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Two areas with in Hexham Swamp, located at Fishery Creek and Fletcher Junction are being 

considered for boardwalks to reduce environmental impacts. The boardwalks will be designed 

for light vehicle loads.  

The pathway is expected to be used by a wide range of people such as families and commuters 

to adventure style cyclists and walkers. It is expected that the majority of these users will have a 

relatively low tolerance for risk. Hence, the framework for the management of geo hazards used 

in this assessment will be based on a qualitative risk assessment based approach, with a 

general guideline to maintain both natural and heritage features while reducing risk to users to 

as low as practicable (ALARP). 

Vehicle use of the path will be restricted to emergency and maintenance vehicles during 

operation. For the purposes of the project the alignment has been assigned chainage 

representing metres from the Shortland to the Kurri Kurri trailheads. Separate chainages have 

been provided for the Minmi, Tarro and Fletcher Junction spurs.  

1.4 Limitations of the assessment 

This report has been prepared by GHD for City of Newcastle and may only be used and relied 

on by City of Newcastle for the purpose agreed between GHD and the City of Newcastle. 

GHD otherwise disclaims responsibility to any person other than City of Newcastle arising in 

connection with this report. GHD also excludes implied warranties and conditions, to the extent 

legally permissible. 

GHD has prepared this report on the basis of information provided by City of Newcastle and 

others, which GHD has not independently verified or checked beyond the agreed scope of work. 

GHD does not accept liability in connection with such unverified information, including errors 

and omissions in the report which were caused by errors or omissions in that information. 
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3.3 Topography 

The Richmond Vale Rail Trail alignment may be divided into the following four landscapes. 

Shortland (CH 0 to 600) 

This short section is characterised by moderately undulating terrain underlain by Permian aged 

sedimentary rock. The pathway starts on the north facing slope that descends to Hexham 

Swamp. The corridor comprises a fenced easement which is bound by residential properties. 

Filled shallow embankments link the main rail trail to the Wetland Centre. 

Photograph 1 View of the Shortland section of the rail corridor 

Hexham (CH 600 – 13600) 

This 13 km section is characterised by a vast, low lying plain which may be subdivided into the 

following three major domains: 

 Saline/brackish swamp, adjacent to the Hunter River

 Fresh water marsh

 Relic beach located on the margins of the swamp to the north and west

The margins of the swamp comprise open valleys of low relief with alluvial plains and terraces. 

Land use is predominantly farmland with fields and stands of trees adjacent to narrow creek 

lines. 

The rail corridor crosses numerous watercourses/drainage lines such as Ironbark Creek 

(Photograph 2), Fishery Creek, Purgatory Creek and at least four unnamed creeks that cross 

the east west section of the alignment. All feed into or form part of the catchment of the Hunter 

River.  

Photograph 3 and 4 below show the broad character of Hexham Swamp in relation to the rail 

formation. 
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Photograph 2 Ironbark Creek 

Photograph 3 View of the rail corridor between Shortland and Hexham 

Photograph 4 View of the rail corridor between Hexham and Minmi 

Sugarloaf (CH 13600 to 24000) 

This 10.4 km section is characterised by moderate to steep terrain underlain by residual soil and 

weathered rock, drainage via incised gullies, and woodland vegetation with dense undergrowth 

along watercourses. 
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Photograph 5 View of the rail corridor at CH 17500 

Kurri Kurri Plateau (CH 24000 to 29800) 

This 5.8 km section is characterised by generally undulating terrain comprising of rolling hills 

underlain by Permian aged sedimentary rock, dissected by drainage lines comprising 

ephemeral and permanent narrow creeks which have developed narrow, terraces flat alluvial 

deposits. The rail corridor crosses two major watercourses being Surveyors Creek and Wallis 

Creek.  

Vegetation comprises cleared farmland or relatively open woodland. The last 500 m of the 

pathway is relatively flat and is adjacent to residential dwellings. 

Photograph 6 View of a section of the alignment near Kurri Kurri 

3.4 Geology 

The Richmond Vale rail corridor traverses the northern edge of the Sydney Basin which 

comprises Permian aged coal bearing sedimentary rock with minor tuff. In the south and east of 

the alignment this rock sequence is overlain by recent (Holocene aged) swamp, estuarine and 

alluvial deposits which have infilled a large paleo-embayment known as Hexham Swamp. The 

remainder of the alignment is underlain by a profile of residual soil and weathered rock, 

encountered near the surface, except where incised and infilled by relatively narrow recent 

alluvial sediment deposits, such as adjacent to Wallis Creek and Surveyors Creek, or covered 

with a veneer of colluvium or slope wash. 
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3.5 Acid sulfate soils 

Reference to the acid sulfate soil (ASS) risk map indicates that the majority of the route that lies 

within Hexham Swamp has a high risk of encountering ASS conditions within 1 m or between 

1 m and 3 m below the ground surface. It is noted that ASS is indicated to occur approximately 

4 km downstream (north) of Willis Creek, and hence, there is potential for encountering ASS on 

the section of the alluvial plain immediately adjacent to the proposed pathway. 

3.6 Previous investigations 

Previous geotechnical reports reviewed predominantly comprised geotechnical and ASS 

investigations located within the Shortland to Tarro section of the rail corridor. A review of these 

reports was performed by GHD as part of the NCC Shared Pathway - Tarro to Shortland 

Geotechnical Desktop Study (GHD 2008). Subsurface conditions at relevant locations such as 

bridges over Ironbark Creek and the New England Highway have been summarised below. 

3.6.1 Hexham rail embankment 

Based on the RCA 1999 investigation, the embankment between Tarro and Shortland 

comprises a mixture of coal rejects, crushed sandstone rock, clay and crushed brick, varying 

from 0.4 m to 1.85 m thick. The embankment was generally founded on soft to firm clay swamp 

deposits, up to 3 m thick, over very soft/very loose estuarine deposits ranging up to a thickness 

of about 45 m in places. It should be noted that the embankment fill thickness may not be 

representative of the actual full thickness of the embankment. 

At approximately CH 5500, near Hexham, the rail corridor crosses the Jemena gas network 

trunk pipeline. At this location the subsurface conditions comprise over 17 m of compressible 

soils that will exhibit time dependent settlement. As a preliminary guide, settlements of between 

0.1 m and 0.3 m may result from an increase in effective stress of 20 kPa, or by addition of 1 m 

of fill (GHD 2008).  

Limited environmental laboratory analysis was performed for common contaminants such as 

heavy metals, polycyclic aromatic hydrocarbons (PAH) and total petroleum hydrocarbons 

(TPH). Concentrations of contaminants were generally found not to limit the disposal of fill as 

Solid Waste. Near surface soils were found to be potential ASS.  

3.6.2 Bridges 

The proposed pathway will cross three main waterways within Hexham Swamp, and the New 

England Highway at Tarro. These locations were subject to geotechnical and ASS investigation 

by RCA in 1999 and 2000, and GHD in 2008. Subsurface conditions are summarised below. 

No site specific information could be sourced for the proposed bridges across Surveyors Creek 

and Wallis Creek. This would be further investigated during detailed design. 

Ironbark Creek 

Located at CH 600, Ironbark Creek is on the southern margin of Hexham Swamp where the 

geology transitions from residual soils and weathered Permian aged rock to swamp and 

estuarine deposits. Geotechnical investigation was performed by RCA in 1999 as part of the 

Tarro to Shortland pipeline replacement and comprised drilling borehole BH76 on the southern 

abutment and borehole BH74 on the northern abutment. Subsurface conditions encountered in 

the boreholes comprised: 

 0.9 m to 1.0 m of soft to firm estuarine clay, over

 Stiff to very stiff residual clay to a depth of approximately 3 m, over
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 Extremely to highly weathered rock

Both boreholes met refusal at a depth of approximately 5.3 m. 

Fishery Creek 

The proposed Fishery Creek bridge will be located at CH 1000, approximately 400 m from the 

southern margin of Hexham Swamp. The RCA 1999 investigation encountered a profile of very 

deep estuarine sediments typical of the infilled paleo-embayment of the majority of Hexham 

Swamp. 

Subsurface conditions encountered in boreholes BH71 and BH75 drilled on the southern bank 

of the creek indicate a profile comprising: 

 0.4 m thick layer of “crushed” sandstone fill, over

 0.3 m thick layer of firm to stiff clay, over

 soft estuarine clay to a depth of greater than 3.0 m (BH71) and greater than 9.45 m (BH75)

Borehole BH77 drilled on the northern bank encountered: 

 0.8 m thick layer of fill comprising coal rejects, over

 Very soft to soft estuarine clay to a depth of 20.5 m, over

 Firm estuarine clay to a depth of 40 m, and terminating in firm to stiff and stiff clay at

approximately 45 m

Purgatory Creek 

Purgatory Creek was assessed during both the RCA 1999 and GHD 2008 geotechnical 

investigations utilising both drilling and cone penetrometer testing (CPTu) respectively. RCA 

drilled borehole BH79 on the southern bank and BH78 on the northern bank of the creek. 

Borehole BH79 was drilled without sampling or engineering logging and encountered rock at a 

depth of 19.2 m below the ground surface. Borehole BH78 encountered: 

 Firm clay to a depth of 2.5 m, over

 A 1.5 m thick layer of very loose sand over

 Very soft to soft estuarine sediment (predominantly clay), to a depth of 15.8 m

Borehole BH11, drilled adjacent to borehole BH78 on the northern bank, indicates the rail 

embankment at the northern abutment comprises “crushed” brick fragments. 

Cone penetrometer test, CPTu-4 located on the northern bank, encountered: 

 Loose to medium dense sand to 2 to 4 m, overlying

 Soft to firm estuarine clays to a depth of 11.4 m, over

 Loose to medium dense sand to refusal at 12 m

New England Highway 

To link the Tarro trailhead to the main pathway to the south, a bridge over the New England 

Highway is required. The proposed alignment of the crossing is expected to be adjacent to the 

Anderson Drive overbridge.  

Ground conditions to the east of this where the rail embankment meets the New England 

Highway were assessed during the RCA 1999 and GHD 2008 investigations and comprise: 

 Residual sandy clay to a depth of 1 m, over 

 Weathered 
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Photograph 7 Historic image of Tunnel 1, southern portal 

(Source: Australian Railway Historical Society Collection, Cultural Collections, Auchmuty Library, University of 

Newcastle) 

Photograph 8 Historic image of Tunnel 1 (northern portal) note undercut 

sandstone layers 

(Source: Australian Railway Historical Society Collection, Cultural Collections, Auchmuty Library, University of 

Newcastle) 
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Photograph 9 Historic image of Tunnel 2 (eastern portal) 

(Source: Australian Railway Historical Society Collection, Cultural Collections, Auchmuty Library, University of 

Newcastle) 

Photograph 10 Historic image of De Salis siding with the eastern portal of 

Tunnel 3 in the background 

(Source: Australian Railway Historical Society Collection, Cultural Collections, Auchmuty Library, University of 

Newcastle) 
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Domain Item Geohazard Risk 

Kurri Kurri Shallow mine workings Potholes or cave-in near rail alignment 

Bridge foundations Unconfirmed subsurface conditions at proposed 

Wallis Creek and Surveyors Creek crossings 

Whole 

alignment 

Rail embankment and 

formation 

Suitability of upper embankment material as 

pavement subgrade  

Narrow embankment and 

limited access points 

Congested access and construction corridor 
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5. Recommendations

5.1 Pavements 

5.1.1 General 

It is understood that a flexible pavement (asphaltic concrete wearing course) with an unbound 

basecourse and sub-base, a rigid concrete pavement, or combination of the two, are being 

considered.  

During construction, traffic loads are expected to comprise vehicles such as asphalt pavers and 

tippers for flexible pavement construction, or concrete agitator and trucks for rigid pavement 

construction. Post construction traffic is expected to comprise irregular emergency service 

vehicles (ambulance/fire tanker), maintenance and potentially other infrastructure construction 

vehicles and equipment. However, traffic design loads are expected to be relatively low and 

therefore other factors such as, environmental, construction cost versus maintenance cost, ride 

quality and safety constraints are likely to drive pavement composition. 

The following opportunities, not typically considered on new pavement designs for public 

infrastructure due to traffic volumes or scale, have potential: 

 Adopt a low confidence design level. Due to the low traffic volume, a lower confidence

level, such as 80%, could be adopted to reduce thickness of pavement layers.

 Use of lower specification, alternative or recycled materials. Low traffic volumes may allow:

– The use of soft or brittle aggregate in asphalt/spray seals rather than more expensive

aggregates.

– Adoption of lower or alternative specification materials in basecourse and sub-base

layers that are more readily available and cheaper.

– Use of recycled materials such as reclaimed asphalt in unbound layers or in asphaltic

concrete.

 Using a select fill layer in the pavement to reduce the thickness of higher quality

basecourse and sub-base layers.

 Shallow depth of subgrade. The majority of traffic on the pathway will be on foot or bike,

resulting in a predominantly static and/or very light loading characteristics. Such loading will

impact the pavement subgrade only to a shallow depth. Therefore, in locations such as

Hexham Swamp where the shallow embankment is underlain by soft soils, the design

subgrade strength may be based on CBR values of shallow embankment material.

 Drainage – Environmental factors are expected to govern pavement performance. Hence,

limiting ingress of surface water into the pavement layers and providing a means to allow

water within the pavement and subgrade drain away through subsoil drains and

construction of a cross fall will assist in extending the pavement life and reduce the need for

ongoing maintenance.

5.1.2 Preliminary subgrade conditions and treatment 

The following section on subgrade conditions and treatment is based on data at specific points, 

and general site observations and information available in the public domain. Advice and 

recommendations contained in this section are preliminary and further work is required. 
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Shortland to Dog Hole Road trail head (CH 600 to CH 13600) 

The Shortland to Tarro section of the pathway is on an existing embankment with a 0.4 m to 

1.85 m thick layer of fill comprising a mixture of coal reject, crushed sandstone, clay and 

crushed brick.  

Although the fill embankment is classed as ‘uncontrolled fill’, it has been in place for over 

100 years and considering past use as rail formation, the embankment is expected to provide 

suitable pavement subgrade, given the traffic expected.  

Subgrade preparation should comprise stripping of top soil, vegetation, root affected or 

otherwise deleterious material, scarifying, moisture conditioning and proof rolling. Care should 

be taken not to overwork or over compact the exposed subgrade as coal rejects are susceptible 

to being crushed or breaking down under direct load. Furthermore, if scarifying is considered 

necessary to prepare a suitable subgrade, care should be taken in areas with a high proportion 

of coal rejects to manage the risk of spontaneous combustion. Care should be taken to 

encapsulate sections of coal rejects adequately where embankment material may be disturbed 

or exposed. Otherwise, potentially combustible materials can be blended with inert material so 

they comprise no more than 25% of the total volume. 

Although there has been no laboratory testing performed to date, based on the description of 

the subsurface fill materials and the proposed use of the pavement, it is considered that a 

design CBR of 8% may be assumed for preliminary pavement thickness design. Testing or 

Dynamic Cone Penetrometer based CBR approximation could be used to assess this 

judgement if a measure of the project risk is required.  

From Hexham (CH 5800) to Dog Hole Road trail head (CH 13650), much of the rail formation 

remains and is considered suitable as a select layer that may be included in the pavement 

thickness design. Dog Hole Trial Head to Stockrington Quarry (CH 13650 to CH 15500). 

This section of the alignment is adjacent to the existing unsealed road and was overgrown and 

poorly drained. Reference to the LiDAR elevation model and general site observations indicate 

the rail corridor is close to being at grade with subgrade likely to comprise in-situ soils such as 

colluvium washed off hills to the east of the alignment. Based on previous experience on nearby 

projects, the subgrade is likely to comprise clays and silts, hence, a subgrade CBR of 2% 

should be assumed for this section. 

Subgrade preparation of should comprise stripping of topsoil, scarifying the subgrade to a depth 

of 300 mm, moisture conditioning and compacting to a specified standard maximum dry density 

and moisture content. 

Stockrington Quarry to Hunter Expressway (CH 15500 to CH 17000) 

Subgrade conditions in this section of the rail alignment comprised basecourse material, placed 

over non-woven geofabric, presumably used for construction access for the Hunter Expressway 

construction. 

For the purposes of pavement design and construction, it is considered that the pathway 

pavement may be constructed on the existing unsealed pavement. A preliminary subgrade CBR 

of 5% may be assumed for this section.  

Subgrade preparation required would comprise limited stripping of topsoil and grass vegetation, 

levelling of the existing surface to infill any ruts, moisture conditioning and compacting. 
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To reduce the risk of injury and/or fatality to the pathway users to as low as reasonably 

practicable (ALARP) and to reduce cost of maintenance of the pathway, cut batters will require 

treatment and the installation of stabilisation measures.  

Recommended cut treatment vary depending on the mode of failure and condition of the 

rockmass. Suggested treatments comprise: 

1. Protection of weak layers from weathering and erosion.

2. Control of surface water with drains installed along the crest and batters.

3. Scaling, bolting of blocks and / or installation of mesh to secure the rock face.

4. Installation of catch fences and/or soft shoulders.

Suggested cut treatment has been based on a high level consideration of maintenance, risk to 

the public and risk to infrastructure, and will need to be revisited on a cut by cut basis in later 

stages of the project. Quantities, such as density of rock bolting, or area of surface treatment 

required, are based on judgement made during the site visit only. Further assessment will be 

required at most cut locations to better define the risk to users and infrastructure.  

In assessing this risk, developing appropriate cut treatments and decreasing the current risk to 

the public to ALARP, consideration will need to be given to the number of users, their temporal 

spatial probability and the summation of the risk along the route as incorporated in the AGS 

Landslide Risk Management guidelines. Council will need to provide guidance on inputs for this 

analysis, such as: 

 Number of users

 User profile and level of acceptable risk

 Acceptable impact on fauna and flora habitat

 Amount of ongoing maintenance and inspection required

These criteria will form the basis of recommended treatments for items such as cuttings, tunnel 

lining and portals, and are likely to influence upfront and ongoing costs. 
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Table 5-1 Summary of cut batter observations and preliminary treatment 

Cut 
number 

Chainage (m) Dimensions (m) 

Slopes Existing condition 
Relative 
risk to 
users1 

Preliminary treatment2 Suggested geotechnical investigation 
From To Width Length3 Height3 

1 12800 12900 5+ 100 6 

near 
vertical at 

crest 
generally 

<35° 

Cutting in soil with eroded scarp at crest and 
shallow localised failures contained mainly on 
batters. Low 

Regrade batter scarp at crest to 2H:1V where 
required and revegetation with topsoil. 
Remove rail track from adjacent bridge 
abutment, regrade slope to 2H:1V and stabilise 
with jute mesh or Geocell 

Geotechnical mapping and slope 
stability assessment 

2 15200 15400 - 200 2 40° Minor cutting adjacent unsealed road Low nil nil 

3 16000 16200 5.3 200 9 
soil 30° 

 rock >90° 
3 m high cut in a moderately sloping hillside, no 
sign of instability  

Low nil 
Geotechnical mapping to assess upper 
slope 

4 16400 16600 4.7 200 7 30°-40° 
Cut with in a hillside, with limited rock exposure. 
No sign of instability 

Low nil nil 

5 17050 17150 5.5 100 18 80° 
Rock batters up to approximately 16 m in height. 
Rock falls have occurred, defects are relatively 
open and vegetation is causing further root jacking 

High 

Regrade soil section of cut to at least 2H:1V and 
revegetate, clean debris from bench, scale lower 
section of cut, rock bolting (approx. 1 / 2 m2), 
minor shotcrete (1 m height), regrade floor of cut 
and remove boulders. 

Geotechnical mapping, slope stability 
assessment and rock slope treatment 
plan 

6 17300 17350 5.5 50 15 80° 

Rock batters are up to 80° with some siltstone 

layers undercutting overlying sandstone creating 
overhangs, some small rock blocks appear to have 
become dislodged 

Medium 

Redirect drainage to divert surface water away 
from cut, regrade soil section of cut to at least 
2H:1V and revegetate, scale, shotcrete siltstone 
layers (2 x 2 m high layers), spot rock bolting 
(approx. 1 / 8 m2) 

Geotechnical mapping, slope stability 
assessment and rock slope treatment 
plan 

7 17500 17700 4 to 5 200 7 35° - 50° 

Some rock fall observed in the eastern half of the 
cut that comprises conglomerate and sandstone, 
western half comprises weak rock with minor 
failures predominantly contained on the batter 
slopes.   

Medium Scaling and spot rock bolting (approx. 1 / 12 m2) 

Asses drainage, stability assessment 
of upper sections of residual soil and 
extremely weathered rock, 
geotechnical mapping, slope stability 
assessment and rock slope treatment 
plan 

8 17700 17950 4 to 5 250 17  40° 
Small cut with vertical scarp in places at the crest. 
Minor risk of rock fall or failure unlikely to result in 
injury 

Low Scaling and mesh fence to restrain rock slabs 
Geotechnical slope stability 
assessment of soil section of slope 

9 18400 18500 100 16  80°+ 

Cut is relatively high with batters exceeding 80° but 

in good condition.  Some small overhangs evident, 
base of cut is poorly drained, minor risk of rock fall, 
however, due to height of cut likely to serious 
consequence if a pathway user is struck 

Medium 
Scale, shotcrete siltstone layers, minor spot rock 
bolting 

Geotechnical mapping, slope stability 
assessment and rock slope treatment 
plan 
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Cut 
number 

Chainage (m) Dimensions (m) 

Slopes Existing condition 
Relative 
risk to 
users1 

Preliminary treatment2 Suggested geotechnical investigation 
From To Width Length3 Height3 

10 18900 18950 5 50 3 80°+ 
Cut batter in fair condition with overhangs up to 
0.5 m, no rock fall evident 

Medium 

scaling, shotcrete of siltstone layer, diversion of 
drainage, regrading cut floor to drain surface 
water away from portal, consider installation of 
mesh on upper sections of cut depending on 
condition.  

geotechnical mapping, slope stability 
assessment and rock slope treatment 
plan 

11 19450 19500 50 4 35° Small cut, no instability observed Low nil nil 

12 19550 19900 350 6 80°+ 

Bedding slopes away from the cut face on west 
side and into the face on the east side resulting in 
toppling and sliding failure of sandstone blocks.  
Many rock blocks line the base of the cut  

High 
scaling, shotcrete of weak layers (approximately 
2 – 3 m), rock bolting (western side of cut 
approximately 1/2 m2) 

geotechnical mapping, slope stability 
assessment and rock slope treatment 
plan 

13 22400 22900 4.9 500 12 80° 
Majority of the cut is in good condition with limited 
areas prone to rock blocks dislodging  

Medium 
scaling, shotcrete of weak layers (1 m in height), 
rock bolting of blocks (approximately 1/8 m2) 

geotechnical mapping, slope stability 
assessment and rock slope treatment 
plan 

14 23650 23900 250 14 60° 

Rock falls evident for the eastern 50 m of the cut, 
failure likely to be mostly contained on the batter 
slopes.  Uncontrolled surface water from the cut 
crest is creating steep scarps and erosion gullies 
on batter slopes 

Medium 

reshaping of the surface adjacent to the cut, 
installation of a lined swale to prevent surface 
water flowing over the cut batters, scaling and 
extensive reshaping of erosion affected batters, 
revegetation of batter slopes using Geocell or 
similar with top soil. 

geotechnical mapping, slope stability 
assessment and analysis 

15 24000 24100 100 15 60°+ 

Cutting is in poor conditions with pervasive 
rockmass failures on both batters.  A major batter 
failure has partially blocked access to western 
portal of Tunnel 3 

High 

clearing of rock fall debris from base of cutting, 
scaling of loose blocks on cut batters, rock 
bolting of blocks (approximately 1/1.5 m2) 
shotcrete of weak layers 

geotechnical mapping, slope stability 
assessment and analysis (kinematic) 

Notes 

1 Risk assessed prior to treatment, and is relative only.  Formal risk assessment can only be undertaken after usage and behaviours of users is known. 

2 Treatment required to reduce risk to pathway users to as low as reasonably practicable (ALARP) 

3 Cut dimensions are approximate only 
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Photograph 12 Major crack at Tunnel 1 eastern portal 

5.5.2 Tunnel 2 (139) 

Length: 372 m 

Issues observed in the tunnel lining of Tunnel 2 are the presence of a zone of poor brick quality 

(in the tunnel crown), some salt intrusion, and a circumferential crack that ends at the shelter 

crown at CH 296.  

The poor quality of the bricks is not likely to be a major issue, but mortar erosion can cause loss 

of adhesion among bricks with an increased risk of subsequent brick falls. 

Another aspect to consider is the presence of soluble salt on the masonry surface. The 

presence of salt combined with wetting and drying cycles at the masonry face can cause brick 

degradation. Although unlikely to cause structural issues in the tunnel lining, checking for brick 

degradation related to efflorescence should be included in regular inspection and monitoring.  

The northern portal wall is in poor condition, due to vegetation and root growth (Photograph 

13). Based on the observations it is not known whether the damage to the portal brickwork is a 

result of root jacking or it the brickwork was damaged allowing vegetation to take hold. 
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Photograph 13 Poor condition of Tunnel 2 northern portal 

5.5.3 Tunnel 3 

Length: 150 m 

The observed crack pattern shows longitudinal cracks at the haunch level that may be caused 

by increased lateral load in that zone, possibly in combination with local tunnel foundation 

issues (see Photograph 14). Ongoing monitoring and a structural assessment will be required 

to establish the nature of the observed cracks (similar to what is required for Tunnels 1 and 2), 

after which appropriate treatments/repairs can be proposed. 

The circumferential crack with in the tunnel lining adjacent to the eastern portal may be due to 

forward movement of the portal wall and increased lateral load on top, or foundation settlement. 

A full survey of the tunnel will be required to be able to analyse the structural behaviour of the 

lining. 
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Photograph 14 Tunnel 3 crack near eastern portal 

5.5.4 Recommended tunnel monitoring and repair 

The full length of each of the tunnels should be annually surveyed and inspected to monitor 

ongoing deformations and potential deterioration. As part of the monitoring process crack 

meters should be installed on major cracks (>2 mm) to monitor crack width development (cyclic 

opening/closing, stable, increasing width, etc.). 

Upon the completion of at least two sets of survey and monitoring data, an assessment should 

be performed to determine the cause of the cracking and whether the cracking is ongoing or has 

ceased. Based on the results of the survey and monitoring, additional strengthening of the 

cracked lining sections may be prescribed  

Vegetation, excess soil and fallen rock should be cleared from all of the tunnel portals and 

brickwork repaired. Ongoing maintenance to control vegetation and root growth around the 

brickwork would also be required. This portal wall will need to be stabilised through additional 

structural measures and/or repair. 

In general, the tunnels are in reasonably good condition, considering their age, and lack of 

maintenance in the recent decades. The main areas of concern are the eastern portal wall of 

tunnel 1 and the northern portal of tunnel 2, which show potential signs of failure and will need 

structural strengthening and/or repair. Loose bricks in the tunnel linings were not reported, but 

some lamination was observed. These may need closer inspection to check for loose bricks and 

potential local rebuild. 
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It should be noted that repairs should only be carried out once the structural behaviour of the 

tunnel structures and the nature and cause(s) of the observed cracks have been established. 

This is likely to require two his end ongoing monitoring of crack widths and (dimensional) 

surveys of the tunnels are required. These surveys and inspections should take place annually. 

Obtained deformation data can be analysed to establish structural behaviour of the structures 

(over time).Final assessment yet to be completed. 

5.6 Mine subsidence 

An area of potholes was identified on the northwest side of a previous mine roof fall in. The area 

of potholes coincides with the edge of the fall in and a drainage path for surface water. Although 

the open holes will not directly affect the pathway or associated infrastructure, the location of the 

potholes do pose a significant risk to the general public if left untreated. As the amount of 

people accessing this area may increase due to the opening of the pathway, it is considered 

that the holes should be backfilled and drainage diverted away from the area of fall in. 

5.7 Acid sulfate soils 

Most of the natural soils with in the Hexham Swamp have been identified a potential ASS and 

actual ASS soils would be expected to be present. Additionally, areas underlain by alluvial soils 

may be considered as potentially containing PASS or ASS. As earthworks are expected to 

comprise filling and reshaping of the existing embankment, or installation of piles for bridge and 

boardwalk structures, ASS is expected be a only minor constraint on the project and may be 

managed under ASS management procedures.  

5.8 Construction corridor 

Much of the existing embankment is narrow and has limited access points which is likely to limit 

access to the construction corridor and vehicle plant movement on the embankment. Hence, 

careful consideration will need to be given to staging the earthworks so as to: 

 Limit vehicle and plant congestion 

 Ensure timely delivery of earthworks and paving materials 

 Consider constructability and construction activities 

 Allow for the site limitations in construction costs and project scheduling/timing 

5.9 Further work 

Based on the results of the site assessment, the following issues were identified as requiring 

further work in later stages of the project. 

5.9.1 Confirmation of subgrade conditions 

Pavements are expected to comprise a significant portion of the construction cost, hence, effort 

will be required to recommend a suitable pavement drainage, improvements and subgrade 

preparation. Pavement design is particularly sensitive to the assumed design subgrade CBR. As 

very little data is held on the subgrade, i.e. depth, composition and CBR test results, 

investigation of the entire alignment, will be required. 
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Table 5-3 Summary of geohazards/oportuniites 

Domain Item/Geohazard Risk/opportunity Mitigation/control 

Hexham 

Swamp 

Presence of coal rejects 

within rail embankment 

Disturbing/handling during 

construction may lead to 

combustion  

To be included in construction management plan and managed 

by visual assessment 

Contaminated soils with in fill 

embankment 

Public health/environmental 

contamination 

Targeted environmental site assessment, to be included in 

construction methodology and documentation 

Settlement of the rail 

embankment due to 

construction of pavement 

Disturbance of founding surface 

may oxidise ASS and mobilise 

acid leachate/water 

Surcharge of underground 

services, in particular Jemena gas 

pipeline 

Minimise pavement thickness and earthworks 

Neutral fill balance such as remove equivalent load of soil prior 

to construction of new earthworks 

Use of lightweight fills 

ASS Management of ASS encountered 

in earthwork 

ASS management plan to be included in construction 

documentation. Low order risk/constraint on project as 

excavation into natural soils only required on limited occasions 

Bridge founding systems Unexpected subsurface 

conditions 

Subsurface conditions to be assessed prior to detailed design 

and identified data gaps assessed by site investigation 
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Domain Item/Geohazard Risk/opportunity Mitigation/control 

Sugarloaf 

Range 

Stability of tunnel lining and 

portals 

Partial collapse of tunnel lining 

Loose lining bricks impacting 

pathway users 

Structural inspection to identify areas of brick lining requiring 

repointing 

Initial two rounds of survey and monitoring to confirm cause of 

lining cracks/defects/portal damage 

Repair of lining and portals 

Stability of cuts Landslide or rock fall causing loss 

of life/injury to pathway users or 

damaging pathway infrastructure 

Cost of remediation/support 

Targeted support/remediation of cuttings, installation of 

fencing/barriers/signage 

Notification of public of risk 

Kurri Kurri Shallow mine workings Potholes identified near or cave-in 

near rail alignment 

Potholes to be backfilled and surface water directed away from 

the area of fall in 

Bridge foundations for Wallis 

Creek and Surveyors Creek 

bridges 

Unconfirmed subsurface 

conditions 

Geotechnical investigation prior to detailed design 

Whole 

alignment 

Rail embankment and 

formation 

Suitability of upper embankment 

material as pavement subgrade  

CBR testing to confirm subgrade conditions 

Narrow embankment and 

limited access points 

Congested access and 

construction corridor  

Detailed construction methodology and staging of works to be 

in selection criteria  
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Table 5-4 Distribution of project constraints 
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1. Introduction 

1.1 Purpose of this report 

This report presents the results of a geotechnical investigation undertaken by GHD for the 

approximate 7.5 km section of shared pathway between Shortland and Tarro, NSW. The 

proposed shared pathway generally follows the former Richmond Vale Rail Trail (RVRT) and 

Chichester Trunk Gravity Main (CTGM) alignments and will utilise existing embankments where 

formed. 

The shared pathway between Shortland and Tarro has been divided into four portions, as 

shown on Figure 1 and described below: 

 Portion 1 – Ironbark Creek to Fishery Creek, comprising a bridge over each creek and a 

boardwalk section through the inundated Hexham ‘swamp’. 

 Portion 2 – King Street to Ironbark Creek, including formal access along the Shortland 

alignment and on-street car parking at King Street and Blanch Street. 

 Portion 3 – Fishery Creek to Aurizon Access Road, covering approximately 6 km of 

proposed pathway through Hexham. 

 Portion 4 – Tarro Connection, continuing from Portion 3 and crossing the New England 

Highway via an overpass bridge. 

This report presents the geotechnical investigation results for Portion 1 to 3 and preliminary 

findings for the southern extent of Portion 4 where geotechnical investigation has been 

completed up to the proposed embankment widening adjacent to Aurizon Access Road. No 

geotechnical investigations have been completed for the Portion 4 overpass bridge or 

associated approach embankments. 

The purpose of this revision of the investigation report was to gather information in relation to 

the existing subsurface conditions and provide geotechnical recommendations to facilitate the 

EIS process. 

The report presents the factual results of the investigation with interpretation of the geotechnical 

conditions along the proposed pathway route. The report also includes geotechnical discussion 

and recommendations relating to foundation conditions, structural footing options and 

geotechnical design parameters, site preparation and earthworks, acid sulfate soil conditions 

and possible construction risks. 

1.2 Project background 

1.2.1 Richmond Vale Railway and Chichester Trunk Gravity Main 

The RVRT is a former railway route, approximately 32 km in length, that comprises a main 

alignment from Shortland to Kurri Kurri/Pelaw Main, a 2 km spur to Tarro from Hexham and a 

2 km spur from Minmi to about 1 km east of Lenaghans Drive. 

The Richmond Vale Railway was constructed in 1904 and 1905, initially connecting Pelaw Main 

and Richmond Vale Collieries to the Minmi line. The Railway was later linked to coal preparation 

and ship loading facilities at Hexham and Newcastle, and Browns, Duckenfield and Stockrington 

Collieries.  

The operation of the rail ceased north of Stockrington in 1967 due to the closure of Richmond 

Main Colliery, on the Minmi section in 1974, and on the Hexham section just prior to 

Stockrington Colliery closure in 1986.  

.
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It is understood that the embankment and formation through the low-lying Hexham ‘swamp’ was 

constructed using imported fill such as coal reject, building rubble and rock fill. Following 

removal of the railway between Shortland and Tarro, the retained embankment was utilised for 

the CTGM pipeline. In 2009, the 7.5 km CTGM section between Shortland and Tarro was 

buried. 

1.2.2 Previous geotechnical investigations 

In December 2016, GHD completed a geotechnical assessment (reference: Richmond Vale Rail 

Trail Geotechnical Assessment Report (December, 2016)) of the proposed 32 km RVRT shared 

pathway alignment between Shortland and Kurri Kurri. 

Part of this work included a geotechnical desktop study and site walkover, aimed to: 

 Summarise the geological and geotechnical conditions based on previous investigations 

 Provide concept design input 

 Identify geotechnical risks, opportunities and issues 

The desktop study included review of the following: 

 1:100,000 scale Regional Geology Maps for Newcastle. 

 1:100,000 scale Soil Landscape Maps and Reports for Newcastle and Singleton. 

 1:25,000 scale Acid Sulfate Soil (ASS) Risk Map for Newcastle. 

 Robert Carr & Associates Pty. Ltd, (1999) Geotechnical, Acid Sulphate and Contamination 

Investigation Report – CTGM replacement Tarro to Sandgate, Report No. 1277. 

 Douglas Partners, 2011 Report on Proposed Maintenance Facility, Woodlands Close, 

Hexham, Report No. 39798.04. 

 Record Tracings RT247 and RT217, and mine plan M19200 from Pelaw Main Colliery and 

Stanford Main Colliery. 

 Hunter Expressway Alliance, (2011) GT002 Richmond Vale Rail Tunnels 134 and 139 

Dilapidation Survey Report, Document No. HEA-SLA-RPT-GT002-0169-0. 

 Historic images from the University of Newcastle – Cultural Collection. 

 Preliminary LiDAR data. 

 Aerial imagery from 2010 to 2016. 

 GHD, 2008 CTGM - Geotechnical Investigation Report, Report No. 79577. 

 GHD 2008a CTGM Tarro to Shortland Acid Sulfate Soil Assessment and Management 

Plan, Report No. 79863. 

 GHD, 2013 NCC Shared Pathway, Tarro to Shortland, Geotechnical Desktop Study, Report 

No. 22/16640/101247. 

 GHD, 2013 NCC Shared Pathway, Tarro to Shortland, Preliminary Geotechnical 

Investigation Report, Report No. 22/16640/103905. 

The results of the geotechnical assessment’s desktop study relevant to the subject site  

(i.e. Shortland to Tarro) are reproduced within this geotechnical investigation report. 
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1.3 Assumptions and limitations 

This report has been prepared by GHD for Newcastle City Council and may only be used and 

relied on by Newcastle City Council for the purpose agreed between GHD and the Newcastle 

City Council as set out in Section 1 of this report. 

GHD otherwise disclaims responsibility to any person other than Newcastle City Council arising 

in connection with this report. GHD also excludes implied warranties and conditions, to the 

extent legally permissible. 

The services undertaken by GHD in connection with preparing this report were limited to those 

specifically detailed in the report and are subject to the scope limitations set out in the report.  

The opinions, conclusions and any recommendations in this report are based on: 

 Conditions encountered and information reviewed at the date of preparation of the report. 

GHD has no responsibility or obligation to update this report to account for events or 

changes occurring subsequent to the date that the report was prepared. 

 Assumptions made by GHD described in this report. GHD disclaims liability arising from 

any of the assumptions being incorrect. 

 Information obtained from, and testing undertaken at or in connection with, specific sample 

points. Site conditions at other parts of the site may be different from the site conditions 

found at the specific sample points. 

GHD has prepared this report on the basis of information provided by Newcastle City Council, 

which GHD has not independently verified or checked beyond the agreed scope of work. GHD 

does not accept liability in connection with such unverified information, including errors and 

omissions in the report which were caused by errors or omissions in that information. 

Investigations undertaken in respect of this report are constrained by the particular site 

conditions, such as the location of services and vegetation. As a result, not all relevant site 

features and conditions may have been identified in this report. 

Site conditions may change after the date of this Report. GHD does not accept responsibility 

arising from, or in connection with, any change to the site conditions. GHD is also not 

responsible for updating this report if the site conditions change. 
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2. Site setting

2.1 Site description 

The proposed Shortland to Tarro shared pathway is approximately positioned between 10 km 

and 17 km north-west of Newcastle. The majority of the proposed alignment traverses through 

the ‘Hexham Swamp’ and (or adjacent to) the Hunter Wetlands National Park. Hexham Swamp 

and the Hunter Wetlands National Park comprises both freshwater and estuarine wetlands and 

forms part of the Ironbark Creek catchment that feeds into the Hunter River. 

The site is generally flat and comprises flood plain and swamp. Vegetation comprises 

predominantly grasses, with some areas of trees (mostly in isolated clusters) and shrubs. At 

least three drainage lines / water bodies are noted to cross the proposed alignment, including 

Ironbark Creek, Fishery Creek and Purgatory Creek.  

The southern section of the proposed shared pathway (Portion 2 – south of Ironbark Creek) 

comprises slightly undulating slopes. Ground levels in this area rise gently to the north, out of 

the wetland. Vegetation and nearby development comprise residential dwellings and roadways 

with grass and scattered semi-mature trees. 

Most of the proposed alignment has been disturbed or affected by past land use, which is 

understood to have included construction of the removed CTGM pipeline, the (now disused) 

Hexham Coal Preparation Plant and associated railway spur, agricultural usage and housing 

subdivision. 

The previous CTGM pipeline within the study area was constructed on an embankment varying 

from about 5 m to 8 m in width with an access track on the eastern side. The embankment 

varies in height from near level with, to approximately 1.5 m above the surrounding surface. 

2.2 Regional geology 

The proposed pathway between Shortland and Tarro is located within at the southern end of the 

Newcastle Bight embayment, which neighbours the northern edge of the Sydney Basin. Here 

the Hunter River intersects two large sand barriers that are filled by estuarine and fluvial-deltaic 

sediments, consisting of gravels, sand, clay and silt of Quaternary age. Regionally, the 

embayment is bounded by Permian bedrock hills to the southern extent of the site. 

Reference to the 1:100,000 Newcastle Coalfield Regional Geology Sheet (Edition 1, 1995), 

confirms that the site lies within the vicinity of the Quaternary and Permian aged lithology. The 

majority of the proposed shared pathway is underlain by Quaternary aged alluvium consisting of 

gravel, sand, silt and clay. Late Permian aged Tomago Coal Measures typically comprising 

siltstone, sandstone, coal, tuff and claystone is mapped north of the New England Highway 

(near the Portion 4 Tarro connection) and south of Ironbark Creek (Portion 2). 

2.3 Soil landscape 

Reference to the 1:100,000 Soil Landscape map for Newcastle shows that the majority of the 

route lays within the Hexham Swamp soil landscape, forming part of the Lower Hunter Alluvial 

Flood Plain.  

The Hexham Swamp soil landscape is characterised by broad swampy estuarine back plains on 

the Hunter Delta, with local relief less than 2 m. Deep tidal channels within Hexham Swamp 

maintain a permanent water table more than 60 cm below the ground surface, rising above the 

surface during wet seasons. Dominant soil materials include highly plastic organic silty clays 

and organic clays with noted associated soil materials including fibrous peats and loose pale 

sand.  
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Noted development limitations for the Hexham Swamp soil landscape include flood hazard, 

permanently high water tables, seasonal water logging, foundation hazard, ground water 

pollution hazard, localised tidal inundation and highly plastic potential acid sulfate soils of low 

fertility.  

South of Ironbark Creek, the proposed shared pathway route lies within the Beresfield soil 

landscape, characterised by undulating low hills and rises on Permian sediments of typically fine 

grained organic sands, silts and clays derived from the weathering of siltstone and sandstone of 

the East Maitland Hills region.  

A significant area (approximately 1.0 km to 1.5 km in length) towards the centre of the proposed 

7.5 km stretch of shared pathway is shown as ‘disturbed terrain’ associated with the obsolete 

Hexham Coal Preparation Plant site and associated redundant railway spur. 

2.4 Acid sulfate soils 

Reference to the 1:25,000 scale Acid Sulfate Soil Risk Map for Beresfield (Edition 2, 1997) 

shows that the proposed shared pathway route north of Ironbark Creek lies within both alluvial 

plain and estuarine backswamp with a high probability of encountering ASS materials within 1 m 

below the ground surface. No known occurrences of ASS materials are mapped south of 

Ironbark Creek. 
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3. Methodology 

3.1 Subsurface investigation 

The subsurface investigation was undertaken between 29 May and 1 June 2017. The 

investigation was divided into the following scope for each portion:  

 Portion 1 – four (4) shallow undisturbed U50 samples with tubes pushed from the natural 

ground surface to a depth of 0.45 m and twelve (12) Dynamic Cone Penetration (DCP) 

tests to depths between 2.0 m and 2.8 m. 

 Portion 2 – six (6) test pits to depths between 1.5 m and 2.7 m. 

 Portion 3 – fourteen (14) test pits to depths between 0.8 m and 1.3 m. 

 Portion 4 – four (4) test pits to 1.5 m depth.  

The test pits were generally evenly spaced over each portion and were undertaken using a 

5 tonne excavator mounted with a 300 mm wide bucket. Dynamic Cone Penetration (DCP) 

testing was undertaken at each test pit location to provide an assessment of the soil 

consistency.  

The fieldwork was supervised by an experienced engineering geologist and geotechnical 

engineer, who were responsible for setting the test locations, photographing excavated profiles, 

logging the encountered strata, directing in-situ testing and collecting representative samples for 

laboratory testing.  

The test pit and undisturbed sample log sheets and photographs are provided in Appendix C, 

while the DCP report sheets are provided in Appendix D. The logs and DCP report sheets 

should be read in conjunction with the attached Standard Sheets (Appendix B), which explain 

the terms, abbreviations and symbols used together with the interpretations and limitations of 

the logging procedure.  

3.2 Laboratory testing 

Soil samples recovered from the site were transported to NATA accredited laboratories for 

testing. The following laboratory tests were undertaken: 

 Twenty-four (24) moisture content tests 

 Eleven (11) Atterberg limit tests 

 One (1) particle size distribution test 

 Seventeen (17) California Bearing Ratio (CBR) and Standard compaction tests 

 Seven (7) soil aggressivity (pH, sulfate, chloride, electrical conductivity) tests 

 Thirty-seven (37) ASS screening tests 

 Seven (7) Suspension Peroxide Oxidation – Combined Acidity and Sulfate (sPOCAS) tests 

 Four (4) hand shear vane tests 
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4. Subsurface conditions

4.1 Previous investigations 

Previous geotechnical investigations relevant to the proposed Shortland to Tarro shared 

pathway alignment include: 

 RCA (1999) – Tarro to Sandgate CTGM replacement. The RCA investigation covered the

majority of the proposed shared pathway alignment and comprised the drilling of 73

‘shallow’ boreholes to a typical depth of 3 m and six (6) ‘deep’ boreholes targeting bedrock

to depths between 5.3 m and 44.95 m.

 GHD (2008) – CTGM geotechnical investigation. The 2008 investigation comprised a total

of 16 Cone Penetration Tests (CPTs) undertaken within the northern half of the proposed

alignment.

 GHD (2013) – Tarro to Shortland shared pathway preliminary geotechnical investigation.

The 2013 investigation comprised the excavation of 28 test pits to between 1 m and 2 m

depth. The test pits were positioned in pairs with one test pit excavated near the centre of

the existing embankment and the second (suffixed with an ‘a’) excavated close to the

embankment batter.

Subsurface conditions encountered during previous investigations along the proposed 

Shortland to Tarro shared pathway alignment have been summarised below in Table 4-1. 

Table 4-1 Subsurface conditions encountered during previous investigations 

Investigation Investigation 

location 

Associated 

test locations 

Generalised subsurface conditions 

RCA (1999) Portion 1 BH71 to 

BH75 

Fill materials including coal reject, clay and 

ripped sandstone at some locations to depths 

up to 0.8 m; overlying soft to firm alluvial clay 

(also encountered from the surface at some 

locations). BH75 encountered a layer of very 

soft clay between 3 m and 6 m depth. Stiff to 

very stiff clay (possibly residual) was 

encountered in BH73 and BH74 from 1.7 m 

and 0.9 m depth respectively, and was 

underlain by extremely to highly weathered 

siltstone from 2.95 m depth in BH74. 

Portion 2 BH76 Soft to firm alluvial clay to 1 m depth; overlying 

stiff to very stiff residual clay to 5.25 m depth. 

Portion 3 BH8 to 

BH70, BH77 

to BH79 

Fill materials including coal reject, clay, ripped 

sandstone and builders rubble to depths 

between 0.5 m and 1.84 m; overlying soft to 

firm alluvial clay to between 0.7 m and 3 m; 

overlying very soft to soft or very loose to 

loose alluvial strata to 3 m depth. Alluvial clay 

within BH77 become stiff or better below 35 m 

depth until the completion depth of 44.95 m. 

BH78 encountered extremely weathered 

sandstone from 15.8 m depth, while BH79 

encountered weathered sandstone from 19.2 

m depth. 

Portion 4 BH5 to BH7 Fill materials including coal reject and builders 

rubble to between 0.7 m and 1.8 m depth; 

overlying soft to firm alluvial clay to 3 m depth. 
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Investigation Investigation 

location 

Associated 

test locations 

Generalised subsurface conditions 

GHD (2008) Portion 3 CPT3 to 

CPT16 

Loose to medium dense sandy material to 

between 0.8 m and 4.25 m depth; overlying 

soft to firm (with occasional layers of very soft) 

clay/silt strata to between 5.6 m and 22.2 m 

depth. The soft to firm clay/silt materials were 

generally underlain by loose to medium dense 

sandy strata prior to CPT refusal. 

Portion 4 CPT1 to 

CPT2 

Loose to medium dense sandy material. 

Refusal at 2.2 m to 5.2 m. 

GHD (2013) Portion 3 TP2/2a to 

TP14/14a 

Fill comprising coal reject, ripped sandstone 

gravel and cobbles, clay and builders rubble to 

between 0.3 m and 1.5 m depth; overlying 

alluvial firm to stiff clay and sandy clay to 

between 0.5 m to >1.5 m depth; overlying 

alluvial loose to medium dense sand and 

clayey sand at some locations. 

Portion 4 TP1/1a Fill comprising sandy gravel (ripped 

sandstone) and clay to 0.6 m depth; overlying 

alluvial firm to stiff clay to 1 m to 1.5 m depth. 

4.2 Current investigation 

The generalised subsurface conditions encountered during the investigation have been 

summarised in the following sub-sections for each portion of the shared pathway. 

Reference to the test pit and undisturbed sample logs (Appendix C) should be made for a full 

description of the subsurface conditions encountered at test location. Test procedures, 

classification methods and descriptive terms are discussed in the Standard Sheets in 

Appendix B. 

4.2.1 Portion 1 – Ironbark Creek to Fishery Creek 

Fill – observed from the ground surface along the extent of Portion 1. Fill materials were not 

sampled during the current investigation, with undisturbed samples targeting natural soils and 

taken from the edge of the embankment.. 

Alluvial soil – encountered in each of the test locations (U101 to U104) and typically comprised 

soft to firm clay and silt, with the exception of U104 where loose silty sand was encountered. 

Groundwater – generally encountered 0.2-0.3 m above the ground surface in the northern two-

thirds of Portion 1 and approximately 0.2 m below the ground surface in the southern third of 

Portion 1. 

4.2.2 Portion 2 – King Street to Ironbark Creek 

Topsoil – encountered to depths between 0.15 m and 0.3 m at all locations except TP206 and 

comprised slightly moist sandy clay of low plasticity. 

Fill – encountered in TP205 and TP206 to respective depths of 0.6 m and 0.7 m and appeared 

moderately compacted. Fill materials within TP205 included medium to high plasticity clay with 

traces of building rubble. Fill materials within TP206 varied between clayey gravel, sandy clay 

and clay with coal reject noted from about 0.3 m to 0.4 m depth. 

Residual soil – encountered underlying topsoil and fill materials to depths between 0.7 m and 

2.7 m. The residual soil generally comprised high plasticity, stiff to very stiff clay. 
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Weathered bedrock – comprised extremely to highly weathered sandstone from depths of 

0.7 m and 1.2 m in TP201 and TP202 respectively.  

Groundwater – recordable groundwater levels were not observed. However, a groundwater 

inflow was noted in TP206 in the base of the excavation at a depth of 2.7 m. 

4.2.3 Portion 3 – Fishery Creek to Aurizon Access Road 

Fill – encountered in all test locations to between 0.5 m and 1.2 m depth. The fill comprised a 

range of materials including clay, sandy clay, gravelly clay, sandy gravel and gravelly sand. 

Inclusions of coal reject, ripped sandstone and siltstone gravel and cobbles and building rubble 

were common. 

Alluvial soil – the test pits were extended up to 0.6 m (and commonly only 0.2 m to 0.3 m) 

below the base of fill materials and into alluvial soil at each test location. The alluvium generally 

comprised firm to stiff clay. Very soft clay was encountered in TP301 from 0.7 m to the limit of 

investigation at 0.9 m depth. Loose to medium dense clayey sand was encountered in TP304 

from 1.2 m and TP314 from 0.7 m to the limit of investigation depths. 

Groundwater – inflows were generally observed close to the base of test pits or not at all during 

excavation.  

4.2.4 Portion 4 – Tarro connection 

Topsoil – encountered to depths between 0.2 m and 0.4 m at all test locations and comprised 

slightly moist and moist clay. 

Fill – encountered in TP401 to 0.35 m depth and comprised high plasticity clay and traces of 

ripped sandstone cobbles. 

Alluvial soil – encountered underlying topsoil and fill materials to the limit of investigation at 

1.5 m depth in each of the test locations. Variable material was encountered, including soft 

sandy clay in TP401, stiff clay overlying firm sandy clay from 0.8 m depth in TP402, stiff clay 

and sandy clay in TP403 and stiff to very stiff clay overlying soft sandy clay from 0.8 m depth in 

TP404. 

Groundwater – recorded at 1.3 m depth in TP402, TP403 and TP404. 
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Table 5-2 Particle size distribution test result 

Sample 
location 

Sample 
depth (m) 

Material description Particle size distribution (% by dry weight) 

Fines 1 Sand Gravel 

TP310 0.3-0.4 Sandy Gravel (fill) 17 28 55 

Table notes: 

1. Comprising clay and silt proportions. 

5.1.2 Earthworks and pavement subgrade tests 

Standard Compaction and CBR testing was undertaken with samples remoulded and 

compacted to nominally 100% Standard maximum dry density ratio. Samples scheduled for 

CBR testing were compacted at Standard optimum moisture content and soaked for 4 days. 

Table 5-3 Standard compaction and CBR test results 

Sample 
location 

Sample 
depth (m) 

Material description FMC  
(%) 

OMC 
(%) 

MDD 
(t/m3) 

Swell 
(%) 

CBR  
(%) 

TP202 0.2-0.5 Clay (residual) 29.9 20.4 1.60 5.0 1.5 

TP204 0.3-0.5 Clay (residual) 43.0 36.7 1.25 2.0 7.0 

TP301 0.1-0.5 Gravelly Clay (fill) 30.7 17.3 1.48 0.5 17.0 

TP302 0.1-0.5 Sandy Clay (fill) 38.4 33.5 1.29 3.5 2.5 

TP303 0.2-0.5 Clay (fill) 38.8 28.8 1.41 2.5 2.5 

TP304 0.1-0.4 Sandy Gravel (fill) 11.9 13.4 1.54 0.0 14.0 

TP305 0.2-0.5 Sandy Clay (fill) 21.5 14.8 1.73 1.0 9.0 

TP306 0.2-0.6 Clay (fill) 34.7 29.8 1.42 2.5 2.5 

TP307 0.1-0.4 Clay (fill) 39.2 34.2 1.29 2.5 3.5 

TP308 0.1-0.4 Clay (fill) 34.5 31.9 1.39 1.5 3.5 

TP309 0.4-0.55 Clayey Sand/Sandy Clay (fill) 34.6 25.5 1.35 1.5 3.0 

TP311 0.1-0.4 Clay (fill) 41.0 28.8 1.34 5.0 1.5 

TP312 0.3-0.5 Clay (fill) 39.3 29.8 1.31 5.5 2.0 

TP313 0.1-0.4 Clay (fill) 24.1 28.1 1.38 5.5 1.5 

TP314 0.1-0.4 Sandy Clay (fill) 25.7 24.4 1.55 3.0 3.5 

TP402 0.4-0.7 Clay (alluvium) 39.9 29.3 1.44 4.0 2.5 

TP404 0.3-0.6 Clay (alluvium) 40.0 27.4 1.45 4.5 2.0 

Table legend: 

 FMC = Field Moisture Content   MDD = Standard Maximum Dry Density 

 OMC = Standard Optimum Moisture Content CBR = California Bearing Ratio at 2.5 mm or 5 mm penetration 
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5.1.3 Hand shear vane tests 

Shear vane tests were conducted on undisturbed U50 samples to assess undrained shear 

strength. The laboratory measured parameters are summarised below. 

Table 5-4 Hand shear vane test results 

Sample 
location 

Test 
depth (m) 

Material description su (peak)  

(kPa) 

su (residual)  

(kPa) 

Corresponding 
PP reading in 
the field (kPa) 

U101 

 

0.15 Clay (alluvium) 60 15 - 

0.25 61 14 100  
(su ~ 50 kPa) 

U102 

 

0.15 Clay (alluvium) 15 3 - 

0.24 15 2 40-50  
(su ~ 20-25 kPa) 

U103 

 

0.16 Silt (alluvium) 23 0 - 

0.34 37 3 50  
(su ~ 25 kPa) 

U104 

 

0.15 Silty Sand 
(alluvium) 

3 1 0 - 

0.32 0 1 0 40  
(su ~ 20 kPa) 

Table legend : 

Su = Undrained shear strength  PP = Pocket Penetrometer 

 1 – Unusually low result, reflective of the samples non-cohesive behaviour and possible disturbance during transport. 

5.1.4 Soil aggressivity tests 

Soil aggressivity testing is currently still being completed. The allocated laboratory tests and 

corresponding results (where completed) for pH, electrical conductivity, chloride and sulfate are 

summarised in Table 5-5 below. Text highlighted in grey font indicates that laboratory test 

results are yet to be obtained. 

Table 5-5 Soil aggressivity test results 

Sample 
location 

Sample 
depth 
(m) 

Material description Chemical analysis 

pH EC 

(S/cm) 

Cl  
(mg/kg) 

SO4  
(mg/kg) 

U101 0.0-0.27 Clay (alluvium) 7.2 4,300 5,200 440 

U102 0.0-0.26 Clay (alluvium) 6.2 9,600 11,000 2,800 

U104 0.0-0.34 Silty Sand (alluvium) 6.8 10,000 2,800 2,200 

TP206 1.0-1.1 Clay (residual)     

TP306 0.2-0.6 Clay (fill)     

TP310 0.1-0.2 Gravelly Sand (fill)     

TP314 0.1-0.4 Sandy Clay (fill)     

Table legend: 

 EC = Electrical Conductivity   Cl = Chloride  SO4 = Sulfate 

The available results of the soil aggressivity tests have been assessed in terms of Tables 

6.4.2(C) and 6.5.2(C) of Australian Standard AS2159-2009 ‘Piling – Design and Installation’. 

Based on the exposure conditions, a ‘moderate’ exposure classification is considered applicable 

for both concrete and steel in soil above and below groundwater. 

Where the structures are in contact with seawater, the steel and concrete should be designed 

for a severe exposure classification. 
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5.1.5 ASS tests 

Initial screening for actual and potential ASS using methods contained in Acid Sulfate Soils 

Management Advisory Committee (ASSMAC) guidelines, 1998, was undertaken on selected 

test pit samples. A summary of the results is presented in the table below. Sample results 

highlighted with bold text are indicative of either Actual Acid Sulfate Soil (AASS) or Potential 

Acid Sulfate Soil (PASS) conditions. 

Table 5-6 ASS screening test results 

Sample 
location 

Sample 
depth (m) 

Material description pH F pH FOX Reaction 
rate 

U101 0.0 Clay (alluvium) 6.7 4.0 Strong 

U101 0.3 Clay (alluvium) 6.9 5.6 Strong 

U102 0.0 Clay (alluvium) 6.8 2.2 Strong 

U102 0.3 Clay (estuarine) 5.6 3.1 Strong 

U103 0.0 Silt (alluvium) 6.1 2.8 Extreme 

U103 0.3 Silt (alluvium) 5.8 2.7 Strong 

U104 0.0 Silty Sand (alluvium) 6.7 6.1 Extreme 

U104 0.3 Silty Sand (alluvium) 6.6 3.4 Extreme 

TP201 0.5 Clay (residual) 4.3 3.6 Strong 

TP202 0.5 Clay (residual) 4.4 4.2 Moderate 

TP202 1.0 Clay (residual) 4.7 3.9 Strong 

TP203 0.5 Clay (fill) 5.7 4.9 Strong 

TP203 1.0 Clay (residual) 5.1 4.5 Moderate 

TP203 1.5 Clay (residual) 5.7 3.9 Strong 

TP204 0.5 Clay (residual) 4.9 4.2 Moderate 

TP204 1.0 Clay (residual) 4.6 3.3 Moderate 

TP204 1.5 Clay (residual) 4.4 3.5 Slight 

TP205 0.5 Clay (fill) 4.8 3.4 Moderate 

TP205 1.0 Clay (residual) 4.8 3.5 Slight 

TP205 1.5 Clay (residual) 4.7 3.9 Slight 

TP206 0.5 Sandy Clay (fill) 6.5 5.3 Strong 

TP206 1.0 Clay (residual) 5.5 4.6 Strong 

TP206 1.5 Clay (residual) 5.4 4.2 Moderate 

TP206 2.0 Clay (residual) 6.0 4.4 Moderate 

TP206 2.5 Clay (residual) 5.8 4.3 Moderate 

TP401 0.3 Clay (fill) 5.5 4.8 Strong 

TP401 1.0 Sandy Clay (alluvium) 6.4 5.6 Moderate 

TP401 1.5 Sandy Clay (alluvium) 6.5 5.6 Moderate 

TP402 0.5 Clay (alluvium) 6.8 6.6 Strong 

TP402 1.0 Sandy Clay (alluvium) 6.8 5.8 Slight 

TP402 1.5 Sandy Clay (alluvium) 7.0 7.2 Extreme 

TP403 0.5 Clay (alluvium) 7.0 6.4 Moderate 

TP403 1.0 Sandy Clay (alluvium) 7.6 5.9 Slight 

TP403 1.5 Sandy Clay (alluvium) 7.7 6.7 Slight 

TP404 0.5 Clay (alluvium) 7.3 5.8 Moderate 

TP404 1.0 Sandy Clay (alluvium) 7.4 5.9 Slight 

TP404 1.5 Sandy Clay (alluvium) 7.2 6.5 Extreme 

Table legend: 

 pH F = field pH (in distilled water mixture) 

 pH FOX = oxidised pH (in hydrogen peroxide mixture with 30% H2O2) 

 Reaction rate = “Observed” rate of oxidisation reaction or effervescence 
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The results show that most of the tested samples recorded positive indicators for PASS 

(typically represented by strong or extreme effervescence, a lowering of the sample pH by at 

least one unit following oxidation and/or an oxidised sample pH of less than 3.5). No samples 

recorded an indicator of AASS (i.e. pH F < 4.0). 

sPOCAS testing was undertaken on selected samples which showed positive indications for 

ASS in the screening tests. A summary of the sPOCAS results is presented in the table below. 

Results highlighted in bold text indicate where the ‘action criteria’ levels prescribed in the 

ASSMAC guidelines, 1998 (Table 4.4) are exceeded. 

Table 5-7 sPOCAS test results 

Sample 
location 

Sample 
depth 
(m) 

Material description Sulfur trail Acid trail 

Action 
Criteria 
S pos (%) 1 

S Pos 
(%)  

Action 
Criteria TPA 
(mol H+/t) 1 

TPA  
(mol H+/t)  

U101 0.0 Clay (alluvium) 0.1 0.214 62 124 

U102 0.0 Clay (alluvium) 0.1 1.41 62 1240 

U103 0.0 Silt (alluvium) 0.1 0.504 62 326 

U103 0.3 Silt (alluvium) 0.1 0.301 62 166 

U104 0.3 Silty Sand (alluvium) 0.03 0.786 18 531 

TP203 1.5 Clay (residual) 0.1 0.023 62 84 

TP404 0.5 Clay (alluvium) 0.1 0.143 62 2 

Table legend: 

 S Pos = Peroxide Oxidisable Sulfur  TPA = Titratable Peroxide Acidity 

 1. Action criteria for ‘low level’ disturbance (1 to 1000 tonnes) 

The exceedance of ASSMAC criteria in each of the tested samples suggests that an ASS 

management plan will be required for the work. 
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6. Discussion and recommendations 

6.1 Proposed development 

It is understood that the proposed shared pathway will comprise the following key features: 

 On-street car parking at King Street and Blanch Street including new flexible pavement. 

 At-grade shared pathway from King Street to Ironbark Creek over an approximate length of 

600 m. 

 Bridges at Ironbark Creek and Fishery Creek, connecting to a boardwalk structure spanning 

approximately 130 m: 

– The proposed Ironbark Creek bridge will include a reinforced concrete deck that will be 

supported on pre-stressed reinforced concrete girders. The substructure will comprise 

reinforced concrete headstocks and bored piers with columns at pier locations and 

micro-piles supporting the abutments. 

– The proposed Fishery Creek bridge will comprise a fibre reinforced polymer box 

section truss. Construction of the substructure will include reinforced concrete 

headstocks and micro-piles at the abutments. 

– The proposed boardwalk structure will consist of fibre reinforced polymer box joists, 

bearers and posts and will be constructed at levels approximately 1.3 m above the 

existing ground surface. Precast concrete pad or strip footings, or piled foundations 

have been considered with selection of the footing type weighted by constructability. 

Portion 1 between Ironbark Creek and Fishery Creek contains inundated ground 

surfaces and soft subsurface conditions. Construction machinery is expected to be 

limited to small (~5 tonne) excavators. 

 Shared pathway constructed close to existing ground levels north of Fishery Creek, with 

pavement consisting of either concrete or granular material with an asphaltic concrete 

wearing course. We understand that the design level of the proposed pathway will not 

significantly vary from the existing embankment level and that no widening of the existing 

embankment (where developed) is proposed. 

 Removal of the existing culvert at Purgatory Creek and replacement with a concrete box 

culvert. 

 Three sheltered rest areas along Portion 3. 

6.2 Pavements and subgrade preparation 

6.2.1 Subgrade design CBR 

The majority of the shared pathway will be constructed through Portion 3 at (or close to) grade 

on a 0.4 m to 1.85 m thick fill embankment comprising a mixture of coal reject, crushed 

sandstone, clay and crushed brick.  

Although the fill embankment is classed as ‘uncontrolled fill’, it has been in place for over 100 

years and considering past use as rail formation, the embankment is expected to provide 

suitable pavement subgrade for the relatively light weight traffic loads.  

Subgrade within Portion 2 and Portion 4 is expected to comprise residual and alluvial clays 

respectively, with topsoil and some fill materials expected close to the surface. While the 

majority of Portion 1 will comprise an elevated boardwalk section of shared pathway constructed 

over fill and alluvial materials. 

.



 

16 | GHD | Report for Newcastle City Council - Shortland to Tarro Shared Pathway, 2218804  

CBR results from laboratory tested samples from shared pathway Portions 2, 3 and 4 ranged as 

follows: 

 Portion 2 – 1.5% to 7% in cohesive residual soil samples between 0.2 m and 0.5 m below 

the ground surface. 

 Portion 3 – 1.5% to 17% in fill samples between 0.1 m and 0.6 m below the ground surface. 

CBR values of between 4.5% and 19% were recorded in the laboratory testing of fill 

samples between 0.1 m and 0.7 m below surface during the GHD 2013 investigation. 

 Portion 4 – 2.0% to 2.5% in cohesive alluvial soil samples between 0.3 m and 0.7 m below 

the ground surface. 

In situ moisture contents were reported between 4.0% dry and 13.4% wet of Standard Optimum 

Moisture Content (SOMC), with typical values being wet of SOMC. 

Based on the CBR results, we recommend adopting a CBR of 3% for the reconditioned top 

300 mm of subgrade fill. Higher values are likely to be appropriate where the fill is 

predominantly gravel or where in-situ stabilisation or subgrade replacement is proposed. A CBR 

of 1.5% is considered appropriate for the underlying alluvial and residual strata.  

Based on these values, we recommend that a factored design CBR of 2.0% be adopted. 

6.2.2 Pavement thickness design 

It is understood that a flexible pavement (asphaltic concrete wearing course) with an unbound 

basecourse and subbase, a rigid concrete pavement, or combination of the two, are being 

considered for the proposed portions of shared pathway constructed at (or close to) grade. 

On-street car parking at King Street and Blanch Street will be constructed with a flexible 

pavement over an unbound basecourse and subbase. 

Based on estimated traffic movements advised by Newcastle City Council, and reference to 

Austroads Technical Report (AP-T36/06) ‘Pavement Design for Light Traffic: A Supplement to 

Austroads Pavement Design Guide’, the following design traffic loads are considered 

appropriate for use if pavement thickness design: 

 Flexible pavement – 5 x 103 Equivalent Standard Axles (ESAs) 

 Rigid pavement – 1 x 104 ESAs 

These values are based on an average of one heavy vehicle movement per day, 0% growth, 

0.6 ESA per heavy vehicle and respective design lives of 20 years and 40 years for flexible and 

rigid pavements. 

Pavement thickness designs have been assessed using empirical design charts provided in 

Austroads Technical Report (AP-T36/06) and adopting the design CBR and traffic loads 

discussed above. 

Flexible and rigid pavement thickness designs options are presented below in Table 6-1 and 

Table 6-2 respectively. We note that the pavement thicknesses make no allowance for 

construction tolerances. 

Table 6-1 Flexible pavement thickness design 

Pavement component Component thickness, material and compaction 

Wearing course 30 mm Asphaltic Concrete to Council specification;  

or 30 mm gap graded AC10  

Basecourse 100 mm thickness DGB20, conforming to RMS 3051 

compacted to 98% Modified Compaction AS1289 5.2.1 

Subbase 240 mm thickness DGS20, conforming to RMS 3051 

unbound basecourse and subbase.

will be constructed with a flexible pavement over an
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Pavement component Component thickness, material and compaction 

compacted to 95% Modified Compaction AS1289 5.2.1 

Total thickness  370 mm 

Table 6-2 Rigid pavement thickness design 

Pavement component Component thickness and material 

Concrete  150 mm concrete (minimum 4 MPa flexural strength and 32 MPa 
characteristic compressive strength, incorporating minimum 
600 mm wide integrally cast ‘concrete shoulders’) 

Basecourse 125 mm unbound granular (DGB20) 

Total thickness 275 mm 

6.2.3 Subgrade preparation 

Subgrade preparation along the alignment should include: 

 Stripping of existing fill, topsoil, vegetation, root affected or other potentially deleterious 

material down to the design subgrade level. Stripped material should be removed to spoil or 

stockpiled for later reuse (subject to approval by the principal and detailed design 

specifications). 

 The exposed subgrade should be inspected by a suitably experienced geotechnical 

engineer.  

 Areas of unsuitable subgrade should be removed and replaced with select material, placed 

and compacted in near horizontal layers no greater than 300 mm loose thickness, and 

compacted to a minimum density ratio of 100% Standard Maximum Dry Density. Excessive 

compaction or test rolling should be avoided on overly wet or weak subgrade surfaces.  

 Where no subgrade treatment is deemed to be necessary, the exposed subgrade surface 

should be scarified to a minimum depth of 300 mm, moisture conditioned and compacted to 

100% Standard Maximum Dry Density. Depending on weather conditions prior to 

construction, drying will likely be required to achieve optimum moisture content for 

compaction. Due to the presence of high water table, care should be taken not to overwork 

or over compact the exposed subgrade. 

  Place and compact pavement material as per the pavement thick design. 

Coal rejects were noted to be present within some areas of the fill embankment. Although the 

proportion of coal rejects encountered was relatively low, higher concentrations of coal reject 

may be encountered in some areas. As a guide, where higher amounts (>25% of the total 

volume) of coal rejects are encountered, care should be taken to avoid spontaneous 

combustion by limiting loosening or scarifying activities, or provide an encapsulation layer. In 

addition, care should be taken not to over compact or crush larger coal reject particles under 

direct load. 

6.2.4 Treatment of poor subgrade 

Where larger sections of poor or oversaturated subgrade conditions are encountered at or in 

close proximity to the design subgrade level, consideration should be given to in-situ 

stabilisation with lime and / or cement, or construction of a bridging layer may be required. 
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Temporary excavation batters may be achievable within Portion 4 or through soils above the 

groundwater in Portion 1, 2 and 3. Temporary excavations should be constructed at no steeper 

than 1H:1V. Steeper batters may be achievable but would need to be assessed by a 

geotechnical engineer during construction. 

As a minimum, excavation stability should be visually assessed at the commencement of each 

work shift and control measures assessed and if necessary revised. If conditions such as 

increased water seepage, erosion, cracking or wall collapses have occurred, further 

geotechnical advice from a qualified geotechnical engineer should be sought before re-entering 

the excavation. 

6.5 Construction stage inspection and testing 

Geotechnical design parameters and conditions which have been used as the basis of this 

assessment should be confirmed by geotechnical inspection during construction. If subsurface 

conditions encountered during construction differ from those provided in this report, further 

geotechnical advice should be sought without delay. 

We recommend that all footing excavations be inspected by an experienced geotechnical 

engineer or engineering geologist to ascertain that the recommended foundation material has 

been reached and to check initial assumptions regarding foundation conditions, cleanliness, 

roughness and possible variations that may occur across the site. 

Some footing excavations/piles may need to be locally deepened if poor quality material is 

exposed in the base of the excavation or identified by pile inspection/testing. 

6.6 Acid sulfate soils 

Our review of geology and landform (Section 2) suggested that acid sulfate soils are likely to be 

present at the site. That is, the natural sediments of the site are of recent geological age 

(Holocene), the natural soils occur at a level less than 5 m AHD, and the natural landscape 

comprises alluvial plain and estuarine backswamp. 

Field indicator testing of the recovered soil samples (Table 5-6 above) showed that: 

 All field pH values measured greater than 4. Therefore, none of the samples analysed 

comprised AASS. 

 The majority of the tested samples returned strong positive indicators for PASS. 

Based on the above findings, disturbance of the site soils below the water table may lead to the 

production of acid sulphate leachate. However, the effects this would have on the environment 

are governed by the volume of the disturbance and connection of acidic leachate to natural 

water bodies and wetlands. 

The Acid Sulphate Soils Management Advisory Committee (ASSMAC) Assessment Guidelines 

(1998) defines ‘action criteria’ for projects which are to disturb between 1 and 1000 tonnes of 

PASS material. Reference to Table 4.4 of the Guideline show that a limit for oxidisable sulfur of 

0.1% and for total acidity of 62 H+/tonne would apply for ‘fine textured’ soils (i.e. clay and silt) at 

the site. Each of the sPOCAS test results exceed these limits, with significant exceedances 

noted within alluvial soils through Portion 1. As a result, an Acid Sulfate Soil Management Plan 

(ASSMP) will be required for construction to detail procedures to be implemented during any 

ground disturbance works (e.g. footing excavations) when PASS is encountered. 
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Treatment of excavated material with lime can be readily undertaken during the works. The 

sPOCAS laboratory testing indicates that a liming rate of up to 84 kg per tonne would be 

required to neutralise the acidity produced in the disturbed alluvial soils (based on the tested 

sample from U102 at 0.0 m depth). A lesser liming rate in the order of 5 kg per tonne would be 

applicable for residual soils (based on the tested sample from TP203 at 1.5 m).  

Further ASS testing to verify the effective treatment of ASS materials throughout construction 

will be required as part of the ASSMP if materials are to be treated on site. Alternatively, the 

disturbed ASS materials may be collected and disposed of directly to an appropriate waste 

facility. 
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Appendix A – Figures 

Geotechnical Test Location Plans (Figure 1 to Figure 9) 
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Appendix B – Standard sheets and general notes 

General notes 

Soil description 

Rock description 

Glossary of symbols 

Laboratory testing 

Dynamic cone penetrometer testing 

Cone penetrometer testing 





 SOIL DESCRIPTION 

 

 

 
This procedure involves the description of a soil in terms of its visual and tactile properties, and relates to both laboratory samples and field exposures as 
applicable.  A d etailed soil profile descripti on, in association with local geology and experience, will facilitate the in itial (and often  complete) site 
assessment for engineering purposes. 
The method involves an evaluation of each of  the items listed below and is in gene ral agreement with both Australian Standard AS 1726 (the Site 
Investigation Code) and ASTM D2487 and D2488. 
MOISTURE 

The moisture condition of the soil is most applicable for cohesive soils as a precursor to the assessment of consistency and workability.  The moisture 
condition is described as:- 

Dry (dusty, dry to the touch) Slightly Moist  Moist (damp, no visible water) Very Moist    or Wet (visible free water, saturated condition) 

In addition, the presence of any seepage or free water is noted on the testhole logs. 
COLOUR 

Colour is important for correlation of data between testholes and during subsequent excavation operations.  The prominent colour is noted, followed by 
(spotted, mottled, streaked etc.) then secondary colours as applicable.  Colour is usually described at as-received moisture condition, though both wet 
and dry colours may also be appropriate. 
CONSISTENCY / DENSITY INDEX 
This assessment is based on the effort required to penetrate and/or mould the soil, and is an indicator of shear strength. 
Granular soils are generally described in terms of  density index as listed in AS 1726.  These soils a re inherently difficult to assess and normall y a 
penetration test procedure (SPT, DCP or CPT) is used in conjunction with published correlations.  Alternatively, in-situ density tests can be conducted in 
association with minimum and maximum densities performed in the laboratory. 

Term Symbol Density Index (%) 

Very Loose VL < 15 
Loose L 15  - 35 
Medium Dense MD 35  - 65 
Dense D 65 - 85 
Very Dense VD >85 

Cohesive soils can be assessed by direct measurement (shear vane, CPT etc), or estimated approximately by tactile means and/or the aid of a geological 
pick as given on the following table.  It is emphasised that a “design shear strength” must take cognisance of the mode of testing and the in-situ moisture 
content with the possible variations of moisture with time. 

Term Symbol Tactile Properties Undrained Strength Su 
(kPa) 

Very Soft VS Extrudes between fingers when squeezed in hand <12 

Soft S Easily penetrated by thumb about 30-40 mm.  Pick head can be pushed in up to shaft.   12-25 
Firm F Penetrated by thumb 20-30mm with moderate effort.  Sharp end of pick pushed in 30-

40mm.   
25-50 

Stiff St Indented by thumb about 5mm with moderate effort.  Pick pushed in up to 10mm.   50-100 
Very Stiff VSt Readily indented by thumb nail.  Slight indentation produced by pushing pick into soil. 100-200 
Hard H Difficult to indent with thumb nail.  Requires power tools for excavation. >200 

STRUCTURE/OTHER FEATURES 
The soil structure is generally applicable to cohesive soils and mainly refers to the presence or absence of joints and layering.  Typical terms use are 
intact (no joints), fissured (closed joints), shattere d (open joints), slickensided (polished joints  indicative of moveme nt), and stratified/laminated. In 
addition, the presence of other features (ferricrete nodules, timber inclusions) should also be noted as applicable. 
For granular soils, an assessment of grading (well, uniform or poor), particle size (fine, medium etc.) and angularity and shape may also be given. 
SOIL TYPE 

The soil is described in terms of its estimated grain size composition and the tactile behaviour (plasticity of any fines (less than *0.06 mm)).  This system 
does not differentiate on grading below 0.06 mm, in accordance with the Unified Soil Classification (USC) procedure. 
However, in some situations a soil can exhibit different characteristics between the undisturbed and disturbed/remolded condition (eg. ‘sand’ sized 
particles which break down a clay).  The Soil Type generally relates to the latter state but the former condition should be noted where applicable. 
Furthermore, as most natural soils frequently are combinations of various constituents, the primary soil is described and modified by minor components.  
In brief, the system is as follows:- 

Coarse Grained Soils Fine Grained Soils 

% Fines Modifier % Coarse Modifier 

<5 omit, or use “trace” <15 omit, or use “trace” 
5-12 describe as “with clay/silt” as applicable 15-30 described as “with sand/gravel” as applicable 
>12 prefix soil as “silty/clayey” as applicable >30 prefix soil as “sandy/gravelly” as applicable 
(*The 200# sieve (0.075 mm) is commonly used in practice to differentiate between fine and coarse grained soils). 

 Note: For soils containing both sand and gravel the minor coarse fraction is omitted if less than 15%, or described as “with sand/gravel”  
as applicable when greater than 15%. 

The appropriate USC symbol may also be given after the soil type description in accordance with ASTM D2487 and D2488. 
ORIGIN 

An attempt is m ade, where possible, to assess origin (transpo rted, residual, pedogenic, or fill etc.) since this assists in the judgement of probable 
engineering behaviour.  This assessment is generally restricted to field logging activities.  An interpretation of landform is a useful guide to the origin of 
transported soils (e.g. colluvium, talus, slide debris, slope wash, alluvium, lacustrine, estuarine, aeolian and littoral deposits) while local geology and 
remnant fabric will assist identification of residual soils. 
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 ROCK DESCRIPTION 

 
 

 
This method is based on Australian Standard AS 1726 and is orientated to the field logging of diamond drill core, but may 
be used for the profiling of natural exposures and cuttings, as applicable. The procedure involves a visual and tactile 
assessment of the rock mass and the nature of defects within it in order to facilitate a prediction of engineering behaviour. 
DESCRIPTION: Rock Type is described on the basis of origin (sedimentary, metamorphic and igneous) with the common types listed below:- 

Sedimentary Metamorphic Igneous 

Clastic Non clastic 
(chemical) 

Non clastic 
(organic) 

Pyroclastic  Acid Intermediate Basic 

Coal 
Some 

Limestone 

Extrusive Rhyolite Trachyte Andesite Basalt 

 Intrusive     
 (medium 

grained) 
Quartz 

Porphyry 
Porphyry Porphyrite Dolerite 

      
 (coarse 

grained) 
Granite Syenite Diorite Gabbro 

Conglomerate 
Sandstone 
Siltstone 

Shale 
Claystone 

Limestone 
Chert 

Gypsum 
Salt 

 

Tuff 
Agglomerate 

Volcanic 
Breccia 

Slate 
Phyllite 
Schist 

Quartzite 
Gneiss 

     

Colour is given to assist in rock identification and the interpolation of field data. Colour is usually described at as-received moisture 
condition, though both wet and dry colours may also be appropriate. 
Texture refers to the degree of crystallinity and granularity (grain size) and the fabric relationship between the constituents of a rock. 
Often only grain size is given for simplified descriptions of certain sedimentary rocks. 
Structure and texture are commonly used synonymously in describing rocks since the re is no clear delineation between terms. In 
general, structure refers to large-scale features recognisable in the field (banding, lineation, massive, porphyritic, schistose etc.). For 
sedimentary rocks in particular, the thickness of sedimentary layering (bedding) is described as:- 

Thinly laminated <6mm very thinly bedded 20-60mm medium bedded 0.2-0.6m very thickly bedded >2m 
Laminated 6-20mm thinly bedded 60-200mm thickly bedded 0.6-2m   

In addition, mineral composition, hardness, alteration, cementation is given as applicable. 
WEATHERING: The assignment of weathering is some what subjective. Weathering assists identification and does not imply 
engineering behaviour. No distinction is drawn between chemical weathering and alteration for most engineering purposes. These 
procedures are collectively described as “weathering” using the following terms which do not describe the related strength change. This 
system is general, and in this format may not apply to all rock types. Carbonate rocks generally do not conform to this classification. 

Term Symbol Definition 

Completely Weathered CW Residual soil with rock fabric not visible. 
Extremely Weathered EW The rock exhibits soil-like properties though the texture of the original rock is still evident. 
Highly Weathered HW Limonite staining or col our change affects the whole of the rock mass and oth er signs of 

chemical or physical decomposition are evident. 
Moderately Weathered MW Staining extends throughout the whole of the rock mass and the original colour is no longer 

recognisable. 
Slightly Weathered SW Partial staining or discolouration of the rock mass, usually by limonite, has taken place. 
Fresh Fr Rock mass unaffected by weathering. 

ESTIMATED STRENGTH: This refers to the strength of the rock substance and not that of the rock mass. The strength of the rock 
substance is estimated by the Point Load Strength Index IS(50) and refers to the strengt h measured in the direction normal to the 
bedding for sedimentary rocks. A field guide is given below:- 

Term Symbol IS(50) 
MPa 

Field Guide 
(The core refers to a 150mm long x 50mm dia. sample) 

Extremely Low EL <0.03 Remoulded by hand to a material with soil properties. 
Very Low VL 0.03-0.1 May be crumbled in the hand. Sandstone is “sugary” and friable. 
Low L 0.1-0.3 The core may be broken by hand and easily scored with a knife. Sharp edges of core may 

be friable and break during handling. 
Medium  M 0.3-1.0 The core may be broken by hand with considerable difficulty. Readily scored with knife. 
High H 1-3 The core cannot be broken by unaided hands, can be slightly scratched or scored with knife.
Very High VH 3-10 The core may be broken readily with hand held hammer. Cannot be scratched with knife. 
Extremely 
High 

EH >10 The core is difficult to break with hand held hammer. Rings when struck with a hammer. 

DEFECTS: This important feature can control the overall engineering behaviour of a rock mass. All types of natural fractures across 
which the core is discontinuous are noted. These fractures include bedding plane partings, joints and other defects but exclude artificial 
fractures such as drilling breaks. The nature of the defects (joints, bedding partings, seams, zones and veins) is also noted with 
description, orientation, infilling or coating, shape, roughness, thickness, etc. given generally in accordance with AS 1726. The spacing of 
natural fractures excludes bedding partings unless there is evidence that they were separated prior to drilling. This notwithstanding, 
bedding partings maybe considered as planes of weakness in an engineering assessment. 
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GLOSSARY OF SYMBOLS

This standard sheet should be read in conjunction with all test hole log sheets and any idealised geological sections
prepared for the investigation report.
GENERAL

 Symbol Description Symbol Description
D Disturbed Sample PZ Piezometer Installation
U Undisturbed Sampled (suffixed by sample size or R Rising Head Permeability Test

tube diameter in mm if applicable) F Falling Head Permeability Test
C Core Sample (suffixed by diameter in mm) PBT Plate Bearing Test
SV Shear Vane Test (suffixed by value in kPa) Water Inflow (make)

 SPT Standard Penetration Test (with blows per 0.15m) Water Outflow (loss)
N SPT Value Temporary Water Level

HB SPT hammer bouncing Final Water Level
PM Pressuremeter Test Point Load Test (axial)
PP Pocket Penetrometer (suffixed by value in kPa) Point Load Test (diametric)
PK Packer Test IMP Impression Device Test

SOIL SYMBOLS

Main Components

SAND CLAY SILT

GRAVEL FILL TOPSOIL

Minor Components

sandy clayey silty

gravelly vegetation, roots

Note:  Natural soils are generally a combination of constituents, e.g. sandy CLAY
ROCK SYMBOLS

Sedimentary Igneous

SANDSTONE SHALE GRANITIC ROCK

CLAYSTONE CONGLOMERATE IGNEOUS DYKE

SILTSTONE COAL BASALTIC ROCK

Note:  Additional rock symbols may be allocated for a particular project.

NATURAL FRACTURES (Coding)

Fracture Type Orientation

JT Joint For vertical  non-oriented core ... “Dip” angle (eg. 5°) measured relative to horizontal
BP Bedding Plane For inclined non-oriented core ... “Angle” measured relative to core axis.
Cb Cross Bed For inclined oriented core ... “Dip” angle and “Dip Direction” angle (eg. 45°/225° mag.)
SS Sheared Surface
SM Seam VT Vertical
CS Crushed Seam HZ or 0° Horizontal
FZ Fragmented Zone d degrees
SZ Shear Zone
VN Vein
Infilling or Coating Shape Roughness Others
CN Clean PLN Planar POL Polished DIS Discontinuous
X Carbonaceous CU Curved SLK Slickensided OP Open
CLAY Clay UN Undulating SO Smooth CL Closed
KT Chlorite ST Stepped RF Rough TI Tight
CA Calcite IR Irregular VR Very Rough
FE Iron Oxide
MI Micaceous
Mn Manganese
Py Pyrite
QZ Quartz
VE Veneer

GHD GEOTECHNICS
Specialist Services in Geotechnical Engineering,
Geology, Field/Laboratory Testing and Hydrogeology
www.ghd.com
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 LABORATORY TESTING 

 
 

 

GENERAL 

Samples extracted during the fieldwork stage of a site investigation may be “disturbed” or “undisturbed” (as 
generally indicated on the trial hole logs) depending upon the nature and purpose of the sample as well as the 
method of extraction, transportation, extrusion and testing. This aspect should be taken into account when 
assessing test results, which must of necessity reflect the effects of such disturbance. 

All soil properties (as measured by laboratory testing) exhibit inherent variability and thus a certain statistical 
number of tests is required in order to predict an average property with any degree of confidence. The site 
variability of soil strata, future changes in moisture and other conditions and the discrete sampling positions 
must also be considered when assessing the representative nature of the laboratory programme. 

Certain laboratory test results provide interpreted soil properties as derived by conventional mathematical 
procedures. The applicability of such properties to engineering design must be assessed with due regard to the 
site, sample condition, procedure and project in hand. 

TESTING 

Laboratory testing is normally carried out in accordance with Australian Standard AS 1289 as amended, or RTA 
Standards when specified. The routine Australian Standard tests are as follows:- 

Moisture Content AS1289 2.1.1 
Liquid Limit AS1289 3.1.1 ) 
Plastic Limit AS1289 3.2.1 ) collectively known as Atterberg Limits 
Plasticity Index AS1289 3.3.1 ) 
Linear Shrinkage AS1289 3.4.1 
Particle Density AS1289 3.5.1 
Particle Size Distribution AS1289 3.6.1, 3.6.2 and 3.6.3 
Emerson Class Number AS1289 3.8.1 ) 
Percent Dispersion AS1289 3.8.2 ) collectively, Dispersive Classification 
Pinhole Dispersion Classification AS1289 3.8.3 ) 
Hole Erosion (HE)  GHD Method 
No Erosion Filter (NEF)  GHD Method 
Organic Matter AS1289 4.1.1 
Sulphate Content AS1289 4.2.1 
pH Value AS1289 4.3.1 
Resistivity AS1289 4.4.1 
Standard Compaction AS1289 5.1.1 
Modified Compaction AS1289 5.2.1 
Dry Density Ratio AS1289 5.4.1 
Minimum Density AS1289 5.5.1 
Density Index AS1289 5.6.1 
California Bearing Ratio AS1289 6.1.1 and 6.1.2 
Shear Box AS1289 6.2.2 
Undrained Triaxial Shear AS1289 6.4.1 and 6.4.2 
One Dimensional Consolidation AS1289 6.6.1 
Permeability Testing AS1289 6.7.1, 6.7.2 and 6.7.3 
 

Where tests are used which are not covered by appropriate standard procedures, details are given in 
the report. 

LABORATORY 

Our laboratory is NATA accredited to AS ISO / IEC17025 for the listed tests. 

The oedometer, triaxial and shear box equipment are fully automated for continuous operation using computer 
controlled data acquisition, processing and plotting systems. 
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DYNAMIC CONE PENETROMETER 
(DCP) TESTING 

 
 

 

SCOPE 

The Dynamic Cone Penetrometer (DCP) test comprises the measurement of the soil resistance to a steel 
rod driven into the ground by a dropped weight. 

The DCP test is a simple manual test used in both sandy and clayey soils. The test is a measure of the 
shear strength of the soil at relatively shallow depth. 

EQUIPMENT AND METHOD 

A general description of the dynamic penetrometer apparatus used by our firm is presented in Australian 
Standard AS 1289.6.3.2. The equipment utilises a 9kg sliding weight with a drop height of 510mm. It is 
fitted with a conical tip. The equipment can be adjusted for a fall of 600mm and use of a blunt tip in 
accordance with AS 1289.6.3.3. 

The test data are generally recorded as the number of blows (n) per 50mm of penetration. The test data 
are processed by our in-house computer software. For specific applications (such as pavement 
investigations), the data may be collected in the reverse form, i.e. as mm per blow. The results are 
presented either in tabular or graphic form for reporting purposes. 

INTERPRETATION 

The interpretation of the DCP results is generally based on the assumption that the measured resistance is 
a function of soil strength. A profile of soil strength (cohesive soils) or density index (cohesionless soils) 
can thus be established. The test often can be used to qualitatively indicate the presence of soft or loose 
zones within a soil profile. 

The energy of the system per unit area is similar to that of an SPT approach. Thus, the common 
relationships of SPT and other parameters (say Dutch cone) can be utilised as a means of estimating soil 
properties, after appropriate site specific correlation. The interpretations from the test are approximate only, 
and this is particularly pertinent to sand profiles where the magnitude of confinement stress is important in 
the assessment of the results. 

Interpretation of the DCP penetration rate at depth (up to 5m) must be conducted with due regard to side 
friction effects. In particular, care must be exercised with soft clay profiles where shaft resistance may have 
a significant unconservative impact upon the results. 

In-situ California Bearing Ratio (CBR) values of clay soil subgrades are sometimes interpreted directly from 
DCP test results for use in road pavement design. In this case, the correlation between DCP and CBR 
based on that published in AUSTROADS Pavement Design Manual (1992) may be applied. This 
correlation should be verified by site specific laboratory testing, where appropriate. In addition, the effects 
of moisture content variations (in-situ verses design conditions) must be considered, as clearly the DCP 
test only reflects the shear strength of the soil at the time of testing. 
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  CONE PENETRATION 

(CPT/CPTU) TESTING 

 
 

 

SCOPE 

The Cone Penetration Test (CPT) comprises the measurement of soil resistance in response to a steel cone 
pushed into the ground at a constant rate. The CPTU (or piezo probe) test involves sophisticated equipment yet 
is simple in operation and provides rapid, almost continuous traces of soil response, with good repeatability. 

The CPT/CPTU test is commonly employed as a means of extrapolation of discrete borehole data for a 
particular site. The interpretation of CPT and CPTU results without appropriate borehole data correlation must 
be considered for guide purposes only and should not be used for detailed design. 

EQUIPMENT AND METHOD 

The steel cone consists of a 37mm diameter, 60° cone, hydraulically pushed vertically down into the soil profile. 
The piezo probe includes the measurement of cone resistance (qc), friction sleeve (fs), inclinometer and pore 
pressure (u) whilst the friction cone used for CPT testing includes cone resistance and friction sleeve readings 
only. The porous element of the piezo cone is situated on the cylindrical shaft immediately behind the cone. The 
rate of penetration for both cones is approximately 20mm/sec with readings taken usually at 20mm intervals 
throughout the profile. 

The CPTU test is initiated by inserting the pre-saturated probe into a pre-drilled hole below the ground water 
table. The probe is then permitted to achieve temperature stabilisation prior to conducting the penetration test. 

The CPT/CPTU readings are measured using load cells and strain gauges set in the probe. The signals from 
these gauges are transmitted to an analogue/digital converter via a cable which is pre-threaded down the push 
rods. The digitised data is then recorded and stored on the hard disk of a lap-top computer, using our in-house 
data-acquisition computer program, for later analysis. In particular, data reduction includes processing of the qc 
results recorded with the piezo cone to total resistance (qt) values using the corresponding pore pressure value 
in accordance with published procedures. 

The piezo probe can also be used to perform pore pressure dissipation measurements at selected test levels to 
determine the localised lateral drainage characteristics of the subsoil. Depending on the rate of dissipation, the 
excess pore pressure is recorded during the dissipation test until a nominated degree of dissipation is achieved. 

The cone penetration test is terminated once the probe reaches refusal, when the rods behind the cone cannot 
be advanced further due to resistance developed along the rods or when the anchor pickets of the thrust rig are 
lifted out of the ground. The probe is then withdrawn from the ground and a series of datum readings are 
recorded. The readings taken during the penetration test are corrected during processing using the average of 
the datum readings after testing to take into account effects of the temperature variation at depth. 

INTERPRETATION 

The CPT and CPTU results can be used to assess the soil profile at specific test locations and to estimate soil 
strength and consolidation characteristics. As mentioned previously, such interpretations are generally 
performed in association with discrete borehole data. 

In particular, the interpretations must take account of the soil type (and consequent drainage conditions), soil 
strength, sensitivity and stress history (i.e. normally or over-consolidated). Details of these are beyond the 
scope of this explanation sheet. 
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Appendix C – Test pit and undisturbed sample logs 
and test pit photos 

U101 to U104 

TP201 to TP206 

TP301 to TP314 

TP401 to TP404 
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0.0m, reeds at surface.
0.0-0.1m, ASS sample.
0.0-0.2m, strong organic
odur.

0.2-0.45m, mild organic
odour.

0.27m, PP=100kPa.

0.3-0.45m, ASS sample.

CH

CH

VM

VM
0.20

0.45

U50

S

F

CLAY, dark grey and dark brown, medium to high
plasticity (MC>PL), trace fine grained sand, with organic
material and roots (alluvium).

CLAY, grey mottled orange, high plasticity (MC~PL)
(alluvium?)

End of Test pit at 0.45 metres.
Limit of investigation.
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200mm root matter
above material surface.
0.0-0.1m,  ASS sample.
0.0-0.2m, strong organic
odur.

0.2-0.45m, mild organic
odour.

0.26m, PP=40-50kPa.

0.3-0.45m, ASS sample.

CH VM

0.45

U50

S

F

CLAY, dark brown and black with brown iron straining,
high plasticity (MC>PL), trace fine sub-rounded gravel
(alluvium).

0.2m, grey, MC>PL.

End of Test pit at 0.45 metres.
Limit of investigation.
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0.0-0.1m, ASS sample.
0.0-0.45m, strong
organic odour.

0.3-0.45m, ASS sample.

0.36m, PP=50kPa.

MH VM-
W

VM

0.45

U50

S

F

SILT, dark grey and dark brown, high plasticity
(MC>>PL), with fine to medium grained sand, trace fine
gravel, with rootlets and shell fragments (alluvium).

0.25m, dark grey mottled black, trace rootlets and
organic material.

End of Test pit at 0.45 metres.
Limit of investigation.
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0.0-0.1m, ASS sample.
0.0-0.45m, mild organic
odour.

0.3-0.45m, ASS sample.

0.34m, PP=40kPa.

MH W

0.45

U50

LSilty SAND, red brown, fine grained, trace fine
sub-rounded to rounded gravel (alluvium).

0.25m, with bands of silt and sandy silt.

End of Test pit at 0.45 metres.
Limit of investigation.
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0.3m, PP=150-200kPa.

0.5m, PP=200-250kPa,
ASS sample.

CL

CI-
CH

-

SM

SM

-

GNE

0.15

0.70

1.00

-

St-
VSt

-

B

Sandy CLAY, brown, low plasticity, fine grained sand,
with roots (topsoil).

CLAY, grey mottled orange, medium to high plasticity,
trace rootlets (residual).

SANDSTONE, pale brown mottled orange and yellow,
fine grained, extremely weathered, very low strength.
0.8m, becoming highly weathered, low strength.

End of Test pit at 1 metres.
Bucket refusal.
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