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Report on Geotechnical Invest igation 

Redevelopment of Cessnock Correctional Centre 

Lindsay Street, Cessnock 

1. Introduction 

Page 1 of 23 

This report presents the results of a geotechnical investigation undertaken for a redevelopment of 
Cessnock Correctional Centre, located at Lindsay Street, Cessnock. The investigation was 
commissioned in an email dated 12 July 2016 by Brett Shearson of NBRS & Partners Pty Ltd, acting 
on behalf of NSW Department of Justice and was undertaken in accordance with Douglas Partners' 
proposal NCL 160276 dated 11 April 2016. 

The proposed development comprises the extension of both the existing maximum and minimum 
security facilities and relocation of the existing admin building and staff car park at the Cessnock 
Correctional Centre, as follows: 

• Area 1: 

• Area 2: 

• Area 3: 

• Area 4: 

• Area 5: 

Additional 280 bed minimum security facility and ancillary supporting 
infrastructure on the vacant land to the south of the existing centre; 

Additional 320 bed maximum security facility and ancillary supporting 
infrastructure on the land west of the existing centre; 

Construction of a new staff amenities building, admin building and car park to the 
south of the existing maximum security facility; 

Construction of approximately 250 m of new access road connecting the 
proposed car park to the existing Alunga Ave, and; 

Construction of a new max industries building within the existing minimum 
security area. 

The aim of the investigation was to provide information on the following: 

• Subsurface conditions; 

• Site classification; 

• Excavation conditions; 

• Earthquake loading factors; 

• Geotechnical design parameters for shallow footings and piles; 

• Geotechnical parameters for retaining walls; 

• Pavement thickness design for the car park and proposed access road. 

The investigation included the drilling of fifteen boreholes and laboratory testing of selected samples. 
The details of the field work are presented in this report, together with comments and 
recommendations on the issues listed above. 

DP has carried out a concurrent Preliminary Site Investigation (Contamination), the results of which 
have been reported under a separate cover (Ref 1 ). 
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2. Previous Relevant Investigations 

Douglas Partners Pty ltd (DP) has undertaken a number of previous investigations at Cessnock 
Correctional Centre (CCC) including the following: 

• Desktop geotechnical assessment for the proposed redevelopment of Cessnock Correctional 
Facility, Project 43326 dated 16 September 2005; 

• Geotechnical investigation for the proposed new chapel, Project 39632 dated 13 September 
2006; 

• Geotechnical Investigation for a previously proposed upgrade of facilities, Project 39632-1 dated 
February 2007 (Ref 1 ); 

• Preliminary contamination assessment for a previously proposed upgrade of facilities, Project 
39632-1 dated February 2007; and 

• Pavement thickness design for a previously proposed upgrade of facilities, Project 39632.02 
dated 20 February 2009. 

Information from these investigations has been used to supplement the current investigation. 

3. Site Description 

Cessnock Correctional Centre is located within Lot 3 in DP 76202, situated at the northern end of 
Lindsay Street, Cessnock. Investigations took place to the west and south of the existing correctional 
facility within five development areas (Refer 
Figure 1 and Drawing 1 ). 

Figure 1: Aerial image of site with cadastre 

A brief site description of the area for each area of development is presented in Sections 3.1 to 3.5 
below. 
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3.1 Area 1 - 280 Bed Minimum Security 

The proposed 280 bed minimum security unit will be constructed south of the existing correctional 
facility between the existing Industries Building to the north and existing residential housing on Alunga 
Avenue, as shown in Figure 2 and Figure 3. 

The area is typically grass covered with scattered trees. An existing concrete access road passes in 
an easUwest direction through the northern portion of the proposed development site. 

The site slopes generally fall to the south-east at about 3° - 5°. Several water diversion bunds 
extending to the east and west have been constructed perpendicular to the site slope. 

Figure 2: Area 1 - Facing north towards existing Industries Buildings 

Figure 3: Area 1 - Facing south-west towards residential housing on Alunga Avenue 
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3.2 Area 2 - 320 Bed Maximum Security 

The proposed 320 bed maximum security unit will be constructed to the west of the existing 
correctional facility, as shown in Figure 4. This area is bounded by the existing maximum security unit 
to the east, a cluster of demountable buildings to the south and security fencing to the north and west 
with bushland beyond. The site slopes fall to the north and west at about 3 - 5°. 

At the time of the investigation, the site mostly exposed soil filling at the surface with occasional grassy 
patches. A number of near-level terraces are present across the area which appear to have been 
formed to allow placement of the previously stored demountable buildings (refer Figure 5). The 
previously stored demountable buildings are shown on Drawing 1 in Appendix D, which is based on a 
2010 Google Earth image of the site. Concrete and cement block footing piers and other building 
materials associated with the demountable buildings previously stored within this area were scattered 
across the site, as shown in Figure 5. 

Figure 4: Area 2 - Facing north-east towards existing correctional centre 
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3.3 Area 3 - Staff amenities building, admin building and car park 

The proposed staff amenities and car park will be constructed immediately south of the existing 
maximum security entrance, adjacent to the existing staff and visitor car park areas (refer Figure 6). 
The area was generally grassed areas with some scattered trees. The existing car parking areas were 
asphalt sealed with a combination of asphalt and concrete access roads. 

Figure 6: Area 3 - Facing west towards existing visitor car park 

An outcrop of rock, comprising weathered siltstone and sandstone, was present toward the south
eastern extent of Area 3 (refer Figure 7). 

Figure 7: Area 3 - Rock outcrop towards south-east boundary of Area 3 
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The site slopes typically fall at about 3° to the east in the grassed areas and approximately 1 ° to the 
east in car park areas. The surface slopes increase to between 10° to 20° along the northern and 
eastern boundaries of the area (refer Figure 8). 

Figure 8: Area 3 - Facing north along eastern perimeter of Area 3 with increased site slopes 

3.4 Area 4 - Access road 

Details on the exact alignment of the road have not been provided to DP at the time of preparing this 
report. It has been assumed that the road will connect the intersection of Alunga Avenue and the main 
access road to the proposed car parking area. It is likely, therefore that the road will pass to the south 
of the new minimum security unit and then continue north along the western boundary of the minimum 
security unit. 
This possible alignment passes through areas typically grassed with scattered trees (refer Figure 3). 

3.5 Area 5 - Max industries building 

The max industries building will lie close to the eastern boundary of Area 2, within an area which 
contains surficial filling, predominantly gravelly or sandy clay associated with the near-level terraces 
which are present through Area 1. 

4. Regional Geology 

Reference to the Newcastle Coalfield Regional Geology 1: 100 000 Sheet indicated that the site is 
underlain by the Farley Formation within the Dalwood Group. The Farley Formation typically 
comprises silty sandstone with siltstone, mudstone, shale, conglomerate and basalt also present. 
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5. Field Work Methods 

The field work for the current geotechnical investigation was undertaken during the period from 
25 May 2016 to 27 May 2016. The test locations were set out by a geotechnical engineer from DP in 
consultation with the client. The engineer also logged the subsurface conditions encountered and 
collected samples for identification and laboratory testing purposes. 

A total of fourteen (1 4) bore were drilled using a 4WD-mounted rotary drilling rig to depths ranging 
from 0.4 m to 6 m. Standard penetration tests (SPTs) were performed at selected depths and 
locations. NMLC coring of the bedrock was undertaken in four of the bores. Dynamic Cone 
Penetrometer (DCP) testing was undertaken at all borehole locations. 

The approximate test locations are shown on Drawing 1 in Appendix D. 

The MGA coordinates were recorded at each bore location using a hand held GPS unit which is 
normally accurate to within about ±5 m depending on satellite coverage. The approximate coordinates 
of the bore locations are shown on the individual borehole logs in Appendix B. Approximate surface 
levels at bore locations provided on the logs were interpolated from topographic imagery, and are 
therefore indicative only. 

A summary of the field investigations is shown in Table 1, together with relevant investigation locations 
from previous investigation undertaken by DP. 

Table 1: Summary of Field Investigations 

Test Location Development Area Type of Drilling 

301 150mm V-bit auger 

302 150mm V-bit auger 

303 Area 2 - 280 Bed 150mm V-bit auger 

304 Minimum Security 150mm V-bit auger 

305 150mm V-bit auger / NMLC 

315 100mm V-bit auger / NMLC 

306 Area 1 - 320 Bed 150mm V-bit auger / NMLC 

307 Maximum Security 150mm V-bit auger / NMLC 

308 150mm V-bit auger 

309 300mm auger 

310 
Area 3 - Staff amenities 

150mm V-bit auger 

311 building, admin building 150mm V-bit auger 

312 
and car park 150mm V-bit auger 

313 300mm auger 

314 150mm V-bit auger 
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Investigation Depth 
(m) 

1.9 

1.95 

2.15 

1.8 

3.0 / 6.0 

1.0 / 4.0 

1.0 / 6.0 

2.5 / 6.0 

1.7 

0.4 

1.0 

1.2 

1.1 

1.25 

1.6 
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6. Field Work Results 

The subsurface conditions encountered in the bores are presented in detail in the borehole logs in 
Appendix B. Relevant boreholes from previous investigations are also provided in Appendix B. These 
should be read in conjunction with the accompanying notes in Appendix A which explain the 
descriptive terms and classification methods used in the logs. Photos of the recovered core are 
provided on Plates 1 to 3 in Appendix B. 

The site stratigraphy can be divided into the following units, as summarised in below in Table 2. 

Table 2: Summary of Site Stratigraphy 

Geotechnical Unit Stratum Description 

1 Filling or Topsoil Organic clayey silt / silty clay/ silty sand topsoil or 
clay filling 

2 
Silty Clay I Sandy Clay I 

Very stiff to hard Gravelly Clay / Clay 

3.1 Weathered bedrock Initially extremely low strength sandstone or 
claystone becoming very low strength 

3.2 Bedrock Medium strength and occasionally high strength 

No free groundwater was observed in the bores during the time they remained open. It should be 
noted that groundwater conditions are transient and depend on climatic conditions and soil / rock 
permeability. 

Table 3, below, provides a summary of the subsurface conditions encountered in the bores. The 
relevant results from previous investigations have been included. 
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Table 3: Summary of Test Locations and Site Stratigraphy 

Test Depth to Base of Unit (m) Investigation Depth 
Location Unit 1 Unit 2 Unit 3.1 Unit 3.2 (m) 

Area 2 • 280 Bed Minimum Security 

301 0.6 0.82 1 _9(3) . 1.9 

302 0.1 0.78 1 _95(3) . 1.95 

303 0.1 1.46 2.15(3) - 2.15 

304 0.1 1.6 1.8(3) - 1.8 

305 0.05 0.6 3.01 >6.0 6.0 

315 - 1.0(1) 2.62 >4.0 4.0 

Area 1- 320 bed maximum securitv 
214(2) 0.1 1.1 1 _3(3) - 1.3 

217(2) 0.2 0.8 0_9(3) - 0.9 

218(2) 0.3 1.0 1.45Pl - 1.45 

219(2) 0.15 1.8 1_9Pl - 1.9 

220(2) 0.4 1.5 . - 1.5 

221 (2) 0.12 1.0 1_5P) - 1.5 

223(2) 0.1 1.9 2.i3) - 2.2 

306 - 0.8 2.8 >6.0 6.0 

307 0.5 2.5 2.65 >6.0 6.0 

Area 3 - Staff amenities building, admin building and car park 

308 0.4 1.2 1 _7(3) - 1.7 

309 0.15 0.25 0_4(3) - 0.25 

310 0.25 1.0 - - 1.0 

311 0.4 1.0 1.2(3) - 1.2 

312 0.25 0.9 1.1Pl - 1.1 

313 0.15 1.15 1.25(3) . 1.25 

314 0.35 1.4 1.6(3) - 1.6 

Area 4 - 250 m access road connecting Alunga Ave to the proposed car park 

221 (2) 0.12 1.0 1.5(3) - 1.5 

223(2) 0.1 1.9 2.2Pl - 2.2 

Notes to Table 3 

1. Core loss from 1 0 m to 1.58 m 

2. 100 and 200 senes bores are from previous DP report on Geotechnrcal Investigation. Proposed Upgrade of Cessnock 
Correctional Facility, Project 39632-1. February 2007 (Ref 1) 

3 . Inferred base of unit from auger refusal 
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7. Laboratory Testing 

7.1 Geotechnical Testing 
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Two bulk samples of the subgrade retrieved from the bores were submitted to the laboratory for 
measurement of California bearing ratio (CBR), including Standard Compaction and Field Moisture 
Content. Three samples of cohesive soils were also submitted for shrink-swell or Atterberg limits 
determination. 

Each CBR sample was compacted to approximately 100% Standard dry density ratio at the estimated 
optimum moisture content and then soaked for four days under a surcharge loading of 4.5 kg prior to 
testing. Detailed results of laboratory testing are provided in Appendix C and summarised in Table 4 
and Table 5. 

Table 4: Summary of California Bearing Ratio Testing and Moisture Content Determinations 

Swell 

Bore 
Depth 

Description 
FMC MOD OMC CBR During 

(m) (%) (t/m3
) (%) (%) Soaking 

(%) 

Present Investigation 

310 0.25 - 0.60 Orange brown CLAY 18.2 1.62 22.5 2.5 2.7 

313 0.15 - 0.45 Red brown CLAY 15.7 1.71 19.5 2.0 3.4 

Previous DP Investigation 1999 

208 0.25- 0.3 
Light grey mottled 

7.8 1.95 11.5 20 NR orange SILTY CLAY 

211 0.3 - 0.7 Brown mottled orange 
14.0 1.84 11.5 1.5 NR GRAVELLY CLAY 

212 0.5-0.7 Light grey mottled 
9.6 1.89 11.0 5 NR orange SANDY CLAY 

214 0.6 - 0.7 Light grey mottled 
18.8 1.73 20.0 1.5 NR orange SIL TY CLAY 

Notes to Table 4 

FMC = Field moisture content 

CBR = Califomia beanng ratio 

MOD = Maximum dry density 

NR = Not recorded 

OMC = Optimum moisture content 
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Table 5: Summary of Atterberg Limit Determination and Shrink Swell Testing 

Depth (m) FMC LL PL 
Bore Description 

(%) (%) (%) From To 

304 0.50 0.70 Brown CLAY with trace gravel 16.0 - -

314 0.35 0.55 Red brown CLAY with trace gravel 15.6 - -

307 0.50 0.95 Brown red GRAVELLY CLAY - 31 12 

Relevant Results from Previous Investigations 

223 0.50 0.80 Mottled orange brown SILTY CLAY 

210 0.5 - Red brown SILTY CLAY 

211 1.0 1.45 Brown mottled red CLAY 

203 0.50 0.80 Brown red SIL TY CLAY 

Notes to Table 5: 

FMC - Field moisture content LL - Liquid Limit 

PL - Plastic Limit Pl - Plasticity Index 

LS = Linear Shrinkage from liquid limit condition (Mould length 250 mm) 

MOD - Maximum dry density 

CBR - California bearing ratio 

OMC - Optimum moisture content 

- Not tested 
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11.3 40 16 

11 .4 39 14 

11 .7 44 18 

Pl LS 
(%) (%) 

- -

- -

19 8.5 

- -

26 -

25 -

26 12.5 
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lss Swell During 
(% per ~pF) 

1.8 

1.8 

-

2.6 

-

-

-
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7.2 Asbestos Testing 

Testing for the presence of asbestos in soil was undertaken on eight surface samples. Laboratory 
testing for the soil assessment was undertaken by Envirolab Services, a National Association of 
Testing Authorities Australia (NATA) registered laboratory. Analytical Methods used are shown on the 
laboratory sheets in Appendix C. 

Detailed results are provided in Appendix C and summarised in Table 6. 

Table 6: Results of Asbestos in Soil Testing 

Bore Depth (m) Description Result 

301 Clay filling No asbestos detected 

302 Clay filling No asbestos detected 

303 Brown clay topsoil No asbestos detected 

306 Brown silty clay No asbestos detected 
Surface 

307 Brown silty sand filling No asbestos detected 

308 Brown silty gravel filling No asbestos detected 

309 Brown silty sand filling No asbestos detected 

310 Brown silty sand filling No asbestos detected 

8. Proposed Development 

The project is in the concept stage of design and hence only limited information has been provided in 
relation to the proposed development Based on discussion with the client, the fol lowing is 
understood: 

• Excavation of up to 5 m may be required in Area 2 (Maximum Security Unit); 

• Placement of filling within Area 1 (Minimum Security Unit) to create a level platform; and 

• The pavements are likely to be concrete. 

No information in relation to design traffic loading for the pavements, the exact alignment of the 
proposed access pavement or footing loads for the proposed structures have been provided. 

9. Comments 

9.1 Excavation 

Based on preliminary information provided by the client, it is understood that excavation of up to 5 m 
may be required in Area 2. Elsewhere, excavation is anticipated to be less than 2 m. 

Based on the results of the bores, filling , clay and extremely weathered rock were encountered within 
the depth of investigation. Auger refusal was encountered at depths ranging between 0.4 m and 
3.0 m. Based on the auger refusal and point load index testing of the recovered core (where taken), 
the underlying bedrock increases in strength to medium and high strength. Point load index values 
(155) in excess of 1 were recorded, which is indicative of high strength bedrock. 
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The majority of the filling and clays, together with the extremely low to very low strength rock are 
expected to be readily excavated using conventional equipm_ent such as hydraulic excavators with 
light ripping to aid pick-up although with a lower rate of production in the stronger materials, as 
encountered at depths ranging from 1.8 m to 3 m in the bores undertaken within Area 2. 

Excavation of the medium to high strength bedrock is expected to require medium to heavy 
earthmoving equipment, such as Caterpillar D8 to D9 bulldozer or similar is expected for ripping. 

The use of pneumatic or hydraulic hammers on excavators for rock excavation may be required for 
detailed excavation, such as trimming batters, service trenches and footings. 

9.2 Excavation Batters 

Excavation depths may be up to 5 m in Area 2 although the location of the excavations is not known. 
Based on the conditions encountered in the bores, it is expected that it would be practicable to allow 
for battering of excavations at some locations. Ongoing inspection of the excavation face during 
construction will be necessary to assess the continuity and degree of fracturing of the bedrock, 
although the batter slopes outlined in Table 7 below are suggested for preliminary design purposes. 

Table 7: Suggested Preliminary Safe Batter Slopes 

Material Safe Batter Slope {H:V) 

Short Term Long Term 
Temporary Permanent 

Filling and clay 1.5:1 2:1 

Extremely low and very low strength rock 0.75:1 1: 1 

Low strength or stronger rock 0.25:1 • o.5:1· 

Note to Table 7: 

• - subject to further investigation and detailed inspection by an engineering geologist during construction 

Adoption of the batter slopes for low or stronger rock shown in Table 7 must be accompanied by 
geological inspection to assess any adverse jointing which could give rise to localised instability such 
as block fallout or wedge failure. The support of these locally unstable blocks and wedges, or 
extremely low and very low strength bands, can then be provided (if needed) by in-situ stabilisation 
techniques utilising dowelled mesh, rock bolts and sprayed concrete. 

If excavation faces are protected from weathering by overhead construction and sprayed concrete 
facing, the short term temporary safe batter slopes shown in Table 7 may be incorporated into the 
permanent excavation construction, as long as unstable blocks are pinned or anchored to the slope. 

9.3 Retaining Wall Parameters 

It is understood that retaining walls may be required at the site, although the location of such walls is 
not known at this stage. 

Retaining walls designed to support buildings or floor slabs (i.e. not free to move at the top of the wall) 
should be designed for 'at rest' earth pressures. 

It is suggested that walls be designed for natural clay or compacted clay geotechnical parameters as 
shown in Table 8, assuming a level surface behind the wall. 
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Table 8: Recommended retaining wall parameters 

Stratum Bulk Density 
y (kN/m3

) 
K~ 

Filling and clay 20 0.35 

Extremely low and very low strength sandstone 18 0.3 

Low and medium strength sandstone 22 0.2 

Notes to Table 8. 

K.. = coefficient of active earth pIessure 

Additional pressures should be allowed for where surcharging of the wall system results from the 
proximity of the proposed structure itself near changes in excavation level, to reduce the risk of 
damage occurring to these structures. To increase the wall stiffness and thereby reduce lateral 
(inward) wall deflection, the active earth pressure coefficients shown in Table 8 should be increased 
by 50% to represent the "at rest" condition . Further, allowance should be made in the wall design for 
estimated footing loads. 

The parameters given above are based on the provision of full drainage behind the retaining walls, 
such as 10 mm to 20 mm aggregate protected by a filter geofabric, and a slotted pipe connected to the 
site stormwater disposal system. The slotted pipe should contain an access point for routine 
maintenance flushing. 

9.4 Excavation Vibration 

It would be prudent to allow for dilapidation surveys to be carried out on any nearby buildings and 
existing services to document their condition prior to the commencement of all work in order to 
respond to any spurious claims for damage arising from construction activities. 

It is expected that the rock encountered in the bores should break readily along natural partings and 
joint, such as encountered in the recovered core at 0.05 m - 0.50 m spacings. However, the presence 
of high strength bedrock may require the use of heavy equipment, rock breaking tools and pneumatic 
equipment which has the potential to affect structures adjoining the proposed excavation. 

As a guide, the damage threshold due to vibration is dependent on the quality of the building 
foundations and construction of the building as well as the wavelength of the vibration and the source 
distance. The longer the wavelength, the more likely a building is to resonate and suffer damage. For 
construction equipment (generally in the high frequency or short wavelength range). the damage 
threshold is 40 mm/sec to 50 mm/sec for buildings founded on rock. Most vibration codes set safe 
limits for building vibrations at lower levels. 

The Standards Australia explosives code recommends the maximum peak particle velocities for 
various structures subjected to blasting vibration (generally a low frequency vibration) as set out in 
Table 9 below. 
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Table 9: Recommended Maximum Peak Particle Velocity (from AS 2187.2 - 1993) 

Type of Building or Structure Peak Particle Velocity (vp) 

(mm/sec) 

Houses and low-rise residential buildings: 
10 commercial buildings not included below 

Commercial and industrial buildings or structures of 
25 reinforced concrete or steel construction 

Notes to Table 9 

1. In a specific instance. wnere substantiated by careful investigation, a value of peak particle velocity other than that 
recommended In the Table 9 may be used. 

2. The peak particle veloc1t1es in the Table 9 have been selected taking into consideration both human discomfort and 
structural integrity together with the effect on sensitive equipment located Within buildings. 

For buildings around this site it is suggested that 10 mm/sec be adopted as peak particle velocity. 

It should be noted that humans are very sensitive to vibration and consequently may be disturbed by 
vibration levels which are considered relatively insignificant for buildings. It may therefore be 
beneficial to carry out vibration monitoring to confirm vibration levels during site works. 

9.5 Re-Use of Cut Material 

It is understood that the material cut from the site might be used as filling beneath the building areas to 
regrade the site where necessary. It is considered that the soil material removed would be suitable for 
re-use as filling provided that the compaction requirements and material specifications, detailed above 
in Section 9.6, are satisfied, and that the substantial characteristic surface movements associated with 
the use of reactive clay filling, as discussed below in Section 9.7.1 , are considered. 

It should be noted, however, that excavation preparation by ripping may result in large pieces of rock 
which may not be suitable for reuse as filling, unless the oversize material can be selectively removed 
or broken down using heavy pad foot rollers. Alternatively, it may be preferable to use pneumatic or 
hydraulic hammers on excavators for rock excavation; this method, although slower, may result in 
smaller pieces of rock better suited for re-use as engineered fill. This method may also be required for 
detailed excavation, i.e. trimming batters, service trenches or high level footings. 

9.6 Site Preparation 

Preparation of areas to receive controlled filling should include clearance of vegetation and surface 
organic matter followed by excavation of all topsoil and filling. The topsoil could be stockpiled for 
possible re-use for landscaping purposes. It may be suitable for the existing filling to remain in place if 
the buildings are to be supported by piles founded in the underlying bedrock and appropriate 
consideration has been given to possible swell pressures on the underside of floor slabs. 

Following stripping of topsoil and existing fill materials, the exposed surface in fill areas should be 
proof rolled using a minimum 8 tonne roller to identify any 'soft' spots. Any such 'soft' spots should be 
either tyned, dried and uniformly re-compacted or excavated and replaced with compacted select 
filling. 

Filling to be placed on site to achieve design levels should be placed in near-horizontal layers not 
exceeding 300 mm loose thickness. Any filling placed beneath building floor slab or for footing support 
should be compacted to a dry density ratio of at least 98% Standard at a moisture content within the 
range OMC ±2% under Level 1 inspection and testing, as defined in AS 3798-2007 {Ref 3). 
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The maximum particle size of the filling material should not exceed two - thirds of the compacted layer 
thickness, i.e. rock fragments not greater than 200 mm. Trafficability across the site is expected to be 
reasonable for conventional rubber tyred and compaction plant except during and after periods of 'wet' 
weather. 

9.7 Foundations 

9.7.1 Site Classification 

Site classification of foundation soil reactivity provides an indication of the propensity of the ground to 
move under seasonal variation in moisture. Characteristic surface movements (Ys) were estimated 
based on the typical profiles revealed in the bores, the procedures presented in AS 2870-2011 (Ref 3) 
and the results of the laboratory testing. Whilst the procedures outlined in AS 2870-2011 apply to 
residential construction the principles of design, construction and maintenance should be taken into 
consideration for development of the site. 

Some interpolation between data points was required. In the event that conditions encountered during 
construction are different to those presented in this report, it is recommenced that advice be obtained 
from this office. 

The development areas within the site have been classified as Class M (Moderately reactive) with an 
estimated Ys up 35 mm. 

It should be noted that filling of up to 0.6 m was encountered in the bores located in Area 2 and deeper 
filling (possibly up to about 1.2 m) may be associated with the near-level terraces in this area. 
Consequently, this area has been classified as Class P in accordance with the procedures of AS2870. 

Please note that the standard footing designs presented in AS 2870-2011 make no allowance for 
changes in soil suction, and hence shrink-swell movement, caused by trees / gardens located neither 
near the building area nor for the effects of tree removal prior to construction. The latter can result in 
appreciable swelling movements as the clay soil trends to a new equilibrium moisture condition 
following tree removal. Free surface movements in the areas affected by trees could be greater than 
those indicated. 

The structures should be designed to accommodate the reactive clay movements. This would include 
articulation in the structure in accordance with TN61 (Ref 6). 

It should be noted that site classification is dependent on proper site maintenance particularly with 
respect to drainage and vegetation, which should be carried out in accordance with the attached 
CSIRO BFT 18," Guide to Home Owners on Foundation Maintenance and Footing Performance". 

If filling is used beneath building areas or if the existing fill is re-compacted, the placement of 
engineered clay filling (i.e. cut to fill ) can result in a more severe classification of the site. The use of 
ripped bedrock or low permeability, low plasticity granular material (i.e. quarry overburden) could be 
used to maintain the site classification provided compaction requirements are satisfied. 

9.7.2 Footings 

Pad or strip footings founded on either the very stiff or stronger clay or the underlying weathered 
bedrock may be suitable for support of the structural loads. Footings could also be supported within 
controlled filling provided the filling has been placed and compacted in accordance with the 
procedures detailed in AS3798 -2007 for Level 1 inspection and testing. 
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For design of shallow footings founded at 0.5 m depth. the following maximum allowable bearing 
pressures in Table 10 are recommended, which are based on the results of laboratory and in situ 
testing: 

Table 10: Recommended Allowable Bearing Pressures for Shallow Footings 

Bearing Stratum Maximum Allowable Bearing Pressure (kPa) 

Medium strength or stronger bedrock 2500(1) 

Extremely low to low strength bedrock 600 

Very stiff or hard clay 150 

Compacted engineered controlled filling 150 

Notes to Table 10: 
111 

Use of these allowable l)eanng pressures for medium strength bedrock would require inspection of all rooting excavations by 
a geotechnical engineer to confirm suitable strata is exposed 

Settlements will depend on the size, location, and load on the footing and on the bearing stratum, 
however for footings of less than 2 m by 2 m subject to the loading conditions outlined above. 
settlements are anticipated to be less than 15 mm. This estimate of settlements does not take into 
account movements associated with reactive clay soils. 

Alternatively, the use of bored piles founded within the weathered bedrock could be considered to 
support the proposed structures. Such footings should be designed for a maximum end bearing 
pressures outlined in 

Table 11: Recommended Allowable End Bearing Press ures for Bored Piles 

Bearing Stratum Maximum Allowable Bearing Pressure (kPa) 

Medium strength or stronger bedrock 2500(1> 

Extremely low to low strength bedrock 600 

Notes lo Table 11 

( 1) Use of these allowable bearing pressures for medium strength bedrock would require inspection of all footing excavations by 
a geolechnical engineer to confirm suitable strata Is exposed 

For bored piles designed for the above parameters, the total settlement would be of the order of 1 % to 
2% of the pile diameter. 

9.8 Pavements 

9.8.1 Design Traffic 

It is understood that the proposed development includes the construction of new car parking areas 
(Area 3) and a new access road (Area 4). The following sections provide comments on subgrade 
conditions, subgrade preparation, pavement thickness design, material quality and compaction 
requirements. It is understood rigid (concrete) pavements are proposed for the site. Design 
information has also been provided for flexible pavements should they be considered further. 
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No design traffic loading has been provided for the proposed pavements. In absence of such 
information the traffic loadings outlined in Table 12 have been assumed: 

Table 12: Design Traffic Loading 
Pavement Construction Type 

Flexible Rigid (Concrete) 

Access Road 2 x 104 ESA 6 x 10" HVAG 

Car Park 1 x 10" ESA 3.3 x 10., HVAG 

A value of approximately 0.3 ESA (equivalent standard axles) per HVAG (heavy vehicle axle group) 
has been used in the above traffic loadings. 

In the event that a different traffic loading is applicable, the pavement thickness designs presented in 
the following sections should be revised. 

9.8.2 Anticipated Subgrade Conditions 

The expected subgrade conditions for the internal pavements generally comprise silty clay or clay, and 
perhaps extremely low to very low strength rock in areas of cut. 

Results of the laboratory testing on the clay subgrade indicate a soaked CSR of 2% to 3%. Testing 
undertaken during a previous investigation (Project 39632) included five CSR tests on samples of the 
natural clay and returned 4 day soaked CSR results ranging from 3% to 5%. 

The samples tested during the present investigation recorded swells during the soaking phase of 2.7% 
and 3.4%, which indicates a high propensity for expansion. In addition, testing of the clay indicated 
the material was susceptible to soften upon inundation or exposure to moisture, hence care should be 
taken to protect excavations / subgrades from inclement weather or prolonged exposure to the 
elements. 

Based on the above, a design CSR of 2% was adopted for the pavement thickness design for the 
internal pavements, provided adequate subsoil drains are included in the design of the pavement, as 
detailed below. 

Depending on the final site regrading some pavement areas may expose bedrock at subgrade level. 
Similarly, in areas of fill , it may be possible to place ripped sandstone in the zone immediately below 
pavements. In these instances, it may be possible to construct a thinner pavement that outlined in the 
following sections. It is recommended that once the site regrading details are known, the pavement 
thickness designs are revised. 

9.8.3 Pavement Thickness Design - Internal Pavements 

The following pavement thickness designs have been carried out in accordance to procedures outlined 
in "A Guide to Pavement Technology, Part 2: Pavement Structural Design", Austroads, AGPT02-12 
February 2012 (Ref 5) and a 95% confidence limit. 

Details on the design traffic loading have not been provided for the current assessment. 

Table 13 below provides a flexible pavement thickness based on an access road used by light 
commercial vehicles and cars. 
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Table 13: Flexible Pavement Thickness Design 

Pavement Access Road Car Park 

Design Traffic 
(ESA) 

2 X 10
4 

1 X 103 

Layer Thickness (mm) 

Wearing course 2 coat flush seal or 30 mm asphalt 2 coat flush seal or 30 mm asphalt 

Base course 100 100 

Subbase 320 220 

TOTAL 420 plus wearing course 320 plus wearing course 

Notes to Table 13 

Where asphalt 1s to be used as a wearing course, a 7 mm pnme seal should first be laid. Where asphalt is used the thickness of 
the asphalt may be deducted from the subbase. 

Table 14 below provides a rigid pavement thickness based on an access road used by light 
commercial vehicles and cars and is based on the procedures given in AUSTROADS 2012 (Ref 5). 
and subgrade preparation in accordance with Section 9.8.5. The design is also based on a load safety 
factor (LSF) of 1.05 which relates to a project design reliability of 80%. 

Table 14: Rigid Pavement Thickness Design 

Pavement Access Road Car Park 

Design Traffic 
6 X 104 

3.3 X 103 
(HVAG) 

Layer Thickness (mm) 

Concrete Base 160 140 

Bound Sub base 100 100 

TOTAL 260 240 

Placement and compaction of a thicker subbase layer may be required to assist with pavement 
construction. 

The base should comprise 40 MPa concrete and include SL 62 (car park) or SL 82 (access road) 
reinforcing mesh. Detailing of the joints would need to be done by others. Subbase material should 
comprise DGS20 (20 mm sized dense graded subbase) gravel or better, bound with 3-5% 
cementitious material. 

Adequate surface and subsurface drainage should be provided and maintained to protect the 
pavements from excessive soaking, otherwise the pavements may be prone to severe damage when 
trafficked. 

The select subgrade is dependent on the prevailing moisture condition of the clay subgrade at the time 
of construction and this should be assessed by geotechnical inspection once the subgrade is exposed. 

9.8.4 Material Quality and Compaction Requirements 

Table 15, below, presents the material quality and compaction requirements for the respective 
pavement layers within the flexible pavement. 
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Table 15: Material Quality and Compaction Requirements - Flexible Pavement 

Pavement Layer Material Quality Compaction 

Sasecourse CSR > 80%, Pl s 6%, Minimum 95% Modified 
Material quality to meet Ref 7 Compaction (AS 1289 5.2.1 ) 

Subbase CSR> 30%, Pl ::; 12%, Minimum 95% Modified 
Material quality to meet Ref 7 Compaction (AS 1289 5.2.1) 

Select Material CSR> 15%, maximum particle size 
Compact to at !east 100% dry 

(where required) 150 mm density ratio Standard 
(AS 1289.5.2.1 ) 

Compact to at least 100% 
Subgrade · Minimum Soaked CSR of 2% dry density ratio Standard 

(AS 1289.5.1.1 ) 

Table 16, below, presents the material quality and compaction requirements for the respective 
pavement layers within the rigid pavement. 

Table 16: Material Quality and Compaction Requirements - Concrete Pavement 

Layer Material Quality Compaction 

Concrete Base Minimum 40 MPa 28 day -
compressive strength 

Subbase Course Conform to AP - T36/06 and a Minimum 95% Modified 
minimum soaked CSR 80% Compaction (AS 1289 5.2.1 ) 

Select Filling Minimum soaked CBR 15% Minimum 100% Standard dry 

(where required) density (AS 1289.5.1 .1) 

Subgrade Minimum Soaked CBR of 2% 
Minimum 100% Standard dry 

density (AS 1289.5.1.1) 

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

9.8.5 Subgrade Preparation 

Pavement subgrade preparation for the north-western and north-eastern development areas should be 

carried out in general accordance with the following methodology: 

• Excavate to formation level; 

• Remove any additional deleterious materials; 

• Remove any areas of additional filling to expose natural material; 

• Undertake geotechnical inspection of the exposed surface to assess the suitability of any existing 
filling to remain in place. This may require proof rolling of the exposed surface; 

• Proof roll the subgrade using a smooth drum roller to assess the presence of any soft / heaving 
areas. If such areas are identified, the soft / wet material should be removed and replaced with 
select material (CSR>15%) compacted to a dry density ratio of 100% Standard; 
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• It should be noted that a number of existing in-ground services run through Area 3. The exact 
alignment, depth and protection provision of the services should be determined prior to 
construction of the pavement; 

• Bedrock subgrades should be ripped to destroy any rock structure to a depth of 100 mm to 
150 mm and then re-compacted to 100% density ratio (Standard); 

• Where open jointing within the bedrock is encountered at subgrade level, additional drainage 
measures may be required; 

• If filling is required, place approved fi lling in layers not exceeding 300 mm loose thickness and 
compact to a density ratio of at least 100% Standard; 

• The moisture content of the subgrade and fill for materials other than sand and non-plastic 
granular materials should be within -4% (dry) to -1% (dry) of optimum moisture content (OMC); 
and 

• Protect the area alter subgrade preparation to maintain moisture contents as far as practicable. 
Previous experience suggests that shrinkage of clay soils may result if they are allowed to dry 
and then subsequently swell as they return to their equilibrium moisture content following 
completion of pavement construction. Therefore excessive surface drying should be avoided in 
pavement subgrade areas. 

Geotechnical inspections and testing should be undertaken during construction in accordance with AS 

3798-2007. 

9.8.6 Soil Aggressivity 

Previous investigations detailed in DP "Report on Geotechnical Investigation, Proposed Upgrade of 
Cessnock Correctional Facility, Project 39632-1 , February 2007" indicated a non-aggressive exposure 
classification when compared to the requirements for steel/concrete piles presented in AS 2159-1995 
(Ref 8). 

9.9 Earthquake Classification 

Using the results of the geotechnical investigation and the procedures described in AS 1170.4 - 2007 
(Ref 9) an earthquake hazard factor of 0.10 was estimated for the site. Ref 9 indicates a site sub-soil 
classification of Class Ce (shallow soil site) for evaluation of earthquake loads. 

1 O. Recommended Additional Investigation 

Further investigation will be required as conceptual design/planning progresses together with 
additional work during the construction phase. Specific investigation would include (but not limited to}: 

• Detailed geotechnical investigation, particularly in the areas of proposed excavation, to assess 
the strength and structure of the bedrock and assist with design of bulk earthworks and 
assessment of rippability; 

• Detailed investigation in the area of proposed major retaining walls; 

• Assessment of all material to be removed from site for appropriate classification for disposal at a 
licensed landfill or beneficial reuse in accordance with the NSW EPA Waste Classification 
guidelines (Ref 10) or appropriate EPA Resource Recovery Orders; and 
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• Routine inspections and earthworks monitoring during construction. 

Additional assessment has also been recommended as a result of the concurrent Preliminary Site 
Investigation (Contamination) [Ref 1]. 
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12. Limitations 

Douglas Partners (DP) has prepared this report for this project at Cessnock Correctional Centre in 
accordance with DP's proposal NCL 160276 dated 11 April 2016 and acceptance received from NBRS 
and Partners Pty Ltd dated 12 July 2016. The work was carried out under DP's Conditions of 
Engagement. This report is provided for the exclusive use of NBRS and Partners Pty Ltd and the 
NSW Department of Justice for this project only and for the purposes as described in the report. It 
should not be used by or relied upon for other projects or purposes on the same or other site or by a 
third party. Any party so relying upon this report beyond its exclusive use and purpose as stated 
above, and without the express written consent of DP, does so entirely at its own risk and without 
recourse to DP for any loss or damage. In preparing this report DP has necessarily relied upon 
information provided by the client and/or their agents. 

The results provided in the report are indicative of the sub-surface conditions on the site only at the 
specific sampling and/or testing locations, and then only to the depths investigated and at the time the 
work was carried out. Sub-surface conditions can change abruptly due to variable geological 
processes and also as a result of human influences. Such changes may occur after DP's field testing 
has been completed. 
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DP's advice is based upon the conditions encountered during this investigation. The accuracy of the 
advice provided by DP in this report may be affected by undetected variations in ground conditions 
across the site between and beyond the sampling and/or testing locations. The advice may also be 
limited by budget constraints imposed by others or by site accessibility. 

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

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

The scope for work for this investigation/report did not include the assessment of surface or sub
surface materials or groundwater for contaminants, within or adjacent to the site. Should evidence of 
filling of unknown origin be noted in the report, and in particular the presence of building demolition 
materials, it should be recognised that there may be some risk that such filling may contain 
contaminants and hazardous building materials. 

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

Douglas Partners Pty Ltd 
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rn111rr11,1inn. l\11il.lin1, T,·cl1nulug)' File I') (H l'I; I'll rlc.d, with 1hc,~ 
prnhlc111, 

l:.ro1ion 

All soil, .tr, prone to c r<111011, h1: r .,.ind\' ,oil i, !'·'"" 11 1.11!~ ,u,tq.iubk 
w b.:in~ wash:J Jw.n·. h·c11 d,~- wid1 :t ,,,,.1, 11111pu11,·111 ut' >a)' lli"o 
or n1or~ c1n ,uftCr fro1n c-ru,iun 

Saluration 

l'hi, b I"" ii, ,1l.1d)' a pwlilr111 111 da1· ,oils. ,\.1rn r.1tion cn·.1rc1 .1 bo~ 
lil..r ,11,ptn, iot\ vi d,r ,oil dtJf C:JUSC5 ii {II Im.: ,·irr11 illy .ill ,,r i, , 
b<'.lltll); ,.1pal,l) ru a l.:sscr d~grc:. s.,n.l ".,fl.-,tctl hy ,.uur.uiun 
be,au,c ,:uur:11eJ sand rn.1y un<lcri;o .1 r~,!11,111111 i 11 volt1111<'. 
p.mkubrll' imporccd 1.111d fill r.11 hr.ldi11t; .111d bl indin~ l.1yrr,. 
Howcl'cr. th i, u s11 .1lh· n,-n1 r~ ,1' i111mctl iai1,· ,l'tdl'm.:m .111J , hould 
normally he 1hr rm,:incc "r ,1,., huiJJc, 

Sca,onal swelling a nd shrinkage of soil 
i\11 d,,:' ,eau 111 die pre,rn-:,· ofwJrcr h)' ,!owl:· .1h,orhi11g i1, m.1ki11!\ 
111, ,uil 111uc·.1,, 1!1 ,ulumc (sec r~hlc hclnw) I h~ drl!,rec nf in,rca,c 

,.111,:) lut1>i<li:r:1bh· bcrw~cn Jiffrrrni d ':''· .1< don 1l1e dci;1c.: of 
J ,,k:h< Junni: ihc ,uhscqu<'llt cl1ri11~ 0111 l,111sc,,I b~ laii ,,~Jth~r 
periods. BccJus.· ,~f rhr lc-m .1 h« ,1 p1 i,rn ., nJ c,pul»un r:Ht·, this 
phc11omcnn11 will n<1 t ll <tt .dly lit· 11rnkcal,lc u11l.:1s d1cr.: MC 
proloni;ed 1.1i ''.' 01 d 1) prri,1<1'. 11,ually uf weeks or months. 
cl<'J'<'ll<ling 1111 il1c l:111J an<l ,uil d1.1r.1ctcnmc~. 

!'he <wel ling ot 1oil .-rr.11n .111 111'w,1r<l lur,c 011 rh.: fooling< of 1hc 
h11ilding, ~nd , lu 11d,.,l:;r, 1t·.,1~, , ub,idrnu lh~t tJkcs .1w.1v the 
s11ppnn needed I,_, 1hc l,1uti11!( tu retain cquilibrinm. 

Shear failure 
Tiu, phrnom,:non occur, when rhc fo11nd.11i1111 ,11il clon Ill'\ ha,,· 
,uff1cicnr srrcngrh rn m proro 1he wcit;ltt .,f 1hr luo1i11~. T hr rt arc 
two nujor pn<r-con,1rnni1111 , ., ,,e, 

'-isnific.1111 lu.,d inue.,,..-. 

• Rcdmtu,11 nl l.nerJI ,uppun oi chc soi l under dw 1;, .. 11111; d11e 1" 
crO."i iOn o r cx~·.1v.11 ion . 

J,. ,1.1'.',llil. ,l,~Jf bilu rr can be cJuscd h\'s.m 11.11io11 ,,I 1ht.,11il 
illJ ~(~ll\ LU -i, undn chc footmr- • 

GENERAL DEFIN ITIONS OF SITE CLASSES 

Class 

:\ 

~ 

\j 

H I 

11 2 

foundat ion 

'.'..lu)l ).tn<l and rock sires wi1h li11l, nr "" g1 011 ml mo,•t·mrut from moisture chl!lgc< 

Slighdy rcan iH· d.1r sites. winch nur experience onlr .~lighr ground r1111,•c111,·11 l l ro111 1111Jtslurc changes 

:0- lu<lcracdy r;:acti\'C clay or <ih ~it,:,, ,,.hid, m:1y cxpcrklKt' 1110Jcracc ground rnovcmcnr from moi,111rr, lrnngc, 

1 lighly rc J1..tivc d .t~ .ui:,. ,·. lud1 may cxpcncncc high grouncl i110\'ct11cn1110111111oi;t11rc d1ango 

H 1ghl)' rcac1i,·c cl:i:,· sires. which m:1y npcricnu· \'t'IY high gruun<l mo\'cmcm from moimirc chJngc., 
------,,---- ---------------- --- - -

1·,tlC"lllcl:,· r<'.':lctl\C )itc,. wliid1111.iy experience cxrrcmc gro1111d movemC'lll 110111 moi,tur<.' d1:rngc, 

-,; .. ,. 
I \~ h .. ~ ·,mu,11:~! tt.f :,J., ,)CC.I l\n. ti r ... f" 41 • I,,..' 1,•1111 \I \ i, t· ).((s,d1n.g :o th ... (\·r:- ol r1l1 t...-( J 

l·i ll.:d \J :,'" C. .• t" t• 1, 11 ,1 ,I·~,: ,n•. ·,d11d· 111rl11 1, ,1•1· · II , rn..:h .1, d.1.r ._~, ~:le 01 luo:.r: ,.11hl,. l.11a1 111•, 111 111,· ~1.h .i.h nc I r ,,l(,p,;iag )oih, .. ,1 ,ui,jc:d :•• cr1 .. . rn1. 
lCJ ... , ,." ,., ,, I 1•1 1·1 ,hnnrn· tl n-,,>l,·1..r,:c,::'lr,J1u\J'H,t1 •,lt'"• "I 11.h 11 1 .1: ht"• 1"11·,.,I 11hr:,,n 

\X lti- I I, •• , '\.:".H.l' tn(IUJ ~(" :h 1:.,:oc•l~tt., I C• I ,111••"~ ,f' II 11 .~·t·rt·r . • -,.,.,,,,. .l\!Wit.:.ll!0:1 ·, r..;..;-:::J t,-rt J ..... ~1. ,f t\1 n.11 1 l>.iL' ) l f d 1-Lh 



Trt't' root growth 

T, c~, ;11hl , 1, 1 ""·' d 1;e1 ""' allp•sni r,, c,row in the \'!C!!1l(Y of foo1111 1.;~ 
c...•.11 l ~llt::, t..· lu l1th.l,11iuu "ciil 1110\Tllw11t in fWn w .n·-.: - · 

• l\ 11111 ... 1111.l 3-r1)\\ ',1Pt1c~1 --c-,, ,r :nr.s rn.ly i:h.:rc.tsl.' 1:1 L r o ,\-:'.)l\.. . ll'il kt! 

.i:.. ; t :. . cx..:: rctng upw~1rJ pri:.. _,,,t:\. l1~1 luulli.~··· 

• Rvub Ill the" 1. ki11ll~ o [ i\ )41: 1 11s," \ Vi ii .1h..:,-·,ih ~111: h ofrh : l ~L"}tS:jf(: 

11 1 1he tf•t l "h1.irinn "nil. ,·.t11,ir:.1: .,hrink.1~.: or .,1: b~ij~'Jh .. L'. 

Unevenness of Movement 
I ·1c nT'"" u ~-g round n-:o\· ,.:1ncnc 1.k:>trrh,.:d Jbu,c.· u~uaH_~ u~c.. t1r 

1111rq·n l} rh·t)'.1sl·n11r d-~· h11:1.li,~e\ t~)',lt:t.bti,..>n •\ I ii. S...-a k-1::,,: JJt duc-
11 ,111t,l l l h . t L111 tend.; rf, ht 1: 11 1·\ :n h \...::tusi..: 1.l~·: 

• I l i : t~ ri·,g CPmrJ.:t:o r~ n( fn t:1\t.Llt!l'fl :,.u1l t'rilJt tu ·~ l>ll~lllll.fi1)J!. 

U n~r~ring mo1, Lu ::-1..· 1.01tLc:ol u ·· Lu111l.11 i , :1 ' ..,1,1 i• 1h•1 tt\ 

l U !l,,l l lit ti•Hl. 

\ '.ll\~illt'J:I dn,=- 1c, 11;·111-1 ,)l"';tr•1,-r:0n .:.His.:, is usu.:;.lh- 1noc.: ltll 1."\\.: 11 

~ull. f7 1,1,,id{1 l.1n tllll'4: n n inc ., lnc,[ inl, ; h.ir tr.1v\_r~...- ~ the flo\\,' or ~.\H 

:....ri....ttc ~!1:: .. u :h.li Li 1111-., ln r :--ht";:1 l.t1 lu 1:· l,1, c·1ndi n ':! ,nil 1ti i.1..:c-1H co a 

i:l .. >tl: Jt! d ut run :, ill thl' ~:1111L· lt l l\·( 1 i .i:1 ·.1•, dw l !;1 \', 

'-.1tll'..; ti,);1 of cbr foundJUO I\ ,uil 111 ,1: O< n ll wli,1, >t1bn, .. ,r 1• .. ilh Cll'.11< 
.1 d 1·,-1 rh.ir 111.1kc, w.1rcr po nd. Ir cu1 .d~o uu .. 111 \\'lu .. ·Jl"',·~·1 dl~ .. r t i, .1 

,uttli,."c" 4·1t W,H("r n t~.)r ,-~)1Hi nr-, in d.iy soil. rhis lt.:;\d:- to .. t '.:!l'h"ft' 

r<'1h,c1 ill11 in tlw ,1 «·nr:tl, uf rlw .,oil which m.l)' GCcHc [~~al , l.c·.n E,i lu ,c. 

St.<>u11.d ,_,,.,llin" :11al ,I, Ii II k,,s,· ol ' cl.1y <nil .1r'r~'([.' rhc pi:rnnctcr or 
chc build, ,,g !'ii,1. tl ,c11 -~' ,1d11 ,,II)' , p rc,1,I, ,., d ie inrer iM, ·1 he <wcllini: 
process wil l mu.di) bc)!it1 al th,· uphill <:'\lrt'l llt' uf ti ,, hu ild i11,•. nr on 
rhc wcachcr side when: the I.ind 1s 11.,1. Swell ing ~, ,,.!tL.ol l1 "'·"·hr, ih.
inr:-rior ,oil ,11 :ih,orpt ion comim,,s. Sl1rinL1uc usu.ti Ir lw\:i11 , ·,"I,,· ,. 
d ie s un',;; h,·.ir ii:. g rc.H.:::., t. ~ · .... 

Effects of Uneven Soil Movement on Structures 

Erosion and ~aturation 

Erosion r...:tno\ l'~ d1c..' .)Uppon f1 0 1n u 1Hle1 !001 ill!'\ , rc·ncl int ro L r l'..HL 

rnh, i,!.:n(c ,,f ch: •'"'I ,l dK ,1r.1ct111c u11cl,·1 ,d~i, Ii i i , ",.;, .. ,. 
llrickwotk w~!ls wi!I rcs i, 1 rh, -m.:s, uc·:n,·J b, chi, rt'111nl'.d 111 

'"l'l'orr hv hridr;in!• chc 1•.1p nr ,.wul.:·:nill~ umil ,he liri,I.. , , 11 ilH· 
l!H>rt.!! h;dd in~'r,J. ( lkl:· r m1.,,~:ir,· !us lir;I.: rt:'IS[:lllt:C. [dd,·11, e ul 

1·.~ilur t: v.!r-e~ ;\~lllrdin~! to l~irl 11 nlq.1ncc, .1 nd snnp:onb nt.tj' iiKlud c : 

• \1,p Cl K ki ng. in rhc n1or1.1 r hcch Ill th, b<JJ) vi' die ,, al I " ' :r l" '"' ' 

bclo,v op1.n in~) ;,,ucl1 :b ,..1001-.. ul w iw ln\\•"· 

• \ ·,·111ul , 1:" ki11g i11 tl1t· l,,i, I,, •,m111 llr l-,m nor nccC'SHil:· 1n hn..: 
wirh the vnrinl he,!, ,ir pi:rp,·nd,:. 

l i...nlnrd pic-r, .1t"fi..:...:rc~! hr cn,.~1t H1 or .... ltur.H1u 11 uf lound :1 d 1111-. \\'t ll 
<:n·111 u,1 lh lo<, (nlH.1,r wi1 h rl1s: h~.ircrs rhc\' , t1pp,,r1 anJ 111.11 1i!1 , , 

I.di""'' ' I Ii.· I lollr, th .n h.1,..- l,,.si th is w pporr wil! b~-~<'111< boUlll)' 
,L11nt·tin1r;-... r:111 l i rt_!; 111 11.1 111c111, ch .. 

Seasonal swdlin11;/shri11kagc in day 
'.w::ll1ns found.rnon sod dttc cu ral ll)' p,·, ru,1, i"i"t lii'i; 11 ,.. 111"'1 '''-)"'" ,' 
C\ff('l11itics ,,f die 1;1otin~ sn t~m. thlll ti« r,111,1i11dc1 ,, r tl 1t· p,·1 i11 1c1c1 
I, ,n1 i n;s 1•.-hilc r,r,1<i• 1 il ly pcnnc.n inf_! im ide ti" lmddi11~ 1;Jutp1 i;o1 1, 1 I, I 1 
i111n11,il 1:1mi11 g.,. I 1,i, w.-:·lh,t~ :,m 1cncs :o Cfl.llc ,I di,!, cfkct 
l,c,:1t1w tile c, 1,11ul 1,,,,,i11c:' ., ,,. l""h~,! l· i['.hc r , h~n £he im~rnal 01,-·:, 

Th.: l'i:,t 1w,.1sc·.,l,L· ')"'f'"'lll 111:,)' I" , Ii rt 1h,· l lnn1 .1ppc.1r, ,1,l:lirh· 
J1sh..:J. Th,, I> ..,r1_· 11 ,h<Olll('" "i:d b) , ,,;i ,c d q;,r, hin,ii",' <)fl 1h,· 
:lo0r or :he Juur h-...tJ :tl~1--'thu \\ 1tl1 :>t1 1nt" t 1 ,h kin~ 11! td111i .. ·r 
rnirrc~. In hu:ldirif._' wid1 t:i n:h1..r f:ocH!ll~ ~L ppo1 rt:d b; br.11c·1-. .111d 

j .. i,es, rhl' ; ln,, r ,1·1 he hn11nc,·. l·.x t::nJ l!r d ie-re 11.a~ I,, •. i-il,,i: 
,li,hi,-~; o l th· hr n, lid ;_;< lire-. 

_..\ ... L~ h; 111t11-.1 u,e , l ,..,111 p1in11 p1ui..l'..,,~ 1. 111nplt"T<.'"i i,~ jn;11 n c:r r0 th: 
1111:cr1:1,J>I :t t c·.l , u l t h~ bt:i ld ill >! . the i111 c111.1l l,1nc i11p, wi ll r1<c. lt' ch: 
,pr~JJ of llWl>llll, i, l l'Li,J tl: :,,·11 11 lll:t: I,~ 1li.11 ti~,- si·mp:,n" "·i ll 
rcmpo:.iril·,- di,:ippt:H. buc it i, mort: lik,h th .r t , ,,.,-rl111~ wil l I,,· 
un,,'c'n. ,- rt·,m ns J di ff,rc1Kc rJ£hcr rha n J di,appc,t..rn,c i11 
., ~ 11tp1•11n,. In h111idint~'t wirh rimhcr tlof,r1nµ.:,upp1,1t1..·•J l1~ l1.::11:.• 

,i::il tni-i '·• 1 he ; S<ol 11n1 11 icrs ,,.-i I I ri.sc 111ure <:,1-ih· £h.lll rh,· , tri f' 
k,u (i1 1~, n l 11tt·1 l lih l-:.0 1 w.dl , ,-n ,lri ns nnd i-t 1hll.'. d,,n~J[\~ l) l. 17(1( \r:u]...:,. 

,\ s rh~ wud1,:1 1•-1ttc111 ,lt,111!;,'' ,111.! 1he " "I l,c~i 11 , 10 ,11:; " "'- ,he 
.... ·xrcrn.d r~'lt\Ufl!,:~ ,•.1P · ... , .. · lir,1 .dft.:,.tt..·i..!. h c-~ 11, 1,1 11~ ,·. i1 l1 1lh· cit uinn \ 

w~en· rh~ -;un \ ... ·frL.:t t, qrn:1:1 ... ·..,t. Tf11 -.. l1,i, tit t.:i•,_.ll nl l11-...,,·1i ·1~• rite 

Trees can cause shrinkage and damage 

Woll crockirg 
due to uneven 
•O<>fing sc·tlcmen' 

i..'.\ :ct 11;d l lll l li ug,~ . T h:- 'll7 ll I i ll!_: i:-. .h ( ,•nr,1 l ff~ t ,l n~l Lr:l-:ki n t:: r..:'J t.:c..:s 
o r 1.li~ .. 1p:l.:ar~ ..,,. Lu-;.• l;. o .... 1...u 11c--cl 111•,.;~ t.,c nt ~l i ... hi l'f' , h1 1r Prher cr~1ck, 
opt 11 up. Th1-. ~1...hJf lini..·~ 1:l.._ty l1,;.·\. l'll 1t" t, 111\ 1'\.. ... 

I loni int; .111,i , h h 1n; .1r.: .i lso .1ff;.;,r-:d b) ,, ,·,11k·1 i1 , odw, "''')'· l11 
:1 t t·.1~. ,1. hn e \'. .um, w:--i ,;;;11n1n1t.·rs .1nd ('Ool..·r ,Jr:; \t. i 1u .. · t::,. p 11..·1.-.ti L \\ .nc-r 

111i~1,111rn1 H·;11l, 1t1 he rnw.irtl rhc intcrior .. 11:d dt>tn in~ \\ iii be 
a1...u .. ·n1ualc-d . \\l-t·11..•,1~ wh:-1r s11rnmcr-' :He d r~· Jnd \\,i:ucr!'i .t r...: ,;:,:old 
anJ wet, nli::-;iatiun te ud :-. tn he l(1w.1 rd (he- c-,rc r io;- .1cd ch( 

und, rh-i11 14 prup,mit)' i, ,.,w,11d , li,liing. 

Mowmcnt caused by crcc routs 
In bl' l lt'[,l l, gro1.vins roo t, will (X,.,-n ,II) upwa rd prL".).:-Ur<.: U ll luu lin~-:-. 
wh,·re,h ,oil ,11hj~ct to d 1\·i11 !_'. h,·,.rn,c of tree or ,hrul, root, ,·. ii! t,·11,I 

l<> r~111n,·~ '"I'!""' 1·1om 111i.k·· 1:,orinr,s hr inducing shrink,114,. 

Complications rnu,nl l,y chr ,1nlt'111r~ itself 
\to,r for-~cs rh.1r £hi: sod t'.llhL'> w \,_, ,,<:11.:,I 1111 , 1111c1111c·, .11c 

Vt'n i...·;-d - i .e. ci rhc-r up or down Hu\t,'-''."l'l l.>1 .. "l ,tll:,t" d 1t:')i:° fn n. t" \ .11c 

,~l,!,,m 1p1t,1,l ~•. rn lr .1ro11nd 1h, footinp . :ind l><:c.tm<: the b111hli11~ 
1·._•-..1..,t, L 11r\ r n 1lll)Yi:,·rnc1H h1·C.\1 1,, of ir~ r ir.id iry. t'or c..L· .... .t fL' \..'.\LI lL'd 

l rom ,,11c- p,H1 11I 1h~h11 ilding rn.1nnihcr l h,n,·c ri:sult of :ill di,,,· 
1~11-~, i, 11 ,11;, II_.- rc,1.n i .. 11.,l. l'hi, 1c,, il1.1 11· 1,ll\c· n t.tcn complic,Hc, the 
d i .. lj.!11U-.b bt·lall ::.1: ~h(;" v1::,,ihll.' ")'llljHn111 ... du nut ~in1pl:· rcfltct rhc 

n ri f!_i n .d ,,::lll\1,. . t\ l UH llllUtl ~y 111 p1un1 i'-! l,irnl inr 111 dnnl (; 011 rhc 
,·,rt 1c1 I mcml:,cr of th: fr,1111c. 

Ffft·cts on fnll m3sonry srruccurcs 
l\1 i,;k-., <>1k wil l rc·,i" u.1,k ing. "lwrt· i, ,·.in . Ir 1•.i ll .mcmpr w ,ran 
:1 rc,1, 1li:1i lo,i: >lll'i '"' I hn ,!ll'C .. r ,nh, iilnl 1·0,11•,d.H i\lll< ,i r r.li<d 
p nirn::, . IL j.., tl1c1d lu,: u-.11:d 11l ..... :c l Lhkin1; .11 w c.1..; p,lin t,;;.. <1.1:h .1' 

npcnin~s lo rw111<luv.~01 dni1, 

I 11 , lw neut of const rncci,,n sndct'.l~l ll , ~rad-a"" ,, ,II u,-.1,1111 r<m 1111 
"'" I, ir11,c-d .11'11·r rhc r~occ;- or' ,:1rlcmcm h.1 , 1.~.1,l<l. ' 

\'\'1th k« ... d , 1,,,,11 m ,: rminn. , ,.,,k.nt; 1•. il l 11<n,1lh- c" nrlf1t1c co dc:v:lor 
UtH il cl\l oril!_in,il 1,.;lll\ t' l1i1, l 1l•-·11 n ·11 1c·ti inl. 1, r 111Hi l fh t ~11hi;;i\k·1.::t' 

h.i- c,1mpkt~h- 11<11ll cd1S,d dw ,ti In t~d !'"' , i, ,11 ul 1<, .. 1i11[; .rnd rhc 

.\(t\tC[llrC h .1s ~tabd i)L"J UH u tl it·[ h.1oti11~~ that lt'lll , l ll l l'n~.· ... 1i n.:. 

Ir , Ii,·,."' nf w.-dl1,hrink -~freer-. the 1->rtck,n,rk , .. ill 1!1 ,v,11l u,,·, 
: .. ·tlir11 rL , ir~ tHi~i11.1I pn.c;;irio n .1fr.:r c1r,!1kt it >tl or~,i c\·ck1 how~\·1-'."~ i: 
1, m L' lL' !11.d ·,- th.11 the 1n1.1 rin11,1I ,·1·t'r, r will r.-.r he c·,,,:dv r~\ :r,.:d 
1a<l 11 ".d,u. lt,1t,d rl , 1 h1i, kw,11L will ,,til,· in irs 111 ,,_ p-n,irinn ,,nd 
,·:i ll rcsht th~ fU,...:es i:1 ~ ing 1c1 1r··1,11t1 1t [u ic ~ u·t;i11.1! p1-i;;i r inn. l hi.;; 
111..:,1ns th.H in ,t C...n\: \\h--;.·1c :,\1.dl L11~ t.d:c~ pl Ltc :d1c1 ~on ... 1r11di1·,11 

.111 .I n.icki ll [' occur,. th, uack111g i, l1kd)· 11., .;t k,,,· p:11 d) r~1ll,li 11 

.d1<·1 1hc ,hnnk scg1:1~m ofch~ ~,ck i, Lon:pk-t, Thu,. ,·:1d1 1i1n,· d w 
cycl,· i•. ' "l"''llc'l1. rhc likelihood i, chat th,· cr,1;;km,! wi ll b,-:o:i:c 
" ·id,1 u11 , il the -~cri,w,, ot'hri:b•.o rk bccnmc l'irrnJl:v mJ,,p,nd,111. 

\X.-irh r..;p\_·at~J l_\ 1.. k ~. nl,~•~ t!u t 1 "kir,g 1-. t·-.,id1li,hcd. Ir' ~1
1;'."f{' i.: n11 

ocher ::on1plic1.tion, 1L h nu,: 11.1 1 I, 11 ti it· i :h. illt.~1 11..e l ,f i.. ~ ,i..__.;..i n !~ t1, 

sr.1hil i1c. .1s chc b-1 ild111t; lo:,, '. 1, ,· :i111cul.11K11I Jl 11r.~d , ,., ,,,p; ,.i ,!, ,1-c 
p1ohlern. I ht .. i~ hy :10 llh.\ll,~ :d;\,!.\·-. thl.' t.t~'L'. huv,i...· '..:i . • u~.J tnCJ!J.l , ::r1~ 

n l , 1.11 k, in \\,lll., 1nd tloc)r> shou1J .1b ·.\,, ht trc.11,·d ,,·r,u ," 11. 

l-pl.L:,l'-,tl -..,~l1~cd h~ gn1wtl1 11· ti~·t 1>t1:, n:i~icr fr,ot!r'..t~~ i .. rh ll J 

s:1r.pk· ,'l. fli ,.:a l ~l,c~H :,fit'-. ... ·1 Lea· 1, ., 1:· r11L·n(~.- fr,r rh1 10tli rn .d,1 , 
<..X .. Tt Lu .:r,1; ~-;,t\.l'.l d1.ll ,ll[i:1·11t1 11, •. ;•11, 1.11 · ,, .,- , i,m•; 1)l h 1i(-:wnrk 

. t,,., ir ni.i! cr.1;;kn12 l:a, occ u1 1c:d 



I he 11,1rm.d srru<rnr.11 ;irr,111bcmcnr i< rh:ir rhc inner lcJ( or 
hri<bw,rk in ,he> nrern.1 I w.111 , .111<1 .H k.1,<r 1011'<" Pt rhc imcrn.11 w.11 1, 
'drpu!din~; 1 11 iii,: n1ol ' )'pc-;• c,·,inp1i.:.e fh{' lo,h: 4 ht".11i11~, ,;;rn1,-r11r~ nn 
~d1iL Ii .1 11; 11:'!1,·1 I lu1> r-. . ... rilin~, ;1ml tl1c ldd1 .tt.: , 11pi10111·tl. 111 d,_.,:..· 
~ ;1, ,.,P i i, ,1~- 11.11!: .i i' ,, ~ltll{i l i~ ·L;1 ')l1111J'.Lll1e1 !1t· :1.1111!1 1111~1) ' 

,ttl'-.!Jt i _,_l b,•,,t_, 1,:1 t!.t· c- ,,1, ;1 tt..-,·. ,_.~,1111_•lc, •J i..:wclii11g..._ \',hn,\' 

, .. ::-.. l.::-n,1l t...~d-ol t1\.L')11111 ~ pLt_,::, :>t11n~· ,uppo:ll:1:! ruL· lL: d 11::, :-1111,,.1:J bl 

,·hc,;:(J 1:"d:cr: r, :Ir. '. J,, .,l,1. h .1 nyu, : c~r~r:ulk · 1-rl,t UJckro:f; 
1s i:11:'l()r t.u:t .ts_\ 2L:id.: t:; s:~,;ss1...s 0:1 i::hc ~uuccurt.. guh.r, .. dh- .u1d lt 

~h:H:i.- :d,n h..: r_·:111..1·1h::-.:-... ·J d1.Jt rh..: cxc'-'r:u: v:J!!, ~nL1'il h.: .. :.1f'~1 blt1 o!' 
_q1pi•i-ir ~;n~~ rl--cr1~.:h :,, 

Efft:L(\ llll rr.uut•d ,'i (rtH l11n. ... , 

Ti:nl,c1 ,.>'. ,1,·,:l l1 ,11·1nl l,r,rlJi :10: , ,11,· lo, :ikd, 1,., c,h,l, i· ,;,1< kins: dua 
c0 ) •.vd: i',h r 1 n:~ , 11:111 1:i.11,J;11 1• bu ill! 11: z:" l ,~·L .HbL" ot' d LL i ! I I.:, 1i1 il ii\. 
. \ls•1. :'.1 ... · 1..lum1n~ 1d1,l i 111!.! cf;~.:;-:3 t~:1i...f to ~~..: lvw~T hi.·t.\ll •..: u!" the 
li0hr..:-r \'.-~1ght ll/ ,\·.d!'t. r~h( in ... l.in nsks to fr.1n1cd hu1'.d1n1;\ .ir,· 
,·n,-rnrrm r,·d bcc.HJ<L nt rh, i.~,,l.1:cd pier fno1 ine.- u-cd u:1dcr 1•:,d!,. 
\\'h-r1c c-r.).:.l1n~ 1,1 o,\;11r,Hion r.111~c-: .1 r'onri11g ff'l f.11l .1\'.'.ty·. rh it; \.\Jr 

1.l1 m l•lt- iii.- .'•!'·111 whi(h ,i v.,ll l !l :t ;,, b1id=c l'hi-. .Htli: ic,n.d -.rn' '' c111 

d·.-.te ,· i 1.11 l,i11t- i1 1 \· .. 1ll l i11i11t,\1 p,1ni~t1L11 ly '1•, li ~·tc.: 1la·1l· i-. .. . , 1._·;1!.. 

pui1H i n tl 1e '-.\Jllt.ll!11..· t,uh,~d by ,1 d1.1pf U l \\·indn,•. npc111n~ .. [1 1..; 

hu,1.l'..''.'1..:r, un lil...d.\· tl 1:n hJrn1..·J ~lllH .. LllrL·::o \1,:d l bt: ~o .')t Jl'.').')f..'l.l :t'- to ... u!!1..·r 

, ,:non, d:1111.rg, 'l" id tou t r·ir,r nhil.,i,in~ ,om..: or :di ol 1h,· ab"',· 

,ympro111, for a consid~r:i.blc period. ·1 it,.- ,.imc w.1rnin~ puio<l shou!J 
.tpply in the c.1sc of uph:.w.11. It .,houl<l Ix nna:d. however. d1J1 w;i~rc 
f, rnwd h12 i lding., .ire rnpporre,l hy .srrip foo1ine, rhac i., onlr one !c.1t 
,,·-hrickw()r !; .,nd rlwrdorc rite t'.tCI n.,lly ,·i, ihlc ,-. ,11!, ,He' rhe 
~u ppPt I illg .-..t I LtL 1 ure hlf 1 IH: hui!d i 115. I 11 t hi.., 1. :ht·. the , uh! lunr 
111.1,11111} wa ll., 1..111 ht· e\prt t<·d tt, l u·lt,l\'l' a~ t·11 H luit.kworh \\ .d i ..... 

Effrn, on 6rick n:nccr ,trulturc, 
Bcc,im..: th~ lo.,d-bc:i. rin[c scrucm rc of .1 hrid: vrnccr bui lding is rhe 
fr.irm rh.tr n1.1kc.1 up rh; imcrior k .1f ot rhc C'<fL'rn,d walls pl~i, 
pcrh 1p., rhc inrrrna l wall.<. ,.,cpcnding 011 1hr ryp,· nf rnof, rh,, 
lrnilding c.111 he exp~ctn! tu lwl1.1\·t· :1, .r lr.1mnl ,1ruu111c, e,ccpt rh.u 
thr -.·,1crn:1 I ma-..ollif wil! l\:•l Lt·.c.: i11 .t . i111il.1r w.1} 111 tlit• t'\[t'rt1.1l lc.1I 

0(.1 l1dl 111.1,1111 .' \Ullltlll,: 

Water Service and Drainage 

\\/Lt:r,: ,l ,\~HLr H·n·~u.: f, 1p1.·. J. s..:\r..·tr or ~[o rnH'::u.:r dr:1i t1.ll..! ...: pipt.: J!) in 
th,·, Kini:r \,f ., builJ 1n~ . .1 w,1:cr L1k c.u1 c.111,c :·rmiun. ~,·:~!ling 0r 

•.llur.1r:on nf ,u,c,riibl~ ,,,ii. 1"·.-cn .1 m•m1sc11k 1~.1k c.rn he ,nnu!_:h ro 
,.mu,nc :1 d .1,· ti,und.1t inn. ,\ k~kin~ 11p nn, .\ huild in~ ~.111 h.n-e th:• 
..,.lnu· dk, I. in ,1ddi1Jon, 1r c:111.hc.., u~r1 1.1 i11iub pip:·:-. l ,lH l )c•tu:H\" 

\\,1 : c 1lt111 1-..t.·" C:-\Tll 1luH1gh h,1tldi llt'll, 1i,11ti, ttlady v.l1<·1e broken 

>t tld,1,· i , ""·d .,, l ill \X'a re r rh,n rum .rlung Ll1<·,c u,•ri,:lw, , ;an Ix 
J1.:.,po11~il1lc lf,r ..,c11c1u::t t·ru-..iu11, i11tt:r~tr~ta ~l.'(."!l,tgl l!llll ~uLllou1 ~~1c.l !>

,,r1J s;,ll11.r1ion. 

l'i11c lc.1k.11;c .rnd rr~nch \'.'.Her fin\\'.< .11,n c11c,"1 r.tt:c rrc, .,nd ,hruh 
1c1nt, rll rh(' St)U rLc or ,•.-,He r. (ntnpli\.·,Hinr ,ln,I ("\:,H"CI lurinr- t h r 

pnihlr-m. Jlno1 ronf pl11mhi11~ L.111 re .... ult j:1 l.11::,t· \nlut11L·., 1~ 1,1i11·.,·.nt'1 

1,~·i11g l ll!H"t 'fl ll'.11 (.-1 in .11..11 1.!I I :11-:;-.1 ni")[)i l-

• lrh·orrn·t f.111, in rnot .. g.lirrc-1int: r11.1.\ 1c.,1il1 iu 11\c:tl ln,\, 1 ,1,; 1n:1y 

~uucr, b!ockcJ \\'ith lc.:a,.-r, ctc. 

• ( .orro,kd r, u;rc rinr, or downpipe.< on .spill w.irr: ro ;r0u11<1_ 
• Du\\'npipL", not pu, iii,dr tun11cucJ to J prnµ~·r swrmwarcr 

uillr1.:tit11t ..,y.., 1c.·111 \·~ill ,li r~·c1 ;i cn rh .. ::11t1 .uio11 ,,f w.11'°1 111 ,D1l 1h.1· ,., 

d1r~ctl,· .1dj.1ccn! r0 foot1:1~, . ,omcrimc., c"Jll,inr, IHtc-s,.1k 
~•1u lilc.-.t1:- ~u1..L 1-, c ••i ... i, u1. , i. 1u 111:, a1 1c 1!lih1.ili1_111 •J!·1.,;:1t-..·: l,l! l LJ 

rh~ h11 i ',h12-

Seriousness of Cracking 
In g..:n-crJ I. 111<),t cr.1ckin[; fou1cd in :n.L,orir, w.111.- i.< ., cr,.<n1<: rii 
n11i1;,;1n,-r r,nl:· .,r.d ~·.1n he kq't i n rcr,1ir 11 r C\""~~I1 igr.nre~L I he uhl1 
bel,-,w i, .1 r~r rr,d11,-ri,,r1 ,)f I ·.1hl:· \ I nt ,;, .~ 2x~o 201 1. 

,.\\ 2R 7(t-.201 l, l-..n :'LJl1li -..la·., liµ11n~. tr'I.HiLt- iu L l , l 1. k in,t:, i11 4..01: u c:ic. 

IL•ut,. hu·,,n,· l•c""t,,c •.,.tl l u ,1,k11t)-! 1•. il : .»u:ill\ 1e·;\c lr t it,· , ,i1i,:d 

pu11:l .l~~llil .. :c1.:1.l:, 1.·arl.l·r d 1,i JI LLt1. .. l...:11~ i:1 .)'.~t~!~ , d 1t~ t.thk 1, !t0L 

r,;irnduL:J h, r: 

Prevention/Cure 

l'lumhing 
\\; ht-rt' h ·.1ildi11~ n u ,, t·1 1..nll {.., \,,111~t"d l)•, ,.,,1tc1 ,cr\·l1..c . rd,d 

plund,ir:g, ~("\\';1 111 ,c , H111•.-.·,!u·r 1·;1 i111r t': tl1r rrm:::'d}' i" t11 n,:T,li die 

p1ulo!cir1. 11 ,, p1ud,·11 t li,J1,c1·c1. it> ,vn,idcr Jbu 1ew1:ti11~ pi;,,·, 

J\\J:, from di:: lJ11i ldini< -,d,c:·,· pu»1L,k. ar,J rd,x~r ii;)c; t.rp, lU 

pomions where .111y l,;:ik.tf;t" wdl nor drrc·cr wartr ro the l>uii<linf! 
Yicinitr. l:,<.:n where p ill:· rr1p; arc prcscnr. there ,s rnmcrimc< 
<11ffir irnr <pill ro ere.He crn~inn or s:1rnr.uinn, p.1rrirnlJrl)' in mo,irrn 
insr.tll.11ir>r1< n~ing ,111.illcr diam,rcr I'\'(, thrrri:·., lnd t'cd, snme 
f'.' ,l ly t r;'I" .11c 11111 .,irn.ued dir~crlr 11 rhlc-1 rhc r.,ps 1h.11 ,,r~ ins.a iled 
l e, 1.. li.1 1ht' d11..·111. w id1 die 1r:.,u lt t h.i t \\- ,ll<~r fi ,,11i tlH· 1.q, rnay t"lllt' t 

d 1t: L,.,Lldi lkd t1,·11c·h rl,;11 lwu,c, the Sl"\\'er f'if•ill);- Ir rho lrt·rid1 t,~,, 
bcc11 puo1 h· l>.1ckrilkJ. thL· wa1,·1 will cnhcr pond or llo,-. ~l011~ rht 
l)l)rmm u( d,c m:11ch. ,\s d,~,c 1rcnd1c, u,u.dlv run ,du11~.,iJ c· thl 
fomings .wd c.111 be .n a srmibr <lcpch, ir i , no; h:ird ro ;~chow .rnv 
\\".1{Cf rh .n 15 drn.< dirccrcd inrn .1 trcn~h (.111 c:1,il r .1ffcc1 rhe 
fo,1nd.u ion·, .,bili i;· ro snppnrr fonrin~, ,,r even g.lin c rirrr ro rhc 
<ul ,i'lnn1 .HC.1. 

Crnu n.l 1lrni11agc 
l11 all ,uib tl!l·:c i, tl,c L-11':lctty k>1 w:irc, tu !id'-d uu d,.: ,,111:rcc· ,wJ 
below i;. Surfa.:c w.ncr llow, cdn b, c,rablishct! by imp,;crion <lurint! 
Jnd .iircr h~:lV\' or pmlont!,:d r.1in. [f ncccss.ir~·- :i ~r.11,:d dr,1in sncc·m 
cor111cc:cd to rhc sr,irni-.v.Hn collcGion w,rcm i, u,11.1l ly ,111 :.1,·; 
r:;oLirion. 

!1 i,. !111\'. t:'\C"I. ",1illlL4 liD1t·, 11c·,e,·,..,,11: whe11 atte1np1 i 11~ I ll j••c.:•. r·:11 w,111.·1 

1ni~1.1tio11 111:it rc ... 1i11~ he 1...11rit·d 0 1n tn t')l,1blhh \•, ,n <.~1 i al1I(· h. .. •:glu 
.111:i ,ul,,uil \\'a1,·1 n u:·.,. Tl1i, ,ul,jcTI l> rt:f~·rr,d .o ;., BTF l'I a;:J 
ll!:JY 1•ru11n l:.- l,c IC)-!.trJ,·d h :ll! .rrc.1 l,ir a11 np,:ri lon,ultalll. 

l'rotcction of the building perimeter 
Ii i< ,·.«_-nri:1! r,o 1,·mn11h.r th.,: rhr <ni l rh.u .1tt'c.-r., foorinl;' nr, r,·, 
wdl h~_,·ond 11,c .,, lll,1I l111 i ld i11~ lin~. \\':ucring ,,j g,11,lc11 pL,111,. 
-.h I uh-.. .1 llll l I t't''- , .11i...t·-., "PIIH: c ii the" I\Hhl ..,erinlh \'.- .1it•t pi nh1<· 111•,. 

Fu1 d ,i, tL''"""• fMI ticul.rrl:. \\•h,·1c probk,n, cxi,t ur ,lie: l1hly· w 
l>(:Cllr 1c 1:; n:.:ommcndtJ that J1 1 :il'rt>n ~,( p:i'"ill!-( b, 1m1,1lk:d around 
a.; much of chc buildr n;; pcr1m~rcr a, ncc~ssu-,-. Thi, p:1v1r1g should 

CLASSIFICATION OF DAMAGE WITH REFERENCE TO WALLS 

Description of typical ,lan,age and ""lu ired repair 

H:iirlrnc- na~b 

1-ine uack, wl,ich dn ,.,,, 11n·d repair 

CrJ..:k~ no1iccablc bm C3Sil)' flllcJ. Doors and windo,,.·s S[ick ;lighrl)'. 

( .t,Kks C:l rl he rcpair~d .u,d l'""il,I: ,r <ni:dl anwu111 ol' w.il l will 11e,·tl to l,c 
replaced. Doon .1nd window< .;rick. Service p ipes cln fr.1c1urc. W~:irhcrrighcncss 
11ta·n iinpain:J. 

~.xr~nsi,·c repair \\'ork inv,olvinr, hrc:ik ing-mrr and replacing .<,crinn, ,of wall,, 
L>l'ccially on:r Joor; an<l window;. \\'llldu,•, an<l Joor fram,, <l1swr:. \\1:ill, k,rn 
,1r l,ulgt' 1u,tict"ah l_\\ "IUlllt' lu-..~ 11( bcari11~ i11 ht.:.1111-... ~L"rvite pipe:-. di'irt1ptl·tl I 

r\pprox.imalc ,;rack width 

limi1 (.~ee Note 3) 

<CU.l mm 

<l 111111 

<) mm 

~ 15 mm lnr .t 1111,nher ut cr.,c k, 
5 111111 or more in one group) 

l'i-l'> mm h11r .1l<o clqh·nd, on 

number or U,llks 

Damage 
c:a lcgury 

() 

2 

3 



Garde-ns for a reactive site 

Clump of trees; 
height selected 
for distance 
from house 

Drained 
pathway 

Garden bed 
covered with 
mulch 

cx1cnd 1111rw:inh ,\ r11i 11 i11111111 ol 900 11111\ i111ort 111 hi~hly reactive 
. <oil) .in.I <huul,I lt.,v,· .1 minimum iJII ;iway from t he l-,uiklinr, or 
1:(,u 'I he: li11i,l1nl p,,·.in~,l,ou lJ h, no lcs; rh.rn ll/0 mni hdm·. 
h1 i, I, , ,,,., t,;i~.-,. 

Ii is prudent to rcln,·.11c dr .1i 11ai;~ l'i)'t'' .,w.t} 1·1 u111 d m pJ\'111~, 1f 
p,),sihlc. w :ivoicl ..-,,111plica1i,111> lw111 li1lU1t: k.ik,11-;,. If rhh is no1 
pr.1nk,1I. c-.mlirnw.lrt' pipe, ,liuulJ l•, rcpl.,~.:J b,· PVC ar.d 
h.1.-ldilli11g ,h"uld be- of Lill >Jill, ,oil 1r p, .t< the surround in~ <oil 
.111tl ,nr11p.1ucJ lU tk ,am,· d~n,1n ·. 

Except in Jr~3< whnc l'rce1i11~ 111 w:m:i i , ,tn ",uc. tl ts wi,c to 

n:rmwc ups in 1hc l,11il,l i11i; .irc.t ,111J rd•>lJt,· them well JWa}' from 
1hc h, , i ding p1dc1.1l,l~ not upl11ll from tt (,c~ BTF l<JJ. 

It 111:1.~ l11: Jcsirablc to in,r.111 ,, gr.11rd dr.1i11 at 1lic u111sidt' ,Jf(,. v!" du: 
pavm~ o n 1hc uphi ll side ot 1lic h11i l, li11g II ,11\i,1,il Jraina!(C 1, 
nc.:clcd 1hi< c.in h~ i11\1,1llc:.I 11ml.-1 du, ,m!:iL.- Jr.1111. 

C1111,l.-nsa1io11 

In b11i ld inr,1 wirh ,1 111hll,," , ni, l "r, h ,1; wh<·rL· lH:Jrcrs and 1t•iscs 
•upp,1rt tloorini;. i11 ,1ilfi, i.-m v.-111i l.1ll\lll ucJlL") 1<l,al conditions for 
rnnclr n<1rion. p.1111111l.111~ ,,Ii,,, 1hcrL I) litrlc d caranc:.- h=:\\:cn 1hr 
flno1 ,tnd il,c grn1111d. Cur:1.kn)at1on adds ro chc moiwir~ 1lr('1.iy 
r1c,.:111 i 11 rl,, ,uhll,)(,r .rnJ s1gnific.111dy slo"< rh~ procrs< nt dr: ing 
11111 lmi.dlation o!'an .i<lcqu.nc <11h(lonr ve111i l.11ill1\ ·')'>tern , citl1.:r 
n,nur:d ur mnhJuicJI. 1s dc1ir.1h lc. 

\F111·11i11g: .'\l thou~I• d, i, fiui!J in~ Tc,hn<Jlop· File dcJ!s wicl
C1,1,ki11g in lmild 111_,:,, 11 ,liould he ,.11d rh:11 s~hfloor moisrnr<' ,.Ill 
r.:,1ilt 111 ch, d ,H·lvp1m:m of other prohlcrm. 1101.1hl:·: 

• \X1:11cr 1h~1 is 11 .111,111iuc.l i111u 111asu11ry, rnnJI or r1mbcr huilcli ng 
d ,mcnt, cause, d.,m3f.: Jnd/or d~C.l)' 1 .. 111 "" <'lc111cnt,. 

• 11,i;h ,11(, (1 .. .,, h11n11d:1, auJ moi,rnrc conrrnr .-rr.Hc- .11 i,le.11 

cm·ironmr1'11;,1 , .. ,.·n,:< pr, r,, i1,,l11dit11! 1,n:1i:-, .rnJ )ptdcr, . 
\\'l:~r, 111~'1 ltl<'hlll~c knl, .ir: tr.rn<mi11, cl 1u ti ·.- I I, 11111 ,1, .wJ 
w.dl-, , i n 11 1, 1t".1v ; 11 d w d •~t rn1t.i.: <.ounr '°.111 ~!Ft:: w:fhin d·t' 
!h·111g .1r,:;1,. I )11,r r,irr, .. 1\ v.dl .,, ,I 1•11p11n, iu ~u1,rJ! ,.in b.: l 
1,.-,ild, h.1L.uJ 1u mhabii.rn:, prri.:ubrh· rhn<e w 1, . 11· 

.1hnnr111.1ll:, '"""t•1i l ,i<' 1,, ,.,,pi1dtu:_, a,lm,m,. 

l'hc garden 
I hr i,i.,.d , "t:<'1,11 i"" I.,~ ,1111 i, 10 tu·.: I~-. n ~r pl.1m, ch~1 ru:, ir: <11~1:,
hi;I I w.ll<'r 111, 11 111<·,l1.,1dl' ,1J1.1,u11 to t:t.: dr.1:11.1i;.: m P·"·h,! ~d_;r, 
tl1,•11111,1.-d,•11,ll!J111i-; pl:1111,, >hrnb, and lr~l\ ,prc 1rl 01111111 L.11 uni.-, 

(hi.·n".tl(.'fl:l !.! Ju~· to n1iillSt '""f ,1u1n:-11.irk , •. Hcri11~ ')''lt· 11 ·, 1, ., 

.v1nn\on tlu~--: of ~.lCltr.ui,1·l .ln•I \\".lfr;r n,i.!I u1 tll 1111, lc·1 JoolLH!"- 11 •• 
I) nc.:(~S:.H\; t,l U~( ('l:':SC' ~\',ifrth. ii!, nnp,:,.,. H ltl 1..:utu\1.: \!,trj:::1 

o~J. tn .1 comp ,rrh· ,.,le ,l i,1.111 .. - 1°111111 b111IJrn!l'· 

l:"<i.sc ing tree\ 
\\'l,,.,c- ., 11..-c- 1> , .11.>111i; .1 pwl,1~111 of mil dn·mt~ M chC'rC' 1< 1hr 
.-,i'l<"lll<· u, d110.H ol up!i~.1,·.1I of footing,. if rh,· ,Y '.~n.1 n .. : '""" .11c

,ub,iJi:irr J11J th~1r rcm,l\JI will 11m sign1fl.-.1m:~ d 1111.ti;~ 11«· 11cc:. 
th~: , hould l,,· \,Ycrcd Jnd J concrcrc 0 1 111<e 1.il h.11,i,·, 1•l.1,cd 
n:rrn:all~· in rhc: soi l ro prc\'cnt twur(' n,.,1 !!'""ti, i11 1lit' J1r.·u1on of 
ch.: build rn~. If i1 i< nor pos<ihl:: i., rc1111"~ tlw ,cln.mi ruu1, wnhom 
d.1mlr,c m rhc 11cr • . 111 .1ppli1..11iua Cl> 1c111u,c llic tr,·, )lioJlcl be nude 
ro 1hr loc:i l .111d10ri1}. A p111d ,111 pl~";, \tJ ir:111,pbnt like!:· offcnda< 
lw l11r(' they l,,·, 11111t' a problc111 . 

I 11forma1ion on tree) , pla nt~ and shrubs 
'-l.ttc J~panm,ms ovcrsccini; .1gnc11h 11rt' c.1 , t,ivc i11 (u1111.11 , .. 11 
rc!(,irJ,n~ root p.1ncrns. \'Ol11mc niw.11c-1 11,·c.l.-d :111d ,:d ,· di>1,111L,· 
from huildin[:,1 of mn11 <p~iies. l\111.111i, ~:i t1km . 111· .ti,., ,uuru:, of 
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About this Report 

Introduction 
These notes have been provided to amplify DP's 
repor1 in regard to classification methods, field 
procedures and the comments section. Not all are 
necessarily relevant to all reports. 

DP's reports are based on information gained from 
limited subsurface excavations and sampling, 
supplemented by knowledge of local geology and 
experience. For this reason, they must be 
regarded as interpretive rather than factual 
documents, limited to some extent by the scope of 
information on which they rely. 

Copyright 
This report is the property of Douglas Partners Pty 
ltd. The report may only be used for the purpose 
for which it was commissioned and in accordance 
with the Conditions of Engagement for the 
commission supplied at the time of proposal. 
Unauthorised use of this report in any form 
whatsoever is prohibited. 

Borehole and Test Pit Logs 
The borehole and test pit logs presented in this 
report are an engineering and/or geological 
interpretation of the subsurface conditions, and 
their reliability will depend to some extent on 
frequency of sampling and the method of drilling or 
excavation. Ideally, continuous undisturbed 
sampling or core drilling will provide the most 
reliable assessment, but this is not always 
practicable or possible to justify on economic 
grounds. In any case the boreholes and test pits 
represent only a very small sample of the total 
subsurface profile. 

Interpretation of the information and its application 
to design and construction should therefore take 
into account the spacing of boreholes or pits, the 
frequency of sampling, and the possibility of other 
than 'straight line' variations between the test 
locations. 

Groundwater 
Where groundwater levels are measured in 
boreholes there are several potential problems, 
namely: 
• In low permeability soils groundwater may 

enter the hole very slowly or perhaps not at all 
during the time the hole is left open; 

• 

• 

• 

A localised, perched water table may lead to 
an erroneous indication of the true water 
table; 
Water table levels will vary from time to time 
with seasons or recent weather changes. 
They may not be the same at the time of 
construction as are indicated in the report; 
and 
The use of water or mud as a drilling fluid will 
mask any groundwater inflow. Water has to 
be blown out of the hole and drilling mud must 
first be washed out of the hole if water 
measurements are to be made. 

More reliable measurements can be made by 
installing standpipes which are read at intervals 
over several days, or perhaps weeks for low 
permeability soils. Piezometers, sealed in a 
particular stratum, may be advisable in low 
permeability soils or where there may be 
interference from a perched water table. 

Reports 
The report has been prepared by qualified 
personnel, is based on the information obtained 
from field and laboratory testing, and has been 
undertaken to current engineering standards of 
interpretation and analysis. Where the report has 
been prepared for a specific design proposal, the 
information and interpretation may not be relevant 
if the design proposal is changed. If this happens, 
DP will be pleased to review the report and the 
sufficiency of the investigation work. 

Every care is taken with the report as it relates to 
interpretation of subsurface conditions. discussion 
of geotechnical and environmental aspects, and 
recommendations or suggestions for design and 
construction. However, DP cannot always 
anticipate or assume responsibility for: 
• Unexpected variations in ground conditions. 

The potential for this will depend partly on 
borehole or pit spacing and sampling 
frequency; 

• Changes in policy or interpretations of policy 
by statutory authorities; or 

• The actions of contractors responding to 
commercial pressures. 

If these occur, DP will be pleased to assist with 
investigations or advice to resolve the matter. 
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About this Report 

Site Anomalies 
In the event that conditions encountered on site 
during construction appear to vary from those 
which were expected from the information 
contained in the report, DP requests that it be 
immediately notified. Most problems are much 
more readily resolved when conditions are 
exposed rather than at some later stage, well after 
the event. 

Information for Contractual Purposes 
Where information obtained from this report is 
provided for tendering purposes, it is 
recommended that all information, including the 
written report and discussion, be made available. 
In circumstances where the discussion or 
comments section is not relevant to the contractual 
situation, it may be appropriate to prepare a 
specially edited document. DP would be pleased 
to assist in this regard and/or to make additional 
report copies available for contract purposes at a 
nominal charge. 

Site Inspection 
The company will always be pleased to provide 
engineering inspection services for geotechnical 
and environmental aspects of work to which this 
report is related. This could range from a site visit 
to confirm that conditions exposed are as 
expected, to full time engineering presence on 
site. 
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Sampling Methods 

Sampling 
Sampling is carried out during drilling or test pitting 
to allow engineering examination (and laboratory 
testing where required) of the soil or rock. 

Disturbed samples taken during drilling provide 
information on colour, type, inclusions and, 
depending upon the degree of disturbance, some 
information on strength and structure. 

Undisturbed samples are taken by pushing a thin• 
walled sample tube into the soil and withdrawing it 
to obtain a sample of the soil in a relatively 
undisturbed state. Such samples yield information 
on structure and strength, and are necessary for 
laboratory determination of shear strength and 
compressibility. Undisturbed sampling is generally 
effective only in cohesive soils. 

Test Pits 
Test pits are usually excavated with a backhoe or 
an excavator, allowing close examination of the in• 
situ soil if it is safe to enter into the pit. The depth 
of excavation is limited to about 3 m for a backhoe 
and up to 6 m for a large excavator. A potential 
disadvantage of this investigation method is the 
larger area of disturbance to the site. 

Large Diameter Augers 
Boreholes can be drilled using a rotating plate or 
short spiral auger, generally 300 mm or larger in 
diameter commonly mounted on a standard piling 
rig. The cuttings are returned to the surface at 
intervals (generally not more than 0.5 m) and are 
disturbed but usually unchanged in moisture 
content. Identification of soil strata is generally 
much more reliable than with continuous spiral 
flight augers, and is usually supplemented by 
occasional undisturbed tube samples. 

Continuous Spiral Flight Augers 
The borehole is advanced using 90·115 mm 
diameter continuous spiral flight augers which are 
withdrawn at intervals to allow sampling or in•situ 
testing. This is a relatively economical means of 
drilling in clays and sands above the water table. 
Samples are returned to the surface, or may be 
collected after withdrawal of the auger flights, but 
they are disturbed and may be mixed with soils 
from the sides of the hole. Information from the 
drilling (as distinct from specific sampling by SPTs 
or undisturbed samples) is of relatively low 

reliability, due to the remoulding, possible mixing 
or softening of samples by groundwater. 

Non-core Rotary Drilling 
The borehole is advanced using a rotary bit, with 
water or drilling mud being pumped down the drill 
rods and returned up the annulus, carrying the drill 
cuttings. Only major changes in stratification can 
be determined from the cuttings, together with 
some information from the rate of penetration. 
Where drilling mud is used this can mask the 
cuttings and reliable identification is only possible 
from separate sampling such as SPTs. 

Continuous Core Drilling 
A continuous core sample can be obtained using a 
diamond tipped core barrel, usually with a 50 mm 
internal diameter. Provided full core recovery is 
achieved (which is not always possible in weak 
rocks and granular soils), this technique provides a 
very reliable method of investigation. 

Standard Penetration Tests 
Standard penetration tests (SPT) are used as a 
means of estimating the density or strength of soils 
and also of obtaining a relatively undisturbed 
sample. The test procedure is described in 
Australian Standard 1289, Methods of Testing 
Soils for Engineering Purposes - Test 6.3.1 . 

The test is carried out in a borehole by driving a 50 
mm diameter split sample tube under the impact of 
a 63 kg hammer with a free fall of 760 mm. It is 
normal for the tube to be driven in three 
successive 150 mm increments and the 'N' value 
is taken as the number of blows for the last 300 
mm. In dense sands, very hard clays or weak 
rock, the full 450 mm penetration may not be 
practicable and the test is discontinued. 

The test results are reported in the following form. 

• In the case where full penetration is obtained 
with successive blow counts for each 150 mm 
of, say, 4, 6 and 7 as: 

4,6,7 
N=13 

• In the case where the test is discontinued 
before the full penetration depth, say after 15 
blows for the first 150 mm and 30 blows for 
the next 40 mm as: 

15, 30/40 mm 
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Sampling Methods 

The results of the SPT tests can be related 
empirically to the engineering properties of the 
soils. 

Dynamic Cone Penetrometer Tests / 
Perth Sand Penetrometer Tests 
Dynamic penetrometer tests (DCP or PSP) are 
carried out by driving a steel rod into the ground 
using a standard weight of hammer falling a 
specified distance. As the rod penetrates the soil 
the number of blows required to penetrate each 
successive 150 mm depth are recorded. Normally 
there is a depth limitation of 1.2 m, but this may be 
extended in certain conditions by the use of 
extension rods. Two types of penetrometer are 
commonly used. 

• Perth sand penetrometer - a 16 mm diameter 
flat ended rod is driven using a 9 kg hammer 
dropping 600 mm (AS 1289, Test 6.3.3). This 
test was developed for testing the density of 
sands and is mainly used in granular soils and 
filling. 

• Cone penetrometer - a 16 mm diameter rod 
with a 20 mm diameter cone end is driven 
using a 9 kg hammer dropping 510 mm (AS 
1289, Test 6.3.2). This test was developed 
initially for pavement subgrade investigations, 
and correlations of the test results with 
California Bearing Ratio have been published 
by various road authorities. · 
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Soil Descriptions 

Desc ription and Classification Met hods 
The methods of description and classification of 
soils and rocks used in this report are based on 
Australian Standard AS 1726, Geotechnical Site 
Investigations Code. In general, the descriptions 
include strength or density, colour, structure, soil 
or rock type and inclusions. 

Soil Types 
Soil types are described according to the 
predominant particle size, qualified by the grading 
of other particles present: 

Type Particle size (mm) 

Boulder >200 

Cobble 63 - 200 

Gravel 2.36 - 63 

Sand 0.075 - 2.36 

Silt 0.002 - 0.075 

Clay <0.002 

The sand and gravel sizes can be further 
subdivided as follows: 

Type Particle size (mm) 

Coarse gravel 20 - 63 

Medium gravel 6 - 20 

Fine gravel 2.36 - 6 

Coarse sand 0.6 - 2.36 

Medium sand 0.2 - 0.6 

Fine sand 0.075 - 0.2 

The proportions of secondary constituents of soils 
are described as: 

Term Proportion Example 

And Specify Clay (60%) and 
Sand (40%) 

Adjective 20 - 35% Sandy Clay 

Slightly 12 - 20% Slightly Sandy 
Clay 

With some 5 -12% Clay with some 
sand 

With a trace of 0-5% Clay with a trace 
of sand 

Definitions of grading terms used are: 

• Well graded - a good representation of all 
particle sizes 

• Poorly graded • an excess or deficiency of 
particular sizes within the specified range 

• Uniformly graded - an excess of a particular 
particle size 

• Gap graded - a deficiency of a particular 
particle size with the range 

Cohesive Soils 
Cohesive soils, such as clays, are classified on the 
basis of undrained shear strength. The strength 
may be measured by laboratory testing, or 
estimated by field tests or engineering 
examination. The strength terms are defined as 
follows: 

Description Abbreviation Undrained 
shear strength 

(kPa) 

Very soft vs <12 

Soft s 12 - 25 

Firm f 25 - 50 

Stiff st 50 - 100 

Very stiff vst 100 - 200 

Hard h >200 

Cohesionless Soils 
Cohesionless soils, such as clean sands, are 
classified on the basis of relative density, generally 
from the results of standard penetration tests 
(SPT), cone penetration tests (CPT) or dynamic 
penetrometers (PSP). The relative density terms 
are given below: 

Relative Abbreviation SPTN CPTqc 
Density value value 

(MPa) 

Very loose vi <4 <2 

Loose I 4 - 10 2 -5 

Medium md 10 - 30 5 - 15 
dense 

Dense d 30 - 50 15 - 25 

Very vd >50 >25 
dense 
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Soil Descriptions 

Soil Origin 
It is often difficult to accurately determine the origin 
of a soil. Soils can generally be classified as: 

• Residual soil - derived from in-situ weathering 
of the underlying rock; 

• Transported soils - formed somewhere else 
and transported by nature to the site; or 

• Filling - moved by man. 

Transported soils may be further subdivided into: 

• Alluvium - river deposits 

• Lacustrine - lake deposits 

• Aeolian - wind deposits 

• Littoral - beach deposits 

• Estuarine - tidal river deposits 

• Talus - scree or coarse colluvium 

• Slopewash or Colluvium - transported 
downslope by gravity assisted by water. 
Often includes angular rock fragments and 
boulders. 
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Rock Descriptions 

Rock Strength 
Rock strength is defined by the Point Load Strength Index (ls(SOJ) and refers to the strength of the rock 
substance and not the strength of the overall rock mass, which may be considerably weaker due to defects. 
The test procedure is described by Australian Standard 4133.4.1 - 1993. The terms used to describe rock 
strength are as follows: 

Term Abbreviation Point Load Index Approx Unconfined 
ls(50J MPa Compressive Strength MPa' 

Extremely low EL <0.03 <0.6 

Very low VL 0.03 - 0.1 0.6- 2 

Low L 0.1 - 0.3 2-6 

Medium M 0.3 -1.0 6 - 20 

High H 1 - 3 20 • 60 

Very high VH 3 • 10 60 • 200 

Extremely high EH >10 >200 
* Assumes a ratio of 20:1 for UCS to ls(50) 

Degree of Weathering 
The degree of weathering of rock is classified as follows: 

Term Abbreviation Description 
Extremely weathered EW Rock substance has soil properties, i.e. it can be remoulded 

and classified as a soil but the texture of the original rock is 
still evident. 

Highly weathered HW Limonite staining or bleaching affects whole of rock 
substance and other signs of decomposition are evident. 
Porosity and strength may be altered as a result of iron 
leaching or deposition. Colour and strength of original fresh 
rock is not recognisable 

Moderately MW Staining and discolouration of rock substance has taken 
weathered place 
Slightly weathered SW Rock substance is slightly discoloured but shows little or no 

change of strength from fresh rock 
Fresh stained Fs Rock substance unaffected 

visible along defects 
by weathering but staining 

Fresh Fr No signs of decomposition or staining 

Degree of Fracturing 
The following classification applies to the spacing of natural fractures in diamond drill cores. It includes 
bedding plane partings, joints and other defects, but excludes drilling breaks. 

Term Description 
Fragmented Fragments of <20 mm 
Highly Fractured Core lengths of 20-40 mm with some fragments 
Fractured Core lengths of 40-200 mm with some shorter and longer sections 
Slightly Fractured Core lengths of 200-1000 mm with some shorter and loner sections 
Unbroken Core lengths mostly > 1000 mm 
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Rock Descriptions 

Rock Quality Designation 
The quality of the cored rock can be measured using the Rock Quality Designation (ROD) index, defined 
as: 

RQD % = cumulative length of 'sound' core sections > 100 mm long 
total drilled length of section being assessed 

where 'sound' rock is assessed to be rock of low strength or better. The ROD applies only to natural 
fractures. If the core is broken by drilling or handling (i.e. drilling breaks) then the broken pieces are fitted 
back together and are not included in the calculation of ROD. 

Stratification Spacing 
For sedimentary rocks the following terms may be used to describe the spacing of bedding partings: 

Term Separation of Stratification Planes 

Thinly laminated <6mm 
Laminated 6 mm to 20 mm 

Very thinly bedded 20 mm to60 mm 
Thinly bedded 60 mmto 0.2 m 

Medium bedded 0.2 m to 0.6 m 
Thickly bedded 0.6 m to 2 m 

Very thickly bedded > 2m 
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Symbols & Abbreviations 

Introduction 
These notes summarise abbreviations commonly 
used on borehole logs and test pit reports. 

Drilling or Excavation Methods 
C Core Drilling 
R Rotary drilling 
SFA Spiral flight augers 
NMLC Diamond core • 52 mm dia 
NQ Diamond core • 4 7 mm dia 
HQ Diamond core • 63 mm dia 
PQ Diamond core • 81 mm dia 

Water 
[> 

'v 
Water seep 
Water level 

Sampling and Testing 
A Auger sample 
B Bulk sample 
D Disturbed sample 
E Environmental sample 
U50 Undisturbed tube sample (50mm) 
W Water sample 
pp pocket penetrometer (kPa) 
PIO Photo ionisation detector 
PL Point load strength ls(S0) MPa 
S Standard Penetration Test 
V Shearvane (kPa) 

Description of Defects in Rock 
The abbreviated descriptions of the defects should 
be in the following order: Depth, Type, Orientation, 
Coating, Shape, Roughness and Other. Drilling 
and handling breaks are not usually included on 
the logs. 

Defect Type 
B Bedding plane 
Cs Clay seam 
Cv Cleavage 
Cz Crushed zone 
Os Decomposed seam 
F Fault 
J Joint 
Lam lamination 
Pt Parting 
Sz Sheared Zone 
V Vein 

Orientation 
The inclination of defects is always measured from 
the perpendicular to the core axis. 

h horizontal 
v vertical 
sh sub-horizontal 
sv sub-vertical 

Coating or Infilling Term 
cln clean 
co coating 
he healed 
inf 
stn 
ti 

infilled 
stained 
tight 

vn veneer 

Coating Descriptor 
ca calcite 
cbs carbonaceous 
cly clay 
fe iron oxide 
mn manganese 
sit silty 

Shape 
cu curved 
ir irregular 
pl planar 
st stepped 
un undulating 

Roughness 
po polished 
ro rough 
sl slickensided 
sm smooth 
vr very rough 

Other 
fg fragmented 
bnd band 
qtz quartz 
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Symbols & Abbreviations 

Graphic Symbols for Soil and Rock 

General 

Asphalt 

~ Roadbase 

l·t :~ t j Concrete m Filling 

Soils m:m Topsoil 

~ Peat 

~ Clay 

ffll Siltyclay 

~ Sandy clay 

~ Gravelly clay 

~ Shaly clay m Silt m Clayey silt m Sandy silt 

E2J Sand 

"/ "/. /. ./. /. . 
. 1/. /. >>_ ·/. Clayey sand 

[IJJJJ] Silty sand 

~ Gravel 

~ Sandy gravel 

~ Cobbles, boulders 

[?$~6~ Talus 

Sedimentary Rocks 

~ Boulder conglomerate 

r°CJ0 003J Conglomerate 

h§,:@§J Conglomeratic sandstone 

D Sandstone • Siltstone 

§ Laminite 

~ ==j Mudstone, claystone, shale 

Coal 

~ Limestone 

Metamorphic Rocks 

13 Slate, phyllite, schist 

Q Gneiss 

D Quartzite 

Igneous Rocks 

1:;:; :1 Granite 

~ ~ Dolerite, basalt, andesite 

~ Dacite, epidote 

p-v-vi 
~ Tuff, breccia 

Q Porphyry 
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Appendix B 

Borehole Logs (present and relevant past investigations) 
Photoplates 1 to 3 

Results of Dynamic Penetrometer Testing 



BOREHOLE LOG 
CLIENT: NBRS & Partners Pty Ltd 

Redevelopment of Correctional Facility 
Lindsay Street, Cessnock 

SURFACE LEVEL: RL 106m AHD*BORE No: 301 
PROJECT: EASTING: 344068 PROJECT No: 81986.00 
LOCATION: NORTHING: 6367749 DATE: 25/5/2016 

DIP/AZIMUTH: 90°/-- SHEET 1 OF 1 

~ Depth 
(m) 

Description .\.1 Sampling & In Situ Testing ~ ~~~-~-~-~------~~ 
of o~5i "' ,~ __, E- ~ E Results & ;s: 

Strata -..., ~ ~ "' Comments 
H----+---------------------t...,.,"'7<1-.,---t- !/l 

TOPSOIL/ FILLING. Generally comprising brown day ?fQ- _~ A_ go.os, 
filling. trace silt and trace rootlets, M«Wp Y,R> 

0.61------------------- ~-+"+</ 06 
CLAY• Very stiff to hard, red-brown day, v.1lh trace fine to s · 

0.82 \ medium grained sand, M«Wp /' .. : : : : . 0.82 
... . ... r-- 0.95 

SANDSTONE • Extremely 1cm strength. extremely . ..... . 
weathered. red, medium to coarse grained sandstone 

From 1.Sm. yellcm with occassional ironstaining 

pp>{,()() 
8.14.14 
N = 28 

25'140,· ,· 
refusal 

double boU1ce 

Dynamic Penetrometer Test 
(blows per 150mm) 

10 15 ·c· . . . . . 
. . . . . . . 
. . . 
. . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . 

1.91---------------------~--+--+--+--+--------+--+--;,__--'-------
Bore discontinued at 1.9m, limit of investigation, v-bit 
refusal 

3 

4 

5 

6 

8 

9 

RIG: FG102, 4WD Rig DRILLER: FICO LOGGED: Goodall 
TYPE OF BORING: 150mm v-bit auger 

WATER OBSERVATIONS: No free groundwater observed 

REMARKS: • Surface level interpolated from 2m digital contour mapping and are approximate only 

SAMPLING & IN SITU TESTING LEGEND 

2 

3 

s 

6 

8 

9 

CASING: Uncased 

• Sand Penetrometer A.S1289.6.3.3 
~ Cone Penetrometer AS1289.6.3.2 

A Aup safT1)1e G Gas sa"l)lo PIO Pholo ionsation dotOCIOf (pirn) 

8 El<A< salT'lllB P PistonsalT'lllB Pl(A)Poinlloadex!allestls(50)(MPa) ID Do g'as Partners BLK -~ u. Tlbesarrpe(xrrrnci.:'-) Pl(D)Ponloaddiamottaltostlsj50)1"1P•> ( U f
1 

g ~...=~ '(: ~:::=:r ~ =~=~~~) ' 
._e=---=Eny!c...;..;.rom,e=:..;;;.nta:=:..:1 •.:c•"lllo=- - !"". _ w-=".cc1er __ 1e::c"'.:.c'------v- -=Sheac;.;;.;:--' """'"'...:....c<kP-'--'•> ____ __, Geo tech n ics I Environ men I I G ro u ndw ate r 



BOREHOLE LOG 
CLIENT: SURFACE LEVEL: RL 102m AHD*BORE No: 302 
PROJECT: 

NBRS & Partners Pty Ltd 
Redevelopment of Correctional Facility 
Lindsay Street, Cessnock 

EASTING: 344013 PROJECT No: 81986.00 
LOCATION: NORTHING: 6367759 DATE: 25/5/2016 

DIP/AZIMUTH: 90°/-- SHEET 1 OF 1 

Description .!.? Sampling & In Situ Testing ~ 
'ii Depth of a g,-- -,:;;--..91------------< * O~amic Penetrometer Test 

(m) ,~ ~ 1-i a. a. Results & ~ (blows per 150mm) 

H ---t-- ------S_t_ra_t_a _______ _ __ +v-,..,--:><+-:--t-8.+---'~:.:.._t-__ eo_ m_m_e_n_1s--+--t- ---,"---~10 _ ___,1c-s -.-~20----j 

~ 
0.1 \ FILLING - Generally ccmprising brown-red clay filling, 

/~ 
'--!- 0.0 

0.08 trace silt and trace rootlets, M<Wp 0, 

CLAY - Hard, red-brown clay, trace fine to medium 0.5 
grained sand, M<Wp ~ s 

0.78 
SANDSTONE - Extremely low strength, extremely ....... ,- 0.91 

\_weathered, yellow, fine grained sandstone 
From 1.0m. brown-red 

.. .. ... ,- 1.5 
From 1.5m. grey with occassional ironstaining 

s 

2 · 1,95 
Born discontinued at 1.95m. limit of investigation. v-bit 
refusal 

1.95 

3 

4 

5 

6 

8 

9 

RIG: FG102, 4W0 Rig DRILLER: FICO LOGGED: Goodall 

TYPE OF BORING: 150mm v-bit auger 

WATER OBSERVATIONS: No free groundwater observed 

REMARKS: • Surface level interpolated from 2m digital contour mapping and are approximate only 

SAMPLING & IN SITU TESTING LEGEND 

pp >600 
6, 10,21/110 

refusal 

6,9,18 
Nc:27 

I 

'< 

6 

6 

9 

CASING: Uncased 

D Sand Penetrometer AS1289.6.3.3 
l3J Cooe Penetrometer AS1289.6.3.2 

A "'-qef sarri,ie G Gas san-pe PIO Photo ioris/Jtiondetector (ppm) 

B S..san-pe p Pistonson-pe Pl(A)Poinlbadaxialleslls(SO)iMPa) D Doug'as Partners BLK Block~ u, Tubo ••• (• nvndoo.) Pl(D)Point bad oaimtrnllesl ls(SO) (!.'Pa) , ,, 

g ~.,:~ t ~::: ::r f ~~rJir~:=i:1;.7) I 
~E __ Envi_ ·ramo __ -_ sa_ n-pe~--'--w_a_,._, 1>_ve_1 _____ v __ s_r.ea_, vn_ne~<kP~•> ____ ~ Geo technics I En vironment I Groundwater 



BOREHOLE LOG 
CLIENT: SURFACE LEVEL: RL98m AHO* BORE No: 303 
PROJECT: 

NBRS & Partners Pty Ltd 
Redevelopment of Correctional Facility 
Lindsay Street, Cessnock 

EASTING: 344044 PROJECT No: 8 1986.00 
LOCATION: NORTHING: 6367916 DATE: 25/5/2016 

DIP/AZIMUTH: 90°/-- SHEET 1 OF 1 

_, Depth 
o: {m) 

Description 

or 
Strata 

.5.1 Sampling & In Situ Testing ~ 
~g~-~-~~~-- - - --~~ 
"' ..J 8. Results & ~ .c .S1 

0.. 

(5 ~ Comments 
0. E 

D;namic Penetrometer Test 
(blows per 150mm) 

~ 

0.1 \ TOPSOIL I FILLING· Generally comprising brO'M"I day / (/·~A_ 
filling, trace sill and trace rootlets, M«Wp ___J /. / 

SANDY CLAY• Very stiff to hard, brown mottted 0.· · ,---
red-orange sandy day, trace subrounded gravel up to 

0 
.. · 

5mm in size. M«Wp . • . · s 

00 
0.1 

0.5 

0.95 0.
~ 1 '46t--S_AN_ D_S_T_ON_ E ___ Extr _ _ e-mel--y -lcm_ s_tr_en_g_th_,_e_xtr_e_mel __ y ___ --+----.. -<-. " .. + .. L__J 1.5 

weathered, grey, fine grained sandstone with occasional : : : : : : : s 
ironstaining 

:::::::1--- 1.94 

"' Ul 

PP >600 
9,12,16 
N = 28 

8,17,25'140 
relvsal 

10 15 20 

2 
2.1s1--------------------....L...---+---+- -+---+-------+--+----'~-.,;..__ -;-_-----'------, 

Bore discontinued at 2.15m, limit of investigation. v-bit 
refusal 

5 

6 

9 

RIG: FG102, 4WO Rig DRILLER: FICO LOGGED: Goodall 

TYPE OF BORING: 150mm v-bit auger 

WATER OBSERVATIONS: No free groundwater observed 

REMARKS: • Surface level interpolated from 2m digital contoor mapping and are approl<imate only 

SAM PUNG & IN SITU TESTING LEGEND 

4 

6 

8 

9 

CASING: Uncased 

• Sand Penetrometer AS1289.6 .3.3 
[8J Cone Penetrometer AS1289.6.3.2 

A A,qer sa~ G Ga• sa~ PIO Proto lorisalioo delec1or (ppm) 

B - .. ~ p Pistons•~ Pl(AJPoinlloadaxialleslls(50) (MPa) ID Do g'as nartners BLK Blocksa~ u. Tubo sa~(xnmoo.J Pl(O)Poinbad ctanelrallost ls(50)(Ml'o) ' u I< r, 
g g,:.~~ : ~~:::r r ~~~i:1:ni , 

~e __ Envi_ ·,om,e __ n_1a_1s_•~~--'--w_a_1e<_te_ve_1 _____ v _ _ Sllear __ """"_ ~<kP~•> _ ___ ~ Geo/echnics I Environment I Groundwater 



BOREHOLE LOG 
CLIENT: SURFACE LEVEL: RL96m AHD* BORE No: 304 
PROJECT: 

NBRS & Partners Pty Ltd 
Redevelopment of Correctional Facility 
Lindsay Street, Cessnock 

EASTING: 344122 PROJECT No: 81986.00 
LOCATION: NORTHING: 6367931 DATE: 25/5/2016 

DIP/AZIMUTH: 90°/-- SHEET 1 OF 1 

_, Depth 
a: (m) 

Description 

of 

Strata 

0 Sampling & In Silu Tesling 

i~~~-~~~---------11 
"' -' ~ t ! Results & s: t5 .=:- ~ ~ CommenIs 

<fl 

0 .1 , \ TOPSOIL / FILLING - Generally comprising brov.n-red / / './ / v 

clay filling, M«Wp . / / B 

0.1 

7

\ CLAY - Very stiff to hard. brov.n day. trace sand. trace silt, / / ,-- o.s 
1._M«Wp 0 U., 

From 04~, tracesubangular to subrounded gravel up to / / ,-- 0
-
7 

5mm1ns1ze 

0 
~ ,-- 1.5 

pp >600 

D~amic Penetrometer T esl 
(blows per 150mm) 

10 15 20 

I 
I 

1.61---------------------f.L.-'--l S 20,141100.-
CLAYSTONE • Extremely low strength, extremely ,-1--.-+--+-1_75-t-- -+----'efusal ____ -t---t-------------1 1-8 11 weathered. grey daystooe, trace subangular to 

2 

3 

4 

5 

6 

8 

9 

I \ subrounded pebbles up to 8mm in size 

Bore discontinued at 1.8m, limit of investigation. v-bit 
refusal 

6 

8 

RIG: FG102, 4WD Rig DRILLER: FICO LOGGED: Goodall CASING: Uncased 

TYPE OF BORING: 150mm v-bit auger 

WATER OBSERVATIONS: No free groundwater observed 

REMARKS: • Surface level interpolated from 2m digital contour mapping and are approiomate only D Sand Penetrometer AS1289.6.3.3 
l3J Cooe Penetrometer AS1289.6.3.2 

SAMPLING & IN SITU TESTING LEGEND 
G Gas san-µe PIO Pho1o iorisallon deleclOr (ppm) 
P Piston ••~ PL(A) Poinl load axialles l ls(SO) (MPa) 
u , Tuoe san-µe (X ITfO <ia.) Pl(O) Pon load liameltal lesl ls(SO) (MPa) 

'(: ~!);; :!."f' f ~~=~ f:"l 
J Waler klvel V SI-ear vane (kPa) 

Douglas Partners 
Geotechnics I Environment I Groundwater 



BOREHOLE LOG 
CLIENT: 
PROJECT: 
LOCATION: 

NBRS & Partners Pty Ltd 
Redevelopment of Correctional Facility 
Lindsay Street, Cessnock 

Description Degree of 
Weathering .l.1 

..J Depth 
of -a.~ C( (m) ~ _, 

(.'.) Strata ~~§i~~ 
0.05 \ TOPSOIL· Generally comprising / 

~ silty sandy topsoil, trace subangular 
~ravel up to 10mm in size, dry 1 

~ CLAY - Very stiff to hard, red brown 
clay, M<Wp 

0.6 
CLAYSTONE • Extremely low -strength. extremely weathered, grey ---
mottled red claystone ------1 ---------------------------------

2 --
I ---

I 
-------

From 2.3m to 2.4m. possibte clay I 
---

(drilled 0.1 m under ™'1 weight in -----
less than 10 seconds) ----

2.7 
SANDSTONE • Extremely low -..... 
strength, extremely weathered. grey, ..... ..... ..... 
fine grained sandstone ..... 

3 ..... .. ... 
~. 3.0m, start conng ..... .. ... ..... 

om 3.01m, medium strength, ..... ..... 
slighUy weathered with some ..... ..... ..... 
subangular lo subrounded pebbles . .... ..... 
up to 10mm in size 

.... . ... .. ..... ..... ..... 
From 3.6m, high strength ..... .. ... ..... - ..... 
From 3.78m, fresh ..... ..... ... .. 

····· 4 ..... ..... 
I 

..... ..... ..... ... .. ..... ..... 
I ..... ..... ..... 

I I . .... ... .. ..... 
From 4.5m, medium strength, 

... .. 
I 

..... ..... 
slighUy ....eathered ·· ··· 

I I I 
.... . ..... ..... 

From 4.78m, fresh I 
..... 

I .. ... .. ... 
I I 

.... . .... . 
5 .. ... 

From 5.0m, high strength I .... . ..... 
I 

..... .... . ..... 
I I 

..... ..... 
irom 5.32m, slighUy weathered 

'~ 

..... 

trom 5.36m, fresh 
rom 5.45m, slightly weathered 

from 5.5m, medium strength 
rom 5.61m, fresh 

6 s.o rom 5.7m, slighUy weathered 
rom 5.78m, fresh and yellow I I 

Bore discontinued at 6.0m, limit of 
investigation 

RIG: FG102 4WD DRILLER: FICO 

TYPE OF BORING: V-bit to 3.0m. NMLC from 3.0m 

WATER OBSERVATIONS: No free groundwater observed 

SURFACE LEVEL: RL 107m AHD0 BORE No: 305 
EASTING: 344114 PROJECT No: 81986.00 
NORTHING: 6367781 DATE: 25/5/2016 
DIP/AZIMUTH: 90°/-- SHEET 1 OF 1 

Rock Fracture Discontinuities Sampling & In Situ Testing Strength <ii Spacing 

d § r~ ic Q) ~ Test Results (m) 8 • Bedding J - Jo,nt 8- 0 
~ lo >- 8~ 0~ & -'0:Hf:c "'0 5l8 S -Shear F - Faull I- C( o - C( Comments J>_, ~r. >~ lo 00 o-

,__. 

s 
PP >600 
5,8,15 
N = 23 

,__. 

c--

5,11,23 s N = 34 

,__ 

-· -,,., v ... 

I PL(D) = 0.45 

I 
I ~- N .48m: P, pl, ro, le ,_ 

.52m: P, pl, ro PL(A) = 0.97 I I 
PL(D) = 1 

C 100 97 

4.54m: P. pl, ro 
PL(A) = 0.88 

4.73m: P, pl, ro 
I I ' 

I I I 
PL(A) = 0.21 I 
PL(D}= 1.38 

I I 
I I C 100 100 
I I 5.31m: P, pl, ro .. PL(D} = 0.85 

Pl(A) = 0.76 
PL(D) = 0.91 

11 

I 

I 

LOGGED: Goodall CASING: HQ at 3.0m 

REMARKS: • Surface level interpolated from 2m digital contour mapping and are approximate only 

SAMPLING & IN SITU TESTING LEGEND 
A ,._ ... G Gas saJTlllO PIO Photo iomalion detector {ppm) 

B &A••· p Pistonsa"l]lo P!.{A)Pointbadaxialles l ls{SO){MPa) D Doug'as Partners et.Keaocksan"(lle u. f c()e sa"l]lo{urmdia) PL{O)Poinlbad<iarrelralleslls{SO){MPa) ( ft 
g ~.?..=~ -;: ~::~ r ~=~~~~f::8> I 

.__e'---'-EtM_ronme __ nta1_sa--'•'---•~· _ w_at_er_1e_,,,,_1 ____ v __ S11cat _ _ wne_~lkP_•~1 ____ ~ Geo technics I Environment I Groundwa fer 



BOREHOLE LOG 
CLIENT: NBRS & Partners Pty Ltd 

Redevelopment of Correctional Facility 
Lindsay Street, Cessnock 

SURFACE LEVEL: RL93m AHO* BORE No: 306 
PROJECT: EASTING: 344480 PROJECT No: 81986.00 
LOCATION: NORTHING: 6367529 DATE: 26/5/2016 

DIP/AZIMUTH: 90°/.. SHEET 1 OF 1 

Description Degree of Rock Fracture Discontinuities Sampling & In Situ Testing .I< Strength 
Depth 

Weathering 

j~ $ Spacing ..J of d ~ t~ 0) 'Ji: Test Results Ct: (m) «l (m) 8 · Bedding J • Join! ~ 0 

Strata ~ 3: 3: 3: "' a: 
<, ~,niti~ ~- ~e i& S • Shear F • Fault >- 8~ ~~ & 

~ 
I-

Ct: Comments x:i v.,~"" 00 o -
SIL TY CLAY - (Very stiff), brCM'rl silty 

~ A 
clay, trace rootlets, trace subangular 

~ gravel up lo 5mm in size, M<Wp 

~ 
0.5 ~ A 

CLAY - Hard, red brown day, M<Wp 

~ 
~u,,, - pp >600 

0.8 
CLAYSTONE - Extremely low - --

1 1.0 
strength, extremely weathered, red 

I 
i:---

brown daystone -
SILTSTONE - Very low strength, ·- 1.1m: P,pl,sm PL(D) = 0.02 

- ' 1.17m: J. s•. pl, ro. PL(A) = 0.1 
moderately weathered, grey ·- 30mm day infill Pl(A) = 0.27 siltstone, wth extremely IOW" strength - 1.23m: J. 30• , pl, ro PL(A) = 0.08 
~nds 

·- a: 
- - 1.27m: J, 10• . pl, ro, 

1.0m, start roring ·- ... 30mm clay infill 
rom 1.47m to 1.Sm, extremely low - 1.34m: J. 10•. pl, ro 

strength , _ 1.41m: P, pl, ro 

-,om 1.56m to 1.58m, extremely lo,v - 1.44m: P, pl, ro 
2 · - From 1.70m to 1.95m, fg 

strength - 1.95m: J, 70°, pl, ro, fe 
-,om 1.65m, extremely IOW" strength · - ' ' From 2.03m to 2.14m, rg 

- From 2.27m to 2.32m, fg 
·- I I 

I -
I ·- From 2.Sm to 2.58m, lg 

I -
·- 2.68m: P, pl, ro, 3mm PL(A) = 0.38 

From 2. 8m, lo,v strength - , clay infill Pl(D) = 0.17 

"From 2.9m, medium streogth 
·- ' From 2.81m to 2.83m, fg PL(A) = 0.58 

3 - , I /-2.91m: P, pl, ro 
· - I :-2.98m: J, 20°, pl, ro 
- I 3.04m: J, 5°, pl, ro ·- I 
- I I I I 

.15m: J, 20•. pl , ro 

From 3.4m. fresh :5 • - I I I 
3.25m: J, 60°, pl, ro, fe 

- I I 
3.29m: J, 60'. pl, ro PL(A) = 0.87 

From 3.62m, moderately weathered ·- ' I\.. 3.58m: J, 20•. pl, ro PL(D) = 0.46 

'From 3.72m, fresh 
- 3.67m: J, 49, pl, ro 
·- 3.8m: J, 20• , pl, ro ~:om 3.87m. moderately weathered - I PL(A) = 0.76 

4 I I '-3.89m: P. pl, ro n , J"n, - n ,~ 
rom 3.92m, fresh -

,:J 
-:,.~m: J, .:u , pl, ro 

· - PL(A) = 0.41 
- 4.18m: J, s•. pl. ro. re 
· - 4.3m: J. 20•. pl, ro, re - I 

4.41m: J. 10•. pl. ro, re ·- Pl(A) = 0.42 
- 4.45m: P. pl, ro. te 

·- 4.49m: J . s•. pl, ro, re 

- 4.53m: P, pl, ro, re C 100 91 

·- 4.64m: J, 30°, pl, ro 

5 - '\.4.66m: J, 30°, pl, ro 
· - 4.96m: P, pl, ro, le 

I - I I' 

·- I I• - , 
I · -

- I PL(A) = 0.72 
·- I Pl(D) = 0.7 -
·- C 100 100 
-
·-

6 6.0 
Bore discontinued at 6.0m, limit of 
investigation 

I 

I 

RIG: FG102 4WD DRILLER: FICO LOGGED: Goodall CASING: HQ at 1.0m 

TYPE OF BORING: V-bit to 0 .8m, TC-b41 to 1.0m, NMLC from 1.0m 

WATER OBSERVATIONS: No free groundwater observed 

REMARKS: • Surface level interpolated from 2m digital contour mapping and are approximate only 

SAMPUNG & IN SITU TESTING LEGEND 

: ~sa~ ~ ~~.~ ~A)===i:'=mr"'3, D Do g'as nartners BLKBtlck~ U, Tubesa.(xomdia) Pl..(O)Poirttoaddarretralteslls(SOJ(Mf>aJ ' u fl r, 
g ~I~~ '(; ~ ::: ~ !f =~=i:i:a) ' 

~E __ ~_,.,,..,.., __ ntlll_s_a __ n-p, __ , __ w_a1e<_1o_ve_1 ____ v __ Sllea_r_va_ne~(kP_a~> ----~ Geo technics I Environment I Groundwater 



BOREHOLE LOG 
CLIENT: 
PROJECT: 
LOCATION: 

NBRS & Partners Pty Ltd 
Redevelopment of Correctional Facility 
Lindsay Street, Cessnock 

Description Degree of 
Weathering .I.! 

Rock 
Strength 

SURFACE LEVEL: RL90rn AHD* 
EASTING: 344496 
NORTHING: 6367449 
DIP/AZIMUTH: 90°/--

Fracture Discontinuities 

BORENo: 307 
PROJECT No: 81986.00 
DATE: 26/5/2016 
SHEET 1 OF 1 

Sampling & In Situ Testing 
Depth -§_ .9i Spacing _, 

of d ~ h. ¢) ?fl. Test Results C( (m) "'~ (0 
(m) B · Be<lding J - Joint i 0 

i3 ~ ~ 8~ ~~ & 
Strata ~iHff~ S - Shear ~ 

1 

2 

3 

TOPSOIUFILLING • Generally 
comprising brooo. silty sand filling, 
fine grained sand, trace rootlets, 
humid 

0.5 
GRAVELLY CLAY• Hard. brown red 
gravelly day, with subangular to 
subrounded gravel up to 8mm in 

r?lze. M«Wp 
ram 0.85m. trace gravel 

2 5 SILTSTONE· Extremely low 
strength, extremely weathered, grey 
siltstone 

\Al 2.5m, start coring 

'l=rom 2.65m, low strength, highly 
1,veathered 
ll=rom 2.69m, extremely low strength. 
!extremely weathered 
11:rom 2.73m, low strength, highly 
1,Yealhered 
1:rom 2.80m, extremely low strength, 
~xtremely y.eathered 
1:rom 2.8m, tow strength. moderately 
1,Yeathered 
l=rom 2.85m, low strength, highly 
""8<1\hered 

ram 3.81m. medium strength. 
tradured 
l=rom 4.18m, moderately weathered 

From 4.75m. medium strength, 
fractured 

From 5.0m, high strength 

6 6
·
0 

Bore discontinued at 6.0m. limit of 
investigation 

~i~~~~ 

I I 

I I I 
II 

) I>< 

~t 
I)< 

~~ 
~ a 

a 

I -
I · ,_ 

-

RIG: FG102 4WD DRILLER: FICO 

TYPE OF BORING: V-bit to 2.5m, NMLC from 2.5m 

WATER OBSERVATIONS: No free ground'-Nater observed 

11 

11 

.. 

I I 

-, 
I 

I 

lS!: 
00 

I I 

' I 

I 

I 

~8 
o-

I I I 
I 

F · Fault 

2.87m: J , 10•. pl, ro, fe, 
20mm clay infill 

\'2.98m: P, pl, ro. fe 
\'-3.07m: J . s·. pl, ro, re 

.13m: J . 10•. pl, ro 
[\. .28m: J, 20•. pl, ro 
I\ 3.42m: J. 20•. pl, ro 

3.49m: J. 10•, pl, ro, re 

3. 71 m: J . s•, pl, ro. re 

4.27m: P, pl, sm, fe 

4.42m: P, pl, ro, fe 
\.From 4.55m to 4.58m, lg 
\.4.62m: P, pl, SU, le 

4.71m: J, s•, ro, le 

4.93m: P, pl, ro, le 

C( 

A 

~ 

s 

r--

C 100 67 

C 100 88 

C 100 100 

LOGGED: Goodall CASING: HQ at 2.5m 

Comments 

21.20, 14 
N = 34 

pp >600 

Pl(A) = 0.13 
PL(A) =0.23 
PL(A) = 0.11 
PL(D) = 0.24 
PL(A) = 0.37 
PL(D) =0.27 
Pl(A) = 1.1 
PL(D) = 0.64 

PL(A) = 0.62 
PL(D) = 0.35 

Pl(A) =0.97 

PL(A) = 1.25 
PL(O) =0.85 

REMARKS: • Surface level interpolated from 2m digital contour mapping and are approximate only 

SAMPLING & IN SITU TESTING LEGEND 
G Gas sa~ PIO Pl-.,lo ,or,sat,:,o actoetor (ppm) 
P Piston sa~ PL(A) Point load a'""I test ts(S0) (MPa) 
U, Tt.00 sa~ (x rrrn oo l PL(D) Pon load dum,trol test ls(SO){MPa) 

'(: ~::: ~ !r ~==i: ~) 
? Wale< le,el V Shear wno (kPa) 

Douglas Partners 
Geotechnics I Environment I Groundwater 



BOREHOLE LOG 
CLIENT: SURFACE LEVEL: RL 102m AHD*BORE No: 308 
PROJECT: 

NBRS & Partners Ply Ltd 
Redevelopment of Correctional Facility 
Lindsay Street, Cessnock 

EASTING: 344287 PROJECT No: 81986.00 
LOCATION: NORTHING: 6367590 DA TE: 27/5/2016 

DIP/AZIMUTH: 90°/-- SHEET 1 OF 1 

., Depth 
a:: (m) 

Description g Sampling & In Situ Testing 
or -a. 8' ..--~.c-~~----:-~-------. I 

"' ..J g; a.. o. Results & s: 
Strata t9 1- ~ ~ Comments 

D)rnlmic Penetrometer Test 
(blov,s per 150mm) 

H------t------:----,---------------------t"K7t"--:--t- -+---'(/).c.....-t--------+-+-- ~ ---,--.-
TOPSOIL I FILLING. Generally comprising brO'M'1 silty ~ r-A_ O.O 
gravel filling with subangular to subrounded gravel up to o., 

0.4 -.__20mm in size, humid ,r 

CLAY· Hard, brown-red clay, trace fine to med- i-um--~ V / A o.s 

grained sand, M«Wp ~ 

1.21----------------------+.-',....-S.-.\ 
SANDSTONE • Extremely low strength, extremely 
weathered, grey, fine to medium grained sandstone 

10 15 20 

~ 

C 

1.?f---------------------'-'-'--'-'-'-+--+-- -+---+---- ----+--+----.;..__....;...__---C----1 
Bore discontinued at 1.7m. limit of investigation. v-bit 

2 refusal 

3 

4 

5 

6 

7 

8 

9 

RIG: FG102, 4WO Rig DRILLER: FICO LOGGED: Goodall 

TYPE OF BORING: 150mm v-bit auger 

WATER OBSERVATIONS: No free groundwater observed 
REMARKS: • Surface level interpolated from 2m digital contour mapping and are approximate only 

SAM PUNG & IN SITU TESTING LEGEND 

2 

5 

6 

8 

9 

CASING: Uncased 

D Sand Penelrometer AS1289.6.3.3 
C!'.l Corie Penetrorneter AS1289.6.3.2 

> 

A />u,'pr sarrl)lo G Gas san-µe PIO Photo ionsation delecior (ppm) 

B lil<san,,lo p Pistonsaff1)1o Pl.(A)Poinlloadaxial testls(SO) (MPa) D Doug'as ftartners 
BLK Bbci<• an-c,lo U, Tlbesarrpe(rnmcia.) Pl(D)Poirdloadciamelmltesl ls(SO)(MPo) ' fl ,.,,, 
g ~~~ ': ~::~ tr ~~,,:::~!,~~~~> I 

..._E __ Emi_ ·rorme _ _ n_1a_1 •_•fT'lllo--'---''---w...:•...:1e<_1>.:..."'.:...'-----'-v_...:Shea=.c.:...' ""..:c""=-:.lkP__,•l ____ __, Geotechnics I Environment I Groundwater 



BOREHOLE LOG 
CLIENT: 
PROJECT: 
LOCATION: 

-' 0€pth 
o:: (m) 

NBRS & Partners Pty Ltd 
Redevelopment of Correctional Facility 
Lindsay Street, Cessnock 

Description 

of 

Strata 

0_ 15 TOPSOIL / FILLING - Generally comprising brov,n silty YIX 

SURFACE LEVEL: RL 101m AHD*BORE No: 309 
EASTING: 344310 PROJECT No: 81986.00 
NORTHING: 6367604 DATE: 27/5/2016 
DIP/AZIMUTH: 90°/-- SHEET 1 OF 1 

Sampling & In Situ Testing 

j! ~ Dynamic Pene1rometer Test 

~ 
.c. 

0. Results & "' (blows per 150mm) C. s: 
~ 

E Comments I- "' (/) 10 15 20 

A 0.0 - 0.1 o.25 ~ sand filling with subangular to subrounded up to 20mm in ~-
o.41-1\size 1.-'-'~-'-'-'+---+--+--+---------1,--+----;---;---~-~- __.., 

s 

6 

9 

CLAY - Hard, br01M1-red clay, trace fine to medium 
\\1grained sand, trace subangular gravel up to 5mm in size, /I 
I\M«Wp . 

\SANDSTONE - Extremely low strength, extremely 
\weathered, grey. fine to medium grained sandstone 

Bore discootinued at 0.4m, limit of investigation, auger 
refusal 

2 

6 

9 

RIG: FG102, 4WD Rig DRILLER: FICO LOGGED: Goodall CASING: Uncased 

TYPE OF BORING: 300mm auger 

WATER OBSERVATIONS: No free groundwater observed 

REMARKS: • Surface level interpolated from 2m digital contour mapping and are approximate only D Sand Pooetrorneter A.51289.6.3.3 
181 Cone Pooetrometer AS1289.6.3.2 

SAMPLING & IN SITU TESTING LEGEND 
A lwqer sarrµe 

8 - ··~ BU<Bloeksafll)le 
C Coro dtilng 
D Dlsh.rbedsanµe 
E EtMrormental snfll)le 

G Gas safll)lo PIO Photo ionsabon OOIOcior (ppm) 
P Piston sofll)le Pl.(Al Point bad a.•••llest ls(SO) (MPa) 
u. Tube ••rflllo (x llYll<ia.) 1'1.(0) Poir( bad darrelral test ls(50) (MPa) 

-: ~:::; ~ f ~=.: ~) 
? Waler level V Shea< vano (kPa) 

Douglas Partners 
Geotechnics I En vironment I Groundwater 



BOREHOLE LOG 
CLIENT: SURFACE LEVEL: RL 107m AHD*BORE No: 310 
PROJECT: EASTING: 344319 PROJECT No: 81986.00 
LOCATION: 

NBRS & Partners Pty ltd 
Redevelopment of Correctional Facility 
Lindsay Street, Cessnock NORTHING: 6367587 DATE: 27/5/2016 

DIP/AZIMUTH: 90°/-- SHEET 1 OF 1 

Sampling & In Situ Testing 
_, Depth 
o: (m) 

Description .!.l 
~~~-~-~~~------~ ~ 

of "' ..J ~ -6 ! Results & ~ 
Dynamic Penetrometer Test 

(blows per 150mm) 
Strata 2i .::- l ~ Comments 

H-----t----::T::-::OP::-::::-::S::-::0-IL-/ F---1-LL_I_N-::-G-.-:G:-e-n_era_lly_com __ p_ri_s_in_g_b_rO'M1--S-il_ty __ h1.c:;.R>'K7;-_--.A--r_o.o-+-~(/)-'---+----------+-+---~--•-,..
0
----;

15
--

20
-,...---i 

0.2s , sand filling v.ith some subangular to subrounded gravel / / / gis '@!: 
\ up to 20mm in size, trace rootlets, humid 1// B _ _ 

CLAY• Hard, orange-brO'M1 clay with some subangular to 1//- 0.6 
subrounded gravel up to 5mm in size. M<Wp / ~ 

1.01---------------------'---"--'-+--+--+--+-------+--++-----:---:--;.1---,...--7 
Bore discontinued at 1.0m, limit of investigation, v-bit · 
refusal 

2 

I• 

4 

5 

6 

8 

9 

RIG: FG102, 4WD Rig DRILLER: FICO LOGGED: Goodall 

TYPE OF BORING: 150mm v-bit auger 

WATER OBSERVATIONS: No free groundwater observed 

REMARKS: • Surface level interpolated from 2m digital contour mapping and are approximate only 

SAMPLING & IN SITU TESTING LEGEND 

3 

6 

7 

8 

9 

CASING: Uncased 

D Sand Penetrometer AS1289.6.3.3 
[8J Cone Penetrometer AS1289.6.3.2 

A ~ sa1J1]1e G Gas sa~ PIO PtQto iorisallon detector (Pl)ftl) 

B &Aksa~ p Pistoosa~ Pl(A)Pointbadwdattestb(SO)(MPo) D Doug'as nartners BLKBixksan-pe u. Tube••~(•nmaa.) PL(O)Polntbadda,retralle91b(SO)(MPa) ' 11 .-, 
g ~.~~ '-(; ~~::, ~ f ~=~~,: i!!;'l , 

._E ______ n1a1 __ sa_~_,_ __ !~ _ _ w_a_ter ___ , _____ v __ Sheat __ wne~~lkl'~•) _ ___ ___, Geotechnics I Environment I Groundwater 



BOREHOLE LOG 
CLIENT: 
PROJECT: 
LOCATION: 

NBRS & Partners Pty Ltd 
Redevelopment of Correctional Facility 
Lindsay Street, Cessnock 

() 

SURFACE LEVEL: RL 1 00m AHD*BORE No: 311 
EASTING: 344340 PROJECT No: 8 1986.00 
NORTHING: 6367604 DATE: 27/5/2016 
DIP/AZIMUTH: 90°/-- SHEET 1 OF 1 

Sampling & In Situ Testing 

ii Depth 
(m) 

Description 

of 

Strata 

i ~~-~-~~-~------ ~ ~ 
"' -' ~ §. a. Results & ~ 

D'.,1lamic Penetrometer Test 
(blows per 150mm) 

0 .==- 2J ~ Comments 
Cl) 10 20 

2 

3 

5 

6 

8 

9 

TOPSOIL/ FILLING - Generally comprising brown silty 
sand filling. trace subangular gravel up to 8mm in size, 

0.4 , trace roo(Jets. humd 

-, GRAVELLY CLAY - Hard. red-brown gravelly day with 
\ subangular to subrounded gravel up to 10mm in size. 
_\ M<Wp 

1
·
0 ·, From 0.54m. trace gravel 

1
·
211 SILTSTONE - Extremely low strength, extremely 
I \weathered, grey sillstcrie 

Bore discontinued at 1-2m, limit of investigation, v-bit 
refusal 

0. 1 

0.4 
0.54 pp >000 

. 

2 

5 

6 

8 

9 

RIG: FG102, 4WO Rig DRILLER: FICO LOGGED: Gcxxlall CASING: Uncased 

TYPE OF BORING: 150mm v-bit auger 

WATER OBSERVATIONS: No free groundwater obseNed 

REMARKS: • Surface level interpolated from 2m digital contour mapping and are approximate only D Sand Penetrometer AS1289.6.3.3 
0 Cone Penetrometer AS1289.6.3.2 

SAMPLING & IN SITU TESTING LEGEND 
G G3s sa~ PIO Photo lori,ation detector (ppm) 
P P<slOn sar,µe PL(A) Point bad axial wst Ls(50)(MPo) 
u. T..c,e sa~ (x rmicia.) PL(D)Poinl bad diarretral lost ls(501 (MP•) 

-: ::::~ r ;:.:,=~~:1:•> 
f Wale< lewl V Shea, vane (kPa) 

Douglas Partners 
Geotechnics I Environment I Groundwater 



BOREHOLE LOG 
CLIENT: 
PROJECT: 
LOCATION: 

NBRS & Partners Pty Ltd 
Redevelopment of Correctional Facility 
Lindsay Street, Cessnock 

~ Depth 
(m) 

Description 

of 

Strata 

TOPSOIL/ FILLING - Generally comprising brO'Ml silty 
o 25 l\ isand filling, fine to medium grained sand with trace 

subangular to subrounded gravel up to 15mm in size. 
humid 

CLAY· Hard. red-brO'Ml clay, M=Wp 

.5.1 

-a 8' 
~ ...J 

(!) 

r ~ 0.9t---- -------------- - ---;---
SIL TSTONE - Extremely low strength, extremely 

1-1 \ weathered, grey siltstone 

2 

3 

4 

5 

6 

8 

9 

Bore d iscontinued at 1.1m, limit of investigation. v-bit 
refusal 

RIG: FG102. 4WO Rig DRILLER: FICO 

TYPE OF BORING: 150mm v-bH auger 

WATER OBSERVATIONS: No free groundwater observed 

- -

SURFACE LEVEL: RL 100m AHD•BORE No: 31 2 
EASTING: 344354 PROJECT No: 81986.00 
NORTHING: 6367587 DATE: 27/5/2016 
DIP/AZIMUTH: 90°/-- SHEET 1 OF 1 

Sampling & In Situ Testing 

8. 
t--- .--,::;-.--.91~.--------~ $ 

c. ~ Results & ~ 
O)'lamic Penetrometer Test 

(blows per 150mm) 
>-

f-- i3 ul Comments 
10 15 20 

2 

6 

8 

LOGGED: Goodall CASING: Uncased 

r 

REMARKS: • Surface level interpdated from 2m digital contour mapping and are approximate only D Sand Penetrometer AS1289.6.3.3 
0 Cone Penetrometer AS1289.6.3.2 

SAMPLING & IN SITU TESTING LEGEND 
A PuJe, sarrµa G Gas saffl)lo PIO Photo iorisation detector (wml 

B lil< saffl)lo p P,stonsaffl)lo Pl(A)Pointloadaxiat lest tS(50)(MPa ) ~ Doug'as nartners BU< Bttl<sarrµa u. Tlb> saffl)lo(rn¥T1 dia) Pl(D)Polntloaddiametrallest ls(50)(MPa ) ' l1 r, 
g ~ ~~rrµa '(; ~~::~ f ~~~,~=i:i,:,> ' 

LE __ Em_ ·rorme __ n1a_ 1s_arrµa...,_ __ ,~_w_n_w_~'--ve'--1 _ ____ v_....;Sheat;....;.;;'--""..c""...c....:.11<P--'a> ____ __, Geo technics I Environment I Groundwater 



BOREHOLE LOG 
CLIENT: SURFACE LEVEL: RL99m AHO• BORE No: 313 
PROJECT: 

NBRS & Partners Pty Ltd 
Redevelopment of Correctional Facility 
Lindsay Street, Cessnock 

EASTING: 344373 PROJECT No: 81986.00 
LOCATION: NORTHING: 6367620 DATE: 27/5/2016 

DIP/AZIMUTH: 90°/-- SHEET 1 OF 1 

Sampling & In Situ Testing 
....I Depth 
o:: (m) 

Description 

of 

Strata 

.!.! ag~-~-~-~ ------~~ 
"' -' ~ Results & ~ 

.t::. .91 n. 
c'.5 ~ Comments 

0. E 

Dynamic Penetrometer Test 
(blows per 150mm) 

2 

5 

6 

8 

0 15 TOPSOIL I FILLING· Generally comprising brovm silty Y IY 
. i\isand, fine to medium grained sand, trace subangular to j-~V / ~ 

subrounded gravel up to 20mm in size, trace rootlets. V / . 
humid V / 

\

CLAY - Very stiff, red-brovm day. trace subangular to - ~ -
subrounded gravel up to 5mm in size, M<WP V / 

1.1s From0.75m,hard ___ _ 

1.25 II SILTSTONE - Extremely low strength, extremely / 
I \'-•w_ea_lh_ er_ed--'-', g._r_,~:....S1_·1_ts_tcn_ e __________ _, 

Bore disconUnued at 1.25m. limit of investigation, v-bit 
refusal 

~ " (/J 

0.15 

0.45 

RIG: FG102. 4WD Rig DRILLER: FICO LOGGED: Goodall 

TYPE OF BORING: 300mm auger 

WATER OBSERVATIONS: No free groundwater observed 

REMARKS: • Surface level interpolated from 2m digital contour mapping and are approximate only 

SAMPLING & IN SITU TESTING LEGEND 

10 15 20 

3 

5 

6 

8 

CASING: Uncased 

D Sand Penetrometer AS1289.6.3.3 
t8l Cone Penetrorneter AS1289.6.3.2 

A A<,ge< safT111e G Gas safT'llle PIO Photo iorisation delecior (ppm) 

B -safT'llle p Pistonsanl)le PL(A)Poinlbadaxialteslls(SO) (MPa) D Doug'as ftartners 8LKBlod<sarrc,le u, TLttesafT'llle(rnrndia,) PL(D)Pointbaddiametrallesl i3(50)(MPo) ' l1 r, 
g ~=~ t ~~::;~ r ~::::~i:~~~1:-> I 

L,;E=---=ErM--'rcnme:..._:....rtal=-=sa=~=---''=---W..:.al..:.•'....;le:..:.YO:...l ____ _:_v _ _cs_;heac:.r__cva.::cne..:...,_(kP_ a-'-)------' Geo tech n ic s / En Vi ron men I I G ro u ndw ate r 



BOREHOLE LOG 
CLIENT: 
PROJECT: 
LOCATION: 

a! Depth 
(m) 

NBRS & Partners Pty Ltd 
Redevelopment of Correctional Facility 
Lindsay Street, Cessnock 

Descriptioo 

of 

Strata 

TOPSOIL / FILLING - Generally comprising bro-Ml silty ,f lXi. 

SURFACE LEVEL: RL98m AHO* BORE No: 314 
EASTING: 344381 PROJECT No: 81986.00 
NORTHING: 6367630 DATE: 27/5/2016 
DIP/AZIMUTH: 90°/·· SHEET 1 OF 1 

Sampling & In Situ Testing 

,::. t Results & 0. E 
~ "' Comments 

U) 

0)Tlamic Penetrometer Test 
(blows per 150mm) 

10 15 20 

sand filling. fine to medium grained sand, trace (,AIX. 
0 35 " \ subangular to subrounded gravel. up to 5mm ,n size, { ./ / u 

humid _J 1// ~ 
0.35 

0.55 
pp>«() 

5 

6 

8 

9 

CLAY - Hard. red-brOIMl day, trace subangular to 1/ / 
subrounded gravel up to 5mm ,n size, M<Wp 0 

0 141---------------------+--"-.Ll 
SILTSTONE - Extremely low strength, extremely - . -

1. 6 I, weathered, orev siltsto,e 
Bore discontinued at 1.6m, limit of investigation. v-bit 
refusal 

I 

8 

9 

RIG: FG102. 4WO Rig DRILLER: FICO LOGGED: Goodall CASING: Uncased 

TYPE OF BORING: 150mm v-bit auger 

WATER OBSERVATIONS: No free groundwater obser,.,ed 

REMARKS: • Surface level interpolated from 2m digital contour mapping and are approximate only • Sand Penetrometer AS1289.6.3.3 
18! Cone Penetrorneter AS1289.6.3.2 

Douglas Partners 
Geotechnics I Environment I Groundwater 



BOREHOLE LOG 
CLIENT: NBRS & Partners Pty Ltd 

Redevelopment of Correctional Facility 
Lindsay Street, Cessnock 

SURFACE LEVEL: RL 103m AHO•BORE No: 315 
PROJECT: EASTING: 344061 PROJECT No: 81986.00 
LOCATION: NORTHING: 6367802 DATE: 27/5/2016 

DIP/AZIMUTH: 90°/-- SHEET 1 OF 1 

Description Degree of Rock Fracture Discontinuities Sampling & In Situ Testing 
Weathering .12 Strength a; 

....J Depth 
of -8. ! E '§>,, ro 

Spacing 
¢) ?ft. Test Results 0: (m) "'_g (m) B • Bedding J • Joint ~ C 

t3 ~fdi}t~ >, 8 a! 0 ~ & Strata ~f~Z;~~ ¢ V>O 5!8 S • Shear F • Fault I- a:: o - 0:: Comments w > ....J :::z r > ~ 0 00 ci ..: 

CLAY • Hard, red br0'-M1 clay. trace 1/ subangular lo subrounded gravel up 
to 10mm in size. M<Wp 

~ ½ 
1 1.0 ~ 

CORE LOSS • 0.58m 

X [>( [>( 
1m: CORE LOSS: 

X 
580mm 

1.58 f DSTONE · -..<y 1~ 
..... L.. 

trength, extremely weathered, ... .. C 61 27 Pl(A) = 0.1 ..... 
ellow, fine grained sandstone .. ... ..... 
rom 1.66m, low strength 

... . . 
'I ..... 

2 ... .. 
~ 1.98m: J, pl, ro ··· ·· PL(D) = 0.36 ..... "{rom 2.06m, medium strength .. ... ..... 

rom 2.12m to 2.17m, extremely low 
..... ..... 

2.2m: P, pl, sm, 3mm ..... ..... 
strength clay ..... t clay infill ··· ·· 

2.44 ~ From 2.28m to 2.44m, fg 
SILTSTONE· Extremely low I - · 

2.62 ~ :rength, extremely weathered, dark f -- PL(A) = 0.13 ,.....,..., 
rey siltstone 

..... 
PL(D) = 0.07 ..... 

2.71m: P, pl, ro ... .. 
SANDSTONE • Low strength, highly 

..... ..... 
Pl(A) = 0.42 .. ... 

i weathered, dark grey, medium ... .. 
PL(D) = 0.35 ..... 

3 ..... I rained sandstone ..... ..... 
rom 2.8m, fine grained, medium 

..... 
I .. ... ..... 
I strength, moderately weathered 

..... 
C 100 51 .... . ... .. I I . .... 

""': ..... 
3.36m: P, st, ro, le · ···· I I ..... 

PL(D) ~ 0.42 ... .. 
I ···· · I I ..... ..... 

' I I I 3,57m: J, 30°, pl, ro, fe ..... 
I ..... I 

I 
..... 

I r I ..... I\. 3.75m: P, pl, ro, fe ..... 
····· .. ... 3.83m: P, pl, ro, fe ..... 

4 4 .0 
..... 

Sore discontinued at 4.0m, limit of 
' investigation I 

I 

I I 

5 
I I 

I I 

I 
I 

I 
6 

RIG: FG102 4WD DRILLER: FICO LOGGED: Goodall CASING: HQ at 1.0m 

TYPE OF BORING: V-bit to 1.0m, NMLC from 1.0m 

WATER OBSERVATIONS: No free groundwater observed 

REMARKS: • Surface level interpolated from 2m digital contour mapping and are approximate only 

SAM PUNG & IN SITU TESTING LEGEND 
A hlger s.alJ"l)le 
B S..salJ"l)le 
BU( Block~ 
C Co,-e driE ng 
D Dishrbed sanl)le 
E fnyimm,ental salJ"l)le 

G Gas sarrpe PIO Pholo 10RS3t>O<l detector IPPl') 
P P istoo sarrpe Pl(A) Pon load a,iaJ leSI ls(50)(MP3\ 
u , Tibesarrpe (x nrn dia.) PliD)Pon load diam>ltal leSl 1$(50) (MPa) 

-: ~:::~ !f ~=i:~1 
? Water e w l V Shear vane (kPal 

Douglas Partners 
Geotechnics I Environment I Groundwater 



DOUGLAS PARTNERS PTY LTD 

BORE 305 PROJECT 81986.00 25.05.2016 

3.0 m - 6.0 m 

Core Photoplate 

Redevelopment of Correctional 
Facility 

Lindsay Street, Cessnock 

CLIENT NBRS & Partners Pty Ltd 

PROJECT 

PLATE 
No 

REV 

DATE: 

81986.00 

1 

0 

28.06.16 



DOUGLAS PARTNERS PTY LTD 

BORE 306 PROJECT 81986.00 26.05.2016 

·- - -- . - .. ·- ,_. ~ --- . 
. - ·--·-- .... 

- - . 4----•--- ---- --- -· . 
--- -

4.0 m - 6.0 m 

DOUGLAS PARTNERS PTY LTD 

BORE 307 PROJECT 81986.00 26.05.2016 

2.5 m - 6 .0 m 

Core Photoplate 

Redevelopment of Correctional 
Facility 

Lindsay Street, Cessnock 

CLIENT NBRS & Partners Pty Ltd 

PROJECT 

PLATE 
No: 

REV. 

DATE: 

81986.00 

2 

0 

28.06.16 



DOUGLAS PARTNERS PTY LTD 

BORE 315 PROJECT 81986.00 27.05.2016 

~ · .. ·.• - ... 

1.0 m - 4.0 m 

Core Photoplate 

Redevelopment of Correctional 
Fac ility 

Lindsay Street, Cessnock 

CLIENT NBRS & Partners Pty Ltd 

PROJECT: 

PLATE 
No 

REV 

DATE 

81986.00 

3 

0 

28.06.16 



Douglas Partners 
Geotechnics I Environment I Groundwater 

Results of Dynamic Penetrometer Tests 

Client NBRS & Partners Pty ltd 

Project Redevelopment of Correctional Facility 

Location Lindsay Street, Cessnock 

Test Location 301 302 303 304 305 306 

RL of Test (AHO) 

Douglas Partners Ply Ltd 
ABN 75 053 980 117 

w,w;.dougtaspartners.com.au 
15 Callistemon Close 

WJrabrook NSW 2304 
PO Box 324 

Hunter Reg,on M,ul Centre NSW 2310 
Phone (02) 4960 9600 

Fax (02) 4960 9601 

Project No. 

Date 

81986.00 

25/5-27/5/16 

1 of 2 Page No. 

307 308 309 310 

Dept~ (m) Penetration Resistance 

0 • 0.15 

0.15 • 0.30 

0.30 • 0.45 

0.45 • 0.60 

0.60 • 0.75 

0.75 • 0.90 

0.90 · 1.05 

1.05 · 1.20 

1.20 - 1.35 

1.35 - 1.50 

1.50 · 1.65 

1.65 · 1.80 

1.80 · 1.95 

1.95 • 2.10 

2.10 - 2.25 

2.25 · 2.40 

2.40 - 2.55 

2.55 • 2.70 

2.70 • 2.85 

2.85 • 3.00 

3.00 • 3.15 

3.15 - 3.30 

3.30 - 3.45 

3.45 - 3.60 

Test Method 

Remarks 

13 17 10 15 

19 12 14 15 

13 11 18 24 

12 10 18 17 

11 9 15 16 

13 5 14 21 

33 23 15 21 

AS 1289.6.3.2, Cone Penetrometer 

AS 1289.6.3.3, Sand Penetrometer 

Blows/150 mm 

31 

16 

18 

9 

23 

12 
121100mm 

ref 

0 

• 

13 

10 

16 

21 
..1otlvvmm 

ref 

18 

34 

50 
20140mm 

ref 

Ref = Refusal, 24/110 indicates 25 blows for 110 mm penetration 

13 36 

12 35 

24 
461140mm 

ref 

20 

19 
IL31140mm 

ref 

Tested By 

Checked By 

31 

17 

12 

16 

11 

12 

15 

SG 

MPG 



Douglas Partners 
Geotechnics I Environment I Groundwater 

Results of Dynamic Penetrometer Tests 

Client NBRS & Partners Pty Ltd 

Project Redevelopment of Correctional Facility 

Location Lindsay Street, Cessnock 

Test Location 311 312 313 314 315 

RL of Test (AHD) 

Depth (m) Penetration Resistance 
BIOWS,11 SO mm 

0 - 0.15 261100mm 37 9 40 12 

0.15 - 0.30 ref 28 12 21 8 

0.30 - 0.45 24 12 19 6 

0.45 - 0.60 16 9 19 11 

0.60 - 0.75 16 10 15 15 

0.75 - 0.90 16 15 16 25 

0.90 - 1.05 16 20 30 
22150mm 

ref 

1.05 - 1.20 

1.20 - 1.35 

1.35 - 1.50 

1.50 - 1.65 

1.65 - 1.80 

1.80 - 1.95 

1.95 - 2.10 

2.10 - 2.25 

2.25 - 2.40 

2.40 - 2.55 

2.55 - 2.70 

2.70 - 2.85 

2.85 - 3.00 

3.00 - 3.15 

3.15 - 3.30 

3.30 - 3.45 

3.45 - 3.60 

Test Method AS 1289.6.3.2, Cone Penetrometer 

AS 1289.6.3.3, Sand Penetrometer • 

Douglas Partners Ply Lid 
ABN 75 053 980 117 

www aoug1aspartners com au 
1 s can1stemon Close 

Waral)rOOk NSW 2304 
PO Box 324 

Hunter Region Ma,1 Centre NSW 2310 
Pnone (02) 4960 9600 

Fax (02) 4960 9601 

Project No. 

Date 

Page No. 

81986.00 

25/5-27 /5/16 

2 of 2 

Tested By 
Checked By 

SG 
MPG 

Remarks Ref = Refusal, 24/110 indicates 25 blows for 110 mm penetration 



BOREHOLE LOG 
CLIENT: Department of Commerce 
PROJECT: Upgrade of Cessnock Correctional Facility 
LOCATION: Cessnock 

Description 
_J Depth 

of a: (ml 
Strata 

TOPSOIL - Dark brown silt topsoil with some clay ond 

0.1 
some organics, humid 

CLAY• Very stiff to hard brown-red cl:ly, wilh some sill, 
M<Wp 

f-1 

I 1 
SANDSTONE • Extremely low :;lrength, extremely 
weathered, brown line to medium grained sandstone 

1 • 
Bore discontinued at 1.3m, refusal 

2 

RIG: Drillcat 4WD DRILLER:Foody 

TYPE OF BORING:Solid flight auger (v-bit) to1.3m (refusal) 

WATER OBSERVATIONS:No free groundvl3terobserved 
REMARKS: 

A Aucet" ~mple 
O Oi""11>cd •omplo 

SAMPLING & IN SITU TESTING LEGEND 
t~ ?~:c:n pmei,ornete, (;.Pa) 
?10 ?:-.010 lc:"\t-;Dtio.'l deteccr 
s St~n~ti:ra PC'OC".S.ltiCO le•H B 8u1< ~~m~le: 

U, ruoe: so~,:c(lC r..:.-;, d a ) ?L ?oint loJd ,trcmJlh l~~G) MPa 
w wet.::r ~mpte 
C Ce•• irnlno 

V Sl",N r Vane (kPt .. l 
e> W.'.ltet !:rep I W:J:et 1e·,e1 

<J 

i: C) 

0. 0 
f ..J 
Cl 

(JJ 

~ 
~ 
~ 
~ 
~ 
~ ~ 
::::::::: 
········· ···•····· ' ... ···••···· ········· •········ 

SURFACE LEVEL: -
EASTING: 
NORTHING: 
DIP/AZIMUTH: 90°/·· 

Sampling & In Silu Tc:;ting 

.r: 
., 

8. Q. I Results & 
>- 8 Commenls ,- l'O 

t:I) 

- 0.5 

u,. 

~pp- o.e >450 k?a 

,-- 10 

s 7.20 
refusal 

1.: 

LOGGED: Harris 

GHECr,,,cn 

;; 

~ 

2 

BORE No: 214 
PROJECT No: 39632 
DATE: 20 Dec 06 
SHEET 1 OF 1 

W<!II 

Construction 

Details 

CASING: 

lnltiols: Douglas Partners 
Geu~c/mlcs • fnvfra11ment • Grou11aiwrer 



BOREHOLE LOG 
CLIENT: Department of Commerce 
PROJECT: Upgrade of Cessnock Correctional Facility 
LOCATION: Cessnock 

Description 
...J Depth 
a: (m) of 

Strata 

TOPSOIL • Dark brown snt topsoil with some clay and 
some organics, humid 

c; 
CLAY . Very stiff to ha rd brown-red clay, with !.ome silt. 
M<Wp 

0. 
Cl.A YSTONE • {E>.1remely low strength), extremely 
weathered light grey-white mottled red broY/n c laystonc 

0 
Bore discontinued ot 0.9m. refusal 

' 

2 

RIG: Driilcat 4WO DRILLER:Foody 

TYPE OF BORING:Solid flight auger (v•bil) to 0.9m (refusal) 

WATER OBSERVA TIONS: No free groundwater observed 

REMARKS: 

SAMPLING & IN SITU TESTING LEGEND 
A A1:ttr~1:::,·e 
0 0 ,Shlft,ed S!rn~le a Rule: -;i,mpre 
U, Tube- Qmple (:c n11n dio.) 
W W:,~e, ~:-n;,:c 
c Core dnt11nc 

pp Pod(e:i,enctrDi:"lt:tt1CkP'1) 
p;a Priolo iooii Mior. Ctle-:tof 
S Slandmd p~t:lm'::·on lest 
Pc Point to, l ,t,or,11h 1>{50) PAP• 
V She-or 'lar.e f.< PA) 
t> \f/ll~r ~ep J \\ 'Aler 1e"et 

" £ Cl 
Q. 0 
I!! -' 
<:) 

~~; 
n, 

~ 
~ 
~ 
~ 
---_-_-:, 
--

SURFACE LEVEL: -
EASTING: 
NORTHING: 
DIP/AZIMUTH: 90°/--

Sampling & In SHu Testing .. ., C. Results & a. C. E ~ c3 "' 
Comments 

ti) 

LOGG ED: Harris 

:;; 

~ 

l 

2 

BORE No: 217 
PROJECT No: 39632 
DATE: 20 Dec 06 
SHEET 1 OF 1 

Well 

Construction 

Details 

CASING: 

Cntc: 
~ ,':, Douglas Partners 
~ ~ Geuteuflrrtw • E'rrvfrorrmerrt • t;raurrctwarer 



BOREHOLE LOG 
CLIENT: Department of Commerce 
PROJECT: Upgrade of Cessnock Correctional Facility 
LOCATION: Cessnock 

Description 
...I Depth or oc (m) 

Strata 

TOPSOIL • Dark brown silt topsoil wilh some clay and 
some organics. humid 

0. 
SIL TY CLAY • Very sllff to hard brown-red mottled grey 
silly clay, with traco to some fino sized subroundcd 
gravel, M<Wp 

1 1.~ 
CLA YSTONE • (Extremely low 5trenglh), extremely 
weolhered light grey-white mottled 1ed brown claystone 

1.4 
Bore discontinued al 1.45m, refusal 

2 

RIG: Drillcat 4WO DRILLER:Foody 
TYPE OF BORJNG:Solid flighl auger (v-bit) to 1.35m (refusal) 

WATER OBSERVATIONS:No free groundwater observed 
REMARKS: 

SAMPLING & IN SITU TESTING LEGEND 
A Av;tt s.a:;;p'.e 
0 Oi:Jwbii:j um~lc 
D Ou~ ,.mpio 
u. TIA!~ somplc (,c mm di~.1 
w Vla:er ~;.:rnp:e 
C Coro diill,n, 

pp Poc.ke: p,e.~~.ro~1:o~ (!(Pu) 
PiO Photo iooiicua, dc\c~o: 
S Stlllhdlltd p,ru~tr2llCl'I le-st 
~l ?ofnt bad ~!re:i~:r. 1~(! 01 M:,A 
V SheDf Va,ie (k~is) 
b 'lioter -seep 1 l."lot!LV t,v-ti 

I,) 

:.c O'I 
Q. 0 
~..J 
C) 

:~ 
~~ r/41, 

~ 
~ 
~ ti ij 

I 'Y -----i::..--= 
i-- ----------------------------
i:-- - -----

SURFACE LEVEL: -
EASTING: 
NORTHING: 
DIP/AZIMUTH: 90°/-

Sampfing & In S~u Testing 

.!!l g_ .c 
0. 0.. Rcsulls & C: >- ~ :'i Comrnenls I-

(f) 

1.0 

5.10. 14 s N ~ 2t 

,.~. 

LOGGED: Harns 

... ., 
iv s: 

, 

2 

BORE No: 218 
PROJECT No: 39632 
DATE: 20 Dec 06 
SHEET 1 OF 1 

Well 

Construction 

Details 

CASING: 

lr.itiills 

Dole: 
r; r., Douglas Partners l.:J ~ G~te~~nlos- • f nvlronme/Jt • Gro11mlwater 



BOREHOLE LOG 
CLIENT: Department of Commerce 
PROJECT: Upgrade of Cessnock Correctional Facility 
LOCATION: Cessnock 

Description 
..J Depth 

o f 11'. (m) 
Strata 

TOf:>SOIL - Dark brown silt topsoil with some clay and 
some organi~ . humid 

0.1 
CLAY - Very stiff to hard brown-red clay. with somo silt, 
M<Wp 

1 
From 1.0m • grading into extremely weathernd claystone 

1 

I 

CL.A YSTONE - (Extremely low strength), extremely 
weathered light grey-white mo!Ued red brown clay5tone 

Bore discontinued at 1.9m. refu~al 
... ,. 

RIG: Dril lcat 4WD DRILL ER:Foody 

TY?E OF BORING:Solid flight auger (v-bit) to 1,9m (refusal) 

WATER OBSERVATIONS: No free groundwater observed 

REMARKS: 

SAMPLING & IN SITU iESTING LEGEND 
A. "'-~ec $.1.mJ;.le 
0 Oi~urt;ed ~emi:ile 
B e1.:t.: s1mple-
U, Tube 1nmp!e (X r..,.., d:;e,;.1 
w Wt1c, s::m,:1, 
C Co-re ~tiring 

pp ?~'\c: ponc:tro.~ 1:0: (kP.:,) 
PiO Photo [Miu.lien ddl'dor 
s StDnd.titd l)fl'IWlllen •est 
Pi. ?oln: ~l1 i tm 'lQ!l'I l~{SO) MPo 
\I Shc:ir Vc.ne {k?e) 
b- 'lhliter seep I Waler l<CVol 

(.) 

:c O> 
Q. 0 
~ ...J 
Cl 

:(p; 
~ 
~ 
~ 
~ 
~ 
~ 
b3 
~ 
~ 
~ ~ 
--------

SURFACE LEVEL: -
EASTING: 
NORTHING: 
DIP/AZIMUTH: 90°/--

Sampling & In S~u Testing 

.9! 
" 

.r. 
"i5. 0. Res1iHs & C. E >- 8 Comments f- "' "' 

A 0.1 

,___ 05 

u" 

,-pp- 0.8 >450kf'a 

,___ 1.0 

7, ~2. 15 s N = 27 

H 5 

LOGGED: Harris 

Cr.ECKEO 

<> 
:0 
~ 

1 

2 

BORE No: 219 
PROJECT No: 39632 
DATE: 20 Dec 06 
SHEET 1 OF 1 

Well 

Construction 

Details 

CASING: 

lnil:o~: ~ r:, Douglas Partners 
t.:.f ~ Gt:11tr,r;r,r,tr:5' • f'rrvrr1111m1mt • GrauntWRter 



BOREHOLE LOG 
CLIENT: Department of Commerce 
PROJECT: Upgrade of Cessnock Correctional Facility 
LOCATION: Cessnock 

Description 
..J Depth 

of a: (m) 
Strata 

TOPSOIL - Dark brown silt topsoil wilh some clay and 
some organics. humid 

O.• 
CLAY. Very stiff to hard brown-red clay, with some silt, 

0. 
M<Wp 

CLAYEY SILT · Hard brown clayey silt, humid 

.. , ,. 
CLAYEY SIL TISIL TY Cl.A Y · Hard grey-brown clayey 
s~Vsilly clay with trace to some fine sized subroundcd 
gravel and with trace to some fine to medium gra lned 
sand (extremely weathered siltstone), M<Wp 

1. 
Bore discontinued at 1.Sm, rerusal 

z 

RIG: Drillcat 4WD DRILLER:Foody 
TYPE OF BORING:Solid flight auger (v-bit) to 1.Sm {refusal) 
WATER OBSERVATIONS:No free groundwater observed 

REMARKS: 

SAMPLING & IN SITU TESTING LEGEND 
A Au;Jcr i :m~e: 
0 C,slwtec ,ample 
8 G·,1c .. mplo 
U, T<.C>c ....,ple(<O'.:O d':: > 
W V/.>'.cr ~m,::le 
C C0t• dnl:inQ 

pp Podctt ~enc:.."'Dmt ltttkP.1) 
P;Q Photo ionf sa! or. Ctledot 
S Slandm-d i;crett3I~ lt'St 
Pl Point f03d ~trtr.~;.-. l~f~l P,I;~ 
v ~r\'~e(k?o) 
C> \.•~'alCf 'JttP I WOltt fC",t{ 

0 :c C, 
Q. 0 e _, 
(!) 

1~ 

~~ 
~ 
f½ 
//// 

I /1/ I 

SURFACE LEVEL: -
EASTING: 
NORTHING: 
DIP/AZIMUTH: 90"/ •• 

Sampling & In S~u Tesling 

... 
"' .e 

a C. Rei;11lts& C. E ~ ~ "' Commen1~ 
er, 

A 02 

05 

u,, 

rJ 
~ 

BORE No: 220 
PROJECT No: 39632 
DATE: 20 Dec 06 
SHEET 1 OF 1 

Well 

Construction 

Details 

// , 1 - ··-· -
PP 065 :•L50 kPt? 

I// I 

I I, I 

//// 

Ill/ 

/Ill 

1.0 ! 

~ 
~ 6.rn.1s 

~ S?T. N = 25 
~p >450kPa 

~ 
~ ~ 1.~5 

2 

LOGGED: Harris CASING: 

CHECK:;D 

,:' r:, Douglas Partners 
~ ~ G,:ofl}Q/lnfCS" • frrvrronme,rt • Groundwater 



BOREHOLE LOG 
CLIENT: Department of Commerce 
PROJECT: Upgrade of Cessnock Correctional Facility 
LOCATION: Cessnock 

Description 
..J Depth 

of re: (m) 
Strata 

TOPSOIL - Dark brown silt lopsoil wilh some clay and 
some organics. humid 

01 
CLAY. Very 5tiff to hard brown-red clay, with some sill, 
M<Wp 

1 1 . 
CLA YSTONE - (Extremely low strength), extremely 
weathered light grey-white mottled red brown claystone 

1,f 
Bore discontinued at 1.5m, rcrusol 

2 

RIG: Drillcat 4WO DRILLER:Foody 

TYPE OF BORING:Solid flight auger (v-bit) to 1.5m (refusal) 

WATER OBSERVATIONS:No free groundwater observed 
REMARKS: 

SAMPLING & IN SITU TESTING LEGEND 
A A...:~c:=- 5-~:r.~!e 
D o :~.h.ir!>c:~ ~:rn~tc 
a e,1< um pie 
U. iubc u mp!ie (Xtnn"I dl),I 
w wi,:r.· s.,~;:i:e 
c Co!e d1ill:r.o 

pP P~c: pe-tcHomoter (T(Po) 
Pi~ Photolooi~uticn d~h:do.-
S Standard s,enet111lon 111: 
Pt Pofnt IOl~~t,e:,:th IJ(5C) MPtl 
IJ Shear V:~+(' tlilF°l'o) 
I> '/T~tcr seep I •t.,a1c1 lave! 

0 
'.i: Ol 
C. 0 
!:. ..J 
(') 

~ 
~ 
~ 
~ ?i 
~ ~ ------------
----------

SURFACE LEVEL: -
EASTING: 
NORTHING: 
DIP/AZIMUTH: 90°/-

S;;implin(I & In Situ Tesling 

SI .. .t::. 
0. ci. r Rcsulls& 
?' cl C Convncn!~ 

(I) 

A 01 

1.0 

9,15 SPT, refusal p::, 
>450k?a 

i 
#1 

1 

BORE No: 221 
PROJECT No: 39632 
DATE: 20 Dec 06 
SHEET 1 OF 1 

Well 

Construction 

Details 

,___ 1.3 ------------------

7. 

LOGGED: Harris CASING: 

Cr!ECKED 

r; r:, Douglas Partners 
~ :-I Cii:u(f}r;lmf~ • f' nvrro11meirt • <;rovndwater 



BOREHOLE LOG 
CLIENT: Department of Commerce 
PROJECT: Upgrade of Cessnock Correctional Facility 
LOCATION: Cessnock 

Description 
_, Depth 

of ll'. (m) 
Strata 

0.1 

TOPSOIL - Dork brown sill topsoil with some c lay and 
some organfcs, humid 

CLAYEY Sil T - Very stiff brown clayey sill. M<Wp 

Q.• 
CLAY - Very stiff to hord brown-red clay, with some silt, 
M<Wp 

1 

1.' 
CLAYSTONE - (Extremely low strength), extremely 
weathered light grey-white mottled red brown clayslone 

2 

2 · 
Bore discontinued at 2.2m, refusal 

RIG: Drillcat 4WD ORILLER:Foody 

TYPE OF BORING:Solid flight auger (v-bit) to 2.2m (refusal) 

WATER OBSERVATIONS:No free groundwater observed 

REMARKS: 

SAMPLING & IN SITU TESTING LEGEND 
A Aug,r <,imple 
0 Ci~urted ~pie 
B Bul<sompae 
li. Tubr~)--:-;;,'.~ (x:~r;; {I a I 
W WIM'f -;.ample 
c Co,e ~•lino 

pp ?aei<e: pcnc~romcter (r.:Fn} 
FIO ?hoto roo:~::tlffl detector 
S Slon-pendrolicn le>t 
~l PoiM :o:.di soe:i-o:n isiso, MPa 
V Sheac Vo..,,e (kPo) 
C> 'lmJ.er sup I Wtdtt •~ 

0 

'.E 0, 
0. 0 
(!! ...J 

(!) 

l I/_, 

II/ I/ 

/1/ I I 

I/ 1 11 

~ 
~ 
~ 
~ 
~ 
~ 
~ 

SURFACE LEVEL: -
EASTING: 
NORTHING: 
DIP/AZIMUTH: 90°/--

Sampling & In Silu Testing 

~ 
"' ..c 

ii c.. i§esulls & c.. E 
~ 8 C'l omments 

"' 

,- 0.5 

u,, 

- p;i- o.s >450 k?a 

,- 1.0 

SPT. 3.7, !0 
N ° ;7 pµ 

>450kP~ 

., 
;;; 
~ 

1 

BORE No: 223 
PROJECT No: 39632 
DATE: 20 Dec 06 
SHEET 1 OF 1 

Well 

Construction 

Details 

~ ,- 1.4ti 

~ 
~ ~ 
------------- 2 --- -----~-=-----

LOGGED: Harris CASING: 

CHECKED 

lnmaJs: r; r:, Douglas Partners 
Iii:./ :.ii Gt:u~i;/l11l/iS' • f nvlronm1mt -Groun~ter 



Appendix C 

Results of Laboratory Testing 
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EnVIROLAB 
11 Ash le\ \ \1ed, Chat; .voo:l. NSW ]O~i 

t,_ol · 6 1 l 9910 &2JC 

SERVl(ES 

EnVIROLAB 
~ mpl 

,,·1 111 \ •~·dr 1.'') ' o:i1,.•ri-. ir J' d -:..011 1 J~ 

envirol.1b.com.au 

r nvirclabSarvice< r tyltd S,'Gn~y ' ABN 37 I I) 51~6·\5 

CERTIFICATE OF ANALYSIS 147956 
Client: 

Douglas Partners Newcastle 
Box 324 Hunter Region Mail Centre 

Newcastle 
NSW 2310 

Attention: Michael Gawn 

Sample log in details: 
Your Reference: 
No. of samples: 

Date samples received I completed instructions received 

Analysis Details: 

81986.00, Geotechnical Assessment 
8 Soils 

06/06/16 06/06/16 

Please refer to the following pages for results, methodology summary and quality control data. 
Samples were analysed as received from the client. Results relate specifically to the samples as received. 
Results are reported on a dry weight basis for solids and on an as received basis for other matrices. 
Please refer to the last page of this report for any comments relating to the results. 

Report Details: 

Date results requested by: / Issue Date: 14/06/16 9/06/16 
Date of Preliminary Report: Not Issued 
NATA accreditation number 2901. This document shall not be reproduced except in full. 

Accredited for compliance with ISO/IEC 17025. Tests not covered by NATA are denoted with*. 

Results Approved By: 

fa,int: I lur,1 
I :ols,J h•f\ l\ la11:ogc1 

Envirolab Reference: 147956 
Revision No: R 00 

.A 
NATA 
V" 
TECHNICAL 
COMPETENCE 

Page 1 of 5 



Client Reference: 81986.00, Geotechnical Assessment 

Asbestos ID - soils 

Our Reference UNITS 147956- 1 147956-2 147956-3 147956-4 147956-5 

Your Reference -. --... ----- BH30I BH302 BH303 BH306 BH307 

Type of sample ----... ----- Soil Soil Soil Soil Soil 

Date analysed 9106/20 16 9/06/2016 910612016 9/0612016 9/0612016 

Sample mass tested g Approx. 70g Approx 65g Approx. 65g Approx. 55g Approx 55g 

Sample Description Brown fine- Brown fine- Brown fine- Brown fine- Brown fine-
grained soil & grained SOIi & grained soil & grained soil & gramed soil & 

rocks rocks rocks rocks rocks 

Asbestos ID In soil No asbestos No asbestos No asbestos No asbestos No asb.estos 
detected at detected at detected at detected at detected at 

reporting Ii mil of reporting hm1t of reporting limit of reporting limit of reporting hm1t of 
0.1g/kg 0. lg/kg 0 lg/kg o.-lg/kg 0 ·Ig1kg 

Organic fibres Organic fibres Organic fibres Organic fibres Organic fibres 
detected detected detected detected detected 

Trace Analysis No asbestos No asbestos No asbestos No asbestos No asbestos 
detected detected detected detected detected 

Asbestos 10 - soils 

Our Reference· UNITS "147956-6 "147956-7 147956-8 

Your Reference - - ----- - - --- BH308 BH309 BH310 
. 

Type of sample - ------- -- - - Sod Soil Soil 

Date analysed - 9106/2016 910612016 9/0612016 

Sample mass tes-ted g Approx. 95g Approx_ 75g Approx. 70g 

Sample Description . Brown fine- Brown fine- Brown fine-
grainec:I soil & grained soil & grained SOIi 8, 

rocks rocks rocks 

Asbestos ID 111 SOIi . No asbestos No asbestos No asbestos 
detected at detected at detected at 

reporting limit of reporting I1m1t of reporting limit of 
0.1g/kg 0.1glkg O. lglkg 

Organic fibres Organic fibres Organic fibres 
detected detectec:I detected 

Trace Analysis . No asbestos No asbestos No asbestos 
detected detected detected 

Envirolab Reference: 147956 Page 2 of 5 
Revision No: R 00 



Client Reference: 81986.00, Geotechnical Assessment 

l'v1ethod lD Methodology Summary 

ASB-001 Asbestos ID - Qualitative identification of asbestos in bulk samples using Polarised Light r ... 1,croscopy and 

D1spers1on Staining Techniques including Synthetic Mineral Fibre and Organic Fibre as per Australian Standard 

4964-2004 

Envirolab Reference: 147956 Page 3 of 5 
Revision No: R 00 



Client Reference: 81986.00, Geotechnical Assessment 

Report Comments: 

Asbestos ID was analysed by Approved Identifier: Paul Ching 
Paul Ching Asbestos ID was authorised by Approved Signatory: 

INS: Insufficient sample for this test 
NR: Test not required 
<: Less than 

Envirolab Reference: 147956 
Revision No: R 00 

POL: Practical Quantitation Limit 
RPD: Relative Percent Difference 
>: Greater than 

NT: Not tested 
NA: Tesfnot required 
LCS: Laboratory Control Sample 

Page 4 of 5 



Client Reference: 81986.00, Geotechnical Assessment 

Quality Control Definitions 

Blank: This is the component of the analytical signal which is not derived from the sample but from reagents, 
glassware etc, can be determined by processing solvents and reagents in exactly the same manner as for samples. 

Duplicate : This is the complete duplicate analysis of a sample from the process batch. If possible, the sample 
selected should be one where the analyte concentration is easily measurable. 

Matrix Spike : A portion of the sample is spiked with a known concentration of target analyte. The purpose of the matrix 
spike is to monitor the performance of the analytical method used and to determine whether matrix interferences exist. 

LCS (Laboratory Control Sample) : This comprises either a standard reference material or a control matrix (such as a blank 
sand or water) fortified with analytes representative of the analyte class. It is simply a check sample. 

Surrogate Spike: Surrogates are known additions to each sample, blank, matrix spike and LCS in a batch, of compounds 
which are similar to the analyte of interest, however are not expected to be found in real samples. 

Laboratory Acceptance Criteria 
Duplicate sample and matrix spike recoveries may not be reported on smaller jobs, however, were analysed at a frequency 

to meet or exceed NEPM requirements. All samples are tested in batches of 20. The duplicate sample RPO and matrix 
spike recoveries for the batch were within the laboratory acceptance criteria. 
Filters, swabs, wipes, tubes and badges will not have duplicate data as the whole sample is generally extracted 
during sample extraction. 

Spikes for Physical and Aggregate Tests are not applicable. 
For VOCs in water samples, three vials are required for duplicate or spike analysis. 

Duplicates: <5xPQL - any RPO is acceptable; >5xPQL - 0-50% RPO is acceptable. 

Matrix Spikes, LCS and Surrogate recoveries: Generally 70-130% for inorganics/metals; 60-140% 
for organics (+/-50% surrogates) and 10-140% for labile SVOCs (including labile surrogates), ultra trace organics 
and speciated phenols is acceptable. 

In circumstances where no duplicate and/or sample spike has been reported at 1 in 10 and/or 1 in 20 samples 
respectively, the sample volume submitted was insufficient in order to satisfy laboratory QA/QC protocols. 

When samples are received where certain analytes are outside of recommended technical holding times (THTs), 

the analysis has proceeded. Where analytes are on the verge of breaching THTs, every effort will be made to analyse 
within the THT or as soon as practicable. 

Where sampling dates are not provided, Envirolab are not in a position to comment on the validity 
of the analysis where recommended technical holding times may have been breached. 

Envirolab Reference: 147956 
Revision No: R 00 

Page 5 of 5 



a 
'::; 
,-

Douglas Partners 
Geotechnics I Environment I Groundwater 

Results of Compaction Test 

Client: 

Project: 

Location: 

1.620 

1.610 

1.600 

1 1.590 

Z;-
·0 
ii3 

1.580 0 

c 
a 

1.570 

1.560 

1.550 
17 

NBRS & Partners Pty Ltd 

Cessnock Correctional Facility 

Cessnock 

18 19 20 2 1 22 

Moisture Content (%) 

Project No. : 
Report No.: 

Report Date : 

Date of Test: 
Page: 

23 24 25 

Oou;ilas Par.rers Pt, I 
AClN /5 853 9ll:J 1 

·.~~,V\., dcugl~f",i>ilrt r·c r ... c om 
15 Calltste T10·, Ctr: 

V.';irntmH' J, NS'·/-:' / 3 
"0 Box 3 

Hi., 1te r Re~ior \1C NS'f ,' 23 
:--,c1e IJ2) ~~6C so 

F,1, ()2 ) ~~il f ~,~ 

81986 
N16-138_ 1 
29.06.2016 

07.06.2016 
1 of 1 

26 27 

~ Sample Details: 
~ 

Location: Pit 310 Particles> 19mm: 0% 
z ... 
c:: 
t 
~ Description: 
0 
:, 
0 
C 

"· 
K 

Remarks: 

Test Methods: 

Depth: 0.25 - 0.60m 

CLAY - Orange brown Maximum Dry Density: 

Optimum Moisture Content: 

AS 1289 5.1.1. AS 1289.2.1.1 

; Sampling Methods: Sampled by DP Engineering Department 

E 
C, 

.A 
NATA 
V' 
.,. - ~n~r , :-·, f f 

TECHNICAL 
COMPETE:NCC 

NA TA r\ccred,lcc Labcratory Number: 828 
Tt-e ;e si,Jlts , ,: tt'e te::,:~. t.a :.>rd:iL::11~ ,1m • .'t>t n ,1;,•,1ir,·: rlf • : •, 

Ir,~ J<:ro1 ir ~nis C::>et..mer: are 1racca:Jle :o Ausl:al1an1n~'.1-11 " 
:,-..,, mJdt•~-3 Accn : ji1,, r1 fv cnmr,l1nnt"r •,•.r:n 1S01 EC 1 iC..2~ 

T1-.:1!tl AV 

1.62 t/m3 

22.5 % 

Dave Millard 
Laboratory Manager 



Douglas Partners 
Geotechnics I Environment I Groundwater 

Result of California Bearing Ratio Test 

Client: 

Project : 

Location : 
Test Location : 
Depth/ Layer : 

NBRS & Partners Pty Ltd 

Cessnock Correctional Facility 

Cessnock 
Pi t 310 
0.25 -0.60m 

Project No. : 
Report No.: 

Dc.1f;las Pactne.-s P ty I 
ABN 75 053 980 i 

'N,w:.dcus:aspartners.com. 
15 Cal ~;t..-·11:,r. Cit 

Warat·cok NS\o\1 ~3 
r~ s~,x 1 

H v 11,•r Rc1io1,2, r.'C. ~~ SV\1 ::1 
Pt-ore .,:2' ~S--30 $3 

ra:(,·-:::::i 1~':,) f:j 

Report Date : 

81 986 
N16-138_2 
29.06.2016 
25-27.05. 16 
14.06.201 6 

Date Sampled: 
Date of Test: 

Page: 1 of 1 

0.9 ---------------------------------------

0 .8 ----

07 

z 0 6 :::. 
C 

~ 05 
a: 
C 
0 0.4 

"O 
re 
0 
..J 0.3 

0.2 

0 1 

It---
oo .... ------------------------------------------------0 

Description: 

Sampling Method(s): 
Test Method(s): 

2 3 4 5 6 7 

Penetration (mm) 

CLAY - Orange brown 

Sampled by DP Engineering Department 
AS ·1289.6.1.1. AS 1289.2.1 1 

8 9 10 11 12 13 

~ Remarks: 
i'.. 
0. 

~ LEVEL OF COMPACTION: 99.5% of STD MOD 

~ MOISTURE RATIO: 100¾ of STD OMC 
C: 

Percentage> 19mm: 0.0% 

(/) 

"" J 
:, 
0 
C 
,-, 

,_ 

.-, 
C, 
N 

CONDITION MOISTURE 
CONTENT % 

Al compaction 22.5 
After soaking 

After test Top 30mm of sample 
Remainder o f sample 

Field values 

Standard Compaction (OMC/MDD) 

.A. 
NATA 
V" 
• ,_ .. ~ i I - J H ... 

TECHNI CAL 
COMPETENCE 

NATI\ Accrej1ted Lobcr.i:or; Nu·nber 828 

Tl1u rc:..u11':. :,f 1t·f'! Irr,:-:, f";ii1!')r;HiCI" s. i\rt:1or T,eaisur~«<='1fS 
nclt.ccc ir- :n1s jxL-ner: z;c t:aceat·~ :o 
l\t..stra ar .:'lat 0:1.al s1ancarc~. 
t.c,:rec1i~C f.Jr :~m-r .ff(.•.: \ 'li!t ~:)'1 1:.C Pur, 

26.3 

31.0 

22.9 

18.2 

22.5 

SURCHARGE: 4 .5 kg SWELL: 2 7% 
SOAKING PERIOD: 4 days 

DRY DENSITY 

1/mJ 

1.61 

1.57 
-
-
-

1.62 

I\\J 

DM 

TYPE 

TOP 

RESULTS 

PENETRATION 
CBR 
(%) 

2.5mm 2.5 

Dave Millare 
Laboratory Manage1 



Douglas Partners 
Geotechnics I Env ironment I Groundwater 

Results of Compaction Test 

Client: 

Project : 

Location : 

1.1~0 

1.700 

1.680 

l 1,660 

.. ~ 
"' C 
a, 
0 1.640 
2'.' 
0 

1.620 

1.600 

1.580 
15 

NBRS & Partners Pty Ltd 

Cessnock Correctional Facility 

Cessnock 

I 

16 17 18 19 20 21 22 

Mo1~:ure Content(%) 

Project No. : 
Report No.: 
Report Date : 

Date of Test: 
Page: 

23 24 

Dcuglc:1s 0 ar:rers Pty I 
ADN 75 0~3 98J 1 

\W, ·1; .Coi.;9las;>a1;-er5.com. 
15 C.111 ~:fi ·mn C1::: 

W<1rd l:ror,, NS.V :ts 
=o aox 3 

'""ur·r_:-~ Rec; or ·::: MS'/.' 21 
rrQ.,e 102) ~s .. ~c S··J 

f a•: 1) ;;1 -~9':>C ~') 

81986 
N16-138 3 
29.06.2016 

07.06.2016 
1 of 1 

,--

25 26 27 

Sample Details: Location: Pit313 Particles > 19mm: 0% 
Depth: 0.1 5 - 0.45m 

Description: CLAY - Red brown Maximum Dry Density: 

Optimum Moisture Content: 

Remarks: 

Test Methods: AS 1289.5.1.1, AS 1289.2 1 1 

?. Sampling Methods: Sampled by OP Engineering Department 

12 
0 

.A. 
NATA 
V' 
T ECHNICAL 
COM~CTCN CE 

NI\TA Acc,ed,tea Lauo1a;orv Number: 828 
Tt;f' rC')';hs c 1 lt ~ 1es.:-s., ,a :>ra:,x-:::. ;;,,r.; or ·w~n11..i1u:nu:1::.. 
11 r~•,.11,;~:J ir bis r:Xt.ri~r: ;1rn tracea::.le :o A:.is1rah2•vra:,or a! 
~tdnL,lll::-, /-. ... -J ,:.ht, ii Ii I r--·1;,h..: •·-:.r 'J.ilh I.C.O, FC • ":t2C.. 

!,,•,le,, AV 

1.71 t/m3 

19.5 % 

Dave Millard 
Laboratory Manager 



Douglas Partners 
Geotechnics I Environment I Groundwater 

Result of California Bearing Ratio Test 

Client: 

Project: 

Location : 
Test Location : 
Depth / Layer : 

0.7 

OG 

05 
z 
:=.. 
C 
0 0.4 
.~ 
0.. 
C 
0 0 3 

"O 
r. 
0 

...J 

0.2 

0. 1 

0.0 
0 

Description: 

Sampling Method(s): 
Test Method(s): 

NBRS & Partners Pty Ltd 

Cessnock Correctional Facility 

Cessnock 
Pit 313 

0.15 - 0.45m 

--1 
2 3 4 5 6 7 

Penetration (mm) 

CLAY - Red brown 

Sampled by DP Engineering Department 
AS 1289.6.1.1, AS 1289.2.1.1 

§ Remarks: 
,.. 

8 9 

Project No. : 
Report No.: 

Douglas P8rtners Ply I 
ABM 75 ll53 980 1 

.w.w .douglasl:'ar.ners com. ~s C<1I 1~~1\ ~tn:J'l Cl< 
'~~iaralY00k N$\iV 2~ 

PO Oo~, 
l ·x:~r Re; oral MC NSW 2, 

Pr,re ;cz, -19CJ 9( 
I· a, .~.f· -l~!'J ~r 

81986 

N16-138_ 4 

Report Date : 29.06.2016 
Date Sampled : 25-27 .05 .1 6 
Date of Test: 14.06.2016 

Page: 1 of 1 

10 11 12 13 

:;: Percentage> 19mm: 0.0% 
:£ LEVEL OF COMPACTION: 100¾ of STD MOD 
::: MOISTURE RATIO: 99.5% of STD OMC 
~ 
~ 
<.'.) 
C) 

(.) 
0 ,., 

CONDITION MOISTURE 

:;: 
O' 

s: 

CONTENT% 

At co111pacllon 
After soaking 
After test Top 30mm of sample 

Remainder o f sample 
Field values 

Standard Compaction (OMC/MDD) 

~ 
NATA 
V' 
,,,. JUl'4. I• J • ~ ~ 

TECHNICAL 
COMPl!T IE!NCe 

\JAT.I\ Accred,tec Laboraror; Number 828 
'111 rt••,,dl:~ c,r lt-.-! tc -, ·..,,, ,·.:..l1t)I d liC l~b .. u: ,..: ':Jr "lit.: "::j1Jff.'ff'£..'"l1•• 

1 r,.;rn:fi I ir ;hi~: f!OC&.:ncnt me t,·;irr.;itlr ·:1 

,\1,o;;lr:" ,1n,rillic,')i11 S1~mc:i' . .:'CS 
._,ccrcc1:t-:'..1 fo• co-r.p11ance- 1'JJ-tt· S81lE:.C 17•)~5 

19.4 

24.1 

27.6 

21.2 
15.7 

19.5 

SURCHARGE: 4.5 kg 
SOAKING PERIOD: 4 days 

DRY DENSITY 
Urn-. 

1. 71 

1.65 

-
-
-

1.71 

l v~tuJ, AV 
OM 

TYPE 

TOP 

SWELL: 3.4% 

RESULTS 

PENETRATION 
CBR 
(%) 

2.5mm 2.0 

Dave Millan 
Laboratory Manage 
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Douglas Partners 
Geotechnics I Environment I Groundwater 

Result of Shrink-Swell Index Determination 

Client: NBRS & Partners Pty Ltd Project No. : 
Report No. : 

C~J.ugl;b; Pnrt1c-rs P t:, L1 
A3,\I 75 053 960 · 1 

·,.-.v,·, .dou i; laspa11r er s .com. a 
1 ~ Call1s1e,,,o·, G1os 

1: .'<1'<t:)rc)OI". NS1N ~3C 
PO Bo,~, 

Ht. ltP: Re;;ir..·1 MC: NS\/•.,' 23 ~• 
:?'ln7 ~ (02J 4~6: 95:;, 

F a·~ (i)21 -!CJO~ {)Fl 

Project : Cessnock Correctional Facility Report Date : 

81986.00 
N16-138_5 
29.06.2016 
25-27 .05.16 
06.06.2016 

Date Sampled : 
Location: Cessnock 

Pit 304 

0.5 - 0 .7m 

Date of Test: 
Test Location : 
Depth / Layer : Page: 

CORE SHRINKAGE TEST SWELL TEST 

Shrinkage - air dried 

Shrinkage - oven dried 

Significant inert inclusions 

Extent of cracking 

Extent of soil crumbling 

Moisture content of core 

30 

1.9 % 

2.1 % 

o.o 0/o 

MC 

<5 % 

16.0 % 

2o r-==-----+--L 
1 0 

~ 
C: 00 
-~ 
(/) 

-1 ,0 

-2.0 

Pocket penetrometer reading 
at initial moisture content 

Pocket penetrometer reading 
at final moisture content 

Initial Moisture Content 

Final Moisture Content 

Swell under 25kPa 

-3.0 . .__ _____________ __ __,_ __________ __, 

0 5 10 i5 20 
Moisture Content(%) 

Description: 

SHRINK-SWELL INDEX lss 1.9% per !'l pF 

CLAY - Brown 

Test Method(s): AS 1289.7.1.1, AS 1289.2.1.1 

Sampling Method(s): Sampled by Newcastle Engineering Department 

Extent of Cracking: UC - Uncra~ked 

SC - Slight:y crackeo 

MC - Moderately cracked 

Remarks: 

No~c lhr!~ f\f..TA ccvcd.t~tio, ~oes not cover 
tre oe~:;:-rnar.ce o.: pocket pe'lelrc'Te:c-· iertd1r~c. 

..A. 
NATA 

'V"' 
TECHNICA\. 
COM:Pf'TrMct: 

N1\ TA Accreci:c:d ~.iboratury Number. 828 
rne resuH'i er tt t: tes:s. ca jld'J:,rs anc..:.',.>1 1n~J~'Jrt.:n tml~. 
r ,-: 1r.r1 ir mi<; c~CL """l~r'. am 1r<1cea.!:>lc :~ 

:,u~:*;:1l ... ·,1na1ir,n,1I ~1:-:",r'J:i•r..~ /"r .. rr•c :i:-~ fJr ':"l f""'p l18ri:.'.:!' 
,·,sit JS:JIIEC i 70?~ 

Cl1t!.:;.,.cc. 

PG 
DM 

HC - l-lighly cracked 

FR · Frac:ured 

25 

1 of 1 

>600 kPa 

320 kPa 

15.0 % 

22.3 % 

2.4 % 

Dave Millard 
Laboratory Manager 
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Douglas Partners 
Geotechnics I Environment I Groundwater 

Result of Shrink-Swell Index Determination 

Client: NBRS & Partners Ply ltd 

Project : 

Project No. : 
Report No.: 
Report Date: 

Dov;las Partr ers Pty Lt 
ABN 75 053 960 11 

',\'\'N, douglas;.>a1r.ers.corn,,1 
1 S CL1ll1s~C'T\O'l C1os 

~~1.~' .::iorOQ'. N S1."i 230 
ro Box 32, 

Hc1t,or Rcg,or I.IC NSV/ 231 
.9\1c.ie iJ2) .:!~r::,c SttC· 

r v·-: (J21.!£'JC ~?c 

Cessnock Correctional Facility 

Cessnock 
Date Sampled : 

81986.00 
N16-138_6 
29.06.2016 

25-27.05.16 
06.06.2016 Location: Date of Test: 

Test Location : Pit 314 
Depth / Layer : 0.35 - 0.55m Page: 

CORE SHRINKAGE TEST SWELL TEST 

Shrinkage - air dried 

Shrinkage - oven dried 

Significant inert inclusions 

Extent o f cracking 

Extent o f soil crurnbling 

l'v!oisture content of core 

2.!> 
2.0 

1.5 

1.0 

0.5 
2--~ 0.0 
C 
-~ -0 5 
iii -1.0 

-1 .5 

-2.0 ·-

2.0 % 

2.1 % 

<5 % 

SC 

5.0 % 

15.6 % 

--t 
j_ 

-25 ---

-3.0 
0 5 10 

Pocket penetrometer reading 
at initial moisture content 

Pocket penetrometer reading 
at final moisture content 

Initial Moisture Content 

Final Moisture Content 

Swell under 25kPa 

--~ 

15 20 25 
MoistLre Content {%) 

Description: 

SHRINK-SWELL INDEX lss 1.8% per I:!,. pF 

CLAY · Red brown 

Test Method(s): AS 1289.7.1.1. AS 1289.2.1 .1 

Sampling Method{s): Sampled by Newcastle Engineering Department 

Extent of Cracking: UC - Uncr;icked 

SC - Sl1ghlly cracked 

MC - Moderately cracked 

Remarks: 

Note that NATA 2:c-eJ,:a:,c~ <1,,e, not covnr 
:h~ perfci"marcc ot pnr:iii0: pu 1etr:rn~!~r rcadin;;s 

..A. 
NATA 
~ 
..._.,. ~ i,, I.; 

TECHNlCAI. 
COMPlTfNCf: 

NAT A Accrecitec Laboratory /\!t.mcer· 823 
lti, h.· .... ::. t,1 :I, '.L' •., c..! ~ir,. :1r ·, ,"lnr J r 1°i!5urt:"-ner:s 
r :luded 1n :h1~ 1..::;_1J11:'J1 . , II \! l/;n, ·,1:11j , , 
!.uSitr-alian1rau:r.al sta .. j.::i•=~ ,.\1..~1~c; :c,; ~°' ,~-11-;J 1r 

.'.'ilf ·sn11Fr. I 7Ci5 

PG 

OM 

HC · Highly cracked 

FR - Fraciured 

30 

1 of 1 

>600 kPa 

280 kPa 

16.1 % 

24.9 % 

2.4 % 

Dave Millard 
Laboratory Manager 



Douglas Partners 
Geotechnics I Environment I Groundwater 

Douglas Par1ners Ply Lt<! 
/\8~. 75 C53 960 1 17 

·.V\•. ," cJot.gb!;.;J.:'irt r c rs com au 

15 Camste"'on Close 
V.'arabrook MS\\' 2301 

PO 8c,, :;74 
H ,11 lt·1 R, ~!j n,·n l i:'C NS\",' ?~"1 10 

Phvw :02149€:) eoOC 
rax (02> 49€ J 960 I 

Results of Moisture Content, Plasticity and Linear Shrinkage Tests 

Client : NBRS & Partners Pt y Ltd 

Project: Cessnock Correctional Facility 

Location: Cessnock 

Test 
I 

Depth 
Description Location (m) 

Pit 307 0 .50-0.95 Gravelly CLAY - Brown Rea 

Legend: 
W Field Moisture Contem 
'N . Liquid limit 
w,. Plastic lirn1t 
Pl Plasticity index 
LS Linear shrinkage from hqu1d limit condition (Mould lenglh125rrm) 

Test Methods: 
Moisture Content: 
Liquic Limit· 
Pl.islic Limi t: 
Plasticity Index: 
Linear Shrinkage: 

AS -12892.1.1 
1\S 1289 3.1.2 
AS 1289 3.2.1 
AS 1289 3.3 .1 
AS 1289 3.4.1 

Sampling Methods: Sampled by DP Engineering Department 

Remarks: 

A 
NATA 
V 
.. ,:,:~-:·, , ::J 1:..=, 

TECHNICAL 
COMPl!:l! NCE 

NA TA Accredited Labora:ory :'lumber. 828 

H1t ; 1 _;It~ t.' II ·• tc :s r ,: :>r~:.:ir l, ar c '.:ir 
r··~J ~• .. i (:,...:.1 =~ ir - 1c:, ,I If '"li~ 1:1; n ,nu1 J P• 

traceat.l t:! :o A1...~., d 1.:Hllr e1t•vul i.:an<: i:,.·. 
A'"c ted1:,:1 f.:,· c:irrphar ,;,: ,v.tt :5 Q'IE.C 170:2::" 

T t;!)'.1.'t.: ' ,lf

t..1 1 .. td•,cJ, .., ',t 

Project No: 81986 
Report No: N 16-1 38 7 
Report Date: 29.06.2016 

Date Sampled: 25-27 .05. 16 
Date of Test: 08.06.2016 
Page: 1 of 1 

Code wf WL Wp Pl *LS 
% % % % % 

2,5 31 12 19 8.5 . 
(CU) 

Code: 
Sample history for plasticity tests 
1. Air driea 
2_ low tcmpcrntun: (<b0°Cj oven dried 
3. Oven (105°C) ar,ed 
4 Unknown 

Method af preparation for plasticity tests 
5. Dry sieved 
6, 1/.'et sieved 
7 l'.atu,ol 

·specify if s;,;n'ple crumbled CR or curled CU 

Dave Millare 
Laboratory Manager 



Appendix D 

Drawing 1 - Test Location Plan 



Area 5 - Max Industries Building 

0 40 200 

___ -1-- ____ . : .-J_.-J L . . .._L_ -1: .... _ ... 

Legend: 

400 

Localit 

Approximate Test Bore Locati 

Approximate Test Bore Locati 




