities of immediate ignition following a leak of natural gas or LPG from the pipelines.
The probability for delayed ignition was assumed to be 0.8 on the basis that there are dwellings
nearby. Delayed ignition of releases from the pipelines wiil result in flash fires that are expected
to flash back to the release source to form jet fires.



Release Immediate Delayed
Orientation Ignition? Ignition?
007 Jet Fire (Hor)
YeS
i 0.8
Horizontal Flash Fire
0.5 0.93
No 0.2
Leak : Unignited
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Vertical Flash Fire
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No 0.2 o
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Figure J1.1 Generic Event Tree for outcomes due to leak from 1 inch and 2 inch hole
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Release Immediate Delayed
Orientation Ignition? Ignition?
03 Jet Fire (Hor)
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Figure J1.2  Generic Event Tree for outcones due to leak from 4 inch hole
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Release Immediate Delayed
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Figure J1.3 Generic Event Tree for outcones due to leak from 6 inch hole or rupture
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6.2

6.2.1

6.2.2

MODELLED HAZARDOUS OUTCOMES
Based on the event outcome development undertaken above, the hazardous outcomes modelied
in this study are summarised in Table Ji.9. These hazardous cutcomes are further described in

the following sections.

Table J1.9 Hazardous Qutcomes Modelled

Scenario Potentially Significant Hazardous Qutcomes
Release of gas from leak (17, 2” or 47) in Sales Gas Jet fire

pipeline Flash fire

Release of gas due to full bore rupture (67 of Sales Fireball

Gas pipeline Flash fire

Release of gas from leak (17, 277 or 47) in LPG Jet fire

pipeline Flash fire

Release of gas due to full bore rupture (6”) of LPG Fireball

pipeling Flash fire

Fireballs

A tull bore rupture will be characterised by a very high initial release rate followed by a rapid
drop in release rate. Immediate ignition (e.g. due to electrostatic generation or spark associated
with, for example, violent ruptures) of such releases may result in a fireball followed by a jet
fire.

During its development. a fireball forms as a hemisphere that grows and becomes turbulent as
the outer surface of the shock wave from the pipeline rupture leaves the hemisphere. Air is
entrained due to the turbulence at the surface, but while the fireball is still growing as a
hemisphere, the bulk of the cloud is rich in vapour and above the upper flammable limit, thus
burning takes place at the outer surface. This burning entrains more air into the cloud,
increasing the proportion of air to gas in the mixture and thus allowing more combustion to
occur. At the point in time when combustion has filled the fireball, the thermal radiation output
of the fireball is at its maximum. The hemisphere forms a sphere and rises due to the buoyancy
of the hot gases formed by the combustion.

The principal hazard of a fireball arises from the massive transient dose of thermal radiation.
Since the fireball is transient while the jet fire continues for a long time, it is found that the
effects of  a jet fire after a rupture has as significant or greater damage potential compared to
fireball effects.

Jet Fires

The release of material following pipeline failure will be governed by a momentum dominated
jet dispersion. A jet fire could occur upon ignition of this continuous release from the pipeline.
It occurs when the gas or two-phase material, on leaving the pipeline through a hole, ignites
soon after the initial release and then burns as it is released in a “blow torch™ fashion. Jet flames
have considerable reach and flame lengths can be 50 m or more. Jet fire lengths are largely
determined by the hole size and operating pressure.

The fraction of heat radiated from a jet flame is a function of the released material. Flame
temperatures for typical jet flames vary from 1600 °C for laminar diffusion flames to 2000 °C
for turbulent diffusion flames, Due to the high heat flux generated, this type of fire is extremely
hazardous to any equipment or structure that it may impinge upon.
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6.2.3 Flammable Gas Dispersion and Flash Fires

Delayed ignition of an instantaneous or prolonged release of vapour will result in dispersion of
the vapours in the direction of the prevailing wind. During this process the vapour cloud is
diluted as air is entrained within the cloud. In the event that the release is not ignited
immediately, the dispersion of the cloud is modelled and the distance to LFL is estimated. The
dispersion of the vapour cloud is dependent on the physical properties of the vapours, nature of
the release, release conditions and weather conditions.

The principal hazards arising from a cloud of dispersing flammable vapour is ignition of the
cloud resulting in a flash fire or vapour cloud explosion. The latter are not considered likely in
this study given that the TTM pipelines pass through areas with limited or no confinement. Due
to the instantaneous nature of flash fires, exposed people are not likely to escape to safety. Thus,
high fatahty rate among the exposed population is expected. Since flash fires are instantaneous
in nature and radiation intensities are not very high, people outside the flammable cloud are not
likely to be fatally injured. No significant property damage is expected due to flash fires though
secondary fires can occur as flammable materials in the path of the fire are ignited. The fire may
atso flashback to the source leading to a diffused jet flame, which is characterised by lower
radiation intensities compared to a momentum jet flame.
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7.1

7.2

CONSEQUENCE ANALYSIS
OVERVIEW

This section discusses the approach taken in consequence analysis and the meodelling tools
utilised to estimate the hazard distances associated with the i.azardous outcomes developed in
the previous section. Consequence analysis involves the following analyses:

« Source term modelling;
« Physical effects modelling; and
« Probit analysis.

SOURCE TERM MODELLING

Source term modelling is the first step of consequence analysis, the results of which will form
the inputs to subsequent stages of consequence modelling. A source term is the information
required by a pool fire, gas dispersion or other physical effects models to describe the release
rate/quantity and conditions of the released material (i.e. gas, liquid or two-phase). Specific
source term information requirements depend upon the physical effects model in question.
Typical source term information required for subsequent physical effects modelling consists of
the following:

+ Release phase,
» Release rate; and
+ Release duration.

For prolonged releases, the release rate is determined based on the following;

« Physical state of the released material, i.e., liquid, vapour or two phase;

« Condition of the material during containment e.g. pressure, temperature and whether the
temperature is above the atmospheric boiling point or the material is kept at high pressure in
the equipment (release of which may result in flashing of the liquid);

+ Physical properties of the material, such as density, molecular weight, specific heat, heat of
vaporisation, atmospheric boiling point, critical temperature and pressures, etc.; and

« Hole size; the source terms derived in this study accounts for the various hole sizes modelled
(see Section 5.3).

Release rates associated with leak events from the TTM pipelines were estimated using the
HGSYSTEM SPILL model developed by Shell Thornton Research [8]. The release rates
corresponding to various hole sizes for both sales gas and LPG pipelines are summarised in
Table J1.10

Table J1.10 Estimated Releases Rates

Hole Size (inches) Release Rate (kg/s)
Sale Gas LPG
1 4.9 22.5
2 19.8 89.9
4 79.0 359.7
6 177.8 809.3
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7.3

PHYSICAL EFFECTS MODELLING AND PROBIT ANALYSIS

The various potential hazardous outcomes that can result following a leak from the TTM
pipelines are discussed in Section 6.2. These outcomes were assessed using an extensive suite of
well-validated computer-based consequence models. This section provides a brief overview of
the models used and the results of the analyses conducted.

Fireballs were modelled using Robert's fireball model. This model is based on the mass of the
released inventory and estimates the dimensions and duration of the fireball. Since a fireball is a
transient phenomenon, the fatality or damage distances are expressed in terms of thermal dose
rather than thermal flux. A description of the model is presented in Arrachment B. The fireball
radius and distances to various fatality levels due to heat radiation from the fireball were
determined.

Jet fires were modelled utilising the World Bank Manual model developed by Wertenbach,
which is combined with the thermal probit equation to estimate the various fatality levels due to
thermal radiation. The distances to various fatality levels due to heat radiation were calculated
for sales gas and LPG jet fires from 17, 27, 4” and 6” holes. A description of the model used is
presented in Attachment B.

Depending on the release conditions, different models have been utilised to modei flammable
vapour cloud dispersion. The models used in this study include the following:

« For the continuous release of gases or two phase fluid from the pipelines, the momentum
dispersion model AEROPLUME was utilised. This is a model available within the
HGSYSTEM suite of consequence models developed by Shell Thornton Research; and

« To model the evaporation and dispersion of LPG, evaporation and dispersion models within
the HGSYSTEM suite of programs, i.e. LPOOL and HEGADAS, were utilised.

For flash fires. it has been assumed that 100% fatality will occur within the flammable portion
of the vapour cloud. For the purpose of this study, the distance to fatality due to flash fires was
therefore estimated by modelling the distance to the LFL of the cloud using the dispersion
models described above. Flash fires due to the delayed ignition of vapour releases from [, 27,
4” and 6 holes in the sales gas and LPG pipelines were modelled in this study.

Table J1.11 summarises the results of the physical effects modelling in terms of the distances to
a given fatality rate for each modelled event outcome. The distances to the fatality levels for the
various weather states specified in the table are the downwind distance (D), the crosswind
distance (C), the upwind distance (U) and the distance to the maximum crosswind distance (M).
The weather conditions for which these consequences were modelled are based on the
prevailing conditions in the vicinity of the pipelines. The windspeed/stability classes modelled
in this study were: '

» 1.5A representing windspeed of 1.5 m/s and Pasquill stability class A:
» 3C representing windspeed of 3 m/s and Pasquill stability class C;

e 3F representing windspeed of 3 m/s and Pasquill stability class F and
= 6D representing windspeed of 6 m/s and Pasquill stability class D.

The above conditions were chosen to provide a representation of atmospheric stability from
very unstable (A), neutral (D) to stable condittons (F).

Weather conditions 1.5A, 3C. 3F and 6D were selected as the most representative worst case
scenarios.
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Table J1.11 Results of Physical Effects Modelling

Event Qutcome No of Fatality Distance to Fatality Levels for the Various Weather States,(m)
Fatality Rate
Contours
154 3C 3F 6D

D 4 M M D C 5 M D C hy M Ji) [ S M

Sales Gas Fireball 6" 3 0.12 155 155 -155 0 155 15§ 155 0 155 155 -155 0 155 155 -15% 0
0.67 119 119 -119 1] 119 119 -119 g ns e -119 0 119 e -t 0

0.95 100 100 -100 O 100 100 -100 @ 166 100 -100 0 100 100 -100 0O

LPG Fireball 6" 3 0.12 288 288 -288 0 288 288 288 ¢ 288 288 288 0 288 288 288 ¢
0.67 222 222 222 0 222 2 222 0 23200222 W222 0 22 222 212 0

095 187 187 -187 0 187 187 -187 4 187 187  -187 0 187 187 -187 0

Sales Gas Jetfire 17 (H) 3 0.12 52 86 -17 18 52 86 -17 18 52 86 -17 18 52 RO -17 ]
067 46 52 -11 18 46 52 -1 I8 46 52 -4 18 46 52 -11 18

095 43 iz -8 18 43 7 -8 18 43 37 -8 18 43 37 -8 1R

Sales Gus Jeifire 17 (V) 3 012 6 5 3 1 10 & 2 2 10 8 2 2 13 1 ] 3
0.67 5 3 3 1 3 2 2 = s 2 2 2 8 [H] ] 2

095 4 3 3 1 q 2 2 2 4 2 2 2 7 3 1 2

Rales Gins Jetfire 27 (H) 3 012 98 190 -35 31 a8 19¢ 35 k]| o8 190 235 31 98 144) -33 it
0.67 86 115 «23 31 80 115 -23 i 86 115 223 31 80 115 223 il

0.95 80 &3 -7 31 80 81 -17 3 30 ]3 -17 31 80 83 -17 il

Sales Gas Jetfire 27 (V) a 0.12 14 12 5 2 21 18 3 3 21 18 3 3 27 2 0 5
0.67 7 5 5 i 10 7 3 3 10 7 3 A 17 32 1 3

095 . . - - 7 q 4 3 7 4 4 3 10 7 2 4

Sales Gas Jetfire 47 (H) 3 0.12 186 423 -75 55 186 423 75 55 186 423 =75 55 186 423 -75 55
0.67 161 255 -50 55 161 255 .50 55 161 255 -50 55 161 255 .50 53

0.95 148 182 .37 55 148 182 -37 55 148 182 -37 35 148 182 -37 55

Sales Gas Jetfire 47 (V) 3 0.12 25 21 7 5 40 35 2 6 40 35 2 6 S0 43 4] 9
0.67 - - - - 20 16 4 5 20 16 4 3 12 25 1 7

0.95 - - - 13 8 5 5 13 8 5 5 20 13 2 6

LPG Jetfire 1" (H) 3 0.12 102 188 3% 33 102 BB .35 33 102 188 .35 i3 102 188 35 33
0.67 89 114 23 33 89 14 23 33 89 114 23 33 89 114 .23 13

0.95 83 82 -7 33 83 82 .17 33 83 82 -17 33 83 82 -17 i3

LPG Jetfire 17 (V) 3 0.12 23 20 3 3 30 26 0 4 30 26 0 4 33 30 0 6
0.67 11 9 4 2 17 14 2 4 17 14 2 4 25 20 0 5

095 8 6 5 2 9 6 3 3 9 6 3 3 18 3 1 5

LPG Jetfire 2 (H) 3 0.12 192 418 .75 59 192 418 75 59 192 418 -75 59 192 418 7S 59
0.67 167 252 -50 59 167 252 .50 59 167 252 -50 59 167 252 -5¢ 59

0.95 154 180  -37 59 154 180 -37 59 154 180 -37 59 154 180 -37 59

LPG Jetfire 2" (V) 3 012 45 40 2 5 60 52 0 5 60 52 0 5 68 60 0 10
0.67 - - - - 33 27 5 33 27 5 45 28 0 9

0.95 - - - - 18 13 [ 18 13 6 33 26 0 8
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Tables1.1! Results of Physical Effects Modelling (Cont'd)

Event Qutcome Noof  Fatalit Distance to Fatality Levels for the Various Weather States,(m)
Fatality y Rate
Contours
1.5A4 3C IF 6D
D C 5 M D C 5 M D C kY M D C S M
LPG Jetfire 47 (H} 3 212 364 932 -157 103 364 932 157 103 34 932 -157 103 364 932 157 103

067 312 559 .06 103 312 539  -106 103 32 559 -106 103 312 559 -106 103
095 28 398 .79 103 286 398 79 103 286 398 =19 103 286 398 19 103

LPG Jetfive 4" (V) 3 0.12 90 85 o 5 LE0 105 ] 10§10 105 4] 10 125 113 0 13
0.67 - - - - 65 58 4] 10 65 58 0 10 90 13 0 12
0.95 - - - - 38 29 | 10 38 29 1 10 3] 52 0 10
Sales Gas Flashtire 1" (H) 1 | 4] 1 43 5 8 l O 6 6 1 0 3 9 | 0 7
Sales Gas Flashfize 17 {V) | 1 ] 6 ¢ ] 1 6 ) 6 i ] 0 [} i s 1] 3
Sales Gas Flashtire 2" (H) 1 1 12 2 ¢ 9 16 2 H 12 12 2 0 9 I 2 ¢ 13
Sales Gas Flashiire 2% (V) | 1 ] 12 [+ 12 2 12 L 12 2 12 0 12 2 10 0 10
Sales Gas Flashiire 47 (H) | | 22 5 4] 15 31 3 0 23 24 4 0 16 46 4 0 14
Sules Gas Flashnire 47 (V) l 1 3 23 O 23 3 20 0 20 3 20 0 20 4 18 0 18
Sales Gas Flashtire 67 (H) | 1 il 9 4] 23 46 N 0 31 38 7 0 26 67 5 0 49
Sades Gas Fiashtite 67 (V) 1 | 4 33 4] i3 5 H 0 35 5 33 0 33 & 28 Q 28
LPG Flashtire | l 1 85 8 -15 43 k) 40 -0 60 o7 105 -5 43 47 15 -12 33
1.PG Flashie 27 t ] 18¢ 178 .25 85 149 %3 225 1200 233 230 -40 100 105 35 =25 30
L.PG Flashiire 3° ' ] 400 390 .50 160 325 225 45 200 505 490 =70 0 133 80 -45 180
LPG Flashiire 67 i ] 600 590 -100 250 527 320 .50 230 758 730 -100 350 373 140 -0 300

Ky

1] Hoerizontal reigase

Voo Ventical release

12 Maximum Doewmsimd Distanee
[ Maximum Cress Wind Width
% Offset Distance

M Distance te Maximwn Width
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Basically, windspeed and atmospheric stability can have counter effects in that turbulence will
enhance mixing or entrainment of air into the gas cloud and high wind speed can carry the gas
cioud further.

The worst case scenarios usually occur at stable atmosphere and relatively low wind speed
(below 5 m/s) as there is minimal mixing and therefore a gas cloud can be carried further
downwind from the release point. Conversely in a unstable atmosphere, more mixing would be
expected and would results in more dilution of the gas cloud. In such a case, whether the high
windspeed would carry the cloud further is questionable for a release that occurs at grade, which
is the case of the pipelines (unlike a release from a stack that is elevated so the high wind speed
would cause the cloud to bend more leading to larger downwind distances). For the pipeline,
more turbulence is expected for high wind speed and unstable conditions, therefore more
entrainment of air is expected and aids in dilution of the gas cloud.

6D is also considered because for a neutral atmosphere, windspeed will be the dominating factor
for dispersion.

Based on the results of the consequence analysis, the following events have been identified as
significant impact contributors:

« Flash fires due to delayed ignition of gas releases. The maximum extent of a flash fire due 1o
sales gas release is estimated to be between 6 m (for a 1 inch hole) and 67 m (for a rupture)
downwind with the corresponding fatality level within the cloud assumed to be 100%. For
LPG release, the maximum extent of a flash fire is estimated to be between 47 m and 758 m
for a release from | inch hole and rupture respectively:

« Jet fires due to immediate ignition of gas releases. The largest distance 1o fatality was found
to be 148 m, 161 m and 186 m to a fatality level of 90%, 50% and 3% respectively for
ignited sales gas release from a 4-inch hole. For LPG releases from a 4-inch hole, the largest
distance to above specified fatality levels are estimated to be 286 m, 312 m and 364 m
respectively; and

« Fireball due to immediate ignition of gas release caused by rupture of the pipeline. The
largest hazard distance to fatality of 90%, 50% and 3% due to the fireball is estimated as 100
m, 119 m and 155 m for sales gas release and 186 m. 222 m and 288 m for LPG release.

7.4 ASSUMPTIONS

The folloving assumptions have been made during source term and physical effects
modelling:

« The maximum release rate was utilised in the assessment of physical effects. This is
expected to be a conservative assumption. In general, the release rate will decrease with time
as the pipelines depressurise following a leak. The maximum release rate was also utilised to
estimate the duration of release based on the normal hold up inventory within a section of the
pipeline between two block valves (taken to be approximately 12 km);

« Flash fires arising from the delayed ignition of LPG releases are anticipated to flash back to
the release source, resulting in a jet fire. In addition, a pool fire may also occur for a short
while if a large pool of LPG liquid is formed from the release. Since hazard distances for jet
fires are generally larger than for pool fires, it has been assumed that flash back of a flash
fire will result in primarily a jet fire; and

« A fireball is assumed to result if ignition occurs within 30 seconds of a full bore rupture or 6-
inch failure of the pipeline.
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8

8.1

8.1.1

8.1.2

8.2

RISK SUMMATION AND EVALUATION
RISK SUMMATION

Risk summation combines the estimates of the consequences of an event with the event
probabilities to give an estimate of the resulting frequency of varying levels of fatalities. The
Consultants in-house RISKPLOT II software was used for risk summation. The following
section discusses the inputs and outputs of the risk integration software.

Software Inputs
The inputs to the software comprise the following files:

» Release Scenario File details all identified hazardous events and their frequencies. The
irequency of each type of hazardous event is obtained by multiplying this section frequency
with the outcome probability;

o Consequence File details the calculated consequences of each event (i.e. effect zone
dimensions) for each possible weather condition. The fatality levels that will apply to each
effect zone dimension is also specified; and

» Weauther File details the probabilities of various weather states (wind speed and Pasquill
stability class) and the directional distribution.

Software Qutput

One of the primary output from the risk integration software are individual risk results, which
are expressed as risk transects at representative points along the pipelines. Risk transects
represent the risk to a hypothetical individual who is assumed tc be present all the time at a
given distance from the pipelines. In this study, no consideration has been given to time-of-day
effects such as reduced population during the day, etc.

The calculation of risk transects is complex. The risk to an individual at a specific location from
the pipelines is dependent on the interaction length for each event. Only an incident within the
interaction fength can pose a hazard to an individual located at a specific point. However. the
consequences (i.e. the effects of release) at the given location will depend on the distance along
the interaction length where failure occurs while the interaction length itseif is a function of
source tertn and hazard type (i.e. the effect distances). The calculation of risk transects by
RISKPLOT is carried out by specifying the hazard as a line source instead of a point source. For
line sources, RISKPLOT generates a set of release points along the specified line, such that the
nominal separation between points is half the length of the minor axis of the smallest
consequence zone associated with that hazard.

INDIVIDUAL RISK RESULTS

Figure JI.4 presents individual risk transects for the TTM pipelines at the mid-line and end
sections of the pipelines. The maximum individual risk for the mid-line section is 2.15 x 107
per vear (i.e. | fatality in approximately -, 351, 1€32 years). The maximum individual risk for
the pipeline end section is 1.43 x 107 per year (i.e. 1 fatality in approximately 6,993,007 years),
which is approximately 33% of the risks for the mid-line section. The difference in risks from
the mid-line section to the end section is because locations at mid-line are exposed to risks from
the pipeline upstream and downstream directions while locations at the ends of the pipelines are
only exposed to risks from either the upstream or downstream directions. It should be noted that
locations at the two ends of the pipelines will be exposed to other risks from
facilities/equipment connected to the pipelines at these locations.
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8.3

The individual risk associated with the pipelines is distributed evenly on each side, reducing
with distance away from the pipelines.

RISK EVALUATION

Currently, there are no Thai individual risk criteria/guidelines for pipelines. The UK HSE risks
guidelines for fixed installations specifies that the chance of an offsite individual being killed
due to incidents at the facility must not exceed 1 in 100,000 per year (i.e. 1 x 10" per year). The
risk associated with the TTM pipelines is therefore far below this criterion. Any further risk
mitigation action should be pursued in line with the goal setting approach to risk management.
Such mitigation action should be implemented in line with the “As Low As Reasonably
Practicable” (ALARP) approach to risk management, which advocates the assessment of the
practicability of proposed measures in terms of cost as well as on other grounds.
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CONCLUSIONS

The main conclusions of this study are:

The failure frequency for the TTM pipelines is estimated to be 1.15 x 10 per km per year;

The largest distance to fatality due to jet fire was found to be 148 m, 161 m and 186 m to
a fatality level of 90%, 50% and 3% respectively for sales gas release from a 4-inch hole.
While for LPG releases from the same hole size, the largest distance to above fatality levels
are estimated to be 286 m, 312 m and 364 m;

Fireball can cause 90%, 50% and 3% fatality levels at a distance of 100 m, 119 m and 155 m
for sales gas release and 186 m, 222 m and 288 m for LPG release;

The maximum downwind extent of a flash fire due to release from sales gas pipeline is
estimated to be between 6 m (for a 1 inch hole) and 67 m (for rupture) with the 100% fatality
level. For LPG release, the maximum extent of a flash fire is estimated to be between 47 m
and 758 m following a release from 1 inch hole and rupture respectively;

The maximum individual risk for the pipelines end section is 1.43 x 107 per year,
approximately 33% of the risks for the mid-line section; and

The maximum individual risk for the mid-line section of the pipelines s
2.15 x 107 per year;

In conclusion, the maximum individual risk for the pipelines for the mid section is 2.15x10”
which is below the maximum risk criteria specified by the UK HSE and Australian EPA. In
addition, risk is reducing with distance further from the pipeline.
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Attachment A

Failure Data for Frequency Analysis
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ALl

AlLll

ALL2

AlLl3

INTERNATIONAL PIPELINE FAILURE DATA
INTERNATIONAL PIPELINE FAILURE DATA

Table Al la provides a summary of historical pipeline failure data from some of the best
sources of data for onshore pipeline systems. All these sources provide raw data on failure
incidents .iid pipeline length and a limited analysis of the failure causes. The most relevant
and up to date databases would be the US Gas 1985-94, EGIG 1970-92 and CONCAWE
1987-91. A brief discussion on various failure data sources is given in the following
paragraphs.

Table Al.ta Comparison of Various International Pipeline Failure Data

Source Failure Frequency
{per km per year)

US Gas, 1985-94 {1] 1.66 x 107
US Gas, 1970-84 {2} 8.46 x 10
European Gas Pipeline, 1970-92 [3] 5.75 x 10™
British Gas [3] 1.1 x 10
CONCAWE, European Oil Pipelines, 1987-91 [4] 5x10*

US Gas Pipeline Database

The US database for natural gas pipelines failures is very extensive and covers a total of 2.8
million km of pipeline for the period 1970 to 1984 and 5.19 million km for the period 1985
to 1994. The database includes onshore and offshore transmission and gathering lines and
reports incidents that occur both on the pipeline and in the metering/ compressor stations
associated with pipeline transfer. The reduction in the incident rate from 8.6 x 107/km.yr
during the period 1970-84 to 1.66 x 10™/km.yr is perhaps attributable to changes of reporting
requirements in 1984. This change required only events involving a gas release that causes
death, injury or damage in excess of US$50,000 to be reported. Prior to 1984, damage value
~f only US$5,000 and above was required to be reported. The damage value includes the
cost of gas and the cost to the operator and third parties. It is possible that minor [eak
incidents have gone unreported although it could also be argued that this data reflects
improved safety trends. For example, 50% of the pipelines included in the database for
1970-84 were installed prior to 1960 with 10% of the pipelines dating to pre-1940.

European Gas Pipeline Incident Datagroup

The European Gas Pipeline Incident Datagroup (EGIG) provides failure data for onshore
natural gas pipelines with a design pressure of greater than 15 barg. The total pipeline
mileage covered by the study is 1.47 million km for the period 1970-92. Pipelines operated
by natural gas transmission companies in Netherlands, Belgium, France, Germany, Italy and
the UK are included in the swady.

British Gas Pipeline Failure Data

The British Gas Failure Data is based on .25 million km years of onshore gas transmission
pipeline data with a design pressure of greater than 7 barg.
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CONCAWE European Oil Pipeline Failure Database

The CONCAWE data covers cross-country oil pipelines carrying crude oil and petroleum
products in western Europe that are operated by various companies. The total pipeline length
for the period 1987-91 is approximately 20,000 km. In this period, 50 spillages were
recorded. Recorded causes of fatlure include operational error, corrosion, third party activity
and natural hazards.

SUMMARY

It should be noted that the pipeline failure frequency is dominated by third party interference,
environmental factors and external corrosion, which are factors that are independent of the
fluid transmitted by the pipelines. Therefore, any of the above databases can be used to
derive the failure rates for the TTM pipelines as long as it is ensured that the database
reflects the conditions existing for the TTM pipelines. However, there are marked
differences in the failure rates from different databases and these can be attributed to a
number of causes, which include particular features of design, reporting format, quality of
reporting, etc. Since there are a large number of design and external parameters that can
affect the failure rate, no one particular database can be considered best to represent the
subject pipelines. All of the databases would therefore have certain advantages and
disadvantages in their application to other environments (countries).

It is considered that the US Natural Gas (1985-94) data is most suited for application to the
TTM pipelines since the data is quite recent and covers a reasonably long period and a high
pipeline mileage. The databases for the 1970's and 1980's contain a large proportion of very
old pre-1940s pipelines, which would have been of poorer design compared to newer (post-
1970) pipelines. The major advantage of the US database for 1985-94 is the analysis that has
been produced specifically for application to risk assessment. A detailed analysis of the
1985-94 US Gas Data is given in the following section.



nrsuszidvaTades - 29

A2

A2.1

A2.2

CAUSES OF FAILURE FOR US GAS TRANSMISSION PIPELINES (1985-94)
REVIEW AND DERIVATION OF FAILURE RATES

The report "An Analysis of US Department of Transportation Reportable Incidents for Gas
Transmission and Gathering Pipelines for the period 1985 to 1994" [1] has been extensively
reviewed and anal,sed to derive failure rates that may be relevant to the pipelines under
consideration. The key findings of the analysis of the report are as follows.

« The incident database contains a summary of pipeline incidents for the period 1985 to
1994 while the summary on pipeline length contains data only for the period between
1985 to 1993. An average distance for the period 1985 to 1993 was derived to
extrapolate the pipeline length data to 1994 to be consistent with incident reporting data,

o The incident and mileage data include onshore transmission and gathering pipelines (97%
of total mileage data and 84% of total incident data) and offshore transmission and
gathering pipelines. Since the TTM pipelines are onshore transmission pipelines, only
data relevant to onshore transmission have been further analysed. Pipelines that are listed
as both transmission and gathering have been considered unaer transmission; and

+ The database contains both pipeline and non-pipeline incidents. Non-pipeline incidents
are those incidents occurring within compressor stations, metering facilities, etc., which
although part of the pipeline transmission system are considered separately from pipeline
incidents. 521 pipeline incidents (78%) and 151 non-pipeline incidents (22%) have been
reported for onshore transmission pipelines.

Based on the above, the failure rate for the US onshore gas transmission pipelines for the
period 1985-94 is derived as follows:

Table A2.1a Failure Rate for US Gas Onshore Transmission Pipelines (1985-94)

Parameter Value

Number of incidents in the period 1985-94 521

Total pipeline km-years 4.54 x 10° km-years
Pipeline failure rate 1.15 x 10" per km per year

The diff-2nt causes of failure recorded for the pipeline incidents are:

+ External forces such as weather, third party damage, vandalism, etc.;
» Corroston including internal, external and stress corrosion cracking;
s Defects in welds and materials; and

« Failure of equipment such as controls, seals, gaskets, etc.

SUMMARY

The faiture rate derived from the data for US Gas Transmission Pipelines (1985-94) is 1.15
x 10™ per km per year. For comparison, the failure rate based on the EGIG data is also
obtained. External interference and corrosion contributed to 64% of the overall failure rate
(i.e. 5.75 x 10 per km per year) in the EG1G database. If 90% reduction in both is assumed
due to the higher wall thickness of the pipelines under consideration, the overall reduction
factor is derived as 90% of 64%, i.e. 58%. The modified failure rate is thus derived as 2.4 x
10" per km per year.

The failure rate to be adopted for this study should also be considered in conjunction with
the hole size distribution, which is discussed in the following section.
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A3

HOLE SIZE DISTRIBUTION

The hole sizes caused by pipeline damage are difficult to estimate from incident databases
since there is no clear definition on how the incidents must be classified, whether as rupture,
puncture or leak, and how these have been reported. The raw data for the US natural gas
pipelines [ 1] was analysed to derive the following hole size classification and percenta..:.

Table A3.1a Hole Size Distribution Based on US Gas Data (1985-94)

Category Description Major Contributors % Probable Hole Size
Rupture Evidence of propagation Corrosion: 40% 38%  Full bore or half pipe
Encroachment: 22% diameter

Welds & materials: 16%
Weather: 11%

Tear Encroachment which Encroachment: 100% 5% 4"
resulted in puiling or
tearing

Puncture Encroachment with no Encroachment: 100% 29% 1" to 2"

evidence of propagation

Leak Release which is not the Corrosion; 35% 28% 10mm to 1"
result of an encreachment Welds & materials: 23%
Weather: 17%

The percentages given above are normalised values that are derived after excluding those for
which hole sizes are not reported. The hole sizes given above are an approximation based on
other available data on hole size distribution.

The above distribution of hole sizes tend to predict a higher probability for ruptures.
Whether such distribution is correct can be verified by analysing the failure modes for
different causes. Heavy floods and earth movements result mostly in rupture due to failure
at the circuinferential weld. A small percentage of ruptures may be caused by corrosion but
the proportion of ruptures to leak due to corrosion (3:2) given in the table above appears to
be on the higher side. One of the reasons for a high proportion of ruptures is possibly due to
the reporting requirements, which results in under representation of small leaks.

The hole size distribution presented in the EGIG data is as follows:
Ruptures 12%

Holes 39%
Leaks 49%
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CONCLUSIONS

The US database predicts a high probability of ruptures that may not be applicable to the
TTM pipelines on account of its design parameters such as wall thickness. The hole size
distribution used in this study is shown in Table A4.1a, based on suitable modifications to
the EGIG data.

Table A4.ia Hole Size Distribution

Category Hole Size (%) Proportion
Rupture 6 5%
Puncture 4 15%

Hole 2 30%

Leak | 50%

A very low probability has been assumed for full bore ruptures (assumed to have a diameter
of 6”) and a 4” hole with a probability of 15% is considered to represent foreseeable large
failures. The hole sizes for leaks are assumed to be 17 while holes are represented by an
equivalent diameter of 27

Since hole size distribution and failure frequency are related, it would be appropriate to
consider the failure rate of 1.15 x 10 per km per year based on the US Gas Onshore
Transmission Pipeline Failure Database (1985-94), which i1s of a similar order to the
modified failure rate based on the EGIG data. In this study, the hole size distribution given
in Table B4.1a is applied to this failure rate.
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Description of Consequence Models
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CONSEQUENCE ANALYSIS MODELS
Consequence analysis involves the following analyses:
« Source term modelling;

« Physical effects modelling; and

« Probit analysis.

The models used in each of these analyses are described in the following sections,
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B2

B2.1

B2.2

B2.3

SOURCE TERM MODELLING
LIQUID RELEASES

Liquid discharge was modelled using Bernoulli's equation:

Q = CiAJep(P PJ)
where,

+ C,is the discharge coefficient, which is taken to be 0.6 for all liquids;
» A isthe leak area (m?);

« pis the liquid density (kg/m’);

¢ P is the upstream prossure (Pa); and

s F,is the ambient pressure (Pa).

GAS RELEASES

Crane’s gas discharge model, based on ideal gas behaviour, was used in the analysis. The
outflow rate, {0, is given by:

¥

0 - ve ar (2]
RT \y+ 1

where,

« Y is the correction for non-choked flow;

e (C,is the discharge coefficient;

A is the leak area (m®):

» P is the upstream pressure {Pa);

« M is molecular weight (kg/mol);

» R is the universal gas constant (J K' mol');
o T'is fluid temperature (K); and

«  is the ratio of specific heats.

L

The value of ¥ depends on whether the flow is choked (sonic) or unchoked. For choked

flow, the following equation holds and ¥ = 1.0.
4

o[

where P, is the ambient pressure. Otherwise, F is given by:
03

e @)

C, is taken to be 1.0 for all gases.

Two PHASE RELEASES

Two phase release rates from the LPG pipeline were calculated using the SPILL model
within Shell Thornton Research’s HGSYSTEM consequence models [1].
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B3.1

B3.2

PHYSICAL EFFECTS MODELLING

Physical effects of fire events are dependent on the type of fire event that results. This
section describes the differeni fire event types and their physical effects.

FIREBALLS

The principal hazard of a fireball arises from the massive transient dose of thermal radiation.
Due to the large size and intensity of the fireball its effects are not significantly influenced
by the weather, wind direction or source of ignition. Therefore, the effects are expressed
simply in terms of fatality rates at a given distance. Fatality rates amongst persons outdoors
exposed to a fireball were determined by a probit function (see Section 0).

The diameter of the fireball can be estimated by the following equation (Roberts, 1982):
D=58m"
where,

» D is the fireball diameter {(m); and
« m is the mass of fuel (kg).

The duration of the fireball is given by the following equations (Roberts, 1982):
t=2.59m"""  for masses greater than 37000 kg
t=045m"  for masses less than 37000 kg

where t is the duration of the fireball (s).

The transmissivity (1) of thermal radiation by the atmosphere depends upon the CO, and

H,O content in air, the distance between radiation source and the observer and the emissive

flux of the flame. A simple equation proposed by the IChemE (1989) is usually used:
1=1-0.0565 In(r - D/2)

where,

» T is the air transmissivity (-);
» D is the fireball diameter (m);
+ r1isthe distance of the target from the fireball centre (m).

The view factor, (F) is defined as the ratio of the amount of thermal radiation emitted by a
flame to the amount of thermal radiation received by an object not in contact with the flame.
The view factor is calculated by using the Spouge (1993) equation:

F = (D/(2r))

GAS DISPERSION MODELLING AND FLASH FIRES

Dispersion of vapour releases from the TTM pipelines were modelled using the following
modules from HGSYSTEM [1]:

» AEROPLUME was used to model the initial momentum dispersion of releases from the
pipelines; and

« HEGADAS was used to model the evaporation of LPG from the liquid pool formed from
the initial release.
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B3.3

JET FIRES

The jet fire model described in the World Bank Manual has been implemented by the
Consultants and is combined with the probit equation (see Section 0) to estimate the fatality
level. A description on the jet fire model is presented below.

The jet flame lengths in this study are calculated by the well-known Wertenbach (1971)
empirical correlation:

L=18.5q¢""
where,

¢ L isthe flame lengih (m); and
o Qs the flow rate (kg/s).

The above correlation has been validated for jet flames of liquefied gases such as LPG. The
Wertenbach correlation is probably conservative for gas jets, which normally have shorter
flame lengths than liquefied gases. There are other models or similar correlation’s which
apply to gases. However, none of the other models has the acceptability and universality of
the Wertenbach model and therefore it is used for both gas and 2-phase jets despite its
conservatism.
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B4

B4.1

B4.2

PROBIT ANALYSIS
OVERVIEW

The effect of hazardous outcomes in terms of injury of fatality is dependent on the
consequence experienced by .. person and also on the exposure duration. For example, a
person exposed to high thermal radiation intensity will sustain an injury in a shorter duration
than one exposed to thermal radiation of a lower intensity. In order to express the percentage
fatality among humans in terms of the intensity of a hazardous event and the duration of
exposure, probit equations were utilised in this risk assessment. These equations are derived

by:

e Determining the causative (or injury or damage) factor which best correlates the data,
such as the injury due to radiation from a fire are dependent on the radiation intensity and
the exposure time. These injury relations are derived from experimental studies and past
incident records;

¢ Determining the probability distribution of the injury factor. The distribution normally
takes the form of a log-normal distribution; and

+ Based on the injury factors and injury distribution, a transformation is carried out to
represent the function in a convenient form.

ESTIMATION OF FATALITY RATES
The probit equation is generally represented as:

Pr=kl+k2lnx
where,

» Pris the probit value;
s ki and k2 are constants; and
« x is the hazard dosage in terms of intensity and duration.

The standard Eisenberg thermal probit equation has been used in this study to determine the
various fatality levels due to thermal radiation. The equation is as follows:

Pr=-14.19+2.56 In (t.7'")
Wheres

e Pristhe probit value corresponding to a fatality level (-);
s tis the exposure time (s); and
« 1is the radiation intensity experienced by the recipient (kW/m?).

The probit value is a random variable derived from a statistical transformation and expresses
the probability of fatality. The probit values representing different fatality percentages are
given in Table B4.2a.
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B4.2.1

B4.2.2

Table B4.2a Relationship between Percentages and Probits

% 0 1 2 3 4 5 6 7 8 9
0.00 - 267 295 312 325 336 345 352 359 3.66
1000 372 377 383 387 392 396 401 405 408 412
2000 416 419 423 426 429 433 436 439 442 445
30.00 448 450 453 456 459 461 464 467 469 472
40.00 475 477 480 482 485 487 490 4952 495 497
50.00 500 503 3505 508 510 513 515 518 520 523
60.00 525 528 531 533 536 539 541 544 547 550
70.00 552 555 558 561 5364 567 571 574 577 581
80.00 584 588 592 595 3599 6.04 608 6.13 6.17 623
90.00 628 634 641 648 655 664 675 688 705 733

For risk assessment purposes, the intensities of hazardous outcomes that will result in the
following fatality levels are determined:

«  90% representing high fatality level;
¢ 50% representing medium fatality level; and
« 3% representing low fatality level;

Fuatality Rates due for Fireballs

It is likely that 100% of people encompassed by a fireball hemisphere would be fatally
injured. It is not considered likely that a person could escape from a fireball in the time
between the release of material and the development of a fireball. For people outdoors who
are outside the fireball radius, fatalities are due to the magnitude of the thermal dose
received. Thus, the probability of fatality is dependent on the distance between the person
and the fireball and also on the time for which the person is exposed. The probability of
fatality decreases as the distance from the fireball and the recipient increases. This is
accounted for by the probit relationship in the fireball model.

The thermal radiation levels typically corresponding to a fireball event of 12 seconds
duration are tabulated in Table B4.2b for reference. In the assessment, the actual duration of
the fireball event is taken into consideration for determining the radiation intensity levels
corresponding to high, medium and low fatality levels.

Table B4.2b Fatalities Levels for Fireball

Radiation Level (kW/m®) % Fatality Among Exposed Outdoor Population

62 90
42 50
24 3

Fatality Rates for Flash Fires

Dispersing gas moves with the wind, flowing round buildings and structures as it travels,
Upon ignition, all gas within the flammable limits burns, engulfing everything in the cloud
footprint area. Radiant heat from flash fires is not high and diminishes rapidly with distance.
Therefore, radiant heat effects from flash fires are not considered in this assessment.
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B4.2.2

Fatalities from flash fires are only considered to occur within the flammable cloud footprint
area. It is considered that persons within the path of a flash fire are not likely to escape.
Therefore, a fatality rate of 100% is assigned to persons within the flammable cloud.

Fatality Rates for Jet Fires

Jet fires are directional, fixed location events with effects limited to a certain area. The
hazards from jet fires are due to both the jet flame and the radiant heat from it. As with
fircballs and flash fires, persons within the flame envelope are considered to be fatally
injured. Since jet fires are prolonged events, exposure times are assumed to be always long
enough to cause fatalities at lower radiation levels, though some personnel may escape to
safety. The radiation intensities for different fatality levels have been determined
considering a one minute exposure time, based on the assumption that an exposed person can
escape to safety in less than a minute unless incapacitated. It is noted that the chances of
escape from a jet fire are higher as the thermal radiation effects of a jet fire tend to be
localised. The fatality levels due to thermal radiation from jet fire events are summarised in
Table B4.2¢.

Table B4.2¢ Fatalities Levels for Jet Fires

Radiation Level % Fatality Among Exposed
(KW/m?) Qutdoor Population
23 90
16 50

9 3
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puvudssIwazveavesasiiouas e luaomlsenoums
MATERIAL SAFETY DATA SHEET (MSDS)

4 a
Ti\u!ﬂﬂﬂ']"]f‘ﬁi INDBIR

(1] L4 ‘:;.
a1|aun 1
= = as a oo .r{
1. SRR UARGINUNAIRNUN (Product Data)
1.1 ¥9N1NIA1 (Trade Name) NIBBITUHM ( Natural Gas )
Fanrani Methane (mainly) q‘ﬂ‘i'ﬂ"ldl.ﬂﬁ CH4 (mainly}
12 mslilseTomi (Use)  1ifluingdulunszuounswdnvea T suonfanssundszees

1.3 Sunugegadii 1l lunseunses ( Max Quantity Storage )

sl AFtunszuanrsuenialuyiue 950 Sugnuidndads Tu)

'

= o ool o - o o o
1.4 Gndn / A ud ( Manufacturer / Importer ) D38W glunaa Tnouaua , U3 Tnina, u3dn Tnldf

o

=

viag( Address) - U5 M1I8% 111 (0AFT WiFA Wa1$7 19 0S¥ Aun WINT NTUNN 10900
(u.yTunna Inonaud)

- 123 e1sFunned B $u 22 0. 3mRsadn N3 NTUNNA 10900 (1. Tnina)

- $u 18 211385 a9l 54 0. oTen AU 21 LY NRABANYIMIID LYARDBIAY

ATUNWLHILAT 10110 1n3. 2607151-2 (1. Tn i)

2. MSTUNTITLANDUATIE (Chemical Classification)

21 UN. Number NAV 2.2 CAS Number NAV 23 marenzise lils

2.4 §ydnusidINan WLIATI U NFPA

3. 115152 noU AU UN T8 (Hazardous Ingredients)

For1sind Amdndy AT AN aeany
{Substances) {Concentrate) TLV LD50
finu 66.4-68.9 % NAV NAV
asveulaeenlad 15.7-16.8 % 5000 ppm (Time-Weighted Average) (ACGIH) NAV
Binu 7.2-8.6 % NAV NAV
Twsmu 3.6-43 % 1000 ppm (Time-Weighted Average) (ACGIH) NAV

NOTE © NAV = NON-AVAILABLE
NAP = NON-APPLICABLE
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4. doyaNn1eMmenIniazinll (Physical and Chemical Data)

4.1 yALAeA (Boiling Poin)° C  NAV 4.2 9AM0INA7 (Melting Point)” C  NAV

4.3 e 'le (Vapour Pressure) NAV 4.4 msazatoldhui Solubility in Water)  1@n1ieY

4.5 AU une (Specific Gravity) 0.7-0.9 (91N = 1) 4.6 BAIINIILMY (Evaporation Rate) 100% (%Volatile)
4.7 anununniule {Vapour Density) NAP 4.8 Anmihunia - A (pH - value) NAV

ar o Py o 11 1 a ret
4.9 Anune FUnLNAY (Appearance Colour and Odour) (TR sl Titindu TiTse (Tasteless)

5. 903 aNNAUBAANBILAZNT24IA (Fire and Explosion Hazard Data)

5.1 9911 19 (Flash Point)  NAV
52 ¥asfansaald - A1d1ga (Flammable Limit- LEL) % 3.8
- A4 (Flammable Limit - UEL) % 17
5.3 Qﬁm{'lﬁ'ﬁmmiﬂaﬂ‘lﬂllﬁm& {Autoignition Temperature} 482-593 C
5.4 MuAAURATUIMIAAL  (Chemical Reactivity) Un@nziadus
5.5 A3 HABIMANEANIINAY  (Materials o Avoid) @1590n% ladA1s 191 nassu Tusiiu
uifosnni§Asinguusmei)
5.6 0I5B UATWIIAATINMT AL (Hazardous Decomposition Products)  A1ueu tasenlas a1fuewieuen lad

(Hazardous Combustion Products)

6. YoyaINEINUSUASWADYUN N (Health Hazard Data)

6.1 Madgs1anio (Ways of Exposure) w1sfiamils a1 nsniola

6.2 BuATWRWIZR (Local Effects) Tunsfindudalavnss  aisneldiiamIszaiofiedent Amils sevinldineg
witladeteaiiesnniasssurdsad Wanudiviuaesndioulue i diifSnavesmysssumnalusins
I e lmiaeT I 1A

6.3 wavinnrduifaensiuiniu i luseos fu (Btfects of Overexposure Short - term) A NS aUNLABENFIUTUY0A
"% (Simple Aphyxiant) vhiifnenstnfisye Adu'ld 8ou mew nszdunszae Waludulidualng wie
nstinnududugann ervssnunad 14

6.4 wasnmsduaas i luluszesen (Effects of Overexposure Long - term) fiimisdsemlziueg vivez
Fiowszuudsramaaunaneesane dissnityvesmsilsen

6.5 AmmsguAulasais TLV  NAV

7. masmssuaNuasaiy (Safety Measures)

7.1 ﬁayamsﬂmﬁ'ﬂﬁummzmq (Special Protection information)
-4 = . . R ool o 9/ w ¥ oA ] a
7.1.1 msflaatulvuaznisszlia (Fire and Explosion Prevention)  gulnyaifiisndendideaiimsdemviu
etlosfumaifalszydhada insainsdevugnseiidisesimis hi lunsdiidanisilvalvdauon

guniel uasiidauvdsdsemoinieundinnudounnyiin
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7.1.2 MITEUWBINIA (Ventilation) Tngnsalanuiildeimmdiomezaan Lildginscidavszuiveiniefiv
Tifalsznelv

7.1.3 wilnvesginseifleaduniamsniula (Respiratory Protection Type) w¥himnnsaatearsdunis

7.1.4 ndeafuduanefiazfadufuile (Hand Protection) maugaiioea

7.1.5 matlesfusunieiivz@atuiua (Eye Protection) @ uUIUATHIAY

7.1.6 mstloafudu 9 (Other Protection) mn‘qﬂﬁmuﬁmmzﬁu, FouMMIAY

7.2 M3lgunetuia (First Aid)

7.2.1 psfiFuinaimls NAP

722 mfiduinam Sedaninnn q edates 15w ddvzaiudesegiilunuumng

723 nsdWsuasmansnels indeuthefilseentioniidonmusqns mindthonuead TWeendiou
sodaaudnitdamnnd

7.2.4 Souusiiims lumsinymenina (ssymsinumisnsufiiv ) NAV

9/ = Nﬂd. o @ . -

8. maﬂgumwmﬂmu (Special Instructions)
w d . . ] ) 4 o ar ' )
8.1 msvutiouazn1s Sy (Handling and Storing)  vudedavszuuvefiamisaiuussiuialuve ssuuvenas
2 o v ] ¥ 9 r n‘y E-] o b

agluifionanwmazain ¥senunasmaudou urdwszne e uaraishidemdnidesnindu (aude 5.5)
8.2 M3tleaduMsAANT 8u (Corrosiveness Prevention)  d@miuszuuvieniwlddu aaslisruudlestunisianseu

{Catodic Protection)

& . A4 & 8 Yw A A 4 & dao 4w o

8.3 M332auaznIsun (Spill and Leak Procedures) n3@AA w31 IdAunauonduriusnaiiinigss vuypnan
Nivradenirlnd destunismatszneiiuusnulndiss Saldiinsserseime wazhmsgasesives
o
ey
8.4 35M3M1in 101w (Disposal Methods)  1H3TIH
85 m3l¥msduinds (Extinguishing Media) nsgimasaazgnantn W ldgunsaifumdsadanuniiuds w3e

o L ol -
avveulaoen e lunsAumas

S A oy
vadoyaiuan lann

T5auonmasssuriAszeas Uan.

555 0. qYUIN A.UIUAHA © 1B

2.55093 21150 N7, (038) 685000-7 A0 6050-4
Tnias. (038) 685009

NOTE . NAV = NON-AVAILABLE
NAP = NON-APPLICABLE
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g/ = A o
llﬂﬂlliﬂﬁﬁ']ﬂagmEJﬂ‘llﬂ\‘lﬁ'ﬁLﬂiJ@uﬁiﬁlﬂ‘luﬁﬂ’luﬂiﬁﬂﬂﬂﬂﬁlﬁ
MATERIAL SAFETY DATA SHEET (MSDS)

(Y =
15908AMFTITUBIA

0w A
aaun 2
=y c; -] = o a
1. 518a2108NeINUHIANUN (Product Data)

11 ‘dlﬁ)‘ﬂ‘lim‘iﬁW{dee Name)} Sales Gas

oAl Methane (mainly) Qﬁﬂﬂuﬂﬁ CHa(mainly)

12 mstdlseloml (wse)  MfuFomasuls iy Tssaueaamnisy

1.3 Usuugagany A unsounsss (Max Quantity Storage) - aidl (Sales Gas #indn 169105z unIsHEs Tszuin

790 MMSCFD)
¥ o Yo Y o 14 o - = 1
1.4 gran / guiud ( Manufacturer / Importer ) 153u0nM1a53501A 3508 n131 Tnsidoauvalssmerlno

19 (Address) 555 0. qyuIN A, WIWATNA 0. 13383 9. 32083 21150

2. MIPWMUNATINUOUNTIY (Chemical Classification)

1 UN. Number 1075 2.2 CAS Number 74-82-8 23 misnanzs 1 uly

[e)

r

4 dydnuelananuuinsgiu NFPA

o

[

3. msﬂizﬂau*ﬁtﬂué’umw (Hazardous Ingredients)

Formal Al T fuwsguarlanadio
(Substances) {Concentrate) TLV LD50
Ty 69.8-82.7 % NAV NAV
By 49-82 % NAV NAV
ariveulaeonlad 6.6-17.5 % 5000 ppm (Time-Weighted Average) NAV
(ACGIH)
Tulnsiou 1.0-2.9 % NAV NAV
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4, Yoyan 1 uMenIwiazinil (Physical and Chemical Data)

4.1 yufAen (Boiling Point)" € NAV 4.2 §AVMADNINDI ( Melting Point )” C NAV

4.3 avwdu'le (Vapour Pressure) NAV 2.4 nsazaw il (Solubility in Water) azaiidmisy
4.5 AT RIUNIE (Specific Gravity) 0.53-0.80 (15C, BINW= 1)

4.6 BNTINITISINY (Evaporation Rate) 100 % (% Volatile)

4.7 anunuuniule (Vapour Density) NAP

4.8 ATUTIUNTA - A (pH - value) NAV

4.9 ANy TUATNAU (Appearance Colour and Odour) aousAs lild lufindu Tuilse (Tasteless)

5. doyan 1A usARA BIazN155211n (Fire and Explosion Hazard Data)

5.1 3a210 W ( Flash Point ) -188 C
5.2 Sasian@a vl - #181a@ (Flammable Limit - LEL) % 5
- A1a7A (Flammable Limit - UEL) % 15
5.3 gungiiiansofnIW1ies (Autoignition Temperature) 537-540 C
5.4 MIAAYHATUMIUAN (Chemical Reactivity) Undivziades
5.5 B3 AADIMANEBINT (Materials to Avoid) a1308n% 1ad 19 nassu wefeonlud aastuleenlad (ies
DAl Rseguns wenu)
5.6 A1IOUAT wﬁtﬁmmmsamuﬁ’a { Hazardous Decomposition Products ) asueulneentad asusuueuen s

”‘Emﬂﬂﬂﬂaﬂﬂll“ﬁﬁ(Hazardous Combustion Products)

6. #0YaINYINVIUATIWABHVUNIN (Health Hazard Data)

6.1 W93 19010 (Ways of Exposure) m3n1oly misdamila al
6.2 BunswnnIE? (Local Effects) Tunsfindudalaonss  svneliifianissemuoifiosrent Aanda sxiiliing
P of - [ A = - A o o o
nwlsdadaiosnnfasisunfzd i unufiTnasengiouluome iliuSinaveamadionuluametan
o IdFeTinld
v I 1
6.3 wavninmsdudamsnyniiu lalluszuedu (Effects of Overexposure Short - term) eunsaunuieendiauluilen
1% (Simple Aphyxiant) M1APAIMsUaAsEH: AdUTE 0deu aiate nszdunszdis Waludu Tuidhu)nd wie
£ ¥ ¥ -y Y
nIfANUAINdUEIN 199 nUAaR 1A
6.4 mannmsdudamsinmiulyTuszezer (Effects of Overexposure Long - term) §1ilmsusen Yzhuey o1
wiawszuvdizamaiunaisvesinnie esnnvuvesaslsen

6.5 AmmsgmuAudasait TLY - NAV

NOTE : NAV = NON-AVAILABLE
NAP = NON-APPLICABLE

3
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y o
7. 1asmsnuaulasnny (Safety Measures)
7.1 %agﬂmsﬁmﬁ'uiﬂumm:mq {Special Protection [nformation)
(Y ] . . . Vi o W = 1 -
7.1.1 msdlearn Iitazn1s521iia (Fire and Explosion Prevention) gulnsaifiiideanndafesiinsnaduny
detleafumsifalszyihaia insaseaeuguniaihiisessmie i lunsdififiantssa lnalddauen
o o o 1 = ] 9 o
ginsel uashiiaunanlsznigIiuieundannuiesunnyiia
. & o oy . g W &1 a0
7.1.2 MISEUI80IMA (Ventilation) IngUnsalanauildommadiomazain lulsgunssiriossuivemadin
Ihfatszniod
o o . . - =
7.1.3 witavasgUnsaidiasfunianisniols ( Respiratory Protection Type ) eraumiiininnses lomsgunid
o e a a 4 o .
7.1.4 n1soaiudunswiteuifiaiiufiuile ( Hand Protection ) mangaliasa
[ 1 a 4 o B o o oa
7.1.5 ntloafuduns wisziniiufiua ( Eye Protection ) laiumiis iy
7.1.6 M3taafudU 9 ( Other Protection } AI5HNA A NALMIAINALDINTIINWRMNRU (Emergency Eye Wash
and Shower System) U?L’Jmﬁﬂﬁﬁﬁﬂu
7.2 Me1guweIIa ( First Aid)
721 nsfduATN RN -
»
& o ° = 4 [ (] a
7.2.2 na@iduiamian dnadaotinliuennn edwles 15w fdeszaufesay i luwuuwng
o s “ % 4 - Aq o= 4 L L3 v =
7.2.3 3dl Wivmsnuninels mdeulediheesmmiSnuilionmeigns vindiwvuard IWeendiou
¥ o_ o
reten wandhawnnd

7.2.4 dayauanlumainymnuia NAV

g/ =y cvcn:i o o . .
8. ¥0UUANT1ATY (Special Instructions)
8.1 Myvudouazn1s Sy (Handing and Storing) yudsdussyumeficsaduussdumsluvie szuuviends of
luifie s wmazan ¥1avnunaInamiou undwszmo W uazasids s dnaenniu (mwde 5.5)
8.2 mstinafun1siansou (Corrosiveness Prevention) dmiuszuwvenaldau astissuutlosdumsianseu
{Catodic Protection)
@ ; ade 4 ave a 4 da  daw 4w aw
8.3 M352IMauarn131n (Spill and Leak Procedures) nsdinmad i fiunIononiufivsnudiifess dwynnan T
merdouding desdunmuialszaeituuinulndifive faldiimsszuwe e tazinisgasesivesine
8.4 333197 / W1aw (Disposal Methods) 141 ABTZUY Flare
8.5 M3lFesdunAs (Extinguishing Media)  Asdifiuazgnaa W 1dwasiindmiomiveulaeonloduazld

SCBA (Self-Contained Breathing Apparatus) Tung Hilillumﬁﬂﬂtjil;jmﬁﬂau

vedeyamiudnldnn

dunnutlasafo o1%eunio LazFaindy
[ = =
T3 UeNME B TUINA 35063 555 Q. TYUIN A WTLAWA B, 11D

1. 52699 21150 I3 (038) 685000-7 71D 6050-4 N33 (038) 685009
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3/ = ~ w
L!Uﬂllﬁ]ﬁﬁ']ﬂagl@ﬂﬂ‘UﬂQﬂ'ﬁ!ﬂuﬂuﬂi'lﬂsluﬂﬂ'luﬂ'i$ﬂﬂilﬂ'ﬁ
MATERIAL SAFETY DATA SHEET (MSDS)

()] o
15UEANETTTUHIA

0w o
a1aun 4
a = s a e L4
1. 31921B8ANYINUNARNUN (Product Data)
1.1 $8M19n13A1 (Trade Name) A19Mafn Liquefied Petrolium Gas, LPG
‘gﬂﬂ‘ldlﬂﬁ Propane + Butane ‘Qﬂi‘ﬂ"mﬂﬁ C3Hs + CsHio

1.2 m3ldseTomd (Use) Mdumavedu Wdudemdslugamunisy uoniduingdvlugramnisuilllnnndl

1.3 USmmgagaiil 13lunseunsod (Max Quantity Storage) 20,000 #u

1.4 Andn / friud (Manufacturer / Importer) T5qugnfiasssusd szoes msilTendanursilszmeang

10y (Address) 555 0. QYNIN & WA WA B, 1183 9. 530B3 21150

2. MSTWMUNTITAIDUATY (Chemical Classification)

2.1 UN.Number 1075 2.2 CAS Number 68746-85-7 23 msnenzisa laly

2.4 AydnvelainanuuIAT§I NFPA

o o as .
3. 3UsEnouMuounAIIY (Hazardous Ingredients)

Formnil ALY fwsgmaulasaio
{Substances) (Concentrate) TLVY LD50
Twsinu 55.0-64.2 % 1000 ppm (Time-Weighted Average) NAV
(ACGIH)
Tunu 32.5-45.0 % 800 ppm (Time-Weighted Average) NAV
{ACGIH)

NOTE : NAV = NON-AVAHLABLE
NAP = NON-APPLICABLE
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4. 491aN9NMYNIAZIAL (Physical and Chemical Data)

4.1 9ALADA (Boiling Point)° C -17 4.2 YAYMADUINAY ( Melting Point )" C -187

43 rrdn'le (Vapour Pressure ) 127.88 psig (37.8 C) 4.4 msaza1e 141t ( Solubility in Water) azauiiiniion

4.5 ATWBNIUNIY (Specific Gravity) 0.522-0.534 (15C, 1‘fw=1) 4.6 DRIINTILINE (Evaporation Rate) 100%
(% Volatile)

4.7 snmunniule (Vapour Density) 1.73 (15C, 210 = 1) 4.8 A2 iilunsa - 419 (pH - value) NAV

4.9 Snumz@uazniy (Appearance Colour and Odour) vouwad (Muldausy Wild usenauninmsi@ums

iznsugaves

5. doyannaudnffouazn1ssziia  (Fire and Explosion Hazard Data)

. <

5.1 30710 W (Flash Point)  -6089-105 C
5.2 3ad1ian1s@a IW - AW (Flammable Limit - LEL) % 2

- A9 A (Flammable Limit - UEL) % 9
5.3 Qmﬂgﬁﬁmmmﬁﬂ‘lﬂ"lﬁlm (Awmoignition Temperature) 400-500 C
5.4 Ml §ATeMauall (Chemical Reactivity) Un@szitlaouuas’ldsh

o @ a o o ; . - L ) a = - o |maa
5.5 M3 NABIMTMBLIINA (Materials to Avoid) 115980% 1o 19u Aaedu Tusiiu vigesiu wilesniminljizogu
wIaRaiu)

5.6 M1IOUATIVIMAAIINNISAA10A I (Hazardous Decomposition Products) m3vawlaeenlyd aisusuneusnlad

{Hazardous Combustion Products}

6. foyaiNeIudUAT IR0 (Health Hazard Data)

6.1 MAUAFT 1IN W (Ways of Exposure) misvole Aamis masn msfiv
6.2 SuRTRWIT (Local Effects) nsfiduie LPG Aamududhudnu 1000 ppm
massyumivls-viiidaensszafosmesynuazmauiumiale
NNRMU-AADIMITEMBRDIRBRINTS
A HARD NS STMIRD DY
NUISUUWIUAUBTMT-AAD IS sEA ARl InuaE NILAND T
6.3 wannmsdudaesiuniAu ) uszesdu ( Effects of Overexposure Short - term ) nsdinrmududugann s
aunsounufiosndiouturlen’ld (Simple Asphyxiant) Mldifnemisafsue @ulme aiais wnszien
HuATA 18
6.4 wa9 N3 TS iamiuTy Tuszese ( Effects of Overexposure Long - term ) nI&#UAA LPG a7 91948
ganmdounne S fiduda sui ifauna ity (Frostbite)

6.5 ANAIFINANUUABANY TLV 1000 ppm (Time-Weighted Average) (ACGIH)
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¥ a
7. 1AsMIMuUANVlavany (Safety Measures)
7.1 JoyanistlaafiuTausnizma ( Special Protection Information )
as - o o o =t a
7.1.1 msilaaiulWuazmiszidia (Fire and Explosion Prevention) 63ihu LPG uazgunisififioadiamnda
. ¥ )
deadlinsdemedwiedlesiuntavanvenlszywthada  finsdedemsdefhluuinulndifsanedles
a ' & a 0 M &y a o . ' aw o Vo
Al wenvmiumisiimsasnasugunssineuns 1daunorisiiisesimie Wi nsdimaia naldda
¢ a2 a ' . t ] a vl e s A w g
uengUnsal Miaundalszmeuazunasnamfeuneg udfmimantuiidigunseinieduny
7.1.2 NIITL00IMA (Ventilation) Safuuazgunssifiifvideseglufinemsdwmazain
7.13 winvesgunsaidlosiunianisnwle (Respiratory Protection Type)
- frwaududuninnis 1,000 ppm WM nnnsesleasdunss
- S rmduduwinnds 10,000 ppm 19 Respirator nuuiidadasniadnda

- Srwamnduduninnd 19,000 ppm 19 Respirator urufidaemedadmsuaaumiiinin Full Face
N30aI SCBA (Self-Contained Breathing Apparatus}

a4 o oa

7.1.4 nisflaadudunswinfinduiulio (Hand Protection) dugalieun

@ e d a J o . L oo
7.1.5 mstlasfusuns whazifiadufiual  (Eye Protection) ldiiuaiisfumTavmiiinin Full Face

'
Y- o

7.1.6 MsfloafuBug (Other Protection) aangadasiuiimnzan uazasiiduaueshnruazeminne
RARULIINAYTA
7.2 MIYFUNLILNA (First Aid)
e = v ¥ e . @ o= Y ¥ oaa s ar - LY o
7.2.1 psdidudanisfiamls HudagiaminSnuiidudads umbgu Sifsemofesegi Tuwouwnd
» »
7.2.2 nsfidudamem dudm Hasta Waua hubazew Srdszmufioseg i luwounnd

a8y Vo -5 ¥ e - aa - = 2 a M -
7.2.3 N3l lﬂs‘UﬁW?'ﬂ”Nﬂ?iH1U1% lﬂﬁﬂuﬂ]uﬂﬂ']ﬂﬂﬂﬂ”1U51'Jmﬂﬂla']ﬂ']ﬂuiqﬂﬁ “Tﬂ&!ﬂquﬂuﬂﬁﬂ tlﬂﬂﬂn‘lﬂﬁ]u

mstlen wdnirdauwnd
7.2.4 doyamindulunsinnwena asfinduveamandsll Mainiwiumingdeadons LPG asuniigs

udllwunwnd

) A wad g W
8. v RUANE ATy (Special Instructions)
8.1 MIvudIouozn1TIAAY  (Handing and Storing) vudedessuimefiannsofunsesfuieluve niadui
MvusTy Sermisomusaduldgs ssunvouasmeuzussgaas eglufiiemadiumazain Wsnnumds
anuiou unaslszne W uazasfidemBndosrindu @wide 5.5)

82 mstleafumsianien  (Corrosiveness Prevention) dmiussuuvaldau arsiszvuflesfunmisfaniou

{Catodic Protection)

NOTE : NAV = NON-AVAILABLE
NAP = NON-APPLICABLE
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<& . ade & oa v { 4 a da s ]
8.3 Mm3¥7 Inauazn1svn (Spill and Leak Procedures)  ns@ififiadr Idiumeusniiviivinafiifad fuysnah
Tifradeudlnd Tasmwizynnaiiegldayiviicesn liilszum 800 was viaduihuly 18T onem legha
mamiieay  Pestunmainlszme i luuinalndifies Saldiinnszuwena  uazhinisgasossrvesie
= Py 39 ¥ A e w ) - o A4 a a oA o a0 ¥ A
psdinnduli ldnaonTeTaggeduduqiegaduietld uasdnfivduuSnuiindniuat LPG unduliiesonts
o w y = - - = ) S & o ¥ o Yo &
Aa duimdesnzduuSnafivadudninineanng nsdinndulineann Waa Iiuagquinnieie:
o W e a i { o ! iy
dWaaunsemslulasisuhlaldnszeweenly Tasmwzdwinuivaduduisueine wu sz
wetlesfuniazauvesnanuianissuiia
8.4 33M3fda / ¥i1an (Disposal Methods) 1H11ABS £ Flare
8.5 M3 1¥asAunda (Extinguishing Media) n3fimwinazgndn v Tdnaniiudmieasueulaeen lod Tnoaan

W a Yo 4 i d Ao d M o d ) oo 9o
SCBA 1uﬂ'|il'l]'iﬂﬂﬂl‘jlwai llﬂxi‘ﬂu'mﬂlwa'ﬂﬁalﬂuﬂﬂ?Ql}ﬂimﬂ5aﬂQlﬂ'UHSalwﬂﬂiz‘]qﬂﬂquﬂ1cﬂiﬁlﬂﬂi].NfN

uAga

1 a = 8
vodayanu@u1dan

druanudasasy 81300 uazfunndon
T3 aonfMrssIuTIA 55004 555 0. Ui o 1uama . s

9. 3208921150 1N (038) 685000-7 ¢ 6050-4 INTa13 (038) 685009
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Y =4 o oW
!!‘U‘ULL‘NTIEJ@%Lf’)ﬂﬂ"llEN’GTTELﬂMﬂUﬂiWﬂiHﬁﬂTHﬂﬁ%ﬂﬂUﬂﬁ
MATERIAL SAFETY DATA SHEET (MSDS)

[+") =Y
15EANIHFTTUFIR

N
$189u4 S
1. swazBeaineIfundaiael (Product Data)

1.1 ¥8M13M381 ( Trade Name ) 719 T9AUT554%1 Natural Gasoline, NGL

FoMUAT WU + Lemu +1gUmu + Boau gaIMIaADl CsHia+ Cshina+ CrHis + CsHis
L4 o L4

1.2 ms1FszTomd (Use ) MThuBemds Minay (Blending) fnifudemds Widhusagaulumssiadniazae

(Solvent) nasgaamnssnil lasind

1.3 UTuaugegaii 13lunseunses ( Max Quantity Storage) 6,000 gnuefiiums
1.4 ARaA / G ( Manufacturer / Importer ) 15 auonfass3umd 32009 n13il lasidanuradszimang

1Dy (Address) 555 0. gYUIN A WTUAINA 8,189 9. 330D 21150

2. MSIUUNTIAUOUAT Y (Chemical Classification)

2.1 U.N.Number 1203 2.2 CAS Number  8006-61-9 23 misnense Tl

2.4 dydnualenanuuInagm NFPA

Ve

3. asdszneudusuas 18 (Hazardous Ingredients)

Soaminil AU Awasgnnulasaiy
( Substances )} {Concentrate ) TLV LD50
UMy 52.6-62.9 % 600 ppm (Time-Weighted Average) (ACGIH} NAV
LIMEYU 22.1-26.4 % 500 ppm (Time-Weighted Average)} (ACGIH) NAV
Wt 12.2-14.1 % 400 ppm (Time-Weighted Avcragé) (ACGIH) NAV
RN 1.2-1.9 % 300 ppm (Time-Weighted Average) (ACGIH) NAV

NOTE : NAV = NON~AVALABLE
NAP = NON-APPLICABLE
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4. %’agamqmﬂmwuazmﬁ (Physical and Chemical Data)

4.1 yA1ABA (Boiling Point)” C 36 4.2 9ANADNINAI (Melting Point)” C -129.73

4.3 A7weu 1o (Vapour Pressure) 13.5 PSIA (37.8C) 4.4 nsazaw1dlnh (Solubility in Water) liiazato
4.5 A0 1T UNIE (Specific Gravity) 0.662-0.676 (15C, ﬁv'l=l)

4.6 BATINITITIVY (Evaporation Rate) ‘szmuadnmm?’a

47 mmwmmiu‘la (Vapour Density) > 1 (15¢, 91 =1) 4.8 ﬂ’ﬂmi:juﬂ'iﬂ - A8 (pH - value) NAP

=

4.9 nuarduaznau (Appearance Colour and Odour) iSuvaamanlaliid dnduiniuneg

5. ﬂﬁ’auuameﬁ’mé’ﬂﬁﬁﬂuazmiixtﬁﬂ (Fire and Explosion Hazard Data)

5.1 902710 ¢ Flash Point) -43C
52 ¥aditansaalv - Adaga (Flammable Limit - LEL) % 1.4

- AI1gagA (Flammable Limit - UEL) % 7.6

h

3 Qmﬁgﬁﬁﬁm‘lmﬁﬂ Tl1dinq (Autoignition Temperature) 257 C

5.4 MaAAUATuM AT (Chemical Reactivity) UnfiBoundas1ddh

5.5 AisfidanAnBoanInfu (Materials to Avoid)  aseond lad 1w aasu Tusiiu vgeiu ailesvnilfise
JUUT)

5.6 AT SURS WTAIINMITA1eA2 (Hazardous Decomposition Products)  A1iueulasenlsd arsueuneuentyd

{Hazardous Combustion Products)

6. YoyaINeINUOUATIBAOGUNIN (Health Hazard Data)

6.1 Madg3 1IN (Ways of Exposure) Miola #amils n1siu a1
6.2 SUATIRMZT (Local Effects)  nItidudia NGL aamdadiuiiv 600 ppm
naszuunwle-iildiiaemssemofiesmesynuazmudunisle
NUAIMI-AAB I TEMURBIRBRIMITS
mag-faemsseau@e oy
NNITVUNNAUSIMIT-RneIMITTAmuRBIRa ez AU IS
63 HavInmsduRaas Al lussos du (Effects of Overexposure Short - term) amisaunufeendioulutlon
& (simple Asphyxiant) ¥ liAnenadu 1 Sadouduz a1 i T sunssmuand 18 uiga
6.4 wannmsdudaasiumiu ) luszozen (Bffects of Overexposure Long - term) nsfiduAave amas aunsoga
mmfeuninedmsfiduda s I¥Aaunatndidu (Frosbite) nadifirsyseneglu NGL Yiumgannetses
Marwszyulszamaunanveds unonazdszeamitu

6.5 AW IUATINaBAIY TLV 600 ppm (Time-Weighted Average) (ACGIH)
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7. 1NAsMsMUANNYaoady (Safety Measures)

7.1 i’fa:gamsﬂaaﬁuhummzmq {Special Protection Information)
as o R ) R o o et o o a
7.1.1 nsdleaiuluazniss2idia (Fire and Explosion Prevention) 63ifiu NGL uazgunsaiinevamndi doadl
» » 1
msasmwiwietiasiunmsazauvenlizyihada Tandadimwanthluvsnalndifsuietlesiuih
' - « L 3 & - o A ' oA 3 a
diennntiunsinisasndeugunssineuns leaumnaiviisossmie i nsdifad Inalddauen
LN ’ * & 1 = n' v 4 da o 4 w oo
gunsal MidaumdsdsznieIvuazunasniuieudng udimimaatuidignscinieduiy
- e o /o 9 v o ]
7.1.2 NIITVWOINA (Ventilation) SainuuazgUnssiviiuadessglunhiemiaaomazadn
= o @ . . = - ' ¥
7.1.3 ‘uumaaqﬂﬂsmﬁaqnumamsmuh (Respiratory Protection Type) ardinnududuiua TLV Mdwhmn
= = & = ¥ ¥ 4 i o oaer e < .
nsealemsdunid nsdiamundudugann  aaslfinsestienwleviiaiifidaninevie SCBA (Self-
Contained Breathing Apparatus)
o o o a d o oa . -
7.1.4 mstlosfiudunswvzfindunuile (Hand Protection) augaiios
o o § = J a . () o=
7.1.5 M3tlaadudunswfozifiniuiua) (Eye Protection) lauiuatiisfy
7.1.6 Msflosiudu q (Other Protection) Tdyatlosiuiimuizau uazasiiidunuazinrmazeinsanmegn
- - dl o gray
WuuTRMRfIROu
7.2 MIUFURLIIA (First Aid)
e W - o ' oo w e . a & v g ¥ 's
7.2.1 n3fidudameiomiy Sudmdidudedniuaray fMdsnssemudnseg Mwuuwnd
7.2.2 pafidudamen Sadanihniunun sdrados 15 wH Sdemaszaoiesy Wwuunnd
7.23 nydildfvmsnunismiols indeuhedioeemnuinuiiiienauignt vindivusad Wesndiou
¥ a * o
rwdea uanihinunng
r 1 » )
7.2.4 deyarindulumsSnymemna nsdinduvsavand T lanhnunng weaidess NGL Tmdedes

A
iga

3/ N . .
8. ¥oUfUaNd1Any (Special Instructions)
9 w o . . [ 3 - o P ar a A
8.1 N13¥uH00AZNS IMNY (Handing and Storing)  vudadasvianainu lumeuzousonuusduge Tseuiey
o ' a  da ' 2 a4 w_ o o = -ty ’
atinudum sgluiifiemadiomasain vandesnvudowaz anuieluuSouaitssmetn undenny
Y s ¥ a 4 o 3
founazmsf Avandn@oaniniu (amde 5.5)
8.2 M3t)BatuNIANNTOU (Corrosiveness Prevention) NAV
J . 3 » 1 . 0 »
83 M35 Tnauazsnn (Spill and Leak Procedures) nsfifimaiaiiunmTeusniuiuinaiifad dunenai
Tinwadeadilng Tnumwizynnafiegldanlitesnluszuim 800 was wieduihull1dWenenlueyfin
- v - a ¥ o v 9 3 o o o
maniioan  flosdumsifatszmotilussnalndifivs Saliinsszuwernn  tazdnsgasesiveamy
I ) » ’ -
nsginndulildnswniednggadudugiegeduertd  uasdnfivAuuinedfindaiun NGL vndulinese
M 1} » ¥
nsfiidia diufivdesivssdieuinuinndusdininfSiung  avdivedudSuiaun MWie TWuagusus
sz ldaauniomslulassuthlaldnszaweenlyl Tasmwizdwsnafinedutiufiduens wu 510
¥ 1
sznminedesiumsazauvesiamuiamssada

8.4 15N13018% / 11318 (Disposal Methods) 1H11#B32U Flare

NOTE . NAV = NON-AVAILABLE
NAP = NON-APPLICABLE
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8.5 M3 1esWImBs (Extinguishing Media) n3tiia mauazgnda Il idnaniiuda Tvhmieniuoulasenladly

v - :n:{l] A g A ¢ M ow oo oA -y VA =
ATALUNDT FIUVHNRAUN 'IJP"BUL'Wﬂ“ﬁalﬂuﬂﬂqqﬂﬂsmﬂsaﬂﬂlﬂu 1’1Tﬂlwaﬂ'i2’:il1Uﬂq1]ﬂ1"]11“!:“@3]1@?1\1”]““11?\

voHeyaiuduldnn

drunmilasaitt 00Ty nazdwandey
TsaonMaEssud s2o89 555 0. qyuin . wwama 0. diss
9. 33893 21150

103 (038) 685000-7 AB 6050-4 INTATT (038) 685009
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AMANUIN I3

SAFETY DATA SHEET OF CHEMICAL
USED IN HYDROTEST
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This fax consists of 15 page(s) including this page.

msvsndivarmndoe

REEF: SC844/nf

DATE: - 22™ June 1998

FAX NO: 00 662 545 7213

TO: Bechtel International inc

ATTENTION: D E Lewls

FROM: Steven Craig

SUBJECT: Low Toxicity Pipeline Hydrotest Additives

In response to your fax, | can now confirm the following paints.

Biacksmith 0-3670

Blacksmith ©-3670 Is a low toxicity hydrotest ‘cocktail' chemical. This preduct is @ three component
formutation containing a comasion Inhibitor, blocdide and axygen stavenger designed to provide high

. performancs comosion protection for all water types, including seawater, potable and specialist brine

maediums (used as packer fluids),

The dosage specification for Blacksmith O-3670 can be Identified as following.

Product Protaction Pariod Recommended Dosaga Levet
Blacksmith O-3670 Up to & menths 350ppm
Blacksmith O-3670 Up 10 24 months S00ppm Y

it shotlid be noted that for a pipeline protection period of nne month, the dosage specification remains
at 350ppm. This is a result of the mechanism by which the three components react with seawater.

Appendix 1 pravides an gverview of the environmental and chemical neutraiisation precess by which
the individual ‘cormrosion .inhibitor' compenents {(exygen scavenger, biccide and corrosion inbib!tor)
protect a pipeline from corrosion, Ulinwately, the discharge water contains an Inert neutralised farm of
Blacksmith O-3670. These properties are further enhanced by the fact that Blacksmith O-3670 5 a
low toxicity fermulation in ‘neat’ form.

The discharge of Blacksmith O-3670 is constdered as have a negligible threat to the wmarlne
environment,
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ENVIRONMENTAL BAPACT OF THE CHEMICALS

Considering the bioclde, oxygen scavenging and filming inhibitor chemicals are necessary to prevent
corrosion, the subsaquent environmental impact of each component In the treated discharge water

can be evaluated.

The envirenmental impact of chernical products is assassed against a series of standard critéria ie.
toxicity, biodegradability, bioaccummulation and mobility,

A product is normally classified and assessed for discharge acceptability based upon this information.

The Information documentad on Blacksmith O-3670 and Fluorescein Liquid Dye has in the past bean
sufficient to obtain approval and permit dischargs 1o sea of significant volumes from pipelines in:

)] The North Sea.
{t) Gabon

(iil) Brazil.

(v)  Gulf of Thailand.

Based on these successful case histores it is not anticipated that problems should be encountared
with regard to this project. - Enclosed within Appendiz 1 are the product and safety data shes!s for
Blackamith O-3670 and Fiucrescein Liquid Dye.
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ACCEPTARBILITY OF BLACKSMITH 0-3670
IN CORROSION PROTECTION

Biocide Component
Broad spectrum activity, particularly effective against S.R.8.

Good environmental praperties.

Non corrosive and non volatile.

Stable in highly saline seawaters.
Compatibie with other chemical components,
Low cosage required.

Safe o handle.

Oxygen Scavenger Component

Rapid and efficient removal of dissolved oxygen.

Very low environmental impact.

Compatible with other chemical companents.

Low dosage required.
Extramely cost affective.

Corrosign Inhibitor Component

Forms protective barrier on pipeline surface.
Low dosage required.

Excellent environmental propertles.
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RETAILED ENVIRONMENTAL INFORMATION

The environmental impact of the specified chemicsls can be describad as follows:

Blacksmith O-3670

This product is a mixed solution of oxygen scavenger, biocide and comosion Inhibitor and has an
OCNS Category 1.

In the unused NEAT form {ie. as supplied) the product is documented as:

» Readily bicdegradable,

= No bigaccummulation reported,

« Only slightly toxic to aquatic organisms.

Howaver, an evaluation on thig basis is not truly reievant for the following reasons:

Oxygen Scavenger Camponent of Blacksmith 0-3670

In the treatrnent ragime being used this component can be regarded as possessing 3 minimal. very
short termn Impact on the environment

The justification for this classification Is documented below.

{i) Scavenging the oxygen involves a chemical reacton with the dissolved axygen, therefere the
chemical composition of the oxygen scavenging molecule is changed as the pmduct is

cotsumed.

{m The Initial concentration of the axygen scavenger in the hydrotest water is only 0.07 = Q,0135%
. of the neat product. Follewing the scavenging process this concentration will be signifizantly

recucsd.

This extremely dilute condition reducas the already minimal environmental impaczt.
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Biocide eomponent of Blacksmith O-3670

Any biccide component will prove toxic to some life forms. The concept of a totally ‘anvironmazntaily
{riendly' biocide does not exist.

The biocide component of Blscksmith O-3670 has been documented as being:

« Low potential to bicaccummulate.

» Biodegrades slowly to produce materials less toxic than the original product.

« Low mobility.
s Has no known long ferm effects.

However, in the discharge water following the expested biocidal reactions, an active conawnt (s
present at less than 0.01 - 0.02% depending on tie protection period, and these results includs
the toxicity values expected of the axygen scavanger and corrosion inhibitor as test work was

carried out on Blacksmith Q-3670.

Segwater species; Toxicity Values

The to:dcity_of the Blacksmith O-3670 ‘biocide’ component was tested against the S8rown éhn'rnp
Crangon Crangen, and was found to be low. 90% of the shrimps survived for four days in 2
concentration of 165ppm of Blacksmith 0-3670. Therefore, the conclusions of the test work wegs that

Blacksmith O-3670 dld not pose a hazard to shrimps., :

LC,, value was 435 for a 4 day incubation paeriod.

Ancther important factor to consider is that the activity of the biocide companent being injected ilvo the
seawater ls greater than the eventual concantration present in the discharge water le. activity will be

reduced during the Tnitial kill' of organisms in the flood vater.
The biceidal component biodegrades to produce materials that are jeas toxic than the original biccide.

The biocidal camponent has also a very Jow mobility on solids, soil, sediment and rock, As a cafionic
surfactant any compound remaining in the discharge water will tend to adsord towards such surfaces
where it will have very limited migration. This provides the ideal circumstances for a ‘static
biedegradation procass to ocrur, as opposed 0 a mobile sphare of biocide existing in tha ocean.,
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Both these processes ie. biodegradation and adsorptiontoxicity reduction will also be assisted by the
very dilute concentration present in the discharge water.

The biocide component of Blacksmith O-3670 was aiso selected due to its very low operator héndling
toxicity. When operators have potential exposure to large volumas of chemicals it is very impartant to
reduce handiing hazards as much as possible. This preduct is one of the very few commercial
biocides availabie that has no threshold imit value for Inhalation hazards e, very safa for offshore

operator handling.
Summary for the Bioceide Component of Blacksmith 036870

Discharge water will contaln less active component than injected.

Low potential for bicaccummutation and it will biodegrade slowly giving less tuic species.
= Low tendency for mobility assists in the bicdegradation process and significantly reduces texigity.

The environmental impact is much reduced by the very low treatment concentrations (je initial
dosage is only 0.01 - 0.02%). o '

= There ara no known ieng tern effects,

From tha above information it can be established that Blacksmith O-3670 is a geod optiont for a
hydrotesting biocide both technically and environmentally. The fact that it has become a recognised
standard re-emphasises the fact that Slacksmith O-3670 achieves the desired balance between

efficiency and environmantal impact. -

Nate:

If the hydrotest water is NQT treated with a biocida, 3s well as accelerating corrosion the evantual
discharge medium would contain by products of bacterial activity eg. hydrogen sulphide, HaS is an

extreme environmental hazard compared to the contents of the treated discharge madium.

Corraslon [nhibitor Component of Blacksmith 0-3670

The comosion inhibitor component of Biacksmith O-3670 is a flm forming amine, Its chemilstry Is
designed to create a film of inhibition on the surface of the pipeline walls as opposed to being held in
the water phase. o T , .

The inhibitor componant itself is of a low toxic nature. However, on dewstering & is to be consldered
that 2 degree of inhlbitlon component will be retzined as a microfilm on the pipeline walls,



] - 64 NITUSnAUATINE LS

Blacksmith Fiucrescein {15%) Liquid Dye

The product is a solution of Fiuorescein pigment in water.

In the unused NEAT form (i.e. as supplied) the product is documented as:

s Readily bicdegradabie according to OECD test  Guidelines for testing chemicals Biodegradabiliity
in seawater (Ref.306). Biochaemical cxygen demand within 7 days (BQDS) = 506.

= No bloaccummulation reported.

+ Only slightly toxic to fish = LC50/96 hour = 100 mg/lL

» Growth Inhibifion of skeletonema lastatum.

« The 48 hour LC, taxdeity value was 266 for Acartis tonsa.

« Fluorestein Dye was tested for the toxicity to brown shritnps over a peried of 96 hours, Mortality to
test matonial did not exceed 10% after 58 hours of exposure, Thers were no morialites up 1o
1,000ppm dosage leve! and therefore fluorescain dye was dassified as not toxic to brown shrimps.

The contribution from this chemical to the environmental impact of the Yadana discharge vater is
extremely minimal, The adverse condition on marine lifa i agy will be very short term.

Again the abave data for the NEAT, product can be regarded as very worst case, Fluorescein Oye will
be present in the discharge water a concentration of only 0,003%. .
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BLACKSMITH 0-3670
Eroduct Data Sheet
Product Description

Blacksmith O-3670 is a water soluble combination product deaigned 1o protect pipelines for corvosion during
hydrostatic testing. This product incorporates film-forming amine corrosion inhibiar, blﬂczde and exygen
scavenzer Components (a give a ope-step chemical tréaunent for hydrotent operations. . s

Product Application

Blacksmith O-3570 is 2 complciely scloble product in frexh walcr, seawater and in high brina sojutions and is
thorefore svitable for use in waler injection systems (which have no mechanical deacrarion), hydrotest operations

and as a packer Tluid.

Blacksmith O-3670 is increasingly being chascn over the maditional chemical package and has been used in a
number of majar projects including PTT Boagkot - Erawan and Erawan - Rayoug.

Chemical & Physical Propertics

Fana : Liquid

(-:clour : Dark Brown

pH (20°C) : 235

Ralative Density (20°C) : 1.00-1.03

Solubility H Completety soluble in fresh, sea water and high brine soluﬁun:
Dosage

Blacksmith 0-3670 dossge leveh typically rangr between 350-500ppm for hydrot=xt cperatiahs and 1000-
40QQppm when used as 2 packer fluid inhibitor, .

Environments! Information

3
Blacksmith 0-3670 is an environmeatzlly friendly vombined product and has been awarded an QCNS Catepory
af 1.
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BLACKSMITH FLUORESCEIN DYE
Product Dats Sheet

Product Description

tacksmith Fluerescein Dye can be supplicd in solid or liquid form although for hydrotesting operalions the
liguid form Is generally favoured. Chemically, it is the sodium sakt of lrydroxy-o-carbonyl phenyl fluorene and
has 3 dark orsnge appearancs in the concanware form.

Produact Apnlication

Blacksmith Fluarescein Dye cxhibis an intense green colour upon dilution and is generally detected by UV light
ar 49 1 nm making it zn excellent tracer dyc for tse in leak detection, Blacdkomith Fluorescein Dye (15% - 40%
active) i€ most commonly used for hydrotest and cementing operations. This product is generally n.-gardad P
1bc industry standard. However, other strengtha are available oo request.

-

Chemical & Physi erties

Form: Liquid

Colour: Dark srange .
Odour: . None !
PH (@2% in water): 12

Relative Density (20°C): 1.1-127 .
Solubility: Completely soloble in fresh and sea water.
Dosage

Blacksmith Fluorescein Dyr is typically dosed in the range of 25-40ppm for hydrotest spplications and 1060~
4000ppm for cementing wpplicxtions.

Eovirgnmen armation

Blackemith Fluroescein Dy‘e (40% active) is az eaviroamenully friendly product and has beta awarded
QCNS Caregory of 0, and is increasingly used in prcfcteme to Rhodzmine dye duc 1o its grem: environmental
ac=eprbility. Tn its solid form, tha OCNS Categery rating is 1.
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SUMMARY

- The eonclusion of this report can be identified as follaws:- .
corroiton
Blacksmith O-3670 is @ 30% active blend of components (oxygen scavenger, biocide and conosion
inhibitor) blended with an inert aquecus glycol carrier medium. The chemical discharge ¢f each
compenent, basad on a theoretical rate of 0.2cm/sec can be brokan down as follows:-

[ty Product DCNS Chermical Deaasgs | Chemical Corment Chernical Luvel Discharge St
Camgory c:sml.dcn Lever par 0.2cmes .
1 Curygen Scavergertt 1 0% t08ppm 21x106 A, Dygen Bearvanger - compica? remdion with
Blociae®/ aninse Bas0ved cypen (nevraiesd).
) B Siockda . recuced active level dus s
Coerasion InnibliorS raaction with exiiting baczacia lewst tithin
Dipcirme. .
€. Carrosion [nhikitof » agached i infumal
pipefing walls 23 protective barmie Against
frosan,
2 GlycolDramrE 0 70% 24Spera | 4.5 1050mInee | 0. Giyexd - contsined within dischang 2 volume.
g waer- amtaned wihin dxcnarge alume.
3 Fluareseoin Liquad o 100% Wppm | €.6x 108emdwn | Dye - contained wiltin discharge volutes,
Dy (15%)
Tabie 1

Items 1 and 2 are the chemical make-up of Blacksmith 0-3670.

Blacksmith has demcnstrated that tha low foxicity hydrotest chemicals (Le. Blacksmith O-3670 and
Fluorescsin Liquid Dye) have a minimal impact on marine Efe. The envircnmental data provided was
compieted in line with the Offshore Chemical Notification Scheme Test Guldelines, and the pasults
damanstrata that the negt chemicals pose no threat %o marine life. Table 1 further emphasises that the
products containing an OCNS Category 1 will either be neutralisad or will be prasent in 3 lower
concentration form to that of the Injection voluma. Products displaying an OCNS Categary 0 are
naturally occurting species within seawater and have no impact on marine life. These products are
awarded a virtually unlimited discharge perrnitinto the opsn sea.

Blacksmith can conclude that rapld chemical dispersion will eccur upon pipeline discharging
(02am’/sec). The concentration of the active chemical components (identified as OCNS Category 1)
will be neutralised ar considerably reduced prior to discharge, as a result of the comusion protection
machaniems each chemical undergoes during the pipeline protection pericd (approximately one
month). Therefore, the Blacksmith hydrotest chemical paciage will either be chermicalty neutra.lsed or
discharged at a reduced dosage level and will hava & negligibie impact on marine lHe,
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Fluoridamid

to be a carcinogen: Sevemih Annual Report on Carcinegens
(PR95-109781, 1994} p 78, ]

USE: As a posilive control 10 study the carcinogenicity
and mutagenicny of aromatic amines.

4193, Fluorescamine, 4-Phenylsgiroffuran-2¢3H) 1"
(3'H)-isobenzofuran/-3,3"-dione: 4-phenylspiroffuran-2(3H),-
1'-phthalan}-3.3'.diene; Ro-20-7234! Fluram. C,,H,0;
mol wt 278.26. € 73.38%, H 3.62%, O 23.00%. Non-
fluorescent reagent that reacis readily with primary amines
1o form highly fluorescent compds: S, Udenfriend er al.
Science 178, 871 {1972). Prepn: M. Weigele er al, J. Am.
Chem. Soc. 94, 5927 (1972); eidem. J. Org. Chem. 41, 383
(1976). Use as fluorometric reagent: W. Leimgruber, M.

_ Weigele, Ger, pat. 2,350,179 corvesp to U.S. pat. 3,830,629
(both 1974 to Hoffmann-La Roche). Rcview of analytical
wses: C. Y. Lai, Methods Enzymol 47, 2136-241 (1977); §.
‘Stain, Peptides in Neurobiology, H. Gainer. Ed. (Plenum,
New York, 1977).pp 9-37. 5. Udeniriend. Pharmacology 19,
223-227 (1979). - .

Tl
N

mp 154-155", uv max (ether): 235, 176, 284, 306 nm (¢
25900, 39350, 4100, 1800). .

4198

‘ocular inflammastion).

perceptible down 1o a dil of 0.02 ppm under uv light. The
fluoreseence disappears when the soln is made acid. and
reappears when the soln is again made neutral. or alkaline.
Absorption max (water): 493.5 nm. Slightly sol in alc.
LDy, in mice. rats {mg/kg): 4738, 6721 orally {Yankel,
Loux). . .

USE: In examining subterranean waters. Serves Lo ascer-
tain source of springs. connections between streams and sea,
determining approx vol of watef delivered by a'spring, de-
lecting source of contamination of drinking water, infiltra-
tion of soil with waste waters of factories. Approved by
FDA fot use in externally applied drugs and cosmetics.
Analytical reagent (protein label). Clinical reagent (im-
muno-histological suain, immuno-tucrescent label). '

THERAP CAT: Diagnostic aid (corneal trauma indicator),
ophthaimic angiography. contact lens fitting. L
° THERAP CAT (VET:: Diagnostic aid  (comeal lesions, intra-

1 USE! Analvucat reagent.
[:- «*4194. Floorescein, J6-Dihwdrosyspirofisobentofuran-

- H3IH),9-[9H)xanthen}-3-one; 9-lo-carboxyphenyl}-6-bydr-

oxy-3H-xanthen-3-one; 3',.6'-dihydroxyfluoran: 3°.6'-fluo-
- trandiol; 9-(o-carboxyphenyl)-6-bydroxy-3-isqranthenone;
resorcinolphthaicio; D & C Yelow no. 7: C.1. Soivent Yel-
low 94; C.1. 45350:1. € H,;,0p mol wi.33231, C 72.29%,
H 3.64%, O 24.07%. Prepd by heating pbthalic anhydside
with resorainol: Fischer, Bollmann, J Prokt Chem 104,
123 (1922); McKeooa, Sowa J. Am. Chem: Soc. 60, 124
" (1938), Suructure: - Ramari-Lucas, Compt Rend 205, 864
(1937); Nagase e al, J. Pharm, Soc Japon 73, 1033, 1039
(1953). Review of synthesis. propertics and histological use:
.: RC F. Stcioer, H. Edelhoch. Chem. Rev. 62, 457 (1962), Use
" a8 "label in immunoassays: E. F. Uliman er af, J. Biol
Chem. 251, 4172 (1976); Y. Suxuki -er al, Japan, J Exp.
Med. 49, 179 (1979). Toxicity studics in fish: L. L. Mark-
ing, Progr. Fish Cult 31, 139 (1969). Toxicity data: S. L.
Yankell..J. 1. Loux, J. Periodontol 48, 228 (1977), See alsor
Colour Index vol, 4 (3rd ed.. 1971) p 4424: H. J. Conn’s Bio-
logical Stains, R, D. Lillie. Ed. (Williams & Wilkins, Balti-
more, 9th ed., 1977) p 337,

Yellowish-red to red powder. mp 314-316" in sealed tube,
with decompn. Insol.in water, benzene, chioroform, ether.
Sol in hot alcohol or glacial acetic acid: also sol in alkali hy.
droxides or carbonstes with & bright green fluoreseence ap-
Pearing red by transmitted light. Absorption max: 491.5,

nm. - :

Disodium salt; CoH N80, soluble fixoreacein, resorcin:
ol phthairin sodium, uranin(e), uranine yellow, D& C yellow
Na B 58 trid Vetlaw 7V O I5350. Ak-Fluor, Fluorescite,
Fluoress, Fluor-i-sirip, Ful-Glo. Funduscrin, Irescein.: Hy-
Eroscopic orange-red- powder. - Freely sof in water with

Yellowish-red color snd intense yellowish-preen fluorescence

4135, Fluroresceln Paper.- Zeliner's paper. Paper
charged with a black, substantive, néutral dye. then impreg-

. nated with a fluoreseain soin and dried. Prepo and applica-

tion:. Zellner, Ger. pat. 124,922 (1901} Chem. Zentralbl
1901, IL 1032; Pharm. Zentralh, 1901, 521; 1902, 297; E

“Merck's fahresber. 1901, 161-162.

USE: Eacesdingly semsitive to alkalies (1:3.000,000) and

" particulariy 10 ammonia {1:5.000.000) in spring or well

walers; usable with dark or strongly colored ligs,

4196, Faorescin, 2-(3,6-Dihydroxy-$H-caathen-9-yl)-
benzoic acid; resorcinolphthalin,  CpH, Oy mol wt 33433,
C 71.85%. H 4.22%, O 23.93%. Obtained by heating fMuo-
resomn with NaOH and zinc dust,  Formation by Pseudo-
monas aeruginasa: King er oL, Can. J. Rex 26C, 514 (1948);
Totter. Maseley, J. Bacteriol. 65, 45 (1953).

HOUO
l .

.. ) LOO0OH

\OH

o

Bright -yellow powder, mp 125-127. Readily oxidizes to
Muorescein. Practicaily insol in water, Sol in alkali hydrox-
ides or carbonates, alcohol, ether. Keep vwell closed,

USE: Reagent for oxidases, peroxides.

4197. TFlooresone. I-(Ethylsulfonyl)—-flucrobentene;
ethyl p-fluorozhenyl sulfone; p-fuorophenyl ethvl sulfone:
Bripadon: Caducid. G H,FO,5: mal wt 188.22. C 51.05%.
H 4.32%, F 10.09%, O 17.00%, S 17.04%. Prepn: G. Thuil-
lier er al, Compt. Rend. 248, 2492 (1959)% P. Rumpl, G.
Thuillier, Fr, pat. M399 corresp to U.S. pat. 3,084,101
(1962, 1963 both to Centre Nat. Recher, Scient); A. A.
Mignot. P, Rumpl, Bull. Soc Chim. France 1968, 435.
Pharmacelogy: J. Thuillier er al, Proc. Meeting Coll Int.
Neuropsychopharmacol, 3rd, Munich 1962, 317.326 (Publ,.
1964). Clinical evaluation: H. Akimote, S. Taen. ibid, 126:
Gas chromatography: E. Marozzi et ol, Farmace Ed. Prat.
31, 180 (1976). L :

W

o . oo

Crystals, mp 41°. LDy, orally in mice: 2.5 g/kg (G,
Thuilher); also reporied as 850 mg/kg (1. Thuillier): 54
mg/kg (Akimoto, Taen). L s
. THERAP CAT: Anticonvulsant; analgesic:, anxiolytic, ,

4198, Fleoridamid. N-fd-Methyl-3-[{(irifluaromerhy
sulfonyljaminojphenyifaceiamiac; S-muclumitive2 iy,
Ruoromethancsulionaailide; 3-lrinuomsu[lon-mido-p—l?m
toluidide: Sustar. | G H,,F\N.O,8; mol wt 296.27...°C

g ]
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BLACKSMITH FLUORESCEINE DYE (LEAK DETECTION DYE)

TRACK RECORD : SOUTH EAST ASIA

Country Operator Project Chemical Volume (lits)
China Total Pinghu 3,500
Indonesia Mobil NSO 2,000
Conoco West Natuna 12,000
Total Tunu 1,000
Petronas Angsi 9,000
Malaysia
Esso Lawit 4,000
Myanmar Total Yadana 8,000
Premier Yetagun 3,000
Singapore Conoco West Natuna 10,000
PTT Erawan-Rayong Rhodamine
Thailand
Pogo Tantawan Rhodamine
Unocal Pailin 2,000
PTT Bongkot-Erawan Rhodamine

PLEASE NOTE SOME OF THE EARLIER PROJECTS IN THAILAND USED THE OLDER
RHODAMINE DYE. THIS WAS REPLACED IN THE NID 1990S BY THE CURRENT PRODUCT
IE FLUORESCEINE DYE AS THIS IS BETTER INTERMS OF SAFETY AND THE

ENVIRONMENT.
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BLACKSMITH 03670R (HYDROTEST INHIBITOR)

TRACK RECORD : SOUTH EAST ASIA

Country Operator Project Chemical Volume (lits})
Brunei Shell Ampafarly 10,000
China Total Pinghu 20,000

Indonesia Mobil NSO 10,000
Conoco West Natuna 170,000
Total Tunu 10,000
Petronas Angsi 50,000
Malaysia
Esso Lawit 60,000
Myanmar Total Yadana 160,000
Premier Yetagun 20,000
Singapore Conoco West Natuna 10,000
Taiwan CPC Yungan-Tung Hsiao 50,000
PTT Erawan-Rayong 50,000
Thailand
Pogo Tantawan 8,000
Unocal Pailin 10,000
PTT Bongkot-Erawan 70.000




nsUsziinATdes

J-7

GLOBAL TRACK RECORD

BLACKSMITH 03670R and BLACKSMITH FLUORESCEINE DYE

Both the above products have an extensive track record not only in the North Sea where
the package of Blacksmith 03670R and Fluoresceine dye was adopted as the working
standard for pipeline commissioning contractors but alse overseas .

To tist all the projects would be impossible but below are a selection of strategic / major
projects that used either or both of the products depending on the actual operationai

procedures :

BLACKSMITH FLUORESCEINE DYE

1.LOCATION OPERATOR PROJECT
Philips Petroleum Maureen decommissioning
Conoco / Chevron JV Britannia
BP Foinaven / Schiehallion
NORTH SEA Amerada Hess Dan Gas
ESSO Balder
Statoil Statfjord
Amoco Nederlands P6-P12
CANADA Mobil Sable Island
MEXICO Pemex Bay of Campeche
BRAZIL Petrobras Marim / Marimba
IRAN Total EIf South Pars
BLACKSMITH 03670R
LOCATION OPERATOR PROJECT
Arco Tyne Trent
Conoco / Chevron JV Britannia
BP Harding
NORTH SEA Conoco MacCulloch
BHP Liverpoot Bay
Statoil Statfjord
Amoco Nederlands P6-P12
CONGO Agip Zafiro
MEXICO Pemex Bay of Campeche
BRAZIL Petrobras Marim / Marimba
iRAN Total EIf South Pars
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S84} CTI Chemicals Asia Pacific Pte Ltd

ﬁ% C/0 Premier Enterprise Corporation (M) Sdn Bhd

“¥8 Subang Business Centre 1-7 Jalan USJ 9/5Q

2762

UEP Subang Jaya,47620 Subang Jaya
Selangor Darul Ehsan Malaysia

TEL +60 3724 2761

FAX +60 3 724

B LACKSMITH FLUORESCEINE DYE ENVIRONMENTAL INFORMATION

NAME Blacksmith Fiuoresceine Dye
USE Leak Tracer
CAS No N/A
ACTIVITY 10 — 30%
EINECS No N/A

Heavy Metal Content N/A

Radio Active Content N/A
Specific Gravity Kg/m 3 1.0-1.2
Aquatic Toxicity Data

Algae Test EC 5072 hr 205.7 mg/l
Crustacean Test LC50 48 hr 266 mg/|
Sediment Re-worker Test LC50 10 d 4 181 mg/l

All aquatic toxicity testing was done in accordance with PARCOM (Paris
Commission) approved protocols OSPAR (Oslo Paris Commission 1994

.The testing was carried out by independent environmental laboratory
Hamilton Garrod. Data Sets under their Reports ENV 562 , 563 and 564

notification of the authorities.

Allowable discharge into North Sea without prior

375,000 lits
per installation per year.
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Champion
Technologies

>

SAFETY DATA SHEET worroam.  sananses

AEF: SDS273A

1. IDENTIFICATION OF THE SUBSTANCE/PREPARATION AND THE COMPANY

Product nama BLACKSMITH O-3670R
Praduot cadas: K190734
Supplisr: CHAMPION TECHNOLOGIES
Abbatswall Road, Wast Tulios
ABERDEEN AR12 3AD
Emorgency telsphone number: 0O 44 01224 878022 l;;xs glzo; 00 448 01 224

2. COMPOSITION/INFORMATION ON INGREDIENTS

Identiflcation of the preparation Agqucaus solution of chemicais, containe sofvent

Chemical Name _ CAS-No EINECS-NO  Class Weight %

QUATERNARY AMMOQNIUM CHLORIDE C.R34 10-30

AMMONIUM BISULPHITE . : XLR36 10.30
37/38

3. HAZARDS IDENTIFICATION

Most tmpartant hazards: Corroshve
Specific hazards Caugea burns, Irritating to respiratocy system

‘|4, FIRST AID MEASURES

G(.amul advice:

inhalation: Move 10 freah alr in oase of accidentsl inhalation of vapours. Consult e
physicisn after significant exposure. Oxygen or artificlal respiration if
needed.,

Skin contact: Wash off immediataly with plenty of water for at laaat 15 minutes.Remove
and wach contaminated clothing baforg ro-use. If sidn rritadon parsists, call
a physiclan. A

tiye contaet: in cose of contact with eves, rinse Immediately with planty of water and

segk medicat advics. Keep oye wide open while rinsing.
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PAGE: 20of5
rroduct mame:  BLACKSMITH O-3670R PAWTDATG  22/08/1899
REF; sD&2 /3A

Insteation: ‘ Immaeadiately give plenty of water {if possible charcoal sturryl. Rinsa mouth.

it poesible drink milk atterwards. Call & physiclan immadiately. Do not
induce vamiting. Never give anything by mouth 1o 4n unconscious person.

$. FIRE-FIGHTING MEASURES

-

Sultmhle extinguishing media: water spray, Dry powder, sand, foam, carbon dioxide
{€Co2 :

Extinguishing meadia which must net be used for safety reasons:
Do not use a solid water stream #s it may scetter and spread fice.

Specific hazardas: Burning producas Irritant fumes.

Special protective equipment for fusfighters: In case of fire, wear & aslf contained breathing
appatatus,

£ pecific methads: Cool conteiners / tanks with water spray, Standard

procedure for chemica fires.

8. ACCIDENTAL RELEASE MEASURES

Personal precautions: Wear persons! protactive squipmeont.Keep peopie gway
trom and upwind of spiliisak.

Envhronmental precautions: Do not lag product enter drains.

Mathods for claaning up: Neuualize with lime mitk or soda and flush with plenty of

warar. Small amountu: Didute with plenty of water,

7. HANDLING AND STORAGE ) I

Hendling: Use onty In welt-ventilated aress,

Gtarage: Da not store together with strong acids,strong bases atrang oxidizing agents,
Store In & cool and shaded area, metal contalners must ba fined.

8. EXPOSURE CONTROLS / PERSONAL PROTECTION

Chamiesl Namas: Nations! accupatianal exposure imits:
QUATERNARY AMMONIUM CHLORIDE Not raguiated
AMMONIUM BISULPHITE 8Hr TWA 2ppm as 8§02

Enginesring measures to reduoe expasure  Ensure adequate ventiindon. especially in confined areas.

Personal protection equipment:

- Respiratory protection: Raspirator with combination filter far vapour/particulate, acidic
substance(s). ’

= Hand protectdon: £VC ar other plastic materiat gloves

- Eye protection: Tighty fitting safsty goggles, foce-aiveld.
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PAGE: dofs
produa mame:. BLACKSMITH O-3670R PRINT DAYE:  22/08/1809
REF: EDE2T73A
- &kin and i:ody protection: completé suiy pratacting againet chemicals.
Hyglens mansures: Whan waing do not est or drink, Contaminated work clathing

should not be sllowed out of the workplace, Hendle in
accordance with good industrial hygiens and safety practice for
dlagnostics

9. PHYSICAL AND CHEMICAL PROPERTIES

Form; Liquid
Colour: Clear colourless / light yallow
pH: { 20 °C} -5.27
Hash point: >65 &C
Refative density: { 20 *C) Sw 1.045

<= 1.08

E. STABILITY AND REACTIVITY

Stability: Stable at normal conditions
Condltions to avoid: Heating in sir
Materials to avold: Strong scids and oxidixing agents
Hszardous dacompositon products: Incomplete combustion may preduce small amounts of

Carbon monaxwia.

LE. TOXICOLOGICAL INFORMATION

Acuts toxicity.

Local effects: Vapour: Inhaistion af vapours is iritating 1o the respiretory
- aystem, may ceuss thrast pain and cough.
Liquid:Skin burns oan ocour whare sxposurss of up to one
hour are axperienced and decontamination is not carried aut.
Ingeation causes acverc awslling, severe damage to the
delicato tizsus and danger of parforation of Stomach.

Sensitization:

Chronio tonicity: The irrtant affects pive adequats werning, and axposure
harmful lavels is unlikely to occur.

4

12. ECOLOGICAL INFORMATION

Muobility: No data avaliable
Perslistenca / degradability: No data avelisble
Bicaccumtilation: No data availshle

Evotoxicity: : No data svailable
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PAGE" 4 0f5
Product mame; BLLACKSMITH 0Q-3670R PRINT DATE:  22/08/1590
' HEF: 8082734

12. DISPOSAL CONSIDERATIONS

Wasts from residues f unused products:
Offer surpius and non-recyclable solutions to an astablished disposal company. Dispose of as specisl
waste in compltance with loeal and national regulatians.

Cantaminated packaging: Empty containers should be taken for local recycling,
recovery or waste disposal.

14. TRANSPORT INFORMATION

UN«No: 3265 Marine pollutant: Not regulated
ADR/RID
Class: 8 lrem: 40(c}
Pocking
qroup Ul
TREM-CARD: EAC/HI: 2X/80

Proper shipping name: CORROSIVE LIQUID, ACIOIC. ORGANIC, NOS [QUATERNARY
AMMORNIUM CHLORIDE]

1Mo
Class: 8 IMDG Page: 8147-1
EmS: 8-16 MFAG: 760
Proper shipping name: COARROSIVE LIQUID, ACIDIC, GRGANIC, NOS {QUATERNARY
AMMONIUM CHLORLIDE]
1cAO )

Class: B UNAD No: 3205

Proper shipping name CORROSIVE LIQUID, ACIDIC, ORDANIC, NOS [QUATERNARY
AMMON{UM CHLORIDE] .
Packing insructlon {passanger alrorait} 818 - Skitres
Packing instruction (cargo elreraft! 820 - 60ifres

‘1 16. REQULATORY INFORMATION

Classification according to European directive on clasalfication of haizsrdous preperations 90/402/EEC
- Cortuins: Quatarnary ammonium chloride and Ammonium bisulghite
- Bymbal{s}):

-
| <=
o il
CORROSIVE

A -phrase(s): R34 - Causeas hurns
RAT - [rcitating 1o reaplratary syatem.
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rAGE: 50i&
product aame:  BLACKSMITH O-3670R PEINT OATE:  22/08/1989

REF: SDS273A

$ phrase(s): $23 - Do not breath vapour/spray
: S24/35 - Avold contact with skin and eyes,
826 - In case of contast with ayas, rinas immadiately with plenty of water
and seek medical advice .
§36/37/39 - Wear suitable protactiva elothing, gioves and eye/foce
protection.

186. OTHER INFORMATION

Recommended use: QILFIELD CHEMICAL - COMBINED CORROSION INHIBITOR/OXYGEN
SCAVENGER AND BIOCIDE

Recommendaed restriotlons:

Further informaetion: Dangerous Goods, whaen prasentad, ern in accordance with the relavant
provisions of The CDG and COGCPL lRegutations 1996

This smendmant incorporates Intormation 1o comoly with the
follewing EC Directives:

tha Bth Amandmaent to the Dangerous Substances Directive
G7/548/EEC .

tha 22nd Adaptation ta Technical Progress(ATP) of 87/E48/8BC
the 4th ATP to tha Dangerous Preparations Directve 88/373/EEC
the And ATP of the 14th Amendment to tha Merkating and Use
Diractiva 78/789/EEC {in part)

REVISION DATE: 29/09/1998
REVISION NUMBER ariginat
WES W iormation BoVIGea W this BaTety Data ERCEt 16 COrTOcT 1o the Dest of ur Knowiadgs. INommancn sl baal s e il "

ky publication The informaden gliven is designed only as a guidence for safe handiing, Use, Precessing, Storage, tranaporistion,
diapo3sl and release and is rat %o be consldered a warrsmy of zullw spaclfication Tha information 3«; enlv 1o the spacitic
I'I'\lliI}fi ud‘f"' nated and may hot be valld for such materal vsed In combination with any ather mu.: & ar in sny process unlers
spaglitied in the text



