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1. Introduction  

Eco Logical Australia (ELA) was engaged by Australian Gas Infrastructure Group (AGIG) to undertake a 

baseline assessment and a preliminary assessment of potential impacts of the hydrogeological and 

hydrological setting at the proposed West Erregulla 2 Gas Project  which, for the purpose of this report, 

includes the  construction and operation of a new 16.5 km gas pipeline and processing plant at the site 

(the Project). The objective of the assessment was to characterise the existing hydrological and 

hydrogeological environment of the site and to identify any critical hydrological and hydrogeological 

constraints to the Project. The results of this baseline report and resulting preliminary assessment of 

potential impacts are intended to support the project’s environmental approvals documentation and 

broader impact assessment processes. 

This brief report also presents a summary of the findings from the desktop review of all existing, 

available groundwater and surface water data within the region, to characterise the site and regional 

hydrogeological and hydrological environment. The results of a site assessment of selected groundwater 

and surface water monitoring sites has also been presented to support the desktop study. Potential 

impacts of the Project to groundwater and surface water, and areas that may require further targeted 

investigation, are provided. 

1.1 Project description  

AGIG is proposing to construct and operate a gas processing plant and pipeline on behalf of Warrego 

Energy, in order to service the West Erregulla gas field (outside the scope of this work) located 

approximately 230 kilometres (km) north-east of Perth, and 50 km south-east of Dongara, Western 

Australia. The Project includes a gas processing plant and a 16.5 km pipeline will deliver gas to the 

existing Dampier to Bunbury Natural Gas Pipeline (DBNGP). The infrastructure required to support the 

Project, and considered for the purpose of this report, includes: 

• A gas processing plant, with a nominal design flow capacity of 88 terajoules per day (TJ/d); 

• An interconnecting 16.5 km gas pipeline between the gas plant and the DBNGP tie-in point; and 

• A custody transfer metering facility located at the DBNGP tie-in point. 

As part of the environmental assessment process for the project ecological surveys were undertaken 

over the following areas: 

• A 100 m wide, 16.5 km pipeline corridor; 

•  The proposed 35 ha production plant site; and 

• Approximately 1 ha of required access tracks and/or ancillary locations.  

These areas are collectively referred to herein as the Development Envelope; however, the final pipeline 

alignment, plant site and tracks within the Development Envelope is yet to be determined and are 

expected to be reduced once detailed design is available. The location of the project is shown below in 

Figure 1-1 below. 
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1.2 Existing groundwater monitoring network 

1.2.1 Monitoring bore network 

In 2018, two groundwater monitoring bores were drilled and installed within the West Erregulla gas field 

as part of Strike Energy’s preliminary investigation activities for the West Erregulla 2 gas exploration well 

(ELA 2018c). The bores were installed upstream and downstream of the proposed West Erregulla 2 gas 

exploration well location to establish site-based water quality parameters and develop a baseline water 

quality data set at the site to measure potential effects to groundwater quality arising from exploration 

drilling. 

The location of the two bores, referred to as the Eastern Monitoring Bore and Western Monitoring Bore, 

are located at the eastern end of the plant site and are shown on Figure 1-2. The location of the 

monitoring bores considered the existing terrain, the Yarragadee Aquifer, the proposed activities and 

the existing cleared areas of the Mt Adams UCL remnant vegetation, maximising the use of existing 

cleared areas to enable ongoing access and minimise native vegetation impact (ELA 2018c). The 

Department of Water and Environmental Regulation (DWER) monitoring bore guidelines specifies that 

the bores should be installed to a depth of between 150 to 200 metres with the final completion date 

to be a minimum 10 metres below the first water cut (i.e. where water has been intercepted). The bore 

installation depths are 166 and 179 metres respectively and, therefore, meet the requirements specified 

in the guideline document. 

The procedure for drilling and construction of the monitoring bores involved the following: 

• Drilling borehole at 165 mm (6.5”) diameter to obtain preliminary hydrogeological information 

such as geological formation to inform potential monitoring bore design; 

• Monitoring of water cuts and groundwater yields through water bearing zones intersected; 

• Construction of the borehole at 10 metres below the first water cut (as per the DWER 

guidelines). The bores were constructed with blank and slotted Class 18 PVC (60 mm outer 

diameter), a bentonite seal above the slotted interval, gravel backfill to the surface and a cement 

seal at the ground surface; and 

• Water samples were collected at the end of well development (where possible) following 

construction. 

Drilling records for the monitoring boreholes are presented in Table 1-1 below.  

Table 1-1 Groundwater monitoring bore drilling details 

Bore ID Target aquifer Easting* Northing* 
Drilled depth 

(mbgl**) 

Water cut 

(mbgl) 

Slotted interval 

(mbgl) 

Eastern Monitoring Bore Yarragadee 335952 6745101 179 154 147 to 160 

Western Monitoring Bore Yarragadee 335425 6744950 166 158 158 to 163 

NOTES: *Coordinate system GDA94 MGA Zone 50 **metres below ground level (mbgl) 

Following the bore development and subsequent recovery of water levels, standing groundwater levels 

were measured and water samples collected for laboratory analysis by Envirolab (ELA 2018c).  

In addition, a Groundwater Monitoring Plan (GMP) was developed (ELA, 2018b), including the Eastern 

and Western Monitoring Bores and also the production bore (PB1), which was scheduled at the time of 
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the GMP to be drilled for water supply purposes. In accordance with this plan, monitoring of these two 

bores has been undertaken since 2018 and has been presented in this report as part of the baseline 

groundwater dataset. Further information on the GMP is provided in Section 2.4. 

In addition to the two dedicated monitoring bores installed at the site in 2018, a previous groundwater 

investigation sampled 5 landholder groundwater bores in the vicinity of the proposed exploration drill 

site (MDWES 2015).  The five landholder bores sampled were between 4.5 km and 11 km from the 

proposed processing plant area (Figure 1-2). While indicative results were obtained from this 

investigation, these bores were not located close enough to the proposed drill site to be utilised for 

short term groundwater monitoring and assessment of potential impacts from drilling activities. As such, 

the two dedicated monitoring bores (i.e. Eastern Monitoring Bore and Western Monitoring Bore) were 

installed at the site to collect site-specific information (ELA 2018b). It should be noted that a review of 

the DWER WA online groundwater database and Bureau of Meteorology (BoM) Groundwater Explorer 

online database for the purpose of this assessment could not verify the location or details of the bores 

reported by MDWES (2015).  

1.2.2 Production bore 1 

Production Bore 1 (PB1) was installed in 2019 at the location of the proposed gas exploration drill site 

to supply water for use during earthworks and drilling activities. This bore is not for gas production 

purposes and instead was installed and equipped by Warrego Energy to provide water for the 

preliminary West Erregulla 2 gas exploration investigations only. PB1 was installed after obtaining the 

required 26D licence to construct, as well as a 5C licence to abstract water prior to utilisation for 

earthworks and drilling activities (ELA 2018b). Details on PB1 are summarised in Table 1-2 below and 

the location of the bore is presented in Figure 1-2. 

Table 1-2 Groundwater production bore drilling details 

Bore ID Target aquifer Easting* Northing* 
Drilled depth 

(mbgl**) 

Water cut  

(mbgl) 

Slotted interval 

(mbgl) 

Production Bore 

1 

Yarragadee 

Formation 

335905 6744757 276 199 – 217 

259 - 274 

198 - 216 

262 - 274 

NOTES: *Coordinate system GDA94 MGA Zone 50 **metres below ground level (mbgl) 
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2. Methodology  

2.1 Survey area and site selection 

The survey area for this assessment comprised the following: 

• a 3 km extent surrounding the proposed processing plant located at the eastern end of the 

Development Envelope; and 

• the area within and immediately surrounding the 16.5 km pipeline extent of the Development 

Envelope.  

 

The 3 km extent around the processing plant captures the current monitoring bore network (Eastern 

and Western Monitoring Bores and PB1) and eight surface water surface locations, both at the site and 

downstream (westerly). The 3 km extent was selected for the proposed processing plant area only, to 

provide an assessment on infrastructure (incl. evaporation pond) located at the site, as well as to 

coincide and provide comparable results to previous assessments that were undertaken to support the 

gas exploration wells.   

The area assessed surrounding the 16.5 km Development Envelope, west of the processing plant, 

focused on the identification of any surface water features within and immediately surrounding the 

proposed pipeline route. It is understood that the pipeline will be installed at minimal depth below 

natural surface levels and therefore no assessment of groundwater impacts are deemed to be required.  

Interrogation of various DWER databases and the DWER WA Floodplain mapping showed no previously 

identified surface water features and/or government monitored surface water sites within, or 

immediately surrounding the Development Envelope. Therefore, the surface water survey locations 

were selected following an interrogation of available spatial data and visual inspection of aerial imagery 

for the site. Figure 2-1 presents a map of the survey area and groundwater and surface water survey 

locations relative to the Development Envelope.  

2.2 Desktop assessment  

A desktop assessment was undertaken to review and characterise the existing regional hydrogeology 

and hydrology. The assessment drew on publicly available data, databases, reports and literature as well 

as additional information provided by AGIG. 

The following key data sources were consulted during the desktop review: 

• Eco Logical Australia 2018. EP469 West Erregulla-2 Exploration Well Environment Plan; 

• RPS Aquaterra 2011. West Erregulla Groundwater Assessment; 

• Eco Logical Australia 2018, West Erregulla-2 Exploration Well Groundwater Monitoring Plan; 

• Eco Logical Australia 2018. West Erregulla 2 Groundwater Monitoring Bore Completion Report; 

• Strike Energy West Erregulla Baseline Groundwater Monitoring Database (WER-HSE-REG-001); 

• MDW Environmental Services 2015. Groundwater investigation: Warrego Energy; 

• Bureau of Meteorology (BoM) Groundwater Explorer online database; 

• DWER WA online groundwater database;  

• DWER WA Water Information Reporting online database; 
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• DWER WA Floodplain mapping online viewer; 

• DWER Water Resource Information Management System (WRIMS) Surface Water Areas and 

Surface Water Resources online databases; 

• BoM Groundwater Dependent Ecosystem (GDE) Atlas online database; and 

• Department of Mines, Industry Regulation and Safety (DMIRS) GeoVIEW.WA online geological 

map and data.  

 

Other sources utilised and consulted during the desktop assessment are reported in the Reference list 

in Section 6. 

2.3 Site inspection 

A site visit was undertaken from 7 to 9 September 2020 to assist in understanding surface water features 

(frequency, flow heights etc.) across the survey area as well as to collect groundwater level data and 

water samples from PB1 and the two monitoring bores previously installed for West Erregulla 2. The 

groundwater and surface water locations assessed during the site visit are shown in Figure 2-1 and 

summarised below in Table 2-1. 

Table 2-1 Summary of surface and groundwater sampling locations 

Site ID Type Easting (Zone 50) Northing (Zone 50) 

Eastern monitoring bore Groundwater  335952 6745101 

Western monitoring bore Groundwater  335425 6744950 

Production bore 1 (PB1) Groundwater  335905 6744758 

SW1 Surface water 335658 6744782 

SW2 Surface water 334975 6745540 

SW3 Surface water 334659 6746452 

SW4 Surface water 333614 6745915 

SW5 Surface water 333493 6744762 

SW6 Surface water 334096 6744099 

SW7 Surface water 334090 6742396 

SW8 Surface water 333276 6744125 

SW9 Surface water 332144 6745383 

SW10 Surface water 330520 6745583 

SW11 Surface water 327266 6745539 

SW12 Surface water 323777 6745667 

SW13 Surface water 323011 6745623 

SW14 Surface water 322354 6745585 

The following data was collected and assessed during the site visit:  

• Surface water flow paths; 

• Surface water quality (if possible);  
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• Soil substrate material in channels and floodplain benches;  

• Indicative signs of high-water marks, sedimentation, erosion, or standing water; 

• Presence of vegetation and effect on hydraulic roughness;  

• Groundwater levels; and  

• Groundwater quality. 

For the 14 surface water survey locations (as defined in section 2.1), information was collected using 

photographs and written notes on the presence of any surface water, the channel substrate, 

identification of any stream bed structure (including any erosion or sedimentation) as well as the general 

features of the surrounding vegetation and landscape. Given the lack of any significant permanent 

surface water features in the survey area, and that all surface water features were dry, no surface water 

sampling was undertaken as part of the site visit.  

For the three groundwater bores, information relating to the bore set-up and surrounding area were 

recorded using written notes and photographs. The water levels were measured manually from the top 

of the bore casing using an electronic water level meter, for both the Eastern and Western Monitoring 

Bores. PB1 was completely sealed at the time of the inspection, with the pump also not functioning. 

Bailed groundwater samples were collected for water quality analysis; however, groundwater samples 

were only able to be bailed at the Eastern Monitoring Bore. The Western Monitoring Bore could not be 

sampled due to sediment accumulation in the bore. Due to the inaccessibility of PB1, a representative 

water sample was instead taken from an adjacent settling pond that was assumed to store water from 

PB1 (a pump outlet was observed at the pond). Therefore, this sample is an approximate representation 

only of the groundwater from PB1. Samples collected were submitted to ALS, a NATA accredited 

laboratory, for analysis. 

Physio-chemical parameters were also measured for the bailed samples using a hand-held YSI water 

quality meter. The following water quality parameters were analysed, as specified within the West 

Erregulla 2 GMP (ELA, 2018) and the Department of Mines and Petroleum (DMP) Guideline for 

Groundwater Monitoring in the Onshore Petroleum and Geothermal Industry (DMP, 2016): 

• Temperature (measured in the field); 

• Electrical Conductivity (EC) (also measured in the field);  

• pH (also measured in the field);  

• Total Dissolved Solids (TDS);  

• Alkalinity (as CaCO3);  

• Turbidity;  

• Total hardness;  

• Silica; 

• Major anions and cations; 

• Total and dissolved metals (Aluminium, arsenic, boron, barium, beryllium, cadmium, cobalt, 

chromium, copper, iron, mercury, manganese, molybdenum, lead, nickel, selenium, strontium, 

vanadium and zinc); and 

• Nutrients (TKN, nitrate, nitrite, total nitrogen, ammonia and total phosphorus). 
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The following additional parameters, that are specified in the GMP and DMP documentation, were 

unable to be analysed due to lack of sample volume able to be retrieved from the Eastern Monitoring 

Bore, which similar to the Western Monitoring Bore, contained heavy sediment accumulation causing 

sampling difficulties: 

• Hydrocarbons (Total Recoverable Hydrocarbons (TRH), Total Petroleum Hydrocarbons (TPH), 

Benzene, Toluene, Ethylbenzene, Xylenes and Naphthalene (BTEXN), Polynuclear Aromatic 

Hydrocarbons (PAH) and Monocyclic Aromatic Hydrocarbons (MAH); 

• Organochlorine and Organophosphorus Pesticides (OC/OP); 

• Volatile Organic Compounds (VOC); and 

• Semi-volatile Organic Compounds (SVOC). 

 

Section 4.2 and 6 presents the groundwater quality data from the bores sampled during the site visit. 

Laboratory certificates from the analysis are also attached in Appendix A.  

2.4 Groundwater monitoring program 

Based on data reviewed for this assessment, previous groundwater monitoring has consisted of two 

sampling rounds: one undertaken during 2015 (at 5 bores in the vicinity of the West Erregulla 2 

exploration site, undertaken by MDWES) and the second during 2018 following the installation of the 

two new monitoring bores located upstream and downstream of the production bore during Warrego’s 

preliminary gas exploration investigations (ELA 2018c). The sampling and lab analysis carried out for 

each round was undertaken in line with the suite of parameters recommended by Department of Mines 

and Petroleum (DMP, 2016) Guideline for Groundwater Monitoring in the Onshore Petroleum and 

Geothermal Industry.  

ELA prepared a Groundwater Monitoring Plan (GMP) (ELA, 2018b) for the site, to establish site-based 

water quality parameters to be assessed for observed change, due to any influence or potentially 

contaminating impacts to the groundwater quality in the underlying aquifers resulting from the 

exploration drilling. Data collected as part of this program would then be reviewed against the baseline 

data collected during 2015 as well as the ANZECC and ARMCANZ, 2000 guidelines. 

In accordance with the Australian Guidelines For Groundwater Monitoring (ANZECC and ARMCANZ, 

2000), the GMP recommended water levels and site physio-chemical parameters be sampled on a 

monthly basis with more detailed sample collection undertaken on a quarterly basis to track any 

deviation from the baseline conditions over time (ELA 2018b). Monitoring was recommended to 

continue for the duration of the activity on the drill site and will cease after the next quarterly monitoring 

round post completion of the exploration drilling if no impact has been identified, or for up to a 

maximum of two years if an impact has been identified. 

All sampling at the drill site was to be undertaken in accordance with the Australian Standard (AS/NZS 

5567) and as recommended in The Guideline for Groundwater Monitoring (2016). Collected samples are 

to be sent to a National Association of Testing Authorities (NATA) registered laboratory to undertake 

chemical analyses using NATA-accredited analysis methods. 
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Sampling was recommended to focus on the Contaminants of Potential Concern (CoPC) as presented in 

Table 2-2 and the DMP (2016) and GMP documentation. These contaminants have an association with 

the proposed activities and are more likely to present a risk to human health and the environment. 

Table 2-2 Contaminants of Potential Concern 

Frequency Parameter 

Monthly • Water Level 

• Temperature 

• Conductivity 

Quarterly • Physical parameters 

• Total and dissolved metals 

• Nutrients 

• Organochlorine and Organophosphorus 

• Pesticides (OC/OP) 

• Monocyclic Aromatic Hydrocarbons (MAH) 

• Halogenated Aliphatic & Aromatic Compounds (HAC) 

• Polynuclear Aromatic Hydrocarbons (PAH) 

• Phenolic Compounds 

• Total Petroleum Hydrocarbon / Total Recoverable Hydrocarbon (TPH/TRH) 

• Benzene, Toluene, Ethyl Benzene, Xylene and Naphthalene (BTEXN) 

• Volatile Organic Compounds (VOC) 

• Semi Volatile Organic Compounds (SVOC) 

Sampling data is then, as a minimum, compared against the following guideline documents, but also 

against site specific trigger values calculated for the drill site (from the baseline dataset): 

• Australian Drinking Water Guidelines (NHRMC, NRMMC, 2018) – for use where petroleum 

activities occur within or in proximity to groundwater used for drinking water supplies; 

• Water Quality Guidelines for the Protection of Aquatic Ecosystems (ANZECC and ARMCANZ, 

2000) – for general use in relation to the protection of aquatic ecosystem health and beneficial 

uses; and 

• Contaminated Sites Guidelines (Department of Environment and Conservation, 2012) – for use 

in conjunction with the National Environment Protection (Assessment of Site Contamination) 

Measure 1999. 

 

Groundwater monitoring data collected by Strike Energy during 2018 and 2020 at PB1 and the Eastern 

and Western Monitoring Bores has also been included in the baseline assessment in this report.  
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3. Desktop assessment 

3.1 Regional setting 

3.1.1 Climate 

The survey area is located within the Lesueur Sandplain subregion of the Geraldton Sandplains 

bioregion, as defined by the Interim Biogeographic Regionalisation for Australia (IBRA) (DAWE n.d.). The 

climate of the region is described as Mediterranean with dry, warm summers and wet, cool winters 

(Desmond and Chant 2002). 

Climate data from Eneabba and Carnamah weather stations, located approximately 50 km south-west 

and south-east of the gas field respectively, shows the warmest period in the region is from December 

to March, with average maximum temperatures ranging from 33.6 to 36.5°C (BoM 2020). The lowest 

temperatures generally occur between June and September, with average minimum temperatures 

recorded at the two stations ranging from 7.3 to 10.1°C during these months (BoM 2020).  

Average rainfall in the region from is highest during the cooler months between May and August. Rainfall 

during this period ranges from 69.3 to 99.0 mm per month at Eneabba and from 49.8 to 74.1 mm per 

month at Carnamah (BoM 2020). The driest months are between November and March, with rainfall 

ranging from 7.5 to 14.8 mm at Eneabba and 8.7 to 16.0 mm at Carnamah in this period. The average 

annual rainfall at Eneabba between 1964 to 2017 was 489.4 mm, with 376.1 mm recorded for Carnamah 

for the period 1887 to 2020 (BoM 2020). This climate data also suggests a large rainfall gradient between 

coastal and inland areas; the mean annual rainfall at Geraldton and Eneabba is approximately 447 mm 

and 490 mm respectively, while the long-term average at Carnamah and Morawa (located 72km east-

northeast of the site) is 376 and 332 mm respectively (RPS 2011).  

Evaporation data is only available for Geraldton where the average annual pan evaporation is 2,445mm, 

more than five times greater than average annual rainfall. Peak evaporation occurs in January with an 

average of 334.8mm (10.8mm/day) and the lowest evaporation occurs in July with an average of 93mm 

(3mm/day). 

The survey area is approximately 20 km inland and located approximately midway between two coastal 

weather stations (Geraldton and Jurien Bay). Wind data for Jurien Bay between April and June shows 

inland winds prevailing in the morning (from the northeast, east and southeast), being replaced by sea 

breezes in the afternoon (from the south, southwest and west) (BoM 2018). 

3.1.2 Geology 

3.1.2.1 Regional geology 

As described by RPS (2011), the survey area is located in the northern part of the onshore Northern 

Perth Basin. Structurally, the region straddles the transition between the Allanooka High, the 

Dandaragan Trough and the Donkey Creek Terrace (Figure 3-1).  

The general description for the onshore Northern Perth Basin is of a deep trough (Dandaragan Trough) 

up to 12km thick that rises gently northwards towards the Allanooka High and then steps up via a series 

of terraces and shelves at its northern and western extremities. To the east it warps up against the 
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Darling Fault System. The Northern Perth Basin is an extensional basin, containing mainly continental 

clastic rocks ranging in age from Permian to Recent, deposited in a developing rift system that 

culminated with the break-up of the Gondwana supercontinent in the Early Neocomian (Lower 

Cretaceous) approximately 146 million years ago. Most of the sedimentary section preserved onshore 

pre-dates the separation. 

On the Allanooka High, the basement shallows to the north from approximately 5500 to 2000m. The 

Allanooka High is distinguished from the Dandaragan Trough by the change in structural style from 

northerly striking faults in the Dandaragan Trough to east-northeasterly and easterly striking faults in 

the Allanooka High. To the west the boundary between the Allanooka High and the Greenough Shelf is 

marked by the Mountain Bridge Fault, with the boundary between the Allanooka High and the Donkey 

Creek Terrace to the south-west marked by the Eneabba Fault. The eastern boundary of the Allanooka 

High is represented by the Urella Fault, while to the south there is a gradual transition to the Dandaragan 

Trough. Within the Allanooka High the Mesozoic succession progressively thickens to the south, in 

contrast to the Permian succession which thins in that direction. 

3.1.2.2 Stratigraphy 

The stratigraphic succession in the survey area consists of Phanerozoic sediments up to Permian age, 

resting on undifferentiated Proterozoic crystalline basement rocks. Drilling of the West Erregulla-1 well 

during past exploration projects at this location commenced in the Late-Middle Jurassic Yarragadee 

Formation, penetrated the Middle Jurassic Cadda Formation, the Early-Middle Jurassic Cattamarra Coal 

Measures, the Early Jurassic Eneabba Formation, the Late Triassic Lesueur Sandstone, the Middle 

Triassic Woodada Formation, the Early Triassic Kockatea Shale, the Basal Triassic Sandstone and Late 

Permian Wagina Formation. Both the Basal Triassic Sandstone and Wagina Formation are now 

collectively referred to as the Dongara Sandstone (RPS 2011). 

A generalised pre-Cainozoic stratigraphy within the area is presented on Figure 3-2. The following 

stratigraphic descriptions are summarised from Mory and Iasky (1996) as cited by RPS (2011). Pre 

Cainozoic-geology is presented on Figure 3-3, with regional geological sections shown on Figure 3-4 and 

Figure 3-5 (RPS 2011). 

Only those formations representing regional groundwater resources have been included in this 

description. 

YARRAGADEE FORMATION 

The stratigraphy of interest in the survey area is the Yarragadee Formation. This formation is a 

predominantly sandy formation of the Middle to Late Jurassic Age and lies conformably over the Cadda 

Formation. To the east, the Yarragadee Formation is conformably overlain by the Otorowiri Siltstone 

and Parmelia Formation. Within the survey area these units are absent and west of the Gingin Scarp, 

the Yarragadee is unconformably overlain by Cainozoic sediments. The Yarragadee Formation consists 

of interbedded fine to coarse feldspathic sandstone, siltstone and claystone, with minor conglomerate 

and coal. Beds are typically discontinuous and correlation of units within the formation is difficult. The 

Yarragadee is up to 6000 m thick against the Darling fault in the Dandaragan Trough and thins to the 

north and west. Within the survey area the Yarragadee is almost 2000 m thick (Figure 3-4). The unit is 

essentially a fluvial deposit in which silt and clay deposits may represent a lacustrine or overbank 

environment (RPS 2011). 
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CATTAMARRA COAL MEASURES 

The Cattamarra Coal Measures are an Early to Middle Jurassic age coal bearing unit that rest 

conformably between the underlying Eneabba Formation and the Cadda Formation. The formation 

consists of fine-grained to coarse-grained sandstones, interbedded with dark carbonaceous siltstone 

and claystone and seams of coal up to 11 m thick. The unit thickens southwards from less than 100 m 

on the Greenough Shelf to nearly 1,500 m near Cataby 1 drill hole, approximately 175 km south of the 

survey area. In the proximity of the survey area, the Cattamarra Coal Measures are around 500 m thick. 

The depositional setting of the Cattamarra Coal Measures is interpreted as deltaic, with the fine grained 

carbonaceous lithologies and the coal seams representing low, marshy mudflats, cut by small narrow 

channels of slow-moving water. Thicker sandstone beds, especially those which overlie the coal seams, 

are probably fluvial in origin, with deposition inferred in an upper delta plain environment. 

ENEABBA FORMATION 

The Eneabba Formation is an Early Jurassic terrigenous unit and consists of fine to coarse grained 

feldspathic sandstone interbedded with multi-coloured siltstone and claystone. Minor grey 

carbonaceous clay and thin coal seams are also present. The Eneabba Formation thickens to the south 

and reaches a maximum observed thickness of 854 m in the vicinity of the survey area. The unit lies 

conformably between the underlying Lesueur Sandstone and the Cattamarra Coal Measures. The multi 

coloured lithologies present in the unit, suggest oxidising conditions in a continental environment. The 

presence of thick lenticular sandstone bodies is interpreted as channel fill deposits in an alluvial setting. 
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Figure 3-2: Northern Perth Basin Stratigraphy (RPS, 2011)
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Figure 3-3: Pre-Cainozoic geology

Prepared by: LS    Date: 15/10/2020

PeronFault

M
ountain Bridge Fault

W
icherina Fault

Be
ag
le
Fa
ul
t
Sy
st
em

BookaraFault

Abrolhos Fault

Beharra Springs Fault

Eneabba
Fault

AllanookaF
ault

D
arling

Fault

Urella
Fault

Source: Esri, Maxar, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the GIS User Community

A

A'

B

C

D

B'

C'

D'

Regional geology
Billeranga Subgroup

Cadda Formation

Carynginia Formation

Coomberdale Subgroup

Eneabba Formation

High Cliff Sandstone

Holmwood Shale

Irwin River Coal Measures

Kockatea Shale

Lesueur Sandstone

Mingenew Formation

Moora Group

Mullingarra Gneiss

Nangetty Formation

Otorowiri Formation

Parmelia Group

Rothsay Suite

Wagina Sandstone

Walganna Suite

Woodada Formation

Yandanooka Group

Yarragadee Formation

Yilgarn Craton granites

Yilgarn Craton metamorphic unit

Youanmi Terrane greenstones

Cattamarra Coal Measures

Geological transects (developed by RPS 2011)

Interpreted fault lines

Development Envelope



West Erregulla Environmental Survey and Approvals Hydrology and Hydrogeology Baseline and Preliminary Impact Assessment Report | AGIG 

© ECO LOGICAL AUSTRALIA PTY LTD 18 

 

Figure 3-4: Northern Perth Basin Sections (RPS, 2011) 
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Figure 3-5: Northern Basin Sections Legend (RPS, 2011)  
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3.1.3 Soils and landforms 

The survey area is located within the Geraldton Sandplains bioregion and the Lesueur Sandplain 

subregion under IBRA (RPS 2011). The Lesueur Sandplain subregion (GS3) comprises coastal Aeolian and 

limestones, Jurassic siltstones and sandstones of central Perth Basin (Desmond and Chant 2001).  

Soils in this region are described as yellow sands inland and leached sandy soils near the coast, which 

overlay laterite. This region is almost completely underlain by sedimentary rocks of siliceous nature. The 

sedimentary rocks form a series of plateaux, including the Dandaragan Plateau, on which the permit is 

located (Beard 1990; Woodman Environmental 2013). These plateaux have been eroded by the sea on 

the west and dissected by rivers, but substantial stretches of the plateau surfaces are still preserved and 

form extensive monotonous sandplains.  

No specific soil characterisation has been undertaken for this assessment however Woodman 

Environmental (refer RPS 2011) previously collected data on soil characteristics while undertaking flora 

and vegetation quadrats as part a flora and vegetation assessment in 2013. A quadrant surveyed during 

this assessment indicated that soils in the area consisted of grey or brown clay loams (RPS 2011). 

3.1.4 Surface water hydrology 

The survey area is located within the Arrowsmith River Catchment and is bounded to the north and 

south by two regional drainage systems - the Irwin and Lockier Rivers both located  approximately 22 

km to the north of the Development Envelope and the Arrowsmith River approximately 15 km to the 

south (Figure 3-6) (RPS 2011). However, the survey area itself is devoid of any significant permanent 

surface water features, with only two small ephemeral watercourses / drainage lines apparent in 

regional mapping, both of which occur to the south of the Development Envelope. There were a number 

of potentially  small surface water flow paths that may traverse the Development Envelope identified 

from aerial photography, which inform the proposed survey locations illustrated on Figure 2-1 and were 

subsequently assessed during the site visit.  

Numerous small watercourses also dissect the broader surrounding area, draining either westwards 

from the Arrowsmith Region onto the Swan Coastal Plain, or north or south towards the two nearest 

river systems (RPS 2011).  

3.1.5 Hydrogeology 

3.1.5.1 Regional aquifers 

The Yarragadee Formation and Lesueur Sandstone are the only major regional groundwater resources 

listed for the survey area, with the Cattamarra Coal Measures and the Eneabba Formation, hosting 

smaller aquifers. 

YARRAGADEE FORMATION 

The survey area overlies the Yarragadee Formation aquifer, the largest economic aquifer in the Perth 

Basin. The formation is present at surface in the region around the survey area and unconfined in its 

upper parts and become increasingly confined at depth due to the layered nature of the formation. The 

Yarragadee Formation is comprised mainly of sand with minor shale and siltstone interbedded within it 

and lies over the Cadda Formation. It covers an area from north of Dongara to the Serpentine area south 

of Perth (RPS, 2011).
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Figure 3-6: Regional hydrogeology and hydrology
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Based on previous investigations and drilling projects in the region, the geological units likely to be 

encountered at depth around the survey area include (in order of increasing depth) the Yarragadee 

Formation, Cadda Formation, Cattamarra Coal Measures, Eneabba Formation, Lesueur Formation, 

Woodada Formation, Kockatea Shale, Dongara/Wagina Sandstone, Irwin River Coal Measures, Kingia 

Sandstone, Bit Basher Shale, High Cliff Sandstone reaching total depth in the Holmwood shale.  

The upper water table in the Yarragadee Formation is reported to be more than 100 m bgl and given the 

layered nature, little direct rainfall recharge is expected to reach the regional water table. RPS (2011) 

reported recharge rates for the Yarragadee Formation (based on a rainfall infiltration study of the 

Parmelia Formation, 20 to 30 km northeast of the survey area) to be in the region of 4 % to 11 % of 

annual rainfall. Minor recharge from stream flow infiltration in the upper reaches of the Irwin River is 

also expected. 

RPS (2011) reported that discharge from the Yarragadee Aquifer occurs as subsurface, artesian flow to 

the surficial aquifer on the Swan Coastal Plain. Discharge also occurs along the Irwin, Lockier and 

Arrowsmith Rivers as spring flow. Groundwater heads in the Yarragadee Formation are at or above the 

Irwin River valley level between Irwin (in the west) and Warradong Spring Road (in the east) and 

groundwater discharges to the river over that reach (RPS 2011). Upstream of Warradong Spring Road 

the potentiometric surface is below the river valley and flows in the river are in fact a source of 

groundwater recharge. However, no gauging data is available along this section of the river to quantify 

potential volumes or rates of recharge. 

The water quality in the Yarragadee Aquifer has been reported as being fresh to brackish, with salinity 

in the aquifer ranging between 500 to 1,000 mg/L and increasing with depth (RPS, 2011). 

CADDA FORMATION 

The Cadda Formation underlies the Yarragadee Formation at around 1,700 mAHD. It hosts minor 

permeable horizons but is generally of very low permeability and acts as a regional aquiclude, separating 

the Yarragadee Formation above from the Cattamarra Coal Measures below. 

LESUEUR SANDSTONE 

As with the overlying Cattamarra Coal Measures and Eneabba Formation, the Lesueur Sandstone within 

the survey area is beyond economic exploitation and is also likely to contain hypersaline groundwater. 

The Lesueur Sandstone subcrops to the south of the survey area from Leeman to Wedge Island and is 

overlain by Cainozoic sediments (RPS 2011). 

CATTAMARRA COAL MEASURES AND THE ENEABBA FORMATION 

The Cattamarra Coal Measures and the Eneabba Formation both contain groundwater but are 

understood to be internally confined by coal seams and thick mudstone sequences respectively. The 

Eneabba Formation is likely to be hypersaline and isolated from the upper Cattamarra Coal Measures. 

3.1.5.2 Registered groundwater bores 

Interrogation of the DWER online groundwater database identified no registered bores within the survey 

area and 5 km of the Development Envelope. The BoM Groundwater Explorer online database identified 

a total of 38 registered bores within the area, with 8 bores containing groundwater level data and 34 

bores with salinity data. Of these bores, only one bore presents aquifer information (Bore ID: 70130024, 
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installed within the Yarragadee Formation). Groundwater level and salinity for this bore is recorded at 

26.69 mbgl (29.9 mAHD; measured during 2019) and 1,300 µS/cm (measured during 2013). 

Figure 3-7 presents a map of the identified registered bores. 

3.1.5.3 Regional groundwater levels and groundwater flow 

A generalised overview of the dominant groundwater flow patterns for the upper Yarragadee, as 

presented in Figure 3-8 (based on data sourced from WA Department of Water [DoW] WIN database for 

water levels collected between 1942 and 2009), indicate flow in a general westerly direction beneath 

the survey area (RPS 2011). The water table is mostly flat above the 80m contour but drops off 

significantly to the west towards the Swan Coastal Plain.  

An update to the RPS (2011) groundwater elevation contours presented in Figure 3-8 could not be 

undertaken during this assessment due to lack of available groundwater level data collected post-2009 

(data from which the previous contours were developed).  Review of the BOM Groundwater Explorer 

database shows only four registered groundwater bores (Bore ID: 70130026, 70130028, 70130029 and 

70130024) with groundwater level data records from 2019 for the Yarragadee Aquifer; however, the 

first three bores listed above are located up to 10 km north-west of the Development Envelope and in 

one cluster. The fourth bore (70130024) is located approximately 3 km south / south-west of the 

Development Envelope (Figure 3-7). Therefore, the groundwater elevation and flow direction in this 

assessment has been based on the 2009 contour data. 

According to RPS (2011), while the limited data available precludes the identification of local influence 

of structural control on groundwater flow in the survey area, detailed studies elsewhere in the region 

have shown a close correlation between the regional water table configuration and the major regional 

faults. This suggest that the major faults may inhibit groundwater flow and compartmentalise the main 

aquifers with water levels “stepping down” to the west. 

3.1.5.4 Regional groundwater use 

ENVIRONMENTAL  

A review of the BOM Groundwater Explorer database indicated no GDE’s (terrestrial, aquatic or 

subterranean) formally classified as GDE’s of significance under the BOM classification system within 

the survey area. 

ECONOMIC 

The project is located within the Arrowsmith Groundwater Management Area, as proclaimed under the 

WA Rights in Water and Irrigation Act 1914 (RPS 2011). Under the Act a licence is required from the WA 

Department of Water and Environmental Regulation (DWER) before water can be taken from a 

watercourse or groundwater aquifer. For licensing and allocation purposes, the survey area is located 

within the Twin Hills sub-area of the Arrowsmith groundwater area (RPS 2011) (Figure 3-6). The main 

use of groundwater in the area from the Yarragadee Formation aquifer is related to irrigation and cattle 

grazing (RPS 2011). 
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Figure 3-8: Groundwater elevation contours (developed by RPS 2011)
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4. Site visit & results 

4.1 Surface water 

The surface water survey locations shown in Figure 2-1 were inspected during the site visit conducted on 7 and 8 September 2020  (refer Section 2.3); Table 

4-1 summarises the main observations noted for each of the  survey sites assessed and a preliminary assessment of potential impacts  based on these results 

has been undertaken in Section 5.1. No water samples were collected to analyse water quality as these areas were dry at the time of the site visit. Copies of 

the field note sheets as well as additional photos for each site are provided in Appendix B.  

Table 4-1 Summary of field notes taken for the surface water sites 

Site ID 
Field observations 

Sample photographs 
Survey location Surrounding environment 

SW01 • No defined watercourse 

identified. 

• No physical banking or bed 

profile 

• No signs of erosion 

sedimentation or compaction 

• No pools or other surface water 

present  

• Sandy substrate 

• Vegetation cover approximately 

70%, largely remnant scrub 

• No visible groundwater 

dependent ecosystems (GDE) 

• No riparian vegetation observed 

• Land surface slopes away to the 

west of this site 

• Haul road to the edge of site 

• Site was windy with fire scar 

visible 
  

SW02 • No defined watercourse 

identified. 

• No physical banking or bed 

profile 

• Numerous fauna diggings and 

new seedling growth noted, 

indicating unlikely flow path in 

high intensity or prolonged 

rainfall events. 

• Sandy substrate, soft under foot 

but no signs of moisture 

• Vegetation cover approximately 

80% 

• Sandy soils  

• Slight depressions in landscape 

• No visible GDEs 
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Site ID 
Field observations 

Sample photographs 
Survey location Surrounding environment 

SW03 • No flow in watercourse or signs 

of standing water 

• No visible banks or bed profile, 

slight drop in elevation along 

channel 

• Surface water channel 

approximately 100m wide 

• Sandy substrate 

• No visible washout areas 

• Sparse vegetation suggests 

previous flow at this location  

• No flow recently, suggested by 

numerous animal tracks 

• Vegetation cover approximately 

60-75% 

• No visible GDEs or riparian 

vegetation 

• Recent fire scar  

• Land surface has a slight 

depression of approximately 

0.5m 

• Site clearly has had flow in the 

past 
  

SW04 • No flow in watercourse or signs 

of standing water 

• Site observations strongly 

suggest past flows  

• Some debris present in the 

streambed but likely from 

previous flow 

• Sandy substrate, wet to touch 

• Drainage channel clearly visible 

in land surface 

• Channel approximately 50m 

wide and 13m deep 

• Washout areas visible 

• Large areas of erosion from 

water flow 

• Rocky outcrops surrounding 

channel to the south, east and 

west 

• Riparian vegetation present 

approximately 500m to the 

north 

• No riparian vegetation present in 

drainage channel 

• Vegetation cover approximately 

75% 

• High depression in the landscape 
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Site ID 
Field observations 

Sample photographs 
Survey location Surrounding environment 

SW05 • No defined watercourse 

identified. 

• No physical banking or bed 

profile 

• No pools or standing water 

present 

• Rocky surface with sandy 

substrate 

• No visible washout areas 

• No signs of erosion 

• Very firm under foot 

• No riparian vegetation present 

• No visible GDEs 

• Vegetation representative of 

surrounding areas 

• Vegetation cover 85-95% 

• No depressions in the landscape 

  

SW06 • No defined watercourse 

identified. 

• No physical banking or bed 

profile 

• No pools or standing water 

present 

• No obvious signs of previous or 

recent flows  

• Sandy substrate, doesn’t look 

disturbed  

• No visible washout areas 

• No signs of erosion 

• No compaction 

• No high-water marks 

• No riparian vegetation present 

• No visible GDEs 

• Vegetation representative of 

surrounding areas 

• Vegetation cover 85-95% 

• Higher topography to the east 

and north 

• Lateritic outcrop further afield 

(see SW07) 
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Site ID 
Field observations 

Sample photographs 
Survey location Surrounding environment 

SW07 • No defined watercourse 

identified. 

• No physical banking or bed 

profile 

• No pools or standing water  

• No channel or floodplain visible 

• Streambed flat, with no visible 

movements of water in the 

surface sediments  

• Rocky substrate with sand 

• Site would likely form floodplain 

in heavy rain, surrounding 

landscape features higher in 

elevation forming bowl shape 

• No riparian vegetation present 

• No visible GDEs 

• Vegetation representative of 

surrounding areas 

• Vegetation cover 85-95% 

• Rocky surface  

• Lateritic outcrops 

      

SW08 • No defined watercourse 

identified. 

• No physical banking or bed 

profile 

• No pools or standing water 

present 

• Sandy substrate 

• No characteristics of wide 

stream bed 

• No debris present 

• No cutting of substrate from 

water flow 

• No riparian vegetation present 

• Vegetation mainly native, 

shallow roots 

• No visible GDEs, vegetation 

species present unlikely to be 

groundwater dependent 

• Vegetation cover 80% 

• Thick dense vegetation and 

clearly disturbed in the past 

• Lateritic outcrops in surrounding 

environment  
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Site ID 
Field observations 

Sample photographs 
Survey location Surrounding environment 

SW09 • No defined watercourse 

identified. 

• No physical banking or bed 

profile 

• No pools or standing water 

present 

• Rocky surface with sandy loam 

substrate 

• Some areas visibly dry and 

cracked 

• No visible washout areas 

• No signs of erosion 

• Very firm under foot 

• No riparian vegetation present 

• No visible GDEs 

• Vegetation representative of 

surrounding areas and is mostly 

shrubland 

• Vegetation cover 50-60% 

• Landscape is generally flat with 

gentle slope 

 

SW10 • No defined watercourse 

identified. 

• No physical banking or bed 

profile 

• No pools or standing water 

present 

• Rocky surface with sandy loam 

substrate 

• No visible washout areas 

• No signs of erosion 

• Very firm under foot 

• No riparian vegetation present 

• No visible GDEs 

• Vegetation representative of 

surrounding areas and is mostly 

shrubland 

• Vegetation cover approximately 

30% 

• Landscape is flat with gentle 

slope 
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Site ID 
Field observations 

Sample photographs 
Survey location Surrounding environment 

SW11 • No defined watercourse 

identified 

• No visible banks, slight drop in 

elevation along channel  

• No standing water 

• Sandy substrate, soft under foot 

but no signs of moisture 

• No visible washout areas or 

erosion 

• No flow recently suggested by 

numerous animal tracks 

• Vegetation cover approximately 

60-75%, mostly shrubland 

• No visible GDEs or riparian 

vegetation 

• Sandy loam soils 

• Flat landscape with gentle slope 

• Land surface has a slight 

depression of approximately 

0.5m 

 
 

SW12 • No defined watercourse 

identified. 

• No physical banking or bed 

profile or washout areas 

• No standing water or pools 

• Sandy substrate, soft underfoot 

• Sparse vegetation suggests 

previous flow at this location  

• No flow recently, suggested by 

numerous animal tracks 

• Vegetation cover approximately 

50-60%, mostly shrubland 

• No visible GDEs or riparian 

vegetation 

• Sandy soils with light clay 

• Landscape is flat with gentle 

slope 

• No sign of erosion 

 

 

SW13 & 

SW14 

• Photo is located between SW13 

and SW14, towards the eastern 

boundary of SW14.  

• No obvious watercourse 

identified 

• No visible banks, surface 

elevation is level and flat  

• No flow in watercourse or signs 

of standing water 

• Sandy substrate, soft under foot 

• No visible washout areas 

• Vegetation cover approximately 

70%, mostly shrubland 

• Vegetation representative of 

surrounding areas 

• No visible GDEs or riparian 

vegetation 

• Sandy soils with light clay 

• Landscape is flat with gentle 

slope 
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4.2 Groundwater  

Table 4-2 shows photographs from the three bore locations sampled during the field visit. The settling 

pond sampled as an alternative to PB1 (which was locked and not accessible during the visit) is also 

shown. Copies of the field note sheets and additional photos for each site are provided in Appendix B.  

Table 4-2 Photographs of the groundwater bores sampled during the field visit 

Bore Photographs 

Eastern Monitoring Bore 

(sampled for both water 

level and water quality as 

per Section 2.4) 

 

PB1 (adjacent settling 

pond also shown, which 

was sampled as PB1 

could not be accessed) 

  

Western Monitoring Bore 

(water level sampled only 

due to sedimentation of 

the bore) 
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4.3 Baseline data 

4.3.1 Groundwater levels 

Table 4-3 and Figure 4-1 present the manual water level data collected from the Yarragadee Aquifer 

during the 2020 site visit compared to those measured in 2018 and 2019 by ELA and Strike Energy, 

following completion of bore development.  

Results from the latest field visit suggest water levels in the survey area within the Yarragadee Aquifer 

have remained steady since the completion of the bore development. However, additional data is 

needed across all three bores to accurately determine a baseline level to inform the monitoring of 

project impacts.  

Table 4-3 Recorded water levels for production and monitoring bores during 2018, 2019 and 2020 sampling rounds 

Bore 
2018/2019/2020 Monitoring 

Date SWL (mbgl)* 

Production bore 22-Mar-19 151 

8-Sep-20 Not recorded 

Eastern monitoring bore 22-Nov-18 139 

29-May-19 139.87 

4-Jul-19 139.9 

11-Nov-19 139.5 

12-Dec-19 141 

7-Sep-20 138.68 

Western monitoring bore 22-Nov-18 132.5 

29-May-19 134.66 

4-Jul-19 134.7 

11-Nov-19 134.85 

12-Dec-19 134.8 

8-Sep-20 134.01 

*SWL is standing water level 
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Figure 4-1 Time series plot of recorded water levels presented in Table 4-3 

4.3.2 Groundwater quality  

Groundwater samples were collected from the nearby settling pond as a proxy for PB1 (which could not 

be accessed), and the Eastern Monitoring Bore, with sedimentation of the Western Monitoring Bore 

precluding the collection of any samples at this site. 

A duplicate sample of PB1 was also collected for analysis.  

QUALITY CONTROL ANALYSIS 

The ionic balance for each sample analysed was reviewed to ensure the reported results were within 

the accepted limits for interpretation. Ionic balances provide an indication regarding the quality 

assurance of the analysis undertaken on the water samples, with a discrepancy of 5% or less typically 

acceptable for water samples. 

The laboratory analysis reported an ionic balance of 4.82% and 4.62% for the Eastern Monitoring Bore 

and Production Bore respectively. An ionic balance of 3.97% was reported for the duplicate Production 

Bore sample. These ionic balances therefore suggest that the results for the two bores are generally 

acceptable; however, it is nonetheless recommended that further sampling be undertaken to obtain 

samples directly from the Production Bore and from the Western Monitoring Bore. 

A review of the following laboratory quality control (QC) analyses was also undertaken to ensure the 

quality of the reported results: 

• Laboratory duplicate analysis: Relative Percentage Difference (RPD, %) was calculated between 

the laboratory prepared replicate sample and the corresponding primary sample. No 

exceedances of RPD were reported (all values below 50%); 
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• Method blank (MB): the method blank sample consists of an analyte free sample, which has 

been prepared following the standard sample preparation methods. Analysis of this sample 

allows identification of potential laboratory contamination. All concentrations were reported 

within the accepted limit (below limit of reporting or LOR); 

• Laboratory Control Spike (LCS): the LCS consists of a known solution that has been spiked with 

target analytes and is used to monitor the accuracy and precision of the analytical method, 

independent of the sample matrix. All LCS results were reported between the accepted limits; 

• Matrix Spike (MS): MS refers to a split sample prepared by the laboratory, which is spiked with 

a representative set of target analytes. This allows monitoring of potential matrix effects on 

analyte recoveries. All matrix spike results were within the accepted limit of 70% - 130%. 

WATER ANALYSIS 

Schoeller plots of the major ion data have been developed to evaluate the water type sampled from 

each bore, and its general geochemical signature. Figure 4-2 presents a Schoeller Plot of the major ion 

data from the Eastern Monitoring Bore and PB1 groundwater samples collected by ELA in the September 

2020 site visit. Figure 4-3 then compares the most recent set of results for the Eastern Monitoring Bore 

with those obtained during the 2018 analysis (ELA 2018). Figure 4-4  presents a comparison of the data 

collected at EMB and PB1 during the September 2020 site visit with the baseline data previously 

collected by Strike Energy and ELA from these bores during 2018, 2019 and 2020.  

As shown in Figure 4-2, the two PB1 samples exhibit a significantly saline water type, dominated by 

sodium-chloride (Na-Cl) analytes. These results likely reflect a mixed water type of dam water, rainfall 

and the assumed groundwater inflow from PB1. It cannot be confirmed with certainty that the dam 

contains groundwater from PB1 only and it is likely that evaporation processes are playing a role in the 

water quality observed.  This is further supported by a comparison of the September 2020 data with the 

previous baseline data collected between 2018 and 2020 at PB1, presented in Figure 4-4. As noted 

above, in order to make accurate conclusions about the water quality, it is necessary to obtain samples 

directly from PB1 rather than the adjacent settling pond.  

Results for the Eastern Monitoring Bore suggest groundwater in the Yarragadee aquifer is also 

dominated by sodium-chloride (Na-Cl) analytes; however, the concentrations are significantly lower 

than observed in the PB1 samples. The results for the Eastern Monitoring Bore were also compared with 

those obtained in 2018 following the completion of bore development, shown in Figure 4-3 (no such 

comparison could be made for the Western Monitoring Bore due a lack of data). This plot suggests that 

the water type for the Yarragadee Formation Aquifer has remained broadly the same since 2018, with 

the exception of the result for sulphate (SO4).  

When compared further with the 2018 analysis for the Western Monitoring Bore (which also sampled 

the Yarragadee Formation Aquifer), as shown in Figure 4-4, the September 2020 results show a similar 

signature with some deviations that may potentially be due to the sediment accumulation issues 

observed, which is considered to have potentially blocked the screens and resulted in water to remain 

stagnant in the bore and not 100% representative of the aquifer. Due to this and the inability to collect 

groundwater samples at PB1 and the Western Monitoring Bore during the September 2020 site visit, 

further sampling of all bores is therefore recommended to obtain a comprehensive water sample 

analysis dataset for the establishment of a robust groundwater quality baseline. 
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Figure 4-2 Scholler plot of the major ion data for PB-1 and EMB for samples collected during the 2020 site visit 
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Figure 4-3 Scholler plot of the major ion data for EMB for samples collected following the 2018 bore installation and during 

the 2020 site visit 

 

Figure 4-4 Scholler plot of the major ion data for EMB, WMB and PB1 showing a comparison of previous data collected (2018 

to 2020) and recent data collected during the September 2020 site visit  

*NOTES: No sample could be collected at WMB during the September 2020 site visit for comparison with the 2018 to 2020 

groundwater monitoring data. 
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5. Assessment of potential impacts 

The following section presents a preliminary assessment on potential impacts based on the information 

and data derived from the desktop assessment, site visit and baseline data collection. Potential impacts 

have been identified and assessed in regard to the construction and operation of the pipeline and 

processing plant (the Project) below. 

5.1 Potential impacts 

The following potential impacts to groundwater and surface water have been identified for the Project, 

with further details and a preliminary assessment on each provided in the sections below: 

• Potential groundwater contamination through seepage from the evaporation pond and/or fuel 

and chemical storages at the processing plant; 

• Surface water contamination during construction of the pipeline and processing plant, should 

this work be undertaken during high intensity rainfall/ flow events; and 

• Surface water contamination during operation of the processing plant due to contact of surface 

runoff water with processing plant infrastructure and site fuel and chemical storages. 

5.2 Preliminary impact assessment 

5.2.1 Contamination 

GROUNDWATER 

Groundwater contamination may potentially occur due to seepage of produced formation water that is 

stored within the evaporation pond at the processing plant, in addition to seepage from fuel storage 

tanks and bulk chemical storages located onsite. However, impacts are considered to be low to negligible 

due to depth to groundwater (> 130 mbgl) measured in the vicinity of the processing plant, which is 

consistent with the regional water table reported for the Yarragadee Formation. Risk is further reduced 

should the evaporation pond be installed with an impermeable lining (i.e. plastic sheeting) to limit / 

prevent seepage. 

No impacts to groundwater (quantity and quality) are expected due to the construction of the pipeline 

and processing plant as these are considered to be shallow works (< 5 mbgl) and will not intersect 

groundwater level (> 130 mbgl). 

SURFACE WATER 

There is the potential for surface water contamination to occur during the construction and operation 

of the pipeline and processing plant due to: 

• spills at the site; 

• runoff waters coming in contact with plant infrastructure, including fuel, chemical and produced 

water storage areas that typically contain contaminants at surface; and/or  

• construction activities undertaken during flow events.  
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The site survey and desktop assessment indicate no major and/or defined watercourses exist within 3 

km of the Development Envelope (incl. pipeline). However, the Development Envelope will intersect a 

minimum of seven (minor) surface water drainage features (specifically SW02, and SW09 to SW14). 

Although these sites showed no defined banks and no flow or standing water during the site visit, 

indications of previous flow events were present suggesting that these areas may demonstrate flow and 

may potentially flood following prolonged and /or high intensity rain events.  

The water produced during these events is likely to form drainage paths through areas of low 

topography and drain to the west of the site. This may cause transfer of contaminants such as 

hydrocarbons and lubricant materials, that accumulate at the pipeline and plant infrastructure onsite, 

to offsite areas. 

As such, the pipeline and processing plant construction works should be timed to avoid periods of higher 

rainfall (i.e. outside of the wet season). Best practice construction methods and stormwater 

management may also be required to manage surface flow after prolonged and/or high intensity rain 

events and may include the installation of flow diversion and/or bunding structures. The 

implementation of standard erosion and sediment controls and monitoring practices is also required 

during construction and operations to minimise the risk of works damaging the surrounding 

environment. 
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Appendix A Laboratory certificates 
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Environmental

CERTIFICATE OF ANALYSIS
Work Order : Page : 1 of 5EP2009584

:: LaboratoryClient ECO LOGICAL AUSTRALIA PTY LTD Environmental Division Perth

: :ContactContact Lauren Stephens Nick Courts

:: AddressAddress Suite 1 & 2, 49 Ord Street P.O Box 237

West Perth Western Australia 6005

26 Rigali Way Wangara WA Australia 6065

:Telephone 08 9430 1617 :Telephone +61-8-9406 1301

:Project AGIG - 16294 Date Samples Received : 09-Sep-2020 15:45

:Order number Date Analysis Commenced : 10-Sep-2020

:C-O-C number ---- Issue Date : 15-Sep-2020 21:11

Sampler : JAMES LEONARD

Site : West Erregulla

Quote number : EP/692/20

3:No. of samples received

3:No. of samples analysed

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. This document shall not be reproduced, except in full. 

This Certificate of Analysis contains the following information:

l General Comments

l Analytical Results

Additional information pertinent to this report will be found in the following separate attachments: Quality Control Report, QA/QC Compliance Assessment to assist with 

Quality Review and Sample Receipt Notification.

Signatories
This document has been electronically signed by the authorized signatories below. Electronic signing is carried out in compliance with procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Canhuang Ke Inorganics Supervisor Perth Inorganics, Wangara, WA

Chris Lemaitre Laboratory Manager (Perth) Perth Inorganics, Wangara, WA

Efua Wilson Metals Chemist Perth Inorganics, Wangara, WA
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Work Order :

:Client

EP2009584

AGIG - 16294:Project

ECO LOGICAL AUSTRALIA PTY LTD

General Comments

The analytical procedures used by ALS have been developed from established internationally recognised procedures such as those published by the USEPA, APHA, AS and NEPM.  In house developed procedures 

are fully validated and are often at the client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

When sampling time information is not provided by the client, sampling dates are shown without a time component.  In these instances, the time component has been assumed by the laboratory for processing 

purposes.

Where a result is required to meet compliance limits the associated uncertainty must be considered. Refer to the ALS Contact for details.

CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.

LOR = Limit of reporting

^ = This result is computed from individual analyte detections at or above the level of reporting

ø = ALS is not NATA accredited for these tests.

~ = Indicates an estimated value.

Key :

EG020: Metals LOR for samples EP2009584-001, 003 raised due to high TDS content.l

EG020: It is recognised that total boron concentration is less than dissolved for samples EP2009584-001 to 003, as well as molybdenum for sample 001, and nickel for sample 003. However, the difference is 

within experimental variation of the methods.

l

EG035T-LL: Results for EP2009584 #1 and #3 have been confirmed by re-preparation and re-analysis.l

TDS by method EA-015 may bias high for sample #2 due to the presence of fine particulate matter, which may pass through the prescribed GF/C paper.l

Ionic balances were calculated using: major anions - chloride, alkalinity and sulfate; and major cations - calcium, magnesium, potassium and sodium.l

Sodium Adsorption Ratio (where reported): Where results for Na, Ca or Mg are <LOR, a concentration at half the reported LOR is incorporated into the SAR calculation. This represents a conservative approach 

for Na relative to the assumption that <LOR = zero concentration and a conservative approach for Ca & Mg relative to the assumption that <LOR is equivalent to the LOR concentration.

l
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Work Order :

:Client

EP2009584

AGIG - 16294:Project

ECO LOGICAL AUSTRALIA PTY LTD

Analytical Results

--------Dupe

Duplicate

EMB

East Monitoring Bore

PB1

Production Bore 1

Client sample IDSub-Matrix: WATER

 (Matrix: WATER)

--------08-Sep-2020 00:0008-Sep-2020 00:0008-Sep-2020 00:00Client sampling date / time

----------------EP2009584-003EP2009584-002EP2009584-001UnitLORCAS NumberCompound

Result Result Result ---- ----

EA005P: pH by PC Titrator

7.96 7.60 8.03 ---- ----pH Unit0.01----pH Value

EA010P: Conductivity by PC Titrator

42800 2040 43300 ---- ----µS/cm1----Electrical Conductivity @ 25°C

EA015: Total Dissolved Solids dried at 180 ± 5 °C

30600 3300 28700 ---- ----mg/L10----Total Dissolved Solids @180°C

EA045: Turbidity

65.0 546 54.6 ---- ----NTU0.1----Turbidity

EA065: Total Hardness as CaCO3

428 287 461 ---- ----mg/L1----Total Hardness as CaCO3

ED037P: Alkalinity by PC Titrator

<1Hydroxide Alkalinity as CaCO3 <1 <1 ---- ----mg/L1DMO-210-001

<1Carbonate Alkalinity as CaCO3 <1 <1 ---- ----mg/L13812-32-6

1050Bicarbonate Alkalinity as CaCO3 659 1140 ---- ----mg/L171-52-3

1050 659 1140 ---- ----mg/L1----Total Alkalinity as CaCO3

ED040T: Total Major Anions

9.6Silicon as SiO2 59.4 9.9 ---- ----mg/L0.114464-46-1

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA

1140Sulfate as SO4 - Turbidimetric 1 1170 ---- ----mg/L114808-79-8

ED045G: Chloride by Discrete Analyser

15000Chloride 383 15300 ---- ----mg/L116887-00-6

ED093F: Dissolved Major Cations

84Calcium 72 94 ---- ----mg/L17440-70-2

53Magnesium 26 55 ---- ----mg/L17439-95-4

6480Sodium 445 6720 ---- ----mg/L17440-23-5

5320Potassium 52 5500 ---- ----mg/L17440-09-7

EG020F: Dissolved Metals by ICP-MS

<0.05Aluminium 0.01 0.05 ---- ----mg/L0.017429-90-5

0.007Arsenic 0.004 0.008 ---- ----mg/L0.0017440-38-2

<0.005Beryllium <0.001 <0.005 ---- ----mg/L0.0017440-41-7

0.242Barium 0.404 0.244 ---- ----mg/L0.0017440-39-3

<0.0005Cadmium <0.0001 <0.0005 ---- ----mg/L0.00017440-43-9

0.113Chromium 0.002 0.122 ---- ----mg/L0.0017440-47-3

<0.005Copper 0.003 <0.005 ---- ----mg/L0.0017440-50-8
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Work Order :

:Client

EP2009584

AGIG - 16294:Project
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Analytical Results

--------Dupe

Duplicate

EMB

East Monitoring Bore

PB1

Production Bore 1

Client sample IDSub-Matrix: WATER

 (Matrix: WATER)

--------08-Sep-2020 00:0008-Sep-2020 00:0008-Sep-2020 00:00Client sampling date / time

----------------EP2009584-003EP2009584-002EP2009584-001UnitLORCAS NumberCompound

Result Result Result ---- ----

EG020F: Dissolved Metals by ICP-MS - Continued

<0.005Cobalt 0.012 <0.005 ---- ----mg/L0.0017440-48-4

0.033Nickel 0.009 0.037 ---- ----mg/L0.0017440-02-0

<0.005Lead 0.001 <0.005 ---- ----mg/L0.0017439-92-1

<0.025Zinc 0.060 0.025 ---- ----mg/L0.0057440-66-6

0.053Manganese 0.471 0.058 ---- ----mg/L0.0017439-96-5

0.055Molybdenum 0.008 0.054 ---- ----mg/L0.0017439-98-7

<0.05Selenium <0.01 <0.05 ---- ----mg/L0.017782-49-2

0.452Strontium 0.730 0.464 ---- ----mg/L0.0017440-24-6

0.06Vanadium <0.01 0.07 ---- ----mg/L0.017440-62-2

0.32Boron 0.15 0.36 ---- ----mg/L0.057440-42-8

0.70Iron 0.32 0.75 ---- ----mg/L0.057439-89-6

EG020T: Total Metals by ICP-MS

1.02Aluminium 4.90 0.86 ---- ----mg/L0.017429-90-5

0.009Arsenic 0.009 0.008 ---- ----mg/L0.0017440-38-2

<0.005Beryllium <0.001 <0.005 ---- ----mg/L0.0017440-41-7

4.55Barium 2.92 4.30 ---- ----mg/L0.0017440-39-3

0.0006Cadmium 0.0004 <0.0005 ---- ----mg/L0.00017440-43-9

0.126Chromium 0.018 0.128 ---- ----mg/L0.0017440-47-3

0.018Copper 0.136 0.016 ---- ----mg/L0.0017440-50-8

<0.005Cobalt 0.025 <0.005 ---- ----mg/L0.0017440-48-4

0.034Nickel 0.014 0.035 ---- ----mg/L0.0017440-02-0

0.006Lead 0.037 <0.005 ---- ----mg/L0.0017439-92-1

0.154Zinc 0.312 0.177 ---- ----mg/L0.0057440-66-6

0.064Manganese 0.488 0.058 ---- ----mg/L0.0017439-96-5

0.057Molybdenum 0.012 0.060 ---- ----mg/L0.0017439-98-7

<0.05Selenium <0.01 <0.05 ---- ----mg/L0.017782-49-2

0.490Strontium 0.795 0.473 ---- ----mg/L0.0017440-24-6

0.07Vanadium 0.02 0.07 ---- ----mg/L0.017440-62-2

<0.25Boron 0.13 <0.25 ---- ----mg/L0.057440-42-8

1.38Iron 10.1 1.21 ---- ----mg/L0.057439-89-6

EG035F: Dissolved Mercury by FIMS

0.00013Mercury <0.00004 <0.00004 ---- ----mg/L0.000047439-97-6

EG035T:  Total Mercury by FIMS

0.00078Mercury 0.00072 0.00020 ---- ----mg/L0.000047439-97-6
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Work Order :

:Client

EP2009584

AGIG - 16294:Project

ECO LOGICAL AUSTRALIA PTY LTD

Analytical Results

--------Dupe

Duplicate

EMB

East Monitoring Bore

PB1

Production Bore 1

Client sample IDSub-Matrix: WATER

 (Matrix: WATER)

--------08-Sep-2020 00:0008-Sep-2020 00:0008-Sep-2020 00:00Client sampling date / time

----------------EP2009584-003EP2009584-002EP2009584-001UnitLORCAS NumberCompound

Result Result Result ---- ----

EK055G: Ammonia as N by Discrete Analyser

0.56Ammonia as N 0.37 0.55 ---- ----mg/L0.017664-41-7

EK057G:  Nitrite as N by Discrete Analyser

<0.01Nitrite as N <0.01 <0.01 ---- ----mg/L0.0114797-65-0

EK058G:  Nitrate as N by Discrete Analyser

<0.01Nitrate as N 0.02 <0.01 ---- ----mg/L0.0114797-55-8

EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser

<0.01 0.02 <0.01 ---- ----mg/L0.01----Nitrite + Nitrate as N

EK061G: Total Kjeldahl Nitrogen By Discrete Analyser

18.7 19.6 19.3 ---- ----mg/L0.1----Total Kjeldahl Nitrogen as N

EK062G: Total Nitrogen as N (TKN + NOx) by Discrete Analyser

18.7^ 19.6 19.3 ---- ----mg/L0.1----Total Nitrogen as N

EK067G: Total Phosphorus as P by Discrete Analyser

13.4 0.14 13.3 ---- ----mg/L0.01----Total Phosphorus as P

EN055: Ionic Balance

468ø 24.0 479 ---- ----meq/L0.01----Total Anions

426ø 26.4 442 ---- ----meq/L0.01----Total Cations

4.62ø 4.82 3.97 ---- ----%0.01----Ionic Balance
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Appendix B Field assessment sheets and site photographs 
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