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EXECUTIVE SUMMARY 
 
Soils in the Study Area have been described and three Soil Mapping Units have been 
identified.  The physical and chemical attributes of the soils of the Study Area have been 
quantified through a combination of field assessment and laboratory testing and indicate: 
 

• the soils are currently relatively stable but have a generally moderate erodibility 
rating as determined using the laboratory data obtained from samples from the 
Study Area in the SOILOSS computer model and field observations; 

• topsoil from SMU 1 has a high to moderate dispersibility and the subsoil generally 
has a very high dispersibility and so there is a need for rapid protection of 
stockpiled material and newly-rehabilitated areas by mulches and vegetation 
cover while being stored in stockpiles; 

• the topsoils and subsoils from SMU 2 have a negligible dispersibility but still 
require protection while being stored in stockpiles; 

• the topsoil from SMU 3 was not laboratory tested and it is highly likely that it has 
a low dispersibility but still requires protection while being stored in stockpiles; 

• the soils have a generally moderate to high structure grade and so can be 
stripped and respread using scrapers without major impacts on soil structure; 

• the subsoils for SMU 1 and SMU 2 to 40cm and 65cm depth [respectively] below 
the surface are favourable for use in rehabilitating the disturbed landscape; 

• it is recommended that no subsoil material be stripped from SMU 3 because of 
the Unit's general shallowness; 

• the soil materials from each SMU should be stockpiled separately and when 
rehabilitation occurs, the materials from each SMU should be returned to the 
areas from which they were stripped;  

• subsoil stripping should cease in SMUs 2 and 3 if mottled soil material is 
encountered; 

• material from below 40cm depth in SMU 1 showed moderate salinity and so 
should preferably not be disturbed; 

• none of the soil material tested from SMU 2 showed any saline tendencies and it 
is likely that the same applies for the topsoil of SMU 3; and 

• all soils would be subject to structural degradation if worked when too moist. 

 
Depth of stripping recommendations have been provided along with advice on stabilising the 
soil stockpiles in the period between stripping and respreading. 
 
The pre-disturbance Land Capability [Classes III and VII] and Agricultural Land Suitability 
[Classes 2, 3, 4 and  5]  of the Study Area have been determined.  
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1 INTRODUCTION AND DESCRIPTION OF PROJECT 
 
1.1 Introduction  
 
The Soil Survey and Land Capability Study [“the Study”] was undertaken for R.W. Corkery & 
Co. Pty Limited on behalf of Narrabri Coal Pty Ltd [”the Proponent”]. Figure 1 provides a 
locality plan for the proposed Narrabri Coal Project. Specifically the Study was carried out to 
provide soils and land capability information relating to the surface area proposed to be 
disturbed by works associated with the construction of a railway loop and surface infrastructure 
as well as a ventilation shaft. 
 
 
The soils and land capability Study Area covers a relatively small area of the overall Project 
Site given the area is the only area to be disturbed by surface activities. It is located within 
three properties “Turrabaa”, “Claremont” and “Matoppo” and is shown in Figure 2. 
 
 
Field sampling of the Study Area was carried out on the 7th February, 2006.  
 
The brief for the Study required the preparation of a report on: 
 

(i) the soils on that part of the Project Site likely to be disturbed as a result of the 
proposed works,  and 

 

(ii) the land capability and agricultural land suitability of the Study Area.  
 
The report was required to include a sufficient level of detail to satisfy the requirements of the 
Department of Primary Industries [Mineral Resources] for a Mining Operations Plan and to 
satisfy the specifications nominated by the Department of Natural Resources for soil surveys 
associated with proposed mining operations.  This report describes the soils based upon 
seven representative soil profiles as well as laboratory analyses of a selection of 
representative profiles and land capability of the Study Area.  
 
In particular, this report provides: 
 

• the results of the field survey and laboratory testing of samples; 

• a discussion of the results of field survey and laboratory physical and chemical 
analysis in technical as well as “Plain English” terms; 

• a discussion of the stripping suitability of the soil materials found within the Study 
Area; 

• details of soil handling strategies and recommendations about soil stripping and 
stockpiling; and 

• details of the land capability and agricultural suitability across the Study Area.  
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A further task required in the brief was to undertake a broad range risk assessment for the 
'Worst Case Scenario' likely to be encountered in relation to the subsidence associated with 
the potential longwall mining in Stage 2 of the Project.  This assessment is contained in 
Appendix 5. 
 
 
1.2 Description of Project 
 

The proposed Stage 1 of the Narrabri Coal Project [Figure 3] would involve the following 
activities.  

• Site Establishment 

 Establishment of a Pit Top Area incorporating surface infrastructure related 
to offices, workshops, amenities, crushing/sizing, stockpiling and train 
loading. 

 Construction of a transport drift and a conveyor drift  to provide access to 
the pit bottom area. 

 Establishment of the pit bottom. 

 Establishment of a vertical ventilation shaft. 

 
• Operations 

 Mining of coal from the Hoskissons Coal Seam using underground 
continuous miner methods in Mining Areas A, B and C at a maximum rate 
of 2.5Mtpa.  

 Transportation of the mined coal to the ROM stockpile via a conveyor 
system. 

 Crushing and sizing of the ROM coal through the crushing / sizing plant and 
stockpiling on the product stockpile. 

 Loading of product coal onto train via the rail load-out bin for transport to 
the Port of Newcastle. 

 
In addition to these principal activities, the proposed mine would be operated with 
comprehensive systems to manage groundwater, surface water, noise, air quality, and 
visibility.   
 
 

2 DESCRIPTION OF THE STUDY AREA 
 
The Study Area is located adjacent to, and west of, the North Western Branch Railway line and 
the Kamilaroi Highway, some 30km south-southeast of Narrabri and 10km north-northwest of 
Baan Baa.  
 
The area near the railway line where the proposed rail loop would be located is adjacent to 
Kurrajong Creek Tributary 1 and comprises level to gently sloping  pasture land. The 
remainder of the Pit Top Area ie. that area associated with the rail loop and other surface 
facilities, including the disjunct ventilation shaft site, is undulating. 
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3 LITERATURE REVIEW 
 
3.1 Narrabri Soil Conservation Service Technical Manual 
 
The Narrabri Soil Conservation Service Technical Manual [Anon, 1978] shows the Study Area 
located on the boundary of the Red Brown Earth soils and the Pilliga Scrub Soils. Details of 
these soils are presented below. 
 
 
3.1.1 Red Brown Earths   
 
These soils are generally associated with gently undulating slopes and are typically hardsetting 
with a sandy loam to sandy clay loam A horizon overlying a sandy clay loam to light clay B 
horizon. The soils are predominantly red brown in colour and have a weak to moderate degree 
of structure. Many have an earthy appearance. 
 
A typical profile description provided by Anon [1978] is: 
 
0-10cm [A1 horizon] – dark brown [7.5YR8/3 moist], moderate fine blocky structure, rough 
ped fabric, sandy clay loam, pH 6.0; gradual change to: 
 
10->100cm [B1 horizon] – brown [7.5YR4/4 moist], strong blocky structure, rough and smooth 
ped fabric, pH 7.5. 
 
 
3.1.2 Pilliga Scrub Soils  
 
These soils are mainly sandy solodised soils and sandy solodic soils. They possess a surface 
horizon of light texture that is sharply differentiated from the subsoil that has a well developed 
columnar structure with a sandy texture. There is usually a strongly bleached zone above the 
subsoil. 
 
Other soils within this complex include deep siliceous sands, earthy sands, lithosols and red 
and yellow earths. Typical profiles of all of these soil types are provided by Anon [1978] and 
are presented below. 
 
 
3.1.2.1 Sandy Solodised Soils  
 
0-2cm [A1 horizon] – dark brown [7.5YR3/3 moist], apedal, sand, pH 6.5, sharp change to: 
 
2-20cm [A2 horizon] – dull brown [7.5YR5/4 dry], sporadic bleach, apedal, wormy 
appearance when exposed, sharp change to: 
 
20-60cm [B1 horizon] – greyish yellow brown [10YR5/2], apedal, sand, gradual change to: 
 
60cm+ [B2 – C horizon] – mottled red, greyish yellow sand, apedal, hardpan, pH 6.0. 
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3.1.2.2 Sandy Solodic Soils  
 
0-5cm [A1 horizon] – brown [7.5YR3/3 moist], sand, apedal, pH 5.5; sharp change to: 
 
5-8cm [A2 horizon] – dull yellow orange [7.5YR7/2 dry], sand, apedal, sharp change to: 
 
8-50cm [B1 horizon] – mottled orange yellow [dominant 7.5YR4/6 moist], clayey sand, diffuse 
change to:  
 
50-150cm [B2 horizon] – mottled yellow grey [dominant 10YR5/4] sandy clay, pH 6.5]. 
 
 
3.1.2.3 Siliceous Sands 
 
No typical profile provided. 
 
 
3.1.2.4 Earthy Sands  
 
No typical profile provided. 
 
 
3.1.2.5 Lithosols 
 
0-25cm [A1 horizon] – loamy sand, brownish black [7.5YR3/2 moist], weak crumb structure, 
sandy fabric, pH 7.0, diffuse boundary to: 
 
25-60cm [C horizon] – weathering regolith of rounded large stones, orange [7.5yR6/6 moist], 
diffuse change to:  
 
Sandstone conglomerate parent material. 
 
 
3.1.2.6 Red Earths 
 
0-10cm [A1 horizon] – dark brown [7.5YR3/3 moist], moderate subangular blocky structure, 
rough ped fabric, silty clay loam, pH 6.5, gradual change to: 
 
10- 50cm [B1 horizon] – dark brown [7.5YR3/4 moist], weak subangular blocky structure, 
earthy appearance, silty light clay, stones present, pH 7.0. 
 
 
3.1.2.7 Yellow Earths 
 
No typical profile provided. 
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4 SURVEY METHODOLOGY 
 
4.1 Field Procedures 
 
For the Study, sampling involved the complete description of nine profiles exposed in pits 
excavated to a depth of 2.5m or the depth of backhoe refusal.  The locations of the soil 
sampling sites within the Study Area are shown in Figure 4. 
 
For each test profile [site] described, details of the following soil properties were noted. 
 

• Texture • Gravel/stone occurrence 

• Fabric • Presence of roots 

• Structure • Presence of lime 

• Consistence • Presence of manganese 

• Boundary sharpness • pH 

• Colour [moist and dry]  

 
Soil pH was measured using the Raupach method [Raupach indicator and barium sulphate]. 
Soil colour [moist and dry] was determined using Munsell soil colour charts [Macbeth, 1992]. 
The classification of the soils that were described was based on Isbell [1996].  
 
In determining the soil classifications the CD-ROM titled "The Australian Soil Classification - An 
Interactive Key" [Jacquier et al, 2001] was used. 
 
The information obtained was recorded in a form that is compatible with that required for entry 
on soil data cards used in the DNR's SPADE Soil Database. 
 
Samples from all layers in two profiles [Nos. 1 and 6] were forwarded to the Department of 
Lands' NATA - registered soil testing laboratory at Scone for more detailed analysis to 
determine the following properties. 
 

• Range of particle size [particle size analysis]. 

• Dispersion percentage. 

• Coherence [Emerson aggregate test]. 

• Electrical conductivity. 

 
 
4.2 Soil Stripping Suitability 
 
The stripping suitability of the soils at the sites sampled using the backhoe pits was determined 
on the basis of the procedure outlined by Elliott and Veness [1981]. 
 
From the data gained in this process, recommendations on the depths of topsoil and subsoil 
stripping were developed. 
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5 RESULTS 
 
From the information gained from the detailed soil profile descriptions, three Soil Mapping 
Units [SMUs] were identified.  
 
The first SMU [SMU 1] occurs in the floodplain area near Kurrajong Creek Tributary 1, the 
second [SMU 2] occurs on the slopes and crests in the Pit Top Area and the third [SMU 3] is 
associated with the upper section of the rise in the ventilation shaft area. The soils of the mid- 
and lower slopes near the ventilation shaft are SMU 2 soils. 
 
The location of the sampled soil profiles and the boundaries of the three SMUs are shown in 
Figure 4. 
 
It is important to note that not all soil layers described for the Soil Mapping Units are present in 
every profile. Soils are inherently variable in nature and, while they may have similar overall 
characteristics, they may vary in layer detail and properties. 
 
Appendix 1 contains detailed information of the layers present in the eight pits that were 
described in detail as well as for an additional site adjacent to the location of Profile 2 where 
the soil was substantially shallower. 
 
 
5.1 Soil Mapping Unit Descriptions 
 
Descriptions of the layers found in the profiles of the three SMUs identified within the Study 
Area are set out below. 
 
The soils within the units are described in two ways – a “Plain English” version followed by a 
technical description. 
 
Definitions of the technical terms used in the descriptions can be found in Appendix 3 or by 
consulting McDonald et al [1990] or Houghton and Charman [1986]. 
 
 
5.1.1 Description of SMU 1 –Soils of the Floodplain of Kurrajong Creek 

Tributary 1 
 
5.1.1.1 “Plain English” Description 
 

Soil to 250cm+ deep, lower slope [floodplain] location; surface condition hardsetting; some 
surface stone present.  
 
Topsoil to 12cm - sandy loam; many roots; pH 6.0; stones and gravel absent; brown  
moderately pedal [50%]; weak consistence dry; not  hydrophobic. 
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Subsoil of four layers, medium clay or medium-heavy clay in upper layers, sandy light clay at 
base of excavation; few roots; no lime present; no manganese present; pH 8.0 to 9.5; stones 
and gravel generally absent; brown or yellowish brown coloured sometimes mottled in colours 
of brown, yellow and grey; highly pedal; very firm to very strong consistence dry; not  
hydrophobic. 
 
 
5.1.1.2 Technical Description [based on test pits] 
 

[a] Australian Soil Classification Name – Brown Chromosol 

 

[b] Field Description: 

 
Layer 1 – [A horizon] [always present] 12cm thick  - sandy loam; many roots; no lime 
present; no manganese present; pH 6.0; stones and gravel absent; not mottled; not bleached; 
brown [7.5YR4/4  ] dry, dark brown [7.5YR3/3 ] moist; peds earthy-faced, moderately pedal 
[50%], polyhedral/platy,  5-10mm in size;  weak consistence dry; not  hydrophobic; sharp to:- 
 
Layer 2 – B1 horizon [always present] 27cm thick  - medium clay; few roots; no lime 
present; no manganese present; pH 8.0; stones and gravel absent; not  mottled; not 
bleached;  brown [7.5YR4/4] dry,  brown [7.5YR4/3] moist; peds  rough- / smooth-faced, 
highly pedal [100%], polyhedral,  10-15mm in size; very firm consistence dry; not  
hydrophobic; abrupt to:- 
 
Layer 3 – B2.1 horizon [always present] 44cm thick - medium to heavy clay; few roots; no 
lime present; no manganese present; pH 9.0; odd stone to 10cm, angular; not  mottled; not 
bleached;  dark yellowish brown [10YR4/4] dry, brown [7.5YR4/3] moist; peds smooth-faced, 
highly pedal [100%], polyhedral, 5-10 mm in size; strong consistence dry; not hydrophobic; 
clear to:- 
 
Layer 4 – [B2.2 horizon] [always present] 99cm thick - medium clay; few roots; major zone 
of lime accumulation; some manganese stains and nodules present; pH 9.5; stones and 
gravel absent; not  mottled; not bleached; brown [7.5YR5/4] dry, dark yellowish brown 
[10YR4/4] moist; peds rough- smooth faced, highly pedal [100%], polyhedral,  5-15mm in 
size; very strong consistence dry; not hydrophobic; clear to:- 
 
Layer 5 – [B3 horizon] [always present] 78cm thick - sandy light clay; few roots; 
occasional lime nodules  present; manganese stains and nodules common; pH 8.0; stones 
and gravel absent; mottled; not bleached; 70% light brownish grey [10YR6/3], 30% greyish 
brown [10YR5/2] dry, 70% brownish yellow [10YR6/6], 30% dark yellowish Brown [10YR4/6] 
moist; peds rough- / smooth-faced, highly pedal [100%], polyhedral, 5-10mm in size; very 
strong consistence dry; not hydrophobic.  
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5.1.2 Description of SMU 2 – Soils of the Slopes and Crests in the Pit Top Area 
 
5.1.2.1 “Plain English” Description 
 

Soil to 250cm deep, sometimes only 125cm; mid- to upper slope location; surface condition 
soft, loose or self-mulching; usually medium amounts of rounded / angular surface stone to 
4cm present. 
 
Topsoil sandy clay, sandy light clay, light clay, medium clay, medium to heavy clay, heavy 
clay; roots common to many; pH 5.5 to 7.0; some to much rounded angular gravel to 0.5-4cm 
present; not  mottled; not bleached; brown coloured; highly pedal firm to  very strong  
consistence dry; not hydrophobic.  
     
Subsoil consisting of two to four horizons; medium clay or medium to heavy clay to heavy clay 
textured; stones and gravel absent or containing some to much grave and larger stones in the 
lower horizons; variously coloured brown, reddish brown, dusky red, yellowish red; sometimes 
mottled in colours of grey, brown, red and yellow; highly pedal; not hydrophobic.  
 
 
5.1.2.2 Technical Description [based on test pits] 
 

[c] Australian Soil Classification Names – Brown [mainly] and Red Vertosols 

[d] Field Description: 
 
Layer 1 – [A horizon] [always present] 15-18cm thick - sandy clay, sandy light clay, light 
clay, medium clay, medium to heavy clay, heavy clay; roots common to many; usually no lime 
present, occasionally some lime stains; no manganese present; pH 5.5 to 7.0; some to much 
rounded angular gravel to 0.5-4cm present; not  mottled; not bleached; brown [7.5YR4/2, 
7.5YR4/3, 7.5YR4/4], very dark brown [7.5YR2.5/2 ] dry, dark brown [7.5YR3/2], very dark 
brown [7.5YR2.5/2] moist;  peds rough- / smooth-faced, occasionally earthy, highly pedal [90-
100%], polyhedral,  <5-15mm in size; firm to  very strong  consistence dry; not hydrophobic; 
abrupt to:-  
 
Layer 2 [B1 horizon] [always present] 26-67cm thick - medium clay, medium to heavy clay 
or heavy clay; few roots or roots common; lime stains usually present, sometimes common, 
sometimes small nodules present; no manganese present; pH 6.5 to 9.0; stones and gravel 
absent or some rounded gravel 5mm-3cm, occasionally flat gravel to 2cm present; not mottled; 
not bleached; brown [7.5YR4/3], dark brown [7.5YR3/2, 7.5YR3/3 ], dark reddish brown 
[5YR3/3]. reddish brown[5YR4/3] dry, brown [7.5YR4/3], dark brown [7.5YR3/3, 7.5YR3/4], 
dark reddish brown [5YR3/3, 5YR3/4], very dark brown [7.5YR2.5/2] moist; peds  rough- / 
smooth-faced, highly pedal [100%],polyhedral, <5-15mm; strong to very strong consistence 
dry; not hydrophobic; abrupt, clear, gradual or diffuse to:- 
 
Layer 3 - [B2.1 horizon] [usually present] 35-102cm thick - usually medium to heavy clay; 
sometimes heavy clay; few roots, occasionally roots absent; usually many lime nodules 
present, sometimes only stains; no manganese present; pH 8.0 - 9.5; stones and gravel 
absent or much rounded angular gravel 0.5cm to 8cm, soft sandstone floaters present in some 
profiles; not  mottled; not bleached; dark reddish brown [5YR3/3], brown [7.5YR4/2, 7.5YR4/3], 
reddish brown [5YR4/4], strong brown [7.5YR4/6], very dark brown [7.5YR2.5/2] dry, brown 
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[7.5YR4/4, 7.5YR5/3], dark brown [7.5YR3/4], dark reddish brown [5YR3/3], reddish brown 
[5YR4/4], very dark brown [7.5YR2.5/3] moist; peds rough- / smooth-faced, highly pedal 
[100%], polyhedral,<5-20mm in size; strong to very strong  consistence dry; not hydrophobic; 
diffuse to:-  
 
Layer 4 - [B2.2 horizon] [usually present] 47-125cm thick; medium clay medium to heavy 
clay, heavy clay; roots usually absent occasionally few present; some or many lime nodules 
present, occasionally no lime visible; manganese absent or some manganese stains and 
concretions present; pH 8.5 to 9.5; not bleached; usually whole coloured; brown [7.5YR5/4], 
dusky red [10R3/3], yellowish red [5YR4/6] dry, brown [7.5YR5/4], dusky red [10R3/3], strong 
brown [7.5YR4/6], yellowish red [5YR4/6] moist; occasionally mottled in shades of grey 
[2.5Y6/1] and brown [10YR5/3] dry and moist;  peds  rough- / smooth-faced, highly pedal 
[100%], polyhedral, <5-15mm in size; firm to very strong weak consistence dry; not 
hydrophobic; clear or diffuse to:- 
 
Layer 5 – [B3 horizon] sometimes present, below 250cm in other profiles] 45-83cm thick 
- sandy light clay gritty medium clay, medium to heavy clay or heavy clay; roots absent; usually 
no lime visible, sometimes nodules common; no manganese present; pH 5.5 to 9.0; stones 
and gravel absent or gravel and large stones and weathered rock inclusions present; not 
bleached; whole coloured reddish yellow [7.5YR6/6], greyish brown [10YR5/2] dry, greyish 
brown [10YR5/2], strong brown [7.5YR5/6] moist; or mottled reddish brown [5YR5/4], light 
brownish grey [2.5Y6/2, 2.5Y6/3], light yellowish brown [10YR6/4] dry; light yellowish brown 
[10YR6/4, 2.5Y6/3], pale yellow [2.5Y7/3], yellowish red [5YR4/6] moist; peds smooth-, earthy- 
or rough- / smooth-faced, highly pedal [100%], polyhedral, <5-15mm in size; firm to very strong 
consistence dry; not hydrophobic; bedrock or profile continues.  
 
 
5.1.3 Description of SMU 3 – Soil of the Crests near the Ventilation Shaft Area 
 
5.1.3.1 “Plain English” Description: 
 
Soil to 68cm deep, crest location, surface condition firm, medium amounts of surface stone to 
15cm present.  
 
Topsoil to 15cm deep, sandy clay loam; many roots; no lime present; no manganese present; 
pH 4.5-5.0; some gravel to 2cm; not mottled; not bleached; reddish brown [5YR4/4] dry, dark 
reddish brown [5YR3/3] moist; peds earthy-faced, moderately pedal [50%], polyhedral,   
5-10mm in size; weak consistence dry; hydrophobic. 
 
Subsoil consisting of a single layer,  sandy clay textured; pH 4.5-5.0; containing mainly flat 
and angular gravel 1-2cm and some angular sandstone to 10cm; not mottled; not bleached;  
red coloured; earthy fabric, massive, not hydrophobic; bedrock. 
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5.1.3.2 Technical Description [based on test pits] 
 

[a] Australian Soil Classification Names – Red Rudosol 
 
[b] Field Description: 

 
Layer 1 [A horizon] [always present] 15cm thick - sandy clay loam; many roots; no lime 
present; no manganese present; pH 4.5-5.0; some gravel to 2cm; not mottled; not bleached; 
reddish brown [5YR4/4] dry, dark reddish brown [5YR3/3] moist; peds earthy- faced, 
moderately pedal [50%], polyhedral,  5-10mm in size; weak consistence dry; hydrophobic; 
abrupt to:- 
 
Layer 2 [B horizon] [always present] 53cm thick - sandy clay; many roots; no lime present; 
no manganese present; pH 4.5-5.0; mainly flat and angular gravel 1-2cm and some angular 
sandstone to 10cm; not mottled; not bleached;  red [2.5YR5/6] dry, reddish brown [2.5YR4/4] 
moist; earthy fabric, massive, not hydrophobic; bedrock. 
 
 

5.2 Soil Laboratory Analyses 
 
Ten samples from two soil profiles were selected for laboratory analysis at the Department of 
Lands' Soil and Water testing Laboratory at Scone.  The profiles selected for analysis were 
from Pit 1 [SMU 1] and Pit 6 [SMU 2]. 
 
The tests performed aimed at assessing the potential erodibility of the soils [Particle Size 
Analysis [PSA], Dispersion % [D%] and Emerson Aggregate Test [EAT]] and the likely salinity 
risk using Electrical Conductivity [EC] as a primary measure.  
 
 
5.2.1 Soil Physical Analyses 
 
Tables 1 and 2 show the results obtained from laboratory analysis of the samples from the two 
pits.  
 
 

 
5.2.2 Soil Chemical Attributes 
 
Laboratory testing of the samples extended only to an examination of the electrical 
conductivity. Soil pH was measured in the field using the Raupach method. The results of the 
laboratory analyses and the field pH measurements are contained in Table 2. 
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Table 1 
Physical Laboratory Analysis Data for Selected Soil Profiles 

[Whole Soil Particle Size Analysis] 
SMU / PIT 

NO. 
LAYER TEXTURE 

[fine earth]# 
DEPTH 

[cm] 
PSA % 
CLAY 

PSA % 
SILT 

PSA % 
FINE 
SAND 

 

PSA% 
COARSE 

SAND 

PSA % 
TOTAL 
SAND 

PSA % 
GRAVEL 

1 
 

Loamy sand 0-12 7 7 39 47 86 <1 

2 Sandy clay 
loam 

12-39 29 4 32 35 67 <1 

3 
 

Clay / clay 
loam 

39-73 32 7 29 32 61 <1 

4 Clay / clay 
loam 

73-172 34 9 27 29 56 1 

SMU 1 
PIT 1 

5 
 

Sandy clay 172-250 31 4 31 34 65 <1 

1 Clay 0-15 51 11 25 12 37 1 

2 Clay 15-82 54 12 22 11 33 1 

3 Clay 82-126 57 9 21 12 33 1 

4 Clay loam 126-173 25 17 23 23 46 12 

SMU 2 
PIT 6 

 
 

4 Silty loam 173-218 13 26 42 18 60 1 

Note: PSA = Particle Size Analysis   # texture based on laboratory measurements 
 
 

Table 1 [cont] 
Physical Laboratory Analysis Data for Selected Soil Profiles 

[Whole Soil Particle Size Analysis] 

SMU / PIT 
NO. 

LAYER TEXTURE 
[fine earth]#

DEPTH 
[cm] 

D % D% level of 
dispersion 

EAT EAT level of 
dispersion 

1 
 

Loamy sand 0-12 60 High 2[1] High to 
moderate 

2 Sandy clay 
loam 

12-39 93 Very high 2[3] Very high 

3 Clay / clay 
loam 

39-73 71 Very high 2[3] Very high 

4 Clay / clay 
loam 

73-172 83 Very high 2[3] Very high 
 

SMU 1 
PIT 1 

5 
 

Sandy clay 172-250 93 Very high 2[3] Very high 

1 Clay 0-15 12 Slight 5 Slight 

2 Clay 15-82 12 Slight 4 Negligible 

3 Clay 82-126 12 Slight 4 Negligible 

4 Clay loam 126-173 19 Slight 4 Negligible 

SMU 2 
PIT 6 

 
 

5 Silty loam 173-218 27 Slight 4 Negligible 
 

Notes: D = Dispersion   EAT = Emerson Aggregate Test  # texture based on laboratory measurements 
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Table 2 
Chemical Analyses Laboratory Analysis Data for Selected Soil Profiles 

SMU / PIT 
NO. 

LAYER TEXTURE 
[fine earth]#

DEPTH 
[cm] 

pH * EC [dS/m]

1 
 

Loamy sand 0-12 6.0 0.01 

2 Sandy clay 
loam 

12-39 8.0 0.27 

3 Clay / clay 
loam 

39-73 9.0 0.67 

4 
 

Clay / clay 
loam 

73-172 9.5 0.78 

SMU 1 
PIT 1 

5 Sandy clay 172-250 8.0 0.64 

1 Clay 0-15 6.0 0.04 

2 Clay 15-82 8.5 0.10 

3 Clay 82-126 8.5 0.09 

4 Clay loam 126-173 8.5 0.10 

SMU 2 
PIT 6 

 
 

5 Silty loam 173-218 8.5 0.10 

# texture based on laboratory measurements 
 
 

6 DISCUSSION OF SOIL ANALYSES 
 
6.1 Physical Attributes  
 
The laboratory analysis results contained in Table 1 are important in assessing the erodibility 
of the soil units found within the Study Area.  
 
The three tests [Particle Size Analysis, Dispersion %, Emerson Aggregate Test] carried out on 
samples from each of the horizons within the two selected soil profiles, when considered 
together, provide a good indication of the soil’s likely behaviour in relation to the erosive forces 
encountered in the field. 
 
 
6.1.1 Particle Size Analysis 
 
The Particle Size Analysis [PSA] test shows the amounts of gravel, clay, silt, fine sand and 
coarse sand contained within each sample.  
 
The results shown in Table 1 are those contained in the laboratory test report. From this data it 
is evident that the topsoils in both profiles contain relatively low levels of gravel and 
consequently the material is suitable for use in rehabilitation works.  
 
The subsoils also exhibited low gravel contents. In fact, only one layer in profile 6 [82-126cm] 
contained any appreciable amount of gravel at all. 
 
The texture class of each soil layer is determined by analysis of the material [fine earth 
fraction] that is less than 2mm in size – ie. the sample from each tested horizon with the gravel 
removed. The calculated texture of the fine earth fraction of each of the layers tested in the 
laboratory is shown in Table 1. 
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It should be noted that the field textures of almost all layers of the two profiles that were 
examined indicated that the soils were generally more clayey than was shown in the laboratory 
analyses. 
 
 
6.1.2 Dispersion Percentage 
 
The Dispersion Percentage [D%] test indicates the proportion of the soil material less than 
0.005 mm in size that would disperse on wetting [ie. the clay and some of the silt fractions]. 
 
Hazelton and Murphy [in press] provide the following guides to the interpretation of D% values 
[Table 3]. 

 
Table 3 

Interpretation of Dispersion Percentage Values 
[after Hazelton and Murphy, in press] 

D% Value Dispersion Rating 
< 6 Negligible 

6 – 30 Slight 
30 – 50 Moderate 
50 – 65 High 

> 65 very high 
 
In interpreting the results of the values of dispersion percentage obtained in laboratory testing 
it is important to consider other related soil attributes such as the Particle Size Analysis [PSA] 
and Emerson Aggregate Test [EAT] data. 
 
Soil horizons with high clay contents and high Dispersion % values would be more dispersive 
in practice than those with a high Dispersion % value and a low clay content in the soil. 
 
The D% values shown in Table 1 indicate that the topsoil of profile 1 showed high dispersibility 
as measured by this procedure. The topsoil of profile 6, on the other hand showed only slight 
dispersibility 
 
The subsoil D% values for profile 1 [SMU 1] all recorded very high dispersibility values. On the 
other hand all horizons from profile 6 [SMU 2] showed slight dispersibility values. 
 
Overall, the measured dispersibility values for both the topsoil and subsoil for profile 1 are in 
the high to very high range and so it would be necessary for appropriate measures to be taken 
to protect the stockpiles of stripped soil as well as any embankments farmed with this material 
e.g. with the rail loop foundations. The same material, when respread, should be afforded rapid 
protection from soil erosion in the form of vegetative cover. 
 
The dispersibility values of the topsoil and subsoil horizons of profile 6 were all slight. 
Nevertheless, appropriate protective measures are required to ensure the protection of 
stockpile surfaces and areas where the material is respread to ensure that soil erosion does 
not occur. 
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6.1.3 Emerson Aggregate Test 
 
This test provides a measure of the coherence of soil aggregates when they are immersed in 
water. Natural peds are used [Houghton and Charman, 1986] and the method used by the 
Department of Land and Water Conservation to determine the Emerson Class Number is fully 
described in Craze et al [1993]. 
 
Basically, the degree of soil aggregate stability increases from Class 1 through to Class 8. 
Classes 2 and 3 have a number of subclasses based on the degree of dispersion. 
 
Aggregates in Emerson Classes 1 and 2 are generally regarded as being unstable while those 
in classes 4 to 8 are considered to be stable.  
 
Hazelton and Murphy [in press] present a summary of the Emerson Aggregate Classes. This is 
contained in Table 4. 
 

Table 4 
Comparison of Aggregate Dispersibility and Emerson 

Aggregate Classes [after Hazelton and Murphy, in press] 

Aggregate Dispersibility Emerson Aggregate Classes* 
Very High 1 and 2[3] 

High 2[2] 
High to Moderate 2[1] 

Moderate 3[4] and 3[3] 
Slight 3[2], 3[1] and 5 

Negligible / Aggregated 6,7,and 8 
  

* NOTE – the subclasses of the Emerson Aggregate Test [EAT] Classes are as follows. 
 

[1]  Slight milkiness immediately adjacent to the aggregate 
[2]  Obvious milkiness, less than 50% of the aggregate affected 
[3]  Obvious milkiness, more than 50% of the aggregate affected 
[4]  Total dispersion, leaving only sand grains [NB – Class 2[4] is equivalent to Class 1] 

 
The measured EAT values in Table 1 for both the topsoil and subsoil for profile 1 are in the 
high to medium to very high range and so there is a need for appropriate measures to be taken 
to protect the stockpiles of stripped soil as well as any embankments farmed with this material 
e.g. the rail loop foundations. The same material, when respread, should be afforded rapid 
protection from soil erosion in the form of vegetative cover. 
 
The EAT value of the topsoil of profile 6 was slight and those of all subsoil horizons were 
negligible.  Nevertheless, appropriate protective measures are required to ensure the 
protection of stockpile surfaces and areas where the material is respread to ensure that soil 
erosion does not occur. 

 
 

6.2 Soil Chemical Attributes 
 
Laboratory testing of the samples extended only to an examination of the electrical 
conductivity.  
 
Soil pH was measured in the field using the Raupach method. The results of the laboratory 
analyses and the field pH measurements are contained in Table 2. 
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6.2.1 Soil pH 
 
In general, the pH [water] range in most soils is between 4.0 and 8.5 although pH values 
above and below this range are measured at times [Glendinning, 1990].  
 
This range of soil pH levels is generally accepted as being one that is suitable for plant growth. 
 
The pH 6.0 to 6.5 range is usually regarded as the optimum for growth of most plants and 
there are some more serious impacts on the growth of many species at the lower, or acid, end 
of the range. 
 
As the pH scale [between 0 and 14] is a logarithmic one, a soil with a pH of 5.0 is ten times as 
acid as a soil of pH 6.0 and 100 times as acid as one with a pH of 7.0. 
 
Perusal of the data in the pH column in Table 2 indicates that both of the topsoil samples 
tested showed pH levels within the 4.0 to 8.5 range. 
 
The subsoils of SMU 1 were generally within the acceptable range and those from SMU 2 
were all within this range. With SMU 1, high pH material occurs about 40 cm below the surface 
in moderately saline horizons and so this material should not be stripped. 
 
The field pH tests indicate that the pH values of the topsoils for the two profiles tested  that 
would be stripped for use in rehabilitation are within acceptable limits  This is also the case for 
the profiles that were not subjected to laboratory analysis but were tested in the field. 
 
With the SMU 2 subsoils, the pH values obtained during field testing indicate a general 
increase in pH with depth [with some exceptions of low pH values immediately above bedrock]. 
These higher pH values would not be of concern as the mixing with lower pH soils during the 
stripping process would result in a composite medium within acceptable limits. 
 
For SMU 3, both topsoil and subsoil pH values were in the 4.5 to 5.0 range and thus are at the 
lower end of the acceptable range. 
 
 
6.2.2 Electrical Conductivity 
 
Soil salinity is a measure of the presence of water-soluble salts, mainly of sodium, calcium and 
magnesium in the soil solution. These salts may be chlorides, sulphates or carbonates and can 
have a major impact on plant growth if they occur in sufficiently large quantities. 
 
The level of salinity in a soil sample is determined by measuring the electrical conductivity [EC] 
of a 1:5 soil / water suspension.  
 
As the published salinity tolerance data for crops and pastures is based on the electrical 
conductivity of a saturated extract of the soil solution, a series of conversion factors, based on 
the estimated water holding capacity of soil sample, are used to convert the measured EC 
value to one for the conductivity of the saturated extract [ECe]. 
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The electrical conductivity of the 1:5 soil / water suspension and that of the saturated extract 
are measured in units called deciSiemens / metre [dS/m]. 
 
The measured level of electrical conductivity of the 1:5 soil / water suspension is multiplied by 
the appropriate factor in Table 5 [extracted from Hazelton and Murphy, in press] based on the 
measured soil texture. 

 

Table 5 
Texture Class Multipliers for Calculating ECe Values 

Soil Texture Class Multiplier 
Factor 

loamy sand, clayey sand, sand 23 
sandy loam, fine sandy loam, light sandy 
clay loam 

14 

loam, loam fine sandy, silt loam, sandy clay 
loam 

9.5 

clay loam, silty clay loam, fine sandy clay 
loam, sandy clay, silty clay, light clay 

8.6 

light medium clay 7.5 
medium clay 5.8 
heavy clay 5.8 

 
Table 6 shows the calculated ECe values for the samples analysed in the laboratory and shows 
the salinity status of the various horizons based on these ECe values. 
 
Hazelton and Murphy [in press] note that ECe values below 2.0 indicate non-saline horizons 
while values between 2 and 4 indicate slight salinity. Values between 4 and 8 indicate 
moderate salinity while those between 8 and 16 indicate high salinity. 
 
The data in Table 6 indicate that topsoils in both profiles are non-saline. 
 
The subsoil of profile 1 is slightly saline in the upper horizon and then moderately saline for the 
remaining horizons. The subsoil horizons of profile 6 are non-saline. 
 
The salinity of the subsoil material [>40cm deep] in profile 1 indicates that this material 
should not be used in any earthworks within the Study Area as the saline properties as 
well as the soil dispersibility would make establishment and maintenance of vegetative 
cover and protection against soil erosion difficult. 
 
 
6.3 Erosion Potential 
 
The soils within the Study Area are currently generally stable except for some minor areas of 
sheet erosion on the slopes and some minor gully erosion in the main drainage lines and 
tracks. 
 
Groundcover varies across the Study Area, but the remnant vegetation areas generally have a 
reasonable groundcover of litter and plant species. 
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Table 6 
Calculated ECe Values and Salinity Status for Selected Soil Profiles 

SMU / PIT NO. LAYER TEXTURE 
[fine earth]# 

DEPTH 
[cm] 

EC [dS/m] MULTI-PLIER CALCULATED 
ECe 

SOIL SALINITY 
STATUS 

1 
 

Loamy sand 0-12 0.01 23 0.23 Non-saline 

2 Sandy clay 
loam 

12-39 0.27 9.5 2.6 Slightly saline 

3 Clay / clay 
loam 

39-73 0.67 8.6 5.8 Moderately saline 

4 Clay / clay 
loam 

73-172 0.78 8.6 6.7 Moderately saline 

SMU 1 PIT 1 

5 Sandy clay 172-250 0.64 8.6 5.5 Moderately saline 

1 Clay 0-15 0.04 5.8 0.2 Non-saline 

2 Clay 15-82 0.10 5.8 0.6 Non-saline 

3 Clay 82-126 0.09 5.8 0.5 Non-saline 

4 Clay loam 126-173 0.10 8.6 0.9 Non-saline 

SMU 2 PIT 6 

5 Silty loam 173-218 0.10 9.5 1.0 Non-saline 

# texture based on laboratory measurements 
 

It would be essential, if erosion is to be prevented, to maintain an adequate groundcover on 
the existing landscape, on any stockpiles during the life of the stockpiles and on the reformed 
landscapes after rehabilitation work is carried out. 
 
It should be noted that much of the Study Area is currently protected by soil conservation 
earthworks and so any earthworks associated with the development of the project should be 
properly integrated with the existing systems.  
 
The design services provided by the Soil Conservation Service should be utilized to ensure 
that this occurs. 
 
 
6.4 SOILOSS Program 
 
An appropriate method of assessing the erosion hazard associated with the soils of the Study 
Area is to use the SOILOSS computer program devised by Rosewell and Edwards [1988] and 
updated by Rosewell [1993]. 
 
This program computes soil loss values for a given site under various land uses and climatic 
[rainfall] conditions and so provides an indication of erosion hazard. 
 
SOILOSS is based on the Universal Soil Loss Equation or USLE described by Wischmeier and 
Smith [1978] and subsequently updated as the Revised Universal Soil Loss Equation or RSLE 
[Renard et al, 1993]. 
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The USLE is 
 A   =  R  *  K  *  L  *  S  *  P  *  C   where 
 
A is the average annual soil loss [tonnes / hectare] 
R is the rainfall erosivity factor, a measure of the erosive power of the rain 
K is the soil erodibility factor, a measure of the resistance of the soil to erosion 
L is the slope length factor 
S is the slope steepness factor 
P is the support practice factor, a measure of the effect on erosion of soil 

conservation measures such as contour cultivation and bank systems 
C is the crop and cover management factor  
 
In using SOILOSS, the rainfall erosivity factor is obtained from maps provided with the 
program manual [Rosewell, 1993].  
 
Soil erodibility is either estimated from details of the soil type and soil surface texture by 
comparison with a table of soils presented by the program or is derived from a knowledge of 
soil particle size analysis, organic matter content, surface soil structure and profile 
permeability. 
 
Slope length and steepness factors are derived from field measurements and / or examination 
of topographic maps or airphotos. 
 
The support practice factor is estimated by the program from a description of the land 
management practices in use, details of cultivation direction and information on bank systems 
if these are present. 
 
To determine the value of the ‘K’ factor for use in the program, a generic or standard method 
can be utilised from within the program to indicate the likely soil losses from a range of crop 
rotations and management practices. 
 
In addition, a more detailed approach can be used to determine likely soil loss given the 
availability of precise detail relating to sowing dates, cultivation practices etc. 
 
Provision is made within the program for estimating soil loss from areas with a range of non-
arable uses.   
 
Table 7 provides details of the calculated erodibility values [K] and erodibility ratings for 
topsoils and subsoils from the two soil profiles in the Study Area that were tested in the 
laboratory. The shallow soil materials from the area associated with the proposed ventilation 
shaft were not laboratory tested  
 
The erodibility estimates contained in Table 7 for two of the SMUs [1 and 2] recorded from the 
Study Area have been calculated using part of the overall SOILOSS program capability and 
the Particle Size Analysis and other data for the two typical soil profiles from the Study Area 
that were subjected to laboratory testing. 
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The only value for which estimates were used in the calculations were those for organic matter 
%. After a perusal of the data for this variable for the Dead Horse [equivalent to SMU 1] and 
Maryland [equivalent to SMU 2] Soil Landscapes within Soil Landscapes of the Curlewis 
1:100 000 Sheet Report [Banks, 1995], mean values of 2.7% [topsoil] and 1.2% [subsoil] for 
SMU 1 and 3.0% [topsoil] and 1.8% [subsoil] for SMU 2, were chosen. 
 
The Erodibility classes used were < 0.020 = LOW; 0.020 – 0.040 = MODERATE; > 0.040 = 
HIGH.  

 
Table 7 

Soil Erodibility Values and Ratings for a Selection of Soils 
PIT 

NUMBER 
TOPSOIL 
LAYER 

[cm] 

TOPSOIL ‘K’ 
RATING 

SUBSOIL 
LAYER 

[cm] 

SUBSOIL ‘K’ 
RATING 

AVERAGE 
‘K’ RATING 

[WHOLE 
SOIL] 

SOIL MAPPING 
UNIT 

ERODIBILITY 

PIT 1 / SMU 
1  

0-12 0.029 39-73 0.019 0.024 moderate 
 

PIT 6 / SMU 
2 

0-15 0.013 15-82 0.013 0.013 low 

 
 
The soil horizons from SMU 1 were allotted a MODERATE erodibility by the SOILOSS model 
based on their physical characteristics while those from SMU 2 were classed as LOW. 
 
The field observation of an extensive soil conservation bank and waterway system on the area 
occupied by SMU 2 casts some doubt on the SOILOSS classification in this case. It is more 
likely to be MODERATE. 
 
Because of this MODERATE erodibility, as assessed by the SOILOSS analysis and field 
observations, both SMUs should be managed carefully during the stripping and rehabilitation 
stages to ensure that soil structure damage is minimal and that they are suitably protected by 
vegetation or some other medium at all times.  
 
 
7 DESIGN AND OPERATIONAL SAFEGUARDS 
 
7.1 Stripping Suitability of Soil Materials 
 
An approach has been developed by Elliott and Veness [1981] to determine the stripping 
suitability of soil materials found at a site where stripping of upper soil layers is required. The 
key used in this method of stripping suitability assessment is contained in Appendix 2. 
 
This method has been used in the present study. 
 
The basis for the Elliott and Veness approach is that not all soil material that might be available 
for topdressing of disturbed sites is suitable for agricultural or pastoral use: some may be 
poorly structured, too sandy or gravelly or too poorly drained to allow a stabilising vegetative 
cover to develop. 
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In their work, Elliott and Veness established that there are a number of critical soil physical 
attributes that can be used to distinguish between suitable and unsuitable topdressing 
materials. These are: 
 

[a] soil structure 

[b] soil macrostructure 

[c] soil coherence 

[d] soil texture 

[e] the force necessary to disrupt peds 
 
 

7.2 Stripping Recommendations  
 
The soil materials from each SMU should be stockpiled separately and when rehabilitation 
occurs, the material from each SMU should be returned to the areas from which they were 
stripped. 
 
 
7.2.1 SMU 1 Areas 
 
7.2.1.1 Layer 1 [0 - 15cm depth]  
 

Sandy loam; many roots; no lime present; no manganese present; pH 6.0; stones and gravel 
absent; not mottled; not bleached; brown [7.5YR4/4  ] dry, dark brown [7.5YR3/3 ] moist; peds 
earthy-faced, moderately pedal [50%], polyhedral/platy,  5-10mm in size;  weak consistence 
dry; not  hydrophobic. 
 
Suitability Assessment [based on Elliott and Veness key]: structure grade 2-3; weakly 
coherent dry, mottles absent; macrostructure always suitable; force to disrupt peds suitable; 
texture marginal; sand and gravel content high; pH levels suitable; salt content suitable. 
 
This material is marginally suitable for topsoiling on the basis of the Elliott and Veness key but 
it is the only material available from this SMU. It contains valuable seed, organic matter, 
nutrient reserves and should be stockpiled and used later for rehabilitation of the final 
landscape. 
 
Recommendations for Layer 1 Materials 

1. Strip all of the Layer 1 material to a depth of 15cm.  

2. Layer 1 materials should be stockpiled as topsoil provided suitable stripping and 
storage methods are used [see Section 6.3]. In order to maximise the 
regeneration of native species in the soil, it is recommended that topsoil from 
areas currently vegetated by native species is transferred directly to areas to be 
revegetated. 

3. Topsoil stripping should be carried out on all areas that would be disturbed by 
mining-related activity. 

 
For recommendations regarding stockpiling heights, see section 7.3.2.1. 
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7.2.1.2 Layer 2 [15 - 40cm depth]  
 
Medium clay; few roots; no lime present; no manganese present; pH 8.0; stones and gravel 
absent; not  mottled; not bleached;  brown [7.5YR4/4] dry,  brown [7.5YR4/3] moist; peds  
rough- / smooth-faced, highly pedal [100%], polyhedral,  10-15mm in size; very firm 
consistence dry; not  hydrophobic. 
 
Suitability Assessment [based on Elliott and Veness key]: structure grade 3; very firmly 
coherent dry, mottles absent; macrostructure suitable; force to disrupt peds suitable; texture 
suitable; sand and gravel content marginal; pH levels suitable; salt content marginal. 
 
This material is marginal for subsoiling on the basis of the Elliott and Veness key. However, it 
contains and should be stockpiled and used later for rehabilitation of the final landscape. 
 
Recommendations for Layer 2 Materials 

Strip all of the Layer 2 subsoil to a depth of 40cm below the current soil surface [ie. a layer 
25cm thick].  Layer 2 material should be stockpiled as subsoil provided suitable stripping and 
storage methods are used. For recommendations regarding stockpiling heights, see section 
7.3.2.1. 
 
 
7.2.1.3 Layer 3 [Remainder of the Profile] 
 
Preferably do not disturb the profile below 40cm depth from the surface because the saline 
nature of this material may cause problems with soil stability and vegetation establishment if 
used in earthworks associated with the proposed development.  If disturbance of this material 
is unavoidable, it should be securely encapsulated. 
  
Recommendations for Layer 3 Materials 

Do not strip. 
 
 
7.2.2 SMU 2 Areas 
 
7.2.2.1 Layer 1 [0 - 15cm depth]  
 

Sandy clay, sandy light clay, light clay, medium clay, medium to heavy clay or heavy clay; 
roots common to many; usually no lime present, occasionally some lime stains; no manganese 
present; pH 5.5 to 7.0; some to much rounded angular gravel to 0.5-4cm present; not  mottled; 
not bleached; brown [7.5YR4/2, 7.5YR4/3, 7.5YR4/4], very dark brown [7.5YR2.5/2] dry, dark 
brown [7.5YR3/2], very dark brown [7.5YR2.5/2] moist;  peds rough- / smooth-faced, 
occasionally earthy, highly pedal [90-100%], polyhedral,  <5-15mm in size; firm to  very strong  
consistence dry; not hydrophobic. 
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Suitability Assessment [based on Elliott and Veness key]: structure grade 3; firmly to very 
strongly coherent dry, mottles absent; macrostructure always suitable; force to disrupt peds 
suitable; texture suitable; sand and gravel content suitable; pH levels suitable; salt content 
suitable. 
 
This material is suitable for topsoiling on the basis of the Elliott and Veness key. It contains 
valuable seed, organic matter, nutrient reserves and should be stockpiled and used later for 
rehabilitation of the final landscape.  
 
Recommendations for Layer 1 Materials 

1. Strip all of the Layer 1 material to a depth of 15cm.  

2. Layer 1 materials should be stockpiled as topsoil provided suitable stripping and 
storage methods are used [see Section 6.3].   

3. Topsoil stripping should be carried out on all areas that would be disturbed by 
mining and associated activity. 

 
 
7.2.2.2 Layer 2 [15 - 65cm depth]  

 
Medium clay, medium to heavy clay [usually] , sometimes heavy clay; few roots or roots 
common, occasionally roots absent; lime stains usually present, sometimes common, usually 
many lime nodules present, no manganese present; pH 6.5 to 9.0; stones and gravel absent or 
some to much rounded gravel 5mm-8cm, occasionally flat gravel to 2cm present; soft 
sandstone floaters present in some profiles; not mottled; not bleached; brown [7.5YR4/2, 
7.5YR4/3], dark brown [7.5YR3/2, 7.5YR3/3 ], dark reddish brown [5YR3/3], reddish brown 
[5YR4/3, 5YR4/4], strong brown [7.5YR4/6], very dark brown [7.5YR2.5/2] dry, brown 
[7.5YR4/3, 7.5YR4/4, 7.5YR5/3], dark brown [7.5YR3/3, 7.5YR3/4], dark reddish brown 
[5YR3/3, 5YR3/4], reddish brown [5YR4/4], very dark brown [7.5YR2.5/2, 7.5YR2.5/3] moist; 
peds rough- / smooth-faced, highly pedal [100%], polyhedral,<5-20mm in size; strong to very 
strong consistence dry; not hydrophobic.  
 
Suitability Assessment [based on Elliott and Veness key]: structure grade 3; strongly to 
very strongly coherent dry, mottles absent; macrostructure always suitable; force to disrupt 
peds suitable; texture suitable; sand and gravel content suitable; pH levels generally suitable; 
salt content suitable. 
 
This material is suitable for subsoiling on the basis of the Elliott and Veness key. It contains 
valuable seed, organic matter, nutrient reserves and should be stockpiled and used later for 
rehabilitation of the final landscape. 
 
Recommendations for Layer 2 Materials 

Where surface disturbance for roads, hardstand area, buildings etc. is minimal then only 
Layer 1 should be stripped. However, where facility development requires disturbance to a 
greater depth, strip all of the Layer 2 subsoil to a depth of 65cm below the current soil surface 
[ie. a layer 50cm thick] unless mottled horizons are encountered at lesser depths. If mottled 
material is exposed at a depth of <65cm from the surface or bedrock is encountered, subsoil 
stripping should cease. If the stripping depth that is required is less than 65cm then strip to that 
depth. 
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Layer 2 material should be stockpiled as subsoil provided suitable stripping and storage 
methods are used. [See Section 6.3]. 
 
 
7.2.2.3 Layer 3 [Remainder of the Profile] 
 
Use for respreading over the reshaped overburden / rock material in situations where deep 
disturbance occurs, otherwise do not strip. 
 
Recommendations for Layer 3 Materials 

Preferably do not strip, however, if necessary, stockpile for use in site rehabilitation as a layer 
over the final reshaped landform prior to respreading of subsoil and topsoil. 
 
 
7.2.3 SMU 3 Area 
 
7.2.3.1 Layer 1 [0 - 15cm depth]  
 

Sandy loam; many roots; no lime present; no manganese present; pH 6.0; stones and gravel 
absent; not mottled; not bleached; brown [7.5YR4/4] dry, dark brown [7.5YR3/3 ] moist; peds 
earthy-faced, moderately pedal [50%], polyhedral/platy,  5-10mm in size;  weak consistence 
dry; not  hydrophobic. 
 
Suitability Assessment [based on Elliott and Veness key]: structure grade 2-3; weakly 
coherent dry, mottles absent; macrostructure suitable; force to disrupt peds suitable; texture 
marginal; sand and gravel content probably high; pH levels only just suitable; salt content 
suitable. 
 
This material is marginally suitable for topsoiling on the basis of the Elliott and Veness key but 
it is the only material available from this SMU. It contains valuable seed, organic matter, 
nutrient reserves and should be stockpiled and used later for rehabilitation of the final 
landscape. 
 
Recommendations for Layer 1 Materials 

1. Strip all of the Layer 1 material to a depth of 15cm.  

2. Layer 1 materials should be stockpiled as topsoil provided suitable stripping and 
storage methods are used [see Section 6.3].   

3. Topsoil stripping should be carried out on all areas that would be disturbed by 
mining-related activities. 

 
 
7.2.3.2 Layer 2 [below 15cm depth] 
 
Recommendation 

Do not strip. 
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7.3 Handling Stripped Soils 
 
7.3.1 Introduction 
 
Stripping of soil materials is proposed for those sections of the Study Area to be used for the 
proposed mining-related surface disturbance. This section outlines the recommended 
techniques for handling the soil materials that are to be stripped, stockpiled and then respread 
during the rehabilitation phase.  The recommendations made are based on an interpretation of 
the results of soil survey within the Study Area and the associated field and laboratory analysis 
data. 
 
As a general rule in soil stripping, stockpiling etc, the weaker [more sandy] the in situ structure 
of the soil being removed, the more care that is required in all phases of handling. The soil 
needs to be handled [disturbed] as little as possible to minimise mechanical damage to soil 
structure that would be detrimental to rapid establishment of ground cover once rehabilitation 
works commence.  There have been a number of studies in the past relating to the impact of 
the stripping and stockpiling of soils associated with mining and similar activities. 
 
Working of soils in situations where the soil moisture content is unfavourable can have 
detrimental impacts on soil structure [Elliott and Veness, 1985; Hunter and Currie, 1956]. 
There are also unfavourable effects related to mixing of soil materials with different fertility 
levels, textures and other critical soil properties.  Stockpiling also has its effects although there 
is evidence that the impacts are, at least to some degree, reversible. Jenkin et al [1987] have 
noted that these effects seem similar to those of normal agricultural uses on soils. 
 
Dougall [1950] has noted that stockpiling of soil results in some structure breakdown and 
changes associated with some other physical and chemical properties.  However, despite 
these negative impacts, Elliott and Veness [1985] conclude that the quality of stockpiled soil 
can, in fact, improve with time – especially in the outer layers of material. 
 
 
7.3.2 Stripping and Stockpiling 
 
7.3.2.1 Earthmoving Procedures 
 
As mentioned previously, the topsoils and subsoils of SMU 2 are usually highly structured 
although those from SMU 1 and SMU 3 are weaker in structure.  However, despite the fact that 
the majority of the soils to be disturbed are well structured, excessive handling of the materials 
during the stripping and stockpiling operation and handling when the soils are wet should be 
avoided to protect any structure that may have developed.  
 
Soil stripping can be carried out using machines such as scrapers, excavators and bulldozers.  
Care should be taken also to ensure that topsoils and subsoils are not stripped when they are 
too moist as greater damage would occur at this time. 
 
Driving of machinery on the topsoil and subsoil stockpiles, should be kept to an absolute 
minimum to maximise soil aggregation and prevent compaction, particularly when the 
stockpiles are moist.  Ideally, the topsoil stockpiles should be 1m high but, if necessary, higher 
stockpiles can be used. These should not exceed about 2m in height.  The subsoil stockpiles 
should not exceed 3m in height.  
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These stockpiles would need to be positioned to prevent sediment-laden runoff from entering 
the local watercourses. 
 
 
7.4 Soil Conservation Measures 
 

Measures should be taken to minimise loss of soil materials from the stockpiles, especially in 
the period before they are stabilised, eg. using geotextile “silt fences” or lines of straw / hay 
bales etc. 
 
The formed stockpile surfaces should have a generally even surface that is as 'rough' as 
possible, in a micro-sense, to assist in runoff control and seed retention and germination. They 
should be sown with stabilising species as soon as possible after placement and watered if 
necessary to speed up establishment. Where stockpile construction is conducted in stages, the 
stockpiles should be progressively stabilised. 
 
The abutments of the railway crossing of the creek should be rock armoured for protection 
from flood. Similar precautions should be taken on the upstream side of the railway line for a 
distance as far west as it is predicted that erosive  flood flows might be encountered.  
 
Any topsoil and subsoil stockpiles to be located in this area should be constructed on the 
downstream side of the rail loop to avoid erosion of this material by floodwater and to prevent 
unnecessary constriction of the floodplain width. 
 
The soil conservation bank and waterway system that would be ‘cut ‘ by the railway line should 
be redesigned to ensure that previous functionality is not impaired. Achievement of this result 
is likely to require construction of a series of culverts to link the separate components of the 
exiting system. Alternatively, the existing system may need to be redesigned as two separate 
systems – one on each side of the railway line.  
 
 
8 IMPACT ASSESSMENT 
 
Adherence to the recommended soil stripping, handling and storage procedures would result in 
a minimal impact from a soils stability viewpoint at the Project Site. Rehabilitation of all 
disturbed areas within the Project Site by returning subsoil and topsoil materials to the areas 
from which they were stripped in the proper sequence and providing suitable protective 
vegetative cover quickly should ensure that such areas are returned to their former land 
capability and agricultural land suitability classes. 
 
Similarly, construction of the recommended railway line protection measures on the upstream 
side of the line on the creek floodplain and the railway bridge abutment protection measures 
would minimise damage  associated with floods. 
 
Storage of topsoil and subsoil material on the downstream side of the railway line [if 
necessary] would also minimise possible damage to the stockpiles due to water erosion during 
floods.   
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9 LAND CAPABILITY AND AGRICULTURAL LAND 
SUITABILITY 

 
It should be noted that both the NSW Department of Natural Resources Land Capability 
mapping and the Agricultural Land Suitability mapping of NSW Department of Primary 
Industries [Agriculture] were carried out at a very different scale to that of the present study 
and in most cases the assessments were subjected to only limited field checking. 
 
As a consequence, there are often differing assessments that result from more detailed 
examination of relatively small study areas. 
 
 
9.1 Land Capability 
 
9.1.1 Overview of the Methodology 
 
Houghton and Charman [1986] in their “Glossary of Terms Used in Soil Conservation” define 
land capability as follows. 
 

“The ability of land to accept a type and intensity of use permanently, or for 
specified periods under specific management, without permanent damage.” 

 
They further note that land capability is “…an expression of the effect of biophysical land 
resources, including climate, on the ability of land to sustain use without damage under various 
uses such as crop production requiring regular tillage, grazing, woodland or wildlife. Land 
capability involves consideration of: 
 

• the various land resources; 

• the production to be obtained from the land; 

• the activities or inputs required to achieve that production; 

• the risks of damage to the land, on-site or off-site, resulting from those activities; 
and 

• the inter-relations of the above.” 

 
Houghton and Charman note that land capability is taken into account in determining land 
suitability – another form of land classification relating to use for various purposes. 
 
Land that is used beyond its capability ultimately loses its productive capacity as a 
consequence of exhaustion of soil nutrient supplies or the development of various forms of 
land degradation. 
 
The land capability classification system used in New South Wales has been described by 
Emery [undated] and is a modification of the system devised and used by the former USDA 
Soil Conservation Service in the United States of America. 
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Emery’s paper [in its Table 1] contains details of the Land Capability legend used on land 
capability maps prepared by the former Soil Conservation Service of New South Wales [now 
part of DNR].  
 
This shows the hierarchical classification used in the eight class system based on the 
management and protection needs of different types of land ranging from land needing no 
special soil conservation works or practices [Class 1] through to land that is unsuitable for 
agricultural or pastoral production [Class 8]. 
 
Emery’s table also shows two other land capability classes – Mining and Urban land use – and 
also deals with class subscripts used to further subdivide some capability classes. The 
information presented by Emery is contained in Appendix 3. 
 
 
9.1.2 Land Capability as Mapped by DNR for the Study Area 
 
The 1: 100 000 scale Land Capability map of the Baan Baa map sheet area prepared by the 
former Soil Conservation Service of NSW [DNR, Parramatta - GIS] shows the Study Area 
mapped mainly as Class III land with a small area of Class IV land near the proposed 
ventilation shaft site as well as along the drainage line to the north of the proposed rail loop. 
 
Class III land is sloping land suitable for cropping on a rotational basis. Structural soil 
conservation works such as graded banks, waterways and diversion banks, together with soil 
conservation practices such as conservation tillage and adequate crop rotations are required. 
 
Class IV land is land not capable of being regularly cultivated but suitable for grazing with 
occasional cultivation and requiring soil conservation practices such as pasture improvement, 
application of fertilizer and minimal cultivation for the establishment or re-establishment of 
permanent pasture. 
 
 
9.1.3 Current Assessment 
 
After field assessments during the soil survey, it is evident that, the Pit Top Area, as well as the 
lower slopes around the proposed ventilation shaft, is Class III land while the upper slopes at 
the ventilation shaft site and the lands along Kurrajong Creek Tributary 1 are more correctly 
classed as Class VII land. 
 
Class VII land is land best protected by green timber. It generally comprises areas of steep 
slopes, shallow soils and/or rock outcrop. Adequate ground protection must be maintained by 
limiting grazing and minimising damage by fire.  
 
This land capability assessment applies to the Study Area alone. [See Figure 5]. 
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9.2 Agricultural Land Suitability Classification 
 
9.2.1 NSW Agriculture Assessment 
 
Information supplied by NSW Department of Primary Industries [Agriculture] at Tamworth 
[Andrew Scott, pers.comm.] indicates that the Department has classified the lands of the Study 
Area using its agricultural land suitability system [Cunningham et al, undated; Hulme et al, 
2002]. 
 
The mapped agricultural suitability of the lands indicates the presence of Class 2, Class 3 and 
Class 4 [Agricultural Suitability] lands. The area comprises mainly Class 3 land with minor 
areas of Class 2. 
 
Class 2 land is 'arable land suitable for regular cultivation for crops but not suited to 
continuous cultivation. It has a moderate to high suitability for agriculture but edaphic [soil 
factors] or environmental constraints reduce the overall level of production and may limit the 
cropping phase to a rotation with sown pastures.' 
 
Class 3 land is 'grazing land that is well suited to pasture improvement. It may be cultivated or 
cropped in rotation with pasture. The overall level of production is moderate as a result of 
edaphic [soil related] or environmental constraints. Erosion hazard or soil structural breakdown 
limit the frequency of ground disturbance, and conservation or drainage works may be 
required.'  
 
 
9.2.2 Current Assessment 
 
After field inspection during the soil survey, it is evident that, the NSW Department of Primary 
Industries [Agriculture] assessment of the agricultural land suitability of the Study Area is 
generally correct, although the area near the proposed ventilation shaft should be classed as 
Class 5 land as shown in Figure 6. 
 
Class 5 land is 'land unsuitable for agriculture or at best suited only to light grazing. 
Agricultural production is very low to zero as a result of severe constraints, including economic 
factors, which preclude improvement'. 
 
 
10 CONCLUSION 
 

Soils in the Study Area have been described and three Soil Mapping Units identified. 
 
The physical and chemical attributes of the soils of the Study Area have been quantified 
through a combination of field assessment and laboratory testing and indicate: 
 

• the soils are currently relatively stable but have a generally moderate erodibility 
rating as determined using the laboratory data obtained from samples from the 
Study Area in the SOILOSS computer model and field observations; 
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• topsoil from SMU 1 has a high to moderate dispersibility and the subsoil generally 
have a very high dispersibility and so there is a need for rapid protection of 
stockpiled material and newly-rehabilitated areas by mulches and vegetation 
cover; 

• the topsoil and subsoil from SMU 2 had a negligible dispersibility; 

• the topsoil from SMU 3 was not laboratory tested but it is highly likely that it has a 
low dispersibility; 

• the soils have a generally moderate to high structure grade and so can be 
stripped and respread using scrapers without major impacts on soil structure; 

• the subsoils for SMU 1 and SMU 2 to 40cm and 65cm depth [respectively] below 
the surface are favourable for use in rehabilitating the disturbed landscape; 

• it is recommended that no subsoil material be stripped from SMU 3 because of 
the Unit's general shallowness; 

• the soil materials from each SMU should be stockpiled separately and when 
rehabilitation occurs, the materials from each SMU should be returned to the 
areas from which they were stripped;  

• subsoil stripping should cease in SMUs 2 and 3 if mottled soil material is 
encountered; 

• material from below 40cm depth in SMU 1 showed moderate salinity and so 
should not be disturbed in any way; 

• none of the soil material tested from SMU 2 showed any saline tendencies and it 
is likely that the same applies for the topsoil of SMU 3; and 

• all soils would be subject to structural degradation if worked when too moist. 
 
Depth of stripping recommendations have been provided along with advice on stabilising the 
soil stockpiles in the period between stripping and respreading. 
 
The pre-disturbance Land Capability [Classes III and VII] and Agricultural Land Suitability 
[Classes 2, 3, 4 and 5] of the Study Area have been determined.  
 
 
11 ADDRESSING DIRECTOR-GENERAL'S REQUIREMENTS 
 
A number of issues relating to soils and land capability have been raised in the Director-
General's Requirements.  
 
Table 8 lists the requirements and indicates the section of this study where each requirement 
is addressed. 
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Table 8 
Director-General’s Requirements Relates to Soils and Land Capability 

ENVIRONMENTAL REQUIREMENTS RAISED BY THE DIRECTOR-GENERAL RELATING TO SOILS AND LAND 
CAPABILITY 

 Relevant 
Section[s]

Assess the following potential impacts of the project [including any potential cumulative 
impacts], and describe what measures would be implemented to avoid, minimise, mitigate, 
offset, manage and/or monitor these impacts. 
 
Include a detailed water balance, and refer to the Guidelines for Fresh and Marine Water 
Quality [ANZECC], Managing Urban Stormwater: Soils & Construction [Landcom], and the 
various State Groundwater Policy documents [Department of Natural Resources]. 

 
Section 7 

 
 
 

Section 7 
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Profile 1 [SMU 1] -  Lower slope location; surface condition hardsetting; some surface 
stone present  
 
0-12cm - sandy loam; many roots; no lime present; no manganese present; pH 6.0; stones 
and gravel absent; not mottled; not bleached; brown [7.5YR4/4  ] dry, dark brown [7.5YR3/3 ] 
moist; peds earthy-faced, moderately pedal [50%], polyhedral/platy,  5-10mm in size;  weak 
consistence dry; not  hydrophobic; sharp to:- 
   
12-39cm - medium clay; few roots; no lime present; no manganese present; pH 8.0; 
stones and gravel absent; not  mottled; not bleached;  brown [7.5YR4/4] dry,  brown 
[7.5YR4/3] moist; peds  rough- / smooth-faced, highly pedal [100%], polyhedral,  10-15mm in 
size; very firm consistence dry; not  hydrophobic; abrupt to:- 
 
 
39-73cm - medium to heavy clay; few roots; no lime present; no manganese present; pH 9.0; 
odd stone to 10cm, angular; not  mottled; not bleached;  dark yellowish brown [10YR4/4] dry, 
brown [7.5YR4/3] moist; peds smooth-faced, highly pedal [100%], polyhedral, 5-10 mm in size; 
strong consistence dry; not hydrophobic; clear to:- 
 
73-172cm - medium clay; few roots; major zone of lime accumulation; some manganese stains 
and nodules present; pH 9.5; stones and gravel absent; not  mottled; not bleached;   brown 
[7.5YR5/4] dry,  dark yellowish brown [10YR4/4] moist; peds rough- smooth faced, highly pedal 
[100%], polyhedral,  5-15mm in size;  
very strong  consistence dry; not  hydrophobic;  clear to:- 
 
172-250cm - sandy light clay; few roots; occasional lime nodules  present; manganese stains 
and nodules common; pH 8.0; stones and gravel absent; mottled; not bleached; 70% light 
brownish grey [10YR6/3], 30% greyish brown [10YR5/2] dry,  70% brownish yellow [10YR6/6], 
30% dark yellowish Brown [10YR4/6] moist; peds rough- / smooth-faced, highly pedal 
[100%], polyhedral,  5-10mm in size; very strong consistence dry; not hydrophobic  
  
 
Profile 2 [SMU 2] - Midslope location; soft to firm surface condition; medium amounts of 
surface stone present, rounded angular to 4cm;  
 
0-16cm - sandy clay; many roots; no lime present; no manganese present; pH 6.0; some 
rounded angular gravel to 3cm; not mottled; not bleached; brown [7.5YR4/3] dry, dark brown 
[7.5YR3/2] moist; peds rough- / smooth-faced, highly pedal [100%], polyhedral, <5-10mm in 
size; firm  consistence dry; not hydrophobic; abrupt to:- 
  
16-58cm - medium to heavy clay; few roots; some  lime stains present; no manganese 
present; pH 8.0; some rounded gravel to 3cm ; not  mottled; not bleached; dark brown 
[7.5YR3/3 ] dry, dark brown [7.5YR3/4] moist; peds rough- / smooth-faced, highly pedal 
[100%], polyhedral, 10-15mm in size; very strong consistence dry; not hydrophobic; abrupt to:- 
  
58-160cm - medium to heavy clay; few roots; many lime nodules present; no manganese 
present; pH 9.5; much rounded angular gravel to 8cm and soft sandstone floaters; not  
mottled; not bleached; brown [7.5YR4/3] dry,  dark brown [7.5YR3/4] moist; peds rough-/ 
smooth-faced, highly pedal [100%], polyhedral, 5-20mm in size; very strong consistence dry; 
not hydrophobic; diffuse to:- 
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160-260cm - medium to heavy clay; roots absent; no lime nodules or stains visible; 
manganese stains and concretions present; pH 9.0; stones and gravel absent; mottled; not 
bleached; 50% grey [2.5Y6/1], 50% brown [10YR5/3] dry, 50% grey [2.5Y6/1], 50% brown 
[10YR5/3] moist; peds smooth-faced, highly pedal [100%], polyhedral, 5-15mm in size; very 
firm to strong weak consistence dry; not hydrophobic 
 
 
Profile 2a - [SMU 2] - Midslope location; soft to firm surface condition; medium amounts of 
surface stone present, rounded angular to 4cm;  
 
0-17cm - sandy clay; many roots; no lime present; no manganese present; pH 6.0; some 
rounded angular gravel to 3cm; not mottled; not bleached; brown [7.5YR4/3] dry, dark brown 
[7.5YR3/2] moist; peds rough- / smooth-faced, highly pedal [100%], polyhedral, <5-10mm in 
size; firm  consistence dry; not hydrophobic; abrupt to:- 
  
17-60cm - medium to heavy clay; few roots; some  lime stains present; no manganese 
present; pH 8.0; some rounded gravel to 3cm ; not  mottled; not bleached; dark brown 
[7.5YR3/3 ] dry, dark brown [7.5YR3/4] moist; peds rough- / smooth-faced, highly pedal 
[100%], polyhedral, 10-15mm in size; very strong consistence dry; not hydrophobic; abrupt to 
rock- 
  
60-125cm - medium to heavy clay; few roots; many lime nodules present; no manganese 
present; pH 9.5; much rounded and flat angular gravel to 8cm and soft sandstone floaters; not  
mottled; not bleached; brown [7.5YR4/3] dry,  dark brown [7.5YR3/4] moist; peds rough-/ 
smooth-faced, highly pedal [100%], polyhedral, 5-20mm in size; very strong consistence dry; 
not hydrophobic; abrupt to  sandstone bedrock 
 
 
Profile 3 [SMU 2] - Midslope location; surface condition soft; rounded surface gravel to 5cm 
present in small amounts  
 
0-15cm - sandy light clay; roots common; some lime stains present; no manganese present; 
pH 6.0; some rounded gravel to 4cm; not  mottled; not bleached; brown [7.5YR4/4] dry,   dark 
brown [7.5YR3/3] moist; peds earthy-faced, highly pedal [90%], polyhedral, <5-15mm in size; 
very strong consistence dry; not hydrophobic; abrupt to:- 
 
15-65cm - medium clay; few roots; some lime stains present; no manganese present; pH 9.0; 
stones and gravel absent; not mottled; not bleached; reddish brown[5YR4/3] dry, dark reddish 
brown [5YR3/4] moist; peds rough- / smooth-faced, highly pedal [100%], polyhedral, <5-15mm 
in size; very strong consistence dry; not hydrophobic; gradual  to:- 
 
65-135cm - medium to heavy clay; few roots; lime nodules present; no manganese present; 
pH 9.5; stones and gravel absent; not  mottled; not bleached;  strong brown [7.5YR4/6] dry, 
brown [7.5YR4/4] moist; peds rough- / smooth-faced, highly pedal [100%], polyhedral,  5-
15mm in size; very strong consistence dry; not hydrophobic; diffuse to:- 
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135-260cm -medium to heavy clay; roots absent; many large lime nodules present; some 
manganese concretions present; pH 9.0; stones and gravel absent; not mottled; not bleached; 
brown [7.5YR5/4] dry,  strong brown [7.5YR4/6] moist; peds rough- / smooth-faced, highly 
pedal [100%], polyhedral, 5-10mm in size; very strong consistence dry; not 
hydrophobic;  
  
 
Profile 4 [SMU 2] - Mid- upper slope location; surface condition self-mulching; medium 
amounts of round / angular surface gravel present 
 
0-18cm - medium clay; many roots; no lime present; no manganese present; pH 7.0; some 
round gravel to 4cm; not  mottled; not bleached; brown [7.5YR4/3] dry,  dark brown [7.5YR3/2] 
moist; peds rough- / smooth-faced, highly pedal [100%], polyhedral, 5-15mm in size; very 
strong consistence dry; not hydrophobic; abrupt to:- 
 
18-62cm - medium clay; roots common; much lime present; no manganese present; pH 9.0; 
stones and gravel absent; not mottled; not bleached;  dark brown [7.5YR3/2] dry, dark brown 
[7.5YR3/3] moist; peds rough- / smooth-faced, highly pedal [100%], polyhedral,  5-15 mm in 
size; strong consistence dry; not hydrophobic; gradual to:- 
 
62-102cm - medium to heavy clay; few roots; some small lime nodules present; small 
manganese concretions present; pH 9.5; stones and gravel absent; not mottled; not bleached; 
reddish brown [5YR4/4] dry, reddish brown [5YR4/4] moist; peds rough- / smooth-faced, highly 
pedal [100%], polyhedral, <5-20mm in size; very strong consistence dry; not  hydrophobic; 
diffuse to:- 
 
102-200cm - medium to heavy clay; few roots; major layer of lime nodules present; no 
manganese present; pH 9.5; stones and gravel absent; not  mottled; not bleached; brown 
[7.5YR5/4] dry, brown [7.5YR5/4] moist; peds rough- / smooth-faced, highly pedal [100%], 
polyhedral, <5-10mm in size; strong consistence dry; not hydrophobic; diffuse to:- 
 
200-250cm - medium to heavy clay; roots absent; no lime present; no manganese present;  
pH 7.0; some sandstone stones to 20cm plus rounded gravel to 3cm; mottled; not bleached;  
50% light yellowish brown [10YR6/4], 50% light brownish grey[2.5Y6/2] dry,  50% light 
yellowish brown [10YR6/4], 50% pale yellow [2.5Y7/3] moist; peds smooth faced, highly pedal 
[100%], polyhedral,  <5-15mm in size; very strong consistence dry; not hydrophobic  
  
 
Profile 5 [SMU 2] - Upper slope location; surface condition self-mulching; some angular 
surface stone to 4cm present   
 
0-16cm - heavy clay, many roots; no lime present; no manganese present; pH 6.0; some small 
gravel to 1cm present; not mottled; not bleached; very dark brown [7.5YR2.5/2] dry, dark 
brown [7.5YR3/2] moist; peds rough- / smooth-faced, highly pedal [100%], polyhedral, <5-
10mm in size; very strong consistence dry; not hydrophobic; abrupt to:- 
 
16-71cm - heavy clay; few roots; no lime present; no manganese present; pH 7.0; stones and 
gravel absent; not mottled; not bleached; dark brown [7.5YR3/2] dry,  very dark brown 
[7.5YR2.5/2] moist; peds smooth- and rough-/ smooth-faced, highly pedal [100%], polyhedral, 
5-15mm in size; strong consistence dry; not hydrophobic; diffuse to:- 
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71-115cm - heavy clay; few roots; slight lime stains present; no manganese present; pH 8.0; 
stones and gravel absent; not mottled; not bleached; very dark brown [7.5YR2.5/2] dry,  very 
dark brown [7.5YR2.5/3] moist; peds rough- / smooth-faced, highly pedal [100%], polyhedral,  
<5-15mm in size; very strong consistence dry; not hydrophobic; diffuse to:- 
 
115-191cm - heavy clay; few roots; slight lime stains present; no manganese present; pH  9.0; 
stones and gravel absent; not  mottled; not bleached; dusky red [10R3/3] dry, dusky red 
[10R3/3] moist; peds rough- / smooth-faced, highly pedal [100%], polyhedral,  5-15mm in size; 
very strong consistence dry; not hydrophobic; clear to:- 
 
191-255cm - sandy light clay; roots absent; no lime visible; no manganese present; pH 9.0; 
weathered rock inclusions; not mottled; not bleached; reddish yellow [7.5YR6/6] dry, strong 
brown [7.5YR5/6] moist; peds earthy-faced, highly pedal [100%], polyhedral, 5-10mm in size; 
firm consistence dry; not  hydrophobic  
  
 
Profile 6 [SMU 2] - Crest location; surface condition self-mulching; medium amounts of 
angular surface stone to 10cm  present 
 
0-15cm; medium to heavy clay; many roots; no lime present; no manganese present; pH 6.0; 
some gravel to 5mm; not mottled; not bleached; very dark brown [7.5YR2.5/2 ] dry, very dark 
brown [7.5YR2.5/2] moist; peds rough- / smooth-faced, highly pedal [100%], polyhedral, 5-
15mm in size; very strong consistence dry; not hydrophobic; abrupt  to:- 
 
15-82cm - medium to heavy clay; few roots; no lime present; no manganese present; pH 8.5; 
some rounded gravel to 5mm and flat gravel to 2cm; not  mottled; not bleached;  dark 
reddish brown [5YR3/3] dry, dark reddish brown 5YR3/3] moist; peds smooth- to rough- / 
smooth-faced, highly pedal [100%], polyhedral, 5-10mm in size; strong consistence dry; not 
hydrophobic; gradual to:- 
 
82-126cm - medium to heavy clay; roots absent; some small lime nodules present; no 
manganese present; pH 8.5; stones and gravel absent; not  mottled; not bleached; dark 
reddish brown [5YR3/3] dry, dark reddish brown [5YR3/3] moist; peds smooth- to rough- / 
smooth-faced, highly pedal [100%], polyhedral, <5-15mm in size; strong consistence dry; not 
hydrophobic; diffuse to:- 
 
126-173cm - medium clay; roots absent; some lime nodules present; no manganese present; 
pH 8.5; some rounded gravel to 1.5cm; not mottled; not bleached; yellowish red [5YR4/6] dry, 
yellowish red [5YR4/6 ] moist; peds rough- / smooth-faced, highly pedal [100%], polyhedral, 
<5-15mm in size; firm consistence dry; not hydrophobic; diffuse to:- 
 
173- 218cm - gritty medium clay; roots absent; lime nodules common; many manganese 
concretions present; pH 8.5; weathering rock present; mottled; not bleached; 95% light 
yellowish brown [2.5Y6/3], 5% [coating] reddish brown [5YR5/4] dry,  95% light yellowish 
brown [2.5Y6/3], 5% [coating] yellowish red [5YR4/6] moist; peds rough- / smooth-faced, highly 
pedal [100%], polyhedral, <5-10mm in size; strong consistence dry; not hydrophobic  
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Profile 7 [SMU 3] - Crest location; surface condition firm; medium amounts of surface stone 
to 15cm present  
 
0-15cm - sandy clay loam; many roots; no lime present; no manganese present; pH 4.5-5.0; 
some gravel to 2cm; not mottled; not bleached; reddish brown [5YR4/4] dry, dark reddish 
brown [5YR3/3] moist; peds earthy- faced, moderately pedal [50%], polyhedral,  5-10mm in 
size; weak consistence dry; hydrophobic; abrupt to:- 
 
15-68cm - sandy clay; many roots; no lime present; no manganese present; pH 4.5-5.0; mainly 
flat and angular gravel 1-2cm and some angular sandstone to 10cm; not mottled; not 
bleached;  red [2.5YR5/6] dry, reddish brown [2.5YR4/4] moist; earthy fabric, massive, not 
hydrophobic; bedrock 
  
 
Profile 8 [SMU 2] - Mid- to upper slope location; surface condition loose; some surface 
stone to 3cm present  
 
0-16cm - light clay; many roots; no lime present; no manganese present; pH 5.5; much 
rounded angular gravel to 3cm; not mottled; not bleached; brown [7.5YR4/2] dry, very dark 
brown [7.5YR2.5/2] moist; peds rough- / smooth-faced, highly pedal [100%], polyhedral,  <5-
10mm in size; firm consistence dry; not hydrophobic; abrupt to:- 
 
16-42cm - medium to heavy clay; roots common; some small lime nodules present; no 
manganese present; pH 6.5; some rounded angular gravel to 2cm; not mottled; not bleached; 
brown [7.5YR4/3] dry, brown [7.5YR4/3] moist; peds rough- / smooth-faced, highly pedal 
[100%], polyhedral, 5-15mm in size; very strong consistence dry; not  hydrophobic;  clear to:- 
 
42-77cm - heavy clay; few roots; many lime nodules present; no manganese present; pH 9.0; 
occasional gravel to 5mm; not mottled; not bleached; brown 7.5Yr4/2] dry,  brown [7.5YR5/3] 
moist; peds rough- / smooth-faced, highly pedal [100%], polyhedral, 5-15mm in size; very 
strong consistence dry; not hydrophobic; diffuse to:- 
 
77-160cm - heavy clay; roots absent; no lime present; no manganese present; pH 5.5; stones 
and gravel absent; not mottled; not bleached; greyish brown [10YR5/2] dry, greyish brown 
[10YR5/2] moist; peds smooth faced, highly pedal [100%], polyhedral, 5-15mm in size; very 
strong consistence dry; not hydrophobic; bedrock 
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Appendix 2 
 
 

Topsoil Stripping Suitability Key  
[after Elliott and Veness, 1981] 
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Appendix 3 
 
 

Basis of Land Capability Classification 
[after Emery, undated] 
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Glossary 
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apedal -  describes a soil in which none of the soil material occurs in the form of peds in 

the moist state. Such a soil is without apparent structure and is typically 
massive or single-grained. 

 
consistence -  the degree of resistance to deformation or rupture exhibited by a soil. 
  
fabric -  the appearance of a soil when examined with a 10x hand lens with the 

similarities and differences between samples being based on presence or 
absence of ped, lustre (or its absence of the ped surfaces and the presence, 
size and arrangement of voids within the soil sample. 

  
horizon -   a layer of soil material within a soil profile with distinct characteristics and 

properties that are produced by soil forming processes, and that are different 
from those of the layers above and below. 

 
hydrophobic -  describes soils that are water repellent and that resist wetting when dry. Drops 

of water do not spread spontaneously over their surface and into the pores. 
 
lateritic -  describes soil layers comprised of iron-rich material, often concentrated in 

separate nodules(gravel) or  as masses of individual nodules cemented 
together. 

 
massive -  the condition of a soil layer in which the layer appears as a coherent or solid 

mass that is largely devoid of peds. 
 
ped -  an individual natural soil aggregate or unit of structure. 
 
structure -  describes the combination or spatial arrangement of primary soil particles 

(clay, silt, sand, gravel) into aggregates such as peds or clods and their 
stability to deformation. 

 
texture -  the coarseness or fineness of soil material as it affects the behaviour of a 

moist ball of soil when pressed between the thumb and forefinger. It is 
generally related to the proportion of soil particles of differing sizes (sand, silt, 
clay and gravel) in a soil but is influenced by the organic matter content as 
well. 
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Appendix 5 
 

Broad Range Risk Assessment for the Worst 
Case Scenario Subsidence – Narrabri Coal 

Project - Stage 2 
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1 INTRODUCTION 
 
The brief for the Broad Range Risk Assessment for the Worst Case Scenario Subsidence – 
Narrabri Coal Project, Stage 2 required a desk-top assessment of the area delineated as the 
3 200ha potential subsidence area that would be associated with the potential Stage 2 longwall 
operation of the Narrabri Coal Mine. The area is shown in Figure 5 and includes a 200m buffer 
zone around the actual area that would be subject to underground coal extraction 
 
 
2 LOCATION 
 
The potential subsidence area is located approximately to the west, southwest and northwest 
of the Pit Top Area.   The area extends almost to the boundary of a section of Jacks Creek 
State Forest in its western part and extends a short distance into the Pilliga East State Forest 
in the southwestern section. 
 
Under the 'worst-case' scenario, it is estimated that a maximum surface subsidence of 2.79m 
in the east and 2.24m in the west would occur within the area likely to be affected by the Stage 
2 underground coal mine. 
 
 
3 DETAILS OF ASSESSMENT 
 
3.1 Geology 
 
The Narrabri 1: 250 000 scale Geological Sheet [Anon, 1971] shows the Stage 2 potential 
subsidence area as being located on Pilliga Sandstone geology with the boundaries between 
the different materials shown tentatively. The area comprises scattered areas of exposed 
quartz sandstone / conglomerate / claystone within a broader area where these materials are 
obscured by Quaternary sands and talus material.  
 
 
3.2 Soils and Landforms 
 
3.2.1 General Issues 
 
In following the brief for the study of the Stage 2 operations, it was not required that the soils of 
the potential subsidence area be subjected to a detailed soil survey. Rather, existing published 
information was to be relied upon. 
 
3.2.2 Soil Profile Details 
 
3.2.2.1 Soil Profile Data Collected During Field Work 
 
The only soil profile detail collected during the field work associated with this study is that 
described in Appendix 5 for sample sites near the potential caveability trial area. This showed 
that the soils were generally of a sandy texture and that their depth [as sampled] varied 
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according to their position in the landscape. The shallowest soil was in the upper slope location 
and adjacent rock outcrops were noted. 
 
Clay soils were sampled in the Pit Top Area associated with the Project’s surface facilities but 
in the absence of a detailed survey it is not known how far these soils extend into the potential 
subsidence area, if they do at all. 
 
 
3.2.2.2 Other Soils Data 
 
The only other published soil data for the area is that contained in Anon [1978]. These soils are 
discussed in Section 3 of the main report. They vary from red brown earths on gently 
undulating areas to the various sandy surfaced Pilliga Scrub Soils that are prevalent  closer to 
the areas of Pilliga Scrub vegetation typical of that in Jacks Creek State Forest and the 
uncleared private lands adjoining it.  
 
In addition to the common sandy soils, there are some red earth soils within the Pilliga Scrub 
Soils group that have silty clay loam surface soils and silty light clay subsoils 
 
 
3.3 Vegetation 
 
Almost half of the potential subsidence area supports vegetation cover similar to that described 
for the potential caveability trial area as described in Section 3.3 of Appendix 5. 
 
The remainder of the potential subsidence area is open farming land that would be used to 
varying degrees of intensity for cropping and grazing. Scattered through this area are paddock 
trees and some clumps of remnant native vegetation that are usually, but not always, 
associated with drainage lines. 
 
 
3.4 Land Capability 
 
3.4.1 The DNR Assessment  
 
The potential subsidence area comprises a mixture of Class III, Class IV, Class VI and Class 
VII land. Descriptions of these land classes are as follows: 
 
Land Class III  - land suitable for regular cultivation but requiring structural soil conservation 
works such as graded banks, waterways and diversion banks, together with soil conservation 
practices such as conservation tillage and adequate crop rotation. 
 
Land Class IV – land suitable for grazing with occasional cultivation and requiring use of soil 
conservation practices such as pasture improvement, stock control, application of fertiliser and 
minimal cultivation for the establishment or re-establishment of permanent pasture.  
 
Land Class VI – land suitable for grazing with no cultivation. Soil conservation practices are 
required, including limitation of stock, broadcasting of seed and fertiliser, prevention of fire and 
destruction of vermin. Productivity would vary due to the soil depth and the soil fertility. 
Comprises the less productive grazing lands.  
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Land Class VII - comprises land best protected by green timber. Generally comprises areas of 
steep slopes, shallow soils and/or rock outcrop. Adequate ground protection must be 
maintained by limiting grazing and minimising damage by fire. Destruction of trees is not 
generally recommended, but partial clearing for grazing purposes under strict management 
controls can be practised on small areas of low erosion hazard. Where clearing of these lands 
has occurred in the past, unstable soil and terrain sites should be returned to timber cover.  
 
 
3.4.2 Present Assessment 
 
It is evident from the airphotos of the potential subsidence area that much of the open farm 
land has been treated with structural soil conservation works to minimize soil erosion indicating 
that this land is Class III land. 
 
The areas mapped by DNR as Class IV lands are generally associated with drainage lines and 
are areas that should be regarded as Class VII land. 
 
Given the potential erodibility of the sandy soils of the Pilliga Scrub Soils associated with the 
largely uncleared section of the potential subsidence area, it is considered that the areas 
mapped by DNR as Class VI and Class VII lands should be regarded as Class VII land.  
 
After subsidence, the bulk of the Class III land may well remain Class III land with additional 
soil conservation inputs to re-install bank systems. Some areas may, however, be changed to 
Class IV lands because of water management problems. 
 
The Class VII land would remain Class VII land. 
 
 
3.5 Agricultural Land Suitability  
 
3.5.1 NSW Agriculture Assessment 
 
Information supplied by NSW Department of Primary Industries [Agriculture] at Tamworth 
[Andrew Scott, pers.comm.] indicates that the Department has classified the lands of the Study 
Area using its agricultural land suitability system [Cunningham et al, undated; Hulme et al, 
2002]. 
 
The mapped agricultural suitability of the lands of the potential subsidence area indicate the 
presence of Classes 2, 3, 4 and 5 [Agricultural Suitability] lands within its boundaries 
 
The better class agricultural lands are concentrated on the eastern side while the lesser quality 
land is located to the west. Descriptions of the different land classes are as follows: 
 
Class 2 land is arable land suitable for regular cultivation for crops but not suited to continuous 
cultivation. It has a moderate to high suitability for agriculture but edaphic [soil factors] or 
environmental constraints reduce the overall level of production and may limit the cropping 
phase to a rotation with sown pastures. 
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Class 3 land is 'grazing land that is well suited to pasture improvement. It may be cultivated or 
cropped in rotation with pasture. The overall level of production is moderate as a result of 
edaphic [soil related] or environmental constraints. Erosion hazard or soil structural breakdown 
limit the frequency of ground disturbance, and conservation or drainage works may be 
required.'  
 
Class 4 land is 'land suitable for grazing but not for cultivation. Agriculture is based on native 
pastures established using minimum tillage techniques. Production may be high seasonally but 
the overall level of production is low as a result of a number of major constraints, both 
environmental and edaphic [soil related]'.  
 
Class 5 land is 'land unsuitable for agriculture or at best suited only to light grazing. 
Agricultural production is very low to zero as a result of severe constraints, including economic 
factors, which preclude improvement'. 
 
 
3.5.2 Present Assessment 
 
The erodibility of the soils of the whole potential subsidence area is relatively high but the 
areas where remnant native vegetation remains [generally Classes 4 and 5] would be 
relatively well protected in the long term against erosion. 
 
This is not necessarily so for the currently farmed areas. The presence of some areas of soil 
conservation bank and waterway systems on individual farms indicates the erodibility of these 
areas in the past and their likely erodibility in the future under cropping in particular.  
 
Once subsidence is complete, and protective soil conservation measures are installed where 
appropriate, the lands in general would be generally classified as having similar land capability 
and agricultural land suitability as existed prior to mining. 
 
Nevertheless, there is the possibility that the classification of some areas  Class 2 and Class 3 
areas would be changed to a classification between 3 and 4 [respectively] depending on the 
severity of the subsidence impact and their location within the overall landform. This would 
particularly be the situation with land associated with drainage areas.  
 
The timbered Class 4 and 5 lands after subsidence would most likely be classed as Class 5 
lands that would be only lightly grazed, if at all. This is particularly the case in the years 
following subsidence to allow re-establishment of any tree, shrub and ground layer cover that 
might be affected by soil and moisture regime changes associated with subsidence.  The 
cleared Class 4 lands would remain Class 4 lands. 
 
 
3.6  Presence of Soil Conservation Banking Systems 
 
Stereoscopic aerial photo interpretation indicates that there are some soil conservation bank 
and waterway systems constructed within the potential subsidence area.  The areas where soil 
conservation bank and waterway systems currently exist would have to be regularly inspected. 
Because of the potential land surface distortions caused by subsidence, the grades on the 
bank systems are likely to be changed with potential for serious soil erosion consequences. 
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These areas would need to be monitored after mining, as subsidence occurs, to establish what 
measures are required to rectify the effects of subsidence on the system functionality. 
 
Depending on the individual landowner’s requirements, the situation might be rectified by 
redesigning the bank systems after subsidence is complete to achieve appropriate bank and 
waterway grades and system configurations similar to those existing prior to mining. 
Alternatively, the issue might be addressed by construction of completely new systems that 
direct water to new farm dams etc that take advantage of subsidence areas that provide a 
potential for extra storage. 
 
Because of the potential for soil erosion on erodible areas on which soil conservation systems 
have become dysfunctional due to subsidence, it may be prudent for such areas to be used as 
purely livestock grazing areas on a temporary basis after mining and until subsidence is 
complete after about 12 months. Such land use may require erection of temporary [electric?] 
fencing to separate areas of the same paddock that have not been mined and are still being 
used for crop production. Areas where livestock are not being grazed would not require such 
precautions. 
 
Once subsidence is complete, and protective soil conservation systems are installed / re-
installed where appropriate, it should be possible to resume normal farming activity over much 
of the mined area. 
 
There would, however, be areas around the perimeter of the potential subsidence area [and 
elsewhere] where the final landform does not allow cropping in future for a variety of reasons 
associated with water ponding and potential soil erosion.  
 
 
4 IMPACT ASSESSMENT 
 
4.1 Site Attributes 
 
The potential subsidence area has the following landform, soils and vegetation attributes. 
 

• Sandy surface soils and clayey. 

• Excellent surface litter cover in remnant of Ironbark – Pine Forest native 
vegetation; generally good but variable cover on farmland. 

• Variable soil depth over rock. 

• Soil erosion generally absent in areas with remnant native vegetation except 
where water is channelised by disturbance such as roads. 

• Soil erosion present, but in many areas minimized by soil conservation structural 
works.  

• Main drainage channels traverse the Area. 

• Estimated good bank of  seed of native species in the soil in remnant native 
vegetation areas. 
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• Mixed native, naturalized and weed species groundcover in farmed and grazed 
areas. 

• Relatively low slopes in the vicinity of 1% to 6%. 

• Local relief 40-50m. 

• Remnant vegetation adapted to dry conditions and poor soil fertility. 

• Land Capability Class III and VII classification. 

• Agricultural Land Suitability Class 2, 3, 4 and 5 classification. 

 
 
4.2 Likely Impacts 
 
The likely impacts of a 'worst-case' scenario drop in surface level of a maximum of 3.0m are 
likely to be: 
  

• no change in soil texture; 

• no change in soil nutrient status; 

• change in Land Capability Classification to Class III, IV and VII; 

• change in Agricultural Land Suitability Classification to Classes 3, 4 and 5; 

• possibly more arid growth conditions developing, at least for a number of years in 
both remnant native vegetation and farmland until the soils and their hydrological 
attributes stabilise; 

• depending on the degree of rock fracture beneath the surface, there may be 
surface cracks or holes that develop and  divert water through the soil and rock to 
subsurface areas; how long this process would operate depends on the size of 
the void beneath and whether or not it fills with soil material from the surface; 

• possible erosion of areas near the major drainage line inlet and egress; 

• possible ponding of water in a section of the subsidence area where surface flow 
is impeded – probably only for a short time but nevertheless would have some 
impacts on the vegetation community currently present and some changes may 
be permanent; and 

• need to remove and re-install / redesign soil conservation banking systems on 
farmland if it is to be re-used for cropping or in areas where water flow has been 
concentrated following subsidence. 
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Appendix 6 
 
 

Preliminary Soil Permeability Assessment 
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1 INTRODUCTION 
 
A separate brief was issued to Geoff Cunningham Natural Resource Consultants Pty Ltd in 
June, 2006 to provide, based on relevant soil samples, a qualitative assessment of the 
potential use of subsoil material present within the Rail Loop Area as a construction material 
for the walls of the proposed evaporation ponds.  
 
Caution is required in interpreting the data as this assessment was intended only to provide a 
broad guide to the likely suitability of these soil materials since the samples were not obtained 
specifically for the purpose of assessing soil permeability. In addition the amounts of soil 
sample material available in June, 2006 was limited as samples had already been partly used 
for other tests. 
 
2 SAMPLES TESTED 
 
Three representative soil samples were tested for Saturated Hydraulic Conductivity at the 
Department of Lands' Soil and Water Testing Laboratory at Scone. 
 
The samples tested were from Sample Pits 3, 5 and 6 (see Figure 4 of main report). Sample 
Pit 4 was located within the Rail Loop area but as the material available from this site was 
considered to be similar to the materials in the three tested samples, it was decided not to test 
material from this Pit separately. 
 
Two discrete samples [layers] from individual Pits 3 and 5 were tested along with a composite 
sample from Pits 5 and 6.  
 
Two of the samples were typical of clayey material common within the Study Area and the third 
was representative of the gritty clay material that is sometimes encountered in soil profiles of 
the Study Area. 
 
Details of the samples are provided in Table 1. 
 
Table 1 – Details of Sample Characteristics 
 
SAMPLE 
NUMBER 

SAMPLE 
DETAIL 

PROFILE / LAYER 
DETAIL 

FIELD TEXTURE 

1 Clay Material Pit 3 ; 135 to 260cm 
depth 

Medium to Heavy Clay 

2 Gritty Clay 
Material 

Pit 5; 191 to  255cm 
depth 

Sandy [gritty] Light 
Clay 

3 Clay Material Composite of Pit 5 (71 to 
115cm depth) and Pit 6 
(82 to 126cm depth). 

Medium to Heavy Clay 
/ Heavy Clay 

 
It should be re-emphasised  that the material available to build the evaporation pond walls 
would be that remaining after stripping of topsoil and subsoil material since the pond areas will 
need to be rehabilitated following the completion of the project. Consequently the available 
construction material would be a mixture of clay [mainly] and gritty clay material. 
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3 LABORATORY TEST RESULTS 
 
The test results contained in Table 2 show the calculated saturated hydraulic conductivity on 
each sample and details of the moisture content and bulk density at which the hydraulic 
conductivity data was recorded. 
 
Table 2 - Laboratory Test Results 
 
SAMPLE NUMBER SATURATED 

HYDRAULIC 
CONDUCTIVITY 
[metres / sec] 

BULK DENSITY 
[Megagrams / m3] 

MOISTURE 
CONTENT [%] at 
which Soil was 
Compacted 

1 0.55 x 10-9 1.60 19.6 
2 16 x 10-9 1.59 23.1 
3 3.7 x 10-9 1.35 26.3 
 
 
4 INTERPRETATION OF TEST RESULTS 
 
The Department of Environment and Conservation [EPA] [DEC] publication 'EPA Guidelines – 
Wastewater and Evaporation Lagoon Construction [EPA 509/04]' state that for an evaporation 
lagoon the compacted clay liner should have a minimum thickness of 300mm and should be 
constructed to achieve a coefficient of permeability of less than 1 x 10-9 metres / second.  
 
Only one of the samples tested recorded a saturated hydraulic conductivity less than this 
benchmark requirement – Sample 1 [clayey] with a hydraulic conductivity of 0.55 x 10-9metres 
/ second at the test bulk density and moisture content 
 
Composite Sample 3 [clayey] recorded a value of that is almost four times the benchmark 
level and result for Sample 2 [gritty] was sixteen times the benchmark level. 
 
These results are derived from a standard testing procedure and so do not take into account 
the fact that greater compaction may be possible in the field to achieve a lower saturated 
hydraulic conductivity that equates more closely with the benchmark level.  
 
Field compaction may allow material resembling that in Composite Sample 3 to be used with 
appropriate levels of compaction, however, it is probably unlikely that the material typified by 
Sample 2 would be suitable for a pond lining. 
 
 
5 CONCLUSIONS 
 
From the results of this limited and preliminary test it is evident that there is soil material 
available within the Study Area that meets with the DEC saturated hydraulic conductivity 
requirements for evaporation pond lining. 
 
Just how much of this material is available is still to be determined. 
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6 RECOMMENDATIONS 

 
It is recommended that more detailed testing of the soils within the area inside the Rail Loop 
be carried out after the Project is approved. The samples should be obtained from a grid of 
closely spaced holes. 
 
This course of action would allow more precise calculations of the volume suitable material 
that is available for the evaporation pond lining and allow decisions to be made about whether  
the quantity is sufficient or whether alternative arrangements may have to be made. 
 
 
 
 
Geoff Cunningham B.Sc.Agr.[Hons]; FAIAST 
Principal Soil Scientist 
Geoff Cunningham Natural Resource Consultants Pty Ltd 
24th July, 2006 
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