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NORTH TUNCURRY PLANNING STUDY - SOUTilERN PRECINCT 

1. INTRODUCTION 

Great Lakes Shire Council and Taree Lands Office, acting through a 

steering committee, are undertaking a planning study to develop a Planning 

Statement for the Southern Residential Precincts extension of North 

Tuncurry. 

This report presents the findings of a geotechnical investigation and 

assessment of soil and groundwater conditions across the above study area. 

The work was undertaken at the direction of Sinclair Knight & Partners 

Pty. Ltd., acting on behalf of the Project Steering Committee. 

The purpose of the investigation was to provide: 

General definition of the subsoil profile and groundwater 

conditions across the site. 

An assessment of foundation conditions in terms of AS 2870 for 

residential development and more generally for commercial, 

industrial and high rise. 

Expected pavement subgrade and indicated CBll for tile range of 

subgrades expected. 
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The scope of the investigation comprised the collection of available data, 

airphoto interpretation, the excavation of 10 backhoe test pits in the 

various terrain/vegetation categories identified, static cone penetrometer 

testing at 2 locations and the measurement of infiltration rates by a 

dot1ble ring infiltrometer. 

Details of the findings from the above together with engineering 

assessments and comments are contained within. 

2. SITE LOCATION, DESCRIPTION, REGIONAL GEOLOGICAL SETTING AND AVAILABLE 

SUBSURFACE DATA 

The site is located north of Tuncurry, N.S.W .. The area is bounded by the 

Pacific Ocean (Nine Mile Beach) to the east, Tun curry Road to the west, 

the Tuncurry township to the south and undeveloped land some six 

kilometres north of the Tuncurry township. 

In plan, the site covers an area with east-west and north-south dimensions 

of approximately 1.5 kms and 4 kms respectively. 

Most of the site consists of prograded dune sands which have been fixed by 

vegetation. As such, the ground level across the site is irregular. Survey 

data supplied by the Great Lakes Shire Council shows that the average 

levels vary from 3.0 m (AHD) to 6.0 m (AHD) in the south of the site to 

4.8 m (AHD) to 6.3 m (AHD) in the north. 

Existing developments on the site include a golf course, old aeroplane 

runway and an extensive track system through the dense scrub i:lnd treP. 

covered area. 

Reference 1 indicates the soils below the site were formed during the 

Holocene period and should comprise recently deposited marine, estuary and 

fluvial sediments. The eastern portion of the site is reported to comprise 

beach and foredune sand with sediments to the west comprising back barrier 

deposits of sandy estuary origin of fine to meoiurn grained sands. 
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Reference 2 indicates that the sands are water bearing with large reserves 

of groundwater. Recharge of the groundwater beds occurs directly from 

rainfall infiltration with the natural balance maintained by discharge via 

transpiration and groundwater flow to adjacent free woter Uod:i.es. 

Water supplies of 0.5 to 1.0 1/s may be obtained from nominal 50 mm 

diameter spearpoints where water levels are within a few metres of the 

ground surface. Groundwater supplies of more than 20 l/s have been 

reported from individual bores or spearpoint batteries instr:~lled for 

mining purposes. For example, Water Resources records show that spearpoint 

battery Nos. 47062/63 comprising 8 spears, 12 metres apart screened 

between depths of 1.8 m to 6.2 m yielded 22 1/s. 

The groundwater within the coastal dunes is characteristically low in 

salinity and hardness with total salinity between 200 to 300 mg/l usually 

and hardness values ranging from 20 to 100 mg/1. Low pH values are common 

around 5 and hence the groundwater is potentially corrosive, (Reference 

2). It is also noted that dissolved iron in the deeper aquifer zone is 

sometimes a problem for domestic and town water supplies.' 

Sand mining has been carried out to the north of the study area however 

there is no evidence of mining within the study area. 

The study area has, however, been extensively explored by drilling by 

Mineral Deposits Limited for mineral sands. The existing grid of tracks 

through the area is understood to have been installed for exploration 

access. Drillers logs of bores and cross-sections were made available by 

Mineral Deposits Limited. Two cross-sections, one at either end of the 

site (2448 and 3928), prepared from this information, are shown on Drawing 

SSI/10653/2 to 5. 

The sections indicate that the subsurface profile comprises P.Ssentially 

sands, gravels and claybound sands. Perusal of the log show no records of 

significant peat or swamp sediments. 
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The MDL drilling on 244S was carried out three times; mid 1973, at the end 

of 1978, early 1979, and mid 1980. Drilling for 3928 was carried out in 

mid 1977. 

Rainfall records for Forster indicate a long term average annual rainfall 

of 1238 mm. The Bureau of Meterology reported the following rainfall for 

the above drilling years. 

Year 

1973 
1977 
1978/1979 
1980 

Rainfall (mm) 

807 
1259 
1300/705 

653 

Over the period from 1970 to 1987 the yearly average rainfall has 

fluctuated from 653 mm to 1701 mm. 

With reference to sections on Drawing Nos. SSI/10653-2 to 5, it may be 

seen that the MDL drilling indicates that the depth to the groundwater 

fluctuates from one drilling period to another. Water levels in mid 1973 

and 1979/1980 were similar along 2448 at depths generally in the order of 

3 to 5 m below the surface at an average RL in the order of 1. 0 m AHD. 

However, in mid 1980, water levels were some 2 - 3 metres higher despite 

this being in the middle of a drought period. 

Along section 2938 bores drilled during a period of approximately average 

rainfall indicate a depth to the groundwater of 1. 5 to 4 m at 

approximately RL 2m (AHD). 

3. INVESTIGATION 

Air photograph interpretation showed a distinct change in vegetation cover 

between the north-east and south-west of the site. Subsequent subsurface 

investigation work, however revealed no significant change in soils 

conditions between the two areas .. 
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Ten backhoe pits were excavated across the site to depths of up to 2.7 m. 

The pits were logged and sampled by an experienced geotechnician. 

Standpipe piezometers were installed in Pits 7 & 8. Dynamic penetrometer 

test.i.ny was curried out adjacent to euch o[ tile pits to dllow un 

assessment of the density of the sands. 

Two static cone penetrometer (Dutch cone) tests were taken to cone refusal 

at 6.8 (DCl) and 23.0 m (DC2) to confirm deep subsurface conditions shown 

by the MDL drilling. 

Three double ring infiltrometer tests were carried out nt the following 

locations: 

TP8 - surface level (natural vegetation and topsoil conditions) 

TP8 - 0.3 m below surface level (in clean sand) 

On the fairway of the golf course (pasture improved conditions). 

The purpose of this testing was to provide a direct measure of 

permeability and water infiltration rates into the ground under differing 

vegetation covers. 

The locations of the test holes are shown on the attached plan, 

SSI/10653/1. 

4. INVESTIGATION FINDINGS 

The detailed findings of the test pits are shown on the test pit report 

sheets attached together with general notes defining the descriptive terms 

used on the logs. 
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In summary, conditions across the site were relatively uniform and may be 

summarised as follows: 

Description 

SAND, grey with roots and 
organics 

SAND, light brown, dry to 
moist, wet at ground 
water level 

Depth (m) 

Surface level 

0.2/0.4 

0.6/2.7 
(Maximum depth of test pits) 

The dynamic cone penetrometer testing shows that the upper 0.45 to 0. 7 m 

of the sands are generally in a very loose state and that loose conditions 

often continue for in the order of 1 rna 

Some lightly cemented sand was encountered in Pits 2, 3 & 5. 

Groundwater was encountered in Pits 7 and 8 at depths of 1.8 m and 1.2 m 

respectively. 

The results of the cone penetrometer testing are shown on the attached 

profile sheets. Some notes on the method of interpretation of the profiles 

are also attached. In summary, the Dutch cone penetrometer tests 

encountered sands to the full depth of penetration varying from loose (in 

the upper 0. 7 to 1.8 m) becoming loose to medium dense and then dense to 

very dense at depth. The exception to the above was a 0.7 m thick band of 

firm clay encountered in DC7 at a depth of 18. 3 m and very loose to loose 

sands from 16 m to 18.3 m immediately above the clay. 

The results of the double ring infiltrometer testing are shown on Figures 

1 to 3. The following infiltration rates were recorded: 

TP8 at surface level - 1. 7 m/hr 

TPB at 0.3 m below surface level - 2.8 m/hr 

On golf course fairway - 0.07 m/hr. 
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It is understood that it is proposed to «.h~vGlop the site for pri.lllitrily 

urban, mixed density residential development. A number of drainage options 

are being studied. One option under review is the discharge of stormwater 

into the sandbeds via infiltration basins. 

5.2 Subsurface Soil Conditions 

The subsurface investigation and perusal of available data revealed 

generally sands, gravels and clay bound sands. Only one layer of peat was 

recorded in the north-western corner of the site by Mineral Deposits 

Limited bore 16E (244S). This layer is at a depth of 4.9 m to 4.8 m and 

appears to be an isolated occurrence based on the findings of DC2 and the 

other Mineral Deposits bores. 

The surface sands are in a very loose to loose condition generally and 

would require densification to provide a suitable foundation strata. 

No evidence of prior mining or filling was noted on the site. No evidence 

of slope instability was recorded, however downslope creep of sand on dune 

slopes was evidenced by vegetation growth in some areas. Lightly cemented 

sands were encountered in some pits, however the degree of induration does 

not appear to be extensive as has been encountered in other coastal sands. 

Based on the above subsurface conditions, the site is considered suitable 

for development as proposed provided the guidelines outlined below are 

complied with. 

5.3 Earthworks 

The following comments are intended for general guidance in resi<Jential 

development associated with cut and filling up to 2 m. Work in excess of 

this should be subjected to specific review. 
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(i) Filling 

All subdivisional fills should be placed in a controlled, 

compacted manner. 

The following suggested procedure should be adopted for 

structural filling after removal of vegetation. 

Strip to stockpile organic sandy topsoil for later re-use. 

Compact the sand subgrade using a heavy ( 10 tonne static 

weight) smooth drum vibrating roller to a minimum density 

index of 70% (AS 1289 E6.1). 

Place and compact sand fill in horizontal layers of maximum 

thickness 300 mm loose to the above density index. 

It is suggested that fill batter slopes should be limited to a 

maximum batter of 1V:3H to facilitate topsoil replacement and 

revegetation and prevent erosion or retained by an adequately 

designed structure. Batters of up to 1V:2H are feasible but 

difficult to maintain and would probably require covering by a 

revetment type structure to prevent erosion. 

(ii) Excavations 

The sands will be readily excavatable. Batter slopes should be as 

for filling or alternatively the e:xcr1vation !:::houll1 b8 :;uppor-f:.ecl 

by an adequately designed retaining structure. 

5.4 Footings 

(i) Residential 

Provided earthworks on the site are carried out in a controlled 

manner such that all filling and the exposed natural ;.;uh(Jrll!"10 he 
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compacted to a minimum density index of 70%, it is considered 

that the site will classify as a Class A site in accordance with 

AS 2870. 

rrhe dynamic penetrometer results indicate that achievement of a 

70% density index will require densification of the existing 

strata beneath proposed house lots by rolling with a heavy (10 

tonne static weight roller). The sands should be saturated during 

rolling to obtain maximum benefit from the roller. 

The achieved density level may be checked by using a dynamic 

penetrometer (AS 1289 F3.3). A blow count of 10 blows/300 mm of 

penetrometer penetration at depths below 0. 3 m below the surface 

is considered to be equivalent to a density index of 70%. 

(ii) other than Residential 

The difference in DCl and DC2 depth to refusal and density 

profile indicates that foundation levels for heavily loaded 

structures will vary from one location to another. Accordingly, 

it is suggested that footings for other than domestic one and two 

storey residential buildings should be the subject of an 

individual site investigation prior to design and construction. 

5.5 Retaining Structures 

The sand fill is medium grained and thus would be expected to have an 

angle of internal friction of about 30°, and a bulk density in the 

order of 18 to 20 kN/m3 • These values may be used for retaining wall 

design. The retaining structures should be founded on a sand stratum, 

densified to a minimum density index of 70%. 

5.6 Pavements 

Previous experience has shown that a soaked CBR of 10% may be expected 

from a medium grained sand subgrade compacted to 70% density incir~x. H:igher. 
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values may be achieved where greater compactive effort or surcharge 

pressures are adopted. 

It is suqryestec1 that this v;1.lue wouh-1 h" ;1ppl ir.;lhl,., rnr pl.tnninq dPniq 11 

subject to confirmation during construction~ 

5.7 Subsoil Permeability and Groundwater Conditions 

Permeability 

Soil particle gradings show that the sands are medium grained (see 

attached grading curves).. Based on empirical correlation between the DlQ 

grain size and permeability (Hazen's formula), a coefficient of 

permeability of the sand sampled below the topsoil of 4 x 10-4 m/sec 

has been calculated for the sand subgrade below the organic sand (topsoil 

layer). 

Permeability may also be estimated from the infiltration test in the 

medium sands at a depth of 0. 3 m (TP8). If a hydraulic gradient of 1 is 

assumed then a permeability of 7 x 10-4 m/sec is indicated. It is 

noted however that this method of assessing infiltration often 

over-predicts actual infiltration. Large scale testing on similar graded 

sands from the Tomago sandbeds have yielded values in the order of 2 - 4 x 

10-4 m/sec. 

The above permeabilities are of the same order of magnitude and it is 

suggested that a lower bound value of coefficient of permeability of 3 x 

10- 4 m/sec be used for assessment of stormwater flow within the 

clean sands. 

The presence of any organic layer or vegetation dramatically reduces the 

infiltration rate. The effect of a topsoil zone/fines in the soil can be 

seen by comparison between infiltration rates at a depth of 300 mm and the 

surface in the natural scrub (TP8) and more dramatically where actual lawn 

cover is established. 
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Account of this effect shoulf'J be taken in the design of ~oak<v.::Je or 

infiltration areas where regrassing or topsoil {organic) build-up is 

expected. 

Porosity 

No data has been collected on the porosity of the sand at this site. 

Available data collected on studies of similar medium grained sands in the 

Tomago sandbeds indicates a porosity of between 30 to 40%. 

Groundwater Levels 

Existing limited data from Mineral Deposits Limited indicates water level 

changes up to in the order of several metres can occur under the one 

transpiration environment due to climatic variations with possible larger 

changes in extreme rainfall periods. Insufficient data is available to 

ascertain whether this represents the maximum likely fluctuation. However, 

as an indication, review of the records of long term monitoring of the 

sandbeds at Tomago, which has a similar average rainfall {1134 mm), shows 

that groundwater level variations of the order of 3 metres have regularly 

been observed. 

Definition of fluctuations at this site and mean water levels would 

require long term moni taring of water levels and correlation with 

rainfall. We have considered the possibility of attempts to correlate 

existing limited water level data to groundwater levels for predicted 

methods, however published experienced {Reference 3) indicates such 

correlations are difficult to model accurately even with extensive data. 

Decreases in the groundwater levels at Tomago during periods of low 

rainfall after water table rises have been monitored as being in the order 

of 0.2 m per month. Hence general groundwater lev~l falls after ~ain could 

be expected to be relatively slow at this site. 
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Feasibility of Stormwater Disposal into the Groundwater System 

While it is yet to be proven, it is likely that the groundwater level will 

rise to the ground surface in the lower portions of the site (i.e. RL 3 m 

AHD) during periods of intense rainfall. 

As noted above it is expected that the rate of fall of the groundwater 

level after rises will be relatively slow. Hence any in£ il tra tion ponds 

created in the lower portion of the site may be expected to retain water 

for a considerably longer period than indicated by the infiltrometer 

testing. 

In addition to the above, the removal of vegetation for development would 

be expected to at least initially dramatically reduce the transpiration 

rate. As the same volume of water will be entering the aquifer it may be 

expected that the average groundwater table level will rise. 

In the absence of groundwater extraction, the long term magnitude of the 

rise will depend on the difference between the transpiration rate of the 

existing system and that of a developed urban environment. 

In the short term during development of the area, assuming the following: 

all vegetation is removed; an existing evapotranspiration rate of 800 1run 

per year; and, a sand porosity of 35%; the water table would rise some 2.3 

metres. 

Clearly this is an upper bound value since all evapotranspiration will not 

be lost and as the water table rises so the hydraulic gradient will also 

rise, increasing lateral outflow from the system. It is, however suggested 

that the recorded extent of the water level fluctuations and the expected 

rises in water level due to changes in the transpiration rates require 

definition prior to infiltration basins being ac]opted us a m~ilnS of 

stormwater disposal. 
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6. CONCLUSIONS AND SUMMARY 

A geotechnical investigation of the southern precinct of the planned North 

Tuncurry Urban Extension has been carried out. The work comrris"d the 

review of available data, air photo interpretation, excavation of test 

pits, static cone penetrometer testing and infiltrometer testing. 

The site was found to be underlain generally by sand under a thin (0.2/0.4 

m) sandy topsoil layer. Peat/organics was identified only in one 

apparently isolated area in the north-western corner of the site_ 

Mineral Deposits Limited exploration drilling ( underta kP.n for. srtnd rni n i ng 

exploration) carried out in 1973, 1977, 1978/79 and 1980 indicates that 

groundwater levels vary several metres. 

Infiltrometer rates vary from 2.8 m/hr for clean sands to 0.07 m/llr for 

grass golf course areas. 

The site is considered geotechnically suitable for urban development with 

sand being the foundation stratum. The sand is in part loose and should be 

compacted prior to footing construction. Earthworks guidelines are given 

within Section 5. 3. Following compaction, foundation conditions would 

classify as Class A, in accordance with AS 2870. 

Non-residential development involving heavily loaded structures should be 

subject to individual geotechnical investigation prior to development. 

Pavements over sand subgrade prepared in accordance with compaction 

specifications given within may be proportioned using a CBR of 10%. 

Infiltrometer testing, grading and previous experience indicate the sand 

(below the topsoil zone) has a 

10- 4 m/sec. A coefficient 

premeability in the 

of 3 x 10-4 m/sec 

assessment of stormwater flow within the sands. 

range of 2 to 7 x 

is suggested for 
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Previous experience indicates the sands will have a porosity in the order 

of 30 to 40%. 

Available data indicates groundwater level changes up to in the order of 3 

m, however this may not be the muxim01n vt1ri.·1tion. 'l'IH~ <Jt'fJIHidWilb•r IJ•vr_d ·ir> 

a balance of outflow from the aquifer, evapotranspiration and rainfall 

infiltration (in the absence of extraction by man). Development is 

expected to reduce the evapotranspiration component. If stormwater 

discharge into the aquifer is undertaken, a rise in the groundwater level 

would therefore be expected. The level to which the groundwater table 

would rise under the combination of a high rainfall period and a change in 

evapotranspiration has not been determined. 

Qualification of evapotranspiration rates and long term water 

level/rainfall monitoring would be required to evaluate the above. 

It is suggested that the extent of groundwater level fluctuations requires 

definition prior to development, in particular where the use of 

infiltration basins are proposed as a means of stormwater disposal. 

D.J. DOUGLAS & PARTNERS PTY. LTD. 

R.J. Carr 
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NOTES RELATING TO THIS REPORT 

Introduction 
These notes have been provided to amplify the 

geotechnical report in regard to classification methods, 
specialist field procedures and certain matters relating to 
the Discussion and Comments section. Not all of course, 
are necessarily relevant to all reports. 

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

Description and Classification Methods 
The methods of description and classification of soils 

and rocks used in this report are based on Australian 
Standard 1726, the S.A.A. Site Investigation Code. In 
general, descriptions cover the following properties -
strength or density, colour, structure, soil or rock type and 
inclusions. 

Soil types are described according to the predominating 
particle size, qualified by the grading of other particles 
present (e.g. sandy clay) on the following bases: 

Soil Classification 
Clay 
Silt 
Sand 
Gravel 

Particle Size 
less than 0.002 mm 
0.002 to 0.06 mm 
0.06 to 2.00 mm 
2.00 to 60.00 mm 

Cohesive soils are classified on the basis of strength 
either by laboratory testing or engineering examination. 
The strength terms are defined as follows. 

Undrained 
Classification 

Very soft 
Soft 

Shear Strength kPa 
less than 12 
12-25 

Firm 
Stiff 
Very stiff 
Hard 

25-50 
50-100 
100-200 
Greater than 200 

Non·cohesive soils are classified on the basis of relative 
density, generally from the results of standard penetration 
tests (SPT) or Dutch cone penetrometer tests (CPT) as 
below: 

Relative Density 

Very loose 
Loose 
Medium dense 
Dense 
Very dense 

SPT 
0 N" Value 
(blows/300 mm) 
less than 5 
5-10 
10-30 
30-50 
greater than 50 

CPT 
Cone Value 
(q,- MPa) 
less than 2 
2-5 
5-15 
15-25 
greater than 25 

Rock types are classified by their geological names. 
Where relevant. further information regarding rock 
classification is given on the following sheet. 

Sampling 
Sampling is carried out during drilling 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 with 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. 

Details of the type and method of sampling are given 
in the report. 

Drilling Methods. 
The following is a brief summary of drilling methods 

currently adopted by the Company and some comments 
on their use and application. 

Test Pits - these are excavated with a backhoe or a 
tracked excavator, allowing close examination of the Jn.situ 
soils if it is safe to descend into the pit. The depth of 
penetration is limited to about 3 m for a backhoe and up 
to 6 m for an excavator. A potential disadvantage is the 
disturbance caused by the excavation. 

Large Diameter Auger (e.g. Pengo) - the hole is 
advanced by a rotating plate or short spiral auger, 
generally 300 mm or larger in diameter. The cuttings are 
returned to the surface at intervals (generally of 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 sampling. 

Continuous Sample Drilling - the hole is advanced 
by pushing a 100 mm diameter socket into the ground 
and withdrawing it at intervals to extrude the sample. This 
is the most reliable method of drilling in soils, since 
moisture content is unchanged and soil structure, strength, 
etc. is only marginally affected. 

Continuous Spiral Flight Augers - the hole 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 in sands above the water 
table. Samples are returned to the surface, or may be 
collected after withdrawal of the auger flights, but they are 
very disturbed and may be contaminated. Information from 
the drilling (as distinct from specific sampling by SPTs or 
undisturbed samples) is of relatively lower reliability, due 
to remoulding, contamination or softening of samples by 
ground water. 

Non-core Rotary Drilling - the hole is advanced by 
a rotary bit, with water 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 'feel' 
and rate of penetration. 

Rotary Mud Drilling- similar to rotary drilling, but using 
drilling mud as a circulating fluid. The mud tends to mask 
the cuttings and reliable identification is again only possible 
from separate intact sampling (e.g. from SPT). 

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

Standard Penetration Tests 
Standard penetration tests are used mainly in non

cohesive soils, but occasionally also in cohesive soils as 
a means of determining density or strength 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 F3.1. 

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 blows 

as 4, 6, 7 
N = 13 

• In a case where the test is discontinued short of full 
penetration, say after 15 blows for the first 150 mm and 
30 blows for the next 40mm 

as 15, 30/40 mm. 

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

Occasionally, the test method is used to obtain samples 

in 50 mm diameter thin walled sample tubes in clays. In 
such circumstances, the test results are shown on the 
borelogs in brackets. 

Cone Penetrometer Testing and Interpretation 
Cone penetrometer testing (sometimes referred to as 

Dutch cone- abbreviated as Cf'l} described in this report 
has been carried out using an electrical friction cone 
penetrometer. The test is described in Australian Standard 
1289, Test F4.1. 

In the tests, a 35 mm diameter rod with a cone tipped 
end is pushed continuously into the soil, the reaction being 
provided by a specially designed truck or rig which is fitted 
with an hydraulic ram system. Measurements are made 
of the end bearing resistance on the cone and the friction 
resistance on a separate 130 mm long sleeve, immediately 
behind the cone. Transducers in the tip of the assembly 
are connected by electrical wires passing through the 
centre of the push rods to an amplifier and recorder unit 
mounted on the control truck. 

As penetration occurs (at a rate of approximately 20 mm 
per second) the information is output on continuous chart 
recorders. The plotted results given in this report have been 
traced from the original records. 

The information provided on the charts comprises:-
• Cone resistance - the actual end bearing force divided 

by the cross sectional area of the cone - expressed 
in MPa. 

• Sleeve friction - the frictional force on the sleeve divided 
by the surface area - expressed in kPa. 

• Friction ratio - the ratio of sleeve friction to cone 
resistance, expressed in percent. 

There are two scales available for measurement of cone 
resistance. The lower (A) scale (0-5 MPa) is used in very 
soft soils where increased sensitivity is required and is 
shown in the graphs as a dotted line. The main (B) scale 
(0-50 MPa) is less sensitive and is shown as a full line. 

The ratios of the sleeve resistance to cone resistance 
will vary with the type of soil encountered, with higher 
relative friction in clays than in sands. Friction ratios of 
1%-2% are commonly encountered in sands and very 
soft clays rising to 4%-10% in stiff clays. 

In sands, the relationship between cone resistance and 
SPT value is commonly in the range:-

qc (MPa) = (0.4 to 0.6) N (blows per 300 mm) 

In clays, the relationship between undrained shear 
strength and cone resistance is commonly in the range:-

qc = (12 to 18) Cu 

Interpretation of CPT values can also be made to allow 
estimation of modulus or compressibility values to allow 
calculation of foundation settlements. 

Inferred stratification as shown on the attached reports 
is assessed from the cone and friction traces and from 
experience and information from nearby boreholes, etc. 
This information is presented ior general guidance, but 
must be regarded as being to some extent interpretive. 
The test method provides a continuous profile of 
engineering properties, and where precise information on 
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soil classification is required, direct drilling and sampling 
may be preferable. 

Hand Penetrometers 
Hand penetrometer tests are carried out by driving a 

rod into the ground with a falling weight hammer and 
measuring the blows for successive 150 mm increments 
of penetration. 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, relatively similar tests are used. 
• Perth sand penetrometer - a 16 mm diameter flat 

ended rod is driven with a 9 kg hammer, dropping 
600 mm (AS 1289, Test F 3.3). This test was developed 
for testing the density of sands (originating in Perth) and 
is mainly used in granular soils and filling. 

• Cone penetrometer (sometimes known as the Scala 
Penetrometer)- a 16 mm rod with a 20 mm diameter 
cone end is driven with a 9 kg hammer dropping 
510 mm (AS 1289, Test F3.2). The test was developed 
initially lor pavement subgrade investigations, and 
published correlations of the test results with California 
bearing ratio have been published by various Road 
Authorities. 

Laboratory Testing 
Laboratory testing is carried out in accordance with 

Australian Standard 1289 "Methods of Testing Soil lor 
Engineering Purposes·: Details of the test procedure used 
are given on the individual report forms. 

Bore Logs 
The bore logs presented herein 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. 
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 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, the frequency of sampling and 
the possibility of other than 'straight line' variations between 
the boreholes. 

Ground Water 
Where ground water levels are measured in boreholes. 

there are several potential problems: 
• In low permeability soils, ground water although present, 

may enter the hole slowly, or perhaps not at all during 
the time it is left open. 

• A localised perched water table may lead to an 
erroneous indication of the true water table. 

• Wate' table levels will vary from time to time with seasons 
or recent prior weather changes. They may not be the 
same at the time of construction as are indicated in the 
report. 

• The use of water or mud as a drilling fluid will mask any 
ground water inflow. Water has to be blown out of the 
hole and drilling mud must first be washed out of the 
hole if water observations are to be made. 
More reliable measurements can be made by installing 

standpipes which are read at intervals over several days, 
or perhaps weeks lor 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. 

Engineering Reports 
Engineering reports are prepared by qualified personnel 

and are based on the information obtained and on current 
engineering standards of interpretation and analysis. 
Where the report has been prepared lor a specific design 
proposal (e.g. a three storey building) the information and 
interpretation may not be relevant if the design proposal 
is changed (e.g. to a twenty storey building). II this 
happens, the Company 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 condition, discussion of 
geotechnical aspects and recommendations or 
suggestions lor design and construction. However, the 
Company cannot always anticipate or assume 
responsibility lor: 
• unexpected variations in ground conditions - the 

potential lor this will depend partly on bore spacing and 
sampling frequency. 

• changes in policy or interpretation of policy by statutory 
authorities. 

• the actions of contractors responding to commercial 
pressures. 
II these occur, the Company will be pleased to assist 

with investigation or advice to resolve the matter. 

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, the 
Company requests that it immediately be notified. Most 
problems are much more readily resolved when conditions 
are exposed than at some later stage, well alter the event. 

Reproduction of Information for 
Contractual Purposes 

Attention is drawn to the document "Guidelines lor the 
Provision of Geotechnical Information in Tender 
Documents·: published by the Institution of Engineers. 
Australia. Where information obtained from this 
investigation 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. The 
Company would be pleased to assit 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 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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TEST PIT REPORT 

.lENT 

PROJECT 

SINCLAIR KNIGHT & PARTNERS 
PTY. LTD. 

SOUTHERN PRECINCT STUDY 

DATE 1/2/1988 PIT Nn. 
( In ho 1 

PROJECT No. SST /10653 

0.5 -

1.0 

1.5 

2. 0 -

i 2. 5 

3.0 -

I.OCATION NORT/1 TUNCURRY SURFACE LEVEL 

Dynamic PenciJOmclcr 
St·mta 'l'ypc & ll<'pl h ------·-- ~~~-.-·;nr· 

Depth 
Description of Slrata 

mel res , · l)r•tJih 1iJNoi1U 

. -------· ---S-'/\_N_IJ----,-,· r-y--t-o--n-10-1-.-s-· l-, -g-,-. ,-. y·-- 7: --~~ --;;--;·-~:~--- -- --- .·. . . . . '!:" .. 
0.2 medium gr:~inl'tl sc.lnd with ······ / -----

1.9 

2.6 

1\~..__r_"_" __ t _s ________ ........// / 

SAND - dry to moist, light 7.· 
brown, m0di.um grninrd 
snnd v /) @ 0.7 

SANU- moist, brown, mt'dium 
grained sand 

TERHINATED AT 2.6 METRES. 

7 v 
:z 
•/. f) @ 2.2 

'7 
...... / 

2 
-----1 

3 

5 

.. ---

1~0 

:Joo 

r.oo 

/)0 

\}()() 

105( 

l/OC 

JJ50 

I 'iOO 

lli~O 

11!00 

19C>O 

2100 

/]'j() 

L__...J_ __________ _J._ __ .L_ ___ _j_ ______ ,L ___ J.__ --

EOUIPMENl Backhoe, 450 mm diameter LOGGED R. Jones 

GROUND WATER OBS. No free groundwater observed. 

REMAI1KS 

n . taollo 

U I • I- " •nn• ltJI.:-@ 

1 J _ .~; • , ., c"'"" • v 

Values n.•prcseJlt the nu1hcr of blo .... >:: 

o( o 9 kg lnnn=r h._tving a [1·re f:1U 
of 60J urn to drive :1 16 um h l IJtlt cmlr•U 
rotl for n penetration of lJO mn. 

-d __ R ___ o_._J_._u_u_t_H_;I_a_~' __ & __ P_;'_''_'_lr_!r_s 
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TEST PIT REPORT 

'LIE NT 
SINCLAIR KNIGHT & PARTNERS DATE 1/2/1988 r1·1 Nn 1. 

PTY. LTD. (Cresl of 

-

-

PfiO.JECT SOUTHERN I'HECINCT STUDY PfiOJECT No. SSJ/10653 hill) 

LOCATION NORTH TUNCURRY SURFACE LEVEL 

Depth 
samp tingaricJ __ i~~-~~~-~!~~-sii_~ ~- ____ 

Description of Strata DynallliC Per1r: t r ottJetr~r 
mel rP.s Sr:rai·:J 'lype & ll:pl h --- - --···----- rilt)W~IiTiii f),•prh 

lT·· ------ ----- ---- . __ jl_!!l_! --- ·····-··· 
SAND - moist, grey, ml•d i um 

7 1 ~c 
0.25 grained snnd wi! h roots ...... 

v·· J()() ---
SAND - dry, light brown, 

. - .... 
........... 

medium grained sand ---- I,)(} 

'/ 0.6 . . - . . . - . . (,()() --
/~() 

TERMINATED AT 0.6 METRES. 
1)00 

1 usc 

120( 

u:;u 

1 ',()() -

---- 1 (,~() 

- t/100 
1 <J ·;o 

-
<1 ()() 

7/' 50 ------

- ---~-

EOUIPMENl Backhoe, 450 mm diameter LOGGED R. Jones 

GROUND WAl ER OBS. No free groundwater observed. 

"E MAilKS 

SAMf"LE 1 YPE 
0- d•~turb.,d 

n. t>utk 

ut~r .• mm lubi"J 

1 ).nd , .. cov•~·v 

V:Jlucs ~JH-es<:nl.: 1·he nUibcr. of hJrMS 
of :'l 9 lq~ h:nmPr h:Jving :J fn·<~ fall 
of 6(0 mn to drive n 16 mn hfunr ('nded 

rod for a pcnetmtlon of l:JO ""'· 

D.J. UouqL1s & 1";111ncrs 
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TEST PIT REPORT 

•. LIE NT 

PROJECT 

SINCLAIR KNIGIIT & PARTNERS 
PTY. LTD. 

SOUTHERN PRECINCT STUDY 

DIITE 1/2/1988 

PROJECT No. SSl/10653 

PIT No 2 
(In hoi 

0.5 

1.0 

1. 5 -

2 • l) . 

2.5 

3.0 

LOCATION NORTH TUNCURRY SURFACE LEVEL 

.---,--------------,-----~------------ ···-· ...... -------·-
Sampling and In Silu 'lcsling 

Deplh 
rnelres 

0.2 

1.4 

2.6 

Description of Slrala 
St:rar:t l'yr><' & J).·pt h 

-----·--·--·-----------·------------.... 7. --- _ ........ -.. .. 
SAND- dry to moist, grey, .. .'.'.·.·:. D @ 0.1 

medium grained sr:~nd with · ··· · ·/ 

\ roots ./.·.·.-. 

SAND - dry to moist, light ........ . 
brown, mr;•dium grninPd :.·.·:~/_ 
sand / .... 

7 D@ 1.0 

v 
SANO - moist, mot t l£>d brown, i ... /~.· 

n~t·d i um g r·;l i ru•d s:wd, som<' [./-.· ~ ·. "''"'' "~""'"" l7 

TERMINATED AT 2.6 METRES. 

k< 
;(... 

I! ~>) 2.0 

Oynarnic Perrelrorneter 
--·-··-· ·---- mr;.;;:-:lF/1 

fJpplll 111111 

j()( 

L_ __ _L _____________________ L_ __ _L ______ _L _______________ _ 

EOUIPMENl Backhoe, 450 nun diameter LOGGED R. Jones · 

GROUND WATER OBS. No free groundwater observed. 

REMAI~KS 

SAMf'LF. 1 YI'E 
0- do'-IUd't~d 
B · t>vllo. 

I.JI ~ I- • """ I u Ill' 

J J.nll III:COVI"IY 

V;Jlucs rcprcs~rrt the IIUJI.Jer of bk""S 
of ;'] q kr, ll.'"llmt'!r hav i np, :t f rr~ fa II 
of (J(XJ um to drl_vt~ n 10 11111 hhrnt <'11Ul·d 
rod for .1 penetration of J:>(J mn. 

q _ ~--[-) ._J_. _1 J_<_!l_' c_.J_I :_1 ~-' _&_I_J '_"_'_n_r:_' ~-
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TEST PIT REPOF!T 

~~UENT 
PROJECT 

SINCLAIR KNIGHT & PARTNERS 
PTY. LTD. 

SOUTHERN PRECINCT STUDY 

DATE 1/2/1988 

PROJECT No. SSI/10653 

PIT r·Ju 2 
(On crest. c 

hil 

-

-

-

-

. 

LOCI\T ION NORTH TUNCURRY SURFACE LEVEL 

Depth 
sam.iliing 8.ili-i-;J-si j;;·"'t'~s li,19 _____ 

------------------- -----·- --- --
Description of Slrata Dynnlllic Per wlr ornelcH 

mei1P.:" Sr rnr·:• 'l'yiK' & Jll•plll ------- . --·--- n!,;.;.,::;i;;r. 
ll••p!ll 

HUll ----------- , __ v-·--- ----------· ------ ·-·· ·-·· ... -- -----
SAND- dry to moist, frey, 

. - .... 

0.25 
medium grained sane with -/ ---- I ~l 
roots -· v-- --- JOU 

SAND - dry, 1 i gh t brown, ..... 
medium grained sand ....... / '• ';() 

0.6 r,uo -----· 
TERMINATED AT 0.6 METRES. 150 

------- 'JOO 

105( 

- 120( 

135( 

I SOC -
1650 

--- I BOO 

1'.150 

2100 

1-·--" 2250 

EOUIPMENl Backhoe, 450 mm diameter LOGGED R. Jones 

GROUND WAfER OBS. No free groundwater observed. 

i<EMAJ1KS 

0 · d•'llu•b~d 

~~ - tn.•"• 
lll•l. ~ '""' luhr> 

I I. n1l 1 O'I':Ovl'' v 

V:J[ucs rcprc"ent the lllJIOer. of bl""'S 
of :J 9 kg h'llmJ?r h:JVing ;J fr'f'P. f:lll 
of ()(XJ 11111 to drive <J Hi mn hI unl: f'lldPLI 

nx..f for ."1 pcuctratlou of 150 11111~ 

d --~----l-)._J_._lJ_t_J_''_fJ_I._·,_~·;_._~ __ ''_;" __ ''_'_£: __ 1~ 
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3.0 

TEST PIT REPOHT 

Pr10JECT 

SINCLAIR KNIGHT & PARTNERS 
PTY. LTD. 

SOUTHERN PRECINCT STUDY 

LOCATION NORTH TUNCURRY 

Depth 
Description of Strata 

mPirns 

DATE 1/2/1988 

PROJECT No. SSI/10653 

I'll No 
(In hoi 

SUnFACL': LEVEL 

Sam p flnga rrdi7,-"§j I u --clc s j"j;i_g _____ --
-----------······---- ------

Sr:rar·:o Ty(X! 1'. IA•pl h 
Dynamic Per1clr Olllelcr 
--1-1 

;·:;~· 1 1; -----· m;;~; 7 i~i1 

-----I--S-A_N_!J ___ m_o_di -s-t -, -dg-, -re-. y-, h-r-nc-. d-i u-,-n--!~7---_-r_ • • • • · -O--@--O-.-~-t------- -- -- ___ J.!!!!.!..... ---

graine san wit roots 
- 15 

0.3 

2.7 

SAND- dry, light brown, 
lrtt.·Liium graitH'd snnd 

* some bands of dark brown, 
lightly c~mrntcd sand 
from 1.8m- 2.5m 

TERMINATEIJ AT 2.7 METRES. 

/ v-·--

lZ 
v ........ 

E 
····;/ 

~.<:: 
.. ' ..... . 

b.? 
... / 

V .... ... 
......... 

0.9 

I ]() -----· 
., 

,, 'jl __ __::__ 

2 (>lJ( 

2 /5l 

'l YO( 

2 101 

3 120 

IJ5 

150 

I (>51 

I BO! 

1 Y5< 

f-·--
21 ()( 

225( 

L__.J__ ________ __L _ _____i_ ___ ____L_ ________ ----

EOUIPMENl Backhoe, 450 mm diameter LOGGED 

GROUND WATER OBS. No free groundwater. observed. 

REMAI~KS 

SAMf'lF. TYI)E 
D-dr,rurb<'td 
n- our1o. 
lH•tl-" mm lulH! 
1 J.nil ·~covc•Y 

Values represent the nurbcr of blv.os 
of :1 9 kg hamn:~r h.1ving a fn ... e f;Jl! 
of 6<XJ rnn to drive " l(r mll bluut emletl 
rod for a penetration of 150 mJJ. 

R. Jones 

-d - ~--o_._J_. _D_u_t_H_II_n_~;_& I\ II ill(~ r ~ 
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PROJECT 

LOCATION 

TEST PIT REPOFlT 

SINCLAIR KNIGHT & PARTNERS 
PTY. LTD. 

SOUTHERN PRECINCT STUDY 

NORTH TUNCURRY 

DATE 1/2/1988 

PROJECT No. SSJ /106.53 

SURFACE LEVEL 

,---,--------------,--------·-------·--·--·-···. -- ..... -·--··---
Sampling ant! In Sil11 ·testing 

0.5 -

1 . () . 

1.5 

2.0 . 

2.5 

3.0 

Depth 
metres 

Description of Strata 
St:r.1t·:~ 'l'yj"' & l>•pth 

SAND- moist, groy, medium V.· ... 
grained sand with 0 @ () 2 

~U~-~4~-t--~~~~~m~:~~~,~~u_s_r_o_o_t_s_<_u_p_t_o __ -t_·~:r:~~··:_~·-i·:· · · 

V:·:::: 

1.3 

1.7 

2 • !, 

SAND - dry to moist, I ight: 
gr~y, medium gr~inecl sand 

SAND - light brown, rn~dl.um 

grainPd sand 

SAND- dry to moist, mottled 
brown, mt>dium gr;J i n{'d 
SiiTld 

TERMINATED AT 2.4 METRES. 

V: VC:• I) ,,, l . () 

........ v·· 
:::. j v: 

- ...... b<{) @ 2.0 

L_ _ _j__ ________ __L _ ___i ___ _L_ ___ . __ _ 

EOUtf'MENl Backhoe, 450 mm diameter LOGGED R. Jones 

GI<OlJND WATER OOS No fre.e groundwater observed. 

t<EMAf1KS 

--··-···------·-
CllO/llCiel 

rtJr;-;...-:;nr.rt 
III/II -· 

- 15 

I :JU ----
1 ,, ')l 

1 (,()( .. 

:t I r,( -----
2 IJ()( -----
J 

to~ -------
J ---- J /(; 

---- J:l5 

1 :;o -----
t(>5 

11!0• 
I 9 'j1 

---
21 ()I ---
7.251 ---

---- -

0- d•~lt,oh~~ 

U- hullo 

Ill~ 1-" ''"" lulH• 
I 1- n 1 I t .. <: t')V,. I \" 

ValUC?s n:-prP.st~lll: the JlllJ.i.>cr o( bltJ~.....'S 

of :J 9 kg Jl:"JJJII("'f- lvJvi11g ;1 frrr fall 
of 600 mil to driw. :1 1() mn hi IIlii-. f'ndPd 
rod for a peuetraUnn of 1:){) mn. 

(j _Q __ u_.J_._u_utH 1i;l:; ,), P;!IIIH~r: 
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TEST PIT REPORT 

._lENT 

PROJECT 

SINCLAIR KNIGIIT & PARTNERS 
PTY. LTD. 

SOUTHERN PRECINCT STUDY 

DATE 1/2/1988 1-'IT No 

PROJECT No. SSl/10653 

0.5 

1. 0 -

l. 5 -

2.0 

I 2. 5 .. 

3.0 -

LOC/\TION NORTH TUNCURRY SUI'H'/\CE LEVEL 

r------,--------------,------;o--- ·-c:------;--:--;;··----·--·----
Sarnpling and l~ __ :."..!.~~~::~.:_i_'~9 ... __ 

Depth 
Description of Strata 

mel res Sr:r:H::t 
Dyn::Hnic Per rei r ornoltJr 

Typ" & f.i<·pt h ------- --- rr--cr;;" ·· I)!-pill i n·~;11 1·fJ 
--.. -- __ S_A_N_JJ ___ d_r_y_t_o_m_o_i_. s-t-,-g-r·-~-y·-.·--p· . -IJ --~-(;,~- .. 

0. 2 

1\ 

1.6 

m0dium grnin0d s~nd wilh 
roots 

SAND - dry to moist, light 
brown, mE•dium grair1~d 
s ;)f)(/ 

IV 
Ell 
17 
k< 
·.·:/... 

@ 

2 

0.8 
3 

4 

I
, . 
. ) 

'jl)l 

J Jl 

~oc 

lU5 

120 

1)5 

SAND -mottled brown, m~dium 17· .... 
grni.ncd sand, som0 lightly 

-- 1651 

---- 11!0( VI) CPIJl<•nl c•cl 
2.0 

22 5( 

I 'I 5! 

:! I 01 

.......... 

v 
2.7 

TERMINATED AT 2.7 METRES. 

L._ __ L_ ____________ _j__ __ __,__ _____ L........----·----- ____ .......J. __ _ 

EQUIPMENT Backhoe, 450 11101 diameter LOGGED R. Jones 

GROUND WATER OBS. No free groundwater observed. 

J1EMAJ1KS 

SAMf'L F. ·r YJ.'E 

n- t>ul~< 

l)!~l- • ,,...., luh<> 

I 1-n•l f<!COVt''Y 

V:1lues n:~pre!:;eut tlte 1n11l.x:>r of hlrr...rs 
of a 9 kg la:tun~r h.1ving n frPe fall 
oF 60J JIJll to ddve .1 16 mu hl11nt em..lf~tl 

rod for a penetratl.ou of J 50 11111. 

a _ ~--o_.J_._,_J,_.J _u_<J_I ;_' s_&_P_'_' '_''_1 r> __ r ~ 
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TEST PIT REPORT 

•. lENT SINCLAIR KNIG/IT & PARTNERS 
PTY. LTD. 

DATE 1/2/1988 1'/T No 6 

0.5 

1 .lJ -

1 . 5 

2.0 

PROJECT SOUTHERN PRECINCT STUDY PROJECT No. SSJ /10653 

LOCATION NORTH TUN CURRY SURFACE LEVEL 

,.------,---------------,-----=-----:-:---·-·---..... _ .. - ·------
Salllpling and In Silu Te~-~1_1_~-- __ 

Description of Strata Oynarnic Penetrometer 
Sr r:J r·:~ TyiX! & ilq>l " --·- ........ ---.. - n;"·; '"-

Dep/h 

--·--I--s-· A_N_/J ___ d_r_y_t _o_m_o.-i s-· t-,--g-, r-,-, y--,-- 7 : -:-:-~· _ .. ~ .......... _ .. -... il•·" 
11

' 

1 

'~~,; .. "'" 

. · · ·. · · D @ 0. 1 - 15l medium grained sancl wi.ll1 
f-0::..:... 2::.5::......-/---'-'"'~'o"-,t s ----------if-----·-·_,·.L/ .. 

7 

2.2 

SAND- dry, light brown, 
medium gr~incd s:JJJd 

TERMINATED AT 2.2 METRES. 

........ 

k< 
l/ 
v 
[)<: 
-· ....... . 

1/ 

f) @ 0.8 

2 

J 

4 

4 

:JUC 

r, 'JO 

/50 

YOU 

1 05( 

1 2Ut 

1J5C 

J 'j()(] 

I (r)O 

I BOO 

I 'J 'JO 

2100 

nso 

12 • ' • :J -

3.0 

L_ _ _L ____________ _L __ L_ _____ J_ __________ ~---

EQUIPMENT Backhoe, 450 mm diameter LOGGED 

GROUND WATER OBS. No free groundwater observed. 

REMAI1KS 

SAMPL J: TYPE 
o~ d•,lufb"'d 
I) hull.: 

lJ!•I- ~ , .. ..., lttfH! 

1 1-n•t ·~cov.-•v 

V:J]ucs t"('prt'sf'nl: 1110. 1nJ1l>er of blows 

of n 9 kg lnmPr h:JVJng; ~~ frC'C fall 
of 6{X1 urn to drive ;1 H1 mu h1rmt c11ded 

rod for a penetration of 150 nm. 

R. Jones 

-d _ ~--D_. J_._D_,_n_'t_J_I ;_' s_&_r_"_' _' '_H_.~, s 
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TEST PIT REPORT 

rl. 
~.lENT 

SINCLAIR KNIGHT & PAJlTNERS 
PTY. LTD. 

DATE 1/2/1988 I'll Np 7 

0.5 

l - () -

1.5 

2.0 

3.0 -

l'fWJECT SOUTHERN PREClNCT STUDY PROJECT No. SSI/106">3 

LOCATION NORTH TUNCURRY SURFACE LEVEL 

,----,-------------r----=---------------·----
Sumpling and 111 Situ Testinn 

. ----··-····-----······--···-Depth 

mel res 
Description of Strata 

Strata 
Oynn1nic PeneiHJinCie' 
--!);:~-~~---- mow;;nr;tJ 

_________ S_A_N_D ___ d_r_y __ r_o_m-oi_s_t_,_g_r_e_y-,--~---------~------ -----·-··· ........ .'~:'.1. 

mPdium grained sand @ 0.2 ----
with r·oot·s _-.·.·.·.·./. D 

0.35 

1.7 

2.3 

EQUIPMENT 

SAND- dry to moist, light 
brown, medium gr;1ir10CI 
s:1nd 

SAND - WE"t, brown, medium 
grairwd sand 

TERMINATED AT 2. 3 METRES 

(STANDPIPE TO 2.3 METRES) 

Backhoe, 450 mm diameter 

;/·::·. 
......... 

7~ 
1/< 
IZ:: 
.·.-.·/ 

l .ll 

1/ .... n @ 1.8 
. . . . . . . . -

~7 

~OGGED R. Jones 

GROUND WATER OBS. Free groundwater observed at 1.8 metres. 

REMARKS 

SliMP I. I' 1 YPE 

2 

2 

2 

!)0 

]00 

lr')O 

/JO 

n -t•vlk 

U!.l .• .,,.,.. lqtu~ 

r r. not •I'"CO"'r'v 

Values rcprer;cnt !:he 11uri>er:- of hlows 
of:" 9 kg f•nml'r i<JVIII~" fn•c> fnll. 
of 6CXJ IIIli to rfriVP n 16 11111 IJI11111· Plldr~d 

rod for ;·3 JX'IICJ.ration of 1.')0 nm. 

-d -~--D_.J_._Dutlqlas & l\iilnr~r;; 

i 
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0.5 

1.0 

1.5 

2.0 

).0 

TEST PIT REPORT 

~.lENT SINCLAIR KNIGHT & PARTNERS 
PTY. LTD. 

DATE 1/2/1988 I'll No R 

-

PliOJECT SOUTHERN PRECINCT STUDY PROJECT No. SSI /10653 

LOCATION NORTii TUNCURRY SURFACE LEVEL 

..--....... ------------.---·;o:--·-------···-·-···· --···-. ·····--· 
Sampling and 111 Situ ·lesting 

Depth 

0.2 

1.2 

2. 0 

Description of Sirata 

1\c__________.//v·~ 
SAND- moist, light brown, 

medium grained sa11d 

SANO- w~t, brown, medium. 
grained sand 

TERMINATED AT 2.0 METRES. 

Standpipe installed to 
depth of 2.0 metres. 

07 
/.< 
.......... 

D @ 0.8 

1.5 

SompiP o[ 

groundwat€' 

·-·--·· ·-·- ----·-··-

-
··-----· 
__ 2 ___ 

1 
······ -·- ·-···· 

] 

J 
---

5 

0 

B ---

---

I 'jU 

. j()(} 

t,'}() 

600 

1 ~;u 

'IOU 

1050 

t7.00 

1J50 

1 :;oo 

1650 

1 Hoo 
1950 

2100 

n·;o 

L_ __ L_ ______________________ J ____ J_ _______ _L __ . ___________________ ~ 

EOUIPMENl Backhoe, 450 mm diameter LOGGED R. Jones 

Gf'!OUND WATER OBS. Free groundwater observed at 1. 2 metres. 

n[ MAnKS 

SAMPt_ F 1 Y PE 

ll. hulk 

IJ! • 1- ~ mtn lull<! 

l I- ''' t • t: Cl)vr' y 

V;Jlues IT'prf'!;('JJt II)P. nu•~x~r of hftr.-.'S 
or: a 9 l<t~ ltlllllr~r IL·JvLug :1 fn'e f:Jil 
of 6aJ nm to drlve :1 16 lUll h'l1111t: e!lllc~d 

rotl for :1 pcnel r:Jtlou of 150 mn. 

d~_D.J.Duuql;ls & P:11lt1r:rs 
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OF CONE PENETF~OMETER TEST 

TEST No 1 

DATE 8/2/88 

CLIENT 

PROJECT 

LOCATION 

SINCLAIR kNIGHT & PARTNERS 

NORTH TUNCURRY 
SOUTHERN PRECINCT PLANNING STUDY 
NORTH TUNCURRY 

Inferred 
Strata 

Depth 
(m) 

--ic;o;c-
medium 
dense ---

1 
loosr• 

2 

mccliurn 
SAN/I dcnsC' 3 

4 

densE' 5 

medium 6 
dens<' 

dPnsc 

CONE REFUSAl. AT 7 
6.8MffiEs-.-

L ____ _ 
REW,RI<S: 

Cone Resistance (MPa) 

0 1 2 3 4 5 L __ r _ __ , __ __ r _ __ .J_ -~ ...1 

,-------·· r·· ··-- ·r ---·· r ·· ·- r ·· · r 
0 10 20 30 40 50 

-~ 
--. 

' 

\ --- --
\_ 
~ ---

( 
t'l --

\ 
/ 

~ 

l --

PROJECT No SSI/1 0653 

SURFACE Rl 

Friction Resistance (kPa) f'riction 
f1a tto (%) 

. I J J J l 

100 200 300 400 500 2 '~ 6 8 j 

- --r-·-- -- r-· ,-,--,--,--, 

\ ) 
------ ---

A --1---· ---·- ··-- ----

D_ 
--- --

( 

~ 
----- ---- .. 

--- ·-1-----

I 
--

-- -------- ----
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RESULTS OF CONE PENETROMEl-ER TEST 

CUE~ 
PROJECT 

LOCATION 

Inferred 
strata 

SAND 

L __ 

REMARKS: 

SINCLAIR KNIGHT & PARTNERS TEST No 2 P 1of2 

DATE 8/2/88 NDRT~ TUNCURRY 
SOUT ERN PRECINCT PLANNING STUDY 
NORTH TUNCUARY PROJECT No SSI/10653 

Depth 
{m) 

----,_ 

loos£' 

1 

I oose 
2 

to 
mf'dlum 
dC'nsr. 

3 

4 

m<'dium 
5 

dC'IIS(' 

6 

7 
IIU'dJUUJ 

dl•IISl' 

to 
d('O~E' 8 

dcnsr 
9 ----

V('ry 10 loose 

dt'll!::(' 

11 

12 

very 
dC'n!H• 13 

14 

1"i 

SURFACE RL 
Cone Resistance {~IPa) 

Friction Resistance (kPa) Friction 
o 1 2 3 4 5 nat; o (%) 
L-- L- -1-- -1-- --1-- .J 
~---,-~--~--~ ---· J • --··· I -·-·-··· J ---. I J I J J 

o 10 20 30 40 50 100 200 300 400 :;uo 2 ~ 5 B 
r-· 

I\ --- --- --- ---
-- --

-

( -----_, 

\ 

) 

\ --
~ 

> 
( 
" > 

'< 
7 
J( 

,...--,-- --~-------

\---- -- ., --- •.. - .... 

- --·--···-- --···· -- -----

1--- -1---1--- -··-· .. 

( 
1--\-1--1--1-·--- --·--· 

\ 
1--1\---1·-- -·- -- ------

1---!-\4---+ -f·----· - ··-· .,,, ·-- -- ·--

(_ 
? -- -·-- -·-· ·-· 
( 

---1------· -----··-· 

{ 1--l-'--4::::::::::j--- ....... , .. 

( 
---'· ·-- ---- .. 

l----1--··--:~ -----

1--J-1--..C-< ------7-

LL 
continued over/ 

- - --- --- ·--
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'1SUL TS OF CONE PENETROMETER TEST 

SINCLAIR KNIGHT & PARTNERS TEST No 2 P 2of2 

NORTH TUNCURRY. OATE 8/2/88 

CLIENT 

PROJECT 

LOCATION 
SOUTHERN PRECINCT PLANNING STUDY 
NORTH TUNCURRY 

Inferred 
Strata 

r-· 

SAND 

---·-----

CLAY 

·-·--

SAND 

very 
!('{),<;(' 

to 
loos<' 

firm 

lnC'dlum 
densC' 

dC'OSC' 

to 
Vc>ry 
dense 

l!lC'dil/01 

d('IJ.SC' 

dC'OS(' 

Depth 
lml 

16 

17 

18 
1-

_1_CL 

20 

21 

22 

to Vt'!'Y 

dense ;:>3 

DUTt.:ll CONE: TEHi'liNA!EI 
~F-23~0 METRES-. -

L ... 
REMARKS: 

Cone Resistance (MPa) 

0 1 2 3 4 5 
L--L- _,_- -'-- -'-- ...1 
,----· ·· r ·· --- · 1 · · ----·-·r · ··--· r · ·· · · ·r 

0 10 20 30 4 0 50 

< ~ 
~ 

I 
,/ ·=·= --I 

\ 
I 

--<.-
';. 

... - -
!( 

--- ~ ... 

- -
I 

-......... -- --- --
), 

..:::::: -..._ 
~ 
~ 

......-
( --\ 

PROJECT No SSI/10653 

SURFACE RL 

Friction Resistance (kPa) Friction 
Rntio I%) 

·- ... I I I I I I I 

100 200 300 400 GOO ;> ~ 6 8 

~.:::-o:=-···r·-

-- ----- ---- .... 

-- ·------ - ---. 

\ ---- -----· -·--· ··--

~ --------

~ -· .. ··-----

..... 
- C;>-- - ----- -· 

I< 
1<--
-\~ -c-., 

""7 cC: 
~-' 

-· 

(> 
·<'· 

/ 
~----· v - - - - f--

( 
-· .. -- -· - --\ --·-

.. 

'---- .. .. --l-
,_ -



DOUBLE RING INFILTROMETER TEST AT LOCATION OF PIT 8 S. L. 
NORTH TUNCURRY - SOUTHERN PRECINCT PLANNING STUDY 

. SCALE: ~SI, U~~~5Frgure No.1 a~ D.J. Douglas & Partners 
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f 
0 

Ia 

0 
i2 

I 0 

0 I-55 

I .:= 
0 E 

I 
0 

f-6\ WJ 

y 
;::: 

0 -s 

I 0 

0 C> 
m 

I 0 

1\ I 
0 

:'il 

0 
~ 

I 0 
0 

' 
I 0 \.1"\ 0 t.rt 0 lfl 0 

,_,., 0 
<0 ..... ..... "' "" lJ1 u-o ..j ..j 

(J4/ WW) NOI1V13lli~NI 

' 
DOUBLE RING INfiLTROMETER TEST ON GOLF COURSE 
NORTH TUNCURRY- SOUTHERN PRECINCT PLANNit~G STUDY 

SSI I 10653 OP. O.J. Douglas & Partners 
SCALE: E "'".:Figure No.2 
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0 8 
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8 

0 oo 
.s 
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E 

0 0 
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0 
lF> 

8 0 
w 

0 
::;: 

0 0 
,_. 

0 0 0 
0 

..;-

0 
0 
0 

0 0 

00 
00 

0 
r-~ 

0 0 
0 0 

0 
0 0 

8 0 :<:l 
0 0 

0 
0 

8 
8 0 

0 -$2 
0 

0 

0 
0 

08 
0 

' ' 
0 8 ~ 

0 8 0 0 0 8 0 0 0 0 0 ... N = "' ~ N 0 "' rn "' N N N N 

( J4/ WW) NOJlV'(Jlli:INI 

DOUBLE RING INFILTRot1ETER TEST LOCATION OF TEST PIT 8, 300mm be\m; S. L. 

NORTH TUNCURRY - SOUTHERN PRECINCT PLANNING STUDY 

SSI/10653 ij~ D.J. Douglas & Partners SCALE: $~~ ~.:Figure No.3 
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RESULTS OF PARTICLE SIZE DISTRIBUTION TEST 

SINCLAIR KNIGHT & PARTNERS PTY. LTD. DATE 8/2/1988 

PROJECT 

LOCATION 

10 0 

9 0 

8 0 

70 

6 0 

50 

40 

30 

20 

10 

0 
CLAY 

SOUTHERN PRECINCT STUDY 

NORTH TUNCURRY 

E E 
" " "' "' "' 

,_ 
~ 

. ---

FRACTION SILT FRACTION 

PROJECT NO. SST /10653 

TEST LOC. 2 DEPTH 1.0 

AUSTRALIAN STANOARO SIEVE APERTURES 

E 
E 

0 N 0 10 0 QJ "' I() Q 0 C\J 0 I() I() 00 

"' .-oNo r: <? I"-. ,."": II~ c-) O) u.) J'- <·.l u) - C\J(')'V(() - N "<;1"(()0).-..-C\1(") "'"-
ll 

. ---- -·-· -- -- --- ---·· ···-
-e--

f--- -
-· '------

-1---- --
'- -- ----

1-- --- -- -- .. - -- ------

+ 1--H--
--- - -1-+- ·I--

1/ 
-- -t--

7 -

-;, ·- -- --1-- -- .... +--··· ---- ·--· 

SAND FRACTION GRAVEL FRACTION !cOBBLES 

Fine Medium Coarse Fine - ! Medium Coarse Fine I Medium I Coarse 

_I 0.002 o.bo61 o.b2 0.06 _I d.2 
0.0001 0.001 . O.o1 0.1 

PARTICLE SIZE 

DESCRIPTION Light brown medium grained sand. 

PRETREATMENT Ni 1 

LOSS IN MASS ON PRETREATMENT . % 
SOIL PARTICLE DENSITY 11m3 

TEST METHOD 1289 C6. 1 

LABORATORY LOCATION Newcastle REPORT NO. 

This lnb01atory is registered by ltle 
National Association ot Tesling SSI/10653/1 
Authorilies, Australia. The Jest(s) 
reported herein have been per· 
l01med in accordance with i!s terms 
of registration. 

0.6 1 2 6 
,10 

2o 60 l 
mm 

1 100 

TESTED I. Piper 

CHECKED/:, llnslwood r- 7 

SIGNED ~c;.-6,-:-_< ';:-',' ~. 
;/G. Ll!'itwoo<.J 

~->' 

GROUND TEST PTY LIMITED 
A subsidiary o/ D.J. Oo11glas & PmlnCJS Ply Ltd 
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RESULTS OF PARTICLE SIZE DISTHIDUTION TEST 

\ 
Cli~;f 

PROJECT 

LOCATION 

SINCLAIR KNIGHT & PARTNERS PTY. LTD. DATE 8/2/1988 

SOUTHERN PRECINCT STUDY PROJECT NO. SSl/10653 

NORTH TUNCliRRY TEST LOC. 2 DErTH z.o 

AUSTRALIAN STANDARD SIEVE APERI"URES 

90---- -

80 - -·- ···-. 

---- -··· 
TO ---· -·· --- - · 

60 ---------

~- E E 

" 
E 

'" "' 0 " 0 "' 0 co <0 "' ci "- "' "' "' <) 
.. , '. ·- "' "' "' <0 "' ., 

--/---. ·1--------··----1/-----·-·· 
·--1- --·1----- --·--( -------

-------- --1--· ---------

50 --·--··---··1------ --------· --- _______ .. 

0 f) r.J ,., Ill 

1
: 

11 ! t'J I 11 {I ' 

'" rp • . "' 

40-1--- l---J..-.1- 1- ·- --..J..---- - --- -· .... 

30 --· _. .. -- - ... 

---------··--1- -----··1-----·- _. .. 

20 -1- -.. ... . - -- -

--·I- --. ·1- -1-- - - = --1/- - --· = :~~= --~--

"' ,.,,I 

'- I') H) ,., ,,,,. 

10 -·--- .. 

0 

··1--1-- -·. 
·--1-1- --. =; = :~- -: ~"=-: -~· illlilJ . J.l...!..L-..-1 

CLAY FRACTION Slt.:r FRACTION SAND FnAC'IION Gf-1/\VE/. rll/\C liON C:OUBLES 

_

1 

O.O:Fi~~]~~d~u~l~o~,~; 0~:\~~~~~~/llJ :~r~- 2 
__ F~,2~ -l'·1er"t~"~:·' Ol) . 

1 

__ 

0.000 I 0.001 0.01 0.1 I 0 IUO 

PARTICLE SIZE """ 

DESCRIPTION Mottled brown, medium grained sand with some c~1nrnted 

sand fragments. 

PRETREATMENT Nil 

LOSS IN MASS ON PRETREATMENT 
SOIL P/\RTIGI E DENSITY 1/m' 
TEST METHOD /IS 1289 C6.1 

LARORATORY LOCAriON Newcastle 

ll1io;; I:J!•ornl<.''\' r~ I!!(JISIIJHJd )ly U·~ 
t·J;~l!l')nnl A~'>oCln!!on Cl Te~llng 

AlltllOii1iP.S, AtJ~Irnlin. Tho lesi('S) 
rcrorlr.rl !trrr .. ln klVf'! t)rnn ncr· 
l•>~.,rt>rJ lrr ncr:0rdo:rco wlllrlls lerms 
olrf>ijl~hnllon. 

% 

REPORT NO. 

SSI/10653/2 

TESTED 
CHECKED 

"J. Piper 
G.· Eastwood 

GROUND TEST PTY LIMITED 
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RESULTS OF PARTICLE SIZE DISTRIBUTION TEST 

-~,j,-NT 
to.ilf!= SINCLAIR KNIGHT & PARTNERS PTY. LTD. DATE 8/2/1988 
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CLAY FRACTION SILT FRACTION SAND FRACTION GRAVEL Ff!ACT__I_O"!__ fcOBBlES 

Fine Medium Coarse Fine I Medium Coarse Fine 1 Medium''[ coarse 

J 0.002 _ 0.006 l 0.02 0.06 J. 0.2 

0.0001 0.001 0.01 0.1 

PARTICLE SIZE 

DESCRIPTION Light brown medium grained sand. 

PRETREATMENT Nil 

LOSS IN MASS ON PRETREATMENT 
SOIL PARTICLE DENSITY t/m3 

TEST METHOD 

LABORATORY LOCATION Newcastle 

This labora!ory is regislered by the 
Nalional Association ol 'Testing 
Authorilies, Australia. The lesl(s) 
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of registra!ion. 
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