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1 Element / I ssue 

1.1 Aspect of the Environment to be Protected 

The Voyager Quarry is on the north side of the Great Southern Highway, about 16 km east of Mundaring 

(Figure 1).  It is proposed that the Voyager Quarry be expanded to prolong its life.  The proposed location 

for the new quarry is on adjacent land west of the existing quarry, on Lot 14 Horton Road, The Lakes 

(Avon Location 1881). 

This report addresses the potential impacts on watercourses and surface water environments downstream 

of the Voyager Quarry.  The report presents a Surface Water Monitoring and Remedial Programme to 

protect the local surface water environments. 

1.2 The Proposed Voyager Quarry Extension 

The Voyager Quarry is coming to the end of its commercially winnable resources and in order to maintain 

supplies, needs to expand or relocate. An extensive review of possible locations for the relocated quarry 

was undertaken by the proponent.  This review determined that the nearest and most viable resources are 

situated on uncleared land owned by the proponent and located immediately to the west of the existing 

quarry.  Development of the proposed quarry will entail excavation of up to 2 million tonnes of gravel 

and approximately 12 million tonnes of clay from the quarry footprint. These excavations will allow 

approximately 60 million tonnes of granite to be quarried from the site over an estimated 50-year period. 

The first areas to be quarried are designated Area 1 and Area 2 as shown on Figure 2.   

The proposed quarry occurs near the top of the local catchment divide, on the western side of a small 

valley, in the south-east portion of the Wooroloo Brook Catchment, which in turn forms part of the Swan-

Avon Catchment. The site is located in a proposed Priority 3 Drinking Water Source Area and the 

catchment is proclaimed under the Rights in Water and Irrigation Act 1914. Priority 3 Drinking Water 

Source Areas are defined to limit the risk of pollution to the water resources. These rights are declared 

over land where water supply sources need to co-exist with residential, commercial, agriculture and light 

industrial land uses.   

Drainage in the vicinity of the Voyager Quarry is from the south to the north predominantly in two small 

tributaries termed the Eastern and Western Streams (Figure 3). There are, however, no substantial 

drainage lines, wetlands or sensitive watercourses in the area that will be disturbed by the proposed 

quarry.  Slope on the site is around 7% and the general direction of flow is to the north-east. Elevation in 

the quarry area varies from 300 to 350 m AHD.  The local streams just north of the quarry are small, 

flowing mainly in winter as a result of overland flow and seepage from the surrounding slopes. The soils 

along the streamlines are sandy clay (weathered granite) overlying granite.  The Quarry Dam is located at 

Q2 on Figure 3. 

Observations of local geology and transects on the watercourses indicate that the streams tend to gain 

water from seepage from the surrounding slopes. Any seepage water sourced from the quarry area tends 

to be lost to evaporation from the streamlines, collected in small dams for use by stock or lost to 

evaporation. 
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The main watercourse near the quarry merges with another tributary about 2 km to the north, then with 

Chinganning Gully about 4 km further north. From there a series of tributaries join Wooroloo Brook 

before it flows into the Avon River, some 30 km northwest of the quarry.  

The catchment in which the quarry is located is influenced by salinisation, interpreted to be caused by 

rising groundwater as a result of clearing. The extent and causes of salinity were discussed in Appendix G 

of the Public Environmental Review (PER) documents (URS 2003). The extent of salinity in the local 

catchment is also indicated by historical aerial photography (Figure 4). The photo taken on 10 February 

1989, before the quarry operations began, shows clear evidence of salinisation and salt scalds. The photo 

taken in January 2003 shows the quarry in place. 

There are several obvious areas of salinisation in the pastures downstream of the existing quarry (Figure 

4). Vegetation in these areas is sparse, runoff rates are high and soils may be erosionally unstable. 

Disturbance and trampling by stock exacerbate erosion. Observations of salinity in the streams, water 

storages and bores over time clearly show that seepage from surrounding agricultural land is the main 

source of salt load in the local catchment. This seepage is the result of a rising watertable caused by 

clearing. Salinisation is not related to the existing quarry operations. Controlled discharges from the 

existing quarry operations have increased stream flows, and due to the low salinity of discharged water, 

an overall lowering of salinity levels in the streams near the quarry. 

1.3 Protection of Surface Water Environments 

The use of surface water and groundwater is controlled by the Rights in Water and Irrigation Act 1914 

and applies to the management of water resources. 

The quality of surface water should be maintained or improved to ensure that existing and potential uses, 

including ecosystem maintenance, are protected, consistent with the Australian and New Zealand Water 

Quality Guidelines (ANZECC, 2000). These guidelines provide a framework for water quality 

management and the development of appropriate Surface Water Monitoring and Remedial Programmes. 

Guidelines for the protection of water resources from stormwater runoff carrying potential pollutants are 

provided in the Management of Surface Run-off from Industrial and Commercial Sites (Draft Guidance 

Statement No. 26, EPA, 1999b). The statement also outlines the Environmental Protection Authority 

(EPA) position on disposal of stormwater to the environment. 

Legislation and guidelines that apply to the Surface Water Monitoring and Remedial Programme are 

outlined in Table 1. 
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Table 1: Statutory and Policy Guidelines for Surface Water Monitoring and Remedial 

Programmes 

Agency Statute/Guideline Applicability 

State Legislation. Environmental Protection Act 1986 Ministerial Statement 706 was 

issued under Part IV of the Act. 

Draft Guideline: Preparing Environmental 

Management Plans. 

This document has been prepared 

in compliance with the draft 

document. 

Department of 

Environment and 

Conservation (DEC). 

Rights in Water and Irrigation Act 1914. Management of water resources. 

Department of 

Environment and 

Heritage. 

Australian and New Zealand Guidelines 

for Fresh and Marine Water Quality 2000.. 

Use of Groundwater and Surface 

Water. 

EPA. Management of Surface Run-off from 

Industrial and Commercial Sites (Draft 

Guidance Statement No. 26, EPA, 1999b) 

Management of Surface Runoff. 
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Figure 1.  Location Plan Showing Site Water Monitoring Points 

1 
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Relevant to this Surface Water Monitoring and Remedial Programme is the Ministerial Statement 706, 

Condition 13 which is reproduced below.  

13-1 Prior to clearing of vegetation or excavation of soil or rock, whichever is the sooner, the proponent 

shall prepare a Groundwater
1
 and Surface Water Monitoring and Remedial Programme, to the 

requirements of the Minister for the Environment.  

The objective of this Programme is to monitor groundwater levels adjacent to the quarry, and the 

quantity and quality of surface water leaving the site to ensure that the operations are not resulting 

in a reduction of water levels of existing bores of neighbours or any significant decline in the 

quality of waters downstream of the quarry, and to define management actions and contingency 

measures to be implemented in the event of adverse impacts on the water levels of bores or salinity 

in downstream waters caused by quarry and associated operations.  

This Programme shall: 

1. be designed and implemented in a manner which is capable of identifying any adverse impacts 

from quarrying and associated activities on surface and groundwater in the vicinity of the 

proposal;  

2. incorporate separate monitoring for surface water and groundwater; 

3. identify key monitoring locations; 

4. identify water quality criteria and limits to be met; 

5. identify baseline levels for groundwater supplies on adjacent properties; 

6. include a monitoring schedule; 

7. include a reporting schedule; and 

8. define management actions and contingency measures to be implemented in the event of adverse 

impacts on the water levels of bores or water quality in downstream waters caused by quarry and 

associated operations. 

13-2 The proponent shall implement the Groundwater and Surface Water Monitoring and Remedial 

Programme required by condition 13-1 and any subsequent updates as required by condition 13-6.  

13-3 The proponent shall ensure that water quality criteria and limits identified within the Groundwater 

and Surface Water Monitoring and Remedial Programme are not exceeded. 

                                                      

1
 The Groundwater Programme is presented in a separate document. 
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13-4 The proponent shall report any exceedance of the limits identified within the Groundwater and 

Surface Water Monitoring and Remedial Programme to the Department of Environment within 24 

hours of being observed.  

13-5 The proponent shall provide a report to the Department of Environment relating to the 

exceedances referred to in condition 13-4 within seven days of being recorded, identifying the 

sources of the exceedance within the proposal area and indicating remedial action undertaken to 

prevent further such exceedances.  

13-6 The proponent shall review and update the Groundwater and Surface Water Monitoring and 

Remedial Programme required by condition 13-1 annually.  

13-7 The proponent shall make the Groundwater and Surface Water Monitoring and Remedial 

Programme required by condition 13-1 publicly available. 
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Figure 2: Division of Areas Within the Proposed Relocation Proposal 
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Figure 3. Local Drainage 
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Figure 4. Historical Salinisation Impacts Due to Clearing 
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2 Existing Surface Water Environments 

2.1 Characterisation of the Surface Water Environments 

The characterisation of the local surface water environments has been undertaken using site inspections, 

review of maps, and evaluation of stream flow data (from the several stream flow sites on Wooroloo 

Brook operated by the Department of Water [DoW]). Existing flows and water qualities in streams in the 

vicinity of the quarry were characterised during site visits in January and April 2004, building on data 

from previous site visits and observations presented in Appendix G of the PER.  

A number of transects along the streams north of the Voyager Quarry were taken between 2002 and 2004 

(Figure 5). Transects were made along the Eastern and Western Streams, commencing on the northern 

limits of the quarry and extended further north to the boundary with Lot 13 (B Dibble). Issues related to 

erosion, baseflow contributions, concentration of salts and impacts on dams and farmland were 

investigated.  

The transect taken on 9 July 2002 illustrates the cumulative impact of seepage flows from salt scalds 

north of the quarry. These data are discussed in Appendix G of the PER and indicate that the main source 

of seepage and salt in the streams north of the quarry is a result of a rising groundwater levels due to 

clearing. 

The transect taken in January and April 2004 show a decline in stream flow and steady increase in salinity 

with distance downstream. In these cases, the stream flow was sourced from the area near the north 

eastern corner of the quarry. Stream flow declined with distance downstream because of losses to 

evaporation, particularly from a small farm dam (D2) north of the quarry. No infiltration into or seepage 

was evident from the stream bed and banks north of the quarry. The Western Stream at the time of the 

March 2002 and January and April 2004 samplings was dry. 
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Figure 5. Transects That Characterise Local Stream Flow 
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2.2 Characterisation of Existing Quarry Operations 

Drainage conditions at the existing quarry are shown on Figure 3. Runoff from the processing and 

upslope catchment areas sheds to the Quarry Dam. The Quarry Dam also receives runoff from the 

catchment to the south of the quarry. When the Quarry Dam is full, excess surface water flows over a 

spillway to the Eastern Stream. 

All runoff from the north eastern area of the quarry and associated rock stockpiles collects in a sump and 

is pumped back to the Quarry Dam. In the past this water was released to the Eastern Stream after passing 

through a settling pond, but this practice has ceased. 

Runoff from the pit area collects in the Quarry Sump. This water is pumped to the Quarry Dam, from 

where it is used for processing, wash down of vehicles, and dust suppression. 

Runoff from soil stockpiles to the south of the pit runs down the western side of the pit and enters the 

Western Stream. 

An evaluation of the existing site operations was undertaken to broadly define the site drainage and water 

balance components of the existing Quarry Sump and Quarry Dam. Observations of site drainage were 

undertaken on several occasions from 2002 to 2004. The observations involved identifying inflow and 

outflow pathways and conducting tests to characterise seepage inflow and outflow rates. A conceptual 

water-balance model for the existing Quarry Sump is shown on Figure 6. 
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Figure 6.  Conceptual Water Balance 

2.2.1 Quarry Sump 

Estimated flow ranges for the various inputs to and outputs from the Quarry Sump are shown in Table 2. 

Observations of seepage inflow rates are listed in Table 3. 

The overall water balance for the Quarry Sump is dominated by runoff inflows and pumping outflows. 

Runoff inflows are episodic, and can reach 150 L/s. Pumping is at a relatively low rate, of 4 L/s, but 

consistent pumping over time easily removes excess water from the Quarry Sump. Seepage inflow is 

small in comparison. 

6 
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Table 2: Water Balance for the existing Quarry Sump 

Water Balance - 

Component 

Description Typical Flow 

Rates (L/s) 

Average Total 

(ML/year) 

Inflows:    

Rainfall Rainfall directly onto the water surface. 0-0.4 0.4 

Runoff Runoff from the pit area, collecting in the 

sump. 

0-150 155.7 

Seepage Seepage into the pit from surrounding 

rock, collecting in the sump. 

0-0.7 13.1 

Outflows:      

Evaporation Evaporation directly from the water 

surface. 

0.002-0.06 8.3 

Seepage Seepage out to the surrounding rock. 0.0 0.0 

Pumping Pumping to the Quarry Dam for process 

use and watering. 

0-4 160.9 

 

Table 3: Observed Seepage Inflow Rates for the existing Quarry Sump 

Date Inflow Rate (L/s) 

Quarry Sump 

Mar-02 0.0 

Jul-02 0.3 

Jan-04 0.2 

Apr-04 0.7 

Average 0.3 

2.2.2 Quarry Dam 

The main components of the water balance for the Quarry Dam are described in Table 4.  Seepage inflow 

occurs from several locations around the walls of the quarry. Estimates of seepage inflow rates to the 

sump for the various site investigations are given in Table 5. These rates are consistent with the rates used 

in the water-balance modelling given in the PER documents (an average 0.35 L/s).  
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Table 4: Water Balance for the existing Quarry Dam 

Water 

Balance - 

Component 

Description Typical Flow 

Rates (L/s) 

Annual Total 

(ML/year) 

Inflows:    

Rainfall Rainfall directly onto the water surface. 0-11 11.8 

Runoff Runoff from the quarry processing area and the 

upslope agricultural area. 

0-40 39.8 

Seepage Groundwater inflow to the dam.  1.5-3.0 63.1 

Pumping Pumped from the Quarry Sump. 0-10 160.9 

Outflows:      

Evaporation Evaporation directly from the water surface. 0.2-2 19.9 

Seepage Seepage from the down-slope edge of the dam. 

Assumed to be zero after repairs to leaking parts of 

the dam wall and installation of a seepage collection 

sump in the north eastern corner of the quarry. 

0.0 0.0 

Pumping Pumping for process use and watering. 0.8-4.3 61.6 

Release via 

spillway 

Release over a spillway to the Eastern Stream 

during wet periods. 

0-30 194.1 

 

Table 5: Observed Seepage Inflow and Outflow Rates for the existing Quarry Dam 

Date Inflow Rate (L/s) Outflow Rate (L/s) 

Mar-02 -* -* 

Jul-02 -* -* 

Jan-04 1.6 0.5 

Apr-04 2.7 0 

Jun-04 4.7 0 

Average/typical 3.0 0.0 

* not measured. 

The water balance in the Quarry Dam is more complex than the Quarry Sump, with evidence of 

simultaneous seepage inflows and outflows during some of the tests. 
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At the time of the January 2004 measurement, a strong seepage outflow (0.5 L/s) was observed in the 

stockpile area, down slope of the dam. It is understood that this seepage was a result of disturbance to the 

dam wall, below the waterline, incurred during excavation. Some of this seepage water, after losses to 

evaporation and infiltration, entered the Eastern Stream in the vicinity of monitoring point E2. This level 

of seepage is unusually high. The leak was subsequently repaired and no visible seepage outflow was 

recorded at the April 2004 sampling. A seepage collection sump was also installed in mid 2004 in the 

north-eastern corner of the quarry. Any seepage from the Quarry Dam reaching the north-eastern area of 

the quarry will be intercepted by this sump and pumped back to the Quarry Dam. 

A mass-balance of inflows and outflows during the test periods indicated a significant seepage inflow, 

varying from averaging 1.5 to 4.7 L/s (Table 5). At the January 2004 sampling, seepage inflow matched 

the outflows to evaporation and seepage down slope. It is likely that the seepage is from down slope 

movement of shallow groundwater from the agricultural catchment to the south. A subsurface restriction 

(e.g. dolerite dyke) just upstream of the dam may redirect groundwater flow, forcing the water to near the 

surface and increasing the rate of flow to the dam. Some of the overflow from the artesian bores may 

contribute to this seepage flow, though much is likely to be lost to evaporation before reaching the dam. 

Release of surface water occurs via spillway to the Eastern Stream during winter in periods of high 

rainfall. Observations of flow rate and water quality from May to November 2003 have been made. The 

water released was of good quality: salinity was low, averaging 850 mg/L TDS, and sediment load 

averaged 16 mg/L TSS. 
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3 Potential Q uarry Impacts on Surface Water  

Issues have been raised about the impact of the release of water from the proposed quarry on downstream 

flows, salinity, erosion, and local groundwater levels. The community indicated a need to characterise 

how far downstream the water from the quarry is likely to have an impact, to place the volume of water 

and salt released in the context of the wider Wooroloo Brook catchments, and to characterise any 

potential impact of the additional water on groundwater levels along the streamlines.  

Clearing for agriculture has substantially increased stream flows and salinity along the whole length of 

Woorooloo Brook. The impact of clearing is much greater than the existing and proposed quarry 

operations because the extent of clearing is much greater than the extent of disturbance from quarrying. 

The main potential surface water issues linked to the proposed quarry may be directly inferred from the 

existing operations and these include: 

• The water balance of the existing quarry and what impact the existing quarry is having on 

downstream flows and salinity. 

• Release of water from the proposed quarry, particularly how far downstream impacts might occur 

and what the impacts will be on stream flow, salinity, erosion, and local water-table elevations as a 

result of infiltration from the stream beds. 

• Management of sediment and erosion on-site during the life of the quarry. 

• Accuracy of the water balance for the proposed quarry, particularly relating to the amount of seepage 

into and out of the pit during the life of the project. 

• The scope and frequency of surface water monitoring at the existing quarry. 

3.1 Potential Impacts on Local Streams 

Modelling was used to simulate the existing and proposed quarries and the local catchments (water 

balance, runoff). The model domain, described in Appendix G of the PER (URS 2003), allowed the 

prediction of potential impacts of the quarry for the entire Wooroloo Brook Catchment.  

Potentials for mounding of the water table beneath agricultural areas north of the quarry due to increased 

stream flow was evaluated by interpretation of flow and salinity transects in context of the local geology 

and hydrogeology. 

Figure 7 presents predicted stream flow for the immediate quarry catchment (to point D3 on Figure 1). 

Salinity concentrations in stream flow with the pre-quarry forest scenario are considerably lower than 

most of the other scenarios. High salt concentrations with the other scenarios are a result of increased 

saline outflows associated with clearing for agriculture and subsequent water table rise. Lower salt 

concentrations in winter with the quarry in operation (Operation, year 20-50 scenario) are a result of 

dilution of saline stream flows with fresh water released from the quarry. 
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Figure 7.  Predicted Local Stream Flow and Quality 

7 
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3.2 Potential Impacts on Wooroloo Brook 

Compared with the existing situation (i.e. cleared farmland and existing quarry), average annual stream 

flow up to about the intersection of Wooroloo Brook and Coates Gully will increase and salinity will 

decrease. The magnitude of impact is greatest near the quarry, decreasing downstream as a result of 

increasing catchment area, hence increasing stream flow. Compared to predicted flows and salinity pre-

clearing (i.e. forest scenario), the existing quarry has increased stream flows and reduced salinity, mainly 

within about 2 to 4 km of the quarry. 

3.3 Erosion Control 

Erosion on-site will be managed by employing appropriate soil conservation and drainage measures. 

These measures are spelt out in detail in Appendix G of the PER and are reproduced in Figures 8 and 9 

showing the proposed site layout and erosion and drainage management works at the end of year 5. These 

works will be progressively modified as quarrying proceeds and the area of topsoil is reduced. Drainage 

structures in the processing area will remain in place during the life of the quarry. 

Sediment traps will be located upstream of the Quarry Dam, Quarry Sump and in the crushing area to 

filter and collect coarse sediment. The traps will consist of a pond where sediment collects and a pipe, 

coarse rock or spillway outlet. Sediment will be removed from the pond annually and either sold as soil 

product or used on site for revegetation or landscaping. 

Erosion off-site will be managed by carefully controlling releases from the quarry, visual monitoring for 

any possible erosion that may occur and reshaping and enlarging the existing, degraded, Western Stream. 

Water in excess of quarry requirements will be released in a controlled way as to cause no adverse 

impacts on the receiving environment. The monitoring plan and release criteria that will be used are 

described in Appendix G of the PER. Note that the quarry operations will be located within the quarry pit, 

i.e. below ground level, so all runoff from within the quarry area will drain to sumps and dams inside the 

quarry and cannot drain by gravity to the environment. As a result, accidental release of runoff cannot 

occur. When releasing to the environment, control over pumping rates, timing and quality of water at the 

time of pumping will ensure the downstream environment is not adversely impacted. 

Safety guidelines (DoCEP 1997) issued under the Mine Safety and Inspection Act 1994 require the 

installation of a safety bund around the outside perimeter of pit workings.  The route taken by the safety 

bund will take into account storm water that may collect against or intercept the safety bund wall.  

Consideration of the alignment of the bund will avoid those areas where ponding against the bund wall 

may occur or where diversion of surface water may cause erosion to occur. 



SECTION 3 Potential Quarry Impacts on Surface 

Water 

 

J:\Jobs\42906245\Deliverables\Final Documents\Voyager Surface Water Monitoring & Remedial Prog 26feb07.doc     

3-4 
 
 

        

Figure 8. Proposed Typical Erosion Control Works 
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Figure 9.  Operational Surface Water Management 
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3.3.1 Stream Reshaping 

Design specifications used for the proposed realignment of the Western Stream are summarised in 

Table 6. Proposed alignment and cross-section for the reshaped Western Stream is given on Figure 10.  

Table 6: Design Parameters for the Reshaped Western Stream 

Design Parameter Comment 

Alignment To follow the existing stream north of the pit to the confluence with 

to the Eastern Stream. 

Meanders Meanders in the stream north of the pit: meander multiplier = 20; 

curve radius multiplier = 1.5
*
. 

Cross-section Broad V-section stabilised with water logging tolerant, runner grass 

(e.g. salt tolerant couch).  

Design flows Design discharge = 0.37 m
3
/s for 100 year ARI; design flow depth = 

0.24 m; velocity = 0.7 m/s; freeboard = 0.26 m. 

 

* Meander design described in Torre (2001). 

 

The stream will be designed to safely accommodate a 100-year Annual Return Interval (ARI) event from 

the existing total catchment (i.e. including the area of the proposed quarry). The area of the quarry will 

not contribute water directly to the stream during the life of the quarry or after closure if the pit remains, 

so the estimate of design discharge is conservative. A generous freeboard has been allowed to account for 

flow variations along the length of the channel. Discharge during a 100-year event (0.37 m
3
/s) is greater 

than peak flows during controlled release from the quarry (0.1 m
3
/s), so releases can be safely received in 

the reshaped stream. 

A design velocity of 0.7 m/s was used, which will ensure no erosion even of the bare, freshly constructed 

channel. The bed material is likely to consist of sandy-clays, clays and gravels, with a maximum 

permissible velocity of 0.7-1.8 m/s (Concrete Pipe Association, 1991). When grassed, maximum 

permissible velocity is expected to be 1.6 m/s. Accordingly, the design of the channel, with regard to 

erosion resistance, is conservative. 

Release from the quarry is expected to occur at up to 0.18 m
3
/s, well below the design capacity of the 

stream. Release will not occur during runoff events. Even if release occurred at maximum rate during a 

100 year ARI flow, the resulting flow (0.55 m
3
/s) would not exceed the channel capacity nor cause 

erosion (predicted velocity = 0.8 m/s). 

 



SECTION 3 Potential Quarry Impacts on Surface 

Water 

 

J:\Jobs\42906245\Deliverables\Final Documents\Voyager Surface Water Monitoring & Remedial Prog 26feb07.doc     

3-7 
 
 

 

Figure 10.  Western Stream Re-Alignment 
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4 Management Performance Indicators/Criteria 

4.1 Principal Objectives 

The EPA objectives for surface water management and conservation as stated in Ministerial Statement 

706:M13.1 are: 

• Monitor the quantity and quality of surface water leaving the site to ensure the quarry operations 

are not  resulting in a reduction of water quality downstream of the quarry. 

Furthermore the management objectives of this management plan are to: 

• Minimising the risk of erosion by appropriate management of surface runoff volumes and quality. 

• Minimise erosion on site, particularly during establishment of the new quarry. 

• Implement appropriate pollution management measures on-site. 

• Ensure adequate water supply for the quarry operations. 

The Surface Water Monitoring and Remedial Programme applies to all areas under consideration for the 

extension of the quarry.  

The EPA’s objectives as stated in Bulletin 1169 (EPA 2005) are to  

• Maintain or improve the quality of surface water to ensure that existing and potential uses, 

including ecosystem maintenance are protected. 

The requirements of Condition 706:M13.1 are 

1. The management plan be designed and implemented in a manner which is capable of 

identifying any adverse impacts from quarrying and associated activities on surface and 

groundwater in the vicinity of the proposal. 

2. Incorporate separate monitoring for surface water. 

3. Identify key monitoring locations. 

4. Identify water quality criteria and limits to be met. 

5. Include a monitoring schedule. 

6. Include a reporting schedule. 

7. Define management actions and contingency measures to be implemented in the event of 

adverse impacts water quality in downstream waters caused by quarry and associated 

operations. 

The above items are expanded in subsequent section of this document. 
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4.2 Performance Indicators/Criteria 

The criteria of a Management Plan are generally used to track progress in achieving objectives and 

targets. These indicators should be specific, objective, achievable, relevant and time-framed, and 

therefore verifiable and reproducible.  

Possible indicators and criteria may include ANZECC water quality criteria, site-specific criteria, 

regulatory standards (e.g. Noise Regulations), plant density/diversity measures and Australian Standards. 

Measurable performance criteria are crucial elements of a Management Plan, allowing the proponent and 

regulatory bodies, to confirm the effectiveness of management strategies and for proponents to 

demonstrate compliance with environmental regulation. They are also an important tool for monitoring 

continuous improvement. 

It has been proposed to modify the Western Stream (URS 2003).  A permit to modify river bed and river 

banks will be obtained from the DOW prior to construction. A permit is required as the catchment is 

proclaimed surface water area under the Rights in Water and Irrigation Act 1914 and the Western Stream 

is considered to be a watercourse as defined in the Rights in Water and Irrigation Act 1914. 

The quarry development will also comply with guidelines for extractive industries in a Priority 3 Drinking 

Water Source Area. This includes buffer distances from streams, fuel and chemical storage systems, and 

maintaining a surface water management system to ensure released water is of good quality. 

The Project will comply with the requirements of the EPA Guidance Statement No. 26 which are 

presented in Table 7.  

To ensure water released from the quarry meets release criteria (Table 7), water storage (the Quarry Sump 

or plant storage) will be sampled for TDS, TSS and EC. 

The proposed water quality and erosion criteria are listed in Table 7, and are based on current water 

quality in the local catchment and potential impacts on the downstream environment. It is possible that 

these criteria will be modified in the DEC licence for the site. BGC will ensure that these criteria are met 

before release of water (URS 2003). 
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Table 7: Proposed EPA Criteria for Water Release 

Measurement Measurement 

Method 

Acceptable Criteria Comments 

Salinity Manual sample as 

required, analysed at 

accredited laboratory 

or recorded using 

portable equipment. 

TDS < 1,000 mg/L or 

EC < 1,800 (µS/cm) 

Based on background 

stream salinity 

Turbidity Manual sample as 

required 

TSS< 80 mg/L Based on background 

stream conditions and 

licence conditions for 

the existing quarry 

Downstream stability Visual observation of 

downstream channels 

as required. 

 

No obvious stream 

bank erosion, rilling 

or sediment fans that 

can be attributed to 

releases from the 

quarry. 

Based on the need for 

a flexible, rapid 

assessment of gross 

pollution potential 
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5 Implementation Strategy 

5.1 Enhanced Monitoring and Management Plans 

A Surface Water Monitoring and Remedial Plan was prepared based on best-practice erosion 

management techniques and conforming with relevant guidelines.  

More detailed plans showing the alignment and typical cross-sections for the proposed reshaping of the 

western stream were developed, building on the alignment and conceptual design given in Appendix G of 

the PER (attached as Appendix A). The stream alignment design was based on the existing alignment and 

meander guidelines given in Torre (2001). Existing topography restricts the location, size and number of 

meanders, but the guideline was followed as closely as possible. 

The maximum of the planned rate of release of excess water from the quarry and the existing 100-year 

ARI event discharge was used as the design discharge. The 100-year ARI discharge was calculated using 

the Rational Method, with parameters adjusted using local stream flow gauging data. Calculations to 

determine the planned rate of release of excess water from the quarry are given in Appendix G of the 

PER. 

The monitoring and management plans are presented in Table 8.  Samples will be collected in agreement 

with the AS/NZS 5667.1:1998: Water quality - Sampling - Guidance on the design of sampling programs, 

sampling techniques and the preservation and handling of samples. 
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Table 8: Surface Water Monitoring Programme 

Sample 

Location 

Sample Method and Frequency Analysis Required Comments 

Quarry Sump. Manual Sampling for water quality, 

monthly, and prior to release to the 

environment.  

TDS, TSS, pH. 

 

Required to ensure water 

is of a suitable quality for 

release and to characterise 

the pit and site water 

balance. 

 Record depth of water in pit from 

gauge board, weekly. 

Water depth. 

 

 

 Record volume pumped for discharge 

to the environment daily. 

Daily volume. 

 

 

 Representative seepage tests at 

intervals during the life of the quarry. 

Record change in water 

level daily during a 2-5 

day period when there 

are no pumped inflows 

or outflows. 

 

Quarry Dam. Manual sample for water quality, 

monthly. 

TDS, TSS, pH. 

 

Required to characterise 

the pit and site water 

balance. 

 Record depth of water in pit from 

gauge board and water area, weekly. 

Water depth. 

 

 

 Representative seepage tests at 

intervals during the life of the quarry. 

Record change in water 

level daily during a 2-5 

day period when there 

are no pumped inflows 

or outflows. 

 

Stream flow 

monitoring sites 

E2, W1 and S2 

(Figure 1). 

Manual sample, monthly; when 

flowing; weekly when water is being 

released from the quarry dam. 

TDS, TSS, pH. 

 

Required to characterise 

impacts of the quarry on 

stream flows. 

 Record depth of water in stream 

using a ruler or gauge board at time 

of manual sampling. 

Water depth. 

 

 

Quarry area, 

perimeter drain 

and Western 

Stream. 

Visual observation of erosion, water 

pollution and channel condition, 

monthly and after larger runoff 

events.  Inspect safety bund walls for 

ponding and erosion. 

Visual assessment. Required for rapid 

assessment of gross 

pollution potential or any 

inadequacy of 

management systems. 

Weather Daily using a manual rain gauge or 

an automatic weather station. 

Daily rainfall. Required to characterise 

local rainfall conditions. 

Operations Record general water management 

operations at the proposed quarry and 

rehabilitation/land management at 

old quarry. 

Diary notes. Required to characterise 

site water balance and 

general site operations. 
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6 Contingencies 

The key management actions that will be triggered when monitoring indicates non-conformance with the 

EMP address: 

• Erosion, 

• On-Site Runoff Management, 

• On-Site Pollution Management, 

• Water Release to the Environment, 

The Key Management Actions are summarized in Table 9. 

 

If the monitoring programme shows significant EC or TSS increase as specified in Table 9, the Quarry 

Manager is to inform DEC within 24 hours of the exceedance and implement an appropriate survey of the 

causes of exceedance. 

Depending on the criteria exceeded, different contingencies are available for the Quarry Manager.  These 

contingencies include, but are not limited to: 

• Decrease/cease water release to the environment, 

• Further investigate/identify the cause, 

• Use the existing quarry as temporary storage. 

It is recommended that the Quarry Manager, in consultation with DEC defines the most appropriate 

action within a week of exceedence being reported to DEC.
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Table 9: Key Management Actions 

Issue Management Action 
When 

(phase) 
Responsibility 

Implement soil conservation and drainage measures as per Figures 8 and 9 Operations Quarry Manager 

Locate sediment traps upstream of the Quarry Dam, Quarry Sump and in the crushing area Construction  Quarry Manager 

Manage water release from Quarry to ensure erosion does not occur Operations Quarry Manager 

Erosion Control 

Reshape the Western Stream as per Table 6 Construction Quarry Manager 

Ensure runoff water from the offices, lab and workshop areas will pass through a triple oil 

separation trap before discharging into the process water dam to manage the impacts of storm 

water flows and potential transport of pollutants.  

Maintain fuel, hazardous chemical and machinery servicing areas on a concrete pad and bunded to 

capture any accidental spills. 

Pollution 

Management 

Ensure water quality release criteria are met by complying with the requirements of Table 7 

Operations Env Officer 

Downstream Water 

Quality 

Conduct a surface water monitoring program as required by Table 8. Operations Env Officer 

Contingency Actions In case of non-conformance with erosion or water quality criteria decrease or cease water release, 

further investigate or identify the causes of non-conformance, use the existing quarry for water 

storage. 

 Quarry Manager 
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7 Stake holders 

7.1 Stakeholder Consultation 

The following parties have been identified as stakeholders. 

A Community Liaison Group is being established in accordance with the requirements of Condition 

706:M19.  The Liaison Group will include representation by Local Government, local residents and 

government agencies including the DEC.  The Lakes Action Group and Woorooloo LCDC will be 

represented by local residents who have formed the Lakes Action Group. 

Local Government Authorities 

Lakes Action Group  

Wooroloo Brook Land Conservation District Committee (LCDC), which was established in 1991 to 

address land degradation, promote and encourage sustainable landuse and provide environmental 

education within their catchment area; 

Extractive Industries Committee, which has the primary role of providing advice to the Chamber of 

Commerce and Industry’s manufacturing, Engineering and Resource Council on all issues impacting on 

the extractive industries. 

(The Department of Water has stated that it does not wish to be involved in the review process) 
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8 Ongo ing Compliance Requirements 

8.1 Auditing 

The Quarry Manager and Environmental Officer will be required to ensure that all management actions of 

this document are carried out. 

The DEC Environmental Audit Branch has a policy of conducting audits from time to time to verify 

compliance by proponents with Ministerial Conditions. 

8.2 Review, Revision and Reporting 

Review and revision of this EMP should be performed on an annual basis 

As proposed by the ministerial statement, the proponent shall report any exceedance of the limits 

identified within the Ground and Surface Water Monitoring and Remedial Programme to the DEC within 

24 hours of being observed. 

The proponent shall provide a report to the DEC relating to the exceedances within seven days of being 

recorded, identifying the sources of the exceedance within the proposal area and indicating remedial 

action undertaken to prevent further such exceedances. 
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10 Limitations 

URS Australia Pty Ltd (URS) has prepared this report in accordance with the usual care and thoroughness 

of the consulting profession for the use of BGC (Australia) Pty Ltd and only those third parties who have 

been authorised in writing by URS to rely on the report. It is based on generally accepted practices and 

standards at the time it was prepared. No other warranty, expressed or implied, is made as to the 

professional advice included in this report. It is prepared in accordance with the scope of work and for the 

purpose outlined in the Proposal dated 10 August 2006. 

The methodology adopted and sources of information used by URS are outlined in this report. URS has 

made no independent verification of this information beyond the agreed scope of works and URS assumes 

no responsibility for any inaccuracies or omissions. No indications were found during our investigations 

that information contained in this report as provided to URS was false. 

This report was prepared between 18 August and 25 September and is based on the conditions 

encountered and information reviewed at the time of preparation. URS disclaims responsibility for any 

changes that may have occurred after this time. 

This report should be read in full. No responsibility is accepted for use of any part of this report in any 

other context or for any other purpose or by third parties. This report does not purport to give legal 

advice. Legal advice can only be given by qualified legal practitioners. 

 


