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1.0 

INTRODUCTION 

At the request of Bowral Brickworks Pty Limited, AGC Woodward-Clyde Pty Ltd 

(Woodward-Clyde) has carried out a slope stability investigation for the part of Oxley Hill 

situated to the west of and adjacent to the proposed location of the Mittagong Rivulet 

diversion at Bowral Brickworks, New South Wales (Figure 1). An assessment of pit wall 

stability for determination of impact on the stability of diversion works and adjacent 

hillslopes has also been made. These investigations have been prepared to supplement the 

EIS for quarry extension and the rivulet diversion. 

It is planned to extend the existing pit operations to the west over a period of some 50 

years. This extension will require the diversion of the Mittagong Rivulet from its existing 

location along the western perimeter of the existing pit to the footslopes of Oxley Hill 
(Figure 2). 

The proposed diversion channel has been designed to accommodate a 1 in 100 year flood 

I
discharge. The preliminary design comprises a 3-4 m deep, 50 in wide trapezoidal channel 

cross-section with internal side batters generally no steeper than 4H: 1V. 

Hydrology aspects for the diversion works were investigated by Woodward-Clyde at 21 

locations for predictive hydraulic modelling with locations 1 to 15 shown on Figure 2. 

These locations are used herein for reference to specific intervals along the diversion. The 

diversion will extend from location 5 in the south to location 15 in the north over a 
distance of approximately 450 in. 

In the south, the distance between the crest of the diversion channel and the toe of the 

hillside ranges between 10 and 20 in (location 5 to location 9). In the central area in the 

vicinity of location 10 for a 50 in length, the crest of side batters will be cut into the toe of 

the hillslope. In the north from location 11 to location 12 the distance between the crest of 

the diversion channel and the toe of the hillside ranges between 10 and 30 in and increases 

to the north. 

An approximately 3 in high earth containment bund wall will be constructed along the 

eastern side of the diversion channel adjacent to the final pit limit. 
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The planned mining depth within the pit will be approximately 40 - 45 in below the 

existing ground surface. At its closest point the distance between the final pit limit and the 

toe of the hillside will be approximately 50 in. 

With consideration of proposed works the objectives of the investigation were as 

follows:- 

Provide an assessment of the existing morphology and stability of Oxley Hill as a 

record of the pre-diversion works slope condition. 

Assess the impact of the proposed diversion works on the future stability of the 

Oxley Hill. 

Assess the long term pit wall stability in relation to impacts on the diversion 

works and Oxley Hill to the west. 
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2.0 

FIELD INVESTIGATIONS 

Field investigations were carried out on the 27 and 28 September 1993 and then on the 15 
and 16 March 1995. Both periods of investigation were carried out under the supervision 

of Mr Steven Rosin, a Senior Geotechnical Engineer of this firm. The September 1993 
investigation comprised :- 

A walkover geotechnical mapping survey of Oxley Hill with mapped features 

presented on Figure 2. 

Excavation and logging of ten test pits (TP 1 to TP 10) to depths ranging between 

1.0 and 6.3 in below the surface using a CAT 240 track excavator machine. The 

test pit locations are shown on Figure 2 and the test pit logs are presented in 

Appendix A together with Explanatory Notes. 

Discussions between Mr Rosin and a nearby resident, Mrs Norma Burchell on 27 

September 1993 regarding the history of instability at the site. Mrs Burchell 

operates the stables at the crest of the hillside and has lived in the area for 40 
years. 

I . 	A brief inspection of the existing pit for the purposes of a broad overview of rock 

face conditions. 

The March 1995 investigations comprised 

Auger drilling of twelve holes (BH1 to BHI2) to depths ranging between 1.3 in to 
5.8 in below the surface using a Gemco HS7 drilling rig. The auger hole logs are 

presented in Appendix B with their locations shown on Figure 2. Test pits and 

auger holes were sited along six cross sections A-A to F-F shown on Figure 2. The 

various cross sections are presented on Figures 3 to 8. 

I 
I 
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For possible future groundwater level monitoring, PVC casing (50 mm dia.) was 

installed for suitable coverage in BH2 and BH1 1 in the hillslope area and BH1O 

in the flood plain area. The lower 2 in of each hole was slotted and a clean sand 

(maximum 2 mm dia.) was placed as backfill to within 1 in of the surface. Each 

hole was sealed with a 200 mm thick bentonite plug followed by a sandlcement 

mix to the surface. 

Disturbed and undisturbed samples were collected during the test pitting and auger 

drilling for the purpose of subsequent laboratory testing. The laboratory test results 

are presented in Appendix C. The program of testing and results are discussed in 

Section 5.0. 

Discussions between Mr Steve Wall, Production Manager for the brickworks and 

Mr Steven Rosin in relation to the history of pit stability within the existing quarry 

as a guide to future performance. 

A review of a recent exploration drilling report. 
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3.0 

SITE FEATURES 

I 
I

The area of proposed pit extensions comprises an open, level flood plain pasture flanked 

to the west by the north south trending Oxley Hill. The Mittagong Rivulet is characterised 

I 

	

	
by a narrow shallow channel with the height between the creek bed and the top of the 

bank ranging between 1 to 2 in. The creek does not manifest deep scour features. 

Oxley Hill has an overall height of 30 in and slope angle varying between 15 to 20 

degrees. In the vicinity of the toe of the hillside, the slope angle reduces to between 5 to 

10 degrees. The hillside consists of grassland and bush with occasional mature tree 

growth. Beyond the crest of the hillside to the west in the vicinity of Parry Drive, the 

ground slope reduces to typically between 5 to 10 degrees. A minor drainage feature is 

present along Geotechnical Section c-c downslope of a small dam. 

The hillside was noted to be generally dry at the time of field investigations. It was noted 

that the area had experienced only limited rainfall over the few months prior to each 

investigation period and rainfall had been relatively low in recent years in the region. 

A sewer line traverses the base of the hillside along the western boundary of the proposed 

location for the diversion (see Figure 2). It is understood that this 27 inch main was 

installed in 1983 along this alignment. Prior to this, a 12 inch main was located slightly 

south east of but adjacent to the alignment from MH2B to MH12A then to MH8A (see 

Figure 2). This original main was installed in the 1930s. In 1983 the section between 

MH12A and MH2B was replaced by a 12 inch submain. 

I 
I 
I 
1 
I 	3026\R028-B.DOC\12 MAY 1995'5GR:rnh 	 3-1 

Li 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 

I 



Woodward-Clyde 

4.0 

SUBSURFACE CONDITIONS 

4.1 	GENERAL GEOLOGY 

The geological map for the area (Wollongong Si, 56-9, Scale: 1:250 000) indicates that 

the site is underlain by shales and laminites of the Ashfield Shale which occur as part of 

the Wianamatta Group. The main outcrop of Tertiary Basalt is approximately 1 OOm to the 

west of the diversion. The boundary between these two geological units is shown on 

Figure 2. 

The test pit and auger drilling investigation has revealed that the flood plain area and the 

northern part of the steep hillside area is underlain by shales and siltstone. Shale exposure 

in the existing pit indicate that the strata has a very gentle dip of a few degrees to the 

south. 

Basalt outcrops as a major sill above the shale beyond the crest of the steep hillside area 

to the west in the vicinity of Pany Drive. The southern area of the steep hillside is also 

underlain by basalt, possibly arising from a thickening of the sill intrusion in this area. 

4.2 LITHOLOGY 

The relationship between overburden soils and bedrock is shown on Section A-A to F-F 

(Figures 3 to 8). The general location of each section in relation to the diversion is as 

follows: 

Section A-A and B-B (Fig. 3 and 4) - Northern area 

Section c-c and D-D (Fig. 5 and 6) - Southern area 

Section E-E and F-F (Fig. 7 and 8) - South of diversion 

Overburden soils consist of a surface silty sand topsoil layer between 0.1 to 0.5 m thick. 

This is underlain by stiff to very stiff, silty clay with some fine gravel, all of colluvial 

(transported) origin in the steep hillside areas. These soils grade to a stiff silty clay and 

sandy clay/clayey sand at the toe of the hillside from mixed colluvial and flood plain 

alluvial sources. 
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Where bedrock was encountered within test pits, bucket refusal occurred or excavation 

progress was slow. Similarly, auger refusal occurred once bedrock was encountered. This 

was in both cases due to the competent nature and shallow depth of weathering of the 

bedrock particularly in the basalt areas. 

The depth to bedrock within the flood plain area generally ranged between 27 - 3.5 in 

(refer to TP1, TP4, TP6, BH1 and BH1O) which is at a similar level to the chaimel bed for 

the diversion works. 

Within the steep hillside area, the greatest depth to bedrock was encountered to the north 

along Geotechnical Section A-A which coincides with a trough shaped slope feature. 

Along this section, the depth to bedrock ranged between 2 m in the upper slopes to about 

6 in towards the toe of the hillside (refer to TP2, TP3 and BH2). A similar range of 

colluvial thickness was encountered in the south for Section c-c which coincides with the 

drainage feature. 

The topography between Section B-B and c-c in the central area is characterised by a 

gentle spur in an area where shallow bedrock is expected. Drilling in this area (BH3 and 

BH8) revealed a shallow colluvial thickness of between 1.0 - 1.5 in before bedrock was 

encountered. 

The depth to bedrock for Geotechnical Sections B-B, D-D and F-F ranged between 2 to 

3 in with an anticipated thickening in the downslope direction. Along Geotechnical 

Section F-F, the depth to bedrock decreased in a downslope direction due to a resistant 

basalt subcrop in the vicinity of TP9. 

TP1O which was located south west of the steep hillside area within the same 

I topographical unit as Parry Drive where the ground slope is more gentle (i.e 9 degrees). 

The depth to bedrock at this location was greater than 7 in and the greater thickness of 

I colluvium compared to elsewhere is expected to be related to the deep weathering within 

the basalts. 
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I 
1 	4.3 GROUNDWATER 

I
A review of the results of the December 1994 exploration drilling program for the new pit 

extension indicates that the depth to the regional groundwater table was at least several 

metres below the surface in the flood plain area. Based on this data and topographical 

I considerations, it is likely that the groundwater table is at even greater depths in the steep 

hillside area. 

I 
During the October 1993 investigation, groundwater was encountered only in TP 1, TP4 

I and TP6 in the flood plain area at a depth ranging between 2.5 in to 3.0 in which was 

close to the level of bedrock. This water was interpreted to be of a perched nature in view 

I of the significant depth to the regional water table. 

I During the March 1995 investigations, no groundwater was encountered in any of the 

holes. This was considered to be due to the very dry conditions prior to the fieldwork 

I 	period. It is noted that the period prior to the October 1993 investigation was slightly 

wetter than prior to March 1995. 

I 
I 
I 
I 
I 
I 
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I 
1 	 5.0 

LABORATORY TEST RESULTS 

For the 1993 investigation disturbed samples from selected depths in the test pits were 

I
recovered for determination of index properties of soils. These samples were submitted to 

a NATA registered geotecimical testing laboratory for determination of liquid limit and 

i
linear shrinkage. 

Both disturbed and undisturbed (push tube) samples were recovered during the March 

1 	1995 auger drilling investigations at selected depths for the puose of laboratory testing. 

Samples were submitted to a NATA registered soil testing laboratory for more extensive 

I testing to include particle size distribution, liquid limit, plastic index, triaxial strength 

testing and dispersivity. 

I 
All test results are presented in Appendix C and summarised below. 

I 
The natural moisture contents for three undisturbed samples ranged between 13% and 

1 	18% and the dry densities for these samples ranged between 1.7 and 2.0 t/m3. 

I 	

The results of liquid limit, plastic index, linear shrinkage and particle size distribution for 

colluvium are summarised in Table 1 (refer page 5-3). On the basis of the combined 

I 	

results, the colluvium is classified as (CL) inorganic silty clays of low to medium 

plasticity. 

The particle size distribution based on four samples of colluvium are summarised in 

Table 2. 

TABLE 2 SUMMARY OF PARTICLE SIZE DISTRIBUTION FOR SOILS 

% OF EACH COMPONENT 

TEXTURAL COMPONENT 	 MEAN 	- 	 RANGE 
Clay 	 41.5 	 31-50 
Silt 	 25.25 	 21-30 
Sand and fine gravel 	 33.25 	 22-44 
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Two triaxial tests were conducted on undisturbed samples for determination of drained 

peak shear strength parameters. Both samples were from BI-12 and the derived parameters 

are summarised below. 

TABLE 3 	TRIAXIAL TEST RESULTS ON SOILS 

SAMPLE DEPTH 	 COHESION (C') 	 FRICTION (peak strength) 
(m) 	 (kPa) 	 (deg) 

2.0 - 3.0 	 40 	 24.5 
3.7 -4.0 	 20 	 33 
Minimum from p-q plot of both 	 18 	 27 
samnies 

It is our opinion that the result for the sample between 2.0 - 3.0 m overestimates c' and 

under estimates the 0peak  value. 

As a guide to assessment of the dispersitivity of site soils, Emerson Crumb tests were 

conducted on samples from BH5 and BH1O in both cases from a depth of 2.0 in. The 

Emerson Class No was determined to be 5 and 6 for BH5 and BH10, respectively. These 

results indicate a non-dispersive soil. We expect minimal erosion problems associated 

with exposure of these soils along batters provided suitable surface drainage control is 

provided. 
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TABLE 1 	LABORATORY RESULTS FOR INDEX PROPERTIES OF SOILS 

PARTICLE SIZE DISTRIBUTION 
SAMPLE DEPTH LIQUIDLIMIT PLASTIC LINEAR % %SANDAND 

LOCATION (m) (%) INDEX SHRINKAGE CLAY 	 SILT 	FINE GRAVEL 

TP2 2.0 25 10.5 
6.3 28 7.5 

TP3 2.0 52 12.0 
TP4 3.0 31 9.0 
TP6 2.7 37 9.5 
TPIO 2.5 50* 13.5* 

4.2 78* 17.0* 
BHI 3.0-3.5 35 18 37 21 	 42 
BH2 2.0 48 30 	 22 

3.7-4.0 25 10 
BH4 1.9 -2.2 26 10 

2.5 31 25 	 44 
BH9 2.0 - 2.3 44 24 50 25 	 25 
BH12 1.2-1.4 61 36 
MEAN VALUE 36.4 19.6 9.7 41.5 25.25 	 33.25 

Note: 	TPIO - * Samples taken from basalt derived colluvium south of slopes and thus excluded from calculation of mean values. 
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I 	 6.0 

SLOPE STABILITY ASSESSMENT 

6.1 	SITE SURVEY 

I From the October 1993 walk over survey and cursory inspections during March 1995, 

there was no evidence to suggest that the steep hillside adjacent to the proposed diversion 

I works had undergone landslip type mass movement in recent times. The mature trees in 

general along the hilislope appear to be straight, which suggests relatively stable slope 

I
conditions, at least within the time span of these trees. Neither were surface tension cracks 

or pronounced disturbed ('hummocky') ground features typical of landslip areas 

I
identified. The overall slope profile was in most areas identified to be generally uniform. 

' 	 According to Mrs Norma Burchell, the hillslopes have generally remained 'stable' and 

landslip has never been raised as a problem. This is consistent with our site observations. 

I It is also understood that since the installation of the sewer main in 1983 there has not 

been a requirement for pipe maintenance work such as may be expected from ground 

I movement. It is also understood that pipe maintenance associated with the ground 

movement was not required for the old main which was in place since the 1930's. 

I 
In many areas along the steepest portion of the hillside, however, the ground surface had a 

I
slight 'disturbed' appearance considered to be as a result of soil creep type movements. 

The location of such "disturbed ground" areas are shown on Figure 2 and appear to be 

I
confined to the slope areas where colluvial thickness is greatest, such as in the vicinity of 

Geotechnical Section A-A or along drainage lines, such as in the vicinity of Geotechnical 

I
Section c-c. 

I 	
The area to the west of the hillside and immediately to the south of the stables also has an 

apparently "disturbed" appearance. It is expected that this is from minor past landscaping 

or farming. 

The land south of TP10 was not investigated in detail but also appears to have a slightly 
ZD 

I 	disturbed ground surface appearance. It is most likely that this area has also been 

I

subjected to minor landscaping most likely from past farming. The straightness of the 
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I 

I mature tree line which forms the southern boundary to the brickworks property in this 

area suggests that this area has not experienced landslip, at least within the time span of 

I
these trees. 

6.2 	STABILITY ASSESSMENT OF EXISTING SLOPES 

According to the Soil Conservation Service of NSW map of the area (aflached in 

I Appendix D, refer Figure Dl, area type 3), the hillside area is classified as having a 

"moderate" physical constraint to urban development and should be subject to normal site 

assessment and development control. The Soil Conservation Service views the range of 

physical limitations (to development) to include soil shrink/swell, permeability and 

I
drainage. No mention is made of landslip as a potential problem for the area. 

I
As discussed in Section 6.1, visual inspections indicate that there was no evidence to 

suggest that the hillside has experienced landslip in recent times and the only type of 

I 	
slope movement was identified to be soil creep which is typical of many steep slopes in 

the Sydney Basin. 

I In order to aempt to quantify the existing risk for landslip so that the impact of fure 

diversion works may be assessed, we have employed a classification system from the 

Australian Geomechanics Society (Ref 1). 

On the basis of the field investigations, it is considered that the hilislope is classified as 

having a "medium" risk of instability in relation to potential slip movements. This rating 

is given on the basis of steepness of slope and the significant thickness of colluvial cover 

in many areas. The implications of a "medium" risk as detailed in the document are that 

' 	significant instability can be expected if the development (i.e. the diversion works) does 

not give due regard to site conditions. It will be demonstrated in Section 6.3 based on 

slope stability analyses that there is a low probability of future instability at the site 

I
6.3 STABILITY ASSESSMENT FOR CREEK DIVERSION WORKS 

6.3.1 General 

Slope stability analyses have been carried out to assess the potential for landslip 

I
associated with the proposed diversion works. These analyses initially involved 
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I 
I evaluation of the existing level of stability for the slopes (without the diversion works) to 

determine likely soil strengths and groundwater conditions that could bring about failure. 

The results of these analyses were compared with subsequent evaluation of stability for 

the diversion works. 

I
6.3.2 Geotechnical Failure Models 

A review of Geotechnical Sections A-A to F-F indicate that slope instability for the 

I diversion works is only likely to be a potential problem for the shale outcrop areas as the 

southern basalt area is underlain by shallow bedrock. Shale areas occur north of location 

I 6. Instability is not expected to occur for the shale area in the vicinity of the spur in the 

hillside (location 10) due to the shallow depth to bedrock in this area (typically 1.0-1.5 

I 	m). It is thus assessed that Geotechnical Sections A-A to C-C are the most critical in 

terms of potential instability and hence have been the subject of slope stability analysis. 

I Experience has shown that most failures that occur in the Wianarta Group shales are at 

the interface between colluvium and residual shale or extremely weathered bedrock. 

I These soils generally have a higher plasticity and experience moisture softening and 

hence reduced soil strength. High plasticity, moisture softened soils were, however, not 

I identified close to the bedrock level during the subsurface investigations. 

1 	Elevated water table levels that develop during extended wet weather are the driving force 

that initiates instability. Sources of groundwater may be from direct infiltration which is 

I expected to result in a perched water table. Weak artesian pressures from bedrock seepage 

outflows may also occur but are considered less likely due to the significant depth below 

surface to the regional water table. 

6.3.3 Method of Analysis 

It is common practice to define the stability of a slope in terms of a safety factor obtained 

I from a numerical stability analysis. Due to the many uncertainties involved in the 

assessment of slope stability, an analytical approach should only be regarded as a guide. 

I This is mainly due to variability of natural soils and groundwater levels. In many 

circumstances, engineering judgement, based knowledge and experience of local 
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I 
I conditions may be more impoant than numerical techniques, the results of which were 

reviewed based on our experience with similar cases in the Sydney Basin. 

The safety factor against slope failure is defined as the ratio of average available shear 

I
strength of the soil along the slip surface to that required to maintain equilibrium 
(stability). 

An appropriate design safety factor against the failure of a slope depends on the extent to 

I
which that failure could cause loss of life or economic loss. Based on published guidelines 

(e.g. Geotechnical Control Office, 1984, Ref 2), it is recommended that a minimum safety 

factor of 1.2 be used for the site, assuming a low risk to life and low risk of economic 

I 	loss. 

I An evaluation of stability on existing slopes was canied out using the Sanna method 

(1973, Ref 3) and a computer programme developed by Hoek (1987, Ref 4). The slope 

I stability technique analyses non-circular failure geometries by the method of slices. 

1 	6.3.4 Adopted Soil Strength and Groundwater Parameters 

The effective cohesion (c') and friction 
(øbe) along a potential slide plane will govern 

I 	slope stability. The results of triaxial testing indicate a minimum c' value of 18 kPa and 

minimum 0 peak of 27 degrees. Although a high c' value was obtained, a low value 

1 	conectly models most slope failures and for this reason, a c' value of zero has been 
adopted. 

I 
After significant displacement of a clay soil as a result of slope movement, the strength 

I
falls to the residual value owing to reorientation of platy clay minerals parallel to the 

direction of shearing. The 	resjduaJ value of a soil thus represents the minimum possible 

I
theoretical value. This value may be predicted based on the percentage clay fraction and 

plasticity index after Lupini et al, 1981 (Ref 5). Taking the mean values for percentage 

I
clay fraction and plasticity index from the results of laboratory testing, it has been 

predicted that the ø feSjdual  value for colluvium is likely to be about 25 degrees. 

I It is considered appropriate to assume that 0base is equal to 0peak for the analysis because 

I

their is no evidence of previous slope movement. 
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The following soil parameters were applied to the various slope stability models:- 

interslice (colluvium) strengths 0slice = 250  and Cohesion c' = 0 

slide plane strength 0be = varied and c' = 0 

unit weight colluvium = 19 kN/m3 . 

Since the water table at failure is usually not known slope stability analyses have been 

carried out for four water table cases namely:- 

a dry slope; 

I • 	a water table at mid height above the slide plane (approx. 50% slope saturation); 

a water table 1.0 in below the ground surface (approx. 75% slope saturation) 

1 	• 	a water table at the surface (100% saturated slope). 

I These various water table cases are graphically shown on Figure 3. 

1 	6.3.5 Stability Analysis of Existing Slopes 

The likely failure geometries for the existing slope and for the diversion works are shown 

I in Geotec1cal Sections A-A, B-B and C-C (Figures 3, 4 and 5). A sensitivity study was 

carried out to determine the safety factor for a range of 0base  values for the various water 

I table conditions defined above. The results of these analyses are presented on Figures 

9,10 and 11 for Sections A-A and C-C. The results for Section B-B have not been 

I presented as they show similar trends and have been kept on file 

For the analysis of existing slope failure it is predicted that the failure plane would largely 

be confined to the steeply sloping portion of the hillside. For Section A-A assuming a 

' 	 0base of 27 degrees (minimum likely value) and an "extreme" water table condition of 

100% slope saturation, a safety factor of 1.16 results. This safety factor is considered 

unacceptable since it is less than 1.2 (refer Figure 9). 

I

Tt is expected, however based on the significant depth to the water table and the small 

catchment area, that the "worse case" water table condition is likely to be closer to 50% 

I
slope saturation. For this condition the safety factor increases to 1. 75 which implies 
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I 
I stable conditions. This analysis thus demonstrates why the slope under the above range of 

conditions has essentially remained stable. 

If the same soil strength (i.e 0be of 27 degrees) and 50% slope saturation is assumed an 

I 	
acceptable safety factor is also achieved for Section B-B and C-C (refer to Figure 11 for 

Section C-C results). 

1 	6.3.6 Stability Analysis for Diversion Works 

I For Section A-A and B-B the likely failure plane arising from the diversion works extends 

beyond the toe of the steep portion of the hilislope and is expected to "daylight" at the toe 

I of the diversion channel side batter. Under such conditions the soil mass beyond the steep 

portion of the hillslope provides a stabilising buttress effect and hence should result in 

I more stable conditions compared to a failure geometry confined only to the steep portion 

of the slope (described previously for the failure geometry for the existing slope). 

However, for the case of Section C-C, the diversion works intercepts the toe of the steeper 

portion of the slope resulting in the partial loss of toe support. In view of this, less stable 

I conditions are expected compared to the failure geometry without the diversion works. 

I The results of slope stability analyses for Section A-A and Section C-C are presented in 

Figure 10 and Figure 11 respectively. 

The safety factors for Section A-A and C-C for existing slope conditions and the 

I diversion works for a range of water table conditions are summarised in Table 4. In all 

cases a 0be  of 27 degrees has been assumed. 

I 

I 

I 

I 

I
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TABLE 4 SUMMARY OF SAFETY FACTORS FOR SECTION A-A AND C-C 

SAFETY FACTORS 

Section A-A Section C-C 

Case Dry 	50% 	100% 

Slope 	Saturation 	Saturation 

Dry 	50% 	100% 

Slope 	Saturation 	Saturation 
Existing 

Slope 

2.0 	1.7* 	1.2 3.0 	2.3* 	1.5 

Diversion 	>2.5 	2.0 	1.4 	2.7 	1.9* 	1.3 
Works 

* most likely safety factors for "worst case" ground water condition of 50% slope saturation. 

For Section A-A, the resulting safety factors are higher for the diversion works compared 

to the existing slope for the range of water table conditions analysed, confirming as 

expected more stable conditions for the diversion works. 

For Section C-C, the resulting safety factors as expected are less for the diversion works 

compared to the existing slope due to the removal of partial toe support. Nevertheless, for 

the range of table water table conditions analysed and particularly for the likely "worst 

case" water table, safety factors are within the acceptable range (i.e. >1.2). It is thus 

considered that this slope should also remain stable in the long term. 

6.4 	IMPACT OF EARTHQUAKES 

The earthquake code AS 1170.4 - 1993 (Ref. 6) presents earthquake hazard maps for 

Australia in terms of ground acceleration coefficients. 

For embankment and slope behaviour, the ground acceleration due to a specific 

earthquake event is the critical parameter for determination of stability in a seismic event. 

The maps provide ground acceleration coefficient values in terms of a 10% probability of 

exceedence in 50 years. This relates to an earthquake magnitude with a 500 year return 
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I period which is considered appropriate for assesment of slope stability and is used for 

design. For the Bowral area the ground acceleration coefficient with a 500 year return 

I
period is given as 0.09g. 

I
The Sarma method was also used for assessment of the effects of earthquake loading on 

the slopes. For comparison, stability analyses were carried out for the existing slope of 

I
section A-A with and without an earthquake for a dry slope, and also 50% slope 

saturation (i.e. the "worst case" water table condition). In all cases a 0be of 27 degrees 

has been assumed. The resulting safety factors are presented in Table 5. 

I

TABLE 5 SAFETY FACTOR FOR EARTHQUAKE LOADING OF SLOPE 

SAFETY FACTORS 

I Dry Slope 	50% Slope Saturation 
No Earthquake 	 2.0 	 1.7 

I Earthquake (0.09g) 	 1.5 	 1.3 

I
With earthquake loads for a thy slope and a 50% saturated slope the safety factors are 
considered acceptable (i.e. > 1.2). 

It is noted that marginal stability conditions may coincide with a high ground water table 

during an earthquake. The probability=  of an extreme rainfall period in association with the 

(unrelated) earthquake is expected to be very low. 

The above results demonstrate that it is considered unlikely that an earthquake of 

significant magnitude would have an impact on hillside instability. 

I 

I 

I 
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7.0 

STABILITY ASSESSMENT ASSOCIATED WITH PIT EXTENSIONS 

1 	7.1 
	

Features of Existing Pit 

The pit has been in operation for more than 50 years and has been developed by drill and 

blast tecimiques. It is some 350 in long, 100 in wide and 40 in maximum depth in the 

west. It currently has accumulated seepage on the floor. The pit in its deepest portion 

comprises a very steep face with an overall slope angle of about 65 degrees. 

From the surface to about 3 in the area is underlain by sandy clay alluvium. This is 

underlain by some 40 in of Ashfield Shale. Below this, sandstones and siltstones of the 

Passage Beds and underlying Hawkesbury Sandstone occurs. 

The Ashfield Shale within the existing pit comprises a thickly interbedded sequence of 

dark coloured shales, claystones, siltsones and sandstone. Bedrock in the near surface 

zone is extremely weathered, and clay rich. Below this, the rock is expected to be slightly 

weathered to fresh, and competent. 

A major near vertical dyke swarm is exposed in the northern part of the existing pit 

1 	striking approximately 110 degrees from magnetic north. The surrounding rock adjacent 

to this dyke swarm is baked hard and brecciated. 

Faulting in the pit mainly strikes northwest, northeast and east in the form of low dip 

angle normal faulting. Fault plane dips range between 45 to 50 degrees and the fault 

surfaces are typically curviplanar. 

The rockmass appears to be typically widely jointed to "massive" and characterised by 

mainly near vertical jointing and sub horizontal bed partings. 

7.2 	Summary of Extended Quarry Design 

The quarry extension is essentially rectangular in shape (300m x 1 50m) with an additional 

area immediately south of the existing quarry. The following design criteria for the 
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quarry extension drawn from experience in the existing quarry and standard safety 

requirements will be used. 

Maximum bench height 20in 

Quarry Face angle 	650 

BermlRoad width 	lOm 

With the above design criteria, the final pit walls will be at an approximate overall angle 

of 50 degrees. There would be two benches within the quarry extension, namely at 640m 

and 620mAHD. 

7.3 	Assessment of Stability For New Pit 

I
Recent exploration drilling in the area proposed for pit extensions indicate similar 

lithological conditions to that encountered within the existing pit. The general structure in 

I
terms of dyke intrusions, faulting and jointing is most likely to also be similar to that 

encountered within the existing pit. It is thus expected that the performance of batters 

I 	within the existing pit should provide an indication of the stability of the pit walls during 

future extension. 

I The walls within the existing pit have remained stable and stable rock slope conditions 

were evident from our brief inspections. It is thus expected that final pit walls will also be 

I stable given the favourable rock conditions and gentler final overall pit angle to that 

which exists at present. 

It is noted that the existing Mittagong Rivulet channel to the west of the existing pit and 

I
the main southern railway line to the east of the existing pit at their closest point are about 

20m from the edge of the existing pit. Neither the rivulet nor the railway have been 

I
affected by past pit wall instability. 

I
Significant scour erosion however was noted along the upper slopes mainly confined to 

the approximately 3 m thick surface alluvial soils and underlying weathered bedrock. 

I 
I 
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I
Large scale rock mass failure, involving the collapse of a significant portion of the face 

has not occurred in the past. It is considered that the competent nature of the rock and 

generally favourable discontinuity structure has prevented such failure types. 

I
A mechanism for planar sliding failures may exist where fault planes strike parallel to pit 

walls with low angle dips into the pit. Such a failure mechanism has not occurred in the 

past and is thus likely to be infrequent within the future pit because pit walls will have a I 	similar ohentation to existing pit walls. This is expected to be due to the favourably 

oriented fault structures and curvilinear fault plane surfaces which in the latter case results 

I 	in high mobilised shear strengths along a potential failure plane. 

I It is expected that in the event of an earthquake, instability within the pit will be limited to 

localised fretting or collapse of the face only given the favourable rock mass conditions. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 	
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8.0 
CONCLUSIONS 

OXLEY HILL 

A comprehensive geotechnical investigation of Oxley Hill has been carried out 

comprising a walk over survey, test pitting, auger drilling, laboratory testing and slope 

stability analyses. The following conclusions can be drawn from the investigations. 

There was no evidence to indicate Iandslip type movement. The slopes in the 

vicinity of the proposed diversion works were assessed to be generally stable. 

Slope stability analyses for the existing slope (without the diversion channel) 

1 	show that if the minimum values from the likely range of soil strengths are 

adopted, and the likely "worst case" groundwater conditions are assumed, an 

I acceptable safety factor against slope failure results. These results are consistent 

with the visual assessment of stable slope conditions at the site. 

Slope stability analyses incorporating the proposed diversion channel indicate an 

acceptable safety factor against slope failure. These slopes should remain 

generally stable in the long term. 

Earthquakes are unlikely to have a significant impact on hillside stability. 

Given that slopes are expected to remain stable in the long term it is not 

I 	

considered necessary to carry out slope stabilisation as part of the creek diversion 

works. 

I PIT WALLS 

I Based on a site inspection and evaluation of the existing pit wall performance the 

following conclusions may be drawn regarding future pit stability: 

Pit walls for future quarry extensions are expected to remain stable due to 

I expected favourable rock mass conditions. 
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Large scale failures that could impact on the diversion works area, and Oxley Hill 

to the west are considered unlikely. 

Earthquakes are unlikely to have a significant impact on long term pit wall 

stability. 

The most common type of future pit wall instability is likely to be from localised 

fretting or collapses of the face due to unfavourable local rockmass structure. 

Adjacent to and within the pit, the side batters for the containment bund walls, 

underlying alluvial soils and weathered bedrock may be subject to excessive scour 

erosion. This problem can be reduced by appropriate engineering control 

measures. 
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9.0 

RECOMMENDATIONS 

OXLEY HILL 

I To ensure that slope instability does not become a problem in future along the hilislopes 

west of the diversion works the following is recommended: 

Visual inspections of the hillside to confirm anticipated slope performance. 

I Inspections should be caied out during and following periods of extended wet 

weather or annually in the first instance. The frequency of inspections would be 

I
assessed regularly. 

I
• 	Should evidence of slope instability be identified, advice must be sought from an 

appropriately qualified geotechnical consultant. 

For a 50 in section in the vicinity of Location 10 (refer Figure 2), the proposed 

I 

	

	creek diversion will be located at the toe of the hillside. Mass slope instability is 

not expected to be a problem for this section due to the shallow depth to bedrock. 

I 	
Nevertheless, in order to protect against scour erosion associated with flooding of 

the creek and run-off, consideration should be given to placement of an 

approximately 1.0 in thick layer of rip-rap protection along the crest zone of the 

I western batter. Erosion protection is also considered necessary to minimise 

siltation for water quality requirements. Quarry stockpiles of sandstone gravel and 

I boulder size fragments are considered suitable materials for rip-rap. 

To minimise scour erosion of the batter along the western side of the diversion 

associated with hillside run-off, installation of a surface cut-off drain along the 

crest of this batter for the full length of the diversion. This may comprise an 

unlined shallow trench with lined channels down the face of the batter at various 

I
intervals to allow discharge to the rivulet. 

I 
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CONTAINMENT BUND WALL 

The outer batter for the containment bund wall (to be at 2.5H: 1V) should be a 

properly engineered structure to prevent scour erosion and possible slope 

instability problems. This should involve the use of suitable quality fill materials, 

which must be placed and compacted to an appropriate earthworks specification. 

For foundation stability and erosion control of the outer batter of the bund wall, 

the underlying clay alluvium expected to a depth of approximately 3m, should be 

graded to 1.75H:lV. The crest of this batter may be located at the toe of the outer 

batter of the bund wall and the toe, at the top of rock at the edge of the final pit 

limit. The batter within the alluvium should then be contour ploughed and grassed. 

PIT WALLS 

Pit wall stability should be reviewed on an ongoing basis and particularly prior to 

the final pit limit is reached. The review should involve evaluation of rock mass 

structure and pit wall stability performance. 
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EXPLANATORY NOTES 
	

SHEET 1 

TYPICAL REPRESENTATION AND TERMS USED FOR SOILS (Based on AS1726-1 993) 

SOIL CLASSIFICATION TABLES 
narse Grained Soils 	 Fine Grained SoIs 

GROUP 

SYMBOL 

GENERAL DESCRIPTION 

ML Inorganic silts, very fine sands, rock flour, 

silty or clavev fine sands with sliaht plasticity 

CL 

Cl 

Inorganic clays of low to medium plasticity, 

gravelly clays, sandy clays, silty clay, lean clays 

OL Organic silts and organic clays of low 

plasticity 

MI-I Inorganic silts, micaceous or diatomaceous 

fine sands or silts 

CH Inorganic clays of high plasticity, fat clays 

OH Organic clays of medium to high plasticity 

Pt Peat, muck and other highly organic soil. 

(trree (iriinpd Snils 

Some resistance to a Considerable No penetration with a 

FIELD TEST Easily excavated spade or penetration resistance to spade hand bar; requires pick High resistance to a pick 

with a spade with a hand bar or penetration with a for excavation 

hand bar  

DESIGNATION Very loose lVLl Loose (L) Medium Dense (MD) Dense(D) Very Dense IVDI 

(SYMBOL)  

SPT 'N' VALUE 

lblowI3OOmrnl 0 4 10 	. 30 	 50 

DENSITY 

INDEX % 0 15 35 65 	 85 	 100 

r0McITcI1rV 	 R;I 

FIELD GUIDE -- Exudes between Can be moulded by Can be moulded by Cannot be moulded Can be Can be indented 

fingers when light finger pressure strong finger by fingers; Can be indented by thumb nail with 

squeezed pressure indented by thumb by thumb nail difficulty 

DESIGNATION Very Soft (VS) Soft ISI Firm (F) Stiff 1ST) Very Stiff (VST) Hard (H) 

(SYMBOL)  

UNDRAINED 

SHEAR (kPa) 	 12 	 25 	 50 	 100 	 200 	 >200 

STRENGTH(Cu)  

('DAIM 017C 

Not visible Particles > 1 Oum Particles > 60um visible 

with xlO lens visible with xlO to naked eye 

Does not dilate lens 

FIELD on shaking Dilates on Fine sand feels gritty 

TEST Adheres to shaking in fingers Visual identification 

fingers when Does not adhere 

dry to fingers when 

dry 

Feels gritty on 

teeth 

SAND GRAVEL 

Fine Medium Coarse 

I  Fine Medium Coarse I DESIGNATION CLAY SILT COBBLESIBOULDERS  

(f) (m) (Cl (fI (m) (C) _________ 

75 	200 	600 2.36 	6 	20 63 	_J29_ 
Microns Millimeters GRAIN SIZE Distinguished by Plasticity Chart 
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GROUP GENERAL DESCRIPTION 

SYMBOL 

GW Well graded gravels and gravel - sand 

mixtures - little or no fines: 

OP Poorly graded gravel and gravel 

mixtures - little or no fines, uniform gravels 

GM Silty gravels, gravel 	sand - silt mixtures 

,GC Clayey gravels, gravels - sand 	clay 

mixtures 

SW Well graded sands and gravelly sands - 

little or no fines 

SP Poorly graded sands and gravelly sands - 

little or no fines, uniform sands 

SM Silty sands, sand - silt mixtures 

SC Clayey sands, sand - clay mixtures 



SEDIMENTARY ROCKS 

Mudstorte 

Shale 

===== Siltatone 

Sandstone 

Conglomerate 

Limestone 

Coal 

METAMORPHIC ROCKS 
Low grade: slate, phyllite, schist etc. 

High grade:quartzite, gneiss, marble etc. 

IGNEOUS ROCKS 

Plutonic (generally coarse grsiried(: granite, gabbro etc. 

S. 	'j• Hypabyssal (generally medium grained(: micro-granite, 

dolerite etc. 

yvv Volcanic (generally line grained):rhyolite,andesite, yyyyyv 
V VVV V V 

v v ' ' v basalt etc. 

Pryoclastic: pumice, tuff etc. 
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EXPLANATORY NOTES 
	

SHEET 2 

TYPICAL REPRESENTATION AND TERMS USED FOR ROCK (Based on AS 1726-1993) 

ROCK MATERIAL WEATHERING CLASSIFICATION 
Shows chemical Soil developed on Rock is weathered Rock strength usually Visible change No weathering 

and physical weathered rock; to such extent that changed by weathering, in appearance effects visible 

alteration to fabric the mass structure it has soil properties The rock may be highly but no to naked eye 

DEFINITION caused by and substance ie. it either discoloured, usually by significant loss 

temperature, fabric not evident disintegrates or ironstaining in strength 

pressure or can be remoulded 

injection of other in water 

material 
TERM Altered Residual Soil Extremely weathered F

(SYMBOL( 	 ~R) 

Distinctly weathered Slightly weathered 

(Al (PSI rock (XW( rock IDW( rock lSWl  

STRNT}-1 	 BASED ON POINT LOAD STRENGTH INDEX 

FIELD TEST Easily remoulded Material crumbles Easily scored Readily scored A 50mm core Hand specimen Specimen 

by hand to a under firm blows with a knife with a knife 1 50mm long breaks with requires many 

material with with sharp end of long cannot be pick after more blows with 

soil properties pick broken by hand than one blow geological pick 

Broken by pick to break through 

with a single intact material 

firm blow  

POINT LOAD 

STRENGTH (MPa) 	 0.03 	 0.1 	 0.3 	 1 	 3 	 10 

INDEX Is (50) 

DESIGNATION Extremely low Very low Low Medium High Very high Extremely high 

(SYMBOL) (51.) (VL) (L) (M) (H) (VHI lEHl 

UN (AX AL 

COMPRESSIVE (MPa) 	 The uniaxial compressive strength is typically about 20 x lsI50l. 

STRENGTH The ratio may vary widely for different rock types. 

(ou( 

STRUCTURE & DISCONTINUITY SPACING 	 BASED ON VISUAL IDENTIFICATION 

STRUCTURE 

DESIGNATION 

Thinly laminated Laminated Very thinly 

I 	bedded 

Thinly 

bedded 

Medium 

bedded 

Thickly 

bedded 

Very thickly 

bedded 

SPACING mm 6 	 20 	 60 	 200 	 600 	 2000 

DISCONTINUITY Intense Extremely close Very close Close Medium Wide Very wide 

DESIGNATION 

Filc: Erpnoics.xU 29 SEPT 94,PI{RC 
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REPORT EXPLANATORY NOTES 

INTRODUCTION 

These notes have been provided to amplify this 
Geotechnical Report in regard to classification 
methods, field and laboratory procedures, the 
interpretation of the ground characteristics and the 
comments and recommendations based therein. Not 
all these notes are necessarily relevant to all reports. 

LIMITATIONS ON INTERPRETATION, USE 
AND LIABILITY 

In general, descriptions cover the following 
properties - soil or rock type, colour, structure, 
strength or density, and inclusions. 
Identification and classification of soil and rock 
involves judgment and Woodward-Clyde implies 
accuracy only to the extent that is common in 
current geotechnical practice. 

Soil types are described according to the 
predominant particle size and behaviour, qualified 
by the grading of other particles present (eg sandy 
clay), as set out in the Soil Classification Table 
given on the attached Explanatory Notes. 

The ground is a product of continuing natural and 
man-made processes and therefore exhibits a variety 
of characteristics and properties that vary from 
place to place and can change with time. 
Geotechnical engineering involves gathering and 
assimilating limited facts about these characteristics 
and properties in order to understand and predict 
the behaviour of the ground on a particular site 
under certain conditions. This report may contain 
such facts obtained by inspection, drilling, 
excavation, probing, sampling, testing or other 
means of investigation. If so, they are directly 
relevant only to the ground at the place where, and 
the time when the investigation was carried out. 

Any interpretation or recommendation given in this 
report shall be understood to be based on judgement 
and experience, not on greater knowledge of facts 
other than those reported. The interpretation and 
recommendations are therefore opinions provided 
for the Clients sole use in accordance with a 
specific brief. As such they do not necessarily 
address all aspects of the ground behaviour on the 
subject site. 

The responsibility of Woodward-Clyde is solely to 
its Client. This report is not intended for, and 
should not be relied upon, by any third party. No 
liability is undertaken to any third party. 

DESCRIPTION AND CLASSIFICATION 
METHODS 

The methods of description and classification of 
soils and rocks used in this report are based on 
Australian Standard AS1726-1993, "Geotechnical 
Site Investigations'. 

The consistency of non-cohesive soil is classified on 
the basis of relative density, generally from the 
results of Standard Penetration Tests (S.P.T.). 

The consistency of fine grained cohesive soils is 
classified on the basis of undrained shear strength 
determined by pocket penetrometer or shear vane 
field equipment or other methods of field 
assessment. 

Rock types are classified by their geological names, 
together with descriptive terms regarding 
weathering, strength, discontinuities, etc. Where 
relevant, further information regarding rock 
classification is given in the text of the report. 

SAMPLING 

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

Disturbed samples taken during drilling provide 
information on plasticity, grain size, colour, 
moisture content, minor constituents and, depending 
upon the degree of disturbance, some information 
on strength and structure. 

Undisturbed samples are usually taken by pushing 
a thin-walled sample tube, usually 50mm to 100mm 
diameter (known as U50, U60, U75 etc.), into the 
soil and withdrawing it with a sample of the soil 
contained in a relatively undisturbed state. Such 
samples yield information on structure and strength, 
and are necessary for laboratory determination of 
soil strength and compressibility. Undisturbed 
sampling is generally effective only in cohesive 
soils. 
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In very stiff or hard cohesive soils the Woodward-
Clyde driven ring lined sampler may be used to 
obtain samples. In some instances a thin wall 
extension tube is employed to minimise soil 
disturbance. The ring sampler is generally pushed 
hydraulically through 0.45 metres although in hard 
clays and dense sands it may be driven with the 
S.P.T. hammer. Where the sampler has been driven, 
an "equivalent N" value is shown on the borehole 
records. 

Details of the type and method of sampling used are 
given on the borehole records. 

INVESTIGATION METHODS 

The following is a brief summary of investigation 
methods currently adopted by Woodward-Clyde 
with some comments on their use and application. 
All, except test pits, hand auger drilling and 
portable dynamic cone penetrometers require the 
use of a mechanical drilling rig. 

EXCA VA TIONAND DRILLING 

Test pits - These are normally excavated with a 
backhoe or a tracked excavator. They allow close 
examination of the soils insitu if it is safe to 
descend into the pit. The depth of penetration is 
limited to about 3m for a backhoe and up to 6m for 
an excavator. Care must be taken if construction is 
to be carried out near test pit locations to either 
properly recompact the backfill during construction 
or to design and construct the structure so that it is 
not adversely affectedby poorly compactedbackfill 
at the test pit location. 

Hand Augers - Boreholes of 50mm to 100mm 
diameter may be advanced manually. Hand auger 
refusal can occur on in variety of materials, such as 
hard clay or gravel, and does not necessarily 
indicate rock level. 

Continuous Spiral Flight Augers - Boreholes are 
advanced using a 75mm to 115mm diameter 
continuous spiral flight auger, which is withdrawn 
at intervals to allow sampling and 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 by the flights or may be 
collected by other techniques after the withdrawal 
of the auger flights, but they can be very disturbed 
and may be contaminated. 

Information from the drilling (as distinct from 
specific sampling by S.P.T.'s or undisturbed 
sampling) is of relatively low reliability due to 
remoulding, cross-contamination or softening of 
samples by groundwater or uncertainties as to the 
original depth of the materials. Angering below the 
groundwater table is of less reliability than augering 
above the water table. Use can be made of a 
Tungsten Carbide (T.C.) bit for auger drilling into 
rock to indicate rock quality and continuity by 
variation in drilling resistance and from examination 
of recovered rock fragments. 

Wash bore drilling - Boreholes are usually 
advanced by a mechanical or hydraulic 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. 

Continuous Core Drilling - Continuous core 
samples are obtained using a diamond tipped core 
barrel. Provided full core recovery is achieved 
(which is not always possible in very weak rocks 
and granular soils), this tecimique provides a very 
reliable (but relatively expensive) method of 
investigation. In rocks, an N.M.L.C. triple tube core 
barrel, which gives a core of about 50 mm 
diameter, is usually used with water flush. The 
length of core recovered is compared to the length 
drilled and any length not recovered is shown as 
core loss. The location of losses are determined on 
site by the inspecting engineer. Where the location 
is uncertain, the loss is indicated at the top end of 
the drill run. 

The core recovery ratio (CRR) is the ratio of 
recovered core to length cored expressed as a 
percentage. The rock quality designation (RQD) is 
a modified core recovery ratio in which only pieces 
over 100mm long are summed and expressed as a 
percentage of the core length. 

Mud Stabilised Drilling - Either Wash Boring or 
Continuous Core Drilling can use drilling mud as a 
circulating fluid to stabilise the borehole. The term 
"mud" encompasses a range of products ranging 
from bentonite to polymers such as Revert, foam or 
Biogel. 
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The mud tends to mask the cuttings and reliable 
identification is only possible from intermittent 
intact sampling (e.g. from S.P.T. and U50 samples) 
or from rock coring etc. 

FIELD TEST 

Standard Penetration Tests 

Standard Penetration Tests (S.P.T.) are used mainly 
in non-cohesive soils, but can also be used in 
cohesive soils as a means of indicating density or 
strength and also of obtaining a relatively 
undisturbed sample. The test procedure is described 
in British Standard BS 1377 and Australian Standard 
1289, "Methods of Testing Soils for Engineering 
Purposes" - Test F3.1. 

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

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 

Woodward-Clyde 

Page 3 

shown on the borehole logs in brackets. 

A modification to the S.P.T. is where the same 
driving system is used with a solid 60 degree tipped 
steel cone of the same diameter as the S.P.T. 
hollow sampler. The solid cone can be continuously 
driven for some distance in soft clays or loose 
sands, or may be used where damage would 
otherwise occur to the hollow sampler. The results 
of this Dynamic Cone Penetration Test are shown 
as "Ne" on the borehole logs, together with the 
number of blows per 150 mm penetration. 

Static Cone Penetrometer Testing and 
Interpretation - Cone penetrometer testing (CPT) 
(sometimes referred to as a Dutch Cone Test) is 
used mainly in weaker soils as a means of 
determining a continuous profile of soil 
characteristics. The test is described in Australian 
Standard 1289, Test F5.1., and ASTM D3441-79. 

In the tests, a 35 mm diameter rod with a conical 
tip is pushed continuously into the soil, the reaction 
being provided by a specifically 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 frictional resistance 
on a separate sleeve, immediately behind the cone. 
Advanced CPT equipment may also measure soil 
piezometric pressures at the tip and variation in the 
inclination of the cone probe. Transducers in the 
tip of the assembly are electrically connected to 
recorder unit at the surface. 

As penetration occurs, (at a rate of approximately 
15mm per second) the information is output onto 
continuous chart recorders. The plotted results 
given in this report have been copied from the 
original records. 

I 
I 
I 

I 
I 
I 
I 
I 
I 
I 

In a case penetration is incomplete, say 
after 15 blows for the first 150 mm and 30 
blows for the next 40 mm, the distance 
penetrated is given as 

15, 30 I 40 mm 
N> 30, 

or 	N=225 

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

Occasionally the drop hammer is used to drive 
50mm diameter thin walled sample tubes (U50) in 
clays. In such circumstances, the test results are 

Fire: Expnotes.wp5 4 OCT 94/PHIRC 

The information provided on the charts usually 
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 as a 
percentage. 

1 
I 

I 
I 
I 
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In addition the following may be given: 

Piezometric pressure - the pore water 
pressure at the cone tip expressed as kPa. 
Cone inclination - some cones may 
provide a continuous recording of the cone 
inclination expressed in degrees from 
vertical to determine the exact location of 
the probe. 

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% to 2% are commonly 
encountered in sands and occasionally very soft 
clays, rising to 4% to 10% in stiff clays and peats. 
Soil descriptions based on friction ratios are only 
inferred and must not be considered as exact. 

Stratification can be inferred from the cone and 
friction traces, from experience and information 
from nearby boreholes etc. Where shown, this 
information is presented for general guidance, but 
must be regarded as interpretive. 

Correlations between CPT and SPT values can be 
developed for both sands and clays but may be site 
specific. Interpretation of CPT values can be made 
to empirically estimate modulus or compressibility 
values to allow calculation of foundation 
settlements. 

The test method provides a continuous profile of 
certain soil characteristics. Where precise 
information on soil classification and engineering 
properties are required, direct sampling from 
drilling may be preferable. 

Portable Dynamic Penetrometers - Portable 
Dynamic Cone Penetrometer tests are carried out by 
driving a rod into the ground with a falling weight 
hammer and measuring the blows for successive 
increments of penetration. 

The Mackintosh Test Probe is commonly utilised 
in Malaysia and is an economical tool for 
investigation in soft to firm/stiff clays and loose to 
medium dense granular materials. 

The tool consists of 12mm diameter rods each 1.2m 
long which can be coupled together. The driving 
point consists of a 25mm diameter cone. The 
driving hammer has a weight of 4.5kg and is 
allowed to fall through a fixed distance of 300mm. 

The test is carried out manually and consists of 
driving the cone by the free fall of the hammer. 
The number of blows for each 75mm of penetration 
is recorded and is referred to as the M value. 

RECORDS 

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

The attached explanatory notes for soil logs and 
rock logs define the terms and symbols used in 
preparation of the borehole or test pit records. 

Interpretation of the information shown on the logs, 
and its application to design and construction should 
therefore take into account the spacing of boreholes 
or test pits, the method of drilling or excavation, 
the frequency of sampling and testing and the 
possibility of other than "straight line" variations 
between the boreholes or test pits (for example, in 
limestone). 	Subsurface conditions between 
boreholes or test pits may vary significantly from 
conditions encountered at the borehole or test pit 
locations. 

GROUNDWATER 

Where groundwater levels are measured in 
boreholes, there are several potential problems: 

Although groundwater may be present, in 
low permeability soils it may enter the 
hole 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. 
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ENGINEERING REPORTS 

I 
Water table levels will vary from time to 

I time with seasons or recent weather 
changes and may not be the same at the 
time of construction. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 

The use of water or mud as a drilling fluid 
may mask any groundwater inflow. 
Drilling water has to be removed from the 
hole and drilling mud must be washed out 
of the hole or "reverted' chemically if 
accurate water observations are to be 
made. 

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

FILL 

The presence of fill materials can often be 
determined only by the inclusion of foreign objects 
(e.g. bricks, steel etc.) or by distinctly unusual 
colour, texture or fabric. Identification of the extent 
of fill materials will also depend on investigation 
methods and frequency. Where natural soils similar 
to those at the site are used for fill, it may be 
difficult with limited testing and sampling to 
reliably determine the extent of fill. 

The presence of fill materials is usually regarded 
with caution as the possible variation in density, 
strength and material type is much greater than with 
natural soil deposits. Consequently, there is an 
increased risk of adverse engineering characteristics 
or behaviour. If the volume and quality of fill is of 
importance to a project, then frequent test pit 
excavations are preferable to boreholes. 

LABORATORY TESTING 

Laboratory testing in Malaysia and Singapore is 
normally carried out in accordance with British 
Standards. Testing in Australia will normally be 
tested in accordance with Australian Standards. 
Details of the test procedure used are given on the 
individual report forms. 

Ffle: Expnotes.wp5 4 OCT 94/PI-{/RC 

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 for a specific design proposal (eg. 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). If this happens, Woodward-Clyde 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 ofsubsurface conditions, discussion of 
geotechnical aspects and recommendations or 
suggestions for design and construction. However, 
Woodward-Clyde cannot always anticipate or 
assume responsibility for: 

unexpectedvariations in ground conditions. 
The potential for this will be partially 
dependent on borehole spacing, sampling 
frequency and investigation technique as 
well as the time elapsed between 
investigation and construction; 

changes in policy or interpretation of 
policy by statutory authorities; and 

the actions of persons or contractors 
responding to commercial pressures. 

If these occur, Woodward-Clyde will be pleased to 
assist with investigation or advice to resolve any 
problems or disputes occurring. 

SITE ANOMALIES 

Our report, plans and specifications are prepared 
contingent to inspection of the site works by an 
experienced geotechnical engineer familiar with the 
report and the assumptions adopted in the design. 

Should the conditions encountered during 
construction appear to vary from those which were 
expected, Woodward-Clyde requests that it is 
notified immediately. This will enable Woodward-
Clyde to judge whether the actual conditions vary 
in significant extent and whether changes to the 
adopted design are required. Most problems are 
much more readily resolved when conditions are 
exposed, than at some later stage. 



Woodward-Clyde 

Page 6 

I 	

REPRODUCTION OF INFORMATION FOR 
CONTRACTUAL PURPOSES 

Where information obtained from this investigation 

I 	
is provided for tendering purposes, it is 
recommended that all information, including the 
written report and discussion, be made available. In 

I 	

circumstances where the discussion of comments 
section is not relevant to the contractual situation, 
it may be appropriate to prepare a specially edited 

I 	

document. Woodward-Clyde would be pleased to 
assist in this regard and/or to make additional report 
copies available for contract purposes at a nominal 

- 	charge. 

REVIEW OF DESIGN 

Designs based upon information and 
recommendations provided in our geotechnical 
report should be reviewed to ensure that the intent 
of our report is reflected in the proposed design. 

Where major civil or structural developments are 

I 

	

	

proposed or where only limited investigation has 
been completed or where the geotechnical 
conditions/constraints are quite complex, it is 
prudent to have a joint design review which 

I involves a senior geotechnical engineer. 

We would be happy to assist in this regard as an 

I
extension of our investigation commission. 

SITE INSPECTION 

I 	
Woodward-Clyde will always be pleased to provide 
engineering inspection services for geotechnical 
aspects of work to which this report is related. 

Requirements could range from: 

1
. 	a site visit to confirm that conditions 

exposed are no worse than those 
interpreted; to 

I . 	a visit to assist the contractor or other site 
personnel in identifying various soil/rock 
types such as appropriate footing or pier 

I founding depths; or 

full-time engineering presence on site. 

I 
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Woodward-Clyde 

CLIENT 	 Bowral Brick Works Pty Ltd 

PROJECT 	 Slope Stability Assessment, West of Proposed 

Creek Diversion 

SITE LOCATION 	 Bowral 

POSITION 	 See Site Plan, Drawing No.1 

DATE LOGGED 	 28 September 1993 

METHOD OF EXCAVATION 	CAT 240 Excavator 

LOGGED BY 	 Steven Rosin 

NOTE 

Surface elevations and hole dimensions for each test pit are shown on individual 

logs. 

MC means insitu moisture content % 

PC means moisture content at plastic limit 

PP means pocket penetrometer value in kPa 
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Woodward-Clyde 

TP1 ESTIMATED HOLE DIMENSIONS = I x 6 m 

ESTIMATED SURFACE ELEVATION 662.8 mAHD 

o to 0.25 m Silt, dark grey, firm, moist, with rootlets (TOPSOIL) 

0.25 to 2.5 m CLAY, silty, light orange brown, mottled light grey, stiff, moist, 

low to medium plasticity, with occasional fine to medium sized 

subrounded gravel fragments and cobbles 

(ALLUVIUM/COLLUVIUM). PP > 400 kPa. Slow seepage 

below 25 m. 

2.5 to 3.0 m CLAY, gravelly, light orange brown, firm to stiff, moist to wet, 

gravel assorted, fine to medium sized and cobbles up to 10 cm 

diameter (ALLUVIUM/COLLUVIUM). 

Bucket Refusal at 3.0 m on hard shale bedrock. 

Water Table established at 2.5 in within 20 minutes. 

I 

I 

I 

I 
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TP2 ESTIMATED HOLE DIMENSIONS = 1 x 6.5 in 

ESTIMATED SURFACE ELEVATION 666 mAHD 

o to 0.5 in Silt, dark grey, firm, moist, with rootlets (TOPSOIL) 

0.5 to 2.5 in CLAY, reddish brown, mottled grey, firm to stiff, moist to very 

moist, closely fissured above 1.5 in, becoming massive below 

1.5m, low to medium plasticity, PL>MC, occasional, fine 

subrounded gravel (COLLUVIUM). 

2.5 to 6.3 m CLAY, silty with fine gravel, light orange brown, faintly mottled, 

light grey, very stiff, slightly moist to very moist, low to medium 

plasticity, PL>> MC (COLLUVIUM). 

PP = 2.5 to 5.0 m = 400 kPa 

PP = 5.0 to 6.3 in = 250 kPa 

Terminated excavation at 6.3 in in colluvium. 

Possibly close to bedrock level at 6.3 m, becoming moist to very moist. 

No water table encountered. 

Disturbed samples taken at 2.0 m and 6.3 m. 

I 
I 
I 
I 
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Woodward-Clyde 

TP3 ESTIMATED HOLE DIMENSIONS = 1 x 5 in 

ESTIMATED SURFACE ELEVATION 685 mAHD 

o to 0.3 in Silt, dark brown, firm, moist, with rootlets (TOPSOIL) 

0.3 to 2.0 m CLAY, light orange brown, mottled light grey, stiff, slightly moist 

to moist, closely fissure.d near surface becoming massive, medium 

plasticity, PL>MC, occasional fine gravel (COLLUVIUM). 	PP 

between 300 to 400 kPa. 

2.0 to 2.5 in SHALE BEDROCK, light grey/brown, black at upper contact, 

thinly bedded, highly weathered closely to extremely closely 

jointed in place, weak rock. 

Terminated at 2.5 in in shale bedrock due to very slow bucket excavation progress. 

No water table encountered. 

Moist, light grey, soft high plasticity clay encountered at upper contact with shale bedrock. 

Disturbed sample taken at 2.0 m. 
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TP4 ESTIMATED HOLE DIMENSIONS = 1 x 5 in 

ESTIMATED SURFACE ELEVATION 662 mAHD 

o to 0.5 in Sand, fine grained, light to dark grey, medium dense, moist with 

rootlets (TOPSOIL) 

0.5 to 1.5 in SAND, clayey, fine grained, light grey and light orange brown, 

mottled, moist, dense, ferricrete nodules towards the base 

(ALLUVIUM). 

1.5 to 3.0 in CLAY, slightly sandy, light orange brown, mottled light grey, stiff, 

moist, partly fissured, low to medium plasticity, PL> MC, 

becoming very moist to wet and soft at the base. Pockets clayey 

fine sand at the base (ALLLTVIUMICOLLUVIUM). 

Terminated at 3.0 rn in medium strength carbonaceous shale bedrock at near bucket refusal. 

Slow seepage at the base at 3.0 in. 

Disturbed sample taken at 3.0 m. 
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TP5 ESTIMATED HOLE DIMENSIONS = 1 x 6 m 

ESTIMATED SURFACE ELEVATION 673 mAHD 

o to 0.1 in SILT, dark brown, soft, very moist with rootlets (TOPSOIL) 

0.1 to 1.0 m SAND, fine grained and clayey, light grey, faintly mottled light 

orange, soft to firm, wet, common fine grained gravel fragments. 

(COLLLTVIUM). 

1.0 to 2.0 m CLAY, light orange brown, mottled light grey, firm to stiff, moist, 

low to medium plasticity, occasional fine subrounded gravel. 

(Colluvium) PP = 1.0 to 1.5 m = 250 to 300 kPa 

PP= 1.5to2.0m=400kPa 

2.0 to 2.3 m SHALE BEDROCK, light orange brown and grey, thinly bedded, 

highly weathered, low strength, close bed partings. 

I Terminated at 2.3 in on shale bedrock at near bucket refusal. 

No water table encountered. 

3025R0002-A \VP5\25 OCTOBER 1993\SRn,az 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 

Woodward-Clyde 

TP6 ESTIMATED HOLE DIMENSIONS = 1 x 5 in 

ESTIMATED SURFACE ELEVATION 661.3 mAHD 

o to 0.4 in SAND, fine grained, dark brown, firm, moist, rootlets (TOPSOIL) 

0.4 to 2.6 m CLAY, silty, light orange brown, mottled light grey, firm to stiff, 

moist, becoming very moist at the base, low to medium plasticity, 

MC = PL, some fine to medium sized gravel fragments, clayey fine 

sand in places, becoming firm at the base (COLLUVIUM). 

PP = 0.4 to 2.0 in = 200 to 400 kPa 

PP = 2.0 to 2.6 in = 150 kPa 

2.6 to 2.7 in RESIDUAL SHALE, very soft carbonaceous shale fragments 

remoulds to medium plasticity clay. 

Bucket refusal at 2.7 in on hard shale bedrock. 

Strong seepage at 2.7 in at contact with bedrock. 

Disturbed sample taken at 2.7 in. 
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TP7 ESTIMATED HOLE DIMENSIONS = I x 5 in 

ESTIMATED SURFACE ELEVATION 671 mAHD 

o to 0.1 m SAND, very fine grained, dark brown, loose, moist, rootlets 

(TOPSOIL) 

0.1 to 1.75 m SILT, clayey, light brown, faintly mottled orange, firm, moist, low 

plasticity, MC = PL with occasional fine gravels becoming stiff 

(COLLUVIUM). 

1.75 to 2.0 m BASALT BEDROCK, dark grey black, fine grained, blocky, high 

strength. 

Refusal at 2.0 m on basalt boulders/bedrock. 

No water table encountered. 
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TP8 ESTIMATED HOLE DIMENSIONS = 1 x 5 in 

ESTIMATED SURFACE ELEVATION 681 mAHD 

o to 0.3 in SAND, clayey, fine grained, dark brown, firm, moist, rootlets 

(TOPSOIL) 

0.3 to 2.5 in CLAY, silty, light orange brown, stiff, moist, fissured at the top. 

PL> MC, medium to low plasticity, occasional fine gravels 

(COLLTJVIUM). 

2.5 to 3.0 in BASALT BEDROCK, dark grey black, boulders and blocky insitu 

rock mass, high strength. 

Bucket refusal at 3.0 in. 

No water table encountered. 
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TP9 ESTIMATED HOLE DIMENSIONS = 1 x 5 in 

ESTIMATED SURFACE ELEVATION 665 mAHD 

o to 0.2 in SAND, fine grained, dark brown, medium dense, dry, rootlets 

(TOPSOIL) 

0.2 to 1.0 in CLAY, silty, light orange brown, stiff, moist, low to medium 

plasticity with common gravels (COLLUVIUM). 

Near bucket refusal at 1.0 in on high strength basalt bedrock 

No water table encountered. 
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Woodward-Clyde 

TP10 ESTIMATED HOLE DIMENSIONS = 1 x 5 in 

ESTIMATED SURFACE ELEVATION 675 mAHD 

o to 0.5 m SAND, fine grained, brown, medium dense, slightly moist, rootlets 

(TOPSOIL) 

0.5 to 4.2 m CLAY, silty, light orange brown mottled grey, stiff, moist at the 

surface becoming moist to very moist with depth, medium to high 

plasticity, PL> MC, numerous fine to medium gravel fragments, 

nodular ferricrete throughout (COLLUVIUM). 

PP = 100 to 300 kPa 

4.2 to 4.9 CLAY, gravelly, light orange brown, stiff, moist, medium to high 

plasticity, gravel medium to coarse sized with cobbles and boulders 

and mainly basalt fragments (COLLUVIUM). 

PP = 300 to 400 kPa. 

4.9 to 6.0 m CLAY, fine sandy, light brown, stiff, very moist, low to medium 

plasticity, MC = PL, occasional fine gravel fragments 

(COLLUVIUM). 

Terminated test pit at 6.0 m in colluvium. 

Localised seepage towards the base. 

20 to 30 cm thick, high plasticity soft to firm clay seam encountered at 4.2 m. 

Disturbed samples taken at 2.5 and 4.2 m. 
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AUGER HOLE LOGS 



AUGER HOLE LOG SHEET 
Client: 	Bowral Bricks Pty Ltd. 	 Job No: 	3026/4 
Project: 	Stability Creek Diversion. 	 Hole No: 	BH01 
Location: 	Bowral 

Date: 	15/03/95 	 Total Depth: 	3.5 m 	 Date Started: 	15/03/95 
Method: 	Gemco H57 	Logged By: 	SGR  

n Description: Type, plasticity/particle size, colour, 
Samples ' moisture, consistency/density, secondary/minor Observations and Field Tests 

components (origm) 

- - Silt; dark brown, with root matter, moist (top soil). 

0.3 - Becoming clayey silt. 
0.5 

0.6 

Required wetting upto 01001 Silty CLAY (); light reddish oange, motUed 
t.r. y traces of sand moist, very stiff advance auger.  
(Colluvium) 

/ 

2  2 

D /,. olty CLAY light brown traces of fine Appeirs low to medium 
..rsvi.l moist very stiff (Colluvium) plisticity, does not hold 

moisture 
25 

Fine gravel at 2.5m slowed 
drilling. ra 

D 
Increasing fine gravel content. 

3.5 

Near refusal at 3.5m in clay with some fine gravel. 

4.5 

S 

5.5 

Prepared By: PJN 
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AUGER HOLE LOG SHEET 

Client: 	Bowral Bricks Ply Ltd. 	 Job No: 	3026/4 

Project: 	Stability Creek Diversion. 	 Hole No: 	BH02 

Location: 	Bowral 

Date: 	3/15/95 	 Total Depth: 	4.9 m 	 Date Started: 	15/03/95 

Method:_ Gemco H57 	 Logged By: 	SGR 

I .  Description: Type, plasticity/particle size, colour, 

. Samples - moisture, consistency/density, secondary/minor Observations and Field Tests 
-.. components (origin) 

SILT; dark brown, some organics, moist, dense, 
(top soil). 

0.4 
0.5 

 - / Silty grave!/clayey, light orange/brown, shale fragments, 
moist, dense. 

Very slow drilling progress. Sdty CLAY (CL), light orange brown, mottled grey, 
D moist. stiff, (Colluvium). 

1.5  

U 

2.5 

FE/l/ex As above with traces of fine gravel and increasing Introduced water to allow 

-- silt contont. advance of hole. 

3.5 

- PVC easing installed in this 
hole to 4.9m 

U Lower 2.Om slotted, surface 
I.Om bentonite and sandl 
cement seal below which 

- gravel pack. (2mm diameter 
- sand) 

4.5 Fine to medium gravel at base. 
4.6 Casing diameter 50mm 

strength, 
sandy. Hole size 100mm. 

4.9  

Refusal ofTC bit in Siltstone at 4.9m. 

s.s 

6 

Prepared By: PiN 
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AUGER HOLE LOG SHEET 
Client: 	Bowral Bricks Pty Ltd. 	 Job No: 	3026/4 
Project: 	Stability Creek Diversion. 	 Hole No: 	BH03 
Location: 	Bowral 

Date: 	15/03/95 	 Total Depth: 	1.9m 	 Date Started: 	15/03/95 
Method: 	Gemco H57 	 Logged By: 	SGR 

I I I 	Description: Type, plasticity/particle size, colour, 
Samples 0. 

0 moisture, consistency/density, secondary/minor . Observations and Field Tests 
components (origin) 

Sandy SILT; dark brown, organic content, (top soil). 

0.4  
______ • IIHIH Ii 

0.6 

WASilty CLAY (CL), light orange, trace of fine gravel, dry, 
- stiff, (Colluviurn). 

4 
15 l' 

Dry powdery return. SANDSTONE; tight orange, highly weathered (low 
- strength). 

- 1.9 

TC bit refusal at 1.9m in shale bedrock. 

2.5 

35 

45 

5:5 

1-6 
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AUGER HOLE LOG SHEET 

Client: 	Bowral Bricks Pty Ltd. 	 Job No: 	3026/4 
Project: 	Stability Creek Diversion. 	 Hole No: 	BHO4 
Location: 	Bowral 

Date: 	15/03/95 	 Total Depth: 	3.4m 	 Date Started: 	15/03/95 
Method: 	Gemco H57 	- Logged By: 	SGR  

I Description: Type, plasticity/particle size, colour, 
' Samples ' moisture, consistency/density, secondary/minor . Observations and Field Tests 

.... , c components (origin) 

Silty SAND fine dark brown organic rich (top soil) 

0.5 -- 

Silty SAND light brown with fine sub rounded giavel 

oSilty CLAY/clayey SThT (CL); dark brown, n1ois 
- FBI very stiff. 

N 
D '30 

2 _ 

:25 
As above becoudng fine gravelly clayey silt towarda 
the base. 

D 

3.2 

- - SILTSTONE; dark grey, medium strength,slightly 
3.4  weathered. 

3.5 
- Refusal of TC bit at 3.4ni in siltstone bedrock. 

4 

4.5 

5 

5.5 

a 

I Prepared By: PJN 
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AUGER HOLE LOG SHEET 
Client: 	Bowral Bricks Pty Ltd. 	 Job No: 	3026/4 

Project: 	Stability Creek Diversion. 	 Hole No: 	BH05 

Location: 	Bowral 

Date: 	3/15/95 	 Total Depth: 	5.8m 	 Date Started: 	16/03/95 

Method: 	Gemco H57 	- Logged By: 	SGR 

Description: Type, plasticity/particle size, colour, 

Samples moisture, consistency/density, secondary/minor Observations and Field Tests 

E - 	,. components (origin) 

Silty SAND; fine grained, dark brown, organic rich 
(top soil). 

0.4  
0.5 

- Silty SAND; finegrained, light orange brown, some - fine gravel, moist, dense. 

id / / Clayey SILT/Silty CLAY (CL); light brown, mottled - grey with some fine gravel, moist, very stiff Introduced water to advance 
(Colluvium). drilling. 

1.5 
Common pin hole 
structures. 

2 

- 
- D 

- 
25 

VE 
 

Mr/ - 
3 

- 

3.5 U 

4 _______ 4 

Clayey SILT/Silty CLAY; orange brown, traces of 
- fine gravel, moist, stiff (Colluvium). 

55 

D 

- Refusal at S 8m in medium strength, weathered 
6 - sandstone, fine grained.  

I 3026/4\BORELOG.XLS\28 MAR 1995\PThl 	 Page 1 of I 	
Prepared By: PJN

Checked By:,/, 

r 

I 
I 
I 
I 
I 
V 
I 
I 
ri 
I 
1 
I 
I 
I 
I 
I 
I 
I 



I 

I 
I 
I 
I 
I 
ii 
I 

I 

AUGER HOLE LOG SHEET 
Client: 	Bowral Bricks Pty Ltd. 	 Job No: 	3026/4 
Project: 	Stability Creek Diversion. 	 Hole No: 	BHO6 
Location: 	Bowral 

Date: 	15/03/95 	 Total Depth: 	3.4m 	 Date Started: 	15/03/95 
Method: 	Gemco H57_ - Logged By: 	SGR 

.j Lw . Description: Type, plasticity/particle size, colour, 
Samples moisture, consistency/density, secondary/minor . Observations and Field Tests 

components (origin) 

- Silty SAND; fine grained, dark brown, organic content, 
(top soil) 

0.4  
0.5 - 

SAND fine grained light brown trace of fine gravel moist Placed water down hole to advance 
dense. 

14 

(I yey SILT (CL) light brown some fine gravel 

- rnotst, very stiff. 

S 

/ 
Very slow drilling at 2 4m 

,///// Silty CLAY (CL) light brown trace of fine gravel 
- moist, very stiff. 

D /J Incraasedplasticitywithdepth. 
3.4 

- Terminated drilling at 3.4m in colluvium, very slow - progress, gravelly silty clay. 

4.5 

5 

5.5 

6 

I 
I 
I 
I 
I 

Prepared By: PJ 
Checked By: I 3026/4\BORELOG.XLS\28 MAR 1995\PJN 	 Page 1 of 1 



AUGER HOLE LOG SHEET 
Client: 	Bowral Bricks Pty Ltd. 	 Job No: 	3026/4 

Project: 	Stability Creek Diversion. 	 Hole No: 	BH07 

Location: 	Bowral 

Date: 	16/03/95 	 Total Depth: 	2.1m 	 Date Started: 	16/03/95 

Method: 	Geinco 1157 	 Logged By: 	SGR  

I Description: Type, plasticity/particle size, colour, 
Samples '  moisture, consistency/density, secondary/minor . Observations and Field Tests 

components (origin) 

- - Silty SAND; fine brown with organic coinent, 

- j (top soil). 
0.3 

0.5 Silty CLAY (cL; orange brown, dry, atiff, 
(Colluvium). 

- Silty CLAY (CL); dark brown, trace of fine to medium 
- gravel, moist, very stiff. 

Very slow drilling progress.  
2 

D 

Refusal at 2.2m on gravel bed? 
2.5 

3.5 

4.5 

5.5 

S 

I
Prepared By: lJ)I 
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AUGER HOLE LOG SHEET 
Client: 	Bowral Bricks Pty Ltd. 	 Job No: 	3026/4 
Project: 	Stability Creek Diversion. 	 Hole No: 	BH08 
Location: 	Bowral 

Date: 	16/03/95 	 Total Depth: 	1.3m 	Date Started: 	16/03/95 
Method: 	Gernco H57_ - Logged By: 	SGR  

Description: Type, plasticity/particle size, colour, 
Samples ' moisture, consistency/density, secondary/minor Observations and Field Tests 

components (origin) 

Silty SAND dark brown with organic content 
03 - (top soil) 

us Silty SAND orange fine gramed dry, some fine - grael medium dense 

Firmdrillingatl.lm. - SILTSTONE/Sl-IALE, low strength, weathered. 

Rapid increase in streogth with 
1.5 Near refusal at 1.3rn in bedrock, depth, appears competent - rock. 

2.5 

3.5 

4 

4.5 

5 

5.5 

a 

I 	 Prepared By: PJN 
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AUGER HOLE LOG SHEET 
Client: 	Bowral Bricks Pty Ltd. 	 Job No: 	3026/4 
Project: 	Stability Creek Diversion. 	 Hole No: 	BHO9 
Location: 	Bowral 

Date: 	16/03/95 	 Total Depth: 	2.6m 	 Date Started: 	16/03/95 
Method: 	Gemco 1-157_ - Logged By: 	SGR  

- I Description: Type, plasticity/particle size, colour, 
s2 Samples moisture, consistency/density, secondary/minor Observations and Field Tests 

. components (origin) 

SILT dark grey, with organic matter.  

0.4  
0.5 

Sandy with fine gravel light orange/brown dry, medium 
dense 

—' 

JSilty CLAY (CL) some hne gravel light grey, mOed 
orange brown, high silt, dry, stiff. 

2 

D 
- - I21 

2.5 

2.6 

Auger refusal at 2.6m in siltstone dark grey/purple, - low strength, weathered. 
3 

3.5 

4 

4.5 

5.5 

S 

I 	
prepared By: Pji 
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AUGER HOLE LOG SHEET 
Client: 	Bowral Bricks Pty Ltd. 	 Job No: 	3026/4 

Project: 	Stability Creek Diversion. 	 Hole No: 	BHIO 
Location: 	Bowral 

Date: 	3/16/95 	 Total Depth: 	3.5m 	 Date Started: 	16/3/95 

Method: 	Gemco_H57_ - Logged By: 	SGR 

Description: Type, plasticity/particle size, colour, 

. e Samples moisture, consistency/density, secondary/minor Observations and Field Tests 
E E components (origin) 

Silty tine sand, dark grey, some organic content 
0.2 (top soil). 

Silty CLAY (CL); light greyThrown, dry to moist, 
0.5 very stiff, (Colluvium). 

- Mottled fabric more clavey 
than most colluvium. 

1.5 

Becoming light orange brown. 

- D 

2.5  

PVC casing installed in this 
Fine to medium gravel band betwen 2.9m and 3.5m. hole to 3.5m. 

3 Lower 2.0m sottled surface 

4Ø I .Om bentonite and sand! - / cement seal below which 

- ' 7 gravel pack (2mm diameter 
sand) 

Casing diameter 50mm. Refusal at 3.5m in shale bedrock, weathered, low 
strength. 

Hole size 100mm. 

4.5 

5,5 

6 

I

Prepared By: PJ 
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AUGER HOLE LOG SHEET 

Client: 	Bowral Bricks Pty Ltd. 	 Job No: 	3026/4 
Project: 	Stability Creek Diversion. 	 Hole No: 	BH1 I 
Location: 	Bowral 

Date: 	3/16/95 	 Total Depth: 	3.2m 	 Date Started: 	16/03/95 
Method: 	Gemco H57 	- Logged By: 	SGR 

Description: Type, plasticity/particle size, colour, 

' . Samples - ! moisture, consistency/density, secondary/minor Observations and Field Tests 
components (origin) 

Silty tine sand, dark brown, with organic content. 
0.2 

jSilI CLAY (CL); light orange brown, mottled, trace 
0.5 of fine gravel, dry to moist, stiff (Colluvium). 

- 
'I 

1/ 

1.5 

2 --. PVC casing installed in this 
hole to 3.2m. Lower 2.0m 

U slotted. 

Suace !.Om bentonite 
2.5 and sand/cement seal below - 

whiLh gravel pack (2mm 
diameter sand) 

Yl'  Casing diameter 50mm, 

 Hole size 100mm. - 3.2 Shale bedrock, low strength. 

Auger refusal at 3.2m in purple shale bedrock, low 
3.5 strength, weathered. 

45 

5.5 

6 

I 

I 
[I 
I 
I 
I 
I 
I 
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I 
I 
[1 
I 
I 

Prepared By: Pit')1 

Checked By: 3026/4\BORE LOG. XLS\2 8 MAR 1995\PJN Page 1 of I 



AUGER HOLE LOG SHEET 
Client: 	Bowral Bricks Pty Ltd. 	 Job No: 	3026/4 
Project: 	Stability Creek Diversion. 	 Hole No: 	BH12 
Location: 	Bowral 

Date: 	16/03/95 	 Total Depth: 	1.7m 	 Date Started: 	16/03/95 
Method: 	Gemco H57 	Logged By: 	SGR  

j .  Description: Type, plasticity/particle size, colour, 

. e Samples . ou moisture, consistency/density, secondaryIminor Observations and Field Tests 
E . components (origin) rSilty fme san4 dadr brown, with orgainc coOtea 

- (top soil). 
0.4 

IN111 ((fine 
Silty CLAY (CL); light orange, bro, motded trace 

gravel dry very stiff 

- 

:15 

1.7 

Auger refusal at 1.7m in weathered shale bedrock. 

2.5 

3.5 

4.5 

5.5 

I 
Prepared By: PJ1 
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APPENDIX C 
LABORATORY TEST RESULTS 



LABORATORY TEST REPORT 

CLIENT: 	 Steve Rosin 

PROJECT: 	 Bowral Brickworks Creek Diversion 

LOCATION: 	 Bowral 

SAMPLE HISTORY: 	Sample supplied by Steve Rosin 

CLIENT PROJECT No: 3026/1 

TEST METHOD: 	Natural moisture content AS1289 B1.1 (105 C) 
Liquid limit — AS1289 C1.1 (one point) 
Linear shrinkage (250mm mould) - AS1289 C4.1 

TEST RESULTS: 

Sample 
No. 

BH 
No. 

Depth 
(m) 

LL LS 
 (%)  

Visual description 

4279 TP2 2.0 25 10.5 moist, orange mottled grey, soft plastic silty clay 

4280 TP2 6.3 28 7.5 moist, yellow grey, soft, plastic, silty clay, some gravel 

4281 TP3 2.0 52 12.0 slightly moist, grey mottled orange, firm, plastic, clay 
with silt 

4282 TP4 3.0 31 9.0 . 	moist grey mottled orange, very soft, plastic, sandy clay 

4283 T1'0 2.5 50 13.5 . 	slightly moist, grey mottled orange, soft, plastic, silty clay 
(ironstone gravel present >10mm) 

4284 TPIO 4.2 78 17.0 slightly moist, grey mottled orange, soft, high plasticity, 
clay with silt 

4285 TPG 2.7 37 9.5 moist, blue-grey mottled orange, firm, plastic, clay with 

______ _______ _______ 
 silt 

Notes: 	BH 	- borehole 
LL 	- liquid limit 
LS 	- linear shrinkage 

Tested: 	GZ 	 GEOTECHNICAL TESTING SERVICES 

D 	
36 Oxley Street, Crows Nest NSW 2065 

ate: 	 11/10/93  Tel: (02) 439 4033 Fax: (02) 436 0606 

Checked: 	(\11_.L 	LONGMAC ASSOCIATES PTY. LIMITED A.C.N. 003 666 966 	 tow 
CertifeY: 	 This laboratory is registered by the National 	 JOB No. 	DWG No. 

Association of Testing Authorities Australia 	I 
The tests reported herein have been peoed in 	j 	932967J 

g  
accordance with its terms of registration 

This laboratory Certificate may not be reproduced except in full unless permission for the publication 

of an approved extracted has been obtained in writing from Lonemac Associates Psy. Limited. 

7/va 
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I 

LAB. BORE DEPTHI SAMPLE DESCRIPTION MOISTURE DRY LIQUID I PLASTIC LINEAR 

NO, HOLE I CONTENT DENSITY LIMIT j 	INDEX SHR'KAGE 

(m) (%) t/c.m J 	(%) 
2 3 4 

11990 1 3.0- GRAVELLY SILTY SANDY CLAY:brown,medlum 35 lB 

3.5 plasticity,flne to coarse sand.fine to medIum 
gravel. 

11991 2 2.0- SANDY SILTY CLAY:motlled brown/grey,medlum 17.7 1.73 

2.3 plasticlty,flne to coarse sand. 

11992 2 3.7- SANDY SILTY CLAY:brown,Iow plasticity,flne to 12.5 1.99 25 10 

4.0 coarse sand,trace of fine gravel. 

11993 4 1.9- SILTY SANDY CLAY:brown,grey,Iowplasticity, 26 10 

2.2 fine to coarse sand,trace of fine gravel,vesicles. 

11994 4 2.5- SILTY SANDY CLAY:brown,rredium plasticity, 
3.0 fine to coarse sand. 

11995 5 2.0- SANDY SILTY CLAY/SANDY CLAVEY SILT: 
2.5 mottled grey,yellow- brown.brownmodium 

plasticityfine to coarse sand. 

11996 5 3.3- SILTY SANDY CLAY:brown,greylow plasticity,fine 15.6 1.85 

3.5 to coarse sand. 

11997 9 2.0- SANDY SILTY CLAY:light brown,medlum plasticity 44 24 

2.3 fine to coarse sandsome fine to medium gravel, 
roots. 

11998 10 2.0- SANDY SILTY CLAY:yeElow-browrl,medium 
2,5 plasticity,flne to coarse sand. 

11999 12 1.2- SANDY SILTY CLAY:grey,red- brown,high 61 36 

1.4 plasticity,flne to coarse sand,roots. 

NOTES TO TESTING 

Testmethod:AS1289 	2.1.1-1992 

TestMethod:AS 1289 	C1.l ;C2.1 
Preparation 	natural state with no sieving 
Sample History : natural state as recieved 

Test Method : AS 1289 	C2.1 	C3.1 
Preparation and sample history as 2. 

THIS LABORATORY IS REGISTERED BY THE 
NATIONAL ASSOCIATION OF TESTING AIIEHORITIES AUSTRALIA 

A THE TESTS DESCRIBED HEREIN HAVE BEEN PERFORMED IN 
T 	ACCORDANCE WITH ITS TERMS OF REGISTRATION 
A 	THIS DOCUMENT SHALL NOT BE REPRODUCED EXCEPT IN FULL, 

Job No. 	:3026/4 
Sampled by :Woodward-Clyde 	- 	 SIGNED

DATE 

Date Tested:23/3/95 	 AIJSI SOIL TESTING P/I.. 19 FLOOR. 33/I BOTANY ROAD. ALEXANDRIA 2015 

FORM: 	Cl. 	File: clsnrpt 	Issue 2: ApI 1994 

PROJECT: 'SAMPLE CLASSIFICATION TEST DATA 
WOODWARD-CLYDE  

AUSTRALIAN SOIL TESTING BOWRAL BRICKWORKS 
338 BOTANY RD; ALEXANDRIA 
NSW 2015. Telephone 3192111 

I 
I 
r 



USTRAUAN o 	o a o o 6 th STANDARD SIEVES (mm) 
1-  r - 	 : 100 - - - 	- -_ 

1 1 
90 - - - 	- - - - - - - - - 	- - - 	- - - 
80-—- -- --- 

---- 
70-- -  -- --- - -- 

En 
El) 	60--- -- ---- - - - - ---- - 

50--- - ---- 
F- z -- ---- 
Lii 	40 
0 

—.- -- ---- 

30 
IC --  — ---- 

20-—- -- 

10--- ---- ---- 

0 ___ 
0001 

---- 
001 

----
01 1'0 	 JO 	 100 	 1000 

PARTICLE SIZE IN mm 

Medium 	Coarse Fine 	Medium Coarse Fine 	I 	Medium 	Coarse 
COBBLES  

SILT SAND GRAVEL 

SAMPLE SOURCE 	: BH 1 3.Om SAMPLE NO: 	11990 

SAMPLE DESCRIPTION: GRAVELLY SILTY SANDY CLAY: brown, medium plasticity,fine to 
coarse sandfine to medium gravel 

GRADING 
SIZE 	PASS SIZE PASS SIZE 	PASS 

(mm) 	 (%) (mm) (%) (micron) 	(%) 

100 6.7 93 150 	68 

75 4.75 90 75 	59 
53 236 86 50 	58 

37.5 1.18 84 20 	52 
26.5 0.600 81 10 	50 
19.0 0.425 79 5 	 46 
13.2 	 100 0.300 77 2 	 38 

9.5 	 99  

DATE TESTED: 22/3/95 
SAMPLED BY: Woodward—Clyde THIS LABORATORY IS REGISTERED BY THE 

T ES 	A T C 	AS1 	C NA 	NATIONAL ASSOCIATION OF TESTING AUTHORITIES AUSTRALIA 
THE TESTS DESCRIBED HEREIN NAVE BEEN PERFORMED IN 

ARAT Qk  F P RE P 	I 	IN. 	rorn ieid con 	ition 
T 	ACCORDANCE WITH ITS TERMS OF REGISTRATION. 
A 	THIS DOCUMENT SHALL NOT BE REPRODUCED EXCEPT IN FULL 

PRETREATMENT: None SIGNED BY 2- 	DATE  24/;/S 
LOSS ON PRET'T: None AUST SOIL TESTING PIL. 1ST FLOOR. 338 BOTANY ROAD, ALEXANDRIA 2015 

File: C06: Issue 1.Dec 1994  
PROJECT TR1LtTION 
WOODWARD—CLYDE TEST REPORT 
BOWRAL BRICKWORKS AUSTRALIAN SOIL TESTING PlY LTD 

338 BOTANY RD, ALEXANDRIA NSW 201 
TELEPHONE: 319 2111 	(Fax) 319 2121 
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N0'' 	00 	0 

AUSTRALIAN 	 0 	0 0 0 0 ó 	i 

100 

-- 	-- 	 - 

-- 

50 

60—I 

io

TTF 

U 	40 

lu 	30
a- 

20- --  ___- 

to— Ill. 
 ---- 

TI 
0001 

-- 	 ---- 
001 	 01 	 .0 	 to 	too 	1000 

PARTICLE SIZE IN mm 

CLAY 
MedIum 	Coarse FIne 	MedIum 	Coarse FIne 	Medium 	Coarse 

COBBLES 
SILT SAND GRAVEL 

SAMPLE SOURCE 	: 	 BH 2 2.0m 	 SAMPLE NO: 	11991 

SAMPLE DESCRIPTION: 	SANbY SILTY CLAY:mottled brown/grey,medium plasticity, 
9ne to coarse sand  

GRADING 
SIZE 	PASS - SIZE 	PASS SIZE 	PASS 
(mm) 	(%) (mm) 	 (%) (micron) 	(%) 

100 6.7 	 99 150 	89 
75 4.75 	 98 75 	79 
53 2.36 	 97 50 	76 

37.5 1.18 	 96 20 	70 
26.5 0.600 	 95 10 	65 
19.0 0.425 	 95 5 	 59 
13.2 0.300 	 94 2 	 48 
9.5 	 100  

DATE TESTED: 22/3/95 
SAMPLED BY: Woodward—Clyde 	 r—i THIS LABORATORY IS REGISTERED BY THE 

,ES' 	lvi AETHOD. ,- A s 	289 06 2 	 NATIONAL ASSOCIATION OF TESTING AUTHORITIES AUSTRALIA 
I 	I 	 THE TESTS DESCRIBED HEREIN HAVE BEEN PERFORMED IN 

T 	ACCORDANCE WITH ITS TERMS OF REGISTRATION 
PREPARATION: From field condition 	 A 	THIS DOCUMENT SHALL NOT BE REPRODUCED EXCEPT IN FULL 

PRETREATMENT: None 	 SIGNED RY , 	Y L.,/DATE z4/s/'qs 
LOSS ON PRET'T: None 	 BUST SOIL TESTING P/L. 1ST FLOOR. 338 BOTANY ROAD, ALEXANDRIA 2015 

File: C06: Issue 1.Dec 1994 
PROJECT PARTICLE SIZE thTrnBU1ION 
WOODWARD—CLYDE TEST REPORT 
BOWRAL BRICKWORKS AusThALIAN SOIL TESTING PTY LTD 

338 BOTANY RD, ALEXANDRIA NSW 201 
TELEPHONE: 319 2111 	(Fax) 319 2121 
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N 	_0 NO 	 I, 
0 	- 	N N in 	J oE) 	00 

AUSTRALIAN 	 a a a  a 
STANDARD SIEVES (mm) 	 - 

r - - 	- 	- 	 -. 	- - I00 

90— 
 — --- - - - 80

TO --- -- - --- 
-- 60 -—-  --- ---- -- - --- - - - - --- ---- -- 

50 

CL 

20 

cii:  
0001 001 	 01 	 1.0 	 tO 	 tOO 	 1000 

PARTICLE SIZE IN mm 

I Fine 	MedIum 	Corne 	Fir, 	Medium 	Ca,se 	Fine 	MedIum 	Corse 
CLAY 	 COBBLES 

I 	SILT 	 SAND 	 GRAVEL 

SAMPLE SOURCE 	: 	BH 4 2.5m 	 SAMPLE NO: 	11994 

SAMPLE DESCRI PTION: 	SILTY SANDY CLAY: brown, medium plasticity, 
fine to coarse sand  

GRADING 
SIZE 	PASS SIZE 	PASS SIZE 	PASS 
(mm) 	(%) (mm) 	(%) (micron) 	(%) 

100 6.7 	 96 150 	68 
75 4.75 	 95 75 	58 
53 2.36 	 88 50 	55 

37.5 1.18 	 83 20 	 49 
26.5 0.600 	81 10 	44 
19.0 0.425 	80 5 	 38 
13.2 	100 0.300 	79 2 
9.5 	 98  

DATE TESTED: 22/3/95 
SAMPLED BY: Woodward—Clyde THIS LABOftA1DRY IS REGISTERED BY THE 

TEST METHOD: AS 1289 06.2 	 A 	 U THE 	SSASSOCIATION 
ScR8D HEREIN HAVE BEEN PERFORMED 

	

P REPA RAT Op" 	F 	 1' 	ACCORDANCE WITH ITS TERMS OF REGISTRATION 
I-\ 	,-\ I 	IN. 	rom 	ie 	conu LIOfl 	 A 	THIS DOCUMENT SI-IALI NOT BE REPRODUCED EXCEPT IN FulL 

PRETREATMENT: None 	 SIGNED 
BY /4d/DATE  24-/3/c,S 

LOSS ON PRET'T: None 	 AUST SOIL TESTING P11. 1ST FLOOR. 338 BOTANY RO. ALEXANDRIA 2015 

File: 006: Issue 1.Dec 1994  
— PROJECT PARItOLE SiE O1TRU3UTION X
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WOODWARD—CLYDE 'TE$T REPORT 
BOWRAL BRICKWORKS AUSTRALIAN SOIL TESTING PTY LTD 

338 BOTANY RD, ALEXANDRIA NSW 201 
TELEPHONE: 319 2111 	(Fax) 319 2121 
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Class 7 swells (organic Soils) 

class 8 does not swell 	(laterised) 
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I LABORATORY NO. 	11995 

ISAMPLE SOURCE: 	BH 5 2.Om 

SAMPLE DESCRIPTION: SANDY SILTY CLAY/SANDY CLAYEY SILT:mottled grey, 
yellow/brown, brown, medium plasticity,fine to coarse sand. 

IMMERSION 

—does not slake 	---------> 

—slakes 	x 

COMPLETE DISPERSION 
class 1 Complete 
class 2 Partial 
No dispersion 

13. REMOULDING 
Class 3 disperses 	__________ 
does not disperse 	I 	x 

4 CARBONATE & GYPSUM (acid indicator) 
class 4 present  
absent 	 x 

5. VIGOROUS SHAKING  
Class 5 disperses 	x 
Class 6: No dispersion  

EMERSON CLASS NO: 
	

5 

I Water used: Distilled water at 20deg C. 

Date Tested: 2 3/3/95 
Job No. 	:3026/4 
Sampled By: Woodward—CIyce 

TEST PROCEEDURE: AS 1289 08.1 

Form: CS File:emsrpt Issue 1: apI 1994 

WOODWARD—CLYDE 
BOWRAL BRICKWORKS 

	
AUSTRALIAN SOIL TESTING 
338 BOTANY RD, ALEXANDRIA 
NSW 2015. Telephone 3192111 



Class 7 swells (organic Soils) 

class 8 does not swell 	(laterised) 
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I LABORATORY NO. 	11998 

ISAMPLE SOURCE: BH 10 2.Om 

SAMPLE DESCRIPTION: SANDY SILTY CLAY:yellow— brown,medium plasticity, 
fine to coarse sand. 

IMMERSION 

—does not slake 	---------> 

—slakes [ 	x 

COMPLETE DISPERSION 
class 1 Complete 
class 2 Partial 
No dispersion 

3. REMOULDING  
Class 3 disperses  
does not disperse 	x 

4 CARBONATE & GYPSUM (acid indicato!)_______ 
class 4 present  
absent 	 x 

5. VIGOROUS SHAKING  
Class 5 disperses  
Class 6: No dispersion 	x 

EMERSON CLASS NO: 

Water used: Distilled water at 20deg C. 

Date Tested: 23/3/9 5 
Job No. 	: 3026/4 
Sampled By: Woodward—Clyde 

TEST PROCEEDURE: AS 1289 08.1 

Form: 08 File:emsrpt Issue 1: apI 1994 
PROJECT 

WOODWARD—CLYDE 
BOWRAL BRICKWORKS AUSTRALIAN SOIL TESTING 

338 BOTANY RD, ALEXANDRIA 
NSW 2015. Telephone 319 2111 
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'EFFECTIVE STRESS Tn/AXIAL TEST RESULTS : 

SAMPLE SOURCE: BH 2 2.0-2.3m 	SAMPLE No.: 11991 

I SAMPLE DESCRIPTION: SANDY SILTY CLAY:mottled brown/grey,medium plasticity 
fine to coarse sand, 
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INITIAL MOISTURE CONTENT: 

INITIAL DRY DENSITY: 

SAMPLE DIAMETER: 

SAMPLE HEIGHT: 

COEFFICIENT OF CONS1LN: 

SHEAR DETAILS A TPEAKSTRESS.:RATIO 

NET CONFINING PRESSURES: 

DEVIATOR STRESS 

PORE WATER PRESSURE 

STRAIN AT FAILURE 

RATE OF STRAIN 

FROM MOHR CIRCLES; 

EFFECTIVE COHESION: 

EFFECTIVE ANGLE OF FRICTION: 

ICOMMENTS: 

TEST TYPE: 
Backsaturated, consolidated,undrained 
with pore pressure measurement. 
mu Itistaged 
TEST PROCEDURE: Bishop & Henkel Pt 3. 

Page 1 of 4 
PROJECT: 
WOODWARD—CLYDE 
BOWRAL BRICKWORKS 

17.7 % 

1.73 	. t/c.m 

48.9 mm 

101.5 	 mm 

9.7 	 m sq/yr 

50 100 200 kPa 

151 200 286 kPa 

21 20 65 kPa 

2.12 5.01 8.89 % 

0.01 mm/rn 

40 	 kPa 

23.5 	 degrees 

THIS LABORATORY IS REGISTERED BY THE 	 I 

NATIONAL ASSOCIATION OF TESTING AUTHORITIES AUSTRALIA 	 I 
THE TESTS DESCRIBED HEREIN HAVE BEEN PERFORMED IN 	 I 
ACCORDANCE WITH ITS TERMS OF REGISTRATION 	 I 
THIS DOCUMENT SHALL NOT BE REPRODUCED EXCEPT IN FULL 	 I 
SIGNED BY 	 1 	) 	DATE  

AUST SOIL TESTING P/L 1ST FLOOR. 338 BOTANY ROAD ALEXANDRIA 2015 	I 

RPT_FILE: TXLRPTRpt sheet TXL2. 
[AUSTRALIAN SOIL TESTING 
338 BOTANY RD, ALEXANDRIA 
NSW 2015. Telephone 319 2111 
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SAMPLE: BH 2 2.0-2.3m 

AUSTRALIAN SOIL TESTING 
338 BOTANY RD, ALEXANDRIA 
NSW 2015. Telephone 319 2111 
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I 	EFFECTIVE STRESS TRIAXIAL TEST RESULTS 

I
DEVIATOR STRESS VS STRAIN 
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Page 4 of 4 
PROJECT: 
WOODWARD- CLYDE 
BOWRAL BRICKWORKS 

BH 2 2.0-2.3m 

top.bottom,side 

STAGE 1. 

NET CELL PRESSURE 	: 	 50 

TIME FOR 100% CONSOL'N 	: 	 4 

COEFFICIENT OF CONSOLID'N: 	 9•7 

BBAR RESPONSE 	 : 	 1.0 

RATE OF STRAIN 	 : 	 0.01 

SAMPLE SOURCE 

DRAINAGE CONDITIONS 

EFFECTIVE STRESS TRIAXIAL TEST RESULTS 

CONSOLIDATION TEST DATA 

0 
-10 
-20 
-30 
-40 
-50 
-60 
-70 
-80 
-90 

-100 
-110 
-120 
-130 

5 	' 	15 	' 	25 	'' 	35 
SQUARE ROOT TIME (mm) 

AUSTRALIAN SOIL TESTING 
338 BOTANY RD, ALEXANDRIA 
NSW 2015 Tele 319211 

kPa 

mm 

m.sq/yr 

mm/rn 
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APPENDIX D 
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SOIL CONSERVATION SERVICE MAP FOR THE AREA 
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"PH YSICA L CONSTRAINTS TO DEVEL-  OPMENT.__ "  

17ONSTJAINT 	PA N5E OF PHYSICAL L [MI TA TJOM S.  

• i1I1 ffiuIU11L 

Land with.. severe Physiral constraints, to 

Urbar'.'déve/opmpnt, which wilt requir 

detailed sjte irivestigation to assess land 

cap ability .:' 	 •. 

Land. subjc1 to ihundauion. and/or 

seasonal waferlogging 

Land with mod.rote physiccl constraints to 

urban dev&opmnt, which shou'ldn be subject' 

/ normal site assesrnnt ahd, dv&opment 

contrü(. 	.•• 	 . 	
"  

Soil 	depth, mass movement potential,' 

shdn/c ,,si)ef/, pe rme ability; 

Slope. -. length add steepness. 

Ot(?er - drainage, run-on, erosion hazard, ci 

Soil - h'gh shrrnk/.s'w&l, lo%' permeability 

0/her - run-on, erosior hawdetc 

.S'oil - shrink / swell permeability 

Other - drainage , etc. 

Land subject to urban capability assessment by the Soil Conservation Service of N S W 
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