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Report on Preliminary Geotechnical Assessment
Hydro Aluminium Kurri Kurri Rezoning Area
Loxford Portion

1. Introduction

This report presents the findings of a preliminary geotechnical assessment for a portion of the
proposed redevelopment of the Hydro Aluminium Kurri Kurri Rezoning area, located at Loxford. This
assessment was commissioned by Hydro Aluminium Kurri Kurri Pty Ltd (Hyrdo), in consultation with
ESS Australia Pty Ltd (ESS).

It is understood that this study has been commissioned to support an application to rezone land owned
by Hydro for residential, commercial and industrial purposes. This report covers only the portion of the
site located within the Cessnock City Council area, and only the proposed residential, commercial and
industrial component. Areas designated as being for conservation / non-development purposes are
not included within this report.

In conjunction with this report, a preliminary geotechnical assessment was also undertaken for a
broader selection of land owned by Hydro, however the remaining portion of the site is located within
the Maitland City Council area, and the results are presented in a separate report (Ref 1).

The work included a desktop study, preliminary walkover assessment, limited scope of field
investigation (test pits) and laboratory testing, preliminary engineering analysis, and preparation of this
report.

2. Proposed Development

Land currently owned by Hydro is proposed to be rezoned for a variety of purposes. The portion of the
site covered by this report is proposed to be rezoned for a range of residential, commercial and
industrial purposes.

At the time of the assessment, a concept plan was provided indicating a potential road and lot layout.
Details regarding earthworks were not known at this time.

For the purpose of the work, the project surveyors provided regional topographic and cadastral data in
AutoCAD and Maplinfo format.

3. Site Description

The portion of the site covered by this report is shown on Drawing 1 in Appendix C. The portion of the
overall site which is identified for residential or industrial / commercial development in Drawing 1,
attached, is an irregular shaped area and covers approximately 375 ha. It is located in several distinct
areas as follows:

Preliminary Geotechnical Assessment, Project 81520
Hydro Aluminium Site, Loxford Portion March 2015
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Residential Central Precinct (northern / eastern part of the site): Land located east of the South
Maitland Railway, and west of an existing residential development at Cliftleigh, from the boundary
with Maitland City Council / Gillieston Heights in the north, to an approximately east-west oriented
line located roughly projected west from between Glen Ayr Crescent and Forbes Avenue
Cliftleigh;

Residential Southern Precinct (southern / eastern part of the site): Pockets of rural-residential
land which currently are located on either side of the South Maitland Railway, approximately
between the Hunter Expressway to the south, and to just north of Dickson Road to the north;

Business Park Precinct (southern part of the site): An area of land located south of the Hunter
Expressway, and approximately bordered by Bishops Bridge Road to the west, the South
Maitland Railway to the east and the boundary between Loxford and Kurri Kurri to the south.

General Industrial and Heavy Industrial Precinct (western part of the site): The area of the former
Hydro Aluminium Smelter, located at the northern end of Hart Rd, Loxford;

The above precinct descriptors, which were defined by the client, are used throughout this report to
reference the areas described above.

The site is located generally within the suburb of Loxford in the Cessnock City Council local
government area.

Residential Central Precinct part of the site generally includes a broadly rolling landscape,
predominantly cleared and grassed, and used for grazing. A number of unsealed tracks traverse the
site. Localised areas of uncleared mature trees can also be found in this area of the site, in addition to
scattered stands of mature trees, mainly along drainage features. Reference to historical aerial photos
indicates that there may have previously been isolated structures in this part of the site, assumed to
have been rural-residential type structures. The site is currently undeveloped, however includes a fill
embankment (refer Drawing 3), which is understood to have been associated with a former railway line
to Stanford Merthyr.

The Residential Southern Precinct part of the site generally comprises rural-residential land, which
includes a number of rural structures such as chicken and machinery sheds, and also included
evidence of previously demolished rural structures (i.e. chicken sheds). This part of the site also
included areas where filling is expected to occur, generally through the creation of level building pads
for house and/or farm shed construction. In addition, a low lying area was observed between the
Residential Southern and Residential Central areas where some fill mounds were observed. This was
generally in the vicinity of Dams 5 and 6 (refer Drawing 4).

The Business Park Precinct part of the site includes two distinct areas. The portion east of Hart road
includes rural-residential development similar to the Residential Southern part of the site, with cleared
grazing land, and rural-type structures. Filling is likely to be present in the areas around existing
structures where cut and fill processes may have been used to create level platforms. The portion
west of Hart Road includes thickly vegetated mature trees and scrub with several unsealed tracks. It
is understood that this area of the site included areas of previously demolished houses, and a possible
former landfill / filling area (refer Drawing 7).

Preliminary Geotechnical Assessment, Project 81520
Hydro Aluminium Site, Loxford Portion March 2015
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The General and Heavy Industrial Precinct part of the site comprises the former Hydro Aluminium
Smelter, which was permanently closed in May 2014. This area of the site has been heavily
developed with infrastructure associated with the smelter, including industrial buildings, hardstand
areas, equipment compounds, effluent ponds and by-product stockpiles. Based on previous
experience at the Hydro site, there is significant filling expected to be present around the smelter
structures. The client indicated that areas of buried waste / filling also exist on the site. It is
understood that the area of the proposed Heavy Industrial development includes a storage pad area,
which has possibly been used to store crushed concrete and refactory bricks.

A senior engineer from Douglas Partners Pty Ltd (DP) undertook a walkover assessment of the site,
with the client on 17 June 2014. The aim of the assessment was to develop a broad understanding of
major site features that may be relevant to the geotechnical investigation. In addition, an engineer
from DP observed general site features in conjunction with the excavation of test pits which were
excavated across the site in July 2014.

Several farm dams were located in the eastern part of the site. For descriptive purposes, four of these
dams were numbered Dams 3 to 6. Dams 3 to 6 are generally located in the Residential Central and
Residential Southern parts of the site. (Dams 1 and 2 are located in the Maitland Council portion of the
Hydro site and therefore not included in this report). Drawings 3 and 4 in Appendix C shows the
approximate location of Dams 3 to 6.

Drawings 3 to 7 in Appendix C present some annotations regarding the locations of general site
features, particularly areas where filling was either observed, or was possibly present. The following
photos show general site features at specific locations at the time of the field work.

Photo 1. Looking south-west near north-western part of the Residential Central Precinct
(general area of Pit 11)

Preliminary Geotechnical Assessment, Project 81520
Hydro Aluminium Site, Loxford Portion March 2015
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Photo 2: robable fill pltform, looking towards farm sheds / chicken sheds off Bowditch
Avenue in Residential Southern part of site

Photo 3: Dam 3, looking north-west from Pit 12 (Residential Central Precinct)

Preliminary Geotechnical Assessment, Project 81520
Hydro Aluminium Site, Loxford Portion March 2015
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Photo 5: From Pit 13 looking west / north-west (Residential Central Precinct)

Preliminary Geotechnical Assessment, Project 81520
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Photo 6: Pit 14, looking generally east / north-east (Residential Central Precinct)

Photo 7: Dam 4 (Residential Central Precinct)

Preliminary Geotechnical Assessment, Project 81520
Hydro Aluminium Site, Loxford Portion March 2015
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Photo 8: Pit 16 looking south (Residential Central Precinct)

Photo 9: Looking towards Kurri Smelter (General Industrial Precinct) from near Pit 15
(Residential Central Precinct)

Preliminary Geotechnical Assessment,

Project 81520
Hydro Aluminium Site, Loxford Portion

March 2015
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Photo 10: Looking west from near Pit 19 (Residential Central Precinct)

Photo 11: Mounds of filling in vicinity of area between Southern and Central Residential
Precincts

Preliminary Geotechnical Assessment, Project 81520
Hydro Aluminium Site, Loxford Portion March 2015
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Photo 12: Looking south / south-west from near Pit 21 (Residential Southern Precinct)

Photo 13: Looking south-east near Pit 25 (Residential Southern Precinct)

Preliminary Geotechnical Assessment, Project 81520
Hydro Aluminium Site, Loxford Portion March 2015
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Photo 15: Looking south-west towards Hart Road at Pit 30 (Business Park Precinct)

Preliminary Geotechnical Assessment, Project 81520
Hydro Aluminium Site, Loxford Portion March 2015
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4. Desktop Review
4.1 Topography

Reference to the provided regional topographical data indicates that surface levels within the site area
range from about RL O AHD in the area between the Residential Central and Residential Southern part
of the site (in the vicinity of Dams 5 and 6) to about RL 35 AHD adjacent to the Business Park
Precinct, north of Hart Road, and west of the Hunter Expressway.

4.2 Drainage

To the west of the railway line, and to the north of the former Kurri Smelter is a series of lagoons
referred to as Wentworth Swamp. A series of west draining gullies in the Residential Central part of
the site seem to drain towards Wentworth Swamp. In addition, a gully on the western side of the
former Kurri smelter drains to the north to The Black Waterholes Creek, which then drains to
Wentworth Swamp to the north.

In addition, an east-draining gully is present in the Residential Central part of the site, which drains
towards a series of dams located east of the site, which then drain to Wallis Creek to the east.

In addition, a number of farm dams were observed within the site, particularly in the Residential
Central and Southern Precincts. The dams were generally located along, or in proximity to the
drainage lines noted above.

4.3 Geology/Hydrogeology
Reference to the 1:100,000 Newcastle Coalfield Regional Geology map indicates the site is underlain
by several Permian aged formations as follows:

Residential Central Precinct: Farley Formation of Dalwood group of rocks, which typically
includes silty sandstone;

Western limits of Residential Central Precinct: Quaternary alluvium, which typically comprises
gravel, sand, silt and clay;

Residential Southern Precinct: Rutherford Formation of the Dalwood group of rocks, which
typically comprise siltstone, marl and sandstone;

Heavy and General Industrial Precinct (former Kurri Smelter area): Rutherford Formation, as per
residential southern part of site, above;

Business Park Precinct part of site (south of Hunter Expressway): Farley Formation, as per
Residential Central part of site, above.

Drawing 2 in Appendix C shows the local geology mapping relative to the site.

Preliminary Geotechnical Assessment, Project 81520
Hydro Aluminium Site, Loxford Portion March 2015
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In addition to the above, DP has undertaken numerous previous geotechnical investigations on the
site of the former Kurri Hyrdo smelter (i.e. General and Heavy Industrial Precinct). A review of previous
data in this area of the site can be generalised as follows:

Filling was encountered at many locations, including up to 6.5 m depth;

Natural soils encountered were generally consistent with that encountered in other areas of the
site during the current investigation, and included clayey, sandy clay and silty soils;

Where encountered, rock depths ranged from 1 m to 18.3 m below the ground surface;

Where encountered, groundwater depths ranged from 0.6 m to 9.4 m below the ground surface,
however some of the shallower groundwater was considered likely to be perched within filling;

Where available, CBR data ranged from 2% to 13%.
The conditions encountered in the current investigation were generally consistent with those found
during previous investigations on the Kurri smelter site (i.e. Heavy and General Industrial Precinct). It

is likely, however, that the depth and extent of filling on the former smelter site will be greater than
what was encountered in Pits 11 to 30.

4.4 Soil Landscape

Reference to the 1:250,000 Soil Landscape Series Sheet for Singleton indicates that the majority of
the site is underlain by the Neath Landscape, with some of the eastern part of the site underlain by the
Bolwarra Heights Landscape, as shown on the 1:100,000 Newcastle Soil Landscape series sheet.

Little information was available regarding the Neath soil landscape, however overlaps in adjoining
sections of the 1:250,000 mapping and the 1:100,000 mapping suggest that the Neath landscape may
be similar to the Bolwarra Heights Landscape.
The Bolwarra Heights landscape is generally defined as having the following properties:

Rolling low hills on Permian sediments in the centre-west of the East Maitland Hills region;

Slopes are 5% to 20%, with elevation to 100 m, and local relief up to 80 m;

Cleared tall open forest;

Soils typically comprise moderately deep (< 150 cm), well-dressed yellow podzolic soils, red
podzolic soils and brown podzolic soils, with moderately deep (< 100 cm), well drained lithosols
on crests, moderately deep (< 140 cm), imperfectly drained yellow soloths on lower slopes;

Hazards include a moderate foundation hazard, water erosion hazard, high run-on (localised),
seasonal water logging (localised), localised steep slopes with mass movement hazard.

Preliminary Geotechnical Assessment, Project 81520
Hydro Aluminium Site, Loxford Portion March 2015
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4.5 Acid Sulphate

Reference to the acid sulphate soils risk maps published by DLWC indicates that select low lying
areas of the site, which typically correspond to the two main drainage gullies identified in, and adjacent
to, the Residential Central Precinct, are located in areas where there is a low to high risk of acid
sulphate soils being present. The mapping suggests that acid sulphate soils may be present in these
areas either within 1 m of the ground surface, or between 1 m and 3 m below the ground surface.

4.6 Salinity

A search on the Department of Lands web site (www.nratlas.nsw.gov.au) indicated that no areas of
the site have been identified as having dryland salinity occurrences or indicators.

5. Field Work

5.1 Methods

A preliminary scope of geotechnical testing was undertaken in the project area in the period 17 June
2014 to 16 July 2014 and comprised the following:

Walkover by senior engineer of select areas of the site;

Excavation of 20 test pits (Pits 11 to 30) within the Cessnock City Council portion of the site. An
additional ten test pits (Pits 1 to 10) were excavated within the adjoining Maitland City Council
portion of the site, and are reported separately, but were referred to during the preparation of this
report;

Collection of soil samples from test pits for geotechnical testing and identification;
pH and Electrical Conductivity (EC) testing of selected surface waters within the project area.
The test pit locations were set out by an engineer from DP using a hand-held GPS, which is typically

accurate to 10 m, depending on satellite coverage. The engineer logged the subsurface profile in
each test pit and collected samples for identification and testing purposes.

Surface levels for each test pit were interpolated from the provided contour data for the site. The
contour interval on the plan is 0.5 m. This, together with the approximate spatial location of the test
pits, means that the surface levels shown on the attached test pit logs are approximate only.

Test pits were not able to be excavated in the general vicinity of water courses / drainage features on
the site due to cultural / heritage restrictions.

The test pit logs for Pits 11 to 30 are included in Appendix A. The approximate test locations are
shown on Drawings 1 to 7, Appendix C.

Preliminary Geotechnical Assessment, Project 81520
Hydro Aluminium Site, Loxford Portion March 2015
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5.2 Results

Detailed test pit logs are attached and should be read in conjunction with the attached general notes
which explain the descriptive terms and classification methods used on the logs.

In general, the pits encountered silt and clayey silt topsoil, overlying silty clay, clayey silt and silt. The
soil was underlain by siltstone bedrock in Pit 17, 26, 29 and 30.

The following is a summary of the subsurface conditions encountered in Pits 11 to 30.

From (m) To (m) Description
0.0 0.0/0.3 TOPSOIL: encountered in all pits (except Pits 17, 18 and 19),
generally loose to medium dense, silt and clayey silt with abundant
rootlets.
0.0/1.8 0.4/ Termination  SILT / CLAYEY SILT: generally loose to medium dense and dense;
Depth (>2) Not encountered in Pits 11, 13, 15, 17 and 27.
0.1/15 0.5/ Termination  CLAY / SILTY CLAY: generally stiff to very stiff and hard; some
Depth (>1.9/>2.3) firm zones in Pits 14, 15 and 18; Not encountered in Pits 17, 26,
27, 28 and 30.
0.2/0.4 1.1/ Termination  SILTY SAND: encountered in Pits 22 and 27, generally loose to
Depth (1.95) medium dense.
13/17 >16/>1.9 SILTSTONE: encountered in Pits 17, 26, 29 and 30; generally very

low to low strength, moderately weathered.

Table 1, below summarises the depth to rock in each of the Pits 17, 26, 29 and 30, including the depth
to refusal, where encountered.

Table 1: Summary of Depth to Rock

Test Pit Depth to Rock (m) Depth to Backhoe Refusal (m)
17 1.7 NE to 1.9
26 1.3 1.75
29 1.5 1.95
30 0.5 1.6

Notes to Table 1:
NE — Not Encountered

Testing of surface waters within several dams was undertaken for pH and EC during the fieldwork
investigation. The testing locations (Dam 3 to Dam 5) are shown on Drawing 2, Appendix C. The
results of surface water testing are presented in Table 2 below:

Preliminary Geotechnical Assessment, Project 81520
Hydro Aluminium Site, Loxford Portion March 2015
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Table 2: Surface Water Testing Results

15 of 28

Dam Location H EC Observations
Identification P (US/cm)
Dam 3 North.-west of 6.7 461 Brown, high turbidity, no flow, green
Pit 12 algae on surface
Dam 4 North of Pit 19 6.8 235 Brown, low turbidity, no flow
Dam 5 East of Pit 20 71 995 Brown, moderate turbidity, no flow ,

film on surface

The results of surface water testing indicate the pH was neutral to slightly acidic with fresh water
conditions within the dams tested.

Groundwater was not encountered in any of the test pits during the time they were open. It should be
noted that groundwater levels are affected by factors such as soil permeability and the prevailing
weather conditions, and will therefore vary with time.

6. Laboratory Testing

The following laboratory testing was undertaken on samples collected during field work:

Four Atterberg limits tests to assess soil plasticity;

Four shrink-swell tests on undisturbed soil samples to provide a preliminary indication of soil
reactivity within proposed residential redevelopment areas of the site area;

Three standard compaction / California bearing ratio (CBR) tests to provide a preliminary
indication of subgrade strength within proposed residential redevelopment areas of the site area;

The geotechnical testing was undertaken by the NATA accredited DP Newcastle laboratory.

The results of laboratory testing are presented in the attached laboratory report sheets, and are

summarised in Tables 3 and 4 below.

Preliminary Geotechnical Assessment,
Hydro Aluminium Site, Loxford Portion

Project 81520
March 2015
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Table 3: Results of Shrink-Swell & Plasticity
. Depth . FMC W, Wp Iss
Pit m) Description (%) (%) (%) Pl (% per pF)
14 | 035075 | Cl&y-brownwithwrace |, - - - 35
orange mottling
23 | 04s.085 | Cly-red/brownclay, o, | g9 22 66 2.4
slightly silty
Silty Clay / Clayey Silt -
25 0.5-0.9 grey and orange or 19.2 45 15 30 1.7
grey
30 | 015-055 | ClveysSilt-orange g, - . - 2.6
mottled grey and red
Notes to Table 3:
FMC - Field moisture content W, — liquid limit
W, — plastic limit PI — Plasticity Index
Iss - Shrink/Swell Index
Table 4: Results of CBR & Plasticity Index
Swell
under
. Depth . FMC | W, | Wp SOMC | SMDD | CBR
Pit Description 0 0 0 Pl 0 3 0 45 kg
(m) %) | (%) | (%) 0 | Om) |6 | ¢ Charge
(%)
11 0.4-0.7 Clay- brown 240 | 67 | 18 |49 | 225 1.59 25 2.2
16 | 0.05-0.4 Silt 9.7 19 | 18 | 1 13.5 1.78 30 -0.2
27 0.5-0.8 Silty Sand - brown | 11.2 - - - 12.5 1.76 60 -0.1
Notes to Table 4:
FMC - Field moisture content SOMC - Standard optimum moisture content
SMDD - Standard maximum dry density CBR - California bearing ratio (4 day soaked)
7. Site Geotechnical Characteristics
7.1 General
The assessment of geotechnical characteristics of the project area comprised the following:
Walkover survey to assess site conditions;
Excavation and logging of 20 test pits;
Desktop study;
Preliminary Geotechnical Assessment, Project 81520
Hydro Aluminium Site, Loxford Portion March 2015
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Preliminary indicative site classification to AS 2870-2011 (Ref 2);
Preliminary indicative pavement thickness designs;

Discussions with Mine Subsidence Board (MSB) regarding mining activities and likelihood of mine
subsidence;

Assessment of the need for further investigations.

Test pits were not able to be excavated in the general vicinity of water courses / drainage features on
the site due to heritage / cultural restrictions. Additional investigation will be required in these areas
during the design stage of the works.

7.2 Slope Stability

The majority of the project area is typically characterised by gently undulating topography with some
localised steeper slopes along gully lines.

Some subsidence features were observed in the adjoining Maitland City Council portion of the site, to
the north, predominantly related to mine-subsidence. Information available from the MSB indicates
that while some of the properties to the east of the Residential Central part of the site have been
undermined, the Cessnock City Council portion of the site does not include known / documented mine
workings beneath it. Therefore, the risk of existing or future steep slopes due to subsidence has not
been further considered.

With reference to the available information, and the site walkover, there were no signs of deep-seated
slope instability within the observed portions of the site at the time of the assessment. Based on the
site observations and topographical / geological information for the project area, the majority of the site
(ie the developable portions of the Cessnock City Council (Loxford) portion of the site) is considered to
have a low risk of slope instability.

There are however known areas of slope instability within filling on the Hydro aluminium smelter
portion of the site, and the possibility of instability associated with filling could exist elsewhere on the
site.

No assessment of the integrity of existing dam embankments has been undertaken.

It is possible that areas of the site in the vicinity of steeper slopes, fill embankments and dam
embankments could have a low to moderate risk of slope stability. Further assessment of the long
term stability of dam embankments, fill embankments and locally steeper topography is recommended
if they are to be incorporated into the proposed development.

Preliminary Geotechnical Assessment, Project 81520
Hydro Aluminium Site, Loxford Portion March 2015
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The project area is considered suitable for the proposed residential, commercial and industrial
development with respect to slope stability providing design and construction are undertaken in
accordance with good engineering practice that includes the following:

Earthworks:

0o Excavations and filling should be limited to about 2 m depth unless subject to further
geotechnical investigation;

o Fill should be placed and compacted and tested in accordance with the procedures
presented in AS 3798-2007 (Ref 4).

Batter Slopes:
o Fill batters should not exceed 1V:2H in soil and compacted fill;

0 Permanent batter slopes for excavations should be determined following specific
geotechnical investigations, but would generally be 1V:2H or flatter in soil;

0 Batter slopes should be protected against erosion.
Footings:

o Footings should be designed in accordance with AS 2870 (Ref 2). Footings should be
founded in natural material or engineering filling.

Retaining Walls:

o0 Retaining walls exceeding 1 m high or which support a footing should be engineer designed
for appropriate earth pressures;

o0 Retaining walls should include geotextile encapsulated free draining backfill (i.e. single sized
aggregate) behind the wall and a slotted drainage pipe at the base of this backfill.

Drainage:

o Stormwater should be discharged to the street drainage system or to an on-site system
designed to minimise erosion. The heavy clay soils of the project area are not suitable for
on-site stormwater infiltration.

In addition to the above, it is recommended that specific slope stability assessment is undertaken in
steeper areas of the project area, such as in the vicinity of drainage gullies and fill embankments (if
they are to be retained). The additional assessment should be undertaken when details of the
proposed development are known.

7.3 Shallow Bedrock
Bedrock was encountered at depths ranging from 0.5 m to 1.7 m in each of Pits 17, 26, 29 and 30.

A visual assessment during field work indicated that rock, where it was encountered in the recent test
pits may range from very low to low and possibly medium strength, however no qualitative testing was
undertaken, hence a detailed assessment of rock strength has not been undertaken as part of this
preliminary geotechnical assessment.
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Specific investigation is recommended if proposed development could be affected by rock at the
surface or shallow bedrock, eg utilities installation, footing excavations, bulk earthworks etc. The
additional investigation should include coring of bedrock, if excavations will be required in areas of
shallow bedrock, in order to assess excavatability / rippability.

7.4 Soft / Wet Soils

While soft and / or overly wet soils were generally not encountered in the test pits, it is noted that the
site includes several farm dams and intermittent water courses / drainage features which may require
at least partial filling where site levels are to be raised and / or roads are to be constructed.
Significantly wet of optimum soils should be expected in these areas.

Depending on the time elapsed from these areas being ‘drained’ of inundation waters, and the height
of filling to be placed, some over-excavation and replacement could be required to facilitate the
placement of engineered filling and/or reduce the risk of post-construction settlement.

These areas were not accessible during the current assessment due to cultural / heritage restrictions.
Additional investigation will be required in these areas to identify the extent of soft / wet soils, if
present.

Firm clay and clayey silt was encountered to depths of between 0.5 m and 0.7 m in Pits 14, 15 and 18.

One of the three CBR samples was up to about 1.5% wet of optimum at the time of testing. The
moisture condition of the on-site soils will be a function of the prevailing weather conditions prior to,
and during, construction.

In addition, silty soils can also be difficult to work, particularly when wet. Silty soils were encountered
in a number of pits across the site. These soils may require over-excavation and replacement, if
present at subgrade level in roads, and if present in areas to receive engineered filling.

7.5 Preliminary Site Classification

Site classification of foundation soil reactivity provides an indication of the propensity of the ground
surface to move with seasonal variation in moisture. Site classification is based on procedures
presented in AS 2870-2011 (Ref 2), the typical soil profiles revealed in the test pits, and on the results
of laboratory testing.

A significant proportion of the western part of the site will be classified Class P in its current condition
due to the presence of filling / disturbed ground. Drawings 3 to 7 in Appendix C, indicate areas of the
site where filling may be present based on field observations. These areas can be re-classified if the
uncontrolled filling is removed and replaced with engineered filling to the requirements of AS3798
(Ref 4).
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In areas of the site not impacted by filling, the results of the preliminary field and laboratory testing
indicate that the site classifications at the test pit locations range from Class M (moderately reactive) to
Class H1 (Highly reactive). This however does not account for the removal and/or presence of trees,
which will impact on seasonal movements. The presence of Class H2 sites (or higher reactivity)
cannot be precluded.

In areas where more than 0.4 m of uncontrolled filling is present, a Class P site classification will
apply, and design of footings will need to be by engineering principles, unless the filling is removed
and replaced with controlled filling.

Filling is generally expected in areas which are already developed and which may be re-developed
such as around railway corridors (current and previous), farm dams, and areas where rural structures
may have been constructed on cut / fill platforms (eg sheds). Filling is also expected within the former
aluminium smelter site, as discussed above.

Areas with abnormal moisture conditions are also considered to be Class P sites by AS2870-2011.
Abnormal moisture conditions can occur in areas where existing structures are to be demolished,
where dams / ponds may be decommissioned, and areas where trees are to be removed. Class P
sites will also be present in areas where soft to firm foundation conditions may be present. Class P
soils can become soft to firm when wet. Hence areas which may periodically become inundated could
also be considered Class P.

The above is intended to provide preliminary planning information only. Once the proposed layout of
the development is known, then it is recommended that site classification be undertaken on a lot by lot
basis, including more field and laboratory testing.

The process of cutting and filling will affect the site classification. The use of reactive clay filling in the
earthworks may lead to a more severe classification than the classification of a site in its ‘natural’
condition. Therefore, earthworks will need to consider potential changes to site classification. Based
on previous experience in the local area, developers will sometimes chose to import non-reactive filling
to a site to reduce the chance of creating more a severe classification due to earthworks operations.
Alternatively, if on-site filling is used to raise site levels, the developer needs to accept the risk and
cost implication of potential Class H2, and possibly even Class E sites.

Where site levels are to be raised, filling intended to support footings should be placed and compacted
to the requirements of AS3798 (Ref 4).

Site classifications are dependent on proper site maintenance, which should be carried out in
accordance with the attached CSIRO Sheet BTF18 and Appendix B of AS2870-2011.

7.6 Salinity Potential
The geotechnical investigation did not include testing for soil salinity, however reference to the

Department of Lands website indicated that there were no mapped salinity indicators within the project
area (ie no surface observations of saline indicator species or salt outbreaks).
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Future design and construction should be undertaken with respect to good practices to minimise the
potential for saline impact to occur. Typical construction practices include:

Correctly installing a damp-proof course or equivalent within each building;

Providing adequate floor ventilation beneath buildings if they are constructed on bearers and
joists;

Minimise the disruption to natural water courses (surface and subsurface) to reduce the potential
for waters to come in contact with structures, i.e. minimising cut and fill;

Maintaining the natural water balance and maintaining good drainage to prevent rises in ground
water levels;

Maintaining good drainage and minimising excessive infiltration;

Ensuring that paths which are provided around buildings slope away from the building;
Careful design of landscaping and landscape watering methods;

Adequate drainage provided behind retaining walls;

Regular monitoring of pipes, etc for leaks.

Most of the above features are consistent with the guidelines AS 2870 (Ref 2) for standard non-saline
sites.

7.7 Mine Subsidence

The Loxford / Cessnock City Council portion of the proposed Kurri Kurri Hydro Redevelopment Area is
not located within a proclaimed Mine Subsidence District. Enquiries with the Mine Subsidence Board
(MSB) indicated that there are no known areas of undermining beneath the current investigation area.

Relatively shallow mine workings are located in the Gillieston Heights portion of the site, to the north,
which is not covered in this current investigation (refer Ref 1). The provided information indicates that
there are no mapped workings beneath the project area covered by this report.

7.8 Acid Sulphate Soils

The acid sulphate soil risk maps indicate that potential acid sulphate soils may be present in low lying
areas of the site. These generally correspond to the areas between the Residential Central and
Residential Southern Precincts, however may overlap into the areas of proposed residential
development.

Assessment of acid sulphate soils should be included in future geotechnical assessment of the site,
particularly where the proposed development will disturb areas below RL 10 AHD.
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7.9 Typical Pavement Profiles

7.9.1 Subgrade

The results of laboratory testing indicated a range of materials which could be present within the
project area at subgrade level. These include high plasticity clay, silty sand, silt and clayey silt.

High plasticity clays provide an increased risk of poor subgrade conditions, depending on the
prevailing weather conditions at the time of construction.

Silty soils were encountered in a significant number of pits. These soils deteriorate quickly with small
changes in moisture, and are generally not recommended as subgrade materials. Despite providing a
relatively good CBR value under laboratory conditions, the plasticity index results illustrate how this
material can change from its plastic limit condition to its liquid limit condition with a relatively small
change in moisture content. Control of moisture in silty soils can be difficult in practice, therefore,
where these are encountered at the pavement subgrade they are likely to require excavation and
replacement, depending on how tightly the contractor can control moisture during earthworks.

In areas where clay soils are wet of optimum at the time of construction, they either require
over-excavation and replacement to a limited depth with a select subgrade, or they require tyning and
drying back to an appropriate moisture.

Laboratory testing indicated the following:

One clay sample tested had a soaked CBR of 2.5%. Another clay sample tested in the Gillieston
Heights portion of the site had a soaked CBR of 7%;

Samples of silt and silty sand had soaked CBRs of 30% and 60%, respectively;

A sample of siltstone from the Gillieston Heights portion of the site had a soaked CBR of 25%;
The clay samples were up to 2% wet of optimum at the time of testing.

In addition, previous work by DP in the local area, including on the former aluminium smelter site,
indicate laboratory soaked CBR values in the range 2% to 3.5% for clayey soils, and up to 13% for
clayey sand / sandy clay soils.

Based on the results of the limited laboratory testing, together with previous experience in the local
area and with similar soils, the following values have been adopted for the purpose of preliminary /
concept design:

Clay subgrade: CBR > 3%;
Silty Sand / Clayey Sand subgrade: CBR > 8%.

Silty soils are not suitable as a pavement subgrade material, and should be over-excavated to a
limited depth, where present at subgrade level and replaced with select subgrade.
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Similarly, high plasticity clay with poor CBR values may be encountered (e.g. Pit 11 and other previous
tests by DP in the vicinity of the former smelter). These soils may also require over-excavation and
replacement with a select subgrade, depending on moisture conditions at the time of construction.

Preliminarily, over-excavation of poor subgrade soils could be required to a depth of 300 mm to 500
mm, however this will depend on conditions at the time of construction, and the thickness of filling to
be placed over them.

Select subgrade, where required, should comprise a granular material with a CBR of at least 15%.

7.9.2 Design Traffic Loading

This report relates to a proposed residential, commercial and industrial development within the
Cessnock City Council local government area. Pavements in these areas will therefore need to be
designed with reference to the Cessnock City Council Engineering Guidelines for Development
(Ref 3).

The following table summarises the range of design traffic loadings outlined in Ref 3, for a range of
road classifications. Confirmation should be sought from Council regarding which classification may
apply to each road within the development. Significant roads, particularly those in industrial areas,
may require more detailed analysis to assess the likely range of design traffic loadings.

Table 5: Summary of Indicative Design Traffic Loadings

Road Classification Design Traffic Loading (ESA)
Cul-de-sac / Accessway 1x 10
Minor / Local Access 6 x 10*
Urban Residential Local Access 3x10°
Collector 1x10°
Sub-Arterial / Distributor 2 x10°
Cul-de-sac 1x10*
Rural-Residential
Other 3x10°
Commercial / Industrial 5 x 10°

The above traffic loadings should be reviewed as more detailed information on traffic loading becomes
available. In particular, the likely number and types of trucks should be confirmed to assess the
suitability of the suggested pavement thickness.
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7.9.3 Indicative Pavement Thickness Designs

For the purpose of preliminary planning, indicative pavement thickness designs have been prepared
for a range of expected subgrade conditions, and the design traffic loadings outlined in Table 5 above.
The preliminary pavement thicknesses have been based on the procedures presented in Austroads
2012 (Ref 5). Table 6 presents preliminary pavement thicknesses for a subgrade CBR > 3%, and also
for subgrade CBR > 8%.

Table 6: Indicative Pavement Thicknesses

Design Minimum Thickness (mm)
Road Type Traﬁfic Subgrade
Loading CBR (%) AC Basecourse | Subbase | Total
(ESA)
Cul-de-sac / 3 30! 100 190 320
Accessway (Urban / 1x 10* )
Rural-Residential) 8 30 160 B 190
, 3 30! 100 240 370
Minor / Local Access 6 x 10
8 30! 190 - 220
Local Access (urban) 3 30! 120 300 450
or Other Rural- 3x10° )
Residential 8 30 230 B 260
] 3 40° 140 340 520
Collector 1x10 .
8 40 140 120 300
2
Sub-Arterial / 2 % 10° 3 40 150 370 560
Distributor 8 40? 150 130 320
Commercial / 6\ 10° 3 40° 160 410 610
Industrial 8 40? 160 150 350

Notes to Table 6:

* Where asphalt is to be used as a wearing course, a 7 mm prime seal should first be laid
1 - AC 14 or equivalent

2 — AC 10 or equivalent

Refer following text for additional comments

Ref 3 indicates that Council’'s minimum thickness for a granular pavement layer is 100 mm. Ref 3
does not indicate an overall minimum pavement thickness.

It may be appropriate for the higher traffic loading above to also consider an alternative of bound
pavement in areas of clay subgrade.

If Council will permit the use of a spray seal in lieu of the nominated asphalt thickness shown above,
the subbase thickness must be increased by the thickness of the asphalt layer, to maintain the total
minimum thickness.
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It should be noted that there may be ‘constructability minimum values’ which apply in relation to
minimum thickness of subbase under kerb, and minimum thickness of basecourse to match kerb
height. It is understood that these minimums can vary depending on the type of kerb being used and
an individual Council's requirements. The pavement thicknesses above are minimum values. The
minimum basecourse thickness may be increased, if it assists with the practical aspects of
construction. It is possible to then decrease the subbase thickness, but the overall total pavement
thickness must be observed. It is also to increase the minimum subbase thickness if practical
considerations govern.

It is noted that Council specifies Benkelman beam deflection testing of the finished base as part of
construction QA requirements. The characteristic deflections for each of the street types listed above,
can be difficult to achieve for pavements constructed over clay subgrades, even for pavements that
have been designed and constructed in accordance with Ref 5. Consideration should therefore be
given to lightly stabilising the pavement basecourse layer with 1% cement, or similar, to achieve the
deflection criteria.

It is noted that areas used by tightly turning heavy vehicles / trucks will be subject to high shear and
torsional forces. Concrete pavements should be considered in these areas (e.g. roundabouts on high

traffic and / or industrial pavements).

Any changes in overall pavement thickness between adjoining sections of road should be transitioned
and not abruptly stepped.

The pavement thicknesses presented above are dependent on the provision and maintenance of
adequate surface and subsurface drainage.

7.9.4 Material Quality and Compaction Requirements

Recommended pavement material quality and compaction requirements are presented in Table 7
below.
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Table 7: Material Quality and Compaction Requirements

Pavement Layer Material Quality Compaction

0
CBR > 80%, P 6%, Grading in Compact to at least 98% dry

Basecourse . density ratio Modified (AS
accordance with Ref 3 1289.5.2.1)
N Compact to at least 95% dry
0, 0,
Subbase CBR > 30%, Pl ~ 12%, Grading in density ratio Modified (AS

accordance with Ref 3 1289.5.2.1)

Compact to at least 100% dry
Select Subgrade CBR 15% density ratio Standard
(AS 1289.5.1.1)

Compact to at least 100%
Subgrade (CLAY) CBR 3% dry density ratio Standard
(AS 1289.5.1.1)

Compact to at least 100%
CBR 8% dry density ratio Standard
(AS 1289.5.1.1)

Subgrade (Silty Sand /
Clayey Sand)

As previously discussed, silty soils are present on the site, and these soils may be difficult to compact,
depending on conditions at the time of construction.

7.9.5 Subgrade Preparation

The following procedure is recommended for preparation of the pavement subgrade:
Excavate to design subgrade level,
Remove any additional topsoil or deleterious materials;

Test roll the surface in order to determine any soft zones and assess moisture condition.
Moisture contents should be in the range OMC -3% (dry) to OMC where OMC is the optimum
content at standard compaction;

It should be noted that the limited samples tested ranged from 4% dry of OMC to 1.5% wet of
optimum at the time of field testing. Moisture conditioning may therefore be required if similar
moisture conditions are encountered during construction;

Compact the tyned natural subgrade to a minimum dry density ratio of 100% Standard. The
compacted clay subgrade should be left exposed for a minimum of time prior to placement of
pavement layers, to minimise the occurrence of desiccation cracking and/or softening due to
weather exposure;

If raising of the subgrade level is required, all deleterious material should be removed, and
approved filling placed in layers not exceeding 300 mm loose thickness and compacted to a dry
density ratio in the range 98% to 102% Standard.

Preliminary Geotechnical Assessment, Project 81520
Hydro Aluminium Site, Loxford Portion March 2015



m Douglas Partners

Geotechnics | Environment | Grourndwalsr 27 of 28

It is understood that some of the road alignments within the adopted master plan layout will pass
through areas where structures are to be demolished and also areas where dams may be
decommissioned. There is a risk of uncontrolled filling, wet of optimum subgrade and other
deleterious materials in these areas.

Geotechnical inspections and testing should be performed during construction in accordance with
Ref 3.

8. Conclusions

The project area is considered to be generally geotechnically suitable for the proposed residential and
industrial development, subject to more detailed investigation being undertaken at the appropriate
stage of the project planning and design.

The development may encounter soft / wet soils in areas of high moisture, poor subgrade soils and
reactive clays. These however can be readily managed by good engineering and construction
practices, and are similar to the geotechnical conditions of the local area where other developments
have occurred.

Design and construction should be undertaken with respect to good practices to minimise the potential
for saline impact to occur.

The presence of filling in areas to be re-developed from current / former landuse will require specific
engineering controls.

Low lying areas of the site should be assessed for potential acid sulphate soils, if ground disturbance
will occur as part of development.
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10. Limitations

Douglas Partners Pty Ltd (DP) has prepared this report for this project at they Hydro Aluminium Kurri
Kurri rezoning area, in accordance with DP’s proposal dated 27 March 2014 and acceptance received
from Shannon Sullivan dated 13 May 2014. The work was carried out under DP’s Conditions of
Engagement. This report is provided for the exclusive use of ESS Australia on behalf of Hydro
Aluminium Kurri Kurri for this project only and for the purposes as described in the report. It should not
be used by or relied upon for other projects or purposes on the same or other site or by a third party.
Any party so relying upon this report beyond its exclusive use and purpose as stated above, and
without the express written consent of DP, does so entirely at its own risk and without recourse to DP
for any loss or damage. In preparing this report DP has necessarily relied upon information provided
by the client and/or their agents.

The results provided in the report are indicative of the subsurface conditions on the site only at the
specific sampling and/or testing locations, and then only to the depths investigated and at the time the
work was carried out. Sub-surface conditions can change abruptly due to variable geological
processes and also as a result of human influences. Such changes may occur after DP’s field testing
has been completed.

DP’s advice is based upon the conditions encountered during this investigation. The accuracy of the
advice provided by DP in this report may be affected by undetected variations in ground conditions
across the site between and beyond the sampling and/or testing locations. The advice may also be
limited by budget constraints imposed by others or by site accessibility.

This report must be read in conjunction with all of the attached and should be kept in its entirety
without separation of individual pages or sections. DP cannot be held responsible for interpretations or
conclusions made by others unless they are supported by an expressed statement, interpretation,
outcome or conclusion stated in this report.

This report, or sections from this report, should not be used as part of a specification for a project,
without review and agreement by DP. This is because this report has been written as advice and
opinion rather than instructions for construction.

The contents of this report do not constitute formal design components such as are required, by the
Health and Safety Legislation and Regulations, to be included in a Safety Report specifying the
hazards likely to be encountered during construction and the controls required to mitigate risk. This
design process requires risk assessment to be undertaken, with such assessment being dependent
upon factors relating to likelihood of occurrence and consequences of damage to property and to life.
This, in turn, requires project data and analysis presently beyond the knowledge and project role
respectively of DP. DP may be able, however, to assist the client in carrying out a risk assessment of
potential hazards contained in the Comments section of this report, as an extension to the current
scope of works, if so requested, and provided that suitable additional information is made available to
DP. Any such risk assessment would, however, be necessarily restricted to the (geotechnical /
environmental / groundwater) components set out in this report and to their application by the project
designers to project.

Douglas Partners Pty Ltd
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Test Pit Logs — Pits 11 to 30




































































































Appendix B

Laboratory Test Results
































































Appendix C

Drawing 1 — Site Overview and Test Location Plan
Drawing 2 — Site Geology
Drawing 3 to 7 — Site Observations
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