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1.0 Introduction 
Aus-10 Rhyolite Pty Ltd, t/a Hy-Tec Concrete and Aggregates (Hy-Tec), was granted development consent 
(SSD_4978) for the extension of its Tinda Creek quarry on 10 April 2015. The approved extension to 
quarrying provides for operations at the site until 2045.  Under SSD_4978 maximum production is increased 
from 125,000 tonnes per annum (tpa) to 300,000 tpa.  The location of the site is shown on Figure 1.1. 

As shown on Figure 1.2, the approved quarry is located adjacent to Yengo National Park and immediately 
upstream of Greater Blue Mountains World Heritage Area. Quarrying has been undertaken at the site for 
approximately the last 30 years. The quarry has operated a closed water management system on site for 
this period with sedimentation dams and siltation ponds draining directly to the dredge pond.  The dredge 
pond is below ground level and has sufficient capacity to contain runoff from well in excess of a 
1 in 100 year Average Recurrence Interval rainfall event without overtopping. This enables the quarry to 
operate within a fully closed water management system. 

This closed water management system ensures that there are no discharges from quarry operations to the 
adjoining National Park or World Heritage Areas even under extreme conditions.  Quarry operations on-site 
will continue to be undertaken using a closed water management system combined with ongoing 
monitoring of water at the site.   

The details of the water management system and monitoring are set out in this Water Management Plan. 

As acknowledged in correspondence from Colo Heights Rural Fire Service, through its dredge ponds, the 
quarry provides access to a large volume of permanent water which has proven invaluable during major fire 
events in the adjoining National Park and World Heritage Areas such as in 1994, 1997, 2001 and 2013. Colo 
Heights Rural Fire Service is responsible for an area of approximately 1000 km2 surrounding the quarry. This 
area is predominantly National Park Estate and Greater Blue Mountains World Heritage Area. 

The water stored in the dredge ponds is the only available large permanent water source within the 
surrounding National Park and World Heritage Areas that is safe for bucketing into helicopters and can 
provide an unlimited supply for tanker refills.  The large open area surrounding the quarry is also invaluable 
as a safe staging area for fire crews and as a safe area for the refuelling and deployment of helicopters 
which have become an integral part of modern fire-fighting.  

Continuing provision of access to and supply of water from the quarry for bushfire control is an important 
aspect of ongoing water management at Tinda Creek quarry and is critical for bush fire control in the 
adjoining National Park and World Heritage Areas.  

A series of extraction domains that contain viable sand resources have been identified on the site.  These 
domains can be readily accessed from existing operations, with extracted sand able to be processed using 
existing infrastructure.  The locations of the quarry Domains are shown on Figure 1.2. Quarrying will 
commence in Domain 6 and then progress to Domain 2, Domain 1, Domain 3 and Domain 7.  The exact 
sequence of quarrying after Domain 6 will be determined as operations progress.  

Remaining reserves within the previously approved quarry (DA 134/95) were re-assessed in 2011 when 
resource exploration drilling was undertaken and have subsequently been extracted.  The extraction area 
approved under DA 134/95 will be rehabilitated as part of ongoing operations. 

As shown on Figure 1.3, it is intended to shape the final landform of the quarry to comprise a series of 
interconnected ponds.  These will provide for ongoing sediment control for the rehabilitated landform 
whilst maintaining drainage through the site.  The ponds will all be constructed below ground level and will 
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have no embankments with potential to breach and consequently discharge off-site.  The ponds will also 
provide adequate water storage and access for ongoing fire-fighting and staging purposes.  The remainder 
of the landform will be shaped to reflect the surrounding landform and will be free draining to ensure flows 
from the site to Tinda Creek and the Greater Blue Mountains World Heritage Area are sustained into the 
future. 

Condition 12 of the development consent SSD_4978 states the Applicant shall: 

(a) Comply with Section 120 of POEO Act unless an EPL authorises otherwise  

(b) Ensure that the catchment of the water management system is not larger than 40 ha, unless the 
Secretary agrees otherwise  

(c) Maintain dredge and silt ponds to capture a 1 in 100 year storm event plus adequate freeboard to 
ensure no offsite discharge; and 

(d) Ensure loss of groundwater and surface water to Tinda Creek is no greater than predicted in the 
EIS. 

Condition 13 of the development consent requires the applicant to prepare and implement a Water 
Management Plan for the development.  The condition identifies matters to be addressed in the Water 
Management Plan. These matters are addressed in the remainder of this document and include: 

• Surface Water Management Plan 

• Site Water Balance Groundwater Monitoring Program Surface and Groundwater Contingency Strategy. 

In addition, the proposed development has been declared a Controlled Action under the Commonwealth 
Environment Protection & Biodiversity Conservation Act 1999 (EPBC Act).  Conditions 9, 10 and 11 of the 
draft approval 2013/7028 state: 

9. In order to maintain the quantity and quality of water entering the Greater Blue Mountains Area, 
the approval holder must prepare a Water Management Plan in accordance with NSW approval 
condition 13. In addition to the requirements of NSW approval condition 13, this plan must 
include: 

a) demonstration of how the mitigation and management measures described in this plan will 
protect water resources of the Greater Blue Mountains Area likely to be impacted directly or 
indirectly by the action; 

b) monitoring to determine if there is or is likely to be any impact on groundwater beneath the 
Greater Blue Mountains Area. Justification for the number and placement of monitoring 
bores within the project site must be provided and must demonstrate the ability of the 
monitoring system to detect potential groundwater drawdown and/or baseflow impacts on 
the Greater Blue Mountains Area. If monitoring suggests that drawdown extends under the 
Greater Blue Mountains Area, monitoring of vegetation health within the Greater Blue 
Mountains Area must also be undertaken; 

c) specific mention of the Greater Blue Mountains Area in the Surface and Groundwater 
Contingency Strategy required in NSW condition 13 (f), including details of procedures that 
would be followed if any impact that is likely to be related to the action is detected on 
vegetation health or aquatic ecosystems within the Greater Blue Mountains Area. 

The Water Management Plan must be submitted to the Minister prior to commencement of the 
action in revised Domains 3 and 7 and Domains 1 and 2. The approved Water Management Plan 
must be implemented. 
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10. To minimise impacts to water quantity and quality within the Greater Blue Mountains Area, the 
approval holder must comply with Operating Conditions provided by NSW approval condition 12. 

11. In addition to complying with the rehabilitation objectives for the final void in NSW approval 
condition 17, the approval holder must ensure that the final landform can achieve water quality 
within water discharging from the project site into the Greater Blue Mountains Area that is of 
equal or better quality than before the action commenced. 

This Water Management Plan has been prepared in accordance with the requirements of Conditions 12 and 
13 of Development Consent SSD_4978 and Conditions 9, 10 and 11 of the draft Approval for Controlled 
Action 2013/7028 under EPBC Act.  

Water management at the site will be undertaken in accordance with Environment Protection Licence 
(EPL) 12007. Clauses M2, M3 and R4.2 as provided below set out relevant monitoring and reporting 
requirements of EPL 12007:   

M2 Environmental monitoring 

M2.1 a) The licensee must undertake monthly inspections of the surface water system at 
the premises. 

 b) The monthly inspections must: 

(i) be undertaken immediately upstream and downstream of the quarry 
disturbance area; 

(ii) include visual inspection of litter, oil and grease and sediment levels within 
the surface water system, including diversion channels; 

(iii) include visual inspection of the physical integrity of the surface water system, 
including any signs of erosion; and 

(iv) include visual inspection of the water level/ flow in Tinda Creek. 

M3 Recording of pollution complaints 

M3.1 The licensee must keep a legible record of all complaints made to the licensee or any 
employee or agent of the licensee in relation to pollution arising from any activity to 
which this licence applies. 

M3.2 The record must include details of the following: 

a) the date and time of the complaint; 

b) the method by which the complaint was made; 

c) any personal details of the complainant which were provided by the complainant 
or, if no such details were provided, a note to that effect; 

d) the nature of the complaint; 

e) the action taken by the licensee in relation to the complaint, including any follow-
up contact with the complainant; and 

f) if no action was taken by the licensee, the reasons why no action was taken. 
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R4 Other reporting conditions 

R4.2 a) The licensee must submit a report to the EPA detailing the results of the surface 
water system inspection required under Condition M2.1. 

b) The report must: 

(i) include written details and photographic records of the results of the visual 
inspections required under Condition M2.1 b); 

(ii) include details of any actions undertaken or proposed to be undertaken by 
the licensee in response to the findings of the visual inspections, including no 
action; 

(iii) be submitted to the EPA within three weeks of the inspection being 
undertaken;  

The sections of the report where these requirements have been addressed is provided in Table 1.1. 

Table 1.1 Development Consent and Approval Requirements 

Requirement Section of 
Document 
Where 
Addressed 

Condition 12 of the development consent SSD_4978 states the Applicant shall: 

(a) Comply with Section 120 of POEO Act unless an EPL authorises otherwise  

(b) Ensure that the catchment of the water management system is not larger than 
40 ha, unless the Secretary agrees otherwise  

(c) Maintain dredge and silt ponds to capture a 1 in 100 year storm event plus 
adequate freeboard to ensure no offsite discharge; and 

(d) Ensure loss of groundwater and surface water to Tinda Creek is no greater 
than predicted in the EIS. 

Section 1.0 

Condition 13 of the development consent SSD_4978 requires the applicant to 
prepare and implement a Water Management Plan for the development 
addressing:   

• Surface Water Management Plan 

• Site Water Balance 

• Groundwater Monitoring Program 

• Surface and Groundwater Contingency Strategy. 

 
 
 

Section 2.0 

Section 3.0 

Section 4.0 

Section 5.0 

Condition 9 of Draft approval for Controlled Action 2013/7028 requires that in 
order to maintain the quantity and quality of water entering the Greater Blue 
Mountains Area, the approval holder must prepare a Water Management Plan in 
accordance with NSW approval condition 13. In addition to the requirements of 
NSW approval condition 13, this plan must include: 

a) demonstration of how the mitigation and management measures described in 
this plan will protect water resources of the Greater Blue Mountains World 

 
 
 
 
 

Sections 4, 5 
and 6 
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Requirement Section of 
Document 
Where 
Addressed 

Heritage Area likely to be impacted directly or indirectly by the action; 

b) monitoring to determine if there is or is likely to be any impact on 
groundwater beneath the Greater Blue Mountains Area. Justification for the 
number and placement of monitoring bores within the project site must be 
provided and must demonstrate the ability of the monitoring system to detect 
potential groundwater drawdown and/or baseflow impacts on the Greater 
Blue Mountains Area. If monitoring suggests that drawdown extends under 
the Greater Blue Mountains Area, monitoring of vegetation health within the 
Greater Blue Mountains Area must also be undertaken; 

c) specific mention of the Greater Blue Mountains Area in the Surface and 
Groundwater Contingency Strategy required in NSW condition 13 (f), including 
details of procedures that would be followed if any impact that is likely to be 
related to the action is detected on vegetation health or aquatic ecosystems 
within the Greater Blue Mountains Area. 

The Water Management Plan must be submitted to the Minister prior to 
commencement of the action in revised Domains 3 and 7 and Domains 1 and 2. 
The approved Water Management Plan must be implemented. 

 

Section 4.1 
 
 
 
 
 
 
 

Section 6 

10. To minimise impacts to water quantity and quality within the Greater Blue 
Mountains Area, the approval holder must comply with Operating Conditions 
provided by NSW approval condition 12. 

Whole WMP 

11. In addition to complying with the rehabilitation objectives for the final void in 
NSW approval condition 17, the approval holder must ensure that the final 
landform can achieve water quality within water discharging from the project 
site into the Greater Blue Mountains Area that is of equal or better quality 
than before the action commenced. 

Whole WMP 

Condition M2 of EPL 12007 – Monthly inspections of surface water management 
system 

Section 5 

Condition M3 of EPL 12007 – recording of pollution complaints Section 5 

Condition R4.2 of EPL 12007 – Other reporting conditions Section 5 
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2.0 Surface Water Management Plan 

2.1 Areas of Ecological Significance in Proximity to Quarrying 

The quarry site is located within Tinda Creek catchment and has been in operation for over 30 years.  As 
discussed in Section 2.2, drainage lines to the south-east and north of the existing quarry have been 
diverted around the quarry to ensure that flows from undisturbed areas drain to downstream sections of 
Tinda Creek and Blue Mountains World Heritage Area with negligible impact on surface flow volumes in the 
creek system.  The quarry is located near the top of Tinda Creek catchment.  The creek in this area has no 
base flows and only flows intermittently and for short durations in response to intense and prolonged 
rainfall events.  Aquatic baseline monitoring of Tinda Creek was undertaken in 2008 and again in 2015.  This 
monitoring indicated that quarrying had not adversely impacted on the condition of Tinda Creek with the 
condition of the creek in the vicinity of the quarry being consistent with that of the creek system in the 
surrounding area.  Details of the aquatic survey and condition assessment are provided in Appendix 2 of the 
Landscape Management Plan (Umwelt 2016). 

The quarry operations including pump lines and catch drains that collect and convey sediment laden runoff 
are all located within the closed water management system. The closed water management system has 
enabled the quarry to operate over the past 30 years with minimal impact on surface water quality, the 
flow regime or habitat values within the Tinda Creek drainage system. 

Groundwater at the site is associated with a very low yield shallow sandy clay alluvium and a deeper 
weathered sandstone aquifer as discussed in Section 2. The groundwater table is typically below the root 
depth of sedgelands that are located adjacent to existing and future quarry operations with surface runoff 
and moisture retention capacity of the upper layer of the shallow alluvium sustaining plant growth in these 
areas.  Previous monitoring of the site and surrounds has shown that quarry operations have a negligible 
impact on the surrounding sedgelands and riparian vegetation with the surrounding vegetation in buffer 
areas on the site and adjoining National Park and World Heritage estates generally being of good condition 
and health. 

In addition to proximity to Yengo National Park and Greater Blue Mountains Heritage Area, there are a 
number of other ecological attributes that have been taken into consideration in the development and 
implementation of the Water Management Plan for Tinda Creek Quarry.  

As shown on Figure 2.1, there is a significant number of threatened species Grevillea parviflora subsp. 
parviflora on-site and in close proximity to approved quarry operations. In addition a biodiversity offset 
area will be established to the east and north of the extent of quarrying as shown on Figure 1.3. 

A number of management controls have been identified to protect ecological values of the area.  These are 
detailed in the Landscape Management Plan (Umwelt 2016) and include: 

• establishment of buffers with a minimum width of 40 m between known Grevillea parviflora locations 
and disturbance areas for quarrying. No disturbance will occur within these buffer zones other than for 
the maintenance of weed and associated conservation activities 

• establishment of ‘No Go’ zones around the perimeter of approved quarry operations.  This will include 
the delineation of buffer areas and the biodiversity offset area 

• establishment of at least 120 m of buffer between quarry operations and the adjoining National Park 
and Greater Blue Mountains World Heritage Area.  
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2.2 Clean Water Diversions  

2.2.1 Diversion Drain Design Objectives  

The existing and proposed clean water diversions have and will be constructed to prevent upslope runoff 
from entering the quarry and to convey this runoff around the quarry at non-erosive velocities.  The 
locations of existing diversion drains are shown on Figure 2.2.  All existing diversion drains have been 
constructed to convey runoff from a 1 in 100 year Average Recurrence Interval rainfall event.  The diversion 
drains have also been constructed to be free draining to ensure minimal change in flows in the Tinda Creek 
system and to the downstream Greater Blue Mountains World Heritage Area.   

All diversion drains that will be constructed in the future will also be designed to convey runoff from a 1 in 
100 year Average Recurrence Interval rainfall event and be free draining to minimise impacts of flows in 
Tinda Creek. Diversion drains will be established with 3 Horizontal to 1 Vertical batters or shallower and will 
be vegetated with grass and riparian species to achieve a stable vegetative cover.  All diversion drains will 
be shaped and seeded with grass and riparian species within three months of commencement of 
construction of each of the sections of diversion drain.  Flow and sediment controls such as rock weirs and 
silt fences will be placed in the drains to assist in the establishment of a stable vegetative cover within the 
drain and to enable drains to convey upslope runoff from the time they are constructed. 

2.2.2 Existing Diversion Drains 

As shown on Figure 2.2, a series of clean water diversions have been constructed around the perimeter of 
the quarry area.  These include: 

• Southern Diversion 

• Southern Diversion Extension 

• Existing Diversion. 

These drains have been designed to convey runoff from a 1 in 100 year Average Recurrence Interval (ARI) 
18 hour storm event and typically have a trapezoidal cross-section with a base width of 2 to 3 m and 
3 Horizontal : 1 Vertical side batters.  The drains are typically 1 to 1.5 m deep.  

2.2.3 Diversion Drains to be constructed over the Life of the Quarry 

Over the life of the quarry the existing diversion drains will be extended and new drains will be constructed 
to ensure clean runoff is diverted around the quarry.  All diversion drains will be designed to convey runoff 
from a 1 in 100 year ARI 18 hour storm event.  Where sufficient grade allows diversion drains will be 
established by constructing embankments around the perimeter of the disturbance areas using material 
from the disturbance area.  Using this construction method the base of the diversion drain will remain 
vegetated with only the embankment requiring seeding and vegetating.  In areas where the topography of 
the landform is such that excavation is required to maintain a free draining channel, the channel will be 
constructed with a trapezoidal cross-sectional with 3H:1V batters.   

All new diversion drains will be constructed and established with a stable vegetative cover in advance of 
being required to divert clean runoff around the extraction area.  Once commissioned the diversion drains 
will remain in place to divert upslope runoff around the quarry site until the downslope quarry areas they 
are diverting runoff around are rehabilitated and have achieved a stable vegetative cover suitable to accept 
upslope runoff.  
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All areas disturbed by quarry apart from the diversion drains will drain to the dredge ponds that will be 
formed by quarrying.  These dredge ponds will have significant capacity to capture sediment laden runoff 
and will ensure that operations can be undertaken with nil discharge from the site over the life of the life of 
the quarry.   

The only area where dispersive soils have been observed is within a farm dam (see Figure 2.2) that is 
located on Lot 1 on the alignment of Tinda Creek approximately 100 m north of the north-western corner 
of Domain 6.  No dispersive material was identified in test pits, boreholes and other excavations within the 
approved disturbance footprint.   

If dispersive soils are encountered within the disturbance footprint they will be treated in-situ with gypsum 
or lime if possible.  If they need to be excavated, gypsum or lime will be added and the treated material will 
be stockpiled away from overland flow paths and drainage lines. Dispersive soils will not be used in the 
construction of roads or bunds.  

The Interim South Western Diversion as shown on Figure 2.2 will be constructed to divert clean runoff 
around quarrying in Domain 6.  As extraction progresses in Domain 6 and prior to quarrying in Domain 2, 
the South Western Diversion as shown on Figure 2.2 will be constructed to divert clean runoff around 
quarry operations in Domain 2.  The Interim South Western Diversion will then be removed as part of 
quarry operations in Domain 6.  All sediment control measures for Domain 6 will be constructed in advance 
of quarrying in Domain 6 with all potentially sediment laden runoff being conveyed to the Domain 6 dredge 
pond. The Domain 6 dredge pond will be connected to the existing dredge pond to facilitate sediment 
capture and water transfer between the ponds if required.  Sediment control structures for Domain 6 will 
be inspected on a monthly basis.  

Operations within Domain 6 will maintain a closed water management system as has been used on-site for 
many years.  As shown on Figure 2.2, water from Domain 7 and areas upslope will continue to be conveyed 
to Tinda Creek via the existing Southern Diversion which drains along the southern boundary of the existing 
extraction area.  Silt fence will be constructed around the downslope perimeter of Domain 6 extraction 
area to assist in controlling sediment laden runoff.  The disturbance area within Domain 6 will be shaped to 
drain any potential sediment laden runoff back to the dredge pond. 

With the continued operation of a closed water management system at the site, it is not envisaged that 
quarrying within Domain 6 will have any adverse impact on water quality within Tinda Creek or the 
downstream Greater Blue Mountains World Heritage Area. 

Prior to quarrying being undertaken in Domain 1, the South Western Diversion will be extended to convey 
clean runoff upslope of the south-eastern edge of Domain 1 as shown on Figure 2.2.  

Prior to quarrying in Domain 3, an additional clean water diversion drain will be constructed along the 
eastern boundary of Domain 4 and around the eastern, northern and western perimeters of Domain 3.  
Once this diversion drain is established, the existing diversion drain along the northern boundary of the 
existing extraction area will be removed to facilitate quarrying in Domain 3.  

Prior to quarrying in Domain 7, an additional clean water diversion will be constructed around the 
south-western perimeter of Domain 7 and will link up with the existing Southern Diversion Drain Extension 
as shown on Figure 2.2.   

2.3 External Sources of Sediment in the Catchment 

Due to the sandy and erodible nature of the catchment upslope of quarry operations, sand is transported 
from outside of the disturbance area into diversion drains during significant rainfall runoff events.  This 
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sand can build up in the channel and reduce the channel’s hydraulic conveyance capacity.  To ensure that 
adequate hydraulic conveyance capacity is maintained, all diversion channels will be inspected at least 
monthly and after significant storm events.  Any sediment build up that has potential to significantly reduce 
the hydraulic conveyance capacity of the diversion drain will be removed with the removed sediment being 
used as part of the final landform.  

Downstream of the quarry on Tinda Creek drainage line between the quarry and Putty Road, the former 
owner of Lot 1 constructed a dam or swimming hole.  Dispersive clays have been exposed through the 
construction of this dam and generate sediment laden runoff that discharges downstream during rainfall 
events.  This dam was not constructed by the quarry operator and forms no part of the quarry’s water 
management system.  The dam is located within the identified biodiversity offset area. Appropriate 
management methods for this dam such as incorporating gypsum or lime into the dispersive material or 
backfilling of the dam, will be explored in consultation with OEH and NPWS in regard to conservation and 
mitigation measures to be undertaken within the biodiversity offset area.  The outcomes of these 
discussions will be implemented to help improve downstream water quality.   

2.4 Closed Water Management System 

To minimise potential for water quality impacts on Tinda Creek and the downstream Greater Blue 
Mountains World Heritage Area, the current quarry operations are serviced by a series of sediment dams 
and internal bunds that contain potential sediment laden runoff within the closed water management 
system that includes dredge ponds to prevent runoff from disturbed areas draining off-site.   

Conceptual layout of the closed water management system is shown on Figure 2.3.  As can be seen from 
the schematic, sand, silt and clay is extracted using a cutter suction dredge located in the dredge pond, a 
slurry of sand, silt and clay is then pumped through a pipeline to the sand processing area.  The slurry is 
then passed through a cyclone that separates the sand from the silt and clay.  The sand is discharged from 
the cyclone to product stockpiles from where it is transported by truck to markets off-site.  Drainage from 
the sand stockpile area is directed to a sedimentation dam which overflows back to the dredge pond. 

The residual silt and clay is then conveyed via pipe to the silt pond adjacent from where it drains over a 
previous dredge pond that has subsequently been backfilled with silt and clay.  Runoff from this area is also 
directed to the dredge pond.   

The closed water management system including transfer pipes is fully contained within a bunded perimeter 
as shown on Figure 2.3. 

All dredge ponds have been excavated into the ground and as such cannot discharge unless they fill and 
overtop.  The dredge ponds have and will maintain sufficient surcharge capacity to contain the runoff from 
within the closed quarry water management system greater than would be generated from back to back 
(i.e. on consecutive days) 1 in 100 year Average Recurrence Interval rainfall events and hence have 
negligible capacity to discharge off site.  This surcharge capacity will increase over the life of the quarry. 

A series of silt fences has also been constructed downslope side of access roads that are located around the 
perimeter of the quarry’s closed water management system.  These collect sediment laden runoff and 
minimise potential for sediment transport offsite from the access roads.  These bunds and silt fences will 
continue to be regularly inspected as set out in Section 5.1 and maintained over the life of the quarry. 

All sediment laden runoff from disturbed areas within the perimeter of the quarry’s water management 
system and from the quarry’s sand processing operations is and will continue to be directed to existing silt 
ponds and dredge ponds and new ponds that will be established as part of ongoing quarry operations.  
These ponds act and will continue to act as substantial sedimentation basins that will provide sufficient 
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detention capacity to contain runoff from back to back 1 in 100 year Average Recurrence Interval storm 
events without discharging over the life of the quarry.   

As quarrying progresses, silt ponds and dredge ponds will continue to be expanded and partially infilled 
with virgin excavated neutral material (VENM) and excavated neutral material (ENM). All operations on the 
site will be interconnected until such time as the landform is reshaped and rehabilitated to a stable 
vegetated landform.  

As a result, the available capacity to contain sediment laden runoff will continue to expand over the life of 
the quarry and will be well in excess of runoff from a 1 in 100 year Average Recurrence Interval storm event 
at all times.  Provided that the closed water management system is maintained, quarry operations will 
continue to present negligible risk to water quality in the downstream Greater Blue Mountains World 
Heritage Area. 

A range of performance indicators, investigation triggers and corrective actions have been developed for 
the closed water management system and are set out in Sections 5.0 and 6.0. 

2.5 Water Storages 

Over the life of the quarry, approximately 7 million tonnes (Mt) of sand will be extracted and removed from 
the site with between 1.5 million and 4 million tonnes of VENM and ENM being replaced in the dredge 
ponds.  The dredge ponds will be partially backfilled with silt and clay from the sand extraction process.  

Silt and clay comprises approximately 30% to 40% of the material to be extracted and will be incorporated 
with the VENM and ENM that is back loaded to the site.   

At the same time, the final landform will be shaped similar to the conceptual final landform shown on 
Figure 1.3. This will result in a landform that has similar landform characteristics to the current site and that 
is in places several metres lower than the existing landform. As a result of extraction and backfilling over 
the 30 year life of the quarry, the volume of water that could potentially be stored on-site will 
approximately double with this increase in storage increasing progressively of the 30 year life of the quarry. 

The dredge ponds during the life of the quarry will contain sufficient water to meet ongoing processing and 
dust suppression needs for quarry operations and additional water for fire-fighting purposes as required.  A 
detailed water balance has been prepared for the site and is discussed further in Section 3.0. 

At completion of quarrying, the ponds will remain to provide an ongoing supply that will be readily 
accessible for fire-fighting needs as required.   

2.6 Sediment and Erosion Control Plans 

Detailed sediment and erosion control plans will be developed and implemented prior to commencement 
of operations within each domain and then reviewed and updated as required over the life of the quarry 
for all disturbance and rehabilitation areas.   
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3.0 Site Water Balance 

3.1 Sources and Security of Water Supply  

As shown on Figure 2.1, Tinda Creek quarry has been designed to convey clean runoff around the quarry 
with only runoff from within the perimeter of the quarry water management system draining to operations.  
The quarry does not capture or use runoff from outside of quarry operations and does not hold any surface 
water licences.  

Tinda Creek quarry holds groundwater licences that permit extraction of up to 55 ML/year of groundwater 
for use in quarry operations. Historically groundwater from the licensed groundwater production bores on-
site have only been used to top up dredge pond levels during prolonged dry periods such as occurred 
during the period 2004 to 2006.  This water is drawn from the deep regional aquifer and used to top up 
water in the shallow alluvium that is being extracted. 

During prolonged dry periods water depth in the dredge pond can be maintained at approximately 6 m 
using the 55 ML licensed groundwater allocation.  This is typically about the level that the dredge pond has 
been maintained over the life of the quarry with demonstrated negligible impact on the surrounding 
shallow groundwater aquifer and groundwater dependent ecosystems such as the sedgelands that adjoin 
the existing quarry to the south and north.  As a result, operations of the quarry are unlikely to have any 
significant impact on the surrounding shallow groundwater aquifer during these periods.   

Due to the relatively low permeability of the sandy clay that is being extracted at the site and the limited 
observed zone of influence of drawdown around the dredge pond, dredge ponds depths of less than 6 m 
are unlikely to have a significant impact on the surrounding shallow aquifer. 

Rainfall records for the quarry have been recorded consistently since 2007. Monthly rainfall recorded at the 
quarry for the period 2007 to 2015 is provided in Table 3.1.   

Table 3.1 Rainfall 2007 – 2015 (mm) 

Month 2007 2008 2009 2010 2011 2012 2013 2014 2015 

January 50.5 95.5 29 48.5 66.5 133 138 8 163 

February 152 146.5 137.5 119.5 47 179 202 64 46.5 

March 80.5 43 30 85.5 97 145 103 135.2 96.5 

April 61.5 81.5 117 26 60 64 63.5 60.5 285.5 

May 29 10.5 56.5 59.5 96 - 31 0 56.5 

June 210 94 39.5 43 85.5 29 85.5 29 20.5 

July 13 24.5 17.5 38.5 25.5 27 18.5 13 34 

August 107 40.5 4 13.5 90 4 11 74.5 26.5 

September 18.5 58.5 21 18 69 27.5 31.5 29  

October 22 93.5 85.5 85 65.5 17.5 26.5 48  
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Month 2007 2008 2009 2010 2011 2012 2013 2014 2015 

November 157.5 75 31.5 127.5 159 70.5 106.5 16.5  

December 76 71 103.5 120.5 72.5 18.5 27 150  

TOTALS 977.5 834 672.5 785 925 >715* 843 627.7  

*Monitoring results for May 2012 were misplaced during move to weighbridge office facilities. 

As can be seen from Table 3.1, monthly rainfall for the period of record ranged from 4 mm in August 2009 
and August 2012 to 285 mm in April 2015.  

To provide longer term rainfall data, rainfall records from the following meteorological stations have been 
used: 

• Putty Tea Rooms  –  1964 to 1974 inclusive 

• Putty Valley Road  – 1986 to 1992 and 2002 to 2006 inclusive 

• Tinda Creek Quarry  – 2007 to 2015 inclusive. 

Average annual rainfall for the available period of record (1964 to 2014) is 772 mm/year. Highest rainfall 
recorded for the period was 1178 mm in 1964 and lowest was 426 mm in 1966.  

3.2 Water Use and Management 

3.2.1 Existing Operations 

To ensure adequate water resources are available to the operation and adequate water management 
measures are in place, a water balance model has been developed for the site using the 30 years of 
composite rainfall record for the Putty area discussed in Section 3.1.   

As discussed further in Section 4.2, groundwater inflow to the dredge pond is negligible and estimated to 
be less than approximately 0.75 m3/day or less than approximately 300 kL/year.  As a result groundwater 
inflow is a negligible component of the water balance for the site and has not been considered further.   

Water balance model was initially developed for current operations using the following operating 
parameters: 

• Existing water management system catchment – 20 ha 

• Starting dredge pond volume  – 200 ML 

• Void depth – 15 m 

• Dredge pond operating water depth – ~ 6 m 

• Dredge pond side batters  – 2H:1V 

• Starting dredge pond water surface area – 4.3 ha 

• Current annual production – 125,000 tpa 
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• Evaporation from pond surface – 1050 mm/yr 

• Moisture in product – 4.5% 

• Haul road dust suppression – 10 ML/yr. 

Using these starting parameters, recorded annual rainfall for the periods available between 1964 and 2014 
was used to derive a water balance for the existing operation.  Modelled average annual runoff ranged 
from 20% of rainfall in dry years (400 mm/year) to 60% during wet years (900 mm/year).  The water 
balance for the existing operation is provided in Table 3.2. 

Table 3.2 Water Balance for Existing Operations 

Year Annual 
Rainfall 
(mm) 

Annual 
Runoff 
(ML) 

Evapor-
ation 
(ML) 

Dust 
Suppress

-ion 
Usage 
(ML) 

Water 
Lost in 

Product 
(ML) 

Annual 
Water 
Make 
(ML) 

Void 
Volume 

(ML) 

Pond 
Depth 

(m) 

Pond 
Depth 
with 

55 ML 
GW (m) 

1964 1178.3 193.9 45.2 10 5.6 133.1 333.1 8.1 9.2 

1965 796.2 82.3 46.8 10 5.6 19.9 352.9 8.5 9.7 

1966 426.5 18.9 47.6 10 5.6 -44.3 308.6 7.5 8.7 

1967 551.2 35.4 45.9 10 5.6 -26.2 282.4 7.0 8.2 

1968 722.9 66.3 45.0 10 5.6 5.7 288.1 7.1 8.3 

1969 702.5 62.1 45.2 10 5.6 1.3 289.4 7.1 8.3 

1970 940.1 118.8 45.2 10 5.6 58.0 347.4 8.4 9.5 

1971 615.4 45.8 47.4 10 5.6 -17.2 330.2 8.0 9.2 

1972 730.9 67.9 46.7 10 5.6 5.6 335.8 8.1 9.3 

1973 832.7 91.0 46.9 10 5.6 28.4 364.2 8.7 9.9 

1974 965.9 126.1 48.0 10 5.6 62.5 426.6 10.1 11.2 

1986 701.4 61.9 50.3 10 5.6 -4.1 195.9 5.0 6.3 

1987 648.6 51.7 41.7 10 5.6 -5.6 190.3 4.9 6.1 

1988 768.9 76.1 41.5 10 5.6 19.0 209.3 5.3 6.6 

1989 1104.4 168.6 42.2 10 5.6 110.8 320.1 7.8 9.0 

1990 872.8 100.9 46.4 10 5.6 39.0 359.0 8.6 9.8 

1991 1039.2 147.8 47.8 10 5.6 84.4 443.4 10.4 11.6 

1992 543.2 34.2 50.9 10 5.6 -32.4 411.0 9.7 10.9 

2002 762.1 74.6 49.7 10 5.6 9.3 209.3 5.3 6.6 
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Year Annual 
Rainfall 
(mm) 

Annual 
Runoff 
(ML) 

Evapor-
ation 
(ML) 

Dust 
Suppress

-ion 
Usage 
(ML) 

Water 
Lost in 

Product 
(ML) 

Annual 
Water 
Make 
(ML) 

Void 
Volume 

(ML) 

Pond 
Depth 

(m) 

Pond 
Depth 
with 

55 ML 
GW (m) 

2003 643.1 50.7 42.2 10 5.6 -7.1 202.1 5.2 6.4 

2004 514.7 30.0 42.0 10 5.6 -27.6 174.6 4.5 5.8 

2005 673.3 56.4 40.9 10 5.6 -0.2 174.4 4.5 5.8 

2006 667 55.2 40.9 10 5.6 -1.4 173.0 4.5 5.7 

2007 977.5 129.4 40.9 10 5.6 72.9 245.9 6.2 7.4 

2008 834 91.3 43.6 10 5.6 32.0 277.9 6.9 8.1 

2009 672.5 56.2 44.8 10 5.6 -4.2 273.7 6.8 8.0 

2010 785 79.8 44.6 10 5.6 19.5 293.2 7.2 8.4 

2011 933.5 117.0 45.4 10 5.6 56.0 349.3 8.4 9.6 

2012 715 64.6 47.4 10 5.6 1.6 350.8 8.4 9.6 

2013 844 93.7 47.5 10 5.6 30.6 381.4 9.1 10.3 

2014 627.7 48.0 48.6 10 5.6 -16.3 365.1 8.8 9.9 

 

As can be seen from Table 3.2, water balance modelling indicates that water levels in the dredge pond over 
the period of rainfall record would range from 4.5 m (i.e. 1.5 m below typical operation depth) to 10.4 m.  
There are several prolonged dry or below average rainfall periods with the period between 2002 and 2006 
being the driest. 

The sandy clay material that is being dredged has low permeability. This is demonstrated by the lack of 
seepage that is apparent in the walls of the dredge pond even during wet periods.  It is also demonstrated 
by the fact the walls of the dredge show no signs of slumping and readily sustain a batter well in excess of 
the angle of repose of the sandy clay material that is in the walls of the dredge pond.  

As discussed further in Section 4.1.1, surrounding production bores indicate that the regional groundwater 
level is in excess of 18 m below ground level at and surrounding the quarry site.  As a result there is 
negligible potential for fluctuations in regional groundwater to have a significant influence on water levels 
in the dredge pond which has a maximum depth of 15 m. 

Groundwater monitoring surrounding the quarry indicates that a shallow groundwater aquifer of low yield 
exists in the upper section of sandy clay layer that is being extracted.  Paired groundwater bores around the 
perimeter of the existing dredge demonstrate that the zone of influence of the dredge pond is small 
(typically 50 m and less than 100 m) again demonstrating the low permeability of the sandy clay layer. 

Based on the above, it is considered that, due to the low permeability of the shallow aquifer that is being 
quarried and the lack of seepage observed in the walls of the dredge pond, in comparison to surface runoff, 
groundwater inflow into the dredge pond is negligible with water from the dredge pond more likely to seep 
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into the underlying regional aquifer even during prolonged dry periods than to make a significant or 
measurable contribution to water volumes within the dredge pond.   

From a water balance perspective, groundwater inflow to and seepage from the void would have negligible 
impact on water levels in the void unless it is groundwater pumped in from the licensed groundwater bores 
that extend through the sandy clay layer into the deeper regional groundwater aquifer.    

3.2.2 Operations with Quarry Extension 

Development consent has been granted to extend quarry operations to include operations in Domains 1 to 
7 (see Figure 1.2) and to increase maximum production from 125,000 tpa to 300,000 tpa.  In addition, the 
catchment of the closed water management system operated by the quarry will increase from 
approximately 20 ha to approximately 40 ha.  As part of the extension of the quarry, the haul road has been 
recently sealed (November 2015) reducing water demand for dust suppression by approximately 
10 ML/year.   

To provide a basis for future water management at the quarry, the water balance developed for the 
existing quarry has been updated to take into account approved changes in operational parameters at the 
quarry and reduced dust suppression demands.  

The revised water balance has been modified to take into account operations at maximum development 
over the life of the quarry.  Water balance parameters at maximum development are as follows: 

• Water management system catchment – 40 ha 

• Starting dredge pond volume  – 400 ML 

• Void depth – 15 m 

• Dredge pond operating water depth – ~ 6 m 

• Dredge pond side batters  – 2H:1V 

• Starting dredge pond water surface area – 9.8 ha 

• Annual production – 300,000 tpa 

• Evaporation from pond surface – 1050 mm/yr 

• Moisture in product – 4.5% 

• Haul road dust suppression – 0 ML/yr. 

The predicted water balance for the expanded operations using rainfall for the period 1964 to 1992 and 
2002 to 2014 is provided in Table 3.3.   
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Table 3.3 Water Balance for Expanded Operations 

Year Annual 
Rainfall 
(mm) 

Annual 
Runoff 
(ML) 

Evapor-
ation 
(ML) 

Dust 
Suppress

-ion 
Usage 
(ML) 

Water 
Lost in 

Product 
(ML) 

Annual 
Water 
Make 
(ML) 

Void 
Volume 

(ML) 

Pond 
Depth 

(m) 

Pond 
Depth 
with 

55 ML 
GW (m) 

1964 1178.3 387.7 115.5 0 13.5 258.7 758.7 8.91 9.50 

1965 796.2 164.6 94.6 0 13.5 56.6 815.3 9.52 10.11 

1966 426.5 37.7 96.0 0 13.5 -71.8 743.5 8.74 9.34 

1967 551.2 70.8 94.2 0 13.5 -36.9 706.6 8.34 8.94 

1968 722.9 132.5 93.2 0 13.5 25.8 732.5 8.62 9.22 

1969 702.5 124.2 93.9 0 13.5 16.8 749.3 8.80 9.40 

1970 940.1 237.7 94.3 0 13.5 129.9 879.2 10.21 10.80 

1971 615.4 91.7 97.7 0 13.5 -19.5 859.6 10.00 10.59 

1972 730.9 135.9 97.2 0 13.5 25.2 884.8 10.27 10.86 

1973 832.7 181.9 97.8 0 13.5 70.6 955.4 11.03 11.61 

1974 965.9 252.2 99.7 0 13.5 139.0 1094.4 12.51 13.09 

1986 701.4 123.8 103.3 0 13.5 6.9 506.9 6.13 6.74 

1987 648.6 103.5 88.0 0 13.5 2.0 509.0 6.15 6.77 

1988 768.9 152.3 88.0 0 13.5 50.7 559.7 6.72 7.33 

1989 1104.4 337.3 89.4 0 13.5 234.4 794.1 9.29 9.89 

1990 872.8 201.9 95.5 0 13.5 92.9 887.0 10.29 10.88 

1991 1039.2 295.7 97.9 0 13.5 184.3 1071.3 12.26 12.84 

1992 543.2 68.3 102.7 0 13.5 -47.9 1023.5 11.75 12.34 

2002 762.1 149.3 101.5 0 13.5 34.3 534.3 6.44 7.05 

2003 643.1 101.5 88.7 0 13.5 -0.7 533.6 6.43 7.04 

2004 514.7 60.1 88.7 0 13.5 -42.1 491.5 5.96 6.57 

2005 673.3 112.7 87.6 0 13.5 11.7 503.2 6.09 6.70 

2006 667 110.3 87.9 0 13.5 9.0 512.1 6.19 6.80 

2007 977.5 258.8 88.1 0 13.5 157.2 669.4 7.93 8.53 

2008 834 182.5 92.2 0 13.5 76.8 746.2 8.77 9.37 
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Year Annual 
Rainfall 
(mm) 

Annual 
Runoff 
(ML) 

Evapor-
ation 
(ML) 

Dust 
Suppress

-ion 
Usage 
(ML) 

Water 
Lost in 

Product 
(ML) 

Annual 
Water 
Make 
(ML) 

Void 
Volume 

(ML) 

Pond 
Depth 

(m) 

Pond 
Depth 
with 

55 ML 
GW (m) 

2009 672.5 112.4 94.2 0 13.5 4.7 750.9 8.82 9.42 

2010 785 159.5 94.3 0 13.5 51.7 802.6 9.38 9.98 

2011 933.5 234.0 95.7 0 13.5 124.9 927.4 10.73 11.32 

2012 715 129.3 99.0 0 13.5 16.8 944.2 10.91 11.50 

2013 844 187.4 99.4 0 13.5 74.5 1018.8 11.70 12.29 

2014 627.7 96.0 101.3 0 13.5 -18.9 999.90 11.50 12.09 

 

As can be seen from Table 3.3, predictive water balance modelling for expanded operations with the haul 
road sealed indicates that without using the existing groundwater allocation of 55 ML/year, dredge pond 
water depths can be maintained at approximately 6 m and above during prolonged dry periods.  This depth 
is sufficient for dredging and unlikely to adversely impact on water levels in the surrounding shallow 
aquifer.  As set out in Table 3.3, dredge pond depths are predicted to be greater than 6 m for 29 out of the 
30 years of rainfall that was modelled with the minimum predicted dredge pond depth without make up 
water from the underlying regional aquifer being 5.96 m in 2004. 

Over the life of the quarry, the scale and extent of operations and associated water balance will vary 
between those of the existing operation and that modelled for the maximum development of the extended 
quarry.  

On this basis it is considered that the expanded quarry can functionally operate with its existing 
groundwater allocation without adversely impacting on the surrounding shallow aquifer and groundwater 
dependent ecosystems.   

With the diversion of clean water around the quarry as discussed in Section 2.2, it is considered that 
extended quarry operations can be managed in a way that has negligible impact on surface water or 
groundwater resources in the surrounding area including Greater Blue Mountains World Heritage Area and 
adjoining National Parks. 

3.3 Water Use and Measures to Minimise Clean Water Use On-site 

In the past Hy-Tec has used groundwater from a production bore for dust suppression and occasionally as 
make up water for dredging operations.  In June 2104 Hy-Tec installed a meter on the production bore.  
This meter is now read monthly to record water usage.  

As at 15 September 2015 approximately 3464 m3 of water had been pumped from the bore since June 
2014.  This equates to at an average rate of 3000 m3/year or 3 ML/year.  

Hy-Tec has recently started using water from the dredge pond for dust suppression, reducing the amount 
of clean water used on-site by approximately 3 ML/year.  In addition, in November 2015 Hy-Tec sealed the 
haul road reducing the demand for water for dust suppression by approximately 10 ML per year. 
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Where possible, Hy-Tec will continue to use water from the dredge pond for all water needs on-site other 
than for potable use in the workshop and offices.  Water from production bores may still be occasionally 
used for dust suppression however with sealing of the haul road this will only occur very occasionally and 
only when water cannot be accessed from the dredge pond system.  
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4.0 Groundwater Monitoring  

4.1 Groundwater Bore Locations 

4.1.1 Regional Groundwater Bores 

As shown on Plate 1 (which is extracted from the NSW Natural Resources Atlas) and on Figure 4.1, there 
are seven registered groundwater bores in proximity of Tinda Creek quarry.  Bores at Locations 1 to 4 
(GW 110882, GW 110881, GW 110879 and GW 110880 respectively) on Plate 1 are registered as quarry 
production bores.  The bore at Location 5 (GW 071916) is located off Slip Rails Trail approximately 2.7 km 
from the western extent of the proposed quarry.  Bores at Locations 6 (GW 104020) and 7 (GW 111885) are 
located approximately 1.5 km west of the proposed quarry extension. 

Table 4.1 Groundwater Bore Details 

Bore Number Plate 1 Label Final Depth Standing Water 
Level (metres 
Below Ground)  

Yield (L/s) 

GW 110882 1 40 N/A N/A 

GW 110881 2 10 N/A N/A 

GW 110879 3 90 18 4 

GW 110880 4 120 N/A 3.5 

GW 071916 5 114.50 m 21 1 

GW 104020 6 61 N/A N/A 

GW 111885 7 72 28 2.5 

 

From the available groundwater bore information set out in Table 4.1 which was obtained at the time of 
drilling the bores, the regional groundwater level is typically between 18 and 28 m below the ground 
surface.  Groundwater bores GW 110882, GW 110881, GW 110879 and GW 110880 which are shown as 
Locations 1 to 4 respectively on Plate 1 are all located on the quarry site. Bores at Locations 1, 3 and 4 all 
intersect the underlying regional aquifer with depths ranging from 40 m to 120 m.  Of the bores on the 
quarry site, only bores 3 and 4 at depths of 90 m and 120 m respectively had reasonable groundwater 
yields (GW 110879 [4 L/s] and GW 110880 [3.5 L/s]).  Bore 2 was sunk to a depth of 10 m into the shallow 
aquifer and had no reported groundwater yield. This is consistent with the observed low permeability of 
the shallow aquifer.  

Groundwater bore GW 111885 (Location 7) which is approximately 1.5 km west of the proposed quarry has 
a reported standing groundwater level of 28 m below ground level and a yield of 2.5 L/s. No groundwater 
level or yield information was available for groundwater bore GW 104020 (Location 6) indicating that it is 
possibly dry.  Groundwater bore GW 071916 (Location 5) is approximately 2.7 km west of the proposed 
quarry, has a reported standing groundwater level 21 m below ground level and a low yield of 1 L/s.  
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Plate 1 

Regional Bore Monitoring Locations 

 

Groundwater bores GW 071916, GW 104020 and GW 111885 which are shown as Locations 5, 6 and 7 
respectively on Plate 1 are in a different catchment to the quarry operations on Tinda Creek and upstream 
of the confluence of Rising Fast Gully (which drains the valley the bores are located in) with Tinda Creek.  
These bores are all drilled into the underlying deeper sandstone within which the regional aquifer exists 
and are physically separated from the shallow alluvium that is quarried at Tinda Creek Quarry by an 
intervening sandstone ridge.  

Apart from groundwater pumped from the licensed production bores on the quarry site, ongoing quarry 
operations which have a maximum depth of 15 m and are located above the observed regional 
groundwater levels, have low potential to impact on groundwater levels in the regional aquifer. Water 
pumped from the regional aquifer from production bores on the quarry site is a direct net input to the 
shallow aquifer within which quarrying is being undertaken. 

4.1.2 Quarry Monitoring Bores – Shallow Aquifer 

As shown on Figure 4.1, groundwater monitoring of the shallow aquifer has been undertaken at 
11 locations surrounding existing operations.  The groundwater monitoring network will be extended as 
shown on Figure 4.1 to include eight new monitoring locations (TP 44, TP 45, TP 46, TP 47, TP 48, TP 49, 
TP 50 and TP51) that will be located between the western boundary of Domain 1 and Putty Road and at the 
northern boundary of Revised Domain 3.  These bores will be located at the western and northern edges of 
the extraction area and will be between quarry operations and Greater Blue Mountains World Heritage 
Area and will be drilled to a depth that will be below the dredge pond (approximately 16 to 20 m).  The 
monitoring bores will be located within the shallow alluvium that is being quarried and will provide an early 
indication of any potential for groundwater level and quality impacts on the downstream Greater Blue 
Mountains World Heritage Area. 
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4.1.3 Monitoring of Groundwater Levels in World Heritage Area and adjoining 
Private Land 

As shown on Figures 4.2 to 4.4 which are reproduced form Appendix 4 of the EIS (Umwelt, June 2014), 
groundwater modelling for the quarry indicates that the quarry development has the potential to lower 
groundwater levels at the boundaries of the adjoining World Heritage Area to the west and east of the 
quarry by up to approximately 1 m with this impact being localised and confined to a small section of the 
adjoining World Heritage Area. 

To monitor potential impacts on groundwater levels in the shallow aquifer in the World Heritage Area it is 
proposed to use the on-site groundwater monitoring system for the quarry. It is not proposed to construct 
groundwater monitoring bores in the World Heritage Area as this is considered an unnecessary disturbance 
to, and impact on, the World Heritage Area. 

As shown on Figure 4.1, the closest groundwater bores to the World Heritage Area down gradient of the 
quarry are located in excess of 1 km west of the limit of proposed quarrying.  These bores (GW 111885, 
GW 104020 and GW 071916) are located in the valley of a tributary of Tinda Creek which is separated 
physically and hydro-geologically from the approved quarry extension by an intervening sandstone ridge 
and therefore have no direct connection with groundwater levels within the shallow aquifer that is being 
quarried.  

As shown in Table 4.1, recorded standing water levels in these bores are in excess of 20 m below the 
surface and unlikely to provide any reliable indication of potential impacts of quarrying activities on the 
World Heritage Area. As a result it is not proposed to undertake monitoring at the privately-owned bores.   

As discussed in Section 4.1.2, it is proposed to construct five new monitoring bores at the western side of 
Domain 1.  Four of these bores (TP 44, TP 45, TP 46 and TP 47) will be established in pairs at locations 
approximately 25 m and 50 m outward from the limit of extraction area as shown on Figure 4.1.  These 
paired bores will enable the relationship between groundwater levels in these bores at the western edge of 
the quarry to be monitored and recorded over the life of the quarry.  An additional bore (TP 51), will be 
established on the western side of a drainage line that is located to the west of Domain 1.  

Three new groundwater bores (TP 48, TP 49 and TP 50) will be established at the northern edge of Revised 
Domain 3 to monitor groundwater levels when monitored bores TP 20 and TP 21 are removed as part of 
operations within Revised Domain 3.  Monitoring will also be undertaken at TP 12 and TP 23 that are 
located to the east of Revised Domain 7. 

Monitoring at the bores will enable any drawdown effects that may have the potential to impact on the 
shallow aquifer within the World Heritage Area to be analysed and contingency measures put in place if 
impacts beyond those predicted in the EIS appear possible.  This is discussed further in Section 4.3.  

Potential contingency measures that could be implemented if the potential for adverse impacts is identified 
are discussed further in Section 6.0.   

As discussed in Section 4.2, observed groundwater levels in monitoring bores TP23, TP 44, TP 45, TP 46, 
TP 47, TP 50 and TP 51 will be used as an indicator of potential for impact on groundwater levels at the 
privately-owned bores to the west of the project site.   

4.2 Groundwater Level Monitoring 

Groundwater level is monitored monthly and quality monitoring is undertaken six monthly with results 
provided and analysed as part of Annual Reporting for the quarry.  A summary of maximum, average and 
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minimum groundwater levels (metres Australian Height Datum (mAHD)) and depths (metres Below Ground 
Level (mBGL)) at the existing 11 monitoring locations for the period 2010 to 2014 are set out in Tables 4.2 
and 4.3 respectively. 

Table 4.2 Maximum, Minimum and Average Groundwater Elevations at Monitoring Bores (mAHD) 
(2010-2014) 

Bore Location Final Depth (m) Max (mAHD) Average 
(mAHD) 

Min (mAHD) 

TP22 12.0 327.85 326.46 323.72 

TP06 18.0 329.25 327.27 324.48 

TP12 15.0 330.87 328.64 325.29 

TP23 15.0 330.57 328.38 324.99 

TP14 20.0 331.57 329.42 326.25 

TP08 18.0 329.59 327.79 325.62 

TP05 15.0 333.61 328.12 327.06 

TP18*  18.0 320.81 319.66 317.64 

TP19 12.0 320.68 319.03 316.53 

TP20 12.0 324.17 321.66 319.70 

TP21 12.0 324.80 322.35 320.16 

*TP18 bore collar height above ground has not been established. An average bore collar height of 0.62 m has 
been used 
 

Table 4.3 Maximum, Minimum and Average Groundwater Depths at Monitoring Bores (mBGL) (2010-
2014) 

Bore Location Ground Level 
(mAHD) 

Max (mBGL) Average 
(mBGL) 

Min (mBGL) 

TP22 328.57 4.85 2.24 0.72 

TP06 330.53 6.33 3.40 1.28 

TP12 332.03 6.73 3.40 1.16 

TP23 331.61 6.63 3.22 1.04 

TP14 335.06 8.81 5.61 3.49 

TP08 332.07 6.45 4.37 2.48 

TP05 334.61 7.55 6.55 1.00 
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Bore Location Ground Level 
(mAHD) 

Max (mBGL) Average 
(mBGL) 

Min (mBGL) 

TP18*  320.93 3.62 1.28 0.12 

TP19 320.97 4.43 1.86 0.29 

TP20 325.65 5.95 3.85 1.39 

TP21 326.38 6.22 3.81 1.46 

 

Recorded changes in groundwater levels at the 11 monitoring sites for the period 2010 to 2014 are shown 
graphically on Figure 4.5.  It is proposed to continue to monitor groundwater levels using the quarry’s 
existing and proposed extensions to the groundwater bore network (TP 44 to TP 51) as shown on 
Figure 4.1.  The network of bores shown on Figure 4.1 has been selected to provide groundwater level and 
quality information across the site with a focus on areas where proposed dredging operations are 
proximate to the surrounding World Heritage and National Park estates.  This includes existing monitoring 
bores to the east of Revised Domain 7 (TP 12, TP 14 and TP 23), three proposed new bores to the north of 
Revised Domain 3 (TP 48, TP 49 and TP 50) and five proposed new bores to the west of Domain 1 (paired 
bores TP 44/TP 45 and TP 46/TP47) and an additional bore (TP 51) on the western side of the drainage line 
that runs approximately parallel to Putty Road and is located to the west of Domain 1.  TP 51, as it will be 
located on the western side of the drainage line, will assist in differentiating between natural and project 
induced drawdown. It is noted that monitoring bores TP 18 and TP 19 are within Domain 6 and monitoring 
bores TP 20 and TP 21 are within revised Domain 3 and that these bores will be removed during quarrying 
in these areas.  

The monitoring network will be augmented to include new bores that are to be constructed at the western 
and northern perimeters of the quarry.  All new bores will be installed by end of August 2016 and will 
provide at least two years of monitoring data before dredging commences in Domain 1 or Domain 3.  

Once the bores are established, Tables 4.2 and 4.3 will be updated to include depth of bore, ground level 
and recorded groundwater level details.  Groundwater level information will be collected monthly from the 
time the bores are established and treated as baseline or pre-dredging levels until dredging gets to within 
500 m of the respective monitoring bores.  Groundwater level details in Tables 4.2 and 4.3 for each of the 
relevant monitoring bores will be updated annually until dredging is within 500 m of the bores to establish 
baseline conditions at each of the sites. 

The groundwater levels in the monitoring bores will be used as an indicator for potential impacts from 
quarry operations on surrounding aquifers.  This includes analysing for the potential to impact on 
groundwater levels within the Greater Blue Mountains World Heritage Area. It will also include analysis of 
the potential for impact on the three licensed groundwater bores (GW 071916, GW 104020 and 
GW 111885) as shown Figure 4.1 which are in excess of 1 km west of the western limit of the approved 
quarry extension.   

To demonstrate how the analysis will be undertaken, the relationship between recorded groundwater 
levels at existing monitoring bores to the east of the existing dredge pond (TP 22, TP 06, TP 08, TP 12, TP 14 
and TP 23 as shown on Figure 4.1) and proximity to the dredge pond has been analysed and is shown on 
Plate 2.  As shown on Plate 2, there is a close relationship between measured groundwater levels and 
predicted groundwater levels using the proposed analysis methods.   

Predicted or modelled groundwater levels can be derived using Darcy’s Law which is provided below as Equation 1: 
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Q =  π*K*(H2
2 – H1

2)/(ln(r2/r1)) where:  (Equation 1) 

Q = groundwater inflow (m3/s) 

π = 3.1417 

K is hydraulic conductivity of the upper aquifer (K= 0.5 * e-8 m/s in groundwater model) 

H2 is groundwater elevation at distance r1
 from the dredge pond 

H2 is groundwater elevation at distance r2
 from the dredge pond 

Equation 1 can be re-arranged to enable groundwater level at a distance from the dredge pond to be 
determined as shown in Equation 2: 

 H2 = Square Root (H1
2-(Q*ln(r1/r2)/( π*K))   (Equation 2) 

These equations can be solved provided groundwater level information is known at three or more 
monitoring points as shown in Plate 2. 

 

Plate 2 

Modelled versus Actual Groundwater Levels 

Hydraulic conductivity of the shallow sandy clay alluvium used in the groundwater model developed for the 
project (Umwelt 2014) was 5*E-8 m/s.  It should be noted when reviewing Plate 2 that the elevation of the 
landform between TP 23 and TP 22 drops by approximately 3.04 m (i.e. from 331.61 mAHD to 
328.57 mAHD) with the recorded groundwater level dropping by approximately 3.48 m over the same 
distance indicating that observed drawdown at monitoring bore TP 22 from quarry operations is less than 
1 m.  
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Model predictions were checked against monitoring results for a dry period (December 2014) when 
evapotranspiration is high and only 505 mm of rainfall had been received in the previous 12 months and for 
a wet period (August 2015) when evapotranspiration is low and 946 mm had been received in the previous 
12 months.  As set out in Table 3.2, 1966 was drier when only 426.5 mm was recorded for the year.  The 
wettest year on record was 1964 when 1178.5 mm was recorded.  No groundwater level information is 
available for these periods to provide likely upper and lower bounds for groundwater levels to the east of 
the quarry.   

As can be seen from Plate 2, predicted groundwater levels using Equation 2 and an hydraulic conductivity 
of 5*E-8 m/s, match closely to recorded groundwater levels measured close to the dredge pond to a 
distance in excess of approximately 550 m from the dredge pond and beyond.   

As also on Plate 2, drawdown due to the proximity to the dredge pond (i.e. the steeper section of the 
groundwater gradient) is confined to approximately 100 m from the dredge pond. 

Monitoring bores TP 12, TP 14 and TP 23 are located outside the approved extraction area and will remain 
in place for the life of the operation.  

The World Heritage Area is within 550 m of the limits of the extraction area. As shown on Plate 2, 
groundwater levels within the World Heritage Area that are within a kilometre or more of the dredge pond 
will be able to be predicted using measured groundwater levels at the paired monitoring bores that will be 
located adjacent to the dredge pond. 

At present groundwater levels are monitored by manual dipping. It is planned that in 2016 all new 
monitoring bores will be established and all monitoring bores will be fitted with continuous water level 
monitors with water level data downloaded automatically on a monthly basis. This monitoring will continue 
for the life of the operation.  

Groundwater level monitoring results will be reviewed monthly once they are collected and will be 
reported annually unless trigger levels set out in Section 5.0 are exceeded.  If trigger levels are exceeded 
relevant authorities will be notified and the reason for the exceedance determined and reported.  
Appropriate mitigation or contingency measures will be implemented. 

A peer review of the proposed groundwater level monitoring methodology using Equation 1 was 
undertaken by an independent principal hydrologist.  A copy of this peer review is provided in Appendix 1. 
The peer review concluded: 

• The inflow and groundwater drawdown predictions use reasonable assumptions to address the impact 
on groundwater system. 

• Current monitoring network with the addition of proposed new monitoring bores will provide good 
spatial coverage to address any impact on groundwater from site activities. 

• Proposed groundwater quality sampling regime and frequency is adequate to provide early warning of 
any changes to the groundwater system.  

• The network of monitoring bores (current and proposed) provides good spatial coverage to allow early 
detection of any potential impact on groundwater outside of the project area and enables calculation 
of inflow into the current and proposed extraction areas. 
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4.3 Dredge Pond Inflows 

Past observations have indicated that the volume of groundwater inflow to the pits is negligible as 
evidenced by the lack of visible seepage in the walls of the dredge pond. As discussed in Section 4.2, 
analysis of groundwater level monitoring data at a range of distances from the dredge pond allows inflow 
to the dredge pond to be estimated.  This analysis indicates that groundwater inflow is less than 
300 kL/year.  This is consistent with the fact that no yield was recorded when groundwater bore GW 
110881 was sunk to a depth of 10 m within the quarry site as discussed in Table 4.1.  As discussed, the 
dredge pond is above the regional groundwater level which is approximately 18 m plus below the ground 
surface at the dredge pond location.  

To assist in providing estimates of the rate of inflow into the dredge pond over the life of the quarry, 
several series of paired groundwater level bores have been established around the perimeter of the pit as 
shown on Figure 4.1 (i.e. TP 6 and TP 22, TP 20 and TP 21, TP18 and TP 19). These bores and additional 
bores at the western and northern boundaries of the approved extraction area that will be established as 
quarrying progresses, will be used to help estimate inflow to the dredge pond and potential impact on 
groundwater levels in the surrounding area.   

Dredge pond levels will be recorded on a monthly basis along with estimates of the perimeter length and 
area of the dredge pond.  These will be reviewed monthly at the time of collection and reported annually 
unless trigger levels set out in Section 5.0 are exceeded.  

As shown on Plates 2 and 3, the relationship between dredge pond water level and water level in adjoining 
monitoring bores can be used to determine dredge pond inflow rates and groundwater drawdown off-site.  
Plate 3 shows how Darcy’s Law (Equation 1) and recorded groundwater levels in monitoring bores TP 21 
and TP 20 in conjunction with the water level in the dredge pond can be used to determine the 
groundwater profile between the dredge pond and the monitoring bores.  TP 21 and TP 20 that are located 
approximately 45 m and 80 m respectively from the existing dredge pond. As shown on Plate 2, the derived 
relationship can then be used to estimate and monitor potential changes in groundwater levels at distance 
from the dredge pond. This enables potential impacts on the adjoining National Park and World Heritage 
Area estate to be monitored.  As discussed previously, the relationship Darcy’s Law (Equation 1) and 
surrounding groundwater levels can be used to estimate groundwater inflow rates to the dredge pond. 
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Plate 3 

Relationship between Dredge Pond Water Levels and Groundwater Levels at Distance 

Comparison of groundwater levels in the paired groundwater monitoring bores with water levels in the 
dredge pond will be used to review estimates of seepage rates into the dredge pond under a range of 
rainfall conditions.  This analysis will be used to develop specific site parameters for each set of paired 
monitoring bores.  Any changes if they occur, in groundwater levels that result from dredging operations 
will occur gradually and will be able to be detected well in advance of potentially impacting on adjoining 
lands.  As shown on Plate 3, the major component of drawdown due to proximity to dredge pond occurs 
within 50 m of the dredge pond with the change in groundwater gradient reducing significantly as distance 
from the dredge pond increases.  

As can be seen from Plates 2 and 3, as long as the proximity of the bores to the dredge pond is known (i.e. 
recorded using GPS) pre-determining the exact location of the bores is not necessary and can be 
determined in the field taking into account other factors such as proximity to trees, creeks etc.  

Any new monitoring bores will be drilled and established to a depth of approximately 16 m to 20 m below 
ground level to ensure they are deeper than the maximum depth of extraction.  

4.4 Groundwater Quality Monitoring 

Groundwater quality has been monitored at 11 bores on a six monthly basis.  This will be expanded to 
include five additional monitoring bores (TP 44 to TP 47 and TP 51) which are to be located at the western 
end of Domain 1 and three new monitoring bores at the northern end of revised Domain 3 (TP 48, TP 49 
and TP 50) as shown on Figure 4.1. 
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All samples will be collected by a suitably qualified person, placed in appropriately treated sample bottles, 
placed on ice in a cooler and delivered to a NATA registered laboratory on the same day as they are 
collected.    

Water quality parameters that are currently being monitored and will continue to be monitored include pH, 
Conductivity, Nitrate, Ammonia and TPH (now Total Recoverable Hydrocarbon – Silica).   

Groundwater quality monitoring data for the period 2010 to 2015 is summarised in Tables 4.4 to 4.11.   

Table 4.4 pH (pH Value) 
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TP22 4.6 5.3 5.3 5.3 5.4 5.3 4.6 5.2 5.1 

TP06 6.6 6.5 6.2 5.3 5.6 5.4 5 5.4 5.6 

TP12 5.0 5.3 5.2 5.3 5.5 5.5 4.7 5.2 5.1 

TP23 5.5 5.4 5.4 5.2 5.4 5.2 4.5 5.1 5.1 

TP14 5.0 4.9 4.8 5.2 5.1 5.9 4.7 5.1 5 

TP08 5.0 6.7 6.3 5.0 5.2 5 4.7 5.1 5.1 

TP05 5.5 5.2 5.1 4.9 5.2 5.2 4.1 4.9 4.9 

TP19 5.6 5.3 5.2 4.9 5.3 5.2 4.6 5.1 5.2 

TP20 5.5 5.3 5.3 5 5.3 5.2 4.6 5.1 5.2 

TP21 5.7 5.5 5.5 5.3 5.5 5.2 4.6 5.2 5.2 

TP18  5.2 5.3 4.9 5.2 5.5 4.7 5.3 5.4 
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Table 4.5 Conductivity (μs/cm) 
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TP22 74 60 62 50 55 60 60 60 65 

TP06 1320 270 100 75 95 65 110 80 90 

TP12 73 60 68 60 60 55 50 65 80 

TP23 77 60 56 55 50 55 50 55 50 

TP14 104 145 170 90 65 100 80 75 110 

TP08 180 200 68 95 90 85 45 80 85 

TP05 170 165 150 105 100 80 100 105 140 

TP19 94 80 89 90 95 120 120 115 110 

TP20 97 80 90 90 75 80 90 90 80 

TP21 73 55 55 55 50 80 80 75 70 

TP18  130 130 120 115 45 55 50 50 

Table 4.6 Nitrate (mg/L) 
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TP22 0.18 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

TP06 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

TP12 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

TP23 5.5 0.8 0.22 1.4 0.53 1.2 0.84 0.49 0.75 

TP14 1.1 0.53 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

TP08 6.7 8.9 <0.1 0.18 <0.1 0.4 0.2 <0.1 <0.1 

TP05 <0.1 <0.1 <0.1 0.22 <0.1 <0.1 <0.1 <0.1 <0.1 

TP19 <0.1 0.89 7 9.3 7.5 0.75 0.62 <0.1 0.35 

TP20 7.4 0.31 <0.1 <0.1 <0.1 4.5 5.4 5.4 5 

TP21 6.3 5.6 6.4 4.3 1.6 <0.1 <0.1 <0.1 <0.1 

TP18  2.4 1.6 1.9 2.3 1.5 0.71 2.5 0.97 
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Table 4.7 Ammonia (mg/L) 
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TP22 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

TP06 0.2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.3 

TP12 0.3 <0.1 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

TP23 0.2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

TP14 0.2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

TP08 0.4 <0.1 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

TP05 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

TP19 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

TP20 0.2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

TP21 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

TP18  <0.1 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Table 4.8 TPH C6 – C9 (μg/L) 

Bo
re

 

1/
10

/2
01

0 

29
/0

4/
20

11
 

31
/1

0/
20

11
 

30
/0

5/
20

12
 

27
/1

1/
20

12
 

29
/0

5/
20

13
 

3/
12

/2
01

3 

28
/0

5/
20

14
 

25
/1

1/
20

14
 

TP22 <50 <10 <10 <10 <10 <10 <10 <10 <10 

TP06 <50 <10 <10 <10 <10 <10 <10 <10 <10 

TP12 <50 <10 <10 <10 <10 <10 <10 <10 <10 

TP23 <50 <10 <10 <10 <10 <10 <10 <10 <10 

TP14 <50 <10 <10 <10 <10 <10 <10 <10 <10 

TP08 <50 <10 <10 <10 <10 <10 <10 <10 <10 

TP05 <50 <10 <10 <10 <10 <10 <10 <10 50 

TP19 <50 <10 <10 <10 <10 <10 <10 <10 <10 

TP20 <50 <10 <10 <10 <10 <10 <10 <10 <10 

TP21 <50 <10 <10 <10 <10 <10 <10 <10 <10 

TP18 - <10 <10 <10 <10 <10 <10 <10 <10 
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Table 4.9 TPH C10 – C14 (μg/L) 
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TP22 <50 <50 <50 <50 <50 <50 <50 <100 <100 

TP06 <50 <50 <50 <50 <50 <50 <50 <100 <100 

TP12 <50 <50 <50 <50 <50 <50 <50 <100 <100 

TP23 <50 <50 <50 <50 <50 <50 <50 <100 <100 

TP14 <50 <50 <50 <50 <50 <50 <50 <100 <100 

TP08 <50 <50 <50 <50 <50 <50 <50 <100 <100 

TP05 <50 <50 <50 <50 <50 <50 <50 <100 <100 

TP19 <50 <50 <50 <50 <50 <50 <50 <100 <100 

TP20 <50 <50 <50 <50 <50 <50 <50 <100 <100 

TP21 <50 <50 <50 <50 <50 <50 <50 <100 <100 

TP18 - <50 <50 <50 <50   <100 <100 

Table 4.10 TPH C15 – C28 (μg/L) 
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TP22 <200 <100 <100 <100 <100 <100 <100 <200 <200 

TP06 650 <100 <100 <100 <100 <100 <100 <200 <200 

TP12 <200 <100 <100 <100 <100 <100 <100 <200 <200 

TP23 <200 <100 <100 280 <100 <100 <100 <200 <200 

TP14 <200 <100 <100 <100 <100 <100 <100 <200 <200 

TP08 <200 <100 <100 <100 <100 <100 <100 <200 <200 

TP05 <200 <100 <100 <100 <100 <100 <100 <200 <200 

TP19 <200 <100 <100 <100 <100 <100 <100 <200 <200 

TP20 <200 <100 <100 280 <100 <100 <100 <200 <200 

TP21 <200 <100 <100 <100 <100 <100 <100 <200 <200 

TP18 - <100 <100 <100 <100 <100 <100 <200 <200 
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Table 4.11 TPH C29 – C36 (μg/L) 
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TP22 <50 <100 <100 <100 <100 <100 <100 <100 <100 

TP06 320 <100 <100 <100 <100 <100 <100 <100 <100 

TP12 <50 <100 <100 <100 <100 <100 <100 <100 <100 

TP23 <50 <100 <100 210 <100 <100 <100 <100 <100 

TP14 <50 <100 <100 <100 <100 <100 <100 <100 <100 

TP08 <50 <100 <100 <100 <100 <100 <100 <100 <100 

TP05 <50 <100 <100 <100 <100 <100 <100 <100 <100 

TP19 <50 <100 <100 <100 <100 <100 <100 <100 <100 

TP20 <50 <100 <100 190 <100 <100 <100 <100 <100 

TP21 <50 <100 <100 <100 <100 <100 <100 <100 <100 

TP18 - <100 <100 <100 <100 <100 <100 <100 <100 

 

Historically the quarry has analysed for Total Petroleum Hydrocarbons as required by development consent 
and EPL licence conditions.  In 2013 NEPM changed analysis requirements to Total Recoverable 
Hydrocarbon (TRH). TRH results can be affected by significant levels of non-petroleum based interferences 
such as high organic content and under these circumstances the Total Recoverable Hydrocarbon – Silica 
analysis (TRH – Silica) should be used.   

The elevated levels of Total Petroleum Hydrocarbons (TPH) recorded at the site have been investigated.  
Sydney Geotechnics who collect the samples on behalf of Hy-Tec has not observed any signs of petroleum 
based products in the groundwater at the time of sampling.  Further investigation has shown that the 
laboratory used has been analysing the samples for TRH.  Based on the investigation it is considered that 
the elevated TRH levels recorded are likely to be a result of organic matter in the groundwater samples.  
This has been discussed with the Laboratory and as a result in the future, TRH-Silica is the test that will be 
adopted for Tinda Creek Sand Quarry if TRH levels exceed detection limits set out in Tables 4.7 to 4.10. 

Groundwater quality monitoring results will be reviewed six monthly following receipt of results from the 
laboratory and will be reported annually unless trigger levels set out in Section 5.0 are exceeded. If trigger 
levels discussed in Section 5.3 are exceeded, relevant agencies will be notified and the cause of the 
exceedance determined and reported on.  Appropriate mitigation and contingency measures will be 
identified, reported and implemented. 
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5.0 Performance Criteria Including Trigger 
Levels for Investigation 

5.1 Surface Water Monitoring and Reporting 

Monitoring and observations of the quarry operations over the last decade have indicated that, provided a 
closed water management system as has been used for the last 30 years is maintained, quarrying has 
negligible potential to have an adverse impact on surface water quality or flows in Tinda Creek and the 
Greater Blue World Heritage Area.   

As discussed in Section 2.2, sediment generated from areas outside of the quarry disturbance area (i.e. 
sand carried into diversion channels from sandy upslope areas and dispersive clay from the farm dam 
(former swimming hole downstream of the quarry)) have the potential to be transported downstream from 
the site during large storm events.  

Tinda Creek in the vicinity of the quarry flows intermittently and only for short durations. These flows 
typically occur during or following intense or prolonged rainfall events.  As a result, collecting surface water 
samples while Tinda Creek is flowing is very difficult to achieve due to the short duration that there is 
flowing water in the creek particularly upstream of quarry operations where flows occur as sheet flow over 
the relatively flat sedgelands that are upslope of the quarry disturbance area.  There are no well-defined 
flow paths in this area.  As flows are intermittent it is also very difficult to record flows in the system or 
make an assessable and reasonable estimate of flow volumes in the creek.  

It is proposed to undertake monthly inspections of the surface water management system.  These 
inspections will include sampling of any water that is flowing in Tinda Creek at the time the monthly 
inspection is undertaken. Additional event based inspections and sampling will be undertaken after rainfall 
events where greater than 50 mm is received in 24 hours. Sampling locations are shown on Figure 5.1. In 
addition, if Bureau of Meteorology issues a severe rainfall event warning for Tinda Creek area, an 
inspection of the water management system will be undertaken to make sure the system is well maintained 
provided that the Quarry Manager considers that the inspection can be undertaken safely.     

Surface water sampling, if water is available to be sampled, will be undertaken immediately upstream of 
the quarry disturbance area (upstream of Southern Diversion) (SW1), at the farm dam on Tinda Creek 
(SW2) and immediately downstream at the culvert under Putty Road (SW3) as shown on Figure 5.1. Water 
samples will be analysed for: 

• electrical conductivity 

• pH 

• turbidity. 

All samples will be collected by a suitably qualified person, placed in appropriately treated sample bottles, 
placed on ice in a cooler and delivered to a NATA registered laboratory on the same day as they are 
collected. 

At the same time the general status of the creek will be recorded. This will include inspections for litter, oil 
and grease, sediment build up and integrity of the water management system.   
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The state of the diversion channels in terms of sand build up and erosion from the farm dam will be 
recorded each time the monthly inspection is undertaken. Following the inspection, the Quarry Manager 
will be advised by the inspector if sediment is required to be removed from any of the diversion drains or if 
any maintenance of the closed water management system is required.  A brief report including 
photographic record of the general status of the creek and water management system and any actions 
required will be prepared and provided to the Quarry Manager. A copy of the monthly reports will be kept 
on-site at all times.        

No surface water is harvested for use in the quarry and therefore there will be no surface water usage to 
report on. 

In summary, to monitor or estimate over time potential surface water impacts of the quarry operation it is 
proposed to record and report on a series of indicators of potential surface water impacts.  These include: 

• Daily recording of rainfall at the quarry. 

• Monthly and after heavy rainfall (greater than 50 mm in 24 hours) visual inspections of diversion 
drains, catch drains, berms and silt fences to check for sediment build, channel stability and signs of 
potential for channel breaching.  

• If Bureau of Meteorology issues a severe rainfall event warning for Tinda Creek area, an inspection of 
the water management system will be undertaken to make sure the system is well maintained 
provided that the Quarry Manager considers that the inspection can be undertaken safely. 

• Monthly inspections of Tinda Creek immediate upstream and downstream of quarry operations to 
check for potential sediment from quarry operations and sediment build up from upslope sources. This 
will include monthly water quality of any surface water that may be present upstream of the Southern 
Diversion or at the culvert under Putty Road.  A series of reference photo monitoring sites (Photo 
Monitoring Sites 1 to 6) have been established as part of aquatic survey work that has been 
undertaken for Tinda Creek.  Monthly inspections of Tinda Creek will include photographs taken at 
each of the six reference locations as shown on Figure 5.1. These photos will capture status of the 
creek system and identify any areas where sediment has accumulated. 

• Surface water quality results obtained for flows in Tinda Creek will be analysed against ANZECC 2000 
guidelines for trigger values in upland creek systems (i.e. pH – 6.5 to 7.5, turbidity – 2 to 25 NTU and 
Electrical Conductivity – 30 to 350 µS/cm).  Site specific trigger values relevant to the intermittent and 
infrequent flow conditions in Tinda Creek and proximity to sedgelands will also be developed over 
time.  Runoff from sedgelands tends to have lower pH due to the presence of humic acid in the surface 
litter and the upper soil profile. This can result in pH values of 4.5 to 5.0 in surface runoff. Trigger 
values will be reviewed on an annual basis based on ANZECC guidelines for upland streams and 
available water quality monitoring results for Tinda Creek.   

• Six monthly updates delineating the extent of quarrying and the area that drains to the quarry water 
management system. 

• Monthly recording of water levels in the dredge pond to enable the water balance as set out in 
Section 3.0 to be reviewed and revised as required. 

• Annual review of the water balance for the quarry (surface and groundwater). This review will include 
a comparison with the predictions set out in the EIS as required by Condition 12 of SSD 4978. 



 

Tinda Creek Quarry – Water Management Plan 
1731_R30_FINAL.docx 

Performance Criteria Including Trigger Levels for Investigation 
46 

 

• As set out in the Landscape Management Plan (Umwelt 2016), baseline aquatic monitoring was redone 
in November 2015 using the same monitoring sites as were used in the 2007 monitoring.  As is the 
current situation with quarry operations, additional aquatic and ecological surveys of Tinda Creek and 
surrounds will be undertaken if there is a breach of the water management system that has potential 
to impact on the downstream environment. This practice will be continued over the life of the quarry.    

The outcomes of this monitoring will be reviewed six monthly and reported on as part of annual reporting 
and compliance reporting. 

5.2 Groundwater Reporting 

As discussed in Section 4.0 groundwater levels are monitored monthly and groundwater quality is 
monitored six monthly.  Groundwater results are reviewed regularly and reported on annually.  

It is proposed that to monitor for potential impacts on Greater Blue Mountains World Heritage Area, five 
new bores will be established at the western edge of Domain 1 (TP 44 to TP 47 and TP 51) and three new 
bores (TP48, TP 49 and TP 50) will be established to the north of Revised Domain 3.  These bores will be 
used to check and validate groundwater model predictions in this area and to monitor the potential for 
quarrying operations to impact on groundwater in the World Heritage Areas adjacent to and downstream 
of the site.   

To assist in determining if quarrying is impacting on groundwater levels within the Greater Blue Mountains 
World Heritage Area, relative groundwater levels and changes in groundwater levels due to rainfall will be 
recorded at monitoring bores TP 23, TP 50 and TP 51 ( see Figure 4.1) which are hereafter referred to as 
Reference Bores.  

Reference Bores TP 23, TP 50 and TP 51 are or will be located adjacent to the south-eastern, northern and 
western boundaries with the World Heritage Area/National Park estate respectively and are the furthest 
monitoring bores on-site from the approved extraction areas.  The bores are or will be located around the 
perimeter of the approved extraction area and are distant from one another.   

Groundwater levels in monitoring bore TP 23 have been monitored since 2010 and as shown on Figure 4.5 
a relationship between rainfall and groundwater levels for this period has been recorded.  Reference Bores 
TP 50 and TP 51 will be installed by end of August 2016.  Continuous groundwater level data loggers will be 
installed in each of the Reference Bores.  This will enable changes in groundwater level at each of the 
Reference Bores relative to rainfall to be accurately recorded. Continuous monitoring will also enable the 
inter-relationship between groundwater levels at each of the Reference Bores to be recorded and analysed 
with all bores intersecting the same shallow alluvium aquifer.     

Recorded groundwater levels and changes in response to rainfall will be compared to recorded changes in 
groundwater levels since 2010 at Reference Bore TP 23.  This will enable a comparison to be made between 
recorded groundwater levels at each of the Reference Bores and observed historic fluctuations as set out in 
Tables 4.2 and 4.3.  At least two years of groundwater level data will be available for each of the Reference 
Bores prior to quarrying commencing in the Domain adjacent to the Reference Bore.  This information 
combined with the historic groundwater level information from Reference Bore TP 23 will be used to set 
trigger levels for investigation.  Trigger levels as established will be added to Table 5.1. It is proposed that 
quarrying will progress from Domain 6 and Domain 2 to Domain 1.  Once quarrying in Domain 1 is 
completed, quarrying will progress to either Revised Domain 3 or Revised Domain 7 with quarrying being 
undertaken in only one of these domains at a time. As discussed, quarrying will be undertaken in the 
closest domain to only one of these reference bores at any time. Reference Bore 51 is approximately 
1.7 km from Reference Bore 50 and approximately 2.1 km from Reference Bore 23.  Reference Bore 50 is 
approximately 1.4 km from Reference Bore 23.  The distance between the Reference Bores provides a 
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significant degree of separation in terms of distance and response time in regard to potential groundwater 
impacts.  Any impact of quarrying on groundwater levels at Reference Bores (if this occurs), will impact on 
groundwater levels in the closest Reference Bore a long time before the impact potentially propagates to 
the other two Reference Bores. As a result, groundwater levels in only one of the three bores (TP 23, TP 50 
and TP 51) will be potentially influenced by quarrying activities at any time and this impact will be able to 
be detected by a change in the inter-relationship between groundwater levels at all three Reference Bores.   

In each of the Domains adjacent to each of these Reference Bores, quarrying will commence at the most 
distant point in the Domain from the respective Reference Bore and progress towards the bore enabling 
any impacts or potential impacts of quarrying on groundwater levels to be monitored and recorded.  This 
will enable potential impacts to be predicted in advance of occurring and appropriate contingency 
measures (see Section 6.0) implemented.   

Groundwater monitoring and reporting for the extended quarry operations will include: 

• Establishment of five additional groundwater monitoring bores at the western end of Domain 1 and 
three additional bores at the northern edge of Revised Domain 3. 

• Monthly groundwater level monitoring at all monitoring bores for the first three years of operation in 
the extended quarry area with monitoring frequency being reduced to quarterly water level 
monitoring after the initial three year period unless continuous monitors have been installed by this 
time.   

• Monitoring of dredge pond levels on a monthly basis for the first three years of operation in the 
extended quarry area with monitoring frequency being reduced to being quarterly after the initial 
three years.  This information along with daily rainfall monitoring will be used with groundwater level 
information and information regarding the area and perimeter of the dredge pond to estimate 
groundwater inflows to the dredge pond. 

• Six monthly groundwater quality monitoring at all monitoring bores. 

• Monthly recording of water usage from production bores for the first three years of operation in the 
extended quarry area with monitoring frequency being reduced to being quarterly after the initial 
three years. 

• Annual review of the groundwater model developed for the quarry. This will include comparison of 
actual results with modelled results for comparative rainfall conditions (i.e. dry, average or wet).  This 
will also include a comparison of modelled versus actual groundwater levels and drawdown at the 
western and northern edges of the quarry (i.e. TP 44 to TP 51) and eastern edge of the quarry (TP 12 
and TP 23) to provide an indication of potential for groundwater impacts downstream and upstream of 
the quarry including Greater Blue Mountains World Heritage Area and surrounding aquifers.  

Groundwater monitoring results and analysis of these results including comparison with predicted 
groundwater modelling will be included as part of annual reporting. 

5.3 Surface and Groundwater Monitoring Criteria Triggers 

5.3.1 Ecological Triggers 

A series of ecological monitoring measures have been developed for quarry operations and are outlined in 
the Landscape Management Plan which compliments and should be read in conjunction with this Water 
Management Plan. An ecological baseline of Tinda Creek riparian vegetation and in channel conditions was 
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established in 2007 and updated in November 2015.  These studies and findings are set out in the 
Landscape Management Plan (Umwelt 2016) and will be used as benchmarks for the ongoing assessment of 
the ecology of Tinda Creek.  These will be regularly updated with photos collected during monthly 
inspections of the Tinda Creek system. 

Table 4.2 sets out recorded groundwater levels between 2010 and 2014.  As shown in Table 3.2, this period 
does not include the driest or wettest years on record which were 1966 and 1964 respectively. As shown in 
Table 3.2, during the 31 years of available records (1962 to 1992 and 2002 to 2014), five years have been 
drier than recorded during the groundwater level monitoring period of 2010 to 2014 with 1966 receiving 
426 mm of rainfall or approximately 70% of the 627 mm recorded in 2014 which was the driest year 
between 2010 and 2014. As set out in Table 4.2, groundwater levels varied by 4 to 5 m between 2010 and 
2014 with groundwater levels during dry periods such as occurred during 1966 expected to be in excess of 
1 m lower than those recorded in Table 4.2. As a result, over the life of the quarry groundwater levels in 
excess of 1 m lower than have been recorded between 2010 and 2014 could be expected to occur 
naturally. 

Quarrying has been observed to cause localised drawdown which can be greater than 1 m when quarrying 
activities are in close proximity to groundwater monitoring bores.  This can occur when quarrying is within 
100 m of the monitoring bore. Taking the above into consideration, if quarrying is greater than 100 m from 
a monitoring bore, groundwater levels 1 m or more below those recorded between 2010 and 2014 have 
been adopted as trigger level for further investigation of potential impacts on groundwater dependent and 
riparian ecosystems.  Trigger levels relative to each of the monitoring bores are set out in Table 5.1.   

Table 5.1 Groundwater Investigation Trigger Levels 

Bore Location Ground Level 
(mAHD) 

1 m below 
Minimum Recorded 
Groundwater 
elevation (2010-
2014) (mAHD) 

Depth to 
Groundwater 
Trigger Level 

(2010-2014) (mBGL) 

TP22 328.57 322.72 5.85 

TP06 330.53 323.20 7.33 

TP12 332.03 324.29 7.73 

TP233 331.61 323.99 7.63 

TP14 335.06 325.25 9.81 

TP082 332.07 324.62 7.45 

TP052 334.61 326.06 8.55 

TP181,2 320.93 316.64 4.62 

TP192 320.97 315.53 5.43 

TP202 325.65 315.70 6.95 

TP212 326.38 319.16 7.22 
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Bore Location Ground Level 
(mAHD) 

1 m below 
Minimum Recorded 
Groundwater 
elevation (2010-
2014) (mAHD) 

Depth to 
Groundwater 
Trigger Level 

(2010-2014) (mBGL) 

TP 44 TBA TBA TBA 

TP 45 TBA TBA TBA 

TP 46 TBA TBA TBA 

TP 47 TBA TBA TBA 

TP 48  TBA TBA TBA 

TP 49 TBA TBA TBA 

TP 503 TBA TBA TBA 

TP 513 TBA TBA TBA 
1TP18 bore collar height above ground has not been established. An average bore collar height of 0.62 m has been used 
2Monitoring bores TP 05, TP 08, TP 18, TP 19, TP 20 and TP 21 are within extraction Domains and will be removed as quarrying progresses 
over the life of the quarry.  These bores will be replaced by monitoring bores TP 44, TP 45, TP 46, TP 47, TP 48 and TP 49 with each of the 
bores being established at least 2 years in advance of quarrying commencing in the adjacent extraction Domain.  Two additional bores TP 
50 and TP 51 will also be established at the northern and western boundaries of the quarry area as shown on Figure 5.1. Once these 
bores are established, relevant details will be added to Table 5.1 and will be updated over the following two years as more groundwater 
level information is recorded.   
3Reference Bores TP 23, TP 50 and TP 51 shown in bold 

 

If quarrying is greater than 100 m from a groundwater monitoring bore listed in Table 5.1 and groundwater 
level drops below the respective depths listed in Table 5.1, a review of the potential for impacts at the 
boundary of the adjoining World Heritage Area or National Park estate will be undertaken.  In addition, if 
groundwater levels drop below trigger levels listed in Table 5.1 for Reference Bores (TP 23, TP 50 and 
TP 51), a review of the potential for impacts at the boundary of the adjoining World Heritage Area or 
National Park estate will be undertaken.   

If the review indicates that the recorded drop in groundwater level could impact on groundwater levels in 
the World Heritage Area, a survey of groundwater dependent ecosystems and aquatic habitats in proximity 
to the quarry will be undertaken. This will include recording at each of the photo locations and baseline 
ecological monitoring Sites 7 and 8, shown on Figure 5.1, any changes in vitality or health of the ecosystem 
that may be observed and the nature of these changes with distance from the dredging operations.  

In addition monthly observations of the condition of Tinda Creek riparian ecosystem will be undertaken and 
if indications of potential for sediment build up or indications of petroleum based hydrocarbons or litter 
from the quarry that could impact on the World Heritage Area are observed, a survey of the aquatic 
ecosystem and any groundwater dependent ecosystems will be undertaken. 
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5.3.2 Surface Water Triggers 

Further investigations will be undertaken and appropriate measures implemented where required if any of 
the following surface water criteria are triggered: 

• The depth to water in any operating dredge pond from the adjoining ground surface during dry periods 
is greater than 10 m. 

• Analysis of upstream and downstream surface water quality of Tinda Creek indicates that water quality 
in the creek downstream of the quarry has the potential to be impacted by quarry operations with 
reference to ANZECC guidelines for upland rivers or site specific guidelines if sufficient monitoring 
information is available and these have been established. 

• Visual inspections of Tinda Creek downstream of the site indicate that sediment has been or has the 
potential to be transported off-site from the closed water management system.  Records of visual 
inspections including photographs will be established as part of each monthly and event based 
inspection that is undertaken and will be available on-site at all times. 

• Monthly and event based inspections of the closed water management system indicate that there has 
been a breach of the system that has potential to generate the off-site movement of water or 
sediment.  

• Oil, grease or litter from the quarry is observed in or adjacent to Tinda Creek during monthly 
inspections of Tinda Creek. 

• The area within the closed water management system for quarry operations exceeds 40 ha. 

If these criteria are not exceeded over the life of the operation, it is considered that surface water quality 
entering Greater Blue Mountains World Heritage Area will be equivalent to or better than prior to the 
extension to quarrying commencing. 

If any of these surface water triggers are exceeded, relevant authorities will be notified, an investigation 
will be undertaken and a report outlining appropriate mitigation and contingency measures to be 
implemented will be prepared and submitted to the relevant agencies within 1 month of the exceedance 
being detected. Specific contingency measures to be considered will include: 

• increasing the depth of water in the dredge pond using make up water from licensed on-site 
groundwater bores that draw water from the deep regional aquifer 

• undertaking additional sediment control and management works such as 

o the installation of silt fences to prevent sand being transported into diversion drains from upslope 
areas 

o tilling of gypsum or lime into disturbed areas where there are dispersive clays and subsequent 
vegetation of these areas 

• reducing the catchment area of the quarry water management system 

• reducing the size of the dredge ponds.    
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5.3.3 Groundwater Level Triggers 

Groundwater level information for the existing 11 bores as summarised in Table 4.2 has been collected 
over periods of dry, average and wet conditions and is considered to provide a reasonable indication of the 
range of groundwater levels that could be expected at the site.   

It is acknowledged that groundwater levels in close proximity to the dredge pond (typically 50 m and less 
than 100 m) can be drawn down as a result of dredging.   

If groundwater levels in excess of 100 m from the dredge pond drop by in excess of 1 m below the range of 
levels indicated by monitoring in that area (i.e. at or below the levels shown in Table 5.1), the reason for 
the drop in groundwater level will be investigated and a report outlining appropriate mitigation and 
contingency measures to be implemented will be prepared and submitted to the relevant agencies within 
one month of the exceedance being detected.  

Specific contingency measures to be considered will include: 

• reducing the depth from the ground surface to the water in the dredge pond using make up water from 
licensed on-site groundwater bores that draw water from the deep regional aquifer 

• reducing the catchment area of the quarry water management system 

• reducing the size of the dredge ponds.    

5.3.4 Groundwater Quality  

Groundwater quality monitoring as set out in Section 4.4 is considered indicative of groundwater quality in 
the area and has been used to develop the trigger criteria set out in Table 5.2 for ongoing operations of the 
quarry. 

Table 5.2 Groundwater Quality Trigger Criteria for Tinda Creek Quarry Operations 

Groundwater 
Analyte 

Minimum 
Monitored Value 

Maximum 
Monitored Value 

Lower Trigger 
Value 

Upper Trigger 
Value 

pH 4.5 6.7 <4.5 >7.0 

Conductivity 
(uS/cm) 

45 1320 N/A 900 

Nitrate (mg/L) <0.1 9.3 N/A 7.5 

Ammonia (mg/L) <0.1 0.4 N/A 0.2 

TPH (C6-C9) (ug/L) <10 <50 N/A 25 

TPH (C10-C14) 
(ug/L) 

<50 <50 N/A 25 

TPH (C15-C28) 
(ug/L) 

<100 650 N/A 100 

TPH (C29-C36) 
(ug/L) 

<50 320 N/A 100 
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Historically the quarry has analysed for Total Petroleum Hydrocarbons as required by development consent 
and EPL licence conditions.  The elevated levels of Total Petroleum Hydrocarbons (TPH) recorded at the site 
have been investigated.  Sydney Geotechnics who collect the samples on behalf of Hy-Tec has not observed 
any signs of petroleum based products in the groundwater at the time of sampling.  Further investigation 
has shown that the laboratory used has been analysing the samples for Total Recoverable Hydrocarbon 
TRH.  In 2013 NEPM changed analysis requirements to Total Recoverable Hydrocarbon (TRH). TRH results 
can be affected by significant levels of non-petroleum based interferences such as high organic content and 
under these circumstances the Total Recoverable Hydrocarbon – Silica analysis (TRH-Silica) should be used.   

Based on the investigation it is considered that the elevated TRH levels recorded are likely to be a result of 
organic matter in the groundwater samples.  This has been discussed with the Laboratory and as a result in 
the future, TRH-Silica testing will be adopted for Tinda Creek Sand Quarry replacing TPH. Trigger levels for 
TRH will be the same values as set out in Table 5.2. 

Apart from the TRH results discussed above, it is considered that if the criteria outlined in Table 5.2 are not 
exceeded during the life of the operation, that groundwater quality within surrounding aquifers and the 
Greater Blue Mountains World Heritage will not have the potential to be adversely impacted by quarry 
operations.   

If these criteria are not exceeded, it is considered that the quality of groundwater entering Greater Blue 
Mountains World Heritage Area will be equivalent to or better than prior to the extension to quarrying 
commencing. 

If any of the water quality parameters set out in Table 5.2 are exceeded, relevant agencies will be notified, 
an investigation will be undertaken and a report outlining appropriate mitigation measures to be 
implemented will be prepared and submitted to the relevant agencies within one month of the exceedance 
being detected.  

5.4 Summary of Overall Surface and Groundwater Monitoring  

A summary of surface and groundwater monitoring requirements is provided in Table 5.3.  Monitoring 
locations are shown on Figure 5.1. Trigger values for further investigation in regard to surface water are set 
out in Section 5.3.2. Trigger values for further investigation in regard to groundwater levels are provided in 
Section 5.3.3 and groundwater quality in Section 5.3.4.  Contingency measures are set out in Section 6.0. 

Table 5.3 Surface and Groundwater Monitoring Regime 

Monitoring 
Type 

Location Parameters 
Monitored 

Frequency of 
Monitoring 

Monitoring 
Method 

Responsibility 

Rainfall Office Rainfall 
(mm) 

Daily Observation Quarry 
Manager 

Quarry extent Disturbance Area Area (ha) Monthly Observation 
and 
photography 

Quarry 
Manager 

Groundwater 
Quantity 

Production Bore Usage (KL)  Monthly Meter Reading Quarry 
Manager 
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Monitoring 
Type 

Location Parameters 
Monitored 

Frequency of 
Monitoring 

Monitoring 
Method 

Responsibility 

Groundwater 
Quality  

Monitoring Bores 
TP05, TP06, 
TP08, TP12, 
TP14, TP18, 
TP19, TP20, 
TP21, TP22, 
TP44, TP45, 
TP46, TP47, 
TP48, TP49, 
TP 50, TP 51 

pH, EC, 
Nitrate, 
Ammonia, 
TRH-Silica 

Six monthly Purge first 
then grab 
sample 

Quarry 
Manager 

Groundwater 
Level 

 Level 
(mAHD) 

Monthly  Electronic 
dipper 

Quarry 
Manager 

Dredge pond 
level 

Dredge pond Level (depth 
below 
ground)  

Monthly Observation or 
dip 

Quarry 
Manager 

Surface water 
quality 

U/S and D/S of 
quarry and 
dredge pond 

pH, EC, 
turbidity  

Monthly when 
water in creek 
and event 
based after 
more than 
50 mm of rain 
in 24 hours 

Grab sample Quarry 
Manager 

Drainage lines 
and diversion 
drains 

U/S and D/S of 
quarry  

Stability, 
Erosion and 
sediment 
build up 

Monthly and 
event based 

Observation 
and 
photography 

Quarry 
Manager 

Closed Water 
Management 
System 

Quarry Stability, 
Erosion and 
sediment 
build up 

Monthly and 
event based 

Observation 
and 
photography 

Quarry 
Manager 
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6.0 Surface and Groundwater Contingency 
Plan 

6.1 Privately-owned Land 

There are no private landholders within the proximity to the quarry and its extension that could have 
surface water resources they rely on, potentially affected by quarry operations.  Private landholders that 
are generally downstream of Tinda Creek quarry are located on side tributaries of Tinda Creek and would 
not be impacted by changes to the flow regime of Tinda Creek should such a change occur. 

Similarly the three licensed groundwater bores that are located in excess of 1 km west of the proposed 
quarry extension are located within the valley of a tributary of Tinda Creek and are hydro-geologically 
separated by intervening sandstone ridges from the alluvial aquifer that sand is being extracted from at 
Tinda Creek quarry. 

If for some unforeseen reason surface or groundwater resources on these private land holdings are 
impacted and it is reasonably suspected that this is as a result of quarry operations, the quarry will 
investigate the identified impact and prepare a report on the potential reasons for the identified impact. 
The report will be submitted to relevant agencies for comment.  If it is reasonably suspected that the 
identified impacts are a result of quarry operations, the quarry will develop appropriate contingency 
measures to prevent further impact and offset the impact that has been identified as being caused by 
quarry operations.  

6.2 Greater Blue Mountains World Heritage Area 

Outside of the surface and groundwater trigger levels identified in Section 5.3, the quarry is considered to 
have negligible potential to adversely impact on surface or groundwater quality or groundwater levels in 
the Greater Blue Mountains World Heritage Area. 

If for some unforeseen reason monitoring on-site indicates that surface or groundwater resources in 
Greater Blue Mountains World Heritage Area may be impacted, the quarry will investigate the identified 
impact and prepare a report on the potential reasons for the identified impact, notify relevant agencies the 
cause of the identified impact. The report will be submitted to relevant agencies for comment.   

If it is reasonably expected that the identified impacts are a result of quarry operations, the quarry will 
develop appropriate contingency measures such as those outlined in Sections 5.0 and 6.3 to prevent 
further impact and offset the impact that has been identified as being caused by quarry operations.  

6.3 Contingency Measures  

Contingency measures to be considered at Tinda Creek Sand Quarry will include: 

• decreasing the depth to water in the dredge pond using make water from the deep aquifer 

• undertaking ecological surveys of surrounding sedgelands and groundwater dependant ecosystems to 
explore if reduced water levels in dredge ponds has adversely impacted on surrounding ecosystems 
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• undertaking additional sediment control and management works such as 

o the installation of silt fences to prevent sand being transported into diversion drains from upslope 
areas 

o tilling of gypsum or lime into existing disturbed areas where there are dispersive clays and 
subsequent revegetation of these areas 

• reducing the catchment area of the quarry water management system 

• reducing the size of the dredge ponds. 

6.4 Summary of Environmental Monitoring Trigger Levels, Actions and 
Contingency Measures 

Actions and contingency measures to be implemented should any of the environmental triggers set out in 
Sections 4.0 and 5.0 be reached or exceeded are set out in Table 6.1.  Monitoring locations are shown on 
Figure 5.1. 

The Quarry Manager is responsible for ensuring that the actions and contingency measures set out in 
Table 6.1 are undertaken. 

Table 6.1 Environmental Monitoring Triggers, Actions and Contingency Measures 

Environmental 
Attribute 

Trigger Level Action Contingency 
Measures 

Groundwater 
level – 
Monitoring 
Bore 

Groundwater 
level 
monitoring 
indicates that 
levels have or 
are likely to 
drop below 
trigger levels 
set out in 
Table 5.1  

Within one month analyse 
groundwater monitoring data to 
determine observed trends and assess 
potential for impacts on GBWHA and 
surrounding areas. 

Survey GDEs at Photo Location and 
Ecological Monitoring sites shown on 
Figure 5.1 and document status of 
GDEs. 

Prepare a short report for relevant 
government agencies outlining results 
and appropriate control measures to 
be implemented. 

Raise water level in 
dredge pond using 
deep aquifer 
groundwater. 

Reduce size of dredge 
pond in proximity to 
observed drawdown 
by either backfilling 
with material from 
site and ENM or 
VENM.   



 

Tinda Creek Quarry – Water Management Plan 
1731_R30_FINAL.docx 

Surface and Groundwater Contingency Plan 
57 

 

Environmental 
Attribute 

Trigger Level Action Contingency 
Measures 

Groundwater 
level – Dredge 
Pond 

Water in 
dredge pond is 
greater than 
10 m below 
ground level 
for more than 
one month 

Within one month investigate reason 
for water level being low in dredge 
pond, i.e. drought or changed 
operation procedures and then 
determine the volume of water 
required and pump additional deep 
aquifer groundwater to dredge pond 
to bring level back to within 10 m of 
ground level.  

Survey GDEs at Photo Location and 
Ecological Monitoring sites shown on 
Figure 5.1 and document status of 
GDEs. 

Prepare a short report for relevant 
government agencies outlining results 
and appropriate control measures to 
be implemented. 

If insufficient deep 
aquifer groundwater 
is available, reduce 
the size of the dredge 
pond through 
backfilling with 
material from the site 
and ENM and VENM 
or through reducing 
the size of the 
operational area 
through 
compartmentalisation 
or similar 

Surface Water 
Quality – 
sediment 

Monthly or 
event based 
inspections 
indicate 
sediment build 
up in Tinda 
Creek due to 
quarry 
operations or 
breaches in the 
closed water 
management 
system 
containment 
perimeter. 

Monthly or 
event based 
inspection 
shows that 
sediment build 
up is occurring 
in diversion 
channels 
and/or Tinda 
Creek system 
from the 
surrounding 
catchment. 

Within one month remove sediment 
build up and rehabilitate damaged 
areas of the closed water 
management system. 

Within one month identify the source 
of the sediment and remove it from 
diversion channels and/or Tinda Creek 
drainage system.   

If the source is on quarry owned land, 
implement measures to reduce 
sediment generation.  If the source is 
off quarry land notify the relevant 
land owner of the location and extent 
of problem. 

Prepare a short report for relevant 
government agencies outlining results 
and appropriate control measures to 
be implemented. 

Place additional silt 
fence between closed 
water management 
system perimeter and 
area when sediment 
build up has been 
observed. 

If the source of 
sediment is off quarry 
owned land, place silt 
fence between the 
diversion drain and or 
Tinda Creek drainage 
system and the 
identified external 
source. 

Reduce size of closed 
water system 
catchment area. 
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Environmental 
Attribute 

Trigger Level Action Contingency 
Measures 

Surface Water 
Quality – Other 

In accordance 
with ANZECC 
guidelines and 
site specific 
conditions, the 
following 
trigger values 
will be used for 
surface water 
quality:  
pH - 5.0 - 7.5   
Turbidity 
>25 NTU 
Electrical 
Conductivity 
> 350 µS/cm 
Oil and 
grease – TRH-
Silica above 
detection 
levels water 
sample 

If trigger values are exceeded, an 
analysis of water quality data is to be 
undertaken within one month of 
identifying the exceedance to 
establish if the recorded value is a one 
off event or is part of an ongoing 
trend. 
If it is part of an ongoing trend, 
identify the cause of the trend and 
review the potential for impacts on 
surface water quality in GBWHA.  
If the cause of the trend is identified 
as being due to quarry operations, 
implement suitable control measures 
within one month.  
Prepare a short report for relevant 
government agencies outlining results 
and appropriate control measures to 
be implemented. 

Contingency 
measures to be 
explored include 
accelerating the 
rehabilitation 
program and reducing 
the quarry 
disturbance area 
footprint.   
Depending on the 
cause of the 
exceedance of surface 
water quality, a range 
of other contingency 
measures may be 
implemented such as 
use of flocculants to 
reduce turbidity levels 
and pH adjustment. 
Use of Gypsum or 
lime if source of water 
quality trigger is due 
to dispersive 
materials being 
disturbed. 
Reduce size of closed 
water system 
catchment area 

Groundwater 
Quality 

Groundwater 
quality triggers 
are set out in 
Table 5.2 

Within one month of any of the 
groundwater quality triggers set out in 
Table 5.2 being identified as 
exceeded, groundwater quality trends 
will be examined. 
Where analysis indicates a continuing 
trend, potential impact on 
surrounding land appropriate control 
measures to rectify the trend will be 
identified and implemented. 
Prepare a short report for relevant 
government agencies outlining results 
and appropriate control measures to 
be implemented.  

Contingency 
measures to be 
explored include 
accelerating the 
rehabilitation 
program and reducing 
the quarry 
disturbance area 
footprint.   
Depending on the 
cause of the 
exceedance of surface 
water quality, a range 
of other contingency 
measures may be 
implemented such as 
use of flocculants to 
reduce turbidity levels 
and pH adjustment. 
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Environmental 
Attribute 

Trigger Level Action Contingency 
Measures 

EIS predictions All aspects of 
water 
management 

As part of annual review of 
operations, monitoring results for the 
preceding 12 month period and long 
terms trends will be examined and 
compared to predictions set out in the 
Environmental Impact Statement and 
Water Management Plan. 

Where monitoring results indicate 
that predictive parameters used 
should be revised, additional analysis 
and modelling will be undertaken to 
develop a new set of predictions.  
Water Management Plan will then be 
updated to reflect the revised 
predictions. 

Where monitoring 
results identify 
potential for adverse 
impact on 
surrounding land or 
that quarry 
operations may not 
comply with 
conditions and 
requirements in the 
Water Management 
Plan or Landscape 
Management Plan, 
the magnitude of 
potential impacts will 
be determined and 
appropriate 
mitigation measures 
identified and 
implemented. 
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Dear  Darryl, 

RE: Independent peer review of draft Tinda Creek Sand Quarry Water Management Plan 

(WMP)  

Katarina David was commissioned by Hy-Tec to provide the independent peer review of 

draft Tinda Creek Sand Quarry WMP. The WMP was prepared by Umwelt (Australia) Pty 

Ltd to satisfy Conditions 12 and 13 of the development consent SSD_4978 and Conditions 9, 

10 and 11 of the draft Approval for Controlled Action 203/7028 under EPBC Act for the 

extension of Tinda Creek quarry granted in 2015. The WMP describes the detail of the water 

management system and monitoring.  

The aim of the review is to provide an independent assessment and in particular consider 

the following: 

 Whether Darcy’s law has been correctly and reasonably used to estimate 

groundwater infows to the quarry;  

 The reasonableness of the assumptions made about groundwater inflows; and  

 The effectiveness and reasonableness of the proposed monitoring program.  

Accordingly, this report represents an in-depth peer review of the above points. 

The document reviewed as part of this task includes the WMP for Tinda Creek Quarry. It 

must be noted that the review addresses the groundwater sections of the WMP and not the 

surface water management plan. This review is in accordance with the Department of 

Planning and Environment (DoP&E) request for review.  

 

Overview 

The following are the main findings of the WMP review. More detailed comments can be 

found in Specific requirements section.  

 The report is well presented in a professional manner and statements where possible are 

supported by multiple line of evidence. Graphs and analytical calculations are used to 

demonstrate technical contexts and results wherever possible; 
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 The assumptions and parameters used are clearly stated; 

 Dupuit (1863) equation (WMP, pg29) for steady state unconfined aquifer based on the 

Darcy’s law is used correctly to assess the inflow into the excavation area (dredge pond) 

and drawdown extent within the shallow aquifer. The plot of groundwater drawdown in 

monitoring bores with distance from excavation area indicates overall good fit; 

 The inflow is sensitive to hydraulic conductivity value (K). K value used in estimating 

the inflow is one order of magnitude lower than that used in the calibrated groundwater 

model (Umwelt, 2014) indicating heterogeneity across the site in the shallow aquifer. 

The value used is within the literature range for sandy silt to clay; 

 Climatic variations were assessed as part of inflow calculation and it was found that 

observed data provide an overall good fit for both wet and dry period;  

 The inflow and groundwater drawdown predictions use reasonable assumptions to 

address the impact on groundwater system; 

 Current monitoring network with the addition of proposed new monitoring bores will 

provide good spatial coverage to address any impact on groundwater from site activities; 

and  

 Proposed groundwater quality sampling regime and frequency is adequate to provide 

early warning of any changes to the groundwater system. 

Specific requirements 

Groundwater inflow calculation  

Groundwater inflows into the quarry have been estimated by adapting Darcy’s flow equation 

to steady state groundwater flow toward the pumping well (Dupuit , 1863). In this case the 

dredge pond is considered to be a pumping well and the nearby monitoring bores are used 

to estimate the propagation of drawdown and the inflow rate.  

Plate 2 (WMP, 2016) shows a plot of six monitoring bores which indicate the drawdown 

response to dewatering from dredge pond for two periods: wet and dry weather. The 

equation requires the value of hydraulic conductivity to be specified to estimate the inflow. 

Hydraulic conductivity used in the calculation is one order of magnitude lower that that 

obtained from calibrated groundwater flow model prepared for the Environmental Impact 

Statement (EIS) for the project.   

It is well known that if the radius of influence and drawdown in the aquifer are known at the 

dewatering point at the same time, it is possible to determine the drawdown at any distance 

from the dewatering point at that particular time. This can be either achieved by using 
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Dupuit (1863) equation (in WMP, pg 29) for unconfined aquifer, and/or by plotting the 

drawdown vs distance or drawdown vs logarithm of distance.   

It should be noted that water level in paired bores, TP22 and TP06, should be used with 

caution for the analysis, as the bores are installed at different depths and the groundwater 

head is upward which may impact the results. Therefore, the assessment of potential 

drawdown propagation at the southeastern project boundary should include all available 

bores as presented in Plate 2 (WMP, 2016).   Overall, Plates 2 and 3 (WMP, 2016) show very 

good fit with sufficient number of monitoring bores to estimate the drawdown impact and 

inflow to the pond.  

Based on the above, the analytical method using adapted Darcy’s law and the Equation 1 

(WMP, pg 29) has been used correctly and reasonably to estimate the impact on 

groundwater levels in the surrounding area and groundwater inflow into the quarry.  

Groundwater inflow assumptions  

As noted above, the calculation of inflow from unconfined aquifer using the distance-

drawdown analysis is considered accurate when at least two monitoring points are available 

and requires the estimate of hydraulic conductivity. The inflow volume is proportional to 

the hydraulic conductivity value and therefore sensitive to this parameter. 

Distance-drawdown analysis is reasonable based on good fit obtained using 6 groundwater 

bores and dredge pond (dewatering source).  

WMP (2016) has used the hydraulic conductivity of 5 x 10-9 m/s for the calculation of inflow 

into the quarry. This value is typically characteristic for the lower end of conductivity range 

for sandy silt to clay (Domenico and Schwartz, 1990 and Fetter 2001). Given that the model 

calibrated value is one order of magnitude higher, it is possible that the area to the 

southeast of the dredge pond has slightly higher silt and clay component than the average 

for this lithological unit.  

The inflow volume into the excavation area of less than 300 kL/year is reasonable and is 

supported by additional information such as yield in the nearby groundwater bore 

GW110881 and the observed seepage at the wall of the pond.  

WMP (2016) suggests that potential drawdown impact outside of the project boundary and 

inflow into the pond will be assessed by a series of existing paired groundwater bores, and 

new bores to be installed at the western and northern boundaries. The analysis will be used 

to develop site specific parameters for each set of bores.  



 
 
 

Hy-tec 

Independent peer review of Tinda Creek Sand Quarry WMP   

14 June 2016 

 

4 
 

Since there is apparent spatial heterogeneity across the shallow aquifer, it is important that 

the particular value of hydraulic conductivity is used for each area that is analysed. This can 

be achieved by obtaining site measured hydraulic conductivity values.  

The assumptions made in the estimate of the groundwater inflow are therefore considered 

reasonable.  

Proposed monitoring program 

The aim of the proposed monitoring program is to provide the data for estimates of seepage 

rates into the dredge pond and allow for the early identification of potential impacts on 

adjoining lands. WMP (2016) proposes to use of the existing monitoring network comprising 

of 11 monitoring points and augment this with additional six bores. Two of the new bores 

proposed to be located at the northern side of current dredge pond (Domain 3) are aimed at 

replacing two that will be destroyed. The other four bores are strategically located on the 

western side of the extraction area (Domain 1) to allow assessment of dredge pond inflow 

and potential propagation of drawdown past the site boundaries.  

WMP (2016) recommends groundwater quality monitoring regime includes six monthly 

sampling of pH, conductivity, nitrate, ammonia and Total Recoverable Hydrocarbon- Silica. 

Historically elevated total petroleum hydrocarbon (TPH) in groundwater was attributed to 

presence of organic matter in groundwater.  

WMP (2016) also suggests that proposed four bores at the western project boundary be 

added to the monitoring regime and sampled for the same parameters.  

Based on the water quality results reported in WMP over the past 4 years, the water quality 

is slightly acidic, generally fresh, and nitrate detected above the laboratory detection limits 

in upgradient and downgradient bores during both summer and winter sampling periods.  

Given long term monitoring record it is considered that currently monitored parameters 

and frequency (six monthly) are suitable for inclusion in the proposed groundwater 

monitoring program.  

It would be beneficial if the proposed bores TP 44 to TP 47 were installed slightly further to 

the south – by a shift of around 100m to allow for any combined impact of the extraction in 

the Domains 3 and 7 to be assessed.  

The network of monitoring bores (current and proposed) provides good spatial coverage to 

allow early detection of any potential impact on groundwater outside of the project area and 

enables calculation of inflow into the current and proposed extraction areas.  

 



 
 
 

Hy-tec 

Independent peer review of Tinda Creek Sand Quarry WMP   

14 June 2016 

 

5 
 

Recommendation and conclusion  

The following are the main recommendations and conclusions from the review: 

 The scope and purpose of the WMP (2016) is to provide details of the water management 

system and monitoring. The report addresses both components in detail and provides 

the analytical calculation (Dupuit (1863) based on Darcy’s law) to estimate the inflow 

into the excavation area and drawdown prediction outside of the project area; 

 The calculation of inflows into the excavation area is sensitive to the hydraulic 

conductivity value. Given the heterogeneity of the shallow aquifer, it is recommended 

that site specific K data are obtained from existing and new bores which are used in the 

assessment. This can be done by hydraulic testing of monitoring bores; 

 Given the upward hydraulic gradient at paired bores TP6 and TP22, it is recommended 

that those two bores be used in combination with other site bores located in the 

southeast to prepare the distance-drawdown graph for assessment of drawdown 

propagation; 

 It would be beneficial for drawdown impact assessment, if the proposed paired bores at 

the western project boundary are moved slightly to the south (around 100m) to capture 

combined impact from extraction areas in Domains 3 and 7; 

 Use of adapted Darcy’s law and parameter assumptions to estimate the inflow into the 

excavation and impact of drawdown outside of the project area are considered 

reasonable and correct; and  

 Proposed monitoring program including the water quality parameters and frequency of 

sampling is considered suitable to provide early indication of any potential changes to 

groundwater system. 

Should you require any additional information or have questions in relation to the above 

please feel free to contact me.  

Regards, 

 

 

Katarina David 

Principal Hydrogeologist 
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Attended two months Sedimentology Course (Prof. Troger), University of Freiberg, Germany (1991) 

 

Employment History:  

 
March 2014 – current  Principal consulting hydrogeologist (self-

employed) 

 

Major projects: 
� Residential developments, NSW (various) – Groundwater assessment for the estimation of 

groundwater inflow into the basement prepared for the development approval  

� Quarry developments (various NSW and QLD)- Groundwater assessment for development 

approval and ongoing groundwater support  

� Landfill extensions, NSW (various) - Groundwater assessment for environmental impact statement  



  

� Glencore, NSW- Groundwater investigation into the status of alluvium as a result of longwall 

development and groundwater investigation into the impacts to groundwater system 

 

 

December 2012- March 2014 Principal hydrogeologist/Groundwater Team 

Leader, CDMSmith, Sydney 

 

Major projects: 
� Bega Shire Council, NSW -Groundwater investigation for sewage water treatment plant- impact of 

disposal of effluent dunal exfiltration system on groundwater , review of previous information and 

models, and design  of groundwater monitoring system  

� Boral, NSW- Groundwater assessment for Berrima Colliery Subsidence Management Plan – date 

analysis and interpretation, existing groundwater model update and preparation of technical report 

to address the impact of development of new mine areas 

� Springsure Creek transport corridor, Queensland-Bandanna Energy. Groundwater assessment in 

support of voluntary impact assessment–study to assess the baseline conditions , development of 

potential impacts and mitigation measures for the project 

� Lucas Heights Industrial Land Collection site, NSW- assessment of groundwater contamination, 

volume of leachate and assessment of potential remediation options 

� EPA, NSW- Review of groundwater contamination and fate and transport of mercury at former 

chloralkali plant , Orica Botany- desktop review of hydrogeology , contamination, geochemical 

modeling and fate and transport of contaminants (mercury) , risk assessment and 

recommendations for further work 

� Tamworth Council depot -Contaminated land investigation - assessment of groundwater 

conditions and aquifer properties related to migration of contaminants 

� Springsure Creek Underground Coal Mine Project — Bandanna Energy, Queensland, Australia. 

Project Director for the groundwater component of the EIS, which included a revision of 

conceptual and numerical groundwater models to predict the potential impacts of proposed 

longwall mining operations on the existing groundwater resources and groundwater dependent 

ecosystems; community consultation during project exhibition; 

� Metro Coal, QLD – Preparation of groundwater assessment for the EIS,  groundwater monitoring 

network design, including the construction of standpipe and vibrating wire piezometers and pump 

testing for the groundwater assessment, development of site conceptual groundwater model 

� Harcourt and Westside Coal Seam Gas Producers, QLD –Project Director: preparation and 

delivery of underground water impact reports (UWIR) for coal seam gas developments in the 

Bowen Basin. Reports included hydrogeological conceptualisation from existing and new field 

data, providing inputs to and managing development of a 3D groundwater model to represent the 

predicted impacts of groundwater abstraction on aquifers in the gas development area. The reports 

included recommendations for ongoing monitoring of groundwater as gas abstraction progresses. 

All reports we submitted to regulatory authorities for approval 

 

 

August 2009 – November 2012 Principal hydrogeologist/Team leader, Aquaterra, 

Sydney 

 

Major projects: 
� Groundwater assessment for the design of residential development in Double Bay. Groundwater 

numerical model development and assessment of various options for dewatering scenarios to assist 

with the development application.  

� Holcim, NSW – Groundwater assessment of inflows for the quarry in Dubbo 

� Warkworth  nitrate plant, NSW - groundwater contamination assessment and modelling of plume  

� Centennial Coal, NSW -Technical team leader and project manager for six projects including open 

cut and underground coal mines (Western coalfields, NSW). The work includes development of 

groundwater studies for the environmental approvals including the project management and client 



  

support, monitoring program design, conceptual model development, analytical and numerical 

modelling, and impact assessment, licensing and community consultation.  

� Golden Cross, NSW- Development of water supply options and groundwater studies for 

environmental assessment for proposed Copper Hill open cut (NSW). The role includes project 

management and technical lead and assessment of options for the potential surface water and 

groundwater supply for the Project. 

� Centennial Coal, NSW - Groundwater-surface water study for the Inglenook Project (NSW) – the 

project involved extensive water census, hydrogeochemical study using traditional geochemical 

analysis and the use of CFC tracers to assist in hydrogeological conceptualisation and conceptual 

model development. 

� Mt. Penny coal project (open cut)- Technical lead and project manager for the groundwater 

assessment including the groundwater monitoring and testing program design and assistance with 

licensing and development of the conceptual model. Project management of all aspects of the 

project including groundwater modelling and impact assessment.  

� Argent Minerals, NSW -Kempfield project (open cut silver mine)- Lead and project manager for 

groundwater assessment including the monitoring network design, conceptual model, water 

supply, conceptual and numerical model development, pump testing, licensing and preparation of 

impact assessment report.  

� Enhance Place, NSW- Yarraboldy- Stage 1 and 2 coal mine (Lithgow, NSW)-  Groundwater 

assessment Technical lead and project management of all aspects of the project, including 

monitoring network design, hydraulic testing, hydrogeological conceptualisation, conceptual and 

numerical modeling and impact assessment.  Provision of technical advice in relation to regulation 

and licensing. 

� Bulga Coal Mine, Broke, NSW (open cut and underground)- Groundwater assessment and 

specialist input interpreting the impact of gas wells and dewatering on water volumes and quality 

issues as part of a degassing of coal seams for methane gas drilling program, water management 

and NSW regulation related to gas fraccing, ongoing groundwater support for annual reporting and 

subsidence management plan. 

 
February 2005 – August 2009 Principal and Senior hydrogeologist, Parsons 

Brinckerhoff, Sydney 

Major projects: 
�  Nattai Valley, NSW, Sydney Catchment Authority (SCA)- Groundwater-surface water 

investigations,. Project manager for groundwater investigations in the Nattai Valley data collation, 

geochemical and hydrogeological analysis to assess the water quality within the Nattai catchment, 

project for Sydney Catchment Authority for Metropolitan Water Supply. 

� Lane Cove Tunnel, Sydney, Thiess John Holland JV.  Groundwater seepage investigations into the 

east cut and cover tunnel, recharge system design 

� Airport Link, Brisconnections, QLD. Seepage estimation from proposed cutoff sections, 2D 

modelling using SEEPW to estimate the pressures and seepage to the road base and wall 

�  Emergency Drought Supply Evaluation: Lithgow Mine, Delta Electricity Feasibility investigations 

including estimating volumes potentially available within the mine void, a conceptual model, 

numerical FEFLOW model development and assessment of sustainable yield and placement of 

potential extraction bores 

�  Sewerfix Project, NSW Groundwater Modelling Technical Review. A groundwater model was 

developed using MODFLOW to estimate potential water inflow into the storage tunnel. Peer 

review of the model and reporting through conceptual model, model calibration and predictive 

simulations, along with the assessment of hydrogeology report. 

�  Avon Valley Project, WA, Great Southern Olive Holdings Pty Ltd -Groundwater Modelling Lead 

and Technical Review. A groundwater modelling support (MODFLOW) to estimate sustainable 

yield for the aquifer and to predict the aquifer drawdown following intensive pumping for 

irrigation.  



  

�  Hume Highway Duplication, Road and Transport Authority, NSW- Groundwater Assessment for 

Environmental  Impact Statement, review of major aquifers, identification of salinity and 

waterlogging affected areas , development of management strategies 

� Australian Olive Groves, Millmeran, QLD – assessing water supply options for irrigation of the 

olive farm, numerical modelling using MODFLOW to predict the influence of pumping on the 

aquifer and water users 

�  Melbourne Desalination Plant, VIC. Estimation of proposed desalination shaft groundwater 

inflows using MODFLOW numerical model. 

�  Warragamba, Wallacia, Upper Nepean and Illawarra, NSW, Sydney Catchment Authority (SCA)-

Groundwater investigation, Drilling and pump testing and water quality program for Metropolitan 

Water Supply. 

�  Upper Nepean Groundwater Investigation Site, Sydney, Sydney Catchment Authority. 

Development of the conceptual model based on the extensive hydrogeological and geochemical 

investigations. 

�  Sutherland Shire Council, Menai, NSW- Groundwater Prospects Investigation. Groundwater 

investigation for drought relief, production bore installation, groundwater testing, reporting. 

� Dubbo, NSW, Caltex -Groundwater Modelling Lead and Technical Review., A groundwater model 

was developed using WINFLOW and Bioscreen to estimate plume extent and to predict the plume 

migration following intensive pumping for irrigation.  

�  Caltex Service station, Mudgee- monitoring, modelling and remediation of active service station 

site  

�  Randwick residential development, Sydney, NSW – Dewatering design and investigations for the 

groundwater inflow into the basement , numerical modeling using MODFLOW for dewatering 

setup 

�  Dubbo, NSW, Caltex -Groundwater Investigations,. Groundwater modeling of contaminated 

plume using Bioscreen and Wintrans model. 

�  Moomba Landfill Groundwater Investigations, Moomba, SA, Santos. Groundwater modeling to 

assess the landfill leachate development and design of different capping options. 

�  Mudgee Service Station, NSW, Caltex -Groundwater Investigations,. Detailed review of local 

geology and hydrogeology and groundwater impacts, preparation of independent review report 

and recommendations to the monitoring program, ongoing monitoring and advising. 

�  Delta Power Station, Lithgow, NSW- Due diligence study of the likely long term availability of 

water from Clarence Mine for the supply to Delta Power  

�  Enertrade Powerstation, Townsville, QLD- Prepared Environmental Impact Statement for 

proposed power station 

�  Ulan Coal Mine project, Ulan, NSW- Water management strategy for Ulan Coal Mine and 

proposed Ulan power station, Ulan. Development of numerical groundwater model MODFLOW 

to assess future inflows into the mine and the effect of dewatering on the regional aquifer system.  

Assistance with the assessment of groundwater as the potential source for power station, 

groundwater monitoring system redesign 

 

 

April 2003- February 2005               Hydrogeologist, Coffey Geosciences, Sydney  

 

Major projects: 
� Wingecarribee Swamp, SCA, NSW Groundwater assessment, managed environmentally sensitive 

hydrogeology project at Wingecarribee Swamp including geology and hydrogeology mapping and 

geophysical program to develop a conceptual model for the swamp. 

� Murrumbidgee, Lower Murrumbidgee Groundwater Preservation Committee -Groundwater 

Preservation. Analysis of bore pumping and monitoring data, review of the groundwater 

management plan. 

� Rylstone Spring, Bevco, AWBA Groundwater Assessment- Groundwater assessment of water 

supply. 



  

� Campbelltown Residential Estate, NSW, Landcom -Groundwater Assessment. Preliminary 

groundwater assessment including bore testing for groundwater irrigation. 

� Double Bay, NSW, JG Merit -. Hydrogeological report to design parameters to assess dewatering 

impact and the groundwater risk assessment due to construction of residential apartments 

� Merrickville Council, NSW Tempe Lands Remediation - Production bore installation on the 

landfill, aquifer pump testing, interpretation and analysis of data, leachate discharge calculation 

and options for leachate extraction, cut-off wall performance testing, ongoing groundwater 

monitoring 

� Shell Cove Harbour development - Swamp & wetland hydrogeological study, design of monitoring 

network, hydraulic testing and groundwater monitoring, numerical modelling using Visual 

MODFLOW, drawdown predictions for proposed excavations 

�  Landcom, Proposed development, Managed salinity investigation for proposed shopping center 

development  

�  Barrick Gold Mine, West Wyalong, NSW – Managed the program for design and installation of 

dewatering bores for mine dewatering.  

�  Ulan Coal Mine – Numerical modelling using Visual MODFLOW, prediction of inflow, study on 

surface water- groundwater interaction  

 

April 2002- 2003   Project Officer, CNR, DLWC, Sydney  

 

Research into the management of salinity issues for closure of open cut coal mines in the Hunter 

Valley (ACARP project) 

 

Worked on: 

� Examining mining related salinity issues within a catchment framework 

� Comprehensive  literature review to determine the current status of the understanding and 

management of salinity on open cut coal minesites, particularly relating to mine closure 

� An assessment of the principles to address salinity on minesites during the developmental, 

operational and closure phases in order to minimise the post-mining impacts from salinity 

� The development of guiding principles for the management of salinity on open cut coal minesites 

in the Hunter Region 

 

Achievement: 

� Produced a report that addresses: sources of salt to the Hunter River, relative contribution of salt on 

the mine site during current and post mining, development of guiding principles with potential to 

reduce salinisation on the mine site  

 

November 2001 - April 2002 Hydrogeologist, CSIRO, Land and Water,   

     Griffith 

 

Assessment of options for the management and improvement of Green Gully, 

Worked on: 

� Compilation and hydrological appraisal of previous management options  

� Hydrological data collection, interpretation and analysis- catchment, rainfall, bore log data, soil 

information, piezometric levels  

� Field investigation and report writing for Murray Irrigation 

� Feasibility study on different management options 

 

Coleambally Outfall Drain Project, received recognition from UNESCO,  

Worked on: 

� Hydrological data compilation, interpretation of aquifer testing 

� Soil and groundwater sampling and testing for salinity 



  

� Geophysical , geochemical and hydrological data analysis and interpretation for remediation and 

protection of groundwater and land 

� Report writing for government agencies and COD Water Association 

 

 

October 2001    Geological Consultant, Geological Ore Search, Cobar 

 

Worked on: 

� Analysis, research and interpretation of geological data for mineral exploration at Byrock Prospect 

 

January- September 2001   Research Work, CSIRO, Land and Water, Griffith 

 

Hydrological work for Masters Project on groundwater occurrence and quantifying groundwater 

salinity distribution at SBC (effluent irrigation) site: 

� Literature research 

� Conducting hydraulic aquifer tests , analysis of tests  and interpretation 

� Water quality monitoring and interpretation 

� Solute transport and flow modelling using MODFLOW/MT3D 

� Report writing 

 

October - December 2000  Compilation geologist, PASMINCO EXPLORATION, Cobar 

 

� Compilation of historical data from open DMR reports, created geochemical database for 

assistance with geological exploration  

 

October 2000     Part-time teacher, Western Institute of TAFE 

 

� Teaching module Geophysical Instrument Operation for Geological Field Assistants 

� Geotechnical field assistant course including the following modules: geology, geotechnical 

orientation, geophysical instruments operation, sampling techniques and map reading 

 

April - October 2000 Environmental Scientist, PASMINCO ELURA MINE- 

Environmental Department, Cobar, NSW 

 

Main tasks and achievements:  

� Investigated seepage issues on the Tailings Dam  

� Development of mine water balance (rainfall –runoff ) model as part of the water management 

plan, report on findings  

� Review and modification of water management plan 

� Report on investigation for the evaluation of the quarry for the disposal of process water for the 

submission to the EPA 

� Environmental monthly monitoring of groundwater, surface water, dust, soil, flora, and 

meteorology data 

� Collection of samples and interpretation of results following the analysis 

� Acid mine drainage and salinity issues  

� Producing Annual Environmental Report 

 

March 1999- March 2000  Compilation geologist, PASMINCO Exploration, Cobar 

 

� Compilation and research of past exploration geochemical data , digital data management 

� Writing statutory reports for the Department of Mineral Resources , NSW 

� Working on MapInfo software program on creating geochemical thematic maps and sections  

� Lead and supervised the field work on RAB exploration drilling program 

� GIS and creating thematic maps and sections 



  

 

June 1998- January 1999 Geologist, ELURA MINE –PASMINCO, Cobar, NSW 

 

� Geotechnical diamond drill core logging , plotting and interpretation of geotechnical section for 

the mine shaft extension project 

� Managing the mine database with DataShed software 

� Logging underground production and exploration diamond drill core 

� Managing the exploration percussion –drilling program 

 

1997-1998 Graduate geologist, PEAK GOLD MINE, Cobar, NSW 

 

� Working on determination of hydrothermal alterations on shallow RAB drill chips and diamond 

drill core samples  (with PIMA instrument) 

 

June- September 1994  Graduate geologist, COEUR GOLD- Golden Cross Mine, 

Waihi, NEW ZEALAND 

 

� Geochemical study of epithermal gold deposits, plotting and interpretation of geochemical cross 

sections and long sections through the deposit  

 

 

Skills Summary: Project Management, Computer skills: Microsoft Applications, MapInfo, 

SURFER, FEFLOW, MODFLOW/MT3D, WBNM, RINVERT, Groundwater VISTAS, Bioscreen, 

Biochlor, WINFLOW 

Current drivers licence, green card, safety training for open cut coal mines and Senior First Aid  

 

 

Publications and presentations: 

 
David, K., Timms W and Barker A. (2015) Direct stable isotope porewater equilibration and 

identification of groundwater processes in heterogenous sedimentary rock, Science of the Total 

Environment 538 (2015) 1010-1023, http://linkinghub.elsevier.com/retrieve/pii/S0048969715305787  

 
David, K., Liu, T., David, V. (2014) Use of several different methods for characterising a fractured 

rock aquifer, case study Kempfield, New South Wales, Australia, Chapter 19 in Fractured Rock 

Hydrogeology, International Asociation of Hydrogeologists Selected Papers, 20, Sharp J. (ed), In 

press 

 

David, K (2013) Understanding saturation and hydraulic properties of historical mine workings, 

International Groundwater Congress, IAH, Perth, WA, September 2013 
 
David, K (2012) Use of different methods for characterising the fractured rock aquifer, case study: 
Kempfield, NSW, International Groundwater Conference , GwFr2012, Prague.  
 
David,K.(2012) Difficulty in characterising fractured rock aquifer, IGC Brisbane, August 2012 
 
David, K. (2011) Water in mining- new developments and constraints, 4

th
 Annual mining NSW 

conference, Orange, NSW, September 2011 
 
David, K. (2011) Development of a conceptual model for Running Stream/Cherry Tree Hill area, 
NSW, NSW IAH Symposium 2011, Hydrogeology in NSW-Challenge in Uncertainty 
 



  

David, K, Bryant, N, Johnson, A. (2009) A need for groundwater assessment for coal seam methane 
exploration, Groundwater in the Sydney Basin Symposium, IAH Conference Proceedings, Sydney, 
2009  
  
David, K. & Saflian, K, (2009) Importance of groundwater for swamp sustainability, Wingecarribee 
Swamp, NSW, Australia, 2

nd
 Multidisciplinary Conference on Hydrology and Ecology, Conference 

Proceedings, April, 2009, Vienna , Austria.  
 
David K. (2008) Looking for mine water supply in the area of limited water allocation (Boggabri Coal, 
NSW), Australian Earth Sciences Convention, Perth 20 July - 24 July 2008 
 
David K and Best R. (2007) Case Study: Remediation and Prevention of Contaminated Water 
Discharging into the Sea at Tempe, NSW, 4th Croatian Conference on Water, Opatija, Croatia, April 
2007. 
 
McLean W., David K, Jankowski J. (2007) Surface water-groundwater interaction in the Nattai River 
catchment, New South Wales, Australia, IAH 2007 Conference Proceedings, Lisbon , Portugal  
 
David K (2006) Overview of the hydrogeology of the western coalfields – Ulan Coal Mine case study, 
Sydney Basin Symposium, Conference Proceedings, Wollongong November 2006  
 
David K.(2006) Geological controls on Regional Groundwater Flow and Mine Development, Second 
international Hydrogeology Research Conference, Adelaide, Dec 2006, Conference Proceedings, 
Adelaide , South Australia 
 
David K. (2005) Hunter River Salinity- Relationship to open cut coal mines, IAH 2005 Conference 
proceedings, Auckland, NZ  
 
David K. and Ross B. (2004), Case Study: Groundwater as a tool for assessment of geotechnical 
solutions, Melbourne, Inaugural Australasian Hydrogeology Conference proceedings. 
 
David, K. (2003) Salinity Management in Open Cut Mine Closures in the Hunter, Workshop 
Proceedings, Change for Better: Mining’s Progress Towards Sustainable Development, Environment 
Workshop, NSW Minerals Council, Mudgee, July 2003  
 
David, K., Prathapar, S.  Creelman, B. and Hanckok, G.R. (2003) Management of Salinity Issues for 
the Closure of Open Cut Coal Mines, ACARP report C11050, CNR, DLWC, Sydney  
 
David, K. and Khan, S.  (2003) Experimental and Numerical Studies to Quantify Groundwater Salinity 
Distribution within the Saturated Zone under Highly Saline Irrigation Systems, Townsville, MODSIM 
2003 conference proceedings  
  
Khan, S, David, K., Carroll, J., Ruthledge, S. and Harrison, L. (2002) Hydrogeological Investigations 
for Native Revegetation in the Colleambally Outfall District, Consultancy Report, CSIRO, Griffith 
 
Khan, S, Carroll, J., King, N. and David, K. (2002) Baseline Hydrological Study of the Coleambally 
Outfall District, Consultancy Report, CSIRO, Griffith 
 
Khan, S., Robinson, D., O’Connel, N. and David, K. (2002) Assessment of Options for the 
Management and Improvement of Green Gully, Draft Final Report, Consultancy Report for Murray 
Irrigation Ltd, CSIRO, Griffith 
 
David, K. (2000) Evaluation of the Quarry for the Disposal of Process Water, Internal Technical 
Report, Pasminco Elura Mine, Cobar 
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