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EXECUTIVE SUMMARY

Concrite Quarries Pty. Ltd. is currently seeking approval for the extension of its hard rock basalt
extraction area adjacent to its crushing and screening plant at Exeter. The Company currently
extracts basalt from the quarry area adjacent to the proposed extraction area. The Company has
been producing high quality crushed basalt aggregate from a series of satellite extraction areas
surrounding its crushing and screening plant. Crushing and screening commenced at the plant in
1978. The present application seeks permission to extend the quarrying operations into an area
NE of Rockleigh Road.

The products currently being produced are sold to premixed concrete and hot-mix plants, sealing
aggregate contractors and to road construction contractors including those of State and Local
Government and private developers. The products being produced allow design engineers and
specifiers to gain access to concrete and pavement materials of the highest quality, since much of
the produced product has properties superior to those of competitive materials.

The superior properties when used in quality concretes result in:

« Very high strength concretes (50 - 100 MPa)

Very high modulus of elasticity concrete

Very low shrinkage concrete (600 pi-strain at 56 days)

Concrete which is required to be innocuous with respect to alkali-aggregate attack
Concrete which is required to incorporate low totals of chloride and sulphate salts
Very low permeability

s o & &

High quality pavement materials and rail ballast rock products are produced from the basalt of the
Exeter area. Specifiers of high quality road pavement materials call for:

¢ Low plasticity

* Minimum wet/dry strength variation

» Low Los Angeles abrasion

» Low loss under sodium sulphate testing

The basalt products from the Exeter area satisfy these requirements.

The specifiers of high quality rail ballast materials, such as those currently specifying materials for
use on the high speed sections of the Very Fast Train Project between Sydney and Canberra and
beyond, require a very high quality stone. The design engineers engaged on that project specify
acceptance with respect to:

« Resistance to attrition, as assessed by the Deval Test
« Fragility, as assessed by the Los Angeles Test
« Instantaneous hardness, determined from the combined results of the above test methods

The Exeter basalt will satisfy the very strict specification outlined by the French Partners in the
Very High Speed Rail Consortium.

There is an increasing demand worldwide for quarry products of superior quality to allow design
engineers to specify the highest quality engineering works which have the longest maintenance
free service lives. It is expected that this demand will continue in Australia. In particular this trend
has been evidenced for concrete in the Sydney and adjacent market areas. Exeter basalt products
have been proven to satisfy the most exacting demands of design engineers and specifiers of high
quality structural and road materials.

Harold Roper & Associates
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1. INTRODUCTORY STATEMENT

Engineers select aggregate materials, including concrete aggregate and pavement materials,
which best fulfil requirements governing the construction and service stages of built structures,
always provided that such materials are available at viable prices. The cost of aggregate materials
depends not only on the intrinsic nature of the material but also on the necessary extractive and
preparation procedures, and the locations of the sites from which they are won. This cost is
passed on to the consumers and ultimately the owners of the structure. In the case of most large
infrastructure projects, the general public are the largest stakeholders, and hence stand to gain
most from the availability of economic sources of quality engineering materials which will
maximise the service lives of the structures.

Most of the rocks forming the Sydney Basin are unsuitable for the production of high class
aggregate materials, as they are predominantly sandstones and shales. Even the rare igneous
materials intruded into these are either being rapidly exhausted (Prospect Quarry), or are not
suitable for high grade concrete construction (Volcanic Breccias). The gravels of the Penrith area
are also quickly being consumed. Information on public record suggests that materials production
from Penrith River Gravel sites may be exhausted as early as 2006. Some gravel reserves have
been lost as a resource by the encroachment of home building construction.

For the above reasons the centre of the biggest demand for construction materials, the Sydney
Construction market, must seek aggregates from well outside the confines of the Sydney Basin.
That is not to say that road and rail infrastructure will not place demands for considerable amounts
of aggregate supplies throughout the State of New South Wales, but that in general, Sydney will
remain the hub from which such routes spread. This means that the greatest demand will remain
centred around the area with the least resources.

Consequently the protection (through planning) and development of aggregate resources of
premium grade which are readily transported to both the Sydney Area, and to the lines of
transportation infrastructure development is an imperative. One such resource is the quarryable
rock reserves of the Exeter area. As a rule the igneous hard rock reserves in the Mittagong-Moss
Vale Area which have in the past been nominated as important for future use were those
expressed as significant positive topographic features on the landscape, such as prominent ridges
with bold outcrops.

The Exeter quarryable materials, which are basalts present as caps on the plateau forming the
Robertson Tableland, are at this time being successfully worked for concrete aggregate and road
pavement materials. Quarryable reserves do not necessarily present as strong topographic
features, but rather blend into the gentle undulating countryside. Such is the case in the Exeter
Area, where workable deposits of naturally jointed or broken basalt, amygdaloidal basalt and
massive fine-grained basalt have been identified. These three classes of basalt have been
identified in the existing quarry, from core sections drilled in the proposed extension area, and in
outcrops. Potential extraction areas extend West of Werai Road, Lantern Hill, and Green Hills as
well as Rockleigh. The Exeter Quarry is recognised by the NSW Department of Mineral Resources
as "a resource of regional significance”, and extensions to this have also been recognised by that
Department as containing regionally significant aggregate resources in advice provided to
Wingecarribee Shire Council concerning the Section 117(2) Direction to allow further exploitation
of the aggregate materials (See Letter Ref L97/0137, Dated 1/7/1998, from the Department of
Mineral Resources to Concrite Quarries).

A detailed geological description of an area close to the presently operating Concrite Quarry in
Exeter proposed for development is covered in a Report prepared by R. W. Corkery & Co. Pty
Limited, entitled: "Exeter Quarry Extension Environmental Impact Statement" and in the Report by
Donald W Barnett entitled: “Supply and Demand of Coarse Aggregate for Wingecarribee Shire
and the Sydney Region with Particular Regard to the Exeter Quarry".

Harold Roper & Associates
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2. EXETER ROCK TYPES FOR AGGREGATE PRODUCTION

Three types of hard rock, which broadly relate to classes of aggregate materials, could be
produced from any basalit quarry within the Exeter Area. These are:

Broken Basalt - Hard boulders of closely jointed coarse grained, unweathered basalt.
Massive Basalt - The parent materials of the broken basalt boulders.
Amygdaloidal Basalt - Somewhat coarser grained, pneumatologically altered basalt.

Petrographically the basalt is holocrystalline, equigranular and fine to medium grained. Principal
minerals are plagioclase, pyroxene, olivine, opaques and apatite, which comprise in the order of
70-80% of the rock mass. Secondary minerals include zeolites, chlorite\clay minerals, olivine
alteration products and carbonates in varying proportions.

The proportions of the various classes of materials produced from any given location may be
varied during the quarry's lifetime by selective quarrying methods, and the proportions of the
materials encountered as the extraction advances.

Broken Basalt from the present Exeter Quarry provides high quality concrete aggregate, with
extremely high modulus of elasticity. It can be used to produce very high strength concretes (>80
MPa). These can be used in high rise construction. Exeter Quarry aggregates are in demand for
mixes which require controiled low shrinkage and creep propetrties, for bridge and prestressed
concrete works. The Broken Basalts within the proposed extraction area should fill a similar place
in the special concrete market which is growing yearly.

The Massive Basalt will provide high grade concrete aggregate of similar properties to those of the
Broken Basalts.

Amygdaloidal Basalt from the new quarry will be blended with varying quantities of either Broken
Basalt or Massive Basalt to produce concrete aggregates which may be used in normal class
concrete. The amygdaloidal basalt when processed, and the fines produced from the crushing of
all basalt types will be used to produce pavement materials to comply with the relevant
specifications. With the closure of the Penrith Lakes Scheme, there will also be a shortage of
concrete making sands available to the Sydney market. Preliminary trials on amygdaloidal basalit
fines from Exeter have demonstrated that this material can be used to manufacture a coarse
grained crusher sand. It could be expected that in the future this material could mitigate, in some
measure, the significant shortfall in coarse grained sand which will arise with the closure of the
Penrith Lakes Scheme. The Broken Basalt and the Massive Basalt will also be used to produce
pavement materials to the highest levels of specification.

3. AGGREGATE INFLUENCES ON CONCRETE PROPERTIES

Three aspects of concrete technology are uppermost in the minds of design engineers when
selection of concrete for a specific purpose is made. These are strength, serviceability and
durability. The strength of concrete is governed chiefly by its design load carrying capacity,
however at the same time linkage of high strength is made to the mechanical properties of high
modulus of elasticity and low creep. The aggregates at present being produced from the Exeter
quarry are second to none in producing high strength, high moduius, low creep concretes.

Serviceability criteria include short and long term deflections and cracking. Minimum long term

deflections result from the high modulus and low creep of the basalt aggregate concretes being
produced with the presently quarried material. Also because of the low shrinkage characteristics

Harold Roper & Associates
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which can be attained in the concrete, both cracking and long-term deflections due to drying
shrinkage are minimised when this aggregate is used in concrete.

Durability considerations relate to chemical and physical changes in the concrete. These chemical
changes are caused by such phenomena as alkali aggregate reactivity, the presence of chlorides
and sulphates in the produced material, and the possibility of aggressive species such as carbon
dioxide, chloride and sulphate ions diffusing into the concrete.

The presently produced concrete aggregates from the Exeter Quarry are innocuous with respect
to alkali-aggregate reaction. This means that no precautions need be taken to prevent this
problem from occurring. This is not so for some other materials being supplied to the Sydney Area
at this time. There is a distinct advantage in producing innocuous aggregate in that portiand
cements of any alkali content may be used in the produced concrete without leading to excessive
expansions, even when no fly ash or silica fume is present. This allows both a greater range of
cements to be used without pozzolans, and permits the production of high strength concretes
without resorting to incorporation of relatively expensive silica fume in the mix. Thus general
economic savings flow from the production of innocuous aggregates.

The aggregate itself is low in chlorides, which gives additional protection with respect to steel
corrosion in marine structures. The aggregates are also low in suiphate ions. Analysis data for
chlorides and sulphates on a 14 mm Aggregate from Exeter showed contents of chloride and
sulphate as 0.003% and 0.016% respectively.

The aggregates being produced in the Exeter area are dense, and are hence not permeable to
aggressive chemical species. The minimisation of cracks also reduces aggressive intrusion of
active ions into the concretes made with presently won Exeter aggregates. In Table 1 some
properties of the Exeter basalt may be compared with those of other aggregate materials being
supplied to the Sydney Basin.

The data in Table 1 show that the basalt is dense; and somewhat denser than competitive
aggregates. It exceeds the minimum standard set by AS2758.1 Aggregate and Rock for
Engineering Purpose. Part 1. Concrete Aggregates, for particle density of not less than 2100
kg/m® . The water absorption is low, reflecting the dense and compact rock properties, and the
level meets Standard requirements. With respect to the wet/dry strength variation, the 5 to 15%
variation is below the maximum value of 25% set in AS 2758.1 for concrete to be used in severe
conditions of wetting and drying. With one exception, the presently produced basalt has a wet-dry
strength variation less than that of competitive materials.

The Los Angeles Test is designed to measure loss under dynamic loading, and is a measure of
resistance to degradation under such action. The data evidences that materials from the
producing quarry degrades only a small amount under such action, and less than its competitors.
The alkali aggregate data indicates that the aggregate does not swell in the presence of hydrating
portland cement, even when pozzolanic materials are absent. The basalt has low total chlorides
and sulphates. Basalt has a high modulus of elasticity, and low intrinsic shrinkage.

There is, at present, a strong tendency to specify higher strength and low shrinkage concretes in
construction world wide. Australia has followed this trend since it allows financial gains to be made
by decreasing concrete sections, leading to a saving of material, and also by improving long-term
durability of the structural members. The steel manufacturers have accepted that this trend will
continue, and have committed themselves to the production of higher strength steel reinforcement
than is available at this time, to take even greater advantage of the now available high strength,
low shrinkage concretes.

Such high strength concretes are not only being used for high-rise construction, but are being

specified for bridges, tunnels and other infrastructure construction, because of the more rigorous
durability demands, such as life service requirements over 100 years. As well, it permits more

Harold Roper & Associates
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rapid construction procedures to be implemented, thus allowing cost savings. Thus, even though
the strength of concrete in such structures may not be so important per se, the outcome of use of
high strength concrete is almost invariably advantageous. Because of the high cement contents of
high strength concretes, the properties of aggregate to control shrinkage is crucial to its
application.

In order to produce high strength, low shrinkage concretes, at the lowest cost, aggregates with
high modulus of elasticity are required to be used. Basalt aggregates have the highest moduli and
lowest intrinsic shrinkage of any aggregates available in the Sydney hinterland. This means that
demand for such material should continue to increase above that for river gravels, latites and the
local dolerites. The concrete strengths, for equal water/cement ratios and using a single cement,
are generally in decreasing order from basalt, river gravel, latites, and certain doleritic rock types,
the latter giving lowest values. A similar order exists for elastic moduli. For shrinkage the opposite
order is observed, with basalts, particularly non-amygdaloidal types, producing the lowest
shrinkages.

It would be expected and has been demonstrated that concrete of high modulus and low
shrinkage would result from the high aggregate modulus of rock types both from the Exeter Quarry
and from the proposed quarry.

Overall demand for high grade basaltic aggregates should continue to grow as higher strength and
better long-term durability is specified for many more types of structure than is the case at present.

For special structures where high strength is not a requirement, and may even lead to severe
problems due to excessive heat of hydration, such as in mass concrete construction, the materials
from Exeter have again properties of considerable worth. These properties include, apart from
those already mentioned, high thermal conductivity and capacity, and resistance to thermal
cracking. When the heightening of the Warragamba Dam was mooted, the aggregate from Exeter
was a serious contender for use due to such properties.

4. AGGREGATE TESTS IN ACCORD WITH AUSTRALIAN STANDARD AS 2758.1

In assessing the acceptability of concrete aggregate from any newly developed quarry, substantial
dependence must be placed on Australian Standard AS 2758.1-1998. Part One of the Standard, is
the first in a series, which cover specification of aggregates and rock for engineering purposes.
Other Parts are as follows:

Part 2: Aggregates for sprayed bituminous surfacing
Part 5: Asphaltic aggregates
Part 7: Railway ballast.

In general, the test requirements in Part 1 are the most stringent of all, and a majority of hard rock
materials which pass these are also found to be suitable for use in sprayed bituminous surfacing
and asphaltic binding, and as railway ballast. However, railway ballast for proposed high speed rail
construction may well be subject to an alternate assessment method, which combines tests of
resistance to attrition (Deval Test) and fragility (Los Angeles Test) to give a coefficient of bulk
hardness, DRG.

AS 2758.1 - 1998, which is called up as AS 1379, which in turn calls up as AS 3600, Concrete
Structures, relies on tests which are outlined in AS 1141, Methods for Sampling and Testing
Aggregates, which is designed to include all aggregate tests, including those specific to other than
concrete aggregates.

Properties that are required to be known for a concrete mix design, (including particle density, bulk
density, water absorption, particle size distribution, alkali aggregate reactivity and soluble salts, if

Harold Roper & Associates
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above reportable levels,) are governed by choices or limits in specific works specifications. This
allows the designer to include or eliminate materials for use in his/her works which otherwise may
have been excluded or included if general limits were to have been stated in the Standard. All of
these requirements should be easily met by production run materials.

Durability of coarse aggregate is related to the use of concrete and its exposure, and is therefore
not simply a mix design factor. In this case the works specifier is called on to select an exposure
classification and to chose one of three methods of assessment. The methods available are: wet
strength and wet/dry strength variation, Los Angeles value and sodium sulfate soundness, and
Los Angeles and unsound and marginal stone content. Even though limits are given in the
Standard, considerable latitude is given to the designer to modify these, if considered appropriate.

5. CONCRETE AND AGGREGATE TESTING TO DATE

The detailed testing, in precise accord with designated Australian Standards, of the individual
aggregate types in the proposed extension area must await more extensive bulk sampling of the
resource, since strict control on sampling is a requirement of that Standard. Sampling of
stockpiles for example cannot be undertaken until some level of on site aggregate production has
been undertaken. From bulk sampling of broken basalt from the extension area, it is known that
concretes of prior designed strengths can be produced from the various materials, and that
shrinkage values of such mixes are in line with expectations. The data are in accord with
information obtained from the presently operating quarry, and extrapolations of data from the
produced materials to the exploratory ones appears on the available data to be justified. This
justification flows from the fact that concretes produced from aggregates won from the presently
operating quarry invariably show superior shrinkage performance over materials produced from
alternate sources, as can be seen in Table 2.

Compressive strength and drying shrinkage data for trial concrete mixes produced from samples
of crushed broken, and massive basalt are presented in Table 3. The tests demonstrate the
suitability of the basalts occurring in the Extension area for the manufacture of concrete
aggregate.

When Exeter basalt is used exclusively as coarse aggregate in concrete, close checks on both
aggregate and concrete production permits rigorous concrete shrinkage control as demonstrated
by the results achieved at the Multiplex-Shellharbour Square Project. Details are presented in
Appendix 1. These results show an average shrinkage strain after 8 weeks of drying of 449 p-
strain. Somewhat higher values of shrinkage will result when basalt is blended with other
aggregate types such as latite, river gravel etc, and when such other aggregates are used
unblended in otherwise equivalent concretes.

Shrinkage and concrete strength test results of concretes prepared from broken basalt extracted
from the proposed quarry site are presented in Appendix 2.

6. RAILWAY BALLAST
Railway ballast for the proposed high speed rail construction is subject to an alternate assessment
method to that given in Australian Standards. This alternate method combines tests of resistance

to attrition (Deval Test) and fragility (Los Angeles Test) to give a coefficient of bulk hardness,
DRG.

Test data on Exeter Railway Ballast is presented in Table 4.

Basalt from the existing quarry will also meet the strict requirements of the ballast stone for the
VFT high speed section. The broken and massive basalt sections of the proposed quarry have

Harold Roper & Associates
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similar petrographic properties, and ballast materials derived from these materials could be
expected to meet the same specification.

7. ROAD PAVING MATERIALS

Materials for road construction have been supplied from the Exeter Quarry. Depending on the use
to which the paving materials are to be put, they are subject to various test procedures. Results
relating to paving materials are presented in Table 5.

The Exeter Area should continue to be a source of high grade paving materials, the basalts being
a good source rock for such use.

8. CONCLUSIONS

Continued production of high quality quarry materials should flow from the Exeter area provided
that the opportunity is given for the continued production of these. The products currently being
produced are sold to premixed concrete and hot-mix plants, sealing aggregate contractors and to
road construction contractors including those of State and Local Government and private
developers. The products being produced allow design engineers and specifiers to gain access to
concrete and pavement materials of the highest quality, since much of the produced product has
properties superior to those of competitive materials.

The superior properties when used in quality concretes result in:

» Very high strength concretes (50 - 100 MPa)

e Very high modulus of elasticity concrete

e Very low shrinkage concrete (600 p-strain at 56 days)

e Concrete which is required to be innocuous with respect to alkali-aggregate attack
» Concrete which is required to incorporate low totals of chloride and suiphate saits

High quality pavement materials and rail ballast rock products are produced from the basalt of the
Exeter area. Specifiers of high quality road pavement materials call for:

Low plasticity

Minimum wet/dry strength variation
Low Los Angeles abrasion

Low loss under sodium sulphate testing

The basalt products from the Exeter area satisfy these requirements.

The specifiers of high quality rail ballast materials, such as those currently specifying materials for
use on the high speed sections of the Very Fast Train Project between Sydney and Canberra and
beyond, require very high quality stone. The design engineers engaged on that project specify
acceptance with respect to:

» Resistance to attrition, as assessed by the Deval Test
e Fragility, as assessed by the Los Angeles Test
 Instantaneous hardness, determined from the combined resulits of the above test methods

The Exeter basalt will satisfy the very strict specification outlined by the French Partners in the
Very High Speed Rail Consortium.

There is an increasing demand worldwide for quarry products of superior quality to allow design
engineers to specify the highest quality engineering works which have the longest maintenance
free service lives. It is expected that this demand will continue in Australia. In particular this trend

Harold Roper & Associates
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has been evidenced for concrete in the Sydney and adjacent market areas. The Exeter basalt has
proven and demonstrated characteristics which render it highly suitable for use as concrete and
sealing aggregate and railway ballast. lts very low moisture movement, low reactivity and high
strength in concrete, makes it suitable for uses demanding long design life in the most adverse of
serviceability conditions. In this regard it outranks its competitors. The proposed extension to the
Exeter Quarry should provide a long-term source of quality aggregate to meet the increasing
demands for high performance concretes and road stone for use under special and severe
conditions.

=

Harold Roper B.Sc.(Hons), M.Eng.Sc., PhD
F.LE.(Aust), F.(Aust)l.M.M.
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TABLE1
COARSE AGGREGATE PROPERTIES SUMMARY

~_ Property | Unit | Basalt | Latite | River Gravel | Microsyenite | Microsyenite - Rhyolite | Standard#
- ~ (Exeter) | (Bombo) (Penrith) (Compton (Mt Flora) (Haetley) |
Particle Density kg/m3 *2580-2870 2720-2750 2630-2650 2600 2420-2518 2620 >2100<3200
(Dry) -
Water Absorption % 0.6-1.3 0.63-1.7 0.9-1.3 1.4-1.8 2.3-3.7 0.7 <2.0
Wet/Dry Strength % 5-15 23-28 20-30 8+ 3-20 3 <25
Variation
Los Angeles Value % 9.5-14.5 13-22 17.2-19 20-24 20-30 16 <30
Alkali Reactivity Innocuous Innocuous Innocuous to Innocuous Innocuous Innocuous =
reactive
Chloride content ppm 10-50 210-350 20-100 NA NA NA *
Sulphate content ppm 20-150 180-1530 30-870 NA NA NA 35
Modulus of Elasticity | GPa 78-86 80 76 NA NA NA =

Modified from Minec Pty Ltd (1999) and Concrite Quarries Pty Ltd.

Note: * Lower figure of 2580 kg/i

# AS 2758.1-1998. ** No standard specified.

obtained for amygdaloidal basalt.

Sifeseg J6)6X3 jo UONBNBAT I| LEd - | 8LUNJOA

uorsueix3 Aeny J81ex3

S31ANLS LNVLINSNOD 1SIVIO3dS

VA

QL7 Ald SIHHVND FLIHONOD



CONCRITE QUARRIES PTY LTD 1-18 SPECIALIST CONSULTANT STUDIES
Exeter Quarry Extension Volume 1 - Part 1: Evaluation of Exeter Basalts

TABLE 2
CONCRETE DRYING SHRINKAGE PERFORMANCE

Coarse Aggregate Average Shrinkage
(u-strain)
Period June 1991 to March 1999
Exeter Basalt 530
Exeter Basalt blended 540
with Crushed River
Gravel
Crushed River Gravel 575
South Coast Latite 680
Special Projects Location
Exeter Basalt 450 Shellharbour Shopping Centre
Exeter Basalt blended 515 Stadium Australia
with Crushed River
Gravel
Crushed River Gravel 580 Stadium Australia
Exeter Basalt blended 560 Coles Distribution Centre, Smeaton
with Crushed River Grange
Gravel

Source: M Ortiz, Concrite (17 June 1999)
Note: Low shrinkage concrete with Shrinkage Limited Cement and 20mm aggregate.

Harold Roper & Associates
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CONTEST CONCRETE TESTING PTY. LTD.

A.C.N. 001 871 067

Fax: (02) 9601 8041
Correspondence: P.O. Box 523, Sutherland, 2232

Telephone: (02) 9601 3422 co N T EST

TABLE 3

TRIAL MIXES ON SUBMITTED CRUSHED BASALT SAMPLES
(Date of Trials: 1 April 1995)

Ref No. | Docket Marking Description Mix Breakdown Compressive Strengths { Drying Shrinkage
ystrain
12151 (F1 + F2) Broken Basalt GP 350 7d 25.5 MPa 1 Week 220
¥2-7m Bulk Density = 2760 |Crushed sample 975 28d 32.0MPa | 2 Weeks 350
Penrose Sand 950 3 Weeks 430
MBT 300R (Mis) 87b . 4 Weeks 490
Total Water (L) 205 8 Weeks 610
Slump 65
12152 (F1+F2) Massive Basalt GP 350 7d 32.0 MPa 1 Week 160
31-33m Bulk Density = 2770 |Crushed sample 975 28d 37.0MPa | 2 Weeks 250
Penrose Sand 950 3 Weeks 300
MBT 300R (Mis) 875 4 Weeks 360
Total Water (L) 21 8 Weeks 470
Slump 70

ref. C:stuart/personalibe_tab3
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TABLE 4

TEST RESULTS ON EXETER RAIL BALLAST

d Requirement

Proportion of Weak Particles Not greateﬁ'ﬁan 0.5% AS 2758.1-1998
Test method AS1141.32
Percentage of sample passing % 0.0 Test method AS1141.32
2.36mm
Mean Apparent Particle Density kg/m® 2920 Not less than 2500 kg/m® (dry AS 2758.7-1996
Mean Particle Density (Dry) 2870 basis ballast material) Test method AS1141.6.1
T Mean Particle Density (SSD) 2890
2 Mean Water Absorption % 0.6 Generally not greater than 2 AS 2758.1-1998
g Test method AS1141.6.1
? Average Dry Strength KN 364 : AS 2758.7-1996
-~ Average Wet Strength 328 Class H Min 175 Test method AS1141.22-1996
g Class N Min 150
2 Class L Min 110
= Wet/Dry Strength Variation % 10 Class H Max 25 AS 2758.7-1996
Class N Max 30 Test method AS1141.22-1996
Class L. Max 40

Source: Concrite Test Certificales

Note: * Class H-track carrying traffic in excess of 6,000,000 gross tonnes per year.
Class N-track carrying traffic from 1,000,000 to 6,000,000 gross tonnes per
Class L-track carrying traffic less than 1,000,000 gross tonnes per year.

year.
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TABLE 5
TEST RESULTS ON EXETER PAVING MATERIALS
. Unit | Result. “Standard Reference

Max Dry Compressive Strength (MPa) 4.2-6.4 Greater than or equal to 1.7 RTAT114
Corresponding Moisture Content % 7.0-7.8
Corresponding Dry Density t/m’ 2.23-2.35
Total Mis-Shapen Particles DGB 20 Ratio 2:1 ratio = 15 Less than or equal to 35 AS 1141.14-1995

3:1ratio=2
Aggregate Wet Strength DGB 20 kN 315 *Greater than or equal to 60kN AS1141.22-1996
Wet/Dry Strength Variation DGB 20 % 14 *Less than or equal to 35 AS1141.22-1996
Liquid Limit DGB 20 Non-plastic Less than or equal to 20. AS 1289.3.1.1/
Plastic Limit Less than or equal to 20. AS 1289.3.2.1-1995
Plastic Index *Less than or equal to 6. _
Fine Particle Distribution in Road | DGB 20 % A Ratio: 45 35-55 AS 1141.19-1980/
Materials B Ratio 47 35-55 RTA T107

C Ratio 39 35-60

Source: Concrite Test Results
Note: * Dependant on road classification.
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SHRINKAGE RESULTS FOR

MULTIPLEX - SHELL HARBOUR SQUARE
(S40 - 550 microstrain)

Date Spec' Ident  Str Grade Docket Slump  Week1 Week2 Week3 Week 4 Week 8

718197 24816 S40 708455 75 190 290 350 380 460

718197 24817 S40 708471 75 170 260 330 370 450
30/08/97 24833 S40 708870 85 200 300 380 380 470
30/08/97 24834 S40 708911 85 180 290 370 370 450
3/11/97 24125 S40 - 708923 80 150 210 300 340 440
13/11/97 24966 S40 710179 85 180 270 320 420 510
13/11/97 24967 S40 710206 95 160 220 250 340 450
20/11/97 24973 S40 710338 80 130 190 290 310 4190
20/11/97 24975 S40 710358 80 110 180 280 300 390
02/12/97 24143 S40 710627 80 170 250 290 330 450
02/12/97 24144 S40 710640 90 170 250 280 310 440
13/01/98 24164 S40 711134 105 150 260 320 360 470

S§40 Statistics Slump Week1 Week2 Week3 Week4 Week8

Average 856 164 2438 313 351 449

Minimum 75 110 180 250 300 390
Maximum 105 200 300 380 420 510
St. Dev. 8.6 261 39.6 39.2 355 30.0
Var. Coeff. 10% 16% 16% 12% 10% 7%

d:\msoffice\excel\shrink_nmuit_shr
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CONCRITE QUARRIES PTY LTD
Exeter Quarry Extension

SHRINKAGE TRIALS OF NEW EXETER DEPOSITS

TRIAL MIX DATA

Mixes consisted of the following mix breakdown:
(figures based on per cubic meter)

Cement - SL 330 330 330 330 330 330
20mm (F3,F4, & F7) F3-740 F3-740 F4-740 F4-740 F7 -750 F7-750
10mm (F3,F4, & F7) F3-340 F3-340 F4-345 F4-345 F7 -345 F7 - 345
C/Sand - R'mix 560 560 560 560 560 560
F/Sand - Kurnell 260 260 260 260 260 260
Rocla 50/50 @500ml/100kg |@500mi/100kg @500mi/100kg |@500ml/100Kg @500mi/100kg |@500mi/100kg
Trial Mix Number F3-A F3-B F4-A F4-B F7-A F7-B
Date of mix 26/07/96 26/07/96 26/07/56 20/07/96 26/07/96 26/07/96
Reference No's 17313 17316 17314 17317 17818 17318
Aggregate Type F3-20mm-2.83 F4-20mm-2.84 F7-20mn-2.87
& Density (t/m°) F3-10mm-2.82 F4-10mm-2.87 F7-10mm-2.87
[Total Water (L) | | 182] 182] [ 172] 172] [ 175] 175]
[Slump (mm) || 80/ 80| [ 80] 8o | 85| 85
Average Shrinkage
(Microstrain)
Weeks
1 210 180 200 160 180 150
2 210 280 290 250 260 250
3 390 360 370 340 340 330
4 . 430 380 410 360 380 360
8 550 510 520 490 500 490
Average @ 8 Weeks 530 505 | 495 i
Increase over F7 +7.1% +2.0%
7 590¢+15% | | - 570¢+16%) { { = - 570 (+16%)
16 0000 o 650 +27%) | L - 620+27%) | |  ee-e- 600 (+22%)
Pl 680 (+33%) - 65033 | | 0000 630 +29%)
Average Compressive Strength (MPa)
3 days 23.0 22.0 24.5 22.5 23.8 24.5
7 days 31.8 32.0 345 33.8 32.3 34.3
28 days 41.3 40.8 44.0 44.0 43.0 43.0
56 days 44.0 423 48.3 47.8 463 475

Note: F3 is a composite of Broken and Amygdalcidal basalt.

ref.d:\ms_officeltrials\new_exet.xis
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CURRICULUM VITAE - H. ROPER.

Harold Roper, B,Sc., B.Sc.(Hons.), M.Eng.Sc., Ph.D., F.LE.(Aust),
F.(Austi.M.M., CPEng., formerly an Associate Professor, and Honorary
Research Associate in the School of Civil and Mining Engineering,
University of Sydney, has purposefully developed a specific balance
between teaching, research and consulting in the fields of Civil
Engineering and Materials Science.

In the area of corrosion of steel reinforcement in concrete his work is an
outgrowth of a need to minimise the large costs of repair by the study of
mechanisms of corrosion and possible preventative procedures, and
application of currently available materials and practices. He has
consulted on the installation of three cathodic protection systems, and
holds a joint patent with the NSW Public Works Department on the
electro-chemical removal of chlorides from contaminated concrete. He
has published widely in the fields of cement and concrete technology and
inorganic and organic materials behaviour. Study of creep and shrinkage
of concrete have led to several publications, one being determination of
the accuracy of predictive equations when applied to available Australian
data. Understanding of the movement of water through cracked and
sound concrete has been an adjunct to these investigations.

He has specialised in the in-situ measurement of corrosion potential and
other electrochemical properties of structural steel and reinforcement in
concrete, and has undertaken surveys of structures throughout Australia
on behalf of Private and Government Organisations. Wharves in
Queensiand, Western Australia and N.S.W., and Mine Infrastructure in
N .S W. and W.A have been ingpected and repair techniques have been
recommended. Concrete investigations on bridges, dams, tunnels,
cooling towers, mine shafts, road and airport pavement siabs, rail slabs
for underground and high-speed tracks, water and slurry pipelines and
crusher plants have been undertaken. Recent consulting assignments
include the investigation of failed repairs, sewer and water pipeline
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degradation and the effects of fire and thermal cracking on concrete
structural members. He has been consulted by bridge engineers on
topics as diverse as thermal problems relating to heat of hydration, plastic
cracking, drying shrinkage and void measurement within prestressing
ducts. Problems in mix design, admixture use and pumping have been
investigated.

Consulting work has been undertaken on a wide range of topics both
within and outside the University sphere. Topics have included concrete
mix design, high temperature curing, fibre reinforcement, alkali-aggregate
attack, abrasion and cavitation on marine and dam structures, corrosion
of reinforcement and prestressed concrete structures and corrosion of
metal facade members and pipe materials. Special areas of expertise
extend to building facade materials including granite and marble panels
and their fixings, concrete surface coatings and sealants. Structures in
marine environments have attracted his particular aftention. Thermal
effects on mass concrete sections have been studied on such diverse
structures as the Glebe Island Bridge, Warragamba Dam and Mine Plant
Structures in Western Australia.

Apart from his training in the area of civil engineering materials he is
skilled in geology, petrology and mineralogy, and has published in this
field. He has advised on the establishment and viability of aggregate
quarries. Techniques used in the study of rock and minerals have
included optical and electron microscopy, differential thermal and
differential thermal gravimetric analysis, x-ray diffraction, calorimetry and
infra-red analysis. Early in his career he worked as an economic
geologist, and has experience in metaliiferous and non-metalliferous
mining. He spent a study period in Athens warking on stone restoration
procedures.

His background in mineralogy has stimulated his interest in cement and
lime chemistry, including problems associated with the use of magnesite
and high alumina cements. Studies of the engineering properties of these
materials have extended to consideration of their durability under service
conditions. He has consulting experience in the behaviour of glass and
rock as building and facade materials. The fixing of granite and glass
panels and the properties of adhesives and sealants have received his
attention. Study of these organic materials has lead to work on an
extensive range of such materials, ranging in topics from behaviour of
plastics under service conditions, to paints and coatings.
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This consultant has experience in the details of concrete membrane
selection, application and service, including interaction with concrete and
systems failure. Specific investigations include sprayed and sheet
systems on roof-tops in Sydney and Newcastle. A serious failure of a
treated siab in the North of Western Australia has lead to investigations
to forward a legal matter in which he is at present involved. Detailed work
has also been undertaken on the Australian Embassy Building in Beijing,
where a whole series of different water-proofing techniques were found to
be less than satisfactory. Alternate procedures were recommended in
that instance.

He has contributed a Chapter in a book on Australian Concrete
Technology, which deals with coatings to concrete surfaces, and the
subject is dealt with in another textbook written in co-authorship with D.
Campbell-Allen. Because of recent assignments in Taiwan and China
necessitating a knowledge of the present state of the art, this Consultant
has assembled recent information from the United Kingdom and the
United States on these materials.

He has, as well, undertaken work in the fields of geography and
hydrology. Included in hydraulic engineering assignments has been the
study of service failures of a submarine optical fibre cable, the study of
water quality for engineering use, and studies of cement mortar pipe
lining changes under service conditions.

Sydney buildings on which he has in the past consulted include The
Sydney Opera House, on tile, sealant and corrosion problems, No. 1 York
St. on precast concrete panel problems, Capita Project on granite and
glass curtain walling, Grosvenor Place on granite fixings, AMP Centre on
organic sealants and water ingress through concrete and
aluminuim-glass curtain walling, MLC Centre on marble sills and
aluminium-glass curtain walling The Commonwealth Centre, Chifley
Square on marble panel deformation, Zenith Building on glass panel
failures, Market City on piles and The Key Apartments on durability.
Highrise building consulting has also -been conducted in Canberra,
Melbourne, Perth, Adelaide and Newcastle. He has also been consulted
on parking station problems. As an outgrowth of these consulting
assignments, he has developed a scheme for mapping building facade
defects using photo-interpretation techniques. This scheme allows rapid
detection and assessment of possible problem areas, which can then be
subjected to closer scrutiny. Non-destructive testing methods applied to
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several structural and durability problems include ultra-sonic, vibrational
and corrosion potential techniques.

Problems associated with flooring materials and finishes on which
opinions have been sought include concrete surface characteristics,
powdering, excessive wear, water ingress, non-polymerising epoxy
finishes, tile liting and magnesite wetting.

In the area of waste product disposal, he has worked on the experimental
development of clay-incinerator waste using material from the
Waverley/Woollahra Incinerator. Sponsored research was undertaken on
behalf of the NSW Electricity Commission and others to assess the
production, beneficiation treatments, uses and disposal of fly ash in the
State. Work has been undertaken on the use of Slag as cementitious and
aggregate materials in Wollongong and Newcastle. Research sponsored
by Mt. Isa Mines Pty. Ltd. allowed the investigation of cemented mine fill
procedures and materials using base-metal slags and mine tailings from
their mine operation in Queensland. Some minor work has been
undertaken on a problem associated with red-mud waste derived from
alumina extraction in Queensland. The removal of heavy metals from
water by natural zeolites has been studied, and waste materials disposal
using encapsulation by cementitious products further developed. Reports
have been prepared on petroleum product leakage from underground
steel storage vessels. He has experience in the identification of asbestos
in natural and manufactured products.

Experience in the field of fill materials and pavement durability has
stemmed from investigations of mine-fill, pavement and sportsfield
failures, and quarry operations. Problems associated with attack on piles
by in situ and dumped materials have been studied, as has scour
problems in bridge foundations.

A book entitled "Concrete Structures: Materials, Maintenance and
Repair", which he co-authored with D, Campbeli-Allen, was published.
For this publication intensive research of organic and inorganic repair
materials and techniques was required. An award has been presented to
him by the American Concrete Institute in recognition of his work over 20
years on Durability of Engineering Materials.

Born in South Africa of British parentage in 1932, he migrated via the

USA tfo Australia, where he became a naturalised citizen over 30 years
ago. His experience in working in foreign countries apart from Africa and
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the USA, includes World Bank projects in Thailand and Indonesia, a
sabbatical in Greece, consulting assignments in China, Dubai, ltaly, New
Guinea, and Taipei and lecture presentations in Singapore, Malaysia and
Hong Kong.

Harold Roper has experience of presenting written and oral evidence in
legal and insurance matters. He has appeared on behalf of litigants in
conciliation, arbitration and court cases both in Australia and overseas. A
full listing of these cases is available on request.

Acting as a private consultant, clients have included:
ASSET OWNERS AND MANAGERS:

Bright & Duggan, Dalgety Australia, Dubai Dry Docks, Givens Emerson,
Harrison Gray, Hones & Associates, Jonathan Abbott, Leighton Holdings
Limited, Newcastle Council, Pearls Pty Ltd, Quay Apartments, Sydney
Harbour Tunnel Company, Thomas Howell,

CONSTRUCTION VENTURES AND COMPANIES:

Abigroup Construction, Barclay Mowlem, Barclay Mowlem Thiess Joint
Venture (Darwin), Baulderstone Hornibrook, Citistate Contractors,
Costain, Frankipile, Gary Jenner Masterbuilders, Grindley Construction,
John Holland, Market City Development, Theiss Contractors, Transfieid,
Transfield Bouyges Joint Venture (Sydney),

ENGINEERING AND ARCHITECTURAL CONSULTANTS:

Atlantic Civil Engineering, Beattie and Frost, Candac Limited, Coffey
Partners International, Connell Wagner, Engelen Moore, Geoplan, Jack
Hodgson Consultants, Longworth and McKenzie, Low and Hooke,
McMillan Britton & Kell, MJW Associates, Pariridge Partners, Pells
Sullivan Meynink, Rankine and Hill, Sinclair Knight Mertz, SMEC
International, Stubbs Cruickshank, Taylor Thomson & Whitting, Taywood
Engineering, WMC Engineering Services,
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EXECUTIVE SUMMARY

The Report describes the hard rock resources of the Wingecarribee Shire, the classification and
testing of coarse aggregates, the coarse aggregate resources within 130 km of Sydney, the Exeter
Quarry resource and the demand and supply of coarse aggregate. This report has drawn upon
statistical data available at the time of report compilation (1968/9 to 1996/97).

The Exeter Quarry is in the Wollongong Mining District and has operated since January 1978.
Concrite Quarries Pty Ltd, then named Southern Highlands Quarries have operated the quarry since
1981. In the 1990's production has averaged 280,000 tonnes per year. About 30 percent of sales
are supplied to the Sydney and Wollongong areas and 70 percent to the Wingecarribee Shire and
Goulburn areas. Reserves in excess of 21 million tonnes of saleable basalt have been proved. In
recognition of local environmental concerns and the term of approved extraction, the current
proposed extraction plan provides for the production of up to 8.5 million tonnes of aggregate over
an 18 year period.

The pre-mixed concrete market in Sydney requires approximately 4 million tonnes of coarse
aggregate per year. Concrite Quarries Pty Ltd has about 10 percent of the Sydney market, requiring
about 400,000 tonnes of crushed and broken stone per year, plus it needs to supply its southern
market.

Wingecarribee Shire contains many occurrences of basalt and other igneous rocks but only 4 are of
commercial significance; Exeter Quarry, Mt Flora, Mt Misery and a small basalt deposit at the
Penrose Sand Quarry. The Mt Flora and Mt Misery resources are microsyenite that is not suitable
for producing very high performance concrete, whereas basalt is.

The Sydney region consumes on average 7.8 million tonnes of coarse aggregate per year,
consisting of crushed and broken stone that is used to produce concrete and other materials
requiring high quality aggregate and prepared road base that uses lower quality aggregates. The
Wollongong area consumes about 1.3 million tonnes per year of coarse aggregate and the Southern
Highlands - Goulburn area consumes at least 0.35 million tonnes per year. Sydney’s consumption
of coarse aggregate has grown at an average rate of 22,000 tonnes per year. Sydney has not been
able to produce enough coarse aggregate to meet its needs and imports aggregate from
Wollongong, Exeter and the quarries in the southern Newcastle Mining District, plus minor
amounts on an irregular basis from the Central West.

Sydney’s production of crushed and broken stone has averaged 3.7 million tonnes per year and has
been stable at this level. However, Sydney’s self sufficiency will rapidly deteriorate as the Penrith
Lakes Scheme that presently supplies about 80 percent of Sydney’s production of crushed and
broken stone is expected to be exhausted by between 2006 - 2008. Sydney’s production of prepared
road base has averaged about 3 million tonnes per year but has been falling at an average 29,000
tonnes per year since 1969.

The importing of basalt and latite into the Sydney region has averaged 1.2 million tonnes per year
but has increased rapidly from 0.2 million tonnes in 1969 to as much as 2 million tonnes in recent
years. About 80 percent of the imports are latite from the Wollongong Mining District with the
remaining 20 percent being basalts from the Newcastle Mining Division and Exeter Quarry with
small quantities more recently from Oberon.
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A survey of coarse aggregate resources within 130 km of Sydney shows that there are no
substantive replacements for the Penrith Lakes Scheme river gravels. Although large resources of
aggregate occur at Mt Flora and Mt Misery, because of quality differences these deposits cannot fill
all the markets met by the Penrith Lakes river gravels. Because of the high capital costs of starting
production at Mt Flora and Mt Misery a large production rate is required to amortise the capital and
it is likely that neither resource will be put into any or substantial production until the Penrith
Lakes Scheme resource is exhausted.

Basalt is a preferred rock type for the production of high performance concrete and is the only
aggregate capable of making the very highest quality concrete which includes high strength and
low shrinkage concrete. The demand for high performance concrete is growing and will continue to
do so for the foreseeable future.

The Exeter Quarry is an important resource for both Concrite Quarries Pty Limited and for the
Sydney, Illawarra and the Southern Highlands regions. Concrite Quarries has developed an
important market share in the Sydney region in competition against the "traditional” majors and
needs a secure source of aggregate. It also supplies an important share of the southern market.
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THE SUPPLY AND DEMAND OF COARSE AGGREGATE FOR THE SYDNEY REGION
WITH PARTICULAR REGARD TO THE EXETER QUARRY

L INTRODUCTION
Objectives and introduction to the Issues

Concrite Quarries Pty Limited has requested the author to analyse the past and future demand and
supply of coarse aggregate for Sydney and Wingecarribee Shire and to describe the hard rock
aggregate resources in the Wingecarribee Shire, to describe the classification of coarse aggregates
and the testing of aggregates for suitability for the various possible uses, detail the hard rock
aggregate reserves and production within 130 km of the geographic centre of Sydney and to
describe the characteristics of the Exeter resource. The overall objective is to ascertain if the market
can absorb and, in the public interest, requires increased supply from the company's Exeter Quarry
in the Southern Highlands.

This report has drawn upon statistical data available at the time of report compilation (1968/9 to
1996/97).

The Exeter Quarry is in the Wollongong Mining District and has operated since January 1978.
Concrite Quarries Pty Limited, then named Southern Highlands Quarries Pty Limited, took over
the operation in 1981. Initial production was small but by the mid 1980's had increased to about
200,000 tonnes per annum and in the 1990's output has averaged about 280,000 tonnes per year.

The quality and quantity of the Exeter reserves have been appreciated only relatively recently. The
Woodward Commission of 1985 regarded the deposit as not regionally significant, primarily
because of the limited reserves that had been proved at that time, the view, that has proved to be
incorrect, that the deposit has a high overburden ratio and the apparent lack of appreciation of the
increasing significance of the very high quality of the material.

Further exploration by Concrite Quarries has proved insitu reserves in excess of 21 million tonnes
of basalt on its land adjacent to the existing processing plant with only 0.65 million tonnes of
overburden and up to 2.6 million tonnes of non-saleable rock. The proposed extraction area that is
the subject of the current proposal will result in the production of up to 8.5 million tonmes of
quality basalt over the 18 year period.

The Sydney region consumes on average 7.8 million tonnes of coarse aggregate per year while the
Wollongong area consumes about 1.3 million tonnes per year and the Southern Highlands -
Goulburn area consumes at least 0.35 million tonnes of hard rock coarse aggregate per year.
Sydney cannot produce enough coarse aggregate to meet its needs and imports aggregate from
Wollongong, Exeter and the central coast quarries, Peats Ridge and Kulnura, plus minor amounts
on an irregular basis from the Central West. Sydney’s self sufficiency will rapidly deteriorate as the
quarries that presently supply about 80 percent of Sydney’s production are
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expected to exhaust by between 2006 - 2008. The situation is exacerbated by an increasing trend
for the use of very high strength and/or low shrinkage concrete in the construction of large
buildings and bridges and these high performance concretes can best be made, and in some cases
only made, with basalt aggregate. This places a high premium on the existing basalt quarries to the
north of Sydney and on the Exeter Quarry.

Concrete using crushed basalt, latite or river gravel can obtain strengths of 80 - 100 MPa, 4-5 times
stronger than the average of strength of normal concrete. However, basalt has an added advantage
over river gravel and latite in that the use of basalt aggregate can result in concrete with very low
shrinkage characteristics. The use of high strength and/or low shrinkage concrete is increasing in
building construction and civil engineering projects.

The Concrite Group operate 12 concrete plants, 6 of which are in the Sydney region and another
plant is planned for Blacktown. The Group supplies about 10 percent of the Sydney pre-mixed
concrete market of between 2.5 million cubic metres and 3.5 million cubic metres per year. This
means Concrite has a potential Sydney market for high quality aggregate in excess of 400,000
tonnes per year. In addition, Concrite supplies about 300,000 tonnes of product (aggregate and road
base) per year into the southern market (the southern Sydney, Illawarra and Southern Highlands
region). Concrite currently supplies its five non-Sydney concrete plants located in Mittagong, Moss
Vale, Picton, Goulburn and Wollongong. The southern market is supplied from the Exeter Quarry.
Even if a quarry was opened at one of the large known deposits of hard rock in the Southern
Highlands, Concrite would still expect to retain half to two-thirds of its existing southern market
plus its existing Sydney market, perhaps even increase its share of the Sydney market and also gain
a share of any growth in the Sydney market (Crawley, 1998, personal communication).

Report Author

Professor Donald W Barnett is the author of the Report. Professor Barnett was Director of the
Mineral Economic Centre at Macquarie University and presently is Visiting Professor, Mineral
Economics, Western Australian School of Mines and is the Principle of Minec Pty Ltd. He holds
degrees in geology and economics (U.WA) and a Ph.D in mineral economics from The
Pennsylvania State University. He is a Centennial Fellow of the College of Earth and Mineral
Sciences, The Pennsylvania State University and is F.AusIMM. His area of expertise is in the
supply and demand for aggregates and black coal and has nearly 25 years experience in mineral
economics. He also worked as an exploration geologist for BHP for 7 years.

Text in Section 2 relating to aggregate influences on concrete properties and aggregate testing has
been provided by Harold Roper and Associates. Professor Roper holds degrees in science (B.Sc.
(Hons), engineering (M.Eng.Sc.) and a Ph.D and is F.LE.(Aust) and F.AusIMM.

Section 3: Characteristics of the Exeter Resource is taken from the Environmental Impact

Statement on the Exeter proposal prepared by R W Corkery & Co Pty Limited, Geological and
Environmental Consultants.
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2. CLASSIFICATION OF AGGREGATE and CURRENT USAGE

Introduction

The aggregate market is divided into two very broad categories; coarse aggregate consisting of
crushed rock of varying types and specifications and is generally referred to by the general public
as aggregate or blue metal, and fine aggregate which is commonly referred to by the general public
as sand. The coarse aggregate market is divided into two broad end use categories, hard rock
aggregate and prepared road base.

Hard rock aggregate is generally superior quality aggregate and comprises river gravel and
crushed and broken stone (quarried rock which is crushed and screened to produce aggregate
of various size gradings). Hard rock aggregate is principally used in concrete, for bituminous
road sealing and as railway ballast. In the Sydney region, the principal materials used are river
gravel, basalt, dolerite and some better quality volcanic breccia (SREP No.9, p66). Latite is
also now widely used.

Basalt i3 mainly imported into Sydney from the southern Newcastle Mining District but some is
imported from Exeter, that is in the Wollongong Mining District, and more rarely from the Central
West. Latite, a volcanic rock somewhat like basalt, is imported from the Wollongong Mining
District.

Prepared road base is generally produced from lesser quality rock and sometimes is combined with
the fines of high quality rock.

Prepared Road Base (PRB) consists of crushed rock fragments, blended with fine grained
material comprising rock dust, decomposed rock or clay, with a grading that will produce
maximum density or compaction. Crushed sandstone is included in this category. Fine
Crushed Rock is a graded product similar to, though of higher quality than prepared road
base. It is composed of sound rock and crusher fines and is used for the layer below the
bitumen surfacing on roads ... In the Sydney region, lesser quality aggregate is generally
used in the production of prepared road base although some higher quality materials are
used in the production of the higher classes of roadbase, the principal rock types used are
volcanic breccia, picrite, dolerite, olivine dolerite, basalt (and latite) and crushed sandstone
(SREP No.9, p66).

In this study the following classification has been adopted. Crushed and broken stone (CBS)
includes all igneous rock and gravel that is crushed and (or) sized and sold as coarse aggregate. The
lesser quality rock and the fine crushed rock are classified together as prepared road base (PRB).
Even though virtually all sandstone production is used in the preparation of PRB, as it is a distinct
rock type at times it is shown as sandstone rather than including it with PRB.

Aggregate Tests to Accord with Australian Standard AS 2758.1

In assessing the acceptability of concrete aggregate from a newly developed quarry, substantial
dependence must be placed on Australian Standard AS 2758.1 - 1998. This, Part One of the
Standard, is the first in a series, which cover specification of aggregates and rock for engineering
purposes. Other Parts are as follows:
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Part 2: Aggregate for sprayed bituminous surfacing
Part 5: Asphaltic aggregates
Part 7: Railway Ballast

In general, the test requirements in Part 1 are the most stringent of all, and a majority of hard rock
materials which pass these are also found to be suitable for use in sprayed bituminous surfacing and
asphaltic binding, and as railway ballast.

AS 2758.1 - 1998, which is called up by AS 3600, Concrete Structures, relies on tests which are
outlined in AS 1141, Methods for sampling and testing aggregates, which is designed to include all
aggregate tests, including those specific to other than concrete aggregates.

Properties that are required to be known for a concrete mix design, (including particle density, bulk
density, water absorption, particle size distribution, alkali aggregate reactivity and soluble salts, if
above reportable levels) are governed by choices or limits in specific work specifications. This
allows the designer to include or eliminate materials for use in his’her works which otherwise may
have been excluded or included if general limits were to have been stated in the Standard.

Durability of coarse aggregate is related to the use of concrete and its exposure, and is therefore not
simply a mix design factor. In this case the works specifier is called on to select an exposure
classification and chose one of three methods of assessment. The methods available are: wet
strength and wet/dry strength variation, Los Angeles value and sodium sulphate soundness, and
Los Angeles and unsound and marginal stone content. Even though limits are given in the
Standard, considerable latitude is given to the designer to modify these, if considered appropriate.

Aggregates and Concrete Quality

Concretes of normal strength grades, typically 20 to 25 MPa, can be produced with a wide range of
igneous rock aggregates and gravel. There is a growing market for high performance concretes,
including concretes of very high strength and concretes with very low shrinkage characteristics.
The very high strength concretes (80 to 100 MPa compared to the maximum normal class strength
of 50 MPa) can normally be produced with high quality aggregates such as basalt, crushed river
gravels and latite.

However, high concrete elastic modulus and low concrete shrinkage may also be required
in these concretes and, in this regard, basalts are the preferred aggregates over latites and
crushed river gravels (Ortiz, 1997).

Very high strength is often specified for high rise buildings where the smaller structural members
that can be produced with the concrete allows significant gains in useable space. Very low
shrinkage concrete is used where the building designer requires improved control over concrete
drying shrinkage, such as with large warehouse floors and roof slabs. High strength concrete
permits more rapid construction procedures to be implemented, thus allowing cost savings. Thus,
even though the strength of concrete in such structures may not be so important per se, the outcome
of use of high strength concrete is almost invariably advantageous. Because of the high cement
contents of high strength concretes, the properties of aggregate to control shrinkage is crucial to its
application.

Very low shrinkage concretes typically show shrinkage characteristics of 450 - 500 micro strains

(measured after 8 weeks drying). Lesser quality concretes are covered by the Australian Standard
AS 1379 that calls for a maximum of 1000 micro strains. Iam advised that this would require an
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average of about 850 micro strains and that the proposed amendment to AS 3600 suggests that
designers assume an average of 850 micro strains for normal-class concrete. Very low shrinkage
concretes are only produced with true basalt aggregates.

In order to produce high strength, low shrinkage concretes, at the lowest cost, aggregates with high
modulus of elasticity are required to be used. Basalt aggregates have the highest moduli and lowest
intrinsic shrinkage of any aggregates available in the Sydney area. This means that demand for
such material should continue to increase above that for river gravels, latites and the local dolerites.
The strengths, for equal water/cement ratios and using a single cement, are generally in decreasing
order from basalt, river gravel, latites, and certain doleritic rock types, the latter giving the lowest
values. A similar order exists for elastic moduli. For shrinkage the opposite order is observed, with
basalts, particularly non-amygdaloidal types, producing the lowest shrinkages. A set of Modulus of
elasticity data for some rock types supplied to the Sydney Market is given in Table 1.

It would be expected and demonstrated that concrete of high modulus and low shrinkage would
result from the high aggregate modulus of the rock both from the existing extraction area within
Exeter Quarry and from the proposed extraction area.

Another category of high performance concrete is high durability concrete where there is a
very long design life and/or exposure to severe conditions. Aggregate parameters which
are relevant in optimising concrete durability include high wet strength, low wet/dry
strength variation, low alkali reactivity, low chloride content and low sulphate content. In
all of the above parameters, the basalts have the significant advantage compared to
crushed river gravels and latites (Ortiz, 1997).

Table1l Modulus of Elasticity of Aggregates

Aggregate Source Petrological Classification Modulus of Elasticity (GPa)
Exeter Quarry Basalt (1) 78
Exeter Quarry Basalt (2) 86
Prospect Quarry Dolerite 78
Prospect Quarry Essexsite 7l
Prospect Quarry Picrite 68
Peats Ridge Quarry Basalt 88
Nepean River Dolerite gravel pebble 76

Notes: (1) amygdaloidal basalt; (2) Broken and massive basalt

The demand for basalt aggregate, such as the Exeter Quarry basalt, is increasing. The qualities of
typical rocks used for concrete aggregates for the Sydney region are discussed in Harold Roper &
Associates (1999). Results show that basalt aggregate consistently out ranks the other rock types in
that it has higher bulk density, lower water absorption, greater wet and dry strength and, generally
lower wet/dry strength variation, lower shrinkage characteristics (fewer micro strains) and lower
Los Angeles value.

Overall demand for high grade basaltic aggregates should continue to grow as higher strength and
better long term durability is specified for many more types of structure than is the case at present.

Minec Pty Ltd




CONCRITE QUARRIES PTY LTD 2-14 SPECIALIST CONSULTANT STUDIES
Exeter Quariy Extension Velume 1 - Part 2: Resource Significance

Coarse Aggregates Used in Wingecarribee Shire and the Sydney Region
Wingecarribee Shire

The coarse aggregates most commonly used in the Wingecarribee Shire are basalt from Exeter,
Latite from the Wollongong quarries and a rhyodacitic tuff from the Johnniefields Quarry near
Marulan. Rhyodacitic tuff is a hard, cohesive volcanic ash. Like the rhyodacitic tuff, basalt and
latite are igneous volcanic rocks. The location of these quarries and of the other resources within
130 km of the geographic centre of Sydney are shown in Figure 1.

The limestone quarry at Muralan South is owned by Blue Circle Cement and the output is used in
the production of cement. Production from the Johnniefields Quarry goes to Rocla’s concrete rail
sleeper factory in Mittagong, to the RTA for bitumen road sealing and to the railways for ballast
(G. McClelland, pers.comm., 1999).

Up to 75 percent of the Exeter Quarry output is consumed in the Southern Highlands and
Goulburn. In recent years consumption outside of Sydney and Wollongong has averaged about
180,000 tonnes per year (W Crawley, pers.comm., 1998). About 55 percent of the latite production
from the Wollongong area is exported to Sydney, indicating that 45 percent is consumed in the
Wollongong - Southern Highlands region; the amount consumed in the Southern Highlands is not
known. In 1996/97 the Johnniefields Quarry produced 175,000 tonnes of crushed and broken stone
of which most, if not all was consumed in the Southern Highlands - Goulburn area.

Small quantities of blast furnace slag from the Port Kembla steel works is used for the production
of normal strength concrete and prepared road base.

The two largest aggregate resources in the Wingecarribee area, the Mt Flora and Mt Misery

microsyenite occurrences, have yet to be developed but consent for both have been granted.
Microsyenite is an igneous rock and testing shows it is suitable for concrete production.
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Figure 1 Location of Coarse Aggregate Resources within 130 km of the Geographic Centre
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Sydney - Coarse and Broken Stone
Igneous Rock.

In the Sydney region the most widely quarried igneous rocks for the production of coarse aggregate
are:
basalt (a basic - low in silica - volcanic rock comprised largely of plagioclase felspar and
pyroxene),

latite (a volcanic rock somewhat similar to basalt but with more silica and consisting of
plagioclase and orthoclase felspar and augite, hornblende, biotite and olivine),

dolerite (a hypabyssal - medium depth - rock of similar composition to basalt but coarser
grained),

volcanic breccia (a volcanic rock formed in the neck of a volcano and subsequently broken up
by movement or pressure from the underlying magma and cemented with other igneous rock),
and

olivine dolerite (a basic to ultra basic hypabyssal rock rich in olivine).

Crushed and broken stone (CBS) of an igneous origin is generally produced from fresh basalt,
latite, dolerite and volcanic breccia, although in recent years in the Sydney region the use of
volcanic breccia for this purpose has been declining. The main uses of the CBS are for bituminous
road sealing, for railway ballast and as aggregate in concrete production. Very high strength
concrete is dependent on high quality aggregate and basalt satisfies this requirement. Concretes that
require very low shrinkage characteristics can only be supplied by the basalts from Exeter and the
Central Coast at this stage.

The rock is quarried, generally, by excavator with or without drilling and blasting, then crushed and
screened to produce aggregate of various size gradings.

The lesser quality igneous rock, including weathered high grade rock , is used to produce prepared
road base. Most of the volcanic breccia quarried in the Sydney region is used for this purpose (see
below).

River Gravel

River gravel is produced from the Nepean - Hawkesbury River systems between Emu Plains and
North Richmond. The gravel is extracted, washed, crushed and screened. The dominant rock types
represented in the gravel are quartzite (a metamorphosed sandstone) and porphyry (a plutonic acid
(high silica content) igneous rock), with less common chert (a siliceous rock), homfels (a
metamorphosed shale) and quartz. The gravels usually produce a sound coarse aggregate which is
regarded as a high quality concrete aggregate.

Very high strength concrete can be produced with the better quality river gravel aggregates. The
shrinkage characteristics of concrete produced with river gravels are generally inferior to concretes
produced with basalts, but superior to concretes produced with latites (Ortiz, Oct. 1997, Roper, Oct.
1997).
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The vast majority of river gravel comes from the Penrith Lakes scheme. However, the reserves are
expected to be exhausted by between 2006 and 2008 (see Section 10).

Blast Furnace Slag

Blast furnace slag from the Port Kembla steel works is used as both CBS and as an additive to
PRB. In the 1980's the pig iron making process was slightly changed by adding serpentine to the
blast furnace, which caused the slag to change from a vitreous form to vesicular. It was found that
when the slag was used to produce concrete the vesicles enhanced the adhesion of the cement to the
aggregate. Statistics on the consumption of blast furnace slag in the Sydney region are not kept, but
the consumption is believed to be relatively modest (Prosser, 1997, personal communication).

The use of slag aggregate in high strength concrete is limited due to the physical and chemical
characteristics of slag. Most concrete producers limit its use to normal-class concrete and blend it
with natural aggregates to achieve acceptably pumpable concrete. Concrite normally limits its use
to a maximum of about 50% of coarse aggregate in concrete and confines its use to lower strength
grade concretes (Crawley, 1998, personal communication).

Sydney - Prepared Road Base (PRB)

Most of the volcanic breccia produced in the Sydney region as well as the basalt, dolerite, olivine
dolerite and some picrite (a rock consisting of phenocrysts of olivine in a glassy groundmass) from
the Prospect quarries are used to produce PRB. The material is frequently stabilised with lime or
cement. Crushed blast furnace slag can also be used to improve the quality of the PRB. High
quality crushed rock is used, or blended into fine crushed rock, as basecourse or in specialised
applications.

Originally sandstone was classified as CBS even though it is not used to produce concrete
aggregates, sealing aggregate or rail ballast. Almost all the sandstone produced in the Sydney
region is used in the production of PRB. The sandstone is mainly obtained by quarrying, crushing
and screening the Hawkesbury Sandstone that is ubiquitous to the Sydney area. The sandstone may
be quarried by blasting and/or ripping and is crushed generally to minus 75mm to form a material
with a relatively high sand sized fraction and low to medium plasticity. The material is used
substantially in road making (as sub-base and shoulders) and may be stabilised with lime.
Sandstone tends to abrade faster than crushed igneous rock and therefore is unsuitable as a source
of CBS.

Minec Pty Ltd



CONCRITE QUARRIES PTY LTD 2-18 SPECIALIST CONSULTANT STUDIES
Exeter Quarry Extension Volume 1 - Part 2. Resource Significance

8 CHARACTERISTICS OF THE EXETER RESOURCE

Geological Setting

The proposed extraction area is underlain by a series of basalt lava flows and sills thought to be
approximately 20 million years old (Resource Planning, 1993). Since the lava flows are thought to
have infilled old river valleys, the base of the lowest flow is somewhat variable. For example,
within the proposed extraction area, the base of the lowest flow rises from approximately 662 m,
AHD on the north-western side of the proposed extraction area to in excess of 705 m, AHD at its
outcrop near the south-eastern side of the proposed extraction area.

The flows or sills beneath the proposed extraction area are predominantly olivine basalt that are
either fine-grained or amygdaloidal. Each flow or sill is variable in thickness but collectively form
a substantial thickness of basalt suitable for extraction. The basalts within the proposed extraction
area exhibit varying degrees of hydrothermal alteration principally through the presence of zeolite
minerals. Where alteration is substantial, particularly in the amygdaloidal basalts, weathering is
assessed to be more prevalent. The basalt flows and sills are underlain by shales and lithic
sandstones of the uppermost unit of the Wianamatta Group (the Bringelly Shale). This unit crops
out on the steeper sections of the Proposed extraction area and within the Indigo Creek valley,
immediately south of Rockleigh Road.

Site Geological Investigations

The Company undertook a range of site geological investigations to determine the extent and
nature of the basalt resources within the proposed extraction area. The investigations comprised a
diamond drilling programme and a series of costeans or trenches.

Diamond Drilling

Eleven diamond drill holes have been drilled within or immediately surrounding the proposed
extraction area, three of which intersected all basalt flows or sills and penetrated the underlying
Bringelly Shale (Drill holes F6, F11 and F12). Figure 2 displays the graphic logs of each of the
seven holes drilled.
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Costeans

A total of four costeans were excavated within the proposed extraction area to confirm the
excavatability of the basalt rock. Furthermore, the costeans provided the Company with an
opportunity to recover a bulk sample of each of the main rock types, with the exception of the fine
grained massive basalt, to undertake plant trials.

The site geological investigations have identified that there are three main types of basalt within
the proposed extraction area.

gl Broken Basalt

An olivine basalt with closely spaced jointing that enables the rock to be extracted by excavator
and without drilling and blasting. The joint planes are strongly coated with yellow and orange iron
oxides and clay produced from the weathering of the basalt. However, weathering rims of extracted
boulders extend only a few millimeters into the otherwise fresh basalt.

This material, which is very similar to the rock being extracted within the existing extraction area,
is interpreted to be a separate flow or sill which varies in thickness on site from zero (outcrop) on
the south-eastern side of the proposed extraction area to almost 18 m on the north-western side of
the proposed extraction area (Drill Hole F4). Notwithstanding the comparatively thick nature of the
basalt flow near Drill Hole F4, this flow or sill is comparatively thin elsewhere within the proposed
extraction area, varying in thickness from approximately 2 m to 5 m.

Trial bulk samples of the broken basalt were extracted using an excavator and processed in the
existing processing plant to yield high quality hard rock aggregates.

The broken basalt from the existing extraction area produces high quality concrete aggregate with
an extremely high modulus of elasticity. It is sought for use in very high strength concretes (>80
MPa), for high rise construction, and in mixes which required controlled low shrinkage and creep
properties, for bridge and prestressed concrete works. The broken basalts within the proposed
extraction area would fill a similar place in the special concrete market that is growing daily.

2. Amygdaloidal Basalt

Over most of the proposed extraction area, the broken basalt is underlain by an amygdaloidal
olivine basalt, that is, a basalt containing gas cavities (amygdules). The amygdaloidal basalt varies
in thickness from a few metres to almost 25 m. The upper 8 m to 12 m of this unit is sufficiently
weathered so that not all of the rock is suitable for use as concrete aggregate or as a component in
blended products. Below the limit of excavation shown on Figure 2, the amygdaloidal basalt would
require blasting.

The amygdaloidal basalt from the proposed extraction area would along, and with some judicious
blending with the massive basalt, provide concrete aggregates for use in concrete strength grades
up to 32 MPa. The amygdaloidal basalt would also provide crushed rock materials for road
construction. The weathered residual material of this rock type may be sought for unsealed or
stabilised road-base materials.
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& Massive Basalt

A massive light grey, fine-grained olivine basalt is present beneath the amydgaloidal basalt within
the proposed extraction area. This basalt flow lies directly upon the shales and sandstones of the
Bringelly Shale. The basalt contains a number of units of hard, light to dark grey, amygdaloidal
basalt which is similarly massive and would require drilling/blasting to enable extraction. This
basalt varies in thickness from approximately 10 m to at least 40 m (see Figure 2).

The massive basalt material is expected to provide high grade concrete aggregate of superior
properties to those of the broken basalts.

An important outcome of the geological investigations was the assessment of the recovery rates for
each type of basalt given the presence of either weathered or altered material, principally within the
broken basalt and amygdaloidal basalt. It is estimated that an average 85 per cent of the broken
basalt and 70 per cent of the amygdaloidal basalt is recoverable to produce saleable products. The
massive basalt would yield 100 per cent of products.

Resource Assessment

The geological data outlined in Section 3.3.2 of the EIS has provided the basis for a geological
assessment of the quantity of resources present.

The boundaries of the proposed extraction area have been defined following a review of a number
of constraints. At the outset, it was determined to define an area that could produce approximately
8.5 million tonnes of basalt products. The two principal constraints related to resource occurrence
and positioning the extraction area at the lowest possible elevation in the landscape. The defined
proposed extraction area contains sufficient basalt to yield products from:

Broken Basalt — 1.5 million tonnes.
Amygdaloidal Basalt — 0.7 million tonnes.
Massive Basalt — 6.3 million tonnes.

Planned Sales

Sales are planned to remain at or below the present rate of 300,000 tonnes per year for a maximum
of 3 years until the Exeter intersection bypass is constructed and then gradually increase to a
maximum of 450,000 tonnes per year for the remainder of the 18 year consent period sought

(Corkery, 1999).

The low waste to saleable rock ratio and the extent of free digging material will cause the Exeter
Quarry to continue to be a low cost producer.
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4. HARD ROCK COARSE AGGREGATE RESERVES WITHIN 130 KILOMETRE
RADIUS OF THE GEOGRAPHIC CENTRE OF SYDNEY

The reserves of hard rock aggregate capable of producing CBS within 130 km radius of the
geographical centre of Sydney are shown in Table 2 and Figure 1. The distance of 130 km was
selected by the NSW Geological Survey as a reasonable distance to study in terms of transport
costs and resource distribution. Small quantities of basalt are imported into Sydney on an irregular
basis from the Oberon - Bathurst - Dubbo area and a review of the coarse aggregate resources of
this area is also included.

The great majority of the data included in this section was generously provided by the NSW
Geological Survey from their computer data bank of the State’s aggregate resources. The reserves
are given in qualitative as well as quantitative terms. A huge resource is one where the reserves are
believed to exceed 100 million tonnes, a very large resource is one with reserves expected to be
between 10 million and 100 million tonnes, a large resource is one with expected reserves between
1 and 10 million tonnes, a medium resource is one with reserves less than 1 million tonnes but
greater than 0.1 million tonnes and a small resource is one with expected reserves less than 0.1
million tonnes. Occurrence is used where there is too little information to attempt to gauge the size
of the resource.

Where quantitative reserves are shown, their category of reliability is also shown. Measured
reserves are those where there has been extensive drilling, costeaning and perhaps extraction so
that there is a high level of geological confidence that the stated reserves are actually present.
Indicated reserves are those where insufficient drilling, etc has been done to call the reserves
measured but there is good geological evidence that the reserves will prove to be there. Inferred
reserves are estimates based on little outcrop and/or drilling information and it can not be
concluded that the reserves are necessarily present. A resource can have measured, indicated and
inferred reserves and the total reserves present is given by the sum of the categories present. The
date of the latest reserve estimate is shown. Whether a development consent has been granted is
shown, and if no development consent has been granted whether the reserves have been secured by
a quarrying company. The rock type and whether the reserves are being exploited are also shown,
as is the name of the company controlling the resource.

The Sydney region contains 7 operating igneous rock aggregate quarries with measured reserves of
about 9.5 million tonnes (assuming the Hornsby and Wallgrove quarries include their reserves
within the measured category) and between 30 - 37.5 million tonnes of gravel reserves at the
Penrith Lakes scheme. The Penrith reserves of sand and gravel were estimated in 1996 at 75
million tonnes (Smith, 1996) but the amount of gravel was not stated. It is likely that the remaining
gravel reserves will comprise between 40 and 50 percent of the total reserves. Total Sydney
reserves of hard rock aggregate are estimated at between 39.5 million tonnes and 47 million tonnes.
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Location|Quarry Name Company Location Operating  Rock Type Size Reserves Reserve Date of Development Status 2 e
Number Status Category Mill.tonnes Category Estimate and/or comments . (—34
SYDNEY 39.5-47 mt Total 9 8
1|Erskine Park, Mamre Rd CSR Readymix ceased Volcanic breccia n9
2|Homsby CSR Readzmix Homsby operating Volcanic breccia largs 5 1991 SREP No.9 Draft, p.67 58
3{Penrith Boral Penrith Lakes operating Gravel Very large {estimated indicated Reserves sand & gravel ) § g
4|Penrith CSR Readymix Penrith Lakes aperating Gravel Very large { gravel indicated Oct.1996  Oct 1996 75mt, reserves 0 - 5 %
5|Penrith Pioneer Penrith Lakes operating  Gravel Verylarge  { ~30-37.5 indicated gravel not stated g‘ 85
6|Prospect CSR Readymix Prospect operating Picrite / dolerite  Large <1 measured 1990/91 secured = %}_ 4]
7|Prospect Hilt Boral Prospect operating Picrite / dolerite  Large <1 measured 1990/91 secured .t 2 5
8|Wallgrove Pioneer Minchinbury operating Volcanic breccia 25 1991 M § m
SOUTHERMN HIGHLANDS 115.6-920 mt total o a
9|Cotswald Farm never oper.  Syenite Occurencs
10|Exeter Concrite Exeter operating Basalt Very large 20.8  measured 01-May-92 Development Approval ﬁ
11}Johnniefields Hardrock CSR Readymix near Marulan operating Rhyolite Large 7 inferred 29-Mar-93 consent % o]
12|Mount Flora CSR - North of Mittagong  resourcs Micro-syenite Very large 324 indicated 01-~Jun-89 DA; Main Hill & N.Slope ]
Readymix 70  inferred 01-Jun-89 Whols resource % g
13|Mount Gingenbullen resource Dolerite Very large 23  inferred 01-Jan-74 = e
14|Mount Misery Rocla West of Mittagong ~ resource Micro-syenite  Very large 23  indicated 30-Sep-89 DA, Initial quarry area g’ e
= Huge 790 inferred Entire extraction area S 0a
15{Oxlay Hill 2 km west Bowral  ceased Basalt 2 inferred 27-Feb-84  Weathered, PRB? Q %
6 inferred 27-Feb-84 Unweathered 83 CI%
§ 16{Penross Quarmy Heggies Bulkhaui20 km SW Berrima __ expansion  Basalt (&sand} 1.6 Oct 97 0.5 mt fresh, 1.1 mt weathered "E_ Er ”
2 WOLLONGONG 193 mt total (123 mt measurad) B i et
w
n] 171Albion Park Rail Quarry Cleary Bros near Shell Harbour  operating Latite Large 3.19 measured 1995 unknown s e
= 18}Albion Park Rail Quarry CSR near Shell Harbour  operating Latite Very large 32  measured  01-Nov-95 consent e B
a 19iBass Point Pioneer near Shelt Harbour  operating Latite Very large 37.5 measured 15-Oct-97 consent 5 a2
20{Bombo Boral near Kiama operating Latite Very large 15  measured 01-May-92 consent = '2
21|Bombo SRA near Kiama operating Latite Very large 18 measured  01-May-92 consent o o
22|Dunmorg Boral near Shell Harbour  opsrating Latite Very largs 5 measured 01-May-92 consent 9,:
12 measured 01-May-92 secured, no consent w §
23{Hyams Beach South Jervis Bay never oper. prospect ‘a [
24|Kiama Kiama ceased 5 5
25|Rocklow Deposit Boral Shell Harbour resource Latite Very large 70 inferred 01-May-92 secured, no consent {g e
NEWCASTLE 27.8 mt tota! 9
26|Allandale near Cessnock operating  Andesite @
27|Gosforth Near Maitland operating  Rhyolite Medium 0.3 inferred 1905 g
28jKuinura - Basalt Hill Hymix Hawksbury resource Basalt Large 5 ipferred
29|Kulnura, George Downes Hymix Hawksbury operating  Basalt 6 1990 ol o
30{Mogo Creek St Albans, N.of Kulnuioperating ~ Basalt breccia ~ Small & Q
31|Peats Ridgs, Bushells Rd Boral Hawksbury operating Basalt Very large 125  measured 01-Jan-95 E*. S
LITHGOW 35.4-115.8 mt a E
32|Excelsior Siding Hyrock near Lithgow operating Limestone %‘ o
33|Hartley Rhyolite Aus10Rhyolite Hartley, south Lithgow proposal Rhyolite Very large 20  measured July 1994  resource (secured) 5] 5
34}Marrangaroo Metromix near Lithgow operating  Quartzite Large 775 15-Jul-95 o3
OBERON Sm
i 36]Langley Helghts Obsron operating  Basalt < -
Sources: NSW Geological Survey Hard Rock Aggregate Reserve Data Base, Dec. 1998; SREP No.2,(Draft) Working Papers p.67; V.Smith, 1996; %‘ 4
international Environmental Consultants Pty Ltd, 1997; McVeigh, 1998; Sinclair Knight Merz, 1994, 3 -
Minec Pty Lid, February 1999 Sd
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The Southern Highlands region has by far the greatest hard rock aggregate resources of the regions
near to Sydney. Total resources are placed between 115.6 million tonnes and at least 920 million
tonnes, depending on how much of the Mt Flora and Mt Misery resources are included. Only the
Exeter reserves of 20.8 million tonnes are classified as measured, but at least some of the 7 million
tonnes of inferred reserves at Johnniefields should be regarded as measured as quarrying is
ongoing. Mount Flora has indicated reserves of 32.4 million tonnes and inferred reserves of 70
million tonnes of microsyenite. Mount Misery has indicated reserves of 23 million tonnes and
inferred reserves of 790 million tonnes of microsyenite. Mount Gingenbullen has inferred reserves
of 23 million tonnes of dolerite. Oxley Hill has 2 million tonnes of inferred weathered basalt and 6
million tonnes of inferred unweathered basalt reserves. Cotswald Farm has an occurrence of syenite
but the reserve size is unknown. Heggies Bulkhaul Limited have proposed an extension of their
Penrose quarry, 20 km south west of Berrima. The quarry produces sand but the expansion includes
a small lens of a basalt flow with 1.6 million tonnes of reserves, of which one-third is fresh rock

and two-thirds extensively altered (weathered). It is proposed to produce basalt froannum (IEC, 1997).

While the Southern Highlands may have the largest resource base, the Wollongong area has the
largest quantity of measured hard rock reserves. The Wollongong area has 120 million tonnes of
measured latite reserves, of which 105 million tonnes are held with development consent by
companies with quarries presently operating. The largest undeveloped resource in the region
consists of 70 million tonnes of inferred latite reserves secured by Boral at Rocklow near
Shellharbour, but consent for quarrying the resource has not been given.

The Newcastle District has about 28 million tonnes of hard rock aggregate reserves within 130 km
of Sydney. The basalt deposits in the Hawkesbury area contains 23.5 million tonnes of these
reserves of which 18.5 million tonnes are either measured or associated with an ongoing quarry.
Small reserves of andesite and rhyolite occur in the Maitland - Cessnock area.

The Lithgow/Oberon area contains about 37 million tonnes of approved reserves of hard rock
aggregate reserves of quartzite, basalt and rhyolite. The quarry at Marrangaroo has reserves of
approximately 7.8 million tonnes of quartzite (a metamorphosed sandstone). A recently developed
basalt quarry near Oberon (Langley Heights) is understood to be producing approximately
130 000 tpa. This quarry has total reserves of approximately 40 million tonnes whereas reserves in
the initial approved quarry area are stated to be approximately 9 million tonnes. The Hartley
rhyolite deposit has 20 million tonnes of measured reserves of rhyolite and is held by a pastoral
company and plans are being finalised for development.
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5, HARD ROCK AGGREGATE PRODUCTION IN 1996/97 IN SYDNEY, SOUTHERN
HIGHLANDS, WOLLONGONG AND THE BATHURST-ORANGE REGIONS

In 1996/97 the hard rock aggregate production in the Sydney, Southern Highlands, Wollongong
and Bathurst - Orange regions totalled 12.8 million tonnes, consisting of 11.0 million tonnes of
CBS and 1.8 million tonnes of PRB & FCR (Table 3). Some of the quarries in the Bathurst -
Orange region are outside the 130 km radius of the geographic centre of Sydney but are included in
this discussion for completeness as occasionally small quantities of coarse aggregate is imported
from quarries in this region.

Quarries in the Sydney Mining District produced a total of 5.1 million tonnes of hard rock
aggregate in 1996/97, consisting of 4.1 million tonnes of CBS and 1 million tonnes of PRB &
FCR. The Penrith gravel quarries produced 3.3 million tonnes of CBS, or 80 percent of the Sydney
CBS production. Prospect Hill produced over 70 percent of the PRB & FCR production.

In the Newcastle District the basalt quarries in the Hawkesbury region immediately to the north of
the Sydney District produced 0.8 million tonnes of basalt CBS in 1996/97. The andesite and
thyolite quarries near Maitland and Cessnock produced 0.2 million tonnes of CBS and 0.5 million
tonnes of PRB & FCR.

The Wollongong region produced 2.5 million tonnes of latite CBS and 0.3 million tonnes of PRB
& FCR in 1996/97.

In 1996/97 the production of hard rock in the Southern Highlands - Goulburn area totalled nearly 3
million tonnes of which 2.6 million tonnes was from the Marulan South limestone quarry owned by
Blue Circle Cement and used for cement production. The Exeter Quarry produced 0.15 million
tonnes of basalt CBS and 0.15 million tonnes of PRB. The Johnniefields rhyodacitic tuff quarry
produced 0.2 million tonnes of CBS.

In the Lithgow area in 1996/97 CBS production consisted of 0.1 million tonnes of limestone and
quartzite CBS and 0.1 million tonnes of PRB & FCR, also limestone and quartzite.

In the Bathurst - Evans region 0.2 million tonnes of CBS and 0.1 million tonnes of PRB & FCR
was produced from two basalt quarries. In the Dubbo area 0.1 million tonnes of CBS was produced
in 1996/97 from CSR Readymix’s basalt quarry. No production was recorded from the Oberon
region in 1996/97 however, it is now understood to be producing and despatching some of its
production to the Sydney market.
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Quarry/Region Company Quanry ID  Location/District Rock Type Total CBS PRB & FCR Total
Production

SYDNEY REGION
Prospect Hill Boral 621 Sydney Dolerite 406,862 724,212 1,131,074
Homsby CSR Readymix 606  Sydney Volc.Breccia 54,311 46,165 100,476
Prospect CSA Readymix 1434  Sydney Dolerite 216,661 216,661
Wallgrove Pioneer 1145  Sydney Volc.breccia 129,380 241,611 370,991
Railway St Emu Plains Boral 1153  Penrith Gravel 1,038,642 1,038,642
Sheens Lane CSR Readymix 1155  Penrith Gravel 1,466,640 1,466,640
Cranebrook Pioneer 1149  Peniith Gravel 759,924 759,924
Total Sydney/Penrith 4,072,420 1,011,988 5,084,408
NEWCASTLE
Peats Ridge, Bushelis Rd Boral 117  Newcastle Basalt 454,000 454,000
Kulnurra, George Downes Dr  Hymix 1121 Newcastle Basalt 321,434 321,434
Sub Total Southern Newcastle 775,434 0 775,434
Mogo Ck, St Albans 4474  Newcastle Basalt 228 228
Allandale Quarry Product 5100 Newcastle Andesite 195,938 227,937 423,875
Gosforth 6341 Newcastle Rhyodacite 30,000 30,000
Sub Total Northern Newcastle 226,166 227,937 454,103
WOLLONGONG
Dunmore Boral 1293  Wollongong Latite 331,800 124,600 456,400
Bombo, Boral Boral 4233  Wollongong Latite 360,308 360,308
Albion Park Rail CSR Readymix 1291  Wollongong Latite 592,543 25,708 618,251
Albion Park Cleary Bros Wollongong Latite 70,000 70,000
Bass Point Pioneer 4023  Wollongong Latite 722,305 722,305
Bombo, SRA SRA 1091030 Wollongong Latite 458,600 170,000 628,600
Totial Wollongong 2,535,556 320,308 2,855,864
SOUTHERN HIGHLANDS - GOULBURN
Exeter Congcrite 4809  Southem Highlands Basalt 286,600 286,600
Johnniefields, Marulan CSR Readymix 5293  Southern Highlands Rhyodacitic Tuff 175,365 175,365
Marulan South Blue Circle Cement 532  Goulburn Limestonse 2,611,046 2,611,046
Total Southern Highlands 3,073,011 3,073,011
LITHGOW
Excelsior Siding Hyrock 2695  Lithgow Limestone 50,508 82,368 132,876
Marrangaroo, Oakey Forest Rd Metromix 824  Lithgow Quartzite 56,892 51,237 108,129
Total Lithgow 107,400 133,605 241,005
BATHURST - EVANS
Woest Wyalong,Wargin Rd Manso Holdings 4585  Bathurst Basalt 34,409 56,553 90,962
Orange Rd Bathurst Pioneer 656 Bathurst Basalt 124,298 57,800 182,098
Caloola LH McGill 4073  Evans (Bathurst)  Marble blocks 0 0
Total Bathurst - Evans 158,707 114,353 273,060
DUBBO
Talbragar, Brocklehurst Boral 737 Dubbo Basalt 0 0
Dubbo, 10 km sast CSR Readymix 5317 Dubbo Basalt 118,997 118,997
Total Dubbo 118,997 118,997
OBERON
Langley Heights Oberon Basalt NA NA
Oberon CSR Readymix Oberon Gravel NA NA
Shadforth Boral Crange Gravel NA NA
Total Oberon
TOTAL 11,067,691 1,808,191 12,875,662
Minec Pty Ltd, February 1999
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6. HARD ROCK AGGREGATE RESOURCES IN THE WINGECARRIBEE SHIRE

Introduction

We have already seen that the Wingecarribee Shire has the most extensive resource base of hard
rock aggregate in the Sydney and surrounding Mining Districts. Not surprisingly, Wingecarribee
Shire also has a large number of occurrences of igneous rock that could have the potential for the
production of coarse aggregate. However, many occurrences have been subjected to extensive
weathering. Gobert (1975) states

In the Mittagong-Moss Vale area, basic and intermediate igneous rock types are relatively
abundant. Varieties represented include fine-grained basalt, syenite and minor amounts of
tholeiite and teschenite. The basalt occurs as flows, sills and “cappings” which reach a
maximum thickness of approximately 100 m in the Robertson area... Weathering
processes have reduced much of the existing basalt remnants to areas of deep red fertile
soil containing basalt boulders.... In places, the degree to which weathering of the basalt
has taken place is difficult to detect from the present surface expression.... The intrusive
syenite, tholeiite and related rock types occur as isolated outcrops. Generally these form
prominent hills with bold outcrops (p22-23).

In addition to weathering, many of the occurrences are not suitable for development because of
environmental factors, especially scenic and close proximity to rural residential and sometimes
urban developments. Below is a description of known occurrences of igneous rock in the
Wingecarribee Shire. The location of the occurrences discussed in this report and of igneous rocks
in the area are shown in Figure 3.
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Figure 3 Hard Rock Occurrences in the Wingecarribee Shire
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Major Deposits

A - Exeter

The Exeter Quarry is located about 600 m east of the township of Exeter and approximately 7 km
southwest of Moss Vale. The rock is predominantly olivine basalt (see Section 3). Quarrying
commenced in 1978 by Belfast Holdings Pty Limited. Southern Highlands Quarries Pty Ltd took
over operation of the quarry in 1981 and on 1 July 1996 the company became known as Concrite
Quarries Pty Limited. Over the 8 years to 1997/98 production averaged 278,000 tonnes, of which
approximately 30 percent was delivered to the Sydney and Wollongong markets, with Sydney
taking the majority, and 70 percent consumed in the Southern Highlands region, including
Goulburn. About 55 percent of production over this period has been CBS and 45 percent PRB.

Three main types of basalt occur; broken basalt, amygdaloidal basalt and massive basalt (see
Section 3). The resource is capable of producing aggregate suitable for producing high performance
and low shrinkage concrete, high performance concrete, normal strength concrete, CBS for road
construction and PRB.

The high quality aggregate is capable of allowing concrete of 80 - 100 MPa and low shrinkage
characteristics to be made. The demand for such specialised concrete is increasing for the
construction of large buildings. Exeter is one of the few sources of such high quality aggregate for
the Sydney, lllawarra and Southern Highlands markets (Crawley, 1998, pers.comm.).

B - Mt Flora

Mt Flora is located approximately 5 km northwest of Colo Vale and 8 km north of Mittagong. It is

a relatively flat,
monotonous assemblage of microsyenite which has crystallised as a shallow intrusion...
The intrusion covers an area of 770 hectares with a maximum thickness of 195 m. Insitu
reserves are in excess of 1200 million tonnes... Deuteric alteration of the rock mass and
weathered microsyenite are pervasive and widespread throughout the area. This material
overlies the fresh and normal microsyenite varying in depth throughout the area... Seismic
data and drill hole cores have clearly indicated that the north-eastern ridge and northern
edge of the deposit are deuterically altered and partially weathered. Away from the
deposit edge and the surficial layers the rock is suitable for road materials and concrete
aggregates (Mitchell McCotter, 1990, sect. B1.1-1.2).

Indicated reserves are listed as 32.4 million tonnes for the area covered by the present Development
Consent and inferred reserves at 70 million tonnes.
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Test results show that the dry bulk density ranges between 2420 - 2518 kg/cubic metre, the water
absorption varies between 2.3 and 3.7 percent, the wet/dry strength variation between 3 and 20
percent and the Los Angeles value (B grading) varies between 20 and 30 (Mitchell McCotter, 1990,
sect B1.2).
Test results generally indicate that aggregates and road base made from the microsyenite
will meet most specifications, including RTA specifications for sealing aggregates and
road base as well as the Australian Standard for severe exposure concrete (Mitchell
McCotter, 1990, sect.B1.2).

Mr George McClellan, representing CSR Readymix has stated that although the Mt Flora rock is
not as good as Peat Ridge basalt in terms of the production of low shrinkage concrete it meets AS
2758 standards for concrete subject to severe exposure and is suitable for the production of high
performance concretes up to 80 MPa provided low shrinkage properties are not required
(pers.comm., 1998).

CSR Readymix hold a Consent to produce aggregate from Mt Flora valid for 32 years from
December 1995. It is generally recognised that the consent conditions concerning transport
facilities make the cost of establishing a quarry very high, and has been a key factor in the delay in
development. It is believed CSR Readymix are holding Mt Flora in reserve until the Penrith Lakes
river gravels are exhausted. In the mean time they are bringing more south coast aggregate from the
Albion Park Rail latite quarry to Sydney.

C - Mit Misery

Mt Misery / Hurdle Ridge is a relatively large intrusion of microsyenite, an intermediate igneous
rock located about 6.5 km north of Berrima and 10 km west of Bowral. It covers an area of 3.8 km
by 2.0 km and rises to 781 m above sea level and 60 m above the surrounding plateau. Preliminary
exploration indicates thickness is in excess of 100 m over most of the area. With the exception of
the south western slopes, its sides are steep. On the southwestern margin a small gabbroic plug
occurs. The (microsyenite) rock is similar to that occurring at Mt Gibraltar that was mined for
about 100 years for dimension stone and course aggregate (Corkery, 1989, p55-56, Gobert, 1975, p
26 and 31).
Up to 80 percent of the microsyenite investigated at Mount Misery and Hurdle Ridge has
undergone a degree of mineralogical alteration during emplacement or shortly thereafter.
Used in this sense, the term alteration is not related to weathering and does not necessarily
imply a degradation in rock strength or quality.

Alteration has commonly resulted in total, or less commonly, partial replacement of the
original ferromagnesian minerals by secondary minerals including siderite, quartz and
clay minerals which together comprise up to 20 percent of the rock (Corkery, 1989, p56).

Concern about the impact of the siderite on the rocks performance as a concrete aggregate has been
expressed. Ray (1983) states “alteration may affect the use of the microsyenite for concrete”. Mr
Tan Stewart of the Dept. Main Roads Materials & Research Laboratory (1983) states “Siderite
presents a potential problem particularly for aggregates used in concrete”. The concerns of Stewart
were repeated in the Report of the Mount Misery/Hurdle Ridge Working Party, July, 1987, p10.
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In the late 1980's testing was undertaken to compare Mount Misery and Hurdle Ridge rock quality.
The results of “random point load” and “unconfirmed compressive strength” tests indicate
the majority of core tested to be of a very high strength classification. Results were
confirmed by trial blasting where fragmented rock was noted to be extremely “strong” in
geomechanical terms.

Tests utilised to confirm rock durability were: “sulphate soundness”, “Los Angeles
Abrasion”, “Wet/Dry Strength Variation” and “Potential Reactivity”. With the exception
of a single test result... all test results were well within required specifications and better
than equivalent results derived from Mt Misery samples... Test results confirm rock tested

to be eminently suitable for the production of road materials and aggregates (Corkery,
1989, p57).

A variable layer of weathered rock between 1 - 6 metres occurs above the fresh rock.

Insitu reserves have been inferred at 790 million tonnes. “Approximately 23 million tonnes has
been defined within the initial quarry area” (Corkery, 1989, p56). The reserves in the initial quarry
area are in the indicated category.

Mt Misery is held by Rocla Pty Limited and there is a valid Consent for quarrying. The resource
has been on the market for over two years but a buyer has yet to be found.

D - Mt Gibraltar

Mt Gibraltar is a prominent hill located between Bowral and Mittagong and composed of
microsyenite. It rises 180 m above the surrounding country and has bold cliff faces of 70 m on its
western boundary. The deposit was quarried for dimension stone for 100 years and more recently
for aggregate. Quarrying has stopped because of the encroachment of urban development from
Bowral and Mittagong. Reserves held under title by the two companies quarrying at Mt Gibraltar in
the mid 1970's were placed at over 5 million tormes (Gobert, 1975, p31).

Shaun (1984) states “The Mount Gibraltar site has the greatest general appeal of the Mittagong
(Mesozoic Eruptive Centre) sites, with numerous picnic areas and lookouts being found on its
slopes. Most of these are found within reserves under Council control”. These factors would make
development very unlikely.
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E - Mt Gingenbullen

Mt Gingenbullen is located 5 km west of Moss Vale, is a flat topped with steep sides rising to a
maximum elevation of 798.6 m above sea level and some 120 m above the surrounding plateau. It
covers an area of 70 hectares. The rock is a dense columnar tholeiite, a porphyritic basalt, flow or
sill about 100 m thick (Gobert, 1975, p35).

Southern Blue Metal Quarries quarried the northern side for railway ballast prior to the 1940's. The
rock has a specific gravity of 2.95, is hard, massive and suitable for use as road or concrete
aggregate or railway ballast. There is little overburden and weathering is minimal. Insitu reserves
are estimated at nearly 70 million tonnes, indicated. A quarry on the northern and possibly on the
western slopes would be visible for many kilometres. Blasting and crushing noises would be heard
across large tracts of land (Gobert, 1975, p35-36). Residential development since 1975 makes
development of a quarry today improbable.

F - Oxley Hill

Oxley Hill or Mt Oxley was the site for the Beaumont Quarry, situated 2 km west of Bowral. Mt
Oxley rises 200 m above Bowral township. The rock is columnar basalt, fine grained, dense and
with olivine crystals up to 5 mm long and the flow is 30 -45 m thick.. The basalt produced was “of
good quality with a tendency to flakiness” (Gobert, 1975, p24). From 1963 to 1974 production
ranged from 7,300 tonnes to over 106,000 tonnes and averaged 45,200 tonnes per year but over the
final 3 years the average production was double this. The Beaumont quarry was closed when
Wingecarribee Council opposed an extension of the lease. Reserves at the quarry site were
estimated at about 6 million tonnes (Gobert, 1975, p25). Gobert estimated that total reserves in the
eastern face of Mt Oxley could total 30 million tonnes but due to its close proximity to Bowral and
the fact that any quarry would be “visible for a considerable tract of country to the south and
southeast” (Gobert, 1975, p26).

G - Cotswald Farm

A medium grained, alkali felspar rich microsyenite intrusion occurs at Cotswald Farm, 4 km east of
Mittagong. In 1965-66 a small quarry was operated by Pioneer Concrete on a trial basis for the
production of dimension stone, but difficulties with colour, the size of the blocks that could be
produced and the vesicular nature of the rock caused the quarry to be abandoned. The vesicles are
filled with calcite and “may preclude the use of this rock for aggregate purposes” (Gobert, 1975,
p29). Indicated insitu reserves are about 8 million tonnes. A quarry would be visible from Range
Road.
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H - Penrose

The Penrose Quarry is located on the Hume Highway at Paddys River, 20 km south west of
Berrima and is operated by Heggies Bulkhaul Limited. The quarry produces high quality sand for
local and regional markets. A small basalt flow has been identified and Heggies propose to
intermittently operate a basalt quarry to produce an average 100,000 tonnes per annum of crushed
and screened aggregates and/or blended road pavement materials. The basalt flow is up to 36 m
thick but tapers towards it extremities. The basalt is heavily fractured and appears to be quite
heavily altered within the upper and lower thirds (10 - 12 m) of the deposit. The central third of the
deposit is interpreted as being of sufficient quality for the manufacture of specified concrete
aggregates. Further geological exploration is required to determine preferred end use relative to
rock quality. No trial crushing or laboratory testing have been conducted (International
Environmental Consultants, 1997).

Insitu reserves of fresh and weathered basalt are estimated at 1.6 million tonnes of which about
500,000 tonnes is believed to be capable of producing premium quality concrete aggregate
(International Environmental Consultants, 1997).

Minor Resources

I - Burrawang T.S. (815 m)

Burrawang Trig. Station is a basalt capped hill 1 km west of Burrawang township. Thickness is
estimated at 60 m. The rock is a massive olivine basalt and insitu reserves are estimated at about
1.5 million tonnes. The rock appears suitable for aggregate use but testing would be required. A
quarry would be visible for some distance to the west and south (Gobert, 1975, p41).

J - Colyers Creek Site

An occurrence of dolerite with a basalt capping outcrops at Coylers Creek, 9 km south of Moss
Vale. The basalt capping is less than 30 m thick. The extent of weathering is unknown, nor is the
suitability of the rock for aggregate production. Gobert thought a quarry with reserves less than 3
million tonnes may be possible, but extensive drilling would be required to test the rock’s
suitability. Care would need to be exercised as Colyers Creek flows into Bundanoon Dam (Gobert,
1975, p36-37).

K - Exeter Railway Cutting

A large flow of basalt underlies Exeter township and the surrounding countryside. Over most of the
area of basalt outcrop the country is gently undulating and weathering of the basalt is very deep.
Approximately 1.6 km north of the Exeter railway station massive columns up to 10 m in height of
a fine-grained basalt are exposed in a railway cutting of the Main Southern Line for a distance of
some 80 m. The rock is fresh, hard, fine-grained and massive, and would be suitable for aggregate
or railway ballast purposes.
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...A railway cutting some 200 m further north exhibits massive basalt also. These sites occur on the
northern extremity of the basalt flow where the thickness of the basalt would not be in excess of 30
m.

Deep weathering of the basalt is apparent on the hill slopes adjacent to the railway cuttings and ...
(Dt is probable that weathering may extend to a depth of 10 - 15 m, and hence the maximum
recoverable reserves of hard rock at this site are small (1 million cu.m) and possibly uneconomic...

A quarry developed at this site would be visible for some distance to the north to Moss Vale
township. Blasting and crushing operations would also be heard for some distance to the north...
(Gobert, 1975, p37-38).

L - “Greenhills” area

A considerable thickness of olivine basalt crops out over a large proportion of “Greenhills” and
adjacent properties 4 km to the east of Exeter township.... The basalt here is up to 60 m thick. Good
sites for quarries exist on the eastern side of this part of the flow.... There is outcrop along the crests
of the ridges suggesting that overburden is possibly less than 10 m.

... A conservative estimate of reserves of good quality rock suitable for hard rock aggregate
available within the area ... are 4 million cu. M (about 12 million tonnes). It would be necessary to
test the basalt for suitability for aggregate ... (Gobert, 1997, p38).

M - Knapsack Hill South

A basalt flow up to 60 m thick occurs 4.8 km east of Robertson. The rock consists of olivine
crystals in a fine grained groundmass and it is thought weathering is not deep. Insitu reserves are
estimated at about 6 million tonnes. Before a quarry could be established extensive testing would
be necessary. A quarry on the site would be visible for some distance to the south. Its proximity to
Robertson could be a problem (Gobert, 1975, p40).

N - Mt Cotopaxi

A microsyenite intrusive outcrops as a small hill 60 m high 14 km north of Mt Murray between
Moss Vale and Wollongong. Weathering appears to extend only 5 - 10 m and the fresh rock is
extremely hard and massive. Extensive testing would be required to ascertain if the rock was
suitable for aggregate. Indicated reserves are small at between 1 - 1.5 million tonnes. The site is in
the middle of the catchment area for the Nepean Dam (Gobert, 1975, p 34-35).

O - Mt Jellore

Mt Jellore is located 14 km northwest of Mittagong and consists of a small, steep sided circular
plug of trachyte that rises 70 m above the surrounding country. The plug has intruded a teschenite-
monzonite sill complex with a thickness of 60 m. The sill covers a large area south of Mt Jellore.
The rock at Mt Jellore is relatively fresh and fine grained. Insitu reserves at Mt Jellore are
estimated at 10 million tonnes, indicated. The rock in the surrounding sill is too weathered and
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variable in grain size to be considered for aggregate. Any quarry at Mt Jellore would be visible for
many kilometres in the surrounding country side (Gobert, 1975, p32).

Mount Jellore is another of the Mittagong Mesozoic Eruptive Centre sites, along with Mt Gibraltar,
Mount Misery and Mt Flora. Shaun (1984) states “It would be best to leave one site (of the four) in
an untouched state, and Mount Jellore would probably be the most suitable choice.”

P - Mt Murray

Mt Murray has a basalt capping some 90 m thick and forms a prominent hill rising to 766 m a.s.l.
adjacent to the Moss Vale - Unanderra railway line to the northeast of Robertson. The western
slopes are steep and weathering appears to be less than 5 m. The rock is untested but appears
suitable for aggregate use. Establishing a quarry on the western slopes would be difficult because
of the steep slopes. The eastern side was already sterilised in 1975 by residential development
(Gobert, 1975, p41).

Q - Mt Wanganderry

Mt Wanganderry is a basalt capped hill 24 km from Mittagong on the Wombeyan Rd and rises 120
m above the plateau to an altitude of 833 m. The basalt is 70 m thick. Weathering extends for 5 - 10
m. The rock is a vesicular olivine basalt with calcite filling the amygdules. Gobert thought a quarry
with reserves of about 3 million tonnes could be established on the Wombeyan Cave Road side and
would be partially visible from the road. Extensive testing of the rock would be necessary to
ascertain if it was suitable for aggregate use because of the calcite present (Gobert, 1975, p33).

R - The Range Road

A basalt flow forms a plateau some 2 km east of Mittagong on The Range Road. The rock is a very
fine grained olivine basalt with indication that vesicular material is likely to occur. A quarry with
reserves of about 2 million tonnes could possibly be established but extensive testing of the rock
quality and thickness would first be necessary Gobert, 1975, p34). Urban development since 1975
would make development most unlikely.

S - Riley’s Sugarloaf Hill

A small, massive basalt plug occurs at Riley’s Sugarloaf Hill 22 km southeast of Bowral and 8 km
northwest of Robertson. The hill has an elevation of 820 m a.s.l. and rises 90 m above the
surrounding plateau. The plug has very steep sides and appears to have intruded a basalt flow.
Riley’s Peak is a prominent hill that is visible for many kilometres to the south and west. Reserves
at Riley’s Peak are small, estimated at about 1 million tonnes. The basalt ridge extends to the
southeast where the thickness is estimated at 30 m. The rock is rather fresh and massive and
appears to be suitable for aggregate, but testing would be necessary. A quarry with reserves of
about 2 - 2.5 million tonnes may be able to be developed (Gobert, 1975, p39). This deposit is
located within the catchment of a Reservoir and development consent is unlikely given the recent
non-concurrence from the Sydney Water Corporation and refusal by Wingecarribee Shire Council
for the extension of the nearby Kangaloon Sand Quarry.
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Te NEW HARD ROCK RESOURCES IN THE WOLLONGONG AREA

In May 1992 a NSW Department of Planning report titled Blue Metal Quarrying in the
Shellharbour & Kiama Municipalities - Working Party Report was issued detailing the
potential resources of hard rock aggregate in the region. The following is taken from this Report.

The latite deposits in the Shellharbour - Kiama area occur in the Bumbo Latite Member of the
Gerringong Volcanic facies formed about 250 million years ago (Late Permian - Mid Triassic). All
latite production in the Wollongong Mining District is from the Bumbo Latite Member and
quarrying has occurred from about 1870. The Bumbo Latite Member is generally about 60 m thick
over most of its outcrop area from Yallah in the north to Mount Coolangatta (near Shoalhaven
Heads) in the south, to the Illawarra escarpment in the west. It reaches a maximum thickness of
about 150 m at Saddleback Mountain (NSW Dept Planning, 1992, p11).

Extensive areas of latite potentially suitable for the production of high quality coarse aggregate
occur within the Kiama - Shellharbour area outside existing extraction sites and quarry company
landholdings, particularly in the Jamberoo Valley (NSW Dept.Planning, 1992, p13).

Albion Park

An area immediately to the southeast of Albion Park was identified in 1971 as one of
the two sites in the Kiama - Shellharbour area considered to offer the highest
potential for the development of a new quarry. Much of this area has subsequently
been developed for residential purposes and the area can no longer be considered to
have any potential for future extraction (NSW Dept. Planning, 1992, p13).

Jamberoo Valley
Large areas within the lower Jamberoo Valley were identified in 1971 as having
potential for future extraction.

One specific area, near Jerrara was considered (together with the above-mentioned
area at Albion Park) to offer the highest potential for the development of a new
quarry. An alternative potential quarry site was also identified to the west of the
Jerrara site. All these areas are subject to major environmental constraints which
preclude extraction (NSW Dept.Planning, 1992, p13).

Foxground - Saddleback Mountain

Four potential resource areas were identified in 1974. No detailed information was, or is,
available on the suitability of the latite in these areas for use as coarse aggregate... Proposals
for quarrying of these areas would have to overcome significant environmental constraints
including:
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1. Impact on existing vegetation (including rainforest)

2. Impact on surrounding rural environment

3. Access problems

4. Significantly increased traffic movements on narrow rural roads

5. Steepness of areas surrounding quarries (NSW Dept.Planning,1992, p14).

The resources already secured by the quarrying industry in the Wollongong area (see Sect. 4) are
considered to be the principal areas likely to be developed in the future.
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8. NEW HARD ROCK AGGREGATE RESOURCES IN THE LITHGOW
AREA

Hartley Rhyolite

AUS10 Rhyolite Pty Ltd propose to establish a hard rock quarry on a thyolite deposit that occurs
on a property at Hartley, about 8 km south of Lithgow and about 80 km west-north-west of
Parramatta. The property is owned by the Hartley Pastoral Company, an associated company of
AUS10 Rhyolite Pty Ltd. Proved reserves within the initially proposed quarry area total 20 million
tonnes and the insitu reserves of the overall deposit are inferred at 100 million tonnes. The rhyolite
is a good quality aggregate rock with low water absorption, good particle shape characteristics, wet
strength about equal to that of Bombo latite, Penrith gravels and Compton Park microsyenite, but
only about two thirds of that of basalt. Its Los Angeles Value is better than Penrith gravel and
Compton Park microsyenite and about equal to the average for Bombo latite but not as good as
basalt. Tts dry strength, however, is lower than that for microsyenite and latite and significantly
lower than that for basalt. In 1994 the quarry was projected to start production at 150,000 tpa, to
increase to 550,000 tpa by year 5 and to reach a maximum capacity of 620,000 tpa by year 15,
markets permitting (Sinclair Knight Mertz, 1994). However, the quarry has yet to commence
production .
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9. THE CONSUMPTION OF COARSE AGGREGATE IN THE SYDNEY REGION
FROM 1968/69 TO 1996/97

The consumption of coarse aggregate in the Sydney region from 1968/9 to 1996/97 is shown in
Figure 4. Statistics were not kept prior to 1968/9 and statistics for imports into the Sydney region
are patchy.

Total consumption of aggregate in the Sydney region has varied between a high of 10.9 million
tonnes in 1989/90 and a low of 5.5 million tonnes in 1982/3. The largest component of the coarse
aggregate market is crushed and broken stone (CBS), described in Section 10. The second largest
component of the coarse aggregate section is the non-sandstone component of prepared road base -
(PRB) section and the smallest is sandstone, although for some of the 1990's sandstone
consumption exceeded non-sandstone PRB. It can be seen from Figure 4 that the CBS section of
the market is growing while the PRB section is declining. In recent years sandstone consumption
has also fallen away.

The Sydney coarse aggregate market is characterised by sharp swings from year to year. Although
the use pattern is volatile on a year to year basis, the average total consumption and trend in the
average consumption over the 28 year period is fairly stable. Wallace (1981) undertook the first,
detailed analysis of the Sydney region hard aggregate market. Wallace found that the average
consumption of hard aggregate in the Sydney region for the period 1968/9 to 1979/80 was 7.8
million tonnes per year and that the consumption for the latest three years in his study, namely
1977/8 to 1979/80 averaged 8.2 million tonnes per year. Wallace therefore used a figure of 8
million tonnes for the base year (1980) consumption in his study. Wallace's estimate of 8 million
tonnes per year was adopted by the Department of Environment and Planning (DEP) in its 1934
and 1986 reports on Sydney's Extractive Industry. In SREP No.9 the average conmsumption of
coarse aggregate for the period 1970 to 1991 is stated to be 7.7 million tonnes (p66).

With the addition of a further 6 years data it is found that the average consumption over the 28 year
period to 1996/97 is 7.8 million tonnes per year and the average consumption for the last six years
is also 7.8 million tonnes.

The regression trend line for consumption of coarse aggregate over this 28 year period shows an
average annual increase of 22,000 tonnes per year (Figure 5). In SREP No.9 the trend line i
shown to increase by 17,700 tonne per year for the period 1970/71 to 1990/91. The trend line in
Figure 2 rises from about 7.6 million tonnes in 1969 to about 8.1 million tonnes in 1997. It can be
seen that there is a high level of scatter of the actual consumption values about the trend line. The
high scatter of observations is reflected in the R-squared of the trend line, the goodness of fit, being
only 3 percent (a perfect fit has an R-squared of 100 percent and if there is zero correlation between
a "trend line" and a set of observations the R-squared is zero). That is, the trend line could equally
show a decrease in consumption over time or no change.
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Figure 4 Sydney total Coarse Aggregate Consumption
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On the evidence presented one should probably conclude that there has been no increase in the
consumption of coarse aggregate over the past 28 years and the best predictor for future
consumption is the average consumption over the past 28 years, namely 7.8 million tonnes per
year. However, one would expect that there would be a positive correlation between population
growth and increased economic activity and aggregate consumption. Time is only a crude proxy for
these two factors and if a more detailed analysis was undertaken it is likely that some positive
correlation in consumption of aggregate with increased population and economic activity would be
found. If one takes the average consumption per year over 10 year periods it can be seen that there
has been slight positive growth. The annual average consumption in coarse aggregate over the
period 1969 to 1978 was 7.53 million tonnes per year, an average of 7.55 million tonnes for the
period 1979 to 1988 and 8.38 million tonnes per year over the period 1989 to 1997.

The above supports the regression analysis finding of modest growth in coarse aggregate
consumption of 22,000 tonnes per year, and this growth rate will be used for forecasting future
consumption.

Figure 6 shows the trend line for the consumption of PRB for the period 1969 to 1997. Sandstone
is included with PRB. The trend line shows that modest negative growth is the expected outcome,
with consumption decreasing by 29,000 tonnes per annum. The regression line, ie, the trend line, is
statistically significant but the R-squared is only 15 percent, as is shown by the high degree of
scatter of the observations about the trend line. In periods of high road construction the demand for
PRB and sandstone rises sharply and in periods of little road construction, it falls sharply.

The annual average consumption in PRB over the period 1969 to 1978 was 3.1 million tonnes per
year, 3.0 million tonnes average for the period 1979 to 1988 and 2.7 million tonnes per year over
the period 1989 to 1997.

The Sydney region consumption of crushed and broken stone (CBS) is met by the production of
igneous rock and gravel from the Sydney region and the import of basalt and latite. The importance
of the latite and basalt supply to Sydney is relevant to this study, so I have split Sydney CBS
consumption into the locally produced material and imports.

The trend in CBS production is the Sydney Region since 1969 is shown in Figure 7. The slope of
the trend line is not statistically different from zero and the R-squared for the trend line is zero,
that is, there is no correlation between the trend line and the observed data. Production of CBS in
the Sydney region has averaged 3.7 million tonnes per year over the past 28 years and, with the flat
trend line, this average figure is the best predictor of future production. Of course, actual
consumption can fall considerably below or above the trend line.

There has been small variations in average production within the Sydney region from decade to
decade. The annual average consumption in CBS over the period 1969 to 1978 was 3.65 million
tonnes per year, 3.46 million tonnes per year for the period 1979 to 1988 and 3.95 million tonnes
per year over the period 1989 to 1997. The difference between Sydney’s production of CBS and its
consumption is made up by imported basalt and latite. The imports of basalt and latite is the fastest
growing category of Sydney’s CBS consumption.
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6 Figure Trend Sydney Prepared Road Base Consumption; 1969 - 1997
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Virtually all basalt consumed in Sydney is imported from the southern area of the Newcastle
Mining District, and Exeter in the southern Highlands. Occasionally small quantities of basalt are
imported from areas to the west of Sydney when it is required for high performance concrete and
back loading arrangements allow reduced transport costs. All latite consumed in Sydney is
imported from the Wollongong Mining District. Detailed records of the level of imports have not
been recorded for much of the period and the consumption pattern shown in Figure 5 has been
estimated based on industry estimates and figures given in SREP No. 9. It is estimated that the
consumption of these two rock types in Sydney has increased from 0.18 million tonnes in 1969 to a
maximum of 2.0 million tonnes in 1994 and 1995; consumption in 1997 is estimated at 1.75 million
tonnes (Figure 8). The majority of the imported aggregate is latite, but the consumption of basalt in
the Sydney region is at 0.5 million tonnes in 1997 and over the past decade the consumption of
basalt in Sydney average nearly 0.4 million tonnes per year.

The trend line for the consumption of basalt and latite in Sydney is shown in Figure 9. The
consumption of basalt and latite has been increasing at 48,400 tonnes per year since 1969. The R-
squared for the tend line is 69.1 percent, indicating a quite good correlation between the trend line
and the observed data. The annual average consumption of basalt and latite over the period 1969 to
1978 was 0.8 million tonnes per year, it then increased to an average of 1.1 million tonnes per year
for the period 1979 to 1988 and to 1.85 million tonnes per year over the period 1989 to 1997.

Normal-class concretes can be produced with a wide range of igneous rock and gravel aggregates.
There is a growing market for high performance concrete, including concretes of very high
strength and concretes with very low shrinkage characteristics. The very high strength concretes
(80 to 100 MPa compared to the maximum normal class strength of 50 MPa) can normally only be
produced with basalt, crushed river gravels and latite. Only basalt will produce the very low
shrinkage concretes (see Section 2).

The Sydney concrete market on average requires about 4 million tonnes of coarse aggregate per
year. Concrite management have told me that the high performance concrete segment is in the
order of 0.5 million tonnes per year and is growing each year.

The Woodward Commission (1985) stated that the Exeter Quarry can produce "high quality
aggregate suitable for producing concrete with low shrinkage characteristics ..." (p.7). Concrite
management have told me the Exeter aggregate is very well suited to supply the relatively new and
expanding market of very high strength, low shrinkage concrete. Obviously this is a very
important market for the Sydney building industry.
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Figure 7 Trend Sydney Crushed & Broken Stone Production
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Figure 8 Sydney Consumption of Basalt and Latite CBS; 1969 - 1997
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Figure 9 Trend of Sydney Imports of Basalt and Latite CBS; 1969 - 1997
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10. SOURCE OF SYDNEY'S HARD ROCK AGGREGATE: 1968/69 to 1996/97
CRUSHED AND BROKEN STONE

Sydney obtains its supplies of CBS from the dolerite quarries at Prospect, from two volcanic
breccia quarries at Wallgrove and Hornsby, from gravel quarries in the Penrith Lakes Scheme,
from the Peats Ridge - Kulnura basalt quarries to the north of the Sydney region, from latite
quarries in the Illawarra region to the south and some basalt aggregate from Exeter. The supply
from these various sources for the period 1968/9 to 1996/97 is summarised in Figure 10.
Occasionally, small quantities of basalt are imported from areas to the west of Sydney such as the
CSR Readymix quarry at Dubbo and the Pioneer quarry at Bathurst.

Prospect

The supply of CBS from Prospect peaked in 1972 and has since slowly but steadily declined. Two
quarries are operated; one by Boral Resources (NSW) Pty Ltd and the other by the CSR Readymix
Group. Over the past 28 years production of CBS averaged 0.7 million tonnes per year; production
in 1996/97 was 0.6 million tonnes.

The reserves of rock capable of making CBS were stated as 2 million tonnes in 1991 and "It is
expected that production of hard rock aggregate from the Prospect quarries will cease by 2000
(SREP No.9, p.67 - 68). In fact, since 1991 about 2.8 million tonnes of CBS have been produced at
Prospect.

Volcanic Breccia

Historically Sydney has obtained volcanic breccia from three quarries; Erskine Park, Wallgrove
and Homnsby. Erskine Park is now worked out. Since 1968/9 supply has averaged 0.3 million
tonnes per year, with annual production ranging from 0.8 million tonnes in 1970/1 to 0.1 million
tonnes in 1993/94. Production in 1996/97 was 0.2 million tonnes. Reserves of CBS in 1991 were
stated at 5 million tonnes at Hornsby and 2.5 million tonnes at Wallgrove (SREP No.9, p67). Based
on these figures remaining reserves at both quarries are about 6.6 million tonnes of CBS.

Gravel

Over the last 28 years the supply of gravel to the Sydney region has averaged 2.7 million tonnes
per year. Only once has supply fallen below 2 million tonnes (in 1982/83) and in the 1990's
production has averaged 3.3 million tonnes. Production in 1996/97 was 3.3 million tonnes.

The Penrith Lakes Scheme now supplies all of Sydney’s gravel. The Penrith gravel co-exists with
commercially valuable sand which is jointly produced with the gravel. In 1984 the reserves at
Penrith Lakes were estimated as 50 million tonnes of medium - coarse sand and 113 million tonnes
of river gravel (DEP, 1984, p.74). The sand - gravel ratio for the overall deposit was 30:70, but
varied throughout the deposit. Initially production was from areas low in sand but the sand - gravel
ratio had been increasing over time and by 1990 was significantly higher (I Patterson, 1990,
personal communication). The high sand gravel ratio could place a constraint on the amount of
gravel produced as it would raise production costs considerably if sand production was in excess of
market demand.
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Figure 10 Sydney CBS Consumption by Rock Type
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Gravel reserves at Penrith were stated at 80 million tonnes in 1991 and were expected to be largely
exhausted by 2016 (SREP No.9, p.67 - 68). A recent detailed geological evaluation has down
graded both the total reserves and the gravel reserves.

Extraction in the Penrith Lakes Scheme area has been progressing in a northerly direction and is
now in the vicinity of Farrells Lane with most of the area to the south of the lane having been
extracted. As extraction neared this point over two years ago, there had been some changes in the
resource unit that had an impact on site operations. These changes had included significant
depletion of resources, changes in the sand/gravel/silt ratios within the resource horizon, complete
removal of the resource in some areas, increases in thickness and changes in the composition of
overburden material, and changes in the elevation of the shale floor... The work face was well
known. It consisted of a flat shale floor, on which lay approximately 6-8 m of mixed sand and
gravel in the Tatio of 60% gravel 40% sand/silt, overlain by about 6 m of sandy silt. It had remained
fairly consistent like this since the scheme began (Smith, 1996, p1).

The exploration undertaken by Smith shows that:
e The clean sand content increases to the northern end of the scheme area,;

o There are a number of extensive areas where the overburden : gravel ratio is equal to or
gxegads 31 1;

e Reserves in the remainder of the scheme area have been redefined (as at October 1996) to
75 million tonnes of resource and 105 million tonnes of overburden (Smith, 1996, p8-9).

Smith has not broken down the total reserves into sand and gravel. If the average gravel content in
the remaining reserves is 50%, gravel reserves would be 37.5 million tonnes; if the gravel content
ratio is 40%, gravel reserves would be 30 million tonnes. Over the past 7 years production of gravel
has averaged 3.28 million tonnes per year. If production continues at this rate, gravel reserves from
the Penrith Lakes Scheme would be exhausted within 9 - 11 years. That is, exhaustion would occur
between 2006 and 2008.

Imports

The Sydney region is supplied with imports from the Wollongong Mining District and the
Newcastle Mining District and with minor imports from areas to the west of Sydney.

The actual level of imports consumed in the Sydney region are not available for the period after
1984/5, except for 1990/91 where imports from the Illawarra Region were estimated in SREP No.9
to equal 54% of the Wollongong Mining District total production, excluding Exeter. This level has
been used for exports to Sydney for the period 1991 to 1997. Prior to 1991 exports from the
Wollongong area were estimated at 35 percent of production. Concrite have estimated that in recent
years about 30 percent of the Exeter production was exported to Sydney. I have used 30 percent as
the level of Exeter production exported to Sydney. "
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Based on industry advice, I have assumed that since 1989, 50 percent of the production of basalt
from the quarries immediately to the north of Sydney are imported into Sydney.

Imports from the Wollongong Mining District

Since 1985 the Wollongong Mining District has produced an average of 2.5 million tonnes
per year of coarse aggregate. In 1996/97 five latite quarries operated in the Albion Park -
Kiama area (see Table 3) and one basalt quarry at Exeter in the Southern Highlands. In
1990/91 about 54 percent of the Illawarra area production (latite) was exported to Sydney
(SREP No.9, p 67). The Working Party Report (Dept Planning, 1992) estimated that 60
percent of the 1989/90 production from the Kiama - Shellharbour area was exported to
Sydney. I have assumed that 55 percent of the production is exported to Sydney. It is
estimated that since 1985 the Illawarra region has supplied on average 1.3 million tonnes of
latite per year to the Sydney region with a high of 2.1 million tonnes on 1994 and a low of
0.8 million tonnes in 1985.

In 1991 secured reserves totalled 72.5 million tonnes but 58 million tonnes of the reserves
occurred at only two of the six quarries then in production. Two of the other quarries had
unsecured reserves of 83 million tonnes. It appears that all reserves are now secured (see
Table 2).

The Exeter Quarry produced 0.15 million tonnes of CBS and 0.15 million tonnes of PBS in
1996/97. In 1997/98 the Exeter Quarry produced 0.16 million tonnes of CBS and 0.1
million tonnes of PRB. Over the period 1990/91 to 1997/98 total production of aggregate
from the Exeter Quarry has averaged 278,000 tonnes per year, of which CBS has averaged
about 55 percent. In the past, most of the Exeter basalt has been consumed in the southem
Highlands - Goulburn area with about 20 - 30 percent of production being exported to the
Sydney region and 5 percent consumed in the Wollongong region. In 1996/97, 33 percent of
Exeter’s production was exported to Sydney and 6 percent was consumed in the
Wollongong area and 61 percent was consumed in the Southern Highlands - Goulburn area.
In 1997/98 24 percent of Exeter production was exported to Sydney, 9 percent to
Wollongong and 69 percent was consumed in the Southern Highlands - Goulbum region (W
Crawley, pers.comm., 1998, 1999)

Small amounts of blast furnace slag is imported into Sydney for use in concrete and PRB
production but tonnages are not recorded.

Imports from the Newcastle Mining District

Two quarries in the southern region of the Newcastle Mining District supply CBS to the
Sydney region. These quarries are the Kulnura quarry, owned by Pioneer Construction
Materials Pty Ltd and formerly by Hymix Quarries Pty Ltd and the Peat's Ridge quarry
owned by Boral Resources Pty Ltd. Both quarries extract basalt. Since 1985 production has
averaged 0.8 million tonnes of CBS per year, that is equal to the 1996/97 production. I have
assumed that 50 percent of the production is coming to the Sydney region. This proportion
of total production is in line with earlier estimates (Wallace, 1981, p32; Patterson, 1990,
pers.comm. ).
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Reserves in 1991 were listed as 41 million tonnes (SREP No.9, p67). More recent estimates
place the reserves at 27.5 million tonnes (Table 2).

PREPARED ROAD BASE

The production of PRB in the Sydney Mining District has been subject to sharp annual variations.
Average production over the past 28 years is 3.0 million tonnes but production has been declining
over most of this period and production in 1996/97 was 1.8 million tonnes (Figures 4 and 6). This
production figure includes sandstone production so is larger than the hard rock PRB figure shown
in Table 3. Prepared road base is obtained from the Prospect quarries, the volcanic Breccia
quarries, and from sandstone quarries in the Sydney region, as well as imports from the Peat's
Ridge and Kulnura basalt quarries, the Wollongong District latite quarries and small amounts of
blast furnace slag.

Prospect

The two Prospect quarries have been the main stay of Sydney's PRB supply and production of PRB
has averaged 1.2 million tonnes over the past 28 years but has been progressively declining.
Production in 1996/97 was 0.7 million tonnes.

The main resource remaining at Prospect is picrite, an unstable rock type quite unsuitable for use as
hard rock aggregate, but which can be stabilised and blended with other materials for use in
prepared road base. Weathered dolerite, also, is employed in prepared road base. Reserves of
picrite and weathered dolerite remaining at Prospect depend, to a large extent, on how deep
quarrying proceeds (Wallace, 1981, p.33). Reserves of PRB at Prospect were stated at 18.5 million
tonnes SREP No.9, p67) and based on this figure, reserves remaining at July 1997 were 14.5
million tonnes.

Volcanic Breccia

Prepared road base is produced at the Wallgrove and Hornsby quarries in the Sydney region; the
rock quarried is volcanic breccia. The Erskine Park quarry has also supplied PRB. Production of
PRB from volcanic breccia has averaged 0.81 million tonnes per year since 1968/9. However,
production has been declining for some time and from the end of the 1980's has averaged 0.21
million tonnes per year. Reserves were stated at 7.6 million tonnes in 1991 (SREP No.9, p.67) and
based on this figure remaining reserves are about 6.6 million tonnes.

Sandstone

Over the 28 year period studied sandstone production averaged 0.8 million tonnes per year.
However in the early to mid 1990's production of sandstone averaged nearly 1.5 million tonnes per
year but in the last two years production has fallen back to the long term average. Sandstone is
produced from a number of quarries in the Sydney area. Total reserves in 1991 were stated at 34.5
million tonnes (SREP No.9, p.67).
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Sandstone has the disadvantage that it does not produce as competent a material as does the higher
grade igneous rock or crushed gravel. This is balanced to some extent by the fact that it is cheaper
to produce, at least on a delivered basis.

Imported PBS

Peat's Ridge and Kulnura (Newcastle District)
Since 1985 production of PRB from Peat's Ridge and Kulnura has averaged 0.15 million tonnes per
year; it is not known how much, if any of this material comes into the Sydney market. In 1996/97
these quarries did not produce PRB.

Wollongong Latite

Since 1985 Wollongong District latite quarries have produced on average 0.3 million tonnes of
PRB per year; probably about half of the production comes to the Sydney region.
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11. FUTURE DEMAND AND SUPPLY OF HARD ROCK AGGREGATE FOR THE
SYDNEY REGION

I have established that from 1968/9 to 1996/97 the total demand for coarse aggregate in the Sydney
region has averaged 7.8 million tonnes per year and that although one could argue that there has
been no real increase in consumption, it appears to make more sense to use the average
consumption trend shown in Figure 5 of 22,000 tonnes per year. The demand for prepared road
base has averaged 2.9 million tonnes per year since 1968/69 but the consumption trend has
decreased at a rate of 29,000 tonnes per year. Over the same period the demand for Sydney
produced crushed and broken stone averaged 3.7 million tonnes per year and the consumption trend
was zero. The consumption of imported basalt and latite has increased from almost zero in 1969 at
an average of nearly 50,000 tonnes per year and over the 28 year period imports have averaged 1.2
million tonnes per year; in the 1990's imports of latite and basalt have exceeded 2 million tonnes
per year three times.

The results of the regression analysis of the past 28 years consumption history has been used to
forecast the consumption of coarse aggregate by major class for the next 30 years to 2027. The
forecasts are shown in Table 4. For the period 1998 to 2007 total consumption of coarse aggregate
in the Sydney region is expected to total 82 million tonnes at an average of 8.2 million tonnes per
year; for the period 2008 to 2017 total consumption is expected to be 84.2 million tonnes at an
average of 8.4 million tonnes per year and for the final 10 years total consumption is forecast to be
86.4 million tonnes at an average of 8.6 million tonnes per year.

Consumption of prepared road base is forecast to be 24.5 million tonnes for the period 1998 to
2007, 21.6 million tonnes for the period 2008 to 2017 and 18.7 million tonnes for the period 2018
to 2027. Production of crushed and broken stone from Sydney quarries for the period 1998 to 2007
is forecast to be 37.3 million tonnes, 37.5 million tonnes for the period 2008 to 2017 and 37.8
million tonnes for the final period. The consumption of basalt and latite from the Wollongong and
Newcastle Districts for the period 1998 to 2007 is forecast to be 20.2 million tonnes, 25 million
tonnes for the period 2008 to 2017 and 29.9 million tonnes for the period 2018 to 2017.

The Penrith Lakes Scheme, that have been supplying on average 3 million tonnes of CBS per year
during the 1990's, is expected to be exhausted by 2006 - 2008. The production of CBS from the
Prospect quarries, that have been supplying about 0.5 million tonnes of CBS per year, will be
exhausted by 2000 (SREP No.9, p.68). The supply of gravel from the Hawkesbury River has
ceased. The production of both CBS and PRB from the volcanic breccia quarries has been
dwindling in recent years and it is unlikely significant quantities of high grade rock can be obtained
from these quarries in the future.

In summary, the supply of CBS from existing sources will fall by at least 0.5 million tonnes by
2000 and by about 3.5 - 4 million tonnes per year by 2006 - 2008. The situation is exacerbated by
the growing requirement for both very high strength and very low shrinkage concrete that requires
a very high quality aggregate. The Exeter Quarry is one of the very few sources of supply of such
rock from both existing and potential quarries.
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Table 4 Forecast Sydney Region Consumption of Coarse Aggregate 1998 — 2030
(in Million Tonnes)

Table 4 Forecast Sydney Region Consumption of
Course Aggregate 1998 - 2030 (Million Tonnes)

Year Total CBS PRB Basalt&Latite
1998 8.10 3.71 2.58 1.80

1999 8.12 3.72 2.55 1.85
2000 8.14 3.72 2.52 1.90

2001 8.16 S.72 2.49 1.95

2002 8.18 3.72 2.46 2.00

2003 8.21 3.73 2.43 2.04

2004 8.23 3.73 2.41 2.09

2005 8.23 3.73 2.41 2.09
2006 8.25 3.73 2.38 2.14

2007 8.27 3.74 2.35 2.19

2008 8.29 3.74 2.32 2.24

2009 8.32 3.74 2.29 2.29

2010 8.34 3.74 2.26 233

2011 8.36 3D 223 2.38

2012 8.38 3.75 2.20 2.43

2013 8.40 3.75 217 2.48

2014 8.43 3.75 2.14 2.53

2015 8.45 3. 76 2.11 2.58
2016 8.47 3.76 2.09 2.63
2017 8.49 3.76 2.06 2.67

2018 8.51 3.76 2.03 2.72

2019 8.54 377 2.00 200

2020 8.56 .77 1.97 2.82

2021 8.58 3.77 1.94 2.87

2022 8.60 3.77 1.91 2.92

2023 8.62 3.78 1.88 2.96

2024 8.65 3.78 1.85 3.01

2025 8.67 3.78 1.82 3.06

2026 8.69 3.79 1.80 3.11

2027 8.71 3.79 107 3.16

2028 8.73 3.79 1.74 3.21

2029 8.76 3.79 1.71 3.25

2030 8.78 3.80 1.68 3.30

Totals for 10 Year Periods 1998 to 2027

1998-2007 81.9 37.3 24.6 20.1
2008-2017 83.9 375 21.9 24.6
2018-2027 86.1 37.8 19.0 29.4
Grand Total 251.9 1126 65.4 74.0

Minec Pty Ltd, January1999

CBS - Crushed and Broken Stone
PRB - Prepared Road Base
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12. NEW POSSIBLE SOURCES OF HARD ROCK AGGREGATE SUPPLY FOR THE
SYDNEY REGION

The NSW Geological Survey has listed two general areas as possible locations for new aggregate
quarries for the Sydney region. These are the Richmond Lowlands area and the syenite deposits in
the Mittagong area (Wallace, 1981, DEP, 1984 and 1986). A possible new quarry to supply western
Sydney could be developed via Mt Lambie, at Rydal, west of Lithgow (rock type hornfels).

WEST OF SYDNEY
Richmond Lowlands

The Richmond Lowlands deposit is located immediately north of Richmond and occurs as a broad
flat river terrace. It represents the largest known undeveloped deposit of sand and gravel in the
Sydney region (DEP, 1984, p.72). Oakes (1980) estimated the reserves as 76.5 million cubic metres
of fine sand, 75.9 million cubic metres of medium - sand and 37.65 million cubic metres of river
gravel.

Using generalised specific gravity estimates of 1.5 tonnes per cubic metre for sand and 1.6 tonnes
per cubic metre for gravel, the reserves equate to 230 million tonnes of sand and 60 million tonnes
of gravel. Approximately 90 percent of both the sand and gravel reserves appeared to have
economically acceptable overburden ratios (Oakes, 1980).

As Richmond Lowlands is such a large deposit and so well located for the Sydney market it would
be logical to advocate its early development. However development would involve major
environmental and social concerns.

In its 1984 Report the DEP stated:

Significant problems are presented by the extraction at the Richmond Lowlands.
The area is prone to severe flooding and contains important freshwater wetlands
maintained by the shallow water table. The soils are highly productive, currently
accounting for about 40 percent of Sydney's turf production. Small pockets of forest
red gum (E. tereticornis) have conservation value as representatives of a once
widespread community.

The shallow watertable and flood liability of the land indicate that a water-based
landscape would probably be the only feasible option for restoration. Being
immediately north of the Penrith Lakes Scheme area the desirability of two such
areas in close proximity need to be established.
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The effects of large scale extraction of the Lowlands on the Hawkesbury River
downstream and on groundwater are unknown and should be examined closely prior
to consideration being given to extraction in the area.

Access from the deposit to the Sydney market is good but would need to be
upgraded if large scale development were to proceed. It is well positioned to serve a
growing population in the west of Sydney. Access roads on the deposit are generally
single lane and would be inadequate for extractive purposes.

Increasing urbanisation immediately to the south could present problems for
transport access to the site. Residents and others overlooking the site, especially
from the north and west, would have their views severely affected during any
extraction operations.

The deposit is unlikely to be developed for other purposes owing to its flood
liability. Extraction is prohibited under the current zoning (DEP, 1984, p72-73).

The amendments to the Sydney Regional Plan No.9 contained in the Sydney Regional
Environmental Plan No.20 - Hawkesbury - Nepean River formally acknowledged these concerns.

The concerns about the problems associated with development of the Richmond Lowlands have not
diminished and in the most recent Regional Environmental Plan, The Department of Planning cast
doubt on the wisdom of developing the resource.

However, the Richmond Lowlands are subject to a variety of environmental
constraints and conflicting land use pressures which would have to be resolved
before any extraction could proceed and which may severely restrict or preclude
future extraction (SREP, No.9, p.68).

Although there may be areas in the Richmond Lowlands that contain more gravel than sand, it
appears that the resource contains predominantly more sand than river gravel and perhaps should
be regarded as a sand resource rather than a gravel resource. As such it is probably not a
replacement for the Penrith Lakes Scheme gravel resource.

In light of the serious environmental and social problems associated with the Richmond Lowlands
resource, and that it is really a sand resource rather than a gravel resource, one must disregard the
resource as a realistic source of supply of gravel for Sydney.

The Lithgow Region
Mt Lambie at Rydal

In February 1998 Australian Aggregates Pty Lid sought funding from interested parties to develop
the Mt Lambie coarse aggregate quarry at Rydal. The rock is homnfels and testing by Boral
Research Materials Laboratory and CSR Readymix Materials Laboratory, as reported by Mr A
McVeigh for Australian Aggregates Pty Ltd, indicates the rock should be suitable for concrete
aggregate, probably including low shrinkage concrete and sealing aggregate. The initial proposed
quarry is for the production of 7.7 million tonnes of product. Potential reserves are stated to be
88 million tonnes. The proposed quarry, originally approved, is currently the subject of an appeal
before the NSW Land and Environment Court.
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The deposit is on private land and Australian Aggregates have secured rights to quarry it. However
the company lacks experience in the aggregate business and in February 1998 was seeking possible
joint venture partners from industry majors.

SOUTH OF SYDNEY

Southern Highlands
Mt Flora and Mt Misery

The Mt Flora and Mt Misery resources are more fully described in Section 6. The two deposits
contain in the order of 1200 million tonnes insitu and 750 million tonnes insitu of microsyenite,
respectively (CSR Readymix). Secured reserves total 59 million tonnes (SREP No.9, p.63).
Indicated reserves in the two initial quarry sites total 55.4 million tonnes (NSW Geol.Survey,
Table 2).

Although approval for extraction had been given for Mt Flora in 1991 and Mt Misery in 1992,
development has yet to occur. With regard to the Mt Misery deposit the Woodward Commission
stated "There is significant controversy over the quality of the deposits at Mt Misery-Hurdle Ridge"
(p.16) and "...some questions remain about the overall quality of the deposits” (p.45). The Mt Flora
deposit may be able to produce CBS suitable for road works and normal concrete but it is not
suitable for the production of low shrinkage concrete.

In the case of Mt Flora, the owner has lodged proposals for the expansion of its existing latite
quarry at Albion Park. In the case of Mt Misery, the owner (BTR Pty Limited) recently announced
its intention to sell its Australian construction materials division. The resource is still for sale. The
development of either project is unlikely to proceed in the short run at least, because of high initial
capital costs and the unsuitability of the rock for the production of very high strength concrete.

Exeter Proposal

The Exeter resource and proposed expansion is more fully described in Section 3. The Exeter
Quarry was not highly regarded by the Woodward Report. The Commissioners were guided by the
Department of Mineral Resources as to which deposits of hard rock within the Shire of
Wingecarribee were of commercial value. The Commissioners concluded:

“The Department referred to these resources as "potential resources”. A subsequent
detailed investigation would prove them to be economic or otherwise. Industry
would undertake that assessment” (p.12).

“It is therefore clear the Department of Mineral Resources, in relation to the terms
of reference, has not identified any areas of commercial value but has identified
areas of potential resources” (p.13).

The Comumissioners continued:
“The type of investigation carried out (by the Department) was not a thorough

geological assessment of all reserves... The Department of Mineral Resources does
not usually carry out detailed geological investigations of specific reserves... It is,
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however, highly unlikely that the estimates of the extent and quality of the deposits
are precise” (p.16).

As the Department of Mineral Resources was not equipped to prove up a resource to show if it was
economic, not only is it likely that the Department's preliminary valuations would include deposits
with no commercial value, it is also likely the Department could exclude some deposits of real
commercial value. This is exactly what happened with the Exeter Quarry.

The Commissioners noted that the land on which Exeter Quarry is located contained outcrops of
deeply weathered basalt. The Company estimated it has further reserves of 0.6 million tonnes
within the current area of operation and have investigated an area to its southwest in which they
have established the existence of a further 1.8 million tonnes of extractable material. Furthermore,
they estimate that the area within 1 km of the existing plant could contain total deposits in the order
of 10 million tonnes (p.7).

The Commussioners also recorded that the then current owners and operators of the quarrying
business, XQ Holdings Pty Ltd and Southern Highland Quarries Pty Ltd, claimed that the deposit
produces high quality aggregate suitable for producing concrete with low shrinkage characteristics
and for road and freeway construction.

The Commissioners ranked the Exeter Quarry fourth out of six deposits considered in terms of
quality and added the comment "quality is a doubtful characteristic here" (p.20).

Exploration undertaken by Concrite Quarries subsequent to the holding of the Woodward
Commission has identified a number of basalt horizons at Exeter capable of producing high quality
aggregate, as well as “normal” quality aggregate and PRB, with reserves in excess of 21 million
tonnes (see Section 3).

The high quality aggregate is capable of allowing concrete of 80 - 100 MPa and low shrinkage
characteristics to be made. The demand for such specialised concrete is increasing for the
construction of large buildings. Exeter is one of the few sources of such high quality aggregate for
the Sydney, llawarra and Southern Highlands markets (Crawley, 1998, pers.comm.).

Penrose Expansion

As part of the proposed expansion of the Penrose sand quarry south west of Berrima it is proposed
to produce about 0.5 million tonnes of fresh basalt and 1 million tonnes of weathered basalt on an
intermittent basis. Annual production is not expected to exceed a maximum of 100,000 tonnes per
annum and at this rate the quarry life would be short.

Wollongong Area

In the 7 year period 1988/89 to 1994/95 the Wollongong area produced an average of 3.25 million
tonnes per year of latite. Over the last two years the average annual production fell to about 2.4
million tonnes. It has been suggested that the CSR Readymix quarry at Albion Park Rail could be
expanded. The quarry has adequate reserves, 32 million measured tonnes, to handle an expansion.
Whether an expansion of capacity at Albion Park would mean that total Wollongong production
would rise above that of the 1988/89 to 1994/95 period is not clear. Latite aggregate can not be
used to produce the very high strength and low shrinkage concretes that are in increasing demand.
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13. FUTURE DEMAND AND SUPPLY BALANCE FOR COARSE AGGREGATE

Over the past 28 years the consumption of coarse aggregate (CBS) in the Sydney region has
steadily increased but the progressive average production of CBS in the Sydney region has been
very stable. In the short run, the production of igneous rock in the Sydney region will decline as the
Prospect reserves soon exhaust. However by mid to late in the next decade the supply situation for
Sydney will dramatically worsen. At that time the Penrith Lakes gravel reserves are expected to
exhaust. About 80 percent of Sydney’s CBS production presently comes from the Penrith gravels.

By the middle of the next decade the Sydney region will face a shortfall of coarse aggregate of
about 3 million tonnes per year.

Extensive reserves of gravel occur in the Richmond Lowlands, but the environmental problems
with development will make development very difficult. One must consider that it is unlikely that
the Richmond Lowlands gravel resources will be developed.

The largest undeveloped resource within at least 150 km of Sydney is the Mt Flora and Mt Misery
microsyenite occurrence. It is well known that the development costs of both resources are high,
and to repay the capital investment it is necessary for the average production to be high and for the
quarry to build up production levels quickly. The Penrith Lakes gravel production is shared
between three of the industry majors and each will need to find new supplies to maintain their
individual market shares. A cooperative funding and sharing of production of the Mt Flora and Mt
Misery resource would help solve both the high development costs and the exhaustion of the
Penrith Lakes gravel resources. This makes the Mt Flora and / or Mt Misery resources, either as a
single company development or as a joint project, well suited to replace the Penrith Lakes gravel
towards the middle or end of the next decade.

The large scale development of the Mt Flora and / or Mt Misery resources would solve the “bulk”
aggregate supply problem but not the quality problem. CSR Readymix have stated that the Mt
Flora microsyenite will produce satisfactory aggregate for the production of normal concretes with
strengths up to 50 MPa and perhaps even as high as 80 MPa provided low shrinkage properties are
not required (George McClelland, 1998, Personal communication).We also know that latite
aggregate will not produce the very high strength, low shrinkage concrete increasingly required by
builders of large buildings. Basalt is the only rock type available that will allow these very high
strength, low shrinkage concretes to be produced.

Whether or not Mt Flora and / or Mt Misery are developed, there is a real public need for more
basalt production from the Exeter Quarry. Concrite Quarries have a real private need to be able to
provide quality aggregate to their concrete plants in southern Sydney, Wollongong and the
Southern Highlands. Even here, however, it is in the public interest that Exeter be developed to
ensure there is strong competition for the three majors in the concrete industry; increased
concentration could lead to higher prices.
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14. CONCLUSIONS

Production from the Exeter Quarry in the 1990's has averaged about 280,000 tonnes per year and in
recent years an average of 30 percent of production is supplied to the Sydney and Wollongong
areas and 70 percent to the Wingecarribee Shire and Goulburn areas.

Wingecarribee Shire contains many occurrences of basalt and other igneous rocks but only 3 are of
commercial significance; Exeter Quarry, Mt Flora and Mt Misery. The Mt Flora and Mt Misery
resources are microsyenite that is not suitable for producing high performance concrete whereas
basalt is.

A survey of coarse aggregate resources within 130 km of Sydney shows that apart from Mt Flora
and Mt Misery, there are no replacements for the Penrith Lakes Scheme river gravels, and that
there is a shortage of basalt aggregate resources. Because of the high capital costs of starting
production at Mt Flora and Mt Misery, a large production rate is required to amortise the capital
and it is likely that neither resource will be put into production until the Penrith Lakes Scheme
resource is exhausted.

Over the past 28 years the total demand for coarse aggregate in the Sydney region has averaged 7.8
million tonnes per year and the demand trend line is slightly positive, increasing on average by
22,000 tonnes per year. The annual average past consumption in 10 year blocks (9 years for the last
block) it is found that consumption of coarse aggregate has increased in each block, from 7.5
million tonnes for 1969 - 1978 to 8.4 million tonnes for 1989 - 1997.

The trend line for the consumption of prepared road base (PRB) for the period 1969 to 1997 has
decreased at a rate of 29,000 tonnes per year. Actual annual average consumption has fallen from
an average of 3.1 million tonnes for the period 1969 - 1978 to 2.7 million tonnes for the period
1989 - 1997.

The trend line for crushed and broken stone (CBS) produced in the Sydney region over the past 28
years has been flat, at an average production of 3.7 million tonnes per year.

The other component of CBS consumption in the Sydney region, imported volcanic coarse
aggregate, has grown very strongly over the past 28 years. Consumption has increased from about
0.2 million tonnes to a peak of 2 million tonnes in 1994 and 1995. Consumption has increased at an
average of 48,400 tonnes per year since 1969. The annual average consumption of imported
volcanic coarse aggregate has increased from 0.8 million tonnes for 1969 - 1978 to 1.85 million
tonnes for 1989 - 1997. About 20 percent of the imports are basalt from the Newcastle Mining
District and the Exeter Quarry and 80 percent latite from the Wollongong Mining District.

The Prospect quarries production of dolerite CBS has been steadily declining and was 0.6 million
tonnes in 1996/97. The reserves of CBS are expected to be exhausted by about 2000.

Production of volcanic breccia in the Sydney region has been steadily falling and in recent years
has been at or less than 0.2 million tonnes per year.

The Penrith Lakes Scheme has been supplying Sydney with between 3 - 4 million tonnes of CBS a

year since the end of the 1980's. Reserves were downgraded in 1996 and the gravel production is
expected to be exhausted by 2006 to 2008.
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The pre-mixed concrete market in Sydney is in the order of about 4 million cubic metres per year,
requiring approximately 4 million tonnes of coarse aggregate per year.

Concrite has about 10 percent of the Sydney market, requiring about 400,000 tonnes of CBS per
year, plus it needs to supply its southern market. About 70 percent of Exeter’s 280,000 tonnes of
CBS output is consumed in the southern area and 30 percent is exported to Sydney.

The Woodward Commission did not appreciate the high quality of the Exeter resource nor the size
of the overall resource and hence did not list it a resource of regional significance.

The Exeter resource has at least 21 million tonnes of saleable reserves of basalt with a very low
overburden and waste to saleable rock ratio. However, in recognition of local environmental
concerns and the term of approved extraction, the current proposed quarry plan provides for the
production of up to 8.5 million tonnes of aggregate over an 18 year period.

Basalt is a preferred rock type for the production of high performance concrete and is the only
aggregate capable of making the very highest quality concrete. The demand for high performance
concrete is growing and will continue to do so for the foreseeable future.

Basalt is in scarce supply within a considerable distance of Sydney and the Exeter Quarry is an
important source of basalt. :

The supply - demand balance for coarse aggregate is slowly tightening as the traditional Sydney
igneous supplies are exhausted. The situation will dramatically worsen towards the end of the next
decade with the exhaustion of the Penrith Lakes gravel reserves, possibly as early as 2006.

The Exeter Quarry is an important resource for both Concrite Quarries Pty Limited and for the
Sydney, Nllawarra and the Southern Highlands regions. Concrite Quarries has developed an
important market share in the Sydney region in competition against the "traditional” majors and
needs a secure source of aggregate. It also supplies an important share of the southern market.
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Executive summary

1. Basalt from the Exeter Quarry operated by Concrite Quarries Pty Limited has particular value
as an aggregate in what is termed high performance concrete. High performance concrete is
dimensionally stable, durable and strong. These factors can lead to both short and long term
savings in project costs. In particular, the decreased need for maintenance or replacement of
structures made from high performance concrete can reduce the cost to the community of
essential, shared facilities such as roads, bridges and major public buildings.

2. Sources of aggregate that can provide the properties needed for high performance concrete are
extremely limited in the Sydney region. The Exeter Quarry is the source of a particularly high
standard stone that allows high performance concrete to be supplied to the market at prices
competitive with normal-class concrete.

3. Our investigation suggests that the benefits of high performance concrete are not fully
understood by the construction industry but that this situation is changing rapidly. As a
consequence, the demand for high performance concrete will increase. The increase in
awareness will be a function of a number of factors including tightened specifications for
public works, the release of new concrete standards and evolving tertiary syllabi.

4. Ttis likely that even if total demand for ready mixed concrete reduces in the near future, the
proportion of the market that consists of high performance concrete will increase. This will be
driven by factors such as the cost savings in maintenance and conservation on major private
and public works and the increased flexibility of design allowed by high performance concrete.

5. We estimate the market for aggregate for high performance concrete to be between 300,000
and 800,000 tonnes per annum which equates to between 10 - 20% of the pre-mixed concrete
market for Sydney, Southern Highlands and Wollongong.

6. The market estimate for superior quality aggregate would be increased by a substantial
amount if one or more of a number of planned projects are commenced. These include the
construction of the VFT between Sydney and Canberra and the construction of a new Sydney
airport. The demand will also increase substantially if the RTA brings the specification for road
concrete in line with the current specifications for bridge concrete.
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Background to this report

Environmetrics was contracted by Concrite Quarries Pty Limited to prepare a report which
examines the demand and supply trends for high performance concrete in the Sydney area.

The basis of this report

This report was prepared after meetings with representatives of Concrite to establish details of the
Exeter Quarry production process. Following these meetings we conducted interviews with
people who have particular knowledge or expertise in relation to the engineering uses of concrete
or are involved in the construction industry.

Some of the people to whom we spoke were chosen because they had participated in a recent
conference on high performance concrete’ and/or are involved in the education of engineers in
Australia. Others were chosen because they are involved in the concrete industry or the
construction industry. (The list of people to whom we spoke is included as Appendix 1.)

We also consulted a number of sources of statistical information related to concrete production
and construction activity in the Sydney area.

1 SeeRangan, B. V., and Patnaik, A. K. (Eds.) “High Performance High Strength Concrete: Material Properties,
Structural Behaviour and Field Applications”, Proceedings of the International Conference, Perth, Australia, August
10-12, 1998.
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Exeter Quarry Production

Exeter Quarry produces basalt that is, as a result of the production process, available in a range of
sizes. The processing of each tonne of stone produces marketable aggregate ranging from pieces
30 millimetres or more in diameter to crusher dust (i.e. <5 mm in size).

Basalt is heavy and transportation incurs considerable costs. This fact leads to the market being
relatively tightly constrained in a geographic sense. For this reason, aggregate from the Exeter
Quarry is sold in the local area for a broad range of uses, many of which do not make any great
demands on the physical properties of the stone. However, it is in the production of what is
termed “high performance concrete” that the Exeter basalt achieves a greater value and is worth
shipping into the Sydney and surrounding markets.

Thus, the prime focus for this report is to assess the size of the Sydney market for high
performance concrete. This task had two components—establishing the current size of the market
in cubic metres and then projecting trends in the market over the next few years.

An important part of the latter task was to identify the underlying forces that might shape
demand for high performance concrete in the Australian market in general and the Sydney market
in particular. The reason for this is that only three quarries “in the Sydney region produce basalt of
the particular quality found at Exeter. Hence, developments in the engineering and architectural
disciplines that would impact on construction design in Sydney could have a marked influence on
the demand for Exeter basalt.

The nature of the high performance concrete

The Australian Standard for normal-class concrete (AS1379) has no definition of high performance
concrete. However, for the purpose of this report it is defined as special class concrete specified to
have certain high performance requirements, such as one or more of the following:

e Very high strength (up to 100MPa)

* Very high modulus of elasticity

e Low shrinkage (less than 600 microstrain)

¢ Innocuous with respect to alkali/aggregate reactivity
e low totals of chloride and sulphate salts

¢ Low permeability

From a marketing perspective, high performance concrete is a complex class of products. This
complexity arises from the number of physical properties that can be thought of as potential
product benefits when compared to other concrete mixtures.

The strength properties of high performance concrete mean that, in comparison with other
mixtures it allows narrower columns in multi-story buildings with the consequent increase in
usable floor area. The chemical stability of the product means that less spalling (sometimes
referred to as “concrete cancer”) is likely to occur and that structures made from it will require less
conservation and maintenance. The term “shrinkage” as applied to concrete can refer to a number
of processes which have as their end result cracking of the concrete. Thus, where large areas are
required, such as in warehouse flooring or parking stations, or where the concrete is used to build
a container for liquids, shrinkage is very undesirable. Use of an aggregate with low shrinkage
properties is one way in which overall shrinkage can be managed and controlled. High
performance concrete using basalt aggregates can have very low shrinkage characteristics.

2 These are at Peats Ridge (operated by Boral), Kulnura (operated by Pioneer) and Exeter.
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The first two examples of the ways in which the properties of high performance concrete impact
on structures focus on two somewhat different kinds of benefits. Increased lettable area in a
building has immediate financial benefits for the building owners and can thus be seen, in part, as
a benefit the impact of which appears early in the life of the project.

The benefits of increased durability are realised in the longer term. From this perspective it can be
argued that the use of high performance concrete in structures owned by the community generally
provides a long-term community benefit.

An important question is whether basalt used as aggregate confers particular engineering
advantages in the manufacture of high performance concrete. From our interviews with people
working in the field of concrete technology and engineering we have concluded that while other
aggregates or cementitious materials (such as fly ash) can provide some of the physical qualities
that define high performance concrete, they do not provide the total spectrum of properties
conferred by basalt. In addition, the use of materials such as fly ash is still the subject of research
and it will be some time before the full implications for factors such as the durability of the
resulting concrete are known.

It was also clear from our interviews and from reviewing relevant web-sites’ devoted to high
performance concrete, that the total spectrum of desirable qualities is not yet fully appreciated in
the construction industry. This point will be expanded in the next section of this report.

The perceived nature of high performance concrete

Designers and users of concrete tend to place an emphasis on one physical quality or another in
specifying their needs. This selectivity of focus comes about because an engineer working mainly
with, say, large flat areas such as warehouse floors will be primarily concerned with shrinkage or
creep. In contrast, engineers working on tall structures may have a greater concern with strength
or the degree to which the concrete will compress under load. Chemical reactivity will be high on
the list of those working on wharves and other structures exposed to hostile environments or
using a large amount of steel as reinforcing.

While high performance concrete has a broad profile of objectively measurable benefits in comparison
with other concrete mixtures, not all of these benefits may be uppermost in the mind of any
particular user.

Given the various perspectives from which experts view the market, it makes more sense at the
moment to think about markets rather than market for high performance concrete: each market
driven by a different constellation of design demands. When trends in each of these markets is
considered, it is obvious that the overall demand for high performance concrete will grow in the
near future.

A number of the interviewees remarked on the fact that while the engineering disciplines were
becoming increasingly aware of the range of benefits available from high performance concrete, a
considerable number of engineers and others in the constructlon industry had yet to become
conversant with it. The process of education is well under way" and will be one of the major
dynamics driving increased demand.

A second key driver will be price. Market conditions to date have meant that it is relatively rare
for basalt (and high performance concrete incorporating basalt) to attract a premium because of its

3 See for example http://hpc.fhwa.gov/about.htm

4 Evidence of this comes from a number of sources. In October, 1997, Mr John Turton of the Cement and Concrete
Association of Australia wrote in a letter to Concrite Quarries Pty Limited “...the type of technical enquiries we
have been receiving recently reflect a growing number of queries related to high performance concrete issues. “Less
than a year later, Dr. E. P Evans, appearing as a keynote speaker at the international “High Performance High
Strength Concrete” conference in Perth traced the way in which understanding of concrete had evolved and
projected a greatly increased demand for a range of specialised concretes.
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particular properties. Rather, the concrete has been supplied at close to the prevailing market
price. Competitive advantage has flowed to the supplier because:

1. they can provide concrete with great benefits at an attractive price, and

2. they can provide the production controls necessary to ensure the concrete meets the
specifications.

Thus, as the construction industry becomes increasingly aware of the benefits of high performance
concrete, they are not faced with a steep price barrier. Hence, in the short term, demand should
grow in step with awareness.

In summary, we believe that high performance concrete will follow the demand pattern typical of many
products based on rapid technical innovation—that is, an increasingly rapid penetration of the market as the
financial and other benefits are appreciated by the end-users.

S
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Current size of the market

Since there appears to be no centralised collection of statistics on high performance concrete
manufacture or use, the total size of the current market must be inferred by making some
assumptions in relation to the information that is available.

The Australian Bureau of Statistics (ABS) collects information about the total production of ready
mixed concrete. Figures for the volume produced excluding any part of the production used on-
site at the production facility are available in report 596.01. The most recent report (march 1999)
shows that in the Sydney market—defined as the Sydney Statistical Division but excluding
Wollondilly, Blue Mountains, Gosford and Wyong—the production for the years 1995 to 1998 was
as follows:

Table 1: Production of Ready Mixed Concrete in cubic metres

Period ydney Balance of NSW
Metropolitan

1995 - 1996 3,077,000 1,960,700

1996 - 1997 3, 403,700 1,902,300

1997 - 1998 4,052,400 1,965,600

1998 - 1999 4,593,700 2,062,000

For the purpose of estimating the current size of the market we focused on the 1997 - 1998 period.
The proportion of the total that was made up of concrete that had been specified to have one or
more of the physical qualities of high performance concrete could be estimated by considering a
number of known projects for which Concrite are in possession of the specifications and then
making assumptions about the volumes of high performance concrete that might have been
specified for them. This approach has been used by Concrite in their earlier submissions.

An alternative approach is to ask experts to estimate the size of the market. We did this in our
interviews and it was obvious that opinions varied depending on the information available to the
interviewees and the focus of their normal work.

People who appeared less directly involved (such as construction engineers who said they kept no
more than a general watching brief on trends) tended to see the market as being smaller than did
those people actively researching the properties and uses of high performance concrete.

Table 2: Estimate of High Performance Concrete Market Size

Estimate Number of interviewees
“Small” 1% - 5% of market 3
6% - 10% of market 4
11% - 20% 4
1% - 30% -
31% - 40% 1
More than 41% 1
No estimate offered 7

Estimates of the current market for HPC as a proportion of total production

Given the lack of generally available statistics on actual consumption, it is our view that the
interviewees who ventured an estimate were heavily influenced by their particular kind of contact
with the industry. Those who were less actively involved in teaching, research or current use of
high performance concrete tended to see the market as small. Those deeply involved with the
development or use of high performance concrete tended to give the higher estimates.
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It is likely, then, that both the high and low estimates are biased by the perspective of the observer
and that the true figure is somewhere between the high and low estimates.’

A figure between 10% and 20% would be consonant with the estimate developed by Concrite
using their own “window” into the market. This figure would translate into 300,000 to 800,000
tonnes of aggregate.

5 The fact that seven of the interviewees were unable to quantify the size of the market as a percentage of the total
production is further evidence of the lack of collated information.
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Trends in the market

The overall demand for concrete varies, as would be expected, with the amount of construction
taking place in the market. The figures in Table 1 show, for example, that over the years 1995 to
1998 the Sydney market grew while the rest of the New South Wales market tended to be flat,
fluctuating around a value of 1.93 million cubic metres.

The opinion was expressed to us by one interviewee that the Sydney market may not continue to
grow in the period immediately after the construction associated with the Sydney Olympics is
completed. In contrast, it can be argued that construction directly linked to the Olympicsis a
relatively small proportion of the total. In addition, it has been pointed out in presentations’and
by a number of our interviewees that the decision to build major works such as a super fast train
link to Canberra would increase demand substantially. However, whether the total demand
continues to grow or goes through a period of contraction, a central question is whether the
proportion of the production made up of high performance concrete will increase.

The majority of interviewees to whom we spoke believed that the demand for high performance
concrete would increase. When asked to estimate the proportion of production that would be
made up of high performance concrete in five years time, the pattern of responses was as follows:

Table 3: Forecast proportion of the total ready mixed concrete market

Forecast Number of interviewees
iWill not increase or minor increase 4
Will increase - no quantitative estimate 12

'Will increase - between 10%and 15% of market |1

[Will increase - 16% to 20% of market t
IWill increase - 25% to 30% of market 1
Will increase - 40% to 50% of market 2

Most interviewees felt unable to put figure on the likely percentage of the market, but those who
simply forecast an increase tended to think it would be substantial. (Those people who thought it
would be marginal were among the four people shown in the first row of the table.)

Each interviewee was also asked to provide reasons for their forecast of growth in the market and
these are summarised in Table 4. The reasons fell into four main categories which were used to
structure the summary.

Those people who were more pessimistic cited cost and difficulty of production as factors that
would constrain growth in the market.

6 Such as “BEYOND THE 2000 OLYMPICS” presented by Michael Sullivan, Director Olympic Business Services to the
Institute of Quarrying, May 1999
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_ Table 4: Factors that will influence Market Growth
Factor leading to growth |[Examples given
[Economic pressures *  The cycle time for activities such as post-stressing beams can be
cut by half
*  Durability and maintenance cost reduction.
¢ Less material needed in some structures.
*  More space available within some structures

Increased knowledge * Engineers are becoming aware that they can specify concrete with|
desirable properties in addition to compressive strength.

¢ Increased awareness that specifying compressive strength alone
does not bring with it other necessary of desirable properties in

concrete.

Design aspirations *  Architects and engineers will create designs that reply on the
greater strength and stability of new materials and thus start a
cycle of demand. -

Technological *  Improvements in steel will require increased strength in concrete

when the two are used together in a structure.

*  The suppliers of concrete are increasingly able to control the
production process and reliably deliver batches of concrete that
meet the requirements specified.

*  Acceptable way of using some industrial pollutants such as fly
ash.
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People interviewed for the preparation of this report

Concrite contacts

Bill Crawley, Concrite Quarries Pty Limited

Dr Harold Roper, consultant to Concrite Quarries Pty Limited

Mr Manuel Ortiz, Technical Manager of Concrite Pty Limited & Manager of Contest Concrete
Testing Pty Limited.

Industry and Education contacts

Mr. Harold Isaacs, engineer who worked on the previous concrete standards.

Mr. David Morehead- Consulting Structural Engineer on the committee preparing the new
standards for high performance concrete.

Mr. John Webb, Structural Consulting Engineer.

Mr. David Beal, consulting engineer,Senior Lecturer and Vice President of The Concrete Institute of
Ausiralia

Mr. Rob Wallis- consulting structural engineer- Ove Arup and Partners- key note presenter at Perth
High Performance Concrete Conference, Perth

Mr. Richard Hitch runs the training for the College of Structural and Civil Engineers. He works for
McMillan Briton and Kell.

Mr Milinov - Consulting Structural Engineer with McMillan Briton and Kell

Mr. Cris Jones- Engineer with Sydney City Council

Mr. Yitzhak Hazan construction manager with KH contractors in Melbourne

Mr A Jansen- Civil engineer in the civil division of McConnell Dowell Constructors

Melbourne.

Mr. John Turton Manager Australiart Pre-mixed Concrete Association.

Professor Reid, Sydney University.

Mr. Gowrie Palan, research engineer at the University of New South Wales.

Mr. Stephen Foster Senior Lecturer at the School of Civil And Environmental Engineering at
UNSW.

Dr. Denis Montgomery, Associate Professor In Civil Engineering University of Wollongong

Dr. Indu Patnaikuni, Senior Lecturer and graduate research coordinator, Department of Civil and
Geological Engineering, RMIT University Melbourne

Dr.Vute Sirivivatnanon - Principal Research Scientist and project leader of CSIRO Sydney based
concrete research team

Professor B. V. Rangan, Professor of Civil Engineering, Curtin University, Perth

Professor Ian Gilbert - Department of Civil and Environmental Engineering the University of New
South Wales

Dr. Stephan Bernard University of Western Sydney, Nepean

Mr. John Ashby, Technical Manager, Taywood Engineering Limited

Mr. Gordon Churguin, Civil Engineering Group, RTA.
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Dr Rob Hall, Director, holds a PhD in psychology from Macquarie University. He is a member of
the Australian Psychological Society, an Associate of the American Psychological Society and a
Member of the Market Research and Statistical Societies of Australia.

Rob has had a long academic career in which he was co-founder of the Architectural Psychology
Research Unit at the University of Sydney, and has been a visiting scholar at the University of
California. He has held teaching positions in psychology and marketing at a number of
Australian universities including Macquarie University and The University of New South Wales.
Currently, he is an Honorary Visiting Fellow in both the Schools of Psychology and Marketing at
the University of New South Wales and an Honorary Associate at Macquarie University.

He combines academic expertise with the practical knowledge gained from his work with a range
of public and private organisations, assisting them to develop appropriate policies to meet their
strategic goals. His strengths are his sophisticated grasp of strategic implications and his creative
expertise in quantitative data design and analysis. His high-level skills are recognised by the
profession in the extent to which he is retained to advise on analysis and to teach others how to
conduct sophisticated analysis.

Rob designed, developed and now markets the Environmetrics/Newspoll Venue Monitor®.
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4.1 Introduction

This study has been undertaken by Morse McVey and Associates Pty Ltd (the Company) at the
request of Concrite Quarries Pty Ltd. It relates to a proposed quarry extension off Rockleigh and
Werai Roads, Exeter (figure 1). The main purpose of the study is the preparation of a Soil and
Water Management Plan (SWMP) for the proposed works. In doing this, it assesses the soil and
surface water management constraints associated with:

< the proposed extraction area and its surrounds

< a road constructed to enable vehicles access to the site and bypassing Exeter

township (the Exeter Bypass).

The proposed quarry extension includes the following developments:
< proposed extraction area

an internal product transport route (sealed)

a haul road (unsealed)

a sedimentation dam

a perimeter bund wall

an overburden emplacement

a dual road bund wall.
The Exeter Bypass is on the northwestern side of Werai Road and will provide an internal road
across the “Vine Lodge” property from Werai Road to Exeter Road.

AN AN NANNNA

4.2 Methodology

Given that the principal output of this study is a SWMP, matters investigated include soils, surface
water, geomorphology and hydrology following guidelines presented in Department of Housing
(1988). To some extent, it draws upon the results of a previous investigation undertaken by Reme
Pty Ltd (figure 2) for a larger area and outlined in a previous Environmental Impact Statement
(EIS) for the site. This previous investigation involved analysis of topsoils for chemical fertility
from nine sites, some of which now lie outside the proposed area of disturbance. However, most
of the decisions made here are on the basis of the Company’s own investigations.

Land surface and subsurface investigations were undertaken on 11 December 1998 within the
Exeter Bypass corridor, and 8 January 1999 on lands east of the proposed extraction area. They
were undertaken by the Company’s Messrs Rodney Bayley and Sean Harris. The results of their
analyses are given in Section 4.3.

General land surface and subsurface attributes investigated included:

(i) site characteristics such as topography, landform attributes, lithology, erosion, etc; and

(i) soil and regolith characteristics, e.g. layer status, colours, mottles, layer boundaries, soil
water status, field texture, structure, fabric, coarse fragments, pans, segregations, etc.

Morse McVey & Associates Pty Ltd
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The land surface and subsurface information was combined with hydrologic data for the site to
identify the constraints and opportunities to the proposed development. A SWMP was prepared
that is considerate of these factors to ensure that, if approved, development can proceed with
minimal effect on lands and waterways downslope.

Seven soil profiles and the site in general were described, using the Soil Data Cards produced by
the Department of Land and Water Conservation (DLWC). Soil profiles were exposed to 750 mm
or refusal (average depth of 400 mm) and soil samples were taken from each for laboratory
analysis (figures 3 and 4). The soil samples were analysed at the DLWC Research Centre at
Scone, a NATA-registered laboratory, for pH, electrical conductivity, organic carbon, particle size
analysis, dispersion percentage and Emerson Aggregate Test.

4.3 Results

4.3.1 Topography and Drainage

The study area is characterised by a catchment boundary that divides:
< the Exeter Bypass to the west—draining to the Wingecarribee River and
Hawkesbury River Basin
< the proposed extraction area to the eastern side—mostly draining to the Stonequarry
and Bundanoon Creeks, and then to the Kangaroo and Shoalhaven Rivers.
Along the Exeter Bypass corridor, slopes range from 2 to 7 per cent, with the steeper slopes being
next to an intermittent drainage line near its western end. However, near the proposed
sedimentation dam, slopes range from 2 to 25 per cent on a benched topography—the bench tops
vary from 2 to 5 per cent, while the sideslopes between each bench range from 10 to 25 per cent.
This topography is typical of that given in Hazelton (1992) for the Robertson Soil Landscape,
namely undulating to rolling low hills with 30 to 100 metres relief and gradients usually between 5
to 30 per cent.

4.3.2 Soils Assessment

The Exeter Bypass corridor (figure 3) and proposed extraction areas (figure 4) have gradational

clay loam soils formed from weathering basalt. Typically, five layers are evident, including:

Layer 1 — 0 mm to 220 mm, brownish (7.5 YR 2/2), clay loam topsoils;

Layer 2 — 220 mm to 750 mm, dark brown (7.5 YR 3/3), clay loam upper subsoils;

Layer 3 — 750 mm to 1,090 mm, dark brown (10 YR 3/3) to bright brown (7.5 YR 5/8), medium
clay subsoils;

Layer 4 — 1,090 mm to 1,520 mm, brownish grey (10YR 4/1), medium clay with dark reddish
brown (10 YR 5/4) mottles; and

Layer 5—  below 1,520 mm, weathered basait.

These soils are generally consistent with descriptions given in Hazelton (1992) for soils on the
Tertiary Robertson Basalt on the Kiama 1:100,000 sheet—the DLWC have not yet mapped this
area (the Moss Vale 1:100 000 sheet). However, colours are generally darker, probably reflecting
the lower rainfalls at Exeter.
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Soils are similar around the sedimentation dam between the existing processing plant and the
proposed extraction area, especially on the upper and mid slopes. However, a change occurs in -
footslope positions (close to drainage line), where Layers 1 and 2 are deeper, (to 400 mm) and
overlie a bleached medium clay subsoil that is subject to gully erosion. Results of the laboratory
analysis of the soils are shown in Table 4.2.

4.3.3 Rainfall Erosivity

Rainfall erosivity (R-factor) (Department of Housing, 1998) at the site is calculated as moderate
(3,010). It is a measure of the ability of rainfall to cause erosion in a normal year and is computed
from the equation:

R = 164.74 (1.1177)° s%6%%

where S is the 2-year ARI, 6-hour storm event (Rosewell and Turner, 1992). The 2-year AR,
6-hour storm event for Exeter is 11.8 mm (Attachment I). In NSW, the R-factor varies from 500
in the far west to 9,500 on the north coast.

The R-factor is the long-term average annual sum of the rainfall erosion index (EI) at a location. In
New South Wales, half-monthly EI data are available suggesting when the most and least erosive
rains are likely in particular rainfall zones, i.e., their seasonality. The state is in 12 zones with this
site being in Zone 5. Table 4.1 suggests that the least erosive rains are likely to occur from mid-
May to mid-September and mid-November to mid-January. Being based on average annual data,
it cannot be used to predict highly unseasonable events like occurred in August 1998.

Table 4.1 Percentage of Average Annual EJ that Normally Occurs in
The First and Second Half of Each Month for Zone 5 (Rosewell and Turner, 1992)

Sum of

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec |1°2"‘;?a3|:
months

3 7131310 11 6 @7 5 BN 3 35 3 a2 B 20

4.3.4 Planning Constraints

The proposed development is classified as a Designated Development under the Environmental
Planning and Assessment Regulation, 1994. This requires the proposal to be assessed under
Schedule 1 of the State Environmental Planning Policy (SEPP) No. 58— Protecting Sydney’s
Water Supply. Therefore:

(i) that part of the site that drains to the Hawkesbury River Basin requires the
concurrence of the Director General of the Department of Urban Affairs and Planning
for development consent;

(i)  that part of the site that drains to the Shoalhaven River Basin will require notification
only.
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Advice from the Department is that a suitable SWMP can provide sufficient detail to meet both
sets of needs under SEPP 58.Water Supply. Therefore:

1) that part of the site that drains to the Hawkesbury River Basin requires the
concurrence of the Director General of the Department of Urban Affairs and Planning
for development consent;

(i)  that part of the site that drains to the Shoalhaven River Basin will require notification
only.

Advice from the Department is that a suitable SWMP can provide sufficient detail to meet both
sets of needs under SEPP 58.

4.4 Discussion

4.4.1 Particle Size Analysis

Particle size analysis (PSA) influences several aspects related to management of soil and surface
waters. For example, the effectiveness of sediment retention structures at any particular site are
greatly influenced by the nature of the soil materials at the sediment source with the fier particles
(clays and silts) often passing through sediment fences and taking much longer to settle in
sediment retention structures. At this site, between half and three quarters the subsoil materials
have ultimate particle sizes that are clay-sized, with a further 10 to 25 per cent being silt-sized
(Table 4.1). The results in Table 4.2 are based on soils that have been chemically dispersed.

However, these soils are strongly stabilised (probably by iron), meaning that many particles,
especially the finer ones, clump together as small aggregates under natural conditions. This
reduces the proportion of clay-sized materials and increases the proportion of silts and fine sands
(Table 4.3). The results in Table 4.3 are based on soils that have been mechanically dispersed. It
has two consequences:

< “silt” fences are more effective

< the soils are more erodible than would otherwise be the case (fine sands and silts
are the most erodible fractions—compare Tables 4.1 and 4.2).

Nevertheless, the soils are still classified as fine (Type F).
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Table 4.2 Results of Soil Tests
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Particle Size Analysis RUSLE K-factor
(chemical dispersion) Dispersion Emerson Organic Unified Soil Electrical Structure (Department
Site Layer Clay Silt Fine Coarse Gravel Percentage Aggregate Matter Classification Conductivity pH Grade of Housing,
& Sand Sand Test (%) (dS/m) (Rosewell, 1998)
g 1993)
g 1 1 33 26 26 13 2 10 5 89 CL 0.58 5.8 4 0.025
ﬁ 2 2 56 19 13 12 0 7 5 3.3 CH 0.92 55 3 0.012 2
> 3 2 75 11 10 4 0 9 6 2.9 CH 0.94 53 3 0.007 »
% 4 1 40 20 25 15 0 20 3(1) 8.0 CL 1.42 5.6 4 0.016
5 5 i 15 28 52 5 0 20 8/3(1) 6.5 SC 0.54 5.8 4 0.037
2 6 2 54 26 18 1 1 32 3(1) 1.1 CH 0.46 4.8 3 0.026
E 7 2 54 23 21 2 <1 23 5 1.7 CH 0.43 5.9 3 0.025
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Table 4. 3. Particle Size Analysis using mechanical dispersion

Site Layer Particle Size Analysis (mechanical dispersion) Corrected
K-factor
Clay Silt Fine Coarse  Gravel
Sand Sand
1 1 17 25 29 27 2 0.018
2 2 34 17 28 21 ) 0.022
3 2 40 12 22 26 ) 0.016
4 1 25 24 23 28 ) 0.019
5 1 5 25 .74 13 0 0.046
6 2 34 28 35 2 1 0.043
7 2 18 26 49 7 £ 0.057

Given that the soils are classified as fine, the amounts of sediment generated are likely to be
relatively large and that the receiving waters are sensitive, we believe that all sediment control
structures here should be designed to capture the whole of the 90" percentile, S-day rainfall event
(Department of Housing, 1998). However, the EPA’s advice to the Company was that the
sedimentation dam be designed to the 10-year, time of concentration storm event.

4.4.2 Dispersion Percentage

Dispersible soils are structurally unstable in water and readily breakup into their constituent
particles. Further, they stay in suspension for far longer periods than expected by physical settling
alone (such as computed with Stokes Law). Interpretation of Table 4.2 shows that the soils at the
site are in two groups relating to dispersion (Table 4.4):

@) those beneath the sedimentation dam, which contain significant quantities of
dispersible fines in the subsoils (=10 per cent of the whole soil mass is dispersible);
and

(i1) those elsewhere, which generally do not contain significant quantities of dispersible
fines (<10 per cent of the whole soil mass is dispersible).

Sediment from soils that contain significant quantities of dispersible fines (210%) should be

flocculated (Department of Housing, 1998) before waters are discharged from sedimentation dams.
All sites are likely to contain these particles and, so, flocculation is necessary.

Table 4.4 Soil Dispersibility

Site Layer Dispersion Emerson Per cent of

Percentage Aggregate whole soil

Test dispersible
1 1 10 5 4.6
2 2 7 5 4.6
3 2 9 6 7.2
4 1 20 3(1) 10.0
5 1 20 8/3(1) 5.8
6 2 32 3(1) 21.4
7 2 23 5 15.1
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4.4.3 Emerson Aggregate Test

The Emerson Aggregate Test (EAT) is an eight-class classification of soil aggregate coherence
(slaking and dispersion) in water (Bond et al, 1987) devised by Emerson (1967). It involves the
observation of the behaviour of an air-dried ped of soil when it is placed in distilled water. The
seven soil samples collected from the study area are in Emerson Classes 3, 5 and 6 (Table 4.2). '

EAT Classes 3 and 5 are those that, after remoulding at a water content equivalent to field
capacity, show dispersion when immersed in water. Class 5 soils require more effort to cause
dispersion than Class 3. Remoulding can occur in the field through normal construction site
activities such as pulverising with vehicle wheels when wet. The Class 6 soils flocculate naturally,
probably due to a high iron content here.

This information, when considered with other data relating to the Unified Soil Classification
System (USCS), PSA, dispersion percentage and propensity to shrink or swell, provides valuable
information on the materials and their use in earthworks (Crouch er al, 1991). It is summarised in
Section 4.4.9, below. '

4.4.4 Organic Matter

Organic matter in the soil is very important, influencing:

< chemical fertility

< physical status (especially structure in medium to coarse-textured materials).
The K-factor in the Revised universal Soil Loss Equation is directly affected by organic matter. In
short, the higher the amount of organic matter in the soil, the better the fertility and the more stable
the soil is likely to be. The soils within the area of proposed activities contain moderate and high
organic matter levels in the subsoils and topsoils, respectively.

4.4.5 Unified Soil Classification

The Unified Soil Classification System (USCS) is an engineering classification based on particle
size distribution and characteristics of the fine grains in a soil. It is particularly relevant when
applied to those materials used in engineering structures, e.g. subsoils. The subsoils here are class
CH throughout, i.e. inorganic clays of high plasticity. This information, when considered with
other data relating to PSA, dispersion percentages, EATs and propensities to shrink or swell,
provides valuable information on the materials and their use in earthworks (Crouch ez al, 1991). It
is summarised in Section 4.4.9, below.

4.4.6 Electrical Conductivity

The electrical conductivity (EC) of soil:water or soil:CaCl, suspensions are used to detect the
presence of soluble salts and, from this, an indication of the salinity level. The main soluble salts
are sodium, calcium and magnesium, which might be chlorides, sulfates or carbonates. The
standard unit of electrical conductivity in soils is decisiemens per metre (dS/m). EC values for the
samples ranged from 0.43 to 1.3 dS/m which are low. These non saline readings do not affect
ground cover and consequently do not affect the existing erosion hazard of the site. Further, these
levels will not hinder revegetation after installation of the water quality structures.
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Soil pH is a measure of the acidity or alkalinity of a soil. Its importance is usually confined to its
effect on the availability of elements in the soil and, hence, possible deficiencies and/or toxicities.
The pH levels range from 5.3 to 5.9 over six of the seven sites and are moderately to strongly acid
(Hazelton and Murphy, 1992); one site has a pH of 4.8, which is very strongly acid. At these
levels the following nutrients are most available for plant growth: iron, manganese, boron, copper
and zinc. Others, such as phosphorous, potassium, sulfur, calcium and manganese are much less
available and plant growth might be affected.

Lime can be used to amend low soil pH problems. However, this might not solve nutrient
concerns if the elements are deficient anyway—it simply ensures that the elements are in a form
available to plants for growth. It is noted that an analysis of soil fertility undertaken by Reme Pty
Ltd suggests that the topsoil within the proposed extraction area is moderately fertile, but will
require the addition of phosphorus, potassium and sulfur during the subsequent site rehabilitation
program. Reme Pty Ltd also notes that the addition of lime might be required during the
rehabilitation program if stockpiling for periods greater than 28 days is required.

4.4.8 Revised Universal Soil Loss Equation

The Revised Universal Soil Loss Equation (RUSLE) is a mathematical equation that estimates
average annual soil loss from sheet and rill erosion. It can be used to help in the selection of
appropriate on-site erosion-control strategies. Background information on the factors that
comprise the RUSLE is in Department of Housing (1998) while specific data relating to the
R-factor is in Section 4.3.3.

The erodibility of the site's soils is measured by K, another factor in the RUSLE. It is a measure of
the susceptibility of soil particles to detachment and transport by rainfall and runoff. Texture is the
principal component affecting K, but structure, organic matter and permeability also contribute.
Therefore, with soils like these PSA analysis should be undertaken after mechanical dispersion, not
chemical dispersion (compare Tables 4.1 and 4.2).

The K-factor can be derived from laboratory data using the SOILOSS computer program
(Rosewell, 1993). In NSW, it normally ranges from 0.005 (low erodibility) to 0.07 (very high
erodibility). The soils within the proposed Exeter Bypass and haul road have low to moderate
erodibility ratings (0.016 to 0.022), while those near the sedimentation dam have moderate to high
ratings (0.043 to 0.057). It is important to note that the soils are fine (Section 4.4.1) with those
near the dam also being highly dispersible (Section 4.4.2).

The soil and water management plan (Section 4.5) makes certain assumptions based on the
RUSLE. These are as follows:

(i) slope length will be kept at a maximum of 80 metres;
(i) upper slope gradients typically 7 per cent on the bypass, 20 per cent on the haul road and

15 per cent at the sedimentation dam; and
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(i) during works, RUSLE P-factors and C-factors of 1.3 and 1.0 apply to the site.

Consequently, the lands:
< on the Exeter Bypass have very low erosion hazards (Soil Loss Class 1)
< on the haul road have high hazards (Soil Loss Class 5)
< at the sedimentation dam site have very high erosion hazards (Soil Loss Class 6).

Various options are available to address the high erosion hazards on the haul road and
sedimentation dam site, one of which is to confine land disturbance activities to those times of the
year when rainfall erosivity is low. Department of Housing (1998) suggests that in average years,
rainfall erosivities are sufficiently low on:

< Class 5 lands during January and from May to December, inclusive

< Class 6 lands from mid-June to mid-September and mid-November to mid-January.

4.4.9 Derived Information

Other relevant information affecting soil and water management can be derived from Section 4.3.
This includes:

< soil hydrological groups and their effect on peak flow runoff coefficient

< suitability of soils for use in earthworks.
Each of these is discussed below.

Runoff Coefficient

Runoff coefficient are used to set the size of the sedimentation dam and derive the capacity of
catch drains (earth banks) and assume:
< Soil Hydrologic Group (Department of Housing, 1998) of:
B on non compacted surfaces
C on compacted surfaces
< Pilgrim (1987) can be used to derive all rural coefficients for peak flow
< Mittagong data can be used for rainfall calculations (Moss Vale data is not given in
Department of Housing, 1998).

Where a volumetric runoff coefficient (Department of Housing, 1998) is required (e.g. to calculate
the size of the sedimentation dam):
< the rainfall depth (mm) for 90™ percentile event is 49.0 mm
< the runoff coefficient:
for Group B soils is 0.42
for Group C soils is 0.58

A peak flow runoff coefficient (Department of Housing, 1993) is used to calculate the size of catch
drains and energy dissipaters. The peak flow coefficient is 0.78 for Group B soils and 0.86 for
Group C soils.

Suitability of Subsoils for Use in Earthworks
The subsoils along the Exeter Bypass and the internal haul road have the following characteristics:
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Unified Soil Class CH
more than 40 per cent clay
dispersion percentage of less than 10
Emerson Classes of 5 and 6

< low shrink-swell potential.
Such materials are usually well-aggregated and they are here, probably because of iron
stabilisation. Consequently, they might not be suitable for formation as water holding structures
(dams) unless sealed with clay or treated with an ameliorant to induce dispersion. With dam or
road construction, they should be compacted with at least four passes of a sheepsfoot roller when
slightly wet of optimum—a vibrating roller should be used with drier materials.

AN AN A

Different subsoils occur immediately below the proposed sedimentation dam from the rest of the
site, especially in that they have:

< dispersion percentages in the 30 to 50 range

< Emerson Class 3 soils

< moderate shrink-swell potential.
These factors mean that they are susceptible to cracking, tunnelling or piping failure and must be
well-compacted throughout to reduce permeability and saturation settlement following dam
construction. The materials should be compacted to at least 85 per cent of Proctor maximum dry
density, placed in layers of less than 150 mm and rolled with at least four separate passes of plant.
The freeboard should be increased to at least 1 metre above the surcharge to prevent surface cracks
extending below the waterline. For additional stability, any dams should be designed with
maximum upstream and downstream batter grades of 3.5(H):1(V) and 3:1, respectively. Structures
should be designed to retain sufficient water to keep walls moist and minimise crack development.

4.4.10 Summary of Site Constraints/Opportunities

The site constraints/opportunities are summarised in Table 4.5.

4.5 Soil and Water Management Plan Specifications

4.5.1 Introduction

(i) This Commentary accompanies Drawings 995011-01, 995011-02 and 995011-03
(drawings). Together, the commentary and drawings comprise the SWMP for the
proposed quarry extension.

(i) Contractors will ensure that all erosion and sediment control works are undertaken as
instructed in this SWMP and constructed following the Department of Housing’s

guidelines, Managing Urban Stormwater: Soils and Construction (1998).

(i) All employees involved with supervision will be informed of their responsibilities in
minimising the potential for soil erosion and pollution to downslope areas.
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Table 4.5 Management Constraints

Constraint/Opportunity

Value

The development site
Rainfall erosivity

Peak flow runoff coefficient
Volumetric runoff coefficient

Exeter Bypass and internal haul road
Soil erodibility (water) for subsail

Soil erodibility (wind)

Soil Loss Class:

—Exeter Bypass

—haul road

Percent dispersible (whole subsoil)

Soil texture group {subsoil)

Soil hydrologic group

Sedimentation Dam

Soil erodibility (water) for subsoil
Soil erodibility (wind)

Soil Loss Class

Percent dispersible (whole subsoil)
Soil texture group (subsoil)

Soil hydrologic group

moderate (R = 3,010)
0.78 (construction areas)
0.42 (construction areas)

low to moderate (K= 0.016 to 0.022)
high for dry, pulverised materials

Class 1 (up to 7% gradient)
Class 5 (up to 20% gradient)
4.6t0 10%

Type F

Group B (uncompacted)

moderate to high (K= 0.043 to 0.057)
high for dry, pulverised materials
Class 6 (up to 15% gradient)
5.81021.4%

Type D

Group C (uncompacted)

4.5.2 Works Sequence
Stage 1

Before any site disturbance occurs:

(i)  Establish the boundary of the prohibited access areas by installing barrier or sediment
fence following SD 6-7 (Attachment II), as shown on Drawings 995011-01 and

995011-02; and

(i) Where necessary, build a track along the general alignment of the roads shown on the
engineering plans to provide access to works described in Stages 2 and 3.

Stage 2

When the works described in Stage 1 are complete, construct:
< Earth Banks 1, 2, 3, 4, 5, 6, 7 and 8 following SD 5-3

< all associated drainage culverts

< Energy Dissipaters 1, 2, 3 and 4 following SD 5-6
as shown on Drawings 995011-01 and 995011-02. Note:

(i) Earth Bank 5 carries clean overland flow from the proposed extraction area before
works start—it becomes obsolete only when the entire area is excavated.

(ii) Earth Bank 7 carries sediment-laden waters from the internal haul road to Sediment

Trap 5.
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length: 10m

width:  4.75m
Canstruct according
ta SD5-6.

ENERGY DISSIPATER 4
length: 10m

width: 5m

Construct according
to S05-6.

ENERGY DISSIPATER 5
length: 12m

width: 6,15m
Construct accarding
to SD5-6.

EARTH BANK 5

(below R.L. 710)

base width: 3m

depth: 0.4m
velocity: 5.0m/s
Construct according to
SD5~3 ond line with
reno motlress

droinoge cuivert
under road

/s
Construct accarding to SD5-3

SEDIMENTATION DAM
Copocity: 1720m?
Construct occording to SD6-4
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...‘? / e BARRIER FENCE

] 3 EARTH BANK &
B (obove R.L. 725)
bose width: 4m
depth: 0.6m
velocity: 1.7m/s
i Construct according to SD5-3

f -’?{f_‘ FARTH BANK 6

(below R.L. 725)

/ base width: 2m

depth: 0.4m

velacity: 5.95m/s
Canstruct according to SD5-3
and line with reno mollress

SPILLWAY

twa 1.8x0.9 box culverts
EARTH BANK 11

bose width: 3m

depth: 0.4m

velocity: 6.00m/s
Construct accarding to SD5-3
and line with rena matlress

EARTH BANK 5
(above R.L. 710)
bose width: 2m

depth: 0.4m

velocity: 1.2m/s

Construct occording

to S 3. -

ENERGY DISSIPATER 3
length: 10m

width:  4.75m
Construct occording to S05-6. 2

———— ENERGY DISSIPATER 4
iength: 10m

width:  5m
Construct according
to SD5-6
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SEDIMENT FENCE
Canstruct according

p17 Aid $18100SSY %3 ABAOW 8SION

o S08=7 EARTH BANK 5
(betow R.L. 710)

STOCKPILE | bose width: 3m

Construct accarding depth: 0.4m

to SD4-1. velacity: 5.0m/s
Construct gccording to
SD5-3 ond line with

EARTH BANK 7 reno motlress

bozg i izn) ENERGY DISSIPATER 5

- St length: 12m

velocity: ~  5.5m/s w6 15m

Canstruct occarding to SD5-3. Construcl according
to SD5-6.

EARTH BANK 9

base width: 4m

depth: 0.4m
velocity: 1.3m/s
Construct according to

SEDIMENTATION DAM
Copocity: 1720m*
Construct accarding to SD6-4.

culvert under road

culvert under raad
and Eorth Bonk 10

EARTH BANK 10
base width: 4m
depth: 0.3m

SCALE: As Shown
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(iii)
(iv)

v)

Treated waters discharged from Sediment Trap 5 can be discharged into Earth Bank 5.

Earth Bank 8 crosses a haul road west of the proposed sedimentation dam. It might be
convenient to replace the bank with removable sandbags on the road providing they are
in place when rain is expected and during shutdown periods (e.g. at night and at
weekends).

There is a requirement for placing one of the culverts to pass under both the road and
Earth Bank 10 on Drawing 995011-03.

Revegetate all disturbed lands.

Stage 3

When the works described in Stage 2 are complete, construct temporary Sediment Traps 1, 2, 3, 4,
5 and 6 following SD 6-4 and as shown on Drawings 995011-01 and 995011-02. The upper level

-of likely waters contained in Sediment Traps 1, 2, 3, 4 and 5 must be lower than any road

excavation while that in Sediment Trap 6 must be lower than the floor of Earth Bank 7 on both
sides. Treated waters discharged from Sediment Trap 6 can be discharged into Earth Bank 7 on its
eastern side. Revegetate any disturbed lands.

Stage 4

When the works described in Stage 3 are complete:

)

(ii)

Stage 5

Build the non draining sedimentation dam as described in Section 4.5.3. This will be
done jointly with the initial basalt extraction. The downslope edge of the stockpile
(overburden emplacement) must not extend lower than RL 695 at this stage, other than
for the construction of the sedimentation dam. Note the requirements in Section 4.5.4
(iv) relating to maximum batter gradients.

Roadworks and construction of adjacent earth bund walls can begin now, following the
engineering plans. Works will start from temporary Sediment Traps 1, 2, 3,4 and 5 and
progress upslope so that all sediment laden waters enter them for treatment.

When the works described in Stage 4, part (i) are complete:

@
(ii)

Decommission Earth Bank 8 and Sediment Trap 6.

Construct Earth Banks 9 and 10 following SD 5-3 as shown on Drawing 995011-03.
Note that waters from Earth Bank 5 are to bypass all treatment systems, while those
from Earth Banks 7, 9 and 10 are to enter the sedimentation dam.

Revegetate all disturbed lands.

Morse McVey & Associates Pty Ltd
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Stage 6

When the works described in Stage 5 are complete:

@
(i)

(iii)

(iv)

(v)

(vi)

(vii)

All other roadworks can be started following the engineering plans.

Undertake basalt extraction according to the operational plans. These works will result
in the construction of a sump within the proposed extraction area—the works will be
internally drained. The capacity of this sump will meet all requirements of Department
of Housing (1998). The sump is likely to move northwest within the quarry floor once
extraction moves to a lower level.

The stockpile (overburden emplacement) can now extend fully.

Where direct transfer of topsoil is not possible, store topsoil removed from the
extraction area in the earth bund wall or the stockpile (overburden emplacement),
according to SD 4-1 and as shown on Drawing 995011-03.

Progressively rehabilitate all earth banks, acoustic bund walls, stockpiles and
sedimentation dam batters after establishing final batters and respreading topsoil from
the stockpiles.

Ensure suitable management practices are carried out to minimise areas being affected
by wind erosion.

Rehabilitate all disturbed lands after completion of extraction activities and
establishment of final levels within 20-working days.

4.5.3 Construction of the Sedimentation Dam

®

(ii)

(iii)

The sedimentation dam (generally following SD 6-4) and Energy Dissipater 5 (SD 5-6)
will be constructed as shown on the engineering drawings and Drawing 995011-02.

The dam will be constructed in the period from:
< mid-May to mid-September
< mid-November to mid-January.

C-factors will be below 0.01 at all other times.

The dam can be built with either basalt or shale-derived soils:

< If basalt-derived soils are used in the construction of the dam, further soil testing
is required first to assess whether sealing of these highly aggregated materials is
best achieved with:
sodium tripolyphosphate (STPP) or another chemical compound
a clay liner.
They will be compacted with at least four passes of a sheepsfoot roller when
slightly wet of optimum—a vibrating roller will be used with drier materials

Morse McVey & Associates Pty Ltd
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< If the shale-derived soils are used, they must be well-compacted throughout to

(iv)

reduce permeability and saturation settlement following dam construction. The
materials will be compacted to at least 85 per cent of Proctor maximum dry
density, placed in layers of less than 150 mm and rolled with at least four separate
passes of plant. The freeboard will be increased to at least 1 metre above
surcharge to prevent surface cracks extending below the waterline. For additional
stability, any dams will be designed with maximum upstream and downstream
batter grades of 3.5(H):1(V) and 3:1, respectively. Structures will be managed to
retain sufficient water to keep walls moist and minimise crack development.

One or more outlet devices may be installed. However, the capacity of the major
spillway will be designed to cater for the 100-year time of concentration storm event.

4.5.4 Erosion Control

The following erosion controls will be installed throughout the site establishment and operation

phases.

®

(ii)

(i1i)

(iv)

(v)

The soil erosion hazard on the site will be kept as low as practicable by minimising
disturbance. Some ways of doing this are outlined in Table 4.6.

Extraction will take place within the defined extraction area and materials will be
taken to the adjoining processing plant. No vehicular access or land disturbance will
occur in the restricted access areas.

Rehabilitation will commence within 20-working days from the completion of works
so that only lands affected by current extraction activities are exposed to accelerated
erosion processes. Land not involved directly in the extraction activities will be
marked as restricted areas and preserved as pasture.

Clearly visible barrier fencing will be installed to ensure traffic control and to prohibit
unnecessary site disturbance and dust, particularly in the prohibited access areas.
Vehicle movements on the site will be limited to those essential for site activities.

All table drains, earth banks and their outlets will be constructed to be stable in the
20-year time of concentration storm event. To help in this, grass will be established on
all soil surfaces that are to carry channelised flow. Flows will be limited to maximum
channel velocities of:

AN AN A A A

<
In

5.0 metres per second for mat or sward-forming grasses with reinforced blankets
2.7 metres per second for mat or sward-forming grasses with other UV-stabilised mesh
2.2 metres per second for kikuyu grass
2.0 metres per second for close-weave, bitumen-sprayed jute mesh
1.8 metres per second for sward-forming grasses (e.g. couch or Rhodes grass)
1.3 metres per second for other improved perennial grasses.
addition, rock check dams (SD 5-1) can be placed in the table drain at appropriate

intervals to reduce scour.

Morse McVey & Associates Pty Lid
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Table 4.6 Limitations to access

Land use Access Comments
Limitations
Proposed Confine activities to within five (preferably  All site workers will clearly recognise
extraction two) metres beyond the edge of the these areas and they will be clearly
area operations shown on the work plans. marked ~ suitable materials include

Access roads

Remaining
lands

barrier mesh, sediment fencing, etc.
The project manager shall arrange for
the marking of their actual location on
site. They can vary in position to
conserve existing vegetation best
while being considerate of the needs
of efficient works’ activities.

Confine the area of disturbance to a

maximum width that is the minimum

necessary to allow safe operation of heavy

equipment. An 8-metre wide carriage way

will be provided for internal haul roads

Prohibited except for essential
management works.

(vi) Drainage channels, earth banks (SD 5-2) and culverts will be constructed on the
internal haul road at appropriate intervals (ie., 80 metres) to drain runoff from the road
for treatment in the sedimentation dam. Any temporary diversions will outlet to stable
discharge areas.

(vii)  Batter gradients will not exceed those shown in figure 5. The relevant K-factors for
soils at this site (Table 4.3) are:

<

<

T

basalt derived materials:
topsoils, K = 0.019
subsoils, K = 0.022
shale derived materials:
= topsoils, K = 0.046
subsoils, K = 0.057
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4.5.5 Rehabilitation

@)

(ii)

(111)

Waterways and their inlet and outlet
structures will be rehabilitated where
they are intended to remain effective
for more than two weeks. This will
be done when practicable and within
two weeks from their final shaping.
The program adopted should achieve
a C-factor (Department of Housing,
1998) of less than 0.05.

Soil stockpiles will be rehabilitated
where they are scheduled to remain
unattended for a duration of more
than two weeks.  The program
adopted should achieve-and maintain
a C-factor (Department of Housing,
1998) of less than 0.15.

CONCRITE QUARRIES PTY LTD
Exeter Quarry Extension
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Figure § Maximum batter gradients to apply to the
site (Department of Housing, 1988)_ .

Other exposed soil materials will be rehabilitated where they are scheduled to remain
unattended for a duration of more than one month. The program adopted should
achieve and maintain a C-factor (Department of Housing, 1998) of less than 0.15.
The C-factor can be reduced to these levels with vegetation, mulches, biodegradable
blankets, etc. A suggested listing of agricultural species for temporary cover is shown
in Table 4.7 (following SD 4-3). Foot and vehicular traffic will be prohibited in

rehabilitated areas.

Table 4.7 Plant species for temporary cover

Sowing season

Seed mix

Autumn / Winter

Spring / Summer

oats @ 40 kg/ha
Japanese millet @ 10 kg/ha

Japanese millet @ 20 kg/ha
oats @ 20 kg/ha

4.5.6 Topsoil Management

@)

(ii)

Morse McVey & Asscciates Pty Ltd

Only strip topsoil from lands that must be disturbed as part of these proposed quarrying
activities.

Where possible, newly stripped topsoil will be directly transferred to areas ready for
revegetation.
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(iii) Where practicable, topsoil will be stripped in moist condition to avoid pulverisation and
- dust, yet not too moist to result in the breakdown of soil structure.

(iv)

v)

(vi)

(vii)

Topsoil will be respread onto an even, but roughened surface with moderate compaction
for optimum seedbed tilth according to SD 4-2.

If necessary, during windy weather, any large, unprotected areas will be kept moist (not
wet) by irrigating with water to keep dust under control. When stored water is not
available in sufficient quantities, mains water will be used.

Schedule landscaping programs so that a duration of less than 20 working days elapses
from final land shaping to sowing perennial plant species. The rehabilitation program
should ensure that a C-factor (Department of Housing, 1998) of less than 0.1 is
achieved within 20 working days and a program is set in motion that will ensure it will
drop permanently by vegetation, paving, armouring, etc. to less than 0.05 within a
further 60 days.

Follow-up seed and fertiliser will be applied as necessary in areas of minor soil erosion
and/or inadequate vegetative protection.

4.5.7 - Sediment Control

®

(ii)

(1i1)

(iv)

(v)

(vi)

A road will be constructed from the haul road to the sedimentation dam to provide
access for regular cleaning out and to provide a drainage channel for runoff from the
haul road.

Sediment build up will be regularly monitored through the placement of two or more
markers within the sedimentation dam that clearly show the level above which
contains a capacity of 2,000 cubic metres.

A capacity of 2,000 cubic metres will be available for collection of overland flow
waters within five days from the conclusion of any storm event. This will be achieved
through removal of waters or sediment that impinges on this capacity.

Waters will not be deliberately discharged from the sedimentation dam to receiving
waters beyond the site if they contain more than 50 milligrams per litre of suspended
solids. This will require flocculation following Department of Housing (1998).

Water retained in the sedimentation dam can be used for dust suppression providing
condition (iv), above, is not compromised.

Sediment removed from any trapping device will be relocated where further poliution
to downslope lands and waterways will not occur.

Morse McVey & Associates Pty Ltd
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(vii)  Sediment fences (SD 6-7) will:
< be installed as shown on Drawings 995011-01, 995011-02 and 995011-03 and
elsewhere at the discretion of the project manager to contain the coarser sediment
fraction.

<  have catchment areas not exceeding 1,500 square metres, a storage depth
(including both settling and settled zones) of at least 0.5 metres, and internal
dimensions that provide maximum surface area to passage of stormwater.
(viii) Stockpiles (SD 4-1) will be placed as an acoustic bund or stockpile, as shown on
Drawings 995011-01, 995011-02 and 995011-03.
4.5.8 Other Matters
With road construction, soils near the Exeter Bypass and the haul road will be compacted

with at least four passes of a sheepsfoot roller when slightly wet of optimum—a vibrating
roller will be used with drier materials.

4.5.9 Site Monitoring & Maintenance

(1) Waste receptacles will be emptied as necessary. Disposal of waste will be in a manner
approved by the project manager.

(i)  The project manager will inspect the site at least weekly paying particular attention to:
< insuring that drains operate properly and effect any necessary repairs

< removal of trapped sediment whenever less than design capacity remains for the -
sedimentation dam or sediment traps

<  ensuring rehabilitated lands have effectively reduced the erosion hazard and
initiate upgrading as appropriate

< constructing additional erosion and/or sediment control works as might become
necessary to ensure the desired water control is achieved, i.e. make ongoing
minor changes to Drawings 995011-01, 995011-02 and 995011-03.

< maintaining all erosion and sediment control measures in a functioning condition
until all earthwork activities are completed and the site is rehabilitated

< removal of temporary soil conservation structures as the last activity in the
rehabilitation program.

Morse McVey & Associates Pty Ltd
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(iii) The project manager will keep a log book, making entries at least weekly and
immediately before forecast rainfall and/or site closure, recording:

the volume of any rainfall events

the condition of any soil and water management works

applications of any flocculating agents to sedimentation dams

volumes of water discharged from sedimentation dams

remedial works.
The book will be kept on-site and made available to any authorised person on request.

A NN ANA
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4.6 Attachments :

Attachment|l IFD Tables for Exeter

DUR Sm { 6m |10m{20m (30m | 1h ; 2h | 3h | 6h ; 12h | 24h | 48h , 72h (B0
ARI o1 g1 | 76 | 62 |45.1 |36.624.9)17.0 [13.5/9.12 |6.17 [4.07 |2.63 |1.98 | 0.00

2/ 104 | 98 | 80 | 58 |47.3;32.2/22.0 {17.5|11.8 [7.98 |5.30 |3.43 |2.59  0.00
5{ 134 {126 | 103} 75 | 61 [42.0|28.6 {22.615.3 ;10.4 ;6.38 {458 |3.50 | 0.00
152 | 143 | 117 86 | 70 !47.8|32.6 {25.9 |17.4 |11.5 |7.99 |5.29 ;4.06 | 0.00
175 | 165-| 135| 99 | 81 | 55 |37.7 [30.0|20.2 |13.6 |9.30 |6.20 |4.78 | 0.00
206 {193 | 159117 | 95 | 65 |44.6 ;35.4{23.8 {16.1 {11.1 {7.42 (5,74 0.00
229 | 215 {-177 130 | 106 73 |489.8 {39.6 |26.6 {18.0 ;12.4 8.37 6,49 | 0.00

0.00 {0.00 ;0.00;0.00 | 0.00 ;0.000.00 {0.00|0.00 0.00 {0.00 {0.00 ,0.00 0.00
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Attachment Il Engineering Design Calculations

Storm Flow Calculations
Peak flow or discharge is given by the Rational Formula:
Qy =0.00278 x Cigx Fyx lywx A

where: Qy is peak flow rate (m’/sec) of average recurrence interval (ARI) of “Y” years
Cyo is the runoff coefficient (dimensionless) for ARI of 10 years (Section 4.4.9)
Fy is afrequency factor for “Y” years
A isthe area of catchment in hectares (ha)
Iy, ¢ is the average rainfall intensity ( mm/hr) for an ARIof “Y” years and a design
duration of “tc” (minutes or hours)

Catchment area, A = 72ha
Time of concentration (t¢) =  0.76 x (A/100)**® (Chapter 5 of Pilgrim, 1987)
= 0.76 x (7.2/100)**®
= 0.27 hours
= 17 minutes

Peak flow runoff coefficient C;p = 78 %

ARI storm event Storm intensity Frequency factor Peak flow
( mm/hr) (Fy) (m¥s)
1yr, tc 48.8 0.62 0.46
10 yr, tc 92 1.00 1.44
20 yr, tc 107 1.12 1.87
100 yr, tc 140 2.57 5.61
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Sedimentation dam: Settling Zone Volume
(i) Based on Department of Housing, 1998, assuming Type F soils
The settling zone volume for Type F and D soils is calculated to provide capacity to
contain all runoff expected from up to the 90th percentile rainfall event. The settling

zone volume (V) can be determined by the following equation:

3
v=10x cv X A x R gothite, 5day (M°)

where 10 = a unit conversion factor

C = the volumetric runoff coefficient defined as that portion of
rainfall that runs off as stormwater over the 5-day period
(Section 4.4.9)

R = is the 5-day total rainfall depth ( mm) which is not exceeded in
90 per cent of rainfall events

A = area of catchment in hectares (ha)

V = 10x 042 x 792x 49.0

= 1,630m’
(i) Based on 10-year time of concentration event

The EPA (Mr Rod Aubrey) has advised that the sediment Trap volume is to be based on at least
the 10 year time of concentration rainfall event. The following calculations are based on this
advice:

ARI Storm Peak Settling
storm intensity flow zone
event (mm/hr) (m®s) (m®

92.00 0.95 1.33 1,763

This sizing of 1,763 cubic metres has been adopted, being the larger of (a) and (b), above.
Sedimentation dam: Sediment Storage Zone Volume

The sediment storage zone is calculated as equal to the calculated two month soil loss using the
RUSLE (Section 4.4.8). Assuming 1.1 hectares of disturbed lands in the 7.92 hectare catchment:

Two month soilloss = AxRxKxLSxPxCx1/6
= 1.1x3,010x0.022x7.32x1.3x%x1.0x0.167
= 115 tonnes
= 90 cubic metres

Sedimentation dam: Total Volume = sum of the above two volumes

= 1,763 +90
= 1,853 cubic metres.

Morse McVey & Associates Pty Ltd



CONCRITE QUARRIES PTY LTD 4-34 SPECIALIST CONSULTANT STUDIES
Exeter Quarry Extension Volume 1~ Part 4: Soil & Surface Water Management

Diversion bank and waterway velocity

Earth Bank 1
Width Depth Depth with Velocity
freeboard
0.5 0.44 0.9 2.23
1.0 0.36 0.9 2.18
1.5 0.31 0.8 2.10
2.0 0.27 0.8 2.01
2.5 0.24 0.7 1.92
3.0 0.21 0.7 1.84
Earth Bank 2
Width Depth Depth with Velocity
freeboard
0.5 0.64 1.1 1.37
1.0 0.55 1.05 1.36
1.5 0.48 0.98 1.33
2.0 - 042 0.92 1.29
2.5 0.38 0.88 1.25
3.0 0.35 0.85 1.12
Earth Bank 3
Width Depth Depth with Velocity
freeboard
0.5 0.64 1.1 1.37
1.0 0.55 1.05 1.36
1.5 0.48 0.98 1.33
2.0 0.42 0.92 1.29
2.5 0.38 0.88 1.25
3.0 0.35 0.85 1.12
Earth Bank 4
Width Depth Depth with Velocity
freeboard
0.5 0.64 i 1.37
1.0 0.55 1.05 1.36
1.5 0.48 0.98 1.33
2.0 0.42 0.92 1.29
2.5 0.38 0.88 1.25
3.0 0.35 0.85 1.12
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Earth Bank 5
Width Depth Depth with Velocity
freeboard
0.5 0.64 14 1.37
1.0 0.55 1.05 1.36
1.5 0.48 0.98 1.38
2.0 0.42 0.92 1.29
2.5 0.38 0.88 1.25
3.0 0.35 0.85 1.12
Energy Dissipater 1

The design is based on guidelines provided by the Department of Housing (1998)

Energy Dissipater 2

Minimum tailwater conditions
10 yr tc peak flow= 1.39m’/s
Diameter of pipe = 750 mm
Grade of pipe =1%

Rip rap size = 0.1dy,. m
Length = 10 metres

Width = 4.75 metres

The design is based on guidelines provided by the Department of Housing (1998)

Energy Dissipater 3

Minimum tailwater conditions
10 yr tc peak flow= 1.39m%s
Diameter of pipe = 750 mm
Grade of pipe = 1%

Rip rap size = 0.1ds,. m
Length = 10 metres

Width = 4.75 metres

The design is based on guidelines provided by the Department of Housing (1998)

Minimum tailwater conditions
10 yr tc peak flow= 1.39m/s
Diameter of pipe = 750 mm
Grade of pipe = 1%

Rip rap size = 0.1ds,. m
Length = 10 metres

Width = 4.75 metres

Morse McVey & Associates Pty Ltd
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Attachment lll Standard Drawings

These Standard Drawings have been extracted from the Manual “Managing Urban Stormwater —
Soils and Construction” — 3™ Edition compiled on behalf of the Department of Housing 1998.

SD 4-1 STCICIOTIES s simnt s issrins fovien sins cimmsiatt s DA A EO TP s s 4-37
SD 4-2  Replacing Topsoﬂ ........................ 4-38
SD 5-1 ROCE TR DRI . .. oo mrinsesnimmasesss bl oNi s S bR DS LB TN S B B e 4-39
SD5-2  Earth Bank (Low FIOW) coresarencsssssmincommssmmmesrersisss sassass sniessimsasatsssinsses 4-40
SD 5-3 Earth Bank (High FIOW) ...cc.coeeieieiiiieiiinicniiniee s esness e ss s snecsacenes 4-41
SD 5-6 BOtOt ERGBIPAIEN .iioiii s it it s s AN AN W ot s RS St 4-42
SD 6-4  Earth Basin (WeL) ..cceeeceveieeiiiiee ettt et 4-43
SD 6-7 BT Tentt FRINGD, . uo: ciiisiicaiie ohmainiie sovs e s oo A A A A B S AR A o e 4-44
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Exeter Quarry Extension

Stabilise stockpile
surface

Earth bank /
)

(o) i {L
Flaw 5\096 Kf_:,_r s 1;? 7 s/
-t o,
SONCSVANANTAN NN N

% NS ~ 3 -
/X//, 77 //.///.///.///‘///. o) 7’/" LS

/

Sediment fence

Construction Notes

1. Locate stockpile at least 5 metres from existing vegetation, concentrated
water flows, roads and hozard areas.

2. Construct on the contour as a low, flat, elongated mound.

3. Where there is sufficient area topsoil stockpiles shall be less than 2 metres
in height.

4. Rehabilitate in accordance with the SWMP/ESCP.

5. Construct eorth bank (Standard Drawing 5-2) on the upslope side to divert
run off around the stockpile and o sediment fence (Standard Drawing 6-7)
1 to 2 metres downslope of stockpile.

STOCKRILES SD

4—1
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Surface stabilisation

Subsoil serrated e
along cantour by
grader or ripper

Topsoil depth: 75 mm min. if batter flatter than 4(H):1(V)
40 mm to 60 mm if batter steeper than 4(H):1(V)
Specialised techniques required if batter
slopes steeper than 2(H):1(V)

Construction Notes

1. Scarify ground surface along the line of the contour to a depth of 50 mm to 100 mm
to break up any hardsetting surfaces and provide a good bond between the respread
material and subsoil.

2. Add soil ameliorants as required by the SWMP/ESCP.

3. Rip to a depth of 300 mm where a compacted layer occurs.

4. Replace topsoil.

REPLACING TOPSOIL  SD 4-2

Morse McVey & Asscciates Pty Ltd
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Spillway
150 mm min.

150 mm min,

o Rock trenched 200 mm into ground

RIS
SELLREKS
MR
KT 1 S

2V YD

[t

-_______Z}"'--— TN
e

Spocing of cneck doms olong centreline
ond scour protection below eoch check
dom to be specified on SWMP/ESCP

Construction Notes

1. Trench structure 200 mm into ground surfoce wherever the structure contocts the
gully base. Fill trenches to 100 mm obove ground surface to reduce risk of
undercutting.

2. Ensure height of spillwoy is less thon 1 metre obove the gqully floor.

3. Space checks so the toe of the upstreom dom is level with the spillway of the
next downstream dom.

ROCK CHECK DAM B o=

Morse McVey & Associates Pty Ltd
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Gradient of drain Can be constructed with

1% to 5% or without channel /ZM(IHSD:%t(t\?)r r%rénxd.es
Direction l\' /
of flow
RSy \_ 300 mm min.
s \/X:'//fr’\‘\““{\z@ﬁi@?} N S N R R e

2 metres min. 4———>I

NOTE: Only to be used as temporary bank
where maximum upslope length is 80 metres.

Construction Notes

Construct with gradient of 1 per cent to 5 per cent.

1.

2. Avoid removing trees and shrubs if possible.

3. Drains to be of circuiar, parabolic or trapezoidal cross section not V—shaped.

4. Earth banks to be adequately compacted in order to prevent failure.

5. Permanent or temporary stabilisation of the earth bank to be completed within 10 days
of construction.

6. All outlets from disturbed lands are to feed into a sediment basin or similar.

7. Discharge runoff collected from undisturbed lands onto either a stabilised or an
undisturbed disposal site within the same subcatchment area from which the water
originated.

8. Compact bank with o suitable implement in situations where they are required to
function for more than five days.

9. Earth banks to be free of projections or other irregularities that will impede normal flow.

FARTH BANK (LOW FLOW) SD 5-2

Morse McVey & Associates Pty Ltd
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I = 9 Dimensions to be s

——t AR P specified on SWMP v
N7
f oL, f J ,/0/,6 v v
0, c
v v O

S
& /\\’///\ \: T Bank™ campacted in
.f ’ ’\//:('>\\,///\ PR layers no pm’ore than
R 2 300 mm thick
Soil stabilisotion \ N AN
os required — KA
Bonk keyed ’ ///\/,//>/,///>\
in to subsoil \\\ X

Detail through
bank as shawn

Stable disposal area

Level Spreader (or Sill)

Earth bank

Channel
Stable dispasal area

Construction Notes PN

1. Canstruct along gradient as specified. Section AA
2. Avaid remaving trees and shrubs if possible.
3. Drains to be af parabolic or trapezoidal crass section
as appased ta V-shaped.
4. Earth banks ta be adequately campacted in arder ta prevent failure.
5. Permanent or temporary stabilisation of the earth bank to be completed within 10 days af construction.
6. All autlets from disturbed londs are tg feed inta o sediment basin or similar.
7. Discharge runoff collected from undisturbed lands onto either o stabilised or on undisturbed dispasal site
within the same subcatchment area from which the water originated.
8. Compact with ¢ suitable implement in situations where they are required to function for more than five days.
9. Earth banks ta be free of projections or other irregularities that will impede normal flow.

FARTH BANK (HIGH FLOWS) SD 5-3
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Construction Notes

1.
. Ensure that concrete or riprap used for energy dissipater or outlet protection conforms to

2
gt
4

. Repair minor damage to the geotextile before spreoding any oggregate. For repairs, patch

\ 9N gal _i‘

4 w/2

=il -Q e Profile
= S ‘ 5 %.__
T =

S A w/2
: i

|
= Discharge to unconfined section

I s AoJ EFlcred outlet)

Minimum tailwater condition)

DRy
|

] Headwall-—=7 d/2 =

1 La
Dimensions to be supplied an SWMP

PLAN VIEW
Dischcrge}f*_
1
': 2 150 mm  Existing
' = A=—) — M= stabilised
b channel
1

Needle—punched geotextile

PLAN VIEW
2 ff;: ::;\\\: 2
1 i \ 1 -
AL /Y “ye
;ﬁ? ' A\ 4 v N
] - B,
5%}77%: % L _ ,l

Needle punched geotextile 75 mm min. oggregate

CROSS SECTION AA

Subgrade fill to be compacted to the density of the surrounding undisturbed material.

the grading limits specified on the SWMP/ESCP.
Ensure that the geotextile does not sustain serious damage by preparing a smooth, even
foundation.

one piece of fabric aver the damage, making sure that all joints and patches overlap more
than 300 mm.

ENERGY DISSIPATER SD 5-6
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Spillway e

Sediment storage zone

Length/width
ratia 3:1 min.

Plan View

2
Original ground level 17
Sediment settling zone 2
INfle,, Sediment storage zone 750 mm min. :) 1
o {
Mpcs o 7 / * * */m Crest of spillway

/»\?/:\/% _fl Ll
N

X /{% _.-"l

8 600 mm min.

Water depth
1 500 mm min.

Cut—off trench 600 mm
; min. depth backfilled with
Cross—section impermeable clay and

compacted

Construction Notes

1. Remove all vegetation and topsoil fram under the dam wali and fram within the staroge arec.

2. Construct a cut-off trench 500 mm deep and 1 200 mm wide clong the centreline aof the embonkment
extending to a point on the gully wall level with the riser crest.

3. Maintain the trench free of water and recompact the materials with equipment specified in the SWMP
to 95 per cent Standard Proctor Density.

4. Select fill according to the directians of the SWMP that is free of roots, wood, rock, large stone or
foreign material. 3

5. Prepare the site under the embankment by ripping at least 100 mm deep to help bond campacted fill to
existing substrate.

6. Spread fill in 100 mm to 150 mm layers and campact at optimum moisture content in accordance with
the SWMP.

7. Construct emergency spillway.

8. Rehabilitate structure in accardance with the SWMP.

9. Place ¢ "Full of Sediment” marker to show when less than design capacity occurs and sediment

remaval is required.

EARTH BASIN — WET <D 64

(APPLIES TO TYPE D AND TYPE F SOILS ONLY)
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Construction Notes

(SRSl L

1.5 m star pickets Self—su ;
—supporting
at max. 3 m centres\ / geotextile
500 mm to 600 mm Direction of
flow
s
- Lo
S GNA N S
600 mm min /< '-//\\
: Z0Px “on soil, 150 mm x 100 mm
-,4 Y trench with compacted
7 (/ backfill and on rock, set

y % 5
AN into surface concrete

Disturbed areo SECTION DETAIL

Direction of

— flow

v 1.5 m star pickets
at max. 3 m centres
N —‘_7
v
v

]

e 30 T IR e FESCP)

i Flow —
B S
B _____.- \\\-‘ e 2
T e R e
Min. 1.5 m

Star pickets at moximum
PLAN 3 m spacings

Canstruct sediment fence as close as possible to paraillel to the contours of the site.

Drive 1.5 metre long star pickets into graund, 3 metres apart.

Dig a 150 mm deep trench along the upslape line af the fence for the bottom of the
fabric to be entrenched.

Backfill trench over base of fabric.

Fix self-supparting geotextile to upslope side af pasts with wire ties or as recammended
by geotextile manufacturer.

Join sectians of fabric ot a support post with @ 150 mm overlap.

SEDIMENT FENCE s 67
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EXECUTIVE SUMMARY

This report has been prepared to assess the potential groundwater-related impacts of a proposed
extension to a basalt quarry near Exeter, in the Southern Highlands of NSW, which is operated by
Concrite Quarries Pty Ltd.

At Exeter, an unconfined aquifer of fractured basalt rock feeds several spring-sets and more diffuse
creek-bed seepage in Indigo Creek. Among these is a spring referred to as 'Spring 7' on the
“Willowbank” property, identified in previous studies, and recognised to be a small, but reliable
source of stock water in the upper reaches of Indigo Creek. Measured depths to water table were
between 7 and 13 metres below the ground level of north-eastern “Willowbank™ on 11 November
1998. Groundwater flow is promoted by the infiltration of excess soil-water and lateral movement
outward to discharge points such as the springs feeding Indigo Creek. Spring 7 is fed from
recharge along a flow path which follows a north-north-westerly (NNW) trend, crossing Werai
Road.

Concrite proposes to extract basalt to a final depth of approximately 663 metres AHD elevation, on
the north-eastern side of Rockleigh Road. The extraction operations may cause the diversion of
the pre-existing groundwater flow pattern and depression of the water table around the extraction
void.

The degree of diversion and potential diminution of spring flow has been assessed qualitatively.
This assessment indicated that, if continuous or interconnected flow pathways are present in or
immediately beneath the basalt, between the proposed quarry extension and the springs or their
recharge area, then the extraction void may have a substantial impact on spring flows. Conversely,
if the flow pathways are limited, the impacts upon spring flows would be small.

In the Exeter hydrogeological environment, such pathways might be formed by jointing or other
fractures in the basalt, by interbedded soil/clay horizons within and below the basalt, by sub-basalt
soil horizons, or by the clay or metamorphosed contact between the basalt and the underlying
shale. However, the presence and continuity of such pathways, while possible, are considered
unlikely for the following reasons:

e It is likely that existing flow pathways have developed along structurally controlled
fracturing, parallel to the alignment of Indigo Creek.

e Groundwater flow over many centuries is likely to have substantially increased the
transmissivity of existing flow paths between the recharge area and the Indigo Creek
springs. ‘

e The upper part of the basalts was observed to be more fractured than the lower part.
Within Stonequarry and Indigo Creeks, springs and areas of diffuse seepage were
observed to be associated with both the upper fractured part of the basalt and with the
basal contact.

e Variations in the palaeotopography on the underlying shale contact which would
control flow direction at the base of the basalt.

C.M. Jewell & Associates Pty Ltd
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Further hydrogeological investigation has been recommended to demonstrate the presence or
absence and significance of any such pathways.

In the event that the presence of such pathways was demonstrated, then a number of potential
mitigation measures would be available. These include modification of the quarry design, and/or
construction of boreholes to intercept groundwater flow and divert this to the creek.

The impacts of the proposed Exeter Bypass on spring flow and groundwater quality on the Vine
Lodge property are generally expected to be small. The road alignment has been located to prevent

intersection of groundwater flows.

It is not anticipated that the quality of water in the final quarry void will present problems for the
operators; this water would be available for use in flow augmentation measures if required.

C.M. Jewell & Associates Pty Ltd
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1.0 INTRODUCTION

1.1  Background

In 1997 Concrite Quarries Pty Ltd submitted a development application to Wingecarribee Shire
Council for an extension of its quarry near Exeter. C.M. Jewell & Associates (CMJA) prepared a
report to respond to issues raised by surrounding residents and the Department of Land and Water
Conservation (DLWC) concerning that proposal. The response was ultimately considered at a
Commission of Inquiry. The Commission of Inquiry was unable to recommend approval of the
proposal for a range of reasons related to transport, noise, and visibility.

Concrite Quarries Pty Ltd has prepared a new EIS to support a revised development application.
As part of the environmental assessment for the new application the long-term viability of a spring
(hereafter identified as “Spring 7”) on the property “Willowbank™, which is approximately 300
metres south of the proposed extraction area has been considered. The investigations assess
whether any groundwater feeding the spring originates from, or in close proximity to, the proposed
extraction area and whether the proposed activities will influence the character or flow from
Spring 7.

This report also addresses the occurrences of groundwater within and surrounding the proposed
extraction area. Much or that information is drawn from the report prepared for the previous
Commission of Inquiry (C. M. Jewell & Associates, 1997).

This study also addresses the mitigation measures which might be employed both during the life of
the proposed extraction area and in the long term, if it is assessed that there is a potential for
extraction activities to affect the yield or quality of this spring.

This study also addresses groundwater occurrences in the vicinity of the Exeter Bypass, a proposed
private haul road across the northern lot of the nearby “Vine Lodge” property.

1.2  Objectives and Scope of Work

The objectives of the study were to assess the overall hydrogeological impact of the proposed
quarry extension and by-pass construction works with particular emphasis on Indigo Creek and
Spring 7, and the impact of the proposed Exeter Bypass.

The objectives of the study in the vicinity of the Spring 7 tributary are listed below.

1) To identify the source area or recharge zone for the groundwater feeding baseflow at the
headwaters of Indigo Creek and the tributary to the creek fed by Spring 7.

2) To integrate the current understanding of site hydrogeology into an assessment of the
potential and likely impacts of expanded quarrying activities on the headwaters of Indigo
Creek and the Spring 7 tributary.

The report prepared by this company for the original proposal identified two possible mechanisms
by which the quarry extension could impact upon Spring 7.

A. Tf the source of Spring 7 is in the north-western half of the proposed extraction area, then

the extraction could ultimately impact directly upon the discharge of the spring as it could
cut pathways carrying groundwater flow to the spring.

C.M. Jewell & Associates Pty Ltd
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B. If the recharge feeding Spring 7 is derived primarily from the area to the north of the
spring, it is possible that the extraction could still impact on the spring discharge by
changing the direction and magnitude of the hydraulic gradient, thus possibly diverting
some or all of the recharge away from the headwaters of Indigo Creek.

It was recognised in the previous study that groundwater flow in the basalts is controlled by
secondary features such as fractures and interflow/subflow palaeosol horizons. Thus for the
proposed extraction area to impact upon the springs by Mechanism B, it would be necessary for
viable groundwater flow pathways to be present between the recharge area and the proposed
extraction area.

Therefore, an understanding of the location and direction of the predominant zones of groundwater
flow is crucial to meeting project objectives.

It was considered that this understanding could best be gained from a drilling program designed to:

e provide information on the subsurface geology, including the presence and condition of
fracturing; -

e allow the depth to groundwater (and thus the elevation of the water table) to be measured,
and

e allow groundwater samples to be obtained.

The interpretation phase of the project integrated the field data collected in earlier phases and
provided an analysis of the hydrogeological processes impinging on the groundwater flow
dynamics of the study area.

1.3  Methodology

Following an initial re-appraisal of existing hydrogeological information, field investigations were
undertaken entailing the drilling and construction of four sampling bores/piezometers (Figure 3).
These bores were subsequently developed, purged and sampled, and the waters analysed for a
range of principal constituents. A water table survey was also conducted by surveying the elevation
of each bore collar, plus the invert elevation of springs and Indigo Creek.

The resulting field data were analysed spatially in three dimensions with an emphasis on assessing
the groundwater flow direction, zones of groundwater flow, groundwater flow rate and the
importance of spring discharge in the local groundwater system. These analyses were used in
assessing the scale and nature of any impacts on the groundwater system arising out of the
proposed extraction.

14  Limitations and Intellectual Property Matters

This report has been prepared by C.M. Jewell & Associates Pty Limited for the use of the client
identified in Section 1.1, for the specific purpose described in that section. The project objectives
and Scope of Work outlined in Section 1.2 were developed for that purpose, taking into
consideration any client requirements and contractual agreements set out in the proposal
referenced in Section 1.1.

C.M. Jewsli & Associates Pty Lid
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The work has been carried out, and this report prepared, utilising the standards of skill and care
normally expected of -professional scientists practising in the fields of hydrogeology and
contaminated land management in Australia. The level of confidence of the conclusions reached is
governed, as in all such work, by the scope of the investigation carried out and by the availability
and quality of existing data. Where limitations or uncertainties in conclusions are known, they are
identified in this report. However, no liability can be accepted for failure to identify conditions or
issues that arise in the future and which could not reasonably have been assessed or predicted
using the adopted scope of investigation and the data derived from that investigation.

Where data collected by others have been used to support the conclusions of this report, those data
have been subjected to reasonable scrutiny but have essentially, and necessarily, been used in good
faith. Liability cannot be accepted for errors in data collected by others.

This report, the original data contained in the report, and its findings and conclusions remain the
joint intellectual property of C.M. Jewell & Associates Pty Ltd and Concrite Quarries Pty Ltd. A
licence to use the report for the specific purpose identified in Section 1.1 is granted to the persons
identified in that section on the condition of rece1pt of full payment for the services involved in the
preparation of the report.

This report should not be used by other persons or for other purposes than those identified in
Section 1.1, and should not be reproduced except in full and with the permission of C.M. Jewell &
Associates Pty Ltd.

1.5  Report Structure

Section 2 of this report details the current physical setting of the Exeter area, the proposed
extraction area and the “Willowbank” property in particular. Section 3 outlines field investigations
undertaken as part of this study. Sections 4 and 5 present the results and interpretations of the
latest investigations; and in Section 6 the anticipated impacts of the proposed extraction are
assessed in accordance with issues prescribed for extractive industry EIS preparation.

2.0 SITE SETTING

The study area encompasses the proposed extraction area and the headwaters of Indigo Creek
between Rockleigh Road and School Lane. The primary focus of this hydrogeological
investigation is the set of springs issuing from the ground on the banks of Indigo Creek,
specifically the perennial spring identified as ‘Spring 7° in the previous CMJA report (C. M. Jewell
& Associates, 1997). A significant concentration of these springs is found at elevations between
690 and 700 metres AHD, approximately 150 metres upstream of the unnamed north-western
tributary.

2.1  Topographic Setting

The study area is set among rolling hills of the Southern Highlands landform unit. Immediately
south of the proposed extraction area, beyond Rockleigh Road, the land slopes sharply to Indigo
Creek. Slopes vary from 10° to 15°, although the slopes soften into benches in the north-western
reaches of Indigo Creek. The land to the south-east of the proposed extraction area also falls away
quickly to a valley within the adjoining Stonequarry Creek catchment. The proposed extraction
area is characterised by a flattened ridge with a maximum elevation of about 720 metres AHD.
Figure 1 details the land surface relief, drainage features and location of principal features
mentioned in the text.

C.M. Jewell & Associates Pty Ltd
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2.2  Surface Water Drainage

Indigo and Stonequarry Creeks and their tributaries incise gullies into their courses. The Indigo
Creek headwaters immediately south-east of Werai Road take the form of ephemeral swales. In the
wetter parts of the year, the swales intercept soil and groundwater seepage, distinctly below the
700 metre elevation contour. At the downstream boundary of the “Willowbank™ property the creek
discharge is estimated to be about 5 litres per second and predominantly fed from groundwater
seepage. Indigo Creek joins Stonequarry Creek approximately 3.5 kilometres further downstream.

The fractured basalt aquifer provides exploitable groundwater for numerous purposes in the area,
with four registered and a number of unregistered boreholes located in the immediate vicinity of
the study area. Of the four registered boreholes, three are located on properties fronting School
Lane approximately 500 metres on the south-western side of Indigo Creek. Each of these bores
draws water from the fractured basalt aquifer which has a standing water level of approximately 13
metres below ground surface. Thickness and depth to the underlying massive
basalt/sandstone/shale aquitard is not known for these bores.

2.3  Geological Setting

The study area is underlain by Tertiary-age basalt flows and sills, and then fine-grained sandstones
and shale of the Bringelly Shale (the uppermost unit of the Wianamatta Group). The sandstones
and shales underlie the basalts along an undulating, palaeo-topographic surface. Figure 3 shows
the elevation of the sub-basaltic contact with the sandstone/shale at several points in the proposed
extraction area and within the “Willowbank” property. Fresh outcrops of sandstone and shale can
be found in the bed of Indigo Creek just downstream of the lowest spring sets.

The basalts beneath the proposed extraction area are differentiated into fractured, massive and
amygdaloidal facies within the volcanic pile, as shown on the logs of resource definition boreholes
in Figure 7. The olivine basalts are pervasively dissected by past and present erosion and other
mass wasting processes such as sapping. The remnant has variable depths of weathering. Pervasive
soil and colluvial blanketing has left few outcrops visible, although remnant basalt blocks can be
seen along ridges.

2.4  Hydrogeological Setting

The groundwater flow in the vicinity of the proposed extraction area occurs predominantly within
the basalt deposits. Groundwater flow within the basalt aquifer is hosted by secondary porosity
features such as joints, voids and fractures, and by interflow and subflow paleosol horizons. The
underlying sandstone/shale is considerably less permeable to groundwater flow than the basalts
and acts as a regional aquitard. Consequently, the intersection of the shale contact with the land
surface is often the site of springs issuing from the basalt or associated colluvium. The incision of
the land surface by Indigo Creek and its tributaries tends to promote the presence of the springs,
especially at the lower margins of the basalt aquifer. Several springs issue immediately above or at
the contact between basalt and shale. Individual springs have discharge rates of up to 3 L/s.

Within the Stonequarry Creek catchment, springs appear to discharge from changes of slope at four
separate elevations: 720 metres AHD, 700 metres AHD, 692 metres AHD and 680 metres AHD. The
slopes are largely scree covered and although the lower two springs can be seen to be discharging at
the base of a slope failure beneath basalt scree, the source may be at a higher elevation. The springs in
the Stonequarry Creek catchment appear to be flowing at low discharge rates, typically 0.1 to 0.5 L/s.

C.M. Jewell & Associates Pty Ltd
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The primary source of groundwater recharge is infiltration of soil-water (derived from excess
precipitation) through the subsoil and unsaturated volcanic rocks to the ambient water table. The
water table is not as precisely defined a surface as for granular aquifer materials, being the depth to
which interconnecting joints, voids and fractures are water-filled. The interconnected fractures act
as an equivalent porous medium in distributing water pressure throughout the fractured rock
aquifer. Thus, the depth of saturation measured within a set of fractures will reflect the prevailing
water pressure in the vicinity of the measurement.

In general the highest hydraulic conductivities tend to be found in the shallow parts of a fractured
aquifer. The principal exceptions to this are lithologically controlled porosity or fracturing caused
by deep structural features such as faults. The results of drilling investigations in the proposed
extraction area and the “Willowbank” property have tended to reflect this generalisation.

Three existing water supply boreholes are located on properties adjacent to School Lane,
approximately 500 metres to the south-west of the proposed extraction area. Another borehole is
located approximately 600 metres to the north-east. The locations of these boreholes are shown on
Figure 10.

Data for Boreholes 66769 and 66764 show that the water bearing zones occur at between about
700 and 708 metres AHD in Borehole 66769 and between about 694 and 704 metres AHD in
Borehole 66764. The regional geology, geological mapping in Indigo and Stonequarry Creeks and
geological information obtained from resource definition drilling suggest that the water bearing
zones in Boreholes 66769 and 66764 are hosted by basalt, but likely to be immediately above the
contact between basalt and the underlying shale or siltstone.

3.0 FIELD INVESTIGATIONS

Field investigations progressed from a preliminary field visit to select the positions of boreholes,
through the drilling and bore construction phase, to testing and sampling of the groundwaters thus
made accessible. An important part of the investigation was the water table survey, which provided
best information on the source of water issuing at Spring 7.

3.1  Preliminary Field Visit
A field visit was made on 24 September 1998. The principal objectives of the visit were to select
the optimal and most practicable drilling sites and to map the local hydrogeological features.

Several springs contributing baseflow to Indigo Creek that were noted in earlier investigations -
specifically springs numbered 7, 8 and 9 (Figure 6) - were inspected and physio-chemical field
parameters compared (Table 1). Spring 8, as identified in C. M. Jewell & Associates (1997), is a
diffuse seepage zone on the margins of Indigo Creek. The sites inspected in 1998 are shown on
Figure 2.

C.M. Jewell & Associates Pty Ltd
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Site No. _-*_:.. L ;*pr;;l_';_ Temperature

- . Conductivi . ’(°C) .
.. Slem) | () |

Site 1, creek 453 7.00 69.2 12 7

Site 2, creek 456 T34 | 12.8

Site 3, creek 476 7.27 49.6 125

Site 4, creek 479 7.43 92.5

Site 5, Spring 7 652 7.41 §L2 14.6

Site 6, creek 576 7.84 74.0 13.6

Site 7, Spring 9 541 7.61 89.1 14.5

Nearby bore (MB3, 11 Nov 98) 735 7.46 48.6 13.9

The general conclusions made from this inspection were as follows.

The upstream springs grouped into the diffuse spring set numbered ‘Spring 8 are of distinctly
lower flow rate than downstream springs numbered 7 and 9. Also, the electrical conductivity of
spring water from these upstream springs is distinctly lower than downstream springs along
Indigo Creek.

Water from spring sets 7 and 9 has distinctly higher water temperature and electrical
conductivity than water from upstream.

Visual comparison of seepage rate between sites reveals a distinct transition to high flow rate
in sites 5 and 7 (spring sets 7 and 9).

Combining the observations above with a conceptual understanding of the setting, it is
concluded that the upstream seepage is derived from shallow levels beneath the water table,
and that Springs 7 and 9 draw on deeper groundwater flow within the basalt deposits and at the
basalt-shale contact where some mixing with saline Bringelly Shale groundwater may have
occurred.

3.2  Drilling Investigations

An Edson 3000 topdrive rig was mobilised to the study area on 22 October 1998. The rig came
equipped to core rock at HQ (76mm), including casing and wire-line core barrel. Water and
drilling polymer were used as drilling fluid throughout operations. Drilling operations, including
construction and development of monitoring wells in each completed borehole (MB/BH1 — 4)
consumed approximately 11 days; the boreholes were drilled in numerical order. Table 2
summarises the positional and depth details of the four boreholes, all of which were drilled on the
"Willowbank" property.

C.M. Jewell & Associates Pty Ltd
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s TABLE 2 o :
. . Borehole Details %’éj . _ i
. | BoreCollar| Depthto Water |Water Table| Depth of
Easting | Northing | Elevation |11 November 1998 Flevation | Bore
. L mAHD) |  (mTOCQ) | (mAHD) | (m)
237847 | 1168210 71255 12.59 699.95 24.5
MB/BH2 | 237912 | 1168299 718.24 1253 705.71 42.2
MB/BH3 | 237773 | 1168277 716.58 10.81 705.76 26.6
MB/BH4 | 237736 | 1168353 716.84 10.57 706.26 20.55

Borehole MB/BH1 intersected fine sandstone and claystone at 24.4 metres, which was interpreted
to represent the aquitard noted in field mapping of the Indigo Creek bed downstream of Springs 7
and 9. Drilling in the remaining boreholes penetrated only superficial materials and basaltic rocks
and did not intersect the underlying sedimentary rocks.

3.2.1 Bore Construction

Following the completion of drilling and core recovery, the wells were completed with 50
millimetre diameter PVC casing, gravelpack and bentonite/grout seal. Each borehole was screened
in the lower 6 metres, except for MB/BH2, which was completed with a longer screen.
Hydrogeological bore logs and well construction logs are provided in Appendix B.

3.2.2 Well Development

Boreholes MB/BH1, MB/BH2 and MB/BH3 were each flushed with a minimum of 1,000 litres of
fresh water in order to backwash drilling fluid out of the hole. Following well construction, each
bore was bailed, removing several bore volumes of water, until the water was clear.

3.3  Groundwater Sampling

Sampling of groundwater from completed and developed boreholes was undertaken with
disposable HPDE bailers. The bailer was used to remove 3 borehole volumes to ensure each bore
was sufficiently purged, and then a representative sample was taken. Springs 7 and 9 were grab
sampled.

All samples were subsequently chilled to below 4°C and dispatched to Australian Laboratory
Services, Sydney laboratory, for analysis. Field measurements of electrical conductivity, pH,
dissolved oxygen and water temperature were made at the time of sampling. The sample taken
from MB/BH1 showed the residual effects of a saline tracer injection made two days previously.
This resulted in apparently elevated sodium and chloride concentrations.

34  Water Table Survey
A survey of the elevation of the water table was undertaken in the week following drilling and

development.

3.4.1 Level Surveying of Bore Collars

A level survey tied into local AHD benchmarks was undertaken to relate bore collars to a common
datum. The invert elevation of several points in Indigo Creek and Springs 7 and 9 were also
included. In addition, two water bores in Exeter village screened in the basalt aquifer were
surveyed to the common datum. The vertical accuracy of the survey method is 5 centimetres, or
better.

C.M. Jewell & Associates Pty Ltd
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3.4.2 Water Level Measurement
An electronic water level probe was used to measure the depth from bore collar to the standing
water table. The accuracy of this method is +5 millimetres.

3.5  Saline Tracer Test

A saline tracer test was attempted using injection of brine solution into monitoring bore MB/BH1
and monitoring of the electrical conductivity of Spring 7. The tracer was injected at 8:50 am on 10
November 1998. No change in Spring 7 electrical conductivity had manifested by 3 pm on 11
November 1998.

3.6  Additional Spring Survey

An additional survey of springs and seeps in the Indigo Creek and Medway Rivulet catchments
was carried out in April 1999. Spring locations were logged using a GPS receiver, and
measurements of spring discharge, temperature, electrical conductivity and pH were made.

4.0 INVESTIGATION RESULTS

Information derived from the investigation led to the following conclusions.

4.1  Geological Factors

The contrast in hydraulic conductivity between the basaltic aquifer and the sandstone/shale
aquitard has an undoubtedly significant impact on the local groundwater flow pattern. The surface
expression of the contact between the basalt and the underlying aquifer corresponds with visible
lineations of the spring sets around the hillsides bounding Indigo and Stonequarry Creek. Previous
field inspections of the area’s spring hydrology (C. M. Jewell & Associates, 1997) show these two
distinct zones of seepage in the flanks of each drainage. The higher elevation seepage lines at
about 720 metres in the Stonequarry Creek are possibly explained by the measured elevation of the
shale contact in this eastern area.

The basalt—shale contact is an erosional unconformity. The palaeo-relief of the shale surface onto
which lava flowed resulted in a highly variable thickness of basalt being formed. The sub-basalt
surface is not well defined, but is likely to be complex. This aquifer structure may have resulted in
the presence of laterally restricted groundwater bodies.

This variability is evident in Figure 3, which shows the measured elevation of the basalt-shale
contact.

The lithology of the basaltic pile is also quite variable. The broad classifications for the basaltic
rock types encountered are provided in Table 3.

C.M. Jewell & Associates Pty Ltd
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| TABLE3 @ e
': ‘Classifications for Basalm: Rock Types Encountered %
o Generalised Description

Colluvium Basalt derived soil reworked by hillslope processes.

Extremely Indeterminate, highly altered basaltic material. Commonly clay-rich

weathered basalt and highly mottled. Basaltic fragments of variable size

Fractured basalt Highly fractured and exposed faces variably weathered. Joints and

fractures dense in sub-horizontal and sub-vertical planes
Fractured/altered Hydrothermal alteration products infilling pre-existing voids are the
amygdaloidal basalt | dominant visible feature. Fracture pattern chaotic and tending to
connect zeolite-filled amygdules. Basalt can be highly altered
(almost complete) and very weak with significant clay formation

Amygdaloidal Zeolite-filled amygdules permeating the rock matrix. Variable basalt
basalt grainsize in intervening rockmass
Massive basalt Typically fine grained

Fractured massive | Typically fine grained and sub-vertically fractured
basalt

The highest porosity is generally found in fractured/altered amygdaloidal basalt, although fractured
basalt and fractured massive basalt also retain significant porosity.

4.2  Hydrogeological Factors

4.2.1 Spring Flow

The natural subsurface hydrology throughout the study area is dominated by diffuse recharge of
precipitation excess, saturated flow through the basalt aquifer and discharge at spring sets and
seepage lines. The base elevation of the basalt aquifer is the shale contact, so seepage is
concentrated along this zone. Indigo Creek streamflow is dominated by the contribution of
perennial and periodic spring flow. The baseflow index of Indigo Creek in the headwater sectlon
downstream to the “Willowbank” property boundary is estimated to be about 80%"'.

Spring flow in Spring 7 was measured on 10 November 1998 at 0.68 litres per second (58 m’/d).
Several other associated spring sets also discharge into Indigo Creek. The combined baseflow
derived from these springs makes up most of the flow of Indigo Creek during periods between rain
events, and is estimated to be about 5 litres per second at the “Willowbank™ property boundary.
The quantity of spring flow, and hence flow in Indigo Creek, will fluctuate with the balance of
recharge and discharge. Periods of high recharge cause rises in the water table and subsequent
increase in downstream spring flow. However, the fluctuation in both the discharge and water
temperature through any period is smoothed by the storage capacity of the basaltic aquifer, leading
to relative stability of these parameters in spring flow.

Further downstream, to the south of the existing extraction area, numerous springs and
groundwater seeps are evident in several locations and elevations. The majority of the springs
appeared to be associated with marked changes in groundslope, possibly correlating with the
undulating inter-flow contacts. Discharges observed ranged from less than 0.1 litres per second to

! The baseflow index (BFI), expressed as a percentage, is the proportion of streamflow derived from groundwater
seepage. Streamflow hydrographs partitioned into runoff and seepage components typically give indices ranging from
10% to 70% in temperate climates. A high BFI indicates predominant spring flow influence.
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0.5 litres per second contributing an estimated 40% to the baseflow of Indigo Creek within the
upper catchment .

4.2.2 Water Table Profile

Several sites of access for measuring level of the ambient water table were available to the study.
Two of the water bores along School Lane, four monitoring bores (MB/BH1 — 4), and Springs 9
and 7 were used for this purpose. In general, the subsurface hydrology inferred for the area
suggests that the invert of Indigo Creek will act as a receptor of groundwater flow in the aquifer by
draining away groundwater where the water table intersects the creek bed.

Figure 4 shows the interpolated water table surface measured on 11 November 1998. The contours
of equal water table elevation were interpolated using the kriging geo-statistical method. The water
table contours wrap around Indigo Creek, confirming the inferred groundwater flow pattern.
Assuming that the water table contours are a valid representation of the water table profile, and
also assuming that groundwater flow is not radically diverted by preferential flow paths, then the
groundwater flow direction will be perpendicular to the water table contours. Back-tracking from
Spring 7, the inferred flow path to the spring is through a line trending north-north-west (NNW),
which crosses Werai Road. This indicates that the bulk of groundwater issuing at Spring 7 will
‘have recharged outside the proposed extraction area. Figure 5 shows a hydrogeological cross-
section taken parallel to the flow path and including three of the borehole logs.

4.2.3 Hydraulic Properties

The approximate hydraulic properties can be estimated using darcian approximations of the flow
field, despite the fact that flow in the basalt is not a classical darcian case. The water table contour
map of Figure 4 is used to mark off two flow fronts, i.e. lines perpendicular to the flow paths
towards Spring 7, across which the groundwater issuing at Spring 7 will flow.

The gradient of the water table profile is measured at these flow fronts as is the width of each front.
The equivalent porous medium transmissivity is estimated using the equation below.

Q
Tep = Wi
Where:
Tgp= equivalent porous medium transmissivity i = water table gradient
Q = spring flow at Spring 7 W = width of flow front

C.M. Jewell & Associates Pty Ltd



SPECIALIST CONSULTANT STUDIES

Volume 1 ~ Part 5: Groundwater Assessment

The estimate for each flow front is given in Table 4.

CONCRITE QUARRIES PTY LTD

Exeter Quarry Extension

TABLE 4 = _
. _ Flow Front Estimates .

: ing W Hydrauhn Gradient | Width | Tep

L e |l m | e

Flow front 2 58.7 120 4.3
(215m NNW
of Spring 7)
Flow front 1 58.7 0.222 60 44
(90m NNW of
Spring 7)

These estimates of equivalent porous transmissivity are in reasonable agreement from one flow
front to another. No correction from transmissivity to hydraulic conductivity is made due to
uncertainty as to the uniformity and total saturated thickness. An equivalent porous medium
transmissivity of approximately 9 m %/d was used in subsequent groundwater modelling.

4.2.4 Groundwater Chemistry

The results of analysis of groundwater conducted on water sampled on 11 November 1998 are
given in Table 5.

The water chemistry results indicate the following:

Relative lateral uniformity exists between samples (allowing for NaCl interference in
MB/BH1), at the depths at which piezometers were screened.

Low severity agricultural influences,

concentrations.

discernible in the nitrate and phosphorus

Relatively high redox state (oxygenation) as shown by the dissolved oxygen concentration
and the low concentrations of iron and manganese.

Moderate contact time and interaction with aquifer rock, as indicated by the concentrations
of calcium, magnesium and bicarbonate. -

Recharge from a dilute source, such as excess precipitation, without the groundwater
having undergone significant evaporation as soil-water.

The groundwater is of potable quality in respect of the majority of determinands analysed,
although aluminium and zinc are above Australian Drinking Water Guideline values.

Microbiological indicators were not analysed.
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. . _ Groundwater Analysis . -
Analysis description | Units |[LOR*| MB1 | MB2 | MB3 |Spring7|Spring9
Electrical Conductivity | uS/cm | 1430 | 678 | 1735 665 _
pH 7.47 1.719 7.46 7.65 _
Dissolved Oxygen %0, 43.7 43.1 48.9 68.4 .o
Temperature B 15.1 14.7 139 14.8 B
Total Hardness mg/L. 1 235 288 249 246 151
as CaCOy
Calcium Hardness mg/L 1 82 95 80 77 60
as CaCOy
Calcium - Filtered mg/L | 33 38 32 3l 24
Magnesium - Filtered mg/L 1 42 47 41 41 22
Sodium - Filtered mg/L 1 136 25 30 24 23
Potassium - Filtered mg/L 1 3 y: 2 2 y
Carbonate as CaCOs mg/L 1 <1 ] <] <1 <}
Bicarbonate as CaCOs mg/L 1 241 269 235 217 103
Sulphate - Filtered mg/L 1 7 T 11 5 3
Chloride mg/L 1| 2027 35 39 42 54
Iron - Filtered mg/L 0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Copper - Filtered mg/L | 0.001 | 0.002 <0.001 | 0.002 | 0.002 0.001
Manganese - Filtered mg/L. | 0.001 | 0.061 0.042 0.066 | <0.001 | 0.022
Silicon - Filtered mg/L 0.1 87 X 89.9 709 89.5
Zinc - Filtered mg/L. | 0.001 | 0.015 0.004 0.012 1.01 0.008
Aluminium - Total mg/L 0.01 0.35 0.37 244 5.76 0.01
Fluoride - Filtered mg/L 0.1 0.2 0.2 0.1 0.1 0.1
Ammonia as N mg/L 0.01 0.03 0.08 0.06 0.03 0.05
Nitrate as N mg/L 0.01 i 2.91 1.74 3.00 3.83
Reactive Phosphorus as P| mg/L | 0.01 0.43 0.39 0.42 0.58 0.65
- Total
Total Cations me/L 111’ 6.91 6.33 6.02 4.06
Total Anions me/L 10.87" | 6.73 6.16 | 5.85 3.92
Actual (Anion / Cation) me/L 0.23 0.18 0.17 0.17 0.14
Difference
Allowed (Anion / Cation) | me/L 0.27 0.21 0.20 0.20 0.17
Difference

* LOR = Limit of Resolution
t Result affected by residual effects of saline tracer test
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5.0  ADDITIONAL SPRING INVESTIGATIONS

5.1  Proposed Exeter Bypass

Three springs were identified along the proposed Exeter Bypass. All of the springs were located
on the ‘Vine Lodge’ property situated to the west of the proposed extraction area. These have been
identified as Spring A, Spring B and Spring C on Figure 8.

No further springs were identified on the proposed Exeter Bypass. Results of the field monitoring
are presented in Table 6.

A; location 1 T21 #

A;location2 | 7.31 02 | 6%
B; location 1 whri) 0.1 695
B; location 2 L 0.1 695
C; location 1 741 11D 695
C; location 2 7.41 0.1(M 694

The character of the springs differs from that observed within the Indigo Creek catchment, with
topography restricting the dispersion of discharge of water from each of the springs.

The relatively low undulating topography of the property has promoted ‘soaks’ rather than free
flowing springs in the area resulting in large areas becoming saturated by semi-stagnant
groundwater-derived outflow. There is little evidence of the dispersion of springwater by overland
flow.

Thick vegetation communities of water tolerant species have colonised two of the ‘soaks’ (Spring
B and Spring C), hindering all attempts to locate the source of the groundwater. The third spring
(Spring A) originates from an erosional ‘nick-point retreat’ approximately forty metres from where
the water collects. The nick-point is situated within an ephemeral creek channel which has been
dammed approximately 100 metres up-slope. Water was observed to be exiting the ground from
the nick point (Spring A location 1) and from a faster flowing spring also located within the
channel approximately 30 metres down-slope (Spring A location 2).

General conclusions which can be made from this inspection are as follows:

e The higher electrical conductivity and pH of Spring B would indicate that the spring
derives water from the deeper formation waters of the aquifer.

e The lower electrical conductivity and pH of Spring A would indicate the emission of

relatively ‘immature’ aquifer water and/or excess precipitation water from the unsaturated
soil and volcanic pile.
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¢ Combining observations above with a conceptual understanding of the setting, it is
concluded that the groundwater derived in each spring is derived from the same aquifer.

e In general, groundwater is assessed to have undergone a longer residence time within the
aquifer on the ‘Vine Lodge’ property than on the “Willowbank’ property and in the Indigo
Creek catchment, on the basis of respective electrical conductivities. This would be
consistent with the local topography and estimated groundwater discharge volumes from
each area.

5.2 Indigo Creek Spring Study

Mapping and field monitoring of the groundwater springs located within the Indigo Creek
Catchment was conducted to identify groundwater sources which contribute to the flow in the
upper reaches of Indigo Creek and to establish the contribution of flows from Spring 7 in Indigo
Creek Catchment.

Results are given in Table 7.

Location ieal | Discharge” (L/s) | Elevation
e fotres o

. o : . . . :
Location 1 A 7.74 565 10 607 Indigo Creek
Location 1 B 7.58 594 1.5 607 Tributary
Location 2 B.17 649 2.0 610 Tributary
Location 3 8.19 565 7.0 626 Indigo Creek |
Location 4 7.63 474 <0.1 627 Spring
Location 5 739 613 <<0.1 634 ‘Soak’
Location 6 8.35 74 0.5 634 Spring
Location 7 7.96 1980 <0.1 682 ‘Soak’
Location 8 7.83 © 540 6.0 665 Indigo Creek
Location 9 7.76 1370 0.2 667 Spring
Location 10 7.64 581 0.1 630 Spring
Location 11 7.96 643 6.0 684 Indigo Creek
Location 12 7.86 589 0.3 693 Spring
Location 12 # | 7.69 562 0.2 693 Spring
Location 13 7:62 379 1.1 695 Spring ‘7’
Location 13 # | 7.61 557 0.7 695 Spring ‘7’
Location 14 7.43 479 1.5 698 Indigo Creek

* Approximate Discharge measurement.
# Field monitoring conducted on 24 September 1998.
Spring ‘7’ relates to Spring 7 of CMJA report AJ9859.5.

Springs and groundwater seeps (or soaks) were observed in several locations within the Indigo
Creek catchment. Spring locations are shown on Figure 9. The majority of the springs appear to be
associated with marked changes in ground slope possibly correlating with inter-basalt contacts.
The locations of the sources of many of the springs were indistinguishable due to excessive
vegetation cover and the nature of the boulder-scree slopes.
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From Table 2, the following points can be observed:

6.0

Approximately 40% of the observed discharge in the Indigo Creek catchment, during dry
weather, is derived from springs and soaks. It is assumed that the remaining 60% is derived
from the infiltration of excess precipitation derived from the soil and unsaturated volcanic
rocks within the catchment.

The electrical conductivity and pH of the spring water from the upstream springs (i.e. those
above and including Location 14), are lower than those of downstream springs along Indigo
Creek. This suggests that upstream groundwater has been derived from shallow levels
beneath the water table whereas downstream springs, particularly at lower elevations, draw
on the deeper groundwater flow within the fractured basalt aquifer.

Groundwater from the spring at location 7 and soak at location 9 have a markedly higher
electrical conductivity. This could indicate that the water has either been drawn from
deeper in of the basalt aquifer, or influenced by the saline waters of the underlying
Bringelly Shale.

There has been a minor change in the pH and electrical conductivity of the springs at
locations 12 and 13 since they were initially monitored in September 1998. The electrical
conductivity of both springs has marginally declined, possibly as a result of the wet periods
experienced in the area before the survey was conducted, indicating the discharge of
relatively recently recharged groundwater, or dilution of older groundwater in the upper
part of the catchment.

IMPACTS

Impacts in relation to a development proposal can be defined as any effects which would not occur
in the absence of the development. This study is intended to provide information and assessments
as background for an Environmental Impact Statement covering the proposed extraction area and
construction of the Exeter Bypass. Hence the examination and interpretation of impact will follow
as much as possible the EIS guidelines for Extractive Industries — Quarries (Department of Urban
Affairs and Planning, 1996). The specific provisions relating to groundwater impacts are contained
in 6 E3 (e —1). These provisions are repeated below:

[13

..e)

by

g)

h)

potential impacts on groundwater, considering:

i) the quantity, quality and depth of the watertable

i) any adverse effects on groundwater recharge areas

iii) the likely transference of any pollutants to groundwater
iv) if extraction is below the watertable

when dewatering of the proposed extraction area or pit proposed to facilitate extraction,
any effects on the local or regional watertable

the adequacy of measures to ensure the watertable will not become contaminated during
and after extraction because of the final reuse of the area

the impact on the aquifer intake area and the adequacy of the protection of this area
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i) a plan for the ongoing maintenance and monitoring of water quality controls to ensure
their correct installation, operation and effectiveness.”

6.1  Depression of the Existing Water Table

The groundwater flow profile and directions have been defined above, in Section 4.2.2. The
extraction operations may be impacted by the base (or bases) of the proposed extraction area
intersecting the existing water table. The proposed extraction plan includes the provision for active
extraction below the water table. Therefore, ponding of groundwater will require management.
This water management would involve the draining away of any excess water. The ultimate
configuration of the proposed extraction area entails a sump approximately 57 metres below the
existing land surface at an elevation of about 663 metres AHD.

The current inferred water table elevation is 704 metres AHD, and it is anticipated that the water
level in the sump in the final landform will be at 663 metres AHD. Thus a water table depression
of 41 metres immediately adjacent to the proposed extraction area is estimated.

6.1.1 Estimation of Water Table Depression

Some qualitative and semi-quantitative estimates of the impact of the quarry on spring flows were
made. These estimates were based on the assumption of a continuous porous medium between the
extraction area, the springs and their recharge area.

6.2  Diversion of Groundwater from Existing Springs

It is important to emphasise that a precondition of this impact upon spring flow occurring is that a
viable groundwater flow pathway exists through the basalt between the recharge area for the
springs and the floor of the proposed extraction area extension. The existence of such a pathway
has not been established. Indeed, its presence is unlikely for the following reasons:

o Tt is likely that existing flow pathways have developed along structurally controlled
fracturing, parallel to the alignment of Indigo Creek.

e Groundwater flow over many centuries is likely to have substantially increased the
transmissivity of existing flow paths between the recharge area and the Indigo Creek
springs.

e The upper part of the basalts was observed to be more fractured than the lower part. Within
Stonequarry and Indigo Creeks, springs and areas of diffuse seepage were observed to be
associated with both the upper fractured part of the basalt and with the basal contact.

e Variations in the palaeotopography of the underlying shale contact which would control
flow direction at the base of the basalt.

Further work is required to resolve this issue.
The assessment indicated that, if continuous pathways were present, then there would be a

substantial impact on spring flows. Conversely, if continuous pathways are not present, there
would be little impact on stream flow.
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Following the completion of extraction, the extraction area will be rehabilitated by the placement
of overburden to soften the batter slopes, filling with water to a level of 685 metres AHD and the
creation of fringing wetlands. Excess water from seepage and rainfall will flow through the
topographic low that would exist at the south-eastern end of the final landform. This excess water
would thus be conducted to the Stonequarry Creek catchment.

6.3 Impacts on Recharge (Intake) Areas

The Department of Urban Affairs and Planning guidelines require assessment of any potential
adverse effects on “groundwater recharge areas”. In the case of the basalt aquifer at Exeter, the
definition of the term “recharge areas” is slightly different from that which is usually applied. This
difference is due to the fact that the basalt aquifer is largely unconfined. By definition, the aquifer
receives distributed recharge across the vast majority of its extent, and its balance only changes to
discharge across thin strips at the aquifer’s margin, or at springs punctuating significant changes in
slope. There is no part of the land surface overlying the aquifer that is critically or uniquely
important for the maintenance of aquifer flow.

The proposed extraction area will not directly impact on the rate of aquifer recharge, since the
excavation process will not make the- surface significantly less permeable. Some degree of
enhanced runoff may occur as a result of bare rock surfaces, and runoff diversion may result in less
soil moisture in parts of the development. The final landform, following the restoration of the site,
is likely to have a recharge rate approximately equivalent to the present-day one.

However, maintaining the sump water table elevation at 663 metres (in the worst-case situation)
would create a sink in the groundwater system and would have the effect of slightly diminishing
the effective recharge area.

6.4 Impacts on Indigo Creek Flow,

Potential impacts on Indigo Creek would be driven by the impacts on groundwater levels and
spring flows discussed in Sections 6.1 and 6.2. As the upper reaches of Indigo Creek receive a
high proportion of their base flow from the springs discussed in Section 6.2, the effect on dry-
weather flow in this part of the creek would be correspondingly large, if the continuous pathways
exist towards the proposed extraction area.

In the lower part of Indigo Creek the impact on dry-weather flow will be less as this part of the
creek receives baseflow from areas outside the influence of the proposed extraction area.

6.5 Impacts on Stonequarry Creek Flow

Dry weather flows in the tributary of Stonequarry Creek which drains the proposed extraction area
will be impacted by the reduction in flow of the springs feeding this creek, as discussed in Section
6.2. As previously discussed, this tributary will receive the outflow from the pond in the base of
the final void; this will mitigate long term impacts.

Stonequarry Creek itself has a substantial catchment area which extends well to the north-east and
east of the proposed extraction area. Baseflows originating from this catchment should not be
significantly impacted by the proposed extraction; thus the impact on the creek system as a whole
should be small.

6.6 Groundwater Quality Impacts
Groundwater chemistry sampled at three separate points on “Willowbank” is relatively uniform at
depth and suggests a common mode of groundwater recharge. Chemistry of in situ groundwater
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and spring water shows little variance, although that of Spring 9 issuing at the south-west bank of
Indigo Creek shows some contrasts.

The relative uniformity of groundwater chemistry indicates that the diversion of the groundwater
flow is unlikely to result in a large-scale change in the chemical properties of the spring water
issuing into Indigo Creek. The base of the proposed extraction area, being stripped of soil during
the extractive phase, presents a vulnerability to the basalt aquifer for any spill of fuel or other
contaminants. Measures to minimise this risk to groundwater quality should include spill response
plans and avoidance of hazardous substance storage in the bunded area.

In a situation such as Exeter, spring water quality is not expected to be significantly affected by the
flow path to Indigo Creek springs changing from one source area to another. Without information
on the groundwater flow velocity it is difficult to predict what period of time it would take for the
actual effect of the change in source area to exert itself. However, hydraulic mechanisms such as
storativity and dispersion will lessen the impacts of water quality change arising out of source area
switching.

-6.7  Impacts on Exeter Bypass Springs
Potential impacts of the extraction area and the proposed Exeter bypass on spring flow and
groundwater quality on the Vine Lodge property are expected to be minimal, given the following
information:

1. Aquifer recharge will not be affected as the aquifer will continue to receive distributed
recharge across the majority of its extent.

2. Spring A is thought to emit relatively immature aquifer groundwater primarily derived
from the unsaturated soil and weathered basalt. From the topographic expression of the
Vine Lodge property, groundwater was thought to be derived from the south to south-
west of the spring, up-hydraulic gradient of the proposed Bypass. However,
interception of groundwater flow by road drainage is unlikely to impact this spring.

3. Spring B and Spring C are thought to draw groundwater from the deeper formation
waters which have a lower hydraulic conductivity due to their massive character.
Groundwater will continue to be drawn from the south; flows are unlikely to be
impacted by the road.

4. Groundwater chemistry is not expected to alter in view of the uniform nature of the
groundwater major jon composition and the up-hydraulic position of the springs
relative to the proposed extraction area.

6.8  Monitoring
It is recommended that a monitoring program be established to quantify any effects which the

proposed extraction may have on groundwater levels, groundwater quality and spring flows.

Mitigation measures, discussed in subsequent sections, would be implemented if deemed
necessary following evaluation of the results of monitoring.

Monitoring would involve water levels, spring flows and water quality.
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Water table level is a relatively straightforward parameter to measure. Four piezometers designed
for the water level measurement are already available, on land surrounding the spring-fed portion
of Indigo Creek, for long-term monitoring of water table elevation. Spring flow is sensitive to
fluctuation of the water table, and water level monitoring provides a valid indication of the impacts
on groundwater discharge. Thus any change in the direction of groundwater flow will also be
evident from the monitoring of water table elevation in all four monitoring bores.

Spring flow may be measured as individual flows into Indigo Creek or as the aggregate of spring
discharges gauged at the shale contact. Conventional stream gauging techniques can be used.
Timed filling of a suitable vessel may be used to measure individual spring flows, such as
Spring 7.

Water quality monitoring is best undertaken by taking grab samples of spring water. Any alteration
in water quality arising out of change in source area would be revealed as a long-term trend.

6.9  Mitigation of Impacts

As extraction from the quarry proceeds below the water table, it will be necessary to pump
inflowing groundwater from the quarry - most probably from a sump located in the lowest part of -
the quarry floor - in order to maintain dry working conditions. Consequently the water table will
be depressed, resulting in radial flow towards the sump.

As outlined in previous sections of this report, such flow may divert groundwater that would,
ordinarily, have flowed to the springs that maintain base flows in local creeks.

Two options are available to mitigate any such diversion. These are:

1) Construction of boreholes to pump groundwater into the creeks and maintain baseflow.
This option would, in effect, intercept and re-divert groundwater before it entered the

quarry.
2) Pump water collected in the quarry into the creeks, following settlement.
The pumped borehole (or interception well) option is likely to prove the best long-term alternative.

Using augmentation by interception wells, creek flow could be managed throughout the
development of the extraction area, and, if necessary, beyond that time so as to maintain an
acceptable creek discharge. Given that the proposed quarry water management will be progressive
and will increase with the increasing depth of excavation, the mitigation strategy of creek flow
augmentation offers the opportunity to monitor the effects of water table depression and provide
compensatory flow in proportion to the net impact.

6.10 Rehabilitation

The proposed rehabilitation of the extraction area involves re-distribution of overburden on the
flanks of the batter slopes. The excavation will fill with seepage of groundwater and excess rainfall
following the completion of active extraction and cessation of active water management. The
filling will stabilise and cease once the water level reaches the level of the exit point of the void in
the east of the extraction area. The final water level will be approximately 685 metres AHD.

The new drainage pattern will alter the prior groundwater flow pattern and seepage into the
resulting pond will continue, with discharge to the Stonequarry Creek catchment.
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No whole-rock geochemical data is available for the basalts (either for the quarry area or the
regional deposit).

Petrographic examination of samples of basalt from the quarry did not indicate the presence of
sulphide minerals; nor would such minerology be anticipated on petrogenic grounds. There are no
visible signs of pyrite or other sulphide oxidation products on exposed rock surfaces in the existing
quarry, and it is understood that the current quarrying operation has not experienced problems with
acid rock drainage.

It is not, therefore, anticipated that any problems associated with acidification or acid-induced
mineralisation will be experienced with the final void water.

This study has shown that groundwater in the basalts is of low salinity. As groundwater seepage,
diluted by some rainfall runoff, will form the source of the final void water, it is not anticipated
that salinity induced by evaporative concentration will be an issue in final void water quality.

If it is considered necessary to maintain flows in the uppermost 500 metres of Indigo Creek, it may
be necessary to continue compensatory pumping after the completion of rehabilitation. Given the
low discharges required, this could be achieved in the long term using wind or solar-powered
pumps.

6.11 Recommendations for Further Work
Further work is required to establish whether or not potential continuous flow paths, which would
allow groundwater currently feeding Spring 7 to drain to the proposed extraction area, exist.

The following scope of work is recommended.

1. A nest of three bores, separately completed within the broken basalt, massive basalt and
basalt/shale interface, should be drilled in the proposed extraction area to enable the
hydraulic characteristics of each groundwater occurrence to be measured. It would be
desirable for this nest of bores to be located at the lowest point on the basalt/shale
contact within the proposed extraction area. At this stage, it is understood that the
deepest point may be near the centre of the proposed extraction area (Borehole F11).
However, data are not available on the location of the base of the basalt in the vicinity
of Borehole F4. It is therefore proposed that the initial percussion hole be drilled to the
base of the basalt near Borehole F4 and, should it be determined to be the deepest
location, the nest of bores would be established at that location. In the event that the
percussion borehole near F4 indicates that the shale/basalt interface is deeper than in
Borehole F11, then the nest of bores would be positioned near the centre of the
proposed extraction area.

2. Three additional monitoring bores would be drilled in the proposed extraction area in
locations to be assessed on the basis of a further site visit. It is intended that these
bores provide information on the location of the shale/basalt interface and provide for
monitoring groundwater levels (and hence directions of groundwater flows).

3. A program of hydraulic testing involving double straddle packer tests would be
undertaken during drilling.
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If the presence of high permeability pathways is established, then further detailed assessment
would be required. This work would include a pumping test and further modelling.

It would be possible to carry out groundwater flow modelling of the proposed extraction area using
a numerical modelling code which is able to adequately simulate laterally anisotropic hydraulic
conductivity and the existence of vertical stratification (and consequent hydraulic conductivity
variation) in the basalt.

Such modelling does, however, require adequate field data to support the assignment of
anisotropic hydraulic conductivity.

In our view the required hydraulic conductivity data could only be provided by a long-term
pumping test carried out using a pumped borehole or boreholes drilled in the area where the
proposed extraction area will reach its maximum depth.

The pumping test would be accompanied by tracer injection into the boreholes recently drilled in
the northern part of the Indigo Creek catchment.

Such a pumping test would need to extend over a period of several months. It would require
careful planning and execution, with automatic logging of water levels, discharge rates and
salinity.

A pumping test of this nature would obviously be a relatively high-cost exercise, and would only
be justified if the results of the proposed drilling program indicate the presence of a high-
permeability zone in the basalt or at the basalt-shale contact.

Conversely, it is strongly recommended that monitoring of groundwater levels in selected

boreholes, using automatic recorders, begin as soon as possible. Such monitoring, extending over
as long a period as possible, would provide essential data for model calibration.
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IMPORTANT INFORMATION
about your
ENVIRONMENTAL SITE ASSESSMENT

These notes have been prepared by C.M. Jewell &
Associates using guidelines prepared by the National
Ground Water Association (NGWA) and other
sources. They are offered to help you in the
interpretation of your Environmental Site Assessment
(ESA) reports.

REASONS FOR CONDUCTING AN ESA

ESAs are typically, though not exclusively, carried
out in the following circumstances:

e  as pre-acquisition assessments, on behalf of either
purchaser or vendor, when a property is to be
sold; ?

as pre-development assessments, when a property
or area of land is to be redeveloped or have its
use changed - for example, from a factory to a
residential subdivision ~ as a requirement for
development approval;

as pre-development assessments of greenfield
sites, to establish “baseline” conditions and assess
environmental, geological, hydrological
constraints to the development of, for example, a
landfill; and Y

as audits of the environmental effects of an
ongoing operation.

Each of these circumstances requires a specific
approach to the assessment of soil and groundwater
contamination. In all cases, however, the objective is
to identify and if possible quantify the risks which
unrecognised contamination poses to the proposed
activity. Such risks may be financial (for example,
clean-up costs or limitations on site use), or physical
(for example, health risks to site users or the public).

THE LIMITATIONS OF AN ESA

Although the information provided by an ESA can
reduce exposure to such risks, no ESA, however
diligently carried out, can eliminate them. Evena
rigorous professional assessment may fail to detect all
contamination on a site. Contaminants may be present
in areas that were not surveyed or sampled, or may
migrate to areas which showed no signs of
contamination when sampled.

The extent of sampling and subsequent analysis of

soils is necessarily limited, and is generally targeted
towards areas where contamination is considered to
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be most likely, based on the knowledge of the site
history and visual observation. This approach
maximises the probability of identifying contaminants;
however, it may not identify contamination which
oceurs in unexpected locations or from unexpected
sources.

Further, soil, rock and aquifer conditions are often
variable, resulting in non-homogenous contaminant
distributions across a site. Contaminant concentrations
are identified at.chosen sample locations; however,
conditions between sample locations can only be
inferred on the basis of the estimated geological and
hydrogeological conditions and the nature and extent of
identified contamination. Boundaries between zones of
variable contamination are often indistinct, and must be
interpreted based on available information and the
application of professional judgement. The accuracy
with which subsurface conditions can be characterised
depends on the frequency and methods of sampling and
the uniformity of subsurface conditions and is therefore
limited by the scope of works undertaken.

ESA “FINDINGS” ARE PROFESSIONAL
ESTIMATES

Site assessment identifies actual subsurface conditions
only at those points where samples are taken, when
they are taken. Data derived through sampling and
subsequent laboritory testing are interpreted by
geologists, engineers or scientists who then render an
opinion about overall subsurface conditions, the nature
and extent of contamination, its likely impact on the

_proposed development and appropriate remediation

measures. Statistical tools may be used to assist in such
assessment, but the validity of conclusions depends
entirely on the degree to which the original data reflects
site conditions. Actual conditions may differ from those
inferred to exist, because no professional, no matter
how qualified, and no subsurface exploration program,
1no matter how comprehensive, can reveal what is
hidden by earth, rock and time. The actual interface
between materials may be far more gradual or abrupt
than a report indicates. Actual conditions in areas not
sampled may differ from predictions.

Nothing can be done to prevent the unanticipated, but
steps can be taken to help mininise its impact. For this
reason, owners should retain the services of their
consuitants through the development stage, to identify
variances, to conduct additional tests which may be

C.M. Jewell & Associates Pty Ltd
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needed, and to recommend solutions to problems
encountered on site,

SUBSURFACE CONDITIONS CAN CHANGE

Subsurface conditions are changed by natural
processes and the activity of man. Because an ESA
report is based on conditions which existed at the time
of subsurface exploration, decisions should not be
based on an ESA report whose adequacy may have
been affected by time. Speak with the consultant to
learn if additional tests are advisable.

ESA SERVICES ARE PERFORMED FOR
SPECIFIC PURPOSES AND PERSONS

Every study and ESA report is prepared in response to
a specific Brief to meet the specific needs of specific.
individuals. A report prepared for a consulting civil
engineer may not be adequate for a construction
contractor, or even some other consulting civil
engineer. A report should not be used by other
persons for any purpose, or by the client for a
different purpose. No individual other than the client
should apply a report even apparently for its intended
purpose without first conferring with the consultant.
No person should apply a report for any purpose other
than that originally contemplated without first
conferring with the consultant. 4
AN ESA REPORT IS BASED ON A UNIQUE
SET OF PROJECT SPECIFIC FACTORS

Your environmental report should not be used:

when the nature of the proposed development is

changed - for example, if a residential

development is proposed instead of a commercial

one;

*  when the size or configuration of the proposed
development is altered;

e when the location or orientation of the proposed
structure is modified;

o when there is a change of ownership; or

¢ for application to an adjacent site.

To help avoid costly problems, refer to your
consultant to determine how any factors which have
changed subsequent to the date of the report may
affect its recommendations.

AN ESA REPORT IS SUBJECT TO
MISINTERPRETATION

Costly problems can occur when design professionals

develop their plans based on misinterpretations of an
ESA. To help avoid these problems, the

Document Qa-O11 Rev 1/12/98:CMJ
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environmental consultant should be retained to work
with appropriate design professionals to explain
relevant findings and to review the adequacy of their
plans and specifications relative to contamination
issues.

LOGS SHOULD NOT BE SEPARATED FROM
THE GEOLOGICAL REPORT

Final borehole or test pit logs are developed by
environmental scientists, engineers or geologists based
upon their interpretation of field logs (assembled by site
personnel) and laboratory evaluation of field samples.
Only final logs are customarily included in our reports.
These logs should not under any circumstances be
redrawn for inclusion in site remediation or other
design drawings, because drafters may commit errors
or omissions in the transfer process. Although
photographic reproduction eliminates this

problem, it does nothing to minimise the possibility of
contractors misinterpreting the logs during bid
preparation. When this occurs, delays, disputes and
unanticipated costs are the all-too-frequent result,

To reduce the likelihood of borehole log
misinterpretation, the complete report must be available
to persons or organisations involved in the project, such
as contractors, for their use. Those who do not provide
such access may proceed under the mistaken impression
that simply disclaiming responsibility for the accuracy
of subsurface information always insulates them from
attendant liability. Providing all the available
information to persons and organisations such as
contractors helps prevent costly construction problems
and the adversarial attitudes which may aggravate them
to disproportionate scale.

READ RESPONSIBILITY CLAUSES CLOSELY

Because an ESA is based extensively on judgement and
opinion, it is necessarily less exact than design
documnents produced by other disciplines. This
situation has resulted in wholly unwarranted claims
being lodged against consultants. To help prevent this
problem, model clauses have been developed for use in
written transmittals. These are not exculpatory clauses
designed to foist liabilities onto some other party.
Rather, they are definitive clauses which identify where
your consultant’s responsibilities begin and end. ’I.'hell'
use helps all parties involved recognise their individual
responsibilities and take appropriate action.

Some of these definitive clauses are likely to appear 12
your ESA report, and you are encouraged to Fead them
closely. Your consultant will be pleased to give full
and frank answers to your questions.

Page 2 of 2
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CONCRITE QUARRIES PTY LTD 5-48 SPECIALIST CONSULTANT STUDIES
Exeter Quarry Extension Volume 1 - Part 5: Groundwater Assessment
Location: Rockleigh Road Exeter Hole N%
Surface Elevation: 716.836 Datum: BOREHOLE LOG
Inclination: Vertical Azimuth: M4
Drill Type: Edson 3000/HQ3 Date: 4-5 Nov 88 Project: AJ9858 Concrite Quarries - Exeter
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SPECIALIST CONSULTANT STUDIES 5-49 CONCRITE QUARRIES PTY LTD
Volume 1 — Part 5: Groundwaler Assessment Exeter Quarry Extension
Location: Rockleigh Road Exeter Hole N®
Surface Elevation: 718.242 Datum: BOREHOLE LOG
Inclination: Vertical Azimuth: UL
Drill Type: Edson 3000/HQ3 Date: 27-29 Oct 98 | Project: AJ9859 Concrite Quarries - Exeter
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CONCRITE QUARRIES PTY LTD 5-50 SPECIALIST CONSULTANT STUDIES
Exeter Quarry Extension Volume 1 - Part 8: Groundwater Assessment
Location: Rockleigh Road Exeter H o
Surface Elevation: 718.242 | Datum: BOREHOLE LOG i
Inclination: Vertical Azimuth: ke
Drill Type: Edson 3000/HQ3 Date: 27-29 Oct 98 | Project: AJ9859 Concrite Quarries - Exeter
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SPECIALIST CONSULTANT STUDIES 5-51 CONCRITE QUARRIES PTY LTD
Volume 1 — Part 5: Groundwater Assessment Exeter Quarry Extension
Location: Rockleigh Road Exeter Hole N°
Surface Elevation: 718.242 Datum: BOREHOLE LOG .
inclination: Vertical Azimuth: MB/BH2
Drill Type: Edson 3000/HQ3 Date: 27-29 Oct 98 | Project: AJ9859 Concrite Quarries - Exeter
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Exeter Quarry Extension Volume 1 - Part 5: Groundwater Assessment
Location: Rockleigh Road Exeter Hole N®
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Exeter Quarry Extension Volume 1 - Part 5: Groundwater Aszassment
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Volume 1 — Part 5: Groundwater Assessment
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Location: Rockleigh Road Exeter Hole N°
Surface Elevation: 716.575 Datum: BOREHOLE LOG
Inclination: Vertical Azimuth: MB/BH3
Drill Type: Edson 3000/HQ3 Date: 29 Oct-2 Nov | Project: AJ9859 Concrite Quarries - Exeter
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Location: Rockleigh Road Exeter Hole N°
Surface Elevation: 712.548 Datum: BOREHOLE LOG
Inclination: Vertical Azimuth:
Drill Type/Method: Edson 3000 | Date: 22-26/10/98 | Project: AJ9859 Concrite Quarries - Exeter
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AUSTRALIAN LABORATORY
SERVICES P/L

A.C.N. 009 936 029

ANALYTICALREPORT __ ,

PAGE
LagoraTory: ENV SYDNEY
BATCH NUMBER: ES13601
contact. MR CHRIS JEWELL sussatcH: O
cuent © M JEWELL & ASSOC PTY LTD No. OF SAMPLES: 5
ADDRESS: DATE REcEveD:  18/11/98
P O BOX 10 pATECOMPLETED:  25/11/98
WENTWORTH FALLS NSW 2782
ORDERNo.. AJ9859 sampLe Type:  WATER PROJECT:
Bt " KB K83 SPRING 7
Hethod Analysis description lnits Lo BILL
11/11/98 11/11/98 11/11/98 10/11/98
EA-065 Total Hardness as CaC03 ag/L { 255 288 249 248
BA-086 Calciun Hardness as Ca03 ng/L 1 82 95 80 i
ID-005F  Calciun --Filtered ng/L 1 3 38 k) i
BD-010F  Magnesium - Filtered ng/L 1 4] i1 4 i
I-015F  Sodiua - Filtered w9/l 1 136 2% 10 2
ID-020F  Potassium - Piltered ¢/l i ] 2 1 2
£D-030 Carbonate as CaC0d ng/L 1 <t < < <t
£D-035 Bicarbonats as CaC03 ag/L 1 1 269 35 Y
ED-040F  Sulphate - Filtered 2g/L 1 1 1 1 §
1D-045 Chloride 1g/L 1 202 35 39 4
6-005¢  Iron - Filtered ¢/l 0.1 0.1 <.1 <1 <1
EG-020F Copper - Piltered ag/L 0.001 0.002 <0.001 0.002 0.002
Xanganese - Filtered- 19/1 0.00! 0.061 0.042 0.066 <0001
§ilicon - Piltered ag/L v 04 87.0 1.3 89.9 9.9
Iinc - Filterad ng/L 0.001 0.015 0.004 0,012 0.010
BG-0201 Aluniniua - Total g/l 0.0t 0.35 0.37 2.4 5.76
BR-040F  Pluoride - Filtered ng/l 0.1 0.2 0.2 0.1 0.1
ER-0554 Ammonia as ag/L 0.01 0.03 0.08 0.06 0.03
BK-0584 Nitrate as ¥ ag/L 0,01 .M 2.9 1.74 3,00
B-071A  Reactive Phosphorus as P - Total g/l 0.01 0.43 0.39 0.42 0.58
17005 Total Cations ne/L 0.01 11,10 §.91 §.33 §.02
12-010 Total Anions ne/L 0.01 10.87 §.73 b.16 5.85
BI-015 Actual {Anion / Cation) Difference ne/L 0.0 0,2 0.18 0.17 0.17
£7-020 Alloved {Anion / Cation) Difference  me/l 0.01 0.27 0.2 0.20 0.20
A
COMMENTS:
Samples digested by USEPA method 3005 prior to the determination of
total metals. Silicon spike recovery for sample MB1l not determined due
to background levels of this analyte.
* This is the Final Report which supersedes any preliminary reports with this batch number. * Results apply to sample(s) as submitted by client.

Brisbal Laboratories aiso in:
ghone (07) 3243 7222 Fax: (07) 3243 7218 Singapore

ey
Fhone (02) 9841 9500 Fax: (02) 9841 9530 Malaysia
Melbourne Thailand
F’hone (03) 9538 4444 Fax: (03) 9538 4400 Hong Keng
Perth

New Zealand
Phone; (08) 9249 2988 Fax: (08) 9249 2942

This Laboratory is registered by the National ‘
Association of Testing Authorities, Austrafia. The

test(s) reported herein have been performed in L
accordance with its terms of registration. This

document shall not be reproduced except in full.

C.M. Jewell & Associates Pty Ltd
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AUSTRALIAN LABORATORY
SERVICES P/L g
A.C.N. 009 936 029
ANALYTICALREPORT _ .. , g
i |
LaBoraToRy: ~ BNV SYDNEY
parcHNumeer: ES13601
CONTACT: MR CHRIS JEWELL SUB BATCH: 0
cuent: C M JEWELL & ASSOC PTY LTD No. OF SAMPLES: 5
ADDRESS: pAaTERECEVED:  18/11/98
P O BOX 10 DATE COMPLETED:  25/11/98
WENTWORTH FALLS NSW 2782
ORDERNo: HJ9859 sampLeTvpe:  WATER PROJECT:
SPRING § l
Hethod Analysis description Units LR
12/11/98 I
EA-065 Total Hardress as Cal0d ng/L 1 154
B3-066 (alciun Hardness as CaC03 ng/L 1 80
0-005F  Calcium - Filtersd ng/L 1 U l
§0-010F  Magmesitm - Filtered ng/L 1 vy
ED-015F  Sodium - Filtered ng/L 1 - 23
ED-020F  DPotassiun - Filtered ng/L 1 2
§0-030 (arbonate as Ca(03 ng/L 1 < .
£D-035 Bicarbonate as Cal03 2g/L 1 103
§D-040F  Sulphate - Tiltered ag/L 1 3
B-045  Chloride 2/L ! 54
BG-005F  Iranm - Tiltered ng/L 0.1 <01 l
B6-020F Copper - Filtered g/l 0.001 0.001
Hanganese - Filtered ag/L 0.001 0.022
§ilicon - Piltered ng/L 0.1 89.5
line - Filtered ng/L 0.001 0.008 I
§6-0207  Alupinioa - Total ng/L 0.01 0.0
BR-040F  Pluoride - Filtered ng/L 0.1 0.1
IE-0554  Ammonia as X ng/L 0.01 0.05
BR-058A itrate as ng/l 0.01 3.83 '
BR-071F  Reactive Phosphorus as ? - Total ng/L 0.0 0.65
B2-005 Total Cations ne/k 0.01 4,06
B2-010 Total Anions ne/L 0.01 3.9
B2-015 Actual (Anion / Cation) Difference ne/l 0.01 0.14 l
B2-020 Allowed (Anion / Cation) Difference ne/t 0.01 0.17
Al
COMMENTS: {y')
* This is the Final Report which supersedes any preliminary reports with this batch number. » Results apply to sample(s) as submitted by client. l
Brisbane Laboratories also in: . y . N
T saionnall i e s ety et (Mg
mﬂﬁh‘?ﬂ S8l a2 9041iR000 Thailand test(s) reported herein have been performed [n L
P bl D | RN e thed ot b v S e
Phone: (0B) 9248 2988 Fax: (08) 9249 2942
C.M. Jewell & Associates Pty Ltd '
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Document Qa-f18 Rev 23/12/97:CMJ

C.M. Jeweil & Associates Pty Ltd

I e C. M. Jewell & Assocj/lma%e Y\i@ D chain Of
= Water and Environmental Maniigement
g EEEE custody
il 1/13 Kalinda Road, Bullaburra, NSW 2784 JOB NO:
P.O Box 10, Wentworth Falls, NSW 2782 No.: Ay 9857
l Phone: 02) 4759 3251 Fax: 02) 4759 3257 ~ Sheet 1 of ) .
Despatch to: ALS Sampled by: C Meargsax
l Despatch date: 1 %/+, /QY
Attention: /(zﬂzv Srepaned 1e /LF! Mus Report to: JTgve Lexzer
Via: Coup,e2s Jiense Consignment note: SC 01O -OCO<IRRVG
Sample no. Preservative Date Analysis required Notes
HETN | M I A %8 17, Héo (b, S0y POy E
I MB1 /C) H, S0y N Nov 99 | NHy 45 A/ )VO) g¢ N
#81L___J HADy |y e s Wi K G Sy B Mo Lu Zn
LN NI Il Nev 98 \rf H(o“ Co," 50, Pp,,, 4 £S 13601
. HEZ>C‘D 4,80, /) Nev 98 \NHw a5 N , NOy " as N W &
MB - | HNG, N\ We B \Ma K fa, My Fe M. (a . &4 fee
I BN | N ) M %00 HEY O SOy oy F
/753')(3\} Hi$S0w  |WWNov 38 Ny, as /\/rn}og' as N Scigphot
JBT - 4| hwoy N v 98 Mo K, Ca, 1Y, B M Lo Zn St Scd
I . Seams T B |l N [0 Nov 95 f@ HCO, s (03 50., /’0., E Sx2 b e
er Serme7 M)l M, $0y 10 Moy 95 NH._ ul\/ N0'> as N
l I Srrime 7 Hul HNOy 0 Nev 98 /Va ,( Ca /"’gr ﬁ'l ﬂn,[u, In
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ENVIRONMENTAL

GUARANTEID TESTING

SAMPLE RECEIPT ADVICE

COMPANY : C M JEWELL & ASSOC PTY LTD
ATTENTION: MR CHRIS JEWELL

DATE: Nov. 20, 1998

FROM: Nicole Ladner, ENV SYDNEY

ALS has received samples pertaining to your reference: AJ9859
For future refersnce the batch number on this order is: ES13601

All samples and paper work were received in good order.

Breaches in recommended extraction/analysis holding times may occur.
See comments section for details.

Samples chilled when received.

Samples received in appropriately pretreated and preserved containers.

. Please direct any turnaround/technical queries to MARC CENTNER.

Any queries relating to sample condition/numbering/breakages should
be directed to KERRY STEFANOVIC. L

You can expect results to be reported as detailed below:
ALl Environmental Results Dec. 02, 1998

Comments: P04, NO3 AND ALKALINITY SHQULD BE ANALYSED WITHIN 48 HOURS OF
SAMPLING.

A L 8 - SERVICING YOUR NEEDS BETTER

AUSTRALIAN LABORATORY SERVICES P/L
A_.C.N. 009 938 029
risbane Sydney Melbourne . Perth Laboratory
none (07) 3243 7222 Phone (02)9841 9500 Phone (03)93853 5299 Phone (09) 249 2988
aXxX (07) 3243 7218 Fax {02)9841 39530 Fax {03)9853 0730 Fax (09) 243 2942

C.M. Jewall & Associates Pty Lid
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AUSTRALIAN LABORATORY
SERVICES P/L

A.C.N. 009 936 029

ANALYTICAL REPORT

PAGE 1 of 1
LaBoratory:  ENV SYDNEY
BaTcH Numer:  ES13601
contact. MR CHRIS JEWELL susmarcH: O
cuent. C M JEWELL & ASSOC PTY LTD No.OF SAMPLES: 9
ADDRESS: pateReceven;  18/11/98
P O BOX 10 DATE CoMPLETED:  25/11/98
WENTWORTH FALLS NSW 2782
orDER No. AJ9859 sampLe Tvpe: QUALITY CONTROL  ppoyect
51 SPRING 8 HETHOD
Hethod Analysis description Units LOR %SPK REC (K BLANK
11/14/%8 12/11/98 18/14/98
EA-085 fotal Hardness as CaC03 ng/L 1 . 153 —
£A-086 (alciun Hardness as CaC03 ag/L | - 62 ==
1-0057  Calcium - Filterad 1g/L 1 - 2 <
I-010F  Magnesivm - Filtered ng/L 1 e Wy <
-0157  Sodium - Tilterad 1g/L 1 ---- U d
ED-020F  Potassiur - Piltered ng/L 1 2 <«
£0-030 {arbonate as (a(03 ng/L 1 e d -
£-035 Bicarbonate as CaC03 ag/L 1 - 104 -
£D-040F  Sulphate - Filtered ng/L | - ] <d
ED-045 Chloride ng/L 1 103 % 58 <
16-008F  Iron - Piltersd 1g/L 0.1 10 % 0.1 .1
B6-020F  Copper - Filtered ag/L 0.001 8.0 3 0.002 <0.001
Hanganese - Filtered ag/L 0.001 9.0 3% 0.023 <0.001
$ilicon - Piltered ng/L 0.1 Not Det'd 90.9 <0.1
Tine - Hltered g/l 0.000 07 % 0.008 «0.001
B6-020T  Aluminiun - Total ng/L 0.01 o 1 0.01 <0.01
IE-040F  Pluoride - Tiltered 1g/L 0.1 89.0 % 0.1 <0.1
IR-0554  Amaonia as X ag/L 0.0 102 % 0.04 <0.01
§R-058%  Nitrate as M 8/l .01 104 3% 3.86 <0.01
E-0714  Reactive Phosphorus as P - Total ng/L 0.01 91.0 % 0.63 <0.01
12-005 Total Cations ne/L 0.01 ---- 4,16 men
B7-010 Total Anions ne/L 0.01 -—an 4.0 —a
11-015 Actual (Anion / Catien) Difference ne/L 0.01 n--- 0.15 ae-
12-020 Allowed (Anion / Cation) Difference ne/L 0.0 -—-- 0.17 —
IRt
COMMENTS: ﬂ\/
Results which appear on this report are for laboratory
QUALITY CONTROL purposes.
» This is the Final Report which supersedes any preliminary reports with this batch number. « Results apply to sample(s) as submitted by client.

Brisbane Laboratories also in:

Phone: (07) 3243 7222 Fax: (07) 3243 7218 Singapore This Laboratorry is registered by the National ‘
Sydney : Malaysia Association of Testing Authorities, Australia. The
BT e BT RO B0, regid test(s) reported herein have fbeen‘ perfqrme?h[n L
: 4. . 44 Hong Kang accordance with its terms of registration. This
gh(:‘ne A i i NBWgZealand docurment shall not be reproduced except in full.

o
Phone: {08) 8249 2988 Fax: (08) 9249 2942

C.M. Jeweli & Associates Pty Ltd
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1. INTRODUCTION

Concrite Quarries Pty Ltd operates a hardrock quarry and processing
plant at a site located off Rockleigh Road to the east of the

township of Exeter. The Company has proposed to extend the
extraction activity into an area which is located immediately to the
northwest of the existing operation. The method of extraction of

basalt rock would involve excavation and drilling and blasting.

Assessment of air quality resulting from the proposed extension has
been undertaken to assist Concrite Quarries design their proposal

and to assess its impacts on air quality around Exeter. The
meteorology of the area which contains both the existing and the
proposed operation is outlined in Section 2. Existing air quality
is discussed in Section 3. Section 3 also includes an outline of
the regulatory limits which apply to dust deposition rates and
concentrations of total suspended particulates (TSP) and

particulates smaller than 10 microns (PM10).

The existing operation, dust controls and emissions to air are
summarised in Section 4. The proposed extension is outlined and the
emissions to air are estimated in Section 5.

The methodology and the results of dust dispersion modelling are
presented in Section 6. Mean annual rates of dust deposition are
predicted first and related to amenity-based criteria specified by
the NSW EPA. Mean annual concentrations of TSP/PM10 are predicted
next and the impact of the predicted values is assessed using NSW
EPA and NHMRC objectives.

The last part of Section 6 addresses the emissions of dust during
the site establishment phase and emissions other than dust.

The main findings of the study are summarised and conclusions are
presented in Section 7. A list of references and various
attachments complete the report.

2. EXISTING METEOROLOGY
2.1. General Background

The generation of atmospheric particulates (dust) £from mineral
extraction is, in part, influenced by the prevailing meteorological
conditions. The dispersal of airborne pollutants including
particulate matter is governed by meteorological conditions which
include wind speed, wind direction and the amount of atmospheric
turbulence in the atmosphere.

Air temperature, the strength of solar radiation and rainfall are

variables which, together with wind speed, play a role in the
emission of surface dust.

P. Zib & Associates Pty Ltd
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2.2. Meteorology of the Project Area

The Exeter site lies within a region which i1s located between the
belts of the subtropical highs and the =zone of mid-latitude
westerlies. In summer, synoptic highs dominate the climate. Low
pressure systems pass at regular intervals Dbringing milder
temperatures and southerly winds.

In winter, the main influence on climatic conditions 1is from the
mid-latitude westerlies. The presence of high pressure systems is
interrupted by the passage of cold fronts which bring low
temperatures and precipitation to the region.

The nearest meteorological stations which are operated on behalf of
the Bureau of Meteorology are situated at Moss Vale and BRowral.
Standard observations include spot readings of wind speed and wind
direction which are taken twice a day at 9 a.m and 3 p.m.

A continuously recording méteorological station was installed at the
site of the existing processing plant 1in September 1997. The
station 1is equipped with sensitive wind sensors and a range of
other instruments which provide records of air temperature, solar
radiation and rainfall at the site. The station is controlled by an
electronic datalogger.

The recorded data are downloaded and processed monthly. Monthly wind
rose diagrams and a summary of daily maxima and minima are then
prepared. Monthly data checks are carried out to ensure that the
sensors and the data logger were performing within specifications.
A programme of maintenance and calibration is implemented.

2.2.1. Wind speed and direction

Seasonal and annual wind roses for 1998 are presented in Appendix 1.
The wind roses show the frequencies of hourly wind speeds and
directions recorded each month at night (00h00 to 06h00), in the
morning (06h00 to 12h00), in the afternoon (12h00 to 18h00) and in
the evening (18h00 to 24h00).

The summer season, which was defined in the diagrams as an interval
of 6 months from January to March, and from October to December, was
associated with two main types of winds. North to northeasterly
winds were most frequent in the evening and at night. South: to
south-southeasterly winds were most common during the afternoon but
remained evident in the records for all times of the day.

Easterly and southwesterly winds were least frequent. Westerlies
developed mostly during the daytime on a few occasions.

The winter season (April to September inclusive) was associated with

an increased presence of winds from the western half. West to
northwesterlies were quite COommorn. North-northeasterly winds

P. Zib & Associates Pty Ltd
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continued as well especially in the evening. South to S8SE winds

were also evident in the records.

The annual wind rose reflected the seasonal as well as diurnal
trends which were identified above. The three prevailing wind
directions were from north-northeast, south to south-southeast and
west to west-northwest.

Monthly wind roses are presented in Appendix 2.

The period from January to about mid-April was dominated by winds
from NNE-NE and from SSE.

A rapid transition from the summertime (onshore) to the wintertime
(offshore) air flow was recorded in May. West to west-northwest
winds prevailed and were accompanied by S to SSE winds.

West to west-northwesterly winds continued to prevail in June and

July. The occurrence of S-SSE diminished- and those winds were
gradually replaced by N-NNE winds. Southerly winds were most common
in August. September was dominated by winds from the northwestern

quadrant and from NNE. Similar conditions were recorded in October.

November and December then recorded a majority of onshore winds
especially those from NNE and S-SSE.

Maximum wind speeds

Maximum instantaneous wind speeds are summarised in Table 2.1. They
represent the highest of the values which were recorded at intervals
of 2 seconds. The highest wind speed of 20.3 m/s was recorded on
21st July 1998 at 12h26 EST and again on 6th October 1998 at 09h42
EST. This wind speed was equivalent to about 73 km/hr.

2.2.2. Maximum and minimum temperatures

The highest and lowest instantaneous air temperatures are summarised
in Table 2.2.

The highest temperature of 38.8 degrees C was recorded on 18th
January 1998 at 12h01 EST. Maximum daily temperatures in excess of
35 degrees C were alsco recorded in February and March, and then
again in December.

The lowest temperature of -0.9 degrees C was recorded on 1léth July

1998 at 05hl2 EST. June was the other month which recorded daily
minima of less than zero degrees C.

P. Zib & Associates Pty Ltd
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Table 2.1. Maximum wind speeds (metres/sec) recorded in 1998.

Absolute Day Time

maximum (EST)
January 1998 16.3 m/s 24 13h54
February 1998 155 mis 16 13h07
March 1998 13.9 m/s 6 14h38
April 1998 15.1 m/s 13 12h53
May 1998 17.9 m/s 24 12h17
June 1998 16.7 m/s 20 22h22
July 1998 20.3 m/s 21 12h26
August 1998 "19.1 m/s 7 18130
September 1998 18.7 m/s 15 10h53
October 1998 208 m/s 6 0%h42
November 1998 12.7 m/s 12 11h10
December 1998 16.3 m/s 27 11ha4
2.2.3. Rainfall
A summary of the rainfall data is given in Table 2.3. The total

rainfall for 1998 was 1178.2 mm.

The highest monthly total of 438.6 mm was recorded in August. The
monthly totals for January and May were also in excess of 100 mm.
March recorded the lowest rainfall of 6.0 mm.

Rainfall was frequent throughout the year. There were 170 days in
1998 with rain registrations of, at least, 0.2 mm.

3. EXISTING AIR QUALITY
3.1. General Background
The general area which contains the existing extraction area 1is
mostly of rural character interspaced with isolated residential

developments. The township of Exeter is located 1less than 1
kilometre to the west.

P. Zib & Associates Pty Ltd
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Table 2.2. Maximum and minimum temperatures (degrees C) recorded in 1998.

Month Absolute Day Time Absolute Day Time
maximum (BSTY minimum (EST)
deg C) (deg C)
January 1998 38.8 18 12h01 11.9 29 03h09
February 1998 36.8 26 12h25 6.5 17 05h31
March 1998 38.1 13 12h29 8l 7 06h00
April 1998 30.1 5 12h40 3.9 14 06h23
May 1998 20.4 12 13h00 0.6 10 06h55
June 1998 20.8 1 12h14 -0.8 18 06h48
July 1998 16.9 5 12h30 -0.9 : 16 05hl2
August 1998 20.0 29 13h02 0.6 1 01h45
September 1998 27 5 30 12hi4 1.7 17 04hl1l
October 1998 29..7 1 12hi16 18 28 04h40
November 1998 20 05 5 13h25 2.6 1 03h54
December 1998 36 .2 13 11h43 6.8 27 04h53

Table 2.3. Total monthly rainfall (millimetres) recorded in 1998.

RAINFALL (mm)
MONTHLY 110.0 25.6 6.0 82.4 216.6 89.6 338 438.6 46.0 28.6 80.0 21.0

TOTAL 110.0 135.6 141.6 224.0 440.6 530.2 564.0 1002.6 1048.6 1977.2 1157.2 1178.2

NO. OF RAINDAYS (days)
MONTHLY 20 10 9 11 L2 14 13 19 i5 L, 21 Ly

TOTAL 20 30 39 50 62 76 &7 106 121 152 1583 170

P. Zib & Associates Pty Ltd
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Agricultural and residential 1land use as well as road and rail
traffic result in the generation of airborne dust which can be
expected to be the main component of the impurities found in the
ambient air. Drought periods and/or occasional dust storms
originating further inland may temporarily increase the existing
levels of dust particles in the air.

In addition to atmospheric dust, the air in the Exeter area contains
minor quantities of exhaust gases from motor vehicles, and smoke and
other products of domestic heating during the cool part of the year.

3.2. Regulatory Limits

In New South Wales, the EPA has adopted amenity based criteria for
dust deposition expressed as annual means. The maximum acceptable
increase in the mean annual dust deposition rate is 2 g/m2/month in
those areas in which the existing rate of dust deposition does not
exceed 2 g/m2/month. = The criteria seek to 1limit the total dust
deposition rate (the sum of the existing level and the increment due
to a new development) to 4 g/m2/month in suburban residential areas
and to 5 g/m2/month in rural, semi-rural and commercial and
industrial areas.

The health effects of dust are related to the concentration of
suspended particles in the air as distinct from dust fallout. The
effects of inhaled dust are specifically related to the types of
particles inhaled, the particles’ sizes, the ability of the
respiratory tract to capture and eliminate the particles and the
reactivity of the particles with lung tissue.

The National Health and Medical Research Council of Australia
(NHMRC) recommended annual concentration of 90 micrograms/m3 as the
maximum permissible level of total suspended particulates (TSP) in
the air to protect public health in residential environments.

The NSW EPA has also adopted air quality objectives which are
specifically designed to address the levels of particles which have
aerodynamic diameters of less than 10 microns in size (PM10). By
contrast, total suspended particulates range in size to 30 microuns
and possibly higher. These objectives seek to limit the mean annual
concentration of PM10 in residential environments to
50 micrograms/m3.

There 1is no current assessment criterion or goal which could be
applied to emissions of TSP/PM10 from a single development such as
the proposed extraction for intervals shorter than one year. This
follows a recent withdrawal of a PM10 goal of 150 micrograms/m3
which applied to concentrations over an interval of 24 hours.

In the context of regional air quality and as a goal for air quality

in population centres of more than 25000 people, the NSW Action for
Air set an interim goal of 50 micrograms/m3 for PM10 concentrations

P. Zib & Associates Pty Ltd
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over both 24-hour and annual intervals. Action for Air is a 25 year
plan which focuses specifically on the Greater Metropolitan Region
of Sydney, the Illawarra and the Lower Hunter. However, as advised
by the NSW EPA, this goal is not appropriate for establishing
regulatory limits for one particular development (NSW EPA, 1999).

3.3. Monitoring Data
3.3.1. Dust deposition

Regular monitoring of dust deposition in the vicinity of the
existing extraction area commenced in January 1994. A total of 6
sampling sites are used to record monthly rates of insoluble matter
which is depositing on horizontal surfaces at a height of about 2
metres above the ground.

The results of dust deposition monitoring since 1994 are summarised
in Table 3.1. =

Table 3.1. A summary of mean annual dust deposition
rates (g/m2/30 days) recorded from 1994 to 1998.

Sire®= 1994 1955 1996 1987 1998
B3 Mean BeT7 .53 0.67 0. 99 0.74
8.1, {0.52) (0.34) (0.49) {0.93) (0.53)
No. 12 12 12 12 12
D2 Mean l.5% 1.34 .55 0.80 B -
8.0, (1.55] (1.40) (0,31) {0,713 (2.67)
No. 11 b A o v it 1 10 fip
D3 Mean b.82 8.76 0.50 0.90 1.04
5.D. (0.84) (0.50) {.32) (0.61) ¢l 50
No. 2 12 8 12 7By
D4 Mean B8.93 .71 Q.58 0.78 0.81
8.0, {1.83) {00} (0.33) {8.55) (1. 02
No. 12 12 1% 12 12
D5 Mean 0.92 1.08 L34 1.09 0.65
S.D. [0.82) {(0.97) (0.7 ) (0.80) (0.81)
No. 12 11 10 12 12
Dé Mean 0.64 0.66 0.60 0.76 0.98
Helle (0.58) (0.60) {D.33) (0.81) (0.88)
No. 12 12 12 12 12

* Note: See text for further details
** Gea Pigure 3.1 for Site locations

P. Zib & Associates Pty Ltd
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The table shows annual means, standard deviations from the mean and
the number of samples collected in each year of monitoring.

The recorded mean annual dust (insoluble solids) deposition rates
remained low throughout the entire monitoring interval of 5 years.
Even at the nearest monitoring sites, D3, D5 and D6, the mean
deposition rates of insoluble solids were around or Dbelow 1.0
g/m2/month. Deposition rates of less than 1.0 g/m2/month were
recorded at sites D1 and D4.

Mean annual values ranging from 0.55 to 1.79 g/m2/month were
recorded at site D2. Standard deviations from the mean were
relatively high indicating large variations Dbetween the individual
records. The standard deviation for 1998 was 2.67 g/m2/month and so
about 1.5 times the mean value of 1.79 g/m2/month.

Large variations in the monitoring results for D2 and the presence
of extraneous matter not related to surface dust of mineral origin
have been reported for this location on several occasions. For
instance, in August 1998 when the monthly dust deposition rate
reached a high 9.6 g/m2/month, frequent cattle movements were
reported near the gauge and were connected with feeding. One
isolated record of this magnitude had the effect of raising the
annual mean from 1.19 g/m2/month (when excluded) to 1.79 g/m2/month.
There were other examples of monthly samples which were subject to
contamination by extraneous sources of local origin such as the
above activity or the presence of bird droppings in the sample.
Whilst these occurrences were sometimes noted in the collection
sheets, the anomalous results have not generally been excluded from
the calculated annual averages. Had, for instance, the anomalous
result for August 1998 been excluded from the annual mean at D2, the
mean value for 1998 would be 1.19 g/m2/month instead of 1.79
g/m2 /month.

Anomalies of this nature are not uncommon in predominantly rural
areas and reflect the general nature of the area as well as a
possible presence of local sources of particulate matter resulting
from activities which may take place in the immediate vicinity of a
monitoring site.

Variations in the monitoring data may result not only from the
effects of small scale (local) sources but also as a consequence of
large scale events. Examination of the monthly results for 1994
revealed a sharp rise in the recorded deposition of atmospheric
particulates during the month of November at all monitoring
locations. Deposition rates of about 3 times the annual mean were
recorded across the monitoring network. Dust storms occurred over
large areas of New South Wales at that time following an extended
period of dry weather and the recorded increases in dust deposition
were thus attributable to atmospheric particles of regional rather
than local origin.
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The fact that the recorded annual means remained well within the
regulatory limits at all sites in all years of the monitoring
confirms that the local as well as regional events do not affect
adversely the ailr quality in the study area.

3.3.2. Concentration of total suspended particulates
Concentrations of total suspended particulates (TSP) in the ambient

alr were recorded from November 1998 to early February 1999.
Sampling during the summer season was selected to coincide with the

presence of south to southeasterly as well northeasterly winds. A
high-volume sampler was located at the property 'Willowbank' which
is close to the wvillage of Exeter and 1its public school (see
Figure 3.1).

The sampling commenced on 15th November 1998 and was carried out
every third day for a period of 24 hours from midnight to midnight.
The sampling arrangements and procedures were 1in accordance with
Australian Standard AS2724.3-1984.

A total of 28 samples were collected and averaged 24.3 micrograms/m3
with a standard deviation of 14.9 micrograms/m3. Individual 24-hr
concentrations of TSP ranged from a low of 5.2 micrograms/m3 on
18/11/98 to a high of 70 micrograms/m3 on 12/12/98.

It may be noted that the highest concentration of 70 micrograms/m3
as well as the second and third highest concentrations of 50 and 49
micrograms/m3 were recorded on days with high ailr temperatures and
north to northeasterly winds, not southeasterlies.

Both the mean concentration and the range of individual 24-hr
concentrations of TSP in the ambient air thus remained well within
the acceptable limits even during the time of the year when south to
southeasterly winds are common and the air temperatures are at the
peak.

Concentrations of PM10 in the ambient air are typically about 40 to
50 per cent, and possibly less, of TSP concentrations in areas such
as the area surrounding the monitoring location. This ratio of PMI10
to TSP thus translates into a mean concentration of PM10 of about 10
to 12 micrograms/m3. Similarly, the maximum 24-hr concentration of
PM10 was estimated to be about 28 to 35 micrograms/m3 or less. Both
these indicators remain well within the applicable regulatory
limits.y

4. EXISTING OPERATIONS AND EMISSIONS TO AIR

The current operations result in emissions of particulate matter and

vehicle exhaust gases to the atmosphere. In terms of the size of
the emission, emissions of particulate matter are the dominant
component. Mineral particles (dust) become airborne during the

extraction, transport and handling of basalt and overburden.
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Disposal of overburden and wind erosion of disturbed areas are
another possible source of dust emissions.

Standard dust controls in the existing extraction area and at the
processing plant include watering of road surfaces, road marking,
the use of fogging sprays and chutes at the main transfer points at
the processing plant. Enclosures are provided for the crushing and
screening operations.

The operations in the existing extraction area and the existing
processing plant are well shielded by the surrounding terrain
allowing most of the dust emissions to settle within the confines of
the site.

5k PROPOSED EXTENSION AND EMISSIONS TO AIR
5.1. Emission Controls -

The current dust controls during the extraction and processing of
basalt rock will continue to be applied to the proposed extension.
The area of the proposed extension will also continue to be
separated from the township of Exeter by a distance which is similar
to the separation distance available at the present.

Because of an increased wind exposure of the proposed extraction
area in comparison to the existing site, the shielding effect that
is provided by the topography of the present will be reduced but not
completely eliminated.

The proposed extraction has therefore been designed to incorporate a
number of control measures which would, among other things, minimise
the exposure of disturbed surface areas to strong winds and thus the
potential for wind erosion and subsequent dispersal of dust
particles to locations situated outside the extraction site. The
proposed controls are detailed in the EIS and include the use of
bund walls as well as tree screens and finally the relocation of the
product transport route along Rockleigh Road to a position within
the bunded area.

5.1.1. Proposed strategy to control dust episodes

Short-term dust episodes are periods of temporary increases in the
amount of dust which may be raised mainly from disturbed surfaces
and other dust containing areas by strong winds in dry weather
conditions.

Because of the prominent role of high winds and dry weather
conditions in the formation of a possible dust episode, the best
strategy during the operation is to monitor closely the wind
conditions on a continuous basis and modify certain activities in
certain meteorological situations. The strategy for controlling the
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occurrence of dust episodes in relation to the proposed development
has been devised along those lines.

A weather monitoring station has been installed at the processing
plant site and is equipped with sensitive wind sensors and an
electronic datalogger to notify the operator that wind conditions
may be approaching episodic levels.

The actual wind speed at which the station generates audio and
visual signals for the operator has been set to 10 m/s. The wind
speed threshold is, however, fully programmable and alternative
threshold values could be used. The information is updated every 5
minutes continuously for 24 hours a day.

The operator thus has a continuing choice to modify or curtail
operations in order to reduce the risk of a dust episode occurring.

5.2. Emission Estimates

Tndividual years of the proposed extraction were examined to select
those stages of the development which would be used as a basis for
conservative impact assessment. Years 4 and 8 of the operation were
selected for compilation of detailed dust emission inventories and
subsequent modelling of dust dispersiomn. The production rates in
Years 4 and 8 would reach 450 000 tpa.

Backfilling of the void created by the proposed extraction would
commence in Year 4. Overburden from each stripping campaign would
be placed against the southwestern extraction faces first.
Overburden material would first be removed by a face shovel and
transported by truck along intermal haul roads to the emplacement.
Basalt rock would be drilled and blasted and/or excavated by a
hydraulic excavator and loaded to haul trucks for transport to the
existing processing plant.

Rates of dust emissions were determined for individual extraction
activities including drilling and blasting, loading and haulage of
both the raw feed and waste rock, and screening in the northern pit.
The dust emission factors which were used in the estimates are
listed in Table A.3.1 in Appendix 3. Details of the dust emission
inventories are also given in Appendix 3 (Tables A.3.2 and iy S L i

5.2.1. Emissions in Year 4

The extraction activity in Year 4 would take place in the
southeastern half of the extraction area. The expected tonnage of
raw feed is 485 000 tpa resulting in a production rate of 450 000
tpa of final product. An estimated 39 400 m3 of overburden would
also be removed and emplaced in the southwestern section of the
void.

The total annual emission of particulate matter (atmospheric dust
expressed as total suspended particulates - TSP) was estimated at
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.104.6 tonnes (Table A.3.2). Extraction and haulage of raw feed were
estimated to contribute 73.7 tonnes to the total. Operations
involving overburden would add 16.9 tonnes, wind erosion of the
disturbed areas a further 14.0 tonnes. It may be noted that all

dust particles were assumed to reach the orifice of the open pit
irrespective of the depth Dbelow the surface at which they were
emitted. The fact that no retention of particles in the pit was
modelled renders the emission estimates conservative, i.e. the
estimates are 1likely to be higher than the actual amount of
particles escaping from the pit area.

5.2.2. Emission in Year 8

Extraction in Year 8 would progress further to the northwest
resulting in longer haul distances of both overburden and raw feed
than in the previous years. Overburden would be removed at a rate
of 31 500 m3 per annum. The location of internal haul roads would
.be close to the northeastern boundary of the extraction area.

The estimated annual emission of TSP would rise to 128.6 tonnes in
Year 8 (Table A.3.3). The highest contribution of 90.6 tonnes would
again be by the extraction and haulage of raw feed. Removal and
haulage of overburden, and wind erosion of disturbed areas were
estimated to add 15.6 and 22.4 tonnes per year respectively.

6. DISPERSION MODELLING AND IMPACT ASSESSMENT
6.1. Modelling Methodology

The estimated rates of dust emissions were applied together with the
on-site meteorological data in a computer model of dust dispersion.
Directional dependence of the wind erosion component of the dust
source term was retained in the model.

It may be noted that the meteorological data file reflected the
proposed working hours between 7 a.m and 6 p.m and hence the fact
that the winds are generally stronger during this period than at
night. Diurnal variations in wind speed and direction were
illustrated in Appendix 1.

A computer plotting routine was used to draw isopleths of predicted

dust deposition rates and concentrations of total suspended
particulates in the ambient air.
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6.2. Modelling Results and Impact Assessment
6.2.1. Dust deposition
Year 4

Predicted increases in the mean annual rate of dust deposition from
extraction in Year 4 are presented in Figure 6.1 as a set of
isopleths. The shape of the dust deposition contours reflected the
direction of the main winds and the position of the main dust
generating sources from extraction and haulage of hard rock.

Figure 6.1 indicates that increases 1in the annual dust deposition
rate of 2 g/m2/month and above will be restricted largely to the
proposed extraction area. Increments of 2 g/m2/month were also
predicted for a small portion of the land which is 1located
immediately to the southwest of the extraction site. The land 1is
owned by the Company.

All non-Company owned residences which are located in the vicinity
of the proposed extraction area were predicted to recelve increases
in the mean annual dust deposition rate of less than 0.5 g/m2/month.

A similar situation was predicted for the Exeter School which is
located to the west-southwest of the proposed extraction area.

A mean annual increase of about 0.25 g/m2/month was predicted for
the nearest section of the school.

All predicted increases remained well within the NSW EPA criterion
for protection of amenity which reguires the mean dust deposition
rate not to increase by more than 2.0 g/m2/month.

Year 8

Figure 6.2 contains a map of isopleths which indicate the predicted
increases in the mean annual dust deposition in Year 8 of the
proposed extraction. The position of the contour 1line which
corresponds to an increase of 2.0 g/m2/month extended further to the
northwest than in Year 4 as a result of the advancing operation. It
is evident from the diagram that increases of that magnitude will
again be limited to the proposed extraction area itself and a small
portion of land to the southwest of the proposed extraction area
which is owned by the Company.

The predicted increases in mean annual dust deposition at all non-
Company owned residences and at ExXeter School will likewise remain
well within the acceptable limits 1in Year 8. The school was
predicted to experience a mean increment of about 0.35 g/m2/month,
the nearest residences 'Merry Hill' and 'Rockleigh' 0.54 and 0.58
g/m2/month respectively.
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6.2.2. Concentrations of total suspended particulates
Year 4

Figure 6.3 shows the predicted increases in the mean annual

concentration of TSP in the ambient air. The main trends in the
predicted dust levels which were displayed in Figure 6.2 are also
evident in the contours of TSP concentrations. The shape of the

concentration isopleths was again determined by the location of the
main dust sources and the prevailing wind directions.

The NHMRC guideline of 90 micrograms/m3 refers to a total
concentration of TSP in residential environments. Recent monitoring
results indicated that the existing mean concentrations were limited
to less than 25 micrograms/m3 even during the mid-summer and
probably less on an annual basis. An increase of at least 65
micrograms/m3 would thus be needed to reach the limit value of 90
micrograms/m3.

Figure 6.3 shows that increments of less than 10 micrograms/m3 of
TSP were predicted for all non-Company owned residences. Exeter
School was predicted to experience an increase in the mean annual
concentration of TSP of about 5 micrograms/m3.

The NSW EPA has also included an annual concentration of 50
micrograms/m3 in relation to that portion of TSP which has an
aerodynamic diameter smaller than 10 microns (PM10). As discussed
in Section 3, PM10 particles typically form about 40 to 50 per cent
of the TSP particles. As a result, the NSW EPA objective for PM10
concentrations would also be met safely at all surrounding
residences as well as the school.

Year 8

Predictions for Year 8 of the extraction are presented in Figure
B i Increments in the mean annual concentrations of TSP at all
non-Company owned residences will remain limited to 10 micrograms/m3
and less. The Exeter School was predicted to experience an
increment o©f about 6 micrograms/m3 of TSP of which up to 3
micrograms/m3 could be in the form of PM10.

6.3. Assessment of the Site Establishment

6.3.1. General

A Dbrief period of site establishment would precede the actual
extraction activity at the proposed extraction area. The site
establishment phase is expected to be completed within 4 weeks and

include the construction of a perimeter bund wall and the internal
product transport route together with the required site preparation.
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overburden from construction areas and cuttings would be removed
mainly by scrapers and used for the construction of dam wall and the
bund walls. Excess overburden would be taken to an overburden
emplacement located in the southwestern corner of the development
site and adjacent to the proposed extraction area itself. Profiling
of both the bund wall and the emplacement surface would be carried
out by dozers.

The volume of overburden material which is to be removed during the
site establishment phase is expected to total approximately 145 000
m3.

Owing to the short duration of the site establishment phase, an
assessment with respect to mean annual rates of dust deposition and
concentrations of TSP/PM10 in the ambient air would not be
meaningful for this activity. Instead, it may be more appropriate
to examine the likely changes in the concentrations of TSP/PM10 over
shorter intervals of time such as 24 hours which may be expected as
a result of the main construction activities during the site
establishment phase.

6.3.2. Emission estimates

The individual construction activities and their timing during the
site establishment phase are detailed in the EIS. The main dust
producing activities which would take place in the closest proximity
to residential properties and Exeter School are the construction of
the perimeter bund wall using material removed from the cutting for
the internal product transport route, the construction of the
overburden emplacement using material removed from the surface of
the excavation area, and the construction of the intermal haul road,
bund wall and dam in the southern part of the development site. It
was assumed for the purpose of this assessment that all these
activities would be undertaken simultaneously and within the
nominated hours from 7 a.m to 6 p.m Monday to Friday and 8 a.m to
1 p.m on Saturdays.

Emissions of PM10 were estimated for each of the activities as
follows.

Two scrapers would be removing material £from the cutting for the
internal product transport route and constructing Section 4 of the
perimeter bund wall. At the same time, a dozer would be shaping and
profiling section 3 of the perimeter bund wall. Each scraper and
the dozer were assumed to operate for 10 hours a day.

An emission factor of 0.75 x (2.6 s'? M'7) was applied to calculate
the emission of PM10 particulates (USEPA, 1990). For a silt content
of 10 per cent and a moisture content of 3.4 per cent, the resulting
rate of emission was 1.92 kg of PM10 per hour from each piece of
equipment. The selection of the silt and moisture contents followed
the recommendations in the USEPA document and was in a general
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agreement with values which have been applied in similar studies in
Australian conditions particularly in New South Wales.

wind erosion of the construction area was taken as the emission
source of PM10 at times outside the working hours. The emission
factor for TSP of 0.4 kg/ha/hr (SPCC, 1983) was multiplied by 0.5 to
obtain an estimate for PM10 particles (AWMA, 1992).

A further three scrapers were assumed to be working for 10 hours a
day (each) in the extraction area together with excavators and haul
trucks.  An emission factor of 0.029 kg/t was wused for the
excavators and 2.0 kg/VKT for the haul trucks. The total volume of
material handled by excavators and trucks was taken to be 30 000 m’

Two scrapers and two dozers were then assumed to be active in the
overburden emplacement area, scrapers for 7 hours a day (each),
dozers for 3 hours a day (each).

The remaining scraper, two dozers and excavator were placed in the
southern section of the development site. The scraper was assumed
to operate for 10 hours a day, the dozers for 5 hours a day (each).
Haul trucks would pass along this section over a distance of about
400 metres. A summary of the emission estimates is given in the
Appendix (Table A.3.4).

Meteorological records for December 1998 and January 1999 and June
and July 1998 respectively were processed into the AUSPLUME format
to provide seasonally distinct input files for either summer or
winter. Periods of 2 months were selected to represent each of the
Seasons.

6.3.3. Modelling results and impact assessment

AUSPLUME dispersion model was applied to determine concentrations of
PM10 in the ambient air over intervals of 24 Thours. No
gravitational settling of PM10 particles was assumed rendering the
results conservative.

An isopleth map showing the predicted mean 24-hour concentrations of
PM10 for site establishment period taking place in summer is
presented in Figure 6.5. Figure 6.6 shows similar predictions for
wintertime meteorological conditions.

The conservatively predicted mean 24-hour concentrations of PM10 at
the nearest residences were about 12 micrograms/m3 in summer and 7
micrograms/m3 in winter at Merry Hill, and 5 and 15 micrograms/m3 at
Rockleigh. Exeter school was modelled to receive about 9
micrograms/m3 of PM10 should the site establishment phase take
place in summer and 5 micrograms/m3 in winter.

As outlined in Section 3.2 of this report, the applicable regulatory
limit for mean concentrations of PM10 in the ambient air 1is 50
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micrograms/m3 and 1is predicted to be met at all surrounding
residences and the school.

Estimates of maximum 24-hour concentrations were then obtained for
summer meteorology (Figure 6.7) and winter meteorology (Figure 6.8).
Inherent in the modelling estimates was the assumption that the
worst day in the year of meteorology would occur during the site
establishment period of 4 weeks and be accompanied by continuously
dry weather conditiomns.

The results of the predictions provide a general, and most likely
conservative, indication of the expected peaks in the dust levels
during the most intensive stage of the proposed development in terms
of dust emissions.

The predicted maximum concentrations remained within the regional
goal for all non-Company owned residences. All predictions were
thus well below the previously applicable goal of 150 micrograms/m3
for individual developments.

6.4. Emissions Other Than Dust

The proposed extraction area is located in an area of largely rural
character. The surrounding areas are used for agricultural;
residential and transport purposes. As a result, the background
levels of non-dust pollutants are expected to be low with some
contributions from those activities possible under certain
meteorological conditions.

The use of explosives in blasting and the operation of mining
equipment at the extraction site will result in emissions of exhaust

gases and small particulates. The use of diesel fuel will result
in emissions of oxides of nitrogen (NOx), carbon monoxide (CO),
volatile organic compounds (VOC), particulates and sulphur oxides
{80x) .

Carbon monoxide is the pollutant which is produced in the Ilargest
quantity from explosive detonatiomn. Emissions of oxides of nitrogen
and sulphur are also likely. The emissions will be only minor,
disperse rapidly and cause no adverse effects on air quality.

7. CONCLUSIONS

The generation and dispersion of atmospheric dust from the proposed
extension of hard rock extraction at Exeter were examin<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>