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Statement of limitations 

Reliance on Data 

In the preparation of this report, Ecoedge has relied on data, surveys, analyses, designs, 

plans and other information provided by the Client and other individuals and organisations, 

most of which are referred to in the report. Unless stated otherwise in the report, Ecoedge 

has not verified the accuracy or completeness of the data. To the extent that the 

statements, opinions, facts, information, conclusions and/or recommendations in the report 

are based in whole or in part on the data, those conclusions are contingent upon the 

accuracy and completeness of the data. Ecoedge will not be liable in relation to incorrect 

conclusions should any data, information or condition be incorrect or have been concealed, 

withheld, unavailable, misrepresented or otherwise not fully disclosed to Ecoedge.   

Report for Benefit of Client 

The report has been prepared for the benefit of the Client and for no other party. Ecoedge 

assumes no responsibility and will not be liable to any other person or organisation for or in 

relation to any matter dealt with or conclusions expressed in the report, or for any loss or 

damage suffered by any other person or organisation arising from matters dealt with or 

conclusions expressed in the report (including, without limitation, matters arising from any 

negligent act or omission of Ecoedge or for any loss or damage suffered by any other party 

relying on the matters dealt with or conclusions expressed in the report). Other parties 

should not rely upon the report or the accuracy or completeness of any conclusions, and 

should make their own enquiries and obtain independent advice in relation to such matters.   
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1 Introduction 

1.1 Background 

Doral Mineral Sands Pty Ltd’s (Doral’s) Yoongarillup Mineral Sands Project is located 

approximately 17 kilometres (km) south east of Busselton and 250 km south of Perth on the 

lower slopes of the Whicher Scarp (Figure 1). The Whicher Scarp is considered to constitute 

an area of high biodiversity value (Keighery et al., 2008, EPA, 2009). 

The life-of-mine is expected to be three years, including an initial pre-mine development 

phase, mining and onsite processing to produce heavy mineral concentrate, backfilling of 

mine pits, rehabilitation, and decommissioning. The proposal is located within a 152 ha 

development envelope. Within this development envelope, 8.9 ha of native vegetation with 

State Forest No. 33 (SF33) will require clearing.  

The Environmental Protection Authority recommended a Public Environmental Review (PER) 

assessment level for the proposal; the PER was released for public comment in October, 

2014 (Doral, 2014). The EPA released their assessment report and associated 

recommendations to the Minister for the Environment and Heritage in July 2015 (EPA, 

2015a), and the proposal was approved to proceed on 7th June 2016, contingent on a 

number of Ministerial conditions as published in Ministerial Statement 1030 (Government 

of Western Australia, 2016).  

1.2 Requirement for the Management Plan 

A Flora and Vegetation Monitoring Plan (FVMP) is required to address Ministerial Condition 

6-2 of Ministerial Statement 1030 (Government of Western Australia, 2016). Of the 

Ministerial conditions placed on the Yoongarillup Mineral Sands project, those that relate 

specifically to the monitoring of vegetation within SF331 are listed below: 

6-1 The proponent shall ensure that the proposal does not result in any loss of   

 native vegetation beyond the boundary of Area A. 

6-2 Prior to ground disturbing activities the proponent shall prepare a Flora and  

 Vegetation Monitoring Plan in consultation with the Department of Parks and   

 Wildlife and the Department of Water, and submit the plan to the CEO.   

The Flora and Vegetation Monitoring Plan shall:  

1. when implemented, substantiate and ensure that condition 6-1 is being met;  

2. identify and spatially define reference sites including the scientific rationale for the 

proposed locations;  

3. include baseline vegetation health and abundance parameters;  

                                                      
1
 In this document “SF33” refers to that part of the State Forest sub-area of Doral mining lease M70/459 (Doral 

Mineral Sands, 2014) that is outside of ‘Area A’ as defined in Ministerial Statement 1030 (Government of 
Western Australia, 2016) and shown in Figure 2. 
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4. detail the proposed vegetation health (including impact from changes in 

groundwater level) monitoring methodology;  

5. detail the proposed frequency and timing of monitoring; 

6. specify criteria (trigger criteria) that will trigger the implementation of management 

and/or contingency actions to prevent loss of vegetation outside Area A; and 

7. specify management and/or contingency actions to be implemented in the event 

that the trigger criteria required by condition 6-2(6) have been reached. 

Further Ministerial requirements with regard to the FVMP are stated in sub-sections 6-3 to 

6-7 of Ministerial Statement 1030: 

6-3  After receiving notice in writing from the CEO, that the Flora and Vegetation 
Monitoring Plan satisfies the requirements of condition 6-2, the proponent shall: 

1. monitor in accordance with the requirements of the Flora and Vegetation 
Monitoring Plan; and 

2. continue to monitor in accordance with the requirements of the Flora and 
Vegetation Monitoring Plan until the CEO has confirmed, on the advice of the 
Department of Parks and Wildlife and the Department of Water, by notice in writing 
that it has been demonstrated that the outcome in condition 6-1 is being and will 
continue to be met and therefore monitoring is no longer required. 

6-4  In the event that the monitoring indicates that the trigger criteria specified in the 
Flora and Vegetation Monitoring Plan have been reached the proponent shall: 

1. immediately implement the management and/or contingency actions specified in 
the Flora and Vegetation Monitoring Plan on advice from the Department of Parks 
and Wildlife and the Department of Water and continue implementation of those 
actions until the trigger criteria are being met, or until the CEO has confirmed by 
notice in writing that it has been demonstrated that the outcome in condition 6-1 is 
being, and will continue to be met, and implementation of the management and/or 
contingency actions is no longer required; 

2. investigate to determine the likely cause of the trigger criteria being reached, and to 
identify any additional contingency actions required to prevent the trigger criteria 
being reached in the future; and 

3. provide a report to the CEO within 7 days of an event referred to in condition 6-4 
occurring. The report shall include: 
(a)  details of management and/or contingency actions implemented; and 
(b)  the findings of the investigation required by condition 6-4(2). 

6-5 The proponent may review and revise the Flora and Vegetation Monitoring Plan, in 
consultation with the Department of Parks and Wildlife and the Department of 
Water. 

6-6  The proponent shall review and revise the Flora and Vegetation Monitoring Plan as 
and when directed by the CEO. 
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6-7  The proponent shall implement the latest revision of the Flora and Vegetation 
Monitoring Plan in consultation with the Department of Parks and Wildlife and the 
Department of Water, which the CEO has confirmed, by notice in writing, satisfies 
the requirements of condition 6-2. 

 

1.3 Objectives and Scope of this Plan 

The objective of the FVMP is to address the scientific rationale, flora and vegetation health 

and community monitoring, and monitoring schedules required to satisfy Conditions 6-1 and 

6-2 of MS1030 (Government of Western Australia, 2016). 

Specifically, the FVMP will: 

 Identify the plant communities and species, and habitat characteristics within SF33; 

 Address the scientific rationale for monitoring site selection including locations; 

 Determine the number of monitoring sites for monitoring plant health, species 

composition and richness, and weed cover, and soil moisture monitoring, consistent 

with WA Guidelines, i.e. Designing a Monitoring Program for Significant Native Flora 

(DEC, 2010); 

 Provide results of pre-disturbance monitoring for flora and vegetation health and 

condition, species composition (diversity) and habitat characteristics at monitoring 

sites; 

 Provide results of groundwater levels, groundwater quality and soil moisture levels 

at bore sites in proximity to monitoring sites; 

 Outline the methodology required to undertake monitoring for vegetation health 

and condition, species composition and habitat characteristics; 

 Identify vegetation trigger levels (limits of acceptable change) and appropriate 

management actions; and 

 Specify management and contingency actions beyond reporting or initiating 

assessment. 
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Figure 1. Location of the Yoongarillup Mineral Sands Mine.  
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Figure 2. Location of 'Area A' within SF33.  
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1.4 Legislation and Regulatory Framework 

All relevant state and commonwealth environmental legislation and guidelines shall be 

complied with throughout the project. Those that relate to this FVMP in Western Australia 

are listed in Table 1. 

Table 1. Commonwealth and State legislation relating to the FVMP. 

Legislation Application 

Conservation and Land 

Management Act 1984 (WA) 

Provides for the vesting or reservation of land for 

conservation purposes, and the ability to enter into 

agreements with private landholders and pastoral 

lessees. It establishes a number of statutory bodies, 

including the Conservation Commission of Western 

Australia. 

Environment Protection and 

Biodiversity Conservation Act 

1999 (Cwth) 

Protection on environmental matters of national 

significance 

Environmental Protection Act 

1986 (WA) 

Prevention, control and abatement of pollution and 

conservation and enhancement of environment 

Environmental Protection 

(Clearing of Native Vegetation) 

Regulations 2004 (WA) 

Regulates the clearing of native vegetation 

Rights in Water and Irrigation 

Act 1914 (WA) 

Relates to rights in water resources, to make provision 

for the regulation, management, use and protection of 

water resources, to provide for irrigation schemes, and 

for related purposes 

Wildlife Conservation Act 1950 

(WA) 

Provides for the conservation and protection of wildlife 

(flora and fauna). Special provisions and schedules cover 

protection and management of gazetted rare flora and 

fauna  

1.5 Internal Management Plans and Procedures 

The following internal operating Doral documents relevant to this FVMP are: 

 Groundwater Operating Strategy; Yoongarillup Mineral Sands Project (AQ2, 2016) 

 Doral Guidelines: Operating Procedure, Soil Moisture Monitoring via Neutron 

Hydroprobe (DMS-YG-EP-10.4) 
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1.6 Stakeholder Consultation 

This Plan is to be submitted to the Department of Parks and Wildlife and the Department of 

Water for comment as per the requirements of MS 1030 prior to submission to the OEPA for 

assessment. 

1.7 Review Date for The Flora and Vegetation Monitoring Plan 

In accordance with subsections 6-5, 6-6 and 6-7 of Ministerial Statement No. 1030, it is 

proposed that this plan be revised 12 months after the commencement of ground disturbing 

activities at Yoongarillup. 

1.8 Operating Period of this Flora and Vegetation Monitoring Plan 

In accordance with subsection 6-3 of Ministerial Statement No. 1030, this plan will operate 

until “the CEO has confirmed, on the advice of the Department of Parks and Wildlife and the 

Department of Water, by notice in writing that it has been demonstrated that the outcome 

in condition 6-1 is being and will continue to be met and therefore monitoring is no longer 

required”. Modifications to this plan will be addressed in any review of the FVMP as allowed 

under section 6-5 of Ministerial Statement 1030. 

2 Monitoring and Evaluation Framework 

Monitoring and evaluation for environmental management effectiveness uses the principles 

of active adaptive management. Active adaptive management is recognised as the most 

effective contemporary approach for the conservation of natural areas (McCarthy and 

Possingham, 2006; Hockings et al., 2006). Active adaptive management places an explicit 

value on learning about the effectiveness of management by monitoring its outcomes, and is 

highly applicable to environmental management since it assumes that it is impossible to 

have all knowledge regarding the management unit or ecosystem. It contrasts with passive 

adaptive management in which learning occurs serendipitously and is then incorporated into 

management plans (McCarthy and Possingham, 2006).  

The Monitoring and Evaluation framework includes the following elements: 

 Determine the pressures or threats to the vegetation (Pressure);  

 Understand the current state of vegetation that may be affected by modified 

groundwater levels resulting from mine dewatering and reinjection activities (State); 

 Evaluate and select adaptive management responses to achieve a target vegetation 

state (i.e. avoiding unacceptable changes to the vegetation that are apparently 

attributable to the mining process, and that are not apparent in the reference 

area(s)), as described in Section 8.1 (Response). 

These elements collectively comprise the Pressure-State-Response model used when 

applying an adaptive management approach for protecting environmental values in natural 
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areas. This provides a framework for planning and implementing environmental 

management actions. 

Water potential monitoring of species near the mine pit, and at various reference areas will 

be carried out over the period leading up to the clearing of vegetation for mining. This is 

anticipated to allow information to be gathered on the variation in water deficits in spring 

and summer, and most importantly the maximum water deficits that are likely to be 

experienced by the monitored species during autumn, when water tables and soil moisture 

levels will probably be at their lowest. This data will allow comparison of mining area species 

with the same species in the reference areas, before mining, and will provide starting points 

for deriving trigger points for initiating ameliorative actions. 

3 Existing Environment 

For a detailed description of the existing environment, refer to Appendix 1. 

4 Key Environmental Activities 

Some of the activities associated with Doral’s mine construction, operation and 

decommissioning activities have the potential to impact on the environment within SF33 (for 

the definition of “SF33” see footnote on P. 4). 

The key activities undertaken during mining and dewatering activities that have the potential 

to indirectly impact on the health and condition of vegetation outside of Area A, including 

that which may provide habitat for EPBC Act listed fauna species are: 

 Groundwater drawdown caused by pit dewatering 

 Disruption of surface hydrology and vegetation clearing associated with mining 

within Area A 

 Increased weed invasion into SF33 

5 Potential Environmental Impacts 

The potential impacts to vegetation health and condition arising from Project activities are 

presented in Table 2. The modelled impact areas on water levels for groundwater 

dewatering and are provided in Figure 3. 

Table 2. Potential impacts to vegetation health and condition arising from Project activities 

Aspect of Project Potential Environmental Impact 

Vegetation Clearing Removal or loss of native vegetation outside of Area A. 

Dewatering Removal or loss, or reduced health of native vegetation outside of 

Area A. 
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Disruption of surface 

hydrology 

Loss or reduced health of vegetation (including habitat suitable for 

EPBC Act species) outside of Area A. 

Influx of non-native plant 

species 

Loss or reduced health of vegetation (including habitat suitable for 

EPBC Act species) outside of Area A. 

6 Environmental Management 

A series of environmental management objectives have been developed to mitigate 

environmental impacts on vegetation health that could potentially be caused by mining 

activities (construction, operation and decommissioning of the mine site). These objectives, 

which arise out of Ministerial Condition 6-1, include: 

1. Prevent adverse impacts to vegetation, attributable to the Project, outside the mine 

envelope. 

2. Prevent mortality of plant species and communities, or significant changes in habitat 

characteristics, attributable to the Project, outside the mine envelope. 

For each objective, management actions have been developed to ensure the impacts from 

mining activities are managed, and that appropriate monitoring, reporting and corrective 

action functions are implemented to support the successful implementation of the 

management actions. 

The key elements of the environmental management process associated with each objective 

are described in Table 3. 

Table 3. Key elements of the environmental management process applied in this FVMP. 

Element Description 

Objective What is intended to be achieved 

Management Action Tasks taken to enable the objective to be met 

Outcomes Description of the outcomes achieved by the management action 

Groundwater 

Management Measures 

Minimise time of open void by hydraulic backfill with sand tails 

Add water to the soil (sourced from the Yarragadee aquifer), using 

“spears” in Dieback mapped areas and layflat/soaker hose in areas 

mapped as Dieback free. 

Reporting/Evidence Demonstrates that the Management Action has been applied and 

outcome evaluated 

Timing Period during which the Management Action should be undertaken 

Responsibility Accountability for ensuring the Management Action is completed 

The key management action, key performance indicators, evidence, timing and 

responsibilities for each objective are provided in Table 4. 
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Table 4. Key management action, performance indicators, evidence, timing and responsibilities for each stated objective. 
Reference Management Action Objective Outcomes Reporting / Evidence Timing Responsibility 

1 Conduct a baseline vegetation 

assessment in predicted groundwater 

drawdown areas and reference areas. 

1, 2 Baseline assessment conducted and report 

completed in compliance with MS 1030 6-2 

(3) 

Report,  

Baseline assessment 

Design Manager 

(environment) 

2 Implement the Vegetation Health 

Monitoring Program in Section 7 of 

this Plan to monitor any change in 

health and condition of vegetation 

within groundwater drawdown 

impact areas 

1, 2 No change greater than natural variation 

that is attributable to the Project measured 

using monitoring sites within impact areas 

compared to reference (no impact) areas. 

(Water stress, foliar cover, visual health 

measurements) Compliance with MS 1030 

6-1 

Vegetation Health 

Monitoring Program, 

Monitoring reports 

Annual Environmental 

Report 

 

Design / 

Construction / 

Maintenance 

Manager 

(environment) 

3 Where Vegetation Health Monitoring 

detects stress potentially attributable 

to the Project implement 

management outlined in Section 8 of 

this Plan 

1, 2 Incident reports of vegetation stress 

potentially attributable to the Project. 

Compliance with MS 1030 6-4 

Vegetation Health 

Monitoring Program 

Monitoring reports 

Annual Environmental 

Report 

 

Construction / 

Operation 

Manager 

(environment) 

4 Where trigger levels have been 

exceeded as a result of the Project: 

Implement Management 

Response/Contingency Actions 

1, 2 Compliance with MS 1030 6-2 (6) Monitoring report 

Correspondence with the 

OEPA and/or DotE 

Construction / 

Operation 

Manager 

(environment) 
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7 Monitoring Program 

This monitoring program has been prepared as part of the FVMP to incorporate best practice 

methods to address the goals and objectives specified in this Plan, and will address the 

monitoring conditions outlined in MS 1030. 

7.1 Monitoring Site Selection 

The rational used for site selection for this monitoring program involved: 

 Stratification between impact and references areas; 

 Identification of suitable plant species of a range of rooting depths in impact and 

reference areas; 

 Selection of sampling locations close to proposed soil moisture monitoring bores 

where practicable; and 

 In addition, site selection was guided by track access. 

There are 17 “potential impact” (YM) monitoring sites. All of these are within 120 m of the 

edge of the proposed mine pit and are all within the area where groundwater drawdown is 

predicted (Figure 3). Two sites, YM4-1 and YM7-1, are within the area where up to 2 m of 

drawdown (the maximum) is predicted.  

There are 5 reference sites (YR), all situated outside of the predicted drawdown area (Figure 

4). One of them (YR9) is situated just (20 m) outside the 0.10 m drawdown contour to the 

west of the proposed mine pit. This is the closest possible reference site to the proposed pit 

that is in the same landscape position as the area to be mined. It was considered important 

to have one reference site in the same landscape position as the proposed mine, even 

though there is a small chance it will be subject to some groundwater drawdown impact 

from the mine. The other four reference sites are 900 – 1,300 m east of the impact area and 

10 – 20 m higher in the landscape, but are on soils similar to the sites within the impact area. 

The choice of suitable reference sites was constrained by the lack of suitable areas of State 

forest between the 50 m and 70 m contours within 10 km of the Project Area. Most of the 

potential Yelverton flats soil landscape phase (214WsYL1) soils between the 50 m and 70 m 

contour levels (i.e. in the same landscape position as the proposed Yoongarillup mine and 

the adjoining SF33 within the contour of predicted drawdown >0.1 m) have been cleared for 

agriculture, mining or plantation forestry.  

7.2 Purpose of Reference Site Monitoring 

As described above, YR sites were chosen based on a requirement that they have similar 

soils and vegetation, and if possible, a similar landscape position, to the YM. Most of the 

reference sites are situated higher in the landscape than the “potential impact sites” 
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(between 75 and 85 m ASL), however, as explained in Section 7.1, there were no other 

suitable sites within 10 km.  

The monitoring methodology implemented at the YR sites will be exactly the same as that 

used for the YM sites, including frequency, timing and parameters monitored. In addition, 

the same analysis of monitoring data will be carried out for both YR and YM sites. Trigger 

levels will be set in the same way for both YR and YM sites. In this way, variables, such as 

seasonal variations, will be counted for, allowing indications of water stress that occur as a 

result of dewatering to be measurable by the difference in readings between YR and YM 

sites. Response actions will be initiated based on this difference. 

Details on the geological and soil characteristics of each site are presented in Table 5. 

Table 5. Geology and soil characteristics at the 21 plant health monitoring sites. 

Site code Depth BS Depth lat. Clay base Topsoil (1 m) 

YM1-1 1.0 1.0   Orange Brown Sand 

YM1-2 1.0 1.0   Grey Sand 

YM2-1 8.0   Yes Orange Brown Sand 

YM2-2 3.0   Yes Gravelly sand 

YM3-1 8.0   Yes Orange Brown Sand 

YM3-2 1.0 1.0   White Sand 

YM4-1 9.0   Yes Brown Sand 

YM4-2 4.0   Yes Brown Sand 

YM4-3 1.0 1.0   Orange Brown Sand 

YM6-1 7.0   Yes Grey Sand 

YM6-2 8.0   Yes Orange Brown Sand 

YM6-3 11.0   Yes Orange Brown Sand 

YM7-1 4.0   Yes Orange Brown Sand 

YM7-2 7.0   Yes Orange Brown Sand 

YM7-3 7.0   Yes Brown Sand 

YM7-4 5.0  5.0 Yes Orange Brown Sand 

YM8 0.0 0.0  Laterite 

YR9 10.0   Yes Orange Brown Sand 

YR10*   0.5+      Orange Brown Sand 

YR11*  0.5+     Orange Brown Sand 

YR12*  0.5+     Orange Brown Sand 

YR13*    0.10   Grey Sand 
Note: The depth of Bassendean Sand (Depth BS) at each site is shown, as well as the depth to Laterite 

(Depth Lat.), where laterite formed the impeding layer. Sites where clay (or clayey sand) underlay the 

sand are also indicated. For the mining “potential impact area” sites (YM) information was obtained 

from drilling data. Sites with an asterisk only have soil description for the top 0.5 m. 
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Figure 3. Location of potential impact area vegetation monitoring sites in relation to drawdown contours.  
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Figure 4. Location of proposed impact and reference monitoring sites in relation to predicted drawdown contours.  
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7.3 Frequency and Duration of Monitoring 

Baseline flora and vegetation monitoring is anticipated to commence in September 2016 and 

will continue monthly until the commencement of the clearing of the approved area of SF33 

native vegetation during the operational phase of the project which is scheduled in Nov/Dec 

2017. Once at this stage, monitoring will continue at monthly intervals, with provision for 

more frequent monitoring if trigger levels are observed. While foliar cover measurements 

and visual health monitoring will be done throughout the year, water potential monitoring 

will not be carried out over the three winter months (June-August) because studies have 

shown that plant species from south-western Australia are least subject to water stress 

during winter (e.g. Crombie, 1992, Stoneman et al., 1997, Szota et al., 2011).  

Duration of the monitoring described in this plan will be in accordance with subsection 6-3 

of Ministerial Condition Statement 1030. Variations in the proposed methodology for 

monitoring will be addressed in the Review of the FVMP. 

7.4 Baseline Monitoring 

Baseline flora and vegetation monitoring will be conducted prior to the commencement of 

vegetation clearing and mining in Area A. 

Baseline monitoring includes; 

 Qualitative vegetation health assessments of trees (Eucalyptus, Corymbia) in 

potential impact and reference areas following an adapted method from Souter et al. 

(2009) and Backstrom et al. (2010); 

 Quantitative weed cover and qualitative native species cover/abundance 

assessments along transects within the potential impact area (anticipated to 

commence in spring 2016);  

 Quantitative projected foliage cover measurements in potential impact and 

reference areas using a digital camera method (PocketFAI; Francone et al., 2014); 

 Quantitative water status assessments using midday leaf water potential 

measurements in potential impact and reference areas; 

 Quantitative soil moisture contents measurements using a neutron probe apparatus 

to c. 12 m depth in potential impact and reference areas; and 

 Quantitative depth to groundwater measurements in potential impact and reference 

areas. 

A summary of the flora and vegetation monitoring is provided in Table 6, below. 
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Table 6. SF33 Flora and vegetation monitoring program summary. 

Potential Impact Monitoring Criteria 
Monitoring 

Frequency* 
Data Analysis 

Groundwater 

decline due to 

dewatering 

Qualitative vegetation 

health assessments of 

trees 

Monthly Graphical display 

Quantitative projected 

foliar cover 

measurements 

Monthly Graphical display  

Quantitative plant 

water potential (stress) 

measurements 

Monthly a 

One-way ANOVA (Zar, 2009). 

(Control Charts, limits, 

significance level, p<0.05) 

Quantitative soil 

moisture contents 

measurements 

Monthly Graphical display  

Quantitative depth to 

groundwater 

measurements 

Monthly 
See Groundwater Operating 

Strategy  

Increased 

incidence of non-

native species 

within SF33 

adjacent to the 

proposed pit 

Quantitative weed 

cover assessments 
Annually 

ANOVA – Level 1 management 

response required if significant 

differences between surveys 

(normalised data and p<0.05) 

detected. 

*If trigger levels relative to control sites are observed, monitoring frequency will be increased to 

fortnightly. a Water potential measurements will not be carried out in the winter months of June, July 

and August. 

7.5 Monitoring Methodology 

Monitoring will be comprised of a combination of quantitative and qualitative vegetation 

measurements, ecophysiological measurements and health assessments using qualitative 

criteria and digital canopy photography. The detailed methodology for each vegetation 

health component is described below. 

7.5.1 Marking of Sites and Subject Plants 

Each monitoring site consists of a circular area with a radius of approximately 20 m from a 

central point marked with a “star picket”. Within this area of around 1350 m2, six individuals 

of the various species being monitored, where available, were selected (Table 7). Only 

relatively healthy plants were selected for monitoring. For Jarrah, Marri and Mountain Marri 
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(Corymbia haematoxylon) the trees selected were generally category 5 - 7 for crown extent 

and density (Backstrom et al., 2010). 

At most sites, two deep-rooted trees, (selected from either Jarrah, Marri, Mountain Marri or 

Banksia grandis) and one medium-rooted shrub species (Podocarpus drouynianus, which 

occurred at almost all sites) were selected for health monitoring. Due to variations in species 

composition within the study area, and the presence of dieback in some areas not all sites 

have the full complement of deep-rooted and shallow-rooted taxa. 

 Where it was present (at five impact sites and one reference site), the phreatophytic shrub 

Kunzea rostrata was also selected for monitoring (Table 8). Several other phreatophytic (or 

dampland) species were present within the limits of the predicted groundwater drawdown 

(>0.10 m), however, these were not widespread or common enough to be used for water 

potential monitoring.2 

Each plant that will be subject to visual health assessment and water stress monitoring was 

marked with a numbered cattle tag attached with tie-wire or a plastic tie. Trees were only 

selected if they had live shoots available for sampling at a height of about 5.5 m (or lower), 

which was the maximum height that could be reached with the extendable pruning shears. 

Table 7. Species subject to vegetation health monitoring at Yoongarillup and their indicative 

range of tap-root depths. 

Species Form Rooting depth (m, range) 

Eucalyptus marginata (Jarrah) Tree 20 - 303 

Corymbia calophylla (Marri) Tree 15 - 20 

Corymbia haematoxylon 

(Mountain Marri) 
Tree, small 12 - 20 

Banksia grandis Tree, small 12 - 20 

Podocarpus drouynianus Shrub 4 - 6 

Kunzea rostrata Shrub 2 - 3 

 

                                                      
2
 The phreatophytic small tree Banksia littoralis was previously reported to occur within the study area – 

however, two of these “occurrences” appear to have been misidentifications of B. attenuata, and the third, 
near the southern boundary of SF33 died through unknown causes some years ago. 
3
 The Jarrah forest: a complex Mediterranean ecosystem. (1989). Dordrecht; Boston: Kluwer Academic 

Publishers. Havel, J. J., Dell, B. and Malajczuk, N. (editors). 
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Figure 5. Location of a potential GDE and dampland species within the Yoongarillup Project Area in relation to surface soils.   
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Table 8. Species and number of individual plants proposed to be monitored for health at each site. 

Species/Site Code 

Y
M

1
-1 

Y
M

1
-2 

Y
M

2
-1 

Y
M

2
-2 

Y
M

3
-1 

Y
M

3
-2 

Y
M

4
-1 

Y
M

4
-2 

Y
M

4
-3 

Y
M

6
-1 

Y
M

6
-2 

Y
M

6
-3 

Y
M

7
-1 

Y
M

7
-2 

Y
M

7
-3 

Y
M

7
-4 

Y
M

8 

Y
R

9
 

Y
R

1
0

 

Y
R

1
1

 

Y
R

1
2

 

Y
R

1
3

 

Eucalyptus marginata 5 4 4 4 6 6 3 
 

6 6 6 6 6 6 6 6 6 4 5 4 4 3 

Corymbia calophylla 
 

5 3 
 

6 
 

3 
  

4 
      

 
 

5 
 

4 
 

Corymbia haematoxylon 5 
      

6 6 
       

6 4 
 

4 
 

4 

Banksia grandis 
  

6 
 

6 
 

6 
   

6 6 
 

6 6 
 

 
    

6 

Podocarpus drouynianus 
     

3 3 
 

6 6 6 6 6 6 6 6 6 6 
 

6 4 4 

Kunzea rostrata 
 

6 
    

6 6 
        

 
 

6 
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7.5.2 Monitoring for Water Stress 

The level of water stress in plants, in the form of stem, or leaf water potential, is most often 

measured in the field using a Scholander-type pressure chamber (Scholander et al., 1965). 

Water potential is most commonly expressed in kilopascals (kpa). Because water tension is 

measured, negative values are typically reported. In other words, water stress as measured 

by the pressure chamber, is a "deficit:" the more the stress, the more the plant is 

experiencing a deficit of water. 

Water potential in plants is generally measured either “predawn” (the period one or two 

hours before sunrise), or “midday” (one or two hours either side of solar noon). The two 

measures are often highly correlated with one another (e.g. Williams and Araujo, 2002), 

although in the past, predawn measurements have often been favoured over midday 

testing. However, several studies have shown that there can be significant disequilibrium 

between soil water potential near roots and plant predawn water potential (Donovan et al., 

2001, 2003; Andrews et al., 2012). This may result in observed differences in predawn water 

potential between sites not accurately reflecting soil water potential differences between 

sites. For this reason, and for practical reasons, it was decided to do most of the water 

potential measurements at Yoongarillup in the two-hour period around solar noon. 

However, a limited amount of pre-dawn WP monitoring may be undertaken during the 

baseline study and potentially repeated if trigger levels are breached during the operational 

phase. 

To account for consistent differences in water potential that might arise in samples taken at 

11.00 h and others taken at 13.00 h, for instance, sites at Yoongarillup will be sampled in the 

same order in each monitoring period. Two samples from three of each species, usually 

comprising an 8 – 12 cm long shoot with a few leaves for most species or two single leaves in 

the case of Banksia grandis, will be collected where possible from the most sunlit part of the 

plant. They will be then immediately placed into an airtight plastic bag, put into a chilled 

cooler box to minimise water loss, and then taken to the pressure chamber (Model 1505D, 

PMS Instrument Company, Oregon, USA), which will be setup in the field. Generally, water 

potential measurements will be carried out within 60 mins of sample collection. 

The mean water potential will be calculated for each plant of each species at each site. 

The height and dbh of each tree (Eucalyptus, Corymbia and Banksia) was measured at the 

time that monitoring sites were setup. 

While monitoring proposed under this FVMP will continue until the conditions in subsection 

6-3 of Ministerial Statement 1030 have been satisfied the duration of different types of 

monitoring will vary during the life of the plan. For instance, it is proposed that water 

potential monitoring will cease within 3 months of the backfilling of the mine pit being 

completed. However, the other monitoring activities will continue for the life of the plan. 
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7.5.3 Monitoring for Projective Foliar Cover 

Projected foliar cover (PFC) measurements will be undertaken at each of the water stress 

impact area and reference monitoring sites. PFC is related to canopy density which is often 

related to plant stress, as the shedding of leaf canopy is one of the first physiological 

responses to water stress (Souter et al. 2009). A smartphone application for Leaf Area Index 

(LAI) estimates will be used to establish baseline data and to monitor any significant changes 

that occur pre- and post the commencement of mining (PocketLAI; Francone et al. 2014; 

Orlando et al., 2015). 

Acquisition of LAI data will take place at one point at each site permanently marked with a 

steel post (star picket). Measurements will be taken 8 times radiating outwards from the 

steel peg at 90o intervals – two readings will be taken when the instrument is facing in the 

four cardinal directions. Mean LAI values for each point will be calculated by discarding 

outliers using the Grubbs test (Grubbs, 1950). The process of taking LAI readings also 

produces photographs for each of the eight measurements per site. 

7.5.4 Visual Assessments of Plant Stress 

Vegetation condition assessments of the trees (Eucalyptus marginata, Corymbia calophylla 

and C. haematoxylon) being monitored for water status will also be conducted at each 

monitoring site using a method derived from that of Souter et al. (2009) and Backstrom et 

al., 2010) (Tables 9 and 10). Visual assessment of Banksia grandis, Kunzea rostrata and 

Podocarpus drouynianus will be carried out using an assessment method (1), partly based on 

that of Lay and Meissner (1985). This method may be modified to account for differences 

between the three species with regard to visual signs of stress.  

Table 9. Category scale for reporting Crown Extent and Crown Density Assessments 

(Backstrom et al., 2010). 

Score Crown Extent and Density 

0 None (0%) 

1 Minimal (1-10%) 

2 Sparse (11-20%) 

3 Sparse-Medium (21-40%) 

4 Medium (41-60%) 

5 Medium-Major (61-80%) 

6 Major (81-90%) 

7 Maximum (91-100%) 

 

Table 10. Category scale for reporting new tip growth, epicormic growth and leaf die off. 

Score Description 
Definition (With regard 

to the assessable crown) 

New tip 

growth 

Epicormic 

growth 

Leaf die-off 

or 
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yellowing 

0 Absent Effect is not visible       

1 Scarce 
Effect is present but not 

readily visible 
      

2 Common 
Effect is clearly visible 

throughout 
      

3 Abundant 
Effect dominates the 

appearance 
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Table 1. Small tree (Banksia) and shrub health scale partly based on Lay and Meissner 

(1985). 

Score Description 

0 Dead shrub. 

1 
Shrub with <20% of original canopy; most main branches dead; 

remaining leaves mostly dying off. 

2 

Shrub with 21- 40% of original canopy present; some main 

branches dead (50 -80% canopy); abundant leaf yellowing 

(>41% canopy). 

3 

Shrub with 41-60% of the original canopy present; some 

smaller dead branches evident (21-40% canopy); moderate 

amount of leaf yellowing (21-40% canopy) . 

4 

Shrub with 61 – 80% of the original canopy present; occasional 

dead branches (< 20% of canopy); small patches of leaf 

yellowing (< 20% of canopy) . 

5 
Shrub with >81% of the original canopy present; healthy 

overall; little or no leaf yellowing. 

 

7.6 Monitoring of cover and abundance of native and introduced species  

Any opening up of the canopy within SF33 resulting from the development of the Area A 

mine pit may lead to an increased influx of weeds, particularly of herbaceous species from 

the farmland to the north. The abundance of weeds before, during and post mining 

operations will be monitored annually, in spring, over two visits.  

Monitoring of weed and native species cover and abundance will be undertaken using 

stratified random sampling of 5 x 5 m quadrats placed along four transects 160 m to 280 m 

long, passing north-south from the northern boundary of SF33 (i.e. the current edge of the 

farmland) and at least 150 m into the unmined State forest (Figure 6). The quadrat size of 25 

m2 has been chosen to facilitate more accurate estimation of herbaceous species 

cover/abundance. The non-native species currently occurring in the Doral mining lease SF33 

are all herbaceous taxa (Ecoedge, 2014).  

At 50 m intervals along the transects, a minimum of four 25 m2 quadrats will be randomly 

placed, two on either side of the transect at between 0 m and 20 m distance from each side 

of the centre of the transect (Figure 7). The selection of distance from the transect in 1 m 

intervals will be done using a random number generator. Within the 25 m2 quadrats the 

point intercept method will be used to determine the relative abundance of native and non-

native herbaceous species.   
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Figure 6. Proposed location of weed and native species cover and abundance transects.
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Figure 7. A schematic diagram showing how 5 x 5 m quadrats will be placed either side of the 

transect at 50 m intervals.  

During the mining phase the transects will commence from the edge of the mine pit.  

Weed monitoring would be carried out over two visits in spring (mid-September and early 

November) and another in autumn, commencing in Spring 2016. Within the quadrats, cover 

of native and non-native herbaceous species will be estimated using the point intercept 

method within 5 sub-quadrats of 1 m2. In addition, cover/abundance scores will be applied 

to native non-herbaceous species within the 5 x 5 m (25 m2) quadrats. Photographs will be 

taken of each quadrat from the SW corner at each monitoring visit. 

7.7 Watertable Depth and Water Quality Monitoring 

A Groundwater Operating Strategy (GWOS) has been prepared by AQ2 Pty Ltd (2016) in 

accordance with the DoW operational policy 5.08 for reporting associated with operating 

strategies (DoW, 2011) and the DoW guidelines for the preparation of Operating Strategies 

for mineral sand mine dewatering licences in the South West Region (DoW, 2015). The 

GWOS (refer Appendix 3) covers groundwater extracted from both the Superficial aquifer 

(during mine dewatering) and the Yarragadee aquifer (for water supply). 

Groundwater level and water quality monitoring bores will include three bores located 

within SF33 adjacent to the proposed pit. Monitoring bores will be constructed using 

methods recommended by the Department of Water; Water Quality Protection Note 

(WQPN) 30 (DoW, 2006). The bores are to be drilled using the rotary mud method, with the 

bores being developed through air lifting. 

The GWOS as approved by DoW sets out potential issues and risks associated with 

dewatering, management objectives, water level and quality monitoring methods, trigger 

levels and management responses to exceedances of trigger levels. 

Quadrat 

Transect 
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With reference to the GWOS, bores located adjacent the environmental sensitive area (i.e. 

State Forest), where potential direct and/or indirect impacts to vegetation from the 

Yoongarillup dewatering operations have been identified, is still to take place. Once they 

have been installed and after collecting monthly groundwater level background data from 

these bores, warning and action trigger levels will be set at these locations and will be 

incorporated into the 12 monthly review of this plan.  The exceedance of any trigger levels 

will produce a certain management response as per Section 8 of this plan. 

It is anticipated that water level trigger values at locations outside the predicted 0.5 m 

drawdown contours (PB numerical modelling) in Superficial and shallow Leederville aquifers, 

will be based on a water level drop that is more than 50% greater than the normal season 

rise/drop from the average (DoW, 2008). Based on the limited available data from site, the 

normal season change in water levels for the Superficial aquifer system is 2.1m – i.e. 1.05m 

above or below the mean. A trigger level that is 0.5m below the historical lows/highs for that 

bore is seen as appropriate for the area. However, at bore locations within the area where 

predicted mining related drawdown will be more than 0.5 m, trigger levels will take into 

account the predicted drawdowns, in addition to the extra 0.5m trigger value. 

 

7.8 Soil Moisture Monitoring 

Soil moisture monitoring bores (5 - 7 m deep) adjacent to groundwater level monitoring 

bores will be installed at seven locations within the zone of predicted drawdown; one just to 

the west of the predicted drawdown zone (YSM01), and three east of Sues Road (Figure 8). 

The siting of soil moisture monitoring bores was constrained by the need for track access for 

the drilling rig; they range between 5 m and 100 m in distance from the nearest plant health 

monitoring sites. 

It is proposed to use a small track mounted push probe method for installation of the soil 

moisture tubes. This allows for a core sample to be retrieved for the purpose of soil moisture 

calibration.  The 50mm PVC tubes are sealed from water ingress and will be constructed in 

accordance with the relevant Australian standards as per National Uniform Drillers Licensing 

Committee (2011). 

Soil moisture levels at 0.3 m intervals will be monitored monthly using a neutron probe 

meter (HydroProbe, CPN International). Doral Operational Soil Moisture sampling 

procedures are in accordance with the ARPANSA Code of Practice and Safety Guide for 

Portable Density Gauges Containing Radioactive Sources 2004 and are incorporated into the 

Doral Environmental Management System (DMS-YG-EP-10.4 Soil Moisture Monitoring). 

Calibration of the neutron probe instrument will be as per the operating manual for the 503 

Elite Hydroprobe (CPN International, 2013). 
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In the absence of any data on the seasonal variation of soil moisture levels within the 

potential impact area, or at reference areas, it is not proposed that trigger values will be set 

for soil moisture at this stage. Trigger values will be developed in time for the 12 monthly 

revision of the FVMP. 

7.9 Data Analysis and Presentation 

Water potential measurements will be analysed using one-way ANOVA (with post-ANOVA 

separation of means) with each species being analysed for significant differences (P<0.05) 

between “reference” and “impact sites” for each month when measurement takes place. 

At this stage it is not envisaged that soil moisture or depth to groundwater levels, projective 

foliar cover or visual plant stress will be subjected to statistical analysis. Instead they will be 

used to help interpret the results from water potential monitoring at the various sites. 

Results will be presented graphically and in table format. 

Relationships between the variables (such as water potential and FAI change) will be 

explored using correlation analysis (Zar, 2009). 

During the first year of monitoring refinement of statistical methods and the development 

and use of control charts will be investigated. The application of control charts is becoming a 

common tool for the interpretation of trends in environmental monitoring data. Control 

charts are relatively easy to interpret and update as additional data is made available 

(Morrison 2008; Gove et al., 2015). 

Once this FVMP is initiated reporting of monitoring results will be on a monthly basis, and as 

an annual report. Communication of results to Departmental staff is addressed in subsection 

8.4, below. 
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Figure 8. Location of soil moisture bores at Yoongarillup. 
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8 Proposed Management Response Triggers and Contingency Measures 

8.1 Management Response Triggers 

The management trigger-response framework adopted in the FVMP includes two levels; a 

Level 1 Management Response Trigger and a Level 2 Management Response Trigger. 

Management response triggers will be developed and implemented for groundwater levels 

and water potentials at “potential impact” versus “reference” sites.  

The development and implementation of management response triggers for groundwater 

levels are described in Section 5.5 of the Groundwater Monitoring Strategy for the 

Yoongarillup Minesite (AQ2, 2016). Water level trigger values at bore locations outside the 

predicted 0.5 m drawdown contours (PB numerical modelling) in Superficial and shallow 

Leederville aquifers, will be based on a water level drop that is more than 50% greater than 

the normal season rise/drop from the average (DoW, 2008). Based on the limited available 

data from Yoongarillup, the normal season change in water levels for the Superficial aquifer 

system is 2.1m – i.e. 1.05m above or below the mean. 

Identification of a management response trigger for groundwater levels will prompt re-

examination of groundwater levels and groundwater quality to validate that groundwater is 

within groundwater management trigger levels. The management response for a 

groundwater level trigger being exceeded is outlined below. 

With regard to water potentials: 

 Level 1 Management Response Triggers: A Level 1 response will be triggered if 

ANOVA shows significantly lower water potentials (for a particular species), p<0.05, 

at “potential impact” (YM) sites compared to reference sites4. 

 Level 2 Management Response Triggers will be implemented when significant 

adverse vegetation health effects5, attributable to the project, are determined or 

predicted to occur without management intervention 

The detection of change in a repeated measurement dataset does not enable cause and 

effect to be determined. As such, the exceedance of a Level 1 trigger value does not imply 

that an adverse impact has occurred, but rather indicates that additional analysis is required 

to determine this. 

On the identification of a Level 1 management trigger, the management response will be: 

 Evaluate monitoring results in relation to reference sites 

                                                      
4
 The trigger levels will need to be refined during the pre-mining phase of the plan. Based on initial water 

potential monitoring results there is substantial variation between sites for a particular species. Particular YR 
sites and YM sites may need to be “paired” based on similar water potential levels in the pre-mining phase. 
5
 “Significant adverse vegetation health effects” are defined as the occurrence of a high level of water stress in 

vegetation adjacent to the mine pit (within, or close to the zone of predicted groundwater drawdown) that is 
not observed at the reference sites and which without immediate action may lead to loss of vegetation.  
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 Increase in vegetation monitoring frequency to at least every two weeks 

This is considered the second level of vegetation monitoring response. On the identification 

of a Level 2 management trigger, the management response will be: 

 Increase in vegetation monitoring frequency (as per Trigger Level 1); 

 Add water to the soil in the area of affected vegetation. This would be done in two 

ways: 

o In areas mapped as affected with Phytophthora cinnamomi (DPaW, 2016) the 

water would be injected several metres deep into the soil with “spears” 

o In areas mapped as uninfested with Phytophthora dieback water may be 

added to the soil using “layflat/soaker” hose 

 Accelerated backfill of the pit by preferentially backfilling the mining void by 

hydraulic replacement of sand tails from the southernmost interface of the void and 

therefore reducing the period of dewatering risk to approximately one month.  

8.2 Irrigation Methodology 

As described in the monitoring plan and more specifically the Level 2 Management Trigger 

actions, it is intended that clean (dieback free) water from the Yarragadee production bore 

will be made available as a contingency for the irrigation of vegetation in SF33 to mitigate 

the potential effects of pit dewatering.  As shown in Figure 9, the clean water will be piped 

to a holding tank at the west of the mining pits prior to being pumped by a pressure pump 

into a suitable hose to facilitate irrigation around the perimeter of the mine.  A combination 

of surface (soaker hose) and sub-surface (slotted PVC spears) approximately 20 to 30 metres 

upflow from the pit edge shall facilitate the delivery of low flow water to prevent erosion 

and enable availability to vegetation.  Any surface water irrigation methods will not be 

applied to Dieback affected areas shown in Figure 9. 

A similar contingent irrigation methodology to that established on the western side of Sues 

Rd SF33 is expected to be applied to the eastern side of Sues Rd at the interface of the pit 

and the State Forest prior to the excavation of the pit as this point. 

At all times great care would need to be taken to prevent overland flow of water, and to 

minimise wetting of the vegetation itself as a hygiene measure. Water sourced from the 

Yarragadee aquifer would be used for the irrigation. 

Trials shall be undertaken during 2017 at an alternate private property site and prior to 

installation and the clearing of vegetation within Area A to determine the detailed 

methodology (ie equipment specifications, flow rates and timing).  Results from the trial 

shall specify the design, flows and output and also determine the duration of operation for 

each watering session.  Prior to installation, the trial results will be discussed with relevant 

regulating authorities and the monitoring plan updated if required. 
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8.3 Accelerated Backfill Methodology 

The dry mining method utilises passive in-pit drainage and pumping of collected water to 

enable dewatering of the pit for the extraction of ore.  As such the depth of dewatering is 

always only slightly below the actual pit floor.  Once the heavy mineral is removed by wet 

separation, the return of sand tails as a slurry therefore enables a rapid return of surface 

water to the area and reduces the time of potential dewatering impact to the pit edge.  Due 

to the continuous process of the mine plan to effectively mine the face and tail in behind, 

any particular section of the moving pit is only expected to be open for approximately 3 

months. 

An additional control to the normal operation of sand tails return which may be utilized is 

termed accelerated backfill of the pit.  In the instance of Yoongarillup and at the point of 

interface between the mine face and the SF33 native vegetation, this will be where the 

return of hydraulically placed sand tails is brought to the southernmost point preferentially 

and where required, as close as possible to the mining of the ore face without risking 

inundation to the operating hopper and front end loader.  If required, this additional method 

will reduce the potential risk period to the pit edge to within 4 weeks. 

8.4 Protocols for Consultation with DPaW and Dow Staff 

It is proposed that relevant Doral staff would meet with nominated Department staff at 

intervals no greater than 6 months apart to present monitoring data and trends. 

Should management response triggers be realized a 48-hour communication to the relevant 

Departmental staff with details of trigger and planned course of action to be taken. 
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Figure 9. Proposed location and flow direction for irrigation lines.  
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Appendix A – Existing Environment 

Climate 
The Project Area lies within the Menzies Botanical Subdistrict and has a warm 

Mediterranean climate with cool wet winters and dry moderately hot summers. The mean 

annual rainfall of the Busselton Aero, 8.5 km to the north of the Project Area is 668 mm, 

with 55% of the rainfall coming in the three winter months. Mean monthly maxima and 

minima at the Busselton Aero range from 30.2 oC and 14.7 oC in February to 16.8 oC and 6.8 
oC in July (BoM, 2016). Rainfall at Busselton Aero has been somewhat below average in the 

four years to July 2016. 

The rainfall so far in 2016 compared to the annual monthly average is shown below: 

 

Geology and Landform 
The Project Area lies within the Whicher Scarp soil-landscape system (Tille and Lantzke, 

1990). Within this system, the Area A occurs within the Yelverton flats phase (214WsYL1) on 

the gentle lower slopes of the Whicher Scarp, with altitudes ranging from 60 m ASL on the 

southern boundary to 50 m ASL on the northern boundary. The Yelverton flats phase is 



described as: Raised flats. Duplex sandy gravels, semi-wet soils, yellow deep sands and 

sandy earths and loamy gravels. 

A soil survey conducted by Landloch (2014) of the proposed Yoongarillup mineral sands 

mine (which did not include Area A) found that the soils could be classified as Deep Pale 

Sands (Bassendean Sands) and were described as grey loamy sands (10 – 15 cm) over yellow 

to pale sands and sandy loams with an acid pH. Boreholes drilled by Doral within Area A 

show that these Deep Pale Sands extend over most area with the depth of the sands ranging 

from 2 m to 12 m, with the depth of the sand becoming shallower towards the southern and 

south-western boundary where it merges into shallow sand or gravel over massive laterite. 

Hydrology 
The Project Area is located within the Busselton - Capel Groundwater Area (Superficial and 

Leederville aquifers) and the Busselton-Yarragadee Groundwater Area (Yarragadee aquifer) 

(Parsons Brinckerhoff, 2014). Drilling within Area A by Doral shows that the Leederville 

aquifer lies at a depth of 6 – 12 m below the surface, with the depth decreasing to 2 – 3 m 

within 50 - 150 m south of its southern boundary. 

There are no permanent or ephemeral streams within Area A, and given the sandiness of 

the soil overland flow is probably restricted to short periods after very heavy rainfall events. 

Vegetation and Flora 
Level 2 Flora and Vegetation surveys that included Area A were undertaken in November 

2011 (Mattiske, 2012) and September and October 2012 (Ecoedge, 2013). Area A vegetation 

comprises Eucalyptus marginata (Jarrah) - Corymbia calophylla (Marri) woodland with the 

small trees C. haematoxylon (Mountain Marri), Banksia grandis and Xylomelum occidentale 

in the mid-storey over a species-rich shrubby understorey. About 60% of Area A was 

classified as “Excellent” condition, 35% as “Very Good” and 5% (a former sand pit) was 

classed as “Completely Degraded” by Ecoedge (2013). 

These flora and vegetation assessments identified that the proposed mining would directly 

impact the Whicher Scarp Floristic Community Type C1 (FCT C1: Central Whicher Scarp 

Jarrah woodland). Whicher Scarp FCT C1, a Priority 1 ecological community, occurs on 

coloured sands on moderate to gentle slopes of the Central Whicher Scarp. The EPA 

accepted that the mining of Area A would result in the removal of 2.8 ha of the total of 5.1 

ha mapped occurrence in the vicinity by the Department of Parks and Wildlife represented a 

loss of 55% of this occurrence and would result in the loss of 5.2% of the known mapped 

extent of entire Whicher Scarp FCT C1 (EPA, 2015). 

The survey by Ecoedge (2013) resulted in 233 taxa from 44 families were identified in the 44 

ha survey area in SF33 which includes Area A. A separate total number of species for Area A 

is not available, but 156 native species were recorded within eight 100 m2 quadrats placed 

within its boundaries by Mattiske (2012) and Ecoedge (2013). Sixteen plants and two plants 



of the Priority species, Conospermum paniculatum (P3); and Acacia semitrullata (P4), 

respectively will be cleared. This small number of individuals to be taken was not considered 

to have a significant effect on the conservation status of these taxa.  

More importantly, six plants are proposed to be cleared of the DRF species Daviesia 

elongata subsp. elongata, of a known total of 1606 individuals, which equates to 

approximately 0.4 % of the known individuals. The EPA considered that the potential loss of 

this small population within Area A is unlikely to lead to the loss of the species (EPA, 2015). 

Current Threats to Flora and Vegetation 

1. Weeds 

Only five non-native species, all herbaceous weeds that have invaded from adjacent 

agricultural land, were found within the boundaries of Area A during two Spring flora 

surveys (Mattiske, 2012; Ecoedge, 2013). The most widespread was *Hypochaeris glabra 

(Flatweed) which is very common within disturbed native vegetation in the south west of 

Western Australia. Less frequent were the tiny grass *Aira caryophyllea, the legumes 

*Ornithopus compressus (Serradella) and *Trifolium sp. (Clover), and *Arctotheca calendula 

(Capeweed). 

At present weeds form a low proportion of groundcover within Area A, except along the 

fenceline with agricultural land and in a few small heavily disturbed areas. More background 

information on the current composition and distribution of the weed flora within Area A will 

be gathered via the weed monitoring transects (See Appendix B) and by a survey carried out 

within Area A in Spring 2016 involving re-visiting quadrats previously installed in Area A and 

a general weed survey of the area. 

2. Phytophthora Dieback Disease 

A recent Phytophthora Dieback Disease survey (DPaW, 2016) identified four separate 

infestations of the disease that impacted on Area A (Fig. X). In total 1.31 ha (15.5%) of Area 

A was mapped as disease affected or within the buffer around a diseased area. Species that 

were most often killed by the disease (disease indicators) were Banksia grandis, Podocarpus 

drouynianus, Xanthorrhoea gracilis and X. preissii. Other species that appear to have been 

killed by the disease are Banksia attenuata, Persoonia longifolia and Xylomelum occidentale. 

The disease has spread within the vicinity of Area A since a previous survey in 2012, 

apparently by autonomous spread. The southwest infestation had moved 55 m downslope 

over the four years to 2016. The presence of Phytophthora disease within and adjacent to 

Area A presents particular difficulties for top-soil handling within the area to be mined, and 

the revegetation of Area A post-mining. 



3. Climate Change 

Below average rainfall has been experienced in the southwest of Western Australia in 

eleven out of the last 15 years (BoM, 2016b). Within that time period in four wet seasons 

rainfall was 100 mm or more below average, while mean temperatures were warmer. The 

severe drought of 2010 led to patchy canopy dieback in the northern Jarrah forest, with 

patches of up to 50 ha being formed (Andrews et al., 2016). The impact areas were 

particularly associated with shallow soils. 

No quantitative data is available for the Yoongarillup study area with regard to drought 

affects, but there are patches of Jarrah and Banksia grandis within and adjacent to Area A, 

outside of the areas mapped as Phytophthora disease affected that show signs of drought 

stress. The medium and long-term likelihood of continued lower than average rainfall in the 

southwest of Western Australia (DAF, 2016) poses an ongoing threat to the vegetation 

within Area A. 

4. Human Activities 

A network of tracks within SF33 (including within Area A) and associated rubbish dumping 

and firewood gathering (DPaW, 2016) represents an ongoing threat. The central and north-

western infestations of Phytophthora disease appear to have commenced over the last four 

years and to have spread from the side of Goulden Road, which is a public road. Access into 

Area A along tracks off Goulden Road for firewood gathering represent an ongoing threat 

for the continued spread of Phytophthora disease, as well as direct damage to native 

vegetation. 
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Operating Procedure 
DMS-YG-EP-10.4 

Soil Moisture Monitoring via  

Neutron Hydroprobe 

1. Purpose 

As per Ministerial Statement 1030 and in accordance with the OEPA approved Flora and Vegetation 
Management Plan, Doral shall conduct soil moisture monitoring at nominated sites within the 
Yoongarillup project area and including State Forest 33 and the Whicher National Park. 

This Operational Procedure outlines the necessary steps to ensure Doral meets their obligations in 
relation to soil moisture monitoring and reporting. 

 

2. Document References 

Bemax (2008), Portable Gauges Radiation Management Plan CD 666, Bemax (Inc Cable Sands) 
Internal Document, Dec 2008. 

Ministerial Statement 1030, Yoongarillup Mineral Sands Project. 

ARPANSA, Code of Practice for the Safe Transport of Radioactive Material (2008). 

ARPANSA, Code of Practice and Safety Guide for Portable Density/Moisture Gauges Containing 
Radioactive Sources (2004) 

 

3. Equipment 

 Neutron Hydroprobe (rental agreement) from Cristal Mining (Darren Coulson Mb: 0408 375 
646); and 

 Soil Moisture Field Record Form DMS_EF01. 

 

4. Safety and Practical 

All Doral site safety rules apply: 

 Safety glasses, long sleeves, long pants, hat, high visibility clothing in mine areas, steel cap 
boots and gloves must be worn during operation of the soil moisture hydroprobe; 

 Only qualified personnel with specific training in operation of radioactive equipment are 
permitted to transport and monitor soil moisture using a neutron hydroprobe; and 

 At the time of publishing this procedure, Craig Bovell (Doral LS183/1999 11837) is suitably 
qualified to operate the neutron hydroprobe.  In addition, Cristal RSO’s Darren Coulson and 
Greig Fowler, Kel Baldock (Mb 0419 241 739) and other staff at Hydrosmart Pty Ltd possess 
these qualifications. 
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5. Procedure 

Monthly Soil Moisture Data Collection 

1. Figure (1) shows the locations of all nine soil moisture access tubes established to meet this 
obligation.  The proposed access tubes are YSM01 to YSM11. 

Figure 1. Proposed Location of Soil Moisture Tubes 

 

2. Prior to conducting monthly soil moisture readings, Doral shall contact the Cristal Radiation 
Safety Officer (Portable Gauges) to co-ordinate the most suitable day to collect and use their 
hydroprobe (currently this position is held by Darren Coulson or Greig Fowler). 

3. The Hydroprobe will need to be hired by Doral for the day.  A purchase order needs to be issued 
to Cristal for each monthly monitoring event. 

4. On the day that the hydroprobe is used, the suitably qualified Doral staff member (currently 
Craig Bovell) will need to transport the Hydroprobe as per the Code of Practice for the Safe 
Transport of Radioactive Material (2008). 

5. A checklist and field data records need to be completed for each Soil Moisture Monitoring Tube 
in the field as per DMS-EF-41 (Attachment 1) and uploaded to the spreadsheet at; 

P:\Environment\LIVE EMS\Folder 5 Checking\Monitoring & Measurement\Monitoring Data Files 
(Routine)\Soil Moisture Data.xls - Data 
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Pre-Monitoring Procedure 

 Upon arrival at monitoring site, distance any unnecessary personnel and remove and unlock 
the Hydroprobe and use survey meter to record radiation levels at 0.1 and 0.3m.   

 Connect the electronics lead and conduct the following while still in transport case 

 Press ‘Start’ to activate the gauge,  

 Press ‘Std’ to display an ‘S’ value which is the most recent standard count 

 Press ’Std’ a second time to display a ‘P’ value which is the previous standard count 

 Press ‘Std’ a third time to give the previous ‘Chi’ reading 

 Press ‘Std’ a fourth time to show ‘New Std?’ and press enter to commence a new standard 
count. 

 The standard count consists of 32x8 second readings and gauge will beep at the 
commencement and double beep at the end of each count.  At the completion of the 32 
counts the gauge will beep 3 times and display the new ‘S’, ‘P’ and ‘Chi’. 

 The ‘Chi result must be between 0.85 – 1.15.  Record this on monitoring sheet and if not 
within this repeat the above.  If unable to be within range, contact Cristal RSO. 

Monitoring Procedure  

 Place gauge over bore casing access tube 

 Release the spring trigger and guide probe by holding the wire to the 3rd stage to ensure 
probe is below the ground surface.  Each stage is 30cm. 

 Initiate counting by pressing ‘Start’ and the gauge will beep once.  Counting for each stage 
will take 30 seconds and will beep twice when finished. 

 Record the result and lower to the next stage, press start and so on for each stage until 
complete. 

 If a reading appears to be anomalous then repeat the reading 

 After last stage, keep the gauge on the bore access tube and carefully retract the probe 
using the cord without any force, and ensure source is not pulled clear of the gauge and 
ensure the probe clicks into spring lock mechanism. 

 Monitoring at this site is complete, remove gauge to the transport case and move to the 
next site 

 

Quarterly Seasonal Calibration of Hydroprobe using Soil Cores 

 Three sets of hydroprobe readings (dry, medium and high) need to be taken calibrated against 
soil samples collected next to the soil access tubes (within 10m) using the DPP Push Probe rig 
and analysed by a NATA accredited laboratory. 

 Calibration samples shall be taken as; 

-  “Medium” calibration samples are to be collected and analysed in Oct/Nov 2016, 
- “Dry” calibration samples are to be collected and analysed in April 2017, and 
- “High” calibration samples are to be collected and analysed in Aug/Sept 2017. 

 Once three complete sets of seasonal soil calibration samples have been collected and analysed, 
no further soil calibration samples are required. 
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 All collected soil core samples need to be identified, logged and separated into distinct soil 
horizons and either capped in tubes or bagged in ziplock bags to ensure moisture levels do not 
change.  Samples should be delivered same day if possible in a esky with freezer bricks however 
if samples cannot be delivered to NMI within 24 hours, they need to be frozen and sent to the 
lab on the next most suitable day. 

 Attachment 2 contains an example of the Chain of Custody documentation that needs to be 
completed for each quarterly soil calibration exercise and accompany all samples submitted to 
NMI. 

 When Soil Moisture lab results are received from NMI, they need to be forwarded to Kel Baldock 
at Hydrosmart Pty Ltd kel@hydrosma.com Mb 0419 241 739) to assist with the development of 
calibration for the corresponding readings collected using the Neutron Hydroprobe. 

 

Reporting 

Soil moisture monitoring results shall be reported in association with the vegetation monitoring 
requirements of the Flora and Vegetation Monitoring Plan as conducted by Ecoedge (Mel Strang).   
Trend graphs for each soil moisture access tube are also required for annual environmental 
reporting. 

Monitoring data shall be recorded into the spreadsheet located at; 

P:\Environment\LIVE EMS\Folder 5 Checking\Monitoring & Measurement\Monitoring Data Files 
(Routine)\Soil Moisture Data.xls - Data 

And trend graphs updated at; 

P:\Environment\LIVE EMS\Folder 5 Checking\Monitoring & Measurement\Monitoring Data Files 
(Routine)\Soil Moisture Data.xls - Charts 

 

Responsibilities 

It is the responsibility of the nominated radiological officer to ensure compliance with this 
operational procedure. 

 

Approved By:  

 

 

 

General Manager       Date 

mailto:kel@hydrosma.com


DMS-EF-41

Date:

Source check: 0.5m - 1.0m -

Weather conditions:

Surface ground conditions:

DEPTH READING* DEPTH READING* DEPTH READING* DEPTH READING* DEPTH READING*
0.185 0.185 0.185 0.185 0.185

0.485 0.485 0.485 0.485 0.485

0.785 0.785 0.785 0.785 0.785

1.085 1.085 1.085 1.085 1.085

1.385 1.385 1.385 1.385 1.385

1.685 1.685 1.685 1.685 1.685

1.985 1.985 1.985 1.985 1.985

2.285 2.285 2.285 2.285 2.285

2.585 2.585 2.585 2.585 2.585

2.885 2.885 2.885 2.885 2.885

3.185 3.185 3.185 3.185 3.185

3.485 3.485 3.485 3.485 3.485

3.785 3.785 3.785 3.785 3.785

4.085 4.085 4.085 4.085 4.085

4.385 4.385 4.385 4.385 4.385

4.685 4.685 4.685 4.685 4.685

4.985 4.985 4.985 4.985 4.985

5.285 5.285 5.285 5.285 5.285

5.585 5.585 5.585 5.585 5.585

5.885 5.885 5.885 5.885 5.885

6.185 6.185 6.185 6.185 6.185

6.485 6.485 6.485 6.485 6.485

6.785 6.785 6.785 6.785 6.785

7.085 7.085 7.085 7.085 7.085

7.385 7.385 7.385 7.385 7.385

7.685 7.685 7.685 7.685 7.685

7.985 7.985 7.985 7.985 7.985

8.285 8.285 8.285 8.285 8.285

8.585 8.585 8.585 8.585 8.585

8.885 8.885 8.885 8.885 8.885

YSM05YSM03 YSM04YSM02

Soil Moisture Sample Field Sheet

YSM01



  

Doral          Doral Mineral Sands 

           Lot 7 Harris Road 
           PICTON  WA  6229 

           Telephone: 0417951202 

           Fax: 089725 4757 
           Contact:  Craig Bovell 

           craig.bovell@doral.com.au 

Date       Fax Number   93688444 

To Kevin     Attention   Kevin 

From Craig Bovell     Number of Pages 1 

LABORATORY ANALYSIS & CHAIN OF CUSTODY RECORD 
To:         National Measurement Institute (NMI) 

Address:   26 Dick Perry Ave 

                  Kensington WA 6151       

          

Attention:  Kevin      Telephone: 93688425   

Results required by: Craig Bovell 

Facsimile:  93688444     Delivery Method: Courier 

 

Received by:        Sent by:   Mal Newman   

Date received:          

Time received:           

Sample Type: Soil    

      
PLEASE SUPPLY LABORATORY QA/QC DATA AND QUOTE PROJECT NUMBER, PURCHASE ORDER AND DATE ON 

ALL CORRSEPONDENCE 

 
Sample ID 

 
Date Sampled 

 
Container Analyses 

Soil Moisture 

DMS-1 YG-001-1  Topsoil  Soil tube Y 

DMS-2 YG-001-2    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

  
Notes:  Please send hard copy of results to Craig Bovell c/o Doral and electronic copy of results to craig.bovell@doral.com.au             
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