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1.0 INTRODUCTION

1.1 Overview

The Proponent is proposing to develop natural gas in the Gunnedah Basin in New South Wales (NSW),
southwest of Narrabri.

The Narrabri Gas Project (the project) seeks to develop and operate a gas production field, requiring
the installation of gas wells, gas and water gathering systems, and supporting infrastructure. The natural
gas produced would be treated at a central gas processing facility on a local rural property (Leewood),
approximately 25 kilometres’ south-west of Narrabri. The gas would then be piped via a high-pressure
gas transmission pipeline to market. This pipeline would be part of a separate approval process and is
therefore not part of this development that Santos is seeking approval.

This Chemical Risk Assessment has been prepared to address the Additional Environmental Assessment
Requirements under the EPBC Act for the Narrabri Gas Project (EPBC 2014/7376) Update to Matters
of National Significance Terms of Reference as at September 2016 (hereafter referred to as EPBC Act
Additional Requirements), issued by the Commonwealth Department of Environment for the project.

1.2 Description of the project

The project would involve the construction and operation of a range of exploration and production
activities and infrastructure including the continued use of some existing infrastructure. The key
components of the project are presented in Table 1-1.

The Bibblewindi site has existed for over a decade and currently hosts two water storage ponds, a small
gas compressor, safety flare, water balance tank and associated infrastructure (Figure 1-2). The existing
site would be expanded by up to an additional 16 hectares to accommodate an in-field gas compression
facility. The ponds would be retained and upgraded as necessary for use as water storage as part of the
project.

The Leewood property currently hosts existing water management infrastructure established for the
exploration and appraisal program, including two 300 million litre (ML) ponds (each made up of two
150 ML cells) to store produced water and brine, a water and brine treatment plant, a 5 ML treated
water storage tank and associated infrastructure (Figure 1-3). As part of the project, the existing ponds
would be supplemented by the construction of a third 300 ML pond with two cells of 150 ML each (EIS
Chapter 6). The water and brine treatment plant for the exploration and appraisal program would largely
be removed and a new plant with a capacity of 14 ML per day constructed. The brine concentrator and
salt crystalliser would have a capacity of 4 ML/day and 2 ML/day respectively. The 5 ML treated water
storage tank would be retained and used in the project.

The existing Bibblewindi to Leewood infrastructure corridor would be widened to 30 metres to
accommodate additional underground gathering and transfer pipelines.

The existing Leewood to Wilga Park infrastructure corridor would host an underground power line
(optional) to Leewood from the Wilga Park Power Station.
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Table 1-1: Key project components

Component Infrastructure or activity
Major facilities
Leewood e acentral gas processing facility for the compression, dehydration and treatment
of gas
e acentral water management facility including storage and treatment of
produced water and brine
e optional power generation for the project
e asafety flare
e treated water management infrastructure to facilitate the transfer of treated
water for irrigation, dust suppression, construction and drilling activities
e other supporting infrastructure including storage and utility buildings, staff
amenities, equipment shelters, car parking, and diesel and chemical storage
e continued use of existing facilities such as the brine and produced water ponds
e operation of the facility
Bibblewindi e in-field compression facility
o asafety flare
e supporting infrastructure including storage and utility areas, treated water
holding tank, and a communications tower
e upgrades and expansion to the staff amenities and car parking
e produced water, brine and construction water storage, including
recommissioning of two existing ponds
e continued use of existing facilities such as the 5SML water balance tank
e operation of the expanded facility
Bibblewindi to e widening of the existing corridor to allow for construction and operation of an
Leewood additional buried medium pressure gas pipeline, a water pipeline, underground

infrastructure corridor

(up to 132 kV) power, and buried communications transmission lines

Leewood to Wilga
Park underground
power line

o installation and operation of an underground power line (up to 132 kV) within
the existing gas pipeline corridor

Gas field

Gas exploration,
appraisal and
production
infrastructure

e seismic geophysical survey

o installation of up to 850 new wells on a maximum of 425 well pads

o new well types would include exploration, appraisal and production wells
o includes well pad surface infrastructure

e installation of water and gas gathering lines and supporting infrastructure
e construction of new access tracks where required

e water balance tanks

e communications towers

e conversion of existing exploration and appraisal wells to production

consider it done -
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Component Infrastructure or activity

Ancillary e upgrades to intersections on the Newell Highway

e expansion of worker accommodation at Westport

e atreated water pipeline and diffuser from Leewood to Bohena Creek
e treated water irrigation infrastructure including:

o pipeline(s) from Leewood to the irrigation area(s)

e treated water storage dam(s) offsite from Leewood

e operation of the irrigation scheme

13 Scope and structure of assessment

This chemical risk assessment assesses the chemicals proposed to be used in the drilling and
development of gas wells, and those proposed for produced water and brine treatment processes at the
Leewood Water Management Facility (WMF). The scope of this work has been developed to align with
guidance provided by the Commonwealth and approved chemical risk assessments completed for other
coal seam gas (CSG) projects (e.g., Santos GLNG Project in Queensland). In addition, this risk
assessment was conducted to specifically cover chemical usage within the Narrabri Gas Project Area in
accordance with the EPBC Act Additional Requirements. Consistent with the framework for these
documents, this document has been developed and reviewed by third party reviewers, with their
signature page provided as Appendix A.

At this time, planned development activities associated with the project (Figure 1-1) that are relevant
to this assessment include drilling and well construction, the in-field gas compression facility
(Bibblewindi site), and the water and brine treatment plant (Leewood WMF). Drilling and well
construction would occur within a 95,000-hectare area of the existing Petroleum Exploration Licence
(PEL) 238. Hydraulic fracturing is not proposed as part of the project.

The chemicals to be used or proposed to be used in gas extraction are defined in the EPBC Act
Additional Requirements as “all chemicals in drilling fluids, hydraulic fracturing fluids and in the
treatment of flowback or produced water”. The chemicals assessed at this time are limited to those used
in drilling fluids and water treatment, and include the following:

e Chemicals used to make drilling fluids (vendor-supplied chemicals)
Chemicals in operational drilling fluids (mixture of vendor-supplied chemicals)
Chemicals in recovered drilling fluids (vendor-supplied and geogenic chemicals)
Chemicals used in water treatment activities (vendor-supplied chemicals)
Chemicals in residual permeate and brine after treatment (a mixture of vendor supplied and
recovered drilling fluids).

Well drilling, well construction, well completion and water treatment activities and methodologies are
described in detail in the Project Description (Chapter 6).

The EPBC Act Additional Requirements require the chemical risk assessment to evaluate the potential
human health and environmental effects of these chemicals. The goal of the chemical risk assessment
is to demonstrate that potential risks have been eliminated or reduced as much as is reasonably
practicable to potentially exposed human receptors and to Matters of National Environmental
Significance (MNES), including water resources. To achieve this goal, the following guidance
references, as applicable, were used in the chemical risk assessment process:
e Environmental Risk Assessment Guidance Manual — for industrial chemicals (Environment
Protection and Heritage Council [EPHC], 2009)
e Environmental Risk Assessment Guidance Manual — for agricultural and veterinary chemicals
(EPHC, 2009)




EHS Support

consider it done -

e The National Environment Protection (Assessment of Site Contamination) Measure (NEPM)
1999 as amended 2013 (NEPM, 2013)

e Environmental Health Risk Assessment — Guidelines for assessing human health risks from
environmental hazards (enHealth, 2012a)

e Risk management — Principles and guidelines. The Australian / New Zealand Standards
(AS/NZS I1SO 31000:2009) (AS/NZS, 2009)

e Managing environment-related risk. Australian / New Zealand Standard (AS/NZS Handbook
HB 203:2012) (AS/NZS, 2012)

e Australian and New Zealand Guidelines for Fresh and Marine Water Quality (Australian and
New Zealand Environment Conservation Council [ANZECC] and Agriculture and Resource
Management Council of Australia and New Zealand [ARMCANZ], 2000) and Australian
Drinking Water Guidelines (National Health and Medical Research Council [NHMRC], 2011)

e United States Environmental Protection Agency (USEPA) (2014). EPA-Expo-Box (A Toolbox
for Exposure Assessors) (USEPA, 2016a)

e Organisation for Economic Co-operation and Development (OECD) (2014). The OECD
Environmental Risk Assessment Toolkit: Tools for Environmental Risk Assessment and
Management (OECD, 2014).

All risk assessment methods apply a hierarchy in the use of data for exposure and toxicological
assessment to provide the least uncertainty in the risk assessment process. To facilitate this hierarchy,
the EPA-Expo-Box and the OECD Environmental Risk Assessment Toolkit provide a compendium of
risk assessment tools that link to guidance, databases, models, key references and related resources.
These tools are compatible with the various Australian guidance’s cited above. However, the Australian
guidance has precedence when there are differences between the tools.

The EPA-Expo-Box specifically provides tools for exposure assessment. The problem formulation,
conceptual exposure model and the exposure assessment utilise these tools extensively in the approach
to assessing exposure in the environmental media potentially affected by the drilling chemicals and
water treatment chemicals, the potential exposure pathways and receptors and calculating exposure
based on intake equations and exposure assumptions. The OECD Environmental Risk Assessment
Toolkit broadly covers the various components of the risk assessment process. Therefore, these tools
were used in the hazard assessment including preparation of the risk assessment dossiers (e.g.,
physico-chemical properties, environmental fate and transport parameters, ecological toxicological
data, and mammalian toxicology data from databases linked to the OECD eChemPortal) and in the
exposure assessment to define default exposure parameters.

The toolboxes are all based on the principles contained within USEPA’s Risk Assessment Guidelines.
As a toolbox, not all of the tools are to be utilised, and only those tools that are appropriate to the
chemical, its functional toxicity and the exposure pathway used for assessment should be used. For
example, the OECD Environmental Risk Assessment Toolkit includes New Chemical Assessment,
Pesticide Testing and Assessment, and Emissions Scenarios. The EPA-Expo-Box includes approaches
utilising Direct Measurement (Point-of-Contact), Indirect Estimation (Scenario Evaluation), and
Exposure Reconstruction (Biomonitoring and Reverse Dosimetry), all of which are important tools as
part of risk assessment processes. However, all are not applicable for the assessment of drilling fluids
and water treatment chemicals within the NGP area. The risk assessment provided in this report
documents where and how the specific tools are used to ensure the objectives established within the
EPBC Act Additional Requirements are met, and uncertainty in the risk assessment is minimised. Table
1-2 presents the key elements of the chemical risk assessment and where the topic is addressed.
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Table 1-2: Key Elements of the Chemical Risk Assessment
Terms of Reference Topic Risk Assessment Section
Introduction Obijectives, Scope of Study, Section 1.0
Regulatory, and Guidance and Section 2.0
Best Practices Section 5.0
Section 6.0
Section 7.0
Section 8.0
Environmental and Geologic Hydrogeologic framework, Section 3.0
Setting groundwater resources, and
environmental values
Gas Extraction Processes Lifecycle assessment Section 4.0
Problem Formulation and Issue Definition of bounds of the human | Section 5.1
Identification health and environmental risk
assessment
Key issues with regard to potential | Section 5.2
concern from the potential
exposure
What is the concern
Why is it a concern
Urgency of the concern
Perception of the concern
Identification of constituents of Section 5.3.2
potential concern
Conceptual exposure model and Section 5.3
potentially complete exposure
pathways
Potential management options Section 2.3
proposed to mitigate hazards Section 3.1
Section 9.0
Hazard Assessment Assessment of human health and Section 6.1
environmental hazard of chemicals
identified in the problem
formulation and issue
identification step
Persistent, Bioaccumlative and Section 6.22
Toxic (PBT) substances
assessment
Development of soil and water Section 6.1.1
guideline values protective of Section 6.1.2
ecological receptors
Exposure Assessment Mass balance calculations to Section 6.3.2
identify amount of each chemical
used in the process
Estimated potential exposure point | Section 7.1
concentrations in effected media
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Terms of Reference Topic Risk Assessment Section
Fate and transport modelling to Section 5.3.3.2
characterise degradation or Section 6.3.2
potential transport (e.g., in
groundwater)
Identification of potentially Section 5.3.5
complete exposure pathways for
ecological and terrestrial receptors
Risk Characterisation Cumulative risk calculations for Section 8.0
each receptor across potentially
complete exposure pathways and
routes of exposure
Identification of main or Section 8.0
significant contributors to risk
Sensitivity analysis Section 8.3
Uncertainty analysis Section 8.4
Risk management and mitigation Section 9.0
Summary and Conclusions Section 10.0
References Section 11.0
Appendices Third Party Review Appendix A
Safety Data Sheets Appendix B
Risk Assessment Dossiers Appendix D
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2.0 NGP SETTING

A detailed discussion of the Project Area and project description are provided in Chapter 6 (Project
Description) of the EIS (Santos, 2016). Chapter 7 (Produced Water Management) of the EIS presents a
description of the Leewood WMF. The general context of the proposed activities is provided in the
following sections; for additional detail, Chapter 6 of the EIS remains the point of reference.

2.1 NGP Location

The project would be located in north-western NSW, approximately 20 kilometres’ south-west of
Narrabri, within the Narrabri local government area (LGA).

The project area is contained within the existing petroleum exploration lease (PEL) 238 and
incorporates petroleum assessment lease (PAL) 2 and petroleum production lease (PPL) 3. Santos NSW
Pty Ltd and its joint venture participants, who hold these tenures, lodged four petroleum production
lease applications (PPLAS) in May 2014 covering the project area, being PPLAs 13, 14, 15 and 16. The
total project area is around 95,000 hectares; however, the disturbance footprint from project
infrastructure would take up no more than 1,000 hectares, or around one per cent of the project area.

The project area contains a portion of the region known as ‘the Pilliga’; which is an agglomeration of a
forested area covering more than 500,000 hectares in north-western NSW around Coonabarabran,
Baradine and Narrabri. Nearly half of the Pilliga is allocated to conservation and is managed under the
NSW National Parks and Wildlife Act 1974. The Pilliga has spiritual meaning and cultural significance
for the Aboriginal people of the region.

Other parts of the Pilliga were dedicated as State forest, and set aside for the purpose of ‘forestry,
recreation and mineral extraction’, with a strategic aim to “provide for exploration, mining, petroleum
production and extractive industry” under the Brigalow and Nandewar Community Conservation Area
Act 2005. The parts of the project area on state land are located within this section of the Pilliga.

The Bibblewindi site is located within the Bibblewindi State Forest in PAL 2. The Leewood WMF is
located within PAL 2, adjacent to the Newell Highway approximately 24 kilometres’ south-west of
Narrabri, NSW.

2.2 Project Activities Associated with Chemicals Used in Natural Gas Extraction

The activities associated with the chemicals used in natural gas extraction are defined as follows:
e Drilling and completion — The drilling and construction of wells and associated activities
e Water treatment chemicals — Pre-treatment or post-treatment of produced water in the WMF
that includes filtration, nano-filtration, reverse osmosis (RO), brine concentration and brine
crystallisation facilities.

In general, the storage and use of the chemicals associated with drilling and development are undertaken
on well leases. The storage of water treatment chemicals and the use of these chemicals in treatment
will only occur at Leewood only. In addition, the transportation of these chemicals and associated
materials will occur on public or private roads, with produced water and treated permeate transferred
by pipeline to and from the WMF respectively.

2.3 Overarching Management and Mitigation Strategies

Key plans integral to the management of the potential risk of impacts to MNES associated with chemical
transportation, storage, use, and management/monitoring of potential effects are provided in Table 2-1
below. Chapter 30 of the EIS provides information on environmental management and monitoring for
the project.

10
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Section 9.0 further discusses the risk management recommendations that address the mitigation,
management, monitoring and reporting procedures to ensure that existing controls are effective at
managing the hazards and risks presented in this chemical risk assessment.

In addition, the project activities would be undertaken in accordance with Commonwealth and State
regulations and relevant Australian Standards for the transportation, storage and management of
chemicals and management of associated environmental hazards. Key regulations include:
e Australian Dangerous Goods Code including requirements for driver and vehicle licencing and
documentation
NSW Work Health and Safety Regulation 2011
NSW Dangerous Goods (Road and Transport) Act 2008
NSW Environmentally Hazardous Chemicals Act 1985
NSW Waste Avoidance and Resource Recovery Act 2001
NSW Work Health and Safety Act 2011
NSW Protection of Environmental Operations Act 1997.

Table 2-1: Summary of Key Management Plans and Risk Assessments

Plan or Risk Assessment | Description of Components in Document

Santos Environment, The EHSMS provides a framework for environmental and safety procedures
Health and Safety across Santos’ operations and is consistent with AS 4801:2000 Occupational
Management System Health and Safety Management Systems and AS/NZS SO 14001:2004
(EHSMS) Environmental Management Systems.

NGP Field Development | The Protocol sets a framework for identifying and assessing environmental
Protocol (the Protocol) values and avoiding or minimising potential environmental impacts associated
with the development of the project. The Protocol systematically identifies the
constraints within the Project Area considering sensitivity, conservation
significance, and legislative requirements and develops a framework for
avoidance and minimization of impacts.

Waste Management Plan | A waste management plan would be developed to manage the generation,
handling, placement, and transport of waste during the construction, operation,
decommissioning and rehabilitation phases of the project. The plan will detail
the location of waste sources, specific waste and recycling collection systems
and infrastructure, and transportation requirements. In addition, training
requirements for personnel would be presented to improve efficiency in
minimisation of waste streams, reuse and recycling options, and routine

inspections.
Managed Release Scheme | The MRS evaluates the potential environmental impact on Bohena Creek
(MRS) (Eco Logical, because of managed releases of treated production water to the surface water
2016) body. The MRS identifies a “‘wet weather’ episode release schedule that would

be initiated when natural creek flows were equal to or more than 100 ML/day.
This would minimise potential impacts on the natural flow regime of the Bohena
Creek and related environmental values.

Biodiversity Offset The Biodiversity Offset Management Plan details how the biodiversity offset
Management Plan strategy and offset package will be implemented. The biodiversity offset
strategy is set forth in Appendix J1, Ecological Impact Assessment, of the EIS
and provides a comprehensive strategy for residual impacts of the project
following the implementation of avoidance, minimization, and mitigation
strategies. In addition to offsets for ecological components, the offset strategy
ensures that Aboriginal people have opportunities to increase cultural
knowledge of their country and to access and manage its natural and cultural

values.
Pest, Plant and Animal The plan would target feral fauna identified as high risk to the survival of native
Management Plan flora and fauna in the Pilliga. The plan would include minimisation of weed

transportation.

11
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Plan or Risk Assessment

Description of Components in Document

Water Monitoring Plan

Appendix G3 of EIS presents the Water Monitoring Plan developed for the
Project Area. The Water Monitoring Plan is designed to assist Santos, to take
appropriate mitigation actions if unanticipated adverse impacts to water quality
as a result of gas field development activities are observed. As such, the Water
Monitoring Plan focuses on water assets and receptors and aims to provide early
detection of any change in water resource condition that may have adverse
impacts.

Produced Water
Management Plan

The Produced Water Management Plan presents the way in which produced
water would be managed under the project within the regulatory framework and
with minimal environmental impact. Water storage facilities and beneficial
reuse options such as irrigation, stock watering, dust suppression, construction
and drilling are discussed and evaluated in the plan.

12
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3.0 ENVIRONMENTAL SETTING

The following section describes the environmental setting within the Santos NGP area, further details
are available in the Project Description and relevant technical chapters and appendices including the
MRS and Ecological Impact Assessment that is Appendix J1 of the EIS (Eco Logical, 2016a; Eco
Logical 2016b) and Chapter 11 of the EIS (Groundwater and Geology) and supporting Appendix G4
Hydrological Baseline Study.

The Project Area is in north-western New South Wales, southwest of the town of Narrabri. Around two-
thirds of the Project Area are within the Pilliga forests (Figure 3-1); the remaining portion of the Project
Avrea is utilised for agricultural (dry-land cropping and livestock grazing) purposes.

The ecology of the Pilliga has been fragmented and otherwise impacted by commercial timber
harvesting and related activities over the last century through:

e the establishment of more than 5,000 kilometres of roads, tracks and trails

e the introduction of pest species

e the occurrence of drought and wildfire.

The Project Area does not include the Pilliga National Park, Pilliga State Conservation Area, Pilliga
Nature Reserve, and Brigalow Park Nature Reserve. However, the Brigalow State Conservation Area
is within the project area. A 50-metre surface exclusion zone protects the Brigalow State Conservation
Area from surface developments. Figure 3-1 presents the Project Area, Pilliga forests, and the exclusion
zone.

The Project Area is comprised of the following landscape features (GHD, 2016): alluvial plains,
channels and floodplains (Coghill and Baradine Creeks) and stepped stony ridges (Bugaldie and Cubbo
Uplands). Native vegetation covers approximately 75-percent of the Project Area; derived native
grassland consists approximately 10-percent of the Project Area (Figure 3-2).

No agricultural land in the Project Area is mapped by the NSW Government to be biophysical strategic
agricultural land (BSAL), and detailed soil analysis has established the absence of BSAL. This has been
confirmed by the issue of a BSAL Certificate for the project area by the NSW Government. The Project
Area is located predominantly within the Lower Namoi sub-catchment of the Namoi Catchment, which
is within the Murray-Darling Basin. The Namoi River is a perennial watercourse and the main surface
water system in the catchment. The major tributaries include Macdonald River, Manilla River, Peel
River, Mooki River, Cox’s Creek, Maules Creek, Bohena Creek, Bundock Creek and Baradine Creek.
Most of the tributaries (e.g., Bohena Creek) have intermittent flow.

Tributaries to the Bohena Creek sub-catchment drain in a north-westerly direction towards the Namoi
River floodplain with the headwaters located in forested conservation areas (e.g., Pilliga Forest). Sheep
and cattle grazing and dryland cropping are the primary land uses of the unforested areas of the Bohena
Creek sub-catchment (Figure 3-2). The creek has a low nutrient status because of a substrate dominated
by sand (i.e., lack of organic matter) and is classified as a lowland chain of symmetrical, discontinuous
ponds (Eco Logical, 2016). The main habitat features present within Bohena Creek are fringing
vegetation provided by P. australis, which grows in low to medium densities, and overhanging and
trailing vegetation.
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Land Use in Project Area

3.1 Hydrogeology and Groundwater Usage

A detailed discussion of the Groundwater Usage and Geology is provided in Chapter 11 of the EIS and
supporting technical Appendix G. The NGP is located within both the Permo-Triassic Gunnedah Basin
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(containing the target coal seams for coal seam gas development) and the overlying Jurassic-Cretaceous
Surat Basin. The Gunnedah Basin covers an area of over 15,000 km2 and forms the central part of the
Sydney-Gunnedah-Bowen Basin system. The Project area is located near the northern and western
boundaries of the Gunnedah Basin.

Overlying the Gunnedah Basin is the Coonamble Embayment of the Surat Basin, which itself forms the
western province of the Great Artesian Basin (GAB). Groundwater sources forming the eastern and
southern fringes of the Coonamble Embayment comprise the southern-most recharge (intake) beds for
the GAB.

The main productive aquifers in the Project Area comprise the sandstone formations of the Great
Artesian Basin (GAB). Shallow groundwater sources include Upper and Lower Namoi alluvial
groundwater sources; GAB shallow groundwater sources; and the Pilliga Sandstone. Deeper
groundwater is present in the Project Area in the Gunnedah-Oxley Basin Groundwater Source.

The NGP falls within several water sharing plans (WSPs), the primary mechanism for the Water
Management Act 2000 (WM Act), which dictates how surface water and groundwater resources are
managed in NSW. The relevant WSPs to the Project Area are the Upper and Lower Namoi Groundwater
Sources, the NSW GAB Groundwater sources, the NSW Murray-Darling Basin Porous Rock
Groundwater Sources, and the NSW Murray-Darling Basin Fractured Rock Groundwater Sources.

As shown in Figure 3-3 and Figure 3-4, the primary use of registered bores in the vicinity of the Project
Area is for watering of livestock, irrigation and domestic supply. The majority of the bores in the region
are less than 150 metres deep and tap shallow groundwater sources within the Namoi Alluvium and
Pilliga Sandstone. In the alluvium, groundwater flow is topographically controlled; however, the
regional direction of groundwater flow is northerly and flows the courses of the Mooki and Namoi
Rivers and Cox’s Creek. No registered bores are present within the Bohena Creek alluvium. Regional
groundwater flow in the Pilliga Sandstone is northwest.

The potential for GDESs to be present has been assessed in the GDE Impact Assessment (CDM Smith
2016) and related studies. The assessment found:

e There is no potential Type 1 GDEs (aquifer and stygofauna) identified.

e There are nine potential Type 2 GDEs (reliant on the surface expression of groundwater
(springs and baseflow)) considered likely to be dependent on groundwater. All of these
potential GDESs have low ecological values, mainly due to the absence of protected or important
wetland species, and due to the heavily or moderately modified nature of the sites. None of the
potential Type 2 GDEs support Matters of National Environmental Significance (MNES)
defined under the EPBC Act. The overall risk assessment score for all nine potential Type 2
GDEs is low due to the source of water or the indiscernible impact to water sources as a result
of the project relative to existing variations in groundwater pressure due to climate patterns and
other extractive uses.

e No vegetation communities listed under the EPBC Act were identified as potential Type 3
GDEs (source groundwater predominantly from the water table) within the project area. The
overall risk assessment score for potential Type 3 GDEs is low, based on the low likelihoods
of potential impacts due to the predicted drawdowns in the source aquifers as a result of the
project being less than 0.5 m and occurring very slowly over hundreds of years, resulting in
negligible predicted impacts on GDEs.
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Figure 3-4: Groundwater bore license types within 30 km of Project Area boundary
3.2 Ecology

The following sections discuss the ecological setting, including MNES and other environmental values
relevant to the Project Area. Site-specific discussion relative to ecological receptors evaluated in the
risk assessment is included in Section 5.3.4.

3.2.1 Terrestrial Ecology

Table 3-1 presents a summary of the findings of this assessment within the Project Area. Terrestrial
MNES within the Project Area are presented in Table 3-2. Further details are available in the EIS, MRS
and Ecological Impact Assessment that is Appendix J1 of the EIS (Eco Logical, 2016a; Eco Logical
2016b).
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Table 3-1: Summary of Terrestrial Ecology Assessments
Assessment Category Findings
Ecological Impact | Threatened species e Flora

Assessment
(Appendix J1 EIS,
2016)

listed under NSW
Threatened Species
Conservation Act 1995
(TSC Act)

0 Ten TSC Act listed threatened flora species are
known to occur in the project area, including:

= 6 vulnerable species

= 3 endangered species

= 1 critically endangered species
Fauna

0 Twenty-seven TSC Act listed threatened fauna
species are known to occur within the project area,

including:

= 16 birds

= 10 mammals
= 1reptile

0 The following TSC Act listed fauna species are
considered likely, or to have the potential, to occur in
the project area:

= 1 likely mammal
= 4 potential mammals
= 16 potential birds

Threatened species
listed under
Commonwealth
Environment
Protection and
Biodiversity
Conservation Act 1999
(EPBC Act)

Flora

0 Five EPBC Act listed threatened flora species were
recorded in the study area, including:

= 3 vulnerable species
= 2 endangered species
Fauna

0 Three EPBC Act listed threatened fauna species were
recorded in the study area, including:

= 2 mammals
= 1 bird

0 Inaddition, the following EPBC Act listed fauna
species are considered likely, or to have the potential,
to occur in the project area:

= 1 likely mammal
= 2 potential mammals
= 5 potential birds

Migratory species
listed under EPBC Act

Seven (7) migratory bird species listed under the EPBC
Act are known to occur within the project area.
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Assessment Category Findings
Threatened ecological | ¢  Four TECs are known or likely to occur within the project
communities (TECs) area:
listed under TSC Act o Myall Woodland in the Darling Riverine Plains,
Brigalow Belt South, Cobar Peneplain, Murray-
Darling Depression, Riverina and NSW South
Western Slopes Bioregions
0 Brigalow within the Brigalow Belt South, Nandewar
and Darling Riverine Plains Bioregions
0 Fuzzy Box Woodland on alluvial Soils of the South
Western Slopes, Darling Riverine Plains and
Brigalow Belt South Bioregions
e  Carbeen Open Forest community in the Darling Riverine
Plains and Brigalow Belt South Bioregions
TEC:s listed under e Two TECs are known or likely to occur within the project
EPBC Act area:
0 Weeping Myall Woodlands
0 Brigalow (Acacia harpophylla dominant and co-
dominant)
Table 3-2: MNES Under the EPBC Act identified as potentially present in Project Area
MNES Description

Ecological Communities

Brigalow (Acacia harpophylla dominant and co-dominant)
Weeping Myall Woodlands

Flora — Vulnerable

Bertya opponens (Coolabah Bertya)
Lepidium aschersonii (Spiny Peppercress)
Rulingia procumbens

Flora — Endangered

Lepidium monoplocoides (Winged Peppercress)
Tylophora linearis

Birds — Vulnerable

Polytelis swainsonii (Superb Parrot)

Birds — Endangered

Anthochaera phrygia (Regent Honeyeater),

Botaurus poiciloptilus (Australasian Bittern),

Lathamus discolor (Swift Parrot; also marine)

Rostratula australis (Australian Painted Snipe; also marine)

Mammals — Vulnerable

Chalinolobus dwyeri (Large-eared Pied Bat)
Nyctophilus corbeni (South-eastern Long eared Bat)
Phascolarctos cinereus (Koala)

Pseudomys pilligaensis (Pilliga Mouse)

Mammals — Endangered

Dasyurus maculatus (Spotted-tailed Quoll)
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MNES Description

Migratory Species e Apus pacificus (Fork-tailed Swift)

e Ardea ibis (Cattle Egret)

e Ardea modesta (Great Egret)

e Calidris acuminata (Sharp-tailed Sandpiper)

e Gallinago hardwickii (Latham's Snipe)

e Haliaeetus leucogaster (White-bellied Sea-Eagle)
e Hirundapus caudacutus (White-throated Needletail)
e Merops ornatus (Rainbow Bee-eater)

e Myiagra cyanoleuca (Satin flycatcher)

e Plegadis falcinellus (Glossy Ibis)

There is not expected to be significant impacts to the MNES presented in Table 3-2 due to disturbance
to ecological habitat as a result of the project (EIS Appendix J1).

3.2.2  Agquatic Ecology

Aguatic habitats within the Project Area include watercourses, wetlands, springs, and groundwater
dependant ecosystems. Bohena Creek is a key surface water feature within the proposed development
area and is the proposed location of surface water discharge of treated water.

Habitat for aquatic biota (e.g., aquatic plants, macroinvertebrates, fish, turtles, and platypus) are present
within watercourses associated with the Project Area. Table 3-3 provides a summary of the aquatic
ecology assessment conducted as part of the EIS; refer to the MRS Appendix G1 of the 2016 EIS for
further detail. It should be noted that no stygofauna was observed as part of the ecological impact
assessment (Eco Logical 2016b)

Table 3-3: Summary of Aquatic Ecology

Category Description

Threatened species e  One threatened species, the Murray-Darling Basin population of Eel-tailed
listed under the Catfish (Tandanus tandanus), was considered likely to be located in the Namoi
Fisheries River catchment.

Management Act

e Anadditional 2 threatened species were considered to have the potential to occur
in the Namoi River catchment, including

0 River Snail (Notopala sublineata)
o Silver Perch (Bidyanus bidyanus)

1994 (FM Act)

EPBC Act e  One threatened species, Murray Cod (Maccullochella peelii peelii) is considered
to have the potential to occur in the Namoi River catchment.

Water Management | ¢  Nine potential groundwater dependent ecosystems (GDEs) were identified within
Act 2000 the maximum extent of predicted drawdown exceeding 0.5 m (refer to EIS
Appendix F Groundwater Impact Assessment).

0 These included two sites recognised as high priority GDEs by the NSW
Office of Water, Eather Spring and Hardy’s Spring. Both Eather Spring and
Hardy’s Spring have been highly modified through excavation, damming of
drainage lines and stock access.

3.3 Management of Impacts to Ecological and other receptors

As documented in Section 2.3, the key strategies regarding potential impacts to MNES and other
environmental values involve avoidance, minimization, mitigation, and management. The key to this
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strategy is location selection provided by the Field Development Protocol. In accordance with this
protocol, Table 3-4 presents exclusion zones identified for the Narrabri Gas Project which is critical to
the avoidance and mitigation of impacts on sensitive ecological receptors. In addition, infrastructure
will be located away from sensitive receptors (occupied residences) as well as managed in a manner to
mitigate potential ancillary risks (for example the establishment of vegetation-free zones around flares).

In combination with the avoidance and minimisation strategies, numerous other mitigation and
management strategies would be employed to manage the risk to MNES. Common strategies employed
include:

o Establishment of designated chemical storage areas and the storage of chemicals in accordance
with Australian Standards and regulatory requirements (such as development consent and
Environment Protection Licence conditions)

e Produced water and brine ponds are engineered, constructed and operated in accordance with
regulatory hydraulic performance requirements

¢ Removal of surplus chemicals at the end of well drilling and completions

o Management of all waste in accordance with waste classification, transport and tracking and
disposal requirements.

o Beneficial reuse of cuttings in the rehabilitation of well pads and treated water for construction
and drilling, dust suppression, stock watering and irrigation.

Table 3-4: Exclusion zones for the Narrabri Gas Project

Constraints/Exclusion Areas Applicability

Nature Reserve/National Park/Aboriginal Areas Exclusion from the Project Area

State Conservation Areas (Brigalow) Exclusion of all surface infrastructure, and sub-
surface exclusion to a depth of 110 m

Riparian Corridors Exclusion of all non-linear surface infrastructure and
large ponds and dams

1% Annual Exceedance Probability (AEP) Flood Exclusion of all large ponds and dams

Avreas

Currently known Aboriginal cultural heritage sites, Exclusion of all surface infrastructure and a buffer of

Yarrie Lake at least 200 m around Yarrie Lake
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4.0 LIFECYCLE OF GAS FIELD DEVELOPMENT AND PRODUCED WATER
TREATMENT

The two main lifecycle components of the project that introduce chemicals and chemical products to
the risk assessment are drilling activities required in the construction of the well, and the treatment of
produced water and brine at the Leewood water management facility (WMF).

For drilling activities, the water based drilling fluid is created through the blending of manufacture-
specific products and water on site or transported to the site in a tanker from the drilling fluid treatment
facility located at the Narrabri Operations Centre. The drilling fluid is used to lubricate the drill bit,
maintain the stability of the borehole, facilitate the removal of drilling cuttings from the well and bring
them to the surface and prevent clays from swelling.

The Project also includes the treatment and reuse of produced water generated through the gas extraction
process. Produced water collected from each gas well would be transferred to the Leewood central
WMF for treatment and beneficial reuse including for drilling and construction, dust suppression, stock
watering, irrigation or release to Bohena Creek under suitable flow conditions (flows are greater or
equal to 100 ML/day).

Elements of the life cycle of chemicals used by the project includes:
e The transportation of chemicals from the warehouse to the well pad and the WMF
Activities associated with drilling fluid mixing and use at the well lease
Management, treatment and beneficial reuse during or after the completion of drilling activities
Produced water treatment at the WMF
Beneficial reuse of treated water.

4.1 Transport of Chemicals to and from Well Pad and to the WMF

Drilling fluid would either be prepared on the well pad or would be transported to the well pad in a
tanker from the previously approved drilling fluid treatment facility located at the Narrabri Operations
Centre (on Yarrie Lake Road, Narrabri). If prepared on the well pad, the vendor chemicals that make
up the drilling fluid would be conveyed to the site via vehicular transport from the supplier or storage
warehouse. Once drilling is completed, drilling fluids would be transported back to the drilling fluid
treatment facility so that it can be beneficially re-used in future drilling operations, or disposed of at a
licensed waste facility.

Chemicals used by the WMF will be conveyed to Leewood via vehicular transport from the supplier or
storage warehouse. The specific routes to well pads and Leewood would vary depending upon the
supplier warehouse and source location. However, the route would include a combination of State-
controlled highways, regional connecting roads, and rural access roads. The transportation would be
conducted in accordance with relevant regulatory requirements.

Potential exposure to these products could occur as a result of accidental releases such as spillage during
loading and offloading activities or an accident during transport.
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4.2

Drilling and Completion Operations

Operations on the well pad relevant to potential chemical exposures to human and environmental
receptors include the following:

Storage of products

Blending of the products on the surface prior to use

Use of the products during drilling

Recovery, separation, and recycling of cuttings, drilling fluids and completion fluids

Storage of recovered drilling fluids, completion fluids in preparation for treatment, disposal
and/or beneficial reuse.

During construction and drilling activities the well pad areas would be approximately one hectare (ha)
in size and would be fenced. The typical well pad layout during drilling is shown in Figure 4-1. Drilling
fluids and drill cuttings would typically be stored in a combination of surface tanks and lined pits on

site.

Approximately one hectare
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Figure 4-1: Typical well pad layout during drilling
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Chemicals will be stored and handled in accordance with relevant Australian Standards, including AS
1940-2004 The storage and handling of flammable and combustible liquids.

Well leases would be designed and managed to contain all activities (including the handling of liquids
and drilling muds) to the well pad area. Access to well pads would be restricted to approved and trained
personnel. Perimeter fencing would further limit access to unauthorised persons.

Well leases would be partially rehabilitated once production commences unless the well pad hosts other
support infrastructure such as telecommunication towers.

4.3 Treatment, Recycling, Disposal and Beneficial Reuse

Residual materials generated through the construction and operational phases of the well life cycle
include recovered drill cuttings, drilling fluids and produced water. Produced water management is
discussed in Section 4.4.

Drilling fluids and drill cuttings are returned to the surface and stored in lined pits or tanks. Drill cuttings
generally comprise rock and solid material and makeup around 30 percent of the material recovered
from the well. Drill cuttings would be separated as much as practicable from the used drilling fluid and
later re-used on well pads in site rehabilitation using a mix, turn, bury strategy. Drill cuttings not
appropriate for beneficial reuse on well pads for rehabilitation purposes would be transported off site
and disposed of at an appropriately licensed waste management facility. Used drilling fluid would be
transported to the drilling fluid treatment facility (as discussed in Section 4.1) for treatment and reuse
at other wells or transported to a licensed waste facility for disposal.

4.4 Produced Water Transfer, Storage and Treatment

Depressurising coal seams by the removal of produced water is a fundamental step in the extraction of
natural gas. The quality of produced water can vary depending on the type of geological formation; the
average salinity of produced water generated during exploration and appraisal activities within the
Project Area is around 14,000 micro Siemens per centimetre which is approximately 30 per cent of the
salinity of seawater. The estimated volume of extracted water will vary with the highest rates predicted
for the first two to four years at around 10 ML/day with a gradual decline thereafter with a long-term
average of 4 ML/day; the estimated total volume of produced water over the project assessment period
of 25 years is 37.5 gigalitres (GL).

Produced water extracted at each production well would be transferred to Bibblewindi and Leewood
via a network of water gathering lines and in-field balance tanks. Produced water would be stored in
double-lined ponds at Bibblewindi and Leewood, before undergoing treatment at the Leewood WMF.
The key stages of the water treatment process are described in Chapter 7 of the EIS and would include
the use of microfiltration, ion exchange, reverse osmosis (RO), thermal evaporation and salt
crystallisation technologies.

The primary products from this process are a treated water stream and a brine stream. In addition, the
operation of the WMF would generate small volumes of algae and other solids that would be transported
to a licensed landfill for disposal. Process steps are highlighted in Figure 4-2.
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Figure 4-2: Overview of the water treatment process (EIS Chapter 7)

The saline waste stream produced by the process would be further concentrated, crystallised into a solid
salt product and transported and disposed of to an off-site licensed landfill (EIS Chapter 7). Following
treatment, treated water would be temporarily stored at the WMF. Treated water may be reused for
beneficial purposes such as construction drilling, stock watering, dust suppression and irrigation or for
release to Bohena Creek. The managed releases to Bohena Creek will occur if background flows are
greater than or equal to 100 ML/day.

Chemicals would be stored on site in accordance with the relevant Australian Standard.

4.4.1 Beneficial Reuse of Treated Produced Water

Treated water will be used for a range of beneficial purposes such as drilling and construction, dust
suppression, stock watering and irrigation. Potentially surplus treated water would be released to
Bohena Creek under suitable flow conditions (when background flows are greater or equal to 100
ML/day).

On average, up to around 4 ML/day of treated water could be used for dust suppression, construction
and drilling (EIS Chapter 7). Usage would depend on a range of variables including the extent of
construction activities, drilling activity and seasonality. Water would be applied to roads and operating
areas including Leewood, Bibblewindi and other trafficked areas including well sites undergoing
maintenance and rehabilitation in the project area, to supress dust as required.
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The irrigation scheme would be designed to have the capacity to beneficially reuse 12 ML/day of treated
water (BeneTerra, 2015). Irrigation water quality will satisfy suitability guidelines for ‘low to medium
strength effluent’ as per the DEC Guidelines (DEC NSW, 2004) and trigger values listed in ANZECC
guidelines (ANZECC, 2000). Irrigation water will not be applied to areas with protected vegetation, but
rather lands utilised for the specific purpose of agricultural use with crops such as lucerne and pasture
grasses as well as cotton.

Studies on Bohena Creek have found that at flow conditions of at least 100 ML/ day, the release of up
to 12 ML/day of treated water would have a negligible on the creek. Bohena Creek is an intermittent
creek (Eco Logical 2016) that is characterised as flowing at least 15 percent of the time. Eco Logical
(2016) concluded that flows of at least 100 ML/day occurred, on average, during approximately 44 days
per year. The managed release of treated water to Bohena Creek is most likely to be required during the
peak water production period (around years two to four); particularly during extended wet weather
when the volume of treated water generated exceeds demand of the beneficial reuse activities.

4.5 Life Cycle Components

The life cycle components for all elements described above and the primary operations and the potential
release mechanisms to the environment are tabulated below.
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Table 4-1: Life Cycle Components and Potential Release Mechanisms

Life Cycle Primary Operation Potential Release Modes

Component

Drilling Transport of Chemicals from | Vehicle accidents

Process/Drilling Warehouse or Drilling Fluid - - - - -

Fluids Treatment Facility to Well Chemical handling accidents (offloading/loading)
Pad Storage of chemicals — spillage
Drilling Operations Spills during mixing

Partitioning of drilling chemicals into groundwater

Treatment, Recycling, Management and treatment of solid waste streams
Disposal and Beneficial including chemical storage bags and containers
Reuse

Spills during transport of used drilling fluids back to
drilling fluid treatment facility (including vehicle
accidents)

Beneficial reuse of drill cuttings using mix, turn,
bury strategy except when containing high
percentage of coal fines, these will be transported
off-site for disposal with potential release similar to
used drilling fluid transport

Leewood Water Transport of Chemicals to Vehicle accidents
Management WMF
Facility (WMF)

Chemical handling accidents (offloading/loading)

Storage and spillage

Produced Water Pipeline loss (well heads and water transfer line to
WMF)

Storage in ponds and tanks

Treatment (inc. RO)

Filtrate and sludge treatment and waste storage

Transfer and storage of treated water in offsite dams

Brine Treatment Storage in ponds

Recirculation to RO

Treatment (Thermal Evaporation / Salt
Crystallisation)

Beneficial Reuse of Treated Irrigation and stock watering
Water

Drilling and construction

Dust suppression

Managed release to Bohena Creek (via pipeline)

Transportation and Disposal | Vehicle accidents
of Waste Products (Filter

Solids, Algae etc.) and Salt
Solids from Crystalliser Storage and spillage

Handling accidents (offloading/loading)
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5.0 PROBLEM FORMULATION AND ISSUE IDENTIFICATION

Problem formulation and issue identification in the chemical risk assessment process involves defining
the bounds of the human health and environmental risk assessment to ensure the risk managers are
informed properly and utilising the best practices. It identifies the key issues regarding the potential
concern from the potential exposure to the individual, such as 1) what is the concern; 2) why is it a
concern; 3) what is the urgency of the concern; and 4) what is the perception of the concern. A
description of the current environmental setting includes identifying potential receiving environments
and susceptible or vulnerable populations, and the site-specific details of each of the components of
exposure (i.e., source, transport, route, receptor) that are potentially complete exposure pathways. This
step involves a conceptual exposure model and assessment endpoints; and an analysis plan that outlines
the goals, scope, and complexity of the chemical risk assessment. Potential management options may
be proposed to mitigate those hazards and exposure pathways that may be the most significant
contributors to the overall risks.

51 Risk Assessment Scope

The scope of the risk assessment encompasses the lifecycle of chemicals used in drilling and
completions and the water treatment process as discussed in Section 1.3.

Potential environmental media affected by this lifecycle includes soil, air, surface water and
groundwater. Susceptible receptors would include workers associated with lifecycle operations,
associated community representatives that may be affected by the lifecycle operations and recipients of
treated water. In addition, environmental receptors include natural resources and ecological receptors
associated with the Project Area. Table 5-1 summarises the specific bounds of this chemical risk
assessment.

Table 5-1: Bounds Defined Specific to Project

Lifecycle Stage Bounds

Transportation of | The transportation route includes the road network traversed from the source/supplier or

chemicals storage warehouse to the well lease or to the WMF and from the well lease to the fluid
treatment facility (in the case of used drilling fluids). The adjacent environment is
included within this boundary. Refer to Figure 5-1 for a map of existing roads within
the Project Area.

Well lease Well leases and adjacent environments are included within the boundary for well lease

operations operations.

Produced water
transfer and
storage

Produced water from the well heads would be transferred via flowlines and pipelines to
Bibblewindi and Leewood for storage and treatment at Leewood. The flowline/pipeline
network for Bibblewindi and Leewood and adjacent environments are included within
this boundary.

Operations of the
Leewood WMF

The operations of the WMF are constrained by the physical bounds of the facility
including the storage ponds for produced water and brine and the treated water storage
tank. In addition to the WMF, Bohena Creek is a likely receiving body for treated water
and is included within the bounds of the Project.

Treatment and
Beneficial Reuse

The treatment and beneficial reuse of drill cuttings (except drill cuttings with high coal
fines targeted for off-site disposal) and treated produced water associated with the
project.
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5.2 Key Issues

Identifying key issues that are amenable to risk assessment evaluation is an integral part of the risk
assessment process. As presented in Section 4.0, the life cycle of the gas field development and
produced water treatment process identified the potential issue or concern and discussed why it is a
concern based on the potential for exposure to human and ecological receptors. Whilst each lifecycle
generates concerns specific to the stage, concern over handling and management of chemicals to
minimise potential harmful effects to human health and the environment is present in each stage.

5.2.1 Perception of Concerns

Whilst there is limited public discussion regarding the potential adverse effects to health and the
environment associated with transport of drilling and completion products from the supplier or storage
warehouse to the well lease, there is public concern regarding use of chemicals used in the drilling of
wells, and management of wastes generated during drilling and well completion processes (Lloyd-
Smith, 2016). The public concern stems from a perception of a lack of full health and environmental
hazard assessment of the chemicals and product formulations by the National Industrial Chemical
Notification and Assessment Scheme (NICNAS), and the perceived potential hazardous nature of the
known individual chemicals.

The subsequent parts of the risk assessment process provide an evaluation of the concerns presented in
the previous sections. Both qualitative and quantitative approaches are utilised to evaluate potential
exposures to workers and non-occupational human receptors, as well as environmental receptors
(terrestrial and aquatic ecological flora and fauna).

5.3 Conceptual Exposure Model

An essential component of the risk assessment is the Conceptual Exposure Model (CEM) that describes
the chemical source(s), pathways of chemical migration through environmental media and identifies
the potential susceptible populations (both human and ecological) that may potentially be exposed. In
the development of the CEM, current environmental setting and land uses, environmental fate and
transport mechanisms, and lifecycle stages of chemical usage and relevant receptors, are evaluated to
determine which pathways are potentially complete and identify potential receptors for those pathways.

5.3.1 Lifecycle Environmental Exposure

Section 3.0 discussed the environmental setting of the Project Area and focused on the hydrogeology
and groundwater usage, and characterised the ecosystems and management measures to limit potential
risks to the ecosystems. This section summarises the salient portions of that section as it directly relates
to the lifecycle of the drilling fluids and the operations of the WMF assessed in this chemical risk
assessment. The potential receptors will be discussed in Section 5.3.4 Potential Receptors.

5.3.1.1 Transport of Chemicals

Key access routes for the project include:

Newell Highway

X-Line Road

Old Mill Road

Yarrie Lake Road / Goobar Street / Mooloobar Street

Old Gunnedah Road / Maitland Street / Tibbereena Street.

The Newell Highway is a highway and a major transport corridor linking Queensland, NSW and
Victoria. The highway is a two-way sealed road and is approved by NSW Roads and Maritime Services
for higher mass limit road trains. It has a speed limit of 110 kilometres per hour, reducing to
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50 kilometres per hour approaching Narrabri. The Newell Highway would be the main haulage route
from Queensland or NSW to the Narrabri Operations and Logistics Centre and construction sites at the
gas field, Bibblewindi, the Bibblewindi to Leewood infrastructure corridor and Leewood. X-Line Road
and Old Mill Road are unsealed roads. Yarrie Lake Road and Gunnedah Road are rural ‘collector’ roads.

Existing background traffic levels on the Newell Highway are around 1,860 vehicles per day (and 169
in peak hour). Average daily traffic count data provided by NSW Roads and Maritime Services indicate
that approximately 73 per cent of vehicles travelling on the Newell Highway were light vehicles, with
the remainder comprising heavy vehicles (including approximately 17 per cent being B-doubles or
other vehicles with greater than five axles). Further details on the existing traffic network are provided
in Chapter 22 of the EIS.

Chemicals would be transported in accordance with legislative requirements and Australian Standards
that include chemical-specific packing volumes and materials (i.e. multiple smaller containers for
higher hazards products). In the majority of transportation instances, vendor chemicals would be
supplied in multiple volumes per transportation vehicle. The likelihood of the entire shipment of vendor
chemicals being released into the environment in a single accidental event is low.

5.3.1.2 Drilling and Completion Operations

The Field Development Protocol defines the process that would be used by the Proponent to site gas
field infrastructure. Well leases would be installed within a variety of environmental settings within the
Project Area.

Wells would be progressively commissioned and decommissioned within the project area. Exploration
and appraisal wells may be converted to production wells depending on their gas yields. Existing (and
approved but not yet constructed) chip holes, core holes and pilot wells under the exploration and
appraisal program may be utilised.

Periodic maintenance equipment including workover rigs may be required from time to time. They
would utilise the remaining cleared area of the well pad plus approximately 0.2 hectares for equipment
lay down and to meet operational safety requirements.

Equipment and infrastructure required to drill and complete a well and the storage of the associated
products and chemicals are contained within the operational area of the well pad. Fencing and signage
restrict access to authorised occupational workers only. Agate or livestock grill may be used at the site
entrance depending on well location. Whilst access to the well lease by livestock is limited by the
fencing, there is the potential that fauna may access the well pad; however, this would be considered
limited during this phase, due to the level of activity on the well lease and 24-hour operations.

5.3.1.3 Treatment, Recycling, Disposal and Beneficial Reuse

Management of drill cuttings during rehabilitation would occur on well pads, except when the drill
cuttings contain a high percentage of coal fines that will be transported off-site for disposal.
Management during rehabilitation would occur using a mix, turn and bury strategy and would be carried
out with regard to the volume and characteristics of the drill cuttings and the receiving soil. Fencing
and signage restrict access to authorised occupational workers during drilling and operations.

In addition, produced water may be treated water for a range of beneficial purposes such as drilling and
construction, dust suppression, stock watering and irrigation. Potentially surplus treated water would
be released to Bohena Creek under suitable flow conditions (when background flows are greater or
equal to 100 ML/day).
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Further detail of potential exposure pathways for treatment, recycling, disposal and beneficial reuse of
drill cuttings and treated produced water is provided in Section 5.3.3.3and Section 5.3.3.4respectively.

5.3.2 Chemicals of Potential Concern

In accordance with National Environment Protection (Site Assessment) Measure (NEPM) and enHealth
guidance, the constituents of potential concern (COPCs) are identified as part of the Problem
Formulation and Issue Identification (NEPM, 2012; enHealth, 2012a). The approach for the
identification of the COPCs is outlined in the Approach — Indirect Estimation (Scenario Evaluation)
step in Expo-Box (USEPA, 2016a) and in the Hazard Assessment — Evaluating Existing Information
step in the OECD (2014). The chemicals used in the processes are described in the sections below.

5.3.2.1 Drilling Chemicals

The drilling fluids employed by the Proponent would comprise low toxicity and generally inert
substances that are broadly utilised throughout the petroleum and gas industry in Australia with many
also utilised for the drilling of water bores. There are 6 products to be potentially used in the drilling
process including:

o 5% KCI/Polymer/PHPA Mud
KCI/Polymer Mud
Inhibited KCI/Polymer Mud with BORE-HIB
Inhibited KCI/Polymer Mud with Glycol
LCM Pill 1 Mud
LCM Pill 2 Mud.

The first four fluids (muds) are the primary products to be used as drilling fluids. The LCM muds are
used to prevent formation water from entering the well by blocking the pores in the permeable/fractured
rock. These are considered secondary drilling fluid products for use as required and are generally used
at much lower volumes that the primary drilling fluid products.

A quantitative risk assessment will be undertaken for each of the primary fluid products and a qualitative
risk assessment will be undertaken for each of the primary and secondary drilling fluid products.

The drilling fluid vendor chemicals present in these products including their purpose and maximum
guantity (i.e.in the total fluid) are included in Table 5-2. The concentration of these chemicals used in
the process will be presented in Section 6.0.
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Table 5-2: Drilling Fluid Chemicals
Chemical Name/Use (N:ﬁ\r?\k?e igistry Use Quantity*
Primary Drilling Fluids
Copolymer of acrylamide and sodium acrylate 25085-02-3 Shale inhibitor 0.33 ml
Drilling water/Water in Product 7732-18-5 Base fluid 321.06 ml
Glyoxal 107-22-2 Fluid loss stabiliser 1.25ml
Methanol 67-56-1 Antimicrobial 1.25 ml
Pentanedial / Glutaraldehyde 111-30-8 Antimicrobial 0.2ml
Potassium chloride 7447-40-7 Inhibitor 11.08 ml
Sodium carbonate 497-19-8 Buffer 0.42 ml
Sodium carboxymethyl cellulose 9004-32-4 Fluid loss stabiliser 1.25ml
Sodium hydroxide 1310-73-2 pH stabilizer 0.09 ml
Starch 9005-25-8 Fluid loss stabiliser 1.33ml
Tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2- 533-74-4 Fluid loss stabiliser 1.33ml
thione (Dazomet)
Xanthan gum 11138-66-2 Viscosifier 0.91 ml
Methylisothiocyanate (MITC) 556-61-6 NA?2 0ml?
Ethylene oxide/propylene oxide copolymer 9003-11-6 Defoamer 0.02 ml
Polyalkylene 9038-95-3 Shale inhibitor 10.49 mi
Polypropylene glycol 25322-69-4 Defoamer 0.02 ml
Silicic acid, potassium salt 1312-76-1 Shale stabiliser 10.66 mi
Sodium chloride 7647-14-5 Additive 12.5 ml
Secondary Drilling Fluids
Almond Hulls NA* Loss circulation NA
material
Copolymer of acrylamide and potassium acrylate | 31212-13-2 Shale inhibitor NA
Bentonite 1302-78-9 Weight additive NA
Calcined petroleum coke 64743-05-1 Loss circulation NA
Calcium Carbonate 471-34-1 pH stabiliser NA
Cellophane 9005-81-6 Loss circulation NA
Crystalline silica, cristobalite 14464-46-1 Weight additive NA
Crystalline silica, quartz 14808-60-7 Bridging agent, NA
weight additive, pH
stabiliser, Loss
circulation material
Crystalline silica, tridymite 15468-32-3 Weight additive NA
Walnut hulls Mixture (1756)* Loss circulation NA
Wood fibre Mixture (1757)* Loss circulation NA

1 Based on maximum of combined muds assessed

2 MITC is result of hydrolysis of Tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione (Dazomet); therefore, there is no initial

quantity of MITC in the vendor chemicals.
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ml — millilitre
NA - quantity used varies with severity of loss
* Naturally occurring product

In addition, geogenic chemicals may be present in recovered drilling fluids and flowback water, due to
the subsurface mixing of chemical products with the natural geological materials. These geogenic
chemicals are also considered COPCs and have been evaluated separately from the vendor-supplied
chemicals.

Safety Data Sheets (SDSs) for each of the six basic drilling fluid formulations / products are included
in Appendix B of this report. None of the drilling fluid chemicals supplied by the vendors contain
benzene, toluene, ethylbenzene, xylenes (BTEX) or polycyclic aromatic hydrocarbons (PAHS) as
additives.

5.3.2.2 Chemicals Used by the WMF

The vendor chemicals used in the WMF will be considered as COPCs in this risk assessment for both
qualitative and quantitative assessment. The WMF vendor chemicals present in these products including
their purpose and maximum quantity are included in Table 5-3. The SDSs for the WMF formulations /
products are included in Appendix B of this report. The concentration of these chemicals used in the
process will be presented in Section 6.0.

Table 5-3: Water Management Facility Chemicals
Product Name Chemical name CAS No. Use Approximate
quantity stored on
site (Plant available
Storage)
Osmoflo Osmotreat | Proprietary Polymer A Polymer A- | Reverse osmosis | 2.3 T
P01079 EsterA- Reverse 0smosis
CASRn scale inhibitor
Hybind 2002 Aluminium Chlorohydrate | 1327-41-9 | Coagulation 4T
(alternative Pac 23)
Sodium Sodium Metabisulphite 7681-57-4 | Reducing agent, 24T
Metabisuplhite dechlorination
Sodium Sodium 7681-52-9 | Sanitisation 3.62T
Hypochlorite Hypochlorite,NaOCI 7782-50-5
Solution Chlorine
Caustic Soda 50% Sodium Hydroxide NaOH | 1310-73-2 | pH control agent | 2.64T
Citric Acid Citric Acid, C¢HgO7 77-92-9 pH control agent | 2.4T
Solution (50%)
Hydrochloric Acid | Hydrochloric Acid, HCI® | 7647-01-0 | pH control agent | 8T
Calcium Chloride Calcium Chloride, CaCl,* | 10043-52-4 | calcium ion 3.6T
source and pH
adjustment
EDTA Tetra Ethylene diamine 64-02-8 Hardness control | 1.15T
Sodium Salt tetraacetic acid, EDTA
(C10H16N208)
Polydadmac Polydadmac 26062-79-3 | Flocculating 0.03T
agent
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Product Name Chemical name CAS No. Use Approximate
quantity stored on
site (Plant available
Storage)

Enviro Floc 4017 Acrylamide homopolymer | 9003-05-8 | Flocculating 0.5T

agent
Nalco® 7330 14% 5-chloro-2-methyl-4- | 26172-55-4 | Biocide 1.02T
isothiazolin-3-one 2682-20-4 Biocide
trace 2 methyl- 10377-60-3
isothiazolin-3 one (M)
trace sodium phosphinate
magnesium nitrate
Osmocide 20% Proprietary Mixture D1 MixtureD1- | Biocide 1.3T
Proprietary Mixture D2 CasRn Biocide
MixtureD2-
CasRn
Kuriverter IK-110 Proprietary Mixture Al MixtureAl- | pH control agent | 1.2T
Proprietary Mixture A2 CasRn
Proprietary Mixture A3 MixtureA2-
CasRn
MixtureA3-
CasRn
Osmoclean CD Proprietary Mixture B1 MixtureB1- | pH control agent | <0.12T for
Proprietary Mixture B2 CasRn Hardness control | Intermittent use
MixtureB2- | agent
CasRn
Osmoclean DW Proprietary Mixture C1 MixtureC1- | pH control agent | <0.12T for
Proprietary Mixture C2 CasRn Hardness control | Intermittent use
MixtureC2- | agent
CasRn Surfactants

Sodium dodecyl Sodium dodecyl sulfate 151-21-3 Surfactant <0.025T for

sulfate intermittent use

Sodium chloride Sodium chloride 7647-14-5 Hardness control | <1T for intermittent
use

Hydrex 9209 Polyacylate, 9003-04-7 Flocculating 13 (density ~1300

Homopolymer of maleic | 26009-09-2 | agent kg/m3)
acid, Sodium hydroxide 1310-73-2 | Scale inhibitor
pH control agent
Caustic soda — Sodium Hydroxide 1310-73-2 | pH control agent | 15 (density ~1500

liquid (46%-50%)

kg/m3)

1 Approximate quantity stored on site (Plant available Storage)

T tonnes
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5.3.3 Exposure Pathway Analysis

The assessment of exposure involves the evaluation of the data available for study, the details associated
with the surrounding environment, the nature of the exposure identified, and the potential mobility of
the COPC, as provided in the NEPM and enHealth guidance. For an exposure pathway to be considered
complete, all of the following must be present:

e A ssource of a chemical(s)

o A mechanism of release, retention, or transport of a chemical in a given medium (i.e., air, water,

or soil)
e A point of human or ecological contact with the exposure medium (i.e., exposure point)
e A route of exposure at the point of contact (i.e., ingestion, inhalation, or dermal contact).

Should one of these elements not exist, the exposure pathway is incomplete and further assessment of
risks is not required. Potentially complete exposure pathways are evaluated either qualitatively or
quantitatively through estimates of intakes based on a careful evaluation of the exposure and
assumptions on human health criteria (i.e., types of intake, population characteristics, COPC
concentrations at the exposure point, and exposure factors). This assessment of exposure is consistent
with enHealth (2012a) and the approach for the Exposure Assessment Tools by Tiers and Types —
Aggregate and Cumulative step in EPA-Expo-Box (USEPA, 2016a) and in the Exposure Assessment —
General Guidance for Exposure Assessment step in OECD (OECD, 2014).

Based on the assessment of land use provided in the ecological impact assessment (Appendix J1 of the
EIS) and the presence of protected areas within the Project Area, likely human exposure cohorts would
include:

1. Workers both at well pads and at the WMF including operators, maintenance staff and
Supervisors.

2. First responders who may come into contact with the products whilst responding to emergency
calls.

3. Trespassers who stray (either advertently or inadvertently) onto parts of the Project Area on
which operations are occurring including the well pads post rehabilitation. Trespassers would
also have limited (i.e., area fenced) access to the produced water and brine storage ponds.

4. Agricultural workers/residents who have access to lands where irrigation of treated water is
occurring.

5. Residents and recreational users who have access to areas where treated waters are using for
dust suppression and construction water.

Given the well pads would typically be located greater than 750 m apart and drilling activities, including
drilling fluid and cuttings management, would be focused on individual well pad site, the potential for
cumulative impacts from releases are considered limited. The transportation of chemicals to well pad
sites may utilise common major roads however the probability of multiple accidents and associated
releases in identical locations (based on the number of truck movements) is considered to be very low.

The key relevant EVs and MNES are assessed using the tools presented in the OECD toolkit for hazard
assessment and Exposure Assessment — General Guidance for Exposure Assessment. In addition, the
EPA-Expo-Box tools have been used in the quantitative assessment of impacts to livestock, mammals
(small and large) and avian species if there is a potential for exposure. The assessment includes the
preparation of risk-based screening criteria in the hazard assessment to quantify the magnitude of
potential for exposure based on releases from the lease area to adjacent water resources or well lease
soils, which may be a source of exposure. This quantification evaluates the potential concentrations in
the environmental media where there are potentially complete exposure pathways for MNES and other
environmental values (i.e., adjacent surface water resources and terrestrial fauna habitat), as well as the
qualification of the potential for releases to occur.
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Figure 5-2 through Figure 5-4 present the conceptual site exposure models for the three main chemical
lifecycle components that were assessed in the chemical risk assessment. The three components and
their individual elements are:

1. Drilling Process and the Use of Drilling Fluids including:
a. Transport of chemicals to the well lease
b. Drilling and completion operations
c. Removal of drilling fluids for treatment and beneficial reuse of drill cuttings.
2. Operations of the Leewood Water Management Facility (WMF) including:
a. Transport of chemicals to the WMF
b. Pipelines transporting produced water to WMF
c. Produced water treatment
d. Waste management and disposal.
3. Beneficial reuse of treated produced water from the WMF including:
a. lIrrigation and stock watering
b. Drilling and construction
c. Dust suppression
d. Managed release to Bohena Creek under suitable flow conditions.

Figure 5-2 through Figure 5-4 present the specific release mechanisms for each of the lifecycle phases
and the potentially affected environment. The figures also present potential exposure cohorts and
ecological receptor groups likely to be in contact with the impacted media. Potential exposures are
presented by media which include soils, surface water and groundwater; as Bohena Creek is adjacent
to the WMF and is a receiving body for treated produced water, it is identified separately so as to
distinguish it from other surface bodies that could be potentially impacted by chemicals not associated
with the WMF.

Exposures are categorised as complete (identified as “C”) in that a source, a migration pathway, a
mechanism for exposure and a potential receptor are present, or the exposure pathway is considered as
incomplete (IC) because one of the four elements of the complete exposure pathway are not present.
Exposure pathways that have an insignificant or low probability (I/LP) to be complete are exposure
routes where the potential risks are limited due to attenuating, fate and transport mechanisms, infrequent
exposure occurrence, and minimal projected chemical concentrations at the point of exposure.
Exposures classified accordingly to the above scheme are presented in

Figure 5-2 through Figure 5-4 for all potentially affected media to demonstrate completeness of
assessment of all potential complete exposure pathways and receptors.
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Lifecycle Primary Source DRILLING PROCESS
Modes of Release ;I(‘)r\zj\r;:ﬁol_r; a?SfeChemicals Bgélrl ggoannsd Completion ég&;ﬁ?&g;ﬁ;&?él Bﬁmp;olr:tl Lcl>ifdl;{ecovered
_ Yes Yes Yes Yes
Surface Water |
Affected Environment Yes Yes Yes Yes
Groundwater
Yes Yes Yes Yes
Pathway Report! | Pathway Report! Pathway Report! = Pathway Report!
s~
Worker C 6.4.1 C 6.4.1 C 8.1.2 C 6.4.1
First Responder C 6.4.1 IC 5.3.4.2 IC 5343 C 6.4.1
Human Receptors paricultural Worker or ILP 641  IC 53.4.2 ILP 812  ILP 5344
Recreational I/LP 534.1 IC 5.3.4.2 I/LP 5.3.4.3 I/LP 5.3.4.3
Trespasser I/LP 6.4.1 I/LP 8.1.1 I/LP 8.1.1 I/LP 5.3.4.4
Terrestrial flora I/LP 6.4.1 IC 5.34.2 I/LP 6.4.2.3 I/LP 5344
Ecological Receptors I\e/gsetf)tcr;(a'vﬁﬂﬂffe()eg I/LP 6.4.1 I/LP 8.1.1 I/LP 8.1.1 I/LP 5.3.4.4
Aquatic flora I/LP 534.1 IC 5.3.4.2 IC 5343 I/LP 5344
Aquatic fauna I/LP 534.1 IC 5.3.4.2 IC 5343 I/LP 5.3.4.4
SURFACE WATER
Worker I/LP 54.3.1 I/LP 5.3.4.2 I/LP 5.3.4.3 I/LP 5344
First Responder I/LP 54.3.1 IC 5342 IC 5.3.4.3 I/LP 5344
Human Receptors paricultural Worker or ILP 5431  ILP 53.4.2 ILP 5343  ILP 5344
Recreational I/LP 54.3.1 I/LP 5.34.2 I/LP 5.3.4.3 I/LP 5344
Trespasser I/LP 54.3.1 I/LP 5.3.4.2 I/LP 5.3.4.3 I/LP 5344
Ecological Receptors Terrestrial flora I/LP 54.3.1 I/LP 5.3.4.2 I/LP 5343 I/LP 534.4
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Lifecycle Primary Source DRILLING PROCESS
Modes of Release ;I;)r\a;\rll(,zlploli'(te :SfeChemicals 823: ngannsd Completion éi%é%;‘;?ré‘:ﬁ;g‘?g;gél B:?Irllls;]pgogtl lj)ifdlzzecovered
_ Yes Yes Yes Yes
Surface Water |
Affected Environment Yes Yes Yes Yes
Groundwater
Yes Yes Yes Yes
Pathway Report! | Pathway Report! Pathway Report! = Pathway Report!
Iﬁéﬁﬁtcr{(a'vﬂ?ﬂﬂ?fé)eg IILP 5431  ILP 534.2 IILP 5343  ILP 5344
Aquatic flora I/LP 5431 I/LP 5.34.2 I/LP 5.34.3 I/LP 5344
Aquatic fauna I/LP 54.3.1 I/LP 5.34.2 I/LP 5.3.4.3 I/LP 5.3.4.4
GROUNDWATER
Worker IC 5431 IC 5342 IC 5343 IC 5.3.4.4
First Responder IC 5431 IC 5.3.4.2 IC 5.34.3 IC 5344
Human Receptors Agricultural Worlcer or Ic 5431 IC 53.4.2 Ic 5343 IC 53.4.4
Recreational IC 5431 IC 5.3.4.2 IC 5.34.3 IC 5344
Trespasser IC 5431 IC 5.3.4.2 IC 5343 IC 5.3.4.4
Terrestrial flora IC 5431 IC 5.3.4.2 IC 5.3.4.3 IC 5.3.44
cological Receptors Iﬁéﬁiﬂa'vﬂ?ﬂﬂ?fé)eg IC 5431 IC 534.2 IC 5343 IC 5344
Aquatic flora IC 5431 IC 5.3.4.2 IC 5343 IC 5344
Aquatic fauna IC 5431 IC 5.3.4.2 IC 5.34.3 IC 5344
NOTE
© Complete exposure pathway
IC Incomplete exposure pathway
I/LP Insignificant / Low Probability Exposure Pathway

Figure 5-2: Conceptual Site Exposure Model for Drilling Process and the Use of Drilling Fluids
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Lifecycle
Primary LEEWOOD WMF
Source
Produced Water
Modes of . - & Brine Waste Mgmt. and
Release Transport of Chemicals to WMF Produced Water Pipeline to WMF Treatment at Disposal
WMF
Bohena Creek  Yes Yes Yes Yes
Aﬁepted Surface Water
Environment (exc. Bohena Yes Yes Yes Yes
Creek)
Groundwater Yes Yes Yes Yes
Pathway Report* | Pathway Report' = Pathway —Report' = Pathway = Report!

Worker (€ 6.4.1 C 6.4.1 C 6.4.1 C 6.4.1
First Responder 6.4.1 C 6.4.1 C 6.4.1 IC 5.3.5.6
Human Agricultural
Worker or I/LP 5344 I/LP 5345 IC 5356 IC 5.35.6
Receptors .
Resident
Recreational I/LP 5344 I/LP 5345 IC 5356 IC 5.35.6
Trespasser I/LP 5344 I/LP 5345 IC 5356 IC 5.35.6
Terrestrial flora  I/LP 5344 I/LP 6.424 IC 5356 IC 5.3.5.6
Terrestrial
fauna (e.g.,
Ecological livestock, I/LP 5344 I/LP 6424 IC 5356 IC 5.35.6
Receptors wildlife)
Aquatic flora I/LP 5344 I/LP 6424 IC 5356 IC 5.35.6
Aquatic fauna I/LP 5344 I/LP 6.424 IC 5356 IC 5.35.6
BOHENA CREEK
Human Worker I/LP 5344 6.4.1 C 6.4.1 C 6.4.1
Receptors First Responder | I/LP 5.3.4.4 6.4.1 IC 5356 IC 5.35.6
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Lifecycle
Primary LEEWOOD WMF
Source
Produced Water
VIELES @1 Transport of Chemicals to WMF Produced Water Pipeline to WMF & Bl Waste B Bl
Release Treatment at Disposal
WMF
Soils Yes Yes Yes Yes
Bohena Creek  Yes Yes Yes Yes
Affepted Surface Water
Environment (exc. Bohena Yes Yes Yes Yes
Creek)
Groundwater Yes Yes Yes Yes
Pathway Report! | Pathway Report' = Pathway —Report' = Pathway = Report!
Agricultural
Worker or I/LP 5344 I/LP 5345 IC 5356 IC 5.3.5.6
Resident
Recreational I/LP 5344 I/LP 5345 IC 5356 IC 5.3.5.6
Trespasser I/LP 5344 I/LP 5345 IC 5356 IC 5.3.5.6
Terrestrial flora  I/LP 5344 I/LP 6.424 IC 5356 IC 5.3.5.6
Terrestrial
fauna (e.g.,
Ecological livestock. I/LP 5344 I/LP 6.424 IC 5356 IC 5.3.5.6
Receptors wildlife)
Aquatic flora I/LP 5344 I/LP 6.424 IC 5356 IC 5.3.5.6
Aquatic fauna I/LP 5344 I/LP 6.424 IC 5356 IC 5.3.5.6
SURFACE WATER OTHER THAN BOHENA CREEK
Worker I/LP 5344 6.4.1 IC 5356 IC 5.3.5.6
First Responder ~ I/LP 5344 6.4.1 IC 5356 IC 5.3.5.6
Human Agricultural
Recentors Worker or I/LP 5344 I/LP 6.424 IC 5356 IC 5.3.5.6
P Resident
Recreational I/LP 5344 I/LP 6.424 IC 5356 IC 5.3.5.6
Trespasser I/LP 5344 I/LP 6.424 IC 5356 IC 5.3.5.6
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Lifecycle
Primary LEEWOOD WMF
Source
Produced Water
VIELES @1 Transport of Chemicals to WMF Produced Water Pipeline to WMF & Bl Waste B Bl
Release Treatment at Disposal
WMF
Soils Yes Yes Yes Yes
Bohena Creek  Yes Yes Yes Yes
Affepted Surface Water
Environment (exc. Bohena Yes Yes Yes Yes
Creek)
Groundwater Yes Yes Yes Yes
Pathway Report! | Pathway Report' = Pathway —Report' = Pathway = Report!
Terrestrial flora  I/LP 5.3.4.4 I/LP 6.4.2.4 IC 5.35.6 IC 5.35.6
Terrestrial
fauna (e.g.,
Ecological livestock, 1/LP 5.3.4.4 I/LP 6.4.2.4 IC 5.35.6 IC 5.35.6
Receptors wildlife)
Aquatic flora I/LP 5344 I/LP 6.424 IC 5356 IC 5.3.5.6
Aquatic fauna 1/LP 5.3.4.4 I/LP 6.4.2.4 IC 5.35.6 IC 5.35.6
GROUNDWATER
Worker IC 5.3.4.4 IC 5.345 IC 5.35.6 IC 5.35.6
First Responder = IC 5344 IC 5345 IC 5356 IC 5.3.5.6
Human Agricultural
Recentors Worker or IC 5.3.4.4 IC 5.345 IC 5.35.6 IC 5.35.6
P Resident
Recreational IC 5.3.4.4 IC 5.345 IC 5.35.6 IC 5.35.6
Trespasser IC 5344 IC 5345 IC 5356 IC 5.3.5.6
Terrestrial flora = 1C 5344 IC 5345 IC 5356 IC 5.3.5.6
Ecological Terrestrial
Receptors fauna (e.g. IC 5344 IC 5345 IC 5356 IC 535.6
livestock,
wildlife)
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Lifecycle
Primary LEEWOOD WMF
Source
Produced Water
Modes of ; S—— & Brine Waste Mgmt. and
Release Transport of Chemicals to WMF Produced Water Pipeline to WMF TR lent 6 Disposal
WMEF
Bohena Creek  Yes Yes Yes Yes
Affepted Surface Water
Environment (exc. Bohena Yes Yes Yes Yes
Creek)
Groundwater  Yes Yes Yes Yes
Pathway Report! | Pathway Report' = Pathway —Report' = Pathway = Report!
Aquatic flora IC 5344 IC 5345 IC 5356 IC 5.35.6
Aquatic fauna IC 5344 IC 5345 IC 5356 IC 5.35.6

NOTE
C

IC
I/LP
NA

Complete exposure pathway
Incomplete exposure pathway
Insignificant / Low Probability Exposure Pathway

Not Applicable

Figure 5-3: Conceptual Site Exposure Model for the Leewood Water Management Facility

44



EHS Support

consider it done -

Lifecycle Primary Source REUSE OF TREATED PRODUCED WATER
Irrigation & Stock Drilling & " Direct Discharge
Modes of Release Watering Construction Dl sl to Bohena Creek
Bohena Creek No No No Yes
Affected Environment S e HRTET Ger T ol Yes Yes Yes No
Creek)
Stock Water Yes No No No
Groundwater Yes Yes Yes Yes
Pathway Report* Pathway Report? Pathway Report* Pathway Report*
Worker IC 5.3.4.7 C 8.1 C 8.1 IC 5.3.4.8
Agricultural Worker or Resident I/LP 8.1 IC 5347 IC 5.34.7 IC 5348
Human Receptors
Recreational I/LP 5.3.4.7 IC 5.3.4.7 I/LP 5.3.4.7 IC 5.3.4.8
Trespasser I/LP 8.1 I/LP 8.1 I/LP 8.1 IC 5.3.4.8
Terrestrial flora I/LP 5.3.4.7 IC 5.3.4.7 I/LP 5.3.4.7 IC 5.3.4.8
Ivf{éffftg;a' fauna (e.g., livestock, c 8.2 IC 5347  ILP 8.2 Ic 53.4.8
Ecological Receptors
Aquatic flora IC 5.3.4.7 IC 5.3.4.7 IC 5.3.4.7 IC 5.3.4.8
Aquatic fauna IC 5.3.4.7 IC 5.3.4.7 IC 5.34.7 IC 5.34.8
BOHENA CREEK
Worker IC 5.3.4.7 IC 5.3.4.7 IC 5.3.4.10 IC 5.3.4.8
Agricultural Worker or Resident IC 5347 IC 5.3.4.7 IC 5.3.4.10 I/LP 6.4.2.6
Human Receptors
Recreational IC 5.3.4.7 IC 5.3.4.7 IC 5.3.4.10 I/LP 6.4.2.6
Trespasser IC 5.34.7 IC 5.3.4.7 IC 5.3.4.10 I/LP 6.4.2.6
Terrestrial flora IC 5.3.4.7 IC 5.3.4.7 IC 5.3.4.10 I/LP 6.4.2.6
Ecological Receptors 1" éffft;;a' fauna (e.g., livestock, Ic 5347 IC 5347  IC 53410  ILP 6.4.2.6
Aquatic flora IC 5.3.4.7 IC 5.3.4.7 IC 5.3.4.10 I/LP 6.4.2.6
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Lifecycle Primary Source REUSE OF TREATED PRODUCED WATER
Irrigation & Stock Drilling & " Direct Discharge
AIBEIES 7 el Watering Construction DU e ) to Bohena Creek
Bohena Creek No No No Yes
Affected Environment S e HRTET Ger T ol Yes Yes Yes No
Creek)
Stock Water Yes No No No
Groundwater Yes Yes Yes Yes
Pathway Report* Pathway Report? Pathway Report* Pathway Report*
Aquatic fauna IC 5.34.7 IC 5.34.7 IC 5.3.4.10 I/LP 6.4.2.6
SURFACE WATER OTHER THAN BOHENA CREEK
Worker I/LP 5.34.7 I/LP 5.34.7 I/LP 5.34.7 IC 5348
Agricultural Worker or Resident I/LP 5.3.4.7 I/LP 5.3.4.7 I/LP 5.3.4.7 IC 5.3.4.8
Human Receptors
Recreational I/LP 5.3.4.7 I/LP 5.34.7 I/LP 5.34.7 IC 53438
Trespasser I/LP 5.34.7 I/LP 5.34.7 I/LP 5.34.7 IC 5348
Terrestrial flora I/LP 5.34.7 I/LP 5.34.7 I/LP 5.34.7 IC 53438
T?Iréf.sf‘”a' fauna (e.g., livestock, ILP 5347  ILP 5347  ILP 5347  IC 5.3.4.8
Ecological Receptors wildlife)
Aquatic flora I/LP 5.34.7 I/LP 5.34.7 I/LP 5.34.7 IC 5348
Aquatic fauna I/LP 5.3.4.7 I/LP 5.34.7 I/LP 5.34.7 IC 53438
STOCK WATER |
Ecological Receptors | crestrial fauna (e.g., livestock, C 8.2 NA NA NA NA NA NA
wildlife)
GROUNDWATER |
Worker IC 5.34.7 IC 5.34.7 IC 5.34.7 IC 53438
Agricultural Worker or Resident IC 5.3.4.7 IC 5.3.4.7 IC 5.3.4.7 IC 5.3.4.8
Human Receptors
Recreational IC 5.34.7 IC 5.34.7 IC 5.34.7 IC 5348
Trespasser IC 5.34.7 IC 5.34.7 IC 5.34.7 IC 53438
Ecological Receptors Terrestrial flora IC 5347 IC 5.3.4.7 IC 5.3.4.7 IC 5.3.4.8
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Lifecycle Primary Source REUSE OF TREATED PRODUCED WATER
Modes of Release :,ngeﬁir?gn LS 2:>irl1lsitnr%::g{ion Dust suppression E)i gg;;i:cg?ggi
_ Yes Yes Yes Yes
Bohena Creek No No No Yes
Affected Environment gl:?;ﬁ;se CHALEL @i G [ i Yes Yes Yes No
Stock Water Yes No No No
Groundwater Yes Yes Yes Yes
Pathway Report* Pathway Report? Pathway Report* Pathway Report*
Ivflréfffg;a' fauna (e.g., livestock, IC 5347 IC 5347  IC 5347  IC 5348
Aquatic flora IC 5.3.4.7 IC 5.3.4.7 IC 5.3.4.7 IC 5.3.4.8
Aquatic fauna IC 5.34.7 IC 5.34.7 IC 5.34.7 IC 5348
NOTE
@ Complete exposure pathway
IC Incomplete exposure pathway
I/LP Insignificant / Low Probability Exposure Pathway
NA Not Applicable

Figure 5-4: Conceptual Site Exposure Model for the Reuse of Treated Produced Water
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The following sections identifies the media (soils, surface water and groundwater) potentially affected
by the life cycle phases with the potential exposure pathways presented in Figure 5-2 through Figure
5-4.

While groundwater is identified as a potentially affected media, the probability of any surface related
discharge infiltrating subsurface soils and migrating to groundwater is insignificant. The potential for
effects on groundwater quality is considered low probability (see Section 5.3.3.2.1). Given the limited
fate and transport that would occur for any surface release, the likelihood of a potential groundwater
pathway being complete from a surface water release has a very low probability and any exposures
would be insignificant.

5.3.3.1 Transport of Chemicals

During movement of raw products from the supplier or storage warehouse to well leases, there is the
potential for accidents to occur during the transport and transfer of products. Workers involved with
loading and offloading activities and transportation may be exposed to the products dependent upon the
nature of the accident. If the products are transported in enclosed containers, workers would not
routinely have potential exposures to the products. However, if the workers fill tanks or containers at
either the supplier or storage warehouse or upon delivery at the well lease, there is the potential for
occupational exposure to occur. In addition to employees handling the products, exposures have the
potential to occur as a result of accidental release during transit (i.e., traffic accident or failure of
containment equipment). Under such circumstances, exposures may occur to workers responsible for
transport and to emergency first responders on or adjacent to the transportation route.

Should an accident occur that results in the release of products to the environment, chemicals may
contact soils at the point of release, or potentially flow towards surface water bodies in the vicinity of a
release.

5.3.3.2 Drilling and Completion Operations

As noted in Section 2.1, the Project Area comprises a combination of State Forest and agricultural lands
with surface water resources (i.e. creek) and ecological resources (livestock and native flora and fauna).
Therefore, potential receptors could include, recreational users of the forest, landholders (including
agricultural workers), livestock and native flora and fauna. In addition, a trespasser may gain entry
despite perimeter fencing.

Given the occupational nature of the well lease activities, workers involved with well lease operations
could be exposed to the chemicals in products through these various activities. Raw products and
chemicals would be stored in tanks or containers on the well lease. Blending would occur in an enclosed
system at the surface and then drilling fluid is pumped down the well. Chemicals remain on-site for a
short period of time (well site establishment would take approximately 14 days and drilling would take
approximately 10-30 days to complete), limiting the potential time for workers or the environment to
become exposed to raw products.

Whilst the likelihood of a failure of the tanks or storage containers as well as secondary containment
systems (bunds) is low, there is the potential for a failure of equipment that would result in the release
of products to the well lease, and these products may migrate off the lease to the surrounding
environment, including creeks proximal to the well lease (though the well lease is specifically designed
to contain all activities to the well pad). In the event of a release to the surrounding environment,
ecological receptors may be exposed.
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At the completion of the drilling and following workover and establishment of surface infrastructure
the well pad will be fenced to preclude access by the public, livestock and large native fauna.
Trespassers and small fauna and avian species may still access the well pad sites.

During routine operations, there is the potential for occupational exposure from operational activities
such as extraction of water using pumps and sucker trucks or maintenance activities. Normal
occupational health and safety measures are expected to limit the exposure of workers to fluids and
sediments stored in storages. The follow section presents an evaluation of the fate and transport
mechanisms for the potential groundwater exposure pathway to be complete, either by introduction of
chemicals in the drilling process, or by the release of chemicals to surface soils or surface waters within
the Project Area.

5.3.3.21 Supplemental Fate and Transport of Drilling Fluid Chemicals in Groundwater

The potential for a significant drilling fluid loss during drilling is rare, particularly given the volumes
used and the management controls in place during drilling. However, fate and transport modelling was
conducted for a scenario where drilling fluids were lost into the formation as a conservative ‘worst’
case scenario to assess the potential for migration of drilling fluid chemicals in groundwater and the
longevity of potential changes in water quality.

A conservative 2-D modelling approach was adopted to assess the fate and transport of key chemical
constituents in groundwater and the maximum lateral extent at which exceedances of risk-based criteria
could potentially occur. Properties governing groundwater flow and solute transport through the various
aquifer systems and target natural gas formations were used in combination with the expected maximum
concentrations of key constituents to assess the potential for lateral changes in water quality. To provide
a highly conservative assessment it was assumed that drilling fluid loss had occurred across an entire
thickness of an aquifer being drilled. The modelling assumptions and results are provided in
Appendix C and a summary of findings is provided in the sections below.

The modelling was conducted using just dilution as the primary mechanism of decreasing
concentrations of sodium and sulfate in groundwater, i.e., no retardation in the formation. Literature
sourced half-life values were used for estimating the degradation of organic constituents (methanol,
glyoxal, glutaraldehyde and methyl isocyanate). Model outputs were evaluated to assess the magnitude
and extent of changes in water quality.

The modelling indicates that under this highly conservative scenario the maximum lateral migration of
constituent concentrations that may pose a change in water quality above established criteria is <70 m
in the Alluvials and Pilliga Sandstone units. The greatest lateral migration of constituents above the
drinking water screening criteria was for Glutaraldehyde and MITC, which have the lowest criterion
values. In accordance with the Field Development Protocol, no project infrastructure would be located
within 200 metres of an occupied residence (where potable water bores are most likely to be located)
unless a written agreement is in place with the relevant landholder. The use of these chemicals during
drilling will not lead to exceedances above ANZECC irrigation and stock watering guideline values in
groundwater extracted from water bores.

The potential for releases to groundwater associated with the storage and conveyance of produced water,
brine and treated water is considered negligible. The chemicals within the produced water are limited
to residuals from the chemicals used in the drilling fluids and if present are at very low concentrations.
Further natural mass loss mechanisms (biotic and abiotic decay) during storage and flow from wells not
containing residual drilling chemical will reduce constituent concentrations in the produced water with
gathering lines and water storage structures to below analytical reporting limits. Chemicals are only
added to the water at the Leewood WTP within the plant, with the majority dissociating, degrading or
removed by the water treatment system and concentrated in the brine waste stream.
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Further, ponds used for the storage of produced water and brine, and gathering and water transfer
pipelines, are engineered in a manner that limits the potential for releases to the environment and
pipeline pressures are continuously monitored and in the event of unexpected changes in pressure
(indicative of a release) operations would be shutdown remotely. This automated monitoring in
combination with routine monitoring and inspections will limit the potential time period over which a
release may occur.

Beneficial uses of treated water have a limited potential to contain chemicals of concern and are unlikely
to lead to infiltration to groundwater. Beneficial uses for dust suppression and construction water are
short-term activities and insufficient water volumes will be applied to lead to leaching to groundwater.
Similarly, irrigation is not considered to lead to a significant flux to groundwater as activities will be
conducted to minimise leaching fractions to deeper soils. On this basis, the potential for impacts to
groundwater from chemicals associated with drilling and water treatment in the water gathering and
transfer pipelines, ponds and beneficial uses are considered limited.

Accordingly, the potential for impact on ground water quality is considered limited even under a worst-
case scenario utilising conservative assumptions. Therefore, whilst potential exposure of sensitive
receptors to COPCs in groundwater is considered further in this risk assessment, the potential pathway
is considered to be incomplete.

5.3.3.3 Treatment, Recycling, Disposal and Beneficial Reuse of Drill Cuttings

Management of drill cuttings during rehabilitation would occur on well pads, with materials
incorporated into the well pad during rehabilitation as a mix, turn and bury process. The exception to
this management practice would be when the drill cuttings contain a high percentage of coal fines.
These will be transported off-site for disposal with potential release similar to used drilling fluid
transport. In addition, drilling fluids that have been removed will be transported back to the drilling
fluid treatment facility so that they can be beneficially reused in future drilling operations, or disposed
of at a licensed waste facility.

The residual concentrations of chemicals in the drill cuttings may result in incidental exposure to
potential receptors from the areas where these materials have been applied. Workers engaged in the
treatment and management of drill cuttings may be exposed to the recovered and recycled residuals,
and there is the potential for trespassers, and ecological receptors, to be exposed to the residuals COPCs
retained on drill cuttings.

5.3.3.4 Treatment, Recycling, Disposal and Beneficial Reuse of Produced Water

Potential exposures may occur to workers involved with the treatment of produced water and beneficial
reuse of treated water and to receptors exposed to treated water as a result of one of the beneficial reuse
scenarios. As described, produced water would be piped from the wellheads to the Leewood WMF for
treatment and beneficial reuse for drilling and construction, dust suppression and irrigation and stock
watering, with managed release to Bohena Creek under suitable flow conditions.

5.3.3.4.1 Water Treatment

After conveyance to the WMF, produced water would be temporarily stored in a pond prior to treatment.
Treatment would generate a treated water stream and a brine stream. Following treatment, treated water
would be temporarily stored either at the WMF or Off-Site. The WMF will be located at Leewood that
currently hosts existing infrastructure established for the earlier exploration and appraisal program. The
WMF would be constructed on the Leewood property and therefore there would be minimal affect to
environmental habitats.
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As the WMF will be a controlled working environment, exposures would be limited to On-Site workers.
Trespassers and wildlife or livestock are also infrequent expected exposed receptors.

5.3.34.2 Irrigation, Dust Suppression, and Stock Watering

Beneficial reuses of treated produced water include irrigation, stock watering and dust suppression.
These uses are likely to consume the largest volumes of treated water. Treated water used for irrigation
or stock watering would most likely be transferred by pipeline to the user with interim storage of up to
200ML on the user(s) property. Up to 9,000 ha of suitable irrigation area has been identified within 20
km of the WMF, with water balance modelling indicating around 500 ha of land would be able to be
irrigated with the treated water. Treated water for dust suppression is likely to be transferred by pipeline
and/or road tanker to the area which it is used.

5.3.3.4.3 Bohena Creek

As noted above, releases to Bohena Creek would occur during suitable background flow conditions.
Bohena Creek and its tributaries are considered highly ephemeral and only flow during periods of
sustained heavy rainfall. Eco Logical (2016) noted that there are no registered bores in the Bohena
Creek alluvium, although it does not discount the possibility of unregistered bores that are likely limited
to stock watering use only. It also notes that there are no licensed surface water extractions from the
Bohena Creek although the creek may be used for the unlicensed extraction of surface water, principally
for stock use or fire-fighting.

An Ecological Risk Assessment (ERA) was undertaken to assess the potential for chemicals in treated
water released to Bohena Creek to adversely affect aquatic and riparian ecosystems including water and
soil processes, flora, and fauna (invertebrates and vertebrates) (Eco Logical 2016). The impact
assessment assumes a release criterion when Bohena Creek is flowing above a minimum threshold
natural flow (= 100 ML/day). Overall potential impacts range from a significance level of
“insignificant” to “low”. Eco Logical (2016) noted that the release of treated water is not expected to
result in persistent organic chemicals, heavy metals or other potentially harmful chemicals
accumulating in the aquatic environments. In addition to ecological receptors, Bohena Creek and the
downstream receiving waters are likely to be used for recreational purposes. As releases to Bohena
Creek would only occur during flows > 100 ML/day, these releases would be significantly diluted and
exposures are expected to be insignificant or low probability.

As releases, will only occur during periods when Bohena Creek is flowing (> 100 ML/day), treated
water is expected to match or exceed current water quality in Bohena Creek and significant dilution is
expected, impacts to groundwater are expected to be insignificant.

5.3.4 Potential Receptors and Assessment of Potentially Complete Pathways

Throughout the life cycle, there is the potential for human and environmental receptors to be exposed
to the chemicals and process streams. There is the possibility that susceptible (e.g., elderly or children)
and or vulnerable populations are located around the Project Area.

The potential for these environmental receptors to be adversely exposed is considered low due to the
extensive and comprehensive analysis in the EIS, and the associated management plans that minimise
this potential for exposure where possible (i.e., for occupational exposures or by restrictions on
infrastructure development locations). On the well lease, the potential for exposure of sensitive
receptors (including MNES) is considered low as the well pads would be cleared of vegetation and
would therefore provide limited habitat value. In addition, activities and operation of equipment on the
well pad do not make it a setting conducive to incursion of fauna during construction and drilling.
Impacts to areas of high ecological value would be avoided or minimised as much as practicable through
application of the Field Development Protocol including the micro-siting process.
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The chemical risk assessment includes ecological receptors associated with the aquatic and terrestrial
ecosystems. The hazard assessment, exposure assessment and risk characterisation assess the potential
risks to these receptors based on both qualitative and quantitative methodologies. The qualitative
assessment utilises the information presented in the dossiers on the relative toxicity of the aquatic and
terrestrial flora and fauna to the chemical. This assessment focuses on the aquatic invertebrate and fish
species within the surface water resources, and the soil flora and fauna associated with releases to the
soil. In addition, a quantitative assessment includes evaluating the potential risks to additional higher
trophic level organisms such as terrestrial wildlife (including MNES) and livestock.

A detailed assessment of habitat in the Project Area is presented in Table 5-4. The table assesses
availability of habitat for ecological receptors in either forested or pasture areas. Well leases and water
gathering/transmission lines can be present in either forested or pasture areas. The Leewood WMF and
irrigation areas are in pasture areas. On this basis, if there is a likelihood of ecological habitat occurring
in either the forested or pasture areas, there is the potential for a complete exposure scenario for that
ecological receptor. Therefore, these exposure pathways are then systematically evaluated in the risk
assessment process described in Section 6.0.

The following sections discuss the potential receptors for each phase of the lifecycle. Potentially
complete exposure pathways (C), or exposure pathways that have an insignificant or low probability to
be complete (I/LP), for each of the lifecycle phases are presented in Figure 5-2 through Figure 5-4.

As discussed above, exposures are categorised as complete in that a source, a migration pathway, a
mechanism for exposure and exposure exists.
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Table 5-4: Assessment of Potential Ecological Receptors for Drilling and Completion Operations
Avaitabiity | oot e
Scientific name ggrr:emon I\Etc EEtBC Distribution (OEH, 2014b) Habitat (OEH, 2014b) ,?rf] ehsat?llcti?/t in occurrence drilling fluids or soils g;)g::t Z?:;gre
TR in the study | atwell leases, or
area storage ponds
Still relatively common in the
northern Australian tropics, from
Fitzroy River in Western
Australia across to
Rockhampton in Queensland, Mainly found in shallow (less than 1- Magpie Goose forages
but disappeared from south-east metre-deep) sedge or rush-dominated in well-structured
Australia by 1920 due to wetlands; mainly those on floodplains vegetated wetlands
drainage and overgrazing of reed | of rivers (Marchant & Higgins, 1993; and roosts in
swamps used for breeding. Since | Simpson & Day, 2010). The species vegetation within or
Anseranas Magpie v Mar the 1980s, however, there have forages in terrestrial as well as aquatic Moderate Potential adjoining these No No
semipalmata Goose been an increasing number of habitats, including grasslands, wetlands. As such this
records in central and northern pastures, wetlands, well-vegetated species is unlikely to
NSW, and vagrants can even dams and crops. It roosts in tall interact with drilling
follow food sources to south- vegetation and nests are formed in fluids or soils within
eastern NSW. This species is trees over deep water or on a floating well leases, or water
known north of the study area, platform of flattened reeds. storage ponds.
mainly around Narrabri Lake
and Wee Waa (OEH, 2014a). It
has not been recorded in the
study area.
An extremely patchy distribution
across the inland slopes of Associated with temperate eucalypt
south-east Australia between woodland and open forest including
north-eastern Victoria and south- | ¢orest edges, wooded farmland and
eastern Queensland. Birds are urban areas with mature eucalypts, and Regent Honeyeater
also found in drier coastal riparian forests of Casuarina forages in woodland
woodlands and forests in some cunninghamiana (River Oak) (S T and forest within the
years. In NSW, most records are | Gamett, 1993). The Regent mid and canopy
AE tho?; aera Eg%eeme —_ CE | EM from the Great Dividing Range, | {oneyeater primarily feeds on nectar | High Potential Isa)é?:rise's'?\:jrl:;:itgrlsto No No
phryg Y mainly on the North-West from box and ironbark eucalypts and P unltixety
Plains, North-West and South- occasionally from banksias and interact with drilling
West Slopes, Northern mistletoes. Eucalypts that reliably fluids or soils within
Tablelands, Central Tablelands | roguce large amounts of nectar well leases, or water
and Southern Tablelands occurring i the Pilliga are E. storage ponds.
regions; as well as the Central sideroxylon, E. melliodora (Yellow
Coast and Hunter Valley Box) and E. albens (White Box).
regions. Regent Honeyeaters
have been recorded sporadically
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A Likelihood Assessment of likely
T of interaction with
Scientific name Clie) USe || [EREE Distribution (OEH, 2014b) Habitat (OEH, 2014b) i B occurrence drilling fluids or soils RO || [PEER T
name Act | Act the study - areas areas
area in the study | atwell leases, or
area storage ponds

in the Pilliga (in 1991, 1992,
1997 and 2003; OEH 2014a).
A non-breeding visitor to all
states and territories of . .
Australia. In NSW, the Fork- fFé) r;k_ézlils(;:\;\;:wto ot
tailed Swift is recorded in all ges :

) exclusive aerial
regions. Many records occur east species, foraging
ariae Great_D|V|de; LT o Varied habitat with a possible aerially up to

. few populations have been found .
o Fork-tailed e tendency to more arid areas but also n hundreds of metres
Apus pacificus . - M west of the Great Divide. These - High Known No No
Swift - over coasts and urban areas (Simpson above ground. As such
R TNEPERE bt ERiETe & Day, 2010) this species is unlikel
further west of the line joining Y ’ SSp - y
i to interact with
Bourke and Dareton. Sightings - . .
drilling fluids or soils
TR ) (BT Al within well leases, or
Milparinka, the Bulloo River water storage onas
and Thurloo Downs (DoE, gep '
2014).
Reported in a wide range of wetland Great Egret forages
habitats including swamps and across a wide range of
Widespread in Australia. They marshes; margins of rivers and lakes; habitats including
occur in all states/territories of damp or flooded grasslands, pastures pasture and
Great Earet mainland Australia and in or agricultural lands; reservoirs; agricultural land. As
Ardea alba White Eg ; et’ = M, Mar | Tasmania. They have also been sewage treatment ponds; drainage Moderate Known such this species has No Yes
& recorded as vagrants on Lord channels; salt pans and salt lakes; salt the potential to
Howe, Norfolk and Macquarie marshes; estuarine mudflats, tidal interact with drilling
Islands (DoE 2014a). streams; and mangrove swamps fluids or soils within
(Kushlan & Hancock, 2005; Marchant well leases, or water
& Higgins, 1990). storage ponds.
Cattle Egret forages
Occur in tropical and temperate across a w ide range of
habitats including
grasslands, wooded lands and asture and
Widespread and common terrestrial wetlands, and very rarely in pasi ttural land
L species in Australia. recorded in arid and semi-arid regions. It uses agricu t_ura an - AS
Ardea ibis Cattle Egret = M, Mar . - ' Moderate Known such this species has No Yes
the northern portion of the study | predominately shallow, open and fresh the botential to
area (DoE 2014a). wetlands including meadows and the p . -

] . interact with drilling
swamps with low emergent vegetation fluid ils withi
and abundant aquatic flora, uids or soils within

’ well leases, or water
storage ponds.
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ity | GO0 | Aot ety
Scientific name Clie) USe || [EREE Distribution (OEH, 2014b) Habitat (OEH, 2014b) i B occurrence drilling fluids or soils RO || [PEER T
name Act | Act the study - areas areas
area in the study | atwell leases, or
area storage ponds
Australasian Bittern
forages in well-
Tussock and hummock grasslands, \Slcrelzgggidaxggggﬁg in
Widespread but uncommon over | preferring the former to the latter. It . e
- . vegetation within or
. south-eastern Australia. In also occurs in low shrublands and low V.
Botaurus Australasian . - adjoining these
oiciloptilus Bittern El E NSW, they may be found over open grassy woodl_ands, and is Low Potential wetlands. As such this No No
P most of the state except for the occasionally seen in pastoral and R
- species is unlikely to
far north-west. cropping country, golf courses and : ith drilli
near dams interact with drilling
’ fluids or soils within
well leases, or water
storage ponds.
. Prefers muddy edges of shallow fresh Sharp-tailed
Spends the non-breeding season " A . .
: S or brackish wetlands, with inundated Sandpiper forages in
in Australia with small numbers -
occurring regularly in New or emergent sedges,_grass, s_al_tmarsh \_Netlands with
. or other low vegetation. This includes inundated or emergent
Zealand. Most of the population . ;
: . lagoons, swamps, lakes and pools near vegetation. As this
WILEIEES (0 AT ), Tmesilyy e the coast, and dams, waterholes species has been
Calldr E Sharp-'talled M, Mar thg south-eagt i are soaks, bore drains and bore swamps, Low Potential previously observed No Yes
acuminata Sandpiper widespread in both inland and ; iy :
- . saltpans and hypersaline saltlakes within saltworks, it
coastal locations and in both - . has th ial
S S U Y inland. They also occur in saltworks has the potential to
: - and sewage farms. They use flooded interact with drilling
Many inland records are of birds : L
paddocks, sedgelands and other fluids or soils within
on passage (Marchant & h | wetlands. but | h n
Higgins, 1993) ephemeral wetlands, but leave when well leases, or water
' ' they dry (Higgins & Davies, 1996). storage ponds.
Recorded in a variety of habitats,
Found mainly in areas with including wet and dry sclerophyll ) -
extensive cliffs and caves, from forests, Cyprus Pine dominated forest, Large gared Pied Bat
p - roosts in caves and
Rockhampton in Queensland woodland, sub-alpine woodland, edges
X - forages amongst the
south to Bungonia in the NSW of rainforests and sandstone outcrop mid and canopy lavers
. Southern Highlands. It is country (DoE, 2014). This species Py faye
Chalinolobus Large-eared - 4 n 8 of forest. As such this
. - \Y% \Y% generally rare with a very patchy | roosts in caves, rock overhangs and High Potential P . No No
dwyeri Pied Bat . . . . species is unlikely to
distribution in NSW. There are disused mine shafts and as such is interact with drillin
scattered records from the New usually associated with rock outcrops fluids or soils withig
England Tablelands and North and cliff faces (Churchill, 2008). It
- . . - well leases, or water
West Slopes, including the also possibly roosts in the hollows of storage ponds
Southern Pilliga forest area. trees (Duncan, Baker, & Montgomery, gep '
1999).
Dasyurus Spotted-tailed |, E Now found on the east coast of Inhabits a range of environments Moderate Potential Spotted-tailed Quollis | no No
maculatus Quoll NSW, Tasmania, eastern a carnivorous mammal

including rainforest, open forest,
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A Likelihood Assessment of likely
T of interaction with
Scientific name Clie) USe || [EREE Distribution (OEH, 2014b) Habitat (OEH, 2014b) i B occurrence drilling fluids or soils RO || [PEER T
name Act | Act the study - areas areas
area in the study | atwell leases, or
area storage ponds
Victoria and north-eastern woodland, coastal heath and inland which forages on a
Queensland. riparian forest, from the sub-alpine wide range of species
zone to the coastline. Den sites are across its home range
found in hollow-bearing trees, fallen and lives in dens in
logs, small caves, rock crevices, rocky areas, logs or
boulder fields and rocky-cliff faces. trees. As such this
species is unlikely to
interact with drilling
fluids or soils within
well leases, or water
storage ponds.
Recorded along the east coast of .
- Occurs in permanent and ephemeral o
Australia from Cape York Latham's Snipe
. wetlands up to 2000 m above sea- :
Peninsula through to south- . " forages in well
- level, usually inhabiting open,
, eastern South Australia. The A structured vegetated
Latham's A freshwater wetlands with low, dense .

. . range extends inland over the " wetlands. As such this
Cell ez Snipe, = M, Mar | eastern tablelands in south- VEEEEL AT TG ) D SIS, TRl Low Potential species is unlikely to No No
hardwickii Japanese eastern Queensland (and grasslands or heathlgnds, a_round t_Jogs interact with driliing

Snipe ; and other water bodies. This species - L
occasionally from Rockhampton | in habi ith sali fluids or soils within
in the north), and to west of the carl])a si_0ﬁcur inha dlt_ats wg_f_sadme well leases, or water
Great Dividing Range in New glttifrii(i:allzat\),;lgtesr and in modttied or storage ponds.
South Wales (DoE, 2014). '

Distributed along the coastline . .
of mainland Australia and Areas of large open water bodies. It White-bellied Sea-
- . . Aot Eagle forages across
Tasmania. It also extends inland has been recorded at or in the vicinity |
- arge open water
along some of the larger of freshwater swamps, rivers, lakes, bodies where suitable

. . . waterways, especially in eastern | reservoirs, billabongs, saltmarsh and

Haliaeetus White-bellied - A - prey occurs. As such
= M, Mar | Australia. The inland limits of sewage ponds, as well as coastal Moderate Known . . - No No
leucogaster Sea-Eagle - . . - R this species is unlikely
the species are most restricted in | waters. Terrestrial habitats include to interact with
south-central and south-western coastal dunes, tidal flats, grassland, drilling fluids or soils
Australia, where it is confined to | heathland, woodland, forest and even 1ing
a narrow band along the coast urban areas. within well leases, or
(DOE, 2014). water storage ponds.
Found throughout eastern and White-throated
south-eastern Australia. In In Australia, this species is almost Needletail is an almost
RTGETE White- eastern NSW, it is found to exclusively aerial and found over most exclusive aerial
cau dacufus throated - M, Mar | extend inland to the western types of habitat (DoE, 2014). No High Known species, foraging No No
Needletail slopes of the Great Divide and breeding habitat in southern aerially. As such this

occasionally to the adjacent
inland plains (DoE, 2014).

hemisphere.

species is unlikely to
interact with drilling
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Availability Likelihood _Assessm_ent of likely
Common TSC | EPBC of habitat in e I U167 Forest | Pasture
Scientific name Distribution (OEH, 2014b) Habitat (OEH, 2014b) occurrence drilling fluids or soils
name Act | Act the study - areas areas
area in the study | atwell leases, or
area storage ponds
fluids or soils within
well leases, or water
storage ponds.
On the mainland, they occur in areas
where eucalypts are flowering . .
Breeds in Tasmania during profusely or where there is abundant vag:)félzﬁgztnzo;g?:; n
spring and summer, migrating in | lerp (from sap-sucking bugs) within the mid and
the autumn and winte_r months to !nfestatior)s. Favoureq feed trees canopy layers. As
Lathamus south-eastern Australia from include winter flowering species such such this spec}es is
di Swift Parrot E1 E, Mar | Victoria and the eastern parts of | as Eucalyptus robusta, Corymbia High Potential . . No No
iscolor - . unlikely to interact
South Australia to south-east maculata, C. gummifera (Red with drilling fluids or
Queensland. In NSW mostly Bloodwood), E. sideroxylon (Mugga soils within well
occurs on the coast and south Ironbark and E. albens Commonly leases. or water
west slopes. used lerp infested trees include Inland storag’e ponds
Grey Box E. microcarpa, Grey Box E. '
moluccana and Blackbutt E. pilularis.
Rainbow Bee-eater
forages in woodland
and forest within the
mid and canopy
Distributed across much of Liycj:i’otr);tl IWItIaI1ke
mainland Australia, and occurs Occurs in open country, chiefly at earthwormsy The
Rai on several near-shore islands. It suitable breeding places in areas of . .
ainbow . . . . - . . Rainbow Bee-eater
Merops ornatus = M, Mar | is not found in Tasmania, and is sandy or loamy soil: sand-ridges, High Known - . Yes Yes
Bee-eater ; - - ; ; . breed in burrows in
thinly distributed in the most riverbanks, road-cuttings, sand-pits, the ground. As such
arid regions of central and occasionally coastal cliffs. this specieé has the
Western Australia (DoE, 2014). potential to interact
with drilling fluids or
soils within well
leases, or water
storage ponds.
Satin Flycatcher
In NSW, they are widespread on | Inhabit heavily vegetated gullies in forages in woodland
and east of the Great Divide and | eucalypt-dominated forests and taller and forest within the
Myiagra Satin N M. Mar sparsely spattered on thg: western | woodlands, and on migration, occur in High Known mid and canopy . No No
cyanoleuca Flycatcher slopes, with very occasional coastal forests, woodlands, mangroves layers. As such this

records on the western plains
(DoE, 2014).

and drier woodlands and open forests
(DoE, 2014).

species is unlikely to
interact with drilling
fluids or soils within
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A Likelihood Assessment of likely
T of interaction with
Scientific name Clie) USe || [EREE Distribution (OEH, 2014b) Habitat (OEH, 2014b) i B occurrence drilling fluids or soils RO || [PEER T
name Act | Act the study - areas areas
area in the study | atwell leases, or
area storage ponds
well leases, or water
storage ponds.
South-eastern Long
Inhabits a variety of vegetation types Eviﬁglifg ;zrdagf]g?elsr:
including mallee, bulloke and box within the mid and
Nyctophilus South-eastern The distribution of the south eucalypt dominated communities.
] L g - canopy layers, but
corbeni (syn. Long Eared eastern form coincides However, it is more common in occasionally taking
Nyctqphll_us Bat/ . v v appr_oxmate]y V\{Ith the l\_/IL{rray box/|ronbark/cypress-plne vegetation High Known prey from the ground. | Yes No
timoriensis Corben's Darling Basin with the Pilliga that occurs in a north-south belt along . .
. - s - As such this species
(South-eastern Long-eared Scrub region being the distinct the western slopes and plains of NSW has potential to
form)) Bat stronghold for this species. and southern Queensland. Roosts in nas p - -
- interact with drilling
tree hollows, crevices and under loose - L
fluids or soils within
bark.
well leases, or water
storage ponds.
Associated with both wet and dry
Eucalypt forest and woodland with a
canopy cover of approximately 10 —
70% (Reed, Lunney, & Walker, 1990),
that contains acceptable eucalypt food
trees. Primary feed tree in study area:
Fragmented distribution Eucalyptus camaldulensis (River Red
throughout eastern Australia Gum). Secondary food trees in the Koala forages in
from north-east Queensland to study area: E. albens (White Box), E. woodland and forest
the Eyre Peninsula in South blakelyi (Blakely’s red gum), E. within canopy layer.
Phascolarctos Australia. In NSW, it mainly chloroclada (Dirty gum), E. conica As such this species is
W —— Koala \Y \Y occurs on the central and north (Fuzzy Box), E. dealbata High Known unlikely to interact No No
coasts with some populations in (Tumbledown Gum), E. dwyeri with drilling fluids or
the west of the Great Dividing (Dwyer’s red gum), E. macrocarpa soils within well
Range. A population is known in | (Western Grey Box), E. meliodora leases, or water
the Pilliga, predominantly in the | (Yellow Box), E. pilligaensis (Pilliga storage ponds.
west. box) and E. populnea (Poplar Box).
Supplementary food tree in study area:
Eucalyptus macrorhyncha (Red
Stringybark), Callitris glaucophylla
(White Cypress Pine) is common, and
is listed as a tree species used for
daytime shelter.
Polytelis - Superb Parrot | V V; Found throughout eastern inland | Inhabits box-gum woodland, Box- Moderate Potential _Superb Parrot forages No No
swainsonii NSW. On the South-western in woodland and

Cypress-pine and Boree Woodlands
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A Likelihood Assessment of likely
el of interaction with
Scientific name Clie) USe || [EREE Distribution (OEH, 2014b) Habitat (OEH, 2014b) i B occurrence drilling fluids or soils RO || [PEER T
name Act | Act the study - areas areas
area in the study | atwell leases, or
area storage ponds
Slopes their core breeding area and River Red Gum Forest. forest within the mid
is roughly bounded by Cowra Populations that migrate to the Namoi and canopy layers. As
and Yass in the east, and region in winter forage and roost in such this species is
Grenfell, Cootamundra and forests and woodlands dominated by unlikely to interact
Coolac in the west. Birds Callitris glaucophylla (White Cypress with drilling fluids or
breeding in this region are Pine) and Box-gum. Previous soils within well
mainly absent during winter, sightings of Superb Parrot in the leases, or water
when they migrate north to the Pilliga Forest have been associated storage ponds.
region of the upper Namoi and with drainage lines, foraging in
Gwydir Rivers. The other main Eucalypt canopy and grassland and
breeding sites are in the Riverina | flying through the landscape (OEH,
along the corridors of the 2014a).
Murray, Edward and
Murrumbidgee Rivers where
birds are present all year round.
Pilliga Mouse forages
Distribution restricted to the on th? ground an_d
i . S - lives in burrows in
Pilliga region of New South Occurs in Pilliga Scrub on an isolated .
: . . sandy soil. As such
Pseudomys - Wale_s. Fox gnd Brl_sco_e first area of low-nutrient de_ep san_d. They ) this species has
e . Pilliga Mouse | V \ described this species in 1980 seem to prefer areas with a high High Known - . Yes No
pilligaensis " - R potential to interact
(Fox & Briscoe, 1980). There is species diversity and dense low shrub . o .
. . ; with drilling fluids or
still some conjecture on its layer. ils withi I
specific status soils within we
' leases, or water
storage ponds.
Australian Painted
Recorded at wetlands in all Snipe forages and
states of Australia. It is most Prefers fringes of swamps, dams and nests in well-
Rostratula ; - -
australis (syn ) common in eastern Auwustralia, nearby marshy areas where there is a structured vegetated )
' Australian where it has been recorded at cover of grasses, lignum, low scrub or . wetlands. As such this
Rostratula - 8 E1 E, Mar - » Low Potential L . No No
. Painted Snipe scattered locations throughout open timber. Nests on the ground species is unlikely to
benghalensis . : h i
australis) m_uch c_Jf Queensland, NSW, amongst tall vegetation, such as interact wnh dnl_lm_g
Victoria and south-eastern South | grasses, tussocks or reeds. fluids or soils within
Australia. well leases, or water
storage ponds.
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5.3.4.1 Transport of Chemicals to Well Leases

Workers involved with loading and offloading activities may be exposed to the products during the use
and transfer of products. If the products are transported in enclosed containers, the workers would not
be potentially exposed to the products; however, if the workers fill tanks or containers at either the
supplier or storage warehouse or upon delivery at the well lease, there is the potential for occupational
exposure to chemicals to occur.

In addition to workers handling the products, exposures have the potential to occur as a result of
accidents during transit (i.e., traffic accident or failure of containment equipment). Under such
circumstances, exposures may occur to workers responsible for transport and to emergency first
responders, as well as terrestrial and aquatic ecological receptors. Should an accident occur that results
in the release of products to the environment, chemicals may come into contact with soils in proximity
to the point of release, or create temporary liquid pools or flow into nearby surface water bodies. There
is insignificant and low potential for exposure to agricultural workers/residents, recreational and
trespasser receptors because the scope of such exposure is limited to the size of the spill and the speed
at which releases will be addressed by Santos (spill response procedures and equipment have already
been established and are working in the Project Area). In addition, as noted previously in Section
5.3.3.2.1, the potential for spills and releases to affect groundwater is considered incomplete.

Potential receptors identified for the transport phase of the life cycle of the transport of chemicals to the
well lease include:

e Workers transporting products in contact with soils or liquids/water

e First responders responding to an accident in contact with soils or liquids/water

e Terrestrial and aquatic ecological receptors in contact with soils or liquids/water

5.3.4.2 Drilling and Completion Operations

Given the occupational nature of the well lease activities, workers involved with well lease operations
could be exposed to the chemicals through various activities, and emergency first responders may be
exposed if a spill or release occurs. Whilst perimeter fencing will limit recreational and agricultural
worker access to the well lease, there is the potential for trespassers to enter the well lease and
potentially be exposed to recovered products managed in lined pits or tanks. In addition to trespassers,
wildlife or livestock (cattle) may access the lease through fencing or unsecured gates. Exposures to
trespassers, livestock and wildlife is expected to be limited as fencing and operations hinder likelihood
and duration.

During the course of operations, there is the potential for an accidental release of products at the well
lease to migrate off the lease to the surrounding environment, including surface water bodies proximal
to the well lease. There is insignificant and low potential for exposure to agricultural workers/residents,
recreational and trespasser receptors because the scope of such exposure is limited to the size of the
spill and the speed at which releases will be addressed. In addition, as noted previously in Section
5.3.3.2.1, the potential for spills and releases to affect groundwater is considered incomplete.

Potential receptors identified for the pad operations phase of the life cycle of products utilised in well
construction and completion include:
e Workers and first responders in contact with chemicals
e Trespassers in contact with drilling fluids
e Terrestrial wildlife or livestock that have limited access into fenced areas in contact with
drilling fluids
e Aquatic receptors in contact with surface water in the event of an accidental release moving to
surface water.
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5.3.4.3 Management of Drill Cuttings

There is the potential for workers to be exposed to residual chemicals in the drill cuttings during the
mix, turn, and burial on these materials on the well lease. The rehabilitated well lease will be fenced for
a period of 20 years post rehabilitation; however, as a conservative measure, the potential for
agricultural workers to be exposed to constituents retained on the cuttings will be evaluated in the event
of the land is given back to landholders prior to the end of the 20-year period. Therefore, agricultural
workers, trespassers and terrestrial ecological receptors have the potential to come into contact with
drill cuttings used in rehabilitation of the well pad using the mix, turn and bury strategy. As the well
pads, will be fenced, incidental contact by recreational users is considered an incomplete exposure
pathway.

The potential for migration of chemicals within the drilling cuttings to adjacent surface water bodies is
considered incomplete due to the minimal liquids in the drill cuttings and low moisture content of the
soils. In addition, as noted previously in Section 5.3.3.2.1, the potential for the drill cuttings application
to affect groundwater is considered incomplete.

The potential receptors associated with the treatment and beneficial reuse include:
e Workers involved in beneficial reuse drill cuttings
e Agricultural worker and trespassers who come into contact with surface soils within a
rehabilitated well pad
o Terrestrial ecological receptors in contact with surface soils within a rehabilitated well pad.

The transport of drill cuttings containing high percentage of coal fines off-site for disposal may result
in potential release similar to the transport of used drilling fluid.

Potential receptors identified for the transport phase of the life cycle of the transport of drill cuttings
with high coal fines to off-site disposal facilities include:

e First responders responding to an accident in contact with soils or liquids/water

e Terrestrial and aquatic ecological receptors in contact with soils or liquids/water.

5.3.4.4 Transport of Chemicals to Leewood WMF

The WMF utilises a number of bulk chemicals for produced water treatment and therefore, similar to
the transport of products to the well head, potential receptors are workers, first responders, and,
terrestrial and aquatic ecological receptors. Workers involved with loading and offloading activities
may be exposed to the products, dependent upon transfer of products. If the products are transported in
enclosed containers, the workers would not have potential exposures to these products. However, if the
workers fill tanks or containers at either the supplier or storage warehouse or upon delivery at the WMF,
exposure is possible. In addition to workers handling the products, exposures have the potential to occur
as a result of accidents during transit (i.e., traffic accident or failure of containment equipment). Should
an accident occur that results in the release of products to the environment, chemicals may come into
contact with soils in proximity to the point of release, or create temporary liquid pools or flow into
nearby surface water bodies. There is insignificant and low potential for exposure to agricultural
workers/residents, recreational and trespasser receptors because the scope of such exposure is limited
to the size of the spill and the speed at which releases will be addressed. In addition, as noted previously
in Section 5.3.3.2.1, the potential for spills and releases to affect groundwater is considered incomplete.

Potential receptors identified for the transport phase of the life cycle of the transport of chemicals to the
well lease include:

e Workers transporting products in contact with soils or liquids/water
e First responders responding to an accident in contact with soils or liquids/water
e Terrestrial and aquatic ecological receptors in contact with soils or liquids/water.
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5.3.4.5 Produced Water Pipelines to WMFE

Produced water is to be collected from each gas well through water gathering lines and would pass
through in-field balance tanks, prior to being transferred to the Leewood WMF for treatment and
beneficial reuse (EIS Chapter 6). These pipelines would extend throughout the Project Area and have
the potential for leaks and releases. Chemicals from leaks or releases may come into contact with soils
in proximity to the point of release, or create temporary liquid pools or flow into nearby surface water
bodies; therefore, potential receptors are first responders and terrestrial and aquatic ecological receptors.
There is insignificant and low potential for exposure to agricultural workers/residents, recreational and
trespasser receptors because the scope of such exposure is limited to the size of the spill and the speed
at which releases will be addressed. In addition, as noted previously in Section 5.3.3.2.1, the potential
for spills and releases to affect groundwater is considered incomplete. It should be noted that the drilling
chemicals are unlikely to be detectable within the produced water based on the volumes of water
produced per well relative to the residual chemicals in the formation.

Potential receptors identified for the pipeline transport of produced water to the WMF include:
o First responders responding to an accident in contact with soils or liquids/water
e Terrestrial and aquatic ecological receptors in contact with soils or liquids/water.

5.3.4.6 Leewood Water Management Facility

After conveyance to the WMF, produced water would be treated and would generate a treated water
stream, a brine stream, and a solids stream. Following treatment, treated water would be temporarily
stored either at the WMF or in third party dams off-site prior to reuse. The WMF would be constructed
within the existing footprint of Leewood and therefore there would be minimal ecological impact to
vegetation and fauna habitats across the Project Area.

As the WMF will be a controlled environment, exposures would be limited to on-site workers.
Trespassers, and livestock are unlikely exposure receptors given the security controls and ongoing
operations of the facility. Further the activity at the plant and cleared areas around the WMF will limit
the potential for the area to be core habitat for ecological receptors. Potential receptors in this area are
therefore limited to workers responding to spills, operations, accidents and routine maintenance. As
noted previously in Section 5.3.3.2.1, the potential for spills and releases to affect groundwater is
considered incomplete.

5.3.4.7 Reuse of Treated Water for Irrigation, Dust Suppression, and Stock Watering

One of the beneficial reuses proposed of treated produced water is for the application to soils for
irrigation and dust suppression, and to provide source water to stock tanks and troughs for livestock,
with the incidental occasional access by wildlife. Once treated water has been applied to land for
irrigation (i.e., agricultural) or dust suppression purposes, it is likely to be integrated and retained in the
surface soils. Therefore, the surface soils will be a potential exposure medium for agricultural
workers/residents as part of their daily activities, or trespassers and recreational users traversing areas.
Additionally, water utilised for irrigation will be applied at rates such that treated water will not runoff
to surface water bodies and the irrigated land will be developed such that surface drainage is minimised
(BeneTerra, 2015). Therefore, potential exposure for aquatic receptors to treated water utilised for
irrigation, dust suppression, and tock water is considered insignificant or low potential. Livestock,
wildlife and terrestrial flora and fauna are also expected to be in contact with potentially impacted soils.
As noted, the stock water tanks and troughs also could be accessed by wildlife, as well as the intended
livestock.

Potential receptors include:
e Livestock and wildlife that come in contact with soils from irrigation or dust suppression, or
water for stock watering
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o Agricultural workers/residents, recreational users, and trespassers who would have incidental
contact with soils where irrigation or dust suppression water has been applied

o Terrestrial flora and fauna that have contact with soils where irrigated or dust suppression water
has been applied.

The trespasser is expected to be a similar or more sensitive receptor than a recreator. Therefore, the
trespasser will be utilised to evaluate potential exposures to recreators as well as trespassers.

While groundwater is identified as a potentially impacted media, as noted previously in Section
5.3.3.2.1, the potential for releases to affect groundwater is considered incomplete. The probability of
irrigation water migrating to groundwater is insignificant given the water needs of applied crops.

5.3.4.8 Direct Discharge of Treated Water to Bohena Creek

Managed release of treated water to Bohena Creek would have the potential to affect surface water
within the creek. As Bohena Creek meanders through large areas that are uncontrolled, exposures could
potentially occur to downstream agricultural workers and recreational users. As released treated water
would become part of the regional surface water resource (i.e., Bohena Creek water quality and flow),
ecological resources (livestock and native flora and fauna) are potential receptors.

Potential receptors and pathways include:
e Agricultural workers/residents and recreational users who may have contact with Bohena Creek
downstream of the WMF
e Aguatic ecological receptors within Bohena Creek downstream of the WMF
e Livestock and wildlife that may access Bohena Creek surface water.

5.3.5 Assessment of Complete Exposure Pathways

The complete pathways discussed in the preceding sections and presented in Figure 5-2 through Figure
5-4 will be qualitatively or quantitatively assessed further in the hazard assessment. The COPCs
identified as risk drivers will be assessed to determine risk management measures required to minimise
or eliminate the potential risks to human health and ecological receptors. As the well leases will be in
either forested or pasture areas, Table 5-4 provides the relative potential for ecological species to be
potentially exposed to the chemicals throughout the lifecycle process. The ecological species classified
in Table 5-4 for either the pasture or forested lands (or both) that may be potentially exposed to the
chemicals identified in this CEM include:
e Pasture Lands:
o Great Egret
0 White Egret
o0 Cattle Egret
0 Sharp-tailed Sandpiper
0 Rainbow Bee-eater.
e Forested Lands:
Sharp-tailed Sandpiper
0 Rainbow Bee-eater
0 South-eastern Long Eared Bat / Corben's Long-eared Bat
o Pilliga Mouse.

o

Whilst, the habitat of the Pilliga Mouse is forested lands, the Pilliga Mouse will be utilised as a surrogate
species for small mammal exposures in pasture lands. The assessment of these species as potential
ecological receptors will be evaluated in the Exposure Assessment based on life history and potential
exposure point concentrations (EPCs). In addition, as noted in the above discussions, there is the
potential for livestock (e.g., cattle) and wildlife (e.g., kangaroo, dingo) to access the project area, as
well as other species. Irrigation utilising treated water will only be conducted on areas where there is
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no protected vegetation. A detailed evaluation of irrigation as a beneficial use is provided in the
Irrigation General Concept Design (BeneTerra, 2015) detailing methodology (i.e., irrigation rates,
specific crops for irrigation) and monitoring plans to ensure potential affects to the environment are
minimised.
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6.0 HAZARD ASSESSMENT

The hazard assessment evaluates the human health and environmental hazard of the chemicals identified
in the problem formulation and issue identification step specific to the Project (i.e. drilling and well
completion fluids and water treatment) identified previously.

The assessment of hazards is based on a qualitative and quantitative evaluation of the potential risks.
The qualitative assessment includes assessing the potential for impact to occur from an exposure to
chemicals utilised in well construction and water treatment if such exposure was to occur. These
potential exposures are primarily focused on the chemicals used in the drilling process during
transportation and drilling preparation activities, as well as transportation of the recycled drilling fluids
to other drill sites. The quantitative assessment includes exposure to the chemicals that may occur
during activities during the recovery, storage, and treatment and beneficial reuse of a mixture of the
chemicals, where operational activities include greater exposure to the environment including direct
releases to the environment (e.g., management of drill cuttings on well pad using mix, turn and bury
strategy).

The specific steps in the hazard assessment combine the hazard identification in NEPM (2012) and
enHealth (2012a). The steps included in the hazard assessment are provided in the following:

¢ Human health and environmental hazards — the toxicology of the chemicals and the calculation
of toxicological endpoints are assessed and calculated in the toxicity assessment. The
proprietary nature of the drilling chemicals requires that a rigorous research and analyses are
conducted to prepare the risk assessment dossiers that are used in the hazard assessment. This
research and analyses follow the best practice risk assessment methodology defined in the
EPBC Act Additional Requirements.

e Persistent, Bioaccumlative and Toxic (PBT) assessment — chemical-specific information is
compiled and compared to established Australian and EU Registration, Evaluation,
Authorisation and Restriction of Chemical Substances (REACH) criteria to provide an
assessment of the overall hazard presented by the chemical utilising databases established by
OECD. This relative ranking enables a comparison of chemicals based on the PBT findings and
may facilitate the evaluation of alternative chemicals for use in a fluid system.

e Soil and water guidelines — the development of the guidelines utilises the human health and
environmental hazard information compiled in the risk assessment dossiers to calculate risk-
based criteria for assessing human health and ecological exposure to the chemicals. The risk-
based criteria are conservative guidelines to assess the degree of hazard of the chemical when
released into the environment at a point of exposure for a human or ecological receptor.

e Qualitative and quantitative assessment — activities that may result in accidental exposures to
human and ecological receptors are assessed qualitatively and focus on the vendor chemicals.
This assessment provides information to be used as a complement to the PBT assessment to
provide a summary of human and ecological hazards that may occur from exposure to the
chemicals; typically, this information informs first responders and health and safety personnel
to the hazards that may be present when an accidental exposure occurs. In addition, some
activities that may result in exposure are quantitatively evaluated in the hazard assessment by
comparing concentrations of the chemicals in the environment resulting from these activities to
the risk-based criteria. This screening enables a quick determination of the magnitude and
severity of the potential exposure, and whether it warrants additional assessment in the detailed
exposure assessment and risk characterization phases of the chemical risk assessment.

In the following sections, the qualitative and quantitative toxicological information to assess the
potential risks is presented. The drilling fluid chemicals are assessed either qualitatively based on
appropriate safety, handling, and transportation guidance, or quantitatively based on applicable
screening standards to evaluate the potential risks throughout the lifecycle process.
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6.1 Toxicity Assessment

Risk assessment dossiers were prepared for the chemicals contained in the products used in the basic
mud formulation for drilling and well completion (see Table 5-2) and the water treatment processes
(see Table 5-3). The chemicals contained within the primary drilling fluids and water treatment
processes used in the Project activities discussed in Problem Formulation and Issue Identification will
be carried through the qualitative and quantitative risk assessment process. In addition to the primary
drilling fluids, two additional mud formulations (loss control muds, LCM Pill 1 and LCM Pill 2) may
also be utilised during the drilling process. The purpose of the LCM is to plug fractures encountered in
the formation during drilling to prevent loss of drilling fluids into the fractures. However, as discussed
in Section 6.3.2, the LCM drilling muds are considered insignificant relative to the volume of drilling
fluids used as the primary mud systems used to complete the drilling process. They will be addressed
in the qualitative risk assessment process.

In general, the risk assessment dossiers include chemical identification, physical and chemical
properties, environmental fate properties, human health and environmental hazard assessments,
derivation of non-cancer and cancer screening levels, a PBT assessment, classification, labelling,
handling and safety information. Additionally, treatment and disposal management, as well as
regulatory status, are presented in the dossiers.

In addition to the guidance noted in Section 5.0, the data sources for the risk assessment dossiers
included the Inventory Multi-Tiered Assessment and Prioritisation (IMAP) framework through
NICNAS. The risk assessment dossiers were prepared in accordance with the Hazard Assessment —
Gathering and Evaluating Existing Information and Assessing the Hazards and Exposure Assessment —
Environmental Fate and Pathways Steps in OECD (OECD, 2014). The EPA-Expo-Box (USEPA,
2016a) does not have a specific toxicity or hazard assessment tool, as it deals primarily with the
exposure assessment process in the risk assessment framework. Appendix D presents the risk
assessment dossiers specific to the Project drilling and completion fluids and the water treatment
process. Table D-1 provides a salient summary of each of the drilling fluid and well completion
chemicals in the dossiers; Table D-2 presents a summary of each of the water treatment chemicals in
the dossiers. These dossiers will be updated as new or revised toxicological, regulatory, and physio-
chemical information becomes available.

The primary source of information for physico-chemical properties, environmental fate and transport
parameters, ecological toxicological data, and mammalian toxicology data has been obtained from
databases linked to the OECD eChemPortal (www.echemportal.org), which is part of the OECD
Environmental Risk Assessment toolkit. In addition, data has been obtained from the following sources:
e Chemical and physical properties data:
0 TOXNET
o SDSs
0 Modelled data from USEPA (2011a) EPI SUITE™ including full outputs.
e Environmental and human health drinking water guidelines:
0 Australian and New Zealand Guidelines for Fresh and Marine Water Quality for protection
of aquatic ecosystems and stock watering (ANZECC and ARMCANZ, 2000)
0 Australian Drinking Water Guidelines (NHMRC and NRMMC, 2011, Update 2016)
0 World Health Organisation (WHO, 2006) Guidelines for Drinking-water Quality (Third
Edition)
0 USEPA National Recommended Water Quality Criteria (2009) for protection of aquatic
life and human health.
o0 Drinking-water Standards for New Zealand 2005 (Revised 2008, Ministry of Health).
e Human health toxicity data:
0 U.S. Toxic Substances Control Act Test Submissions 2.0 (TSCATS 2.0) database
https://catalog.data.gov/dataset/toxic-substances-control-act-test-submissions-2-0-tscats-
2-0
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0 Literature search (using PubMed and ToxLine)
0 Internet search (i.e., Google Scholar).
o Ecological toxicological and environmental fate and transport data:
o NEPM (2013)
USEPA ECOTOX database
Canada Screening Assessment Reports
USEPA TSCATS database
Google Search (for regulatory agency documents such as USEPA RED (Re-registration
Eligibility Decision) documents for pesticide applications)
Comprehensive literature searches of peer-review journals
0 QSAR modelling (i.e., EPI Suite and PetroTox).

©Oo0oO0oOo

o

The ecological toxicological data was based on guidance provided by the European Chemicals Bureau
(ECB) (2003) and by National Environmental Protection Council (NEPM, 2013). Through this process,
soil and water guideline values protective of ecological receptors was used as indicators of toxicity and
therefore hazards, if they are based on toxicological data. Databases and guidance that were searched
included:
e NEPM (2013)
e Risk Assessment Information System (RAIS)
e USEPA Eco Soil Screening Levels (2011b)
e National Institute for Public Health and Environmental Protection (RIVM) Target and
Intervention levels (1994)
e Soil guidelines (such as predicted no effect concentration [PNEC] values) derived as part of a
chemical assessment (e.g., International Uniform Chemical Information Database [IUCLID]
e Concise International Chemical Assessment Document [CICAD]).

To ensure the reliability of the data, physico-chemical properties, environmental fate and transport
mechanisms, and ecotoxicity and toxicology were evaluated for data quality to address data quality
requirements (i.e., reliability) using the Klimisch scoring system (Klimisch et al., 1997). For in vitro
studies and studies that do not have internationally accepted guidelines, the software tool ToxRTool
(Schneider et al., 2009) has been used.

6.1.1 Human Health Toxicity Assessment

For human receptors, included in the risk assessment dossiers is a toxicity assessment to determine the
relationship between the dose of a COPC taken into the body, and the probability that an adverse effect
will result from that dose. Quantitative estimates of the potency of COPCs include two sets of toxicity
values, one for genotoxic carcinogens and one for other non-genotoxic carcinogens and non-
carcinogenic effects. For the assessment of genotoxic carcinogenic effects, a non-threshold
toxicological mechanism was assumed and there was no level of exposure that does not pose a
probability that an adverse effect will result from that dose. For toxicity criteria for non-genotoxic
carcinogens and non-carcinogenic effects, it was assumed that there is a threshold effects level, below
which adverse health effects are not expected to occur.

The assessment of carcinogenic effects was conducted following the review of the available data
(utilising a weight of evidence approach) in relation to genotoxicity. Genotoxic carcinogens were
evaluated on the basis of a non-threshold dose-response relationship, quantified through the use of a
unit reference factor (URF) for inhalation exposures and/or slope factor (SF) for oral and dermal
exposures. The URF (expressed as 1/microgram per cubic metre [ug/m®]) or SFs (expressed as
1/milligram per kilogram per day [mg/kg/day]) evaluated were upper-bound estimates of the excess
cancer risk due to continuous exposure to a COPC averaged throughout the course of a 70-year lifetime.
The referenced bases of URF and SFs were data from lifetime animal bioassays, although human data
are used when available.
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Where carcinogenic effects were associated with a non-genotoxic mode of action (or where the
insufficient weight of evidence was available to support a genotoxic mode of action), these effects were
characterised on the basis of a threshold. Other non-carcinogenic effects, such as organ damage,
endocrine inhibitors, or reproductive effects, were evaluated on the basis of a threshold. The risk
assessment dossiers provide the chemical-specific mode of action and non-carcinogenic effect used in
the assessment of toxicology of each of the drilling chemicals. These threshold values were defined as
reference concentrations (RfC) or tolerable concentrations (TCs) for inhalation exposures and reference
doses (RfDs) or acceptable daily intakes (ADIs)/tolerable daily intakes (TDIs) for oral and dermal
exposures. These threshold values may be available for different durations of exposure ranging from
acute to chronic exposures), with the focus of the assessment presented in this report on chronic
exposures. A chronic RfC/TC or RfD/ADI/TDI was defined as the concentration or intake that all
members of the public may be exposed to every day for a lifetime with no adverse health effects.

The threshold value was commonly derived from a point of departure (POD), defined as the lowest
concentration that is associated with no (or the lowest) observed adverse health effects (no observed
adverse effect level [NOAEL] or lowest observed adverse effect level [LOAEL] or a benchmark dose),
determined from experimental animal studies (most common) or human studies (less common). The
POD was then divided by a safety/uncertainty factor to obtain the threshold toxicity value. Uncertainty
factors were typically factors of 10 that account for interspecies variation and sensitive human
populations. Additional factors of 10 were included in the uncertainty factor if the RfC is based on the
LOAEL instead of the NOAEL, or an experiment that included a less-than-lifetime exposure.

The assessment of toxicity of the COPCs was used to develop initial screening criteria for human health
exposure scenarios and is presented in Appendix D.

No carcinogenic compounds are present in the drilling fluids injected into the subsurface and as a result,
only non-carcinogenic oral RfDs were calculated. A detailed discussion of the derivation of the oral
reference dose and drinking water guideline values is presented in this appendix. A summary of the
derivation of oral RFD and Drinking Water Guideline Values for the COPCs identified for the drilling
system is presented on Tables 1a and 1b. The summary for the COPCs identified for the water treatment
process is presented on Tables 1c and 1d.

6.1.2 Characterisation of Ecological Effects

To evaluate the assessment endpoints and ecological values, measures of effects (or measurement
endpoints) were developed that represent the COPC exposure levels that are conservative thresholds for
adverse ecological effects. The Toxicity reference values (TRVs) were selected as measurement
endpoints (conservative thresholds) for the evaluation of potential risks to aquatic and terrestrial
ecological receptors that were potentially exposed to the chemicals in the drilling fluids. An effects
evaluation was not conducted on the potential ecological effects of landscape maintenance activities,
such as mowing, vehicle travel or agricultural activities. Physical stressors that are unrelated to the
COPCs in the drilling fluid water are not the focus of this assessment. The adverse ecological effects
framework is consistent with the OECD and the environmental exposure assessment methods Exposure
Assessment — Environmental Exposure Assessment Strategies for Existing Industrial Chemicals in
Member Countries and Manual for the Assessment of Chemicals (Chapter 6) steps in OECD (OECD,
2014), as well as exposure assessments and potential hazards identified by OECD (1989) for
extrapolating ecological effects from basic toxicological data.

The TRVs are based on COPC levels that imply no adverse effects or levels that represent the lowest
concentration at which adverse effects may occur. The ecological risk assessment used two types of
TRVs. The first toxicity reference value (TRV) is a concentration-based TRV to evaluate the
concentration of the selected COPC in the surface water and direct exposure by the aquatic ecological
receptor. The second TRV is a dose-based TRV to evaluate the intake dose of the selected COPC from
exposure to surface water by ingestion. These TRVs were selected based on the evaluation of the
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concentrations of COPCs in the drilling fluids and permeate that would be representative of releases to
environmental media and the nature of the exposure to the ecological receptors. For example, the
potential risks to aquatic ecological receptors exposed to concentrations of the COPCs spilled into a
surface water resource was assessed by comparing the exposure point concentration in the surface water
to a concentration-based TRV (e.g., PNECuwaer). Alternatively, if the potential exposure was based on a
terrestrial ecological receptor drinking from a source of drilling fluid COPCs (e.g., an engineered fluid
storage pits), then the potential risks were assessed based on a dose-based TRV.

The sources for ecotoxicological information used in the ecological risk assessment followed ecological
risk assessment guidance. Where available, guidance specific to NSW utilised; if specific NSW
guidance not available, a hierarchy of sources was used to compile the TRV information as follows:
o Department of Environmental and Resource Management. Approval of Coal Seam Gas Water
for Beneficial Use. Environmental Protection (Waste Management) Regulation 2000.
Queensland Government. March 2010.
e Australian and New Zealand Environment and Conservation Council (ANZECC, 2000)
guidelines for fresh and marine water quality.
e Western Australia (WA) Department of Environment and Conservation. Assessment Levels for
Soil, Sediment and Water. February 2010. Contaminated Site Management Series.
e International Guidance including USEPA, American Petroleum Institute and Oak Ridge
National Laboratory/Risk Assessment Information System (ORNL/RAIS).

Where possible, existing water quality guidelines for protection of aquatic life were researched and
compiled using the hierarchy outlined above. Where water quality guidelines are available, information
on aquatic toxicity has been acquired from reported values that had already been through a screening
process such as the OECD-Screening Information Data Set (SIDS) program or through a European
Union (EU) existing substances risk assessment. The data from these programs will be considered
sufficiently reviewed as to not require further evaluation. Data reported as part of other equivalent peer-
reviewed risk assessment programs (e.g. Human and Environmental Risk Assessment!; USEPA High
Production Volume (HPV) Challenge Program) was also considered in a similar fashion, although a
certain level of expert judgement was required to evaluate the quality of these programs.

Aguatic toxicity information was also obtained via the European Chemicals Agency (ECHA) CHEM
database. This database provides electronic public access to information on chemical substances
manufactured or imported in Europe. The information originates from the registration dossiers
submitted by companies to ECHA in the framework of REACH Regulation. If no data were available
from the above sources or the available data were considered insufficient for TRV determinations, then
toxicity information on SDSs was used, as well as read-across from available experimental data on
structurally related substances, and predicted values from quantitative structure-activity relationship
(QSAR) models.

6.1.2.1 Calculation of PNEC

The determination of TRVs was conducted according to the predicted no-effects concentration (PNEC)
guidance in the Environmental Risk Assessment Guidance Manual for Industrial Chemicals prepared
by the Australian Environmental Agency (AEA, 2009).

L www.heraproject.com/
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Calculation of PNEC for freshwater

The determination of PNECs for freshwater was conducted according to the guidance in the EU TGD
(EU, 2003) and in the Environmental Risk Assessment Guidance Manual for Industrial Chemicals
prepared by the AEA (2009).

The PNECs were determined by dividing the lowest toxicity value from a laboratory test by the relevant
assessment factor. Results of long-term tests (expressed as ECio or NOEC) are preferred to those of
short-term tests (ECso/LCso) because the results give a more realistic picture of effects on the organisms
during their entire life cycle.

An assessment factor of 1,000 was applied to the lowest concentration if only acute toxicity data are
available. As specified in the Environmental Risk Assessment Guidance Manual for Industrial
Chemicals (AEA, 2009), the assessment factor was reduced to 100 if the following situations were
applicable:
e Auvailability of data from a wide variety of species including those that are considered to
represent sensitive species
¢ Information from structurally similar compounds or QSAR, to suggest that the acute to chronic
ratio is likely to be low
e Information to suggest that the chemical acts in a non-specific or narcotic manner, with little
interspecies variation in toxicity
o Information to suggest that the release of the chemical is short-term or intermittent and that the
chemical would not be persistent in the environment.

If chronic toxicity studies have been conducted on the test substance in addition to acute toxicity studies,
then the NOEC or EC4o would be divided by assessment factors of 100, 50, or 10 depending on the
following conditions:

e As assessment factor of 100 was used when a chronic NOEC was available from at least one
species of fish or invertebrate representing one trophic level. The derived PNEC is the lowest
value from either the lowest acute data or from the one derived from the chronic data.

e An assessment factor of 50 was used when a chronic NOEC was available from at least two
species representing two trophic levels. The derived PNEC is the lowest value from either the
lowest acute data or from the one derived from the chronic data.

e An assessment factor of 10 was used when chronic NOECs were available from three species
representing three trophic levels.

e Anassessment factor of 10 was applied to the lowest NOEC from two species representing two
trophic levels if the data shows that the most sensitive species for which acute toxicity data was
available have been tested chronically.

In the case of algae studies, the 72-hour (or longer) ECso value was considered as equivalent to a short-
term result and that a 72-hour (or longer) EC1o or NOEC value was the long-term result.

In cases when there were limited or no data are available or the measured data for a species was
inappropriate, values were estimated using QSAR.

The statistical extrapolation method was used if there was a large data set from long-term tests for
different taxonomic groups.

Calculation of PNEC for sediment

If toxicity studies were available on sediment organisms, the PNEC was derived using the general
approach described for calculating the PNEC for freshwater organisms.

70



EHS Support

consider it done -

If there were no toxicity data on sediment organisms, the equilibrium partitioning method was used to
derive a PNEC. This method uses the PNECuwer for aquatic organisms and the sediment/water
partitioning coefficient as inputs. It is only applicable to non-ionic organic chemicals.

The following equation was used to estimate the PNECseq using the equilibrium partitioning method:
PNECseq = (Ksed—water/BDsed) X 1000 X PNECuwater

Where:
Ksed-water = SUspended matter-water partition coefficient (m3/m?)
BDses = bulk density of sediment (kg/m?) = 1,280 [default in Australia]
PNECaer = Predicted no effect concentration in water (mg/L)

The suspended matter-water partition coefficient was estimated by first adjusting the organic carbon
partition coefficient (Koc) to the organic carbon content of natural sediments. This was accomplished
using the following equation:

Kpsed = Koc X Toc

Where:
Kpsea = solid-water partition coefficient (L/kg).
Koc = organic carbon partition coefficient (L/kg).
Foc = fraction of organic carbon suspended sediment = 0.04 [recommended default from Mackay
Level ].

The makeup of the sediment was assumed to be 80% water and 20% solids based on the Mackay Level
111 Fugacity Model. So, the suspended matter-water partition coefficient (Ksed-water) Was estimated from
Kpsea Using the following equation:

Ksed-water = 08 + (02 X Kpsed)/looo X BDsolid

Where:
Ksed-water = SUspended matter-water partition coefficient (m3/m?)
Kpsea = solid-water partition coefficient (L/kg).
BDxsoiis = bulk density of the solid phase (kg/m®) = 2,400 [default]

Calculation of PNEC for soil

If toxicity studies were available on soil organisms, the PNEC was derived using the general approach
described for calculating the PNEC for freshwater organisms. Prior to deriving the PNEC value for soil,
the L(E)Cso or NOEC value was corrected for bioavailability of the test substance in soil by normalising
the organic carbon content in soil using the following equation:

L(E)Csostd) 0r NOECsta) = L(E)Cso(exp) 0OF NOEC exp) X FOMsoi(stay/ FOMsoit(exp)
Where:

Fomsoiista) = the fraction of organic matter in standard soil
Fomsiiexp) = the fraction of organic matter in experimental soil
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The fraction of organic matter in standard soil in Australia is 1%72.

The PNEC for soil was determined by dividing the lowest toxicity value from a laboratory test by the
relevant assessment factor. If only acute toxicity tests are available, an assessment factor of 1,000 was
applied to the lowest L(E)Cso value. If long-term studies were available, an assessment factor of 100
was applied to the lowest NOEC for one test; 50 for additional tests on two species of two trophic levels;
or 10 for additional tests for three species of three trophic levels.

If there were no toxicity data on soil organisms, the equilibrium partitioning method was used to derive
a PNEC. This method uses the PNECwaer for aquatic organisms and the soil/water partitioning
coefficient as inputs. It is only applicable to non-ionic organic chemicals.

The following equation was used to estimate the PNECs.i using the equilibrium partitioning method:
PNECsoil = (Kpsoil/BDsoil) X 1000 X PNECWater

It is preferable to use actual measured data in effects assessment and in the estimation of PNECs.
However, when limited or no data were available (e.g. data for only one test species) or when the
measured data for a species were inappropriate, then estimation using QSARs was considered. Tables
2a and 2b present the COPC, the endpoint, NOEC (mg/L), assessment factor, and the aquatic PNEC
(mg/L). The calculate PNEC concentrations for the residual COPCs on drill cuttings mixed with soils
and water treatment chemicals on soils effected by a release or irrigation activities are presented in
Tables 3a and 3b.

6.1.2.2 Dose-Based TRV

The basic principles applied in human health toxicity assessments also apply to ecological toxicity
assessments, however, carcinogenicity is rarely considered because of a lack of methodologies and the
understanding of the modes of action of potential carcinogens on ecological receptors. The sources of
TRVs are from the published literature, or the application of dose-response equations incorporating the
relationship of the size of the selected receptor to the test species for the dose-response data.

An extensive literature review was conducted for COPC-toxicological endpoints for the selected
ecological receptor. With few exceptions, as noted in Appendix D for avian toxicological endpoints,
the only COPC toxicological endpoints found were mammalian laboratory test species (e.g., rat).
Therefore, where avian toxicological endpoints not available, mammalian toxicity values were used as
toxicological surrogates. The use of these surrogates is discussed in the uncertainty analysis.

For ecological receptors, the TRVs are calculated based on body weight (BW) scaling methodology
that uses the NOAELs and LOAELSs, which are daily dose levels normalised to the BW of the test
animals (e.g. milligrams of chemical per kilogram BW/day). The NOAELs and LOAELSs are presented
in the risk dossiers (Appendix D) for each COPC. The use of toxicity data on a mg/kg/day basis allows
the comparisons across toxicity tests and across test species with appropriate consideration for
differences in body size. Studies have shown that numerous physiological functions such as metabolic
rates, as well as responses to toxic chemicals, are a function of body size. Smaller animals have higher
metabolic rates and usually are more resistant to toxic chemicals because of more rapid rates of
detoxification. After a review of various dose-response models for wildlife, the allometric scaling
method was developed using linear regression models of lethal dose versus body weight for a variety

2 www.scew.gov.au/node/941
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of chemicals to extrapolate toxicity between species (Sample and Arenal, 1999). To assess the
sensitivity of the model, residuals from the allometric scaling were analysed using regression models.
The patterns of sensitivity among mammalian species were relatively constant across chemical classes.
The development of this allometric scaling model improved the extrapolation of toxicity effects
between species, thus providing a more accurate assessment of potential ecological risks when data are
limited for the specific species being assessed. The allometric scaling method was used to estimate the
population-level effects on wildlife based on individual level of exposures (Sample et al., 1996).

If a NOAEL (or LOAEL) is available for a test species (NOAEL), then the equivalent NOAEL (or
LOAEL) for an assessed wildlife species (NOAEL) can be calculated by using an adjustment factor for
differences in body size (USEPA, 2012). The dose for the selected ecological receptor is a function of
the BW of the test species divided by the BW of the selected ecological receptor to the ¥ power and
then is multiplied times the dose of the test species.

bw; Ya
w

The calculated TRVs for each of the mammalian and avian ecological receptors evaluated in the
ecological risk assessment are presented in the species-specific ecological risk models in the tables.

The calculation of TRVs for other potential ecological receptors was considered in the ecological risk
assessment; however, the quantitative assessment is based on the availability of ecotoxicological data
to calculate TRVs. Mayfield et al. (2014) reference the lack of amphibian and reptile toxicological data
and limited laboratory reptile models as challenges for calculation of TRVS.

The USEPA (2008) uses the model T-HERPS to estimate potential risks to terrestrial amphibians and
reptiles from pesticide use. In conducting their ecological risk assessments, the USEPA uses birds as
surrogates for terrestrial-phase amphibians and reptiles. However, reptiles and amphibians are
poikilotherms (i.e., body temperature varies with environmental temperature), but birds are
homeothermes (i.e., body temperature regulated, and independent of environmental temperature).
Consequently, reptiles and amphibians generally have much lower metabolic rates and lower caloric
intake requirements than birds or mammals, and birds would therefore consume more food than
amphibians or reptiles on a daily dietary intake basis (assuming similar caloric content of the food
items). The T-HERPS model uses a food intake allometric equation for reptiles and amphibians that
incorporates an iguanid lizard allometric equation to estimate potential exposure to amphibians and
reptiles because allometric equations specific for terrestrial-phase amphibians have not been identified.
In addition, other uncertainties identified in the T-HERPS model (USEPA, 2008) include:

o T-HERPS evaluates exposures to terrestrial amphibians and reptiles based on consumption of
terrestrial prey, not aquatic prey that may have a bioaccumulation component. The model also
does not evaluate potential for dermal exposures that may be more significant for terrestrial
species.

e The use of avian toxicity data as a surrogate; the lack of a robust toxicity data base for
amphibians and reptiles precludes an evaluation of toxicological differences such as sensitivity;
which will result in either an overestimation or underestimation of the potential risks.

e T-HERPS calculates the exposure estimate based on consumption prey that conservatively
assumes chemical uptake is linear, without consideration of depuration by excretion or
metabolism, or bioaccumulation of chemicals not readily degraded or excreted. The resulting
exposure estimates could be either overestimates or underestimates of the total chemical
exposure on a daily basis. In addition, the mammal prey item assessment assumes consumption
of a 35-g deer mouse; therefore, use of larger or smaller size prey would result in an
overestimation or underestimation of the potential risks.
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Table 5-4 did not identify any amphibians or reptiles as potential receptors with exposure to drilling
and completion operations. Therefore, given the absence of identified potential receptors, the
uncertainties in extrapolation of mammalian and avian risk models to amphibians and reptiles and the
lack of toxicological data for reptiles and amphibians, the potential risks to these potential ecological
receptors will not be assessed further in the risk assessment.

6.2 PBT Assessment

A PBT substances assessment based on the Australian and EU REACH Criteria methodology was
conducted on all chemicals (ECHA, 2008; enHealth, 2012a) as part of the hazard assessment.

The primary source of information for physico-chemical properties, environmental fate and transport
parameters, ecological toxicological data, and mammalian toxicology data was obtained from databases
linked to the OECD eChemPortal (www.echemportal.org), which is part of the OECD Environmental
Risk Assessment toolkit. In addition, data was obtained from the sources presented in Table 6-1.

Table 6-1: Sources of PBT Assessment

Data Sources
Chemical and physical TOXNET
properties data The Safety Datasheet (SDSs)
Modelled data from USEPA (2011a) EPISUITE™
Environmental and human Australian and New Zealand Guidelines for Fresh and Marine Water Quality
health drinking water for protection of aquatic ecosystems and stock watering (ANZECC and
guidelines ARMCANZ, 2000)
Australian Drinking Water Guidelines (NHMRC and NRMMC, 2011,
Update 2016)

World Health Organisation (WHO, 2006) Guidelines for Drinking-water
Quality (Third Edition)

USEPA National Recommended Water Quality Criteria (2009) for protection
of aquatic life and human health

Drinking-water Standards for New Zealand 2005 (Revised 2008, Ministry of
Health)

Human health toxicity data U.S. Toxic Substances Control Act Test Submissions 2.0 (TSCATS 2.0)
database https://catalog.data.gov/dataset/toxic-substances-control-act-test-
submissions-2-0-tscats-2-0

Literature search (using PubMed and ToxL.ine)

Internet search (i.e., Google Scholar)

Ecological toxicological and | USEPA ECOTOX database
enwronmgntal fate and Canada Screening Assessment Reports
transport data USEPA TSCATS database

Google Search (for regulatory agency documents such as USEPA RED (Re-
registration Eligibility Decision) documents for pesticide applications)

Literature search of peer-review journals
SDSs
QSAR modelling (i.e., EPI Suite and PetroTox)

74


http://www.echemportal.org/
https://catalog.data.gov/dataset/toxic-substances-control-act-test-submissions-2-0-tscats-2-0
https://catalog.data.gov/dataset/toxic-substances-control-act-test-submissions-2-0-tscats-2-0

EHS Support

consider it done -

Data Sources

Ecological toxicological data | European Chemicals Bureau (ECB) (2003)

(soil and water guidelines) National Environmental Protection Council (NEPM) (2013)
Risk Assessment Information System (RAIS)

USEPA Eco Soil Screening Levels (2011b)

National Institute for Public Health and Environmental Protection (RIVM)
Target and Intervention levels (1994)

International Uniform Chemical Information Database [IUCLID], Concise
International Chemical Assessment Document [CICAD]

Tables 4a and 4b present a summary of the PBT Assessment for the COPCs.

6.3 Data Used in Risk Assessment

This section presents a description of the data used in the risk assessment.

6.3.1 Geogenic Chemicals within Residual Drilling Fluid

Santos has undertaken a comprehensive assessment of the chemistry of geogenic chemicals in drilling
fluids (drill cuttings and returned muds). The results from this testing program are included in Appendix
E, Tables E-1 through E-3.

This empirical data is considered representative of geogenic chemicals in drilling fluids that would be
returned to the surface through drilling activities based on the geological conditions and proposed
drilling fluids for the Project Area. Drilling records indicate that the typical mass balance of fluids
recovered from drilling is approximately 70% solids / cuttings and 30 percent fluids (at field saturation).
These solids have a density of approximately 1.7 gram per cubic centimetre (g/cc; wet weight) with
approximately 20% water content and a net dry solids mass of 1.36 g/cc. Therefore, on a mass basis the
dry solids make up 40.8% of the total mass in the returned drilling fluids (1.36g/cc x 30% of original
volume). These solid geogenic chemicals in the drilling fluids are made up of primarily clays and silts
sourced from the sedimentary geological formation. Assuming 100% of the chemicals are returned to
surface in the muds, which is unlikely considering the potential for minor losses to the formation of
chemicals with high solubilities and the potential for ion exchange, the mass of chemicals in the liquid
have been multiplied by 0.6 (60%) to account for the additional mass of silts and clays removed from
the formation during drilling.

6.3.2 Vendor Chemicals in Drilling Fluids

The list of vendor chemicals in the drilling fluid is presented in Section 5.3.2. The following
methodology was used to develop the concentration of the material in the recovered drilling fluids to
be evaluated for the potentially complete exposure pathways.

Utilising vendor disclosure statements, a quantitative mass balance calculation was undertaken to
identify the amount of each chemical additive in the four drilling fluid systems (5%
KCI/Polymer/PHPA, KCI/Polymer, Inhibited KCI/Polymer Mud with BORE-HIB, Inhibited
KCI/Polymer Mud with Glycol). As the specific drilling fluid formulation to be used at an individual
well lease will be adapted / determined based on specific geology encountered during drilling, the
maximum concentrations for each COPC in the four mud systems were used to calculate a mass in the
liquids for a composite of the four mud systems. This composite mud approach was used to
conservatively estimate the concentration of exposure; therefore, to assess all possible scenarios and,
subsequently, all potential chemical additives utilised in the drilling fluids.
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Similar to the drilling fluids in the geogenic material dataset, 100% of the mass of chemicals in the
liquids was conservatively assumed to be partitioned into the dry solids (accounting for the additional
mass of native silts and clays introduced into the fluid during drilling — a conversion) by applying a
factor of 0.6 to the estimated fluid mass to calculate a solids estimated concentration. Table 6-2 presents
the calculated chemical additive concentrations of the drilling fluids. Methylisothiocyanate (MITC) is
not a chemical additive; however, tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione breaks down
through hydrolysis to MITC relatively rapidly. Therefore, MITC was retained as a COPC for the
residual drilling fluids.

Table 6-2: Mass Balance Estimates for Drilling Fluid COPCs

Water Maximum | Solids Maximum
- . . Estimated Estimated
Drilling Fluid Chemical Name CASs Number A LT e ———
(mg/L) (mg/kg)

Inhibited Mud V4 | Potassium Chloride 7447-40-7 69,200 41,520
Bore-HIB
KCL Polymer Mud | Starch 9005-25-8 5096 3057.6
V4
KCL Polymer Mud | Sodium carboxymethyl | 9004-32-4 5194.8 3116.88
V4 cellulose
Inhibited Mud V4 | Xanthan Gum 11138-66-2 5100 3060
Bore-HIB
KCL Polymer Mud | Copolymer of | 25085-02-3 1170 702
V4 acrylamide and sodium

acrylate
Inhibited Mud V4 | Sodium Hydroxide 1310-73-2 500 300
Bore-HIB
Inhibited Mud V4 | Sodium carbonate 497-19-8 130 78
Bore-HIB
Inhibited Mud V4 | Glutaraldehyde 111-30-8 500 300
Bore-HIB
KCL Polymer Mud | Tetrahydro-3,5- 533-74-4 50 0
V4 dimethyl-1,3,5-

thiadiazine-2-thione
Inhibited Mud V4 | Glyoxal 107-22-2 51 30.6
Bore-HIB
Inhibited Mud V4 | Methanol 67-56-1 5 3
Bore-HIB
KCL Polymer Mud | Ethylene 9003-11-6 40 24
V4 oxide/propylene oxide

copolymer
Inhibited Mud V4 | Polyalkylene 9038-95-3 30000 18000
Glycol
Inhibited Mud V4 | Polypropylene glycol 25322-69-4 80 48
Bore-HIB
Inhibited Mud V4 | Silicic acid, potassium | 1312-76-1 37000 22200
Bore-HIB salt
Inhibited Mud V4 | Sodium Chloride 7647-14-5 76000 45600
Bore-HIB
KCL Polymer Mud | Sodium polyacrylate 9003-04-7 1820 1092
V4
KCL Polymer Mud | Methylisothiocyanate 556-61-6 0 30
V4 (MITC)
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As discussed in Section 6.1, two additional drilling fluids formulations may also be utilised. The LCM
drilling muds were not included in this quantitative mass balance calculation because the of the limited
amount of material used to plug fractures (e.g., 1 to 50 barrels) and is considered de minimis relative to
the volume used for the 4 other drilling fluids systems.

6.3.3 Produced Water

The produced water data utilised in the risk assessment is consistent with the RO system design basis
expected water quality prior to treatment of production water (Santos, 2015). Appendix F (Table F-1)
presents the expected concentrations of the geogenic chemicals in produced water conveyed from the
well leases to Leewood. In addition to a potential release of production water to a surface water body,
there is the potential for released production water to occupy pore space in soils in the vicinity of the
release. An estimate of the constituent concentration in soils was estimated using the following
assumptions: a release occurs in an area of soil with porosity of 30 percent, drainage capacity of the
soil, reduces the retained water to 10 percent. Therefore, the estimates of COPCs in soils as a result of
releases as a result of a leak in the pipeline are 10 percent of the original aqueous concentration. Table
6-3 summarises the geogenic COPC concentrations for production water and potential residual COPCs
in soils.

Table 6-3: Expected Produced Water Concentrations

Chemical Name/Use Produced Water COPC Concentration in
COPC Concentration Soil from Release of
(mg/l) Produced Water (mg/kg)
Total Dissolved Solids (TDS) 23800 NA
pH 8.57 NA
SAR > 100 NA
Bicarbonate (as calcium carbonate equivalent) 12400 NA
Carbonate 730 NA
Total Alkalinity 12600 NA
Chloride(CI) 2100 210
Sodium (Na) 6500 650
Sulphate (S04) 18 1.8
Calcium (Ca) 15 1.5
Magnesium (Mg) 9.2 0.92
Potassium (K) 81 8.1
Strontium (Sr) 4.6 0.46
Barium (Ba) 15 1.5
Fluoride (F) 6.4 0.64
Silica (Si02) 24 24
Boron (B) 1.3 0.13
Iron (Fe, dissolved) 0.52 0.052
Cyanide 0.004 0.0004
Manganese 0.18 0.018
Aluminium 6.1 0.61
Ammonia 16 1.6
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Chemical Name/Use Produced Water COPC Concentration in
COPC Concentration Soil from Release of
(mg/l) Produced Water (mg/kg)
Nitrate as N 0.1 0.01
Copper Sulphate 0.14 0.014
Nickel Sulphate 0.013 0.0013
Arsenic 0.036 0.0036
Cadmium 0.036 0.0036
Mercury 0.015 0.0015
Selenium 0.054 0.0054
Zinc 0.15 0.015
Chromium 0.04 0.004
Hexavalent Chromium < 0.05 0.005
Molybdenum 0.0069 0.00069
Antimony 0.0011 0.00011
Tin 0.0027 0.00027
Uranium 0.0007 0.00007
Lead 0.013 0.0013
Beryllium 0.001 0.0001
Cobalt 0.0035 0.00035
lodide 0.2 0.02
Lithium 2.9 0.29
Thallium 0.0005 0.00005
Vanadium 0.016 0.0016
Phosphorus 0.63 0.063
Nitrite 0.04 0.004

NA = not applicable

mg/L = milligrams per litre
mg/kg = milligrams per kilogram

>= greater than
<= less than

6.3.4 Treated water reused for Irrigation, Dust Suppression, and Stock Watering

The COPCs present within the treated water (permeate) reused for beneficial reuse include both the
geogenic COPCs present within the production water and the vendor COPCs discussed in Section
5.3.2.2. Further description of the use, quantities, chemical concentrations is provided in Table F-1.

6.3.4.1 Geogenic COPCs

The following methodology was used to develop the concentration of the permeate to be evaluated for
the potentially complete exposure pathways. Per specifications, the RO system is assumed to remove
97% percent of chemical mass from the produced water. Conservatively, an effective treatment rate of
90% was assumed; therefore, 10% of the chemical mass remains in the treated water (permeate) piped
to the treated water storage tank and 90% of the mass is piped to the brine pond. Table 6-4 (Table F-
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1) presents the expected geogenic COPC concentrations in the permeate, in soil as a result of a spill,
and the brine. A summary of these concentrations is presented in Table 6-4.

Table 6-4:

Estimated Geogenic COPC Concentrations in Permeate, Residual Soil and Brine

Chemical Name/Use

Expected
Permeate COPC
Concentration

(mg/l)

COPC
Concentration in
Soil from Release
of Permeate

Brine COPC
Concentration

(mg/l)

(mg/kg)
Total Dissolved Solids (TDS) < 650 NA 108403
pH 6-8.5 NA 8.88
SAR < 5 NA >100
Bicarbonate (as calcium carbonate equivalent) 260 NA 99200
Carbonate 2 NA 21261.43
Total Alkalinity 262 NA 38718.8
Chloride(CI) < 100 < 40 10277.31
Sodium (Na) 131 5.18 36914.75
Sulphate (S04) < 5 < 0.20 42.7
Calcium (Ca) < 50 < 1.98 38.62
Magnesium (Mg) 0.04 0.002 35.65
Potassium (K) < 5 < 0.20 838.78
Strontium (Sr) < 0.02 < 0.001 10.33
Barium (Ba) < 01 < 0.004 36.18
Fluoride (F) < 03 < 0.01 33.17
Silica (Si02) < 09 < 0.04 111.39
Boron (B) 0.7 0.03 4.2
Iron (Fe, dissolved) < 01 < 0.004 4.16
Cyanide < 0.001 < 0.00004 0.032
Manganese ~ 0.02 ~ 0.0008 1.14
Aluminium ~ 0.02 ~ 0.0008 48.8
Ammonia 6-10 1680.24 128
Nitrate as N < 01 < 0.004 1.17
Copper Sulphate < 0.01 < 0.0004 1.12
Nickel Sulphate < 0.01 < 0.0004 0.104
Arsenic < 0.01 < 0.0004 0.288
Cadmium < 0.002 < 0.00008 0.288
Mercury < 0.001 < 0.00004 0.12
Selenium < 0.01 < 0.0004 0.432
Zinc < 001 < 0.0004 1.2
Chromium < 0.01 < 0.0004 0.32
Hexavalent Chromium < 0.01 < 0.0004 0.4
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Chemical Name/Use Expected COPC Brine COPC
Permeate COPC | Concentration in | Concentration
Concentration Soil from Release | (mg/l)
(mg/l) of Permeate
(mg/kg)
Molybdenum < 0.005 < 0.00020 0.0552
Antimony < 0.001 < 0.00004 0.0088
Tin < 0.001 < 0.00004 0.0216
Uranium < 0.001 < 0.00004 0.0056
Lead < 0.001 < 0.00004 0.104
Beryllium < 0.001 < 0.00004 0.008
Cobalt < 0.001 < 0.00004 0.028
lodide < 0.05 < 0.002 1.6
Lithium < 001 < 0.0004 23.2
Thallium < 0.0005 < 0.00002 0.004
Vanadium < 0.01 < 0.0004 0.128
Phosphorus < 0.05 < 0.002 5.04
Nitrite < 0.04 < 0.002 0.32

The concentrations provided in Table 6-4 will be utilised to evaluate potential exposures to receptors
potentially exposed to COPCs in permeate via direct exposure routes.

6.3.4.2 Vendor Chemicals utilised in Water Treatment

The list of vendor chemicals at the Leewood facility is presented in Section 5.3.2. Utilising dosage rates
in process flow diagrams (Appendix F), a quantitative mass balance calculation was undertaken to
identify the amount of each treatment chemical additive that would remain in treated water post RO
system (permeate). For those COPCs that dissociate to ions, the concentrations will be consistent with
geogenic background concentrations. The COPCs utilised as flocculants and coagulants will only be
present in the solid streams; therefore, no concentrations were presented for these COPCs. Consistent
with the approach to estimate the potential COPC concentrations retained in soils after an accidental
release to soils, a factor of 0.1 was applied to the expected concentrations of COPCs in the permeate.

Appendix F (Table F-1) presents the derivation of the vendor chemical COPC estimates in permeate
(both aqueous and in soils as a result of a release). Table 6-5 presents the vendor chemical masses in
the permeate and the brine pond as well as the CCL calculations for soil after 20 years of irrigation.

Table 6-5: Mass Balance Estimates for Water Management Facility Chemicals
Chemical Name Permeate COPC COPC Brine COPC
Concentration (mg/l) Concentration | Concentration
in Soil from (mg/l)
Release of
Permeate
(mg/kg)
Proprietary Polymer A 0.49 0.04 Will dissociate
and degrade
Proprietary Ester A 0.098 0.008 Refer to
geogenic
concentrations
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Chemical Name Permeate COPC COPC Brine COPC
Concentration (mg/l) Concentration | Concentration
in Soil from (mall)
Release of
Permeate
(mg/kg)
Aluminium Chlorohydrate Dissociates to Al and Cl Refer to Refer to
concentration consistent geogenic geogenic
with geogenic background concentrations | concentrations
Sodium Meta Bisulphite Dissociates to Na and SO4 | Refer to Refer to
concentration consistent geogenic geogenic
with geogenic background concentrations | concentrations
Sodium Hypochlorite Dissociates to Na and ClI Refer to Refer to
concentration consistent geogenic geogenic
with geogenic background concentrations | concentrations
Sodium Hydroxide Dissociates to Na and OH Refer to Refer to
concentration consistent geogenic geogenic
with geogenic background concentrations | concentrations
Citric Acid Dissociated and rapidly NA Refer to
breaks down to TOC geogenic
concentrations
Hydrochloric Acid Dissociates and reacts to Refer to Refer to
water and chloride geogenic geogenic

concentration consistent
with geogenic background

concentrations

concentrations

Calcium Chloride

47.2 — Dissociates and
reacts to calcium and
chloride concentration
consistent with geogenic
background

Refer to
geogenic
concentrations

Refer to
geogenic
concentrations

Ethylene diamine tetraacetic acid, 0.29 0.02 18

EDTA

Polydadmac NA NA NA

Acrylamide homopolymer NA NA NA

5-chloro-2-methyl-4-isothiazolin-3-one | 0.50 NA NA

2 methyl-isothiazolin-3 one 0.1 NA NA

Proprietary Mixture D1 0.065 NA NA

Proprietary Mixture D2 0.065 0.03 NA

Sodium Chloride Dissociates and reacts to Refer to Refer to
sodium and chloride geogenic geogenic

concentration consistent
with geogenic background

concentrations

concentrations

Sodium dodecyl sulfate

Dissociates and reacts to
sodium and sulfate
concentration consistent
with geogenic background

Refer to
geogenic
concentrations

Refer to
geogenic
concentrations

Proprietary Mixture A2

Dissociates and reacts to
sodium and sulfate
concentration consistent
with geogenic background

Refer to
geogenic
concentrations

Refer to
geogenic
concentrations
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consistent with geogenic
background

concentrations

Chemical Name Permeate COPC COPC Brine COPC
Concentration (mg/l) Concentration | Concentration
in Soil from (mall)
Release of
Permeate
(mg/kg)
Dlsso_<:|ates to magnesium Refer to Refer to
. . and nitrate concentration - -
Magnesium nitrate geogenic geogenic

concentrations

Proprietary Mixture A3

Reaction product with
sodium hypchlorite. Will
dissociated to sulfate,
chloride, and ammonia
consistent with geogenic
background.

Refer to
geogenic
concentrations

Refer to
geogenic
concentration

COPC present
COPC present in solids ;Trzg:;lqs
Homopolymer of maleic acid stream; therefore, not NA '
h therefore, not
present in permeate .
present in
brine
COPC present
COPC present in solids 'Srt]rzg::]qs
Polyacylate stream; therefore, not NA '
. therefore, not
present in permeate :
present in
brine

mg/l = milligrams per litre
mg/kg = milligrams per kilogram
NA = not applicable

6.3.5 Direct Discharge of Treated Water to Bohena Creek

As discussed in Section 4.4.1, direct discharge of permeate to Bohena Creek will occur on an
intermittent basis. For the quantitative risk assessment of this pathway, the anticipated COPC
concentration (geogenic and vendor chemical breakdown products) were calculated by assuming a
dilution factor of 40 to account for mixing with upstream surface water. The dilution factor is based on
the discharge to Bohena Creek at specified flow of 100 ML/day in Bohena Creek. For the vendor
chemicals, degradation based on residence time in the system and effluent tanks were calculated. No
degradation was included for the geogenic chemicals. The COPC concentrations are presented in
Appendix F (Table F-1) and summarised below in Table 6-6.

Table 6-6:

Estimates of COPCs in Direct Discharge of Permeate to Bohena Creek

Chemical Name/Use

Permeate COPC Concentration with Dilution
in mixing zone of Bohena Creek (mg/l)

Geogenic Compounds

Total Dissolved Solids (TDS) < 16.25
pH 6-8.5
SAR < 5
Bicarbonate (as calcium carbonate equivalent) 6.5
Carbonate 0.05
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Chemical Name/Use Permeate COPC Concentration with Dilution
in mixing zone of Bohena Creek (mg/l)
Total Alkalinity 6.55
Chloride(Cl) < 25
Sodium (Na) 3.275
Sulphate (SO4) 0.125
Calcium (Ca) < 125
Magnesium (Mg) 0.001
Potassium (K) < 0.125
Strontium (Sr) < 0.0005
Barium (Ba) < 0.0025
Fluoride (F) < 0.0075
Silica (SiO2) < 0.0225
Boron (B) 0.0175
Iron (Fe, dissolved) < 0.0025
Cyanide < 0.000025
Manganese 0.0005
Aluminium 0.0005
Ammonia 6-10
Nitrate as N < 0.0025
Copper Sulphate < 0.00025
Nickel Sulphate < 0.00025
Arsenic < 0.00025
Cadmium < 0.00005
Mercury < 0.000025
Selenium < 0.00025
Zinc < 0.00025
Chromium < 0.00025
Hexavalent Chromium < 0.00025
Molybdenum < 0.000125
Antimony < 0.000025
Tin < 0.000025
Uranium < 0.000025
Lead < 0.000025
Beryllium < 0.000025
Cobalt < 0.000025
lodide < 0.00125
Lithium < 0.00025
Thallium < 0.0000125
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Chemical Name/Use Permeate COPC Concentration with Dilution
in mixing zone of Bohena Creek (mg/l)

Vanadium < 0.00025

Phosphorus < 0.00125

Nitrite < 0.001

6.4 Lifecycle Component Assessment

The lifecycle component assessment includes a qualitative assessment of the drilling fluids from the
transportation to the well lease, mixing and use at the well lease, and transport of used drilling fluid to
the approved drilling fluid treatment facility. The quantitative assessment of lifecycle components
includes the recovery of drilling fluids and cuttings through treatment and beneficial reuse of production
water and management of drill cuttings through mix, turn, and bury on the well lease.

6.4.1 Qualitative Assessment

The qualitative assessment includes exposure to the vendor chemicals that may occur during activities
that do not intentionally result in a release to the environment, but where a potential release may occur.
These potential releases primarily are focused on the vendor chemicals used in the drilling and water
treatment process during transportation, drilling and water treatment preparation activities. Potential
exposure to vendor chemicals may occur as a result of release from shipping containers and storage
tanks either during transport from supplier or storage warehouse to well lease or WMF, storage and
preparation of products on the lease for drilling operations or at the WMF for treatment activities, during
transport of the used drilling fluids to the drilling fluid treatment facility, transport of drill cuttings
containing a high percentage of coal fines to off-site disposal facility or during use of the treated water
for beneficial purposes.

Table 6-7 presents a summary of potential human health and ecological hazards that should be
considered for the potential receptors identified in Section 5.3.5. Where a potential hazard exists,
additional information is provided in the risk assessment dossiers and SDSs are available to emergency
responders, health and safety managers, and environmental hazard clean-up teams. In addition, Tables
1a, 1b, 1c and 1d present the Oral Reference Dose and Drinking Water Guideline Values, and Tables
2a and 2b present the ecological endpoint, NOEC, and the aquatic PNEC. Note that the level of toxicity
was obtained from the risk assessment dossiers.
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Table 6-7: Summary of Human and Ecological Hazards
Chemical name CAS Number Human Hazard Ecological Hazard
Explosive (E) | Australian Acute or Chronic Toxicity (oral -O, | Aquatic and Terrestrial
Flammable Dangerous dermal — D, inhalation — 1)
(F) Oxidiser Goods Code
©)
Drilling Chemicals
Copolymer of Acrylamide/Sodium 25085-02-3/ 31212-13-2 | NA NA No studies, low toxicity Low toxicity
Acrylate/ Copolymer of
Acrylamide/Potassium Acrylate
Sodium carbonate 497-19-8 NA NA Low toxicity; eye irritant Low toxicity
Glutaraldehyde 111-30-8 NA Danger Moderate to high toxicity (O, I) and Slight to moderate toxicity
low to moderate toxicity (D); skin to fish and invertebrates;
sensitizer, respiratory sensitizer, moderate to highly
serious eye damage, corrosive, and toxicity algae; low
respiratory irritant toxicity to terrestrial
invertebrates and plants
Methanol 67-56-1 F Danger Low toxicity (0.1 to 1 percent) Low toxicity
Polyalkylene 9038-95-3 NA NA Low toxicity Low toxicity
Glyoxal 107-22-2 NA NA Moderate toxicity (1) and low toxicity Low toxicity
(D, O); skin sensitizer,
skin/eye/respiratory irritant
Ethylene oxide/propylene oxide 9003-11-6 NA NA Low toxicity Low toxicity
copolymer
Potassium chloride 7747-40-7 NA NA Low toxicity Low toxicity
Silicic acid, potassium salt 1312-76-1 NA NA Low toxicity Low toxicity
Polypropylene glycol 25322-69-4 NA NA Low toxicity Low toxicity
Sodium carboxymethyl cellulose 9004-32-4 NA NA Low toxicity Low toxicity
Sodium chloride 7647-14-5 NA NA Low toxicity Low toxicity
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Chemical name CAS Number Human Hazard Ecological Hazard
Explosive (E) | Australian Acute or Chronic Toxicity (oral -O, Agquatic and Terrestrial
Flammable Dangerous dermal - D, inhalation - I)
(F) Oxidiser Goods Code
©)

Sodium hydroxide 1310-73-2 NA Danger Limited studies, concentrated solutions | In unbuffered aquatic
corrosive, irritating, and affect skin, media, high toxicity due
eyes, and respiratory gastrointestinal to increase in pH
tracts

Starch 9005-25-8 NA NA Low toxicity Low toxicity

Tetrahydro-3,5-dimethyl-1,3,5- 533-74-4/556-61-6 NA (MITC - NA Moderate to acute toxicity (O); low Aquatic Acute Category 1

thiadiazine-2-thione F) toxicity (D, 1); MITC: Highly acute and Aquatic Chronic

(Dazomet)/methylisothiocyanate toxicity (O, 1) and low to high toxicity | Category 1 (high toxicity

(MITC) (D); severely irritating to skin and and long-term effects);
eyes, skin sensitizer, respiratory irritant | MITC: high toxicity;
(Note: dazomet and MITC present at moderate toxicity to
0.1 to 1 percent) earthworms

Xanthan gum 11138-66-2 NA NA Low toxicity Low toxicity

Calcined petroleum coke 64743-05-1 NA NA Low toxicity Low toxicity

Calcium carbonate 471-34-1 NA NA Low toxicity Low toxicity

Crystalline silica, cristobalite 14464-46-1 NA NA High toxicity (I); low toxicity (O,D) Low toxicity

Crystalline silica, quartz 14808-60-7 NA NA High toxicity (I); low toxicity (O,D) Low toxicity

Crystalline silica, tridymite 15468-32-3 NA NA High toxicity (I); low toxicity (O,D) Low toxicity

Bentonite Mixture NA NA Low toxicity Low toxicity

Walnut hulls Mixture (1756) NA NA Low toxicity Low toxicity

Wood fibre Mixture (1757) NA NA Low toxicity Low toxicity

Almond Hulls NA NA NA Low toxicity Low toxicity

Cellophane 9005-81-6 NA NA Low toxicity Low toxicity
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Chemical name

CAS Number

Human Hazard

Ecological Hazard

Explosive (E) | Australian Acute or Chronic Toxicity (oral -O, Agquatic and Terrestrial
Flammable Dangerous dermal - D, inhalation - I)
(F) Oxidiser Goods Code
©)
Water Treatment Chemicals
Proprietary Polymer A PolymerA-CASRn NA NA Low toxicity Low toxicity
Proprietary Ester A EsterA-CASRn NA Danger Moderate toxicity (O, D) Low toxicity
Aluminium Chlorohydrate 1327-41-9 NA NA Low toxicity Low toxicity
Sodium Meta Bisulphite 7681-57-4 Moderate (O, D) Moderate (aquatic)
Sodium Hypochlorite NaOCI 7681-52-9 NA Danger Moderate toxicity High toxicity (aquatic),
low toxicity (terrestrial)
Citric Acid, C6H807 77-92-9 NA NA Low toxicity Low toxicity
Hydrochloric Acid, HCI3 7647-01-0 NA Danger Corrosive, irritating (O,l) Low toxicity
Calcium Chloride, CaCl24 10043-52-4 NA NA Low toxicity Low toxicity
Ethylene diamine tetraacetic acid, 13235-36-4 NA NA Low toxicity Low toxicity (except algae
EDTA (C10H16N208) due to nutritional
deficiency)
Polydadmac 26062-79-3 NA NA Low toxicity Moderate toxicity
Polyacrylamide 9003-05-8 NA NA Low toxicity Low toxicity
Sodium polyacrylate 9003-04-7 NA NA Low toxicity Low toxicity
14% 5-chloro-2-methyl-4- 26172-55-4 NA Danger Moderate to high toxicity Moderate toxicity
isothiazolin-3-one (terrestrial), high toxicity
(aquatic)
Proprietary Mixture D1 MixtureD1-CASRn NA Danger High toxicity (O, I) High toxicity
Proprietary Mixture A2 MixtureA2-CASRn NA NA Low toxicity Moderate (aquatic,
plants), low (fish,
invertebrates), low
(terrestrial)

87



EHS Support

consider it done -

Chemical name CAS Number Human Hazard Ecological Hazard
Explosive (E) | Australian Acute or Chronic Toxicity (oral -O, Aquatic and Terrestrial
Flammable Dangerous dermal - D, inhalation - I)
(F) Oxidiser Goods Code
(0)
Sodium dodecyl sulfate 151-21-3 F Danger Moderate (O, D) Moderate toxicity
Proprietary Mixture D2 MixtureD2-CASRn NA NA Low toxicity Low toxicity
Homopolymer of maleic acid 26009-09-2 Unknown Unknown Unknown Unknown
Magnesium nitrate 10377-60-3 NA NA Low toxicity Low toxicity
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6.4.2 Quantitative Assessment

The quantitative assessment determines the exposure to the vendor chemicals that may occur during
activities associated with the storage, treatment, disposal, and beneficial reuse of the vendor chemicals.
In addition to vendor chemicals, chemicals in the produced water are also evaluated in the quantitative
risk assessment. These exposures may include operational activities where planned direct releases to
the environment may occur (e.g., managed release of treated water, irrigation, land application). To
evaluate the potential for human and environmental hazards associated with the geogenic and vendor
chemicals, the empirical and theoretical datasets discussed in Section 6.3 were first compared to
applicable risk-based screening criteria.

6.4.2.1 Geogenic Chemicals in Drilling Fluids

As discussed in Section 6.3.1 the analytical data from other coal seam gas projects were used to assess
the risk posed by geogenic constituents within the drill cuttings and fluids. The maximum
concentrations of geogenic chemicals were compared to risk-based human health and ecological
screening criteria as a conservative assessment. Risk-based screening levels (RBSLs) for potentially
complete exposure pathways and various receptor scenarios presented above were selected using a
hierarchical approach. The primary sources of screening levels for use in the evaluation are from the
National Resource Management Ministerial Council (NRMMC) for aqueous data and the NEPM for
solids data.

The need for screening levels sourced from multiple regulatory environments was required as screening
values are not available in the NRMMC or the NEPM for all potential chemicals present in the residual
drilling material for all the potential exposure or migration pathways. It is noted that the NRMMC and
the NEPM guidance criteria were not developed for waste classification. However, the use of these
screening values is considered appropriate as the screening is being performed to assess the potential
for harm. The hierarchy of screening criteria includes Australian sources, then international sources
with the screening criteria presented in Appendix E.

The screening criteria hierarchy utilised the following for aqueous residual drilling material was as
follows:
e Human Health:
o0 National Water Quality Management Strategy (NRMMC) Australian Drinking Water
Guidelines (2016)
0 WHO Drinking-water Quality, Fourth Edition (2011)
0 USEPA Regional Screening Levels (RSLs) for tap water (May 2016 update) (2016b).
0 USEPA Maximum Contaminant Levels (MCLs, 2009).
e Environmental and Ecological:
0 ANZECC & ARMCANZ (2000) Guidelines for Fresh and Marine Water Quality
0 American Petroleum Industry (API) RBSLs for the Protection of Livestock Exposed to
Petroleum Hydrocarbons (2004)
0 Republic of South Africa (1993) South African Water Quality Guidelines
0 USEPA National Recommended Water Quality Criteria for Priority Pollutants (2009)
0 USEPA Region 3 Biological Technical Assistance Group Freshwater Screening
Benchmarks (2011c).

The screening criteria hierarchy utilised the following for solid residual drilling material was as follows:
e The NEPM 1999 as amended 2013 (NEPM, 2013)
e Human health environmental and ecological (including phytotoxicity):
o Direct Contact Soil Health Screening Levels (Friebel and Nadebaum, 2011, CRCCARE,
Table B4)
0 USEPA May 2016 RSLs (RSL TR = 1x10°, THQ =0.1)
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0 API Stock API 4733 2004, RBSLs for the Protection of Livestock Exposed to Petroleum
Hydrocarbons.

In the context of the NEPM guidance, the primary health investigation levels (HILs), health screening
levels (direct contact HSLs), ecological screening levels (ESLs), USEPA RSLs, and APl RBSLs for
solids considered suitable in the context of the site setting are presented in the tables in Appendix E
below and comprise:
e Human Health:
0 NEPM Residential A and Recreational C for HILs
o Direct Contact Soil Health Screening Levels (Friebel and Nadebaum, 2011, CRCCARE)

for HSLs.
0 USEPA RSLs for residential soil.
e Ecological:

0 NEPM Schedule B5a — Areas of Ecological Significance and Urban Residential and Open
Public Space for ESLs
0 API RBSLs for the Protection of Livestock Exposed to Petroleum Hydrocarbons.

In addition, regulatory criteria for residual drilling materials being beneficially reused in well pad
rehabilitation using the mix, turn busy strategy, were used as screening criteria. No criteria have been
developed in NSW for the management of drilling cuttings. However, criteria have been developed in
Queensland leveraging international guidelines and best practices, these criteria have been used as
generic screening criteria These generic criteria are documented in the Department of Environment and
Heritage Protection (DEHP) Guideline (Environmental Protection Act [1994]): Streamline model
conditions for Petroleum Activities Version 2.01 (05 May 2016), which is the available guidance for
this method.

Several constituents, primarily inorganics, in the aqueous drilling fluids were recorded above the
applied screening levels. It should be noted that drinking water levels were utilised for the screening
evaluation of incidental contact by the trespasser with drilling fluids stored in lined pits on the well
lease. Drinking water levels are considered very conservative as the trespasser incidental contact is
significantly less than exposure via ingestion of potable water. Appendix E, Tables E-4, E-5, and E-
6, presents the descriptive statistics for the analytical data including minimum, maximum, average,
detection frequency and frequency of exceedance of relevant criteria.

As presented in Table E-4, the exceedance of the criteria in the geogenic aqueous portion of the drilling
fluids was observed at a high frequency, with approximately 60 percent or more of the samples
exceeding their respective criterion. The exception was a 20 percent exceedance frequency for 2-
methylnapthalene. Therefore, additional statistics (95% upper confidence limit [UCL] on the mean)
were calculated for 2-methylnaphthalene only. The USEPA ProUCL (version 5.1, USEPA, 2015)
software was used to estimate 95% UCL on the mean of the dataset to determine if the estimated UCL
was less than relevant screening criteria. The 2-methylnaphthalene data were gamma distributed and
the recommended UCLs range from 0.00837 mg/L to 0.0114 mg/L). The 95% UCLs exceed the
drinking water criteria for 2-methylnaphthalene is 0.0036 mg/L; however, as indicated in the
groundwater modelling discussed in Section 5.3.5, it is unlikely that the geogenic chemicals in drilling
fluids would migrate to a groundwater receptor. In addition, as previously discussed incidental contact
by the trespasser with drilling fluids is significantly less exposure than that of a landowner using the
drilling fluids as a potable source. Therefore, the geogenic chemicals in the drilling fluids recovered
during the drilling process do not represent a hazard to human health or the environment.

The concentration of the C10-C16 Fraction (minus naphthalene, F2) (198 mg/kg) exceeded both the
ESLs for Areas of Ecological Significance (25 mg/kg) and urban residential and open public spaces
(120 mg/kg) in one sample from the geogenic solid portion of the drilling fluids. The analytical results
did not exceed any other relevant screening criteria. The ProUCL software was used to estimate 95%
UCL on the mean of the dataset to determine if the estimated 95% UCLs were less than relevant
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screening criteria. The C10-C16 data in the calculated spent mud solids dataset were lognormally
distributed at 5 percent significance and the recommended UCL of 198 mg/kg exceeded the screening
criteria (Appendix G). Whilst estimated UCLs exceeded the screening level for Areas of Ecological
Significance, the drilling fluid will be containerized for transport to an off-site treatment facility.
Therefore, it is unlikely that a potential release of the drilling fluids represents a hazard to human health
or the environment.

Similar to the residual drilling material solids, the C10-C16 fraction (minus naphthalene) also exceed
the ESL for Areas of Ecological Significance in two cuttings samples. This fraction was only detected
in two samples; therefore, as there were not enough detections to generate a reliable statistic, the UCL
was not calculated for this fraction. Chromium slightly exceeded the residential HIL of 100 mg/kg in
one sample (103 mg/kg). The data distribution for the chromium dataset was determined to be non-
parametric, with a 95% UCL of 35.12 mg/kg. The calculated UCLs for chromium and copper do not
exceed their respective screening levels of 100 mg/kg; therefore, under typical conditions, it is not
anticipated that the chromium or copper concentrations would exceed RBSLs. The analytical results
did not exceed any other relevant screening criteria.

Instances, where an RBSL was exceeded by a concentration in the drilling fluid chemicals in the solid
material, will be addressed through management controls, the Field Development Protocol, and
occupational health and safety plans. Therefore, any constituents that exceed screening criteria in the
geogenic material will not be further evaluated in the quantitative risk assessment.

6.4.2.2 Assessment of Impacts on Soil Salinity, Plant Growth and Soil Structure

The ANZECC (2000) guidelines provide a framework for the assessment of potential effects of the
application of drill cuttings on soil salinity and sodicity. The ANZECC values are specific to soil types
and crop types with no values provided for native vegetation. The areas are very dry, with evaporation
rates far exceeding participation rates, which would tend to a higher natural soil salinity. In addition,
vegetation (particularly in inland areas) can typically be considered salt tolerant to very salt tolerant as
defined by ANZECC (2000) in Table 6-8 below.

Table 6-8: Soil and Water Salinity Criteria Based on Plant Salt Tolerance Groupings Based
on a Loam Clay Soil with an Average Leaching Zone Fraction of 0.31

Plant salt tolerance groupings Water salinity rating | Average rootzone salinity (ECse) (dS/m)
Sensitive crops Very low <0.95

Moderately sensitive crops Low 0.95-1.9

Moderately tolerant crops Medium 1.9-45

Tolerant crops High 4.5-7.7

Very tolerant crops Very high 7.7-12.2

Generally, too saline Extreme >12.2

Sourced from ANZECC (2000 Chapter 1) Table 4.2.4.
ECse = electrical conductivity of a saturated extract
dS/m = deciSiemen per metre

The use of sodium chloride and potassium chloride in drilling fluids elevates the electrical conductivity
(EC) of the drilling fluids and residual drilling materials, with aqueous values typically in the range of
30 — 80 (deciSiemen per metre; dS/m).

Without adequate management controls in place, these materials have the potential to impact on plant
growth. The retention of drilling materials on the well lease, in accordance with the EIS and EPL
conditions, and integration of drill cuttings into the soil using the mix, turn, bury strategy mitigates the
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potential for harm. Runoff from well leases into the receiving environment may lead to some
transportation of dissolved ions, however, after integration into the soil profile, concentrations are
considered similar to background levels within soils and therefore considered insignificant.

In addition, without adequate management controls in place, the potential also exists for soil stability
issues. ANZECC (2000) guidance assesses the potential impacts on soil structure by assessment of soil
salinity and sodicity against the stability fields for soils as provided in Figure 6-1 below. The SAR is a
measure of the sodicity of soil, with ion exchange occurring between monovalent ions (sodium) and
divalent ions (calcium and magnesium) resulting in either structural stability or instability in the soil.
The theory for potassium adsorption ratio and soil stability / instability is the same as for SAR.

The presence of elevated concentrations of sodium and potassium within the drill cuttings (sodium and
potassium adsorption ratios of > 500), when beneficially reused in rehabilitation of the well pad,
provides an opportunity for structural instability to occur in soils. The application of drill cuttings at
well pads would be carried out with regard to the volume and characteristics of the drill cuttings, the
characteristics of the receiving soil, and the volume and nutrient requirements of growth media. A
balance of these factors would be implemented to ensure successful rehabilitation.
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Figure 6-1: Relationship between SAR and EC for Prediction of Soil Structural Stability
(Adapted from DNR, 1997 from ANZECC 2000 Figure 9.2.3)

6.4.2.3 Chemicals in Drilling Fluids

For the quantitative assessment, the mass balance of the COPCs in the four drilling fluids systems, as
presented in Table 6-2, were used to estimate the potential concentrations within the aqueous phase of
residual drilling materials. The drill cuttings would be stockpiled until they are required for use in well
pad rehabilitation. Therefore, the concentration of select COPCs within any residual drilling fluids
mixed in with the drill cuttings will decrease over time through biodegradation and photolytic
degradation. The biodegradation information was obtained from the OECD ready tests (OECD, 1992)
that were developed as a first-tier testing scheme to provide preliminary screening of organic chemicals.
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The ready tests are stringent screening tests that are conducted under aerobic conditions in which a high
concentration of the test substance is used, and biodegradation is measured by non-specific parameters
including dissolved organic carbon, biochemical oxygen demand and carbon dioxide production. Table
5 presents the environmental fate information that was used to assess biodegradation of COPCs, and
that was applied at the time periods of 0, 3, and 7 days from initial recovery. The water quality data
derived using these assumptions for the theoretical COPCs are presented in Table 6.

As discussed in Section 5.3.3.2.1 there is no potentially complete exposure pathway to sources of
drinking water; however, as a conservative measure, the theoretical concentrations for the three
exposure scenarios (0, 3, and 7 days) were compared to human health toxicity-based screening levels
to screen for potential effects as a result of a release from the well lease that may migrate to groundwater
used as a drinking water source. The results of this comparison, including the ratio of exceedance of
screening levels, is presented in Table 7.

If the ratio of screening levels is greater than 1.0, the exceedances of risk threshold levels is associated
with this exposure scenario. Several chemicals exceeded the screening levels for all three exposure
scenarios (days 0, 3, 7). Table 6-9 presents a summary of the chemicals exceeding the screening criteria.
The potential for chemicals to migrate from the well lease to a landowner bore was evaluated in a
detailed fate and transport model summarised in Section 5.3.5 and included in Appendix C. As noted
in the model summary, the chemical additives used during drilling are unlikely to migrate to a potable
water source due to the chemical and physical properties of the additives, the geology of the Project
Area and distances to water bores. Therefore, potential exposure of receptors to chemical additives used
in the drilling fluids will not be further evaluated in this risk assessment.

Table 6-9: Summary of Chemical Additives in Residual Drilling Materials Exceeding
Relevant Screening Criteria

Chemical Name Cas Exceed Drinking Exceed Exceed
Number Water Guideline PNECwater PNECsoil
Potassium chloride 7447-40-7 | X X
Copolymer of acrylamide and 25085-02-
sodium acrylate 3
Glyoxal 107-22-2 X X X (a)
Methanol 67-56-1
Pentanedial / Glutaraldehyde 111-30-8 X X
Sodium carbonate 497-19-8 X
Sodium carboxymethyl cellulose 9004-32-4 X
Sodium hydroxide 1310-73-2 | X
Starch 9005-25-8 X
Tetrahydro-3,5-dimethyl-1,3,5- 533-74-4 X X
thiadiazine-2-thione
Methylisothiocyanate (MITC) 556-61-6 X X X
Xanthan gum 11138-66- | X
2
Ethylene oxide/propylene oxide 9003-11-6 X
copolymer
Polyalkylene 9038-95-3 | X X
Polypropylene glycol 25322-69- | X X X
4
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Chemical Name Cas Exceed Drinking Exceed Exceed
Number Water Guideline PNECwater PNECsoil

Silicic acid, potassium salt 1312-76-1 | X

Sodium chloride 7647-14-5 | X

Sodium polyacrylate 9003-04-7 | X X X

a/ COPC/PNEC.iid ratio only exceeded by spent drilling muds concentration. Cuttings (surficial and buried) COPC/PNECsoiid
ratio not exceeded.

To screen for a potential release of drilling fluids to surface water, the theoretical concentrations of the
three exposure scenarios were also compared to the PNEC for aquatic receptors. Table 8 presents the
results of this comparison, including the ratio of exceedance of screening levels. Several chemicals
exceeded the screening levels for each exposure scenario on day 0, 3, and 7 (refer to Table 6-9 for a
list of COPCs exceeding the PNEC for aquatic receptors). Based on the screening, there is a potential
for adverse impacts to surface water resources and associated aquatic flora and fauna from a potential
release of residual drilling fluids.

As discussed in Section 5.3.5, there is the potential for exposure of workers, agricultural worker, and
trespassers to residual drilling materials COPCs prior to or during beneficial reuse of drill cuttings for
rehabilitation of well pads. To evaluate the potential exposure of the receptors to residual drilling
material, three scenarios were considered:

e a conservative scenario that addressed the full concentration of COPCs released to the
environment due to an accident during transport of spent drilling muds transported off the well
lease to the drilling mud treatment facility

e a conservative scenario that addressed the full concentration of the COPCs retained on the
drilling cuttings

e and a post-application scenario that considered the resultant concentrations on the well lease
after utilising mix, turn, bury technigues.

As discussed in Section 4.3, the spent drilling muds are sent to an approved treatment facility for
treatment and reuse on other well leases; therefore, the majority of the spent drilling fluid will be
separated from the cuttings on the well lease. To estimate the concentration of the residual vendor
chemicals retained with the drill cuttings, a factor of 0.1 was applied to the spent drilling fluid. The drill
cuttings will subsequently be incorporated into the soil using mix, turn, bury techniques. A factor of 0.5
was applied to the residual vendor chemical concentration on the drill cuttings to quantify the COPC
concentrations with the buried cuttings (to account for mixing with clean fill).

Table 9 presents the theoretical estimates of the residual COPC concentrations on the recovered drilling
fluids, surface cuttings, and buried cuttings. The ratio of estimated concentrations with the recovered
drilling fluids and cuttings (both surficial and buried) to PNECs for soil exceeded the risk threshold
level of 1.0. Refer to Table 6-9 for the list of COPCs exceeding the soil PNECs.

The potential significant risk drivers (Table 6-9) from exposures to COPCs in recovered drilling fluids
and drill cuttings are the biocides. The biocide MITC is a hydrolysis product of tetrahydro-3,5-dimethyI-
1,3,5-thiadiazine-2-thione, and due to its high volatility in water, MITC will likely evaporate in the
aqueous phase soil, and therefore, will not be a risk driver. Glutaraldehyde, the other biocide that is a
risk driver, readily biodegrades in soil, with an aerobic soil half-life of 1.7 days, indicating rapid
degradation in soil by microbial biotransformation. In addition, photolytic degradation in water has a
half-life of 18 days, and it is considered readily biodegradable in an aerobic aquatic environment with
a half-life of 10.6 hours in the water/sediment system. Therefore, very low persistence exists for the
biocides, either due to volatility (MITC) or biodegradation (glutaraldehyde). This would result in a low
potential for exposure to terrestrial receptors.
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Polypropylene glycol and sodium polyacrylate were two other non-biocide COPCs that were potential
risk drivers. Polypropylene glycol rapidly biodegrades, does not bioaccumulate, and exhibits low
toxicity to human and ecological receptors. Sodium polyacrylate is a relatively large polymer that does
not biodegrade or bioaccumulate, but is not readily bioavailable; and has a low toxicity to human and
ecological receptors. Therefore, the potential risk for terrestrial ecological exposure to COPCs in
residual drilling materials will not be further evaluated in the risk assessment.

There are no RBSLs for the potentially complete exposure pathway of direct contact with COPCs in
drill cuttings (either surficial or buried). Therefore, these potentially complete exposure pathways were
carried further through further in risk assessment.

6.4.2.4 Chemicals in Produced Water

For the quantitative assessment of potential exposures to geogenic COPCs in produced water as a result
of a release from the transport pipeline network, the concentrations of the COPCs in the produced water,
as presented in Table 6-3, were used to estimate the potential concentrations within the produced water
piped to the Leewood WMF for treatment. The screening criteria utilised for the produced water is
consistent with the human health and ecological screening criteria utilised for the aqueous drilling fluids
as the potentially complete exposure pathways are similar. Appendix F (Table F-3) presents the
comparison of the production water COPC concentrations to the relevant screening criteria. Several
geogenic COPCs in the produced water exceeded the drinking water guideline values; however, as
noted in Section 5.3.3.2.1 and the Irrigation General Concept Design (BenneTerra, 2015) it would take
approximately 50 to 500 years for water to migrate to groundwater. Therefore, potential exposures to
geogenic COPCs in produced water via drinking water will not be further evaluated in the risk
assessment. Several constituents exceeded the RBSLs for stock watering and two constituents exceeded
the RBSLs for aquatic ecosystems: pH and barium. The potential duration of a release of produced
water is anticipated to be relatively short due to the monitoring protocols in place to minimise leakage
of produced water from the pipeline network. Produced water is not planned to be beneficially reused
prior to treatment at Leewood. Therefore, the anticipated potential risks associated with this pathway
are considered minimal.

The theoretical residual produced water COPC concentrations in soil were compared to the same RBSLs
as the theoretical drill cuttings. Appendix F; Table F-4 presents the comparison of the residual COPC
concentrations to these RBSLs. No COPCs exceeded the relevant RBSLs for human health or ecological
receptors. Therefore, the potential risk for human and ecological exposure to COPCs in soils effected
by a release from produced water flowlines/pipelines will not be further evaluated in the risk
assessment.

6.4.2.5 Chemicals in Treated Water Utilised for Irrigation, Dust Suppression, and Stock
Watering

The permeate includes the produced water as well as the vendor supplied chemicals for water treatment
applied throughout the treatment process. For the quantitative assessment, the mass balances calculated
for the permeate (presented in Table 6-5 and Table 6-6) were utilised to evaluate the potentially
complete exposure pathways in Section 5.3.4. In addition to the estimated concentrations of the
permeate the mass balance of the COPCs in the agueous permeate, estimates of residual permeate COPC
concentrations soils were also utilised to evaluate potential risk to human and ecological receptors.

The production water COPCs in the permeate were compared to the RBSLs for stock watering and
irrigation. Appendix F, Table F-3, presents this comparison. The majority of the COPCs are expected
to be less than detectable concentrations; those COPCs that were detected did not exceed the RBSLs.
The vendor chemicals were compared to PNECs for water developed as discussed in Section 6.1.2.1.
This comparison is presented in Table 11. The majority of the vendor chemicals will dissociate to
geogenic chemicals and are captured in Table F-3; the remaining COPCs are at levels below
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concentrations that would exceed the risk threshold level except 5-chloro-2-methyl4-isothiazolin-3-one
and Proprietary Mixture D1 in the permeate. The permeate concentration presented in Table 11 does
not account for potential degradation of COPCs within the system and storage within the effluent tanks.
These organics rapidly degrade. Releases of pure permeate (i.e., no degradation) to the aquatic
environment may occur as a result of a failure of the containment system. Given management controls
proposed by the Proponent, this is unlikely and, should it occur, would be rapidly addressed to limit the
effect on aquatic environments. Therefore, the potential risk for ecological exposure to geogenic COPCs
in permeate through consumption of permeate utilised for stock water will not be further evaluated in
the risk assessment. A PNEC is not available for ingestion by terrestrial receptors of stock water;
therefore, these COPCs will be further evaluated in the risk assessment for this exposure pathway.

To evaluate the potential for exposure to human and ecological receptors identified in Section 5.3.4 to
COPCs in permeate that remain in soil after beneficial reuse (e.g., irrigation), the CCL of each geogenic
COPC calculated were compared to relevant soil RBSLs identified in Section 6.4.2.1 (Appendix F;
Table F-3).

The theoretical concentrations of geogenic and vendor COPCs retained on soils as a result of a release
or irrigation activities were compared to RBSLs (Table F-4) and PNECs (Table 12). There were no
exceedences of the RBSLs and the cumulative risks based on the PNECs were within risk threshold
levels. Therefore, these will not be carried further through the risk assessment.

6.4.2.6 Chemicals in Treated Water Directly Discharged to Bohena Creek

The theoretical values for COPCs in permeate discharged to Bohena Creek during periods of heavy
flow were compared to RBSLs for aquatic ecosystems (Table F-3) and PNECs (Table 11). No
chemicals exceeded the RBSLs and the cumulative calculated risks for the vendor chemicals utilised in
water treatment did not exceed the risk threshold level of 1.0. Therefore, this exposure pathway will not
be further evaluated in the quantitative risk assessment.
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7.0 EXPOSURE ASSESSMENT

The exposure assessment comprises an evaluation of surface and subsurface exposure pathways and
mass balance calculation to identify the amount of each chemical used in the process, and the estimated
or actual potential exposure point concentration in the affected media (e.g., soil, groundwater, air). For
the chemicals selected as COPC, fate and transport modelling was used to characterise the degradation
of chemicals over time and their potential transport (e.g., in groundwater) or partitioning into other
phases. The assessment of exposure in the qualitative risk assessment process involves the evaluation
of the data available for the project, the details associated with the surrounding environment, the nature
of the exposure identified, and the potential mobility of the COPC.

For an exposure pathway to be considered complete, there must be all of the following:

e Source of COPC — how the chemical got into the environment and which environmental media
are affected

e A transport media — how the chemical moves or migrates through the environment from one
location to another, or from one environmental medium to another

e An exposure point — how organisms can come into contact with the chemicals (e.g., direct
contact or via the food web)

e An exposure route — how the chemical could enter the organism (e.g., inhalation, ingestion or
dermal contact).

For each potential complete exposure pathway for both human health and environmental receptors (i.e.,
terrestrial and aquatic), each of the above steps is evaluated. If any one of these steps (source, transport
media, exposure point or route) was not present, the exposure pathway was incomplete and further
assessment of risks was not required. The assessment of potential risks is evaluated further if there is a
complete exposure pathway. Thus, even if the COPC was a PBT, if there is no threshold concentration
at the point of exposure, the potential risk to environmental and human receptors does not result in
exceedances of risk threshold levels and would not require mititgation measures.

The exposure assessment information was compiled from the enHealth (2012b) Australian Exposure
Factors Guidance. In addition, as noted in enHealth guidance (2012a), guidance from WHO and USEPA
will be used to supplement the Australian guidance, as appropriate. The exposure assessment
calculations presented in the enHealth guidance (2012a) will be used to estimate intake of the COPCs
by the receptors. The exposure assessment also utilised the tools presented in the Routes — Ingestion
and Dermal, Tiers and Types — Aggregate and Cumulative, and Lifestages and Populations — General
Population, Residential, Occupational, or Potentially Highly Exposed Populations steps in Expo-Box
(USEPA, 2016) and in the Exposure Assessment — General Guidance for Exposure Assessment step in
OECD (OECD, 2014).

As discussed in the CEM, the potentially complete exposure pathways for exposure to chemicals within
drill cuttings, produced water, and water treatment processes are as follows:

e Exposure to chemicals in drilling fluid products as a result of release from storages (i.e., tanks)
either during transport from supplier or storage warehouse or drilling fluid treatment facility to
the well lease or a release from storages of products on the well lease migrating to the
environment through direct contact (incidental ingestion and dermal contact) by landholders,
recreational users or terrestrial or aquatic receptors.

e Exposure to vendor chemicals in recovered drilling fluids stored in pits on the well lease to
trespassers through incidental ingestion or dermal contact or uptake by terrestrial receptors
(wildlife and livestock).

e Exposure to residual chemicals within the drill cuttings by direct contact of workers, and direct
contact by landholders or trespassers; and uptake by terrestrial wildlife.

e Exposure to geogenic chemicals in produced water conveyed to Leewood WMF via pipelines
with produced water released to the environment through a release from the pipeline by first
responders, landholders, trespassers, terrestrial and aquatic receptors.
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e Exposure to residual chemicals in treated water utilised for irrigation/stock watering or dust
suppression through contact with soil by workers, trespassers or agricultural workers, or uptake
by ecological receptors (wildlife or livestock).

e Exposure to residual chemicals in treated water directly discharged to Bohena Creek by
recreational users or trespassers or aquatic receptors.

Potential exposures to chemicals additives during transport and storage on the well lease or treatment
facility of raw materials utilised in the drilling and treatment processes were evaluated qualitatively in
Section 6.4.1. The potential for exposure to COPCs via direct contact with recovered drilling fluids in
lined pits or storage ponds by trespassers and/or terrestrial receptors (e.g., livestock, wildlife), potential
exposures to residual COPCs in drill cuttings via direct contact by trespassers, workers and uptake by
wildlife (Pilliga Mouse, Rainbow Bee-eater and Cattle Egret), and potential exposures to residual
COPCs in soils irrigated with permeate via direct contact by workers, trespassers, agricultural workers
and uptake by wildlife (Pilliga Mouse and avian receptors) will be evaluated quantitatively in the
following sections.

7.1 Exposure Point Concentrations

As presented above, the exposure scenarios are based on anticipated conditions and the potential for
exposure to the theoretical estimate of exposure. Exposure point concentrations (EPCs) for the exposure
assessment were calculated using the results of theoretical fate and transport modelling calculations and
the existing environmental conditions within the recovered drilling fluids storage ponds, surface and
buried drill cuttings applied to the rehabilitated well leases, and irrigated land. To assess the potential
flux of drilling fluid chemicals to the environment, vendor disclosures for the drilling fluid systems and
water treatment additives were reviewed, and the chemical concentrations of key inputs were
determined.

The exposure scenarios for the quantitative risk assessment are based on anticipated conditions and the
potential for exposure to the theoretical estimate of exposure. As discussed in Section 6.4.2.3,
theoretical concentrations were calculated (Table 6 and Table 9) for initially injected materials and
after a time period of 3 and 7 days and surface and buried drill cuttings. The concentrations of residual
COPCs in soils as a result of the use of permeate for irrigation purposes are presented in Appendix F.
These concentrations will be used as the EPC for each exposure scenario.

The initial EPC (i.e., day 0) for MITC was assumed to be 0 mg/L in the spent drilling fluids because it
is a degradation chemical. However, based on the half-life (five hours) of tetrahydro-3,5-dimethyl-
1,3,5-thiadiazine-2-thione, an EPC for MITC was calculated by assuming complete hydrolysis of
tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione to MITC. The EPC for MITC for day 3 and day 7
were calculated based on a ratio of residual tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione to
generated MITC. For the application of the spent drilling muds to the well lease, the ratio of tetrahydro-
3,5-dimethyl-1,3,5-thiadiazine-2-thione to MITC would result in an MITC concentration representative
of complete hydrolysis. Therefore, tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione is assumed to
not be present as a COPC in the residual drilling fluids.

7.2 Exposure Equations

In accordance with the guidance, calculation of intake of COPCs in the composite drilling cuttings and
permeate was performed for the potentially complete exposure pathways using the equations presented
below (enHealth, 2012; NEPM, 2012; USEPA, 2016):
e Ingestion of soil:
0 Intake (mg/kg-day) =
o Dermal contact with soil:

CSXEFXEDXSA XAFXABSXCFsoil
o Intake (mg/kg-day) = e =

CSXIRgXEFXEDXRBAXCFsoil
BWXAT

98



EHS Support

consider it done -

e Ingestion of water:
0 Intake (mg/kg-day) =
e Dermal contact with water:
o Forinorganics:
= Intake (mg/kg-day) =
o For Organics:
= Intake (mg/kg-day) =
= Where:

e [fET <=t*, then
0 DAcent (Ug/cm2-event) =

CWXIRy XEFXEDXETswim
BWXAT

CWXEVXEFXEDXSAbodyXKpXETswimXCFwater
BW XAT

DAeventXEFXEDXEVXSAbody
BWXAT

6Xx Tevent ><ETswim
A

ZXFAprxCWxCFwaterx\]

e [fET >t*, then
0 DAcent (Ug/cm2-event) =

ETswim 1+ 3B + 3B?
FAXKpXxCW xCFwaterX m‘i‘ 2XTepent X (1 + B)2

Where:
CS = concentration in soil (mg/kg)
IRs = ingestion rate of soil (mg/day)
RBA = relative bioavailability factor (unitless)
EF = exposure frequency (day/year)
ED = exposure duration (years)
CFsoil = conversion factor for soil (1 x 10-6 kg/mg)
AT = averaging time (days)
BW = body weight (kg)
AF = soil adherence factor (mg/cm2)
ABS= absorption factor (unitless)
EV = event frequency (events/day)
SAexp = exposed skin surface area available for contact (cm2/d)
CW = concentration in water (mg/l)
IRw = ingestion rate of water (I/hr)
SAundy = total body skin surface area (cm2/d)
Kp = dermal permeability factor (Kp — cm/hr)
ETswim = exposure time (hr/day or hours/hours)
CFuwater = correction factor (1 x 10-3 I/cm3)
t* = time to reach steady state (hours)
tevent = lag time per event (hours/event)
B = dimensionless ratio of the permeability coefficient of a compound through the stratum corneum
relative to its permeability coefficient across the viable epidermis (unitless)

Terrestrial receptors evaluated in the ecological risk assessment for potential exposures to COPCs in
drilling muds stored in pits on the well lease include domesticated livestock, large mammalian wildlife
and small mammalian wildlife. Beef cattle were used to evaluate domesticated livestock, kangaroos
evaluated for large mammalian wildlife, and dingos for small mammalian wildlife.

The estimate for dose-based or intake rates for the assessment endpoints for wildlife representing
domestic livestock and native mammalian species exposed to COPCs in drilling fluids used the
following general equation:
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Tl = CWXIRy XEFXED
BWXEDX365 days/year

Where:
Tl = Total intake of COPC (mg/kg/day)
CW = Concentration of COPC in water (mg/l)
IRw = Ingestion rate (litres/day)
EF = Exposure frequency (days/year)
ED = Exposure duration (years)
BW = Body weight (kg).

To estimate the intake for the assessment endpoint for wildlife representing secondary and tertiary
consumers (Pilliga Mouse and avian receptors), the following general equation was used:

(CsoilxIRsoil)+(CfoodxIRfoodxPRfood)+(CwaterxIRwater)|xHR
BW

T =1

Where:
Tl = Total intake of substance (mg/kg/day)
Csoil = Concentration of substance in soil (mg/kg)
IRsoil = Soil ingestion rate (kg/day)
Crood = Concentration of substance in food (mg/kg)
IRt0d = FOOd ingestion rate (kg/day)
PRood = Prey ratio (unitless)
Cuwater = Concentration of substance in water (mg/l)
IRwater = Water ingestion rate (I/day)
HR = Home range ratio (unitless)
BW = Body weight (kg)

As COPC concentrations are not anticipated to be present in drinking water for ecological receptors,
the water component of the intake equation above is effectively zero. Therefore, intake of COPCs in
soils will be estimated based on consumption of soil and food by ecological receptors.

7.2.1 Exposure Assumptions

The following sections present the exposure assumptions utilised to estimate potential exposures for
both human health and ecological receptors. The exposure assumptions are presented in Tables 13
through 20 for both human and ecological receptors.

7.2.1.1 Human Health

Human health exposure assumptions were determined by review of enHealth Exposure Factors
(enHealth, 2012b) and NEPM (2013). Where default exposure assumptions were not available in
enHealth and NEPM guidance, USEPA (EPA-Expo-Box; USEPA, 2016) and the OECD (2014)
exposure factor defaults were used to supplement the enHealth and NEPM recommendations. Where
default values were not available, best professional judgement and site-specific knowledge were utilised
to provide anticipated exposure assumptions.

Table 13 presents the exposure assumptions for the trespasser scenario. The trespasser receptor
exposure pathway includes a small child to teenager that may come in contact with the above grade
fluid exposure scenario for approximately 20 days/year for a 10-year period with potential incidental
ingestion (of 25 millilitres [mL] of fluids) and dermal contact for one half hour.

In addition, the trespasser may contact buried and redistributed soils and cuttings on the well lease once
partially or completely decommissioned and rehabilitated or with soils irrigated with permeate. It should
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be noted this scenario does not occur concurrently with the direct contact with recovered drilling fluids
in the mud pits. An incidental ingestion rate of the soil of 100 milligrams/day (mg/day) and dermal
contact with exposed surface area (e.g., the time-weighted average of the child surface area of the head,
forearms, hands, lower legs, and feet) is assumed for this scenario. The weighted soil adherence factor
was calculated for these body parts for this receptor using equations from enHealth (2012b) and EPA-
Expo-Box (2016):

Surface Area Weighted Soil Adherence Factor:

(AF;)(SA1)+(AF;)(SAz) +--+(AF;)(SA;)

Weighted AF =
SA1+SAy+-+S4A;

Where:
AF = Adherence factor of soil to skin (mg/cm2-event)
AF; = Overall adherence factor of soil to skin (mg/cm2-event)
SA, = skin surface area available for contact with body part “i” (cm2)

Workers exposure pathway includes an adult mixing, turning burying drill cuttings on well leases that
may come into contact with soils during application for and exposure frequency (EF) of 2 days/year, an
exposure duration (ED) of 1 year with potential incidental ingestion (330 mg/day) and dermal contact
with soils on exposed skin area. The workers are assumed to have exposed faces, forearms, and hands;
it is assumed a worker applying treated soils would wear long pants and shoes. Using these body parts,
weighted soil adherence factors were calculated for the worker. Table 14 presents the worker exposure
scenario assumptions.

The agricultural worker exposure pathway includes potential contact with blended soils (once drill
cuttings have been incorporated into the soil) through agricultural activity. Based on the size of the
rehabilitated well lease, the agricultural worker is assumed to potentially come into contact with blended
soils for an EF of 4 days/year, for an ED of 35 years with potential incidental ingestion (100 mg/day;
Table 15). Similar to the worker, the agricultural worker is assumed to wear shoes and long pants whilst
working the soil; therefore, the surface area and weighted soil adherence factor were calculated for
exposure to the face, forearms, and hands.

Chemical-specific parameters utilised in the intake equations are presented in Table 16. Several
chemical-specific parameters were calculated based on equations presented in the enHealth and EPA-
Expo-Box guidance (enHealth, 2012; USEPA, 2007). The equations utilised and results of the
calculations are presented in Appendix H.

7.2.1.2 Ecological Receptors

The exposure assumptions for kangaroo, dingo, Pilliga Mouse, avian receptors (Rainbow Bee-Eater and
Cattle Egret) and livestock cattle are presented in Table 17, 18, 19, 20, and 21 respectively. Water
ingestion and BW were obtained from the following: livestock cattle from CSIRO (2007); kangaroo
from Dawson (1995); and dingo from Fleming et al. (2001). The water ingestion rate (IR) for kangaroo
assumed that although they may go extended periods without water (getting water from the grasses they
eat); they would conservatively take advantage of the presence of surface water to replenish themselves,
up to three litres per event. Dingoes in general drink one litre of water a day in the summer and about
half a litre a day in winter (Dawson, 1995), a rate of 0.75 litres per day was selected as an average.

The EF and ED were based on professional judgement that incorporated operational considerations for
the frequency and duration of the potential for exposure to the gas site in the three scenarios, and a
conservative estimate of potential for mammalian wildlife to be exposed. The use of EF and ED replaced
the use of a home range ratio that is commonly used in intake modelling equations for ecological
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receptors. Home range is use appropriately when the exposure is within the habitat of the potentially
exposed species. However, these species would not normally forage and breed in the operational areas.

The exposure assumptions also recognise that the storage of drilling fluids at individual well lease sites
will be a temporary activity, with operational controls and activities at the well sites likely limiting the
occurrence of wildlife entry and exposures. The receptors were assumed to obtain drinking water from
the lined pits only on occasions when they inadvertently entered on to the operational area of a unique
modelled gas well site as follows:

o Kangaroo - this receptor exposure pathway includes kangaroos that may come in contact with
the above grade water exposure scenarios for an EF of 1 to 7 days/year for a 1-year period with
the potential for incidental ingestion (watering).

e Dingo - this receptor exposure pathway includes dingos that may come in contact with the
above grade water exposure scenarios for an EF of 1 to 7 days/year for a 1-year period with the
potential for incidental ingestion (watering).

The Pilliga Mouse, Rainbow Bee-Eater and Cattle Egret would not likely enter the well lease to drink
from the lined pits during drilling operations, due to the occupational nature of the activity. These
species would tend to remain within their preferred habitat that surrounds the well leases, and would
not preferentially forage on the well lease because of the lack of suitable habitat and vegetation, and
because of the industrial nature of the operations.

The Pilliga Mouse, Rainbow Bee-Eater and Cattle Egret were selected as ecological endpoints for
potential exposure to COPCs in soils on the well lease (residual drilling fluid COPCs with soils) or on
land irrigated with permeate from the Leewood facility. The habitat of the Pilliga Mouse is forested
areas; however, the Pilliga Mouse was used as a surrogate for small mammal exposures in pasture areas.
The Cattle Egret habitat is primarily pasture areas, while the Rainbow Bee-Eater is found in both pasture
and forested areas. The Great Egret and White Egret primarily found in wetlands which are not
representative of site characteristics; therefore, they will not be evaluated further. Life history input
values for ingestion rates, body weight, home range and dietary composition are presented below. Table
19 summarises the assumptions for the Pilliga mouse; Table 20 presents the assumptions for the cattle
egrets.

The diet of the Pilliga Mouse consists of seeds and leaf mater (Jefferys & Fox 2001). Seeds are the
primary portion (95%) of the diet in spring and summer, decreasing to 62 percent in winter. Leaf matter
makes up the remainder of the diet. For this evaluation, the diet is assumed to be comprised entirely of
seeds. Based on the PBT assessment, the COPCs do not bioaccumulate in seeds; therefore, soil ingestion
accounts for the total intake of residual COPCs in soils. The ingestion rate of soil is assumed to be 3.8
mg/day (USEPA, 1993). Tokushima and Jarman (2008) measured average movement distances of 40
m (range 0-181 m) for recaptured individuals; however, larger movement patterns cannot be
disregarded. Therefore, a home range of 1 is assumed to be a reduced range.

Rainbow Bee-Eaters feeds primarily on insects (mainly bees), but will occasionally ingest other
animals, including earthworms, spiders and tadpoles (Cleland et al., 1918). The majority of the prey is
captured in flight, although some food is taken from the ground, including snatching items from below
the surface of rivers and dams. For this evaluation, the diet is conservatively assumed to be comprised
50 percent of earthworms (corresponding to a prey ratio of 0.5) to link the potential COPCs in the soil
and the feeding habits of the Rainbow Bee-Eater. Food consumption in avian receptors is assumed to
correspond to body weight and was calculated utilising the following equation (USEPA, 1993):
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_ (0.648xBW51)
S (a-w

Where:
F = food intake in grams of fresh weight per day (g/day)
BW = body mass of animal (g)
W = mass fraction of water in the food (0.8 for herbivores)

Based on a body weight of 0.034 kg, an ingestion rate of 32 g/day (or 0.032 kg/day) was calculated for
the Rainbow Bee Eater. Consumption of soil is assumed to be 20 percent of the food ingestion rate;
therefore, the soil ingestion rate for the Rainbow Bee Eater is 0.006 kg/day.

Habitat for the Rainbow Bee-Eater includes open forests, woodlands and shrublands, and cleared areas
usually near water. The rainbow bee-eater forages in woodland and forest within the mid and canopy
layers, but will occasionally take earthworms. The Rainbow Bee-eater breed in burrows in the ground.
As such this species has the potential to interact with drilling fluids or soils within well leases, or water
storage ponds. The Rainbow Bee-Eater is known to migrate, but the home range is unknown; therefore,
the home range is assumed to be 0.5.

Cattle Egrets feed mostly on grasshoppers during the breeding season. They are, however, known to
consume other insects including cicadas, centipedes, spiders, cattle ticks, frogs (including cane toads),
lizards (particularly skinks) and small mammals (Marchant & Higgins 1990). Similar to the Rainbow
Bee-Eater, the prey ratio of earthworms is assumed to be 50 percent. Using an ingestion rate of 157
g/day (0.157 kg/day) calculated based on body weight; the 20 percent soil ingestion rate equals 31 g/day
(0.031 kg/day) soil.

The cattle egret occurs in grasslands, wooded lands and terrestrial wetlands, and it has been observed
in low-lying poorly drained pastures with an abundance of high grass. It is commonly associated with
the habitats of farm animals, particularly cattle, but also pigs, sheep, horses and deer. It uses
predominately shallow, open and fresh wetlands including meadows and swamps with low emergent
vegetation and abundant aquatic flora. They have sometimes been observed in swamps with tall
emergent vegetation (Marchant & Higgins 1990; Morton et al. 1989). Based on the variability of the
habitat consisting of grasslands, wood lands and wetlands, the home range ratio was conservatively
estimated to be 0.5.

The receptor exposure pathway for use of permeate for stock watering includes livestock cattle that may
come in contact with the permeate for an EF of 365 to 7 days/year for a 1-year period with the potential
for ingestion of stock water.
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8.0 RISK CHARACTERISATION

The purpose of the risk characterisation is to provide a conservative estimate of the potential risk
resulting from exposure to COPCs identified in the residual composite muds utilised in drilling and the
water treatment chemicals utilised in treating production water. This step includes characterising
environmental and human health risk-based on the identification of the following:

o Complete exposure pathways and hazard identification for each of the processes involving

chemicals and exposure assessment (Section 5.3.4).
e The level of risk for COPCs by exposure pathway, route, and cumulative.
e Uncertainty in quality and estimates of risk are included in the step.

The risk characterisation evaluates the toxicity of the individual substances and characterises the
cumulative risks of the potential exposure pathways identified in the CEM.

The cumulative risk will be calculated and specifically refers to the summation of risks for each receptor
across exposure pathways, routes of exposure (e.g., ingestion, inhalation, dermal contact), and
chemicals. The time is factored into the exposure over the ED specified in the exposure assessment.
This methodology will be consistent with the requirements outlined in the National Water Quality
Management Strategy (NWQMS). The ANZECC (2000) methodologies and international guidance on
risk assessment will be used for assessment of risks to aquatic receptors, and NEPM (2013) guidance
for terrestrial receptors. These methodologies include identification of the hazards posed by constituents
in media that potentially come into contact with receptors. Risks to workers from undertaking the
activities are specifically addressed through Health and Safety Plans and work safety procedures and
will not be discussed within the risk assessment.

Threshold risk estimates will be based on the ratio of the intake of each COPC for each exposure
pathway and exposure route divided by the appropriate toxicity criteria to produce a hazard quotient
(HQ). The HQs for all exposure pathways for each COPC are summed for each receptor to produce a
hazard index (HI). The target hazard level of threshold risk estimates is an HI of 1.0 (enHealth, 20123;
NEPM, 2013); cumulative HI greater than 1.0 indicate the potential for an adverse health effects. If the
HQ or HI exceeds 1.0 indicating a potential risk, and depending on the magnitude of the potential risk,
additional risk assessment methods may be employed to reduce the uncertainties inherent in the risk
estimate. For non-threshold risk estimates, risks are identified as the additional probability of an
individual developing cancer over a lifetime as a result of exposure. However, there were no non-
threshold (i.e., carcinogenic) potential risks identified.

The risk characterisation will also identify the main or significant contributors to the overall risk
assessment by the relevant exposure pathways. It will include an evaluation of the overall quality of the
assessment and the degree of confidence in the estimates of risks and the conclusions from the results.
This will be based on an uncertainty analysis and sensitivity analysis.

8.1 Human Receptors

The following sections discuss the risk characterisation for the potentially complete exposure pathways
for human receptors identified in Section 5.3.5.

8.1.1 Trespasser

The results of the theoretical assessments for composite drilling fluid system and water treatment
chemicals for the trespasser exposure scenarios are summarised in Tables 22 through 27. As discussed
above, the theoretical assessment was only conducted at the well lease sites and areas where permeate
utilised for irrigation or dust suppression purposes. The exposure scenarios include the theoretical
concentrations of residual drilling fluid additives present in the drilling fluids stored in lined pits, as
presented in Table 5 for scenarios day 0, day 3, and day 7 (Tables 21, 22 and 23). Tables 24 and 25
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present the risk calculations for potential exposure to drill cuttings applied to the land surface well pad
using mix, turn bury techniques. The potential risks associated with exposures to COPCs in soils
irrigated with permeate are presented in Table 26. Table 8-1 presents the cumulative HI for each
scenario evaluated.

Table 8-1: Summary of Cumulative HI for the Trespasser Scenario
Scenario Cumulative HI (Target HI = 1.0)
Recovered Drilling Fluids, Day 0 3.1
Recovered Drilling Fluids, Day 3 3.2
Recovered Drilling Fluids, Day 7 3.2
Residual drill cuttings — (surface) 0.0054
Residual drill material — (buried) 0.0027
Soils irrigated with permeate 0.00000071

The potential exposure of a trespasser to residual COPC concentrations in drilling fluids stored in pits
resulted in levels of risk above the risk threshold (HI ranging from 3.0 to 3.2). The primary risk driver
for these exposure scenarios was silicic acid, potassium salt (HI of 2.5) via the incidental ingestion of
fluids, which accounts for 86 percent of the cumulative HI in day 0 and 78 percent on days 3 and 7. The
calculated HI for exposures to COPCs in drilling fluids via dermal contact whilst swimming did not
exceed the risk threshold level, ranging from 0.13 to 0.24. It is noted that exposure to the drilling fluids
stored in pits is very conservative, as the drilling fluids pits are confined and are an active part of the
drilling process, and the relatively short duration of the time the pit would be accessible to the trespasser.

Using the theoretical concentrations of COPCs in the drill cuttings applied to the land surface (both
surficial and buried) and soils irrigated with permeate, no adverse effects were predicted on trespassers.
Drilling fluids would only be present on the well pad during construction and the well pad would be
fenced.

8.1.2 Worker

The estimated risks for the potentially complete exposure pathways for residual COPCs in the residual
drilling materials on drill cuttings are presented in Tables 28, 29 and 30. The cumulative HI are
presented in Table 8-2. No adverse effects are predicted for the worker based on the potentially
complete exposure pathways identified and the theoretical concentrations.

Table 8-2: Summary of Cumulative HI for the Worker Scenario
Scenario Cumulative HI (Target HI = 1.0)
Residual drill cuttings (surface) 0.00089
Residual drill materials (buried) 0.00044
Soils irrigated with permeate 0.00000012

8.1.3  Agricultural Worker

The risks for the potentially complete exposure scenarios for the agricultural worker to residual COPCs
in the residual drilling materials were estimated based on previously discussed exposure assumptions
(Tables 31, 32 and 33). No adverse effects are predicted for the worker based on the potentially
complete exposure pathways identified and the theoretical concentrations (Table 8-3).
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Table 8-3: Summary of Cumulative HI for the Agricultural Worker Scenario
Scenario Cumulative HI (Target HI = 1.0)
Residual drill cuttings (surface) 0.001
Residual drill cuttings (buried) 0.00052
Soils irrigated with permeate 0.00000013

8.2 Ecological Receptors

The following sections discuss the risk estimates for the ecological receptors identified in the CEM.

8.2.1 Kangaroo

The risk estimates calculated for the kangaroo are presented in Tables 34, 35 and 36. Table 6-9 presents
the summary of the cumulative HI for this receptor for the day 0, 3 and 7 exposure scenarios. The
estimated cumulative HI in the three scenarios slightly exceeded the risk threshold level of 1.0. The
primary risk driver for the kangaroo is silicic acid, potassium salt with an HI of 1.2 in all exposure
scenarios. The remaining COPCs did not individually exceed an HI of 1.0; however, the cumulative Hl
of the remaining COPCs did exceed the risk threshold levels. As discussed, drilling fluids would only
be present on the well pad during construction and the well pad would be fenced.

Table 8-4: Summary of Cumulative HI for the Kangaroo Scenario
Scenario Cumulative HI (Target HI = 1.0)
Recovered Drilling Fluids, Day 0 3.1
Recovered Drilling Fluids, Day 3 35
Recovered Drilling Fluids, Day 7 35

8.2.2 Dingo

Tables 37, 38 and 39 present the calculated risk estimates for the dingo for potential exposures to
COPCs in recovered drilling fluids via ingestion from drinking the water during storage in lined pits on
the well lease. The cumulative HI for the dingo in the three exposure scenarios (1.2 to 1.4) slightly
exceeded the risk threshold level (Table 8-5). No individual COPC resulted in the exceedance of the
risk threshold level; however, the following COPCs accounted for greater than 90 percent of the risk on
day 0, 3 and 7: pentanedial/glutaraldehyde, polyalkene, silicic acid, potassium salt, and tetrahydro-3,5-
dimethyl-1,3,5-thiadiazine-2-thione (dazomet) (day 0) and MITC (days 3 and 7). As discussed, drilling
fluids would only be present on the well pad during construction and the well pad would be fenced.

Table 8-5: Summary of Cumulative HI for the Dingo Scenario
Scenario Cumulative HI (Target HI = 1.0)
Recovered Drilling Fluids, Day 0 13
Recovered Drilling Fluids, Day 3 14
Recovered Drilling Fluids, Day 7 14

8.2.3 Pilliga Mouse

Tables 40, 41 and 42 present the calculated risk estimates for the Pilliga Mouse for potential exposures
to residual COPCs in drill cuttings on the surface of the well lease, buried on the rehabilitated well
lease, or soils irrigated with permeate. The cumulative HI for the mouse in the three exposure scenarios
did not exceed the risk threshold levels (Table 8-6).
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Table 8-6: Summary of Cumulative HI for the Pilliga Mouse Scenario
Scenario Cumulative HI (Target HI = 1.0)
Residual drill cuttings (surface) 0.0021
Residual drill cuttings (buried) 0.001
Soils irrigated with permeate 0.0000000018

8.2.4  Avian Receptors

Tables 43, 44 and 45 present the calculated risk estimates for the avian receptors for potential exposures
to COPCs in drilling cuttings via ingestion of soil and prey on the rehabilitated well lease and ingestion
of soil and prey on lands irrigate with permeate. The cumulative risk for the three exposure scenarios
for the rainbow bee-eater and cattle egret are summarised in Table 8-7. The calculated risks for the
rainbow bee-eater slightly exceeded the risk threshold levels for the potential exposure to cuttings on
the surface (5.6) and buried cuttings (2.8). The primary risk drivers for these scenarios are
pentanedial/glutaraldehyde, polyalkene, silicic acid, potassium salt, and MITC. The potential exposure
for the cattle egret to drill cuttings on the surface of the well lease (1.6) slightly exceeded the threshold
hazard of 1.0.

Table 8-7: Summary of Cumulative HI for the Avian Receptor Scenario
Scenario Cumulative HI (Target HI = 1.0)
Rainbow Bee-Eater
Residual drill cuttings (surface) 5.6
Residual drill cuttings (buried) 2.8
Soils irrigated with permeate 0.0000064
Cattle Egret
Residual drill cuttings (surface) 1.6
Residual drill cuttings (buried) 0.97
Soils irrigated with permeate 0.0000064

The potential risks presented in the above table are considered to be relatively low. The exposure
assumptions for dietary intake assume consumption of earthworms as 50 percent of their food intake,
which is not their typical dietary prey selection. In addition, surface exposure of the earthworms to the
drill cuttings assumes no mix, turn and bury management, which results in an approximately 50 percent
reduction in COPC concentration due to mixing with clean soil. Therefore, the relatively low HI of 2.8
for the Rainbow Bee-Eater would be the most realistic potential risk based on the process of mix, turn
and bury for the drill cuttings, but would still overestimate the potential risks due to dietary
considerations.

8.2.5 Livestock Cattle

Table 46 presents the calculated risk estimates for the cattle for potential exposures to COPCs in
permeate via ingestion of permeate utilised for stock watering. There were no exceedance of risk
threshold level for the cattle via this exposure scenario (Table 8-8).

Table 8-8 Summary of Cumulative HI for the Cattle Scenario
Scenario Cumulative HI (Target HI = 1.0)
Permeate utilised for stock water 0.056
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8.3 Sensitivity Analysis

As discussed in Section 6.3.2, the data utilised in the quantitative risk characterisation estimates for the
vendor chemicals in the drilling fluids was the maximum concentration from the four-primary potential
drilling fluid systems that may be used in the Project Area. A sensitivity analysis was conducted to
assess the range of potential risks in each of the individual drilling fluids, and then to compare the range
of potential risks to the composite drilling fluid. This method provides a conservative estimate of
potential risks associated with the individual drilling fluids as all the chemicals in the composite drilling
fluid are not present in an individual drilling mud system.

To evaluate the potential risks associated with an individual drilling fluid system, the risks for each
were calculated. The exposure pathways, assumptions, and toxicity values used in this sensitivity
analysis evaluation of the individual drilling fluid system were the same as the composite drilling fluid
system. Appendix | presents a summary table comparing the composite chemical drilling fluid risk
characterisation results in Sections 8.1 and 8.2 to the individual drilling fluids risk results (Table 1-1)
and the individual risk calculation tables for each mud system (Tables 1-2 through 1-85).

The following presents a brief summary of the risk threshold levels for each fluid system:

e 5% KCL Polymer PHPA - no risks above threshold were identified

¢ Inhibited Mud V4 Bore-HIB - risks above threshold were identified for trespasser and kangaroo
exposure to fluids in storage ponds/tanks

¢ Inhibited Mud V4 Glycol - risks above threshold were identified for kangaroo exposure to
fluids in storage ponds/tanks

o KCL Polymer —risks above threshold were identified for kangaroo exposure to fluids in storage
ponds/tank.

Generally, if a chemical was identified as a risk driver in the composite mud system, it was identified
as a risk driver for the individual drill fluid system. The primary risk drivers include:
e Glutaraldehyde
Silicic acid, potassium salt
Tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione (Dazomet)
MITC
Polyalkylene.

In addition to the sensitivity analysis for the different mud compositions, a sensitivity analysis was
performed for the prey ratios of the avian receptors (rainbow bee-eater and cattle egret). The use of 0.5
was considered over conservative because documented feeding habits of the avian receptors included
primarily flying insects and other prey species not associated with ingestion of soil. However, the
assumption that 50 percent of the prey species included earth worms was conservative association with
the presences of COPCs in the soil. To evaluate the uncertainty in this assumption and to provide a
range of potential risk associated with this assumption, a sensitivity analysis was conducted with a range
of prey ratios. Appendix J presents this analysis; the results, including those reported in Section 8.2.4,
are summarised below in Table 8-9.

Table 8-9 Summary of Prey Ratio Sensitivity Analysis

Prey Ratio Cumulative HI (Target HI = 1.0)
Surface Cuttings Buried Cuttings Irrigated Soils
Rainbow Bee-Eater
0.25 4.1 2.0 0.0000046
0.5 5.6 2.8 0.0000064
0.75 7.2 3.6 0.0000082
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Prey Ratio Cumulative HI (Target HI = 1.0)
Surface Cuttings Buried Cuttings Irrigated Soils
1.0 8.7 4.4 0.00001
Cattle Egret

0.25 0.89 0.55 0.0000019

0.5 1.6 0.97 0.0000064
0.75 2.2 1.4 0.0000024

1.0 2.9 1.8 0.0000061

The results of the sensitivity analysis indicate that there is less than a two-fold difference in the range
of prey ratios selected. A sensitivity ratio (SR) to evaluate the sensitivity of the prey ratio. An SR equal
to one would indicate that for a one-unit increase in the input variable of interest, the model output
increases by one unit. An SR equal to zero indicates that changes in the input variable do not change
the model output.

The equation for the SR is:

Where:
Y1 = baseline value of the output variable using baseline values of input variables;
Y2 = value of the output variable after changing the value of one input variable;
X1 = baseline point estimate for an input variable; and
X2 = value of the input variable after changing X1.

The SR for the prey ratio ranges from 0.7 to 0.92 for a range of input options for both species. Therefore,
the prey ratio is a sensitive variable for the calculation of the potential risks to exposure to COPCs in
the drill cuttings.

8.4 Uncertainty Analysis

The procedures and assumptions used to assess potential human health risks in this and similar human
health risk assessments are subject to a wide variety of uncertainties. However, the presence of
uncertainty is inherent in the risk assessment process, from the sampling and analysis of chemicals in
environmental media to the assessment of exposure and toxicity, and risk characterisation. The NEPM
(2013) risk assessment guidance notes that uncertainty results from the lack of knowledge about the
correct value, such as specific exposure assumptions or estimates of EPCs. The term “uncertainty” is
often used in risk assessment to describe what are, in reality, two conceptually different terms:
uncertainty and variability. Uncertainty can be described as the lack of a precise knowledge resulting
in a fundamental data gap. Variability describes the natural heterogeneity of a population. Uncertainty
can sometimes be reduced or eliminated through further measurements or study. By contrast, variability
is inherent in what is being observed. Although variability can be better understood, it cannot be reduced
through further measurement or study, although it may be more precisely defined. However, the
additional cost of further data collection may become disproportional to the reduction in uncertainty.

The human health risk assessment approach to presenting the potential risks is consistent with the goal
of representing the high end of the possible risk distribution, which is generally considered to be greater
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than the 90" percentile. Further, these estimates are based on numerous and often conservative
assumptions and, in the absence of definitive information, assumptions are used to ensure that actual
site risks are not underestimated. The cumulative effect of these assumptions can result in an analysis
with an overall conservativeness greater than the individual components.

Accordingly, it is important to note that the risks presented here are based on numerous conservative
assumptions in order to be protective of human health and to ensure that the risks presented here are
more likely to be overestimated rather than underestimated.

The following discussion provides an evaluation of uncertainty throughout the data acquisition and
evaluation process and analysis and estimate of risk. The analysis of uncertainty follows the guidelines

in NEPM (2012a) and enHealth (2012) as includes the following:

o What aspects of the problem formulation, and specifically the CSM, are uncertain and how has
that uncertainty been accounted for

e Evaluation of the uncertainty and variability in the data used in the chemical risk assessment

o The degree of risks relative to the exposure assumptions with potential risks close to or slightly
exceeding indicating a higher degree of uncertainty in the analysis

e The extent of missing or incomplete information and factors affecting exposure assumptions

and parameters.

Table 8-10:

Evaluation of Uncertainty

Risk Assessment
Section

Description of Uncertainty

Magnitude
of
Uncertainty

Effect on Risk
Assessment

Problem Formulation

Chemical additive
COPC concentrations

residual drilling materials were estimated
based on drilling records from previous
operations and may not accurately
estimate the concentrations of COPCs in
the future. Detailed discussions with the
Proponent occurred to identify a
conservative estimate of the COPC;
however, there is the potential that the
empirical concentrations would differ
than those presented in the risk
assessment.

Hazard Assessment — | Representativeness of sample based on Low Low potential to
Sample Collection collection methods underestimate risks.
Hazard Assessment — | Uncertainty related to accuracy/precision | Low Low potential to
Sample Analysis of laboratory analytical methods underestimate risks.
Hazard Assessment — | Evaluated using detection limits Low Low potential to

Non Detected overestimate or
constituents underestimate risks.
Hazard Assessment— | The concentrations of residual COPCsin | Low This assumption may

overestimate or
underestimate the
calculated risks to
receptors, dependent
on-site-specific
conditions.
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Risk Assessment Description of Uncertainty Magnitude Effect on Risk
Section of Assessment
Uncertainty
Hazard Assessment— | Concentrations of residual COPCs Medium This assumption may
Chemical additive evaluated in the quantitative risk overestimate the
COPC concentrations | assessment were assumed to be 100 calculated risks to
percent of the injected mass. This is a receptors.
conservative assumption for chemicals
that may degrade rapidly or volatilise. For
example, tetrahydro-3,5-dimethyl-1,3,5-
thiadiazine-2-thione (Dazomet) rapidly
transforms to MITC through hydrolysis
(half-life of 5 days); however, the initial
concentration of the tetrahydro-3,5-
dimethyl-1,3,5-thiadiazine-2-thione
(Dazomet) evaluated is assumed to be 100
percent of the injected material.
Additionally, MITC was conservatively
assumed to be present in soil; however, as
this chemical is a volatile the
concentrations of MITC present in soil are
expected to decrease.
Fate and Transport Use of conservative model assumptions Low to Low to medium
Groundwater Model and scenarios and dilution as the primary | Medium potential to
mechanism of decreasing concentrations overestimate risk
of chemical additives
Toxicity Assessment The use of toxicity values in a risk Low Low potential to
assessment is based on extrapolations underestimate risk
from animal data, adjust factors for
inherent uncertainty in the toxicological
estimate and use of surrogate toxicity
criteria
Toxicity Assessment The use of LOAEL/NOAEL for Low to Low to medium
calculation of the TRVs Medium potential to
underestimate or
overestimate risk
Toxicity Assessment The use of the allometric scaling method Low to Low to medium
to estimate the population-level effects on | Medium potential to
wildlife based on individual level of underestimate or
exposures. overestimate risk
Exposure Assessment | The location and activity of the receptors | Medium Medium to high
assume that the trespasser receptors will potential to
be in contact with material the lined pits overestimate risks.
for 10 years. It is unlikely that drilling
activities will commence within the
vicinity of the same trespasser for 10
concurrent years. The typical period of
construction (drilling, completion and
work over) is 30 days, with drilling
comprising a 3 to 7-day period.
Exposure Assessment | Empirical data were not available for Low Low potential to

— Chemical-Specific
Parameters

certain chemical-specific parameters (e.g.,
dermal permeability coefficient). These
parameters were estimated based on
equations in literature reviews.

overestimate or
underestimate risks
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Risk Assessment
Section

Description of Uncertainty

Magnitude
of
Uncertainty

Effect on Risk
Assessment

Exposure Assessment | Life-history data for all assumptions were | Low Low potential to
— assumptions for not available for the Pilliga Mouse, overestimate or
ecological receptors Rainbow Bee-Eater, and Cattle Egret; underestimate risks
surrogate species were used to provide
assumptions based on similarity of species
characteristics
Exposure Assessment | As a conservative measure, the exposure Moderate Moderate potential to
— exposure point point concentration of the management of overestimate risks.
concentration the drilling cuttings on the project site
assumed spreading on the surface soils;
however, the mix, turn and bury process
used for the management of the drill
cuttings will eliminate this conservative
soil exposure pathway
Toxicity Values The use of toxicity values in a risk Low Low potential to
assessment is based on extrapolations underestimate risk
from animal data, adjust factors for
inherent uncertainty in the toxicological
estimate and use of surrogate toxicity
criteria
Toxicity Values The use of mammalian toxicity values as Medium Medium to potential
surrogates for avian receptors is due to underestimate or
limited toxicological data for COPCs. overestimate risks
Cumulative Risk The assessment for all receptors considers | Medium Medium to high
the maximum concentration in days 0, 3, potential to
and 7 in any one year and does not overestimate risks.
evaluate further degradation of residual
concentrations
Cumulative Risk Use of the HI for ecological receptors Low Low potential to

may not accurately assess the range of
dose-response relationships (i.e. slopes
and intercepts) and modes of action

underestimate or
overestimate risk
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9.0 RISK MANAGEMENT

Risk management provides recommendations for mitigation, management, monitoring and reporting.
This section will firstly assess the adequacy of existing controls (used in Section 5.0 to address issue
identification), and provide recommendations for additional mitigation and management if required. A
framework for inspection and monitoring will be provided including activities conducted to verify and
validate the assumptions contained within the risk assessment and the potential for impacts on other
environmental media.

A weight of evidence approach has been used to evaluate the potential risks to human health and
ecological receptors (including MNES) both qualitatively and quantitatively. The key findings are
presented in the risk assessment and are summarised in Section 10.0. The life cycle of the drilling and
WMF chemicals was assessed specifically for the proposed operations including:

Transportation of chemicals from the supplier or storage warehouse to the well lease
Transportation of chemicals from the supplier or storage warehouse to the WMF

Storage, usage, and recovery of chemicals throughout operations on the well lease

Beneficial reuse of recovered drill cuttings for well lease rehabilitation except when containing
high percentage of coal fines that will be transported off-site for disposal

Transport of drilling fluids to and from the drilling fluid treatment facility.

Produced water conveyance and treatment at the WMF

o Beneficial reuse of treated water.

The drilling and WMF chemicals and associated operations within the life cycle (i.e., transportation,
storage, usage, and recovery) may result in potential exposure to human receptors and the environment
through accidental releases. These potential releases are considered to have a very low probability of
occurrence based on the Proponent’s commitment to managing risk, existing legislative requirements
and the engineering controls and management systems being implemented as part of this project. Key
plans applicable to the management and mitigation of risks associated with chemical usage were
summarised in Section 2.3.

The Proponent will develop and implement a range of systems and plans to control the transportation
and storage of chemicals during field development and operational activities. This includes effective
traffic management and routing to minimise the potential for accidents and spill management planning
and response equipment. These systems and processes are considered effective in lowering the
probability of occurrence of consequence associated with storage and transportation incidents.

To address the rare potential release of the drilling chemicals during transportation, storage, usage, and
recovery, a qualitative assessment was conducted during the transportation, storage, and usage of the
drilling chemicals. Critical health and ecological hazards were compiled for the drilling chemicals to
indicate which of the drilling chemicals required special consideration with regard to the potential to be
a hazard if accidently released. Where a potential hazard exists, additional information is provided in
the risk assessment dossiers and SDS is available to emergency responders, health and safety managers,
and environmental hazard clean-up teams.

The operations of the WMF will also be under the plans and protocols to be developed and will include
plant operations, monitoring and maintenance. The general operating philosophy of the plant is
designed to ensure that all regulatory EHS requirements are met and integrity standards are maintained
and that operational improvements are continually made. The WMF would be located within the
Leewood facility and will be housed within bunded areas thereby reducing the contact between
treatment components and the underlying soils. Both the treated water storage tank and the produced
water storage ponds can be used for storage to facilitate beneficial use of treated water. The water and
brine treatment plants are designed to operate within a specified envelope and operations would trigger
an automated response if deviations occur. Electrical conductivity and pH will be measured on a
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continuous basis. If the electrical conductivity or pH set point are not met and maintained, an alarm will
trigger resulting in reprocessing.

Analysis of sodium and calcium levels will occur on a weekly basis and water quality sampling and
testing at an accredited laboratory will be undertaken on a monthly basis for other elements in
accordance with environment protection licensing requirements.

Treated water will be used for beneficial purposes such as drilling and construction, dust suppression,
irrigation and stock watering or for release to Bohena Creek. The later stages of the treatment process
include ammonia removal, dechlorination and pH adjustment and amendments to adjust the sodium
adsorption ratio to improve water quality for irrigation purposes.

Episodic releases to Bohena Creek would only occur when natural flows in the creek equal or exceed
100 ML/day which is projected to occur only 44 days per year (Eco Logical, 2016). Eco Logical (2016)
report that the creek has a naturally low nutrient status due to its sand-dominated substrate which lacks
organic matter. An Ecological Risk Assessment (ERA) was undertaken to assess the potential for
chemical contaminants in treated water released to Bohena Creek to adversely affect aquatic and
riparian ecosystems including water and soil processes, flora, and fauna (invertebrates and vertebrates).
Eco Logical (2016) stated that the ecological risks from the low levels of physicochemical and chemical
stressors and toxicants that may be present in treated water are considered low when released to a
flowing stream, where flows are in excess of 100 ML/day. The current condition of Bohena Creek along
with the Managed Release Protocol would limit the impact and environmental risks associated with
discharge to Bohena Creek.

The human health and ecological hazard mitigation information provided in the risk assessment dossiers
and SDS primarily focuses on safe handling, transportation, and worker protection. Therefore, the
potential for accidental exposure to the drilling fluids in lined pits or from releases from storage tanks
was evaluated. Direct exposure to the pits by trespassers, livestock (cattle) or wildlife would result in
risks above threshold level. In addition, the accidental release of the drilling fluids from the lined pits
(e.g., overflowing or breach of containment) or from the storage tanks (e.g., malfunctioning valve)
would result in risks above threshold risk levels to aquatic ecological receptors if the fluids entered a
surface water resource. As noted in the risk assessment, the biocides used in the drilling fluids either
have very short half-lifes or are highly biodegradable; therefore, the potential exposure to these drilling
chemicals is limited in duration. In addition, as noted above, comprehensive management plans would
be implemented to ensure that the drilling operations are conducted safely and with minimal potential
for accidental exposures to human receptors or the environment to occur.

The management of the recovered drill cuttings as part of the well lease rehabilitation activities will
involve a mix, turn, bury strategy. The storage and drying of materials prior to their reuse would further
the decomposition/degradation process of biocides. Incorporation of the materials into the soil profile
provides further degradation and reduction of the potential concentration at the point of exposure.

Both the chemical constituents of the drilling fluids and geogenic materials were evaluated using risk-
based screening criteria, and exposure intake modelling, for human health and the environment,
including the potential for MNES resources and other environmental values. Based on this
comprehensive risk assessment, the findings indicated that there was a low potential risk from the
management of drill cuttings on the well pad. For the avian receptors that slightly exceeded the risk
threshold, the low potential risk is based on the conservative exposure assumptions for dietary intake
that assume consumption of earthworms as 50 percent of their food intake, which is not their typical
dietary prey selection. In addition, surface exposure of the earthworms to the drill cuttings assumes no
mix, turn and bury management, which results in an approximately 50 percent reduction in COPC
concentration due to mixing with clean soil. Therefore, the relatively low HI of 2.8 for the Rainbow
Bee-Eater would be the most realistic potential risk based on the process of mix, turn and bury for the
drill cuttings, but would still overestimate the potential risks due to dietary considerations.
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Integral to the management of risks is effective implementation of management controls (including
Santos Environmental Health and Safety Management Systems -EHSMS) and implementation of the
Field Development Protocol and other key management plans. The Field Development Protocol micro-
siting process would aim to avoid or minimise impacts to MNES as much as practicable while the
management plans and design of infrastructure will avoid, mitigate and manage potential impacts. The
EHSMS includes a broad range of management systems including requirements for occupational, health
and safety (OH&S) monitoring (to ensure compliance with worker safety and standard practice of
operations), operational risk assessments, engineering design and specifications and incident response
and reporting.

As detailed in Chapter 30 of the EIS a range of management plans would be developed for the project
with key plans comprising:

e The Erosion and Sediment Control Plan which provides strategies and methodologies to control
runoff (and associated sediment) from well pad sites and the WMF.

e The Soil Management Plan which includes guidance of soil stripping, handling, stockpiling,
spreading and rehabilitation (including the management of drill cuttings). Effective mixing,
burial and cover will limit direct contact exposures with the drill cuttings.

e The Traffic Management Plan which will speed restrictions and warning signs for areas where
potential safety risk issue (including high potential for vehicle accidents) occur and use of In-
vehicle monitoring systems.

e The Produced Water Management Plan which will include management methods for irrigation,
dust suppression, which will mitigate potential runoff into the surrounding environment, and a
Managed Release Protocol which will control releases of treated water to Bohena Creek.

e The Waste Management Plan which documents the processes to manage generation, handling,
placement and transport of wastes during all phases of the project

In conjunction with these management plans, the design of the well pad layout, water gathering and
transfer pipelines and WMF includes:
e Establishment of designated chemical storage areas
¢ Provision of bunding or an alternative containment system for all tanks containing material that
is likely to cause environmental harm in accordance with legislative requirements and
Australian Standards
e Inclusion of safety showers and eye wash stations for workers where chemicals are stored and
handled
e Establishment of pressure monitoring systems to enable detection of leaks and shutdown of
operations to facilitate repairs
e Engineering of lined pits and ponds to limit the potential for leakage and in the unlikely event
of leakage from ponds, early detection to facilitate repairs.

An ongoing monitoring program will be implemented for early identification and rectification of
potential environmental issues. This will be supported by monitoring plans for surface water and
groundwater (refer Appendix G3) and rehabilitation (refer Appendix W). These monitoring programs
aim to:

e Detect environmental change and, specifically, identify those changes resulting from the project

e Determine actual versus predicted change

e Contribute to the assessment of the effectiveness of environmental management procedures

e Provide data for the assessment of adherence to the environmental management plans, approval

and licence conditions
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100 SUMMARY AND CONCLUSIONS

This risk assessment was conducted to specifically cover chemical usage within the Narrabri Gas
Project Area in accordance with the EPBC Act Additional Requirements. This risk assessment provides
a detailed assessment of proposed drilling and water treatment chemicals.

The risk assessment evaluates the potential human health and environmental effects of chemicals
proposed to be used in gas extraction activities associated with Narrabri Gas Project. The goal of the
chemical risk assessment is to demonstrate that potential risks have been eliminated or reduced as much
as is reasonably practicable to potentially expose human receptors and MNES and other ecological
values (including terrestrial and aquatic ecological receptors), as well as water resources. To achieve
this goal, Australian risk assessment guidance enHealth (2012a) and NEPM (2013) were utilised.

The EPA-Expo-Box and the OECD Environmental Risk Assessment Toolkit were used in the risk
assessment to provide a compendium of risk assessment tools that links to guidance, databases, models,
key references and related resources. These tools provided input throughout the risk assessment and
ensured the uncertainty in the risk assessment is minimised.

The life cycle of the drilling chemicals and water treatment chemicals was assessed specifically for the
Project and included:
e Transportation of chemicals from the supplier or storage warehouse to the well lease and the
Leewood Water Management facility
e Storage, usage (e.g., blending, injection), and recovery of chemicals throughout operations on
the well lease and at Leewood
e Management of recovered drilling cuttings on the well lease during rehabilitation activities
except when containing high percentage of coal fines, these will be transported off-site for
disposal
e Transportation of production water to Leewood
¢ Beneficial reuse of permeate for stock watering, irrigation, dust suppression
¢ Direct discharge of permeate to Bohena Creek.

The exposure pathways included human and environmental receptors (including MNES) were
evaluated qualitatively and quantitatively. The following paragraphs summarise the key findings of the
risk assessment.

A conservative groundwater modelling approach was conducted to assess the fate and transport of key
chemical constituents in groundwater during the loss of drilling fluids, and the maximum lateral extent
at which exceedances of risk-based criteria could potentially occur. The modelling indicates that under
this highly conservative scenario that potential exceedences of threshold water quality criteria within
aquifer systems (the Alluvials and Pilliga Sandstone units) is confined to the immediate vicinity of the
wells (less than 70 metres of the well). The greatest lateral extent of impacts was observed for organic
constituents, glutaraldehyde and MITC, which have the lowest criterion values. However as noted
above, the Field Development Protocol prohibits the location of project infrastructure within 200 metres
of an occupied residence (where potable water bores are most likely to be located) and as such impacts
to landholder bores is unlikely.

The potential for impacts to water bores in the vicinity of a well is considered to be very low. The Field
Development Protocol siting criteria sets out that unless a written agreement is in place with the relevant
landholder, no project infrastructure will be located within 200 m of an occupied residence on that
property. Furthermore, the siting of all infrastructure on a landholder’s property would occur in
consultation with the landholder under a land access agreement. EXisting infrastructure, such as water
supply bores, would be taken into consideration in siting wells.
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The potential for releases of chemicals to groundwater as a result of the storage and conveyance of
produced water, brine and treated water is considered negligible due to the limited mass of these
chemicals in the production water, the mass loss mechanisms (biotic and abiotic decay), and the design,
engineering and monitoring of operations in pipelines and ponds. Beneficial uses of treated water have
a limited potential to contain chemicals of concern and are unlikely to lead to infiltration to groundwater
due to the short-term nature of the activity (dust suppression and construction water) and application
methods which are designed to limit leaching into the deeper soil profile. On this basis, the potential for
impacts to groundwater from chemicals associated with drilling and water treatment as a result of
project activities is considered limited.

A qualitative assessment of the potential for exposure during transport of the drilling chemicals from
the warehouse to the well lease or to the WMF, preparation of the chemicals for use in the drilling or
water treatment activities and transport of used drilling fluids or drill cuttings containing high
percentage of coal fines was conducted and listed the critical human and ecological hazards that warrant
consideration. Where a potential hazard exists, additional information is provided in the risk assessment
dossiers and SDS for use by emergency responders, health and safety managers, and environmental
hazard clean-up teams. A PBT (Persistent, Bioaccumulative and Toxic) substances assessment was
conducted on the drilling chemicals proposed for use in the drilling program and for water treatment.
There were no PBT substances identified in this assessment.

Quantitative assessment of geogenic drill muds and cuttings were utilised to evaluate potential hazards
associated with material returned to the surface. Data for other CSG projects was used to assess the risk
posed by geogenic constituents within the drill cuttings. Several constituents, primarily inorganics, in
the aqueous drilling fluids were potentially present above the relevant screening levels and organic
constituents above screening criteria may be present in the mud and cuttings due to the presence of coal
fines. It is noted, well leases will not be typically located adjacent to a residence and these materials
will be constrained to the well lease. Therefore, it is unlikely that a potential release of the drilling fluids
represents a hazard to human health or the environment. Any instances where a screening level is
exceeded by a concentration in drill cuttings (due to geogenic compounds or drilling chemicals), will
be addressed through the Field Development Protocol, proposed mitigation measures and management
plans identified in the EIS and occupational health and safety plans, as outlined in Problem Formulation.

To address salinity and phytotoxicity concerns, ANZECC values specific to soil types and crop types
were used for concentrations of sodium chloride and potassium chloride as these materials have the
potential to impact on plant growth and soil structure. The retention of drilling materials on the well
lease will be conducted in accordance with the best practice and the mixing and burial process will
mitigate the potential for excessive salinisation and potential for impacts on MNES flora and fauna.

For the quantitative assessment of the drilling fluids, the mass balance of the COPC (constituents of
potential concern) concentrations in a composite four mud systems were used to assess three exposure
scenarios (0, 3, and 7 days) which considered a potential release from storage tanks or lined pits on the
pad. Several chemicals exceeded the drinking water screening levels, but the potential for chemicals to
migrate from the drilling site to a landowner bore is unlikely due to the limited volume of any potential
release and distance from landholder infrastructure.

The potential for migration of COPCs in drilling fluids, cuttings, produced water or permeate to surface
water resources including MNES flora and fauna was assessed by comparing the theoretical
concentrations to the predicted no-effects concentration (PNEC) for aquatic receptors. Several
chemicals exceeded the screening levels; however, the Field Development Protocol limits the
establishment of non-linear infrastructure and large ponds and dams from riparian areas to limit
potential releases to water bodies and aquatic receptors. In addition, Dazomet is rapidly hydrolysed to
MITC, and MITC has a high volatility in water. Therefore, MITC will likely evaporate in the water
phase during a release, and therefore, will not be a risk driver. Glutaraldehyde, both photolytic degraded
and readily biodegradable, has a half-life of 10.6 hours in the water/sediment system. Therefore, the
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biocides are not expected to be significant risk drivers with regards to exposure to surface water
resources and MNES.

The potential for exposure of project or agricultural workers, and trespassers to COPCs retained within
the drill cuttings during management of the materials on the well lease was assessed in two scenarios:
a conservative scenario that addressed the full concentration of the COPCs in the residual drill cuttings
and a realistic scenario that considered the mixing of the residual drill cuttings in the well lease soils
utilising mix, turn, bury techniques. The theoretical concentrations were compared to PNECs for solids
for ecological receptors potentially exposed to residual COPC concentrations in drill cuttings. The ratio
of estimated concentrations in both surficial and buried cuttings to PNECs for soil exceeded the
threshold level of 1.0. Additionally, the theoretical concentrations in the drilling fluids were compared
to PNECs to evaluate the potential exposures to ecological receptors should a release occur during
transport of the drilling muds to the treatment facility. Similar to the drill cuttings, the ratio of estimated
COPC concentration in the drilling muds exceeded the threshold level of 1.0. The potential significant
risk drivers are the biocides. As noted earlier, the biocide MITC has high volatility in water, and
glutaraldehyde readily biodegrades in soil and this would result in insignificant potential for exposure
to terrestrial resources including MNES.

The quantitative exposure scenario modelled for the human receptors showed some potential non-
carcinogenic risks; there were no carcinogenic risks identified. For the trespasser, risks from exposure
to the drilling fluid chemicals in lined pits were identified, with the primary risk driver being the silicic
acid and potassium salt via incidental ingestion of fluids. It is noted that this is a very highly
conservative scenario based on fencing and signage and operational monitoring. Dermal exposure risk
was below criteria, as was the exposure to theoretical concentrations of the drilling fluids in the drill
cuttings applied to the well lease areas during well pad rehabilitation (both blended and unblended). For
the project worker and agricultural worker, there are no adverse effects predicted based on the
potentially complete exposure pathways identified and the theoretical concentrations.

The modelled quantitative potential risks from the drilling fluid chemicals within the drilling mud
storages were no exceedances of risk threshold levels for the kangaroo, dingo. For the kangaroo, the HI
was exceeded, with the primary risk driver silicic acid and potassium salt, the remaining COPCs
(glutaraldehyde, polyalkene, silicic acid, potassium salt, Dazomet [Day 0] and MITC [days 3 and 7])
exceed the cumulative risk threshold levels. The dingo slightly exceeded the cumulative risk threshold
levels, with no individual COPC resulted in the exceedance of risk threshold levels. As noted above,
Dazomet rapidly hydrolysed to MITC (half-life of 5 hours), and MITC has a high volatility in water.
Therefore, MITC will likely evaporate in the water phase during a release, and therefore, will not be
risk driver. For glutaraldehyde, photolytic degradation in water has a half-life of 18 days, and it is
considered readily biodegradable in an aerobic aquatic environment with a half-life of 10.6 hours in the
water/sediment system. Therefore, the biocides are not expected to be significant risk drivers to
ecological receptors.

The calculated hazards for exposure to COPCs in drilling cuttings or soils irrigated with permeate by
the Pilliga Mouse did not exceed risk threshold levels. The cumulative HI for the Rainbow Bee-Eater
for the potential exposure to the drill cuttings also slightly exceeded the threshold level of 1.0. The
calculated hazard for the Cattle Egret was also slightly above the threshold level at 1.6. The assumptions
utilised to calculate the potential hazards for this receptor were highly conservative and therefore the
estimated risk is likely less than the threshold level of 1.0. For the avian receptors that slightly exceeded
the risk threshold, the low potential risk is based on the conservative exposure assumptions for dietary
intake that assume consumption of earthworms as 50 percent of their food intake, which is not their
typical dietary prey selection. In addition, surface exposure of the earthworms to the drill cuttings
assumes no mix, turn and bury management, which results in an approximately 50 percent reduction in
COPC concentration due to mixing with clean soil. Therefore, the relatively low HI of 2.8 for the
Rainbow Bee-Eater would be the most realistic potential risk based on the process of mix, turn and bury
for the drill cuttings, but would still overestimate the potential risks due to dietary considerations.
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No exceedances of risk threshold levels were identified with the management of brine and the storage
of chemicals at the WMF. Any exposures would be short term in nature and insufficient for chronic
(long term) exposures to occur.

Potential risks from permeate were limited. Qualitative assessment identified no risks to cattle,
kangaroos and dingos or to aquatic receptors within Bohena Creek (after discharge). No further
guantitative assessment of these receptors was conducted. Quantitative assessment of risks to small
mammalians (Pilliga Mouse used as a surrogate) and avian receptors (Rainbow Bee-Eater used as a
surrogate for small insectivores) and identified no exceedances of risk threshold levels. The exposure
assumptions utilised for these scenarios were conservative; therefore, the residual water treatment
chemicals present on soils irrigated with permeate are not expected to result in adverse effects for
ecological receptors.
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TABLES




Oral Reference Doses and Drinking Water Guidelines Derived for Vendor Chemicals in Drilling Fluids

Table 1a

Narrabri Gas Project

NOAEL

Uncertainty

Oral Reference

Drinking Water

Constituent (CAS No. Stud Critical Effect/Target Organ(s Dose
( ) . [Targ gan(s) (mg/kg-day) Factors Guideline (ppm)
(mg/kg-day)
Acrylamide-sodium acrylate copolymer "
(25085-02-3)
Tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione . . .
2-yr rat dietary Liver and RBC toxicity 1 100 0.01 0.04
(533-74-4)
Ethylene oxide/propylene oxide copolymer (9003-
1 é) /propy poly ( 2-yr rat dietary Reduced bod wt. gain 2,500 100 25 88
2-yr rat drinkin Reduced body wt., body wt. gain
Glutaraldehyde (111-30-8) ¥ InKing ! y wi., body wt. gain, 4 100 0.04 0.14
water food consumption
2-yr rat drinkin Decreased serum liver enzyme;
Glyoxal (107-22-2) y § erenzy 25 100 0.25 0.88
water stomach lesions
Mouse . . .
Methanol (67-56-1) Increased cervical ribs per litter 43.1 mg/L** 100 2xk* 7
developmental
Polyalkylene (9038-95-3) 2-yr rat dietary None 500 100 5 18
14-wk rat oral
Polypropylene glycol (25322-69-4) wiratora None 500 1,000 0.5 2
gavage
Potassium chloride (7447-40-7) 2-yr rat dietary None 1,820 100 18 63
6- th rat
Silicic acid, potassium salt (1312-76-1) -month ra None 214 1,000 0.2 0.7
drinking water
Sodium carboxymethylcellulose ( 9004-32-4) ¥ - - - - -
Sodium polyacrylate (9003-04-7) 28-d rat dietary None 1,136 1000 1 4
Starch (9005-25-8) ¥ - - - - -
Xanthan Gum (11138-66-2) 2-yr rat feeding None 1,000 100 10 35

*No toxicity studies. Expected to be a low concern to human health.

**The Point of Departure (POD) value is the internal C,,, methanol blood concentration obtained using BMD analysis from an inhalation study.

***pBPK modeing used for mouse-to-human extrapolation.
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Table 1b

Australian Drinking Water Screening Values for Vendor Chemicals in Drilling Fluids

Narrabri Gas Project

Constituent (CAS No.)

Drinking Water Screening Guideline

Drinking Water Screening Value

Sodium carbonate (497-19-8)

Sodium; pH

180 ppm (aesthetic); 6.5 to 8.5

Sodium hydroxide (1310-73-2)

Sodium; pH

180 ppm (aesthetic); 6.5 to 8.5

Sodium chloride (7647-14-5)

Sodium; pH

180 ppm (aesthetic); 6.5 to 8.5
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Table 1c:

Narrabri Gas Project

Oral Reference Doses and Drinking Water Guidelines Derived for Water Management Facility
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(MixtureA2-CasRn)

oral gavage

Constituent Study Critical Effect/Target NOAEL Uncertainty Oral Reference Dose Drinking Water
(CAS No.) Organ(s) (mg/kg- Factors (mg/kg-day) Guideline (ppm)
day)
Citric acid 2-yr rat dietary Body weight gain 1,200 100 12 42
(77-92-9)
CMI/MI [3:1]* 2-yr rat drinking No systemic toxicity 17 100 0.2 0.7
(55965-84-9) water
Proprietary Mixture D1 90-day rat oral Mortality, weight loss, 5 1,000 0.005 0.02
(MixtureD1-CasRn) gavage dyspnea
Proprietary Ester A 2-yr rat dietary No systemic toxicity 384 100 4 14
(EsterA-CasRn)
Homopolymer of maleic acid Sxx - - - - -
(26099-09-2)
Proprietary Polymer A - - - - - -
(PolymerA-CasRn)
Polyacrylamide 2-yr rat dietary No systemic effects. 5,000 100 50 175
(9003-05-8)
PolyDADMAC 6-month rat No systemic effects. 2,000 1,000 2 7
(26062-79-3) dietary
Proprietary Mixture D2 2-yr rat dietary No systemic effects. 2,000 100 20 79
(MixtureD1-CasRn)
Sodium Dodecyl Sulfate 2-yr rat dietary Liver effects 113 100 1.0 35
(151-21-3)
Sodium metabisulfite 2-yr rat dietary No systemic effects. 955 100 10 35
(7681-57-4)
Proprietary Mixture A2 OECD 422 rat No systemic effects. 1,000 1,000 1.0 35

*Includes CMI (CAS No. 26172-55-4) and MI (CAS No. 2682-20-4).
**Study was available or inadequate/unreliable to derive a toxicological reference or drinking water guidance value.
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Table 1d:

Australian Drinking Water Guidance Values for Water Management Facility

Narrabri Gas Project

Constituent
(CAS No.)

Drinking Water Guideline

Drinking Water Guidance Value

Aluminum chlorohydrate
(CAS No. 12042-91-0)

Aluminum; chloride

0.2 mg/L (aesthetics); 250 mg/L (aesthetics)

Calcium chloride chloride 250 mg/L (aesthetics)

(10043-52-4)

Hydrochloric acid pH; chloride 6.5 to 8.5; 250 mg/L (aesthetics)
(7647-01-0)

Magnesium nitrate Nitrate 50 mg/L

(10377-60-3)

Na4sEDTA EDTA 0.25 mg/L

(64-02-8)

Sodium hypochlorite Chlorine 5 mg/L (health) and 0.6 mg/L (aesthetics)
(7681-52-9)

Sodium sulfate Sodium; sulfate 180 mg/L (aesthetics); 250 mg/L (aesthetics)
(7757-82-6)

Sulfuric acid Sulfate 250 mg/L (aesthetics)

(7664-3-9)




Table 2a
PNEC,,.;., Values
Drilling Fluid System
Narrabri Gas Project

. . E(L)C50 or NOEC PNEC,ater
Constituents Endpoint Assessment Factor
(mg/L) (mg/L)

Acrylamide-sodium acrylate copolymer (25085-02-3) b - - -
Tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione (533-74-4) Acute fish 0.16 1,000 1.6 x 10™
Methylisothiocyanate (MITC) (533-74-4) Chronic fish 0.004 50 8x10°
Ethylene oxide/propylene oxide copolymer (9003-11-6) Acute aquatic organisms 100 1,000 0.1
Glutaraldehyde (111-30-2) Chronic algae 0.025 10 0.0025
Glyoxal (107-22-2) Chronic Daphnia 3.19 10 0.319
Methanol (67-56-1) Acute Daphnia 10,000 1,000 10
Polyalkylene (9038-95-3) Acute aquatic organisms 100 1,000 0.1
Polypropylene glycol (25322-69-4) Chronic Daphnia (read-across) 10 50 0.2
Potassium chloride (7447-40-7) Acute algae 100 1,000 0.1
Silicic acid, potassium salt (1312-76-1) b - - -
Sodium carboxymethylcellulose ( 9004-32-4) Acute algae 500 1,000 0.5
Sodium carbonate (497-19-8) b - - -
Sodium hydroxide (1310-73-2) b - - -
Sodium polyacrylate (9003-04-7) Chronic Daphnia 12 10 1.2
Starch (9005-25-8) Acute fish 5,000 1,000 5

Xanthan Gum (11138-66-2)

b
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Table 2b: Leewood Water Management Facility PNECwaer Values and ANZECC Water
Quality Guidelines
Constituents Endpoint E(L)C50 or Assessment PNEC water
NOEC Factor (mg/L)
(mg/L)
Calcium chloride Acute Daphnia 1,062 100 11
(10043-52-4)
Citric acid Acute Daphnia 440 1,000 0.44
(77-92-9)
CMI/MI [3:1]* Chronic Daphnia 0.01 10 0.001
(55965-84-9)
Proprietary Mixture D1 Chronic Daphnia 0.05 50 0.001
(MixtureD1-CasRn)
Proprietary Ester A Chronic Algae 6.75 50 0.14
(EsterA-CasRn)
Homopolymer of maleic -a - - -
acid
(26099-09-2)
Hydrochloric acid b - - -
(7647-01-0)
NaEDTA Chronic Daphnia 22 10 2.2
(64-02-8)
Proprietary Polymer A Acute Algae 130 1,000 0.13
(PolymerA-CasRn)
Polyacrylamide -a - - -
(9003-05-8)
PolyDADMAC Acute fish 6.5 50 0.13
(26062-79-3)
Proprietary Mixture D2 Chronic Algae 100 10 10
(MixtureD2-CasRn)
Sodium Dodecyl Sulfate Chronic Daphnia 0.88 10 0.09
(151-21-3)
Sodium metabisulfite Chronic Daphnia 10 10 1.0
(7681-57-4)
Proprietary Mixture A2 Acute Algae 6.1 1,000 0.006
(MixtureA2-CasRn)
Sodium sulfate Chronic 1,109 100 11
(7757-82-6) Invertebrate
Sulfuric acid D - - -
(7664-93-9)

*Includes CMI (CAS No. 26172-55-4) and MI (CAS No. 2682-20-4).
2No data.
bNot calculated.

ANZECC Water Quality Guideline (2000)

Substance

Constituent
(CAS No.)

Freshwater Trigger Value

Aluminum chlorohydrate Aluminum 55 pg/L (>pH 6.5)
(CAS No. 12042-91-0) 0.8 ug/L (<pH 6.5)
Magnesium nitrate Nitrate 700 pg/L
(10377-60-3)

Sodium hypochlorite Chorine 3ug/L

(7681-52-9) (as total residual chlorine)




Table 3a
PNEC,; Values
Drilling Fluid System
Narrabri Gas Project

Constituents Endpoint E(L)C50 or NOEC Assessment PNECsoil
(mg/kg soil dw) Factor (mg/kg soil dw )

Acrylamide-sodium acrylate copolymer (25085-02-3) b - - -
Tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione (533-74-4) Acute earthworm 4 1,000 0.004
Methylisothiocyanate (MITC) (533-74-4) Acute earthworm 2.79 1,000 0.00279
Ethylene oxide/propylene oxide copolymer (9003-11-6) b - - -
Glutaraldehyde (111-30-2) Chronic soil organisms 1.12° 50 0.02
Glyoxal (107-22-2) Chronic Daphnia 203 50 4.06
Methanol (67-56-1) Chronic terrestrial invertebrate 1,000 10 100
Polyalkylene (9038-95-3) b - - i
Polypropylene glycol (25322-69-4) - - - 0.05¢
Potassium chloride (7447-40-7) b - - <
Silicic acid, potassium salt (1312-76-1) b - - i
Sodium carboxymethylcellulose ( 9004-32-4) b - - .
Sodium carbonate (497-19-8) b - - i
Sodium hydroxide (1310-73-2) b - - j
Sodium polyacrylate (9003-04-7) Chronic nitrogen/ carbon transformation >2,500 100 25

Starch (9005-25-8)

b

Xanthan Gum (11138-66-2)

b
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Table 3b:

Leewood Water Management Facility PNECi Values

Constituents

Endpoint

E(L)C50 or
NOEC

Assessment
Factor

PNEC soil
(mg/kg soil dw )

Calcium chloride
(10043-52-4)

(mg/kg soil dw)

Citric acid
(77-92-9)

0.05

CMI/MI [3:1]*
(55965-84-9)

0.0004

Proprietary Mixture D1
(MixtureD1-CasRn)

0.00077

Proprietary Ester A
(EsterA-CasRn)

Long-term Plant

960

100

9.6

Homopolymer of maleic
acid
(26099-09-2)

C

Hydrochloric acid
(7647-01-0)

NaEDTA
(64-02-8)

Proprietary Polymer A
(PolymerA-CasRn)

Polyacrylamide
(9003-05-8)

PolyDADMAC
(26062-79-3)

Proprietary Mixture D2
(MixtureD2-CasRn)

1.3

Sodium Dodecyl Sulfate
(151-21-3)

0.38

Sodium metabisulfite
(7681-57-4)

Proprietary Mixture A2
(MixtureA2-CasRn)

Sodium sulfate
(7757-82-6)

Sulfuric acid
(7664-3-9)

aequilibrium partitioning method cannot be used to calculate PNEC value since Koc and Kow values cannot be experimentally

derived or estimated.

bCalculated using equilibrium partitioning method.

°No data.
dNot calculated.




Table 4a

PBT Assessment of Vendor Chemicals in Drilling Fluids

Drilling Fluid System
Narrabri Gas Project

Substance

P/vP criteria fulfilled?

B/vB criteria fulfilled?

T criteria fulfilled?

Overall conclusion

Acrylamide-sodium acrylate copolymer
(25085-02-3)

Yes (polymer, not readily
biodegradable)

No (polymer, physico-chemical
properties)

No (polymer, physico-chemical
properties)

Not PBT based on physico-chemical
properties)

Tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione
(533-74-4)

No (experimental data)

No (screening data available)

No (experimental data)

Not PBT (based on screening and
experimental data)

Ethylene oxide/propylene oxide copolymer
(9003-11-6)

No (screening data available)

No (polymer, physico-chemical
properties)

No (screening data, physico-
chemical properties)

Not PBT (polymer, physic-chemical
properties and screening data)

Methylisothiocyanate (MITC) (533-74-4)

No (experimental data)

No (screening data available)

Yes (experimental data)

Not PBT (based on screening and
experimental data)

Glutaraldehyde (111-30-8)

No (screening data available)

No (screening data available)

No (experimental data available)

Not PBT (based on screening and
experimental data)

Glyoxal (107-22-2)

No (screening data available)

No (screening data available)

No (experimental data available)

Not PBT (based on screening and
experimental data)

Methanol (67-56-1)

No (screening data available)

No (experimental data available)

No (screening data available)

Not PBT (based on screening and
experimental data)

Polyalkylene (9038-95-3)

No (screening data available)

No (polymer, physico-chemical
properties)

No (screening data, physico-
chemical properties)

Polypropylene glycol (25322-69-4)

No (screening data available)

No (polymer, physico-chemical
properties)

No (screening data available)

Not PBT (polymer, physic-chemical
properties and screening data)

Potassium chloride (7447-40-7)

Not applicable (ionic species
ubiquitous in environment)

No (essential ions to biological
systems; actively regulated)

No (screening data available)

Not PBT (based on screening data and
ubiquitous inorganic salt)

Silicic acid, potassium salt (1312-76-1)

Not applicable (inorganic
substances ubiquitous in the
environment)

Not applicable (inorganic
substances ubiquitous in the
environment)

Not PBT (based on screening data and
ubiquitous inorganic substance)

Sodium carboxymethylcellulose ( 9004-32-4)

Yes (biopolymer, not readily
biodegradable)

No (biopolymer, physico-chemical
properties)

No (screening data available)

Not PBT (polymer, physic-chemical
properties and screening data)

Sodium carbonate (497-19-8)

Not applicable (ionic species
ubiquitous in environment)

No (essential ions to biological
systems; actively regulated)

No (screening data available)

Not PBT (based on screening data and
ubiquitous inorganic salt)

Sodium hydroxide (1310-73-2)

Not applicable (ionic species
ubiquitous in environment)

No (essential ions to biological
systems; actively regulated)

No (screening data available)

Not PBT (based on screening data and
ubiquitous inorganic salt)

Sodium polyacrylate (9003-04-7)

Yes (polymer, not readily
biodegradable)

No (polymer, physico-chemical
properties)

No (experimental data available)

Not PBT based on physico-chemical
properties and experimental data)

Starch (9005-25-8)

No (estimated)

No (polymer, physico-chemical
properties)

No (screening data available)

Not PBT (polymer, physic-chemical
properties and screening data)

Xanthan Gum (11138-66-2)

Yes (screening data available)

No (polymer, physico-chemical
properties)

No (polymer, physico-chemical
properties)

Not PBT (based on physico-chemical
properties)
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Table 4b:

Leewood Water Treatment Facility PBT Assessment of Water Treatment Chemicals

Substance

P/vP criteria fulfilled?

B/vB criteria fulfilled?

T criteria fulfilled?

Overall conclusion

Aluminum chlorohydrate

(CAS No. 12042-91-0)

Not applicable (ionic
species ubiquitous in
environment)

No (screening and experimental
data available)

Yes (experimental data
available)

Not PBT (based on screening/experimental
data and ubiquitous inorganic salt)

Calcium chloride
(10043-52-4)

Not applicable (ionic
species ubiquitous in
environment)

No (essential ions to biological
systems; actively regulated)

No (screening data
available)

Not PBT (based on screening data and
ubiquitous inorganic salt)

Citric acid No (screening data No (screening data available) No (screening data Not PBT (based on screening data)
(77-92-9) available) available)
CMI/MI [3:1]* No (experimental data No (experimental data available) | No (experimental data Not PBT (based on experimental data)

(55965-84-9)

available)

available)

Proprietary Mixture D1
(MixtureD1-CasRn)

No (experimental data
available)

No (screening data available)

Yes (experimental data
available)

Not PBT (based on screening and
experimental data)

Proprietary Ester A
(EsterA-CasRn)

Yes (screening data
available)

No (experimental data available)

No (experimental data
available)

Not PBT (based on screening and
experimental data)

Homopolymer of maleic

acid
(26099-09-2)

Not determined.

Not determined.

Not determined.

Not determined.

Hydrochloric acid
(7647-01-0)

Not applicable (ionic
species ubiquitous in
environment)

No (essential ions to biological
systems; actively regulated)

No (screening data
available)

Not PBT (based on screening data and
ubiquitous inorganic salt)

Magnesium nitrate
(10377-60-3)

Not applicable (ionic
species)

No (ionic species)

No screening data
available)

Not PBT (based on screening data and ionic
species)

NaEDTA
(64-02-8)

Yes (screening data
available)

No (experimental data available)

No (experimental data
available)

Not PBT (based on screening and
experimental data)

Proprietary Polymer A
(PolymerA-CasRn)

Yes (screening data
available)

No (polymer, physico-chemical
properties)

No (screening data
available)

Not PBT (based on screening data and
physico-chemical properties)
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Substance

P/vP criteria fulfilled?

B/vB criteria fulfilled?

T criteria fulfilled?

Overall conclusion

Polyacrylamide
(9003-05-8)

Yes (polymer, physico-
chemical properties)

No (polymer, physico-chemical
properties)

No (polymer, physico-
chemical properties)

No (based on polymer, physico-chemical
properties)

PolyDADMAC
(26062-79-3)

Yes (polymer, physico-
chemical properties)

No (polymer, physico-chemical
properties)

No (screening data
available)

No (based on screening data and physico-
chemical properties)

Proprietary Mixture D2
(MixtureD2-CasRn)

Yes (screening data
available)

No (screening data available)

No (experimental data
available)

Not PBT (based on screening and
experimental data)

Sodium Dodecyl Sulfate
(151-21-3)

No (screening data
available)

No (experimental data available)

No (experimental data
available)

Not PBT (based on screening and
experimental data)

Sodium hypochlorite

Not applicable (ionic

No (ionic species)

Yes (experimental data

Not PBT (based on screening data and ionic

(7681-52-9) species) available) species)
Sodium metabisulfite Not applicable (ionic No (ionic species) No screening data Not PBT (based on screening data and ionic
(7681-57-4) species) available) species)

Proprietary Mixture A2
(MixtureA2-CasRn)

Not applicable (ionic
species)

No (ionic species)

No screening data
available)

Not PBT (based on screening data and ionic
species)

Sodium sulfate

Not applicable (ionic

No (essential ions to biological

No (experimental data

Not PBT (based on experimental data and

(7757-82-6) species ubiquitous in systems; actively regulated) available) ubiquitous inorganic salt)
environment)

Sulfuric acid Not applicable (ionic No (essential ions to biological No (screening data Not PBT (based on screening data and

(7664-93-9) species ubiquitous in systems; actively regulated) available) ubiquitous inorganic salt)

environment)




Table 5a

Environmental Fate Information
Drilling Fluid System

Constituent

Environmental Fate Information

Acrylamide-sodium acrylate copolymer

Not readily biodegradable

Tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione

Degradation by hydrolysis®

Methylisothiocyanate (MITC)

Not readily biodegradable; volatilization”

Ethylene oxide/propylene oxide copolymer

Readily biodegradable or inherently biodegradabled

Glutaraldehyde

Readily biodegradable (half-life = 15 days)*

Glyoxal Readily biodegradable (half-life = 15 days)*
Methanol Readily biodegradable (half-life = 15 days)®
Polyalkylene Readily biodegradable to slowly biodegradabled
Polypropylene glycol Readily biodegradable (half-life = 15 days)*

Potassium chloride

Dissociates completely in aqueous media

Silicic acid, potassium salt

Not applicable; inorganic substance

Sodium carboxymethylcellulose

Inherently biodegradable (half-life = 150 days)®

Sodium carbonate

Dissociates completely in aqueous media

Sodium chloride

Dissociates completely in aqueous media

Sodium hydroxide

Dissociates completely in aqueous media

Sodium polyacrylate

Not readily biodegradable

Starch

Readily biodegradable (half-life = 15 days)®

Xanthan gum

Inherently biodegradable (half-life = 150 days)®

®Half-life in water is 5 hours at 250C (pH 7); half-life in soil is 7-12 hours at 200C.

*MITC is expected to removed rapidly from water and soil by volatilization (vapor pressure = 2,500 Pa).

°EU Guidance Document: Half-life estimates from in vitro biodegradation test results

dDependent on the size and composition of the polymer.
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Table 5b
Biodegradation Information

Narrabri Gas Project

Leewood Water Management Facility

Constituent

Environmental Fate Information

Aluminum chlorohydrate

Dissociates completely in aqueous media

Calcium chloride

Dissociates completely in aqueous media

Citric acid

Readily biodegradable (half-life = 15 days)®

CMI/MI [3:1]

Half-lives in river sediment-water system: 17.3 h (CMI)
and 9.1 h(MI)

Proprietary Mixture D1

WU ooutyrauaoic. Uit ucyrauauuorT patiways
exists. The half-life in aerobic metabolism study was
<4 hours. Half-lives in soil are 4-25 hours. See

Proprietary Ester A

Not readily biodegradable

Homopolymer of maleic acid

Not determined.

Hydrochloric acid

Dissociates completely in aqueous media

Maganesium nitrate

Dissociates completely in aqueous media

Not readily biodegrable. Can be degraded under

NaEDTA . o
alkaline conditions.
Proprietary Polymer A Not readily biodegradable
Polyacrylamide Not readily biodegradable
PolyDADMAC Not readily biodegradable

Proprietary Mixture D2

Inherently biodegradable (half-life = 150 days)®

Sodium dodecyl sulfate

Readily biodegradable (half-life = 15 days)®

Sodium hypochlorite

Dissociates completely in agueous media

Sodium metabisulfite

Dissociates completely in agueous media

Proprietary Mixture A2 Dissociates completely in agueous media
Sodium sulfate Dissociates completely in agueous media
Sulfuric acid Dissociates completely in agueous media

%EU Guidance Document: Half-life estimates from in vitro biodegradation test results

EHS ﬁSuooort
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Table 6

Summary of Theoretical Biodegradation of Vendor Chemicals in Aqueous Drilling Fluids
Drilling Fluid System
Narrabri Gas Project

Estimated concentration Fate and Estimated Initial Vendor Chemical Concentration In flowback
. in pre-injection fluid Transport Including Biodegredation Half-Life (mg/1)
Constituent Name CAS No. .
systems (mg/L) e vtz Temporal Scenario (days)
Drilling Fluids Half-Life (days) 0 3 7

Potassium chloride 7447-40-7 69,200 NA 69200 69200 69200
Copolymer of acrylamide and sodium acrylate 25085-02-3 1,170 NA 1170 1170 1170
Glyoxal 107-22-2 51 15 51 44.4 36.9
Methanol 67-56-1 5 15 5 4.4 3.6
Pentanedial / Glutaraldehyde 111-30-8 500 NA 500 500.0 500.0
Sodium carbonate 497-19-8 130 NA 130 130 130
Sodium carboxymethyl cellulose 9004-32-4 5,195 150 5195 5123 5029
Sodium hydroxide 1310-73-2 500 NA 500 500 500
Starch 9005-25-8 5,096 15 5096 4436 3688
:cl';leitor::ydro-3,5-d|methyl-1,3,5-th|ad|aZ|ne-2- £33.74.4 50 021 50 0.0 0.0
Methylisothiocyanate (MITC) 556-61-6 - NA 0.00 50.0 50.0
Xanthan gum 11138-66-2 5,100 150 5100 5030 5030
Ethylene oxide/propylene oxide copolymer 9003-11-6 40 NA 40.00 40.0 40.0
Polyalkylene 9038-95-3 37,100 NA 37100 37100 37100
Polypropylene glycol 25322-69-4 80 15 80.0 69.6 69.6
Silicic acid, potassium salt 1312-76-1 37,000 NA 37000 37000 37000
Sodium chloride 7647-14-5 76,000 NA 76000 76000 76000
Sodium polyacrylate 9003-04-7 1,820 NA 1820.00 1820.0 1820.0

a/ Tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione hydrolizes/metabilizes to 100% MITC after 3-5 days based on degredation.
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Estimated concentration in

Fate and Transport

Table 7
Comparison of Theoretical Concentrations of COPCs to Drinking Water Guidelines
Drilling Fluid System
Narrabri Gas Project

Estimated Initial Vendor Chemical Concentration In

Ratio of COPC Concentrations and Screening
Criteria (Ratio greater than one = elevated

re-injection fluid systems flowback Including Biodegredation Half-Life (mg/1) inki L
Constituent Name CAS No. = ! g Properties Drlnklpg LT potential risk)
(mg/L) Screning Level
Temporal Scenario (days) Temporal Scenario (days)
Drilling Fluids Half-Life (days) 0 3 7 0 3 7

Potassium chloride 7447-40-7 69,200 NA 69,200 69,200 69,200 63 1.1E+03 1.1E+03 1.1E+03
Copolymer of acrylamide and 25085-02-3 1,170 NA 1,170 1,170 1,170 - NA NA NA
sodium acrylate
Glyoxal 107-22-2 51 15 51 44 37 0.88 5.8E+01 5.0E+01 4.2E+01
Methanol 67-56-1 5 15 5 4 4 7.00 7.1E-01 6.2E-01 5.2E-01
Pentanedial / Glutaraldehyde 111-30-8 500 NA 500 500 500 0.14 3.6E+03 3.6E+03 3.6E+03
Sodium carbonate 497-19-8 130 NA 130 130 130 180.00 7.2E-01 7.2E-01 7.2E-01
Sodium carboxymethyl cellulose 9004-32-4 5,195 150 5,195 5,123 5,029 - NA NA NA
Sodium hydroxide 1310-73-2 500 NA 500 500 500 180.00 2.8E+00 2.8E+00 2.8E+00
Starch 9005-25-8 5,096 15 5,096 4,436 3,688 - NA NA NA
Tetrahydro-3,5-dimethyl-1,3,5- | ;o5 5, 4 50 0.21 50 0 0 0.04 1.36+03 5.8E-02 9.6E-08
thiadiazine-2-thione
Methylisothiocyanate (MITC) 556-61-6 - NA 0 50 50 18.00 NA 2.8E+00 2.8E+00
Xanthan gum 11138-66-2 5,100 150 5,100 5,030 5,030 35.00 1.5E+02 1.4E+02 1.4E+02
Ethyl id | id

ylene oxide/propylene oxide | g2 1) ¢ 40 NA 40 40 40 88.00 45601 45601 45601
copolymer
Polyalkylene 9038-95-3 37,100 NA 37,100 37,100 37,100 18.00 2.1E+03 2.1E+03 2.1E+03
Polypropylene glycol 25322-69-4 80 15 80 70 70 2.00 4.0E+01 3.5E+01 3.5E+01
Silicic acid, potassium salt 1312-76-1 37,000 NA 37,000 37,000 37,000 0.70 5.3E+04 5.3E+04 5.3E+04
Sodium chloride 7647-14-5 76,000 NA 76,000 76,000 76,000 180.00 4.2E+02 4.2E+02 4.2E+02
Sodium polyacrylate 9003-04-7 1,820 NA 1,820 1,820 1,820 4.00 4.6E+02 4.6E+02 4.6E+02

Cumulative Ratio: 6.2E+04 6.1E+04 6.1E+04

a/ Tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione hydrolizes/metabilizes to 100% MITC after 3-5 days based on degredation.
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Table 8

Comparison of Theoretical Concentrations of COPCs to PNECs (Water)
Drilling Fluid System

Narrabri Gas Project

Ratio of COPC Concentrations and

Estimated concentration in Fate and Estimated InitiaI.Venc-Ior Chemic-al Concen-tration In S (e e
Constituent Name CAS No. pre-injection fluid systems Transport flowback Including Biodegredation Half-Life (me/l) | pnec aquatic one = elevated potential risk)
(mg/L) Properties (mg/L)
Temporal Scenario (days) Temporal Scenario (days)
Drilling Fluids Half-Life (days) 0 3 7 0 3 7
Potassium chloride 7447-40-7 69,200 NA 69,200 69,200 69,200 1.00E-01 6.9E+05 6.9E+05 6.9E+05
g:::/?:t’:er of acrylamide and sodium 25085-02-3 1,170 NA 1,170 1,170 1,170 ; NA NA NA
Glyoxal 107-22-2 51 15 51 44 37 3.19E-01 1.6E+02 1.4E+02 1.2E+02
Methanol 67-56-1 5 15 5 4 4 1.00E+01 5.0E-01 4.4E-01 3.6E-01
Pentanedial / Glutaraldehyde 111-30-8 500 NA 500 500 500 2.50E-03 2.0E+05 2.0E+05 2.0E+05
Sodium carbonate 497-19-8 130 NA 130 130 130 - NA NA NA
Sodium carboxymethyl cellulose 9004-32-4 5,195 150 5,195 5,123 5,029 5.00E-01 1.0E+04 1.0E+04 1.0E+04
Sodium hydroxide 1310-73-2 500 NA 500 500 500 - NA NA NA
Starch 9005-25-8 5,096 15 5,096 4,436 3,688 5.00E+00 1.0E+03 8.9E+02 7.4E+02
Zi:?oh!:ms’s'd'methyl'1’3’5'th'ad'az'”e' 533-74-4 50 0.21 50 0 0 1.60E-04 | 3.1E+05 | 1.4E+01 | 2.4E-05
Methylisothiocyanate (MITC) 556-61-6 - NA 0 50 50 8.00E-05 0.0E+00 6.2E+05 6.2E+05
Xanthan gum 11138-66-2 5,100 150 5,100 5,030 5,030 - NA NA NA
Ethylene oxide/propylene oxide 9003-11-6 40 NA 40 40 40 1.00E-01 40E+02 | 4.06+02 | 4.0E+02
copolymer
Polyalkylene 9038-95-3 37,100 NA 37,100 37,100 37,100 1.00E-01 3.7E+05 3.7E+05 3.7E+05
Polypropylene glycol 25322-69-4 80 15 80 70 70 2.00E-01 4.0E+02 3.5E+02 3.5E+02
Silicic acid, potassium salt 1312-76-1 37,000 NA 37,000 37,000 37,000 - NA NA NA
Sodium chloride 7647-14-5 76,000 NA 76,000 76,000 76,000 - NA NA NA
Sodium polyacrylate 9003-04-7 1,820 NA 1,820 1,820 1,820 1.20E+00 1.5E+03 1.5E+03 1.5E+03
Cumulative Ratio: 1.6E+06 1.9E+06 1.9E+06

a/ Tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione hydrolizes/metabilizes to 100% MITC after 3-5 days based on degredation.
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Table 9

Summary of Theoretical Concentrations of Vendor Chemicals with Spent Drilling Muds and Cuttings

Drilling Fluid System
Narrabri Gas Project

Estimated Vendor Chemical

Estimated Residual Vendor
Chemical Concentration with

Estimated Residual Vendor
Chemical Concentration with

Constituent Name CAS No. col:rci:inr:;al\tl::J:s“(I:\Z/SIfge)m Surface Drill Cuttings (mg/kg) | Buried Drill Cuttings (mg/kg)
(a) (b)
Potassium chloride 7447-40-7 41,520 4152 2076
Copolymer of acrylamide and sodium acrylate 25085-02-3 702 70.2 35.1
Glyoxal 107-22-2 31 3.06 1.53
Methanol 67-56-1 3 0.3 0.15
Pentanedial / Glutaraldehyde 111-30-8 300 30 15
Sodium carbonate 497-19-8 78 7.8 3.90
Sodium carboxymethyl cellulose 9004-32-4 3,117 312 156
Sodium hydroxide 1310-73-2 300 30 15.00
Starch 9005-25-8 3,058 306 153
Tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione 533-74-4 - 0.0 0.00
Methylisothiocyanate (MITC) 556-61-6 30 3.0 1.50
Xanthan gum 11138-66-2 3,060 306 153
Ethylene oxide/propylene oxide copolymer 9003-11-6 24 24 1.20
Polyalkylene 9038-95-3 22,260 2226 1113
Polypropylene glycol 25322-69-4 48 4.8 2.40
Silicic acid, potassium salt 1312-76-1 22,200 2220 1110
Sodium chloride 7647-14-5 45,600 4560 2280
Sodium polyacrylate 9003-04-7 1,092 109 54.60

a/ Assume 10 percent of residual vendor chemicals remain on cuttings after shaker.

b/ Assume drill cuttings mixed at 1 to 1 ratio with clean fill; therefore, reduction of COPC concentration of 50%.

¢/ Tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione hydrolizes/metabilizes to 100% MITC after 3-5 days based on degredation. Therefore, mass of Tetrahydro-3,5-dimethyl-
1,3,5-thiadiazine-2-thione in muds will be assumed to be 0 mg/kg.

4 of 41




Table 10

Comparison of Theoretical Concentrations of COPCs to PNECs (Solid)

Drilling Fluid System
Narrabri Gas Project

Estimated Vendor Estimated Residual | Estimated Residual Ratio of COPC Concentrations and Screening
Chemical Vendor Chemical Vendor Chemical E— Criteria (Ratio R th?n one = elevated
Constituent Name CAS No. Concentration with Concentration with Concentration with (me/ke) potential risk)
Spent Drilling Muds | Surface Drill Cuttings | Buried Drill Cuttings
(me/keg) (me/keg) (mg/ke) (b) Spent Drilling Muds|  >“"2¢€ LI
Cuttings Cuttings
Potassium chloride 7447-40-7 41,520 4,152 2,076 -C NA NA NA
Copolymer of acrylamide and sodium acrylate 25085-02-3 702 70 35 - NA NA NA
Glyoxal 107-22-2 31 3 2 4.1E+00 7.5E+00 7.5E-01 3.8E-01
Methanol 67-56-1 3 1.0E+02 3.0E-02 3.0E-03 1.5€-03
Pentanedial / Glutaraldehyde 111-30-8 300 30 15 2.0E-02 1.5E+04 1.5E+03 7.5E+02
Sodium carbonate 497-19-8 78 8 4 - NA NA NA
Sodium carboxymethyl cellulose 9004-32-4 3,117 312 156 -C NA NA NA
Sodium hydroxide 1310-73-2 300 30 15 - NA NA NA
Starch 9005-25-8 3,058 306 153 -C NA NA NA
Tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione 533-74-4 - - - 4.0E-03 NA NA NA
Methylisothiocyanate (MITC) 556-61-6 30 3 1 2.8E-03 1.1E+04 1.1E+03 5.4E+02
Xanthan gum 11138-66-2 3,060 306 153 - NA NA NA
Ethylene oxide/propylene oxide copolymer 9003-11-6 24 2 1 - NA NA NA
Polyalkylene 9038-95-3 22,260 2,226 1,113 - NA NA NA
Polypropylene glycol 25322-69-4 48 5 2 5.0E-02 9.6E+02 9.6E+01 4.8E+01
Silicic acid, potassium salt 1312-76-1 22,200 2,220 1,110 - NA NA NA
Sodium chloride 7647-14-5 45,600 4,560 2,280 - NA NA NA
Sodium polyacrylate 9003-04-7 1,092 109 55 2.5E+01 4.4E+01 4.4E+00 2.2E+00
Cumulative Ratio: 2.7E+04 2.7E+03 1.3E+03

a/ Tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione hydrolizes/metabilizes to 100% MITC after 3-5 days based on degredation. Therefore, mass of Tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione in

muds will be assumed to be 0 mg/kg.
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Estimated Permeate

Table 11
Comparison of Theoretical Concentrations of COPCs to PNECs (Water)

Water Treatment Chemicals

Narrabri Gas Project

Estimated Permeate Vendor Chemical
Concentrations Including Biodegredation and

PNEC aquatic

Ratio of COPC Concentrations and Screening Criteria
(Ratio greater than one = elevated potential risk)

Constituent Name CAS No. Concentration (mg/l) Mixing in Bohena Creek (mg/1) (mg/L)
Exposure Scenario Exposure Scenario
Permeate Degredation Bohena Creek Permeate Degredation Bohena Creek |
Proprietary Polymer A PolymerA-CasRn 0.49 0.49 0.06 0.0015 1.30E-01 3.8E+00 4.7E-01 1.2E-02
Proprietary Ester A EsterA-CasRn 0.098 0.098 0 0.0003 1.40E-01 7.0E-01 8.7E-02 2.2E-03
Aluminium Chlorohydrate 1327-41-9 NA NA NA NA 5.50E-02 NA NA NA
Sodium Meta Bisulphite 7681-57-4 NA NA NA NA 1.00E+00 NA NA NA
Sodium Hypochlorite 7681-52-9 NA NA NA NA 3.00E-03 NA NA NA
Sodium Hydroxide 1310-73-2 NA NA NA NA - NA NA NA
Citric Acid 77-92-9 NA NA NA NA 4.40E-01 NA NA NA
Hydrochloric Acid 7647-01-0 NA NA NA NA - NA NA NA
Calcium Chloride 10043-52-4 NA NA NA NA 1.10E+01 NA NA NA
Ethylene diamine tetraacetic acid, EDTA 64-02-8 0.29 0.29 0.29 0.0007 2.20E+00 1.3E-01 1.3E-01 3.2E-04
Polydadmac 26062-79-3 NA NA NA NA 1.30E-01 NA NA NA
Polyacrylamide 9003-05-8 NA NA NA NA - NA NA NA
5-chloro-2-methyl-4-isothiazolin-3-one 26172-55-4 0.50 0.50 0.028 0.0007 1.00E-03 5.0E+02 2.8E+01 7.0E-01
2 methyl-isothiazolin-3 one 2682-20-4 0.10 0.10 0.006 0.00014 1.00E-03 1.0E+02 5.6E+00 1.4E-01
Proprietary Mixture D1 MixtureD1-CasRn 0.065 0.065 0.001 0.000019 1.00E-03 6.5E+01 7.8E-01 1.9E-02
Proprietary Mixture D2 MixtureD2-CasRn 0.065 0.07 0.065 0.0016 1.00E+01 6.5E-03 6.5E-03 1.6E-04
Sodium Chloride 7647-14-5 NA NA NA NA - NA NA NA
Sodium dodecyl sulfate 151-21-3 NA NA NA NA 9.00E-02 NA NA NA
Proprietary Mixture A2 MixtureA2-CasRn NA NA NA NA 6.00E-03 NA NA NA
Homopolymer of maleic acid 26009-09-2 NA NA NA NA - NA NA NA
Magnesium nitrate 10377-60-3 NA NA NA NA - NA NA NA
Proprietary Mixture A3 MixtureA3-CasRn NA NA NA NA - NA NA NA
Sodium Polyacyrlate 9003-04-7 NA NA NA NA 1.20E+00 NA NA NA
Cumulative Ratio: 6.7E+02 3.5E+01 8.8E-01
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Table 12

Comparison of Theoretical Concentrations of COPCs to PNECs (Solid)
Water Treatment Chemicals
Narrabri Gas Project

Estimated Vendor

Estimated Vendor Chemical

Ratio of COPC Concentrations and

. Chemical Concentration in ., . PNECsoil Screening Criteria (Ratio greater than

Constituent Name CAS No. . . Concentrationin Soil After .

Permeate in Soil From L (mg/kg) one = elevated potential risk)

Release (mg/kg) 20 Years Irrigation (mg/kg) : : :
Soil Irrigated Soil

Proprietary Polymer A PolymerA-CasRn 0.04 0.21 - NA NA

Proprietary Ester A EsterA-CasRn 0.008 0.01 9.6E+00 8.0E-04 5.4E-04
Aluminium Chlorohydrate 1327-41-9 NA NA - NA NA
Sodium Meta Bisulphite 7681-57-4 NA NA - NA NA
Sodium Hypochlorite 7681-52-9 NA NA - NA NA
Sodium Hydroxide 1310-73-2 NA NA - NA NA
Citric Acid 77-92-9 NA NA 5.0E-02 NA NA
Hydrochloric Acid 7647-01-0 NA NA - NA NA
Calcium Chloride 10043-52-4 NA NA - NA NA
Ethylene diamine tetraacetic acid, EDTA 64-02-8 0.02 0.12 - NA NA
Polydadmac 26062-79-3 NA NA - NA NA
Polyacrylamide 9003-05-8 NA NA - NA NA
5-chloro-2-methyl-4-isothiazolin-3-one 26172-55-4 NA NA 4.0E-04 NA NA
2 methyl-isothiazolin-3 one 2682-20-4 NA NA 4.0E-04 NA NA
Proprietary Mixture D1 MixtureD1-CasRn NA NA 7.7E-04 NA NA

Proprietary Mixture D2 MixtureD2-CasRn 0.01 0.03 1.3E+00 4.0E-03 2.1E-02
Sodium Chloride 7647-14-5 NA NA - NA NA
Sodium dodecyl sulfate 151-21-3 NA NA 3.8E-01 NA NA
Proprietary Mixture A2 MixtureA2-CasRn NA NA - NA NA
Homopolymer of maleic acid 26009-09-2 NA NA - NA NA
Magnesium nitrate 10377-60-3 NA NA - NA NA
Proprietary Mixture A3 MixtureA3-CasRn NA NA - NA NA
Sodium Polyacyrlate 9003-04-7 NA NA 2.5E+01 NA NA

Cumulative Ratio: 4.8E-03 2.2E-02
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Table 13

Trespasser Exposure Assumptions
Narrabri Gas Project

Media E’:’::tl:e Parameter Code Parameter Definition Units (a) Parameter Value Source (b)
IR Ingestion rate I/hr 0.025 enHealth, 2012
ET Exposure time hr/day 0.5 enHealth, 2012
EF Exposure frequency day/yr 20 BPJ
Ingestion ED Exposure duration yr 10 BPJ
BW Body weight kg 51 (c) enHealth, 2012
AT-NC Averaging time - noncancer days 3,650 enHealth, 2012
AT-C Averaging time - cancer days 25,550 enHealth, 212
SA Surface area for contact (total body) cm’ 14,900 (d) enHealth, 2012, USEPA, 2016
Water Kp Dermal permeability factor cm/h chemical-specific USEPA, 2016
ET Exposure time hr/day 0.5 enHealth, 2012
EF Exposure frequency day/yr 20 BPJ
ED Exposure duration yr 10 BPJ
Dermal
EV Event Frequency events/day 1.0 USEPA, 2016
BW Body weight kg 51 (c) enHealth, 2012
AT-NC Averaging time - noncancer days 3,650 enHealth, 2012
AT-C Averaging time - cancer days 25,550 enHealth, 212
CF Conversion factor I/cm3 1.0E-03 enHealth, 212
IR Ingestion rate mg/day 50 enHealth, 2012, USEPA, 2016
EF Exposure frequency day/yr 20 BPJ
ED Exposure duration yr 10 BPJ
Ingestion RBA Relative bioavailability factor unitless chemical-specific enHealth, 2012
BW Body weight kg 51 (c) enHealth, 2012
AT-NC Averaging time - noncancer days 3,650 enHealth, 2012
AT-C Averaging time - cancer days 25,550 enHealth, 2012
CF Conversion factor kg/mg 1.0E-06 enHealth, 2012
Soil SA Surface area for contact (exposed) cm’/day 4,700 (e) enHealth, 2012, USEPA, 2016
ABS Absorption Factor unitless chemical-specific enHealth, 2012
EF Exposure frequency day/yr 20 BPJ
ED Exposure duration yr 10 BPJ
Dermal BW Body weight kg 51 (c) enHealth, 2012
AT-NC Averaging time - noncancer days 3,650 enHealth, 2012
AT-C Averaging time - cancer days 25,550 enHealth, 212
AF Soil Adherence Factor mg soil/cm? skin 0.07 (f) enHealth, 2012, USEPA, 2016
CF Conversion factor kg/mg 1.0E-06 enHealth, 212
a/ Units:
I/hr = litres per hour cm/h = centimetre per hour

hr/day = hours per day
day/yr = days per year

yr =year

kg = kilogram

2 .
cm” =square centimetre

b/ References:

enHealth, 2012:
enHealth. (2012). Australian Exposure Factor Guidance. enHealth Subcommetee of the Australian

I/cm3 = litre per cubic centimetre

cmz/day =square centimetre per day
mg soil/cm? skin = milligrams soil per square centimetre skin

kg/mg = kilogram per milligram

Health Protection Principal Committee, Canberra, Australia.

BPJ:

Best Professional Judgement
USEPA, 2016
USEPA. (2016). EPA-Expo-Box (A Toolbox for Exposure Assessors). Available at
http://www.epa.gov/expobox

¢/ The body weight is the time weighted average calculated from enHealth exposure factors for a male or female child aged 8 to 18 years old.
d/ Total body surface area is the time weighted average of total surface area of male or female child aged 6 to 11, 11 to 16, and 16 to 18 years old.

e/ Exposed body surface area is the time weighted average of head, forearms, hands, lower legs, and feet.

Forearms are considered 45% of arm surface area; lower leg is considered 40% of leg surface area (USEPA, 2016).
f/ Adherence factor calculated for exposed body part surface area is the time weighted average of head, forearms, hands, lower legs, and feet.
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Table 14
Worker Exposure Assumptions
Narrabri Gas Project

Media Exposure Route Parameter Code Parameter Definition Units (a) Parameter Value Source (b)
IR Ingestion rate mg/day 330 USEPA, 2016
EF Exposure frequency day/yr 2 BPJ
ED Exposure duration yr 1 BPJ
Ingestion BW Body weight kg 78 enHealth, 2012
RBA Relative bioavailability factor unitless chemical-specific enHealth, 2012
AT-NC Averaging time - noncancer days 365 enHealth, 2012
AT-C Averaging time - cancer days 25,550 enHealth, 2012
CF Conversion factor kg/mg 1.0E-06 enHealth, 2012
Soil SA Surface area for contact (exposed) cmz/day 2,936 (c) enHealth, 2012, USEPA, 2016
EF Exposure frequency day/yr 2 BPJ
ED Exposure duration yr 1 BPJ
BW Body weight kg 78 enHealth, 2012
Dermal AT-NC Averaging time - noncancer days 365 enHealth, 2012
AT-C Averaging time - cancer days 25,550 enHealth, 2012
ABS Absorption factor unitless chemical-specific enHealth, 2012
AF Soil Adherence Factor mg soil/cm” skin 0.21 (d) enHealth, 2012, USEPA, 2016
CF Conversion factor kg/mg 1.0E-06 enHealth, 2012
a/ Units:

mg/day = milligrams per day
day/yr = days per year
yr = year
kg = kilogram
b/ References:
USEPA, 2016

mg soil/cm” skin = milligrams soil per square centimetre skin

kg/mg = kilogram per milligram
cm’= square centimetre

cmz/day = square centimetre per day

USEPA. (2016). EPA-Expo-Box (A Toolbox for Exposure Assessors). Available at http://www.epa.gov/expobox

enHealth, 2012:

enHealth. (2012). Australian Exposure Factor Guidance. enHealth Subcommetee of the Australian Health Protection Principal Committee, Canberra, Australia.

BPJ: Best Professional Judgement

¢/ Exposed body surface area is the time weighted average of head, forearms, hands, lower legs, and feet.

Forearms are considered 45% of arm surface area; lower leg is considered 40% of leg surface area (USEPA, 2016).

d/ Adherence factor calculated for exposed body part surface area is the time weighted average of head, forearms, hands, lower legs, and feet.
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Table 15

Agricultural Worker Exposure Assumptions

Narrabri Gas Project

Media Exposure Route Parameter Code Parameter Definition Units Parameter Value Source
IR Ingestion rate mg/day 100 enHealth, 2012
EF Exposure frequency day/yr 4 BPJ
ED Exposure duration yr 35 BPJ
Ingestion BW Body weight kg 78 enHealth, 2012
RBA Relative bioavailability factor unitless chemical-specific enHealth, 2012
AT-NC Averaging time - noncancer days 12,775 enHealth, 2012
AT-C Averaging time - cancer days 25,550 enHealth, 2012
CF Conversion factor kg/mg 1.0E-06 enHealth, 2012
Soil SA Surface area for contact cmz/day 5,664 (c) enHealth, 2012, USEPA, 2016
EF Exposure frequency day/yr 4 BPJ
ED Exposure duration yr 35 BPJ
BW Body weight kg 78 enHealth, 2012
Dermal AT-NC Averaging time - noncancer days 12,775 enHealth, 2012
AT-C Averaging time - cancer days 25,550 enHealth, 2012
ABS Absorption factor unitless chemical-specific enHealth, 2012
AF Soil Adherence Factor mg soiI/cm2 skin 0.08 (d) enHealth, 2012, USEPA, 2016
CF Conversion factor kg/mg 1.0E-06 enHealth, 2012
a/ Units:

mg/day = milligrams per day

day/yr = days per year
yr = year
kg = kilogram
b/ References:
USEPA, 2016

mg soil/cm” skin = milligrams soil per square centimetre skin

kg/mg = kilogram per milligram
cm’ = square centimetre
cmz/day = square centimetre per day

USEPA. (2016). EPA-Expo-Box (A Toolbox for Exposure Assessors). Available at http://www.epa.gov/expobox

enHealth, 2012:

enHealth. (2012). Australian Exposure Factor Guidance. enHealth Subcommetee of the Australian Health Protection Principal Committee, Canberra, Australia.
BPJ: Best Professional Judgement

¢/ Exposed body surface area is the time weighted average of head, forearms, hands, lower legs, and feet.
Forearms are considered 45% of arm surface area; lower leg is considered 40% of leg surface area (USEPA, 2016).
d/ Adherence factor calculated for exposed body part surface area is the time weighted average of head, forearms, hands, lower legs, and feet.
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Table 16
Chemical-Specific Parameters
Narrabri Gas Project

Dermal
Chemical Name CAS Number R_BA Source _FA Source (a) Kp Source (a) Absorption Factor Source (a) o Source (a) talevent Source (a) ,B Source (a)
(unitless) (unitless) (cm/hour) . (hours) (hours/event) (unitless)
(unitless)
Drilling Chemicals
Potassium chloride 7447-40-7 1.0 enHealth, 2012 1.0 USEPA, 2016 NA Risk Dossier, calculated (b) 1.0 enHealth, 2012 NA calculated (b) 2.75E-01 calculated (b) NA calculated (b)
g;z‘l’;‘t';”er of acrylamide and sodium 25085-02-3 1.0 |enHealth, 2012 1.0 USEPA, 2016 NA Risk Dossier, calculated (b) 1.0 enHealth, 2012 NA calculated (b) NA calculated (b) NA calculated (b)
Glyoxal 107-22-2 1.0 enHealth, 2012 1.0 USEPA, 2016 8.79E-03 Risk Dossier, calculated (b) 1.0 enHealth, 2012 5.33E-01 calculated (b) 2.22E-01 calculated (b) | 2.58E-02 calculated (b)
Methanol 67-56-1 1.0 enHealth, 2012 1.0 USEPA, 2016 3.25E-04 Risk Dossier, calculated (b) 1.0 enHealth, 2012 3.81E-01 calculated (b) 1.59E-01 calculated (b) | 7.08E-04 calculated (b)
Pentanedial / Glutaraldehyde 111-30-8 1.0 enHealth, 2012 1.0 USEPA, 2016 2.52E-04 Risk Dossier, calculated (b) 1.0 enHealth, 2012 9.16E-01 calculated (b) 3.82E-01 calculated (b) | 9.71E-04 calculated (b)
Sodium carbonate 497-19-8 1.0 enHealth, 2012 1.0 USEPA, 2016 NA Risk Dossier, calculated (b) 1.0 enHealth, 2012 NA calculated (b) 4.12E-01 calculated (b) NA calculated (b)
Sodium carboxymethyl cellulose 9004-32-4 1.0 enHealth, 2012 1.0 USEPA, 2016 NA Risk Dossier, calculated (b) 1.0 enHealth, 2012 NA calculated (b) NA calculated (b) NA calculated (b)
Sodium hydroxide 1310-73-2 1.0 enHealth, 2012 1.0 USEPA, 2016 NA Risk Dossier, calculated (b) 1.0 enHealth, 2012 NA calculated (b) 1.76E-01 calculated (b) NA calculated (b)
Starch 9005-25-8 1.0 enHealth, 2012 1.0 USEPA, 2016 NA Risk Dossier, calculated (b) 1.0 enHealth, 2012 NA calculated (b) NA calculated (b) NA calculated (b)
:’:itOrEZydro-3,5-d|methyl-1,3,5-th|ad|azme-2- 533-74-4 1.0 enHealth, 2012 1.0 USEPA, 2016 3.08E-04 Risk Dossier, calculated (b) 1.0 enHealth, 2012 2.04E+00 calculated (b) 8.51E-01 calculated (b) | 1.51E-03 calculated (b)
Methylisothiocyanate (MITC) 556-61-6 1.0 enHealth, 2012 1.0 USEPA, 2016 9.74E-04 Risk Dossier, calculated (b) 1.0 enHealth, 2012 6.47E-01 calculated (b) 2.70E-01 calculated (b) | 3.20E-03 calculated (b)
Xanthan gum 11138-66-2 1.0 enHealth, 2012 1.0 USEPA, 2016 NA Risk Dossier, calculated (b) 1.0 enHealth, 2012 NA calculated (b) NA calculated (b) NA calculated (b)
Ethylene oxide/propylene oxide copolymer 9003-11-6 1.0 enHealth, 2012 1.0 USEPA, 2016 NA Risk Dossier, calculated (b) 1.0 enHealth, 2012 NA calculated (b) NA calculated (b) NA calculated (b)
Polyalkylene 9038-95-3 1.0 enHealth, 2012 1.0 USEPA, 2016 NA Risk Dossier, calculated (b) 1.0 enHealth, 2012 NA calculated (b) NA calculated (b) NA calculated (b)
Polypropylene glycol 25322-69-4 1.0 enHealth, 2012 1.0 USEPA, 2016 NA Risk Dossier, calculated (b) 1.0 enHealth, 2012 NA calculated (b) NA calculated (b) NA calculated (b)
Silicic acid, potassium salt 1312-76-1 1.0 enHealth, 2012 1.0 USEPA, 2016 NA Risk Dossier, calculated (b) 1.0 enHealth, 2012 NA calculated (b) NA calculated (b) NA calculated (b)
Sodium Chloride 7647-14-5 1.0 enHealth, 2012 1.0 USEPA, 2016 NA Risk Dossier, calculated (b) 1.0 enHealth, 2012 NA calculated (b) NA calculated (b) NA calculated (b)
Sodium polyacrylate 9003-04-7 1.0 enHealth, 2012 1.0 USEPA, 2016 NA Risk Dossier, calculated (b) 1.0 enHealth, 2012 NA calculated (b) NA calculated (b) NA calculated (b)
Water Treatment Chemicals

Proprietary Polymer A PolymerA-CasRn 1.0 enHealth, 2012 1.0 USEPA, 2016 - - 1.0 enHealth, 2012 - - - - - -
Proprietary Ester A EsterA-CasRn 1.0 enHealth, 2012 1.0 USEPA, 2016 - - 1.0 enHealth, 2012 - - - - - -
Aluminium Chlorohydrate 1327-41-9 1.0 enHealth, 2012 1.0 USEPA, 2016 - - 1.0 enHealth, 2012 - - - - - -
Sodium Meta Bisulphite 7681-57-4 1.0 enHealth, 2012 1.0 USEPA, 2016 - - 1.0 enHealth, 2012 - - - - - -
Sodium Hypochlorite 7681-52-9 1.0 enHealth, 2012 1.0 USEPA, 2016 - - 1.0 enHealth, 2012 - - - - - -
Citric Acid 77-92-9 1.0 enHealth, 2012 1.0 USEPA, 2016 - - 1.0 enHealth, 2012 - - - - - -
Hydrochloric Acid 7647-01-0 1.0 enHealth, 2012 1.0 USEPA, 2016 - - 1.0 enHealth, 2012 - - - - - -
Calcium Chloride 10043-52-4 1.0 enHealth, 2012 1.0 USEPA, 2016 - - 1.0 enHealth, 2012 - - - - - -
Ethylene diamine tetraacetic acid, EDTA 64-02-8 1.0 enHealth, 2012 1.0 USEPA, 2016 - - 1.0 enHealth, 2012 - - - - - -
Polydadmac 26062-79-3 1.0 enHealth, 2012 1.0 USEPA, 2016 - - 1.0 enHealth, 2012 - - - - - -
Polyacrylamide 9003-05-8 1.0 enHealth, 2012 1.0 USEPA, 2016 - - 1.0 enHealth, 2012 - - - - - -
5-chloro-2-methyl-4-isothiazolin-3-one 26172-55-4 1.0 enHealth, 2012 1.0 USEPA, 2016 - - 1.0 enHealth, 2012 - - - - - -
2 methyl-isothiazolin-3 one 2682-20-4 1.0 enHealth, 2012 1.0 USEPA, 2016 - - 1.0 enHealth, 2012 - - - - - -
Proprietary Mixture D1 MixtureD1-CasRn - - - - - - - -

1.0 enHealth, 2012 1.0 USEPA, 2016 1.0 enHealth, 2012
Proprietary Mixture D2 MixtureD2-CasRn - - - - - - - -

1.0 enHealth, 2012 1.0 USEPA, 2016 1.0 enHealth, 2012
Sodium dodecyl sulfate 151-21-3 1.0 enHealth, 2012 1.0 USEPA, 2016 - - 1.0 enHealth, 2012 - - - - - -
Proprietary Mixture A2 MixtureA2-CasRn - - - - - - - -

1.0 enHealth, 2012 1.0 USEPA, 2016 1.0 enHealth, 2012
Homopolymer of maleic acid 26009-09-2 1.0 enHealth, 2012 1.0 USEPA, 2016 - - 1.0 enHealth, 2012 - - - - - -
Proprietary Mixture A3 MixtureA3-CasRn 1.0 enHealth, 2012 1.0 USEPA, 2016 - - 1.0 enHealth, 2012 - - - - - -

NA = not applicable

- indicates not necessary for complete exposure pathways

a/ References:
USEPA, 2016

USEPA. (2016). EPA-Expo-Box (A Toolbox for Exposure Assessors). Available at

http://www.epa.gov/expobox
enHealth, 2012:

enHealth. (2012). Australian Exposure Factor Guidance. enHealth Subcommetee of the Australian
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Table 17

Kangaroo Exposure Assumptions
Narrabri Gas Project

Exposure Route | Parameter Code Parameter Definition Units (a) |Parameter Value Source (b)
IR Ingestion rate I/day 3 Fleming, 2001
EF Exposure frequency day/yr 7 BPJ
Ingestion ED Exposure duration yr 1 BPJ
BW Body weight kg 25 Fleming, 2001
AT-NC Averaging time - noncancer days 365 Fleming, 2001
a/ Units:

I/day = litres per day
day/yr = days per year
yr = year
kg = kilogram

b/ References:
Fleming, 2001

Fleming, Peter; Laurie Corbett, Robert Harden, Peter Thomson (2001). Managing the Impacts of
Dingoes and Other Wild Dogs. Commonwealth of Australia: Bureau of Rural Sciences.

BPJ - Best Professional Judgement
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Table 18
Dingo Exposure Assumptions
Narrabri Gas Project

Exposure Route | Parameter Code Parameter Definition Units (a) | Parameter Value Source (b)
IR Ingestion rate I/day 0.75 Dawson, 1995
EF Exposure frequency day/yr 7 BPJ
Ingestion ED Exposure duration yr 1 BPJ
BW Body weight kg 13 Dawson, 1995
AT-NC Averaging time - noncancer days 365 Dawson, 1995
a/ Units:

I/day = litres per day
day/yr = days per year
yr = year
kg = kilogram
b/ References:
Dawson, 1995

Dawson, Terence J. (1995). Kangaroos: Biology of the Largest Marsupials. Cornell University Press,

Ithaca, New York. Second printing: 1998. ISBN 0-8014-8262-3.
BPJ - Best Professional Judgement
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Table 19

Mouse Exposure Assumptions

Narrabri Gas Project

Exposure Route | Parameter Code Parameter Definition Units (a) | Parameter Value Source (b)

RS Ingestion rate soil ke/day 0.0000038 Calculated with average ingestion rate (3.8 mg/day); white-footed mouse
data from USEPA 1993.
Tokushima and Jarman (2008) measured average movement distances of

Ingestion HR Home Range ratio unitless 0.5 40 m (range 0-181 m) for recaptured individuals; however, larger

movement patterns cannot be disregarded.

BW Body weight ke 0.012 Average body weight from Australian Government POE §2015) and
Menkhorst and Knight (2001). The weight of the animal is 10-14 grams.

a/ Units:

mg/day = milligrams per day

kg/day = kilograms per day

kg = kilogram
b/ References:
USEPA, 1993

USEPA. (1993) Wildlife Exposure Factors Handbook United States Environmental Protection Agency
Office of Research and Development. EPA/600/R-93/187. December 1993.

Australian Government Department of the Environment."Pseudomys pilligaensis".
Available online at: http://www.environment.gov.au/cgi-bin/sprat/public/publicspecies.pl?taxon_id=99 . Retrieved 2 June 2015.

Menkhorst, Peter; Knight, Frank (2001). A field guide to the mammals of Australia.
South Melbourne, Australia: Oxford University Press. pp. 194—195. ISBN 019550870X.
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Table 20

Avian Receptor Exposure Assumptions
Narrabri Gas Project

Exposure Route | Parameter Code Parameter Definition Units (a) | Parameter Value Source (b)
Rainbow Bee-Eater
IR-S Ingestion rate soil kg/day 0.006 Nagy, 1987
IR-F Ingestion rate food kg/day 0.032 Cleland et al, 1918
HR Home Range ratio unitless 0.5 BP)J
Ingestion BW Body weight kg 0.034 What-when-how, 2016
The rainbow bee-eater mainly consumes insects; a prey ratio of 0.5 is
PR Prey Ratio untiless 0.5 conservatively assumed and likely overestimates potential consumption
of worms.
Cattle Egret
IR-S Ingestion rate soil kg/day 0.031 BPJ
The Cattle Egret feeds mostly on grasshoppers, other insects, and small
mammals (Marchant& Higgins, 1990). For this evalution, diet is assumed
IR-F Ingestion rate food kg/day 0.157 to consist entirely of earthworms (BPJ) to link the potential COPCs in soil
and feed habits of egret. The ingestion rate is calcualted using USEPA T-
Ingestion REX model equations.
HR Home Range ratio unitless 0.5 BPJ
BW Body weight kg 0.390 Siegfried, 1969
The cattle egret mainly consumes insects; a prey ratio of 0.5 is
PR Prey Ratio unitless 0.5 conservatively assumed and likely overestimates potential consumption
of worms.
a/ Units:

kg/day = milligrams per day

kg = kilogram
b/ References:

BPJ - Best Professional Judgement
Nagy KA. 1987. Field metabolic rate and food requirement scaling in mammals and birds. Ecol Monogr 57(2):111-128.

Cleland, J.B., J.H. Maiden, W.W Frogatt, E.W. Ferguson & C.T. Musson (1918). The food of Australian birds. Scientific Bulletin of Department of Agriculture, NSW. 15:1--112.
What-when-how. 2016 Rainbow Bee-eater (Birds). Retrieved from http://what-when-how.com/birds/rainbow-bee-eater-birds/. November 2016.

W.R. Siegfried (1969) Energy Metabolism of the Cattle Egret, ZoologicaRfricana, 4:2, 265-273, DOI: 10.1080/00445096.1969.114473750)

Marchant, S. & P.J. Higgins (1990). Handbook of Australian, New Zealand and Antarctic Birds. Volume One - Ratites to Ducks. Melbourne, Victoria: Oxford University Press
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Table 21

Narrabri Gas Project

Cattle Exposure Assumptions
Water Treatment Chemicals

Exposure Route Parameter Code Parameter Definition Units (a)| Parameter Value | Source (b)
IR Ingestion rate I/day 86 API, 2004

EF Exposure frequency day/yr 365 BPJ

Ingestion ED Exposure duration yr 1 BPJ
BW Body weight kg 454 API, 2004
AT-NC Averaging time - noncancer days 365 API, 2004

a/ Units:
|/day = litres per day
day/yr = days per year
yr = year
kg = kilogram

b/ References:
APl, 2004

API. (2004). Risk-Based Screening Levels for the Protection of Livestock Exposed to Petroleum Hydrocarbons,
Regulatory Analysis and Scientific Affairs No. 4733 July 2004.

BPJ - Best Professional Judgement
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Table 22

Risk Estimates for Trespasser from Vendor Chemicals in Lined Pits (Day 0)
Drilling Fluid System
Narrabri Gas Project

' EPC Day 0 DA mz;)lilgc-ltt:l‘;y Oral Intake | Dermal Intake Hazard Quotient
Constituent Name CAS No. CW (mg/l) ET<t* (ug/cm2-event) o

RfDo CADDoral CADDderm Ingestion Dermal
Potassium chloride 7447-40-7 69,200 Yes NA 1.8E+01 9.3E-01 NA 5.2E-02 NA
Copolymer of acrylamide and sodium acrylate 25085-02-3 1,170 Yes NA - 1.6E-02 NA NA NA
Glyoxal 107-22-2 51 Yes 4.1E-04 2.5E-01 6.8E-04 6.6E-03 2.7E-03 2.6E-02
Methanol 67-56-1 5 No 1.3E-06 2.0E+00 6.7E-05 2.1E-05 3.4E-05 1.1E-05
Pentanedial / Glutaraldehyde 111-30-8 500 Yes 1.5E-04 4.0E-02 6.7E-03 2.4E-03 1.7E-01 6.1E-02
Sodium carbonate 497-19-8 130 Yes NA 5.1E+01 1.7E-03 NA 3.4E-05 NA
Sodium carboxymethyl cellulose 9004-32-4 5,195 Yes NA - 7.0E-02 NA NA NA
Sodium hydroxide 1310-73-2 500 Yes NA 5.1E+01 6.7E-03 NA 1.3E-04 NA
Starch 9005-25-8 5,096 Yes NA - 6.8E-02 NA NA NA
Tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione 533-74-4 50 Yes 2.8E-05 1.0E-02 6.7E-04 4.5E-04 6.7E-02 4.,5E-02
Xanthan gum 11138-66-2 5,100 Yes NA 1.0E+01 6.8E-02 NA 6.8E-03 NA
Ethylene oxide/propylene oxide copolymer 9003-11-6 40 Yes NA 2.5E+01 5.4E-04 NA 2.1E-05 NA
Polyalkylene 9038-95-3 37,100 Yes NA 5.0E+00 5.0E-01 NA 1.0E-01 NA
Polypropylene glycol 25322-69-4 80 Yes NA 5.0E-01 1.1E-03 NA 2.1E-03 NA
Silicic acid, potassium salt 1312-76-1 37,000 Yes NA 2.0E-01 5.0E-01 NA 2.5E+00 NA
Sodium chloride 7647-14-5 76,000 Yes NA 5.1E+01 1.0E+00 NA 2.0E-02 NA
Sodium polyacrylate 9003-04-7 1,820 Yes NA 1.0E+00 2.4E-02 NA 2.4E-02 NA
Methylisothiocyanate (MITC) 556-61-6 NA Yes NA 5.0E-03 NA NA NA NA

Expsure Pathway Hl: 2.9E+00 1.3E-01

CADD = chronic absorbed daily dose Cumulative HI:  3.1E+00
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Table 23
Risk Estimates for Trespasser from Vendor Chemicals in Lined Pits (Day 3)
Drilling Fluid System
Narrabri Gas Project

Toxicity

Oral Intake | Dermal Intake Hazard Quotient
Constituent Name CAS No. E\':\Ic (I:g/; ETst* (e /fr:;::\tlent) me/kg-day —
RfDo CADDoral CADDderm X Dermal
Ingestion
Potassium chloride 7447-40-7 69,200 Yes NA 1.8E+01 9.3E-01 NA 5.2E-02 NA
Copolymer of acrylamide and sodium acrylate 25085-02-3 1,170 Yes NA - 1.6E-02 NA NA NA
Glyoxal 107-22-2 44.40 Yes 3.6E-04 2.5E-01 6.0E-04 5.8E-03 2.4E-03 2.3E-02
Methanol 67-56-1 4.35 No 1.2E-06 2.0E+00 5.8E-05 1.9E-05 2.9E-05 9.3E-06
Pentanedial / Glutaraldehyde 111-30-8 500 Yes 1.5E-04 4.0E-02 6.7E-03 2.4E-03 1.7E-01 6.1E-02
Sodium carbonate 497-19-8 130 Yes NA 5.1E+01 1.7E-03 NA 3.4E-05 NA
Sodium carboxymethyl cellulose 9004-32-4 5,123 Yes NA - 6.9E-02 NA NA NA
Sodium hydroxide 1310-73-2 500 Yes NA 5.1E+01 6.7E-03 NA 1.3E-04 NA
Starch 9005-25-8 4,436 Yes NA - 6.0E-02 NA NA NA
Tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione 533-74-4 0 Yes 1.3E-09 1.0E-02 3.1E-08 2.1E-08 3.1E-06 2.1E-06
Xanthan gum 11138-66-2 5,030 Yes NA 1.0E+01 6.8E-02 NA 6.8E-03 NA
Ethylene oxide/propylene oxide copolymer 9003-11-6 40 Yes NA 2.5E+01 5.4E-04 NA 2.1E-05 NA
Polyalkylene 9038-95-3 37,100 Yes NA 5.0E+00 5.0E-01 NA 1.0E-01 NA
Polypropylene glycol 25322-69-4 70 Yes NA 5.0E-01 9.4E-04 NA 1.9E-03 NA
Silicic acid, potassium salt 1312-76-1 37,000 Yes NA 2.0E-01 5.0E-01 NA 2.5E+00 NA
Sodium chloride 7647-14-5 76,000 Yes NA 5.1E+01 1.0E+00 NA 2.0E-02 NA
Sodium polyacrylate 9003-04-7 1,820 Yes NA 1.0E+00 2.4E-02 NA 2.4E-02 NA
Methylisothiocyanate (MITC) 556-61-6 50 Yes 4.9E-05 5.0E-03 6.7E-04 7.9E-04 1.3E-01 1.6E-01
Expsure Pathway Hl: 3.0E+00 2.4E-01

CADD = chronic absorbed daily dose Cumulative HI:  3.2E+00
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Table 24
Risk Estimates for Trespasser from Vendor Chemicals in Lined Pits (Day 7)
Drilling Fluid System
Narrabri Gas Project

Toxicity

. EPC Day 7 DA, me/ke-day Oral Intake | Dermal Intake Hazard Quotient
Constituent Name CAS No. W (mg/l) ET<t* (1g/cm2-event) T

RfDo CADDoral CADDderm - Dermal
Potassium chloride 7447-40-7 69,200 Yes NA 1.8E+01 9.3E-01 NA 5.2E-02 NA
Copolymer of acrylamide and sodium acrylate 25085-02-3 1,170 Yes NA - 1.6E-02 NA NA NA
Glyoxal 107-22-2 36.91 Yes 3.0E-04 2.5E-01 5.0E-04 4.8E-03 2.0E-03 1.9E-02
Methanol 67-56-1 3.62 No 9.6E-07 2.0E+00 4.9E-05 1.5E-05 2.4E-05 7.7E-06
Pentanedial / Glutaraldehyde 111-30-8 500 Yes 1.5E-04 4.0E-02 6.7E-03 2.4E-03 1.7E-01 6.1E-02
Sodium carbonate 497-19-8 130 Yes NA 5.1E+01 1.7E-03 NA 3.4E-05 NA
Sodium carboxymethyl cellulose 9004-32-4 5,029 Yes NA - 6.8E-02 NA NA NA
Sodium hydroxide 1310-73-2 500 Yes NA 5.1E+01 6.7E-03 NA 1.3E-04 NA
Starch 9005-25-8 3,688 Yes NA - 5.0E-02 NA NA NA
Tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione 533-74-4 0 Yes 2.1E-15 1.0E-02 5.2E-14 3.4E-14 5.2E-12 3.4E-12
Xanthan gum 11138-66-2 5,030 Yes NA 1.0E+01 6.8E-02 NA 6.8E-03 NA
Ethylene oxide/propylene oxide copolymer 9003-11-6 40 Yes NA 2.5E+01 5.4E-04 NA 2.1E-05 NA
Polyalkylene 9038-95-3 37,100 Yes NA 5.0E+00 5.0E-01 NA 1.0E-01 NA
Polypropylene glycol 25322-69-4 70 Yes NA 5.0E-01 9.4E-04 NA 1.9€-03 NA
Silicic acid, potassium salt 1312-76-1 37,000 Yes NA 2.0E-01 5.0E-01 NA 2.5E+00 NA
Sodium chloride 7647-14-5 76,000 Yes NA 5.1E+01 1.0E+00 NA 2.0E-02 NA
Sodium polyacrylate 9003-04-7 1,820 Yes NA 1.0E+00 2.4E-02 NA 2.4E-02 NA
Methylisothiocyanate (MITC) 556-61-6 50 Yes 4.9E-05 5.0E-03 6.7E-04 7.9E-04 1.3E-01 1.6E-01

Expsure Pathway Hi: 3.0E+00 2.4E-01

CADD = chronic absorbed daily dose Cumulative HI:  3.2E+00
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Table 25
Risk Estimates for Trespasser from Residual Vendor Chemicals with Surface Drill Cuttings

Drilling Fluid System
Narrabri Gas Project

T — e EPC m.:;)l((lgc-lga,\y Oral Intake Dermal Intake Hazard Quotient

CS (mg/kg) RfDo CADDoral CADDderm Incidental Ingestion Dermal
Potassium chloride 7447-40-7 4,152 | 1.8E+01 2.2E-04 1.5E-03 1.2E-05 8.2E-05
Copolymer of acrylamide and sodium acrylate 25085-02-3 70 - 3.8E-06 2.5E-05 NA NA
Glyoxal 107-22-2 3 2.5E-01 1.6E-07 1.1E-06 6.6E-07 4.3E-06
Methanol 67-56-1 0.3 | 2.0E+00 1.6E-08 1.1E-07 8.1E-09 5.3E-08
Pentanedial / Glutaraldehyde 111-30-8 30| 4.0E-02 1.6E-06 1.1E-05 4.0E-05 2.7E-04
Sodium carbonate 497-19-8 8| b5.1E+01 4.2E-07 2.8E-06 8.1E-09 5.4E-08
Sodium carboxymethyl cellulose 9004-32-4 312 - 1.7E-05 1.1E-04 NA NA
Sodium hydroxide 1310-73-2 30| 5.1E+01 1.6E-06 1.1E-05 3.1E-08 2.1E-07
Starch 9005-25-8 306 - 1.6E-05 1.1E-04 NA NA
Tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione 533-74-4 - 1.0E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Xanthan gum 11138-66-2 306 | 1.0E+01 1.6E-05 1.1E-04 1.6E-06 1.1E-05
Ethylene oxide/propylene oxide copolymer 9003-11-6 2| 2.5E+01 1.3E-07 8.5E-07 5.2E-09 3.4E-08
Polyalkylene 9038-95-3 2,226 | 5.0E+00 1.2E-04 7.9E-04 2.4E-05 1.6E-04
Polypropylene glycol 25322-69-4 5 5.0E-01 2.6E-07 1.7E-06 5.2E-07 3.4E-06
Silicic acid, potassium salt 1312-76-1 2,220 [ 2.0E-01 1.2E-04 7.8E-04 6.0E-04 3.9E-03
Sodium Chloride 7647-14-5 4,560 | 5.1E+01 2.4E-04 1.6E-03 4.8E-06 3.1E-05
Sodium polyacrylate 9003-04-7 109 | 1.0E+00 5.9E-06 3.9E-05 5.9E-06 3.9E-05
Methylisothiocyanate (MITC) 556-61-6 3 5.0E-03 1.6E-07 1.1E-06 3.2E-05 2.1E-04

Exposure Pathway Hi: 7.2E-04 4.7E-03

CADD = chronic absorbed daily dose Cumulative Hl: 5.4E-03
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Risk Estimates for Trespasser from Residual Vendor Chemicals with Buried Drill Cuttings

Table 26

Drilling Fluid System
Narrabri Gas Project

Constituent Name CAS No. EPC m;‘;:‘(:_';‘;y Oral Intake | Dermal Intake Hazard Quotient

CS (mg/kg) RfDo CADDoral CADDderm Incidental Ingestion Dermal
Potassium chloride 7447-40-7 2,076 1.8E+01 1.1E-04 7.3E-04 6.2E-06 4.1E-05
Copolymer of acrylamide and sodium acrylate 25085-02-3 35 - 1.9E-06 1.2E-05 NA NA
Glyoxal 107-22-2 2 2.5E-01 8.2E-08 5.4E-07 3.3E-07 2.2E-06
Methanol 67-56-1 0.15 2.0E+00 8.1E-09 5.3E-08 4.0E-09 2.7E-08
Pentanedial / Glutaraldehyde 111-30-8 15 4.0E-02 8.1E-07 5.3E-06 2.0E-05 1.3E-04
Sodium carbonate 497-19-8 4 5.1E+01 2.1E-07 1.4E-06 4.1E-09 2.7E-08
Sodium carboxymethyl cellulose 9004-32-4 156 - 8.4E-06 5.5E-05 NA NA
Sodium hydroxide 1310-73-2 15 5.1E+01 8.1E-07 5.3E-06 1.6E-08 1.0E-07
Starch 9005-25-8 153 - 8.2E-06 5.4E-05 NA NA
Tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione 533-74-4 - 1.0E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Xanthan gum 11138-66-2 153 1.0E+01 8.2E-06 5.4E-05 8.2E-07 5.4E-06
Ethylene oxide/propylene oxide copolymer 9003-11-6 1 2.5E+01 6.4E-08 4.2E-07 2.6E-09 1.7E-08
Polyalkylene 9038-95-3 1,113 5.0E+00 6.0E-05 3.9E-04 1.2E-05 7.9E-05
Polypropylene glycol 25322-69-4 2 5.0E-01 1.3E-07 8.5E-07 2.6E-07 1.7E-06
Silicic acid, potassium salt 1312-76-1 1,110 2.0E-01 6.0E-05 3.9E-04 3.0E-04 2.0E-03
Sodium Chloride 7647-14-5 2,280 5.1E+01 1.2E-04 8.1E-04 2.4E-06 1.6E-05
Sodium polyacrylate 9003-04-7 55 1.0E+00 2.9E-06 1.9E-05 2.9E-06 1.9E-05
Methylisothiocyanate (MITC) 556-61-6 1 5.0E-03 8.1E-08 5.3E-07 1.6E-05 1.1E-04

Exposure Pathway HI: 3.6E-04 2.4E-03

CADD = chronic absorbed daily dose Cumulative HI: 2.7E-03
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Water Treatment Chemicals

Table 27
Risk Estimates for Trespasser from Residual Vendor Chemicals with Surface Soils From Irrigation/Dust Supression

Narrabri Gas Project

T — T EPC m.:;)l((lgc-lttj‘;y Oral Intake Dermal Intake Hazard Quotient

CS (mg/kg) RfDo CADDoral CADDderm Incidental Ingestion Dermal
Proprietary Polymer A PolymerA-CasRn 0.21 - 1.1E-08 7.3E-08 NA NA
Proprietary Ester A EsterA-CasRn 0.005 4.0E+00 2.8E-10 1.8E-09 6.9E-11 4.6E-10
Aluminium Chlorohydrate 1327-41-9 NA 5.7E-02 NA NA NA NA
Sodium Meta Bisulphite 7681-57-4 NA | 1.0E+01 NA NA NA NA
Sodium Hypochlorite 7681-52-9 NA | 1.4E+00 NA NA NA NA
Sodium Hydroxide 1310-73-2 NA | 5.1E+01 NA NA NA NA
Citric Acid 77-92-9 NA | 1.2E+01 NA NA NA NA
Hydrochloric Acid 7647-01-0 NA | 7.1E+01 NA NA NA NA
Calcium Chloride 10043-52-4 NA | 7.1E+01 NA NA NA NA
Ethylene diamine tetraacetic acid, EDTA 64-02-8 0.12 7.1E-02 6.6E-09 4.4E-08 9.3E-08 6.1E-07
Polydadmac 26062-79-3 NA | 2.0E+00 NA NA NA NA
Polyacrylamide 9003-05-8 NA | 5.0E+01 NA NA NA NA
5-chloro-2-methyl-4-isothiazolin-3-one 26172-55-4 NA 2.0E-01 NA NA NA NA
2 methyl-isothiazolin-3 one 2682-20-4 NA 2.0E-01 NA NA NA NA
Proprietary Mixture D1 MixtureD1-CasRn NA 5.0E-03 NA NA NA NA
Proprietary Mixture D2 MixtureD2-CasRn 0.027 2.0E+01 1.5E-09 9.7E-09 7.4E-11 4.9E-10
Sodium Chloride 7647-14-5 NA | 5.1E+01 NA NA NA NA
Sodium dodecyl sulfate 151-21-3 NA | 1.0E+00 NA NA NA NA
Proprietary Mixture A2 MixtureA2-CasRn NA 1.0E+00 NA NA NA NA
Homopolymer of maleic acid 26009-09-2 NA - NA NA NA NA
Magnesium nitrate 10377-60-3 NA 1.4E+01 NA NA NA NA
Proprietary Mixture A3 MixtureA3-CasRn NA - NA NA NA NA
Sodium Polyacyrlate 9003-04-7 NA | 1.0E+00 NA NA NA NA

Exposure Pathway HI: 9.3E-08 6.1E-07

CADD = chronic absorbed daily dose Cumulative HI: 7.1E-07
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Table 28
Risk Estimates for Worker from Residual Vendor Chemicals with Surface Drill Cuttings
Drilling Fluid System
Narrabri Gas Project

EPC Toxicity Oral Intake | Dermal Intake Hazard Quotient
Constituent Name CAS No. mg/kg-day

CS (mg/kg) RfDo CADDoral CADDderm Incidental Ingestion Dermal
Potassium chloride 7447-40-7 4,152 1.8E+01 9.6E-05 1.8E-04 5.3E-06 1.0E-05
Copolymer of acrylamide and sodium acrylate 25085-02-3 70 - 1.6E-06 3.0E-06 NA NA
Glyoxal 107-22-2 3.1 2.5E-01 7.1E-08 1.3E-07 2.8E-07 5.3E-07
Methanol 67-56-1 0.3 2.0E+00 7.0E-09 1.3E-08 3.5E-09 6.5E-09
Pentanedial / Glutaraldehyde 111-30-8 30 4.0E-02 7.0E-07 1.3E-06 1.7E-05 3.2E-05
Sodium carbonate 497-19-8 8 5.1E+01 1.8E-07 3.4E-07 3.5E-09 6.6E-09
Sodium carboxymethyl cellulose 9004-32-4 312 - 7.2E-06 1.4E-05 NA NA
Sodium hydroxide 1310-73-2 30 5.1E+01 7.0E-07 1.3E-06 1.4E-08 2.5E-08
Starch 9005-25-8 306 - 7.1E-06 1.3E-05 NA NA
Tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione 533-74-4 - 1.0E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Xanthan gum 11138-66-2 306 1.0E+01 7.1E-06 1.3E-05 7.1E-07 1.3E-06
Ethylene oxide/propylene oxide copolymer 9003-11-6 2.4 2.5E+01 5.6E-08 1.0E-07 2.2E-09 4.2E-09
Polyalkylene 9038-95-3 2,226 5.0E+00 5.2E-05 9.6E-05 1.0E-05 1.9E-05
Polypropylene glycol 25322-69-4 5 5.0E-01 1.1E-07 2.1E-07 2.2E-07 4.2E-07
Silicic acid, potassium salt 1312-76-1 2,220 2.0E-01 5.1E-05 9.6E-05 2.6E-04 4.8E-04
Sodium Chloride 7647-14-5 4,560 5.1E+01 1.1E-04 2.0E-04 2.1E-06 3.8E-06
Sodium polyacrylate 9003-04-7 109 1.0E+00 2.5E-06 4.7E-06 2.5E-06 4.7E-06
Methylisothiocyanate (MITC) 556-61-6 3 5.0E-03 7.0E-08 1.3E-07 1.4E-05 2.6E-05

Exposure Pathway Hi: 3.1E-04 5.8E-04

CADD = chronic absorbed daily dose Cumulative HI:  8.9E-04
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Table 29

Risk Estimates for Worker from Residual Vendor Chemicals with Buried Drill Cuttings
Drilling Fluid System
Narrabri Gas Project

. EPC Toxicity Oral Intake Dermal Intake Hazard Quotient
Constituent Name CAS No. mg/kg-day

CS (mg/kg) RfDo CADDoral CADDderm Incidental Ingestion | Dermal
Potassium chloride 7447-40-7 2,076 1.8E+01 4.8E-05 9.0E-05 2.7E-06 5.0E-06
Copolymer of acrylamide and sodium acrylate 25085-02-3 35 - 8.1E-07 1.5E-06 NA NA
Glyoxal 107-22-2 2 2.5E-01 3.5E-08 6.6E-08 1.4E-07 2.7E-07
Methanol 67-56-1 0.15 2.0E+00 3.5E-09 6.5E-09 1.7E-09 3.2E-09
Pentanedial / Glutaraldehyde 111-30-8 15 4.0E-02 3.5E-07 6.5E-07 8.7E-06 1.6E-05
Sodium carbonate 497-19-8 4 5.1E+01 9.0E-08 1.7E-07 1.8E-09 3.3E-09
Sodium carboxymethyl cellulose 9004-32-4 156 - 3.6E-06 6.8E-06 NA NA
Sodium hydroxide 1310-73-2 15 5.1E+01 3.5E-07 6.5E-07 6.8E-09 1.3E-08
Starch 9005-25-8 153 - 3.5E-06 6.6E-06 NA NA
Tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione 533-74-4 - 1.0E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Xanthan gum 11138-66-2 153 1.0E+01 3.5E-06 6.6E-06 3.5E-07 6.6E-07
Ethylene oxide/propylene oxide copolymer 9003-11-6 1 2.5E+01 2.8E-08 5.2E-08 1.1E-09 2.1E-09
Polyalkylene 9038-95-3 1,113 5.0E+00 2.6E-05 4.8E-05 5.2E-06 9.6E-06
Polypropylene glycol 25322-69-4 2 5.0E-01 5.6E-08 1.0E-07 1.1E-07 2.1E-07
Silicic acid, potassium salt 1312-76-1 1,110 2.0E-01 2.6E-05 4.8E-05 1.3E-04 2.4E-04
Sodium Chloride 7647-14-5 2,280 5.1E+01 5.3E-05 9.9E-05 1.0E-06 1.9E-06
Sodium polyacrylate 9003-04-7 55 1.0E+00 1.3E-06 2.4E-06 1.3E-06 2.4E-06
Methylisothiocyanate (MITC) 556-61-6 1 5.0E-03 3.5E-08 6.5E-08 7.0E-06 1.3E-05

Exposure Pathway Hl: 1.6E-04 2.9E-04

CADD = chronic absorbed daily dose Cumulative HI:  4.4E-04
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Table 30

Risk Estimates for Worker from Residual Vendor Chemicals with Surface Soils From Irrigation/Dust Supression
Water Treatment Chemicals
Narrabri Gas Project

EPC Toxicity Oral Intake | Dermal Intake Hazard Quotient
Constituent Name CAS No. mg/kg-day

CS (mg/kg) RfDo CADDoral CADDderm Incidental Ingestion Dermal
Proprietary Polymer A PolymerA-CasRn 0.21 - 4.8E-09 8.9E-09 NA NA
Proprietary Ester A EsterA-CasRn 0.005 4.0E+00 1.2E-10 2.2E-10 3.0E-11 5.6E-11
Aluminium Chlorohydrate 1327-41-9 NA 5.7E-02 NA NA NA NA
Sodium Meta Bisulphite 7681-57-4 NA 1.0E+01 NA NA NA NA
Sodium Hypochlorite 7681-52-9 NA 1.4E+00 NA NA NA NA
Sodium Hydroxide 1310-73-2 NA 5.1E+01 NA NA NA NA
Citric Acid 77-92-9 NA 1.2E+01 NA NA NA NA
Hydrochloric Acid 7647-01-0 NA 7.1E+01 NA NA NA NA
Calcium Chloride 10043-52-4 NA 7.1E+01 NA NA NA NA
Ethylene diamine tetraacetic acid, EDTA 64-02-8 0.12 7.1E-02 2.9E-09 5.4E-09 4.0E-08 7.5E-08
Polydadmac 26062-79-3 NA 2.0E+00 NA NA NA NA
Polyacrylamide 9003-05-8 NA 5.0E+01 NA NA NA NA
5-chloro-2-methyl-4-isothiazolin-3-one 26172-55-4 NA 2.0E-01 NA NA NA NA
2 methyl-isothiazolin-3 one 2682-20-4 NA 2.0E-01 NA NA NA NA
Proprietary Mixture D1 MixtureD1-CasRn NA 5.0E-03 NA NA NA NA
Proprietary Mixture D2 MixtureD2-CasRn 0.027 2.0E+01 6.4E-10 1.2E-09 3.2E-11 6.0E-11
Sodium Chloride 7647-14-5 NA 5.1E+01 NA NA NA NA
Sodium dodecyl sulfate 151-21-3 NA 1.0E+00 NA NA NA NA
Proprietary Mixture A2 MixtureA2-CasRn NA 1.0E+00 NA NA NA NA
Homopolymer of maleic acid 26009-09-2 NA - NA NA NA NA
Magnesium nitrate 10377-60-3 NA 1.4E+01 NA NA NA NA
Proprietary Mixture A3 MixtureA3-CasRn NA - NA NA NA NA
Sodium Polyacyrlate 9003-04-7 NA 1.0E+00 NA NA NA NA

Exposure Pathway Hl: 4.0E-08 7.5E-08

CADD = chronic absorbed daily dose Cumulative HI:  1.2E-07
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Table 31
Risk Estimates for Agricultural Worker from Residual Vendor Chemicals with Surface Drill Cuttings

Drilling Fluid System
Narrabri Gas Project

. EPC Toxicity Oral Intake | Dermal Intake Hazard Quotient
Constituent Name CAS No. mg/kg-day

CS (mg/kg) RfDo CADDoral CADDderm Incidental Ingestion Dermal
Potassium chloride 7447-40-7 4,152 1.8E+01 5.8E-05 2.6E-04 3.2E-06 1.5E-05
Copolymer of acrylamide and sodium acrylate 25085-02-3 70 - 9.9E-07 4.5E-06 NA NA
Glyoxal 107-22-2 3.1 2.5E-01 4.3E-08 1.9€-07 1.7E-07 7.8E-07
Methanol 67-56-1 0.3 2.0E+00 4.2E-09 1.9E-08 2.1E-09 9.5E-09
Pentanedial / Glutaraldehyde 111-30-8 30 4.0E-02 4.2E-07 1.9E-06 1.1E-05 4.8E-05
Sodium carbonate 497-19-8 7.8 5.1E+01 1.1E-07 5.0E-07 2.1E-09 9.7E-09
Sodium carboxymethyl cellulose 9004-32-4 312 - 4.4E-06 2.0E-05 NA NA
Sodium hydroxide 1310-73-2 30 5.1E+01 4.2E-07 1.9E-06 8.2E-09 3.7E-08
Starch 9005-25-8 306 - 4.3E-06 1.9E-05 NA NA
Tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione 533-74-4 - 1.0E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Xanthan gum 11138-66-2 306 1.0E+01 4.3E-06 1.9E-05 4.3E-07 1.9E-06
Ethylene oxide/propylene oxide copolymer 9003-11-6 2.4 2.5E+01 3.4E-08 1.5E-07 1.3E-09 6.1E-09
Polyalkylene 9038-95-3 2,226 5.0E+00 3.1E-05 1.4E-04 6.3E-06 2.8E-05
Polypropylene glycol 25322-69-4 4.8 5.0E-01 6.7E-08 3.1E-07 1.3E-07 6.1E-07
Silicic acid, potassium salt 1312-76-1 2,220 2.0E-01 3.1E-05 1.4E-04 1.6E-04 7.1E-04
Sodium Chloride 7647-14-5 4,560 5.1E+01 6.4E-05 2.9E-04 1.2E-06 5.6E-06
Sodium polyacrylate 9003-04-7 109 1.0E+00 1.5E-06 7.0E-06 1.5E-06 7.0E-06
Methylisothiocyanate (MITC) 556-61-6 3.0 5.0E-03 4.2E-08 1.9€-07 8.4E-06 3.8E-05

Exposure Pathway HI: 1.9E-04 8.5E-04

CADD = chronic absorbed daily dose Cumulative HI:  1.0E-03
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Risk Estimates for Agricultural Worker from Residual Vendor Chemicals with Buried Drill Cuttings

Table 32

Drilling Fluid System
Narrabri Gas Project

Toxicity

. EPC Oral Intake Dermal Intake Hazard Quotient
Constituent Name CAS No. mg/kg-day

CS (mg/kg) RfDo CADDoral CADDderm Incidental Ingestion Dermal
Potassium chloride 7447-40-7 2,076 1.8E+01 2.9E-05 1.3E-04 1.6E-06 7.3E-06
Copolymer of acrylamide and sodium acrylate 25085-02-3 35 - 4.9E-07 2.2E-06 NA NA
Glyoxal 107-22-2 1.5 2.5E-01 2.1E-08 9.7E-08 8.6E-08 3.9E-07
Methanol 67-56-1 0.15 2.0E+00 2.1E-09 9.5E-09 1.1E-09 4.8E-09
Pentanedial / Glutaraldehyde 111-30-8 15 4.0E-02 2.1E-07 9.5E-07 5.3E-06 2.4E-05
Sodium carbonate 497-19-8 3.9 5.1E+01 5.5E-08 2.5E-07 1.1E-09 4.8E-09
Sodium carboxymethyl cellulose 9004-32-4 156 - 2.2E-06 9.9E-06 NA NA
Sodium hydroxide 1310-73-2 15 5.1E+01 2.1E-07 9.5E-07 4.1E-09 1.9E-08
Starch 9005-25-8 153 - 2.1E-06 9.7E-06 NA NA
Tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione 533-74-4 - 1.0E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Xanthan gum 11138-66-2 153 1.0E+01 2.1E-06 9.7E-06 2.1E-07 9.7E-07
Ethylene oxide/propylene oxide copolymer 9003-11-6 1.2 2.5E+01 1.7E-08 7.6E-08 6.7E-10 3.1E-09
Polyalkylene 9038-95-3 1,113 5.0E+00 1.6E-05 7.1E-05 3.1E-06 1.4E-05
Polypropylene glycol 25322-69-4 2.4 5.0E-01 3.4E-08 1.5E-07 6.7E-08 3.1E-07
Silicic acid, potassium salt 1312-76-1 1,110 2.0E-01 1.6E-05 7.1E-05 7.8E-05 3.5E-04
Sodium Chloride 7647-14-5 2,280 5.1E+01 3.2E-05 1.5E-04 6.2E-07 2.8E-06
Sodium polyacrylate 9003-04-7 55 1.0E+00 7.7E-07 3.5E-06 7.7E-07 3.5E-06
Methylisothiocyanate (MITC) 556-61-6 1.5 5.0E-03 2.1E-08 9.5E-08 4.2E-06 1.9E-05

Exposure Pathway HI: 9.4E-05 4.3E-04

CADD = chronic absorbed daily dose Cumulative HI:  5.2E-04
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Table 33

Risk Estimates for Agricultural Worker from Residual Vendor Chemicals with Surface Soils From Irrigation/Dust Supression
Water Treatment Chemicals

Narrabri Gas Project

i EPC Toxicity Oral Intake | Dermal Intake Hazard Quotient
Constituent Name CAS No. mg/kg-day

CS (mg/kg) RfDo CADDoral CADDderm Incidental Ingestion Dermal
Proprietary Polymer A PolymerA-CasRn 0.21 - 2.9E-09 1.3E-08 NA NA
Proprietary Ester A EsterA-CasRn 0.005 4.0E+00 7.2E-11 3.3E-10 1.8E-11 8.2E-11
Aluminium Chlorohydrate 1327-41-9 NA 5.7E-02 NA NA NA NA
Sodium Meta Bisulphite 7681-57-4 NA 1.0E+01 NA NA NA NA
Sodium Hypochlorite 7681-52-9 NA 1.4E+00 NA NA NA NA
Sodium Hydroxide 1310-73-2 NA 5.1E+01 NA NA NA NA
Citric Acid 77-92-9 NA 1.2E+01 NA NA NA NA
Hydrochloric Acid 7647-01-0 NA 7.1E+01 NA NA NA NA
Calcium Chloride 10043-52-4 NA 7.1E+01 NA NA NA NA
Ethylene diamine tetraacetic acid, EDTA 64-02-8 0.12 7.1E-02 1.7E-09 7.9E-09 2.4E-08 1.1E-07
Polydadmac 26062-79-3 NA 2.0E+00 NA NA NA NA
Polyacrylamide 9003-05-8 NA 5.0E+01 NA NA NA NA
5-chloro-2-methyl-4-isothiazolin-3-one 26172-55-4 NA 2.0E-01 NA NA NA NA
2 methyl-isothiazolin-3 one 2682-20-4 NA 2.0E-01 NA NA NA NA
Proprietary Mixture D1 MixtureD1-CasRn NA 5.0E-03 NA NA NA NA
Proprietary Mixture D2 MixtureD2-CasRn 0.027 2.0E+01 3.9E-10 1.7E-09 1.9e-11 8.7E-11
Sodium Chloride 7647-14-5 NA 5.1E+01 NA NA NA NA
Sodium dodecyl sulfate 151-21-3 NA 1.0E+00 NA NA NA NA
Proprietary Mixture A2 MixtureA2-CasRn NA 1.0E+00 NA NA NA NA
Homopolymer of maleic acid 26009-09-2 NA - NA NA NA NA
Magnesium nitrate 10377-60-3 NA 1.4E+01 NA NA NA NA
Proprietary Mixture A3 MixtureA3-CasRn NA - NA NA NA NA
Sodium Polyacyrlate 9003-04-7 NA 1.0E+00 NA NA NA NA

Exposure Pathway Hl: 2.4E-08 1.1E-07

CADD = chronic absorbed daily dose Cumulative HI:  1.3E-07
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Table 34
Risk Estimates for Kangaroo from Vendor Chemicals in Lined Pits (Day 0)

Drilling Fluid System
Narrabri Gas Project

EPC Day 0

Toxicity

Hazard Quotient

Constituent Name CAS No. Total Intake
CW (mg/I1) TRVs Incidental Ingestion
Potassium chloride 7447-40-7 69,200 6.3E+02 1.6E+02 2.5E-01
Copolymer of acrylamide and sodium acrylate 25085-02-3 1,170 NA 2.7E+00 NA
Glyoxal 107-22-2 51 8.6E+00 1.2E-01 1.4E-02
Methanol 67-56-1 5 6.4E+00 1.2E-02 1.8E-03
Pentanedial / Glutaraldehyde 111-30-8 500 1.4E+00 1.2E+00 8.4E-01
Sodium carbonate 497-19-8 130 NA 3.0E-01 NA
Sodium carboxymethyl cellulose 9004-32-4 5,195 NA 1.2E+01 NA
Sodium hydroxide 1310-73-2 500 NA 1.2E+00 NA
Starch 9005-25-8 5,096 NA 1.2E+01 NA
Tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione 533-74-4 50 3.4E-01 1.2E-01 3.3E-01
Xanthan gum 11138-66-2 5,100 3.4E+02 1.2E+01 3.4E-02
Ethylene oxide/propylene oxide copolymer 9003-11-6 40 8.6E+02 9.2E-02 1.1E-04
Polyalkylene 9038-95-3 37,100 1.7E+02 8.5E+01 5.0E-01
Polypropylene glycol 25322-69-4 80 1.7E+02 1.8E-01 1.1E-03
Silicic acid, potassium salt 1312-76-1 37,000 7.4E+01 8.5E+01 1.2E+00
Sodium Chloride 7647-14-5 76,000 NA 1.7E+02 NA
Sodium polyacrylate 9003-04-7 1,820 3.9E+02 4.2E+00 1.1E-02
Methylisothiocyanate (MITC) 556-61-6 - 1.7E-01 0.0E+00 0.0E+00
Cumulative: 3.1E+00
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Table 35
Risk Estimates for Kangaroo from Vendor Chemicals in Lined Pits (Day 3)

Drilling Fluid System
Narrabri Gas Project

. EPC Day 3 Toxicity Hazard Quotient
Constituent Name CAS No. Total Intake
CW (mg/I1) TRVs Incidental Ingestion
Potassium chloride 7447-40-7 69,200 6.3E+02 1.6E+02 2.5E-01
Copolymer of acrylamide and sodium acrylate 25085-02-3 1,170 NA 2.7E+00 NA
Glyoxal 107-22-2 44 8.6E+00 1.0E-01 1.2E-02
Methanol 67-56-1 4 6.4E+00 1.0E-02 1.6E-03
Pentanedial / Glutaraldehyde 111-30-8 500 1.4E+00 1.2E+00 8.4E-01
Sodium carbonate 497-19-8 130 NA 3.0E-01 NA
Sodium carboxymethyl cellulose 9004-32-4 5,123 NA 1.2E+01 NA
Sodium hydroxide 1310-73-2 500 NA 1.2E+00 NA
Starch 9005-25-8 4,436 NA 1.0E+01 NA
Tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione 533-74-4 0 3.4E-01 5.3E-06 1.5E-05
Xanthan gum 11138-66-2 5,030 3.4E+02 1.2E+01 3.4E-02
Ethylene oxide/propylene oxide copolymer 9003-11-6 40 8.6E+02 9.2E-02 1.1E-04
Polyalkylene 9038-95-3 37,100 1.7E+02 8.5E+01 5.0E-01
Polypropylene glycol 25322-69-4 70 1.7E+02 1.6E-01 9.3E-04
Silicic acid, potassium salt 1312-76-1 37,000 7.4E+01 8.5E+01 1.2E+00
Sodium Chloride 7647-14-5 76,000 NA 1.7E+02 NA
Sodium polyacrylate 9003-04-7 1,820 3.9E+02 4.2E+00 1.1E-02
Methylisothiocyanate (MITC) 556-61-6 50 1.7E-01 1.2E-01 6.7E-01
Cumulative: 3.5E+00
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Table 36
Risk Estimates for Kangaroo from Vendor Chemicals in Lined Pits (Day 7)

Drilling Fluid System
Narrabri Gas Project

. EPC Day 7 Toxicity Hazard Quotient
Constituent Name CAS No. Total Intake
CW (mg/I1) TRVs Incidental Ingestion
Potassium chloride 7447-40-7 69,200 6.3E+02 1.6E+02 2.5E-01
Copolymer of acrylamide and sodium acrylate 25085-02-3 1,170 NA 2.7E+00 NA
Glyoxal 107-22-2 37 8.6E+00 8.5E-02 9.9E-03
Methanol 67-56-1 4 6.4E+00 8.3E-03 1.3E-03
Pentanedial / Glutaraldehyde 111-30-8 500 1.4E+00 1.2E+00 8.4E-01
Sodium carbonate 497-19-8 130 NA 3.0E-01 NA
Sodium carboxymethyl cellulose 9004-32-4 5,029 NA 1.2E+01 NA
Sodium hydroxide 1310-73-2 500 NA 1.2E+00 NA
Starch 9005-25-8 3,688 NA 8.5E+00 NA
Tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione 533-74-4 0 3.4E-01 8.8E-12 2.6E-11
Xanthan gum 11138-66-2 5,030 3.4E+02 1.2E+01 3.4E-02
Ethylene oxide/propylene oxide copolymer 9003-11-6 40 8.6E+02 9.2E-02 1.1E-04
Polyalkylene 9038-95-3 37,100 1.7E+02 8.5E+01 5.0E-01
Polypropylene glycol 25322-69-4 70 1.7E+02 1.6E-01 9.3E-04
Silicic acid, potassium salt 1312-76-1 37,000 7.4E+01 8.5E+01 1.2E+00
Sodium Chloride 7647-14-5 76,000 NA 1.7E+02 NA
Sodium polyacrylate 9003-04-7 1,820 3.9E+02 4.2E+00 1.1E-02
Methylisothiocyanate (MITC) 556-61-6 50 1.7E-01 1.2E-01 6.7E-01
Cumulative: 3.5E+00
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Table 37
Risk Estimates for Dingo from Vendor Chemicals in Lined Pits (Day 0)

Drilling Fluid System
Narrabri Gas Project

. EPC Day 0 Toxicity Hazard Quotient
Constituent Name CAS No. Total Intake
CW (mg/I1) TRVs Incidental Ingestion
Potassium chloride 7447-40-7 69,200 7.4E+02 7.7E+01 1.0E-01
Copolymer of acrylamide and sodium acrylate 25085-02-3 1,170 NA 1.3E+00 NA
Glyoxal 107-22-2 51 1.0E+01 5.6E-02 5.6E-03
Methanol 67-56-1 5 7.5E+00 5.5E-03 7.4E-04
Pentanedial / Glutaraldehyde 111-30-8 500 1.6E+00 5.5E-01 3.4E-01
Sodium carbonate 497-19-8 130 NA 1.4E-01 NA
Sodium carboxymethyl cellulose 9004-32-4 5,195 NA 5.7E+00 NA
Sodium hydroxide 1310-73-2 500 NA 5.5E-01 NA
Starch 9005-25-8 5,096 NA 5.6E+00 NA
Tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione 533-74-4 50 4.1E-01 5.5E-02 1.4E-01
Xanthan gum 11138-66-2 5,100 4.1E+02 5.6E+00 1.4E-02
Ethylene oxide/propylene oxide copolymer 9003-11-6 40 1.0E+03 4.4E-02 4.4E-05
Polyalkylene 9038-95-3 37,100 2.0E+02 4.1E+01 2.0E-01
Polypropylene glycol 25322-69-4 80 2.0E+02 8.9E-02 4.4E-04
Silicic acid, potassium salt 1312-76-1 37,000 8.7E+01 4.1E+01 4,7E-01
Sodium Chloride 7647-14-5 76,000 NA 8.4E+01 NA
Sodium polyacrylate 9003-04-7 1,820 4.6E+02 2.0E+00 4.4E-03
Methylisothiocyanate (MITC) 556-61-6 - 2.0E-01 0.0E+00 0.0E+00
Cumulative: 1.3E+00
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Table 38
Risk Estimates for Dingo from Vendor Chemicals in Lined Pits (Day 3)

Drilling Fluid System
Narrabri Gas Project

. EPC Day 3 Toxicity Hazard Quotient
Constituent Name CAS No. Total Intake
CW (mg/I1) TRVs Incidental Ingestion
Potassium chloride 7447-40-7 69,200 7.4E+02 7.7E+01 1.0E-01
Copolymer of acrylamide and sodium acrylate 25085-02-3 1,170 NA 1.3E+00 NA
Glyoxal 107-22-2 44 1.0E+01 4.9E-02 4.9E-03
Methanol 67-56-1 4 7.5E+00 4.8E-03 6.4E-04
Pentanedial / Glutaraldehyde 111-30-8 500 1.6E+00 5.5E-01 3.4E-01
Sodium carbonate 497-19-8 130 NA 1.4E-01 NA
Sodium carboxymethyl cellulose 9004-32-4 5,123 NA 5.7E+00 NA
Sodium hydroxide 1310-73-2 500 NA 5.5E-01 NA
Starch 9005-25-8 4,436 NA 4.9E+00 NA
Tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione 533-74-4 0 4.1E-01 2.6E-06 6.3E-06
Xanthan gum 11138-66-2 5,030 4,1E+02 5.6E+00 1.4E-02
Ethylene oxide/propylene oxide copolymer 9003-11-6 40 1.0E+03 4.4E-02 4.4E-05
Polyalkylene 9038-95-3 37,100 2.0E+02 4.1E+01 2.0E-01
Polypropylene glycol 25322-69-4 70 2.0E+02 7.7E-02 3.8E-04
Silicic acid, potassium salt 1312-76-1 37,000 8.7E+01 4.1E+01 4,7E-01
Sodium Chloride 7647-14-5 76,000 NA 8.4E+01 NA
Sodium polyacrylate 9003-04-7 1,820 4.6E+02 2.0E+00 4.4E-03
Methylisothiocyanate (MITC) 556-61-6 50 2.0E-01 5.5E-02 2.7E-01
Cumulative: 1.4E+00

33 of 41




Risk Estimates for Dingo from Vendor Chemicals in Lined Pits (Day 7)

Table 39

Drilling Fluid System
Narrabri Gas Project

. EPC Day 7 Toxicity Hazard Quotient
Constituent Name CAS No. Total Intake
CW (mg/I1) TRVs Incidental Ingestion
Potassium chloride 7447-40-7 69,200 7.4E+02 7.7E+01 1.0E-01
Copolymer of acrylamide and sodium acrylate 25085-02-3 1,170 NA 1.3E+00 NA
Glyoxal 107-22-2 37 1.0E+01 4.1E-02 4.0E-03
Methanol 67-56-1 4 7.5E+00 4.0E-03 5.3E-04
Pentanedial / Glutaraldehyde 111-30-8 500 1.6E+00 5.5E-01 3.4E-01
Sodium carbonate 497-19-8 130 NA 1.4E-01 NA
Sodium carboxymethyl cellulose 9004-32-4 5,029 NA 5.6E+00 NA
Sodium hydroxide 1310-73-2 500 NA 5.5E-01 NA
Starch 9005-25-8 3,688 NA 4.1E+00 NA
Tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione 533-74-4 0 4.1E-01 4.2E-12 1.0E-11
Xanthan gum 11138-66-2 5,030 4.1E+02 5.6E+00 1.4E-02
Ethylene oxide/propylene oxide copolymer 9003-11-6 40 1.0E+03 4.4E-02 4.4E-05
Polyalkylene 9038-95-3 37,100 2.0E+02 4.1E+01 2.0E-01
Polypropylene glycol 25322-69-4 70 2.0E+02 7.7E-02 3.8E-04
Silicic acid, potassium salt 1312-76-1 37,000 8.7E+01 4.1E+01 4,7E-01
Sodium Chloride 7647-14-5 76,000 NA 8.4E+01 NA
Sodium polyacrylate 9003-04-7 1,820 4.6E+02 2.0E+00 4.4E-03
Methylisothiocyanate (MITC) 556-61-6 50 2.0E-01 5.5E-02 2.7E-01
Cumulative: 1.4E+00
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Table 40

Risk Estimates for Pilliga Mouse from Residual Vendor Chemicals with Surface Drill Cuttings
Drilling Fluid System
Narrabri Gas Project

EPC Surface - .
Constituent Name CAS No. Cuttings Toxicity Total Intake Hazard Quotient
CW (mg/kg) TRVs Incidental Ingestion

Potassium chloride 7447-40-7 4,152 4.2E+03 6.6E-01 1.6E-04
Copolymer of acrylamide and sodium acrylate 25085-02-3 70 NA 1.1E-02 NA

Glyoxal 107-22-2 3.1 5.8E+01 4.8E-04 8.3E-06
Methanol 67-56-1 0.3 4.3E+01 4.8E-05 1.1E-06
Pentanedial / Glutaraldehyde 111-30-8 30 9.3E+00 4.8E-03 5.1E-04
Sodium carbonate 497-19-8 7.8 NA 1.2E-03 NA

Sodium carboxymethyl cellulose 9004-32-4 312 NA 4.9E-02 NA

Sodium hydroxide 1310-73-2 30 NA 4.8E-03 NA

Starch 9005-25-8 306 NA 4.8E-02 NA

Tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione (Dazomet) 533-74-4 - 2.3E+00 0.0E+00 0.0E+00
Xanthan gum 11138-66-2 306 2.3E+03 4.8E-02 2.1E-05
Ethylene oxide/propylene oxide copolymer 9003-11-6 2.4 5.8E+03 3.8E-04 6.5E-08
Polyalkylene 9038-95-3 2,226 1.2E+03 3.5E-01 3.0E-04
Polypropylene glycol 25322-69-4 4.8 1.2E+03 7.6E-04 6.5E-07
Silicic acid, potassium salt 1312-76-1 2,220 5.0E+02 3.5E-01 7.1E-04
Sodium Chloride 7647-14-5 4,560 NA 7.2E-01 NA

Sodium polyacrylate 9003-04-7 109 2.6E+03 1.7E-02 6.5E-06
Methylisothiocyanate (MITC) 556-61-6 3.0 1.2E+00 4.7E-04 4.1E-04

Exposure Pathway HI: 2.1E-03
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Table 41

Risk Estimates for Pilliga Mouse from Residual Vendor Chemicals with Buried Drill Cuttings
Drilling Fluid System
Narrabri Gas Project

T SO CAS No. EPC Buried Cuttings Toxicity ot lintake Hazard Quotient
CW (mg/kg) TRVs Incidental Ingestion

Potassium chloride 7447-40-7 2,076 4.2E+03 3.3E-01 7.8E-05
Copolymer of acrylamide and sodium acrylate 25085-02-3 35 NA 5.6E-03 NA

Glyoxal 107-22-2 1.5 5.8E+01 2.4E-04 4.2E-06
Methanol 67-56-1 0.2 4.3E+01 2.4E-05 5.5E-07
Pentanedial / Glutaraldehyde 111-30-8 15 9.3E+00 2.4E-03 2.6E-04
Sodium carbonate 497-19-8 3.9 NA 6.2E-04 NA

Sodium carboxymethyl cellulose 9004-32-4 156 NA 2.5E-02 NA

Sodium hydroxide 1310-73-2 15 NA 2.4E-03 NA

Starch 9005-25-8 153 NA 2.4E-02 NA

Tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione (Dazomet) 533-74-4 - 2.3E+00 0.0E+00 0.0E+00
Xanthan gum 11138-66-2 153 2.3E+03 2.4E-02 1.0E-05
Ethylene oxide/propylene oxide copolymer 9003-11-6 1.2 5.8E+03 1.9E-04 3.3E-08
Polyalkylene 9038-95-3 1,113 1.2E+03 1.8E-01 1.5E-04
Polypropylene glycol 25322-69-4 2.4 1.2E+03 3.8E-04 3.3E-07
Silicic acid, potassium salt 1312-76-1 1,110 5.0E+02 1.8E-01 3.5E-04
Sodium Chloride 7647-14-5 2,280 NA 3.6E-01 NA

Sodium polyacrylate 9003-04-7 55 2.6E+03 8.6E-03 3.3E-06
Methylisothiocyanate (MITC) 556-61-6 1.5 1.2E+00 2.4E-04 2.0E-04

Exposure Pathway Hl: 1.1E-03
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Table 42

Risk Estimates for Pilliga Mouse from Residual Vendor Chemicals with Soils Irrigated with Permeate

Water Treatment Chemicals

Narrabri Gas Project

Constituent Name CAS No. EPC Soil Toxicity Total Intake AETETE ORI
CW (mg/kg) TRVs Incidental Ingestion
Proprietary Polymer A PolymerA-CasRn 0.21 NA 3.3E-05 NA
Proprietary Ester A EsterA-CasRn 0.0052 8.9E+02 8.2E-07 9.1E-10
Aluminium Chlorohydrate 1327-41-9 NA NA NA NA
Sodium Meta Bisulphite 7681-57-4 NA 2.2E+03 NA NA
Sodium Hypochlorite 7681-52-9 NA NA NA NA
Sodium Hydroxide 1310-73-2 NA NA NA NA
Citric Acid 77-92-9 NA 2.8E+03 NA NA
Hydrochloric Acid 7647-01-0 NA NA NA NA
Calcium Chloride 10043-52-4 NA NA NA NA
Ethylene diamine tetraacetic acid, EDTA 64-02-8 0.12 NA 2.0E-05 NA
Polydadmac 26062-79-3 NA 4.6E+03 NA NA
Polyacrylamide 9003-05-8 NA 1.2E+04 NA NA
5-chloro-2-methyl-4-isothiazolin-3-one 26172-55-4 NA 4.0E+01 NA NA
2 methyl-isothiazolin-3 one 2682-20-4 NA 5.8E+00 NA NA
Proprietary Mixture D1 MixtureD1-CasRn NA 1.2E+01 NA NA
Proprietary Mixture D2 MixtureD2-CasRn 0.027 4.6E+03 4.4E-06 9.4E-10
Sodium Chloride 7647-14-5 NA NA NA NA
Sodium dodecyl sulfate 151-21-3 NA 2.6E+02 NA NA
Proprietary Mixture A2 MixtureA2-CasRn NA 2.3E+03 NA NA
Homopolymer of maleic acid 26009-09-2 NA NA NA NA
Magnesium nitrate 10377-60-3 NA NA NA NA
Proprietary Mixture A3 MixtureA3-CasRn NA NA NA NA
Sodium Polyacyrlate 9003-04-7 NA 2.6E+03 NA NA
Exposure Pathway HI: 1.8E-09
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Table 43

Risk Estimates for Avian Receptors from Residual Vendor Chemicals with Surface Drill Cuttings
Drilling Fluid System
Narrabri Gas Project

EPC Surface .. .
Constituent Name CAS No. Cuttings Toxicity Total Intake Hazard Quotient
CW (mg/kg) TRVs Incidental Ingestion
Rainbow Bee-Eater and Cattle Egret
Potassium chloride 7447-40-7 4,152 3.3E+03 1.8E+03 5.4E-01
Copolymer of acrylamide and sodium acrylate 25085-02-3 70 NA 3.0E+01 NA
Glyoxal 107-22-2 3.1 4.5E+01 1.3E+00 2.9E-02
Methanol 67-56-1 0.3 3.3E+01 1.3E-01 3.8E-03
Pentanedial / Glutaraldehyde 111-30-8 30 5.4E+02 1.3E+01 2.4E-02
Sodium carbonate 497-19-8 7.8 NA 3.3E+00 NA
Sodium carboxymethyl cellulose 9004-32-4 312 NA 1.3E+02 NA
Sodium hydroxide 1310-73-2 30 NA 1.3E+01 NA
Starch 9005-25-8 306 NA 1.3E+02 NA
Tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione (Dazomet) 533-74-4 - 2.2E+02 0.0E+00 0.0E+00
Xanthan gum 11138-66-2 306 1.8E+03 1.3E+02 7.2E-02
Ethylene oxide/propylene oxide copolymer 9003-11-6 2.4 4.5E+03 1.0E+00 2.3E-04
Polyalkylene 9038-95-3 2,226 9.0E+02 9.4E+02 1.1E+00
Polypropylene glycol 25322-69-4 4.8 9.0E+02 2.0E+00 2.3E-03
Silicic acid, potassium salt 1312-76-1 2,220 3.8E+02 9.4E+02 2.5E+00
Sodium Chloride 7647-14-5 4,560 NA 1.9E+03 NA
Sodium polyacrylate 9003-04-7 109 2.0E+03 4.6E+01 2.3E-02
Methylisothiocyanate (MITC) 556-61-6 3.0 9.0E-01 1.3E+00 1.4E+00
Exposure Pathway HI: 5.6E+00
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Table 44
Risk Estimates for Avian Receptors from Residual Vendor Chemicals with Buried Drill Cuttings
Drilling Fluid System
Narrabri Gas Project

T TS s EPC Buried Cuttings Toxicity e e Hazard Quotient
CS (mg/kg) TRVs Incidental Ingestion
Rainbow Bee-Eater
Potassium chloride 7447-40-7 2,076 3.3E+03 8.8E+02 2.7E-01
Copolymer of acrylamide and sodium acrylate 25085-02-3 35 NA 1.5E+01 NA
Glyoxal 107-22-2 1.5 4.5E+01 6.5E-01 1.4E-02
Methanol 67-56-1 0.15 3.3E+01 6.4E-02 1.9E-03
Pentanedial / Glutaraldehyde 111-30-8 15 5.4E+02 6.4E+00 1.2E-02
Sodium carbonate 497-19-8 3.9 NA 1.7E+00 NA
Sodium carboxymethyl cellulose 9004-32-4 156 NA 6.6E+01 NA
Sodium hydroxide 1310-73-2 15 NA 6.4E+00 NA
Starch 9005-25-8 153 NA 6.5E+01 NA
Tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione (Dazomet) 533-74-4 - 2.2E+02 0.0E+00 0.0E+00
Xanthan gum 11138-66-2 153 1.8E+03 6.5E+01 3.6E-02
Ethylene oxide/propylene oxide copolymer 9003-11-6 1.2 4.5E+03 5.1E-01 1.1E-04
Polyalkylene 9038-95-3 1,113 9.0E+02 4.7E+02 5.3E-01
Polypropylene glycol 25322-69-4 2.4 9.0E+02 1.0E+00 1.1E-03
Silicic acid, potassium salt 1312-76-1 1,110 3.8E+02 4.7E+02 1.2E+00
Sodium Chloride 7647-14-5 2,280 NA 9.7E+02 NA
Sodium polyacrylate 9003-04-7 55 2.0E+03 2.3E+01 1.1E-02
Methylisothiocyanate (MITC) 556-61-6 1 9.0E-01 6.4E-01 7.1E-01
Exposure Pathway HI: 2.8E+00
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Table 45

Risk Estimates for Avian Receptors from Residual Vendor Chemicals with Soils Irrigated with Permeate
Water Treatment Chemicals
Narrabri Gas Project

R U CAS No. EPC Irrigated Soil Toxicity ot lintake Hazard Quotient
CW (mg/kg) TRVs Incidental Ingestion
Rainbow Bee-Eater and Cattle Egret
Proprietary Polymer A PolymerA-CasRn 0.21 NA 8.7E-02 NA
Proprietary Ester A EsterA-CasRn 0.0052 6.9E+02 2.2E-03 3.2E-06
Aluminium Chlorohydrate 1327-41-9 NA NA NA NA
Sodium Meta Bisulphite 7681-57-4 NA 1.7E+03 NA NA
Sodium Hypochlorite 7681-52-9 NA 3.8E+03 NA NA
Sodium Hydroxide 1310-73-2 NA NA NA NA
Citric Acid 77-92-9 NA 2.1E+03 NA NA
Hydrochloric Acid 7647-01-0 NA NA NA NA
Calcium Chloride 10043-52-4 NA NA NA NA
Ethylene diamine tetraacetic acid, EDTA 64-02-8 0.12 NA 5.2E-02 NA
Polydadmac 26062-79-3 NA 3.6E+03 NA NA
Polyacrylamide 9003-05-8 NA 9.0E+03 NA NA
5-chloro-2-methyl-4-isothiazolin-3-one 26172-55-4 NA 1.3E+02 NA NA
2 methyl-isothiazolin-3 one 2682-20-4 NA 1.3E+02 NA NA
Proprietary Mixture D1 MixtureD1-CasRn NA 2.3E+02 NA NA
Proprietary Mixture D2 MixtureD2-CasRn 0.03 3.6E+03 1.2E-02 3.2E-06
Sodium Chloride 7647-14-5 NA NA NA NA
Sodium dodecyl sulfate 151-21-3 NA 2.0E+02 NA NA
Proprietary Mixture A2 MixtureA2-CasRn NA 1.8E+03 NA NA
Homopolymer of maleic acid 26009-09-2 NA NA NA NA
Magnesium nitrate 10377-60-3 NA NA NA NA
Proprietary Mixture A3 MixtureA3-CasRn NA NA NA NA
Sodium Polyacyrlate 9003-04-7 NA 2.0E+03 NA NA
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Table 46

Risk Estimates for Cattle from Residual Vendor Chemicals in Permeate Used for Stock Watering

Water Treatment Chemicals
Narrabri Gas Project

S T CASING, EPC Stock Water Toxicity e Hazard Quotient
CW (mg/l) TRVs Incidental Ingestion
Proprietary Polymer A PolymerA-CasRn 0.49 NA 9.3E-02 NA
Proprietary Ester A EsterA-CasRn 0.10 6.4E+01 1.9E-02 2.9E-04
Aluminium Chlorohydrate 1327-41-9 NA NA NA NA
Sodium Meta Bisulphite 7681-57-4 NA 1.6E+02 NA NA
Sodium Hypochlorite 7681-52-9 NA NA NA NA
Sodium Hydroxide 1310-73-2 NA NA NA NA
Citric Acid 77-92-9 NA 2.0E+02 NA NA
Hydrochloric Acid 7647-01-0 NA NA NA NA
Calcium Chloride 10043-52-4 NA NA NA NA
Ethylene diamine tetraacetic acid, EDTA 64-02-8 0.29 NA 5.6E-02 NA
Polydadmac 26062-79-3 NA 3.3E+02 NA NA
Polyacrylamide 9003-05-8 NA 8.3E+02 NA NA
5-chloro-2-methyl-4-isothiazolin-3-one 26172-55-4 0.50 2.8E+00 9.5E-02 3.4E-02
2 methyl-isothiazolin-3 one 2682-20-4 0.10 2.8E+00 1.9E-02 6.7E-03
Proprietary Mixture D1 MixtureD1-CasRn 0.07 8.3E-01 1.2E-02 1.5E-02
Proprietary Mixture D2 MixtureD2-CasRn 0.07 3.3E+02 1.2E-02 3.7E-05
Sodium Chloride 7647-14-5 NA NA NA NA
Sodium dodecyl sulfate 151-21-3 NA 1.9E+01 NA NA
Proprietary Mixture A2 MixtureA2-CasRn NA 1.7E+02 NA NA
Homopolymer of maleic acid 26009-09-2 NA NA NA NA
Magnesium nitrate 10377-60-3 NA NA NA NA
Proprietary Mixture A3 MixtureA3-CasRn NA NA NA NA
Sodium Polyacyrlate 9003-04-7 NA 1.9E+02 NA NA
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PEER REVIEWER STATEMENT

Peer Reviewer: Cybele Heddle, EHS Support Pty Ltd — Ecological risk assessment and regulatory
compliance

EPBC Additional Peer Review Requirement:

The chemical risk assessment risk assessment must be peer reviewed by a suitably qualified
chemical risk assessment expert/s. The peer review must include a statement from the suitably
gualified chemical risk assessment expert/s stating that they carried out the peer review of the
findings of the chemical risk assessment and evaluated the adequacy of the proposed
monitoring, mitigation and management measures.

In accordance with the EPBC Additional Requirements, | have reviewed the findings of the Chemical Risk
Assessment Report for the Narrabri Gas Project and the proposed monitoring, mitigation and
management measures.

Reviewer Signature: Date: 4 December 2016




PEER REVIEWER STATEMENT

Peer Reviewer: Jackie Wright, Environmental Risk Sciences Pty Ltd — Human health risk assessment and
regulatory compliance

EPBC Additional Peer Review Requirement:

The chemical risk assessment risk assessment must be peer reviewed by a suitably qualified
chemical risk assessment expert/s. The peer review must include a statement from the suitably
qualified chemical risk assessment expert/s stating that they carried out the peer review of the
findings of the chemical risk assessment and evaluated the adequacy of the proposed
monitoring, mitigation and management measures.

In accordance with the EPBC Additional Requirements, | have reviewed the findings of the Chemical Risk
Assessment Report for the Narrabri Gas Project and the proposed monitoring, mitigation and
management measures.

Reviewer Signature: ///// Date: 5 December 2016
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HALLIBURTON

SAFETY DATA SHEET

ALDACIDE® G ANTIMICROBIAL

Revision Date: 09-May-2016 Revision Number: 35

1. Product Identifier & ldentity for the Chemical

Statement of Hazardous Nature Hazardous according to the criteria of the 3rd Revised Edition of the Globally Harmonised
System of Classification and Labelling of Chemicals (GHS), Dangerous Goods according to
the criteria of ADG.

1.1. Product Identifier

Product Name ALDACIDE® G ANTIMICROBIAL
Other means of Identification

Synonyms None

Hazardous Material Number: HM003462

Recommended use of the chemical and restrictions on use
Recommended Use Biocide

Uses advised against No information available

Supplier's name, address and phone number
Manufacturer/Supplier Halliburton Australia Pty. Ltd.
15 Marriott Road
Jandakot
WA 6164
Australia

ACN Number: 009 000 775
Telephone Number: + 61 1 800 686 951
Fax Number: 61 (08) 9455 5300

E-mail Address fdunexchem@halliburton.com

Emergency phone number
+ 61 1 800 686 951

Australian Poisons Information Centre

24 Hour Service: -131126
Police or Fire Brigade: - 000 (exchange): - 1100
2. Hazard Identification
Statement of Hazardous Nature Hazardous according to the criteria of the 3rd Revised Edition of the Globally Harmonised

System of Classification and Labelling of Chemicals (GHS), Dangerous Goods according to
the criteria of ADG.

Classification of the hazardous chemical

IAcute Oral Toxicity Category 4 - H302
IAcute inhalation toxicity - vapor Category 3 - H331
Skin Corrosion/Irritation Category 1 - H314
Serious Eye Damage/Irritation Category 1 - H318
Respiratory Sensitization Category 1 - H334
Skin Sensitization Category 1 - H317
Reproductive Toxicity Category 1B - H360
Specific Target Organ Toxicity - (Single Exposure) Category 3 - H335
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ALDACIDE® G ANTIMICROBIAL Revision Date: 09-May-2016

IAcute Aquatic Toxicity Category 1 - H400
Chronic Aquatic Toxicity Category 3 - H412

Label elements, including precautionary statements

Hazard pictograms

2

Signal Word Danger

Hazard Statements: H302 - Harmful if swallowed
H314 - Causes severe skin burns and eye damage
H317 - May cause an allergic skin reaction
H318 - Causes serious eye damage
H331 - Toxic if inhaled
H334 - May cause allergy or asthma symptoms or breathing difficulties if inhaled
H335 - May cause respiratory irritation
H360 - May damage fertility or the unborn child
H400 - Very toxic to aquatic life
H412 - Harmful to aquatic life with long lasting effects

Precautionary Statements

Prevention P201 - Obtain special instructions before use
P202 - Do not handle until all safety precautions have been read and understood
P260 - Do not breathe dust/fume/gas/mist/vapors/spray
P264 - Wash face, hands and any exposed skin thoroughly after handling
P270 - Do not eat, drink or smoke when using this product
P271 - Use only outdoors or in a well-ventilated area
P272 - Contaminated work clothing should not be allowed out of the workplace
P273 - Avoid release to the environment
P280 - Wear protective gloves/protective clothing/eye protection/face protection
P281 - Use personal protective equipment as required
P285 - In case of inadequate ventilation wear respiratory protection
Response P301+ P312 - IF SWALLOWED: Call a POISON CENTER or doctor/physician if you feel
unwell
P330 - Rinse mouth
P303 + P361 + P353 - IF ON SKIN (or hair): Take off immediately all contaminated clothing.
Rinse skin with water/shower
P363 - Wash contaminated clothing before reuse
P304 + P340 - IF INHALED: Remove victim to fresh air and keep at rest in a position
comfortable for breathing
P310 - Immediately call a POISON CENTER or doctor/physician
P305 + P351 + P338 - IF IN EYES: Rinse cautiously with water for several minutes.
Remove contact lenses, if present and easy to do. Continue rinsing
P391 - Collect spillage

Storage P403 + P233 - Store in a well-ventilated place. Keep container tightly closed
P405 - Store locked up
Disposal P501 - Dispose of contents/container in accordance with

local/regional/national/international regulations

Contains

Substances CAS Number
Glutaraldehyde 111-30-8
Methanol 67-56-1
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ALDACIDE® G ANTIMICROBIAL Revision Date: 09-May-2016

Other hazards which do not result in classification
This mixture contains no substance considered to be persistent, bioaccumulating nor toxic (PBT).
This mixture contains no substance considered to be very persistent nor very bioaccumulating (vPvB).

For the full text of the H-phrases mentioned in this Section, see Section 16

3. Composition/information on Ingredients

Substances CAS Number PERCENT (w/w) GHS Classification -
Australia
Glutaraldehyde 111-30-8 10 - 30% Acute Tox. 3 (H301)

Acute Tox. 2 (H330)

Skin Corr. 1B (H314)
Eye Corr. 1 (H318)
Resp. Sens. 1 (H334)
Skin Sens. 1 (H317)
STOT SE 3 (H335)
Aquatic Acute 1 (H400)
/Aquatic Chronic 2 (H411)

Methanol 67-56-1 0.1-1% Acute Tox. 3 (H301)
Acute Tox. 3 (H311)
Acute Tox. 3 (H331)
Repr. 1B (H360)
STOT SE 1 (H370)
Flam. Lig. 2 (H225)

4. First aid measures

Description of necessary first aid measures

Inhalation If inhaled, remove from area to fresh air. Get medical attention if respiratory
irritation develops or if breathing becomes difficult.

Eyes Immediately flush eyes with large amounts of water for at least 30 minutes. Seek
prompt medical attention.

Skin In case of contact, immediately flush skin with plenty of soap and water for at least

30 minutes and remove contaminated clothing, shoes and leather goods
immediately. Get medical attention immediately.

Ingestion Do NOT induce vomiting. Give nothing by mouth. Obtain immediate medical
attention.

Symptoms caused by exposure

Causes severe eye irritation which may damage tissue. Causes severe skin irritation with tissue destruction. May
cause allergic skin reaction. May cause allergic respiratory reaction. May cause respiratory irritation. Harmful if
swallowed. Toxic if inhaled. Potential reproductive hazard. May cause birth defects.

Medical Attention and Special Treatment
Notes to Physician Treat symptomatically

5. Fire Fighting Measures

Suitable extinguishing equipment

Suitable Extinguishing Media

Water fog, carbon dioxide, foam, dry chemical.

Extinguishing media which must not be used for safety reasons
None known.

Specific hazards arising from the chemical
Special exposure hazards in a fire
Decomposition in fire may produce harmful gases.
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ALDACIDE® G ANTIMICROBIAL Revision Date: 09-May-2016

Special protective equipment and precautions for fire fighters
Special protective equipment for firefighters
Full protective clothing and approved self-contained breathing apparatus required for fire fighting personnel.

6. Accidental release measures

6.1. Personal precautions, protective equipment and emergency procedures
Use appropriate protective equipment. Ensure adequate ventilation. Avoid breathing vapors. Avoid contact with skin, eyes and
clothing. Evacuate all persons from the area. Use only competent persons for cleanup.

6.2. Environmental precautions
Prevent from entering sewers, waterways, or low areas.

6.3. Methods and material for containment and cleaning up
Isolate spill and stop leak where safe. Contain spill with sand or other inert materials. Scoop up and remove.

7. Handling and storage

7.1. Precautions for safe handling

Handling Precautions

Use appropriate protective equipment. Ensure adequate ventilation. Avoid breathing vapors. Avoid breathing mist. Avoid contact
with eyes, skin, or clothing. Wash hands after use. Launder contaminated clothing before reuse.

Hygiene Measures

Handle in accordance with good industrial hygiene and safety practice.

7.2. Conditions for safe storage, including any incompatibilities

Storage Information

Store away from acids. Store away from alkalis. Store in a well ventilated area. Keep container closed when not in use. Store
locked up. Product has a shelf life of 36 months.

Other Guidelines

No information available

8. Exposure Controls/Personal Protection

Control parameters - exposure standards, biological monitoring
Exposure Limits

TWA: 262 mg/m?

Substances CAS Number Australia NOHSC ACGIH TLV-TWA
Glutaraldehyde 111-30-8 0.1 ppm 0.05 ppm
Methanol 67-56-1 [TWA: 200 ppm TWA: 200 ppm

STEL: 250 ppm

STEL: 250 ppm
STEL: 328 mg/m3

Appropriate engineering controls
Engineering Controls

Use in a well ventilated area. Local exhaust ventilation should be used in areas without
good cross ventilation. If vapors are strong enough to be irritating to the nose or eyes, the
TLV is probably being exceeded and special ventilation or respiratory protection maybe
required.

Personal protective equipment (PPE)

Personal Protective Equipment If engineering controls and work practices cannot prevent excessive exposures, the
selection and proper use of personal protective equipment should be determined by an
industrial hygienist or other qualified professional based on the specific application of this
product.

If engineering controls and work practices cannot keep exposure below occupational
exposure limits or if exposure is unknown, wear a NIOSH certified, European Standard EN
149, AS/NZS 1715:2009, or equivalent respirator when using this product. Selection of and
instruction on using all personal protective equipment, including respirators, should be
performed by an Industrial Hygienist or other qualified professional.

Respiratory Protection
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ALDACIDE® G ANTIMICROBIAL

Revision Date: 09-May-2016

Hand Protection
Skin Protection
Eye Protection

Other Precautions
Environmental Exposure Controls

Use gloves which are suitable for the chemicals present in this product as well as other
environmental factors in the workplace.

Wear impervious protective clothing, including boots, gloves, lab coat, apron, rain jacket,
pants or coverall, as appropriate, to prevent skin contact.

Chemical goggles; also wear a face shield if splashing hazard exists.

Eyewash fountains and safety showers must be easily accessible.

Do not allow material to contaminate ground water system

9. Physical and Chemical Properties

9.1. Information on basic physical and chemical properties

Physical State:
Odor:

Liquid
Sharp

Property
Remarks/ - Method

pH:

Freezing Point / Range
Melting Point / Range
Boiling Point / Range

Flash Point

Evaporation rate

Vapor Pressure

Vapor Density

Specific Gravity

Water Solubility

Solubility in other solvents
Partition coefficient: n-octanol/water
Autoignition Temperature
Decomposition Temperature
Viscosity

Explosive Properties
Oxidizing Properties

9.2. Other information
VOC Content (%)

Color Clear light yellow
Odor Threshold: No information available

Values

3.1-45

(-5) - (-10) °C

No data available
100.5 °C / 213 °F
No data available

Soluble in water

No data available
-0.333

> 275 °C | >527 °F
No data available

No data available

No information available
No information available

No data available

10. Stability and Reactivity

10.1. Reactivity
Not expected to be reactive.

10.2. Chemical stability
Stable

10.3. Possibility of hazardous reactions

Will Not Occur
10.4. Conditions to avoid

Keep away from heat, sparks and flame.

10.5. Incompatible materials
Strong acids. Strong alkalis.

10.6. Hazardous decomposition products

Carbon monoxide and carbon dioxide.

11. Toxicological Information

Information on routes of exposure
Principle Route of Exposure

Symptoms related to exposure
Most Important Symptoms/Effect

Eye or skin contact, inhalation; Ingestion.

S

Causes severe eye irritation which may damage tissue. Causes severe skin irritation with tissue destruction. May
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ALDACIDE® G ANTIMICROBIAL Revision Date: 09-May-2016

cause allergic skin reaction. May cause allergic respiratory reaction. May cause respiratory irritation. Harmful if
swallowed. Toxic if inhaled. Potential reproductive hazard. May cause birth defects.

Numerical measures of toxicity

Toxicology data for the components

Substances CAS Number LD50 Oral LD50 Dermal LC50 Inhalation

Glutaraldehyde 111-30-8 50 mg/kg (Guinea Pig) 560 pL/kg (Rabbit) 0.28-0.5 mg/L (Rat) 4h

Methanol 67-56-1 300 mg/kg-bw (human) 1000 mg/kg-bw (human) 10 mg/L (human, vapor, 4h)
< 790 to 13,000 mg/kg (rat) 17,100 mg/kg (rabbit)

Immediate, delayed and chronic health effects from exposure

Inhalation Toxic if inhaled. May cause allergic respiratory reaction. Causes severe respiratory
irritation. Inhalation of vapors may result in skin sensitization.

Causes serious eye damage.

Causes severe burns. May cause an allergic skin reaction.

Causes burns of the mouth, throat and stomach. Harmful if swallowed.

Eye Contact
Skin Contact
Ingestion

Exposure Levels
No data available

Interactive effects
Skin disorders. Lung disorders. Liver disorders.

Data limitations
No data available

Substances CAS Number [Skin corrosionl/irritation

Glutaraldehyde 111-30-8 Causes severe skin irritation with tissue destruction. (Rabbit)

Methanol 67-56-1 Non-irritating to the skin (Rabbit)

Substances CAS Number |Serious eye damagelirritation

Glutaraldehyde 111-30-8 Causes severe eye irritation which may damage tissue. (Rabbit)

Methanol 67-56-1 Non-irritating to the eye (Rabbit)

Substances CAS Number [Skin Sensitization

Glutaraldehyde 111-30-8 Skin sensitizer in guinea pig.

Methanol 67-56-1 Did not cause sensitization on laboratory animals (guinea pig)

Substances CAS Number |Respiratory Sensitization

Glutaraldehyde 111-30-8 May cause sensitization by inhalation

Methanol 67-56-1 No information available

Substances CAS Number [Mutagenic Effects

Glutaraldehyde 111-30-8 In vivo tests did not show mutagenic effects.

Methanol 67-56-1 The weight of evidence from available in vitro and in vivo studies indicates that this substance is not
expected to be mutagenic.

Substances CAS Number |Carcinogenic Effects

Glutaraldehyde 111-30-8 Did not show carcinogenic effects in animal experiments

Methanol 67-56-1 No data of sufficient quality are available.

Substances CAS Number |Reproductive toxicity

Glutaraldehyde 111-30-8 Not a confirmed teratogen or embryotoxin.

Methanol 67-56-1 Experiments have shown reproductive toxicity effects on laboratory animals

Substances CAS Number [STOT - single exposure

Glutaraldehyde 111-30-8 No information available

Methanol 67-56-1 May cause disorder and damage to the Central Nervous System (CNS)

Substances CAS Number |STOT - repeated exposure
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Revision Date: 09-May-2016

Glutaraldehyde 111-30-8 May cause disorder and damage to the (Kidney)
Methanol 67-56-1 No data of sufficient quality are available.
Substances CAS Number [Aspiration hazard
Glutaraldehyde 111-30-8 Not applicable
Methanol 67-56-1 Not applicable

12. Ecological Information
Ecotoxicity

Product Ecotoxicity Data

No data available

Substance Ecotoxicity Data

(Desmodesmus
subspicatus)

(Lepomis macrochirus)
NOEC (97d) 1.6 mg/L
(Oncorhynchus mykiss)
LC50 (96h) 3.5 mg/L
(Oncorhynchus mykiss)

Substances CAS Number Toxicity to Algae Toxicity to Fish Toxicity to Toxicity to Invertebrates
Microorganisms
Glutaraldehyde 111-30-8 EC50 (72h) 0.61 mg/L LC50 (96h) 10 mg/L EC50 (17h) 6.65 mg/L EC50 (48h) 0.35 mg/L

(Pseudomonas putida) (Daphnia magna)
EC50 (48h) 0.7 mg/L
(Acartia tonsa)
NOEC (21d) 0.13 mg/L

(Daphnia magna)

Methanol

67-56-1

EC50 (96 h) =22000 mg/L

(Pseudokirchnerella

LC50 (96 h) =15400 mg/L| 1C50 (3h) > 1000 mg/L |EC50 (96 h) =18260 mg/L|
(Lepomis macrochirus)

(activated sludge) (Dapnia magna)

subcapitata) EC50 (200 h) =14536 NOEC (21 d) =208 mg/L
NOEC (8 d) =8000 mg/L | mg/L (Oryzias latipes) (Dapnia magna)
(Scenedesmus
quadricauda)
12.2. Persistence and degradability
Readily biodegradable
Substances CAS Number Persistence and Degradability
Glutaraldehyde 111-30-8 Readily biodegradable (75% @ 28d)
Methanol 67-56-1 (95-97% @ 20d)
12.3. Bioaccumulative potential
Does not bioaccumulate.
Substances CAS Number Log Pow
Glutaraldehyde 111-30-8 -0.36
Methanol 67-56-1 -0.77
BCF = 1.0 — 4.5 (Cyprinus carpio)
BCF < 10 (Leuciscus idus melanotus)
12.4. Mobility in soil
Substances CAS Number Mobility
Glutaraldehyde 111-30-8 Potential for mobility in soil is high (Koc between 50 and
150). Given its very low Henry'sconstant (3.3E-08
atm*m3/mole; 25 °C Measured), volatilization from natural
bodies of water or moist soil is not expected to be an
important fate process.
Methanol 67-56-1 No information available

12.6. Other adverse effects

Endocrine Disruptor Information

This product does not contain any known or suspected endocrine disruptors

13. Disposal Considerations

Safe handling and disposal methods

Disposal should be made in accordance with federal, state, and local regulations.

Disposal of any contaminated packaging
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Follow all applicable national or local regulations.

Environmental regulations
Not applicable

14. Transport Information

Transportation Information

UN Number UN3265

UN proper shipping name: Corrosive Liquid, Acidic, Organic, N.O.S. (Contains Glutaraldehyde)
Transport Hazard Class(es): 8

Packing Group: 1

Environmental Hazards: Marine Pollutant

Special precautions during transport
None

HazChem Code
None Allocated

15. Regulatory Information

Safety, health and environmental regulations specific for the product

International Inventories

Australian AICS Inventory All components are listed on the AICS or are subject to a relevant exemption, permit, or
assessment certificate.
New Zealand Inventory of All components are listed on the NZIoC or are subject to a relevant exemption, permit, or
Chemicals assessment certificate.
EINECS (European Inventory of This product, and all its components, complies with EINECS
Existing Chemical Substances)
US TSCA Inventory All components listed on inventory or are exempt.
Canadian Domestic Substances List All components listed on inventory or are exempt.
(DSL)
Poisons Schedule number
S6
International Agreements
Montreal Protocol - Ozone Depleting Substances: Does not apply
Stolkhom Convention - Persistent Organic Pollutants: Does not apply
Rotterdam Convention - Prior Informed Consent: Does not apply
Basel Convention - Hazardous Waste: Does not apply

16. Other information

Date of preparation or review

Revision Date: 09-May-2016
Revision Note

Full text of H-Statements referred to under sections 2 and 3
H301 - Toxic if swallowed

H302 - Harmful if swallowed

H314 - Causes severe skin burns and eye damage

H317 - May cause an allergic skin reaction

H318 - Causes serious eye damage

H330 - Fatal if inhaled

H331 - Toxic if inhaled
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H334 - May cause allergy or asthma symptoms or breathing difficulties if inhaled
H335 - May cause respiratory irritation

H400 - Very toxic to aquatic life

H411 - Toxic to aquatic life with long lasting effects

H412 - Harmful to aquatic life with long lasting effects

Additional information For additional information on the use of this product, contact your local Halliburton
representative.

For questions about the Safety Data Sheet for this or other Halliburton products, contact
Chemical Stewardship at 1-580-251-4335.

Key abreviations or acronyms used

bw — body weight

CAS - Chemical Abstracts Service

EC50 — Effective Concentration 50%

LC50 — Lethal Concentration 50%

LD50 — Lethal Dose 50%

LL50 — Lethal Loading 50%

mg/kg — milligram/kilogram

mg/L — milligram/liter

NOEC — No Observed Effect Concentration
OEL - Occupational Exposure Limit

PBT — Persistent Bioaccumulative and Toxic
ppm — parts per million

STEL — Short Term Exposure Limit

TWA — Time-Weighted Average

vPVvB — very Persistent and very Bioaccumulative
h - hour

mg/m? - milligram/cubic meter

mm - millimeter

mmHg - millimeter mercury

w/w - weight/weight

d - day

Key literature references and sources for data
www.ChemADVISOR.com/
NZ CCID

Disclaimer Statement

This information is furnished without warranty, expressed or implied, as to accuracy or completeness. The information is obtained
from various sources including the manufacturer and other third party sources. The information may not be valid under all
conditions nor if this material is used in combination with other materials or in any process. Final determination of suitability of any
material is the sole responsibility of the user.

End of Safety Data Sheet
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HALLIBURTON

SAFETY DATA SHEET

BARACARB

Revision Date: 27-Jun-2016 Revision Number: 34

1. Product Identifier & ldentity for the Chemical

Statement of Hazardous Nature Hazardous according to the criteria of the 3rd Revised Edition of the Globally Harmonised
System of Classification and Labelling of Chemicals (GHS), Non-Dangerous Goods
according to the criteria of ADG.

1.1. Product Identifier

Product Name BARACARB

Other means of Identification

Synonyms None

Hazardous Material Number: HM004943
Recommended use of the chemical and restrictions on use
Recommended Use Bridging Agent

Uses advised against No information available

Supplier's name, address and phone number
Manufacturer/Supplier Halliburton/Baroid Australia Pty. Ltd.
15 Marriott Road
Jandakot
WA 6164
Australia

ACN Number: 009 000 775
Telephone Number: 61 (08) 9455 8300
Fax Number: 61 (08) 9455 5300

Product Emergency Telephone
Australia: + 61 1 800 686 951
Papua New Guinea: + 61 1 800 686 951
NewZealand: +64 800 451719

Fire, Police & Ambulance - Emergency Telephone
Australia: 000
Papua New Guinea: 000
New Zealand: 111
E-mail Address fdunexchem@halliburton.com

Emergency phone number
+ 61 1 800 686 951

Australian Poisons Information Centre

24 Hour Service: -1311 26
Police or Fire Brigade: - 000 (exchange): - 1100
2. Hazard Identification
Statement of Hazardous Nature Hazardous according to the criteria of the 3rd Revised Edition of the Globally Harmonised

System of Classification and Labelling of Chemicals (GHS), Non-Dangerous Goods
according to the criteria of ADG.
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Revision Date: 27-Jun-2016

Classification of the hazardous chemical

[Carcinogenicity

[Category 2 - H351

Label elements, including precautionary statements

Hazard pictograms

Signal Word

Hazard Statements:
Precautionary Statements
Prevention

Response

Storage
Disposal

Contains
Substances
Crystalline silica, quartz

Warning

H351 - Suspected of causing cancer if inhaled

P201 - Obtain special instructions before use

P202 - Do not handle until all safety precautions have been read and understood
P281 - Use personal protective equipment as required

P308 + P313 - IF exposed or concerned: Get medical advice/attention

P405 - Store locked up

P501 - Dispose of contents/container in accordance with
local/regional/national/international regulations

CAS Number
14808-60-7

Other hazards which do not result in classification

This substance is not considered to be persistent, bioaccumulating nor toxic (PBT).
This substance is not considered to be very persistent nor very bioaccumulating (vPvB).

For the full text of the H-phrases mentioned in this Section, see Section 16

3. Composition/information on Ingredients

Substances CAS Number PERCENT (w/w) GHS Classification -
Australia

Crystalline silica, quartz 14808-60-7 0.1-1% Carc. 2 (H351)
STOT RE 1 (H372)

4. First aid measures

Description of necessary first aid measures

Inhalation
Eyes

Skin
Ingestion

If inhaled, remove from area to fresh air. Get medical attention if respiratory
irritation develops or if breathing becomes difficult.

In case of contact, immediately flush eyes with plenty of water for at least 15
minutes and get medical attention if irritation persists.

Wash with soap and water. Get medical attention if irritation persists.

Under normal conditions, first aid procedures are not required.

Symptoms caused by exposure
Breathing crystalline silica can cause lung disease, including silicosis and lung cancer. Crystalline silica has also
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been associated with scleroderma and kidney disease.

Medical Attention and Special Treatment
Notes to Physician Treat symptomatically

5. Fire Fighting Measures

Suitable extinguishing equipment

Suitable Extinguishing Media

All standard fire fighting media

Extinguishing media which must not be used for safety reasons
None known.

Specific hazards arising from the chemical
Special exposure hazards in a fire
Not applicable

Special protective equipment and precautions for fire fighters
Special protective equipment for firefighters
Not applicable

6. Accidental release measures

6.1. Personal precautions, protective equipment and emergency procedures
Use appropriate protective equipment. Avoid creating and breathing dust. Avoid contact with skin, eyes and clothing. Ensure
adequate ventilation. Evacuate all persons from the area.

6.2. Environmental precautions
None known.

6.3. Methods and material for containment and cleaning up
Collect using dustless method and hold for appropriate disposal. Consider possible toxic or fire hazards associated with
contaminating substances and use appropriate methods for collection, storage and disposal.

7. Handling and storage

7.1. Precautions for safe handling

Handling Precautions

Avoid contact with eyes, skin, or clothing. This product contains quartz, cristobalite, and/or tridymite which may become airborne
without a visible cloud. Avoid breathing dust. Avoid creating dusty conditions. Use only with adequate ventilation to keep
exposure below recommended exposure limits. Wear a NIOSH certified, European Standard En 149, or equivalent respirator when
using this product. Material is slippery when wet.

Hygiene Measures

Handle in accordance with good industrial hygiene and safety practice.

7.2. Conditions for safe storage, including any incompatibilities

Storage Information

Store away from acids. Store in a cool, dry location. Store locked up. Use good housekeeping in storage and work areas to prevent
accumulation of dust. Close container when not in use. Do not reuse empty container. Product has a shelf life of 60 months.

Other Guidelines

No information available

8. Exposure Controls/Personal Protection

Control parameters - exposure standards, biological monitoring

Exposure Limits

Substances CAS Number Australia NOHSC ACGIH TLV-TWA
Crystalline silica, quartz 14808-60-7 TWA: 0.1 mg/m? [TWA: 0.025 mg/m?3
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Appropriate engineering controls

Engineering Controls

Use approved industrial ventilation and local exhaust as required to maintain exposures
below applicable exposure limits.

Personal protective equipment (PPE)

Personal Protective Equipment

Respiratory Protection

Hand Protection
Skin Protection

Eye Protection

Other Precautions
Environmental Exposure Controls

If engineering controls and work practices cannot prevent excessive exposures, the
selection and proper use of personal protective equipment should be determined by an
industrial hygienist or other qualified professional based on the specific application of this
product.

Wear a NIOSH certified, European Standard EN 149 (FFP2/FFP3), AS/NZS 1715, or
equivalent respirator when using this product.

Normal work gloves.

Wear clothing appropriate for the work environment. Dusty clothing should be laundered
before reuse. Use precautionary measures to avoid creating dust when removing or
laundering clothing.

Wear safety glasses or goggles to protect against exposure.

None known.

No information available

9. Physical and Chemical Properties

9.1. Information on basic physical and chemical properties

Physical State:  Solid Powder
Odor: Odorless

Property
Remarks/ - Method

pH:

Freezing Point / Range
Melting Point / Range
Boiling Point / Range

Flash Point

Evaporation rate

Vapor Pressure

Vapor Density

Specific Gravity

Water Solubility

Solubility in other solvents
Partition coefficient: n-octanol/water
Autoignition Temperature
Decomposition Temperature
Viscosity

Explosive Properties
Oxidizing Properties

9.2. Other information
VOC Content (%)

Color
Odor Threshold:

Values

8-9

No data available
No data available
No data available
No data available
No data available
No data available
No data available
2.7

Insoluble in water
No data available
No data available
No data available
No data available
No data available

White
No information available

No information available
No information available

No data available

10. Stability and Reactivity

10.1. Reactivity

Not expected to be reactive.
10.2. Chemical stability
Stable

10.3. Possibility of hazardous reactions

Will Not Occur

10.4. Conditions to avoid
None anticipated

10.5. Incompatible materials

Page 4/8



BARACARB Revision Date: 27-Jun-2016

Strong acids.

10.6. Hazardous decomposition products

Carbon monoxide and carbon dioxide. Amorphous silica may transform at elevated temperatures to tridymite (870 C) or cristobalite
(1470 C).

| 11. Toxicological Information

Information on routes of exposure
Principle Route of Exposure Eye or skin contact, inhalation.

Symptoms related to exposure

Most Important Symptoms/Effects

Breathing crystalline silica can cause lung disease, including silicosis and lung cancer. Crystalline silica has also
been associated with scleroderma and kidney disease.

Numerical measures of toxicity

Toxicology data for the components

Substances CAS Number LD50 Oral LD50 Dermal LC50 Inhalation
Crystalline silica, quartz  |14808-60-7 > 15000 mg/kg (human) No information available No data available

Immediate, delayed and chronic health effects from exposure

Inhalation Inhaled crystalline silica in the form of quartz or cristobalite from occupational sources is
carcinogenic to humans (IARC, Group 1). There is sufficient evidence in experimental
animals for the carcinogenicity of tridymite (IARC, Group 2A).

Breathing silica dust may cause irritation of the nose, throat, and respiratory passages.
Breathing silica dust may not cause noticeable injury or illness even though permanent lung
damage may be occurring. Inhalation of dust may also have serious chronic health effects
(See "Chronic Effects/Carcinogenicity" subsection below).

Eye Contact May cause mechanical irritation to eye.
Skin Contact None known.
Ingestion None known.

Chronic Effects/Carcinogenicity Silicosis: Excessive inhalation of respirable crystalline silica dust may cause a
progressive, disabling, and sometimes-fatal lung disease called silicosis.
Symptoms include cough, shortness of breath, wheezing, non-specific chest
illness, and reduced pulmonary function. This disease is exacerbated by smoking.
Individuals with silicosis are predisposed to develop tuberculosis.

Cancer Status: The International Agency for Research on Cancer (IARC) has
determined that crystalline silica inhaled in the form of quartz or cristobalite from
occupational sources can cause lung cancer in humans (Group 1 - carcinogenic to
humans) and has determined that there is sufficient evidence in experimental
animals for the carcinogenicity of tridymite (Group 2A - possible carcinogen to
humans). Refer to IARC Monograph 68, Silica, Some Silicates and Organic Fibres
(June 1997) in conjunction with the use of these minerals. The National Toxicology
Program classifies respirable crystalline silica as "Known to be a human
carcinogen”. Refer to the 9th Report on Carcinogens (2000). The American
Conference of Governmental Industrial Hygienists (ACGIH) classifies crystalline
silica, quartz, as a suspected human carcinogen (A2). There is some evidence
that breathing respirable crystalline silica or the disease silicosis is associated with
an increased incidence of significant disease endpoints such as scleroderma (an
immune system disorder manifested by scarring of the lungs, skin, and other
internal organs) and kidney disease.
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Exposure Levels
No data available

Interactive effects

Individuals with respiratory disease, including but not limited to asthma and bronchitis, or subject to eye irritation, should not be

exposed to quartz dust.

Data limitations
No data available

Substances CAS Number [Skin corrosion/irritation

Crystalline silica, quartz 14808-60-7  [Non-irritating to the skin

Substances CAS Number |Serious eye damagel/irritation

Crystalline silica, quartz 14808-60-7

Mechanical irritation of the eyes is possible. No information available

Substances CAS Number [Skin Sensitization

Crystalline silica, quartz 14808-60-7  [No information available.

Substances CAS Number |Respiratory Sensitization

Crystalline silica, quartz 14808-60-7  |No information available

Substances CAS Number [Mutagenic Effects

Crystalline silica, quartz 14808-60-7 |Not regarded as mutagenic.

Substances CAS Number [Carcinogenic Effects

Crystalline silica, quartz 14808-60-7

lung injury.

Contains crystalline silica which may cause silicosis, a delayed and progressive lung disease. The
IARC and NTP have determined there is sufficient evidence in humans of the carcinogenicity of
crystalline silica with repeated respiratory exposure. Based on available scientific evidence, this
substance is a threshold carcinogen with a mode of action involving indirect genotoxicity secondary to

Substances CAS Number [Reproductive toxicity

Crystalline silica, quartz 14808-60-7 |No information available

Substances CAS Number [STOT - single exposure

Crystalline silica, quartz 14808-60-7

No significant toxicity observed in animal studies at concentration requiring classification.

Substances CAS Number [STOT - repeated exposure

Crystalline silica, quartz 14808-60-7

Causes damage to organs through prolonged or repeated exposure if inhaled: (Lungs)

Substances CAS Number [Aspiration hazard

Crystalline silica, quartz 14808-60-7 |Not applicable

12. Ecological Information

Ecotoxicity
Product Ecotoxicity Data
No data available

Substance Ecotoxicity Data

(Selenastrum
capricornutum)

quartz (Danio rerio)

Substances CAS Number Toxicity to Algae Toxicity to Fish Toxicity to Toxicity to Invertebrates
Microorganisms
Crystalline silica, 14808-60-7 EC50 (72 h) =440 mg/L | LLO (96 h) =10000 mg/L | No information available |LL50 (24 h) >10000 mg/L

(Daphnia magna)

12.2. Persistence and degradability
The methods for determining biodegradability are not applicable to inorganic substances.

Substances CAS Number

Persistence and Degradability

Crystalline silica, quartz 14808-60-7

The methods for determining biodegradability are
not applicable to inorganic substances.
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12.3. Bioaccumulative potential
Does not bioaccumulate.

Substances CAS Number Log Pow

Crystalline silica, quartz 14808-60-7 No information available

12.4. Mobility in soil

Substances CAS Number Mobility

Crystalline silica, quartz 14808-60-7 No information available

12.6. Other adverse effects
Endocrine Disruptor Information
This product does not contain any known or suspected endocrine disruptors

13. Disposal Considerations

Safe handling and disposal methods
Bury in a licensed landfill according to federal, state, and local regulations.

Disposal of any contaminated packaging

Follow all applicable national or local regulations. Contaminated packaging may be disposed of by: rendering packaging incapable
of containing any substance, or treating packaging to remove residual contents, or treating packaging to make sure the residual
contents are no longer hazardous, or by disposing of packaging into commercial waste collection.

Environmental regulations
Not applicable

14. Transport Information

Transportation Information

UN Number Not restricted
UN proper shipping name: Not restricted
Transport Hazard Class(es): Not applicable
Packing Group: Not applicable
Environmental Hazards: Not applicable

Special precautions during transport
None

HazChem Code
None Allocated

15. Regulatory Information

Safety, health and environmental requlations specific for the product

International Inventories

Australian AICS Inventory All components are listed on the AICS or are subject to a relevant exemption, permit, or
assessment certificate.

New Zealand Inventory of All components are listed on the NZIoC or are subject to a relevant exemption, permit, or

Chemicals assessment certificate.

EINECS (European Inventory of This product, and all its components, complies with EINECS
Existing Chemical Substances)

US TSCA Inventory All components listed on inventory or are exempt.
Canadian Domestic Substances List All components listed on inventory or are exempt.
(DSL)

Poisons Schedule number
None Allocated
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International Agreements

Montreal Protocol - Ozone Depleting Substances: Does not apply
Stolkhom Convention - Persistent Organic Pollutants: Does not apply
Rotterdam Convention - Prior Informed Consent: Does not apply
Basel Convention - Hazardous Waste: Does not apply

16. Other information

Date of preparation or review

Revision Date: 27-Jun-2016

Revision Note
SDS sections updated: 2

Full text of H-Statements referred to under sections 2 and 3
H351 - Suspected of causing cancer if inhaled
H372 - Causes damage to organs through prolonged or repeated exposure if inhaled

Additional information For additional information on the use of this product, contact your local Halliburton
representative.

For questions about the Safety Data Sheet for this or other Halliburton products, contact
Chemical Stewardship at 1-580-251-4335.

Key abreviations or acronyms used

bw — body weight

CAS - Chemical Abstracts Service

EC50 — Effective Concentration 50%

LC50 — Lethal Concentration 50%

LD50 — Lethal Dose 50%

LL50 — Lethal Loading 50%

mg/kg — milligram/kilogram

mg/L — milligram/liter

NOEC — No Observed Effect Concentration
OEL - Occupational Exposure Limit

PBT — Persistent Bioaccumulative and Toxic
ppm — parts per million

STEL — Short Term Exposure Limit

TWA — Time-Weighted Average

vPVB — very Persistent and very Bioaccumulative
h - hour

mg/m3 - milligram/cubic meter

mm - millimeter

mmHg - millimeter mercury

w/w - weight/weight

d - day

Key literature references and sources for data
www.ChemADVISOR.com/
NZ CCID

Disclaimer Statement

This information is furnished without warranty, expressed or implied, as to accuracy or completeness. The information is obtained
from various sources including the manufacturer and other third party sources. The information may not be valid under all
conditions nor if this material is used in combination with other materials or in any process. Final determination of suitability of any
material is the sole responsibility of the user.

End of Safety Data Sheet
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HALLIBURTON

MATERIAL SAFETY DATA SHEET
Product Trade Name: BARA-DEFOAM® HP

Revision Date: 03-Jan-2012

1. IDENTIFICATION OF THE SUBSTANCE/PREPARATION AND OF THE
COMPANY/UNDERTAKING

Statement of Hazardous Nature Non-Hazardous according to the criteria of NOHSC, Non-Dangerous Goods
according to the criteria of ADG.

Manufacturer/Supplier Halliburton Australia Pty. Ltd.
15 Marriott Road
Jandakot
WA 6164
Australia

ACN Number: 009 000 775
Telephone Number: 61 (08) 9455 8300
Fax Number: 61 (08) 9455 5300

Product Emergency Telephone
Australia: 08-64244950

Papua New Guinea: 05 1 281 575 5000
NewZealand: 06-7559274

Fire, Police & Ambulance - Emergency Telephone
Australia: 000

Papua New Guinea: 000

New Zealand: 111

Identification of Substances or Preparation

Product Trade Name: BARA-DEFOAM® HP
Synonyms: None

Chemical Family: Polyether polyol

UN Number: None

Dangerous Goods Class: None

Subsidiary Risk: None

Hazchem Code: None Allocated
Poisons Schedule: None Allocated
Application: Defoamer

Prepared By Chemical Compliance

Telephone: 1-580-251-4335
e-mail: fdunexchem@halliburton.com

2. COMPOSITION/INFORMATION ON INGREDIENTS |

Substances CAS Number PERCENT Australia New Zealand ACGIH TLV-TWA
NOHSC WES
PPolyether polyol |Proprietary 160 - 100% [Not applicable INot applicable [Not applicable |

BARA-DEFOAM® HP
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Non-Hazardous Substance to Total of 100%

3. HAZARDS IDENTIFICATION

Hazard Overview May cause eye and skin irritation.
Risk Phrases None
HSNO Classification Not Determined

4. FIRST AID MEASURES

Inhalation If inhaled, remove from area to fresh air. Get medical attention if respiratory irritation
develops or if breathing becomes difficult.

Skin Wash with soap and water. Get medical attention if irritation persists. Remove
contaminated clothing and launder before reuse.

Eyes In case of contact, immediately flush eyes with plenty of water for at least 15 minutes
and get medical attention if irritation persists.

Ingestion Do not induce vomiting. Slowly dilute with 1-2 glasses of water or milk and seek
medical attention. Never give anything by mouth to an unconscious person.

Notes to Physician Not Applicable

5. FIRE FIGHTING MEASURES

Suitable Extinguishing Media Water fog, carbon dioxide, foam, dry chemical.

Extinguishing media which must None known.
not be used for safety reasons

Special Exposure Hazards Avoid spraying water directly into storage containers due to danger of boilover.
Decomposition in fire may produce toxic gases.

Special Protective Equipment for Full protective clothing and approved self-contained breathing apparatus required for
Fire-Fighters fire fighting personnel.

6. ACCIDENTAL RELEASE MEASURES

Personal Precautionary Measures Use appropriate protective equipment.

Environmental Precautionary Prevent from entering sewers, waterways, or low areas.

Measures

Procedure for Cleaning / Isolate spill and stop leak where safe. Contain spill with sand or other inert materials.
Absorption Scoop up and remove.

7. HANDLING AND STORAGE

Handling Precautions Avoid contact with eyes, skin, or clothing. Keep floors clean of spills.

Storage Information Store away from oxidizers. Keep container closed when not in use. Product has a
shelf life of 36 months.

BARA-DEFOAM® HP
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8. EXPOSURE CONTROLS/PERSONAL PROTECTION

Engineering Controls Use in a well ventilated area.

Respiratory Protection Not normally necessary.

Hand Protection Impervious rubber gloves.

Skin Protection Normal work coveralls.

Eye Protection Wear safety glasses or goggles to protect against exposure.
Other Precautions None known.

9. PHYSICAL AND CHEMICAL PROPERTIES

Physical State:

Color:

Odor:

pH:

Specific Gravity @ 20 C (Water=1):
Density @ 20 C (kg/l):

Bulk Density @ 20 C (kg/m?):

Boiling Point/Range (C):

Freezing Point/Range (C):

Pour Point/Range (C):

Flash Point/Range (C):

Flash Point Method:

Autoignition Temperature (C):
Flammability Limits in Air - Lower (g/m3):
Flammability Limits in Air - Lower (%):
Flammability Limits in Air - Upper (g/m?3):
Flammability Limits in Air - Upper (%):
Vapor Pressure @ 20 C (mmHg):

Vapor Density (Air=1):

Percent Volatiles:

Evaporation Rate (Butyl Acetate=1):
Solubility in Water (g/100ml):

Solubility in Solvents (g/100ml):

VOCs (g/l):

Viscosity, Dynamic @ 20 C (centipoise):

Viscosity, Kinematic @ 20 C (centistokes):

Partition Coefficient/n-Octanol/Water:
Molecular Weight (g/mole):
Decomposition Temperature (C):

Liquid

Clear colorless to pale yellow

Mild sweet

Not Determined
1

Not Determined
Not Determined
Not Determined
-15

Not Determined
> 182

PMCC

Not Determined
Not Determined
Not Determined
Not Determined
Not Determined
<0.01

>1

Not Determined
Not Determined
Insoluble

Not Determined
Not Determined
Not Determined
Not Determined
Not Determined
Not Determined
Not Determined

10. STABILITY AND REACTIVITY

Stability Data:

Stable

Hazardous Polymerization: Will Not Occur

Conditions to Avoid Keep away from heat, sparks and flame.

Incompatibility (Materials to Strong oxidizers. Isocyanates. Strong acids.

Avoid)

Hazardous Decomposition Aldehydes. Ketones. Organic acid vapors. Hydrocarbons. Carbon monoxide and
Products carbon dioxide.

BARA-DEFOAM® HP
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Additional Guidelines Not Applicable

11. TOXICOLOGICAL INFORMATION

Principle Route of Exposure Eye or skin con

Sympotoms related to exposure

Inhalation Heated vapors

Skin Contact Prolonged or repeated contact may cause skin irritation.
Eye Contact May cause mild eye irritation.

Ingestion None known

Aggravated Medical Conditions None known.

Chronic Effects/Carcinogenicity No data available to indicate product or components present at greater than 1% are

tact, inhalation.

may cause respiratory irritation.

chronic health hazards.

Other Information None known.

Toxicity Tests

Oral Toxicity: LD50: > 2000 mg/kg (Rat)
Dermal Toxicity: LD50: > 2000 mg/kg (Rabbit)
Inhalation Toxicity: Not determined

Primary Irritation Effect: Not determined
Carcinogenicity Not determined
Genotoxicity: Not determined
Reproductive / Not determined

Developmental Toxicity:

2. ECOLOGICAL INFORMATION

Mobility (Water/Soil/Air) Not determined
Persistence/Degradability COD: 2.14 p/p
Bio-accumulation Not determined

Ecotoxicological Information

Acute Fish Toxicity: Not determined

Acute Crustaceans Toxicity:Not determined

Acute Algae Toxicity: Not determined
Chemical Fate Information Not determined
Other Information Not applicable

BARA-DEFOAM® HP
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13. DISPOSAL CONSIDERATIONS

Disposal Method Disposal should be made in accordance with federal, state, and local regulations.

Contaminated Packaging Follow all applicable national or local regulations.

14. TRANSPORT INFORMATION

Land Transportation

ADR
Not restricted

Air Transportation

ICAO/IATA
Not restricted

Sea Transportation

IMDG
Not restricted

Other Transportation Information

Labels: None

15. REGULATORY INFORMATION

Chemical Inventories

Australian AICS Inventory All components listed on inventory or are exempt.

New Zealand Inventory of All components listed on inventory or are exempt.
Chemicals

US TSCA Inventory All components listed on inventory or are exempt.

EINECS Inventory This product, and all its components, complies with EINECS
Classification Not Classified

Risk Phrases None

Safety Phrases None

16. OTHER INFORMATION

The following sections have been revised since the last issue of this SDS
Not applicable

Contact

Australian Poisons Information Centre

24 Hour Service: -131126

Police or Fire Brigade: - 000 (exchange): - 1100

New Zealand National Poisons Centre
0800 764 766

BARA-DEFOAM® HP
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Additional Information

Disclaimer Statement

For additional information on the use of this product, contact your local Halliburton
representative.

For questions about the Safety Data Sheet for this or other Halliburton products,
contact Chemical Compliance at 1-580-251-4335.

This information is furnished without warranty, expressed or implied, as to accuracy
or completeness. The information is obtained from various sources including the
manufacturer and other third party sources. The information may not be valid under
all conditions nor if this material is used in combination with other materials or in any
process. Final determination of suitability of any material is the sole responsibility of
the user.

*+END OF MSDS***

BARA-DEFOAM® HP
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HALLIBURTON

SAFETY DATA SHEET

BAROFIBRE®

Revision Date: 15-Sep-2015 Revision Number: 26

1. Product Identifier & Identity for the Chemical

Statement of Hazardous Nature Non-Hazardous according to the criteria of the 3rd Revised Edition of the Globally
Harmonised System of Classification and Labelling of Chemicals (GHS), Non-Dangerous
Goods according to the criteria of ADG.

1.1. Product Identifier

Product Name BAROFIBRE®

Other means of Identification

Synonyms: None

Product Code: HM003539
Recommended use of the chemical and restrictions on use
Recommended Use Loss Circulation Material
Uses Advised Against No information available

Supplier's name, address and phone number
Manufacturer/Supplier Halliburton/Baroid Australia Pty. Ltd.
15 Marriott Road
Jandakot
WA 6164
Australia

ACN Number: 009 000 775
Telephone Number: 61 (08) 9455 8300
Fax Number: 61 (08) 9455 5300

Product Emergency Telephone
Australia: + 61 1 800 686 951
Papua New Guinea: + 61 1 800 686 951
NewZealand: +64 800 451719

Fire, Police & Ambulance - Emergency Telephone
Australia: 000
Papua New Guinea: 000
New Zealand: 111
E-Mail address: fdunexchem@halliburton.com

Emergency phone number
+ 61 1 800 686 951

Australian Poisons Information Centre

24 Hour Service: -1311 26
Police or Fire Brigade: - 000 (exchange): - 1100
2. Hazard Identification
Statement of Hazardous Nature Non-Hazardous according to the criteria of the 3rd Revised Edition of the Globally

Harmonised System of Classification and Labelling of Chemicals (GHS), Non-Dangerous
Goods according to the criteria of ADG.
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BAROFIBRE® Revision Date: 15-Sep-2015

Classification of the hazardous chemical

INot classified

Label elements, including precautionary statements

Hazard Pictograms

Signal Word Not Hazardous
Hazard Statements Not Classified

Precautionary Statements

Prevention None

Response None

Storage None

Disposal None

Contains

Substances CAS Number
Contains no hazardous substances in concentrations above NA

cut-off values according to the competent authority

Other hazards which do not result in classification
This substance is not considered to be persistent, bioaccumulating nor toxic (PBT).
This substance is not considered to be very persistent nor very bioaccumulating (vPvB).

Australia Classification
For the full text of the H-phrases mentioned in this Section, see Section 16

Classification Not Classified
Risk Phrases None

3. Composition/information on Ingredients

Substances CAS Number PERCENT (w/w) GHS Classification -
Australia

Contains no hazardous substances in concentrations NA 60 - 100% Not Applicable

above cut-off values according to the competent authority

4. First aid measures

Description of necessary first aid measures

Inhalation Under normal conditions, first aid procedures are not required. Move person to
fresh air.

Eyes In case of contact, immediately flush eyes with plenty of water for at least 15
minutes and get medical attention if irritation persists.

Skin Under normal conditions, first aid procedures are not required.

Ingestion Under normal conditions, first aid procedures are not required.

Symptoms caused by exposure
No significant hazards expected.

Medical Attention and Special Treatment
Notes to Physician Treat symptomatically
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5. Fire Fighting Measures

Suitable extinguishing equipment

Suitable Extinguishing Media

Water fog, carbon dioxide, foam, dry chemical.

Extinguishing media which must not be used for safety reasons
None known.

Specific hazards arising from the chemical

Special Exposure Hazards

Organic dust in the presence of an ignition source can be explosive in high concentrations. Good housekeeping practices are
required to minimize this potential.

Special protective equipment and precautions for fire fighters
Special Protective Equipment for Fire-Fighters
Full protective clothing and approved self-contained breathing apparatus required for fire fighting personnel.

6. Accidental release measures

6.1. Personal precautions, protective equipment and emergency procedures
Use appropriate protective equipment. Avoid contact with skin, eyes and clothing. Avoid creating and breathing dust. Ensure
adequate ventilation.

6.2. Environmental precautions
Prevent from entering sewers, waterways, or low areas.

6.3. Methods and material for containment and cleaning up
Scoop up and remove.

7. Handling and storage

7.1. Precautions for Safe Handling

Handling Precautions

Avoid creating or inhaling dust. Avoid contact with eyes, skin, or clothing. Ensure adequate ventilation. Wash hands after use.
Launder contaminated clothing before reuse. Use appropriate protective equipment.

Hygiene Measures

Handle in accordance with good industrial hygiene and safety practice.

7.2. Conditions for safe storage, including any incompatibilities

Storage Information

Store away from oxidizers. Store in a dry location. Product has a shelf life of 36 months.
Other Guidelines

No information available

8. Exposure Controls/Personal Protection

Control parameters - exposure standards, biological monitoring
Exposure Limits

Substances CAS Number Australia NOHSC ACGIH TLV-TWA

Contains no hazardous substances in NA Not applicable Not applicable
concentrations above cut-off values according to
the competent authority

Appropriate engineering controls
Engineering Controls Use in a well ventilated area.

Personal protective equipment (PPE)
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Respiratory Protection If engineering controls and work practices cannot keep exposure below occupational
exposure limits or if exposure is unknown, wear a NIOSH certified, European Standard EN
149, AS/NZS 1715:2009, or equivalent respirator when using this product. Selection of and
instruction on using all personal protective equipment, including respirators, should be
performed by an Industrial Hygienist or other qualified professional.

Dust/mist respirator. (N95, P2/P3)

Normal work gloves.

Normal work coveralls.

Hand Protection
Skin Protection
Eye Protection Safety glasses.

Other Precautions None known.

Environmental Exposure Controls Do not allow material to contaminate ground water system

9. Physical and Chemical Properties

9.1. Information on basic physical and chemical properties

Physical State:  Solid Powder Color: Tan

Odor: Odorless Odor Threshold: No information available
Property Values

Remarks/ - Method

pH: 4.9 (1%)

Freezing Point/Range 190 °C

Melting Point/Range
Boiling Point/Range
Flash Point

lower flammability limit
Evaporation rate
Vapor Pressure
Vapor Density
Specific Gravity
Water Solubility
Solubility in other solvents
Partition coefficient: n-octanol/water
Autoignition Temperature
Decomposition Temperature
Viscosity

No data available
No data available

193 °C / 380 °F PMCC

0.29

No data available
No data available
No data available
1.3

Insoluble in water
No data available
No data available
No data available
No data available
No data available

No information available
No information available

Explosive Properties
Oxidizing Properties

9.2. Other information
VOC Content (%)
Bulk Density

No data available
24-31 Ibs/ft3

10. Stability and Reactivity

10.1. Reactivity
Not expected to be reactive.

10.2. Chemical Stability

Stable

10.3. Possibility of Hazardous Reactions
Will Not Occur

10.4. Conditions to Avoid

None anticipated

10.5. Incompatible Materials

Strong oxidizers.

10.6. Hazardous Decomposition Products
None known.

11. Toxicological Information

Information on routes of exposure
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Principle Route of Exposure Eye or skin contact, inhalation.

Sympotoms related to exposure
Most Important Symptoms/Effects
No significant hazards expected.

Numerical measures of toxicity

Toxicology data for the components

Substances CAS Number LD50 Oral LD50 Dermal LC50 Inhalation

Contains no hazardous |NA No data available No data available No data available
substances in
concentrations above
cut-off values according
to the competent

authority

Immediate, delayed and chronic health effects from exposure
Inhalation May cause mild respiratory irritation.
Eye Contact May cause mild eye irritation.

Skin Contact None known.

Ingestion None known.

Chronic Effects/Carcinogenicity No data available to indicate product or components present at greater than 0.1%
are chronic health hazards.

Exposure Levels
No data available

Interactive effects
None known.

Data limitations
No data available

Substances CAS Number [Skin corrosion/irritation

Contains no hazardous NA Not applicable.
substances in
concentrations above cut-off
lvalues according to the
competent authority

Substances CAS Number |Eye damagel/irritation

Contains no hazardous NA Not applicable.
substances in
concentrations above cut-off
lvalues according to the
competent authority

Substances CAS Number |Skin Sensitization

Contains no hazardous NA Not applicable
substances in
concentrations above cut-off
lvalues according to the
competent authority

Substances CAS Number [Respiratory Sensitization

Contains no hazardous NA Not applicable
substances in
concentrations above cut-off
lvalues according to the
competent authority
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Revision Date: 15-Sep-2015

Substances

CAS Number

Mutagenic Effects

Contains no hazardous
substances in
concentrations above cut-off
lvalues according to the
competent authority

NA

Not applicable

Substances

CAS Number

Carcinogenic Effects

Contains no hazardous
substances in
concentrations above cut-off
lvalues according to the
competent authority

NA

Not applicable

Substances

CAS Number

Reproductive toxicity

Contains no hazardous
substances in
concentrations above cut-off
lvalues according to the
competent authority

NA

Not applicable

Substances

CAS Number

STOT - single exposure

Contains no hazardous
substances in
concentrations above cut-off
lvalues according to the
competent authority

NA

Not applicable

Substances

CAS Number

STOT - repeated exposure

Contains no hazardous
substances in
concentrations above cut-off
lvalues according to the
competent authority

NA

Not applicable

Substances

CAS Number

Aspiration hazard

Contains no hazardous
substances in
concentrations above cut-off
lvalues according to the
competent authority

NA

Not applicable

12. Ecological Information

Ecotoxicity

Product Ecotoxicity Data
No data available

Substance Ecotoxicity Data

hazardous substances
in concentrations
above cut-off values
according to the
competent authority

Substances CAS Number Toxicity to Algae Toxicity to Fish Toxicity to Toxicity to Invertebrates
Microorganisms
Contains no NA No information available | No information available | No information available | No information available

12.2. Persistence and degradability

Substances

CAS Number

Persistence and Degradability

Contains no hazardous substances in
concentrations above cut-off values according to
the competent authority

NA

No information available
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12.3. Bioaccumulative potential

Substances CAS Number Log Pow

Contains no hazardous substances in NA No information available
concentrations above cut-off values according to
the competent authority

12.4. Mobility in soil

Substances CAS Number Mobility

Contains no hazardous substances in concentrations NA No information available
above cut-off values according to the competent authority

12.6. Other adverse effects
Endocrine Disruptor Information
This product does not contain any known or suspected endocrine disruptors

13. Disposal Considerations

Safe handling and disposal methods
Bury in a licensed landfill according to federal, state, and local regulations.

Disposal of any contaminated packaging
Follow all applicable national or local regulations.

Environmental regulations
Not applicable

14. Transport Information

Transportation Information

UN Number: Not restricted
UN Proper Shipping Name: Not restricted
Transport Hazard Class(es): Not applicable
Packing Group: Not applicable
Environmental Hazards: Not applicable

Special precautions during transport
None

HazChem Code
None Allocated

15. Regulatory Information

Safety, health and environmental regulations specific for the product

International Inventories

Australian AICS Inventory All components listed on inventory or are exempt.

New Zealand Inventory of All components listed on inventory or are exempt.
Chemicals

EINECS Inventory This product, and all its components, complies with EINECS
US TSCA Inventory All components listed on inventory or are exempt.
Canadian DSL Inventory All components listed on inventory or are exempt.

Poisons Schedule number
None Allocated
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16. Other information

Date of preparation or review

Revision Date: 15-Sep-2015

Revision Note
SDS sections updated: 2

Full text of R-phrases referred to under Sections 2 and 3
None

Full text of H-Statements referred to under sections 2 and 3
None

Additional information For additional information on the use of this product, contact your local Halliburton
representative.

For questions about the Safety Data Sheet for this or other Halliburton products, contact
Chemical Stewardship at 1-580-251-4335.

Key abreviations or acronyms used

bw — body weight CAS — Chemical Abstracts Service EC50 — Effective Concentration 50% LC50 — Lethal Concentration 50% LD50
— Lethal Dose 50% LL50 — Lethal Loading 50% mg/kg — milligram/kilogram mg/L — milligram/liter NOEC — No Observed Effect
Concentration OEL — Occupational Exposure Limit PBT — Persistent Bioaccumulative and Toxic ppm — parts per million STEL —
Short Term Exposure Limit TWA — Time-Weighted Average vPvB — very Persistent and very Bioaccumulative h - hour mg/m3 -
milligram/cubic meter mm - millimeter mmHg - millimeter mercury w/w - weight/weight d - day

Key literature references and sources for data
www.ChemADVISOR.com/
Nz CCID

Disclaimer Statement

This information is furnished without warranty, expressed or implied, as to accuracy or completeness. The information is obtained
from various sources including the manufacturer and other third party sources. The information may not be valid under all
conditions nor if this material is used in combination with other materials or in any process. Final determination of suitability of any
material is the sole responsibility of the user.

End of Safety Data Sheet
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HALLIBURTON

SAFETY DATA SHEET

BENTONITE

Revision Date: 15-Mar-2016

Revision Number: 38

1. Product Identifier & ldentity for the Chemical

Statement of Hazardous Nature Hazardous according to the criteria of the 3rd Revise

d Edition of the Globally Harmonised

System of Classification and Labelling of Chemicals (GHS), Non-Dangerous Goods

according to the criteria of ADG.

1.1. Product Identifier

Product Name BENTONITE

Other means of Identification

Synonyms None

Product Code: HMO000126
Recommended use of the chemical and restrictions on use
Recommended Use Weight Additive

Uses advised against No information available

Supplier's name, address and phone number
Manufacturer/Supplier Halliburton Australia Pty. Ltd.
15 Marriott Road
Jandakot
WA 6164
Australia

ACN Number: 009 000 775
Telephone Number: + 61 1 800 686 951
Fax Number: 61 (08) 9455 5300

E-mail Address fdunexchem@halliburton.com

Emergency phone number
+ 61 1 800 686 951

Australian Poisons Information Centre

24 Hour Service: -131126
Police or Fire Brigade: - 000 (exchange): - 1100
2. Hazard Identification
Statement of Hazardous Nature Hazardous according to the criteria of the 3rd Revised Edition of the Globally Harmonised

System of Classification and Labelling of Chemicals (GHS), Non-Dangerous Goods

according to the criteria of ADG.

Classification of the hazardous chemical

Carcinogenicity

Category 2 - H351

Specific Target Organ Toxicity - (Repeated Exposure)

Category 2 - H373

Label elements, including precautionary statements

Hazard pictograms
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BENTONITE

Revision Date: 15-Mar-2016

Signal Word

Hazard Statements

Precautionary Statements

Prevention

Response

Storage
Disposal

Contains

Substances

Crystalline silica, quartz
Crystalline silica, cristobalite
Crystalline silica, tridymite

Warning

H351 - Suspected of causing cancer
H373 - May cause damage to organs through prolonged or repeated exposure

P201 - Obtain special instructions before use

P202 - Do not handle until all safety precautions have been read and understood
P260 - Do not breathe dust/fume/gas/mist/vapors/spray

P281 - Use personal protective equipment as required

P308 + P313 - IF exposed or concerned: Get medical advice/attention

P314 - Get medical attention/advice if you feel unwell

P405 - Store locked up

P501 - Dispose of contents/container in accordance with
local/regional/national/international regulations

CAS Number
14808-60-7
14464-46-1
15468-32-3

Other hazards which do not result in classification

This substance is not considered to be persistent, bioaccumulating nor toxic (PBT).
This substance is not considered to be very persistent nor very bioaccumulating (vPvB).

For the full text of the H-phrases mentioned in this Section, see Section 16

3. Composition/information on Ingredients

Substances CAS Number PERCENT (w/w) GHS Classification -
Australia
Crystalline silica, quartz 14808-60-7 1-5% Carc. 2 (H351)
STOT RE 1 (H372)
Crystalline silica, cristobalite 14464-46-1 0.1-1% Carc. 2 (H351)
STOT RE 1 (H372)
Crystalline silica, tridymite 15468-32-3 0.1-1% Carc. 2 (H351)
STOT RE 1 (H372)

4. First aid measures

Description of necessary first aid measures

Inhalation
Eyes

Skin
Ingestion

If inhaled, remove from area to fresh air. Get medical attention if respiratory
irritation develops or if breathing becomes difficult.

In case of contact, immediately flush eyes with plenty of water for at least 15
minutes and get medical attention if irritation persists.

Wash with soap and water. Get medical attention if irritation persists.

Under normal conditions, first aid procedures are not required.
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Symptoms caused by exposure

Breathing crystalline silica can cause lung disease, including silicosis and lung cancer. Crystalline silica has also
been associated with scleroderma and kidney disease. Potential carcinogen. Prolonged or repeated exposure may
cause damage to organs.

Medical Attention and Special Treatment
Notes to Physician Treat symptomatically

5. Fire Fighting Measures

Suitable extinguishing equipment

Suitable Extinguishing Media

All standard fire fighting media

Extinguishing media which must not be used for safety reasons
None known.

Specific hazards arising from the chemical
Special exposure hazards in a fire
None anticipated

Special protective equipment and precautions for fire fighters
Special protective equipment for firefighters
Full protective clothing and approved self-contained breathing apparatus required for fire fighting personnel.

6. Accidental release measures

6.1. Personal precautions, protective equipment and emergency procedures
Use appropriate protective equipment. Avoid creating and breathing dust.

6.2. Environmental precautions
None known.

6.3. Methods and material for containment and cleaning up
Collect using dustless method and hold for appropriate disposal. Consider possible toxic or fire hazards associated with
contaminating substances and use appropriate methods for collection, storage and disposal.

7. Handling and storage

7.1. Precautions for safe handling

Handling Precautions

This product contains quartz, cristobalite, and/or tridymite which may become airborne without a visible cloud. Avoid breathing
dust. Avoid creating dusty conditions. Use only with adequate ventilation to keep exposure below recommended exposure limits.
Wear a NIOSH certified, European Standard En 149, or equivalent respirator when using this product. Material is slippery when
wet.

Hygiene Measures

Handle in accordance with good industrial hygiene and safety practice.

7.2. Conditions for safe storage, including any incompatibilities

Storage Information

Use good housekeeping in storage and work areas to prevent accumulation of dust. Close container when not in use. Do not reuse
empty container.

Other Guidelines

No information available

8. Exposure Controls/Personal Protection

Control parameters - exposure standards, biological monitoring
Exposure Limits
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Substances CAS Number Australia NOHSC ACGIH TLV-TWA
Crystalline silica, quartz 14808-60-7 TWA: 0.1 mg/m3 TWA: 0.025 mg/m3
Crystalline silica, cristobalite 14464-46-1 TWA: 0.1 mg/m3 TWA: 0.025 mg/m3
Crystalline silica, tridymite 15468-32-3 TWA: 0.1 mg/m?3 TWA: 0.05 mg/m3

Appropriate engineering controls
Engineering Controls

Use approved industrial ventilation and local exhaust as required to maintain exposures
below applicable exposure limits.

Personal protective equipment (PPE)

Personal Protective Equipment

Respiratory Protection

Hand Protection
Skin Protection

Eye Protection
Other Precautions
Environmental Exposure Controls

If engineering controls and work practices cannot prevent excessive exposures, the
selection and proper use of personal protective equipment should be determined by an
industrial hygienist or other qualified professional based on the specific application of this
product.

Wear a NIOSH certified, European Standard EN 149 (FFP2/FFP3), AS/NZS 1715, or
equivalent respirator when using this product.

Normal work gloves.

Wear clothing appropriate for the work environment. Dusty clothing should be laundered
before reuse. Use precautionary measures to avoid creating dust when removing or
laundering clothing.

Wear safety glasses or goggles to protect against exposure.

None known.

No information available

9. Physical and Chemical Properties

9.1. Information on basic physical and chemical properties

Solid
Odorless

Physical State:
Odor:

Property
Remarks/ - Method

pH:

Freezing Point / Range
Melting Point / Range
Boiling Point / Range

Flash Point

Evaporation rate

Vapor Pressure

Vapor Density

Specific Gravity

Water Solubility

Solubility in other solvents
Partition coefficient: n-octanol/water
Autoignition Temperature
Decomposition Temperature
Viscosity

Explosive Properties
Oxidizing Properties

9.2. Other information
VOC Content (%)

Color Various
Odor Threshold: No information available

Values

9.9

No data available

No data available

No data available

No data available

No data available

No data available

No data available

2.65

Insoluble in water

No data available

No data available

No data available

No data available

No data available

No information available
No information available

No data available

10. Stability and Reactivity

10.1. Reactivity
Not expected to be reactive.

10.2. Chemical stability
Stable
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10.3. Possibility of hazardous reactions
Will Not Occur

10.4. Conditions to avoid

None anticipated

10.5. Incompatible materials
Hydrofluoric acid.

10.6. Hazardous decomposition products
Amorphous silica may transform at elevated temperatures to tridymite (870 C) or cristobalite (1470 C).

11. Toxicological Information

Information on routes of exposure
Principle Route of Exposure Eye or skin contact, inhalation.

Symptoms related to exposure

Most Important Symptoms/Effects

Breathing crystalline silica can cause lung disease, including silicosis and lung cancer. Crystalline silica has also
been associated with scleroderma and kidney disease. Potential carcinogen. Prolonged or repeated exposure may
cause damage to organs.

Numerical measures of toxicity

Toxicology data for the components

Substances CAS Number LD50 Oral LD50 Dermal LC50 Inhalation
Crystalline silica, quartz |14808-60-7 > 15000 mg/kg (human) No information available No data available
Crystalline silica, 14464-46-1 >15,000 mg/kg (Human) No data available No data available
cristobalite

Crystalline silica, 15468-32-3 >15,000 mg/kg (Human) No data available No data available
tridymite

Immediate, delayed and chronic health effects from exposure

Inhalation Inhaled crystalline silica in the form of quartz or cristobalite from occupational sources is
carcinogenic to humans (IARC, Group 1). There is sufficient evidence in experimental
animals for the carcinogenicity of tridymite (IARC, Group 2A).

Breathing silica dust may cause irritation of the nose, throat, and respiratory passages.
Breathing silica dust may not cause noticeable injury or illness even though permanent lung
damage may be occurring. Inhalation of dust may also have serious chronic health effects
(See "Chronic Effects/Carcinogenicity" subsection below).

Eye Contact May cause mechanical irritation to eye.
Skin Contact None known.
Ingestion None known.

Chronic Effects/Carcinogenicity Silicosis: Excessive inhalation of respirable crystalline silica dust may cause a
progressive, disabling, and sometimes-fatal lung disease called silicosis.
Symptoms include cough, shortness of breath, wheezing, non-specific chest
illness, and reduced pulmonary function. This disease is exacerbated by smoking.
Individuals with silicosis are predisposed to develop tuberculosis.

Cancer Status: The International Agency for Research on Cancer (IARC) has
determined that crystalline silica inhaled in the form of quartz or cristobalite from
occupational sources can cause lung cancer in humans (Group 1 - carcinogenic to
humans) and has determined that there is sufficient evidence in experimental
animals for the carcinogenicity of tridymite (Group 2A - possible carcinogen to
humans). Refer to IARC Monograph 68, Silica, Some Silicates and Organic Fibres
(June 1997) in conjunction with the use of these minerals. The National Toxicology
Program classifies respirable crystalline silica as "Known to be a human
carcinogen”. Refer to the 9th Report on Carcinogens (2000). The American
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Exposure Levels
No data available

Interactive effects

Conference of Governmental Industrial Hygienists (ACGIH) classifies crystalline
silica, quartz, as a suspected human carcinogen (A2). There is some evidence
that breathing respirable crystalline silica or the disease silicosis is associated with
an increased incidence of significant disease endpoints such as scleroderma (an
immune system disorder manifested by scarring of the lungs, skin, and other
internal organs) and kidney disease.

Individuals with respiratory disease, including but not limited to asthma and bronchitis, or subject to eye irritation, should not be

exposed to quartz dust.

Data limitations
No data available

Substances

CAS Number

Skin corrosion/irritation

Crystalline silica, quartz

14808-60-7

Non-irritating to the skin

Crystalline silica, cristobalite

14464-46-1

Non-irritating to the skin

Crystalline silica, tridymite  115468-32-3  |Non-irritating to the skin
Substances CAS Number |Serious eye damage/irritation
Crystalline silica, quartz 14808-60-7 [Mechanical irritation of the eyes is possible. No information available

Crystalline silica, cristobalite

14464-46-1

Mechanical irritation of the eyes is possible.

Crystalline silica, tridymite  [15468-32-3  |Mechanical irritation of the eyes is possible.
Substances CAS Number |Skin Sensitization
Crystalline silica, quartz 14808-60-7 |No information available.

Crystalline silica, cristobalite

14464-46-1

No information available

Crystalline silica, tridymite  [15468-32-3 |No information available
Substances CAS Number |Respiratory Sensitization
Crystalline silica, quartz 14808-60-7  |No information available

Crystalline silica, cristobalite

14464-46-1

No information available

Crystalline silica, tridymite  [15468-32-3  |No information available
Substances CAS Number [Mutagenic Effects
Crystalline silica, quartz 14808-60-7 |Not regarded as mutagenic.

Crystalline silica, cristobalite

14464-46-1

Not regarded as mutagenic.

Crystalline silica, tridymite  |15468-32-3  |Not regarded as mutagenic.
Substances CAS Number [Carcinogenic Effects
Crystalline silica, quartz 14808-60-7 |Contains crystalline silica which may cause silicosis, a delayed and progressive lung disease. The

IARC and NTP have determined there is sufficient evidence in humans of the carcinogenicity of
crystalline silica with repeated respiratory exposure. Based on available scientific evidence, this
substance is a threshold carcinogen with a mode of action involving indirect genotoxicity secondary to
lung injury.

Crystalline silica, cristobalite

14464-46-1

Contains crystalline silica which may cause silicosis, a delayed and progressive lung disease. The
IARC and NTP have determined there is sufficient evidence in humans of the carcinogenicity of
crystalline silica with repeated respiratory exposure. Based on available scientific evidence, this
substance is a threshold carcinogen with a mode of action involving indirect genotoxicity secondary to
lung injury.

Crystalline silica, tridymite

15468-32-3

Contains crystalline silica which may cause silicosis, a delayed and progressive lung disease. The
IARC and NTP have determined there is sufficient evidence in humans of the carcinogenicity of
crystalline silica with repeated respiratory exposure. Based on available scientific evidence, this
substance is a threshold carcinogen with a mode of action involving indirect genotoxicity secondary to
lung injury.

Substances

CAS Number

Reproductive toxicity

Crystalline silica, quartz

14808-60-7

No information available

Crystalline silica, cristobalite

14464-46-1

No information available
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[Crystalline silica, tridymite

|15468-32-3

[No information available

Substances

CAS Number |STOT - single exposure

Crystalline silica, quartz 14808-60-7  |No significant toxicity observed in animal studies at concentration requiring classification.
Crystalline silica, cristobalite |14464-46-1 |No significant toxicity observed in animal studies at concentration requiring classification.
Crystalline silica, tridymite  [15468-32-3  |No significant toxicity observed in animal studies at concentration requiring classification.

Substances

CAS Number |STOT - repeated exposure

Crystalline silica, quartz 14808-60-7 [Causes damage to organs through prolonged or repeated exposure if inhaled: (Lungs)
Crystalline silica, cristobalite [14464-46-1 |Causes damage to organs through prolonged or repeated exposure if inhaled: (Lungs)
Crystalline silica, tridymite  |15468-32-3 |Causes damage to organs through prolonged or repeated exposure if inhaled: (Lungs)

Substances

CAS Number |Aspiration hazard

Crystalline silica, quartz 14808-60-7 |Not applicable
Crystalline silica, cristobalite [14464-46-1 |Not applicable
Crystalline silica, tridymite  115468-32-3  |Not applicable

12. Ecological Information

Ecotoxicity

Product Ecotoxicity Data

No data available

Substance Ecotoxicity Data

Substances CAS Number Toxicity to Algae Toxicity to Fish Toxicity to Toxicity to Invertebrates
Microorganisms
Crystalline silica, 14808-60-7 EC50 (72 h) =440 mg/L | LLO (96 h) =10000 mg/L | No information available |LL50 (24 h) >10000 mg/L
quartz (Selenastrum (Danio rerio) (Daphnia magna)
capricornutum)

Crystalline silica, 14464-46-1 No information available | LLO (96h) 10,000 mg/L | No information available [LL50 (24h) > 10,000 mg/L|

cristobalite (Danio rerio) (similar (Daphnia magna) (similar
substance) substance)

Crystalline silica, 15468-32-3 No information available LLO (96h) 10,000 No information available |LL50 (24h) > 10,000 mg/L

tridymite mg/L(Danio rerio) (similar (Daphnia magna) (similar
substance) substance)

12.2. Persistence and degradability

Substances CAS Number Persistence and Degradability

Crystalline silica, quartz 14808-60-7 The methods for determining biodegradability are
not applicable to inorganic substances.

Crystalline silica, cristobalite 14464-46-1 The methods for determining biodegradability are
not applicable to inorganic substances.

Crystalline silica, tridymite 15468-32-3 The methods for determining biodegradability are
not applicable to inorganic substances.

12.3. Bioaccumulative potential

Substances CAS Number Log Pow

Crystalline silica, quartz 14808-60-7 No information available

Crystalline silica, cristobalite 14464-46-1 No information available

Crystalline silica, tridymite 15468-32-3 No information available

12.4. Mobility in soil

Substances CAS Number Mobility

Crystalline silica, quartz 14808-60-7 No information available

Crystalline silica, cristobalite 14464-46-1 No information available

Crystalline silica, tridymite 15468-32-3 No information available

12.6. Other adverse effects
Endocrine Disruptor Information

This product does not contain any known or suspected endocrine disruptors
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13. Disposal Considerations

Safe handling and disposal methods
Bury in a licensed landfill according to federal, state, and local regulations. Substance should NOT be deposited into a sewage
facility.

Disposal of any contaminated packaging

Follow all applicable national or local regulations. Contaminated packaging may be disposed of by: rendering packaging incapable
of containing any substance, or treating packaging to remove residual contents, or treating packaging to make sure the residual
contents are no longer hazardous, or by disposing of packaging into commercial waste collection.

Environmental regulations
Not applicable

14. Transport Information

Transportation Information

UN Number Not restricted
UN proper shipping name Not restricted
Transport Hazard Class(es) Not applicable
Packing Group: Not applicable
Environmental Hazards Not applicable

Special precautions during transport
None

HazChem Code
None Allocated

15. Regulatory Information

Safety, health and environmental regulations specific for the product

International Inventories

Australian AICS Inventory All components are listed on the AICS or are subject to a relevant exemption, permit, or
assessment certificate.

New Zealand Inventory of All components are listed on the AICS or are subject to a relevant exemption, permit, or

Chemicals assessment certificate.

EINECS (European Inventory of This product, and all its components, complies with EINECS
Existing Chemical Substances)

US TSCA Inventory All components listed on inventory or are exempt.
Canadian Domestic Substances List All components listed on inventory or are exempt.
(DSL)

Poisons Schedule number
None Allocated

International Agreements

Montreal Protocol - Ozone Depleting Substances: Does not apply
Stolkhom Convention - Persistent Organic Pollutants: Does not apply
Rotterdam Convention - Prior Informed Consent: Does not apply
Basel Convention - Hazardous Waste: Does not apply

16. Other information

Date of preparation or review

Revision Date: 15-Mar-2016
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Revision Note
SDS sections updated: 2

Full text of H-Statements referred to under sections 2 and 3

H351 - Suspected of causing cancer if inhaled

H372 - Causes damage to organs through prolonged or repeated exposure if inhaled
H373 - May cause damage to organs through prolonged or repeated exposure if inhaled

Additional information For additional information on the use of this product, contact your local Halliburton
representative.

For questions about the Safety Data Sheet for this or other Halliburton products, contact
Chemical Stewardship at 1-580-251-4335.

Key abreviations or acronyms used

bw — body weight

CAS - Chemical Abstracts Service

EC50 — Effective Concentration 50%

LC50 — Lethal Concentration 50%

LD50 — Lethal Dose 50%

LL50 — Lethal Loading 50%

mg/kg — milligram/kilogram

mg/L — milligram/liter

NOEC — No Observed Effect Concentration
OEL — Occupational Exposure Limit

PBT — Persistent Bioaccumulative and Toxic
ppm — parts per million

STEL — Short Term Exposure Limit

TWA — Time-Weighted Average

vPVvB — very Persistent and very Bioaccumulative
h - hour

mg/m3 - milligram/cubic meter

mm - millimeter

mmHg - millimeter mercury

wiw - weight/weight

d - day

Key literature references and sources for data
www.ChemADVISOR.com/
NZ CCID

Disclaimer Statement

This information is furnished without warranty, expressed or implied, as to accuracy or completeness. The information is obtained
from various sources including the manufacturer and other third party sources. The information may not be valid under all
conditions nor if this material is used in combination with other materials or in any process. Final determination of suitability of any
material is the sole responsibility of the user.

End of Safety Data Sheet
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HALLIBURTON

SAFETY DATA SHEET

BORE-HIB®

Revision Date: 17-Sep-2015

Revision Number: 21

1. Product Identifier & ldentity for the Chemical

Statement of Hazardous Nature Hazardous according to the criteria of the 3rd Revised Edition of the Globally Harmonised
System of Classification and Labelling of Chemicals (GHS), Non-Dangerous Goods

according to the criteria of ADG.

1.1. Product Identifier

Product Name BORE-HIB®
Other means of Identification

Synonyms None
Product Code: HMO005877

Recommended use of the chemical and restrictions on use
Recommended Use Shale stabilizer
Uses advised against No information available

Supplier's name, address and phone number
Manufacturer/Supplier Halliburton Australia Pty. Ltd.
15 Marriott Road
Jandakot
WA 6164
Australia

ACN Number: 009 000 775
Telephone Number: + 61 1 800 686 951
Fax Number: 61 (08) 9455 5300
E-mail Address fdunexchem@halliburton.com
Emergency phone number
+61 1800 686 951

Australian Poisons Information Centre

24 Hour Service: -131126
Police or Fire Brigade: - 000 (exchange): - 1100
2. Hazard Identification
Statement of Hazardous Nature Hazardous according to the criteria of the 3rd Revised Edition of the Globally Harmonised

System of Classification and Labelling of Chemicals (GHS), Non-Dangerous Goods

according to the criteria of ADG.

Classification of the hazardous chemical

Skin Corrosion/Irritation

Category 2 - H315

Serious Eye Damage/Irritation

Category 1 - H318

Label elements, including precautionary statements

Hazard pictograms
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S

=

Signal Word Danger

Hazard Statements H315 - Causes skin irritation
H318 - Causes serious eye damage

Precautionary Statements

Prevention P264 - Wash face, hands and any exposed skin thoroughly after handling
P280 - Wear protective gloves/eye protection/face protection
Response P302 + P352 - IF ON SKIN: Wash with plenty of soap and water

P332 + P313 - If skin irritation occurs: Get medical advice/attention

P362 - Take off contaminated clothing and wash before reuse

P305 + P351 + P338 - IF IN EYES: Rinse cautiously with water for several minutes.
Remove contact lenses, if present and easy to do. Continue rinsing

P310 - Immediately call a POISON CENTER or doctor/physician

Storage None

Disposal None

Contains

Substances CAS Number
Silicic acid, potassium salt 1312-76-1

Other hazards which do not result in classification
This mixture contains no substance considered to be persistent, bioaccumulating nor toxic (PBT).
This mixture contains no substance considered to be very persistent nor very bioaccumulating (vPvB).

For the full text of the H-phrases mentioned in this Section, see Section 16

3. Composition/information on Ingredients

Substances CAS Number PERCENT (w/w) GHS Classification -
Australia

Silicic acid, potassium salt 1312-76-1 30 - 60% Skin Irrit. 2 (H315)
Eye Corr. 1 (H318)

4. First aid measures

Description of necessary first aid measures

Inhalation If inhaled, remove from area to fresh air. Get medical attention if respiratory
irritation develops or if breathing becomes difficult.

Eyes Immediately flush eyes with large amounts of water for at least 30 minutes. Seek
prompt medical attention.

Skin In case of contact, immediately flush skin with plenty of soap and water for at least

30 minutes and remove contaminated clothing, shoes and leather goods
immediately. Get medical attention immediately.

Ingestion Do NOT induce vomiting. Give nothing by mouth. Obtain immediate medical
attention.

Symptoms caused by exposure
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Causes severe eye irritation which may damage tissue. Causes skin irritation.

Medical Attention and Special Treatment
Notes to Physician Treat symptomatically

5. Fire Fighting Measures

Suitable extinguishing equipment

Suitable Extinguishing Media

All standard fire fighting media

Extinguishing media which must not be used for safety reasons
None known.

Specific hazards arising from the chemical
Special exposure hazards in a fire
Not applicable

Special protective equipment and precautions for fire fighters
Special protective equipment for firefighters
Not applicable

6. Accidental release measures

6.1. Personal precautions, protective equipment and emergency procedures
Spills of this product are very slippery. Use appropriate protective equipment. Avoid contact with skin, eyes and clothing. Avoid
breathing vapors. Ensure adequate ventilation. Evacuate all persons from the area.

6.2. Environmental precautions
Prevent from entering sewers, waterways, or low areas.

6.3. Methods and material for containment and cleaning up
Isolate spill and stop leak where safe. Contain spill with sand or other inert materials. Scoop up and remove.

7. Handling and storage

7.1. Precautions for safe handling

Handling Precautions

Avoid contact with eyes, skin, or clothing. Avoid breathing mist. Material is slippery underfoot. Ensure adequate ventilation. Wash
hands after use. Launder contaminated clothing before reuse. Use appropriate protective equipment.

Hygiene Measures

Handle in accordance with good industrial hygiene and safety practice.

7.2. Conditions for safe storage, including any incompatibilities

Storage Information

Store in a cool well ventilated area. Keep container closed when not in use. Store at temperatures between 40 and 90 F (5 and 35
C). Product has a shelf life of 36 months.

Other Guidelines

No information available

| 8. Exposure Controls/Personal Protection

Control parameters - exposure standards, biological monitoring
Exposure Limits

Substances CAS Number IAustralia NOHSC IACGIH TLV-TWA

Silicic acid, potassium salt 1312-76-1 Not applicable Not applicable

Appropriate engineering controls
Engineering Controls Use in a well ventilated area.
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Personal protective equipment (PPE)

Personal Protective Equipment If engineering controls and work practices cannot prevent excessive exposures, the
selection and proper use of personal protective equipment should be determined by an
industrial hygienist or other qualified professional based on the specific application of this
product.

Respiratory Protection Not normally needed. But if significant exposures are possible then the following respirator
is recommended:

Dust/mist respirator. (N95, P2/P3)

Hand Protection Chemical-resistant protective gloves (EN 374) Suitable materials for longer, direct contact
(recommended: protection index 6, corresponding to > 480 minutes permeation time as per
EN 374): Nitrile gloves. (>= 0.4 mm thickness)

This information is based on literature references and on information provided by glove
manufacturers, or is derived by analogy with similar substances. Please note that in
practice the working life of chemical-resistant protective gloves may be considerably shorter
than the permeation time determined in accordance with EN 374 as a result of the many
influencing factors (e.g. temperature). If signs of wear and tear are noticed then the gloves
should be replaced. Manufacturer's directions for use should be observed because of great

diversity of types.
Skin Protection Full protective chemical resistant clothing. Rubber apron.
Eye Protection Chemical goggles; also wear a face shield if splashing hazard exists.
Other Precautions Eyewash fountains and safety showers must be easily accessible.

Environmental Exposure Controls Do not allow material to contaminate ground water system

9. Physical and Chemical Properties

9.1. Information on basic physical and chemical properties

Physical State:  Liquid Color Clear colorless to pale yellow
Odor: Mild Odor Threshold: No information available
Property Values

Remarks/ - Method

pH: 11.9

Freezing Point / Range No data available

Melting Point / Range No data available

Boiling Point / Range 100 °C / 212 °F

Flash Point > 177 °C / 350.6 °F PMCC
Evaporation rate No data available

Vapor Pressure No data available

Vapor Density No data available

Specific Gravity 1.36

Water Solubility Miscible with water

Solubility in other solvents No data available

Partition coefficient: n-octanol/water No data available
Autoignition Temperature No data available
Decomposition Temperature No data available

Viscosity No data available

Explosive Properties No information available
Oxidizing Properties No information available

9.2. Other information
VOC Content (%) No data available

10. Stability and Reactivity

10.1. Reactivity

Not expected to be reactive.

10.2. Chemical stability

Stable

10.3. Possibility of hazardous reactions
Will Not Occur
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10.4. Conditions to avoid

Contact with certain metals produces hydrogen gas.
10.5. Incompatible materials

Amphoteric metals such as aluminum, magnesium, lead, tin, or zinc.
10.6. Hazardous decompaosition products

Flammable hydrogen gas.

11. Toxicological Information

Information on routes of exposure

Principle Route of Exposure

Symptoms related to exposure

Eye or skin contact, inhalation.

Most Important Symptoms/Effects
Causes severe eye irritation which may damage tissue. Causes skin irritation.

Numerical measures of toxicity

Toxicology data for the components

Substances

CAS Number

LD50 Oral LD50 Dermal LC50 Inhalation

Silicic acid, potassium
salt

1312-76-1

1300 mg/kg (Rat) > 5000 mg/kg (Rat) > 2.06 mg/L (Rat)

Immediate, delayed and chronic health effects from exposure

Inhalation
Eye Contact
Skin Contact
Ingestion

May cause respiratory irritation.

Causes severe eye irritation which may damage tissue.
Causes moderate skin irritation.

Irritation of the mouth, throat, and stomach.

Chronic Effects/Carcinogenicity No data available to indicate product or components present at greater than 0.1%

Exposure Levels
No data available

Interactive effects
Skin disorders.

Data limitations
No data available

are chronic health hazards.

Substances

CAS Number

Skin corrosion/irritation

Silicic acid, potassium salt

1312-76-1

Causes moderate skin irritation. (Rabbit)

Substances CAS Number |Serious eye damagel/irritation

Silicic acid, potassium salt [1312-76-1 Corrosive to eyes (Rabbit)

Substances CAS Number [Skin Sensitization

Silicic acid, potassium salt  [1312-76-1 Did not cause sensitization on laboratory animals (guinea pig) (mouse)

Substances CAS Number |Respiratory Sensitization

Silicic acid, potassium salt  [1312-76-1 No information available

Substances CAS Number [Mutagenic Effects

Silicic acid, potassium salt  [1312-76-1 In vitro tests did not show mutagenic effects. (similar substances)

Substances CAS Number [Carcinogenic Effects

Silicic acid, potassium salt  [1312-76-1 Did not show carcinogenic or teratogenic effects in animal experiments (similar substances)
Substances CAS Number |Reproductive toxicity

Silicic acid, potassium salt [1312-76-1 IAnimal testing did not show any effects on fertility. Did not show teratogenic effects in animal
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|experiments. (similar substances)

Substances CAS Number [STOT - single exposure

Silicic acid, potassium salt [1312-76-1 No significant toxicity observed in animal studies at concentration requiring classification.

Substances CAS Number |STOT - repeated exposure

Silicic acid, potassium salt [1312-76-1 No significant toxicity observed in animal studies at concentration requiring classification. (similar
substances)

Substances CAS Number |Aspiration hazard

Silicic acid, potassium salt  [1312-76-1 Not applicable

12. Ecological Information

Ecotoxicity

Product Ecotoxicity Data

No data available

Substance Ecotoxicity Data

salt

(Skeletonema costatum)
EC50 (72h) 207 mg/L
(Desmodesmus
subspicatus)

(Lepomis macrochirus)
LC50 (96h) 3185 mg/L
(Brachydanio rerio)
(similar substance)
LC50 (96h) > 1800 mg/L
(Scophthalmus maximus)

Substances CAS Number Toxicity to Algae Toxicity to Fish Toxicity to Toxicity to Invertebrates
Microorganisms
Silicic acid, potassium |1312-76-1 EC50 (72h) 201mg/L  |LC50 (96h) 301-478 mg/L| No information available EC50 (96) 216 mg/L

(Daphnia magna)
EC50 (48h) 1528.57 mg/L
(Acartia tonsa)

12.2. Persistence and degradability

Substances CAS Number Persistence and Degradability

Silicic acid, potassium salt 1312-76-1 The methods for determining biodegradability are
not applicable to inorganic substances.

12.3. Bioaccumulative potential

Substances CAS Number Log Pow

Silicic acid, potassium salt 1312-76-1 No information available

12.4. Mobility in soil

Substances CAS Number Mobility

Silicic acid, potassium salt 1312-76-1 No information available

12.6. Other adverse effects

Endocrine Disruptor Information
This product does not contain any known or suspected endocrine disruptors

13. Disposal Considerations

Safe handling and disposal methods

Disposal should be made in accordance with federal, state, and local regulations.

Disposal of any contaminated packaging

Follow all applicable national or local regulations.

Environmental regulations

Not applicable

Page 6/8




BORE-HIB® Revision Date: 17-Sep-2015

14. Transport Information

Transportation Information

UN Number Not restricted
UN proper shipping name Not restricted
Transport Hazard Class(es) Not applicable
Packing Group: Not applicable
Environmental Hazards Not applicable

Special precautions during transport
None

HazChem Code
None Allocated

15. Regulatory Information

Safety, health and environmental requlations specific for the product

International Inventories

Australian AICS Inventory All components are listed on the AICS or are subject to a relevant exemption, permit, or
assessment certificate.

New Zealand Inventory of All components are listed on the AICS or are subject to a relevant exemption, permit, or

Chemicals assessment certificate.

EINECS (European Inventory of This product, and all its components, complies with EINECS

Existing Chemical Substances)

US TSCA Inventory All components listed on inventory or are exempt.

Canadian Domestic Substances List All components listed on inventory or are exempt.

(DSL)

Poisons Schedule number
None Allocated

International Agreements

Montreal Protocol - Ozone Depleting Substances: Does not apply
Stolkhom Convention - Persistent Organic Pollutants: Does not apply
Rotterdam Convention - Prior Informed Consent: Does not apply
Basel Convention - Hazardous Waste: Does not apply

16. Other information

Date of preparation or review

Revision Date: 17-Sep-2015

Revision Note
SDS sections updated: 2

Full text of H-Statements referred to under sections 2 and 3
H315 - Causes skin irritation
H318 - Causes serious eye damage

Additional information For additional information on the use of this product, contact your local Halliburton
representative.

For questions about the Safety Data Sheet for this or other Halliburton products, contact
Chemical Stewardship at 1-580-251-4335.

Key abreviations or acronyms used
bw — body weight
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CAS - Chemical Abstracts Service

EC50 — Effective Concentration 50%

LC50 — Lethal Concentration 50%

LD50 — Lethal Dose 50%

LL50 — Lethal Loading 50%

mg/kg — milligram/kilogram

mg/L — milligram/liter

NOEC — No Observed Effect Concentration
OEL — Occupational Exposure Limit

PBT — Persistent Bioaccumulative and Toxic
ppm — parts per million

STEL — Short Term Exposure Limit

TWA — Time-Weighted Average

vPVvB — very Persistent and very Bioaccumulative
h - hour

mg/m3 - milligram/cubic meter

mm - millimeter

mmHg - millimeter mercury

wiw - weight/weight

d - day

Key literature references and sources for data
www.ChemADVISOR.com/

Disclaimer Statement

This information is furnished without warranty, expressed or implied, as to accuracy or completeness. The information is obtained
from various sources including the manufacturer and other third party sources. The information may not be valid under all
conditions nor if this material is used in combination with other materials or in any process. Final determination of suitability of any
material is the sole responsibility of the user.

End of Safety Data Sheet
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HALLIBURTON

MATERIAL SAFETY DATA SHEET
Product Trade Name: CALCIUM CARBONATE

Revision Date: 29-Apr-2013

1. IDENTIFICATION OF THE SUBSTANCE/PREPARATION AND OF THE
COMPANY/UNDERTAKING

Statement of Hazardous Nature Hazardous according to the criteria of NOHSC, Non-Dangerous Goods according to

the criteria of ADG.

Manufacturer/Supplier Halliburton/Baroid Australia Pty. Ltd.
15 Marriott Road
Jandakot
WA 6164
Australia

ACN Number: 009 000 775
Telephone Number: 61 (08) 9455 8300
Fax Number: 61 (08) 9455 5300

Product Emergency Telephone
Australia: 08-64244950

Papua New Guinea: 05 1 281 575 5000
New Zealand: 06-7559274

Fire, Police & Ambulance - Emergency Telephone
Australia: 000

Papua New Guinea: 000

New Zealand: 111

Identification of Substances or Preparation

Product Trade Name: CALCIUM CARBONATE
Synonyms: None

Chemical Family: Mineral

UN Number: None

Dangerous Goods Class: None

Subsidiary Risk: None

Hazchem Code: None Allocated

Poisons Schedule: None Allocated
Application: pH Control

Prepared By Chemical Compliance

Telephone: 1-580-251-4335
e-mail: fdunexchem@halliburton.com

2. COMPOSITION/INFORMATION ON INGREDIENTS

Substances CAS Number PERCENT Australia New Zealand ACGIH TLV-TWA
NOHSC WES

Calcium carbonate 471-34-1 60 - 100% TWA: 10 mg/m®*  |[TWA: 10 mg/m® 10 mg/m?®

Crystalline silica, quartz 14808-60-7 1-5% TWA: 0.1 mg/m®  [TWA: 0.2 mg/im®  [TWA: 0.025 mg/m?

CALCIUM CARBONATE
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Non-Hazardous Substance to Total of 100%

3. HAZARDS IDENTIFICATION

Hazard Overview CAUTION! - ACUTE HEALTH HAZARD
May cause eye and respiratory irritation.

DANGER! - CHRONIC HEALTH HAZARD

Breathing crystalline silica can cause lung disease, including silicosis and lung
cancer. Crystalline silica has also been associated with scleroderma and kidney
disease.

This product contains quartz, cristobalite, and/or tridymite which may become
airborne without a visible cloud. Avoid breathing dust. Avoid creating dusty
conditions. Use only with adequate ventilation to keep exposures below
recommended exposure limits. Wear a NIOSH certified, European Standard EN
149, or equivalent respirator when using this product. Review the Material Safety
Data Sheet (MSDS) for this product, which has been provided to your employer.

Risk Phrases R49 May cause cancer by inhalation.
R48/20 Harmful: danger of serious damage to health by prolonged exposure through
inhalation.

HSNO Classification 6.4A Irritating to the eye 6.7A Known or presumed human carcinogens 6.9A Toxic

to human target organs or systems

4. FIRST AID MEASURES

Inhalation If inhaled, remove from area to fresh air. Get medical attention if respiratory irritation
develops or if breathing becomes difficult.

Skin Wash with soap and water. Get medical attention if irritation persists.

Eyes In case of contact, immediately flush eyes with plenty of water for at least 15 minutes

and get medical attention if irritation persists.
Ingestion Under normal conditions, first aid procedures are not required.

Notes to Physician Treat symptomatically.

5. FIRE FIGHTING MEASURES

Suitable Extinguishing Media All standard fire fighting media

Extinguishing media which must None known.
not be used for safety reasons

Special Exposure Hazards Not applicable.

Special Protective Equipment for Not applicable.
Fire-Fighters

6. ACCIDENTAL RELEASE MEASURES

Personal Precautionary Measures Use appropriate protective equipment. Avoid creating and breathing dust.

CALCIUM CARBONATE
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Environmental Precautionary None known.
Measures

Procedure for Cleaning / Collect using dustless method and hold for appropriate disposal. Consider possible
Absorption toxic or fire hazards associated with contaminating substances and use appropriate
methods for collection, storage and disposal.

7. HANDLING AND STORAGE

Handling Precautions This product contains quartz, cristobalite, and/or tridymite which may become
airborne without a visible cloud. Avoid breathing dust. Avoid creating dusty
conditions. Use only with adequate ventilation to keep exposure below
recommended exposure limits. Wear a NIOSH certified, European Standard En 149,

or equivalent respirator when using this product. Material is slippery when wet.

Use good housekeeping in storage and work areas to prevent accumulation of dust.
Close container when not in use. Do not reuse empty container.

Storage Information

8. EXPOSURE CONTROLS/PERSONAL PROTECTION

Use approved industrial ventilation and local exhaust as required to maintain
exposures below applicable exposure limits.

Engineering Controls

Respiratory Protection Wear a NIOSH certified, European Standard EN 149 (FFP2/FFP3), or equivalent

respirator when using this product.

Hand Protection Normal work gloves.

Skin Protection Wear clothing appropriate for the work environment. Dusty clothing should be
laundered before reuse. Use precautionary measures to avoid creating dust when
removing or laundering clothing.

Eye Protection Wear safety glasses or goggles to protect against exposure.

Other Precautions None known.

9. PHYSICAL AND CHEMICAL PROPERTIES

Physical State: Solid
Color: Light tan
Odor: Odorless
pH: 8
Specific Gravity @ 20 C (Water=1): 2.7

Density @ 20 C (kg/l):

Bulk Density @ 20 C (kg/m?):
Boiling Point/Range (C):
Freezing Point/Range (C):
Pour Point/Range (C):

Flash Point/Range (C):

Flash Point Method:
Autoignition Temperature (C):

Flammability Limits in Air - Lower (g/m3):

Flammability Limits in Air - Lower (%):

Flammability Limits in Air - Upper (g/m?3):

Flammability Limits in Air - Upper (%):
Vapor Pressure @ 20 C (mmHg):
Vapor Density (Air=1):

Percent Volatiles:

Not Determined
Not Determined
Not Determined
Not Determined
Not Determined
Not Determined
Not Determined
Not Determined
Not Determined
Not Determined
Not Determined
Not Determined
Not Determined
Not Determined
Not Determined

CALCIUM CARBONATE
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9. PHYSICAL AND CHEMICAL PROPERTIES

Evaporation Rate (Butyl Acetate=1): Not Determined
Solubility in Water (g/100ml): Soluble

Solubility in Solvents (g/100ml): Not Determined
VOCs (g/l): Not Determined
Viscosity, Dynamic @ 20 C (centipoise): Not Determined
Viscosity, Kinematic @ 20 C (centistokes): Not Determined
Partition Coefficient/n-Octanol/Water: Not Determined
Molecular Weight (g/mole): Not Determined
Decomposition Temperature (C): Not Determined

10. STABILITY AND REACTIVITY

Stability Data: Stable

Hazardous Polymerization: Will Not Occur

Conditions to Avoid None anticipated

Incompatibility (Materials to Strong acids. Prolonged contact with aluminum. Ammonium salts.

Avoid)

Hazardous Decomposition Carbon monoxide and carbon dioxide. Amorphous silica may transform at elevated
Products temperatures to tridymite (870 C) or cristobalite (1470 C).

Additional Guidelines Not Applicable

11. TOXICOLOGICAL INFORMATION

Principle Route of Exposure Eye or skin contact, inhalation.

Sympotoms related to exposure

Inhalation Inhaled crystalline silica in the form of quartz or cristobalite from occupational
sources is carcinogenic to humans (IARC, Group 1). There is sufficient evidence in
experimental animals for the carcinogenicity of tridymite (IARC, Group 2A).

Breathing silica dust may cause irritation of the nose, throat, and respiratory
passages. Breathing silica dust may not cause noticeable injury or illness even
though permanent lung damage may be occurring. Inhalation of dust may also have
serious chronic health effects (See "Chronic Effects/Carcinogenicity" subsection

below).
Skin Contact May cause mechanical skin irritation.
Eye Contact May cause eye irritation.
Ingestion None known

Aggravated Medical Conditions Individuals with respiratory disease, including but not limited to asthma and
bronchitis, or subject to eye irritation, should not be exposed to quartz dust.

CALCIUM CARBONATE
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Chronic Effects/Carcinogenicity Silicosis: Excessive inhalation of respirable crystalline silica dust may cause a

Other Information

Toxicity Tests

Oral Toxicity:

Dermal Toxicity:
Inhalation Toxicity:
Primary Irritation Effect:

Carcinogenicity

Genotoxicity:

Reproductive /
Developmental Toxicity:

progressive, disabling, and sometimes-fatal lung disease called silicosis. Symptoms
include cough, shortness of breath, wheezing, non-specific chest illness, and
reduced pulmonary function. This disease is exacerbated by smoking. Individuals
with silicosis are predisposed to develop tuberculosis.

Cancer Status: The International Agency for Research on Cancer (IARC) has
determined that crystalline silica inhaled in the form of quartz or cristobalite from
occupational sources can cause lung cancer in humans (Group 1 - carcinogenic to
humans) and has determined that there is sufficient evidence in experimental
animals for the carcinogenicity of tridymite (Group 2A - possible carcinogen to
humans). Refer to IARC Monograph 68, Silica, Some Silicates and Organic Fibres
(June 1997) in conjunction with the use of these minerals. The National Toxicology
Program classifies respirable crystalline silica as "Known to be a human carcinogen".
Refer to the 9th Report on Carcinogens (2000). The American Conference of
Governmental Industrial Hygienists (ACGIH) classifies crystalline silica, quartz, as a
suspected human carcinogen (A2).

There is some evidence that breathing respirable crystalline silica or the disease
silicosis is associated with an increased incidence of significant disease endpoints
such as scleroderma (an immune system disorder manifested by scarring of the
lungs, skin, and other internal organs) and kidney disease.

For further information consult "Adverse Effects of Crystalline Silica Exposure"
published by the American Thoracic Society Medical Section of the American Lung
Association, American Journal of Respiratory and Critical Care Medicine, Volume
155, pages 761-768 (1997).

Not determined
Not determined
Not determined
Not determined

Refer to IARC Monograph 68, Silica, Some Silicates and Organic Fibres (June
1997).

Not determined

Not determined

2. ECOLOGICAL INFORMATION

Mobility (Water/Soil/Air)

Persistence/Degradability

Bio-accumulation

Not determined

Not determined

Not determined

Ecotoxicological Information

Acute Fish Toxicity:

Not determined

Acute Crustaceans Toxicity:Not determined

CALCIUM CARBONATE
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Acute Algae Toxicity: Not determined
Chemical Fate Information Not determined

Other Information Not applicable

13. DISPOSAL CONSIDERATIONS

Disposal Method Bury in a licensed landfill according to federal, state, and local regulations.

Contaminated Packaging Follow all applicable national or local regulations.

4. TRANSPORT INFORMATION

Land Transportation

ADR
Not restricted

Air Transportation

ICAO/IATA
Not restricted

Sea Transportation

IMDG
Not restricted

Other Transportation Information

Labels: None

5. REGULATORY INFORMATION

Chemical Inventories

Australian AICS Inventory All components listed on inventory or are exempt.

New Zealand Inventory of All components listed on inventory or are exempt.
Chemicals

US TSCA Inventory All components listed on inventory or are exempt.

EINECS Inventory This product, and all its components, complies with EINECS
Classification T - Toxic.

Crystalline silica is not classified as a carcinogen in EU Council Directives
67/548/EEC and 88/379/EEC.

Risk Phrases R49 May cause cancer by inhalation.
R48/20 Harmful: danger of serious damage to health by prolonged exposure through
inhalation.

Safety Phrases None

16. OTHER INFORMATION

The following sections have been revised since the last issue of this SDS
Not applicable

CALCIUM CARBONATE
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Contact

Australian Poisons Information Centre

24 Hour Service: -131126

Police or Fire Brigade: - 000 (exchange): - 1100

New Zealand National Poisons Centre

0800 764 766

Additional Information

Disclaimer Statement

For additional information on the use of this product, contact your local Halliburton
representative.

For questions about the Safety Data Sheet for this or other Halliburton products,
contact Chemical Compliance at 1-580-251-4335.

This information is furnished without warranty, expressed or implied, as to accuracy
or completeness. The information is obtained from various sources including the
manufacturer and other third party sources. The information may not be valid under
all conditions nor if this material is used in combination with other materials or in any
process. Final determination of suitability of any material is the sole responsibility of
the user.

**END OF MSDS***
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HALLIBURTON

SAFETY DATA SHEET

CAUSTIC SODA

Revision Date: 22-Jan-2016 Revision Number: 32

1. Product Identifier & ldentity for the Chemical

Statement of Hazardous Nature Hazardous according to the criteria of the 3rd Revised Edition of the Globally Harmonised
System of Classification and Labelling of Chemicals (GHS), Dangerous Goods according to
the criteria of ADG.

1.1. Product Identifier

Product Name CAUSTIC SODA
Other means of Identification

Synonyms: None

Product Code: HMO003599
Recommended use of the chemical and restrictions on use
Recommended Use pH Control

Uses Advised Against No information available

Supplier's name, address and phone number
Manufacturer/Supplier Halliburton/Baroid Australia Pty. Ltd.
15 Marriott Road
Jandakot
WA 6164
Australia

ACN Number: 009 000 775
Telephone Number: 61 (08) 9455 8300
Fax Number: 61 (08) 9455 5300

Product Emergency Telephone
Australia: + 61 1 800 686 951
Papua New Guinea: + 61 1 800 686 951
NewZealand: +64 800 451719

Fire, Police & Ambulance - Emergency Telephone
Australia: 000
Papua New Guinea: 000
New Zealand: 111
E-Mail address: fdunexchem@halliburton.com

Emergency phone number
+ 61 1 800 686 951

Australian Poisons Information Centre

24 Hour Service: -131126
Police or Fire Brigade: - 000 (exchange): - 1100
2. Hazard Identification
Statement of Hazardous Nature Hazardous according to the criteria of the 3rd Revised Edition of the Globally Harmonised

System of Classification and Labelling of Chemicals (GHS), Dangerous Goods according to
the criteria of ADG.
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CAUSTIC SODA

Revision Date: 22-Jan-2016

Classification of the hazardous chemical

Skin Corrosion / irritation

Category 1 - H314

Serious Eye Damage / Eye lIrritation

Category 1 - H318

Specific Target Organ Toxicity - (Single Exposure) Category 3 - H335

Substances/mixtures corrosive to metal. Category 1 - H290

Label elements, including precautionary statements

Hazard Pictograms

iy

Signal Word

Hazard Statements

Precautionary Statements

Prevention

Response

Storage

Disposal

Contains
Substances
Sodium hydroxide

Danger

H290 - May be corrosive to metals

H314 - Causes severe skin burns and eye damage
H318 - Causes serious eye damage

H335 - May cause respiratory irritation

P234 - Keep only in original container

P260 - Do not breathe dust/fume/gas/mist/vapors/spray

P264 - Wash face, hands and any exposed skin thoroughly after handling
P271 - Use only outdoors or in a well-ventilated area

P280 - Wear protective gloves/eye protection/face protection

P301 + P330 + P331 - IF SWALLOWED: rinse mouth. Do NOT induce vomiting

P303 + P361 + P353 - IF ON SKIN (or hair): Take off immediately all contaminated clothing.
Rinse skin with water/shower

P363 - Wash contaminated clothing before reuse

P304 + P340 - IF INHALED: Remove to fresh air and keep at rest in a position comfortable
for breathing

P310 - Immediately call a POISON CENTER or doctor/physician

P305 + P351 + P338 - IF IN EYES: Rinse cautiously with water for several minutes.
Remove contact lenses, if present and easy to do. Continue rinsing

P390 - Absorb spillage to prevent material damage

P403 + P233 - Store in a well-ventilated place. Keep container tightly closed
P405 - Store locked up
P406 - Store in corrosive resistant container with a resistant inner liner.

P501 - Dispose of contents/container in accordance with

local/regional/national/international regulations

CAS Number
1310-73-2

Other hazards which do not result in classification

This substance is not considered to be persistent, bioaccumulating nor toxic (PBT).
This substance is not considered to be very persistent nor very bioaccumulating (vPvB).

Australia Classification

For the full text of the H-phrases mentioned in this Section, see Section 16

Classification

C - Corrosive.
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CAUSTIC SODA Revision Date: 22-Jan-2016

Risk Phrases R35 Causes severe burns.
R37 Irritating to respiratory system.

3. Composition/information on Ingredients

Substances CAS Number PERCENT (w/w) GHS Classification -
Australia
Sodium hydroxide 1310-73-2 60 - 100% Skin Corr. 1A (H314)

Eye Corr. 1 (H318)
STOT SE 3 (H335)
Met. Corr. 1 (H290)

4. First aid measures

Description of necessary first aid measures

Inhalation If inhaled, move victim to fresh air and seek medical attention.

Eyes Immediately flush eyes with large amounts of water for at least 30 minutes. Seek
prompt medical attention.

Skin In case of contact, immediately flush skin with plenty of soap and water for at least

30 minutes and remove contaminated clothing, shoes and leather goods
immediately. Get medical attention immediately.

Ingestion Do NOT induce vomiting. Give nothing by mouth. Obtain immediate medical
attention.

Symptoms caused by exposure
Causes severe skin irritation with tissue destruction. Causes severe eye irritation which may damage tissue. May
cause respiratory irritation.

Medical Attention and Special Treatment
Notes to Physician Treat symptomatically

5. Fire Fighting Measures

Suitable extinguishing equipment

Suitable Extinguishing Media

All standard fire fighting media

Extinguishing media which must not be used for safety reasons
None known.

Specific hazards arising from the chemical
Special Exposure Hazards
May form explosive mixtures with strong acids. Reaction with steel and certain other metals generates flammable hydrogen gas.

Special protective equipment and precautions for fire fighters
Special Protective Equipment for Fire-Fighters
Full protective clothing and approved self-contained breathing apparatus required for fire fighting personnel.

6. Accidental release measures

6.1. Personal precautions, protective equipment and emergency procedures
Use appropriate protective equipment. Avoid contact with skin, eyes and clothing. Avoid creating and breathing dust. Ensure
adequate ventilation.

6.2. Environmental precautions
Prevent from entering sewers, waterways, or low areas. Consult local authorities.
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CAUSTIC SODA Revision Date: 22-Jan-2016

6.3. Methods and material for containment and cleaning up
Neutralize to pH of 6-8. Scoop up and remove.

7. Handling and storage

7.1. Precautions for Safe Handling

Handling Precautions

Avoid contact with eyes, skin, or clothing. Avoid creating or inhaling dust. Ensure adequate ventilation. Launder contaminated
clothing before reuse. Use appropriate protective equipment.

Hygiene Measures

Handle in accordance with good industrial hygiene and safety practice.

7.2. Conditions for safe storage, including any incompatibilities
Storage Information

Store away from acids. Store in a cool, dry location. Store locked up.
Other Guidelines

No information available

8. Exposure Controls/Personal Protection

Control parameters - exposure standards, biological monitoring
Exposure Limits

Substances CAS Number Australia NOHSC ACGIH TLV-TWA

Sodium hydroxide 1310-73-2 2 mg/m3 2 mg/M3

Appropriate engineering controls
Engineering Controls Use in a well ventilated area. Localized ventilation should be used to control dust levels.

Personal protective equipment (PPE)

Personal Protective Equipment If engineering controls and work practices cannot prevent excessive exposures, the
selection and proper use of personal protective equipment should be determined by an
industrial hygienist or other qualified professional based on the specific application of this
product.

Respiratory Protection Wear a NIOSH certified, European Standard EN 149 (FFP2/FFP3), AS/NZS 1715, or
equivalent respirator when using this product.

Hand Protection Chemical-resistant protective gloves (EN 374) Suitable materials for longer, direct contact
(recommended: protection index 6, corresponding to > 480 minutes permeation time as per

EN 374): Nitrile gloves. Butyl rubber gloves. (>= 0.7 mm thickness)
This information is based on literature references and on information provided by glove
manufacturers, or is derived by analogy with similar substances. Please note that in

Skin Protection
Eye Protection
Other Precautions

practice the working life of chemical-resistant protective gloves may be considerably shorter
than the permeation time determined in accordance with EN 374 as a result of the many
influencing factors (e.g. temperature). If signs of wear and tear are noticed then the gloves
should be replaced. Manufacturer's directions for use should be observed because of great
diversity of types.

Full protective chemical resistant clothing. Rubber boots

Chemical goggles; also wear a face shield if splashing hazard exists.

Eyewash fountains and safety showers must be easily accessible.

Environmental Exposure Controls Do not allow material to contaminate ground water system

9. Physical and Chemical Properties

9.1. Information on basic physical and chemical properties

Physical State:  Solid
Odor: Odorless

Property
Remarks/ - Method

Color: White to off white
Odor Threshold: No information available

Values
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CAUSTIC SODA

Revision Date: 22-Jan-2016

pH:

Freezing Point/Range
Melting Point/Range

Boiling Point/Range

Flash Point

Evaporation rate

Vapor Pressure

Vapor Density

Specific Gravity

Water Solubility

Solubility in other solvents
Partition coefficient: n-octanol/water
Autoignition Temperature
Decomposition Temperature
Viscosity

Explosive Properties
Oxidizing Properties

9.2. Other information
Molecular Weight
VOC Content (%)

14
No data available
No data available

1390 °C / 2535 °F

No data available
No data available
No data available
No data available
2.13

Soluble in water
No data available
No data available
No data available
No data available
No data available

No information available
No information available

40
No data available

10. Stability and Reactivity

10.1. Reactivity
Not expected to be reactive.

10.2. Chemical Stability
Stable
10.3. Possibility of Hazardous Reacti

ons

Will Not Occur

10.4. Conditions to Avoid
None anticipated

10.5. Incompatible Materials

Contact with acids. Peroxides. Halogenated compounds. Prolonged contact with aluminum, lead, or zinc may liberate flammable

hydrogen.

10.6. Hazardous Decomposition Products

None known.

11. Toxicological Information

Information on routes of exposure
Principle Route of Exposure

Symptoms related to exposure

Eye or skin contact, inhalation.

Most Important Symptoms/Effects
Causes severe skin irritation with tissue destruction. Causes severe eye irritation which may damage tissue. May

cause respiratory irritation.

Numerical measures of toxicity

Toxicology data for the components

Substances CAS Number

LD50 Oral

LD50

Dermal LC50 Inhalation

1310-73-2

Sodium hydroxide

No data available

1350 mg/kg (Rabbit)

No data available

Immediate, delayed and chronic health effects from exposure

Inhalation
Eye Contact
Skin Contact
Ingestion

Causes severe respiratory irritation.
Causes severe eye irritation which may damage tissue.

Causes severe burns.

Causes burns of the mouth, throat and stomach.

Chronic Effects/Carcinogenicity No data available to indicate product or components present at greater than 0.1%
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Revision Date: 22-Jan-2016

Exposure Levels
No data available

Interactive effects

Skin disorders.

Data limitations
No data available

are chronic health hazards.

Substances CAS Number [Skin corrosion/irritation

Sodium hydroxide 1310-73-2 Causes severe burns

Substances CAS Number [Eye damage/irritation

Sodium hydroxide 1310-73-2 Causes severe eye burns (Rabbit)

Substances CAS Number |Skin Sensitization

Sodium hydroxide 1310-73-2 Did not cause sensitization on laboratory animals (guinea pig)

Substances CAS Number |Respiratory Sensitization

Sodium hydroxide 1310-73-2 No information available

Substances CAS Number [Mutagenic Effects

Sodium hydroxide 1310-73-2 Did not show mutagenic effects in animal experiments In vitro tests did not show mutagenic effects.

Substances CAS Number [Carcinogenic Effects

Sodium hydroxide 1310-73-2 No data of sufficient quality are available.

Substances CAS Number |Reproductive toxicity

Sodium hydroxide 1310-73-2 No information available

Substances CAS Number [STOT - single exposure

Sodium hydroxide 1310-73-2 May cause respiratory irritation.

Substances CAS Number [STOT - repeated exposure

Sodium hydroxide 1310-73-2 No significant toxicity observed in animal studies at concentration requiring classification. Not
applicable due to corrosivity of the substance.

Substances CAS Number [Aspiration hazard

Sodium hydroxide 1310-73-2 Not applicable

12. Ecological Information

Ecotoxicity

Product Ecotoxicity Data

No data available

Substance Ecotoxicity Data

Substances CAS Number Toxicity to Algae Toxicity to Fish Toxicity to Toxicity to Invertebrates
Microorganisms
Sodium hydroxide 1310-73-2 No information available | LC50 (96h) 125 mg/L | No information available | EC50 (48h) 40.4 mg/L

(Gambusia affinis)
LC50 (48h) 189 mg/L
(Leuciscus melanotus)
LC50 (24h) 145 mg/L

(Poecilia reticulate)

(Ceriodaphnia sp.)

12.2. Persistence and degradability

Substances

CAS Number Persistence and Degradability

Sodium hydroxide

1310-73-2 The methods for determining biodegradability are
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| Inot applicable to inorganic substances.

12.3. Bioaccumulative potential

Substances CAS Number Log Pow

Sodium hydroxide 1310-73-2 No information available

12.4. Mobility in soil

Substances CAS Number Mobility

Sodium hydroxide 1310-73-2 No information available

12.6. Other adverse effects
Endocrine Disruptor Information
This product does not contain any known or suspected endocrine disruptors

13. Disposal Considerations

Safe handling and disposal methods
Disposal should be made in accordance with federal, state, and local regulations.

Disposal of any contaminated packaging

Follow all applicable national or local regulations. Contaminated packaging may be disposed of by: rendering packaging incapable
of containing any substance, or treating packaging to remove residual contents, or treating packaging to make sure the residual
contents are no longer hazardous, or by disposing of packaging into commercial waste collection.

Environmental regulations
Not applicable

14. Transport Information

Transportation Information

UN Number: UN1823

UN Proper Shipping Name: Sodium Hydroxide, Solid
Transport Hazard Class(es): 8

Packing Group: Il

Environmental Hazards: Not applicable

Special precautions during transport
None

HazChem Code
2R

15. Regulatory Information

Safety, health and environmental regulations specific for the product

International Inventories

Australian AICS Inventory All components are listed on the AICS or are subject to a relevant exemption, permit, or
assessment certificate.

New Zealand Inventory of All components are listed on the AICS or are subject to a relevant exemption, permit, or

Chemicals assessment certificate.

EINECS Inventory This product, and all its components, complies with EINECS

US TSCA Inventory All components listed on inventory or are exempt.

Canadian DSL Inventory All components listed on inventory or are exempt.

Poisons Schedule number
None Allocated
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International Agreements

Montreal Protocol - Ozone Depleting Substances: Does not apply
Stolkhom Convention - Persistent Organic Pollutants: Does not apply
Rotterdam Convention - Prior Informed Consent: Does not apply
Basel Convention - Hazardous Waste: Does not apply

16. Other information

Date of preparation or review

Revision Date: 22-Jan-2016

Revision Note
SDS sections updated: 2

Full text of R-phrases referred to under Sections 2 and 3
R35 Causes severe burns.
R37 Irritating to respiratory system.

Full text of H-Statements referred to under sections 2 and 3
H290 - May be corrosive to metals

H314 - Causes severe skin burns and eye damage

H318 - Causes serious eye damage

H335 - May cause respiratory irritation

Additional information For additional information on the use of this product, contact your local Halliburton
representative.

For questions about the Safety Data Sheet for this or other Halliburton products, contact
Chemical Stewardship at 1-580-251-4335.

Key abreviations or acronyms used

bw — body weight

CAS - Chemical Abstracts Service

EC50 - Effective Concentration 50%

LC50 — Lethal Concentration 50%

LD50 — Lethal Dose 50%

LL50 — Lethal Loading 50%

mg/kg — milligram/kilogram

mg/L — milligram/liter

NOEC — No Observed Effect Concentration
OEL — Occupational Exposure Limit

PBT — Persistent Bioaccumulative and Toxic
ppm — parts per million

STEL — Short Term Exposure Limit

TWA - Time-Weighted Average

vPVvB — very Persistent and very Bioaccumulative
h - hour

mg/m? - milligram/cubic meter

mm - millimeter

mmHg - millimeter mercury

w/w - weight/weight

d - day

Key literature references and sources for data
www.ChemADVISOR.com/
Nz CCID

Disclaimer Statement
This information is furnished without warranty, expressed or implied, as to accuracy or completeness. The information is obtained

Page 8/9



CAUSTIC SODA Revision Date: 22-Jan-2016

from various sources including the manufacturer and other third party sources. The information may not be valid under all
conditions nor if this material is used in combination with other materials or in any process. Final determination of suitability of any
material is the sole responsibility of the user.

End of Safety Data Sheet
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HALLIBURTON

SAFETY DATA SHEET

DEXTRID® LTE

Revision Date: 24-Nov-2015

Revision Number: 24

1. Product Identifier & ldentity for the Chemical

Statement of Hazardous Nature Hazardous according to the criteria of the 3rd Revised Edition of the Globally Harmonised
System of Classification and Labelling of Chemicals (GHS), Non-Dangerous Goods

according to the criteria of ADG.

1.1. Product Identifier
Product Name

DEXTRID® LTE

Other means of Identification
Synonyms: None
Product Code: HM003615

Recommended use of the chemical and restrictions on use
Recommended Use Fluid Loss Additive

Uses Advised Against No information available
Supplier's name, address and phone number
Manufacturer/Supplier Halliburton Australia Pty. Ltd.

15 Marriott Road

Jandakot

WA 6164

Australia

ACN Number: 009 000 775
Telephone Number: + 61 1 800 686 951
Fax Number: 61 (08) 9455 5300
E-Mail address: fdunexchem@halliburton.com
Emergency phone number
+ 61 1 800 686 951

Australian Poisons Information Centre

24 Hour Service: -131126
Police or Fire Brigade: - 000 (exchange): - 1100
2. Hazard Identification
Statement of Hazardous Nature Hazardous according to the criteria of the 3rd Revised Edition of the Globally Harmonised

System of Classification and Labelling of Chemicals (GHS), Non-Dangerous Goods

according to the criteria of ADG.

Classification of the hazardous chemical

IAcute Aquatic Toxicity

Acute 3 - H402

Chronic Aquatic Toxicity

Chronic 3 - H412

Label elements, including precautionary statements

Hazard Pictograms

Page 1/8




DEXTRID® LTE

Revision Date:

24-Nov-2015

Signal Word

Hazard Statements

Precautionary Statements
Prevention

Response

Storage

Disposal

Contains
Substances

Tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione

None

H402 - Harmful to aquatic life

H412 - Harmful to aquatic life with long lasting effects

P273 - Avoid release to the environment

None

None

P501 - Dispose of contents/container in accordance with
local/regional/national/international regulations

CAS Number
533-74-4

Other hazards which do not result in classification

This substance is not considered to be persistent, bioaccumulating nor toxic (PBT).

This substance is not considered to be very persistent nor very bioaccumulating (vPvB).

Australia Classification

For the full text of the H-phrases mentioned in this Section, see Section 16

Classification
Risk Phrases

None

R52/53 Harmful to aquatic organisms, may cause long-term adverse effects in

the aquatic environment.

3. Composition/information on Ingredients

Substances CAS Number PERCENT (w/w) GHS Classification -
Australia
Tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione 533-74-4 0.1-1% Acute Tox. 4 (H302)

Eye Irrit. 2 (H319)

STOT SE 3 (H336)
STOT RE 2 (H373)
Aquatic Acute 1 (H400)
IAquatic Chronic 1 (H410)

4. First aid measures

Description of necessary first aid measures

Inhalation
Eyes

Skin
Ingestion

Symptoms caused by exposure

If inhaled, remove from area to fresh air. Get medical attention if respiratory
irritation develops or if breathing becomes difficult.
In case of contact, immediately flush eyes with plenty of water for at least 15
minutes and get medical attention if irritation persists.
Wash with soap and water. Get medical attention if irritation persists.

Do NOT induce vomiting. Give nothing by mouth. Obtain immediate medical

attention.

May cause mild eye, skin, and respiratory irritation.

Medical Attention and Special Treatment
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Notes to Physician Treat symptomatically

5. Fire Fighting Measures

Suitable extinguishing equipment

Suitable Extinguishing Media

Water fog, carbon dioxide, foam, dry chemical.

Extinguishing media which must not be used for safety reasons
None known.

Specific hazards arising from the chemical

Special Exposure Hazards

Organic dust in the presence of an ignition source can be explosive in high concentrations. Good housekeeping practices are
required to minimize this potential. Decomposition in fire may produce harmful gases.

Special protective equipment and precautions for fire fighters
Special Protective Equipment for Fire-Fighters
Full protective clothing and approved self-contained breathing apparatus required for fire fighting personnel.

6. Accidental release measures

6.1. Personal precautions, protective equipment and emergency procedures
Use appropriate protective equipment. Avoid contact with skin, eyes and clothing. Avoid creating and breathing dust. Ensure
adequate ventilation.

6.2. Environmental precautions
Prevent from entering sewers, waterways, or low areas.

6.3. Methods and material for containment and cleaning up
Scoop up and remove.

7. Handling and storage

7.1. Precautions for Safe Handling

Handling Precautions

Avoid contact with eyes, skin, or clothing. Avoid creating or inhaling dust. Avoid dust accumulations. Ensure adequate ventilation.
Wash hands after use. Launder contaminated clothing before reuse. Use appropriate protective equipment.

Hygiene Measures

Handle in accordance with good industrial hygiene and safety practice.

7.2. Conditions for safe storage, including any incompatibilities

Storage Information

Store away from oxidizers. Store in a cool, dry location. Product has a shelf life of 12 months.
Other Guidelines

No information available

8. Exposure Controls/Personal Protection

Control parameters - exposure standards, biological monitoring
Exposure Limits

Substances CAS Number Australia NOHSC ACGIH TLV-TWA

Tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione [533-74-4 Not applicable Not applicable

Appropriate engineering controls
Engineering Controls Use in a well ventilated area.

Personal protective equipment (PPE)
Respiratory Protection If engineering controls and work practices cannot keep exposure below occupational
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exposure limits or if exposure is unknown, wear a NIOSH certified, European Standard EN
149, AS/NZS 1715:2009, or equivalent respirator when using this product. Selection of and
instruction on using all personal protective equipment, including respirators, should be
performed by an Industrial Hygienist or other qualified professional.

Hand Protection Use gloves which are suitable for the chemicals present in this product as well as other

environmental factors in the workplace.

Wear impervious protective clothing, including boots, gloves, lab coat, apron, rain jacket,

pants or coverall, as appropriate, to prevent skin contact.

Eye Protection Wear safety glasses or goggles to protect against exposure.

Other Precautions None known.

Environmental Exposure Controls Do not allow material to contaminate ground water system

Skin Protection

9. Physical and Chemical Properties

9.1. Information on basic physical and chemical properties

Physical State: ~ Powder Color: White to off white

Odor: Musty Odor Threshold: No information available
Property Values

Remarks/ - Method

pH: 10

Freezing Point/Range
Melting Point/Range
Boiling Point/Range

Flash Point

Evaporation rate

Vapor Pressure

Vapor Density

Specific Gravity

Water Solubility

Solubility in other solvents
Partition coefficient: n-octanol/water
Autoignition Temperature

No data available
No data available
No data available
No data available
No data available
No data available
No data available
1.5

Soluble in water
No data available
No data available
No data available

No data available
No data available
No information available
No information available

Decomposition Temperature
Viscosity

Explosive Properties
Oxidizing Properties

9.2. Other information
VOC Content (%)

No data available

10. Stability and Reactivity

10.1. Reactivity
Not expected to be reactive.

10.2. Chemical Stability

Stable

10.3. Possibility of Hazardous Reactions

Will Not Occur

10.4. Conditions to Avoid

Keep away from heat, sparks and flame.

10.5. Incompatible Materials

Strong oxidizers.

10.6. Hazardous Decomposition Products

Oxides of sulfur. Carbon monoxide and carbon dioxide.

11. Toxicological Information

Information on routes of exposure
Principle Route of Exposure

Eye or skin contact, inhalation.
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Symptoms related to exposure

Most Important Symptoms/Effects
May cause mild eye, skin, and respiratory irritation.

Numerical measures of toxicity

Toxicology data for the components

Substances

CAS Number

LD50 Oral LD50 Dermal LC50 Inhalation

Tetrahydro-3,5-dimethyl-
1,3,5-thiadiazine-2-thione

533-74-4

320 mg/kg (Rat) 2260 mg/kg (Rat)

7 g/kg (Rabbit)

1.7 mg/L (Rat) 1h
8.4 mg/L (Rat) 4h
7.29 mg/L (Rat) 4h

Immediate, delayed and chronic health effects from exposure

Inhalation
Eye Contact
Skin Contact
Ingestion

May cause mild respiratory irritation.

May cause mild eye irritation.

May cause mild skin irritation.

May cause abdominal pain, vomiting, nausea, and diarrhea.

Chronic Effects/Carcinogenicity No data available to indicate product or components present at greater than 0.1%

Exposure Levels
No data available

Interactive effects
None known.

Data limitations
No data available

are chronic health hazards.

5-thiadiazine-2-thione

Substances CAS Number [Skin corrosion/irritation

Tetrahydro-3,5-dimethyl-1,3, [533-74-4 No data of sufficient quality are available.

5-thiadiazine-2-thione

Substances CAS Number |Eye damage/irritation

Tetrahydro-3,5-dimethyl-1,3, [533-74-4 Eye, rabbit: Causes mild eye irritation.

5-thiadiazine-2-thione

Substances CAS Number [Skin Sensitization

Tetrahydro-3,5-dimethyl-1,3, [533-74-4 No data of sufficient quality are available.

5-thiadiazine-2-thione

Substances CAS Number |Respiratory Sensitization

Tetrahydro-3,5-dimethyl-1,3, [533-74-4 No information available

5-thiadiazine-2-thione

Substances CAS Number |Mutagenic Effects

Tetrahydro-3,5-dimethyl-1,3, [533-74-4 In vivo tests did not show mutagenic effects. In vitro tests did not show mutagenic effects
5-thiadiazine-2-thione

Substances CAS Number |Carcinogenic Effects

Tetrahydro-3,5-dimethyl-1,3, [533-74-4 Did not show carcinogenic effects in animal experiments
5-thiadiazine-2-thione

Substances CAS Number |Reproductive toxicity

Tetrahydro-3,5-dimethyl-1,3, [533-74-4 \When tested at maternally toxic doses, no adverse effects on fertility, teratogenicity, or development
5-thiadiazine-2-thione \were observed.

Substances CAS Number |STOT - single exposure

Tetrahydro-3,5-dimethyl-1,3, [533-74-4 May cause disorder and damage to the Central Nervous System (CNS)
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Substances CAS Number |STOT - repeated exposure

Tetrahydro-3,5-dimethyl-1,3, [533-74-4 Causes damage to organs through prolonged or repeated exposure: (Liver) (Kidney)
5-thiadiazine-2-thione

Substances CAS Number |Aspiration hazard

Tetrahydro-3,5-dimethyl-1,3, [533-74-4 Not applicable

5-thiadiazine-2-thione

12. Ecological Information

Ecotoxicity

Product Ecotoxicity Data

No data available

Substance Ecotoxicity Data

Substances

CAS Number

Toxicity to Algae

Toxicity to Fish

Toxicity to Toxicity to Invertebrates

Microorganisms

yl-1,3,5-thiadiazine-2-t
hione

Tetrahydro-3,5-dimeth |533-74-4

EC50 (72h) 1.08 mg/L
(Ankistrodermus braunii)
EC50 (5d) 0.038 mg/L

(Marine diatom)

LC50 (96h) 0.16 mg/L
(Oncorhynchus mykiss)
NOEC (28d) 0.005
(Salmo gairdneri)

No information available | EC50 (48h) 0.3 mg/L
(Daphnia magna)
NOEC (21d) 15,600 mg/L

(Daphnia magna)

12.2. Persistence and degradability

Substances

CAS Number

Persistence and Degradability

Tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione [533-74-4

Readily biodegradable BOD: 4% @ 28d

12.3. Bioaccumulative potential

Substances

CAS Number

Log Pow

Tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione [533-74-4

0.163

12.4. Mobility in soil

Substances

CAS Number

Mobility

Tetrahydro-3,5-dimethyl-1,3,5-thiadiazine-2-thione

533-74-4

No information available

12.6. Other adverse effects

Endocrine Disruptor Information

This product does not contain any known or suspected endocrine disruptors

13. Disposal Considerations

Safe handling and disposal methods

Bury in a licensed landfill according to federal, state, and local regulations.

Disposal of any contaminated packaging
Follow all applicable national or local regulations.

Environmental regulations
Not applicable

14. Transport Information

Transportation Information
UN Number:

UN Proper Shipping Name:
Transport Hazard Class(es):
Packing Group:

Not restricted
Not restricted
Not applicable
Not applicable
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Environmental Hazards:

Not applicable

Special precautions during transport

None

HazChem Code
None Allocated

15. Regulatory Information

Safety, health and environmental regulations specific for the product

International Inventories
Australian AICS Inventory

New Zealand Inventory of
Chemicals

EINECS Inventory

US TSCA Inventory
Canadian DSL Inventory

Poisons Schedule number
None Allocated

International Agreements

All components are listed on the AICS or are subject to a relevant exemption, permit, or
assessment certificate.

All components are listed on the AICS or are subject to a relevant exemption, permit, or
assessment certificate.

This product, and all its components, complies with EINECS

All components listed on inventory or are exempt.

All components listed on inventory or are exempt.

Montreal Protocol - Ozone Depleting Substances: Does not apply
Stolkhom Convention - Persistent Organic Pollutants: Does not apply
Rotterdam Convention - Prior Informed Consent: Does not apply
Basel Convention - Hazardous Waste: Does not apply

16. Other information

Date of preparation or review

Revision Date:

Revision Note
SDS sections updated: 2

24-Nov-2015

Full text of R-phrases referred to under Sections 2 and 3

None

Full text of H-Statements referred to under sections 2 and 3

H302 - Harmful if swallowed
H319 - Causes serious eye irritation

H336 - May cause drowsiness or dizziness
H373 - May cause damage to organs through prolonged or repeated exposure

H400 - Very toxic to aquatic life

H410 - Very toxic to aquatic life with long lasting effects
H412 - Harmful to aquatic life with long lasting effects

Additional information

Key abreviations or acronyms used

For additional information on the use of this product, contact your local Halliburton
representative.

For questions about the Safety Data Sheet for this or other Halliburton products, contact
Chemical Stewardship at 1-580-251-4335.

bw — body weight
CAS — Chemical Abstracts Service
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EC50 — Effective Concentration 50%

LC50 — Lethal Concentration 50%

LD50 — Lethal Dose 50%

LL50 — Lethal Loading 50%

mg/kg — milligram/kilogram

mg/L — milligram/liter

NOEC — No Observed Effect Concentration
OEL - Occupational Exposure Limit

PBT — Persistent Bioaccumulative and Toxic
ppm — parts per million

STEL — Short Term Exposure Limit

TWA — Time-Weighted Average

vPVvB — very Persistent and very Bioaccumulative
h - hour

mg/m? - milligram/cubic meter

mm - millimeter

mmHg - millimeter mercury

w/w - weight/weight

d - day

Key literature references and sources for data
www.ChemADVISOR.com/

Disclaimer Statement

This information is furnished without warranty, expressed or implied, as to accuracy or completeness. The information is obtained
from various sources including the manufacturer and other third party sources. The information may not be valid under all
conditions nor if this material is used in combination with other materials or in any process. Final determination of suitability of any
material is the sole responsibility of the user.

End of Safety Data Sheet
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HALLIBURTON

MATERIAL SAFETY DATA SHEET

Product Trade Name:

Revision Date:

DIAMOND SEAL
03-Aug-2012

1. IDENTIFICATION OF THE SUBSTANCE/PREPARATION AND OF THE
COMPANY/UNDERTAKING

Statement of Hazardous Nature

Manufacturer/Supplier

Non-Hazardous according to the criteria of NOHSC, Non-Dangerous Goods

according to the criteria of ADG.

Halliburton/Baroid Australia Pty. Ltd.
15 Marriott Road

Jandakot

WA 6164

Australia

ACN Number: 009 000 775
Telephone Number: 61 (08) 9455 8300
Fax Number: 61 (08) 9455 5300

Product Emergency Telephone
Australia: 08-64244950

Papua New Guinea: 05 1 281 575 5000
New Zealand: 06-7559274

Fire, Police & Ambulance - Emergency Telephone
Australia: 000

Papua New Guinea: 000

New Zealand: 111

Identification of Substances or Preparation

Product Trade Name:
Synonyms:

Chemical Family:

UN Number:

Dangerous Goods Class:
Subsidiary Risk:
Hazchem Code:

Poisons Schedule:
Application:

Prepared By

DIAMOND SEAL

None

Polymer

None

None

None

None Allocated

None Allocated

Loss Circulation Material

Chemical Compliance
Telephone: 1-580-251-4335
e-mail: fdunexchem@halliburton.com

2. COMPOSITION/INFORMATION ON INGREDIENTS

Substances CAS Number PERCENT Australia New Zealand ACGIH TLV-TWA
NOHSC WES
Contains no hazardous Mixture 60 - 100% Not applicable Not applicable Not applicable
substances
DIAMOND SEAL
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Non-Hazardous Substance to Total of 100%

3. HAZARDS IDENTIFICATION

Hazard Overview May cause eye irritation.
Risk Phrases None
HSNO Classification Non-hazardous

4. FIRST AID MEASURES

Inhalation If inhaled, remove from area to fresh air. Get medical attention if respiratory irritation
develops or if breathing becomes difficult.

Skin Wash with soap and water. Get medical attention if irritation persists.

Eyes In case of contact, immediately flush eyes with plenty of water for at least 15 minutes

and get medical attention if irritation persists.
Ingestion Under normal conditions, first aid procedures are not required.

Notes to Physician Not Applicable

5. FIRE FIGHTING MEASURES

Suitable Extinguishing Media Carbon dioxide, dry chemical, foam.

Extinguishing media which must None known.
not be used for safety reasons

Special Exposure Hazards Decomposition in fire may produce toxic gases. Organic dust in the presence of an
ignition source can be explosive in high concentrations. Good housekeeping
practices are required to minimize this potential.

Special Protective Equipment for Full protective clothing and approved self-contained breathing apparatus required for
Fire-Fighters fire fighting personnel.

6. ACCIDENTAL RELEASE MEASURES

Personal Precautionary Measures Use appropriate protective equipment. Avoid creating and breathing dust. Slippery

when wet.
Environmental Precautionary None known.
Measures
Procedure for Cleaning / Scoop up and remove.
Absorption

7. HANDLING AND STORAGE

Handling Precautions Avoid creating or inhaling dust. Wash hands after use. Slippery when wet.
Storage Information Store away from oxidizers. Store in a dry location.
DIAMOND SEAL
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8. EXPOSURE CONTROLS/PERSONAL PROTECTION

Engineering Controls

Personal Protective Equipment

Respiratory Protection

Hand Protection

Skin Protection

Eye Protection

Other Precautions

A well ventilated area to control dust levels.

If engineering controls and work practices cannot prevent excessive exposures, the
selection and proper use of personal protective equipment should be determined by
an industrial hygienist or other qualified professional based on the specific
application of this product.

Not normally needed. But if significant exposures are possible then the following
respirator is recommended:
Dust/mist respirator. (N95, P2/P3)

Normal work gloves.
Normal work coveralls.
Wear safety glasses or goggles to protect against exposure.

None known.

9. PHYSICAL AND CHEMICAL PROPERTIES

Physical State:

Color:

Odor:

pH:

Specific Gravity @ 20 C (Water=1):
Density @ 20 C (kg/l):

Bulk Density @ 20 C (kg/m?3):

Boiling Point/Range (C):

Freezing Point/Range (C):

Pour Point/Range (C):

Flash Point/Range (C):

Flash Point Method:

Autoignition Temperature (C):
Flammability Limits in Air - Lower (g/m3):
Flammability Limits in Air - Lower (%):
Flammability Limits in Air - Upper (g/m?3):
Flammability Limits in Air - Upper (%):
Vapor Pressure @ 20 C (mmHg):

Vapor Density (Air=1):

Percent Volatiles:

Evaporation Rate (Butyl Acetate=1):
Solubility in Water (g/100ml):

Solubility in Solvents (g/100ml):

VOCs (g/l):

Viscosity, Dynamic @ 20 C (centipoise):

Viscosity, Kinematic @ 20 C (centistokes):

Partition Coefficient/n-Octanol/Water:
Molecular Weight (g/mole):
Decomposition Temperature (C):

Solid

White

Odorless

4-11

0.65-0.85

Not Determined
Not Determined
Not Determined
Not Determined
Not Determined
Not Determined
Not Determined
Not Determined
Not Determined
Not Determined
Not Determined
Not Determined
Not Determined
Not Determined
Not Determined
Not Determined
Insoluble

Not Determined
Not Determined
Not Determined
Not Determined
Not Determined
Not Determined
Not Determined

10. STABILITY AND REACTIVITY

Stability Data: Stable
Hazardous Polymerization: Will Not Occur
Conditions to Avoid None known.

DIAMOND SEAL
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Incompatibility (Materials to Strong oxidizers.

Avoid)

Hazardous Decomposition Oxides of nitrogen. Ammonia. Hydrocarbons. Carbon monoxide and carbon dioxide.
Products In the event of oxygen depletion, hydrocyanic acid can be formed.

Additional Guidelines Not Applicable

11. TOXICOLOGICAL INFORMATION

Principle Route of Exposure Eye or skin contact, inhalation.

Sympotoms related to exposure

Inhalation May cause mild respiratory irritation.
Skin Contact None known.

Eye Contact May cause eye irritation.

Ingestion None known

Aggravated Medical Conditions None known.

Chronic Effects/Carcinogenicity No data available to indicate product or components present at greater than 1% are
chronic health hazards.

Other Information None known.

Toxicity Tests
Oral Toxicity: LD50: > 5000 mg/kg (Rat)
Dermal Toxicity: LD50: > 2000 mg/kg (Rabbit)
Inhalation Toxicity: Not determined
Primary Irritation Effect: Not determined
Carcinogenicity Not determined
Genotoxicity: Not determined
Reproductive / Not determined

Developmental Toxicity:

12. ECOLOGICAL INFORMATION

Mobility (Water/Soil/Air) Not determined
Persistence/Degradability Not readily biodegradable.
Bio-accumulation Not determined

Ecotoxicological Information

Acute Fish Toxicity: Not determined
Acute Crustaceans Toxicity:Not determined
Acute Algae Toxicity: Not determined
Chemical Fate Information Not determined

DIAMOND SEAL
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Other Information Not applicable

13. DISPOSAL CONSIDERATIONS

Disposal Method Bury in a licensed landfill according to federal, state, and local regulations.

Contaminated Packaging Follow all applicable national or local regulations.

14. TRANSPORT INFORMATION

Land Transportation

ADR
Not restricted

Air Transportation

ICAO/IATA
Not restricted

Sea Transportation

IMDG
Not restricted

Other Transportation Information

Labels: None

5. REGULATORY INFORMATION

Chemical Inventories

Australian AICS Inventory All components listed on inventory or are exempt.
New Zealand Inventory of All components listed on inventory or are exempt.
Chemicals

US TSCA Inventory All components listed on inventory or are exempt.
EINECS Inventory This product does not comply with EINECS
Classification Not Classified

Risk Phrases None

Safety Phrases None

16. OTHER INFORMATION

The following sections have been revised since the last issue of this SDS
Not applicable

DIAMOND SEAL
Page 5 of 6



Contact

Australian Poisons Information Centre

24 Hour Service: -13 1126

Police or Fire Brigade: - 000 (exchange): - 1100

New Zealand National Poisons Centre

0800 764 766

Additional Information

Disclaimer Statement

For additional information on the use of this product, contact your local Halliburton
representative.

For questions about the Safety Data Sheet for this or other Halliburton products,
contact Chemical Compliance at 1-580-251-4335.

This information is furnished without warranty, expressed or implied, as to accuracy
or completeness. The information is obtained from various sources including the
manufacturer and other third party sources. The information may not be valid under
all conditions nor if this material is used in combination with other materials or in any
process. Final determination of suitability of any material is the sole responsibility of
the user.

**END OF MSDS**

DIAMOND SEAL
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HALLIBURTON

SAFETY DATA SHEET

EZ-MUD® DP

Revision Date: 03-Mar-2016 Revision Number: 20

1. Product Identifier & ldentity for the Chemical

Statement of Hazardous Nature Non-Hazardous according to the criteria of the 3rd Revised Edition of the Globally
Harmonised System of Classification and Labelling of Chemicals (GHS), Non-Dangerous
Goods according to the criteria of ADG.

1.1. Product Identifier

Product Name EZ-MUD® DP

Other means of Identification

Synonyms None

Product Code: HMO003644
Recommended use of the chemical and restrictions on use
Recommended Use Shale Inhibitor

Uses advised against No information available

Supplier's name, address and phone number
Manufacturer/Supplier Halliburton/Baroid Australia Pty. Ltd.
15 Marriott Road
Jandakot
WA 6164
Australia

ACN Number: 009 000 775
Telephone Number: 61 (08) 9455 8300
Fax Number: 61 (08) 9455 5300

Product Emergency Telephone
Australia: + 61 1 800 686 951
Papua New Guinea: + 61 1 800 686 951
NewZealand: +64 800 451719

Fire, Police & Ambulance - Emergency Telephone
Australia: 000
Papua New Guinea: 000
New Zealand: 111
E-mail Address fdunexchem@halliburton.com

Emergency phone number
+ 61 1 800 686 951

Australian Poisons Information Centre

24 Hour Service: -131126
Police or Fire Brigade: - 000 (exchange): - 1100
2. Hazard Identification
Statement of Hazardous Nature Non-Hazardous according to the criteria of the 3rd Revised Edition of the Globally

Harmonised System of Classification and Labelling of Chemicals (GHS), Non-Dangerous
Goods according to the criteria of ADG.
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Classification of the hazardous chemical

[Not classified

Label elements, including precautionary statements

Hazard pictograms

Signal Word Not Hazardous
Hazard Statements Not Classified

Precautionary Statements

Prevention None

Response None

Storage None

Disposal None

Contains

Substances CAS Number
Contains no hazardous substances in concentrations above NA

cut-off values according to the competent authority

Other hazards which do not result in classification
This substance is not considered to be persistent, bioaccumulating nor toxic (PBT).
This substance is not considered to be very persistent nor very bioaccumulating (vPvB).

Australia Classification
For the full text of the H-phrases mentioned in this Section, see Section 16

Classification Not Classified
Risk Phrases None

3. Composition/information on Ingredients

Substances CAS Number PERCENT (w/w) GHS Classification -
Australia

Contains no hazardous substances in concentrations NA 60 - 100% Not Applicable

labove cut-off values according to the competent authority

4. First aid measures

Description of necessary first aid measures

Inhalation If inhaled, remove from area to fresh air. Get medical attention if respiratory
irritation develops or if breathing becomes difficult.

Eyes In case of contact, immediately flush eyes with plenty of water for at least 15
minutes and get medical attention if irritation persists.

Skin Wash with soap and water. Get medical attention if irritation persists.

Ingestion Do NOT induce vomiting. Give nothing by mouth. Obtain immediate medical
attention.

Symptoms caused by exposure
No significant hazards expected.

Medical Attention and Special Treatment
Notes to Physician Treat symptomatically
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5. Fire Fighting Measures

Suitable extinguishing equipment

Suitable Extinguishing Media

Water fog, carbon dioxide, foam, dry chemical.

Extinguishing media which must not be used for safety reasons
None known.

Specific hazards arising from the chemical
Special exposure hazards in a fire
Decomposition in fire may produce harmful gases.

Special protective equipment and precautions for fire fighters
Special protective equipment for firefighters
Full protective clothing and approved self-contained breathing apparatus required for fire fighting personnel.

6. Accidental release measures

6.1. Personal precautions, protective equipment and emergency procedures
Use appropriate protective equipment. Avoid creating and breathing dust. Avoid contact with skin, eyes and clothing. Ensure
adequate ventilation. Slippery when wet.

6.2. Environmental precautions
Prevent from entering sewers, waterways, or low areas.

6.3. Methods and material for containment and cleaning up
Scoop up and remove.

7. Handling and storage

7.1. Precautions for safe handling

Handling Precautions

Avoid contact with eyes, skin, or clothing. Avoid creating or inhaling dust. Ensure adequate ventilation. Wash hands after use.
Launder contaminated clothing before reuse. Use appropriate protective equipment. Slippery when wet.

Hygiene Measures

Handle in accordance with good industrial hygiene and safety practice.

7.2. Conditions for safe storage, including any incompatibilities

Storage Information

Store away from oxidizers. Store in a cool, dry location. Product has a shelf life of 24 months.
Other Guidelines

No information available

8. Exposure Controls/Personal Protection

Control parameters - exposure standards, biological monitoring
Exposure Limits

Substances CAS Number Australia NOHSC ACGIH TLV-TWA

Contains no hazardous substances in NA Not applicable Not applicable
concentrations above cut-off values according to
the competent authority

Appropriate engineering controls
Engineering Controls Use in a well ventilated area.

Personal protective equipment (PPE)

Personal Protective Equipment If engineering controls and work practices cannot prevent excessive exposures, the
selection and proper use of personal protective equipment should be determined by an
industrial hygienist or other qualified professional based on the specific application of this
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product.

Not normally needed. But if significant exposures are possible then the following respirator
is recommended:

Dust/mist respirator. (N95, P2/P3)

Normal work gloves.

Skin Protection Normal work coveralls.

Eye Protection Wear safety glasses or goggles to protect against exposure.

Other Precautions None known.

Environmental Exposure Controls  No information available

Respiratory Protection

Hand Protection

9. Physical and Chemical Properties

9.1. Information on basic physical and chemical properties

Physical State:  Solid

Odor: Mild Odor Threshold: No information available
Property Values

Remarks/ - Method

pH: 6-8

Freezing Point / Range
Melting Point / Range
Boiling Point / Range

Flash Point

Evaporation rate

Vapor Pressure

Vapor Density

Specific Gravity

Water Solubility

Solubility in other solvents
Partition coefficient: n-octanol/water
Autoignition Temperature
Decomposition Temperature
Viscosity

Color

No data available
No data available
No data available
No data available
No data available
No data available
No data available
0.8

Soluble in water
No data available
No data available
No data available
No data available
No data available

White

No information available
No information available

Explosive Properties
Oxidizing Properties

9.2. Other information
VOC Content (%) No data available
Bulk Density 40 Ibs/ft3

10. Stability and Reactivity

10.1. Reactivity
Not expected to be reactive.

10.2. Chemical stability

Stable

10.3. Possibility of hazardous reactions

Will Not Occur

10.4. Conditions to avoid

None anticipated

10.5. Incompatible materials

Strong oxidizers.

10.6. Hazardous decomposition products

Ammonia. Oxides of nitrogen. Carbon monoxide and carbon dioxide.

11. Toxicological Information

Information on routes of exposure
Principle Route of Exposure

Eye or skin contact, inhalation.

Symptoms related to exposure
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Most Important Symptoms/Effects
No significant hazards expected.

Numerical measures of toxicity

Toxicology data for the components

Substances

CAS Number LD50 Oral

LD50 Dermal

LC50 Inhalation

Contains no hazardous
substances in
concentrations above
cut-off values according
to the competent
authority

NA No data available

No data available

No data available

Immediate, delayed and chronic health effects from exposure

Inhalation
Eye Contact
Skin Contact
Ingestion

None known.
May cause mild eye irritation.
May cause mild skin irritation.
None known.

Chronic Effects/Carcinogenicity No data available to indicate product or components present at greater than 0.1%

Exposure Levels
No data available

Interactive effects
None known.

Data limitations
No data available

are chronic health hazards.

12. Ecological Information

Ecotoxicity

Product Ecotoxicity Data

No data available

Substance Ecotoxicity Data

hazardous substances
in concentrations
above cut-off values
according to the
competent authority

Substances CAS Number Toxicity to Algae Toxicity to Fish Toxicity to Toxicity to Invertebrates
Microorganisms
Contains no NA No information available | No information available | No information available | No information available

12.2. Persistence and degradability
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EZ-MUD® DP Revision Date: 03-Mar-2016

Substances CAS Number Persistence and Degradability

Contains no hazardous substances in NA No information available
concentrations above cut-off values according to
the competent authority

12.3. Bioaccumulative potential

Substances CAS Number Log Pow

Contains no hazardous substances in NA No information available
concentrations above cut-off values according to
the competent authority

12.4. Mobility in soil

Substances CAS Number Mobility

Contains no hazardous substances in concentrations NA No information available
above cut-off values according to the competent authority

12.6. Other adverse effects
Endocrine Disruptor Information
This product does not contain any known or suspected endocrine disruptors

13. Disposal Considerations

Safe handling and disposal methods
Bury in a licensed landfill according to federal, state, and local regulations.

Disposal of any contaminated packaging
Follow all applicable national or local regulations.

Environmental regulations
Not applicable

14. Transport Information

Transportation Information

UN Number Not restricted
UN proper shipping name Not restricted
Transport Hazard Class(es) Not applicable
Packing Group: Not applicable
Environmental Hazards Not applicable

Special precautions during transport
None

HazChem Code
None Allocated

15. Regulatory Information

Safety, health and environmental requlations specific for the product

International Inventories

Australian AICS Inventory All components are listed on the AICS or are subject to a relevant exemption, permit, or
assessment certificate.

New Zealand Inventory of All components are listed on the AICS or are subject to a relevant exemption, permit, or

Chemicals assessment certificate.

EINECS (European Inventory of This product, and all its components, complies with EINECS
Existing Chemical Substances)
US TSCA Inventory All components listed on inventory or are exempt.
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EZ-MUD® DP Revision Date: 03-Mar-2016

Canadian Domestic Substances List All components listed on inventory or are exempt.
(DSL)

Poisons Schedule number
None Allocated

International Agreements

Montreal Protocol - Ozone Depleting Substances: Does not apply
Stolkhom Convention - Persistent Organic Pollutants: Does not apply
Rotterdam Convention - Prior Informed Consent: Does not apply
Basel Convention - Hazardous Waste: Does not apply

16. Other information

Date of preparation or review

Revision Date: 03-Mar-2016

Revision Note
SDS sections updated: 2

Full text of R-phrases referred to under Sections 2 and 3
None

Full text of H-Statements referred to under sections 2 and 3
None

Additional information For additional information on the use of this product, contact your local Halliburton
representative.

For questions about the Safety Data Sheet for this or other Halliburton products, contact
Chemical Stewardship at 1-580-251-4335.

Key abreviations or acronyms used

bw — body weight

CAS - Chemical Abstracts Service

EC50 — Effective Concentration 50%

LC50 — Lethal Concentration 50%

LD50 — Lethal Dose 50%

LL50 — Lethal Loading 50%

mg/kg — milligram/kilogram

mg/L — milligram/liter

NOEC — No Observed Effect Concentration
OEL — Occupational Exposure Limit

PBT — Persistent Bioaccumulative and Toxic
ppm — parts per million

STEL — Short Term Exposure Limit

TWA — Time-Weighted Average

vPVvB — very Persistent and very Bioaccumulative
h - hour

mg/m? - milligram/cubic meter

mm - millimeter

mmHg - millimeter mercury

w/w - weight/weight

d - day

Key literature references and sources for data
www.ChemADVISOR.com/

Disclaimer Statement
This information is furnished without warranty, expressed or implied, as to accuracy or completeness. The information is obtained
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from various sources including the manufacturer and other third party sources. The information may not be valid under all
conditions nor if this material is used in combination with other materials or in any process. Final determination of suitability of any
material is the sole responsibility of the user.

End of Safety Data Sheet
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HALLIBURTON

MATERIAL SAFETY DATA SHEET

Product Trade Name: GEM™ CP

Revision Date: 07-Feb-2013

1. IDENTIFICATION OF THE SUBSTANCE/PREPARATION AND OF THE
COMPANY/UNDERTAKING

Statement of Hazardous Nature Non-Hazardous according to the criteria of NOHSC, Non-Dangerous Goods
according to the criteria of ADG.

Manufacturer/Supplier Halliburton/Baroid Australia Pty. Ltd.
15 Marriott Road
Jandakot
WA 6164
Australia

ACN Number: 009 000 775
Telephone Number: 61 (08) 9455 8300
Fax Number: 61 (08) 9455 5300

Product Emergency Telephone
Australia: 08-64244950

Papua New Guinea: 05 1 281 575 5000
New Zealand: 06-7559274

Fire, Police & Ambulance - Emergency Telephone
Australia: 000

Papua New Guinea: 000

New Zealand: 111

Identification of Substance or Preparation

Product Trade Name: GEM™ CP
Synonyms: None

Chemical Family: Polyalkylene glycol
UN Number: None

Dangerous Goods Class: None

Subsidiary Risk: None

Hazchem Code: None

Poisons Schedule: None

Application: Shale stabilizer
Prepared By Chemical Compliance

Telephone: 1-580-251-4335
e-mail: fdunexchem@halliburton.com

2. COMPOSITION/INFORMATION ON INGREDIENTS |

Substance CAS Number Percent Australia New Zealand ACGIH TLV-TWA
NOHSC WES
PPolyalkylene glycol |Proprietary 160 - 100% [Not determined  |Not determined  |Not applicable |
GEM™ CP
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Non-hazardous Substance to Total of 100%

3. HAZARDS IDENTIFICATION

Hazard Overview May cause eye, skin and respiratory irritation.
Risk Phrases R20 Harmful by inhalation.
HSNO Classification Not Determined

4. FIRST AID MEASURES

Inhalation If inhaled, remove from area to fresh air. Get medical attention if respiratory irritation
develops or if breathing becomes difficult.

Skin Wash with soap and water. Get medical attention if irritation persists.

Eyes In case of contact, or suspected contact, immediately flush eyes with plenty of water

for at least 15 minutes and get medical attention immediately after flushing.

Ingestion Do not induce vomiting. Slowly dilute with 1-2 glasses of water or milk and seek
medical attention. Never give anything by mouth to an unconscious person.

Notes to Physician Not Applicable

5. FIRE FIGHTING MEASURES

Suitable Extinguishing Media Water fog, carbon dioxide, foam, dry chemical.
Unsuitable Extinguishing Media None known
Special Exposure Hazards Decomposition in fire may produce toxic gases.

Special Protective Equipment for Full protective clothing and approved self-contained breathing apparatus required for
Fire-Fighters fire fighting personnel.

6. ACCIDENTAL RELEASE MEASURES

Personal Precautionary Measures Use Appropriate protective equipment.

Environmental Precautionary Prevent from entering sewers, waterways or low areas.

Measures

Procedure for Isolate spill and stop leak where safe. Contain spill with sand or other inert materials.
Cleaning/Absorption Scoop up and remove.

7. HANDLING AND STORAGE

Handling Precautions Avoid contact with eyes, skin, or clothing. Avoid breathing mist. Avoid breathing
vapours.
Storage Information Store away from oxidisers. Store away from acids. Store away from alkalis. Keep

container closed when not in use. Product has a shelf life of 60 months

GEM™ CP
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8. EXPOSURE CONTROLS/PERSONAL PROTECTION

Engineering Controls Use in a well ventilated area. Local exhaust ventilation should be used in areas
without good cross ventilation.

Respiratory Protection Not normally needed. But if significant exposures are possible then the following
respirator is recommended. Organic vapour respirator with a dust/mist filter.

Hand Protection Impervious rubber gloves. Polyvinylchloride gloves. Neoprene gloves.

Skin Protection Rubber apron.

Eye Protection Chemical goggles; also wear a face shield if splashing hazard exists.

Other Precautions Eyewash fountains and safety showers must be easily accessible.

9. PHYSICAL AND CHEMICAL PROPERTIES

Physical State:

Colour:

Odour:

pH:

Specific Gravity @ 20 C (Water=1):
Density @ 20 C (kg/l):

Bulk Density @ 20 C (kg/l):

Boiling Point/Range (C):

Freezing Point/Range (C):

Pour Point/Range (C):

Flash Point/Range (C):

Flash Point Method:

Autoignition Temperature (C):
Flammability Limits in Air - Lower (g/m3):
Flammability Limits in Air - Lower (%):
Flammability Limits in Air - Upper (g/m?3):
Flammability Limits in Air - Upper (%):
Vapour Pressure @ 20 C (mmHg):
Vapour Density (Air=1):

Percent Volatiles:

Evaporation Rate (Butyl Acetate = 1):
Solubility in Water (g/100ml):
Solubility in Solvents (g/100ml):
VOCs (g/l):

Viscosity, Dynamic @ 20 C
(centipoise):

Viscosity, Kinematic @ 20 C
(centistokes):

Partition Coefficient/n-Octanol/Water:
Molecular Weight (g/mole):
Decomposition Temperature (C):

Liquid

Clear light yellow
Mild

5-7.5 (10%)
1.02

0.97

Not Determined
Not Determined
Not Determined
Not Determined
> 93

PMCC

Not DeterminedMinimum: 370
Not Determined
Not Determined
Not Determined
Not Determined
<0.01

>1

Not Determined
<0.1

Soluble

Not Determined
Not Determined
Not Determined

19
0.353

405
Not Determined

10. STABILITY AND REACTIVITY

Stability Data: Stable

Hazardous Polymerisation: Will Not Occur

Conditions to Avoid None known.

Incom)patibility (Materials to Strong oxidisers. Strong acids. Strong alkalis
Avoid

GEM™ CP
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Hazardous Decomposition Carbon monoxide and carbon dioxide.
Products

Additional Guidelines Not Applicable

11. TOXICOLOGICAL INFORMATION

Principle Route of Exposure None known

Sympotoms related to exposure

Inhalation May cause respiratory irritation.

Skin Contact May cause moderate skin irritation.

Eye Contact Causes moderate eye irritation.

Ingestion Irritation of the mouth, throat, and stomach.

Aggravated Medical Conditions Skin disorders. Eye ailments.

Chronic Effects/Carcinogenicity No data available to indicate product or components present at greater than 1% are
chronic health hazards.

Other Information None known.

Toxicity Tests

Oral Toxicity: LD50: > 2000 mg/kg (Rat)
Dermal Toxicity: Not determined.
Inhalation Toxicity: Not determined
Primary Irritation Effect: Not determined
Carcinogenicity: Not determined
Genotoxicity: Not determined

Reproductive/Development Not determined
al
Toxicity:

12. ECOLOGICAL INFORMATION

Mobility (Water/Soil/Air) Not determined
Persistence/Degradability BOD(28 Day): 76% of COD
Bio-accumulation Not Determined

Ecotoxicological Information

Acute Fish Toxicity: EC50: 86 ppm (Abra alba)
Acute Crustaceans Toxicity: TLM48: 356 mg/l (Acartia tonsa)
Acute Algae Toxicity: EC50: 465 mg/l (Skeletonema costatum)
Chemical Fate Information Not determined
Other Information Not applicable
GEM™ CP
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13. DISPOSAL CONSIDERATIONS

Disposal Method Disposal should be made in accordance with federal, state and local regulations.

Contaminated Packaging Follow all applicable national or local regulations.

14. TRANSPORT INFORMATION

Land Transportation

ADR Not restricted

Air Transportation

ICAO/IATA Not restricted

Sea Transportation

IMDG Not restricted

Other Shipping Information

Labels: None

15. REGULATORY INFORMATION

Chemical Inventories

Australian AICS Inventory All components listed.

New Zealand Inventory of This product does not comply with NZIOC
Chemicals

US TSCA Inventory All components listed.

EINECS Inventory All components are listed on the inventory.
Classification Xn - Harmful.

Risk Phrases R20 Harmful by inhalation.

Safety Phrases S2 Keep out of reach of children.

16. OTHER INFORMATION

The following sections have been revised since the last issue of this MSDS:
Not applicable

Contact

Australian Poisons Information Centre
24 Hour Service: -131126
Police or Fire Brigade: - 000 (exchange): - 1100

New Zealand National Poisons Centre
0800 764 766

GEM™ CP
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Additional Information

Disclaimer Statement

For additional information on the use of this product, contact your local Halliburton
representative.

For questions about the Material Safety Data Sheet for this or other Halliburton
products, contact Product Stewardship at 1-580-251-4335.

This information is furnished without warranty, expressed or implied, as to accuracy
or completeness. The information is obtained from various sources including the
manufacturer and other third party sources. The information may not be valid under
all conditions nor if this material is used in combination with other materials or in any
process. Final determination of suitability of any material is the sole responsibility of
the user.

*+END OF MSDS***

GEM™ CP
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HALLIBURTON

SAFETY DATA SHEET

KCL POTASSIUM CHLORIDE

Revision Date: 21-Sep-2015

Revision Number: 21

1. Product Identifier & Identity for the Chemical

Statement of Hazardous Nature

1.1. Product Identifier

Non-Hazardous according to the criteria of the 3rd Revised Edition of the Globally

Harmonised System of Classification and Labelling of Chemicals (GHS), Non-Dangerous

Goods according to the criteria of ADG.

Product Name

Other means of Identif

KCL POTASSIUM CHLORIDE

ication

Synonyms:
Product Code:

Recommended use of

None
HMO000965

the chemical and restrictions on use

Recommended Use
Uses Advised Against

Brine
No information available

Supplier's name, address and phone number

Manufacturer/Supplier

E-Mail address:

Halliburton Australia Pty. Ltd.
15 Marriott Road

Jandakot

WA 6164

Australia

ACN Number: 009 000 775

Telephone Number: + 61 1 800 686 951
Fax Number: 61 (08) 9455 5300
fdunexchem@halliburton.com

Emergency phone number

+ 61 1 800 686 951

Australian Poisons Inf
24 Hour Service:

ormation Centre
-131126

Police or Fire Brigade: - 000 (exchange): - 1100

2. Hazard Ildentification

Statement of Hazardous Nature

Non-Hazardous according to the criteria of the 3rd Revised Edition of the Globally

Harmonised System of Classification and Labelling of Chemicals (GHS), Non-Dangerous

Goods according to the criteria of ADG.

Classification of the hazardous chemical

INot classified

Label elements, including precautionary statements

Hazard Pictograms

Signal Word

Not Hazardous
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KCL POTASSIUM CHLORIDE Revision Date: 21-Sep-2015

Hazard Statements Not Classified

Precautionary Statements

Prevention None

Response None

Storage None

Disposal None

Contains

Substances CAS Number
Contains no hazardous substances in concentrations above NA

cut-off values according to the competent authority

Other hazards which do not result in classification
This substance is not considered to be persistent, bioaccumulating nor toxic (PBT).
This substance is not considered to be very persistent nor very bioaccumulating (vPvB).

Australia Classification
For the full text of the H-phrases mentioned in this Section, see Section 16

Classification Not Classified
Risk Phrases None

3. Composition/information on Ingredients

Substances CAS Number PERCENT (w/w) GHS Classification -
Australia

Contains no hazardous substances in concentrations NA 60 - 100% Not Applicable

above cut-off values according to the competent authority

4. First aid measures

Description of necessary first aid measures

Inhalation If inhaled, remove from area to fresh air. Get medical attention if respiratory
irritation develops or if breathing becomes difficult.

Eyes In case of contact, or suspected contact, immediately flush eyes with plenty of
water for at least 15 minutes and get medical attention immediately after flushing.

Skin Wash with soap and water. Get medical attention if irritation persists.

Ingestion Do NOT induce vomiting. Give nothing by mouth. Obtain immediate medical
attention.

Symptoms caused by exposure
No significant hazards expected.

Medical Attention and Special Treatment
Notes to Physician Treat symptomatically

5. Fire Fighting Measures

Suitable extinguishing equipment

Suitable Extinguishing Media

All standard fire fighting media

Extinguishing media which must not be used for safety reasons
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KCL POTASSIUM CHLORIDE Revision Date: 21-Sep-2015

None known.

Specific hazards arising from the chemical
Special Exposure Hazards
Not applicable.

Special protective equipment and precautions for fire fighters
Special Protective Equipment for Fire-Fighters
Full protective clothing and approved self-contained breathing apparatus required for fire fighting personnel.

6. Accidental release measures

6.1. Personal precautions, protective equipment and emergency procedures
Use appropriate protective equipment. Avoid creating and breathing dust. Avoid contact with skin, eyes and clothing. Ensure
adequate ventilation.

6.2. Environmental precautions
Prevent from entering sewers, waterways, or low areas.

6.3. Methods and material for containment and cleaning up
Scoop up and remove.

7. Handling and storage

7.1. Precautions for Safe Handling

Handling Precautions

Avoid contact with eyes, skin, or clothing. Avoid creating or inhaling dust. Ensure adequate ventilation. Wash hands after use.
Launder contaminated clothing before reuse. Use appropriate protective equipment.

Hygiene Measures

Handle in accordance with good industrial hygiene and safety practice.

7.2. Conditions for safe storage, including any incompatibilities
Storage Information

Store in a cool, dry location. Product has a shelf life of 60 months.
Other Guidelines

No information available

8. Exposure Controls/Personal Protection

Control parameters - exposure standards, biological monitoring
Exposure Limits

Substances CAS Number IAustralia NOHSC ACGIH TLV-TWA

Contains no hazardous substances in NA Not applicable Not applicable
concentrations above cut-off values according to
the competent authority

Appropriate engineering controls
Engineering Controls Use in a well ventilated area.

Personal protective equipment (PPE)

Respiratory Protection If engineering controls and work practices cannot keep exposure below occupational
exposure limits or if exposure is unknown, wear a NIOSH certified, European Standard EN
149, AS/NZS 1715:2009, or equivalent respirator when using this product. Selection of and
instruction on using all personal protective equipment, including respirators, should be
performed by an Industrial Hygienist or other qualified professional.
Dust/mist respirator. (N95, P2/P3)

Hand Protection Normal work gloves.
Skin Protection Normal work coveralls.
Eye Protection Dust proof goggles.
Other Precautions None known.
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KCL POTASSIUM CHLORIDE

Revision Date: 21-Sep-2015

Environmental Exposure Controls

Do not allow material to contaminate ground water system

9. Physical and Chemical Properties

9.1. Information on basic physical and chemical properties

Solid
Odorless

Physical State:
Odor:

Property
Remarks/ - Method

pH:

Freezing Point/Range
Melting Point/Range

Boiling Point/Range

Flash Point

Evaporation rate

Vapor Pressure

Vapor Density

Specific Gravity

Water Solubility

Solubility in other solvents
Partition coefficient: n-octanol/water
Autoignition Temperature
Decomposition Temperature
Viscosity

Explosive Properties
Oxidizing Properties

9.2. Other information
Molecular Weight
VOC Content (%)

Color: White to gray
Odor Threshold: No information available

Values

9.2

No data available

771 °C

1413 °C

No data available

No data available

No data available

No data available

1.99

Soluble in water

No data available

No data available

No data available

No data available

No data available

No information available
No information available

74.55
No data available

10. Stability and Reactivity

10.1. Reactivity
Not expected to be reactive.

10.2. Chemical Stability

Stable

10.3. Possibility of Hazardous Reactions
Will Not Occur

10.4. Conditions to Avoid

None anticipated

10.5. Incompatible Materials

None known.

10.6. Hazardous Decomposition Products
None known.

11. Toxicological Information

Information on routes of exposure
Principle Route of Exposure

Sympotoms related to exposure
Most Important Symptoms/Effects
No significant hazards expected.

Numerical measures of toxicity
LD50 Oral:

> 5000 mg/kg; (Rat)

Toxicology data for the components

Eye or skin contact, inhalation.
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KCL POTASSIUM CHLORIDE

Revision Date: 21-Sep-2015

Substances

CAS Number

LD50 Oral

LD50 Dermal

LC50 Inhalation

Contains no hazardous

NA

No data available

No data available

No data available

substances in
concentrations above
cut-off values according
to the competent
authority

Immediate, delayed and chronic health effects from exposure

Inhalation May cause mild respiratory irritation.

Eye Contact May cause mild eye irritation.

Skin Contact May cause mild skin irritation.

Ingestion May cause abdominal pain, vomiting, nausea, and diarrhea. Irritation of the mouth, throat,
and stomach.

Chronic Effects/Carcinogenicity No data available to indicate product or components present at greater than 0.1%
are chronic health hazards.

Exposure Levels
No data available

Interactive effects
Skin disorders.

Data limitations
No data available

Substances

CAS Number

Skin corrosion/irritation

Contains no hazardous
substances in
concentrations above cut-off
lvalues according to the
competent authority

NA

Not applicable.

Substances

CAS Number

Eye damagelirritation

Contains no hazardous
substances in
concentrations above cut-off
lvalues according to the
competent authority

NA

Not applicable.

Substances

CAS Number

Skin Sensitization

Contains no hazardous
substances in
concentrations above cut-off
lvalues according to the
competent authority

NA

Not applicable

Substances

CAS Number

Respiratory Sensitization

Contains no hazardous
substances in
concentrations above cut-off
lvalues according to the
competent authority

NA

Not applicable

Substances

CAS Number

Mutagenic Effects

Contains no hazardous
substances in
concentrations above cut-off
lvalues according to the
competent authority

NA

Not applicable

Substances

CAS Number

Carcinogenic Effects

Contains no hazardous
substances in

NA

Not applicable

Page 5/8




KCL POTASSIUM CHLORIDE

Revision Date: 21-Sep-2015

concentrations above cut-off
lvalues according to the
competent authority

Substances

CAS Number

Reproductive toxicity

Contains no hazardous
substances in
concentrations above cut-off
lvalues according to the
competent authority

NA

Not applicable

Substances

CAS Number

STOT - single exposure

Contains no hazardous
substances in
concentrations above cut-off
lvalues according to the
competent authority

NA

Not applicable

Substances

CAS Number

STOT - repeated exposure

Contains no hazardous
substances in
concentrations above cut-off
lvalues according to the
competent authority

NA

Not applicable

Substances

CAS Number

Aspiration hazard

Contains no hazardous
substances in
concentrations above cut-off
lvalues according to the
competent authority

NA

Not applicable

12. Ecological Information

Ecotoxicity

Product Ecotoxicity Data

No data available

Substance Ecotoxicity Data

hazardous substances
in concentrations
above cut-off values
laccording to the
competent authority

Substances CAS Number Toxicity to Algae Toxicity to Fish Toxicity to Toxicity to Invertebrates
Microorganisms
Contains no NA No information available | No information available | No information available | No information available

12.2. Persistence and degradability

Substances CAS Number Persistence and Degradability
Contains no hazardous substances in NA No information available
concentrations above cut-off values according to

the competent authority

12.3. Bioaccumulative potential

Substances CAS Number Log Pow
Contains no hazardous substances in NA No information available

the competent authority

concentrations above cut-off values according to

12.4. Mobility in soil
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KCL POTASSIUM CHLORIDE Revision Date: 21-Sep-2015

Substances CAS Number Mobility

Contains no hazardous substances in concentrations NA No information available
above cut-off values according to the competent authority

12.6. Other adverse effects
Endocrine Disruptor Information
This product does not contain any known or suspected endocrine disruptors

13. Disposal Considerations

Safe handling and disposal methods
Bury in a licensed landfill according to federal, state, and local regulations. Substance should NOT be deposited into a sewage
facility.

Disposal of any contaminated packaging

Follow all applicable national or local regulations. Contaminated packaging may be disposed of by: rendering packaging incapable
of containing any substance, or treating packaging to remove residual contents, or treating packaging to make sure the residual
contents are no longer hazardous, or by disposing of packaging into commercial waste collection.

Environmental regulations
Not applicable

14. Transport Information

Transportation Information

UN Number: Not restricted
UN Proper Shipping Name: Not restricted
Transport Hazard Class(es): Not applicable
Packing Group: Not applicable
Environmental Hazards: Not applicable

Special precautions during transport
None

HazChem Code
None Allocated

15. Regulatory Information

Safety, health and environmental regulations specific for the product

International Inventories

Australian AICS Inventory All components listed on inventory or are exempt.

New Zealand Inventory of All components listed on inventory or are exempt.
Chemicals

EINECS Inventory This product, and all its components, complies with EINECS
US TSCA Inventory All components listed on inventory or are exempt.
Canadian DSL Inventory All components listed on inventory or are exempt.

Poisons Schedule number
None Allocated

16. Other information

Date of preparation or review

Revision Date: 21-Sep-2015

Revision Note
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KCL POTASSIUM CHLORIDE Revision Date: 21-Sep-2015

SDS sections updated: 2

Full text of R-phrases referred to under Sections 2 and 3
None

Full text of H-Statements referred to under sections 2 and 3
None

Additional information For additional information on the use of this product, contact your local Halliburton
representative.

For questions about the Safety Data Sheet for this or other Halliburton products, contact
Chemical Stewardship at 1-580-251-4335.

Key abreviations or acronyms used

bw — body weight CAS — Chemical Abstracts Service EC50 — Effective Concentration 50% LC50 — Lethal Concentration 50% LD50
— Lethal Dose 50% LL50 — Lethal Loading 50% mg/kg — milligram/kilogram mg/L — milligram/liter NOEC — No Observed Effect
Concentration OEL — Occupational Exposure Limit PBT — Persistent Bioaccumulative and Toxic ppm — parts per million STEL —
Short Term Exposure Limit TWA — Time-Weighted Average vPvB — very Persistent and very Bioaccumulative h - hour mg/m3 -
milligram/cubic meter mm - millimeter mmHg - millimeter mercury w/w - weight/weight d - day

Key literature references and sources for data
www.ChemADVISOR.com/
NZ CCID

Disclaimer Statement

This information is furnished without warranty, expressed or implied, as to accuracy or completeness. The information is obtained
from various sources including the manufacturer and other third party sources. The information may not be valid under all
conditions nor if this material is used in combination with other materials or in any process. Final determination of suitability of any
material is the sole responsibility of the user.

End of Safety Data Sheet
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HALLIBURTON

MATERIAL SAFETY DATA SHEET

KWIK SEAL ADDITIVE
17-Jan-2013

Product Trade Name:

Revision Date:

1. IDENTIFICATION OF THE SUBSTANCE/PREPARATION AND OF THE
COMPANY/UNDERTAKING

Statement of Hazardous Nature

Manufacturer/Supplier

Identification of Substance or Preparation

Product Trade Name:
Synonyms:

Chemical Family:

UN Number:

Dangerous Goods Class:
Subsidiary Risk:
Hazchem Code:

Poisons Schedule:
Application:

Prepared By

according to the criteria of ADG.

Halliburton Australia Pty. Ltd.
15 Marriott Road

Jandakot

WA 6164

Australia

ACN Number: 009 000 775
Telephone Number: 61 (08) 9455 8300
Fax Number: 61 (08) 9455 5300

Product Emergency Telephone
Australia: 08-64244950
Papua New Guinea: 05 1281 575 5000
NewZealand: 06-7559274

Fire, Police & Ambulance - Emergency Telephone
Australia: 000

Papua New Guinea: 000
New Zealand: 111

KWIK SEAL ADDITIVE

None

Blend of natural fibres

None
None
None
None
None

Loss Circulation Material

Chemical Compliance
Telephone: 1-580-251-4335
e-mail: fdunexchem@halliburton.com

Non-Hazardous according to the criteria of NOHSC, Non-Dangerous Goods

2. COMPOSITION/INFORMATION ON INGREDIENTS

Substance CAS Number Percent Australia New Zealand ACGIH TLV-TWA
NOHSC WES
Contains no hazardous Mixture 60 - 100% Not determined Not determined Not applicable
substances
KWIK SEAL ADDITIVE
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Non-hazardous Substance to Total of 100%

3. HAZARDS IDENTIFICATION

Hazard Overview No significant hazards expected.
Risk Phrases None
HSNO Classification Not Determined

4. FIRST AID MEASURES

Inhalation If inhaled, remove from area to fresh air. Get medical attention if respiratory irritation
develops or if breathing becomes difficult.

Skin Wash with soap and water. Get medical attention if irritation persists.

Eyes In case of contact, immediately flush eyes with plenty of water for at least 15 minutes

and get medical attention if irritation persists.
Ingestion Under normal conditions, first aid procedures are not required.

Notes to Physician Not Applicable

5. FIRE FIGHTING MEASURES

Suitable Extinguishing Media Water fog, carbon dioxide, foam, dry chemical.
Unsuitable Extinguishing Media None known
Special Exposure Hazards Decomposition in fire may produce toxic gases.

Special Protective Equipment for Full protective clothing and approved self-contained breathing apparatus required for
Fire-Fighters fire fighting personnel.

6. ACCIDENTAL RELEASE MEASURES

Personal Precautionary Measures Use Appropriate protective equipment. Avoid creating and breathing dust.

Environmental Precautionary None known.
Measures
Procedure for Scoop up and remove.

Cleaning/Absorption

7. HANDLING AND STORAGE

Handling Precautions Avoid creating or inhaling dust.

Storage Information Store away from oxidisers. Store in a cool, dry location.

8. EXPOSURE CONTROLS/PERSONAL PROTECTION

Engineering Controls Use in a well ventilated area.

Respiratory Protection Not normally needed. But if significant exposures are possible then the following
respirator is recommended. Dust/mist respirator. (N95,P2/P3)

KWIK SEAL ADDITIVE
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Hand Protection Normal work gloves.

Skin Protection Normal work coveralls.
Eye Protection Wear safety glasses or goggles to protect against exposure.
Other Precautions None known.

9. PHYSICAL AND CHEMICAL PROPERTIES

Physical State: Solid

Colour: Brown

Odour: Woody

pH: Not Determined
Specific Gravity @ 20 C (Water=1): 0.3

Density @ 20 C (kg/l):

Bulk Density @ 20 C (kg/l):
Boiling Point/Range (C):
Freezing Point/Range (C):
Pour Point/Range (C):

Flash Point/Range (C):

Flash Point Method:
Autoignition Temperature (C):

Flammability Limits in Air - Lower (g/m3):

Flammability Limits in Air - Lower (%):

Flammability Limits in Air - Upper (g/m3):

Flammability Limits in Air - Upper (%):
Vapour Pressure @ 20 C (mmHg):
Vapour Density (Air=1):

Percent Volatiles:

Evaporation Rate (Butyl Acetate = 1):
Solubility in Water (g/100ml):
Solubility in Solvents (g/100ml):
VOCs (g/l):

Viscosity, Dynamic @ 20 C
(centipoise):

Viscosity, Kinematic @ 20 C
(centistokes):

Partition Coefficient/n-Octanol/Water:
Molecular Weight (g/mole):
Decomposition Temperature (C):

Not Determined
Not Determined
Not Determined
Not Determined
Not Determined
Not Determined
Not Determined
Not Determined
Not Determined
Not Determined
Not Determined
Not Determined
Not Determined
Not Determined
Not Determined
Not determined.
Insoluble

Not Determined
Not Determined
Not Determined

Not Determined
Not Determined

Not Determined
Not Determined

10. STABILITY AND REACTIVITY

Stability Data: Stable

Hazardous Polymerisation: Will Not Occur

Conditions to Avoid None anticipated

Incompatibility (Materials to Strong oxidisers.

Avoid)

Hazardous Decomposition Carbon monoxide and carbon dioxide.
Products

Additional Guidelines Not Applicable

KWIK SEAL ADDITIVE
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11. TOXICOLOGICAL INFORMATION

Principle Route of Exposure Eye or skin contact, inhalation.

Sympotoms related to exposure

Inhalation None known.
Skin Contact None known.
Eye Contact May cause mechanical irritation to eye.
Ingestion None known

Aggravated Medical Conditions None known.

Chronic Effects/Carcinogenicity No data available to indicate product or components present at greater than 1% are
chronic health hazards.

Other Information None known.

Toxicity Tests

Oral Toxicity: Not determined
Dermal Toxicity: Not determined.
Inhalation Toxicity: Not determined
Primary Irritation Effect: Not determined
Carcinogenicity: Not determined
Genotoxicity: Not determined

Reproductive/Development Not determined
al
Toxicity:

2. ECOLOGICAL INFORMATION

Mobility (Water/Soil/Air) Not determined
Persistence/Degradability Readily biodegradable
Bio-accumulation Not Determined

Ecotoxicological Information

Acute Fish Toxicity: Not determined

Acute Crustaceans Toxicity:Not determined

Acute Algae Toxicity: Not determined
Chemical Fate Information Not determined
Other Information Not applicable

13. DISPOSAL CONSIDERATIONS

Disposal Method Bury in a licensed landfill according to federal, state, and local regulations.
Contaminated Packaging Follow all applicable national or local regulations.
KWIK SEAL ADDITIVE
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4. TRANSPORT INFORMATION

Land Transportation

ADR Not restricted

Air Transportation
ICAO/IATA Not restricted

Sea Transportation

IMDG Not restricted

Other Shipping Information

Labels: None

5. REGULATORY INFORMATION

Chemical Inventories

Australian AICS Inventory All components listed.

New Zealand Inventory of All components listed on inventory or are exempt.
Chemicals

US TSCA Inventory All components listed.

EINECS Inventory All components are listed on the inventory.
Classification Not Determined

Risk Phrases None

Safety Phrases None

16. OTHER INFORMATION

The following sections have been revised since the last issue of this MSDS:
Not applicable

Contact

Australian Poisons Information Centre
24 Hour Service: -131126
Police or Fire Brigade: - 000 (exchange): - 1100

New Zealand National Poisons Centre
0800 764 766

Additional Information For additional information on the use of this product, contact your local Halliburton
representative.

For questions about the Material Safety Data Sheet for this or other Halliburton
products, contact Product Stewardship at 1-580-251-4335.

KWIK SEAL ADDITIVE
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Disclaimer Statement

This information is furnished without warranty, expressed or implied, as to accuracy
or completeness. The information is obtained from various sources including the

manufacturer and other third party sources. The information may not be valid under
all conditions nor if this material is used in combination with other materials or in any

process. Final determination of suitability of any material is the sole responsibility of
the user.

**END OF MSDS***
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HALLIBURTON

MATERIAL SAFETY DATA SHEET

Product Trade Name:

Revision Date:

PAC™.-LE
25-Oct-2012

1. IDENTIFICATION OF THE SUBSTANCE/PREPARATION AND OF THE
COMPANY/UNDERTAKING

Statement of Hazardous Nature

Manufacturer/Supplier

Non-Hazardous according to the criteria of NOHSC, Non-Dangerous Goods

according to the criteria of ADG.

Halliburton/Baroid Australia Pty. Ltd.
15 Marriott Road

Jandakot

WA 6164

Australia

ACN Number: 009 000 775
Telephone Number: 61 (08) 9455 8300
Fax Number: 61 (08) 9455 5300

Product Emergency Telephone
Australia: 08-64244950

Papua New Guinea: 05 1 281 575 5000
New Zealand: 06-7559274

Fire, Police & Ambulance - Emergency Telephone
Australia: 000

Papua New Guinea: 000

New Zealand: 111

Identification of Substance or Preparation

Product Trade Name:
Synonyms:

Chemical Family:

UN Number:

Dangerous Goods Class:
Subsidiary Risk:
Hazchem Code:

Poisons Schedule:
Application:

Prepared By

PAC™-LE

None
Carbohydrate
None

None

None

None

None

Fluid Loss Additive

Chemical Compliance
Telephone: 1-580-251-4335
e-mail: fdunexchem@halliburton.com

2. COMPOSITION/INFORMATION ON INGREDIENTS

Substance CAS Number Percent Australia New Zealand ACGIH TLV-TWA
NOHSC WES
Contains no hazardous Mixture 60 - 100% Not determined Not determined Not applicable
substances
PAC™-LE
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Non-hazardous Substance to Total of 100%

3. HAZARDS IDENTIFICATION

Hazard Overview May cause eye, skin and respiratory irritation. Explosive dust.
Risk Phrases None
HSNO Classification 9.1C Harmful in the aquatic environment

4. FIRST AID MEASURES

Inhalation If inhaled, remove from area to fresh air. Get medical attention if respiratory irritation
develops or if breathing becomes difficult.

Skin Wash with soap and water. Get medical attention if irritation persists.

Eyes In case of contact, immediately flush eyes with plenty of water for at least 25 minutes

and get medical attention if irritation persists.
Ingestion Under normal conditions, first aid procedures are not required.

Notes to Physician Not Applicable

5. FIRE FIGHTING MEASURES

Suitable Extinguishing Media Water fog, carbon dioxide, foam, dry chemical.
Unsuitable Extinguishing Media None known

Special Exposure Hazards Organic dust in the presence of an ignition source can be explosive in high
concentrations. Good housekeeping practices are required to minimize this
potential.

Special Protective Equipment for Full protective clothing and approved self-contained breathing apparatus required for
Fire-Fighters fire fighting personnel.

6. ACCIDENTAL RELEASE MEASURES

Personal Precautionary Measures Avoid creating and breathing dust.

Environmental Precautionary None known.
Measures
Procedure for Scoop up and remove.

Cleaning/Absorption

7. HANDLING AND STORAGE

Handling Precautions Avoid creating or inhaling dust. Avoid dust accumulations. Slippery when wet.
Storage Information Store away from oxidisers. Store in a dry location. Product has a shelf life of 36
months
PAC™-LE
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8. EXPOSURE CONTROLS/PERSONAL PROTECTION

Engineering Controls

Respiratory Protection

Hand Protection

Skin Protection

Eye Protection

Other Precautions

A well ventilated area to control dust levels. Local exhaust ventilation should be used

in areas without good cross ventilation.

Not normally needed. But if significant exposures are possible then the following
respirator is recommended. Dust/mist respirator. (N95,P2/P3)

Normal work gloves.

Normal work coveralls.

Wear safety glasses or goggles to protect against exposure.

None known.

9. PHYSICAL AND CHEMICAL PROPERTIES

Physical State:

Colour:

Odour:

pH:

Specific Gravity @ 20 C (Water=1):
Density @ 20 C (kg/l):

Bulk Density @ 20 C (kg/l):
Boiling Point/Range (C):
Freezing Point/Range (C):
Pour Point/Range (C):

Flash Point/Range (C):

Flash Point Method:
Autoignition Temperature (C):

Flammability Limits in Air - Lower (g/m3):

Flammability Limits in Air - Lower (%):

Flammability Limits in Air - Upper (g/m?3):

Flammability Limits in Air - Upper (%):
Vapour Pressure @ 20 C (mmHg):
Vapour Density (Air=1):

Percent Volatiles:

Evaporation Rate (Butyl Acetate = 1):
Solubility in Water (g/100ml):
Solubility in Solvents (g/100ml):
VOCs (g/l):

Viscosity, Dynamic @ 20 C
(centipoise):

Viscosity, Kinematic @ 20 C
(centistokes):

Partition Coefficient/n-Octanol/Water:
Molecular Weight (g/mole):
Decomposition Temperature (C):

Solid

White to off white
Odourless
6.5-9 (1%)

1.6

Not Determined
750

Not Determined
Not Determined
Not Determined
221

Not Determined
400

Not Determined
Not Determined
Not Determined
Not Determined
Not Determined
Not Determined
Not Determined
Not determined.
Forms gel

Not Determined
Not Determined
Not Determined

Not Determined
Not Determined

Not Determined
Not Determined

10. STABILITY AND REACTIVITY

Stability Data: Stable
Hazardous Polymerisation: Will Not Occur
Conditions to Avoid None known.
Incompatibility (Materials to Strong oxidisers.
Avoid)

PAC™.-LE
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Hazardous Decomposition Carbon monoxide and carbon dioxide.
Products

Additional Guidelines Not Applicable

11. TOXICOLOGICAL INFORMATION

Principle Route of Exposure Eye or skin contact, inhalation.

Sympotoms related to exposure

Inhalation May cause mild respiratory irritation.
Skin Contact May cause mild skin irritation.

Eye Contact May cause mild eye irritation.
Ingestion None known

Aggravated Medical Conditions None known.

Chronic Effects/Carcinogenicity No data available to indicate product or components present at greater than 1% are
chronic health hazards.

Other Information None known.

Toxicity Tests

Oral Toxicity: LD50: 1260 mg/kg (Rat)
Dermal Toxicity: Not determined.
Inhalation Toxicity: Not determined
Primary Irritation Effect: Not determined
Carcinogenicity: Not determined
Genotoxicity: Not determined

Reproductive/Development Not determined
al
Toxicity:

12. ECOLOGICAL INFORMATION

Mobility (Water/Soil/Air) Not determined
Persistence/Degradability Readily biodegradable
Bio-accumulation Not Determined

Ecotoxicological Information

Acute Fish Toxicity: TLM96: > 500 mg/I (Golden orfe)
Acute Crustaceans Toxicity:Not determined
Acute Algae Toxicity: Not determined
Chemical Fate Information Not determined
Other Information Not applicable
PAC™.LE
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13. DISPOSAL CONSIDERATIONS

Disposal Method Bury in a licensed landfill according to federal, state, and local regulations.

Contaminated Packaging Follow all applicable national or local regulations.

14. TRANSPORT INFORMATION

Land Transportation

ADR Not restricted

Air Transportation

ICAO/IATA Not restricted

Sea Transportation

IMDG Not restricted

Other Shipping Information

Labels: None

15. REGULATORY INFORMATION

Chemical Inventories

Australian AICS Inventory All components listed.

New Zealand Inventory of All components listed on inventory or are exempt.
Chemicals

US TSCA Inventory All components listed.

EINECS Inventory All components are listed on the inventory.
Classification Not Determined

Risk Phrases None

Safety Phrases None

16. OTHER INFORMATION

The following sections have been revised since the last issue of this MSDS:
Not applicable

Contact

Australian Poisons Information Centre
24 Hour Service: -131126
Police or Fire Brigade: - 000 (exchange): - 1100

New Zealand National Poisons Centre
0800 764 766

PAC™.-LE
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Additional Information

Disclaimer Statement

For additional information on the use of this product, contact your local Halliburton
representative.

For questions about the Material Safety Data Sheet for this or other Halliburton
products, contact Product Stewardship at 1-580-251-4335.

This information is furnished without warranty, expressed or implied, as to accuracy
or completeness. The information is obtained from various sources including the
manufacturer and other third party sources. The information may not be valid under
all conditions nor if this material is used in combination with other materials or in any
process. Final determination of suitability of any material is the sole responsibility of
the user.

*+END OF MSDS***

PAC™.-LE
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HALLIBURTON

SAFETY DATA SHEET

SODA ASH

Revision Date: 21-Jun-2016

Revision Number: 40

1. Product Identifier & ldentity for the Chemical

Statement of Hazardous Nature

1.1. Product Identifier
Product Name

Other means of Identification

Hazardous according to the criteria of the 3rd Revised Edition of the Globally Harmonised

System of Classification and Labelling of Chemicals (GHS), Non-Dangerous Goods

according to the criteria of ADG.

SODA ASH

Synonyms
Hazardous Material Number:

None
HM001822

Recommended use of the chemical and restrictions on use

Recommended Use
Uses advised against

Buffer
No information available

Supplier's name, address and phone number

Manufacturer/Supplier

E-mail Address

Emergency phone number
+ 61 1 800 686 951

Halliburton Australia Pty. Ltd.
15 Marriott Road

Jandakot

WA 6164

Australia

ACN Number: 009 000 775

Telephone Number: + 61 1 800 686 951
Fax Number: 61 (08) 9455 5300
fdunexchem@halliburton.com

Australian Poisons Information Centre
24 Hour Service: -131126
Police or Fire Brigade: - 000 (exchange): - 1100

2. Hazard Identification

Statement of Hazardous Nature

Hazardous according to the criteria of the 3rd Revised Edition of the Globally Harmonised

System of Classification and Labelling of Chemicals (GHS), Non-Dangerous Goods

according to the criteria of ADG.

Classification of the hazardous chemical

|Serious Eye Damage/Irritation

[Category 2 - H319

Label elements, including precautionary statements

Hazard pictograms

Page 1/8



SODA ASH

Revision Date: 21-Jun-2016

Signal Word

Hazard Statements:
Precautionary Statements
Prevention

Response

Storage

Disposal

Contains

Substances
Sodium carbonate

Warning

H319 - Causes serious eye irritation

P264 - Wash face, hands and any exposed skin thoroughly after handling

P280 - Wear eye protection/face protection

P305 + P351 + P338 - IF IN EYES: Rinse cautiously with water for several minutes.
Remove contact lenses, if present and easy to do. Continue rinsing

P337 + P313 - If eye irritation persists: Get medical advice/attention

None

None

CAS Number
497-19-8

Other hazards which do not result in classification

This substance is not considered to be persistent, bioaccumulating nor toxic (PBT).
This substance is not considered to be very persistent nor very bioaccumulating (vPvB).

For the full text of the H-phrases mentioned in this Section, see Section 16

3. Composition/information on Ingredients

Substances CAS Number PERCENT (w/w) GHS Classification -
Australia
Sodium carbonate 497-19-8 60 - 100% Eye Irrit. 2 (H319)

4. First aid measures

Description of necessary first aid measures

Inhalation
Eyes

Skin
Ingestion

Symptoms caused by exposure

Causes eye irritation

If inhaled, remove from area to fresh air. Get medical attention if respiratory
irritation develops or if breathing becomes difficult.

In case of contact, immediately flush eyes with plenty of water for at least 15
minutes and get medical attention if irritation persists.

Wash with soap and water. Get medical attention if irritation persists.

Do NOT induce vomiting. Give nothing by mouth. Obtain immediate medical
attention.

Medical Attention and Special Treatment

Notes to Physician

Treat symptomatically

5. Fire Fighting Measures
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SODA ASH Revision Date: 21-Jun-2016

Suitable extinguishing equipment

Suitable Extinguishing Media

Water fog, carbon dioxide, foam, dry chemical.

Extinguishing media which must not be used for safety reasons
None known.

Specific hazards arising from the chemical
Special exposure hazards in a fire
Decomposition in fire may produce harmful gases.

Special protective equipment and precautions for fire fighters
Special protective equipment for firefighters
Full protective clothing and approved self-contained breathing apparatus required for fire fighting personnel.

6. Accidental release measures

6.1. Personal precautions, protective equipment and emergency procedures
Use appropriate protective equipment. Avoid creating and breathing dust. Avoid contact with skin, eyes and clothing. Ensure
adequate ventilation.

6.2. Environmental precautions
Prevent from entering sewers, waterways, or low areas.

6.3. Methods and material for containment and cleaning up
Scoop up and remove.

7. Handling and storage

7.1. Precautions for safe handling

Handling Precautions

Avoid contact with eyes, skin, or clothing. Avoid creating or inhaling dust. Ensure adequate ventilation. Wash hands after use.
Launder contaminated clothing before reuse. Use appropriate protective equipment.

Hygiene Measures

Handle in accordance with good industrial hygiene and safety practice.

7.2. Conditions for safe storage, including any incompatibilities

Storage Information

Store away from acids. Store in a cool, dry location. Product has a shelf life of 36 months.
Other Guidelines

No information available

8. Exposure Controls/Personal Protection

Control parameters - exposure standards, biological monitoring
Exposure Limits

Substances CAS Number Australia NOHSC ACGIH TLV-TWA

Sodium carbonate 497-19-8 Not applicable Not applicable

Appropriate engineering controls
Engineering Controls Use in a well ventilated area. Localized ventilation should be used to control dust levels.

Personal protective equipment (PPE)

Personal Protective Equipment If engineering controls and work practices cannot prevent excessive exposures, the
selection and proper use of personal protective equipment should be determined by an
industrial hygienist or other qualified professional based on the specific application of this
product.

Respiratory Protection If engineering controls and work practices cannot keep exposure below occupational
exposure limits or if exposure is unknown, wear a NIOSH certified, European Standard EN
149, AS/NZS 1715:2009, or equivalent respirator when using this product. Selection of and
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SODA ASH Revision Date: 21-Jun-2016

instruction on using all personal protective equipment, including respirators, should be
performed by an Industrial Hygienist or other qualified professional.

Hand Protection

Skin Protection

Eye Protection

Other Precautions

Environmental Exposure Controls

Normal work gloves.

Normal work coveralls.

Dust proof goggles.

None known.

Do not allow material to contaminate ground water system

9. Physical and Chemical Properties

9.1. Information on basic physical and chemical properties

Physical State:  Powder Color White

Odor: Odorless Odor Threshold: No information available
Property Values

Remarks/ - Method

pH: 115

Freezing Point / Range No data available

Melting Point / Range 851 °C

Boiling Point / Range

Flash Point

Evaporation rate

Vapor Pressure

Vapor Density

Specific Gravity

Water Solubility

Solubility in other solvents
Partition coefficient: n-octanol/water
Autoignition Temperature
Decomposition Temperature
Viscosity

Explosive Properties
Oxidizing Properties

9.2. Other information
Molecular Weight
VOC Content (%)

No data available
No data available
No data available
No data available
No data available
25

Partly soluble

No data available
No data available
No data available
No data available
No data available

No information available
No information available

105.99 g/mole
No data available

10. Stability and Reactivity

10.1. Reactivity
Not expected to be reactive.

10.2. Chemical stability
Stable

10.3. Possibility of hazardous reactions

Will Not Occur

10.4. Conditions to avoid
None anticipated

10.5. Incompatible materials
Strong acids.

10.6. Hazardous decomposition products

Carbon monoxide and carbon dioxide.

11. Toxicological Information

Information on routes of exposure
Principle Route of Exposure

Symptoms related to exposure
Most Important Symptoms/Effects

Eye or skin contact, inhalation.
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SODA ASH

Revision Date: 21-Jun-2016

Causes eye irritation

Numerical measures of toxicity

Toxicology data for the components

Substances

CAS Number

LD50 Oral LD50 Dermal

Sodium carbonate

497-19-8

4090 mg/kg (Rat)
2800 mg/kg (Rat)

2210 mg/kg (Mouse)
> 2000 mg/kg (Rabbit)

Immediate, delayed and chronic health effects from exposure

Inhalation
Eye Contact
Skin Contact
Ingestion

Chronic Effects/Carcinogenicity

Exposure Levels
No data available

Interactive effects

None known.

Data limitations
No data available

May cause respiratory irritation.

Causes eye irritation.

Prolonged or repeated contact may cause skin irritation.
Irritation of the mouth, throat, and stomach.

No data available to indicate product or components present at greater than 0.1%

are chronic health hazards.

Substances

CAS Number

Skin corrosion/irritation

Sodium carbonate

497-19-8

Non-irritating to the skin

Substances CAS Number |Serious eye damage/irritation

Sodium carbonate 497-19-8 Irritating to eyes

Substances CAS Number [Skin Sensitization

Sodium carbonate 497-19-8 Not classified

Substances CAS Number |Respiratory Sensitization

Sodium carbonate 497-19-8 No information available

Substances CAS Number [Mutagenic Effects

Sodium carbonate 497-19-8 In vivo tests did not show mutagenic effects.

Substances CAS Number |Carcinogenic Effects

Sodium carbonate 497-19-8 No information available

Substances CAS Number [Reproductive toxicity

Sodium carbonate 497-19-8 Did not show teratogenic effects in animal experiments.

Substances CAS Number [STOT - single exposure

Sodium carbonate 497-19-8 No significant toxicity observed in animal studies at concentration requiring classification.
Substances CAS Number |STOT - repeated exposure

Sodium carbonate 497-19-8 No significant toxicity observed in animal studies at concentration requiring classification.
Substances CAS Number [Aspiration hazard

Sodium carbonate 497-19-8 Not applicable

12. Ecological Information

Ecotoxicity
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SODA ASH

Revision Date: 21-Jun-2016

Product Ecotoxicity Data

No data available

Substance Ecotoxicity Data

Substances CAS Number Toxicity to Algae Toxicity to Fish Toxicity to Toxicity to Invertebrates
Microorganisms
Sodium carbonate 497-19-8 EC50 242 mg/L TLM24 385 mg/L No information available [EC50 265 mg/L (Daphnia

(Nitzschia) (Lepomis macrochirus) magna)
LC50 310-1220 mg/L EC50 (48h) 200 — 227
(Pimephales promelas) mg/L (Ceriodaphnia sp.)
LC50 (96h) 300 mg/L
(Lepomis macrochirus)
12.2. Persistence and degradability
Substances CAS Number Persistence and Degradability
Sodium carbonate 497-19-8 The methods for determining biodegradability are
not applicable to inorganic substances.
12.3. Bioaccumulative potential
Substances CAS Number Log Pow
Sodium carbonate 497-19-8 No information available
12.4. Mobility in soil
Substances CAS Number Mobility
Sodium carbonate 497-19-8 No information available

12.6. Other adverse effects

Endocrine Disruptor Information

This product does not contain any known or suspected endocrine disruptors

13. Disposal Considerations

Safe handling and disposal methods

Bury in a licensed landfill according to federal, state, and local regulations.

Disposal of any contaminated packaging

Follow all applicable national or local regulations.

Environmental regulations

Not applicable

14. Transport Information

Transportation Information

UN Number

UN proper shipping name:
Transport Hazard Class(es):

Packing Group:

Environmental Hazards:

Special precautions during transport

Not restricted
Not restricted
Not applicable
Not applicable
Not applicable

None

HazChem Code
None Allocated

15. Regulatory Information
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SODA ASH Revision Date: 21-Jun-2016

Safety, health and environmental regulations specific for the product

International Inventories

Australian AICS Inventory All components are listed on the AICS or are subject to a relevant exemption, permit, or
assessment certificate.

New Zealand Inventory of All components are listed on the NZIoC or are subject to a relevant exemption, permit, or

Chemicals assessment certificate.

EINECS (European Inventory of This product, and all its components, complies with EINECS

Existing Chemical Substances)

US TSCA Inventory All components listed on inventory or are exempt.

Canadian Domestic Substances List All components listed on inventory or are exempt.

(DSL)

Poisons Schedule number
None Allocated

International Agreements

Montreal Protocol - Ozone Depleting Substances: Does not apply
Stolkhom Convention - Persistent Organic Pollutants: Does not apply
Rotterdam Convention - Prior Informed Consent: Does not apply
Basel Convention - Hazardous Waste: Does not apply

16. Other information

Date of preparation or review

Revision Date: 21-Jun-2016

Revision Note
SDS sections updated: 2

Full text of H-Statements referred to under sections 2 and 3
H319 - Causes serious eye irritation

Additional information For additional information on the use of this product, contact your local Halliburton
representative.

For questions about the Safety Data Sheet for this or other Halliburton products, contact
Chemical Stewardship at 1-580-251-4335.

Key abreviations or acronyms used

bw — body weight

CAS - Chemical Abstracts Service

EC50 - Effective Concentration 50%

LC50 — Lethal Concentration 50%

LD50 — Lethal Dose 50%

LL50 — Lethal Loading 50%

mg/kg — milligram/kilogram

mg/L — milligram/liter

NOEC — No Observed Effect Concentration
OEL — Occupational Exposure Limit

PBT — Persistent Bioaccumulative and Toxic
ppm — parts per million

STEL — Short Term Exposure Limit

TWA — Time-Weighted Average

vPVvB — very Persistent and very Bioaccumulative
h - hour

mg/m3 - milligram/cubic meter

mm - millimeter

mmHg - millimeter mercury

w/w - weight/weight
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SODA ASH Revision Date: 21-Jun-2016

d - day

Key literature references and sources for data
www.ChemADVISOR.com/

Disclaimer Statement

This information is furnished without warranty, expressed or implied, as to accuracy or completeness. The information is obtained
from various sources including the manufacturer and other third party sources. The information may not be valid under all
conditions nor if this material is used in combination with other materials or in any process. Final determination of suitability of any
material is the sole responsibility of the user.

End of Safety Data Sheet
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HALLIBURTON

SAFETY DATA SHEET

SODIUM CHLORIDE

Revision Date: 08-Sep-2015

Revision Number: 23

1. Product Identifier & Identity for the Chemical

Statement of Hazardous Nature

1.1. Product Identifier

Non-Hazardous according to the criteria of the 3rd Revised Edition of the Globally

Harmonised System of Classification and Labelling of Chemicals (GHS), Non-Dangerous

Goods according to the criteria of ADG.

Product Name

Other means of Identif

SODIUM CHLORIDE

ication

Synonyms:
Product Code:

Recommended use of

None
HMO001682

the chemical and restrictions on use

Recommended Use
Uses Advised Against

Additive
No information available

Supplier's name, address and phone number

Manufacturer/Supplier

E-Mail address:

Halliburton Australia Pty. Ltd.
15 Marriott Road

Jandakot

WA 6164

Australia

ACN Number: 009 000 775

Telephone Number: + 61 1 800 686 951
Fax Number: 61 (08) 9455 5300
fdunexchem@halliburton.com

Emergency phone number

+ 61 1 800 686 951

Australian Poisons Inf
24 Hour Service:

ormation Centre
-131126

Police or Fire Brigade: - 000 (exchange): - 1100

2. Hazard Ildentification

Statement of Hazardous Nature

Non-Hazardous according to the criteria of the 3rd Revised Edition of the Globally

Harmonised System of Classification and Labelling of Chemicals (GHS), Non-Dangerous

Goods according to the criteria of ADG.

Classification of the hazardous chemical

INot classified

Label elements, including precautionary statements

Hazard Pictograms

Signal Word

Not Hazardous

Page 1/7



SODIUM CHLORIDE

Revision Date: 08-Sep-2015

Hazard Statements
Precautionary Statements
Prevention

Response

Storage

Disposal

Contains

Substances
Sodium chloride

Not Classified

None

None

None

None

CAS Number
7647-14-5

Other hazards which do not result in classification

This substance is not considered to be persistent, bioaccumulating nor toxic (PBT).

This substance is not considered to be very persistent nor very bioaccumulating (vPvB).

Australia Classification

For the full text of the H-phrases mentioned in this Section, see Section 16

Classification
Risk Phrases

Not Classified
None

3. Composition/information on Ingredients

Substances

CAS Number

PERCENT (w/w)

GHS Classification -
Australia

Sodium chloride

7647-14-5

60 - 100%

4. First aid measures

Description of necessary first aid measures

Inhalation
Eyes

Skin
Ingestion

Symptoms caused by exposure

If inhaled, remove from area to fresh air. Get medical attention if respiratory
irritation develops or if breathing becomes difficult.
In case of contact, immediately flush eyes with plenty of water for at least 15
minutes and get medical attention if irritation persists.
Wash with soap and water. Get medical attention if irritation persists.
Under normal conditions, first aid procedures are not required.

Causes mild eye irritation.

Medical Attention and Special Treatment

Notes to Physician

Treat symptomatically

5. Fire Fighting Measures

Suitable extinquishing equipment

Suitable Extinguishing Media
All standard fire fighting media

Extinguishing media which must not be used for safety reasons

None known.

Specific hazards arising from the chemical
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SODIUM CHLORIDE Revision Date: 08-Sep-2015

Special Exposure Hazards
None anticipated

Special protective equipment and precautions for fire fighters
Special Protective Equipment for Fire-Fighters
Full protective clothing and approved self-contained breathing apparatus required for fire fighting personnel.

6. Accidental release measures

6.1. Personal precautions, protective equipment and emergency procedures
Use appropriate protective equipment. Avoid creating and breathing dust.

6.2. Environmental precautions
Prevent from entering sewers, waterways, or low areas.

6.3. Methods and material for containment and cleaning up
Scoop up and remove.

7. Handling and storage

7.1. Precautions for Safe Handling

Handling Precautions

Avoid creating or inhaling dust.

Hygiene Measures

Handle in accordance with good industrial hygiene and safety practice.

7.2. Conditions for safe storage, including any incompatibilities
Storage Information

Store in a cool, dry location.

Other Guidelines

No information available

8. Exposure Controls/Personal Protection

Control parameters - exposure standards, biological monitoring
Exposure Limits

Substances CAS Number Australia NOHSC ACGIH TLV-TWA

Sodium chloride 7647-14-5 Not applicable Not applicable

Appropriate engineering controls
Engineering Controls Use in a well ventilated area.

Personal protective equipment (PPE)

Respiratory Protection If engineering controls and work practices cannot keep exposure below occupational
exposure limits or if exposure is unknown, wear a NIOSH certified, European Standard EN
149, AS/NZS 1715:2009, or equivalent respirator when using this product. Selection of and
instruction on using all personal protective equipment, including respirators, should be
performed by an Industrial Hygienist or other qualified professional.
Dust/mist respirator. (N95, P2/P3)

Hand Protection Normal work gloves.

Skin Protection Normal work coveralls.

Eye Protection Wear safety glasses or goggles to protect against exposure.
Other Precautions None known.

Environmental Exposure Controls No information available

9. Physical and Chemical Properties

9.1. Information on basic physical and chemical properties
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SODIUM CHLORIDE

Revision Date: 08-Sep-2015

Physical State:  Solid
Odor: Odorless

Property
Remarks/ - Method

pH:

Freezing Point/Range
Melting Point/Range

Boiling Point/Range

Flash Point

Evaporation rate

Vapor Pressure

Vapor Density

Specific Gravity

Water Solubility

Solubility in other solvents
Partition coefficient: n-octanol/water
Autoignition Temperature
Decomposition Temperature
Viscosity

Explosive Properties
Oxidizing Properties

9.2. Other information
VOC Content (%)

Color: White
Odor Threshold: No information available

Values

No data available

No data available

801 °C / 1473.8 °F
No data available

No data available

No data available

No data available

No data available

2.16

Very soluble

No data available

No data available

No data available

No data available

No data available

No information available
No information available

No data available

10. Stability and Reactivity

10.1. Reactivity
Not expected to be reactive.

10.2. Chemical Stability
Stable

10.3. Possibility of Hazardous Reactions

Will Not Occur

10.4. Conditions to Avoid
None anticipated

10.5. Incompatible Materials
None known.

10.6. Hazardous Decomposition Products

None known.

11. Toxicological Information

Information on routes of exposure
Principle Route of Exposure

Sympotoms related to exposure

Most Important Symptoms/Effects

Causes mild eye irritation.

Numerical measures of toxicity

Toxicology data for the components

Eye or skin contact, inhalation.

Substances CAS Number

LD50 Oral

LD50 Dermal LC50 Inhalation

Sodium chloride 7647-14-5

3000 mg/kg (Rat)
3550 mg/kg (Rat)

>10000 mg/kg (Rabbit) 42 mg/L (Rat) 1h

Immediate, delayed and chronic health effects from exposure

Inhalation
Eye Contact
Skin Contact

May cause mild respiratory irritation.
Causes mild eye irritation.
May cause mild skin irritation.
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SODIUM CHLORIDE

Revision Date: 08-Sep-2015

Ingestion

None known.

Chronic Effects/Carcinogenicity No data available to indicate product or components present at greater than 0.1%

Exposure Levels
No data available

Interactive effects

None known.

Data limitations
No data available

are chronic health hazards.

Substances CAS Number [Skin corrosion/irritation

Sodium chloride 7647-14-5 Non-irritating to the skin (Rabbit)

Substances CAS Number |Eye damage/irritation

Sodium chloride 7647-14-5 May cause mild eye irritation. (Rabbit)

Substances CAS Number [Skin Sensitization

Sodium chloride 7647-14-5 No information available

Substances CAS Number [Respiratory Sensitization

Sodium chloride 7647-14-5 No information available

Substances CAS Number |[Mutagenic Effects

Sodium chloride 7647-14-5 No information available

Substances CAS Number |Carcinogenic Effects

Sodium chloride 7647-14-5 Did not show carcinogenic effects in animal experiments

Substances CAS Number |Reproductive toxicity

Sodium chloride 7647-14-5 [Animal testing did not show any effects on fertility. Did not show teratogenic effects in animal
Substances CAS Number |STOT - single exposure

Sodium chloride 7647-14-5 No information available

Substances CAS Number |STOT - repeated exposure

Sodium chloride 7647-14-5 No significant toxicity observed in animal studies at concentration requiring classification.
Substances CAS Number |Aspiration hazard

Sodium chloride 7647-14-5 Not applicable

12. Ecological Information

Ecotoxicity

Product Ecotoxicity Data

No data available

Substance Ecotoxicity Data

(Nitzschia sp.)

(Oncorhynchus mykiss)
LC50 (96h) 5840 mg/L
(Lepomis macrochirus)
NOEC (33d) 252 mg/L
(Pimephales promelas)

(activated sludge)
NOEC 292-584 mg/L
(Escherichia coli)

Substances CAS Number Toxicity to Algae Toxicity to Fish Toxicity to Toxicity to Invertebrates
Microorganisms
Sodium chloride 7647-14-5 EC50 (120h) 2430 mg/L TLM96 > 1000 mg/L  [NOEC 5000 — 8000 mg/L | TLM96 > 1,000,000 ppm

(Mysidopsis bahia)
LC50 (48h) 874-4136
mg/L (Daphnia magna)
NOEC (21d) 314 mg/L

(Daphnia pulex)

12.2. Persistence and degradability
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SODIUM CHLORIDE Revision Date: 08-Sep-2015

Substances CAS Number Persistence and Degradability

Sodium chloride 7647-14-5 No information available

12.3. Bioaccumulative potential

Substances CAS Number Log Pow

Sodium chloride 7647-14-5 No information available

12.4. Mobility in soil

Substances CAS Number Mobility

Sodium chloride 7647-14-5 No information available

12.6. Other adverse effects
Endocrine Disruptor Information
This product does not contain any known or suspected endocrine disruptors

13. Disposal Considerations

Safe handling and disposal methods
Bury in a licensed landfill according to federal, state, and local regulations.

Disposal of any contaminated packaging

Follow all applicable national or local regulations. Contaminated packaging may be disposed of by: rendering packaging incapable
of containing any substance, or treating packaging to remove residual contents, or treating packaging to make sure the residual
contents are no longer hazardous, or by disposing of packaging into commercial waste collection.

Environmental regulations
Not applicable

14. Transport Information

Transportation Information

UN Number: Not restricted
UN Proper Shipping Name: Not restricted
Transport Hazard Class(es): Not applicable
Packing Group: Not applicable
Environmental Hazards: Not applicable

Special precautions during transport
None

HazChem Code
None Allocated

15. Regulatory Information

Safety, health and environmental requlations specific for the product

International Inventories

Australian AICS Inventory All components listed on inventory or are exempt.

New Zealand Inventory of All components listed on inventory or are exempt.
Chemicals

EINECS Inventory This product, and all its components, complies with EINECS
US TSCA Inventory All components listed on inventory or are exempt.
Canadian DSL Inventory All components listed on inventory or are exempt.

Poisons Schedule number
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SODIUM CHLORIDE Revision Date: 08-Sep-2015

None Allocated

16. Other information

Date of preparation or review

Revision Date: 08-Sep-2015

Revision Note
SDS sections updated: 2

Full text of R-phrases referred to under Sections 2 and 3
None

Full text of H-Statements referred to under sections 2 and 3
None

Additional information For additional information on the use of this product, contact your local Halliburton
representative.

For questions about the Safety Data Sheet for this or other Halliburton products, contact
Chemical Stewardship at 1-580-251-4335.

Key abreviations or acronyms used

bw — body weight CAS — Chemical Abstracts Service EC50 — Effective Concentration 50% LC50 — Lethal Concentration 50% LD50
— Lethal Dose 50% LL50 — Lethal Loading 50% mg/kg — milligram/kilogram mg/L — milligram/liter NOEC — No Observed Effect
Concentration OEL — Occupational Exposure Limit PBT — Persistent Bioaccumulative and Toxic ppm — parts per million STEL —
Short Term Exposure Limit TWA — Time-Weighted Average vPvB — very Persistent and very Bioaccumulative h - hour mg/m3 -
milligram/cubic meter mm - millimeter mmHg - millimeter mercury w/w - weight/weight d - day

Key literature references and sources for data
www.ChemADVISOR.com/
Nz CCID

Disclaimer Statement

This information is furnished without warranty, expressed or implied, as to accuracy or completeness. The information is obtained
from various sources including the manufacturer and other third party sources. The information may not be valid under all
conditions nor if this material is used in combination with other materials or in any process. Final determination of suitability of any
material is the sole responsibility of the user.

End of Safety Data Sheet
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HALLIBURTON

SAFETY DATA SHEET

STEELSEAL®

Revision Date: 22-Sep-2015 Revision Number: 22

1. Product Identifier & Identity for the Chemical

Statement of Hazardous Nature Non-Hazardous according to the criteria of the 3rd Revised Edition of the Globally
Harmonised System of Classification and Labelling of Chemicals (GHS), Non-Dangerous
Goods according to the criteria of ADG.

1.1. Product Identifier

Product Name STEELSEAL®

Other means of Identification

Synonyms: None

Product Code: HMO003768
Recommended use of the chemical and restrictions on use
Recommended Use Loss Circulation Material
Uses Advised Against No information available

Supplier's name, address and phone number
Manufacturer/Supplier Halliburton/Baroid Australia Pty. Ltd.
15 Marriott Road
Jandakot
WA 6164
Australia

ACN Number: 009 000 775
Telephone Number: 61 (08) 9455 8300
Fax Number: 61 (08) 9455 5300

Product Emergency Telephone
Australia: + 61 1 800 686 951
Papua New Guinea: + 61 1 800 686 951
NewZealand: +64 800 451719

Fire, Police & Ambulance - Emergency Telephone
Australia: 000
Papua New Guinea: 000
New Zealand: 111
E-Mail address: fdunexchem@halliburton.com

Emergency phone number
+ 61 1 800 686 951

Australian Poisons Information Centre

24 Hour Service: -1311 26
Police or Fire Brigade: - 000 (exchange): - 1100
2. Hazard Identification
Statement of Hazardous Nature Non-Hazardous according to the criteria of the 3rd Revised Edition of the Globally

Harmonised System of Classification and Labelling of Chemicals (GHS), Non-Dangerous
Goods according to the criteria of ADG.
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STEELSEAL® Revision Date: 22-Sep-2015

Classification of the hazardous chemical

INot classified

Label elements, including precautionary statements

Hazard Pictograms

Signal Word Not Hazardous
Hazard Statements Not Classified

Precautionary Statements

Prevention None

Response None

Storage None

Disposal None

Contains

Substances CAS Number
Contains no hazardous substances in concentrations above NA

cut-off values according to the competent authority

Other hazards which do not result in classification
This substance is not considered to be persistent, bioaccumulating nor toxic (PBT).
This substance is not considered to be very persistent nor very bioaccumulating (vPvB).

Australia Classification
For the full text of the H-phrases mentioned in this Section, see Section 16

Classification Not Classified
Risk Phrases None

3. Composition/information on Ingredients

Substances CAS Number PERCENT (w/w) GHS Classification -
Australia

Contains no hazardous substances in concentrations NA 60 - 100% Not Applicable

above cut-off values according to the competent authority

4. First aid measures

Description of necessary first aid measures

Inhalation If inhaled, remove from area to fresh air. Get medical attention if respiratory
irritation develops or if breathing becomes difficult.

Eyes In case of contact, immediately flush eyes with plenty of water for at least 15
minutes and get medical attention if irritation persists.

Skin Wash with soap and water. Get medical attention if irritation persists.

Ingestion Do NOT induce vomiting. Give nothing by mouth. Obtain immediate medical
attention.

Symptoms caused by exposure
No significant hazards expected.

Medical Attention and Special Treatment
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STEELSEAL® Revision Date: 22-Sep-2015

Notes to Physician Treat symptomatically

5. Fire Fighting Measures

Suitable extinguishing equipment

Suitable Extinguishing Media

All standard fire fighting media

Extinguishing media which must not be used for safety reasons
None known.

Specific hazards arising from the chemical
Special Exposure Hazards
Combustible dust when in finely divided and highly suspended state.

Special protective equipment and precautions for fire fighters
Special Protective Equipment for Fire-Fighters
Full protective clothing and approved self-contained breathing apparatus required for fire fighting personnel.

6. Accidental release measures

6.1. Personal precautions, protective equipment and emergency procedures
Use appropriate protective equipment. Avoid creating and breathing dust. Ensure adequate ventilation. Avoid contact with skin,
eyes and clothing.

6.2. Environmental precautions
Prevent from entering sewers, waterways, or low areas.

6.3. Methods and material for containment and cleaning up
Scoop up and remove.

7. Handling and storage

7.1. Precautions for Safe Handling

Handling Precautions

Avoid creating or inhaling dust. Avoid dust accumulations. Wet activated carbon removes oxygen from air causing a severe hazard
to workers inside carbon vessels and enclosed or confined spaces. Before entering such an area, sampling and dark procedures
for low oxygen levels should be taken to ensure ample oxygen availability. Ensure adequate ventilation. Avoid contact with eyes,
skin, or clothing. Wash hands after use. Launder contaminated clothing before reuse. Use appropriate protective equipment.
Hygiene Measures

Handle in accordance with good industrial hygiene and safety practice.

7.2. Conditions for safe storage, including any incompatibilities

Storage Information

Store away from oxidizers. Store in a dry location. Keep from heat, sparks, and open flames. Product has a shelf life of 60 months.
Other Guidelines

No information available

8. Exposure Controls/Personal Protection

Control parameters - exposure standards, biological monitoring
Exposure Limits

Substances CAS Number Australia NOHSC ACGIH TLV-TWA

Contains no hazardous substances in NA Not applicable Not applicable
concentrations above cut-off values according to
the competent authority

Appropriate engineering controls
Engineering Controls A well ventilated area to control dust levels.
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STEELSEAL® Revision Date: 22-Sep-2015

Personal protective equipment (PPE)

Respiratory Protection Not normally needed. But if significant exposures are possible then the following respirator
is recommended:
Dust/mist respirator. (N95, P2/P3)

Hand Protection Normal work gloves.

Skin Protection Normal work coveralls.

Eye Protection Wear safety glasses or goggles to protect against exposure.
Other Precautions None known.

Environmental Exposure Controls Do not allow material to contaminate ground water system

9. Physical and Chemical Properties

9.1. Information on basic physical and chemical properties

Physical State:  Solid Color: Dark gray
Odor: Odorless Odor Threshold: No information available
Property Values
Remarks/ - Method
pH: No data available
Freezing Point/Range No data available
Melting Point/Range No data available
Boiling Point/Range 4200 °C / 7592 °F
Flash Point > 356 °C / > 673 °F
lower flammability limit 0.07-0.12 o0z/ft3
Evaporation rate No data available
Vapor Pressure 1
Vapor Density 0.4
Specific Gravity 1.75
Water Solubility Insoluble in water
Solubility in other solvents No data available
Partition coefficient: n-octanol/water No data available
Autoignition Temperature No data available
Decomposition Temperature No data available
Viscosity No data available
Explosive Properties No information available
Oxidizing Properties No information available

9.2. Other information
VOC Content (%) No data available
Bulk Density 38-45 Ibs/ft3

10. Stability and Reactivity

10.1. Reactivity
Not expected to be reactive.

10.2. Chemical Stability

Stable

10.3. Possibility of Hazardous Reactions
Will Not Occur

10.4. Conditions to Avoid

None anticipated

10.5. Incompatible Materials

Strong acids. Strong alkalis.

10.6. Hazardous Decomposition Products
Carbon monoxide and carbon dioxide.

11. Toxicological Information

Information on routes of exposure
Principle Route of Exposure Eye or skin contact, inhalation.
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STEELSEAL® Revision Date: 22-Sep-2015

Sympotoms related to exposure
Most Important Symptoms/Effects
No significant hazards expected.

Numerical measures of toxicity

Toxicology data for the components

Substances CAS Number LD50 Oral LD50 Dermal LC50 Inhalation

Contains no hazardous |NA No data available No data available No data available
substances in
concentrations above
cut-off values according
to the competent

authority

Immediate, delayed and chronic health effects from exposure

Inhalation May cause mild respiratory irritation.
Eye Contact May cause mechanical irritation to eye.
Skin Contact May cause mild skin irritation.
Ingestion May cause mild gastric distress.

Chronic Effects/Carcinogenicity No data available to indicate product or components present at greater than 0.1%
are chronic health hazards.

Exposure Levels
No data available

Interactive effects
Skin disorders.

Data limitations
No data available

Substances CAS Number [Skin corrosion/irritation

Contains no hazardous NA Not applicable.
substances in
concentrations above cut-off
lvalues according to the
competent authority

Substances CAS Number |Eye damagelirritation

Contains no hazardous NA Not applicable.
substances in
concentrations above cut-off
lvalues according to the
competent authority

Substances CAS Number [Skin Sensitization

Contains no hazardous NA Not applicable
substances in
concentrations above cut-off
lvalues according to the
competent authority

Substances CAS Number [Respiratory Sensitization

Contains no hazardous NA Not applicable
substances in
concentrations above cut-off
lvalues according to the
competent authority

Substances CAS Number |Mutagenic Effects
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Contains no hazardous
substances in
concentrations above cut-off
lvalues according to the
competent authority

Not applicable

Substances

CAS Number

Carcinogenic Effects

Contains no hazardous
substances in
concentrations above cut-off
lvalues according to the
competent authority

NA

Not applicable

Substances

CAS Number

Reproductive toxicity

Contains no hazardous
substances in
concentrations above cut-off
lvalues according to the
competent authority

NA

Not applicable

Substances

CAS Number

STOT - single exposure

Contains no hazardous
substances in
concentrations above cut-off
lvalues according to the
competent authority

NA

Not applicable

Substances

CAS Number

STOT - repeated exposure

Contains no hazardous
substances in
concentrations above cut-off
lvalues according to the
competent authority

NA

Not applicable

Substances

CAS Number

Aspiration hazard

Contains no hazardous
substances in
concentrations above cut-off
lvalues according to the
competent authority

NA

Not applicable

12. Ecological Information

Ecotoxicity

Product Ecotoxicity Data

No data available

Substance Ecotoxicity Data

hazardous substances
in concentrations
above cut-off values
laccording to the
competent authority

Substances CAS Number Toxicity to Algae Toxicity to Fish Toxicity to Toxicity to Invertebrates
Microorganisms
Contains no NA No information available | No information available | No information available | No information available

12.2. Persistence and degradability

Substances

CAS Number

Persistence and Degradability

the competent authority

Contains no hazardous substances in
concentrations above cut-off values according to

NA No information available

12.3. Bioaccumulative potential
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Substances CAS Number Log Pow

Contains no hazardous substances in NA No information available
concentrations above cut-off values according to
the competent authority

12.4. Mobility in soil

Substances CAS Number Mobility

Contains no hazardous substances in concentrations NA No information available
above cut-off values according to the competent authority

12.6. Other adverse effects
Endocrine Disruptor Information
This product does not contain any known or suspected endocrine disruptors

13. Disposal Considerations

Safe handling and disposal methods
Bury in a licensed landfill according to federal, state, and local regulations.

Disposal of any contaminated packaging
Follow all applicable national or local regulations.

Environmental regulations
Not applicable

14. Transport Information

Transportation Information

UN Number: Not restricted
UN Proper Shipping Name: Not restricted
Transport Hazard Class(es): Not applicable
Packing Group: Not applicable
Environmental Hazards: Not applicable

Special precautions during transport
None

HazChem Code
None Allocated

15. Regulatory Information

Safety, health and environmental regulations specific for the product

International Inventories

Australian AICS Inventory All components listed on inventory or are exempt.

New Zealand Inventory of All components listed on inventory or are exempt.
Chemicals

EINECS Inventory This product, and all its components, complies with EINECS
US TSCA Inventory All components listed on inventory or are exempt.
Canadian DSL Inventory All components listed on inventory or are exempt.

Poisons Schedule number
None Allocated

16. Other information
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Date of preparation or review

Revision Date: 22-Sep-2015

Revision Note
SDS sections updated: 2

Full text of R-phrases referred to under Sections 2 and 3
None

Full text of H-Statements referred to under sections 2 and 3
None

Additional information For additional information on the use of this product, contact your local Halliburton
representative.

For questions about the Safety Data Sheet for this or other Halliburton products, contact
Chemical Stewardship at 1-580-251-4335.

Key abreviations or acronyms used

bw — body weight CAS — Chemical Abstracts Service EC50 — Effective Concentration 50% LC50 — Lethal Concentration 50% LD50
— Lethal Dose 50% LL50 — Lethal Loading 50% mg/kg — milligram/kilogram mg/L — milligram/liter NOEC — No Observed Effect
Concentration OEL — Occupational Exposure Limit PBT — Persistent Bioaccumulative and Toxic ppm — parts per million STEL —
Short Term Exposure Limit TWA — Time-Weighted Average vPvB — very Persistent and very Bioaccumulative h - hour mg/m3 -
milligram/cubic meter mm - millimeter mmHg - millimeter mercury w/w - weight/weight d - day

Key literature references and sources for data
www.ChemADVISOR.com/
Nz CCID

Disclaimer Statement

This information is furnished without warranty, expressed or implied, as to accuracy or completeness. The information is obtained
from various sources including the manufacturer and other third party sources. The information may not be valid under all
conditions nor if this material is used in combination with other materials or in any process. Final determination of suitability of any
material is the sole responsibility of the user.

End of Safety Data Sheet
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HALLIBURTON

SAFETY DATA SHEET

STOPPIT®

Revision Date: 17-Dec-2015 Revision Number: 15

1. Product Identifier & ldentity for the Chemical

Statement of Hazardous Nature Hazardous according to the criteria of the 3rd Revised Edition of the Globally Harmonised
System of Classification and Labelling of Chemicals (GHS), Non-Dangerous Goods
according to the criteria of ADG.

1.1. Product Identifier

Product Name STOPPIT®

Other means of Identification

Synonyms: None

Product Code: HMO007395
Recommended use of the chemical and restrictions on use
Recommended Use Loss Circulation Material
Uses Advised Against No information available

Supplier's name, address and phone number
Manufacturer/Supplier Halliburton/Baroid Australia Pty. Ltd.
15 Marriott Road
Jandakot
WA 6164
Australia

ACN Number: 009 000 775
Telephone Number: 61 (08) 9455 8300
Fax Number: 61 (08) 9455 5300

Product Emergency Telephone
Australia: + 61 1 800 686 951
Papua New Guinea: + 61 1 800 686 951
NewZealand: +64 800 451719

Fire, Police & Ambulance - Emergency Telephone
Australia: 000
Papua New Guinea: 000
New Zealand: 111
E-Mail address: fdunexchem@halliburton.com

Emergency phone number
+ 61 1 800 686 951

Australian Poisons Information Centre

24 Hour Service: -131126
Police or Fire Brigade: - 000 (exchange): - 1100
2. Hazard Identification
Statement of Hazardous Nature Hazardous according to the criteria of the 3rd Revised Edition of the Globally Harmonised

System of Classification and Labelling of Chemicals (GHS), Non-Dangerous Goods
according to the criteria of ADG.
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Classification of the hazardous chemical

[Carcinogenicity [Category 2 - H351

Label elements, including precautionary statements

Hazard Pictograms

Signal Word Warning

Hazard Statements H351 - Suspected of causing cancer if inhaled
Precautionary Statements

Prevention P201 - Obtain special instructions before use

P202 - Do not handle until all safety precautions have been read and understood
P281 - Use personal protective equipment as required

Response P308 + P313 - IF exposed or concerned: Get medical advice/attention
Storage P405 - Store locked up
Disposal P501 - Dispose of contents/container in accordance with

local/regional/national/international regulations

Contains
Substances CAS Number
Crystalline silica, quartz 14808-60-7

Other hazards which do not result in classification
This mixture contains no substance considered to be persistent, bioaccumulating nor toxic (PBT).
This mixture contains no substance considered to be very persistent nor very bioaccumulating (vPvB).

Australia Classification
For the full text of the H-phrases mentioned in this Section, see Section 16

Classification T - Toxic.

Risk Phrases R49 May cause cancer by inhalation.

3. Composition/information on Ingredients

Substances CAS Number PERCENT (w/w) GHS Classification -
Australia

Crystalline silica, quartz 14808-60-7 0.1-1% Carc. 2 (H351)
STOT RE 1 (H372)

4. First aid measures

Description of necessary first aid measures
Inhalation If inhaled, remove from area to fresh air. Get medical attention if respiratory
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irritation develops or if breathing becomes difficult.

Eyes Immediately flush eyes with large amounts of water for at least 15 minutes. Get
immediate medical attention.

Skin Wash with soap and water. Get medical attention if irritation persists.

Ingestion Under normal conditions, first aid procedures are not required.

Symptoms caused by exposure
Breathing crystalline silica can cause lung disease, including silicosis and lung cancer. Crystalline silica has also
been associated with scleroderma and kidney disease.

Medical Attention and Special Treatment
Notes to Physician Treat symptomatically

5. Fire Fighting Measures

Suitable extinguishing equipment

Suitable Extinguishing Media

All standard fire fighting media

Extinguishing media which must not be used for safety reasons
None known.

Specific hazards arising from the chemical
Special Exposure Hazards
Not applicable.

Special protective equipment and precautions for fire fighters
Special Protective Equipment for Fire-Fighters
Full protective clothing and approved self-contained breathing apparatus required for fire fighting personnel.

6. Accidental release measures

6.1. Personal precautions, protective equipment and emergency procedures
Use appropriate protective equipment. Avoid creating and breathing dust. Ensure adequate ventilation. Avoid contact with skin,
eyes and clothing.

6.2. Environmental precautions
Prevent from entering sewers, waterways, or low areas.

6.3. Methods and material for containment and cleaning up
Collect using dustless method and hold for appropriate disposal. Consider possible toxic or fire hazards associated with
contaminating substances and use appropriate methods for collection, storage and disposal.

7. Handling and storage

7.1. Precautions for Safe Handling

Handling Precautions

This product contains quartz, cristobalite, and/or tridymite which may become airborne without a visible cloud. Avoid breathing
dust. Avoid creating dusty conditions. Use only with adequate ventilation to keep exposure below recommended exposure limits.
Wear a NIOSH certified, European Standard En 149, or equivalent respirator when using this product. Material is slippery when
wet. Avoid contact with eyes, skin, or clothing.

Hygiene Measures

Handle in accordance with good industrial hygiene and safety practice.

7.2. Conditions for safe storage, including any incompatibilities

Storage Information

Store away from acids. Store in a cool, dry location. Store locked up. Use good housekeeping in storage and work areas to prevent
accumulation of dust. Close container when not in use. Do not reuse empty container. Product has a shelf life of 60 months.

Other Guidelines

No information available
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8. Exposure Controls/Personal Protection

Control parameters - exposure standards, biological monitoring

Exposure Limits

Substances CAS Number Australia NOHSC ACGIH TLV-TWA
Crystalline silica, quartz 14808-60-7 TWA: 0.1 mg/m?3 TWA: 0.025 mg/m3
Appropriate engineering controls

Engineering Controls Use approved industrial ventilation and local exhaust as required to maintain exposures

below applicable exposure limits.

Personal protective equipment (PPE)

Respiratory Protection Wear a NIOSH certified, European Standard EN 149 (FFP2/FFP3), AS/NZS 1715, or
equivalent respirator when using this product.

Hand Protection Normal work gloves.

Skin Protection Wear clothing appropriate for the work environment. Dusty clothing should be laundered

before reuse. Use precautionary measures to avoid creating dust when removing or
laundering clothing.
Eye Protection Wear safety glasses or goggles to protect against exposure.
Other Precautions None known.
Environmental Exposure Controls Do not allow material to contaminate ground water system

9. Physical and Chemical Properties

9.1. Information on basic physical and chemical properties

Physical State:  Solid Powder
Odor: Odorless

Property
Remarks/ - Method

pH:

Freezing Point/Range
Melting Point/Range

Boiling Point/Range

Flash Point

Evaporation rate

Vapor Pressure

Vapor Density

Specific Gravity

Water Solubility

Solubility in other solvents
Partition coefficient: n-octanol/water
Autoignition Temperature
Decomposition Temperature
Viscosity

Explosive Properties
Oxidizing Properties

9.2. Other information
VOC Content (%)

Color: Brown

Odor Threshold: No information available

Values

No data available
No data available
No data available
No data available
No data available
No data available
No data available
No data available
No data available
No data available
No data available
No data available
No data available
No data available
No data available
No information available
No information available

No data available

10. Stability and Reactivity

10.1. Reactivity
Not expected to be reactive.

10.2. Chemical Stability
Stable

10.3. Possibility of Hazardous Reactions
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Will Not Occur

10.4. Conditions to Avoid

None anticipated

10.5. Incompatible Materials

Strong acids.

10.6. Hazardous Decomposition Products

Amorphous silica may transform at elevated temperatures to tridymite (870 C) or cristobalite (1470 C). Carbon monoxide and
carbon dioxide.

11. Toxicological Information

Information on routes of exposure
Principle Route of Exposure Eye or skin contact, inhalation.

Symptoms related to exposure

Most Important Symptoms/Effects

Breathing crystalline silica can cause lung disease, including silicosis and lung cancer. Crystalline silica has also
been associated with scleroderma and kidney disease.

Numerical measures of toxicity

Toxicology data for the components

Substances CAS Number LD50 Oral LD50 Dermal LC50 Inhalation
Crystalline silica, quartz |14808-60-7 >15,000 mg/kg (Human) No data available No data available

Immediate, delayed and chronic health effects from exposure

Inhalation Inhaled crystalline silica in the form of quartz or cristobalite from occupational sources is
carcinogenic to humans (IARC, Group 1). There is sufficient evidence in experimental
animals for the carcinogenicity of tridymite (IARC, Group 2A).

Breathing silica dust may cause irritation of the nose, throat, and respiratory passages.
Breathing silica dust may not cause noticeable injury or illness even though permanent lung
damage may be occurring. Inhalation of dust may also have serious chronic health effects
(See "Chronic Effects/Carcinogenicity" subsection below).

Eye Contact May cause mechanical irritation to eye.
Skin Contact May cause mechanical skin irritation.
Ingestion None known.

Chronic Effects/Carcinogenicity Silicosis: Excessive inhalation of respirable crystalline silica dust may cause a
progressive, disabling, and sometimes-fatal lung disease called silicosis.
Symptoms include cough, shortness of breath, wheezing, non-specific chest
illness, and reduced pulmonary function. This disease is exacerbated by smoking.
Individuals with silicosis are predisposed to develop tuberculosis.

Cancer Status: The International Agency for Research on Cancer (IARC) has
determined that crystalline silica inhaled in the form of quartz or cristobalite from
occupational sources can cause lung cancer in humans (Group 1 - carcinogenic to
humans) and has determined that there is sufficient evidence in experimental
animals for the carcinogenicity of tridymite (Group 2A - possible carcinogen to
humans). Refer to IARC Monograph 68, Silica, Some Silicates and Organic Fibres
(June 1997) in conjunction with the use of these minerals. The National Toxicology
Program classifies respirable crystalline silica as "Known to be a human
carcinogen”. Refer to the 9th Report on Carcinogens (2000). The American
Conference of Governmental Industrial Hygienists (ACGIH) classifies crystalline
silica, quartz, as a suspected human carcinogen (A2). There is some evidence
that breathing respirable crystalline silica or the disease silicosis is associated with
an increased incidence of significant disease endpoints such as scleroderma (an
immune system disorder manifested by scarring of the lungs, skin, and other
internal organs) and kidney disease.
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Exposure Levels
No data available

Interactive effects

Individuals with respiratory disease, including but not limited to asthma and bronchitis, or subject to eye irritation, should not be

exposed to quartz dust.

Data limitations
No data available

Substances

CAS Number

Skin corrosion/irritation

Crystalline silica, quartz

14808-60-7

Non-irritating to the skin

Substances CAS Number [Eye damage/irritation

Crystalline silica, quartz 14808-60-7 |Mechanical irritation of the eyes is possible.

Substances CAS Number |Skin Sensitization

Crystalline silica, quartz 14808-60-7  |No information available.

Substances CAS Number |Respiratory Sensitization

Crystalline silica, quartz 14808-60-7 |No information available

Substances CAS Number [Mutagenic Effects

Crystalline silica, quartz 14808-60-7 |Not regarded as mutagenic.

Substances CAS Number [Carcinogenic Effects

Crystalline silica, quartz 14808-60-7 |Contains crystalline silica which may cause silicosis, a delayed and progressive lung disease. The
IARC and NTP have determined there is sufficient evidence in humans of the carcinogenicity of
crystalline silica with repeated respiratory exposure. Based on available scientific evidence, this
substance is a threshold carcinogen with a mode of action involving indirect genotoxicity secondary to
lung injury.

Substances CAS Number [Reproductive toxicity

Crystalline silica, quartz 14808-60-7  |No information available

ISubstances CAS Number |STOT - single exposure

Crystalline silica, quartz 14808-60-7  |No significant toxicity observed in animal studies at concentration requiring classification.

Substances CAS Number [STOT - repeated exposure

Crystalline silica, quartz 14808-60-7 [Causes damage to organs through prolonged or repeated exposure if inhaled: (Lungs)

Substances CAS Number [Aspiration hazard

Crystalline silica, quartz 14808-60-7 |Not applicable

12. Ecological Information

Ecotoxicity

Product Ecotoxicity Data

No data available

Substance Ecotoxicity Data

quartz

Substances CAS Number Toxicity to Algae Toxicity to Fish Toxicity to Toxicity to Invertebrates
Microorganisms
Crystalline silica, 14808-60-7 No information available | LLO (96h) 10,000 mg/L | No information available |LL50 (24h) > 10,000 mg/L|

(Danio rerio) (similar
substance)

(Daphnia magna) (similar
substance)

12.2. Persistence and degradability
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Substances CAS Number Persistence and Degradability

not applicable to inorganic substances.

Crystalline silica, quartz 14808-60-7 The methods for determining biodegradability are

12.3. Bioaccumulative potential

Substances CAS Number Log Pow

Crystalline silica, quartz 14808-60-7 No information available

12.4. Mobility in soil

Substances CAS Number Mobility

Crystalline silica, quartz 14808-60-7 No information available

12.6. Other adverse effects
Endocrine Disruptor Information
This product does not contain any known or suspected endocrine disruptors

13. Disposal Considerations

Safe handling and disposal methods
Bury in a licensed landfill according to federal, state, and local regulations.

Disposal of any contaminated packaging
Follow all applicable national or local regulations.

Environmental regulations
Not applicable

14. Transport Information

Transportation Information

UN Number: Not restricted
UN Proper Shipping Name: Not restricted
Transport Hazard Class(es): Not applicable
Packing Group: Not applicable
Environmental Hazards: Not applicable

Special precautions during transport
None

HazChem Code
None Allocated

15. Regulatory Information

Safety, health and environmental regulations specific for the product

International Inventories

Australian AICS Inventory All components are listed on the AICS or are subject to a relevant exemption, permit, or
assessment certificate.

New Zealand Inventory of All components are listed on the AICS or are subject to a relevant exemption, permit, or

Chemicals assessment certificate.

EINECS Inventory This product, and all its components, complies with EINECS

US TSCA Inventory All components listed on inventory or are exempt.

Canadian DSL Inventory All components listed on inventory or are exempt.

Poisons Schedule number
None Allocated
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International Agreements

Montreal Protocol - Ozone Depleting Substances: Does not apply
Stolkhom Convention - Persistent Organic Pollutants: Does not apply
Rotterdam Convention - Prior Informed Consent: Does not apply
Basel Convention - Hazardous Waste: Does not apply

16. Other information

Date of preparation or review

Revision Date: 17-Dec-2015

Revision Note
SDS sections updated: 2

Full text of R-phrases referred to under Sections 2 and 3
R49 May cause cancer by inhalation.

Full text of H-Statements referred to under sections 2 and 3
H351 - Suspected of causing cancer if inhaled
H372 - Causes damage to organs through prolonged or repeated exposure if inhaled

Additional information For additional information on the use of this product, contact your local Halliburton
representative.

For questions about the Safety Data Sheet for this or other Halliburton products, contact
Chemical Stewardship at 1-580-251-4335.

Key abreviations or acronyms used

bw — body weight

CAS - Chemical Abstracts Service

EC50 — Effective Concentration 50%

LC50 — Lethal Concentration 50%

LD50 — Lethal Dose 50%

LL50 — Lethal Loading 50%

mg/kg — milligram/kilogram

mg/L — milligram/liter

NOEC — No Observed Effect Concentration
OEL — Occupational Exposure Limit

PBT — Persistent Bioaccumulative and Toxic
ppm — parts per million

STEL — Short Term Exposure Limit

TWA — Time-Weighted Average

vPVvB — very Persistent and very Bioaccumulative
h - hour

mg/m3 - milligram/cubic meter

mm - millimeter

mmHg - millimeter mercury

wiw - weight/weight

d - day

Key literature references and sources for data
www.ChemADVISOR.com/

NZ CCID

OSHA

ECHA C&L

Disclaimer Statement
This information is furnished without warranty, expressed or implied, as to accuracy or completeness. The information is obtained
from various sources including the manufacturer and other third party sources. The information may not be valid under all
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conditions nor if this material is used in combination with other materials or in any process. Final determination of suitability of any
material is the sole responsibility of the user.

End of Safety Data Sheet
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HALLIBURTON

MATERIAL SAFETY DATA SHEET

Product Trade Name:

Revision Date:

THERMA-THIN®
29-Jan-2013

1. IDENTIFICATION OF THE SUBSTANCE/PREPARATION AND OF THE
COMPANY/UNDERTAKING

Statement of Hazardous Nature

Manufacturer/Supplier

Non-Hazardous according to the criteria of NOHSC, Non-Dangerous Goods

according to the criteria of ADG.

Halliburton/Baroid Australia Pty. Ltd.
15 Marriott Road

Jandakot

WA 6164

Australia

ACN Number: 009 000 775
Telephone Number: 61 (08) 9455 8300
Fax Number: 61 (08) 9455 5300

Product Emergency Telephone
Australia: 08-64244950

Papua New Guinea: 05 1 281 575 5000
New Zealand: 06-7559274

Fire, Police & Ambulance - Emergency Telephone
Australia: 000

Papua New Guinea: 000

New Zealand: 111

Identification of Substances or Preparation

Product Trade Name:
Synonyms:

Chemical Family:

UN Number:

Dangerous Goods Class:
Subsidiary Risk:
Hazchem Code:

Poisons Schedule:
Application:

Prepared By

THERMA-THIN®
None

Polymer

None

None

None

3[Y]E

None Allocated
Thinner

Chemical Compliance
Telephone: 1-580-251-4335
e-mail: fdunexchem@halliburton.com

2. COMPOSITION/INFORMATION ON INGREDIENTS

Substances CAS Number PERCENT Australia New Zealand ACGIH TLV-TWA
NOHSC WES

Contains no hazardous Mixture 60 - 100% Not applicable Not applicable Not applicable

substances

THERMA-THIN®
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Non-Hazardous Substance to Total of 100%

3. HAZARDS IDENTIFICATION

Hazard Overview May cause eye and skin irritation.
Risk Phrases None
HSNO Classification Not Determined

4. FIRST AID MEASURES

Inhalation If inhaled, remove from area to fresh air. Get medical attention if respiratory irritation
develops or if breathing becomes difficult.

Skin Wash with soap and water. Get medical attention if irritation persists.

Eyes In case of contact, immediately flush eyes with plenty of water for at least 15 minutes

and get medical attention if irritation persists.

Ingestion Do not induce vomiting. Slowly dilute with 1-2 glasses of water or milk and seek
medical attention. Never give anything by mouth to an unconscious person.

Notes to Physician Not Applicable

5. FIRE FIGHTING MEASURES

Suitable Extinguishing Media All standard fire fighting media

Extinguishing media which must None known.
not be used for safety reasons

Special Exposure Hazards Decomposition in fire may produce toxic gases.

Special Protective Equipment for Full protective clothing and approved self-contained breathing apparatus required for
Fire-Fighters fire fighting personnel.

6. ACCIDENTAL RELEASE MEASURES

Personal Precautionary Measures Use appropriate protective equipment.

Environmental Precautionary Prevent from entering sewers, waterways, or low areas.

Measures

Procedure for Cleaning / Isolate spill and stop leak where safe. Contain spill with sand or other inert materials.
Absorption Scoop up and remove.

7. HANDLING AND STORAGE

Handling Precautions Avoid contact with eyes, skin, or clothing.

Storage Information Store away from oxidizers. Product has a shelf life of 12 months.

8. EXPOSURE CONTROLS/PERSONAL PROTECTION

Engineering Controls Use in a well ventilated area.

THERMA-THIN®
Page 2 of 6



Respiratory Protection

Hand Protection
Skin Protection
Eye Protection

Other Precautions

Not normally necessary.

Butyl rubber gloves.
Normal work coveralls.
Chemical goggles; also wear a face shield if splashing hazard exists.

Eyewash fountains and safety showers must be easily accessible.

9. PHYSICAL AND CHEMICAL PROPERTIES

Physical State:

Color:

Odor:

pH:

Specific Gravity @ 20 C (Water=1):
Density @ 20 C (kg/l):

Bulk Density @ 20 C (kg/m3):

Boiling Point/Range (C):

Freezing Point/Range (C):

Pour Point/Range (C):

Flash Point/Range (C):

Flash Point Method:

Autoignition Temperature (C):
Flammability Limits in Air - Lower (g/m3):
Flammability Limits in Air - Lower (%):
Flammability Limits in Air - Upper (g/m3):
Flammability Limits in Air - Upper (%):
Vapor Pressure @ 20 C (mmHg):

Vapor Density (Air=1):

Percent Volatiles:

Evaporation Rate (Butyl Acetate=1):
Solubility in Water (g/100ml):

Solubility in Solvents (g/100ml):

VOCs (g/l):

Viscosity, Dynamic @ 20 C (centipoise):

Viscosity, Kinematic @ 20 C (centistokes):

Partition Coefficient/n-Octanol/Water:
Molecular Weight (g/mole):
Decomposition Temperature (C):

Liquid

Pale clear to light amber
Mild

6-8

1.24

1.24

Not Determined
100

0

Not Determined
Not DeterminedMin: > 95
ASTM D3278-78
Not Determined
Not Determined
Not Determined
Not Determined
Not Determined
18

> 1

59

<1

Soluble

Not Determined
Not Determined
300

Not Determined
1.2 (OECD117)
Not Determined
Not Determined

10. STABILITY AND REACTIVITY

Stability Data: Stable
Hazardous Polymerization: Will Not Occur
Conditions to Avoid None known.
Incompatibility (Materials to Strong oxidizers.
Avoid)

Hazardous Decomposition
Products

Carbon monoxide and carbon dioxide.

Additional Guidelines

Not Applicable

THERMA-THIN®
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11. TOXICOLOGICAL INFORMATION

Principle Route of Exposure Eye and skin contact.

Sympotoms related to exposure

Inhalation May cause mild respiratory irritation.

Skin Contact May cause mild skin irritation.

Eye Contact May cause mild eye irritation.

Ingestion Irritation of the mouth, throat, and stomach.

Aggravated Medical Conditions None known.

Chronic Effects/Carcinogenicity No data available to indicate product or components present at greater than 1% are
chronic health hazards.

Other Information None known.

Toxicity Tests

Oral Toxicity: LD50: > 5000 mg/kg (Rat)
Dermal Toxicity: Not determined
Inhalation Toxicity: Not determined
Primary Irritation Effect: Not determined
Carcinogenicity Not determined
Genotoxicity: Not determined
Reproductive / Not determined

Developmental Toxicity:

2. ECOLOGICAL INFORMATION

Mobility (Water/Soil/Air) Not determined
Persistence/Degradability BOD(28 Day): 37% of COD
Bio-accumulation Not determined

Ecotoxicological Information

Acute Fish Toxicity: LC50: 2390-6080 mg/l (Cyprinus carpio)
Acute Crustaceans Toxicity: TLM96: 9400 mg/l (Crangon crangon)
Acute Algae Toxicity: Not determined

Chemical Fate Information Not determined

Other Information Not applicable

13. DISPOSAL CONSIDERATIONS

Disposal Method Disposal should be made in accordance with federal, state, and local regulations.

Contaminated Packaging Follow all applicable national or local regulations.

THERMA-THIN®
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4. TRANSPORT INFORMATION

Land Transportation

ADR
Not restricted

Air Transportation

ICAO/IATA
Not restricted

Sea Transportation

IMDG
Not restricted

Other Transportation Information

Labels: None

5. REGULATORY INFORMATION

Chemical Inventories

Australian AICS Inventory All components listed on inventory or are exempt.

New Zealand Inventory of All components listed on inventory or are exempt.
Chemicals

US TSCA Inventory All components listed on inventory or are exempt.

EINECS Inventory This product, and all its components, complies with EINECS
Classification Not Classified

Risk Phrases None

Safety Phrases None

16. OTHER INFORMATION

The following sections have been revised since the last issue of this SDS
Not applicable

Contact

Australian Poisons Information Centre

24 Hour Service: -131126

Police or Fire Brigade: - 000 (exchange): - 1100

New Zealand National Poisons Centre
0800 764 766

Additional Information For additional information on the use of this product, contact your local Halliburton
representative.

For questions about the Safety Data Sheet for this or other Halliburton products,
contact Chemical Compliance at 1-580-251-4335.

THERMA-THIN®
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Disclaimer Statement

This information is furnished without warranty, expressed or implied, as to accuracy
or completeness. The information is obtained from various sources including the

manufacturer and other third party sources. The information may not be valid under
all conditions nor if this material is used in combination with other materials or in any

process. Final determination of suitability of any material is the sole responsibility of
the user.

**END OF MSDS***

THERMA-THIN®
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CALCIUM CHLORIDE

Osmoflo Water Management Pty Ltd Chemwatch Hazard Alert Code: 2

Chemwatch: 20922
Version No: 6.1.1.1

Issue Date: 04/02/2016
Print Date: 10/06/2016

Safety Data Sheet according to WHS and ADG requirements Initial Date: Not Available

S.GHS.AUS.EN

SECTION 1 IDENTIFICATION OF THE SUBSTANCE / MIXTURE AND OF THE COMPANY / UNDERTAKING

Product Identifier
Product name

Chemical Name

Synonyms

Chemical formula

Other means of
identification

CAS number

CALCIUM CHLORIDE
calcium chloride

B834 (DE3) Competent Cells, B834 (DE3)pLysS Competent Cells, BL21 Competent Cell Set, BL21(DE3) Singles Competent Cells, BL21(DE3)pLysS Single
Competent Cells, BLR Competent Cells, BLR(DE3)pLysS Competent Cells, CaCl2, Calplus, Caltac, Dowflake, Liquidow, Mineral salt 508, Peladow, Peladow
snow and ice melt, Snomelt, Superflake anhydrous, anhydrous calcium chloride, calcii chloridum, calcium (1I) chloride, calcium atomic spectroscopy standard,
calcium chloride, calcium chloride 2-hydrate, calcium chloride 2H20, calcium chloride TS, calcium chloride anhydrous, calcium chloride dehydrated, calcium
chloride dihydrate, calcium chloride fused, calcium chloride solution, calcium chloride standard, calcium chloride, flake, calcium ion standard, chloro calcium

Ca-Cl2
Not Available

10043-52-4

Relevant identified uses of the substance or mixture and uses advised against

Relevant identified uses

Used as a drying, dehydrating, desiccating agent for organic liquids, gases. Obsolescent use as refrigerant brine. Dust control for roads. De-icing fluid,
freeze proofing and thawing coal, coke, stone, sand, ore.

Details of the supplier of the safety data sheet

Registered company name
Address

Telephone

Fax

Website

Email

Osmoflo Water Management Pty Ltd

382 Diment Road, Burton SA 5110 Australia
+61 (8) 8282 9700

+61 (8) 8280 3015

osmoflo.com

mail@osmofio.com

Emergency telephone number

Association / Organisation

Emergency telephone
numbers

Other emergency telephone
numbers

Chemwatch

1800 039 008

+61 (2) 9186 1132

CHEMWATCH EMERGENCY RESPONSE

Primary Number

1800 039 008

Alternative Number 1 Alternative Number 2

+612 9186 1132 Not Available

Once connected and if the message is not in your prefered language then please dial 01

SECTION 2 HAZARDS IDENTIFICATION

Classification of the substance or mixture

| HAZARDOUS CHEMICAL. NON-DANGEROUS GOODS. According to the WHS Regulations and the ADG Code.

CHEMWATCH HAZARD RATINGS

Min
Flammability 0
Toxicity 2
Body Contact 2
Reactivity 0
Chronic 0

0 = Minimum
1=Low

2 = Moderate
3 =High

4 = Extreme

Continued...
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Poisons Schedule Not Applicable
Classification [2  Eye Irritation Category 2A
Legend: 1. Classified by Chemwatch; 2. Classification drawn from HSIS ; 3. Classification drawn from EC Directive 1272/2008 - Annex VI

Label elements

GHS label elements

SIGNAL WORD WARNING

Hazard statement(s)

H319 Causes serious eye irritation.

Precautionary statement(s) Prevention

P280 Wear protective gloves/protective clothing/eye protection/face protection.

Precautionary statement(s) Response
P305+P351+P338 IF IN EYES: Rinse cautiously with water for several minutes. Remove contact lenses, if present and easy to do. Continue rinsing.

P337+P313 If eye irritation persists: Get medical advice/attention.

Precautionary statement(s) Storage
Not Applicable

Precautionary statement(s) Disposal
Not Applicable

SECTION 3 COMPOSITION / INFORMATION ON INGREDIENTS

Substances
CAS No %[weight] Name
10043-52-4 >85 calcium chloride
commercial materials may contain up to
3% sodium chloride
Mixtures

See section above for composition of Substances

SECTION 4 FIRST AID MEASURES

Description of first aid measures

If this product comes in contact with the eyes:
» Wash out immediately with fresh running water.
» Ensure complete irrigation of the eye by keeping eyelids apart and away from eye and moving the eyelids by occasionally lifting the upper and lower lids.
+ Seek medical attention without delay; if pain persists or recurs seek medical attention.
» Removal of contact lenses after an eye injury should only be undertaken by skilled personnel.

Eye Contact

If skin or hair contact occurs:
Skin Contact + Flush skin and hair with running water (and soap if available).
+ Seek medical attention in event of irritation.

» If fumes, aerosols or combustion products are inhaled remove from contaminated area.

Inhalation
» Other measures are usually unnecessary.
v |IF SWALLOWED, REFER FOR MEDICAL ATTENTION, WHERE POSSIBLE, WITHOUT DELAY.
+ For advice, contact a Poisons Information Centre or a doctor.
+ Urgent hospital treatment is likely to be needed.
+ In the mean time, qualified first-aid personnel should treat the patient following observation and employing supportive measures as indicated by the patient's
condition.
+ If the services of a medical officer or medical doctor are readily available, the patient should be placed in his/her care and a copy of the SDS should be
provided. Further action will be the responsibility of the medical specialist.
Ingestion + If medical attention is not available on the worksite or surroundings send the patient to a hospital together with a copy of the SDS.

Where medical attention is not immediately available or where the patient is more than 15 minutes from a hospital or unless instructed
otherwise:
» INDUCE vomiting with fingers down the back of the throat, ONLY IF CONSCIOUS. Lean patient forward or place on left side (head-down position, if
possible) to maintain open airway and prevent aspiration.
NOTE: Wear a protective glove when inducing vomiting by mechanical means.

Indication of any immediate medical attention and special treatment needed

As in all cases of suspected poisoning, follow the ABCDEs of emergency medicine (airway, breathing, circulation, disability, exposure), then the ABCDEs of toxicology (antidotes, basics, change
absorption, change distribution, change elimination).
For poisons (where specific treatment regime is absent):

Continued...
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BASIC TREATMENT

Establish a patent airway with suction where necessary.

Watch for signs of respiratory insufficiency and assist ventilation as necessary.

Administer oxygen by non-rebreather mask at 10 to 15 L/min.

Monitor and treat, where necessary, for pulmonary oedema.

Monitor and treat, where necessary, for shock.

Anticipate seizures.

DO NOT use emetics. Where ingestion is suspected rinse mouth and give up to 200 ml water (5 ml/kg recommended) for dilution where patient is able to swallow, has a strong gag reflex and
does not drool.

r r T T oY oo

ADVANCED TREATMENT

Consider orotracheal or nasotracheal intubation for airway control in unconscious patient or where respiratory arrest has occurred.
Positive-pressure ventilation using a bag-valve mask might be of use.

Monitor and treat, where necessary, for arrhythmias.

Start an IV D5W TKO. If signs of hypovolaemia are present use lactated Ringers solution. Fluid overload might create complications.
Drug therapy should be considered for pulmonary oedema.

Hypotension with signs of hypovolaemia requires the cautious administration of fluids. Fluid overload might create complications.
Treat seizures with diazepam.

Proparacaine hydrochloride should be used to assist eye irrigation.

BRONSTEIN, A.C. and CURRANCE, P.L.

EMERGENCY CARE FOR HAZARDOUS MATERIALS EXPOSURE: 2nd Ed. 1994

Treat symptomatically.
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SECTION 5 FIREFIGHTING MEASURES

Extinguishing media

» There is no restriction on the type of extinguisher which may be used.
» Use extinguishing media suitable for surrounding area.
Special hazards arising from the substrate or mixture

Fire Incompatibility None known.

Advice for firefighters

Alert Fire Brigade and tell them location and nature of hazard.

Wear breathing apparatus plus protective gloves in the event of a fire.

Prevent, by any means available, spillage from entering drains or water courses.
Use fire fighting procedures suitable for surrounding area.

Fire Fighting
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-

Non combustible.
Fire/Explosion Hazard » Not considered a significant fire risk, however containers may burn.
Decomposition may produce toxic fumes of; hydrogen chloride metal oxidesMay emit poisonous fumes.May emit corrosive fumes.

SECTION 6 ACCIDENTAL RELEASE MEASURES

Personal precautions, protective equipment and emergency procedures

+ Remove all ignition sources.
+ Clean up all spills immediately.

e S + Avoid contact with skin and eyes.
+ Control personal contact with the substance, by using protective equipment.
Moderate hazard.
] . » CAUTION: Advi li X
Major Spills CAUTIO dvise personnel in area.

¢+ Alert Emergency Services and tell them location and nature of hazard.
¢+ Control personal contact by wearing protective clothing.

Personal Protective Equipment advice is contained in Section 8 of the SDS.

SECTION 7 HANDLING AND STORAGE

Precautions for safe handling

» Avoid all personal contact, including inhalation.

» Wear protective clothing when risk of exposure occurs.
+ Use in a well-ventilated area.

» Prevent concentration in hollows and sumps.

Safe handling

+ Material is hygroscopic, i.e. absorbs moisture from the air. Keep containers well sealed in storage.
» Store in original containers.
Other information » Keep containers securely sealed.
» Store in a cool, dry area protected from environmental extremes.
» Store away from incompatible materials and foodstuff containers.

Conditions for safe storage, including any incompatibilities

» DO NOT use aluminium or galvanised containers
Suitable container » Polyethylene or polypropylene container.
» Check all containers are clearly labelled and free from leaks.

Continued...
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Inorganic alkaline earth metal derivative.

Derivative of very electropositive metal.

Calcium chloride (and its hydrates):
» are incompatible with boric acid, calcium oxide, bromine trifluoride, 2-furan, percarboxylic acid
» may produce explosive hydrogen gas on contact with zinc
+ catalyse exothermic polymerisation of methyl vinyl ether
» produce heat on contact with water

Storage incompatibility > attack metals

Addition of a quantity of calcium chloride to boiling water has generated heat sufficient to cause a violent steam explosion on several occasions

-

Metals and their oxides or salts may react violently with chlorine trifluoride and bromine trifluoride.

These trifluorides are hypergolic oxidisers. They ignites on contact (without external source of heat or ignition) with recognised fuels - contact with these
materials, following an ambient or slightly elevated temperature, is often violent and may produce ignition.

The state of subdivision may affect the results.

In presence of moisture, the material is corrosive to aluminium, zinc and tin producing highly flammable hydrogen gas.

-
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SECTION 8 EXPOSURE CONTROLS / PERSONAL PROTECTION

Control parameters

OCCUPATIONAL EXPOSURE LIMITS (OEL)

INGREDIENT DATA
Not Available

EMERGENCY LIMITS

Ingredient Material name TEEL-1 TEEL-2 TEEL-3
calcium chloride Calcium chloride 3 mg/m3 33 mg/m3 200 mg/m3
Ingredient Original IDLH Revised IDLH

calcium chloride Not Available Not Available

Exposure controls

Engineering controls are used to remove a hazard or place a barrier between the worker and the hazard. Well-designed engineering controls can be highly
effective in protecting workers and will typically be independent of worker interactions to provide this high level of protection.
Appropriate engineering The basic types of engineering controls are:
controls Process controls which involve changing the way a job activity or process is done to reduce the risk.
Enclosure and/or isolation of emission source which keeps a selected hazard “"physically” away from the worker and ventilation that strategically "adds" and
“removes" air in the work environment.

Personal protection @ ‘ ‘ @

» Safety glasses with side shields.

» Chemical goggles.

¢+ Contact lenses may pose a special hazard; soft contact lenses may absorb and concentrate irritants. A written policy document, describing the wearing of
lenses or restrictions on use, should be created for each workplace or task.

Eye and face protection

Skin protection See Hand protection below

The selection of suitable gloves does not only depend on the material, but also on further marks of quality which vary from manufacturer to manufacturer. Where
the chemical is a preparation of several substances, the resistance of the glove material can not be calculated in advance and has therefore to be checked prior
to the application.
The exact break through time for substances has to be obtained from the manufacturer of the protective gloves and.has to be observed when making a final
choice.
Hands/feet protection Suitability and durability of glove type is dependent on usage.

Experience indicates that the following polymers are suitable as glove materials for protection against undissolved, dry solids, where abrasive particles are not
present.

* polychloroprene.

* nitrile rubber.

+ butyl rubber.

Body p