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REPORT ON 

EFFLUENT DISPOSAL, EROSION AND SALINITY ASSESSMENT 

LOWER BELFORD PROPOSED REZONING 

STANDEN DRIVE, LOWER BELFORD, NSW 

1. INTRODUCTION 

This revised report presents the findings of a preliminary effluent disposal, erosion and salinity 

assessment for the proposed rezoning of several lots off Standen Drive, Lower Belford. The 

investigation was undertaken for Belford Land Corporation. 

The purpose of the preliminary effluent disposal assessment was to provide the following: 

 Subsurface conditions; 

 On site effluent disposal assessment in accordance with AS 1547-2000; 

 Recommendations on disposal options; 

 Comments on the suitability of the site for on-site effluent disposal; 

 Estimates on minimum areas required for disposal. 

The effluent disposal assessment was undertaken with reference to the current Environmental 

and Health Protection Guidelines: “On-site Sewage Management for Single Household”, (Ref 1) 

and AS 1547:2000 “On-site domestic-wastewater management” (Ref 2). 
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Based on discussions with the client, the following is understood: 

 Residential development with reticulated water supply is proposed for the site; 

 Singleton Council has requested information regarding the suitability of 8000 m2

residential lots with regards to on-site effluent disposal; 

 Council has also requested assessment of the land for salinity and erosion risk with 

regards to the proposed subdivision and on-site effluent disposal. 

2. SITE INFORMATION 

Site-specific information relevant to the assessment is outlined in Table 1 below: 

Table 1 - Site Information 

Address: Standen Drive, Lower Belford 

Lot/DP: Lot 2, DP 739822; Part Lot 6, DP 237936; Part Lot 13, DP 

1100005; Part Lot 12, DP 1100005; Lot 11, DP 844443

Client: Belford Land Corporation 

Site Area: 139 ha approx. 

Intended water supply 
(i.e. reticulated or non-
reticulated): 

Reticulated 

3. GEOLOGY / HYDROGEOLOGY 

Reference to the 1:100,000 Newcastle Coalfield Regional Geology map indicates the site is 

underlain by the Muree Sandstone formation of the Maitland Group.  The Maitland Group is of 

middle to late Permian age, and typically includes sandstone, conglomerate and minor clay. 

The regional groundwater flow regime for the site is believed to be towards Black Creek, which 

is located approximately between 700 m and 2.1 km east of the site. 
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The nearest registered groundwater well (GW080958) is approximately 740 m to the north from 

the north western corner of the site. The groundwater well was registered as a fire fighting 

monitoring bore. The well information indicated a water bearing zone between 18 m and 27 m 

depth below the ground surface and subsurface conditions generally comprising clay to 

approximately 2 m, underlain by ‘shale’ to termination at 30 m. 

Searches on the Department of Lands web site (www.nratlas.nsw.gov.au) indicate that the 

following areas may have dryland salinity characteristics (i.e. observations of saline indicator 

species and possible salt outbreaks): 

 A drainage channel in the north east corner of the site where Black Creek’s minor 

tributaries exit the site; 

 A drainage channel in the eastern portion of the site. 

The approximate mapped areas by the Department of Lands have been reproduced on 

Drawing 1, attached. 

4. SITE FEATURES 

A site walkover was undertaken on 15 May 2009 by an experienced environmental engineer 

from Douglas Partners to assess the site with regards to effluent disposal constraints and 

potential salinity and erosion issues.  

Relevant site features observed include the following: 

 Drainage gullies across the site (Photos 1 to 6) and associated steep slopes; 

 Rock outcrops generally observed in the south western and western portion of the site 

(Photos 7 to 9); 

 Dams at several locations across the site (Photos 10 to 12); 

 Localised erosion scouring (Photos 13 and 14); 

 Localised filling (generally in the north western portion of the site and in existing effluent 

disposal areas within the site). 
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Drainage gullies and associated site slopes generally fell to the east on the eastern side of the 

ridge line in the western portion of the site. Site slops on the western side of the ridge line fell to 

the west. Site slops were generally about 8%, however localised slops of 20% to 40% were 

observed in the vicinity of gullies. Gullies are shown in Photos 1 to 6 below. 

Photo 1 – Drainage gully and vegetation in the north eastern portion of the site 

Photo 2 – Drainage gully in the northern portion of the site 
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Photo 3 – Drainage gully and dam in the central eastern portion of the site 

Photo 4 – Drainage gully in the central portion of the site 
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Photo 5 – Drainage gully in the central-southern portion of the site 

Photo 6 – Drainage gullies in the southern portion of the site 
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Rock outcrops were observed along the ridge line in the western and south western portion of 

the site as shown in Photos 7 to 9 below. 

Photo 7 – Rock outcrops in the south western portion of the site 

Photo 8 – Rock outcrops in the south western portion of the site 



Page 8 of 26

Effluent Disposal, Erosion and Salinity Assessment, Proposed Rezoning Project 49385 
Standen Drive, Lower Belford 31 July 2009 

Photo 9 – Rock outcrop in the western portion of the site 

Dams were observed in the majority of gullies across the site, as shown in Photo 3 above, and 

Photos 10 to 12 below. 

Photo 10 – Dam in the north western portion of the site 
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Photo 11 – Dams in the southern portion of the site 

Photo 12 – Dam in the south – eastern portion of the site 
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Localised erosion scouring was observed in the north eastern portion of the site, in the vicinity of 

a dam overflow, as shown in Photo 13. 

Photo 13 – Localised erosion scour in the north eastern portion of the site (note dam overflow 

culvert) 

Photo 14 – Localised minor erosion in the central portion of the site 
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Localised minor filling was observed in the north–western portion of the site (i.e. in the vicinity of 

a small shed and dumped rubbish - Photo 15) and in possible existing effluent disposal areas 

adjacent to existing residences in the north-western, central, southern and south-eastern 

portions the site (Photo 16). 

Photo 15 – Dumped rubbish and possible filling in the north-western portion of the site 

Photo 16 – Possible effluent disposal area in the central portion of the site 
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Surface water monitoring for pH and Electrical Conductivity (EC) was undertaken during the site 

walkover. The results of surface water monitoring are presented in Table 2 below. Approximate 

locations are shown on Drawing 1, attached. 

Table 2 - Surface Water Monitoring 

Location pH EC (mS/cm) 

A 8.1 0.18 

B 7.6 0.24 

C 7.2 0.3 

D 7.9 0.1 

E 7.3 0.09 

F 7.4 0.093 

G 7.5 0.09 

H 8.2 0.07 

I 8.0 0.07 

J 8.5 0.06 

K 8.2 0.07 

L 9.2 0.08 

M 9.0 0.07 

N 8.7 0.09 
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Various relevant site features are listed in Table 3 below and have been compared to the 

requirements of Reference 1 in terms of possible limitations to effluent disposal. 

Table 3 - Site Features 

Site Feature Rating Limitation 

Flood potential  To be confirmed by Surveyor 

Exposure Well exposed to sun and wind Minor 

Slope  Generally 5 % to 8% 

Near gullies 10% to 40% 

Minor 

Moderate/Major 

Land form Convex side slopes across majority of site, some areas of 
gullies 

Minor to Major 

Run-on and 
upslope seepage 

Some potential for run-on Minor/moderate 

Erosion Potential Generally localised erosion only, gullies are generally well 
vegetated 

Minor 

Site Drainage No obvious signs of surface dampness Minor 

Fill Fill present in north western corner of the site Minor/Moderate 

Depth to Bedrock Generally >0.5 m Minor/moderate 

Rock outcrops Some rock outcrops observed in western portion (ridge) Minor/Moderate 

Buffer distances See Table 9 for further information. Minor/moderate 

Land availability Land generally available Minor 

Geology/Regolith Muree sandstone formation – sandstone, conglomerate, minor 
clay 

Minor 

Notes to Table 3: 

 Limitation as defined by the NSW Government Environmental and Health Protection Guidelines (Ref 1). 
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5. SUBSURFACE CONDITIONS 

Fieldwork and subsequent laboratory testing has been undertaken to assess the site’s suitability 

for effluent disposal. A summary of the fieldwork test methods and results is shown below in 

Table 4. 

Table 4 - Field Work 

Date Sampled 18/05/09 – 20/05/09 

Test Method Test Pits undertaken by an environmental engineer from 
DP 

Number of Pits 
2
 30 

Depth of Investigation 0.7 m to 2.0 m 

Summary of Subsurface Conditions 
1
 Generally topsoil over clay/sandy clay, underlain by clayey 

sand and gravel, and sandstone 

Groundwater Observations No free groundwater was observed during fieldwork 
Notes to Table 4: 
1 - Detailed test pit report sheets are attached and should be read in conjunction with the general notes 
 preceding them. 

2 - Refer to Drawing 1 attached for approximate test pit locations. 

Laboratory testing for the effluent disposal assessment was performed by SESL and comprised 

measurement of various soil parameters, as suggested for subdivision developments by the 

NSW Government Guidelines (Ref 1) on the predominant/controlling soil types within the site. 

The results are shown in Table 5 below and have been marked where the results indicate 

possible limitations to suitability for effluent application (Ref 1). 
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Table 5 - Laboratory Test Results 

Test Location 1/0.1 5/0.2 9/0.1 12/0.4 14/0.1 18/0.2 20/0.5 23/0.3 26/0.5 30/0.5 

Description 
Clayey 
sand 
topsoil 

Clay 
Clayey 
sand 
topsoil 

Clay 
Clayey 
sand 
topsoil 

Sandy 
clay & 
gravel 

Clay 

Clayey 
sand 
&
gravel 

Sandy 
Clay 

Clay 

Bulk Density 
(t/m

3
)

1.46 1.84 1.61 1.93 1.42 1.59 1.81 1.77 1.75 1.85 

pH in water 5.8 5.9 5.8 4.9 5.8 5.6 5.8 6.1 5.8 5.6 

pH in CaCl 4.7 4.7 4.8 4.3 4.9 4.5 4.4 4.5 4.3 4.4 

ESP (%) 7.1 5.9 1.5 19 2.7 4.3 3.2 8 14.5 7.9 

CEC (Cmol/kg) 3.4 16.3 2.7 23 4.4 3 13.5 8.1 12.1 13.6 

ECe (dS/m) 0.45 0.56 0.18 5 0.27 0.17 0.21 0.27 0.63 0.63 

Phosphorus 
Sorption 

1

(kg/ha) 

5220 13950 1560 17850 5700 2460 17700 5490 18220 16620 

Modified 
Emerson Class 
2

5 5 3 6 5 5 6 6 6 6 

Notes to Table 5: 

ECe – Electrical Conductivity (Laboratory results EC (1soil:5 water) converted to ECe using soil correction factor (Ref 3)) 
CEC – Cation Exchange Capacity 

ESP - Exchangeable Sodium Percentage
1 - Based on 1 m soil profile or observed depth to bedrock 

2 - Modified Emerson Class carried out using SAR 5 solution, which replicates domestic effluent 
Bold results indicate a moderate limitation as defined by Reference 1 

Shaded results indicate a major limitation as defined by Reference 1 

Additional laboratory testing was undertaken by SGS Australia and comprised analysis of soil 

samples for pH and Electrical Conductivity (EC). The results of this analysis are presented in 

Table 6 below. 



Page 16 of 26

Effluent Disposal, Erosion and Salinity Assessment, Proposed Rezoning Project 49385 
Standen Drive, Lower Belford 31 July 2009 

Table 6 - Laboratory Test Results 

Test Location Description pH ECe (dS/m) 
Salinity 
Class 

2/0.1 Clayey sand topsoil 6.3 0.09 Non-saline 

2/0.5 Clay 6.3 0.26 Non-saline 

3/0.1 Gravelly sand clay topsoil 5.6 0.28 Non-saline 

4/0.25 Clay 5.8 0.27 Non-saline 

6/0.05 Sand topsoil 6.3 0.23 Non-saline 

7/0.15 Sandy clay topsoil 5.4 0.07 Non-saline 

13/0.5 Clay 5.1 2.29 Slightly saline 

14/0.5 Clay 5.9 7.47 
Moderately 

Saline 

15/0.05 Clayey sand topsoil 5.9 1.17 Non-saline 

16/0.25 Clayey sand 6.0 0.10 Non-saline 

17/0.2 Silty clay topsoil 5.9 0.24 Non-saline 

18/0.5 Clay 5.8 1.44 Non-saline 

19/0.15 Silty clay topsoil 6.3 0.35 Non-saline 

21/0.2 Silty clay topsoil 6.0 1.54 Non-saline 

22/0.1 Clayey sand topsoil 6.5 0.25 Non-saline 

22/0.5 Clay 5.9 0.38 Non-saline 

24/0.2 Gravelly sand 6.3 0.17 Non-saline 

25/0.2 Sandy gravelly clay 6.4 0.06 Non-saline 

28/0.15 Clayey sand topsoil 5.9 0.43 Non-saline 

29/0.25 Clay 5.9 0.16 Non-saline 



Page 17 of 26

Effluent Disposal, Erosion and Salinity Assessment, Proposed Rezoning Project 49385 
Standen Drive, Lower Belford 31 July 2009 

6. EFFLUENT DISPOSAL AREA REQUIREMENTS 

Estimated land areas required for both irrigation (spray, trickle or subsurface) and 

evapotranspiration absorption (ETA) systems are provided based on typical effluent quality as 

published in Reference 1 for the following effluent treatment systems: 

 Standard Septic Treatment System; 

 Standard Aerated Wastewater Treatment System (AWTS); 

 Enhanced Aerated Wastewater Treatment System (i.e. Treatment system such as an 

‘Envirocycle’, which reduced the nitrogen output to 10 mg/L). 

Minimum disposal areas have been calculated by taking account of both the hydraulic capability 

of the land to accept effluent as well as the ability of the land to accept nutrients. The main 

parameters used in these calculations are outlined in Table 7 below: 

Table 7 - Model Parameters

Effluent Treatment System  
Standard 

AWTS 
Enhanced 

AWTS 
Septic System 

Nitrogen loading (mg/L) 
2
 37 10 55

Phosphorus loading (mg/L) 
2
 10 

Rainfall data 
1
 Singleton

4

Evaporation data Cessnock
4

DIR (mm/week) 15 

DLR (mm/day) 5 

Design Period (yrs) 
3
 50 

Notes to Table 7: 

DIR – Design Irrigation Rate in accordance with AS 1547-2000 (Ref 2) 
DLR – Design Loading Rate (ETA systems) in accordance with AS 1547-2000 (Ref 2) 
1 – Median (50

th
 percentile or 5 Decile) monthly rainfall supplied by the Bureau of Meteorology 

2 – Typical nutrient loading rates as published in Reference 1 
3 – In accordance with Reference 1 

4 – Nearest available weather station with appropriate data 

At present, there is no town water supply to the site, however, it is understood that town water 

supply is required for the proposed development. Minimum disposal areas have therefore been 

calculated based on reticulated water supply. 
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The minimum plan areas noted in Table 8 below are the limiting areas based on consideration of 

the hydraulic and nutrient (nitrogen and phosphorus) balance estimates. 

Table 8 - Minimum Plan Area (m2) Required for Both ETA and Irrigation Disposal Systems 

Evapotranspiration/Absorption Irrigation 

Effluent Treatment System Effluent Treatment System No of 
Bedrooms 

Daily 
Effluent 

Load
(L/day) 

Septic 
1, 2 Standard 

AWTS 
1

Enhanced 
AWTS 

3 Septic 
1, 2 Standard 

AWTS 
1

Enhanced 
AWTS 

3

2 600 1220 820 270 NA 820 330 

3 900 1830 1230 410 NA 1230 490 

4 1200 2440 1640 550 NA 1640 660 

5 1500 3060 2060 680 NA 2060 820 

Notes to Table 8: 

1 -  Minimum plan areas for both septic and standard AWTS treatment system were found to be governed by the nitrogen 
balance.  

2 - It should be noted that septic treatment systems should only be used in conjunction with ETA disposal systems and not 

used in conjunction with irrigation disposal systems.  Subsoil application is required for septic systems due to the highly 
infectious nature of the effluent (Ref 1). 

3 -  The minimum plan area for an enhanced AWTS system, however, was found to be governed by a combination of the 
phosphorus balance and the hydraulic balance. The calculation for the phosphorus balance has assumed that the 
underlying clay soils are the predominant soil type. 

During periods of rainfall, the nutrient levels in the effluent would be diluted, increasing the 

importance of the hydraulic capability of the soil. Wet weather storage should be provided for 

prolonged heavy rainfall events. A minimum storage capacity of three days is recommended 

based on NSW EPA guidelines (Ref 1), subject to council requirements. 
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7. RECOMMENDATIONS 

7.1 Salinity 

No obvious signs of soil salinity were observed during the current investigation. The results of 

surface water monitoring across the site generally indicated minimal salinity potential in runoff 

from gullies/drainage channels (i.e. fresh waters). 

The results of laboratory testing undertaken on topsoil and underlying clays generally indicate 

minimal salinity potential. The measured electrical conductivity of the soils is unlikely to have a 

measurable impact on vegetation growth, and is unlikely to be a limiting factor in residential 

development and on-site effluent disposal at the site. 

Regardless of the absence of saline indicators, it is recommended that future design and 

construction should be undertaken with respect to good practices as detailed in Reference 3 to 

minimise the potential for saline impact to occur. Typical construction practices include: 

 Correctly installing a damp-proof course within each building; 

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

 Minimise the disruption to natural water courses (surface and subsurface) to reduce the 

potential for waters to come in contact with structures, i.e. minimising cut and fill; 

 Maintaining good drainage and minimising excessive infiltration; 

 Ensuring that paths which are provided around buildings slope away from the building; 

 Careful design of landscaping and landscape watering methods; 

 Adequate drainage provided behind retaining walls;  

 Regular monitoring of pipes, etc for leaks. 

Most of the above features are consistent with the guidelines AS 2870 (Ref 4) for standard non-

saline sites. 
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For the construction of roads the following is recommended: 

 Minimise ponding of water and the concentration of surface run-off on shoulders and 

adjacent drains; 

 Increasing the seal width to minimise water infiltrating beneath the pavement.  This could 

be achieved by bitumen sealing of the road shoulders and ensuring adequate cross fall 

to drains;  

 Careful selection of construction materials to minimise salt content and to maximise 

compaction. 

7.2 Soil Erosion 

Observations made during the site walkover generally indicated the absence of gross erosion 

within gullies and slopes at the site. With the exception of eroded soils in the north-eastern 

portion of the site (i.e. in the vicinity of potentially high velocity dam overflows), drainage gullies 

were generally vegetated, with only minor exposed soils observed across the site. 

The results of modified Emerson dispersion testing at the site generally indicate non-dispersive 

soils, particularly when testing is undertaken using a high salt solution (i.e. used to model the 

effect of treated effluent on soil dispersion), with the exception of clayey sand topsoils in the 

sample from Pit 9.  

Provided adequate vegetation cover is maintained within the effluent disposal area and disposal 

area slopes are minimised, the site soils are considered generally suitable for residential 

development and to accept treated effluent with respect to potential soil erosion. 
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7.3 Lot Sizing 

When calculating minimum lot sizes, the following should be considered: 

 Maintaining the minimum effluent disposal area (as presented in Table 8 above), 

including reserve disposal area, soil bunds etc; 

 Maintaining buffer distances to water bodies, drainage channels, residences etc (as 

discussed in Section 7.5 below); 

 The location of flood contours (1 in 20 year contour for land application systems, 1 in 

100 year contour for treatment systems). 

The overall site has been assessed with reference to NSW guidelines (Ref 1). The results of the 

assessment indicate that the site is suitable for residential subdivision with on-site effluent 

disposal, and that limitations to effluent disposal assessment are minimal. Based on the 

calculation of minimum disposal areas as presented in Table 8 above and the assessment of the 

site with reference to the NSW guidelines (Ref 1), lot sizes of 8000 m2 will allow adequate area 

for the proposed effluent disposal system. 

Provided that the above points and the recommended site improvements (as presented in 

Section 7.4 below) and recommended buffer distances are adhered to in the design of lot sizes 

(as shown in Table 9 below), a lot size of 8000 m2 would be unlikely to generate gross adverse 

cumulative impact on the site and surrounding sites. 
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7.4 Site Improvements 

The site is considered to be generally suitable for on-site disposal of domestic effluent provided 

that the limitations previously mentioned are addressed, as discussed below: 

Soil pH 

Laboratory testing has indicated some acid soil conditions within the site. While the current site 

vegetation appears to have relatively good growth, agricultural lime could be added to the 

disposal area to maintain plant growth. Recommended lime application rates are presented in 

the attached SESL laboratory report sheets. 

Sodic Soils/Erosivity 

The soil within each disposal area could be treated with an appropriate application of gypsum.  

Adding gypsum to the soil increases the salinity of the soil moisture without increasing the 

sodium level, thereby reducing the Sodium Adsorption Ratio (SAR). This will improve the soil 

structure and reduce the potential for dispersion and erosion. Recommended gypsum 

application rates are presented in the attached SESL laboratory sheets. 

Shallow Bedrock 

The minor to moderate limitation caused by the presence of shallow rock within some areas of 

the site could be improved by mounding suitable clay loam filling within the disposal area to 

achieve a minimum depth of 1 m to bedrock. The material should be moderately permeable and 

have a high nutrient uptake. This would reduce the potential for effluent resurfacing and 

increase the soil’s ability to uptake phosphorus.  

The requirements for this would be subject to the treatment and disposal system proposed, and 

the depth to rock within the lot-specific disposal area. 

If imported clays are to be used for additional filling, it is recommended that further laboratory 

testing be undertaken to assess the phosphorus absorption capacity and general suitability. 
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Run-on/Run-off 

Catch drains / bunds upslope and downslope of the disposal areas are recommended to prevent 

rainfall run-on and run-off of the effluent respectively. This is particularly important on steeper 

areas of the site where irrigation disposal systems are proposed. 

Flood Potential 

In accordance with Reference 1, all components of the effluent disposal system including 

electrical components, vents and inspection openings of wastewater treatment devices should 

be located above the 1 in 100 year probability flood contour.  However the 1 in 20 year 

probability flood contour may be used as a limit for land application areas. 

General 

Disposal areas should be planted with high nutrient uptake vegetation, and lawn clippings 

should be removed. 

Maintenance of the effluent disposal area is important and should be conducted regularly.  The 

attached pamphlet titled “Your Land Application Area” produced by the Department of Local 

Government provides recommendations on maintenance procedures.  Additionally, all disposal 

areas should be constructed in accordance with AS 1547-2000 (Ref 2). 

7.5 Location of Disposal Systems 

Buffer zones should be kept between on-site systems and sensitive environments on and off-

site.  It is suggested that the buffer distances given in Reference 1 for land application systems 

be adopted for locating disposal areas on this site.  The buffer distances from Reference 1 are 

reproduced below. 
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Table 9 – Recommended Buffer Distances for On-site Systems 

System Recommended Buffer Distances 

All land application systems  100 m to permanent surface waters (e.g. river, streams, lakes, etc) 

 250 m to domestic groundwater well 

 40 m to other waters (e.g. farm dams, intermittent waterways and 
drainage channels, etc) 

Surface spray irrigation  6 m if area up-gradient and 3 m if area down-gradient of driveways 
and property boundaries 

 15 m to dwellings 

 3 m to paths and walkways 

 6 m to swimming pools 

Surface drip and trickle irrigation 
and subsurface irrigation 

 6 m if area up-gradient and 3 m if area down-gradient of swimming 
pools, property boundaries, driveways and buildings 

7.6 General 

It is noted that the above assessment is preliminary only, and has been undertaken to assess 

general site conditions. Additional lot specific investigation may therefore be required once the 

proposed lot layout has been finalised to confirm the depth to rock and disposal area 

requirements. 

8. LIMITATIONS OF THIS REPORT 

DP has performed investigation and consulting services for this project in general accordance 

with current professional and industry standards for land contamination investigation. 

Whilst every effort has been made to ensure a representative programme of field and laboratory 

sampling and testing, conditions different to those identified during these tasks may exist. 

Therefore DP cannot provide unqualified warranties nor does DP assume any liability for site 

conditions not observed, or accessible during the time of the investigations. 
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Despite all reasonable care and diligence, the ground conditions encountered and 

concentrations of contaminants measured may not be representative of conditions between the 

locations sampled and investigated. In addition, site characteristics may change over time in 

response to variations in natural conditions, chemical reactions and other events, eg. 

groundwater movement and/or spillages of contaminating substances. These changes may 

occur subsequent to DP's investigations and assessment. 

This report and associated documentation and the information herein have been prepared solely 

for the use of Belford Land Corporation Pty Ltd. Any reliance assumed by other parties on this 

report shall be at such party's own risk. Any ensuing liability resulting from use of the report by 

other parties cannot be transferred to DP. 

DOUGLAS PARTNERS PTY LTD 

Reviewed by: 

Bahareh Mansouri John Harvey 

Environmental Engineer Principal 

Patrick Heads 

Associate 
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NOTES RELATING TO THIS REPORT

Introduction

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

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

Description and Classification Methods

The methods of description and classification of soils
and rocks used in this report are based on Australian
Standard 1726, Geotechnical Site Investigations Code. In
general, descriptions cover the following properties -
strength or density, colour, structure, soil or rock type and
inclusions.

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

Soil Classification Particle Size
Clay less than 0.002 mm
Silt 0.002 to 0.06 mm
Sand 0.06 to 2.00 mm
Gravel 2.00 to 60.00 mm

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

Classification

Undrained

Shear Strength kPa

Very soft less than 12
Soft 12—25
Firm 25—50
Stiff 50—100
Very stiff 100—200
Hard Greater than 200

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

Relative Density

SPT

“N” Value 

(blows/300 mm)

CPT

Cone Value

(qc — MPa)
Very loose less than 5 less than 2
Loose 5—10 2—5
Medium dense 10—30 5—15
Dense 30—50 15—25
Very dense greater than 50 greater than 25

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

Sampling

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

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

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

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

Drilling Methods.

The following is a brief summary of drilling methods
currently adopted by the Company and some comments
on their use and application.

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

Large Diameter Auger (eg. Pengo) — the hole is
advanced by a rotating plate or short spiral auger,
generally 300 mm or larger in diameter. The cuttings are
returned to the surface at intervals (generally of not more
than 0.5 m) and are disturbed but usually unchanged in
moisture content. Identification of soil strata is generally
much more reliable than with continuous spiral flight
augers, and is usually supplemented by occasional
undisturbed tube sampling.

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

Continuous Spiral Flight Augers — the hole is
advanced using 90—115 mm diameter continuous spiral
flight augers which are withdrawn at intervals to allow
sampling or in-situ testing. This is a relatively economical
means of drilling in clays and in sands above the water
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table. Samples are returned to the surface, or may be
collected after withdrawal of the auger flights, but they are
very disturbed and may be contaminated. Information
from the drilling (as distinct from specific sampling by
SPTs or undisturbed samples) is of relatively lower
reliability, due to remoulding, contamination or softening
of samples by ground water.

Non-core Rotary Drilling — the hole is advanced by a

rotary bit, with water being pumped down the drill rods and
returned up the annulus, carrying the drill cuttings. Only
major changes in stratification can be determined from the
cuttings, together with some information from ‘feel’ and
rate of penetration.

Rotary Mud Drilling — similar to rotary drilling, but using

drilling mud as a circulating fluid. The mud tends to mask
the cuttings and reliable identification is again only
possible from separate intact sampling (eg. from SPT).

Continuous Core Drilling — a continuous core sample

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

Standard Penetration Tests

Standard penetration tests (abbreviated as SPT) are
used mainly in non-cohesive soils, but occasionally also in
cohesive soils as a means of determining density or
strength and also of obtaining a relatively undisturbed
sample. The test procedure is described in Australian
Standard 1289, “Methods of Testing Soils for Engineering
Purposes” — Test 6.3.1.

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

The test results are reported in the following form.

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

as 4, 6, 7
N = 13

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

as 15, 30/40 mm.
The results of the tests can be related empirically to the

engineering properties of the soil.
Occasionally, the test method is used to obtain samples

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

Cone Penetrometer Testing and Interpretation

Cone penetrometer testing (sometimes referred to as
Dutch cone — abbreviated as CPT) described in this
report has been carried out using an electrical friction cone
penetrometer. The test is described in Australian Standard
1289, Test 6.4.1.

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

As penetration occurs (at a rate of approximately
20 mm per second) the information is plotted on a
computer screen and at the end of the test is stored on the
computer for later plotting of the results.

The information provided on the plotted results
comprises: —

Cone resistance — the actual end bearing force divided
by the cross sectional area of the cone — expressed in
MPa.
Sleeve friction — the frictional force on the sleeve
divided by the surface area — expressed in kPa.
Friction ratio — the ratio of sleeve friction to cone
resistance, expressed in percent.
There are two scales available for measurement of

cone resistance. The lower scale (0—5 MPa) is used in
very soft soils where increased sensitivity is required and
is shown in the graphs as a dotted line. The main scale
(0—50 MPa) is less sensitive and is shown as a full line.

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

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

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

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

qc  =  (12 to 18) cu

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

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

Hand penetrometer tests are carried out by driving a rod
into the ground with a falling weight hammer and
measuring the blows for successive 150 mm increments
of penetration. Normally, there is a depth limitation of
1.2 m but this may be extended in certain conditions by
the use of extension rods.

Two relatively similar tests are used.

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

Cone penetrometer (sometimes known as the Scala
Penetrometer) — a 16 mm rod with a 20 mm diameter
cone end is driven with a 9 kg hammer dropping
510 mm (AS 1289, Test 6.3.2).  The test was developed
initially for pavement subgrade investigations, and
published correlations of the test results with California
bearing ratio have been published by various Road
Authorities.

Laboratory Testing

Laboratory testing is carried out in accordance with
Australian Standard 1289 “Methods of Testing Soil for
Engineering Purposes”. Details of the test procedure used
are given on the individual report forms.

Bore Logs

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

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

Ground Water

Where ground water levels are measured in boreholes,
there are several potential problems;

In low permeability soils, ground water although present,
may enter the hole slowly or perhaps not at all during
the time it is left open.

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

Water table levels will vary from time to time with
seasons or recent weather changes. They may not be

the same at the time of construction as are indicated in
the report.

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

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

Engineering Reports

Engineering reports are prepared by qualified personnel
and are based on the information obtained and on current
engineering standards of interpretation and analysis.
Where the report has been prepared for a specific design
proposal (eg. a three storey building), the information and
interpretation may not be relevant if the design proposal is
changed (eg. to a twenty storey building). If this happens,
the Company will be pleased to review the report and the
sufficiency of the investigation work.

Every care is taken with the report as it relates to
interpretation of subsurface condition, discussion of
geotechnical aspects and recommendations or
suggestions for design and construction. However, the
Company cannot always anticipate or assume
responsibility for:

unexpected variations in ground conditions — the
potential for this will depend partly on bore spacing and
sampling frequency

changes in policy or interpretation of policy by statutory
authorities

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

with investigation or advice to resolve the matter.

Site Anomalies

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

Reproduction of Information for 
Contractual Purposes

Attention is drawn to the document “Guidelines for the
Provision of Geotechnical Information in Tender
Documents”, published by the Institution of Engineers,
Australia. Where information obtained from this
investigation is provided for tendering purposes, it is
recommended that all information, including the written
report and discussion, be made available. In
circumstances where the discussion or comments section
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is not relevant to the contractual situation, it may be
appropriate to prepare a specially edited document. The
Company would be pleased to assist in this regard and/or
to make additional report copies available for contract
purposes at a nominal charge.

Site Inspection

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

Copyright © 1998 Douglas Partners Pty Ltd







GRAPHIC SYMBOLS FOR SOIL & ROCK

CONGLOMERATE

CONGLOMERATIC SANDSTONE

BOULDER CONGLOMERATE

SANDSTONE FINE GRAINED

SANDSTONE COARSE GRAINED

BITUMINOUS CONCRETE

CONCRETE

FILLING

TOPSOIL

PEAT

CLAY

SOIL

GRAVELLY CLAY

SHALY CLAY

SILT

CLAYEY SILT

SILTY CLAY

COBBLES/BOULDERS

SANDY CLAY

SANDY SILT

SAND

CLAYEY SAND

SILTY SAND

GRAVEL

SANDY GRAVEL

LAMINITE

MUDSTONE, CLAYSTONE, SHALE

COAL

LIMESTONE

IGNEOUS ROCK

GNEISS

QUARTZITE

DOLERITE, BASALT

SEDIMENTARY ROCK

SILTSTONE

METAMORPHIC ROCK

CLAYEY GRAVEL

SLATE, PHYLITTE, SCHIST

GRANITE

TUFF

PORPHYRYTALUS
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