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1.

INTRODUCTION

This appendix presents the results of various investigations and the assessment of the soil
characteristics and land capability on the area of “South Bickham” (that encompasses the site
of the proposed Bickham Coal Mine) and “Glencoe” the adjoining property to the east which is
also owned by the Bickham Coal Company. The appendix addresses the following specific
matters set down by the Department of Planning (DoP) in the requirements for the Water
Resource Assessment (WRA) and draft Water Management Plan (WMP):
4 b)

Site Information/Survey
xii)

4 c)

Land capability map, soil profiling and assessment.

Project Description and Operational Information
v)

Assessment of salinity hazards.

This appendix also provides details of the soil characteristics necessary for the preparation of
an Erosion and Sediment Control Plan as specified in Clause 4 c) iv) of the DoP’s
requirements.
The information in this appendix is based on soil survey of the main soil landscape units
within “South Bickham” and “Glencoe” that will be affected by mining associated activities
including the use of existing pasture areas for irrigation using excess mine water.
This appendix is structured as follows:


Section 2 presents the results of soil mapping, profile investigations and laboratory
analyses that have been used to supplement the soils data contained in “Soil
Landscapes of the Murrurundi 1:100,000 Sheet” (DLWC, 2002) in order to provide a
basis for assessment of soil suitability for rehabilitation purposes.



Section 3 provides an assessment of land capability based on the mapping presented
on “Land Capability Series Sheet 9034 – Murrurundi” (SCS, 1986).



Section 4 summarises the assessment of the suitability of local soils for rehabilitation
of mined areas and for irrigation of pastures.
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2.

SOIL PROFILING AND MAPPING

GSS Environmental (GSSE) undertook soil and land capability surveys of the area that would
be affected by the proposed Bickham Coal Mine on the “South Bickham” property. The major
objectives of these surveys, which were undertaken in accordance with the requirements of
the Department of Primary Industries (DPI)–Division of Mineral Resources Mining Operations
Plan Specifications, were to:


describe, classify and map soils / land capability within the study area;



analyse the various soil units to identify their suitability for topdressing of disturbed
areas.

These investigations also provided the basis for assessing the suitability of selected areas for
irrigation using excess mine water.

2.1

SOIL SURVEY METHODOLOGY
2.1.1 Introduction

The soil survey of the “South Bickham” property was undertaken in a manner which complied
with the requirements of “Specifications for Soil Surveys to Determine the Stripping Depths of
Soil Material to be Removed and Used in Association with the Rehabilitation of Land Disturbed
during the Period of the Open Cut Approval” (DIPNR, 1989).
The broad objective of the survey was to qualify the reserves of suitable topdressing material
to assist planning of future rehabilitation operations.
2.1.2 Mapping
An initial soil map was developed using the following resources and techniques:


Analysis of aerial photographs and topographic map to define landscape features
related to the distribution of soils in the area;



Previous soil surveys including the definition of soil landscape units shown on “Soil
Landscapes of the Murrurundi 1:100,000 Sheet”;



Visual assessment of soil profile exposures to ascertain potential mapping units
following initial drafting of mapping units.
2.1.3 Profiling

During the soil survey, 13 soil profile exposures were assessed at selected sites to enable soil
profile descriptions to be made. The exposure locations were chosen to provide
representative profiles of the soil types encountered over the study area. The soil layers
were generally distinguished on the basis of changes in texture and/or colour. Soil colours
were assessed according to the Munsell Soil Colour Charts (Macbeth, 1994).
Soil
observations were also conducted in eroded areas, small access track cuttings, etc to confirm
soil units and boundaries between different soils. Details of the soil profiles are set out in
Annexure 22A at the end of this appendix.
Additional soil test pits were subsequently excavated into the floodplain alluvium near the
northern boundary of the property in order to determine the depth of the alluvium and assess
the characteristics of the underlying gravel.
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2.1.4 Field Assessment
Soil layers at each profile site were assessed according to a procedure devised by Elliot &
Veness (1981) for recognising suitable topdressing materials. The system remains the coal
mining industry benchmark.
2.1.5 Laboratory Testing
Soil samples were taken from eight of the exposed soil profiles during the soil survey. The
samples were subsequently analysed for the following parameters:


Particle size analysis



Emerson aggregate test



pH



Electrical conductivity



Colour.

Additional analyses undertaken on selected soil samples included:


Cation exchange capacity and exchangeable cations



Organic carbon



Available phosphorus and phosphorus sorption



Lime requirement.

A summary of the laboratory test results is provided in Annexure 22B. The laboratory test
results were used in conjunction with the field assessment results to determine the depth of
soil material that is suitable for stripping and re-use for the rehabilitation of disturbed areas.
Copies of the soil texture analysis for samples from the soil test pits on the floodplain are
provided in Annexure 22C.

2.2

SOIL LANDSCAPES

Figure 2.1 (located at the end of this section) is an extract of a portion of the “Soil
Landscapes of the Murrurundi 1:100,000 Sheet” (DLWC, 2002), showing the soil landscape
units on “South Bickham” and “Glencoe” and adjoining properties. The map has been
annotated to show the boundaries of the two properties as well as potential areas for
irrigation of excess mine water.
The soil landscape units of relevance to this report comprise:


The colluvial Burning Mountain soil landscape unit (bm) and its erosional variant
(bma) which cover most of “South Bickham” and large areas of central and eastern
“Glencoe”.



A broad valley towards the eastern boundary of “Glencoe” contains an area of about
120 ha of Cressfield Road erosional soil landscape unit (cf) that has largely been
cleared for pastures.



An area of about 20 ha of the Kingdon Ponds (kp) alluvial soil landscape unit adjoins
the Pages River in the north-east corner of “South Bickham”. This area represents the
southern extent of a large area of the Kingdon Ponds soil landscape unit that extends
on both sides of the Pages River upstream as far as Murrurundi.
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A small area of about 10 ha of the alluvial soil landscape Pages River (pr) adjoins a
Pages River meander on the eastern side of “South Bickham”.



Small areas of Disturbed Terrain (xx) occur on the southern boundary of “South
Bickham” in an area that was previously the site of flint clay mines.

2.3

BURNING MOUNTAIN SOIL LANDSCAPE UNIT

Within the Burning Mountain soil landscape, soils vary across the landscape with changes in
parent material and site processes. On crests, upper slopes and adjacent to rock outcrop,
well-drained, very shallow Leptic Rudosols (Lithosols) and Brown Kandosols (Brown Earths)
dominate. Side-slopes are dominated by imperfectly to well-drained, moderately deep to
deep Red and Brown Sodosols (Soloths) (refer to Plate 2.1).
Imperfectly drained,
moderately to very deep Yellow Sodosols occur on side-slopes and lower slopes with
moderately deep Yellow and Brown Sodosols. Moderately well-drained, moderately deep
Brown Dermosols (Brown Earths) occur in drainage lines.
Moderate to severe sheet and rill erosion is widespread, particularly where ground cover is
poor. Exposed, hard-setting A2 horizons are common where topsoil has been removed
through sheet erosion. Severe rill erosion occurs on exposed batters and occasional tunnel
erosion occurs in some gullies. Minor to moderate gully erosion occurs along some drainage
lines.

Plate 2.1:

Brown Soloth within the Burning Mountain Soil Landscape

Landscape qualities and limitations of the Burning Mountain soil landscape include:


steep slopes



mass movement hazard



high runoff
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high to severe sheet and rill erosion risk



lower slopes: high run-on and gully erosion.

The erodibility and erosion hazards of the Burning Mountain soil landscape are summarised in
Table 2.1.
Table 2.1:

Unit

Characteristics of the Burning Mountain Soil Landscape

Characteristics

Non-Concentrated
Flows

Concentrated
Flows

Wind

bm1

Fine sandy clay loam topsoil

moderate

very high-high

very low

bm2

Hardsetting sandy clay loam topsoil

moderate

moderate

very low

bm3

Medium clay subsoil

moderate

high

very low

bm4

Sandy clay subsoil

moderate

high

low

Grazing

low-moderate

high

low

Cultivation

high

high

low

Erodibility

Erosion Hazard

General soil fertility and nutrient holding capacity of the Burning Mountain soil landscape is
moderately low. Soil pH is slightly to very strongly acid. Organic matter content is high to
moderate in bm1 and very low to extremely low in all other soil materials. Plant available
phosphorus is very low and exchangeable calcium is low. Exchangeable magnesium ranges
from low to balanced, and exchangeable potassium varies from balanced to deficient. Waterholding capacity is low to moderate.
There is high to severe limitation for cultivation and low to moderate limitations for grazing
due to steep slopes, high run-on and high erosion risk.
Sustainable land management suggestions: generally only suitable for light grazing under
native timber. Due to the severe sheet and rill erosion in this landscape, groundcover should
be maintained above 80%. Native vegetation should be retained or promoted to:


30% tree cover on slopes <30%



40-50% tree cover on slopes of 30-50%



10% tree cover on slopes <10%.

Reference to Appendix 7.2.4 of Soil Landscapes of the Murrurundi 1:100,000 Sheet
(McInnes–Clarke, 2002) indicates that the proportion of fine particles (ie clay and silt) for the
Burning Mountain soil landscape generally exceed 33%. For the purposes of designing a
sedimentation basin according to Managing Urban Stormwater: Soils and Construction
(Landcom, 2004), the soil would be classified as Type F.

2.4

KINGDON PONDS SOIL LANDSCAPE

The Kingdon Ponds soil landscape is limited to about 20 ha in the north-east corner of “South
Bickham”. Soil distribution is moderately consistent and can generally be predicted with
increasing distance from stream channels. Soils closer to the Pages River are generally
lighter textured with a higher proportion of sand. Moving across the alluvial floodplain, soils
become heavier with increasing silt content.
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The floodplain is dominated by well to imperfectly drained, very deep Black and Brown
Dermosols (Chocolate Soils, Black Earths and Chernozems) (refer to Plate 2.2). Welldrained, very deep Black Kandosols (Alluvial Soils) occur on stream-banks. The banks of the
Pages River are dominated by poorly drained, moderately to very deep Clastic Rudosols
(Alluvial Soils).

Plate 2.2:

Chocolate Soil within the Kingdon Ponds Soil Landscape

Six test pits were excavated to over 6 m deep to establish the depth of the alluvium.
Representative samples from the upper, middle and lower horizons together with samples
from the river bank were collected for laboratory particle size analysis. The results of these
analyses indicate that these soils have a high proportion (50%-80%) of very fine sand, silt
and clay in the topsoil which decreases to 10%-30% at the bottom of the soil profile. At
some locations coarse cobbles and gravel were exposed at the base of the alluvium.
Landscape qualities and limitations of the Kingdon Ponds soil landscape include:


productive arable land,



flood liable,



stream-bank erosion risk.

The area of Kingdon Ponds soil landscape on “South Bickham” which is progressively flooded
by floods between about 8 and 12 years average recurrence interval (ARI) has previously
been cultivated.
The soil profile characteristics, erodibility and erosion hazards of the Kingdon Ponds soil
landscape are summarised in Table 2.2.
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Table 2.2:

Unit

Characteristics of the Kingdon Ponds Soil Landscape

Characteristics

Non-Concentrated
Flows

Concentrated
Flows

Wind

kp1

Sandy clay loam topsoil

moderate

moderate-high

very low

kp5

Silty clay topsoil

moderate

high

very-low

kp2

Medium sandy clay subsoil

moderate

high

very low

kp3

Loose sand

very low - moderate

high

low-very high

kp4

Massive sandy loam subsoil

high

high

very low

Grazing

moderate

moderate

low

Cultivation

low-moderate

moderate-high

low

Erodibility

Erosion Hazard

General soil fertility and nutrient holding capacity is moderate to very high. Organic matter
content is highly variable, ranging from extremely low in kp3 to very high in kp5. Soil pH
ranges from moderately acid to neutral. Plant available water holding capacity is very low to
low in kp3, and moderate to very high in other soil materials. All soil materials are high in
exchangeable sodium.
Exchangeable calcium is deficient to balanced.
Exchangeable
potassium and magnesium are deficient to balanced.
Sustainable land management suggestions: maintain ground cover above 70% to minimise
sheet erosion risk at times of flood.

2.5

PAGES RIVER SOIL LANDSCAPE

The Pages River soil landscape occurs in an area of about 10 ha on the banks of the Pages
River on the eastern boundary of “South Bickham”. Well-drained, deep to very deep Brown
and grey Dermosols (Brown Earths and Alluvial Soils) occur on stream-banks and levees.
Well to poorly drained, deep to very deep Brown, Black and Grey Dermosols and Chromosols
(Chernozems, structured Brown Earths and Non-calcic Brown Soils) occur on floodplains and
terraces. Well to poorly drained, moderately deep to deep Clastic Rudosols (Alluvial Soils)
occur in and adjacent to stream channels. Although moderate to severe stream-bank erosion
is common along most streams in this soil landscape unit, within “South Bickham” the Pages
River the banks are well vegetated and stable.
The area of Pages River soil landscape on “South Bickham” is flood liable in floods in excess
of about 20 year ARI. This area of land and an adjoining area of about 15 ha of foot-slopes
of the erosional variant of the Burning Mountain soil landscape unit (bma) have previously
been cultivated.
Landscape qualities and limitations of the Pages River soil landscape include:


productive arable land,



high run-on,



flood liable.

The soil profile characteristics, erodibility and erosion hazards of the Pages River soil
landscape are summarised in Table 2.3.
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Table 2.3:

Unit

Characteristics of the Pages River Soil Landscape

Characteristics

Non-Concentrated
Flows

Concentrated
Flows

Wind

pr1

Fine sandy clay loam topsoil

moderate-high

high-very high

low-very low

pr4

Crumbly silty clay topsoil

moderate-high

high-very high

very-low

pr2

Silty clay subsoil

moderate-high

very high

low-very low

pr3

Structured medium clay subsoil

high

very high

moderate-very low

Grazing

moderate

high

Low

Cultivation

high

very high

Low

Erodibility

Erosion Hazard

General soil fertility and nutrient holding capacity is moderate to very high. Organic matter is
generally very low to moderate. Soil pH ranges from moderate alkaline to slightly acid. Plant
available water holding capacity is generally moderate, rarely low (pr1), and high to very
high (pr2 and pr4). Plant available phosphorus is generally high to very high. Exchangeable
calcium is low. Potassium is low to deficient.
Sustainable land management suggestions: maintain or improve ground cover to a minimum
of 80% to reduce erosion risk. Tree cover should be retained or promoted through planting
or regeneration to 10%, particularly along the boundary between the adjacent foot slopes,
along drainage lines and on the toe of the bank on outside of bends.

2.6

CRESSFIELD ROAD SOIL LANDSCAPE

The Cresfield Road soil landscape occurs on an area of about 120 ha in a broad valley near
the eastern boundary of “Glencoe”. Within the Cressfield Road soil landscape, soils vary
across the landscape with topographic position. On the lower slopes moderately deep greybrown sodosols dominate. These soils are imperfectly drained and tend to have hard setting
surface soils. Moderately well drained deeper alluvial soils occur along the drainage lines.
Landscape qualities and limitations of the Cressfield Road soil landscape include:


localised shallow soils,



dryland salinity potential,



low fertility.

General soil fertility and nutrient holding capacity is moderate to low. On the mid- to lower
slopes organic matter is generally high to very high in the topsoils, but low in the subsoil
layers. Soil pH ranges from moderately acid to neutral. Plant available water holding
capacity is generally moderate. Plant available phosphorus is generally low to very low while
exchangeable calcium is low and potassium ranges from balanced to deficient.
The soil profile characteristics, erodibility and erosion hazards of the Cressfield Road soil
landscape are summarised in Table 2.4.
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Table 2.4:

Unit

Characteristics of the Cressfield Road Soil Landscape

Characteristics

Non-Concentrated
Flows

Concentrated
Flows

Wind

cf1

Hardsetting sandy clay loam topsoil

moderate

high

very low

cf2

Loamy topsoil

moderate-high

moderate high

low – very low

cf3

Massive sandy clay loam topsoil

high

high

low-very low

cf4

Medium clay subsoil

moderate

high

very low

cf5/6

Medium clay subsoil

moderate

high

very low

Grazing

low - moderate

moderate

low

Cultivation

high

very high

low

Erodibility

Erosion Hazard

While the area of the Cressfield Road soil landscape on “Glencoe” have been cleared for
pastures, the same soils on the adjoining property to the north are regularly used for
opportunity cropping.

2.7

DISTURBED TERRAIN

The Disturbed Terrain soil landscape occurs in small scattered locations along the southern
boundary of “South Bickham”. It comprises land that has been disturbed by flint quarrying.
The original soil has been removed, greatly disturbed or buried by prior extraction of flint.
These areas have largely been rehabilitated in recent years.
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3.

LAND CAPABILITY

Land capability for the study area is mapped at Figure 3.1 which shows the pre-mining land
capability classification of the study area. This information has been obtained from the Land
Capability Mapping undertaken by the Soil Conservation Service (Land Capability Series
Sheet 9034 - Murrurundi). Details of the different classes of land are described in Table 3.1
below.
The system consists of eight classes which classifies land on the basis of an increasing soil
erosion hazard and decreasing versatility of use. It recognizes the following three types of
land uses:


land suitable for cultivation;



land suitable for grazing;



land not suitable for rural production.

These capability classifications identify the limitations to the use of the land as a result of the
interaction between the physical resources and a specific land use. The principal limitation
recognized by these capability classifications is the stability of the soil mantle (Soil
Conservation Service, 1986).
Table 3.1:

Land Capability Classification

Occasional
cultivation

Suitable for grazing

Suitable for regular cultivation

Land Classification and
Soil Conservation Practices

Interpretations and Implications

I

No special soil conservation works or
practices.

Land suitable for a wide variety of uses. Where soils are fertile,
this is land with the highest potential for agriculture, and may be
cultivated for vegetable and fruit production, cereal and other
grain crops, fodder and forage crops, and sugar cane in specific
areas. Includes “prime agricultural land”.

II

Soil conservation practices such as strip
cropping, conservation tillage and
adequate crop rotation.

Usually gently sloping land suitable for a wide variety of
agricultural uses. Has a high potential for production of crops on
fertile soils similar to Class I, but increasing limitations to
production due to site conditions. Includes “prime agricultural
land”.

III

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.

Sloping land suitable for cropping on a rotational basis. Generally
used for the production of the same type of crops as listed in for
Class I, although productivity will vary depending upon soil
fertility. Individual yields may be the same as for Classes I and II,
but increasing restrictions due to the erosion hazard will reduce
the total yield over time. Soil erosion problems are often severe.
Generally fair to good agricultural land.

IV

Soil conservation practices such as
pasture improvement, stock control,
application of fertiliser and minimal
cultivation for the establishment or reestablishment of permanent pasture.

Land not suitable for cultivation on a regular basis owing to
limitations of slope gradient, soil erosion, shallowness or
rockiness, climate or a combination of these factors. Comprises
the better classes of grazing land of the state and can be
cultivated for an occasional crop, particularly a fodder crop or for
pasture renewal. Not suited to the range of agricultural uses
listed for Classes I to III. If used for „hobby farms‟, adequate
provision should be made for water supply, effluent disposal and
selection of safe building sites and access roads.
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Table 3.1:

Land Capability Classification

Other

Occasional cultivation

No
cultivation

Suitable for grazing

Land Classification and
Soil Conservation Practices

Interpretations and Implications

V

Structural soil conservation works such
as absorption banks, diversion banks
and contour ripping, together with the
practices as in Class IV.

Land not suitable for cultivation on a regular basis owing to
considerable limitations of slope gradient, soil erosion,
shallowness or rockiness, climate or a combination of these
factors. Soil erosion problems are often severe. Production is
generally lower than for grazing lands in Class IV. Can be
cultivated for an occasional crop, particularly a fodder crop or for
pasture renewal. Not suited to the range of agricultural uses
listed for Classes I to III. If used for „hobby farms‟, adequate
provision should be made for water supply, effluent disposal and
selection of safe building sites and access roads.

VI

Soil conservation practices including
limitation of stock, broadcasting of seed
and fertiliser, prevention of fire and
destruction of vermin. May include some
isolated structural works.

Productivity will vary due to soil depth and soil fertility. Comprises
the less productive grazing land. If used for „hobby farms‟,
adequate provision should be made for water supply, effluent
disposal, and selection of safe building sites and access roads.

VII

Land best suited for green timber.
Generally stock should be excluded.

Generally comprises areas of steep slopes with shallow soils.
Clearing of timber from these sites is not recommended. Where
clearing has occurred, the area should be allowed to revert to
timber.

VIII

Cliffs, lakes or swamps.

Land unsuitable for agricultural or pastoral uses. Recommended
uses are those compatible with the preservation of the natural
vegetation, namely: water supply catchments, wildlife refuges,
national and state parks, and scenic areas.

U

Urban areas.

The method of land capability assessment takes into account a range of factors including
climate, soils, geology, geomorphology, soil erosion, topography and the effects of past land
uses. The classification does not necessarily reflect the existing land use; rather it indicates
the potential of the land for such uses as crop production, pasture improvement and grazing.
The areas of the different classes of land within the area that will be affected by mining are
set out in Table 3.2.
Table 3.2:

Land Capability Areas - Mine Affected Land on “South Bickham”
Land Capability

Area

Classification

ha

% of Total

II

10

2%

V

350

70%

VI

105

21%

VII

35

7%

Total

500

100%
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Of the land that will be affected by mining on “South Bickham”:


Class II comprises around 2% of the area, and is suitable for regular cultivation. It is
usually gently sloping land suitable for a variety of agricultural uses, with limitations
to production due to site conditions. Soil conservation practices on Class II land
include strip cropping, conservation tillage and adequate crop rotation.



Class V comprises around 70% of the area, has low to moderate production potential,
and is suitable for grazing. The land is not suitable for cultivation on a regular basis
owing to considerable limitations of slope gradient, soil erosion, shallowness or
rockiness, climate, or a combination of these factors. Soil erosion problems are often
severe. The land can be cultivated for an occasional crop, particularly a fodder crop
or for pasture renewal. It is not suited to the range of agricultural uses for Class II.
Soil conservation practices on Class V include structural soil conservation works such
as absorption banks, diversion banks and contour ripping, together with practices
such as pasture improvement, stock control, application of fertiliser and minimal
cultivation for the establishment or re-establishment of permanent pasture.



Class VI comprises around 21% of the area, and is suitable for grazing. Productivity
will vary due to soil depth and soil fertility. It comprises the less productive grazing
lands. Soil conservation practices on Class VI land include structural soil conservation
practices such as limitation of stock, broadcasting of seed and fertiliser, prevention of
fire and destruction of vermin, and some isolated structural works.



Class VII comprises around 7% of the area, and is suitable for other uses. It
generally comprises areas of steep slopes with shallow soils. Clearing of timber from
these sites is not recommended. Where clearing has occurred, the area should be
allowed to revert to timber. Soil conservation practices on Class VII land include
exclusion of stock, with the land best suited for green timber.

The majority of the post mining landform will be returned to Class IV and VI lands.
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4.

SOIL SUITABILITY

4.1

TOPSOIL SUITABILITY

The soil test results in conjunction with the field assessment have been used to determine the
depth or thickness of soil materials that are suitable for stripping and re-use in the
rehabilitation of disturbed areas. The suitability for stripping for subsequent reuse relates
directly to the soil landscape units and topography as set out in Table 4.1. Structural and
textural properties of soils are the most significant limiting factors that determine topdressing
suitability.
Table 4.1:

Soil Stripping Depths

Soil Landscape Unit

Topography

Soil Stripping Depth

Burning Mountain

Ridges and hill tops

Nil

Burning Mountain Variant

Hill slopes

10 cm

Kingdon Ponds

Floodplain

Up to 500 cm

4.2

SOIL SUITABILITY

FOR

IRRIGATION

4.2.1 Land Area Requirements
The predicted dewatering requirements for the mine indicate that there is likely to be an
excess of water for about 20 years of the life of the mine (see the water balance analysis in
Appendix 19). As discussed in Appendix 19, the excess volume of water that needs to be
used for purposes other than dust suppression within the mine site and coal crushing and
stockpiling operations is highly dependent on the rainfall regime and the stage in the mine
life. After examining the typical volume of excess water generated for average climatic
conditions at each year in the mine life, the irrigation areas listed in Table 4.2 were
incorporated into the water balance model.
Table 4.2:

Progressive Development of
Irrigation Areas

Mine
Years

Required Irrigation
Area (ha)

8

35

9 - 12

75

13 - 15

100

16 - 18

155

19 - 25

100

Note that the irrigation model incorporated into the mine water balance model only allocates
water for disposal by irrigation when there is excess water in the mine water storages and
the soil moisture regime in the irrigation area (see Appendix 19 for details) indicates that
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there is sufficient soil moisture deficit to allow irrigation to occur without over-watering. The
allocation of surplus mine water for irrigation is, therefore, constrained during wet weather.
Results from the water balance modelling for median, 10th percentile (dry) and 90th percentile
(wet) climate sequences for the 25 years of the mine life indicate the following irrigation
statistics:




Average

3.2 ML/ha

th

0.5 ML/ha

th

5.5 ML/ha

10 percentile
90 percentile

These results show that the average irrigation rate is relatively low and therefore will
minimise any potential impacts on the land selected for irrigation.
4.2.1 Irrigation Water Quality
Two of the critical factors in assessing the options for irrigation using surplus mine water are
the salinity and sodium absorption ration (SAR) of the irrigation water. The groundwater
modelling (see Appendix 13) indicates that the flow weighed average total dissolved solids
(TDS) of the mine dewatering over the life of the mine will be in the range of 570 mg/L to
1,000 mg/L with an average SAR of about 1.7.
The water balance model results indicate that the weighted average salinity of the irrigation
water (after allowing for the dilution effects of surface runoff and weighted in proportion to
the volume of irrigation water in each year) would be about 630 mg/L. In practice, the
salinity can be expected to vary from about half of the average salinity of dewatering flow in
years of high rainfall (because there will be a greater dilution effect) to about 90% of the
dewatering salinity in years dry years when there will be less dilution.
Based on the criteria for assessing root zone salinity and soil structural stability set out in
Chapter 4 of the Australian and New Zealand Guidelines for Fresh and Marine Water Quality
(ANZECC, 2000), the predicted average TDS (630 mg/L) and SAR (1.7) of the water that
would be available for irrigation would be suitable for irrigation of moderately sensitive crops
and would not pose a risk of soil structural degradation.
4.2.1 Irrigation Area Suitability Criteria
For purposes of assessing the suitability of land for irrigation with surplus mine water, the
relevant site selection criteria set out in “Use of Effluent by Irrigation” (DEC, 2004) have been
adopted. (Note that some of the criteria set out in “Use of Effluent by Irrigation” relate to
aspects, such as nitrogen and phosphorus loads, are not relevant to this proposal).
An initial assessment of potential areas that could be suitable for pasture irrigation, excluded
areas that have obvious limitations (such as steep slopes, shallow soils, rock outcrops). The
assessment process then examined the candidate soil landscapes on “South Bickham” and
“Glencoe” as well as some immediately adjoining land owned by others.
Table 4.3 summarises the landscape features and soil characteristics of a number of
potential soil landscape units based on the data obtained from the soil investigations
undertaken for this project supplemented with data from the technical appendices in Soil
Landscapes of the Murrurundi 1:100,000 Sheet. The notes at the bottom of the table
summarise the management measures that could be implemented to address the limitations
of various soils.
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On the basis of the characteristics identified in Table 4.3, none of the identified soils have
limitations that would preclude their use for irrigation of improved pastures with surplus mine
water of the quality outlined in Section 4.2.1 above. The data in Table 4.3 indicates that
the Kingdon Ponds and Pages River soil landscapes have fewer limitations that the Burning
Mountain or Cressfield Road landscape units. However, while the Burning Mountain and
Cressfield Road units have some limitations these can be addressed by appropriate
management such as:


Maintaining permanent pasture cover;



Application of gypsum at a rate of 3 t/ha to help correct the exchangeable sodium
percentage in the soils of the Cressfield Road landscape unit;



Application of agricultural lime at a rate of 2 t/ha to help neutralise the pH of most of
the soils;



Installation of contour banks to divert runoff from up-slope that would drain onto
irrigated areas.

On the basis of the assessment contained in Table 4.3, a number of potential areas for
irrigation have been identified. These are shown outlined in green on Figure 2.1. The
proposed priority order for the staged development of these areas, and for allocation of any
available irrigation water is:
1. Approximately 12 ha of Kingdon Ponds landscape unit on the floodplain near the
northern boundary of “South Bickham”, immediately adjacent to a proposed
overburden dump;
2. Approximately 22 ha of Pages River and Burning Mountain landscape units located
within “South Bickham” to the south-east of the northern end of the mine pit;
3. Approximately 67 ha of Cressfield Road landscape unit located on “Glencoe”.
area could be developed in two stages of 40 ha and 25 ha;

This

4. A further 14 ha of Cressfield Road landscape unit located on “Glencoe”;
5. An area of about 25 ha of Kingdon Ponds and Burning Mountain landscape units
located on the eastern bank of the Pages River to the north of “South Bickham”.
6. A further area about 15 ha of Kingdon Ponds landscape unit located on the eastern
bank of the Pages River to the south of the junction with Splitters Creek.
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Table 4.3:

Characteristic

Slope range (within potential irrigation area)
Flooding
Landform
Rock Outcrop
Exchangable Sodium percentage (0-40 cm)
Exchangable Sodium percentage (40-100 cm)
ECe (0-70 cm)
ECe (70-100 cm)
Depth to seasonal high water table
Depth to bedrock or hard pan
Saturated hydraulic conductivity (0-100 cm)
Available water capacity
Soil pH (surface layer)
Effective cation exchage capacity (0-40 cm)
Emerson aggregate test (0-100 cm)
Phosphorus sorprtion (0-100 cm)
Surface erodibility

Soil & Landscape Characteristics and Limitations of Potential Irrigation Areas

Units

%

%
%
dS/m
dS/m
m
m
mm/h
mm/m
cmol/kg
kg/ha

Landscape and Soil Characteristics
Burning
Cressfield
Kingdon
Pages
Mountain
Road
Ponds
River
(erosional)
(bma)
(cf)
(kp)
(pr)
4%-8%
6%-10%
2%-4%
2%-4%
Rare
Rare
8-12 year ARI
>20 year
Lower slopes Lower slopes River terrace River terraces
<5%
<5%
0%
0%
13%
12%
9%
1.3%
11%
8%
9%
2%
0.10
0.61
0.43
0.67
0.18
1.28
0.61
0.46
na
na
5+
5+
1.5
1.0
5+
5+
42
38
42
50
260
350
420
310
5.9
5.1
5.5
6.6
11.4
13.9
32.2
29.7
3
3-8
3-2
3
3,536
3,090
4,274
3,150
0.035
0.035
0.035
0.039

Burning
Mountain
(erosional)
(bma)
Slight1
Nil
Nil
Slight
Severe2
Moderate2
Nil
Nil
na
Slight3
Nil
Nil
Moderate4
Slight
Moderate5
Nil
Moderate6

Limitations for Pasture Irrigation
Cressfield
Kingdon
Road
Ponds
(cf)
Slight1
Nil
Nil
Slight
Severe2
Slight
Nil
Nil
na
Slight3
Nil
Nil
Moderate4
Slight
Moderate5
Nil
Moderate6

(kp)
Nil
Slight
Nil
Nil
Slight
Slight
Nil
Nil
Nil
Nil
Nil
Nil
Moderate4
Nil
Moderate5
Nil
Moderate6

Pages
River
(pr)
Nil
Slight
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
NIl
Nil
Nil
Nil
Moderate5
Nil
Moderate6

Notes

1
2
3

Use up-slope diversion bank for sites susceptible to run-on from up-slope.
Combination of sloping soils and sodicity means there is a high risk of erosion.
Apply minimum of 3 t/ha of gypsum plus 2 t of agricultural lime/ha to ameliorate.
Cressfield Road soil is a bit shallow. Avoid irrigation during wet months.
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4
5

Apply minimum of 2 t/ha of agricultural lime.
Avoid cultivation when wet. Permanent pasture preferred.

6

Potential for erosion - manage by maintenance of permanent ground cover
and/or use of contour banks on steeper and longer slopes.
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Annexure 22A: Soil Profile Descriptions
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Site 1 (305388E, 6475704N)
Layer

Depth (m)

1

0 – 0.15

Brown (10 YR 5/3) sandy loam; moderate pedality, 2-5 mm polyhedral peds, roughfaced fabric, moderately weak & crumbly; pH 5.8; fine gravels (2-10 mm) < 10%;
roots are common; a gradual, wavy boundary to Layer 2.

2

0.15 – 0.40

Brown (10 YR 5/3) sandy loam; weakly structured, sub-angular blocky primary peds
(20 – 50 mm); sandy fabric‟ moderately weak & crumbly; gravels (5-20 mm) < 20%;
pH 6.3; roots are common; a gradual, wavy boundary to Layer 3.

3

0.40 – 0.90+

Light yellowish brown (10 YR 6/4) sandy loam; weak pedality, primary peds are 50–
100 mm & sub-angular blocky; fabric is rough-faced; fine gravels (2-10 mm) < 20%;
pH 7.1; few roots. Refusal at 0.90 m.

Description

Site 3 (304858E, 6475061N)
Layer

Depth (m)

1

0 – 0.10

Light brownish grey (10 YR 6/2) loam; moderate pedality, 10-20 mm polyhedral peds,
rough-faced fabric, moderately weak & crumbly; pH 5.9; coarse fragments are
common (10-20%); gravels (6–20 mm); many roots. A gradual, irregular boundary to
Layer 2.

2

0.10 – 0.50

Light grey (10 YR 7/1) loam; weak pedality; moderately weak force & brittle;
dispersive; pH 6.5; few roots; a gradual, irregular boundary to Layer 3.

3

0.50 – 1.10+

Light yellowish brown (10 YR 6/4) sandy clay loam; weak pedality; moderately weak
force & brittle; dispersive; pH 7.4; few roots; overlies moderately weathered
conglomerate.

Description

Site 4 (304462E, 6474792N)
Layer

Depth (m)

1

0 – 0.15

Brown (10 YR 5/3) sandy loam; moderate pedality, 2-5 mm polyhedral peds, roughfaced fabric, moderately weak & crumbly; pH 5.9; fine gravels (2-10 mm) are < 10%;
roots are common; a clear, wavy boundary to Layer 2.

2

0.15 – 0.45

Strong brown (7.5 YR 5/6) medium clay; massive, earthy fabric, moderately firm &
brittle; pH 7.3; some coarse fragments; few roots; a clear, irregular boundary to Layer
3.

3

0.45 – 1.10+

Light yellowish brown (10 YR 6/4) light clay; moderate pedality, 20-50 mm prismatic
peds, rough-faced fabric, moderately firm & crumbly; pH 8.2; some coarse fragments
(<10%); overlies moderately weathered mudstone.

Description
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Site 6 (304229E, 6475073N)
Layer

Depth (m)

1

0 – 0.10

Brown (7.5 YR 5/3) loamy sand; weak pedality, rough-faced fabric, moderately weak &
crumbly; pH 6.0; coarse fragments are common (10-20%); gravels (6–20 mm) < 30%;
some roots. A gradual, irregular boundary to Layer 2.

2

0.10 – 0.50

Pale brown (10 YR 6/3) loamy sand; weak pedality; moderately weak force & brittle;
dispersive; pH 6.1; gravels (6–20 mm) < 40%; few roots; a gradual, irregular boundary
to Layer 3.

3

0.50 – 1.10+

Yellowish brown (10 YR 5/4) sandy clay; weak pedality; moderately weak force &
brittle; dispersive; pH 5.4; gravels (6–20 mm) < 40%; few roots; overlies moderately
weathered conglomerate.

Description

Site 8 (304400E, 6475747N)
Layer

Depth (m)

1

0 – 0.30

Brown (7.5 YR 4/2) loam; weak pedality, 10-20 mm polyhedral peds, rough-faced
fabric, moderately weak & brittle, pH 5.8; gravels (6-10 mm) < 10%; many roots; a
clear, wavy boundary to Layer 2.

2

0.30 – 0.70

Yellowish brown (10 YR 5/4) heavy clay; weak pedality, 20-50 mm sub-angular blocky
peds, smooth-faced fabric, moderately firm & crumbly; pH 7.7; few roots; a gradual
wavy boundary to Layer 3.

3

0.70 – 1.20+

Strong brown (7.5 YR 5/6) heavy clay; weak pedality, 20-50 mm sub-angular blocky
peds, smooth-faced fabric, moderately firm & crumbly; pH 8.6; few roots; overlies
mudstone.

Description

Site 11 (304709E, 6476060N)
Layer

Depth (m)

1

0 – 0.15

Dark greyish brown (10 YR 4/2) silty loam; moderate pedality, polyhedral peds 10-20
mm, smooth-faced fabric, moderately weak & crumbly; pH 6.0; many roots; a gradual,
even boundary to Layer 2.

2

0.15 – 0.30

Greyish brown (10 YR 5/2) silty loam; moderate pedality, prismatic peds 20-50 mm,
smooth-faced fabric, moderately weak & crumbly; pH 6.8; roots are common; a
gradual, wavy boundary to Layer 3.

3

0.30 – 0.90+

Greyish brown (10 YR 5/2) light medium clay; moderate pedality, polyhedral peds 2050 mm, smooth-faced fabric, moderately firm & plastic; pH 6.4; few roots; layer
continues.

Description
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Site 12 (303212E, 6475095N)
Layer

Depth (m)

1

0 – 0.10

Brown (7.5 YR 4/3) clay loam; moderate pedality, 2-5 mm polyhedral peds, roughfaced fabric, moderately weak & crumbly; pH 5.9; roots are common; a clear, wavy
boundary to Layer 2.

2

0.10 – 0.50

Brown (7.5 YR 4/4) heavy clay; massive, earthy fabric, moderately firm & brittle; pH
7.2; some coarse fragments (<10%); few roots; a clear, irregular boundary to Layer 3.

3

0.50 – 1.10+

Dark yellowish brown (10 YR 4/6) light clay; moderate pedality, 20-50 mm prismatic
peds, rough-faced fabric, moderately firm & crumbly; pH 9.0; some coarse fragments
(<10%); few roots; overlies moderately weathered mudstone.

Description

Site 13 (303703E, 6475164N)
Layer

Depth (m)

1

0 – 0.20

Greyish brown (10 YR 5/2) loam; weak pedality, 10-20 mm polyhedral peds, roughfaced fabric, moderately weak & brittle, pH 6.0; gravels (6-10 mm) < 10%; many roots;
a clear, wavy boundary to Layer 2.

2

0.20 – 0.60

Brown (10 YR 5/3) medium clay; weak pedality, 20-50 mm sub-angular blocky peds,
smooth-faced fabric, moderately firm & crumbly; pH 6.8; few roots; a gradual wavy
boundary to Layer 3.

3

0.60 – 1.10+

Light yellowish brown (10 YR 6/4) light clay; weak pedality, 20-50 mm sub-angular
blocky peds, smooth-faced fabric, moderately firm & crumbly; pH 6.4; few roots;
overlies mudstone.

Description
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Annexure 22B: Soil Laboratory Test Results
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All soil samples taken during the soil survey were analysed by the Department of Land’s Soil
and Water Testing Laboratory at Scone, NSW. In addition, Casco Australia Pty Ltd was
engaged to analyse selected samples for Total Nitrogen content.
Soil samples were taken from soil profile site nos 1, 3, 4, 6, 8, 11, 12 and 13. Site 11 is
located in the “Kingdon Ponds” soil landscape. All other sites are located within the “Burning
Mountain” soil landscape. The initial numeral in the sample identification (Id) code refers to
the profile site number. Soil layers are signified by /1, /2 and /3 in the sample Id with the
surface horizon being /1 and subsoil horizons being /2 & /3.
All soil analytical results are provided in Appendix 3. Soil test results interpretation and
comments are provided below.

Texture
Site 1 is relatively unique compared to all other sites analysed within the “Burning Mountain”
soil landscape. The site has a uniform texture, exhibiting no texture contrast throughout the
profile. All horizons are sandy loam. There is a small change in texture, from loam to sandy
clay loam, at site 3 and a significant texture contrast exists, from sandy loam to medium clay,
at site 4.
Site 6 has very coarse (loamy sand) surface horizons grading to a sandy clay subsoil. Sites
8, 12 and 13 have loam to clay loam topsoils grading to light to heavy clay subsoils.
Site 11, located within the “Kingdom Ponds” soil landscape, has silty loam surface horizons
grading to a light medium clay.

Sodicity
The majority of the site’s topsoil is non-sodic (high Emerson rating and low dispersion
percentage). Sites 1 and 3 have moderately sodic topsoil, however, the clay fraction is low
at these sites thereby reducing the significance of moderate dispersion percentage
recordings. Subsoil sodicity varies widely throughout the site from low/moderate (sites 1, 4,
6, 8, 11 and 12) to very high (sites 3 and 13).

Salinity
Soil salinity levels are very low throughout the site with electrical conductivity results ranging
from 0.04 to 0.32 ds/m.

pH
All topsoil within the study area is slightly acidic with pH ranging from 5.8 to 6.0. Subsoil
varies from slightly acidic (pH 6.1) to highly alkaline (pH 9.0). An alkaline soil profile trend is
generally apparent.
Lime requirement tests were conducted on topsoil samples from sites 1, 4, 8 and 12. These
samples recorded pH levels less than 6.0. Lime application rates of 0.8 t/ha (site 1) to 3.5
t/ha (site 8) would be required to raise pH levels to 6.5 which is optimal for plant growth.
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These lime application rates are typical of those used in pasture improvement and cropping
programs throughout the region.

Cation Exchange Capacity (CEC) and Exchangeable Cations
Topsoil from sites 1, 3, 4 and 13 have low CEC. Site 8 has moderate CEC whilst site 11 has
high CEC.
The majority of study area’s topsoil has low exchangeable Na percentages (<5%),
corresponding to relatively high Emersion ratings and low dispersion percentages.
Exchangeable K, Ca and Mg recordings are moderate to high for topsoil across the study
area. Al is very low, with the exception of a subsoil sample at site 6. Elevated Al levels were
recorded at this site due to mild subsoil acidity (pH 5.4).
Subsoil samples throughout the survey area exhibit a relatively large range of individual
exchangeable cation levels.

Organic Carbon
A large variation in organic carbon levels exists throughout the study area. Site 1 has low
levels of organic carbon within the surface horizons and very low levels at depth. All other
topsoil samples recorded moderate to high levels. Low organic carbon levels at depth are
characteristic of soil beyond the surface layer that is typically rich in organic matter.

Major Elements
Topsoil nitrogen levels are low at site 1, moderate at sites 3, 4, 6, 8, 13 and high at sites 11
and 12. Subsurface nitrogen recordings are low, as expected, due to low nutrient recycling
within the subsoil.
Available phosphorus levels are very low in both surface and subsurface horizons
throughout the site. Phosphorus sorption capacity is low in all samples.
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Annexure 22C: Floodplain Soil Texture Analysis
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