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CHARACTERISATION OF OVERBURDEN AND INTERBURDEN MATERIALS

1.0 INTRODUCTION

Open-cut or surface mining of coal is used extensively in the Upper Hunter Valley and
involves the removal of overlying strata or overburden to facilitate the winning of coal.
A characteristic of open cut coal mining is the disturbance of the stratigraphic
relationship of strata due to their removal and replacement during mining. In most
operations the original stratigraphic sequence is inverted and mixed, and forms
overburden dumps. These dumps contain large quantities of unweathered, fragmented
rock which are exposed to the weathering environment. Should water and air penetrate
the dump, soluble salts may be leached and unstable minerals may break down
releasing degradation products. Three chemical conditions may arise from overburden
exposure and weathering, and result in environmental degradation. These are;

e high salinity

e sodicity and

e acidity

Each of these conditions may result in in-situ effects relating to the long term viability
of rehabilitation of spoil heaps and/or effects at a distance as pollutants are carried off-
site in ground and surface waters.

The assessment has been carried out using methods which characterise geological
material with respect to acid producing potential, salinity producing potential and
sodicity. In any mining venture, characterisation of possible waste rock types allows
effective planning of mine waste management to be carried out at the mine planning
stage.

For any mining operation, the long term environmental objectives of waste
management plans associated with overburden dumps are:
e To ensure a high quality of waters draining from disturbed areas and,
e To successfully establish a self-sustaining vegetation cover.

Before a rehabilitation programme can be developed to optimise water quality and to
produce an adequate vegetation cover, the characteristics of the material comprising
the overburden dump material need to be understood. Characterisation of possible
waste rock types with respect to acid producing potential allows effective planning of
mine waste management to be carried out at the mine planning stage.



Miller and Murray (1988) state the objectives in carrying out acid-base analysis are to;

1. Determine the acid-forming characteristics of waste rock, ore and processing
wastes;

2. Classify waste rock types with respect to the potential for acid generation;

Determine the impact on the quality of drainage from the mine and waste dumps;

and
4. Provide design and management criteria for waste disposal, pollution control and

rehabilitation.

w

Coal and Allied Operations Pty Ltd are currently exploring Coal Authorisation Area
459 near Singleton in the Hunter Valley in New South Wales. Sixty two samples
representing the dominant lithology types which will report as waste rock in any future
mining operation have been submitted to the Mineral Resources Development
Laboratory for characterisation.

2.0 METHOD

The results of waste rock analysis, leachate and weathering tests are presented in the
attached report (report number R951201B).

The samples were received as drill bore core segments. Table A-1 in the attached
report R951201B gives laboratory registration numbers and corresponding drill core
depths along with the description of each sample. Each sample was jaw crushed using
a Braun Chipmunk Jaw Crusher and then reduced to less than 2mm diameter using a
Bico Plate Pulverizer. This sample was used for water leaching and weathering tests. A
subsample (30 g), taken from the less than 2mm material, was finely crushed to less
than 100 micron using a chrome-steel ring grinder. This sample was used for the
determination of sulphur, carbonate carbon, and total carbon.

Total sulphur was determined using Australian Standard Method AS1038 Part 6.3.3,
utilising a Leco Model SC32 Automatic Sulphur Determinator. This method
determines total sulphur and does not distinguish between sulphate and pyritic species.
Total carbon was determined using a Leco Model WR 12 Automatic Total Carbon
Determinator. Total carbon concentration values were converted to equivalent carbon
dioxide values. Because the samples were rocks from a coal rich area, it was not
assumed that all carbon could be associated with carbonate mineralisation. Therefore
carbonate carbon was also determined, also using the Leco Model WR12 Automatic
Total Carbon Determinator. This was done by treating a subsample of rock sample
with 1:1 hydrochloric acid, drying, then measuring the total carbon content. The
difference in the carbon values represented the amount of organic carbon present in the
original sample. This value was used in the NAPP (Net Acid Producing Potential)
calculations. Results of analysis are given in Table A-1 in the attached report
R951201B.

For the leach tests, electrical conductivity, pH, sulphate & chloride concentrations,
cation concentrations, equivalent bicarbonate and alkalinity values were determined in



a water extract of each sample (1 : 5; 20g : 100mL water) using the minus 2mm
sample which was gently turned end on end for 16 hours. The samples were exposed
to air several times during the determination to ensure oxygen was available for
sulphide oxidation. The results for these tests are given in Table B - 1 in the attached
report R951201B. ‘

Several techniques have been used for the simulated weathering procedure used to
characterise mine wastes. The method used in this study was a simple procedure where
20g of minus 2mm sample was well mixed with 15mL of water in a 120mL plastic
screw-cap vial and placed in a forced air oven kept at a temperature of 40°. The vials
were slowly evaporated and each sample was stirred with a glass rod every day, with
15 mL or more water added when necessary to keep the samples always moist and
covered with water. The temperature of 40° was chosen because this temperature is
close to the maximum that any waste rock will experience at the mine site and also any
oxidation and solution reactions will be accelerated and the effects can be measured.

* After periods of 5, 10, 15, 20 and 30 days, 100 mL water was added to each sample
and the vial was gently agitated for an hour. The vials were centrifuged and the
leachate was carefully decanted from the vial. Electrical conductivity, pH, and sulphate
and chloride concentrations, cations (Calcium, Magnesium, and Sodium), and
equivalent bicarbonate and alkalinity values were determined in this solution. The
sample was covered with water (about 15mL) and the weathering procedure was
continued. The pH, electrical conductivity, sulphate and chloride concentration and
equivalent bicarbonate and alkalinity values found in the 1:5 soil:water extract
solutions during the weathering tests are reported in the sections B and D of the
attached report R951201B. The values for calcium, sodium, and magnesium are
reported in sections C and E of the attached report R951201B.

Testing on all but ten samples was discontinued after 20 days weathering. For the
remaining samples weathering was continued for 30 days. The sulphate values had
dropped to around 10 mg/L and below for the majority of the samples. This value
represents a release of less than about 0.01% of soluble salt species from the solid
sample.

Electrical conductivity and pH measurement methods were based on:

e APHA Methods _

e Australian Standard AS2300.1.6-1989, Methods for Chemical Testing for the
Dairying Industry. Method 1.6: General methods and principles - Determination
of pH.

e Standard Methods for Examination of Water and Wastewater, 18th Edition
1992, Part 2510B Electrical Conductivity.

Part 4500-H + -B pH value Electrometric method
These measurements were made using a Metrohm 712 Conductometer and Radiometer
PHM 95 pH/ion meter respectively. Each instrument was equipped with automatic
temperature correction.



Major cations were determined using Flame Atomic Absorption Spectroscopy based
on the following methods:
° AS2134.1-1988 Recommended Practice for Chemical Analysis By Atomic
Absorption Spectroscopy. Part 1 Flame AAS.
o Standard Methods for Examination of Water and Wastewater, 18th Edition
1992, Part 3000

Bicarbonate and Alkalinity values were determined using a Metrohm E636
Titroprocessor based on the following methods:
e Australian Standard AS2449-1981, Determination of Alkalinity, Acidity -
Titration.
e Standard Methods for Examination of Water and Wastewater, 18th Edition
1992, Alkalinity Titration method.

Sulphate and Chloride values were determined on a Waters Chromatographic system
based on the following methods:
e Australian Standard AS3741-1990, Recommended Practice for Chemical
Analysis By Ion Chromatography.
o Standard Methods: Determination of Anions by Ion Chromatography, 4110C
Single Column Ion Chromatography with Electronic Suppression of Eluent
Conductivity and Conductrimetric Detection (proposed).

2.1 DISCUSSION OF METHODS

Two procedures are commonly used to predict the acid producing potential of mine
waste samples, viz. acid - base accounting and weathering tests. Sobek et alia (1978)
have reported extensive procedures for evaluating the potential of coal mining
overburden and reject materials for acid generation. These procedures have since been
used for assessment of wastes from base metal and precious metal mining operations.

With the acid-base accounting method, samples are analysed for neutralisation
potential and sulphur content, and comparison of these values allows predictions to be
made on whether acidic or alkaline drainage conditions are likely to develop.

When all sulphur is present as pyritic minerals, the total sulphur content will accurately
quantify the potential acidity of materials. Using the stoichiometric equation for pyrite
oxidation, the maximum potential acidity (APP or Acid Producing Potential) can be
calculated in terms of calcium carbonate equivalent. The neutralisation potential of
overburden materials (ANC or Acid Neutralising Capacity), the second component of
a net acid-base account, measures the content of neutralising species present.
Carbonates are the most commonly encountered neutralising species, however
exchangeable bases, weatherable silicates and iron oxides can also be significant
(Sobek et al. 1978).

Using the acid-base account, Sobek ez al. (1978) have defined potentially toxic
material as any overburden having a net potential deficiency of 0.5% calcium carbonate
equivalent. Regardless of the acid-base account, materials which have a pH of less than
4.0 in a water slurry are defined as being acid-toxic.



In the case of weathered samples or samples containing gypsum (calcium sulphate, a
commonly occurring mineral), sulphur occurs in the form of sulphates, and in samples
containing significant amounts of organic material, organic sulphur is encountered.
Sulphate sulphur and organic sulphur are not acid forming species, and for those
samples where part of the total sulphur content occurs in these forms, the maximum
potential acidity as calculated will be too high. It is for this reason that the calculations
are referred to as maximum potential acidity (Sobek ez al. 1978).

The acid-base accounting method is preferred by most assessment studies because it
has significant cost advantage over weathering tests. It has been recognised, however,
that the method suffers several important limitations (Hedlin and Erikson, 1988, Smith
et alia, 1974 and Carrucio and Parizek, 1969). The limitations include problems with
the determination of sulphur species and the interference of siderite in the
determination of neutralisation potential. For these reasons it has been suggested that,
at least for some samples, a better approach is to use the simulated weathering tests
where samples are artificially weathered for an appropriate period and regularly
collected leachates are monitored (Hedlin and Erikson, 1988).

Some samples contain insignificant amounts of sulphur and neutralising species and
these present no problem regarding the potential for acid drainage production. In those
cases where the test material is dominated by either acidic or basic materials, errors
introduced by the acid-base procedure are not important. With samples that are
roughly balanced with respect to acidic and basic materials, the errors of the acid-base
accounting method may be unacceptable and weathering tests are generally required in
these cases (Hedlin and Erikson, 1988).

Bradham and Caruccio (1990) have compared methods for acid leachate prediction in
mining waste material. The methods were acid/base accounting, weathering cells,
columns and soxhlets. When compared to observed field drainage quality emanating
from areas from where the mine waste originated, the predictions made by the
weathering cells were the most accurate (100% success). The weathering tests used in
this study used weathering cells similar to those used by Bradham and Caruccio.

The "fine earth", or soil material passing the 2mm round hole sieve has generally been
used by soil scientists for testing purposes (Jackson, 1958) and weathering tests have
generally been carried out using this size fraction (Sobek, 1978, Miller and Murray,
1988).

Waste material from mining operations is reported to range up to a maximum diameter
of approximately 45 cm for underground mines and 120 cm for open pits (Lapakko,
1988). Since simulated weathering tests are carried out on much smaller sized material
(generally less than 2mm), the results obtained from the simulated weathering tests can
be expected to be conservative values because of the greater surface area exposed
under these test conditions. Because of the large size variation of material found in
waste rock dumps, great difficulties are generally encountered in adequately sampling
such dumps. This was not the case with samples used in this report since they were
sampled from bore cores.



3.0 DISCUSSION OF RESULTS

3.1 ACIDITY

The pH of a 1:5 soil:water extract will give an indication of the presence and activity of
acid producing material. A low pH indicates that pyrite oxidation has occurred. When
pyrite is oxidised on exposure to the weathering environment, sulphuric acid is
produced (which causes the acidity) and may in turn attack other minerals releasing
environmentally hazardous species. In the discussion below the pH results have been
related to the total sulphur results because total sulphur analysis of raw samples
provides a rapid method of establishing the possibility of material being acid-producing
(SPCC 1983).

The pH of an extract is used in weathering tests to support the Net Acid Producing
Potential (NAPP) classifications. The NAPP, also known as the acid-base account, is
calculated from the total sulphur content and the inherent Acid Neutralising Capacity
(ANC) of a material. ANC is calculated as:

ANC = total carbon (%CO,) x 2.27

NAPP is defined as follows:
NAPP = %S x 3.125 - ANC

Where, ANC and NAPi’ are in % CaCOj; equivalents.

A positive NAPP indicates that the material is acid or potentially acid forming and a
negative NAPP indicates that there is excess neutralising capacity and that the material
is non-acid forming (Miller and Murray, 1988).

Soil pH is a measure of the acidity or alkalinity of the soil. A soil is referred to as
being:

e acidic if the pH is less than 6.5

e neutral if the pH is between 6.5 and 8.0

e alkaline if the pH is greater than 8.0
(Charman and Murphy, 1991).

Soil pH levels generally fall between 4.0 and 9.0 with extreme figures being rare. When
the pH is less than about 5.5 appreciable amounts of Aluminium, Manganese and Iron
are soluble and may become toxic to vegetation, whereas trace elements such as
Copper and Zinc may become limited at pH levels of greater than 7 (SPCC, 1983).

Most plants thrive best at a pH values between 6.0 and 7.5. Different plants have
different tolerances to acidity or alkalinity. If soil pH is lower than 5.5in a 1:5
soil:water extract, an acid soils problem can be suspected (Charman and Murphy,
1991).



3.1.1

Acid Producing Samples

Leaching tests (16 hour 1:5 soil:water extracts using <2mm size sample) have shown
that only six of the 62 samples tested had acidic leachates(pH 2.75 - 4.80) indicating an
initial acidic response. These samples continued to give an acidic response (pH 3.00-
4.75) over the 30 days of simulated weathering.

The six samples identified as giving an acidic response were:

ACID PRODUCING SAMPLES

MRDL

LAB. DRILL DEPTH SEAM OVERBURDEN pH pH NAPP
NUMBER FROM TO (16 Hr) (30 days)
HOLE NAME : 5000C000
E94/1436 133.400 133.700 WYNN EF MIDBURDEN 4.20 4.20 3.6
EQ4/1437 134.900 135.200 WYNN EF INTERBURDEN 4.80 4.20 338
HOLE NAME : 6000C000
E94/1450 44.800 45.300 WYNN EF MIDBURDEN 275 3.70 1.7
E94/1451 47.800 48.300 WYNN EF MIDBURDEN 3.65 3.50 41
HOLE NAME : 6000D000
E94/1459 90.000 90.500 WYNN EF MIDBURDEN 3.20 3.60 4.1
E94/1460 92.800 93.200 WYNN ! MIDBURDEN 3.40 4.20 27

These six samples were the only samples that were found to have a NAPP value
greater than zero. These samples had high total sulphur contents (>0.5%) and with
NAPP values greater than zero, they can be classified as acid forming or potentially
acid forming (Miller and Murray, 1988).

The sulphate and pH results over the period of the weathering test indicated that most
of this total sulphur is present as pyritic sulphides and that they are readily oxidised.
Oxidisation of pyritic sulphides produces acidic leachates and sulphates. The
weathering test results showed that the concentration of sulphate in the 1:5 soil:water
extracts remained high over the 30 day period. The pH of the 1:5 soil:water extract
over the same period remained low. This indicates that over the entire period of the
weathering test pyritic sulphides were continuously oxidising and releasing sulphates
and acidic leachates. Towards the end of the weathering tests, sulphate concentrations
were generally increasing. Hence, the pH and sulphate results from the weathering
tests of the six acid producing samples indicate that there would be a long term acidity
problem caused by oxidation of pyritic sulphides.

The pH, sulphate, total sulphur and NAPP values from the leachate and weathering
tests for the six samples in the table above, indicate that there may be potential for the
material represented by these samples to generate acidic leachate. This should be taken
into consideration for the design of the waste rock emplacement.



3.1.2  Slightly Acidic Sample

The 1:5 soil:water extract (16 hours) of sample E94/1428 gave a slightly acidic
leachate (pH 6.30).

SLIGHTLY ACIDIC SAMPLE
MRDL
LAB. DRILL DEPTH SEAM OVERBURDEN pH pH NAPP
NUMBER FROM | TO (16 Hr) (30 days)
HOLE NAME : 5000A500
Eo41428 | 110000 | 110500 | WYNNEF MIDBURDEN | 630 | 790 | 134

Over the simulated weathering period of 30 days, the pH of the 1:5 soil:water extract
went from neutral to alkaline. Results for the concentration of sulphates in the 1:5

. soil:water extract over the weathering period showed that sulphates were leached out
over the entire period. This sample also had a high total sulphur content (1.41%). The
sample was found to have a high neutralising potential (7.85% carbonate carbon)
which produced an alkaline 1:5 soil:water extract over the extended weathering period
(30 days).

Because of the initial low pH of sample E94/1428, its high total sulphur percentage
and high sulphate ion concentration (which remained high on weathering) it would
initially produce an acidic leachate.

The pH, sulphate and total sulphur results for the leachate and weathering tests, for
sample E94/1428, indicate that the material represented by this sample there may
potentially generate some acidic leachate. Therefore this material should take into
consideration in the design of the waste rock emplacement.

The six acid producing samples and E94/1428 will be referred to in this report as the
“acid producing samples”.

3.1.3  Non-Acid Producing Samples

The pH of the 1:5 soil:water extract, after 16 hours leaching, of the remaining 55
samples (ie. other than the seven acid producing samples) were alkaline. The pH
ranged from 8.00 to 10.30. The 1:5 soil:water extracts of these samples after 20 days
of simulated weathering had a pH range of 8.55 to 10.25. This indicated that they
continued to produce alkaline leachates with extended weathering.

Therefore, from the pH results all of the samples (except for the acid producing
samples) showed no acidic response over the entire period of testing. This was
reflected in the NAPP values of these samples which were all less than Zero, meaning
that they were non-acid forming (Miller and Murray, 1988).



3.2 SULPHATE

The major anion in the 1:5 soil:water extracts was found to be sulphate.

According to Charman and Murphy 1991, the “toxicity symptom limit” of sulphate is
3meq/100g water soluble sulphate in a 1:5 soil:water extract (which is equivalent to
6meq/L or 300mg/L for a 20g:100mL 1:5 soil:water extract as used in this study). At
this concentration of sulphate, plant growth will be retarded (Charman and Murphy
1991).

3.2.1 Non-Sulphate Toxic Samples

All 55 of the non-acid response samples were found to have sulphate concentrations, in
their 1:5 soil:water extracts, below the “toxicity symptom limit” of 6 meq/L, after 10
days of weathering. Therefore all of the non-acid response samples had no sulphate
toxicity on weathering. The exception was sample E94/1449.

3.2.2  Sulphate Toxic Samples

The samples with sulphate concentrations of their 1:5 soil:water extracts greater than
the toxicity symptom limit after 10 days of weathering, are the seven acid producing
samples and E94/1449. 1t is notable that sample E94/1449 is a rock sample from the
WYNN EF MIDBURDEN seam, as are some of the acid-producing samples.

The results of sulphate analysis for the leaching and weathering tests indicate that the
material represented by the seven acid producing samples and E94/1449 may have the
potential to generate leachate with levels of sulphate ions that are above the desirable
level for plant growth (Charman and Murphy). This should be taken into consideration
when designing the waste rock emplacement.

3.3 SODICITY

Sodium, potassium, calcium and magnesium constitute the major cations in soil:water
extracts from non-acidic coal mine spoil. The concentrations of these cations provide
information on;
e the quality of leachate which may drain from the spoil after contact with water,
and;
e the suitability of the spoil as a plant-growing medium.

The relative proportions of the cations in the extract are indicative of cation
concentrations adsorbed on the exchange complex (silt clay and organic particles),
since the adsorbed ions are in equilibrium with the ions in solution. A high level of
sodium ions in spoil is of particular concern. The condition where a relatively high
proportion of readily soluble sodium is present in spoil is referred to as sodicity.
Sodicity leads to clay material being highly dispersed. Overburden containing
dispersive clays become puddled and impermeable when wet, and dry to a hard
surface. On the other hand, clays contained in spoil with a relatively low proportion of
readily available sodium flocculate easily and are more permeable and less prone to
erosion.



Sodium Adsorption Ratio (SAR)

The sodicity of the samples was determined by calculating the Sodium Adsorption
Ratio (SAR) and then using the relationship between SAR values and sodicity to
interpret the SAR values.

The SAR value of an extract is calculated from the concentration of cations in the
extract using the equation below (Rayment and Higginson, 1992):

SAR= Na* //(Ca®™ + Mg*)/2

Where Na", Ca* and Mg® are concentrations of the respective ions, expressed as
meq/L

The relationship between SAR values and sodicity used by Croft and Associates 1986
(cited in Envirosciences Pty.Ltd 1993) is given below:

SAR<5 - favourable for maintaining soil structures and for avoiding sodium
toxicity problems.

SAR 5-15 - unfavourable

SAR > 15 - a serious sodic problem could result if the material is exposed to the
surface.

3.3.1 Highly Sodic Samples

The 16 hour 1:5 soil:water leachate of seven samples were found to be highly sodic
(SAR > 15). These samples also produced leachates with high sodium ion
concentrations (relative to the other cations Magnesium and Calcium). These samples
were:

HIGHLY SODIC SAMPLES
MRDL Na
LAB. DRILL DEPTH SEAM OVERBURDEN (mell) SAR
NUMBER FROM | TO 16 Hour | 16Hour | 10Day [ 20 Day
HOLE NAME : 4000C000 _
E94/1405 | 60540 [ 60.890 |MTAA INTERBURDEN 938 | 235 | 79 [ 27
HOLE NAME : 4000F000 :
E94/1412 60.500 60.800 |MTA MIDBURDEN 35.8 231 8.0 25
E94/1414 74.000 74.400  [MTA MIDBURDEN 62.7 42.1 6.3 5.2
E94/1415 90.500 90.827 [PFD A MIDBURDEN 237 223 26.2 6.3
E94/1417 | 110.000 110.400 |PFD A MIDBURDEN 257 205 - 77
E94/1418 | 134.000 134500 |PFD C MIDBURDEN - 187 15.6 185 47
HOLE NAME : 5000C000
E94/1433 $0.000 90.500 [BRN A MIDBURDEN 978 191 85 27
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The above seven samples had a 16 hour 1:5 soil:water extract with an SAR greater
than 15. They all had 1:5 soil:water extracts which were “unfavourable” (SAR 6.3-
26.2) after 10 days of weathering, and some were “unfavourable” (SAR>5) even after
20 days of weathering.

The toxicity limit of sodium for vegetative growth is 4.34meq/100g (Charman and
Murphy, 1991) this is equivalent to 8.68meq/L or 200mg/L for a 20g sample in 100mL
water, as used in this study. All of the above seven samples that have been identified as
being highly sodic, also have high concentrations of sodium (>8.68meq/L) in their 1:5
soil:water extracts after 16 hours. Even after 20 days of weathering six of the seven
samples still have concentrations of sodium that are above 8.68meg/L. The sodium
results for these samples support the SAR values.

3.3.2  Slightly Sodic Samples

A further six samples exhibited “unfavourable” sodicity (SAR > 9) and relatively high
sodium concentrations (7.52 - 12.2 meq/L) during the leach tests (16 hour 1:5
extracts). These six samples are presented in the table below.

SLIGHTLY / HIGHLY SODIC SAMPLES

MRDL Na
LAB. DRILL DEPTH SEAM OVERBURDEN (meil) SAR
NUMBER FROM | TO 16 Hour | 16Hour | 10Day | 20 Day

HOLE NAME : 4000C000

E94/1404 | 52200 | 52500 |MTAA INTERBURDEN 10.9 92 | 125 | 38

HOLE NAME : 4000C000

E94/1407 88.200 88.500 PFD A INTERBURDEN 13.4 1241 133 65
E94/1408 104.000 104.500 |[VAUXA INTERBURDEN 7.52 8.2 55 1.6

HOLE NAME : 4000F000

E£94/1413 68.500 68.800 MTA MIDBURDEN 17.4 14.6 7.6 22
E94/1416 99.000 99.400 PFD A MIDBURDEN 12.2 1.7 185 6.9
E94/1419 162.000 162.500 |PFD C MIDBURDEN 9.57 8.4 8.9 34
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3.3.3  Sodicity on weathering

The samples identified in 3.3.1 and 3.3.2 as being unfavourably to highly sodic,
continued to have an unfavourable to high sodicity after 10-20 days of extended
weathering. The SAR values and sodium concentrations on weathering for the
unfavourably sodic samples are summarised in the table below.

SAMPLES WITH UNFAVOURABLE SODICITY ON WEATHERING

MRDL 16 Hour 5 Day 10 Day 15 Day 20 Day
LAB SAR Na SAR Na SAR Na SAR Na SAR Na

NUMBER _(me/l) (me/L) {me/l) (me/L) (me/L)

HOLE NAME : 4000C000

E94/1404 8.2 10.87 59 7.83 125 3.83 6.8 2.43 3.8 122
E94/1405 235 9.39 14.3 4.48 7.9 2.48 113 27 0.78
E94/1406 15.0 14.72 7.2 7.00 13.9 496 76 2.78 6.0 213
E94/1407 12.1 13.35 7.4 7.26 13.3 452 9.8 3.00 6.5 1.70
£94/1408 9.2 752 6.1 483 5.5 2.22 2.1 0.78 1.6 57

HOLE NAME : 4000F000

ES4/1412 23.1 35.83 21.2 29.43 8.0 3.78 3.0 1.83 25 1.17
E94/1413 14.6 17.39 8.8 10.91 7.6 3.09 29 1.30 22 091 -
EQ4/1414 42.1 - 62.70 27.8 43.30 6.3 9.04 14.7 6.30 52 -~ 2.26
E94/1415 223 23.74 123 15.17 26.2 9.35 10.5 4.04 6.3 235
E94/1416 1.7 1217 10.6 12.35 185 6.43 20.6 7.96 6.9 2.52
E94/1417 20.5 25.70 8.2 10.96 16.8 8.48 15.8 6.00 7.7 3.22
E94/1418 15.6 18.70 11.6 15.39 18.5 7.57 8.8 3.87 4.7 2.00
E94/1419 9.4 9.57 8.0 8.04 8.9 3.39 5.2 2.09 3.4 1.26

HOLE NAME : 5000C000

E94M433 | 191 | 978 | 55 T 704 | 85 1 330 | 40 | 182 | 27 {100

The SAR values indicate that material represented by the seven samples in the table
above could cause a serious sodic problem if the material is exposed to the surface
according to the classification of SAR values used by Croft and Associates 1986 (cited
in Envirosciences Pty.Ltd 1993). The sodium results for the leachate and weathering
tests of the seven highly sodic samples indicates that the material represented by these
samples may have the potential to generate leachate with sodium ion concentrations
above the desirable level for vegetation (according to Charman and Murphy). This
should be taken into consideration when designing a waste rock emplacement.

3.3.4  Exchangeable Sodium Percentage (ESP)

Determination of the exchangeable sodium percentage (ESP) gives a measure of the
proportion of sodium adsorbed on the exchange complex (SPCC, 1983).

Determination of the ESP value of soils is one of the most widely used tests to assist in
the assessment of dispersibility (Charman and Murphy, 1991). The ESP values were
calculated from the SAR values using the equation below (after Richards 1969 cited in
Envirosciences Pty.Ltd 1993):

ESP = 100(-0.0126 + 0.01475xS4R

1+ (~00126 + 0.01475xSAR
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The implication of ESP values, as given by Croft and Associates, 1986 (cited in
Envirosciences Pty.Ltd 1993) are as follows:

ESP > 6 - material prone to clay dispersion and described as sodic.
ESP 15 - 40 - material has adverse effects on plants

ESP is a function of SAR. Hence the ESP values for the 16 hour leachates of the 1:5
extracts were found to support and parallel the SAR values.

The interpretation of data on SAR and ESP has been widely studied in the case of
agricultural soils but very little information is available in the case of mine spoils where
unweathered rock is exposed to atmospheric conditions (SPCC, 1983). The ESP and
SAR may be used as an indication of potential sodium toxicity in plants.

The effect of sodicity on plant establishment should be kept in perspective. In studies
on the dispersion characteristics of Permian overburden in Central Queensland,
Seedsman and Emerson, 1981 (cited in Envirosciences Pty.Ltd 1993) indicated that
mechanical disruption of moist overburden particles is of greater importance in
affecting subsequent dispersion than very high ESP levels.

3.5 SALINITY

Salinity is a measure of the total soluble salt concentration in the spoil. Highly saline
spoil can have two main consequences:

1) The adverse effect on plant growth and health (leaving the exposed surface
more prone to wind and water erosion).

2) The possible impact on the quality of water percolating through the spoil which
may have unacceptably high levels of salts and impact on surface and ground
waters. (SPCC, 1983)

Saline soils are usually defined as those with an Electrical Conductivity >1500uS/cm
for a 1:5 soil:water extract. This is generally accepted as the upper limit of salinity for
normal plants (Charman and Murphy 1991).

Plants vary widely in their tolerance of salts in soils, but most pasture species and crop
plants will not grow well when salt contents rise above normal levels (Charman and
Murphy). High soluble salt contents in soils can reduce plant growth and health, and
even result in death of vegetation.

3.5.1 Highly Saline Samples

The samples which had highly saline 1:5 soil:water extracts after 16 hours
(EC >1500uS/cm) were the seven acid producing samples.

These samples have previously identified as having potential for generating acidic
leachate and leachate with undesirable sulphate concentrations. These factors, in
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addition to the potential for the samples to produce highly saline leachate, should be
taken into consideration for the design of the waste rock emplacement.

3.5.2  Slightly Saline Samples

There were two samples which had 16 hour 1:5 soil:water extracts that had and
electrical conductivity less than 1500uS/cm but their salinity values were at a level at
which only salt tolerant crops grow and yield satisfactorily (Richards 1954 in Charman
and Murphy). These two samples are identified in the table below:

MRDL EC
LAB. DRILL DEPTH SEAM OVERBURDEN (uSfem
@ 25°C)

NUMBER FROM ] TO 16 Hour

HOLE NAME : 4000F000
E94/1414 I 74.000 l 74.400 MTA MIDBURDEN 1298

HOLE NAME : 6000C000
E94/1449 90.000 90.500 BRN A MIDBURDEN 1328

Sample E94/1414 has been previously identified as producing leachate with sodium
concentrations above the “toxicity limit” after 20 days of weathering. Sample
E94/1449 has been previously identified as producing a leachate with a sulphate
concentration of 664mg/L after 16 hours, which exceeds the sulphate toxicity level for
vegetation of 80mg/L.

Weathering tests show that E94/1414 and E94/1449 release soluble salts rapidly

The electrical conductivity of the extract gives an indication of the total soluble salt
content in the interstitial water and is therefore an estimate of the quality of potential
leachate water and water contained in soil pores and available to plants.

The seven acid producing samples have been previously identified as generating acidic
leachate with undesirable sulphate ion concentrations. Sample E94/1414 has been
identified as generating leachate on weathering with sodium ion concentrations above
the sodium toxicity limit. Sample E94/1449 has been identified as producing leachate
with sulphate ion concentrations exceeding the toxicity limit for vegetation. These
results, in addition to the salinity results for the leachate tests, should be considered
when designing a waste rock emplacement. '

The electrical conductivity of the 1:5 extracts of the samples, and the effect of salinity

on plant growth, should be taken into consideration when selecting the material for
placement as a rooting horizon in the waste rock emplacement.
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4.0 WASTE ROCK CHARACTERISTICS

In section 3 of this report samples with potential to produce leachate that is acidic,
sodic and saline have been identified and need to be carefully considered in waste rock
emplacement design. The remaining samples that through leachate and weathering tests
have not shown the potential to generate acidic, sodic or saline leachate have been
discussed below.

4.1 BARREN MATERIAL

Material that can be described as “barren” is essentially devoid of sulphur and has a
low Acid Neutralising Capacity (Miller and Murray, 1988). The samples that through
leachate and weathering tests have not been previously identified as being sodic, saline,
sulphate toxic, or acidic, have negligible total sulphur contents and acid neutralising
capacity, are presented in the table below. The low sulphur content of these samples
indicates that they are not likely to result in any long term acid generation (ie they are
non-acid forming). This is supported by the pH results from the weathering tests. The
pH values of the 1:5 soil:water extracts of the barren material remained alkaline

(pH > 8) over the weathering period. However it is notable that the pH of most of the
barren material is outside the desirable pH range for soils, of pH 4-9 (Charman and
Murphy, 1991).

15



BARREN MATERIAL

MRDL
LAB DRILL DEPTH SUPPLIED DEPTH ROCKTYPE SEAM INTERBURDEN
NUMBER | FROM TO FROM | TO
HOLE NAME: 4000F000
ES4/ 1410 17.000 17.500 17.200 17.500 |Siltstone WKHA OVERBURDEN
1411 33.000 33.500 33.200 33.500 [Sandstone / Siitstone 70:30 WKH OVERBURDEN
HOLE NAME: S000A500
E94/ 1420 13.660 25.190 24.890 25.180 ]Sandstone Weathered PFD B OVERBURDEN
1421 40.000 40.500 40.200 40.500 |]Sandstone PFD B OVERBURDEN
1422 50.340 51.385 51.095 5$1.395 [Siltstone PFD B OVERBURDEN
1423 66.979 67.859 67.559 67.859 |[Silistone VAUX E MIDBURDEN
1425 80.485 83.365 83.065 83.365 |[Sandstone / Siltstone 70:30 BRN B MIDBURDEN
1426 83.365 87.265 86.965 87.265 |Siltstone / Sandstone 60:40 BRN B MIDBURDEN
HOLE NAME: 5000C000
E94/ 1429 19.460 19.760 19.460 18.760 |Sandstone PFD A MIDBURDEN
1430 24.500 25.000 24.700 25.000 {Sandstone / Siltstone 70:30 PFD A MIDBURDEN
1434 105950 | 106.250 | 105.950 | 106.250 |Siltstone BRN B MIDBURDEN
1435 128.500 | 128.800 | 128.500 | 128.800 |Sandstone WYNN EF MIDBURDEN
1438 140.000 | 140.500 | 140.200 | 104.500 |Sandstone / Siltstone 70:30 WYNN | MIDBURDEN
1439 152.000 | 152.289 | 152.000 | 152.300 |Sandstone / Siltstone 60:40 WYNN ! INTERBURDEN
1440 157.200 | 157.400 | 157.100 | 157.400 |[Siltstone EDDERTON B MIDBURDEN
HOLE NAME: 5000F000
ES4/ 1441 16.500 17.000 16.700 17.000 |Conglomerate/Sandstone 80:20 MTA OVERBURDEN
1442 34.000 34.500 34.200 34.500 [Siltstone MTA OVERBURDEN
1443 42.000 42.500 42.200 42.500 {Mudstone PFD C MIDBURDEN
HOLE NAME: 6000C000
1447 20.346 20.751 20.451 20.751 {Mudstone - Grey, Soft, Fissile BRN B OVERBURDEN
1448 23.951 25.086 24.786 25.086 {Sandstone BRN B OVERBURDEN
1453 56.047 56.337 56.047 56.337 {Sandstone / Siltstone 50:50 EDDERTON MIDBURDEN
HOLE NAME: 6000D000
E94/ 1454 16.800 17.200 16.900 17.200 |Sandstone Weathered VAUX OVERBURDEN
1455 39.847 40.437 40.137 40.437 [Siltstone /Sandstone 80:20 BRN A MIDBURDEN
1456 58.802 60.140 59.840 60.140 [Sandstone / Siltstone 80:20 BRN B MIDBURDEN
1457 68.500 69.000 68.700 69.000 |Conglomerate / Sandstone 70:30 BAY MIDBURDEN
1458 87.530 87.830 87.530 87.830 |Sandstone WYNN EF MIDBURDEN
1461 100.820 | 101.200 | 100.820 | 101.120 |Sandstone WYNN | MIDBURDEN
1462 114.458 | 114.990 | 114.690 | 114.990 |Siltstone EBBERTON B MIDBURDEN
HOLE NAME: 6000G000
1464 25.850 26.150 25.850 26.150 |Siltstone / Siltstone 60:40 PFD C OVERBURDEN
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4.2 MATERIAL IN THE DESIRABLE pH RANGE

From the results of the leachate and weathering tests, some of the samples that
represented barren material were found to generate leachate in the desirable pH range

of pH 4-9. These samples are identified in the table below.

BARREN MATERIAL IN THE DESIRABLE pH RANGE

MRDL

LAB. DRILL DEPTH SEAM OVERBURDEN pH Range

NUMBER |[FROM [TO (16 Hr) |(30 days)
HOLE NAME : 4000C000

E94/1403  |36.500 [37.000 WKH A OVERBURDEN [7.20 |8.85
HOLE NAME : 6000C000

E94/1446  [17.195 19.585 BRN B OVERBURDEN 7.00 7.90
E94/1452  |55.208 55.406 EDDERTON MIDBURDEN 7.80 8.05
HOLE NAME : 6000G000 ,

E94/1463  ]10.500 {10.800 |PFD C OVERBURDEN |7.45 |8.75

The above four materials have an initial neutral pH value and the pH value increases to
a maximum of 8.95 on extended weathering, which is within the normal pH range of

soils (Charman and Murphy, 1991).
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4.3 ACID-NEUTRALISING MATERIAL

From bicarbonate and carbonate carbon results and NAPP calculations, some samples
have been identified as having potential acid neutralising properties. These samples are
identified in the table below:

SAMPLES WITH ACID NEUTRALISING POTENTIAL

MRDL
LAB. DRILL DEPTH ROCKTYPE SEAM INTERBURDEN
NUMBER  |FROM |To

HOLE NAME : 4000C000

E94/1404  ]52.200 52.500 Siltstone MTA A INTERBURDEN
E94/1406  [73.570 73.870 Sandstone / Siltstone 60:40 PFD A INTERBURDEN
E94/1407  [88.200 88.500 Sandstone / Siltstone 80:20 PFD A INTERBURDEN
E94/1408  |104.000 104.500 Sandstone / Siltstone 90:10 VAUX A INTERBURDEN
E94/1408  [122.000 122.500 Sandstone VAUX A INTERBURDEN

HOLE NAME : 4000F000

E94/1416  [99.000 99.400 | Siltstone - Muddy Laminated PFD A MIDBURDEN
HOLE NAME: 5000A500

E94/1424  |73369 77.824 Siltstone / Sandstone 60:40 VAUX E MIDBURDEN
E94/1427  [105.500 106.000 Sandstone WYNN EF MIDBURDEN
HOLE NAME: 5000C000

E94/1431  [34500 35.000 Sandstone PFD A MIDBURDEN
E94/1432  |56.000 56.500 Sandstone / Siltstone 70:30 VAUX A MIDBURDEN
HOLE NAME: 5000F000

E94/1444  160.000 |60.500 | Sandstone |PFD C MIDBURDEN

These materials have a high acid neutralising capacity because of their high carbonate
carbon content and their high soluble bicarbonate concentration. They have very low
electrical conductivity values and total sulphur contents which means that they are
unlikely to generate acidic or saline leachate. All these samples exhibit high negative
NAPP values. A negative NAPP indicates that there is excess neutralising capacity and
that the material is non- acid forming (Miller and Murray 1988).

4.4 BENTONITES

Under our normal testing regime we have identified two of the samples as bentonites
as they exhibited typical bentonoic properties during evaluation. The samples were
E94/1412 and E94/1414. They were confirmed as being bentonites by X-Ray
Diffraction (XRD analysis).
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5.0 CONCLUSION

The long term objectives of waste management plans associated with overburden
dumps are;

- to ensure a high quality of waters draining from disturbed areas and,

- to successfully establish a self-sustaining vegetation cover.

This report has identified samples that have the potential to produce leachate that is
acidic, saline or sodic on weathering. These chemical conditions may have an adverse
effect on vegetation growth and water quality draining from a waste rock
emplacement. Therefore the overburden and interburden material represented by the
samples that were identified as having the potential to produce acidic, saline and sodic
leachate, should be managed carefully.

This report has also identified some forty samples that have not shown the
potential to produce acidic, saline or sodic leachate. These samples have been
characterised in this report as being;

e barren material
e barren material in the desirable pH range
e acid-neutralising material

The geochemical characteristics of the overburden and interburden represented by
these forty-four samples may be taken into consideration when designing the waste
rock emplacement.

It should be noted that results of the analysis of the samples for the weathering and
leaching tests is a “worst case scenario”. The waste material used in these tests was
crushed to a much smaller sized material(<2mm) than would generally be generated
from open cut mining operations (45-120 cm). It is possible that any samples that have
been identified as marginally environmentally significant (such as slightly sodic, slightly
saline and slightly acidic samples) may have no environmental significance in actual
waste dumps. This aspect of the study should be given consideration when formulating
and enacting a waste management plan.

The overall results indicate that overburden dumps from any future mining
development using current waste management, rehabilitation and revegetation
practices will have insignificant environmental effects. The waste management plan will
need to take the seven acidic samples into consideration.
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COAL AND ALLIED OPERATIONS PTY LTD

MOUNT PLEASANT PROJECT
COAL AUTHORISATION AREA 459

CHARACTERISATION OF OVERBURDEN AND INTERBURDEN MATERIALS

TABLE A-1 (1 OF 2)

MRDL Laboratory Numbers and Field Designations

MRDL
LAB DRILL DEPTH SUPPLIED DEPTH ROCKTYPE SEAM INTERBURDEN
NUMBER FROM TO FROM TO

HOLE NAME: 4000C000

E94/ 1403 36.500 37.000 36.700 37.000 Sandstone / Silistone 90:10 WKHA OVERBURDEN
1404 52.200 52.500 52.200 52.500 {Siltstone MTA A INTERBURDEN
1405 60.540 60.890 60.590 60.890 |]Siltstone MTA A INTERBURDEN
1406 73.570 73.870 73.570 73.870 |[Sandstone / Siltstone 60:40 PFD A INTERBURDEN
1407 88.200 88.500 88.200 88.500 {Sandstone/ Siitstone 80:20 PFD A INTERBURDEN
1408 104.000 | 104.500 | 104.200 | 104.500 |Sandstone/ Siltstone 90:10 VAUX A INTERBURDEN
1409 122.000 | 122500 | 122,300 | 122500 |Sandstone VAUX A INTERBURDEN

HOLE NAME: 4000F000

EQ4/ 1410 17.000 17.500 17.200 17.500 |Siltstone WKH A OVERBURDEN
1411 33.000 33.500 33.200 33.500 [Sandstone/ Siltstone 70:30 WKH OVERBURDEN
1412 60.500 60.800 60.500 60.800 |Tuff MTA MIDBURDEN
1413 68.500 68.800 68.500 68.800 [Sandstone MTA MIDBURDEN
1414 74.000 74.400 74.100 74.400 {Tuff (Fairford Claystone) MTA MIDBURDEN
1415 90.500 90.827 80.530 90.830 |Sandstone (Silty) PFD A MIDBURDEN
1416 99.000 99.400 99.100 99.400 |Siltstone - Muddy Laminated PFD A MIDBURDEN
1417 110.000 | 110.400 | 110.100 | 110.400 ]Sandstone / Silistone PFD A MIDBURDEN
1418 134.000 | 134500 | 134.200 | 134.500 |Sandstone/ Siltstone 70:30 PFD C MIDBURDEN
1419 162.000 | 162,500 | 162.200 | 162.500 }Sandstone / Siltstone 50:50 PFD C MIDBURDEN

HOLE NAME: 5000A500

E94/ 1420 13.660 25.190 24.890 25180 {Sandstone Weathered PFD B OVERBURDEN
1421 40.000 40.500 40.200 40.500 |Sandstone PFD B OVERBURDEN
1422 50.340 51.395 51.085 51.395 |[Siltstone PFD B OVERBURDEN
1423 66.979 67.859 67.559 67.859 |Siitstone VAUX E MIDBURDEN
1424 73.369 77.824 77.524 77.824 |Siltstone / Sandstone 60:40 VAUX E MIDBURDEN
1425 80.485 83.365 83.065 83.365 |Sandstone / Siltstone 70:30 BRN B MIDBURDEN
1426 83.365 87.265 86.965 87.265 |Siltstone / Sandstone 60:40 BRN B MIDBURDEN
1427 105.500 | 106.000 | 105.700 | 106.000 |Sandstone WYNN EF MIDBURDEN
1428 110.000 | 110.500 | 110.200 | 110.500 ]Conglomerate WYNN EF MIDBURDEN

HOLE NAME: 5000C000

E94/ 1429 18.460 19.760 19.460 19.760 |Sandstone PFD A MIDBURDEN
1430 24.500 25.000 24.700 25.000 {Sandstone / Siltstone 70:30 PFD A MIDBURDEN
1431 34.500 35.000 34.700 35.000 {Sandstone PFD A MIDBURDEN
1432 56.000 56.500 56.200 56.500 {Sandstone / Siitstone 70:30 VAUX A MIDBURDEN
1433 80.000 80.500 90.200 90.500 {Sandstone/ Siitstone 90:10 BRN A MIDBURDEN
1434 105.950 | 106.250 | 105.950 | 106.250 ]Siltstone BRN B MIDBURDEN
1435 128500 | 128.800 | 128.500 | 128.800 }Sandstone WYNN EF MIDBURDEN
1436 133.400 | 133.700 | 133.400 | 133.700 }Sandstone WYNN EF MIDBURDEN
1437 134.900 | 135200 | 134.900 | 135.200 }Sandstone WYNN EF INTERBURDEN
1438 140.000 | 140.500 | 140.200 | 104.500 }Sandstone/ Siltstone 70:30 WYNN | MIDBURDEN
1439 152.000 | 152.299 | 152.000 | 152.300 }Sandstone / Siltstone 60:40 WYNN I INTERBURDEN
1440 157.200 | 157.400 | 157.100 | 157.400 [Siltstone EDDERTON B MIDBURDEN
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COAL AND ALLIED OPERATIONS PTY LTD
MOUNT PLEASANT PROJECT
COAL AUTHORISATION AREA 459

CHARACTERISATION OF OVERBURDEN AND INTERBURDEN MATERIALS

TABLE A-1 (2 OF 2)

MRDL Laboratory Numbers and Field Designations

MRDL
LAB. DRILL DEPTH SUPPLIED DEPTH ROCKTYPE SEAM INTERBURDEN
NUMBER FROM TO FROM TO

HOLE NAME: 5000F000

E94/ 1441 16.500 17.000 16.700 17.000 {Conglomerate/Sandstone 80:20 MTA OVERBURDEN
1442 34.000 34.500 34.200 34.500 |Siitstone MTA OVERBURDEN
1443 42.000 42.500 42.200 42500 [Mudstone PFD C MIDBURDEN
1444 60.000 60.500 60.200 60.500 |Sandstone PFD C MIDBURDEN
1445 83.200 83.746 83.446 83.746 |Siltstone PFD C MIDBURDEN

HOLE NAME: 6000C000

E94/ 1446 17.495 19.585 19.585 {Sandstone - Course Weathered BRN B OVERBURDEN
1447 20.346 20.751 20.451 20.751 ]Mudstone - Grey, Soft, Fissile BRN B OVERBURDEN
1448 23.851 25.086 24.786 25.086 |Sandstone BRN B OVERBURDEN
1449 40.068 47.668 41.368 41.668 [Sandstone / Conglomerate 80:20 WYNN EF MIDBURDEN
1450 44.800 45.300 45.000 45300 ]Sandstone/ Conglomerate WYNN EF MIDBURDEN
1451 47.800 48.300 48.000 48.300 |Sandstone / Conglomerate WYNN EF MIDBURDEN
1452 55,208 55.406 55.208 55.406 [Mudstone EDDERTON MIDBURDEN
1453 56.047 56.337 56.047 56.337 |Sandstone / Siltstone 50:50 EDDERTON MIDBURDEN

HOLE NAME: 6000D000

EQ4/ 1454 16.800 17.200 16.900 17.200 |Sandstone Weathered VAUX OVERBURDEN
1455 39.847 40.437 40.137 40.437 |Siltstone /Sandstone 80:20 BRN A MIDBURDEN
1456 58.902 60.140 £9.840 60.140 ]Sandstone / Siltstone 80:20 BRN B MIDBURDEN
1457 68.500 69.000 68.700 69.000 }Conglomerate / Sandstone 70:30 BAY MIDBURDEN
1458 87.530 87.830 87.530 87.830 |Sandstone WYNN EF MIDBURDEN
1459 90.000 90.500 90.200 90.500 }Sandstone / Conglomerate 80:20 WYNN EF MIDBURDEN
1460 92.800 93.200 92.900 93.200 |[Siltstone WYNN | MIDBURDEN
1461 100.820 | 101.200 | 100.820 | 101.120 |Sandstone WYNN | MIDBURDEN
1462 114.458 | 114990 | 114.690 | 114.990 |Siltstone EBBERTON B MIDBURDEN

HOLE NAME: 6000G000

E94/ 1463 10.500 10.800 10.500 10.800 |Sandstone / Weathered PFD C OVERBURDEN
1464 25.850 26.150 25.850 26.150 |Siltstone / Siltstone 60:40 PFD C OVERBURDEN




COAL AND ALLIED OPERATIONS PTY LTD
MOUNT PLEASANT PROJECT
COAL AUTHORISATION AREA 459
CHARACTERISATION OF OVERBURDEN AND INTERBURDEN MATERIALS
TABLE A-2 (1 OF 2)

Analysis of Waste Rock Samples

Total Sulphur, Total Carbon, and Crude Nett Acid Producing Potential

MRDL TOTAL TOTAL CARBONATE CRUDE
LAB SEAM INTERBURDEN SULPHUR CARBON CARBON NAPP @
No. % %CO, %CO; (Equiv. %

E94/1403 WKH A OVERBURDEN <0.01 7.0 4.1 -9.4
E94/1404 MTA A INTERBURDEN 0.02 116 7.4 -16.7
ES4/1405 MTA A INTERBURDEN 0.03 226 4.2 -9.4
E94/1408 PFD A INTERBURDEN <0.01 8.4 5.0 ~11.3
EQ94/1407 PFD A INTERBURDEN <0.01 10.1 8.1 -18.4
£94/1408 VAUX A INTERBURDEN <0.01 10.0 83 -18.8
EQ4/1409 VAUX A INTERBURDEN <0.01 19.2 13.6 -30.8
ES4/1410 WKH A OVERBURDEN <0.01 42 3.0 -6.9
ES4/1411 WKH OVERBURDEN <0.01 7.5 42 -9.5
E94/1412 MTA MIDBURDEN <0.01 05 0.4 -0.9
E94/1413 MTA MIDBURDEN <0.01 22 0.7 -1.7
E94/1414 MTA MIDBURDEN <0.01 1.1 0.7 -1.6
E94/1415 PFD A MIDBURDEN 0.02 6.1 23 5.1
E94/1418 PFD A MIDBURDEN 0.08 42.8 11.1 -25.1
E94/1417 PFD A MIDBURDEN <0.01 7.4 29 -6.5
E94/1418 PFD C MIDBURDEN 0.01 53 25 -5.7
EQ94/1419 PFD C MIDBURDEN 0.01 6.0 3.8 -8.6
E94/1420 PFD B OVERBURDEN <0.01 3.2 29 -6.6
E94/1421 PFD B OVERBURDEN <0.01 46 4.0 -9.0
£94/1422 PFD B OVERBURDEN 0.03 48 1.2 -25
E94/1423 VAUX E MIDBURDEN 0.04 6.0 1.8 -4.1
ES4/1424 VAUX E MIDBURDEN 0.19 1.9 9.0 -19.9
EQ94/1425 BRN B MIDBURDEN <0.01 82 5.6 -12.7
EQ4/1426 BRN B MIDBURDEN <0.01 10.6 5.8 -13.1
E94/1427 WYNN EF MIDBURDEN <0.01 95 9.2 -20.9
E94/1428 WYNN EF MIDBURDEN 1.41 8.8 7.8 -13.4
E94/1429 PFD A MIDBURDEN 0.03 7.2 3.4 -7.6
E94/1430 PFD A MIDBURDEN <0.01 8.0 4.9 -1141
E94/1431 PFD A MIDBURDEN <0.01 16.7 134 -30.5
E94/1432 VAUX A MIDBURDEN <0.01 9.6 5.1 -11.5
E94/1433 BRN A MIDBURDEN <0.01 6.6 29 -6.5
E94/1434 BRN B MIDBURDEN 0.03 1186 29 -6.5
E94/1435 WYNN EF MIDBURDEN <0.01 1.0 0.5 -1.1
E94/1436 WYNN EF MIDBURDEN 1.34 1.0 03 36
E94/1437 WYNN EF INTERBURDEN 1.47 1.7 0.4 38
E£94/1438 WYNN | MIDBURDEN 0.01 54 1.1 -2.4
E94/1439 WYNN I INTERBURDEN 0.03 6.7 1.2 -2.5
£94/1440 EDDERTON 8 MIDBURDEN 0.05 8.4 1.7 -3.7

4 Nett Acid Producing Potential (NAPP)




COAL AND ALLIED OPERATIONS PTY LTD
MOUNT PLEASANT PROJECT
COAL AUTHORISATION AREA 459
CHARACTERISATION OF OVERBURDEN AND INTERBURDEN MATERIALS
TABLE A-2 (2 OF 2)

Analysis of Waste Rock Samples

Total Sulphur, Total Carbon, and Crude Nett Acid Producing Potential

MRDL TOTAL TOTAL CARBONATE CRUDE
LAB SEAM INTERBURDEN SULPHUR CARBON CARBON NAPP @
No. % %CO, %CO; (Equiv. %

‘ CaCOg)
E94/1441 MTA OVERBURDEN 0.01 55 43 -9.8
E94/1442 MTA OVERBURDEN 0.03 7.7 1.4 -3.0
E94/1443 PFD C MIDBURDEN 0.02 4.0 0.3 -0.6
E94/1444 PFD C MIDBURDEN <0.01 8.3 53 -11.9
E94/1445 PFD C MIDBURDEN 0.22 525 29 -5.9
E94/1446 BRN B OVERBURDEN 0.05 0.8 0.2 -0.3-
EQ4/1447 BRN B OVERBURDEN 0.03 6.8 1.0 -21
E94/1448 BRN B OVERBURDEN <0.01 56 33 -76
E94/1449 WYNN EF MIDBURDEN 0.02 43 3.0 -6.8
E94/1450 WYNN EF MIDBURDEN 0.55 0.4 0.0 1.7
E94/1451 WYNN EF MIDBURDEN 1.47 13 0.2 4.1
E94/1452 EDDERTON MIDBURDEN 0.10 224 36 -7.8
E94/1453 EDDERTON MIDBURDEN 0.04 11.1 53 -11.8
E94/1454 VAUX OVERBURDEN <0.01 49 38 -8.7
E94/1455 BRN A MIDBURDEN 0.01 58 2.0 -4.4
E94/1456 BRN B MIDBURDEN <0.01 7.3 27 -6.2
E94/1457 BAY MIDBURDEN <0.01 9.1 1.7 -3.9
E94/1458 WYNN EF MIDBURDEN 0.06 8.7 55 -12.3
E94/1459 WYNN EF MIDBURDEN 1.58 29 0.3 4.1
- E94/1460 WYNN | MIDBURDEN 5.69 248 6.6 2.7
E94/1461 WYNN | MIDBURDEN <0.01 3.0 08 -1.7
E94/1462 EBBERTON B MIDBURDEN 0.10 8.1 1.4 -2.8
E94/1463 PFD C OVERBURDEN <0.01 0.6 0A -0.3
EQ4/1464 PFD C OVERBURDEN <0.01 1.6 73 -16.6

8 Nett Acid Producing Potential (NAPP)




COAL AND ALLIED OPERATIONS PTY LTD
MOUNT PLEASANT PROJECT
COAL AUTHORISATION AREA 459
CHARACTERISATION OF OVERBURDEN AND INTERBURDEN MATERIALS
TABLE A-3 (1 OF 2)

Sodium Absorption Rate (SAR)
Exchangeable Sodium Percentage (ESP)

1 : 5 Soil:Water Extract After 16 hours leaching @ 22°

MRDL SOLUBLE CATIONS
LAB SEAM OVERBURDEN pH EC (meq/L) - SAR ESP
No. \ (us/cm) Na ca Mg

E94/1403 WKH A OVERBURDEN 7.20 195 1.7 1.40 36 1.10 0.36
E94/1404 MTA A INTERBURDEN 9.50 420 10.9 0.14 26 9.23 10.99
- E94/1405 MTA A INTERBURDEN 9.85 340 9.4 0.15 0.2 23.51 25.05
E94/1406 PFD A INTERBURDEN 10.05 637 14.7 0.12 1.8 14.99 17.25
E94/1407 PFD A INTERBURDEN 10.30 723 133 0.22 22 12.08 14.21
E94/1408 VAUX A INTERBURDEN 10.15 569 7.5 0.75 0.6 9.19 10.95
E94/1409 VAUX A INTERBURDEN 10.10 482 7.4 220 0.9 5.94 6.97
E94/1410 WKH A OVERBURDEN 9.65 385 6.6 215 25 4.28 4.82
E94/1411 WKH OVERBURDEN 9.50 229 31 - 1.30 4.0 1.92 1.54
E94/1412 MTA MIDBURDEN 10.20 846 35.8 0.60 42 23.14 24.74
E94/1413 MTA MIDBURDEN 10.10 460 17.4 0.21 26 14.58 16.84
E94/1414 MTA MIDBURDEN 10.00 1299 62.7 0.65 3.8 4212 37.84
ES4/1415 PFD A MIDBURDEN 10.15 694 237 0.04 22 22.31 24.04
E94/1416 PFD A MIDBURDEN 10.05 454 122 0.03 24 11.68 13.77
E94/1417 PFD A MIDBURDEN 10.00 648 25.7 0.18 3.0 20.51 2247
E94/1418 PFD C MIDBURDEN 10.05 630 18.7 0.08 28 15.58 17.84
E94/1419 PFD C MIDBURDEN 9.80 377 9.6 0.11 20 9.37 11.16
ES4/1420 PFD B OVERBURDEN 9.05 84 0.9 2.10 35 0.54 -0.46
E94/1421 PFD B OVERBURDEN 8.65 126 0.6 3.04 6.0 0.29 -0.84
ES4/1422 PFD B OVERBURDEN 8.65 136 1.5 1.65 6.3 0.77 -0.13
E94/1423 VAUX E MIDBURDEN 8.95 132 28 1.55 3.2 1.83 1.42
ES4/1424 VAUX E MIDBURDEN 8.60 236 3.0 1.40 31 2.00 1.65
E94/1425 BRN B MIDBURDEN 9.00 194 25 1.85 3.0 1.63 1.13
E94/1426 BRN B MIDBURDEN 8.95 163 33 1.70 35 2.04 1.72
E94/1427 WYNN EF MIDBURDEN 9.10 183 1.2 4.39 34 0.60 -0.38
E94/1428 WYNN EF MIDBURDEN 6.30 2340 1.3 34.58 9.2 0.29 -0.84
E94/1429 PFD A MIDBURDEN 9.00 196 33 1.10 3.0 232 212
E94/1430 PFD A MIDBURDEN 9.30 238 43 1.00 31 297 3.02
ES4/1431 PFD A MIDBURDEN 9.40 227 22 3.49 27 1.26 0.59
E94/1432 VAUX A MIDBURDEN 9.45 236 33 1.80 25 224 2.01
E94/1433 BRN A MIDBURDEN 9.90 254 9.8 0.25 0.3 19.08 21.18
E94/1434 BRN B MIDBURDEN 9.50 385 4.6 1.30 23 3.44 3.67
E94/1435 WYNN EF MIDBURDEN 9.60 181 1.3 0.29 0.7 1.86 1.46
E94/1436 WYNN EF MIDBURDEN 4.20 3300 0.1 23.90 16.1 0.03 -1.23
E94/1437 WYNN EF INTERBURDEN 4.80 2830 0.2 7.83 10.1 0.06 -1.18
ES4/1438 WYNN I MIDBURDEN 9.50 211 2.1 1.10 2.1 1.67 1.20
E94/1439 WYNN | INTERBURDEN 8.35 210 1.8 0.90 241 1.50 0.95
ES4/1440 EDDERTON B MIDBURDEN 9.40 337 27 0.80 16 2.52 2.40




COAL AND ALLIED OPERATIONS PTY LTD
MOUNT PLEASANT PROJECT
COAL AUTHORISATION AREA 459
CHARACTERISATION OF OVERBURDEN AND INTERBURDEN MATERIALS
TABLE A-3 (2 OF 2)

Sodium Absorption Rate (SAR)
Exchangeable Sodium Percentage (ESP)

1 : 5 Soil:Water Extract After 16 hours leaching @ 22°

MRDL SOLUBLE CATIONS

LAB SEAM OVERBURDEN pH EC (meq/L) SAR ESP

No. ‘ (us/cm) Na ca Mg
E94/1441 MTA OVERBURDEN 9.30 242 1.3 0.22 05 2.10 1.80
E94/1442 MTA OVERBURDEN 9.75 267 27 1.65 36 1.63 1.14
E94/1443 PFD C MIDBURDEN 9.70 377 42 1.85 35 257 247
E94/1444 PFD C MIDBURDEN 10.10 371 31 0.80 0.6 3.74 4.09
E94/1445 PFD C MIDBURDEN 7.85 500 3.1 0.32 0.8 4.08 454
ES4/1446 BRN B OVERBURDEN 7.00 204 0.8 0.20 05 1.36 0.75
E94/1447 BRN B OVERBURDEN 8.00 325 0.8 0.35 1.1 0.93 0.11
E£94/1448 BRN B OVERBURDEN 8.65 176 1.1 0.40 1.2 1.25 0.58
E94/1449 WYNN EF MIDBURDEN 7.50 1328 1.0 7.14 7.2 0.37 -0.71
E94/1450 WYNN EF MIDBURDEN 275 2830 0.1 5.39 10.3 0.02 -1.25
E94/1451 WYNN EF MIDBURDEN 3.65 2660 0.0 7.19 18.3 0.01 -1.26
E£94/1452 EDDERTON MIDBURDEN 7.80 328 1.7 0.27 0.6 2.56 245
E£94/1453 EDDERTON MIDBURDEN 8.10 271 1.3 0.29 06 2.00 1.67
E94/1454 VAUX OVERBURDEN 9.15 221 1.4 0.13 03 2.85 2.87
E94/1455 BRN A MIDBURDEN 9.70 216 2.1 0.03 0.4 4.67 5.33
E94/1456 BRN B MIDBURDEN 9.70 218 24 0.02 0.3 5.58 6.51
E94/1457 BAY MIDBURDEN 8.20 470 1.8 0.75 1.4 1.76 1.32
£94/1458 WYNN EF MIDBURDEN 9.00 382 1.4 0.55 1.2 1.51 0.96
E94/1459 WYNN EF MIDBURDEN 3.20 3150 0.1 5.14 1441 0.02 -1.25
E94/1460 WYNN { MIDBURDEN 3.40 2330 22 4.04 1.9 0.77 -0.13
E94/1461 WYNN | MIDBURDEN 9.50 185 1.4 0.02 02 3.89 429
E94/1462 EBBERTON B MIDBURDEN 8.00 329 1.8 0.18 0.5 317 3.31
E94/1463 PFD C OVERBURDEN 7.45 298 1.8 0.12 0.3 3.91 431
E94/1464 PFD C OVERBURDEN 8.70 205 0.7 0.21 05 1.18 0.48




COAL AND ALLIED OPERATIONS PTY LTD
MOUNT PLEASANT PROJECT
COAL AUTHORISATION AREA 459

CHARACTERISATION OF OVERBURDEN AND INTERBURDEN MATERIALS

TABLE B-1 (1 OF 2)

16 Hour Leach Tests of Waste Rock Samples

pH, Electrical Conductivity, Sulphate and Chioride Concentration » Equivalent Bicarbonate,
and Alkalinity Equivalent Values of 1:5 Soil:Water Extracts After 16 hours leaching @ 22°

Crude . E.C. Sulphate Conc. | Chioride Conc. Equivalent Alkalinity
MRDL NAPP 2 (Equiv. . .
LAB % CaCOg) pH uS/iem (mg/L) {mg/L) HCO4 Equivalent
No. @ 25° (mg/L) CaO3
(mg/l)
E94/1403 -9.4 7.20 195 49 5 42 34
E94/1404 -16.7 9.50 420 44 2 304 249
E94/1405 -9.4 9.85 340 13 3 218 179
E94/1406 -11.3 10.05 637 23 5 453 371
E94/1407 -184 10.30 723 14 4 497 408
E94/1408 -18.8 10.15 569 13 3 135 11
E94/1409 -30.8 10.10 482 10 2 377 309
£94/1410 -6.9 9.65 385 8 32 414 339
EQ4/1411 -95 9.50 229 31 4 299 245
E94/1412 -0.9 10.20 846 5 2 94 77
E94/1413 -1.7 10.10 460 15 6 500 410
E94/1414 -1.6 10.00 1299 12 3 275 226
E94/1415 -5.1 10.15 694 24 3 622 510
E94/1416 -25.1 10.05 454 12 5 458 375
E94/1417 -6.5 10.00 648 19 2 266 218
E94/1418 -5.7 10.05 630 28 2 371 304
ES4/1419 -8.6 9.80 377 28 3 380 312
E94/1420 -6.6 9.05 84 5 4 216 177
E94/1421 -9.0 8.65 126 22 3 45 37
E94/1422 -25 8.65 136 32 3 47 39
E94/1423 -4.1 8.95 132 24 3 34 28
E94/1424 -19.9 8.60 236 41 6 S3 43
E94/1425 -12.7 9.00 194 26 4 81 66
EQ4/1426 -1341 8.95 163 23 4 86 71
E94/1427 -20.9 9.10 183 29 11 71 59
E94/1428 -13.4 6.30 2340 1550 16 68 55
E94/1429 -7.6 9.00 196 39 5 43 35
£94/1430 -11.1 9.30 238 39 7 68 56
E94/1431 -30.5 9.40 227 20 4 91 74
E94/1432 -115 9.45 236 20 2 111 91
E94/1433 -6.5 9.90 254 17 3 222 182
E94/1434 -6.5 9.50 385 98 4 119 97
E94/1435 -1.1 9.60 181 17 17 51 42
E94/1436 3.6 4.20 3300 2350 14 NIL NIL
E94/1437 3.8 4.80 2830 1870 14 NIL NIL
E94/1438 -2.4 9.50 211 37 7 86 71
E94/1439 =25 9.35 210 46 6 79 65
E94/1440 -3.7 9.40 337 70 4 124 102

2 Nett Acid Producing Potential (NAPP)




COAL AND ALLIED OPERATIONS PTY LTD
MOUNT PLEASANT PROJECT
COAL AUTHORISATION AREA 459

CHARACTERISATION OF OVERBURDEN AND INTERBURDEN MATERIALS

TABLE B-1 (2 OF 2)

16 Hour Leach Tests of Waste Rock Samples

pH, Electrical Cdnductivity, Sulphate and Chioride Concentration , Equivalent Bicarbonate,
and Alkalinity Equivalent Values of 1:5 Soil:Water Extracts After 16 hours leaching @ 22°

Crude E.C. Sulphate Conc. | Chloride Conc. Equivalent Alkalinity
M&g" NAPP 8 (Equiv. pH HS/em (mg/L) (mg/L) HCOz™ Equivalent
No. % CaCOg) @ 25° {mg/L) CaOqy
{mg/L)

£94/1441 -9.8 9.30 242 32 20 55 45
E94/1442 -3.0 9.75 267 34 11 114 94
E94/1443 -0.6 9.70 377 53 11 153 125
E94/1444 -11.9 10.10 371 13 5 208 171
E94/1445 -5.9 7.85 500 145 9 58 48
ES4/1445 -0.3 7.00 204 41 22 10 9
E94/1447 -2.1 8.00 325 o1 13 24 20
E94/1448 -7.6 8.65 176 34 7 39 32
E94/1449 -6.8 7.50 1328 664 14 59 49
E94/1450 1.7 275 2830 1510 15 NIL NiL
E94/1451 4.1 3.65 2660 1765 13 NIL NIL
E94/1452 -7.8 7.80 328 77 19 30 24
E94/1453 -11.9 8.10 271 59 10 47 39
E94/1454 -8.7 9.15 221 10 29 60 49
E94/1455 -4.4 9.70 216 22 4 127 104
E94/1456 -6.2 8.70 218 25 5 111 91
E94/1457 -3.9 8.20 470 152 9 40 33
E94/1458 -12.3 9.00 382 123 7 42 34
E94/1459 4.1 3.20 3150 2205 15 NIL NiL
E94/1460 2.7 3.40 2330 1360 16 NiL NIL
E94/1461 .7 9.50 185 28 7 66 54
E94/1462 -2.8 8.00 329 94 7 35 29
E94/1463 -0.3 7.45 298 12 71 11 9
E94/1464 -16.6 8.70 205 36 6 €0 49

@ Nett Acid Producing Potential (NAPP)




COAL AND ALLIED OPERATIONS PTY LTD
MOUNT PLEASANT PROJECT
COAL AUTHORISATION AREA 459

CHARACTERISATION OF OVERBURDEN AND INTERBURDEN MATERIALS

TABLE B-2 (1 OF 2)

5 Day Weathering Tests of Waste Rock Samples

pH, Electrical Conductivity, Sulphate and Chloride Concentration , Equivalent Bicarbonate,
and Alkalinity Equivalent Values of 1:5 Soil:Water Extracts After 5 Days Weathering @ 40°

Crude E.C. Sulphate Conc. | Chloride Cone. Equivalent Alkalinity
M&gl‘ NAPP 2 (Equiv. pH uSfem (mg/L) (mg/L) HCO3" Equivalent
No. % CaCOg) @ 25° {mgll) Ca0gy
{mg/t)
E94/1403 -9.4 7.35 250 71 5 46 37
E94/1404 -16.7 9.30 536 39 2 323 265
E94/1405 -9.4 9.75 311 7 4 201 165
E94/1406 -11.3 9.80 567 19 S 355 291
E94/1407 -18.4 9.95 692 11 3 443 363
ES4/1408 -18.8 9.80 455 8 3 302 247
E94/1409 -30.8 10.30 465 9 3 427 350
E94/1410 -6.9 9.80 368 7 28 269 221
E94/1411 -9.5 9.30 228 26 4 93 76
E94/1412 -0.9 10.00 864 6 14 400 328
E94/1413 -1.7 9.85 435 14 5 239 196
E94/1414 -1.6 10.00 1075 <1 2 477 391
E£94/1415 -5.1 10.00 742 34 3 470 385
E94/1416 -25.1 10.00 388 11 S 263 215
E94/1417 -6.5 10.10 466 15 3 279 229
ES4/1418 57 10.10 629 37 2 381 312
E94/1419 -8.6 9.90 371 27 3 218 179
E94/1420 -6.6 9.00 731 4 4 34 28
E94/1421 -9.0 8.75 119 22 3 31 25
E94/1422 -25 8.60 123 32 3 32 26
ES4/1423 -4.1 9.10 103 22 3 33 27
E94/1424 -19.9 8.60 213 45 6 60 49
E94/1425 -12.7 9.00 160 25 4 58 48
ES4/1426 -13.1 9.00 137 21 4 45 37
E£94/1427 -20.9 9.30 166 25 10 "85 45
E94/1428 -13.4 7.70 2600 1605 31 27 22
E94/1429 -76 9.20 167 40 5 34 28
E84/1430 -11.1 9.50 199 38 7 58 48
E94/1431 -30.5 9.60 204 18 4 203 166
E94/1432 -11.5 9.70 210 16 3 102 84
E94/1433 -65 9.80 298 12 3 180 148
E94/1434 -6.5 9.10 268 82 4 60 49
E94/1435 -1.1 8.60 125 12 16 32 26
ES4/1436 36 4.40 2275 1735 15 NIL NIL
E94/1437 3.8 435 2220 1720 13 NIL NIL
E94/1438 -2.4 8.80 137 29 6 36 30
E94/1439 -25 8.80 149 45 6 27 22
E94/1440 -3.7 8.80 113 60 3 43 35

2 Nett Acid Producing Potential (NAPP)




COAL AND ALLIED OPERATIONS PTY LTD
MOUNT PLEASANT PROJECT
COAL AUTHORISATION AREA 459

CHARACTERISATION OF OVERBURDEN AND INTERBURDEN MATERIALS

TABLE B-2 (2 OF 2)

5 Day Weathering Tests of Waste Rock Samples

pH, Electrical Conductivity, Sulphate and Chloride Concentration , Equivalent Bicarbonate,
and Alkalinity Equivalent Values of 1:5 Soil:Water Extracts After 56 Days Weathering @ 40°

Crude E.C. Sulphate Conc. | Chloride Conc. Equivalent Alkalinity
M‘igl' NAPP @ (Equiv. pH yS/cm (mg/L) (mg/L) HCO4" Equivalent
No. % CaCOg) @ 25° (mg/L) Calg
{mg/L)

ES4/1441 -9.8 9.30 170 25 17 35 29
E94/1442 -3.0 9.15 174 24 10 58 47
ES4/1443 -0.6 9.50 223 39 8 102 83
E94/1444 -11.9 10.10 217 10 5 144 118
E94/1445 59 8.15 313 114 9 23 19
E94/1446 -0.3 7.10 159 38 19 3 3
E94/1447 =21 7.65 220 72 11 11 9
E94/1448 -7.6 8.50 110 27 6 18 15
E94/1449 6.8 7.50 829 440 12 10 8
E94/1450 1.7 3.00 1749 1120 5 NIL NIL
E94/1451 4.1 3.50 1979 1360 5 NIL NIL
E94/1452 -7.8 7.50 245 68 18 16 14
E94/1453 -11.9 8.20 174 54 9 11 9
E94/1454 -8.7 9.20 143 7 26 34 28
ES4/1455 -4.4 9.80 118 20 4 55 45
E94/1456 -6.2 9.90 107 21 4 38 31
E94/1457 -39 7.85 282 107 7 6 5
E94/1458 -12.3 8.60 301 114 6 25 21
E94/1459 41 3.40 2093 1515 6 NIL Nit
E9S4/1460 27 3.90 1156 693 3 NIL NIL
E94/1461 -1.7 < 915 95 19 6 17 14
E94/1462 -2.8 7.75 223 79 7 8 6
E94/1463 -0.3 7.30 219 5 63 3 2
E94/1464 -16.6 9.00 130 27 5 38 31

@ Nett Acid Producing Potential (NAPP)
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COAL AND ALLIED OPERATIONS PTY LTD
MOUNT PLEASANT PROJECT

COAL AUTHORISATION AREA 459

CHARACTERISATION OF OVERBURDEN AND INTERBURDEN MATERIALS

TABLE B-3 (1 OF 2)

10 Day Weathering Tests of Waste Rock Samples

pH, Electrical Conductivity, Sulphate and Chloride Concentration , Equivalent Bicarbonate,
and Alkalinity Equivalent Values of 1:5 Soil:Water Extracts After 10 Days Weathering @ 40°

Crude E.C. Sulphate Conc. | Chloride Conc. Equivalent Alkalinity
M&gL NAPP @ (Equiv. pH yS/cm (mg/L) (mg/L) HCOg" Equivalent
No. % CaCOg) @ 25° (mg/L) Ca0y
(mg/t)
E94/1403 -9.4 8.10 103 11 4 45 37
ES4/1404 -16.7 9.50 275 9 11 181 149
E94/1405 -9.4 10.20 195 3 6 111 91
E94/1406 -11.3 10.25 323 4 9 203 167
E94/1407 -18.4 10.20 407 2 12 256 209
E94/1408 -18.8 9.90 217 2 7 141 116
E94/1409 -30.8 9.60 206 4 <1 144 118
E94/1410 -6.9 10.00 185 1 3 142 116
E94/1411 9.5 9.30 111 5 5 67 55
E94/1412 -0.9 10.10 228 4 8 133 109
E94/1413 -1.7 10.20 174 4 6 99 81
E94/1414 -1.6 10.15 407 5 9 217 178
E94/1415 -5.1 10.25 340 7 9 246 202
E94/1416 -25.1 10.10 151 2 6 115 94
E94/1417 -8.5 10.50 453 <1 3 285 233
E94/1418 5.7 10.30 337 <1 3 216 177
E94/1419 -8.6 10.30 230 6 7 132 108
E94/1420 -6.6 9.25 33 1 3 18 14
E94/1421 -9.0 8.75 76 4 5 42 34
E94/1422 -25 8.20 42 8 3 22 18
E94/1423 -4.1 9.50 39 7 4 22 18
E94/1424 -19.9 9.30 76 10 2 52 43
E94/1425 -12.7 935 65 3 3 35 29
£94/1426 -13.1 9.40 47 2 3 28 23
E94/1427 -20.9 9.40 67 4 3 39 32
E94/1428 -13.4 7.80 1019 502 36 32 26
ES4/1429 -7.6 9.65 50 4 2 25 20
E94/1430 1141 10.00 80 5 2 48 39
E94/1431 -30.5 9.50 97 2 4 88 72
E94/1432 -11.5 9.65 97 4 4 57 46
E94/1433 -6.5 10.40 180 3 1 110 90
E94/1434 -6.5 9.05 138 27 4 57 47
E94/1435 -1.1 8.85 54 3 2 29 23
E94/1436 36 475 1360 789 3 NIL NIL
E94/1437 38 4.05 915 - 475 3 NIL NIL
E94/1438 -2.4 9.35 78 10 1 40 33
E94/1439 -25 8.75 64 11 1 29 24
E94/1440 -3.7 9.05 105 16 1 51 42

2 Nett Acid Producing Potential (NAPP)
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COAL AND ALLIED OPERATIONS PTY LTD
MOUNT PLEASANT PROJECT

COAL AUTHORISATION AREA 459

CHARACTERISATION OF OVERBURDEN AND INTERBURDEN MATERIALS

TABLE B-3 (2 OF 2)

10 Day Weathering Tests of Waste Rock Samples

pH, Electrical Conducti\)ity, Sulphate and Chloride Concentration , Equivalent Bicarbonate,
and Alkalinity Equivalent Values of 1:5 Soil:Water Extracts After 10 Days Weathering @ 40°

Crude E.C. Sulphate Conc. | Chloride Conc. Equivalent Alkalinity
M&gl' NAPP 2 (Equiv. pH pS/cm (mg/L) (mg/L) HCOg3” Equivalent
No. % CaCOg3) @ 25° (mgfl) Ca04
(mgfL)

E94/1441 -9.8 9.50 91 7 2 47 39
£94/1442 -30 955 83 5 2 51 42
£94/1443 -0.6 9.45 153 8 2 104 85
E94/1444 -11.9 9.80 197 3 1 155 127
E94/1445 -5.9 8.40 142 32 3 48 40
E94/1446 -0.3 7.95 52 13 3 7 6
E94/1447 -2.1 7.95 97 25 2 18 14
E94/1448 -7.6 8.80 55 4 2 26 21
ES4/1449 -6.8 7.50 657 319 2 15 12
E94/1450 1.7 3.45 850 387 2 NIL NIL
E94/1451 4.1 3.45 1088 533 2 NiL NIL
E94/1452 -7.8 7.85 86 19 3 25 20
E£94/1453 -11.9 8.25 79 13 2 29 23
E94/1454 -8.7 9.30 78 2 3 56 46
E94/1455 -4.4 9.45 g0 6 1 56 46
E94/1456 -6.2 9.70 87 6 1 56 46
E94/1457 -3.9 8.40 202 66 3 19 15
E94/1458 -123 8.75 153 35 2 34 28
£94/1459 41 3.60 856 414 2 NIL NIL
E94/1460 27 435 1280 723 2 NIL NIL
E94/1461 -1.7 9.20 69 8 2 37 30
E94/1462 -2.8 8.30 99 29 2 22 18
E94/1463 -0.3 8.20 67 4 12 14 12
E94/1464 -16.6 9.00 82 10 1 54 44

2 Nett Acid Producing Potential (NAPP)
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COAL AND ALLIED OPERATIONS PTY LTD
MOUNT PLEASANT PROJECT
COAL AUTHORISATION AREA 459

CHARACTERISATION OF OVERBURDEN AND INTERBURDEN MATERIALS

TABLE B-4 (1 OF 2)

15 Day Weathering Tests of Waste Rock Samples

PH, Electrical Conductivity, Sulphate and Chloride Concentration » Equivalent Bicarbonate,
and Alkalinity Equivalent Values of 1:5 Soil:Water Extracts After 15 Days Weathering @ 40°

Crude E.C. Sulphate Conc. | Chloride Conc. Equivalent Alkalinity
M&g" NAPP 2 (Equiv. pH HS/icm (mg/L) {mg/L) HCO5~ Equivalent
No. % CaCOg) @ 25° (mg/L) CaOgy
(mait)

E94/1403 -9.4 8.95 47 6 3 29 24
E94/1404 -16.7 9.10 201 4 9 135 111
E94/1405 -9.4 9.75 170 2 7 102 83
ES4/1406 -11.3 9.60 253 4 11 165 135
E94/1407 -18.4 9.90 294 2 10 189 155
E94/1408 -18.8 9.65 140 2 6 96 79
E94/1409 -30.8 9.40 112 4 5 90 73
E94/1410 -6.9 9.55 130 3 6 101 83
E94/1411 -9.5 9.30 71 2 5 45 37
E94/1412 -0.8 8.75 152 2 6 91 74
ES4/1413 1.7 9.60 138 3 6 82 68
E24/1414 -1.6 9.85 187 3 10 113 92
E94/1415 -5.1 9.35 255 3 10 180 147
E94/1416 <251 9.55 110 2 5 77 83
EQ4/1417 -6.5 9.95 303 2 10 191 157
E94/1418 5.7 9.75 261 2 10 172 141
E£94/1419 -8.6 10.20 179 3 6 103 85
E94/1420 -6.6 9.05 27 2 4 16 13
E94/1421 -9.0 9.35 44 2 3 26 21

E94/1422 <25 8.60 29 6 4 20 16
E94/1423 -4.1 9.15 39 7 5 22 18

E94/1424 -19.9 8.85 66 9 5 39 32
E94/1425 -12.7 8.35 53 4 5 31 25
E94/1426 -13.1 9.45 42 3 5 25 20

E94/1427 -20.9 9.40 53 4 5 35 28
E94/1428 -134 8.00 684 305 5 35 28
E94/1429 -7.6 9.35 40 4 4 21 17
E94/1430 -11.1 9.55 68 3 4 42 35
E94/1431 -30.5 9.45 76 3 4 61 50
E94/1432 -11.5 9.55 71 3 5 43 35

E94/1433 -8.5 10.15 185 3 6 93 76
E94/1434 -8.5 9.15 85 6 4 51 41

E94/1435 -1.1 8.40 38 <1 3 23 19
E94/1436 36 4.45 480 217 3 NIL NIL
ES4/1437 3.8 4.20 343 142 3 NIL NIL
E94/1438 -2.4 9.05 58 6 5 34 28
E94/1439 -2.5 8.1 37 7 3 21 17
E94/1440 -3.7 8.95 57 9 4 26 21

@ Nett Acid Producing Potential (NAPP)
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COAL AND ALLIED OPERATIONS PTY LTD
MOUNT PLEASANT PROJECT
COAL AUTHORISATION AREA 459

CHARACTERISATION OF OVERBURDEN AND INTERBURDEN MATERIALS

TABLE B-4 (2 OF 2)

16 Day Weathering Tests of Waste Rock Samples

pH, Electrical Conductivity, Sulphate and Chloride Concentration , Equivalent Bicarbonate,
and Alkalinity Equivalent Values of 1:5 Soil:Water Extracts After 16 Days Weathering @ 40°

Crude E.C. Sulphate Conc. | Chloride Conc. Equivalent Alkalinity
M&g" NAPP 2 (Equiv. pH pS/icm {mg/L) (mg/L) HCO5" Equivalent
No. % CaCOg) @ 25° (mg/L) CaOg
(mg/L)

E94/1441 -9.8 9.35 61 2 4 38 31

E94/1442 -3.0 9.65 52 3 3 35 28
E94/1443 -0.6 9.15 131 7 6 94 77
EQ4/1444 -11.9 9.55 110 3 5 76 62
£94/1445 -5.9 8.75 81 14 3 38 31

E94/1446 -0.3 8.80 26 6 2 7 6

ES4/1447 =21 8.65 45 9 2 27 22
E94/1448 -7.86 8.90 39 2 3 23 19
E94/1449 -6.8 7.50 229 80 3 18 15
E94/1450 1.7 3.70 225 67 3 NIt NiL
ES4/1451 4.1 3.50 435 151 3 NIL NIL
E94/1452 -7.8 8.50 51 9 4 30 24
E94/1453 -11.9 8.60 50 5 3 27 22
E94/1454 8.7 9.30 51 3 4 38 31

E£94/1455 -4.4 9.65 70 4 4 59 49
E94/1456 -6.2 9.65 65 5 4 42 34
E94/1457 -3.9 9.10 67 13 4 28 23
E94/1458 -12.3 8.55 132 33 4 34 28
E94/1459 4.1 3.70 352 125 3 NIL NIL
E94/1460 27 4.40 920 469 3 NIL NiL
E£94/1461 -1.7 9.30 44 4 4 24 20
E94/1462 -2.8 8.60 41 9 4 17 14
E94/1463 -0.3 8.70 25 1 2 13 11

E94/1464 -16.6 9.00 58 5 4 40 33

@ Nett Acid Producing Potential (NAPP)
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COAL AND ALLIED OPERATIONS PTY LTD
MOUNT PLEASANT PROJECT
COAL AUTHORISATION AREA 459

CHARACTERISATION OF OVERBURDEN AND INTERBURDEN MATERIALS

TABLE B-5 (1 OF 2)

20 Day Weathering Tests of Waste Rock Samples

PH, Electrical Conductivity, Sulphate and Chloride Concentration , Equivalent Bicarbonate,
and Alkalinity Equivalent Values of 1:5 Soil:Water Extracts After 20 Days Weathering @ 40°

Crude E.C. Sulphate Conc. | Chioride Conc. Equivalent Alkalinity
M&gl' NAPP 2 (Equiv. pH uS/icm (mg/L) (mg/L) HCO4" Equivalent
No. % CaCOq) @ 25° (mg/L) CaOg
(mgl/L)
E£94/1403 -9.4 8.85 50 5 1 32 26
E94/1404 -16.7 9.90 152 5 1 92 76
E94/1405 -9.4 10.05 117 3 <1 61 50
E94/1406 -11.3 10.20 220 3 <1 131 107
E94/1407 -18.4 9.90 245 3 <1 150 123
Eg94/1408 -18.8 9.65 99 4 1 67 55
E94/1409 -30.8 9.25 81 5 <1 47 38
E94/1410 -6.9 9.55 98 3 <1 77 63
E94/1411 -9.5 9.25 57 3 <1 37 30
E94/1412 -0.9 9.95 123 3 1 68 55
E94/1413 -1.7 9.90 115 4 <1 63 52
E94/1414 -1.6 10.20 130 2 <1 78 64
EQ4/1415 -5.1 10.20 174 4 <1 122 100
E94/1416 -25.1 10.10 77 3 <1 67 85
EQ4/1417 -6.5 10.25 224 4 <1 142 116
E94/1418 5.7 10.15 191 3 <1 120 98
E94/1419 -8.6 10.20 164 4 <1 g5 78
E94/1420 -6.6 8.85 23 2 1 13 11
E94/1421 -9.0 9.35 45 3 1 26 21
E94/1422 -25 8.95 21 5 <1 23 18
E94/1423 -4.1 8.55 30 6 5 21 17
E94/1424 -18.9 8.50 63 8 <1 35 28
E94/1425 -12.7 9.00 40 4 4 23 19
E94/1426 -13.1 9.15 41 3 12 23 19
E94/1427 -20.9 9.20 51 3 <1 33 27
E94/1428 -13.4 8.10 545 232 1 30 24
E94/1423 -7.6 9.05 32 7 7 17 14
E94/1430 -11.1 9.40 57 4 2 40 33
E94/1431 -30.5 8.40 68 3 <1 €8 56
E94/1432 -11.5 8.20 56 3 1 35 29
£94/1433 -6.5 10.05 141 3 1 79 65
E94/1434 -6.5 8.75 75 7 <1 55 45
E94/1435 -1.1 8.00 35 4 <1 28 23
E94/1436 38 4.25 306 121 <1 NIL NIL
E94/1437 3.8 4.20 266 106 <1 NIL NIt
E94/1438 2.4 9.05 49 6 - <1 28 23
E94/1439 -2.5 8.90 33 9 <1 22 18
E94/1440 -3.7 8.00 54 8 <1 35 29

3 Nett Acid Producing Potential (NAPP)
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COAL AND ALLIED OPERATIONS PTY LTD
MOUNT PLEASANT PROJECT
COAL AUTHORISATION AREA 459

CHARACTERISATION OF OVERBURDEN AND INTERBURDEN MATERIALS

TABLE B-5 (2 OF 2)

20 Day Weathering Tests of Waste Rock Samples

pH, Electrical Conductivity, Sulphate and Chloride Concentration , Equivalent Bicarbonate,
and Alkalinity Equivalent Values of 1:5 Soil:Water Extracts After 20 Days Weathering @ 40°

Crude E.C. Sulphate Conc. | Chloride Conc. Equivalent Alkalinity
MLF:\EL NAPP 2 (Equiv. pH pSicm (mg/L) (mg/L) HCO3™ Equivalent
No. % CaCOgy) @ 25° {mg/L) Ca05
(mg/t)

E94/1441 -9.8 9.35 55 5 <1 35 29
E94/1442 -3.0 +9.15 60 6 <1 39 32
E94/1443 -0.6 8.60 127 6 <1 87 72
E94/1444 -11.8 8.95 85 6 <1 56 48
E94/1445 -59 8.40 72 12 <1 35 29
E94/1446 -0.3 7.90 23 10 <1 6 5

E94/1447 -2.1 8.15 36 8 <1 21 17
E£94/1448 -7.6 8.75 34 5. <1 27 22
E94/1449 -6.8 8.20 120 34 <1 30 25
E94/1450 1.7 3.75 161 44 <1 NIL NIL
E94/1451 4.1 3.55 344 112 <1 NIL NiL
£94/1452 -7.8 8.05 43 10 <1 29 24
E94/1453 -11.9 8.55 47 6 <1 28 23
E94/1454 -8.7 9.20 48 4 <1 33 27
E94/1455 -4.4 9.65 66 5 <1 51 4

£94/1456 -6.2 9.65 €5 6 <1 39 32
E94/1457 -3.9 9.05 50 7 <1 29 24
E94/1458 -12.3 9.00 114 31 <1 30 25
£94/1459 4.1 3.60 346 115 <1 NIL NIL
E94/1460 27 4.20 829 413 <1 NIL NIL
E94/1461 -1.7 8.40 42 6 <1 24 20
E94/1462 -2:8 8.80 36 10 <1 14 11

ES4/1463 -0.3 8.75 18 3 <1 10 8

E94/1484 -16.6 8.95 £6 8 <1 35 29

i

2 Nett Acid Producing Potential (NAPP)
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COAL AND ALLIED OPERATIONS PTY LTD
MOUNT PLEASANT PROJECT

COAL AUTHORISATION AREA 459

CHARACTERISATION OF OVERBURDEN AND INTERBURDEN MATERIALS

PH, Electrical Conductivity, Sulphate and Chloride Conce
and Alkalinity Equivalent Values of 1:5 Soil:Water Extract

TABLE B-6

30 Day Weathering Tests of Waste Rock Samples

ntration , Equivalent Bicarbonate,
s After 30 Days Weathering @ 40°

MRDL Crude E.C. Sulphate Conc. | Chloride Conc. Equivalent Alkalinity
LAB NAPP @ (Equiv. pH uS/cm {mg/L) (mg/L) HCO4” Equivalent
No. % CaCO3) @ 25° (mg/L) Ca0y
(mg/t)

E94/1428 -134 7.90 473 192 <1 58 48
E94/1436 3.6 420 - 293 132 1 NIL NIL
E94/1437 3.8 4.20 256 146 1 NIL NIL
ES4/1443 -0.6 8.40 88 5 1 51 42
E94/1449 -6.8 7.80 102 27 1 25 20
E94/1450 1.7 3.70 126 32 1 NIL NiL
E94/1451 4.1 3.50 320 134 1 NIL NIL
E94/1458 -123 8.92 96 40 1 27 22
E94/1459 4.1 ’ 3.60 . 320 142 1 NIL NIL
E94/1460 2.7 4.20 774 492 1 NIL NiL

& Nett Acid Producing Potential (NAPP)

Note: Only the above samples were tested for 30day weathering.
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COAL AND ALLIED OPERATIONS PTY LTD
MOUNT PLEASANT PROJECT
COAL AUTHORISATION AREA 459

CHARACTERISATION OF OVERBURDEN AND INTERBURDEN MATERIALS

TABLE C-1 (1 OF 2)
1:5 Soil:Water Extract After 16 hours leaching @ 22°

Calcium, Magnesium and Sodium Values of Extract

M&g“ Calcium Magnesium Sodium Calcium Magnesium Sodium
No. (mg/L) (mg/L) {mg/L) (meq/L) (meg/L) (meg/L)
£94/1403 28 44 40 1.40 3.62 1.74
E£94/1404 29 32 250 0.14 2.63 10.8
E94/1405 3.1 2.0 216 0.15 0.16 9.39
E94/1406 25 ' 22 339 0.12 1.81 147
E94/1407 4.4 27 307 0.22 2.22 13.4
E£94/1408 15 7.2 173 0.75 0.59 7.52
E94/1409 44 11 170 2.20 0.90 7.38
E94/1410 43 31 151 2.15 2.55 6.57
E94/1411 26 49 72 1.30 4,03 3.13
"E94/1412 12 51 824 0.60 419 358
E94/1413 4.3 32 400 0.21 2.63 17.4
E94/1414 13 46 1442 0.65 3.78 62.7
E94/1415 0.9 27 546 0.04 222 237
E94/1416 0.7 26 280 0.03 2.14 12.2
E9Q4/1417 3.6 36 591 0.18 2.96 257
E94/1418 1.7 34 430 0.08 2.80 18.7
E94/1419 2.2 24 220 0.11 1.97 9.57
E94/1420 42 43 21 2.10 3.54 0.91
E94/1421 61 73 14 3.04 6.00 0.61
EQ4/1422 33 76 35 1.65 6.25 1.52
£94/1423 31 39 65 1.55 3.21 2.83
E94/1424 28 38 69 1.40 3.13 3.00
£94/1425 37 36 58 1.85 2.96 2.52
E94/1426 34 43 76 1.70 3.54 3.30
E94/1427 88 41 27 4.39 3.37 1.147
£94/1428 693 112 31 34.6 9.1 1.35
E94/1429 22 36 76 1.10 2.96 3.30
E94/1430 20 38 98 1.00 3.13 4.26
E94/1431 70 33 51 3.49 2.71 2.22
E£94/1432 36 31 76 1.80 2.55 3.30
E94/1433 5.1 3.3 225 0.25 0.27 9.78
E94/1434 26 28 106 1.30 2.30 4.61
E94/1435 59 8.4 30 0.29 0.69 1.30
E94/1436 479 196 2.8 23.9 16.12 0.12
E94/1437 157 123 42 7.83 10.12 0.18
E94/1438 22 26 48 1.10 214 2.13
E94/1439 18 25 42 0.90 2,06 1.83
ES4/1440 16 18 63 0.80 1.56 2.74
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COAL AND ALLIED OPERATIONS PTY LTD
MOUNT PLEASANT PROJECT
COAL AUTHORISATION AREA 459

CHARACTERISATION OF OVERBURDEN AND INTERBURDEN MATERIALS

TABLE C-1 (2 OF 2)
1:5 Soil:Water Extract After 16 hours leaching @ 22°

Calcium, Magnesium and Sodium Values of Extract

M&g" Calcium Magnesium Sodium Calcium Magnesium Sodium
No. (mg/L) {mg/L) (mg/L) {meg/L) {meg/L) {meg/L)
E94/1441 4.4 6.1 29 0.22 0.50 1.26
E94/1442 33 44 61 1.65 3.62 2.65
E94/1443 37 43 97 1.85 3.54 4.22
E94/1444 16 73 72 0.80 0.60 3.13
E94/1445 6.5 10 71 0.32 0.82 3.09
E94/1445 4.0 6.5 19 0.20 0.53 0.83
E94/1447 7.1 13 18 0.35 1.07 0.78
E94/1448 8.1 15 26 0.40 1.23 1.13
E94/1449 143 88 23 7.14 7.24 1.00
E94/1450 108 125 1.2 5.39 10.3 0.05
E94/1451 144 223 0.8 7.19 18.3 0.03
E94/1452 54 7.4 39 0.27 0.61 1.70
E94/1453 58 6.8 ' 30 0.29 0.56 1.30
E94/1454 26 4.2 32 0.13 0.35 1.39
E94/1455 06 47 49 0.03 0.39 213
E94/1456 05 3.1 48 0.02 0.25 2.09
E94/1457 15 17 42 0.75 1.40 1.83
E94/1458 11 14 32 0.55 1.15 1.39
E94/1459 103 172 1.2 5.14 14.1 0.05
E94/1460 81 145 50 4.04 11.9 217
E94/1461 0.5 3.0 33 0.02 0.25 1.43
E94/1462 37 58 42 0.18 0.48 1.83
E94/1463 24 36 41 0.12 0.30 1.78
E94/1464 43 5.8 16 0.21 0.48 0.70
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COAL AND ALLIED OPERATIONS PTY LTD
MOUNT PLEASANT PROJECT
COAL AUTHORISATION AREA 459

CHARACTERISATION OF OVERBURDEN AND INTERBURDEN MATERIALS

TABLE C-2 (1 OF 2)
1:5 Soil:Water Extract After 5 Days Weathering @ 40°

Calcium, Magnesium and Sodium Values of Extract

M&g" Calcium Magnesium Sodium Calcium Magnesium Sodium
No. (mg/L) (mg/L) (mg/L) (meg/L) (meg/L) (meg/L)
E94/1403 5.1 12 24 0.25 0.99 1.04
E94/1404 0.7 43 180 0.03 3.54 7.83
E94/1405 0.3 22 103 0.01 0.18 4.48
ES4/1406 16 13 161 0.80 1.07 7.00
E94/1407 1.1 9.4 167 0.05 0.77 7.26
E94/1408 12 7.9 111 0.60 0.65 4.83
E94/1409 30 13 103 1.50 1.07 4.48
E94/1410 44 39 84 2.20 321 3.65
E94/1411 9.1 26 41 0.45 2.14 1.78
E94/1412 16 37 677 0.80 3.04 29.4
E£94/1413 4.6 35 251 0.23 288 10.9
ES4/1414 13 51 996 0.65 4.19 433
E94/1415 3.1 35 349 0.15 288 15.2
E94/1416 3.2 31 284 0.16 255 12.4
E94/1417 4.1 41 252 0.20 3.37 11.0
E94/1418 4.7 40 354 0.23 3.29 154
E94/1419 42 22 185 0.21 1.81 8.04
E94/1420 3.4 5.1 1 0.17 0.42 0.48
E94/1421 26 6.5 8.6 0.13 0.53 0.37
E94/1422 1.0 22 17 0.05 1.81 0.74
E94/1423 0.7 19 21 0.03 1.56 0.91
ES4/1424 12 17 35 0.60 1.40 1.52
E94/1425 55 8.0 25 0.27 0.66 1.09
E94/1426 33 9.8 23 0.16 0.81 1.00
E94/1427 34 6.6 23 0.17 0.54 1.00
E94/1428 534 88 20 26.7 7.24 0.87
E94/1429 7.7 15 29 0.38 1.23 1.26
E94/1430 11 23 35 0.55 1.89 1.52
E94/1431 42 15 28 2.10 1.23 1.22
£94/1432 9.2 12 35 0.46 0.99 1.52
E94/1433 4.1 37 162 0.20 3.04 7.04
E94/1434 0.4 27 75 0.02 0.22 3.26
E94/1435 0.2 26 25 0.01 0.21 1.09
E94/1436 315 178 5.9 18.7 14.6 0.26
E94/1437 66 110 9.1 3.29 9.05 0.40
E94/1438 0.4 25 31 0.02 0.21 1.35
E94/1439 03 20 31 0.01 _0.18 1.35
E94/1440 0.9 29 45 0.04 0.24 1.96
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COAL AND ALLIED OPERATIONS PTY LTD
MOUNT PLEASANT PROJECT
COAL AUTHORISATION AREA 459

CHARACTERISATION OF OVERBURDEN AND INTERBURDEN MATERIALS

TABLE C-2 (2 OF 2)
1:5 Soil:Water Extract After 5 Days Weathering @ 40°

Calcium, Magnesium and Sodium Values of Extract

M&gl' Caleium Magnesium Sodium Calcium Magnesium Sodium
No. (mg/L) (mgiL) (mg/t) (meq/L) (megq/L) (meq/L)
E£94/1441 3.4 3.7 23 0.17 0.30 1.00
E94/1442 0.3 11 38 0.01 0.90 1.65
E94/1443 0.9 52 65 0.04 4.28 2.83
E94/1444 0.2 ) 0.5 47 0.01 0.04 2.04
E94/1445 24 45 54 0.12 0.37 235
EQ4/1446 38 5.9 15 0.19 0.49 0.65
E94/1447 53 9.9 19 0.26 0.81 0.83
E94/1448 29 45 11 0.14 0.37 0.48
EQ4/1449 66 76 20 3.29 0.63 0.87
E94/1450 31 103 <0.1 1.55 8.47 <0.01
EQ4/1451 46 210 0.6 2.30 17.3 0.03
E94/1452 4.9 6.7 32 0.24 0.55 1.39
EQ4/1453 3.7 4.8 23 0.18 0.39 1.00
E94/1454 26 27 21 0.13 0.22 0.91
£94/1455 0.5 43 28 0.02 0.35 1.22
E94/1456 0.4 3.7 25 0.02 0.30 1.09
E94/1457 6.7 9.1 26 0.33 0.75 1.13
E94/1458 11 13 26 0.55 1.07 1.13
E94/1459 50 143 <0.1 2.50 1.8 <0.01
E94/1460 33 102 24 1.65 8.39 1.04
E94/1461 1.8 50 20 0.09 0.41 0.87
E94/1462 35 6.2 33 0.17 0.51 1.43
E94/1463 25 3.7 35 0.12 0.30 1.52
E94/1464 3.8 4.8 19 0.19 0.39 0.83
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COAL AND ALLIED OPERATIONS PTY LTD
MOUNT PLEASANT PROJECT
COAL AUTHORISATION AREA 459

CHARACTERISATION OF OVERBURDEN AND INTERBURDEN MATERIALS

TABLE C-3 (1 OF 2)
1:5 Soil:Water Extract After 10 Days Weathering @ 40°

Calcium, Magnesium and Sodium Values of Extract

MLRA[;L Calcium Magnesium Sodium Calcium Magnesium Sodium
No. {(mg/t) (mg/L) (mg/L) (meg/L) (meqiL) (meg/L)
E94/1403 3.2 6.5 6.9 0.16 0.53 0.30
E94/1404 ‘0.3 21 88 0.01 0.17 3.83
E94/1405 0.3 22 57 0.01 0.18 2.48
E94/1406 0.8 26 114 0.04 0.21 4.96
E94/1407 1.0 22 104 0.05 0.18 4.52
E94/1408 0.6 3.6 51 0.03 0.30 2.22
E94/1409 7.5 3.2 46 0.37 0.26 2.00
E94/1410 1.4 55 44 0.07 0.45 1.91
E94/1411 0.4 4.2 17 0.02 0.35 1 0.74
E94/1412 1.0 4.8 87 0.05 0.39 3.78
ES4/1413 0.9 35 71 0.04 0.29 3.09
ES4/1414 1.7 49 208 0.08 4.03 9.04
E94/1415 05 2.8 215 0.02 0.23 9.35
£94/1416 0.4 27 148 0.02 0.22 6.43
E94/1417 15 53 195 0.07 0.44 8.48
E94/1418 0.9 35 174 0.04 0.29 7.57
ES4/1419 0.7 3.1 78 0.03 0.25 3.39
E94/1420 03 35 4.0 0.01 0.29 0.17
E94/1421 24 5.9 286 0.12 0.49 0.11
E94/1422 0.4 3.0 8.6 0.02 0.25 0.37
E94/1423 0.4 28 9.7 0.02 0.24 0.42
E94/1424 0.8 36 16 0.04 0.30 0.70
E94/1425 07 4.8 12 0.03 0.39 0.52
E94/1426 06 1 8.7 0.03 0.90 0.38
E94/1427 4.2 4.1 4.4 0.21 0.34 0.19
E94/1428 185 22 4.0 9.23 1.81 0.17
ES4/1429 0.3 3.2 11 0.01 0.26 0.48
E94/1430 0.6 3.9 22 0.03 0.32 0.96
E94/1431 8.7 13 12 0.43 1.07 0.52
E94/1432 0.9 12 20 0.04 0.99 0.87
E94/1433 1.0 3.1 76 0.05 0.25 3.30
ES4/1434 0.5 20 35 0.02 0.16 1.52
E94/1435 0.3 3.1 12 0.01 0.25 0.52
E94/1436 235 69 43 1.7 567 0.19
E94/1437 87 35 5.1 4.34 2.88 0.22
E94/1438 03 53 18 0.01 0.44 0.78
E94/1439 0.3 4.7 15 0.01 0.39 0.65
E94/1440 04 12 31 0.02 0.89 1.35
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COAL AND ALLIED OPERATIONS PTY LTD
MOUNT PLEASANT PROJECT
COAL AUTHORISATION AREA 459

CHARACTERISATION OF OVERBURDEN AND INTERBURDEN MATERIALS

TABLE C-3 (2 0F 2)
1:5 Soil:Water Extract After 10 Days Weathering @ 40°

Calcium, Magnesium and Sodium Values of Extract

M&gl' Calcium Magnesium Sodium Calcium Magnesium Sodium
No. (mgiL) (mg/L) (mg/L) (meq/t) (meq/L) (meg/L)
ES4/1441 34 3.0 10 0.17 0.25 0.43
E94/1442 0.6 31 16 0.03 255 0.70
E94/1443 1.0 3.8 45 0.05 0.31 1.96
E94/1444 1.0 21 38 0.05 0.17 1.65
E94/1445 0.5 5.4 20 0.02 0.44 0.87
E94/1446 1.7 1.8 45 0.08 0.15 0.20
E94/1447 20 3.4 8.7 0.10 0.28 0.38
£94/1448 23 3.0 4.1 0.11 0.25 0.18
£94/1449 78 31 4.5 3.89 255 0.20
ES4/1450 58 24 0.2 2.89 1.97 0.01
E94/1451 81 58 0.5 4.04 4.77 : 0.02
E94/1452 0.4 13 12 0.02 1.07 0.52
E94/1453 1.0 4.9 10 0.05 0.40 0.43
EQ4/1454 28 29 9.6 0.14 0.24 0.42
£94/1455 0.3 38 17 0.01 3.13 0.74
E94/1456 0.4 25 16 0.02 0.21 0.70
E94/1457 7.4 7.0 17 0.35 0.58 0.74
E94/1458 7.3 7.8 8.5 0.36 0.64 0.37
E94/1459 52 38 <0.1 259 3.13 <0.01
E94/1460 70 111 22 3.49 .13 0.96
E94/1461 <0.1 <0.1 14 <0.01 <0.01 0.61
E94/1462 <0.1 0.1 14 <0.01 0.01 0.61
E94/1463 <0.1 <0.1 1 <0.01 <0.01 0.48
EQ4/1464 0.3 0.6 10 0.01 0.05 043
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COAL AND ALLIED OPERATIONS PTY LTD
MOUNT PLEASANT PROJECT
COAL AUTHORISATION AREA 459

CHARACTERISATION OF OVERBURDEN AND INTERBURDEN MATERIALS

TABLE C-4 (1 OF 2)
1:5 Soil: Water Extract After 15 Days Weathering @ 40°

Calcium, Magnesium and Sodium Values of Extract

M&gl‘ Calcium Magnesium Sodium Calcium Magnesium Sodium
No. (mg/L) (mg/L) (mg/L) (meq/l) (megq/L) (meqil)
E94/1403 1.6 43 25 0.08 0.35 0.1
E94/1404 0.1 3.1 56 <0.01 0.25 243
E94/1405 <0.1 1.1 26 <0.01 0.09 1.13
£94/1406 0.3 3.1 64 0.01 0.25 278
E94/1407 0.6 1.9 69 0.03 0.16 3.00
ES4/1408 3.1 15 18 ‘ 0.15 0.12 0.78
E94/1409 7.4 1.9 22 0.37 0.16 0.96
E94/1410 0.8 4.1 18 0.04 0.34 0.78
E94/1411 1.5 4.4 8.4 0.07 0.36 0.37
E94/1412 06 8.6 42 0.03 0.71 . 1.83
E94/1413 0.4 4.6 30 0.02 0.38 1.30
E94/1414 0.6 4.1 145 0.03 0.34 6.30
E94/1415 0.3 34 93 0.01 0.28 4.04
E94/1416 0.2 3.5 183 0.01 0.29 7.96
E94/1417 0.5 3.2 138 0.02 0.26 6.00
E94/1418 0.7 43 89 0.03 0.35 3.87
E94/1419 0.6 35 48 0.03 0.29 2.09
E94/1420 0.5 24 1.9 0.02 0.20 0.08
E94/1421 1.5 4 1.0 0.07 0.33 0.04
E94/1422 0.5 38 45 0.02 0.31 0.20
E94/1423 0.6 36 9.8 0.03 0.30 0.43
£94/1424 0.7 29 95 0.03 0.24 0.41
E94/1425 0.9 ) 25 8.7 0.04 0.21 0.38
E94/1426 0.4 1.9 8.2 0.02 0.16 0.36
E94/1427 47 36 1.5 0.23 0.30 0.07
E94/1428 133 12 1.3 6.64 0.99 0.06
E£94/1429 <0.1 37 8.3 <0.01 0.30 0.36
E94/1430 0.1 3.7 15 <0.01 0.30 0.65
E94/1431 6.3 4.3 4.6 0.31 0.35 0.20
E£94/1432 1.0 2.8 11 0.05 0.23 0.48
EQ4/1433 0.3 3.3 35 0.01 0.27 1.52
E94/1434 0.6 27 21 0.03 0.22 0.91
E94/1435 0.4 15 7.3 0.02 0.12 0.32
E94/1436 62 15 24 3.09 1.23 0.10
EQ4/1437 26 13 3.3 1.30 1.07 0.14
E94/1438 0.2 33 13 0.01 0.27 0.57
E94/1439 0.2 438 9.6 0.01 0.39 0.42
E94/1440 038 25 12 0.04 0.21 0.52
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COAL AND ALLIED OPERATIONS PTY LTD
MOUNT PLEASANT PROJECT
COAL AUTHORISATION AREA 459

CHARACTERISATION OF OVERBURDEN AND INTERBURDEN MATERIALS

TABLE C-4 (2 OF 2)
1:5 Soil:Water Extract After 15 Days Weathering @ 40°

Calcium, Magnesium and Sodium Values of Extract

M&gl’ Calcium Magnesium Sodium Calcium Magnesium Sodium
No. (mg/) (mg/L) (mg/L) (meq/L) (meq/L) (meg/L)
E94/1441 33 34 37 0.16 0.28 0.16
ES4/1442 -0.5 3.4 13 0.02 0.28 0.06
ES4/1443 0.6 36 44 0.03 0.30 1.91
E94/1444 4.0 2.0 19 0.20 0.16 0.83
E94/1445 0.4 8.7 13 0.02 072 0.57
E94/1446 1.6 1.7 1.9 0.08 0.14 0.08
ES4/1447 0.5 29 5.6 0.02 0.24 0.24
E94/1448 23 32 22 0.11 0.26 0.10
E94/1449 24 10 1.1 1.20 0.82 0.05
E94/1450 8.7 3.9 0.2 0.43 0.32 0.01
E94/1451 23 17 0.5 1.15 1.40 0.02
E94/1452 0.4 3.9 6.8 0.02 0.32 0.30
E94/1453 1.4 46 5.1 0.07 0.38 0.22
E94/1454 3.2 3.3 3.8 0.16 0.27 0.17
E94/1455 0.7 45 16 0.03 0.37 0.70
£94/1456 0.2 4.2 16 0.01 0.35 0.70
E94/1457 3.4 341 45 0.17 0.25 0.20
E94/1458 83 7.5 28 0.46 0.62 0.12
E94/1459 16 11 0.4 0.80 0.20 0.02
E94/1460 45 82 14 2.25 6.74 0.61
E94/1461 0.4 3.0 8.9 0.02 0.25 0.39
EQ4/1462 0.6 36 6.9 0.03 0.30 0.30
ES4/1463 <0.1 4.1 4.8 <0.01 0.34 0.21
E94/1464 29 42 43 0.14 0.35 0.19
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COAL AND ALLIED OPERATIONS PTY LTD
MOUNT PLEASANT PROJECT
COAL AUTHORISATION AREA 459

CHARACTERISATION OF OVERBURDEN AND INTERBURDEN MATERIALS

TABLE C-5 (1 OF 2)
1:5 Soil:Water Extract After 20 Days Weathering @ 40°

Calcium, Magnesium and Sodium Values of Extract

M&g“ Calcium Magnesium Sodium Calcium Magnesium Sodium
No. (mg/L) (mg/L) (mglL) (megq/L) (meg/L) (meq/L)
E94/1403 1.8 4.8 1.4 0.09 0.39 0.06
E94/1404 0.2 24 28 0.01 0.20 1.22
E94/1405 0.2 1.9 18 0.01 0.16 0.78
E£94/1406 0.5 28 49 0.02 0.23 213
E94/1407 1.1 1.0 39 0.05 0.08 1.70
E94/1408 27 15 13 0.13 0.12 0.57
E94/1409 5.9 1.7 6.2 0.29 0.14 0.27
ES4/1410 0.7 5.1 13 0.03 0.42 0.57
E94/1411 1.3 4.4 27 0.06 0.36 0.12
E94/1412 0.3 5.0 27 0.01 0.41 1.17
E94/1413 0.4 3.9 21 0.02 0.32 0.91
E94/1414 0.7 4.1 52 0.03 0.34 2.26
E94/1415 0.4 3.1 54 0.02 0.25 2.35
ES4/1416 05 29 o8 0.02 0.24 252
ES4/1417 0.6 3.9 74 0.03 0.32 3.22
E94/1418 0.6 4.1 ) 46 0.03 0.34 2.00
E94/1419 0.6 29 29 0.03 0.24 1.26
£94/1420 0.7 286 0.8 0.03 0.21 0.03
E94/1421 1.7 38 05 0.08 0.31 0.02
E94/1422 0.6 27 3.2 0.03 0.22 0.14
ES4/1423 0.5 24 6.7 0.02 0.20 0.29
E94/1424 1.6 8.0 3.9 0.08 0.66 0.17
E94/1425 1.7 23 3.8 0.08 0.19 0.17
E94/1426 05 1.8 6.0 0.02 0.15 0.26
E94/1427 46 3.1 0.4 0.23 0.25 0.02
E94/1428 93 8.2 0.5 4.64 0.67 0.02
E94/1429 0.3 4.4 5.0 0.01 0.36 0.22
E94/1430 0.4 4.6 9.7 0.02 0.38 0.42
E94/1431 6.6 42 1.7 0.33 0.35 0.07
£94/1432 1.9 29 42 0.09 0.24 0.18
E94/1433 0.4 3.1 23 0.02 0.25 1.00
E94/1434 0.7 4.0 34 0.03 0.33 1.48
E94/1435 21 27 37 0.10 0.22 0.16
ES4/1436 37 85 3.5 1.85 0.70 0.15
E94/1437 17 9.0 2.8 0.85 0.74 0.12
E94/1438 1.7 2.2 12 0.08 0.18 0.52
E94/1439 1.7 26 9.7 0.08 0.21 0.42
E94/1440 23 3.1 13 0.1 0.25 0.57
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COAL AND ALLIED OPERATIONS PTY LTD
MOUNT PLEASANT PROJECT
COAL AUTHORISATION AREA 459

CHARACTERISATION OF OVERBURDEN AND INTERBURDEN MATERIALS

TABLE C-5 (2 OF 2)
1:5 Soil:Water Extract After 20 Days Weathering @ 40°

Calcium, Magnesium and Sodium Values of Extract

M&gl‘ Calcium Magnesium Sodium Calcium Magnesium Sodium
No. {mg/L) {mg/L) {mg/L) (meg/L) {meg/L) (mea/L)
E94/1435 2.1 27 37 0.10 0.22 0.16
E94/1436 37 8.5 35 1.85 0.70 0.15
£E94/1437 17 9.0 28 0.85 0.74 0.12
£94/1438 1.7 22 12 0.08 0.18 0.52
E94/1439 1.7 26 8.7 0.08 0.21 0.42
E94/1440 23 3.1 13 0.1 0.25 0.57
EQ4/1441 3.9 36 1.8 0.19 0.30 0.08
E94/1442 37 11 16 0.18 0.0 0.70
£94/1443 3.0 12 26 0.15 0.99 1.13
E94/1444 5.9 27 85 0.29 0.22 0.37
E94/1445 23 3.9 75 0.11 0.32 0.33
E94/1446 22 22 1.1 0.1 0.18 0.05
E94/1447 23 11 29 0.11 0.90 0.13
E£94/1448 35 4.0 1.1 0.17 0.33 0.05
E94/1449 12 52 0.7 0.60 0.43 0.03
E94/1450 4.6 2.1 07 0.23 0.17 0.03
E94/1451 15 9.3 1.2 0.75 0.76 0.05
ES4/1452 7.8 72 37 0.39 0.59 0.16
E94/1453 6.4 58 2.8 0.32 0.48 0.12
E94/1454 4.6 4.4 1.9 0.23 0.36 0.08
E94/1455 3.6 12 20 0.18 0.99 0.87
E94/1456 4.0 8.4 16 0.20 0.69 0.70
EQ4/1457 56 4.7 25 0.28 0.39 0.11
E94/1458 7.8 74 1.4 0.39 0.58 0.06
E94/1459 11 8.1 0.6 0.55 0.67 0.03
£94/1480 36 78 87 1.80 6.41 0.38
E94/1461 2.1 3.1 8.4 0.10 0.25 0.37
ES4/1462 35 51 55 0.17 0.42 0.24
E94/1463 1.7 2.1 32 0.08 0.17 0.14
E94/1464 6.7 44 22 0.33 0.36 0.10
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COAL AND ALLIED OPERATIONS PTY LTD
MOUNT PLEASANT PROJECT
COAL AUTHORISATION AREA 459

CHARACTERISATION OF OVERBURDEN AND INTERBURDEN MATERIALS

TABLE C-6
1:5 Soil:Water Extract After 30 Days Weathering @ 40°

Calcium, Magnesium-and Sodium Values of Extract

MLEZ[;L Calcium Magnesium Sodium Calcium Magnesium Sodium

No. (mg/L) {mg/L) (mg/L) (meg/L) (megq/L) (meg/L)
E94/1428 82 12 0.8 4.09 0.99 0.03
E94/1436 35 7.4 2.8 | 1.75 0.61 0.12
E94/1437 26 14 1.7 1.30 1.15 0.07
E94/1443 0.8 5.3 13 0.04 0.44 0.57
E94/1449 11 4.9 0.5 0.55 0.40 0.02
ES4/1450 55 1.6 0.7 0.27 0.13 0.03
E94/1451 1’8 9.8 0.6 0.0 0.81 0.03
E94/1458 10 7.7 0.9 0.50 0.63 0.04
E94/1459 15 8.6 0.3 0.75 0.71 0.01
E94/1460 40 48 6.7 2.00 3.85 0.29

Note: Only the above samples were tested for 30day weathering.
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COAL AND ALLIED OPERATIONS PTY LTD

MOUNT PLEASANT PROJECT
COAL AUTHORISATION AREA 459

CHARACTERISATION OF OVERBURDEN AND INTERBURDEN MATERIALS

TABLE D-1 (1 OF 2)

pH Values of 1:5 Soil:Water Extract After Weathering Tests

Crude pH pH pH pH pH pH
.MLlZEéL NAPP 2 (Equiv.| after 16 hrs after 5 days after 10 after 15 after 20 after 30 days
No. % CaCO4) @ 22° @ 40° days days days @ 40°
@ 40° @ 40° @ 40°
E94/1403 -9.4 7.20 7.35 8.10 8.95 8.85 -
E94/1404 -16.7 9.50 9.30 9.50 9.10 9.80 -
E94/1405 -9.4 9.85 9.75 10.20 9.75 10.05 -
E94/1406 -11.3 10.05 9.80 10.25 9.60 10.20 -
E94/1407 -18.4 10.30 9.95 10.20 9.90 9.90 -
E94/1408 -18.8 10.15 9.80 9.90 9.65 9.65 -
E94/1409 -30.8 10.10 10.30 9.60 9.40 9.25 -
E94/1410 -6.9 9.65 9.80 10.00 9.55 9.55 -
£94/1411 -85 9.50 9.30 9.30 9.30 9.25 -
E94/1412 -0.9 10.20 10.00 10.10 9.75 9.95 -
£94/1413 -1.7 10.10 9.85 10.20 9.60 9.90 -
ES4/1414 -1.6 10.00 10.00 10.15 9.85 10.20 -
ES4/1415 -5.1 10.15 10.00 10.25 9.35 10.20 -
E94/1416 -25.1 10.05 10.00 10.10 9.55 10.10 -
E94/1417 -8.5 10.00 10.10 10.50 9.95 10.25 -
ES4/1418 -5.7 10.05 10.10 10.30 8.75 10.15 -
E94/1419 -8.6 9.80 9.90 10.30 10.20 10.20 -
E94/1420 -6.6 9.05 9.00 9.25 9.05 8.85 -
E94/1421 -8.0 8.65 8.75 8.75 9.35 9.35 -
£94/1422 -25 8.65 8.60 9.20 8.60 8.95 -
E94/1423 -4.1 8.95 8.10 9.50 9.15 8.55 -
E94/1424 -19.9 8.60 8.60 9.30 8.85 8.50 -
ES4/1425 -12.7 9.00 9.00 9.35 9.35 8.00 -
E94/1426 -13.1 8.95 9.00 9.40 9.45 9.15 -
E94/1427 -20.9 9.10 8.30 9.40 9.40 9.20 -
ES4/1428 -13.4 6.30 7.70 7.80 8.00 8.10 7.90
E94/1429 -7.6 9.00 9.20 9.65 9.35 9.05 -
ES4/1430 -11.1 9.30 9.50 10.00 8.55 9.40 -
E94/1431 -30.5 9.40 9.60 9.50 9.45 9.40 -
E94/1432 -11.5 9.45 9.70 9.65 9.55 9.20 -
£94/1433 -6.5 9.90 9.80 10.40 10.15 10.05 -
E94/1434 -6.5 9.50 9.10 9.05 9.15 8.75 -
E94/1435 -1.1 9.60 8.60 8.85 8.40 8.00 -
E94/1436 36 4.20 4.40 475 4.45 4.25 4.20
E94/1437 3.8 4.80 435 4.05 4.20 4.20 4.20
E94/1438 -2.4 9.50 8.80 9.35 9.05 9.05 -
E94/1439 25 9.35 8.80 8.75 9.15 8.90 -
E94/1440 -3.7 9.40 8.80 9.05 8.95 9.00 -

2 Nett Acid Producing Potential (NAPP)
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COAL AND ALLIED OPERATIONS PTY LTD

MOUNT PLEASANT PROJECT
COAL AUTHORISATION AREA 459

CHARACTERISATION OF OVERBURDEN AND INTERBURDEN MATERIALS

pH Values of 1:5 Soil:Water After Weathering Tests

TABLE D-1 (2 OF 2)

Crude pH pH pH pH pH pH
M&gl' NAPP @ (Equiv.|{ after 16 hrs after 5 days after 10 after 15 after 20 after 30 days
No. % CaCOg) @ 22° @ 40° days days days @ 40°
@ 40° @ 40° @ 40°

E94/1441 -9.8 9.30 9.30 9.50 9.35 9.35 -
E94/1442 -3.0 9.75 9.15 9.55 9.65 8.15 -
E94/1443 0.6 9.70 9.50 9.45 9.15 8.60 8.40
E94/1444 -11.9 10.10 10.10 9.80 9.55 8.95

E94/1445 -5.9 7.85 8.15 8.40 8.75 8.40 -
E94/1446 0.3 7.00 7.10 7.95 8.80 7.90 -
E94/1447 2.1 8.00 7.65 7.95 8.65 8.15 -
E94/1448 -7.6 8.65 8.50 8.80 8.90 8.75 -
E94/1449 -6.8 7.50 7.50 7.50 7.50 8.20 7.80
E94/1450 1.7 275 3.00 3.45 3.70 3.75 3.70
E94/1451 4.1 3.65 3.50 3.45 3.50 3.55 3.50
E94/1452 -7.8 7.80 7.50 7.85 8.50 8.05 -
E94/1453 -11.9 8.10 8.20 8.25 8.60 8.55 -
E94/1454 -8.7 9.15 9.20 9.30 9.30 9.20 -
E94/1455 4.4 9.70 9.80 9.45 9.65 9.65 -
E94/1456 6.2 9.70 9.90 9.70 9.65 9.65 -
E94/1457 -39 8.20 7.85 8.40 9.10 9.05 -
E94/1458 -123 9.00 8.60 8.75 8.55 9.00 8.95
E94/1459 4.1 3.20 3.40 3.60 3.70 3.60 3.60
E94/1460 27 3.40 3.90 4.35 4.40 4.20 4.20
E94/1461 -1.7 9.50 9.15 9.20 9.30 9.40 -
£94/1462 -2.8 8.00 7.75 8.30 8.60 8.80 -
E94/1463 -0.3 7.45 7.30 8.20 8.70 8.75 -
E94/1464 -16.6 8.70 9.00 9.00 9.00 8.95 -

2 Nett Acid Producing Potential (NAPP)
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COAL AND ALLIED OPERATIONS PTY LTD

MOUNT PLEASANT PROJECT
COAL AUTHORISATION AREA 459

CHARACTERISATION OF OVERBURDEN AND INTERBURDEN MATERIALS

TABLE D-2 (1 OF 2)

Electrical Conductivity (uS/cm @ 25°) of 1:5 Soil:Water Extract After Weathering Tests

Crude E.C. E.C. E.C. E.C. E.C. E.C.
M&gl' NAPP @ (Equiv.| after 16 hrs after 5 days after 10 after 15 after 20 after 30
No. % CaCOg) @ 22° @ 40° days days days days
@ 40° @ 40° @ 40° @ 40°
E94/1403 -9.4 195 250 103 47 50 -
E94/1404 -16.7 420 536 275 201 152 -
E94/1405 -9.4 340 311 195 170 117 -
E94/1406 -11.3 637 567 323 253 220 -
E94/1407 -18.4 723 692 407 294 245 -
E£94/1408 -18.8 569 455 217 140 a9 -
E94/1409 -30.8 482 465 206 112 81 -
E£94/1410 -6.9 385 368 185 130 98 -
E94/1411 9.5 229 228 111 71 57 -
E94/1412 0.8 846 864 228 152 123 -
E94/1413 -1.7 460 435 174 138 115 -
E94/1414 -1.6 1299 1075 407 187 130 -
E94/1415 -5.1 694 742 340 255 174 -
ES4/1416 -25.1 454 388 151 110 77 -
ES4/1417 -6.5 648 466 453 303 224 -
E94/1418 5.7 630 629 337 261 191 -
ES4/1419 -8.6 377 371 230 179 164 -
ES94/1420 -6.6 84 73.1 33 27 23 -
E94/1421 -9.0 126 119 76 44 45 -
E94/1422 =25 136 123 42 28 21 -
E94/1423 4.1 132 103 39 38 30 -
E94/1424 -19.9 236 213 76 66 63 -
E94/1425 -12.7 194 160 65 53 40 -
E94/1426 -13.1 163 137 47 42 41 -
E94/1427 -20.8 183 166 67 53 51 -
ES4/1428 -13.4 2340 2600 1019 684 545 473
ES4/1429 -7.6 196 167 50 40 32 -
E94/1430 ~11.1 238 189 80 68 57 -
E94/1431 . -30.5 227 204 97 76 68 -
E94/1432 -11.5 236 210 97 71 56 -
£94/1433 -6.5 254 298 180 155 141 -
E94/1434 -85 385 268 138 85 75 -
E94/1435 -1.1 181 125 54 38 35 293
E94/1436 3.6 3300 2275 1360 480 306 256
E£94/1437 3.8 2830 2220 915 343 266 -
E94/1438 2.4 211 137 78 58 49 -
E94/1439 -25 210 149 64 37 33 -
ES4/1440 -3.7 337 113 105 57 54 -
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COAL AND ALLIED OPERATIONS PTY LTD
MOUNT PLEASANT PROJECT
COAL AUTHORISATION AREA 459

CHARACTERISATION OF OVERBURDEN AND INTERBURDEN MATERIALS

TABLE D-2 (2 OF 2)

Electrical Conductivity (uS/cm @ 25°) of 1:5 Soil:Water Extract After Weathering Tests

Crude E.C. E.C. E.C. E.C. E.C. E.C.
M&gl’ NAPP 8 (Equiv.| after 16 hrs after 5 days after 10 after 15 after 20 after 30
No. % CaCOg) @ 22° @ 40° days days days days
@ 40° @ 40° @ 40° @ 40°

E94/1441 -9.8 242 170 91 61 55 -
E94/1442 -3.0 267 174 83 52 60 -
E94/1443 -0.6 377 223 153 131 127 88
E94/1444 -118 371 217 197 110 85 -
E94/1445 59 500 313 142 81 72 -
E£94/1446 -0.3 204 159 52 26 23 -
E94/1447 =21 325 220 97 45 36 -
E94/1448 -7.6 176 110 55 39 34 -
E94/1449 -6.8 1328 829 657 229 120 102
E94/1450 1.7 2830 1748 850 225 161 126
E94/1451 4.1 2660 1979 1088 435 344 320
E94/1452 -7.8 328 245 86 51 43 -
E94/1453 -11.9 271 174 79 50 47 -
E94/1454 -8.7 221 143 78 51 48 -
ES94/1455 -4.4 216 118 g0 70 66 -
£94/1456 -6.2 218 107 87 65 65 -
E94/1457 -3.8 470 282 202 67 50 -
E£94/1458 -12.3 382 301 153 C132 114 96
E94/1459 4.1 3150 2093 856 352 346 320
E94/1460 27 2330 1156 1290 920 829 774
E94/1461 -1.7 185 95 69 44 42 -
E94/1462 -2.8 329 223 99 41 36 -
E94/1463 -0.3 298 219 67 25 18 -
E94/1464 -16.6 205 130 82 58 56 -

@ Nett Acid Producing Potential (NAPP)
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COAL AND ALLIED OPERATIONS PTY LTD

MOUNT PLEASANT PROJECT
COAL AUTHORISATION AREA 459

CHARACTERISATION OF OVERBURDEN AND INTERBURDEN MATERIALS

TABLE D-3 (1 OF 2)

Sulphate Concentration Values (mg/Litre) of 1:5 Soil:Water Extract After Weathering Tests

MROL Crude 5042 S042- S04%" S04%" S04%" S042
LAB NAPP 2 (Equiv.| after 16 hrs after 5 days after 10 after 15 after 20 after 30
No. % CaCOg) @ 22° @ 40° days days days days

@ 40° @ 40° @ 40° @ 40°
E94/1403 -9.4 49 71 11 6 5 -
ES4/1404 -16.7 44 39 9 4 5 -
E94/1405 -9.4 13 7 3 2 3 -
E£94/1406 -113 23 19 4 4 3 -
E94/1407 -18.4 14 11 2 2 3 -
E94/1408 -18.8 13 8 2 2 4 -
E94/1409 -30.8 10 9 4 4 5 -

. E94/1410 -6.9 8 7 1 3 3 -
E94/1411 -9.5 31 26 5 2 3 -
E94/1412 -0.9 S 6 4 2 3 -
E94/1413 -1.7 15 14 4 3 4 -
ES4/1414 -1.6 12 <1 S 3 2 -
£94/1415 -5.1 24 34 7 3 4 -
E94/1416 -25.41 12 11 2 2 3 -
E94/1417 -6.5 19 15 <1 2 4 -
E94/1418 5.7 28 37 <1 2 3 -
EQ4/1419 -8.6 28 27 8 3 4 -
E94/1420 -6.6 5 4 1 2 2 -
E94/1421 -9.0 22 22 4 2 3 -
E94/1422 -2.5 32 32 8 6 5 -
ES4/1423 -4.1 24 22 7 7 6 -
E94/1424 -19.9 41 45 10 9 8 -
E94/1425 -12.7 26 25 3 4 4 -
E94/1426 -13.1 23 21 2 3 3 -
EQ4/1427 -20.9 29 25 4 4 3 -
E94/1428 -13.4 1550 1605 502 305 232 192
ES94/1429 -76 39 40 4 4 7 -
E94/1430 -11.1 39 38 5 3 4 -
E94/1431 -30.5 20 18 2 3 3 -
E94/1432 -11.5 20 16 4 3 3 -
E94/1433 -8.5 17 12 3 3 3 -
E94/1434 6.5 98 82 27 6 7 -
E94/1435 -1.1 17 12 3 <1 4 -
E94/1436 36 2350 1735 789 217 121 132
E94/1437 3.8 1970 1720 475 142 106 1486
£94/1438 2.4 37 29 10 6 6 -
E94/1439 -25 46 45 11 7 9 -
E94/1440 3.7 70 60 16 9 8 -

2 Nett Acid Producing Potential (NAPP)
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COAL AND ALLIED OPERATIONS PTY LTD
MOUNT PLEASANT PROJECT
COAL AUTHORISATION AREA 459

CHARACTERISATION OF OVERBURDEN AND INTERBURDEN MATERIALS

TABLE D-3 (2 OF 2)

Sulphate Concentration Values (mg/Litre) of 1:5 Soil:Water Extract After Weathering Tests

Crude S04%° S04% S04% $04% S04% S04%°
M&g" NAPP 3 (Equiv.| after 16 hrs after 5 days after 10 after 15 after 20 after 30
No. % CaCOg3) @ 22° @ 40° days days days days
@ 40° @ 40° @ 40° @ 40°

E94/1441 -9.8 32 25 7 2 5 -
E94/1442 -3.0 34 24 5 3 6 -
E94/1443 -0.6 53 39 8 7 6
E94/1444 -11.9 13 10 3 3 6 -
E94/1445 -5.8 145 114 32 14 12 -
E94/1446 -0.3 41 38 13 6 10 -
E94/1447 2.1 91 72 25 9 8 -
E94/1448 -76 34 27 4 2 5 -
E94/1449 -6.8 664 440 319 80 34 27
E94/1450 1.7 1510 1120 387 67 44 32
E94/1451 41 1765 1360 533 151 112 134
E94/1452 -7.8 77 68 19 9 10 -
E94/1453 -11.9 59 54 13 5 6 -
£94/1454 -8.7 10 7 2 3 4 -
E94/1455 4.4 22 20 6 4 S -
E94/1456 -6.2 25 21 6 5 6 -
E94/1457 -3.9 152 107 66 13 7 -
E94/1458 -12.3 123 114 35 33 31 40
E94/1459 4.1 2205 1515 414 125 115 142
E94/1460 27 1360 693 723 469 413 492
E94/1461 -1.7 28 19 8 4 6 -
£94/1462 -2.8 94 79 29 g 10 -
E94/1463 -0.3 12 5 4 1 3 -
E94/1464 -16.6 36 27 10 5 8 -

2 Nett Acid Producing Potential (NAPP)
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COAL AND ALLIED OPERATIONS PTY LTD

MOUNT PLEASANT PROJECT
COAL AUTHORISATION AREA 459

CHARACTERISATION OF OVERBURDEN AND INTERBURDEN MATERIALS

TABLE D-4 (1 OF 2)

Equivalent Bicarbonate Concentration Values (mg/Litre) of 1:5 Soil:Water Extract
After Weathering Tests

Crude Equivalent Equivalent Equivalent Equivalent Equivalent Equivalent
M&gl‘ NAPP 2 (Equiv. HCO4" HCOg" HCO4" HCOg" HCOg" HCOz"
No. % CaCO03) after 16 hrs @ | afterSdays @ | after 10 days | after 15 days | after20days | after 30 days
22° 40° @ 40° @ 40° @ 40° @ 40°

E94/1403 -8.4 42 46 45 29 32 -
E94/1404 -16.7 304 323 181 135 92 -
ES4/1405 -9.4 218 201 111 102 61 -
E94/1406 -11.3 453 355 203 165 131 -
ES4/1407 -18.4 497 443 256 189 150 -
E94/1408 -18.8 135 302 141 96 67 -
£94/1409 -30.8 377 427 144 90 47 -
E94/1410 -6.9 414 269 142 101 77 -
E94/1411 -9.5 299 93 67 45 37 -
E94/1412 -0.9 94 400 133 91 68 -
ES4/1413 -1.7 500 239 99 82 63 -
E94/1414 -1.6 275 477 217 113 78 -
E94/1415 -5.1 622 470 246 180 122 -
E94/1416 -25.1 458 263 115 77 67 -
E94/1417 -6.5 266 279 285 191 142 -
E94/1418 5.7 371 381 216 172 120 -
E94/1419 -8.6 380 218 132 103 95 -
E94/1420 -6.6 © 216 34 18 16 13 -
E94/1421 -8.0 45 31 42 26 26 -
ES4/1422 -2.5 47 32 22 20 23 -
ES4/1423 -4.1 34 33 22 22 21 -
E94/1424 -19.9 53 60 52 39 35 -
E94/1425 -12.7 81 58 35 31 23 -
E94/1426 -13.1 86 45 28 25 23 -
E94/1427 -20.9 71 55 39 35 33 -
E94/1428 -13.4 68 27 32 35 30 58
E94/1429 -7.6 43 34 25 21 17 -
E94/1430 -11.1 68 58 48 42 40 -
£94/1431 -30.5 91 203 88 61 68 -
E94/1432 -11.5 1114 102 57 43 35 -
ES4/1433 -6.5 222 180 110 93 79 -
E94/1434 -6.5 119 60 57 51 55 -
E94/1435 -11 51 32 29 23 28 -
E94/1436 3.6 NIL NIL NIL NIL NIL NIL
E94/1437 3.8 NiL NIL NIL NIL NIL NIL
E£94/1438 -2.4 86 36 40 34 28 -
E94/1439 -2.5 79 27 29 21 22 -
E94/1440 -3.7 124 43 51 26 35 -

@ Nett Acid Producing Potential (NAPP)
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COAL AND ALLIED OPERATIONS PTY LTD

MOUNT PLEASANT PROJECT
COAL AUTHORISATION AREA 459

CHARACTERISATION OF OVERBURDEN AND INTERBURDEN MATERIALS

TABLE D-4 (2 OF 2)

Equivalent Bicarbonate Concentration Values (mg/Litre) of 1:5 Soil:Water Extract
After Weathering Tests

Crude Equivalent Equivalent Equivalent Equivalent Equivalent Equivalent
M&gL NAPP 2 (Equiv. HCO5" HCO4™ HCO5™ HCO3" HCO5™ HCO5”
No. % CaCOg3) after 16hrs @ | after Sdays @ | after10days | after 1Sdays | after20days | after 30 days
22° 40° @ 40° @ 40° @ 40° @ 40°
E94/1441 -8.8 55 35 47 38 35 -
E94/1442 -3.0 114 58 51 35 39 -
E94/1443 -0.6 153 102 104 94 87 51
E94/1444 -11.9 208 144 155 76 56 -
E94/1445 -5.9 58 23 48 38 35 -
E94/1446 -0.3 10 3 7 7 6 -
E94/1447 -2.1 24 11 18 27 21 -
E94/1448 -7.6 39 18 26 23 27 -
E94/1449 -6.8 59 10 15 18 30 25
E94/1450 1.7 NIL NIL NIL NIL NIt NIL
E94/1451 4.1 NIL NIL NIL NIL NIL NIL
E94/1452 -7.8 30 16 25 30 28 -
E94/1453 -11.9 47 11 29 27 28 -
E94/1454 -8.7 60 34 56 38 33 -
E94/1455 -4.4 127 55 56 59 51 -
E94/1456 -6.2 11 38 56 42 39 -
ES4/1457 -3.9 40 6 19 28 29 -
E94/1458 -123 42 25 34 34 30 27
E94/1459 4.1 NIL NIL NIL NIL NiL NIL
E94/1460 27 NiL NIL NiL NIL NIL NIL
E94/1461 -1.7 66 17 37 24 24 -
E94/1462 2.8 35 8 22 17 14 -
ES4/1463 -0.3 11 3 14 13 10 -
ES4/1464 -16.6 60 38 54 40 35 -

2 Nett Acid Producing Potential (NAPP)
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COAL AND ALLIED OPERATIONS PTY LTD

MOUNT PLEASANT PROJECT
COAL AUTHORISATION AREA 459

CHARACTERISATION OF OVERBURDEN AND INTERBURDEN MATERIALS

TABLE D-5 (1 OF 2)

Alkaiinity Equivalent CaCO3 Values (mg/Litre) of 1:5 Soil:Water Extract After Weathering Tests

Crude Alkalinity Alkalinity Alkalinity Alkalinity Alkalinity Alkalinity
M&gl’ NAPP 3 (Equiv.] Equivalent Equivalent Equivalent Equivalent Equivalent Equivalent
No. % C3C03) 0303 C303 C303 0303 0303 0303
after 16 hrs after 5 days after 10days | after 15days | after20days | after 30 days
@ 22° @ 40° @ 40° @ 40° @ 40° @ 40°

E£94/1403 8.4 34 37 37 24 26 -
E94/1404 -16.7 249 265 149 111 76 -
E94/1405 <0.4 179 165 91 83 50 -
E94/1406 -11.3 371 291 167 135 107 -
E94/1407 -18.4 408 363 209 1585 123 -
E94/1408 -18.8 111 247 116 79 55 -
£94/1409 -30.8 309 350 118 73 38 -
ES4/1410 -6.9 339 221 116 83 63 -
E94/1411 -8.5 245 76 55 37 30 -
E94/1412 -0.9 77 328 109 74 55 -
E94/1413 -1.7 410 196 81 68 52 -
E94/1414 -1.6 226 391 178 92 64 -
E94/1415 5.1 510 385 202 147 100 -
E94/1416 -25.1 375 215 94 63 55 -
E94/1417 -6.5 218 229 233 157 116 -
E94/1418 5.7 304 312 177 141 88 -
E94/1419 -8.6 312 179 108 85 78 -
E94/1420 -6.6 177 28 14 13 11 -
E94/1421 -8.0 37 25 34 21 21 -
E94/1422 -25 39 26 18 16 18 -
E94/1423 -4.1 28 27 18 18 17 -
£94/1424 -19.9 43 49 43 32 28 -
ES4/1425 -12.7 66 48 29 25 19 -
E94/1426 -131 71 37 23 20 19 -
E94/1427 -20.9 59 45 32 28 27 -
E94/1428 -13.4 g5 22 26 28 24 48
E94/1429 -7.6 35 28 20 17 14 -
E94/1430 -11.1 56 48 39 35 33 -
E94/1431 -30.5 74 166 72 50 56 -
E94/1432 -11.5 91 84 46 35 29 -
E94/1433 -6.5 182 148 90 76 65 -
E94/1434 -6.5 97 49 47 41 45 -
E94/1435 -1.1 42 26 23 19 23 -
E94/1436 36 NIL NiL NIL NIL NiL NIL
E94/1437 3.8 NIL NIL NIL NIL NIL NIL
E94/1438 2.4 71 30 33 28 23 -
E94/1439 -25 65 22 24 17 18 -
E94/1440 37 102 35 42 21 29 -

3 Nett Acid Producing Potential (NAPP)
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COAL AND ALLIED OPERATIONS PTY LTD

MOUNT PLEASANT PROJECT
COAL AUTHORISATION AREA 459

CHARACTERISATION OF OVERBURDEN AND INTERBURDEN MATERIALS

TABLE D-5 (2 OF 2)

Alkalinity Equivalent CaCOg3 Values (mg/Litre) of 1:5 Soil:Water Extract After Weathering Tests

Crude Alkalinity Alkalinity Alkalinity Alkalinity Alkalinity Alkalinity
MLRAgL NAPP @ (Equiv. Equivalent Equivalent Equivalent Equivalent Equivalent Equivalent
No. % C3C03) CaO3 CaO3 CaO3 CaO3 C303 C303
after 16 hrs after 5 days after 10 days after 15 days after 20 days after 30 days
@ 22° @ 40° @ 40° @ 40° @ 40° @ 40°
E94/1441 -9.8 45 29 39 31 29 -
E94/1442 -3.0 94 47 42 28 32 -
E94/1443 -0.6 125 83 85 77 72 42
E94/1444 -11.9 171 118 127 62 46 -
EQ94/1445 -59 48 19 40 31 29 -
E94/1446 -0.3 9 3 6 6 5 -
ES4/1447 -2.1 20 9 14 22 17 -
E94/1448 -7.6 32 15 21 18 22 -
E94/1449 -6.8 49 8 12 15 25 20
E94/1450 1.7 NiL NIL NIL NIL NIL NIL
E94/1451 4.1 NiL NIL NiL NIL NiL NIL
E94/1452 -7.8 24 14 20 24 24 -
E94/1453 -11.8 39 ] 23 22 23 -
E94/1454 -8.7 49 28 46 31 27 -
E94/1455 -4.4 104 45 46 49 41 -
ES4/1456 -6.2 91 31 46 34 32 -
ES4/1457 -3.9 33 S 15 23 24 -
E94/1458 -12.3 34 21 28 28 25 22
E94/1459 4.1 NIL NIL NIL NIL NIL NIL
E94/1460 27 NiL NIL NIL NIL NiL NiL
E94/1461 -1.7 54 14 30 20 20 -
£94/1462 28 29 6 18 14 11 -
E94/1463 -0.3 9 2 12 11 8 -
E94/1464 -16.6 49 31 44 33 29 -

@ Nett Acid Producing Potential (NAPP)
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LAND CAPABILITY AND SOIL SURVEY REPORT

MOUNT PLEASANT PROJECT

1.0 INTRODUCTION

At the request of Coal & Allied Operations Pty Limited, Veness & Associates Pty Limited
was contracted to survey the soils within the area covered by the Mount Pleasant Project
and to map the soils’ suitability for stripping during the mining program in order for a soil
stripping map to be formulated. In addition, the pre-mine land capability of the study area
was also assessed.

This report records the findings of this survey.

1.1  Brief and Limits of the Study

The area surveyed (hereafter referred to as the study area) consists of approximately 3750
hectares. This area was defined on a map by Coal & Allied and is shown on the soils map
appended to this report. It consists of the entire Mount Pleasant Project area, together with
the addition of two small catchments in the south-western corner and a short, narrow strip
of land measuring approximately 300 metres long and 100 metres wide located between
the rail line and the southern boundary of the Bengalla lease area. The study area
comprises of predominantly grazing lands with small pockets of arable areas, especially
along the eastern boundary.

The brief set for this study was to examine the soils of the study area, and to determine
their suitability for stripping and subsequent respreading purposes during the open—cut
process. Pre—mine land capability was also to be assessed and recorded.

1.2  Timing of this Study

The fieldwork for this study was undertaken by Veness & Associates over a total of 524
man hours during the periods from 30/05/94 to 30/06/94, on 16/11/94, and from 10/02/97
to 13/02/97. The weather was predominantly fine during these periods except for the last
period in February 1997 when the additional areas comprising the two small catchments in
the south—western corner and the rail line extension were surveyed.

1 VENESS & ASSOCIATES Pty Limited




1.3 Methodology

Aerial photograph interpretation was undertaken over all of the study area using 1:10 000
coloured photographs taken in 1992 and supplied by the client.

Five hundred and ninety seven holes were excavated using a backhoe. These 597 site
locations are shown on Figure 1. (Note: Figures do not appear in this report. They have
been forwarded to Coal & Allied separately at scales of both 1:10 000 and or 1:4 000).
Data was recorded on Stripping Record Sheets for each of the 597 excavated holes.
Stripping suitability was determined based on the amalgamation of all the data generated
from the above sources. The procedure described by Elliott & Veness (1981) was used in
determining stripping suitability. Consequently, the information recorded on the Stripping
Record sheets included horizon and depth, structure grade, coherence, mottle,
macrostructure, force to disrupt peds, texture, gravel and sand content, pH, salt content
(where known through later laboratory analyses) and a recommended stripping depth for
each site.

Soils at 145 of these sites were fully described in the field following detailed examination.
A coloured photograph of the soil material was taken at most full description pits. The
remaining 452 sites were partially described where the soils were examined for
consistency within soil mapping units, boundary information and soil characteristics to
assess stripping suitability as detailed above.

Apart from these 597 description sites, other observations were made to ensure consistency
within soil mapping units.

Mapping technique and soil properties examined are consistent with the specifications
determined by the Department of Conservation and Land Management's (CaLM) Soil
Conservation Service regarding the undertaking of soil surveys on proposed open—cut coal
mine sites. These specifications require a soil profile description to be undertaken for each
25 hectares of study area or new mapping unit (whichever is greater), and observation
holes to be dug at a minimum of one every 6.5 hectares to establish consistency within,
and boundaries between, soil mapping units. These specifications also call for the soil to
be examined to a depth of 2.5 metres on cropping lands. The frequency of soil pits and
observation holes undertaken in the study area was compatible with these specifications, as
were the depth requirements. These specifications also require that stripping suitability be
determined using the criteria of Elliott & Veness (1981).

Soil samples were collected from each soil layer at fifteen of the 145 full description sites
generating a total of 54 samples. These samples were analysed in the Veness & Associates
laboratory for a range of tests consistent with the CaLM specifications.

The relevant soils information from each full description site was recorded on soil data
cards. The cards for each of the 15 sampling sites are included in this report at Appendix
1. The soil properties examined include texture and fabric, structure, consistence, boundary
characteristics, colour, pH and classification.

The class name (Northcote et al, 1975), Great Soil Group name and principal profile form
(Northcote, 1979) were determined for each soil (where applicable).

2 VENESS & ASSOCIATES Pty Limited



SOILS & LAND CAPABILITY - MOUNT PLEASANT PROJECT

Soil pH was determined in the field using Raupach solution. Soil colours were determined
using Oyama & Takehara (1970) colour charts. In the soil descriptions, colours refer to the
moist soil unless indicated otherwise.

14  Report's organisation

This report presents the results of the field descriptions and the laboratory analyses in
Section 2. The description of each soil mapping unit is presented in turn. Section 3
discusses the interpretation of the various parameters presented in Section 2 culminating in
recommendations for various stripping depths throughout the study area presented in
Section 5. Section 6 discusses soil handling strategies. The result of the land capability
assessment is presented in Section 4.
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20 RESULTS

2.1 Soil Descriptions

On the basis of the data generated during the soil survey, the study area is divided into
five different soil mapping units. The locations of these soil mapping units, shown in

Figure 1, are as follows:

Map Soil Unit

Code

A - Soil Mapping Unit A (alluvial soils)

B — Soil Mapping Unit B (soils located on/in drainage flats/drainage lines)
C — Soil Mapping Unit C (hillslope soils)

D — Soil Mapping Unit D (sandy hillslope soils)

E - Soil Mapping Unit E (volcanically derived hillslope soils)

Each of these soil units is described below. Each soil unit description is an amalgamation
of all the data recorded within each unit at both the full description sites and the part
description sites.

The occurrence of the floodplain (Soil Mapping Unit A) and drainage flat/drainage line
(Soil Mapping Unit B) soils is self-explanatory from a geomorphic point of view. The rest
of the study area is hillslope soils (ridgeline/hilltop, upper slope, midslope, sideslope,
lower slope and footslope). During the fieldwork phase and also during collating the field
generated data, it became evident that some of the soils in this large unit could be
conveniently subdivided into two specific "subclasses" giving rise to Soil Mapping Unit D
(i.e. those hillslope soils which were evidently sandy) and Soil Mapping Unit E (those
hillslope soils which are derived from volcanic parent materials). The remaining, and
majority, of the hillslope soils which do not fall into either of these two subclasses are
mapped as Soil Mapping Unit C (hillslope soils).

The number of sites described for each soil mapping unit is as follows:

Soil No. of full No. of part Total No. of No. of seil
Mapping description description description sampling
Unit sites sites sites sites

A 7 12 19 1

B 10 9 19 1

C 91 314 405 11

D 32 108 140 1

E 5 9 14 1
TOTAL 145 452 597

TABLE 1: Number of soil description sites within each soil
mapping unit
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It should be noted that not all soil layers / horizons described for each soil mapping unit
are necessarily present at all sites. This highlights the need to examine a number of soil
pits within each unit before a complete understanding of that unit can be gained. The
occurrence of each layer at the various description sites can be gauged by examining each
unit's soil data cards. Those cards associated with the thirteen sampling sites are presented

in Appendix 1.

The description of each soil unit is given as both a "plain English" version which precedes
a more detailed "technical" version. The technical soil field description lists the appearance
and behaviour of each soil examined during the site visit. The parameters used in this
description are mostly self—explanatory except for the following:

coherence which refers to the structure grade of the soil — the higher the grade the
more pedal the soil

consistence is divided into two parts which are separated by a semi-colon within
the descriptions. These two parts describe the amount of finger and thumb force
required to disrupt peds and the behaviour of that disrupted soil when sheared
between the palms of the hands. Together, they reflect on the soil's ped strength,
the amount of clay content present and, where applicable, the effects of soil
moisture in working the soil

(For a definition of these and other technmical terms used in this report, refer to either
McDonald et. al. (1990) or Houghton & Charman (1986)).

2.1.1 SOIL MAPPING UNIT A - (Floodplain soils)
2.1.1.1 "Plain English" description

The floodplain soils in this unit are located along a part of the eastern boundary of the
study area and in the north—east and south-east corners. The topography in this unit is
generally flat, with some dissection by drainage channels and back swamp areas.

These soil materials are characterised by a dark, friable, moderately acid to moderately
alkaline clay loam, silty clay loam or light clay which overlies a number of dark—coloured
depositional layers, the thickness of which is highly variable. These layers are alkaline
clay loams or clays and contain very few small stones.
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2.1.1.2 "Technical" description
Great soil group names: none applicable
Northcote codes: Uf 6.11, Uf 6.12, Um 6.23, Um 6.21

Northcote et al (1975) names: non-cracking friable clays with rough ped fabric, shallow
friable loams with rough—ped fabric
Field Description

Surface condition: all cultivated or rested; some plough layer, some compaction to 1.5 cm
depth, some disturbed by farming practices, otherwise self-mulching; <2% stones occur.

Layer 1 (slightly to moderately moist)

A horizon — always present

12-99 cm thick, pH 5.5-9.5; brownish black (5YR 2/1, 7.5YR 3/2, 10YR 2/2 moist (m));
slightly to moderately sticky light clay with some clay loam, silty clay loam and silty clay;
coherent wet and dry; weakly to strongly consistent; moderately to strongly pedal with
rough—faced, porous sub—angular blocky peds 10-200 mm breaking to sub—angular blocky
and granular peds <2-5 mm diameter; no cutans (clay skins on ped faces); <2% stones
occur; roots are few to abundant; no concretions or inclusions; clear, even boundary to
layer 2:

Layer 2 (slightly moist)
D1 horizon - always present

15-178 cm thick, pH 6.5-9.5 - brownish black (7.5YR 2/2, 3/2, 10YR 3/2 m) to brown
(7.5YR 4/3 m), slightly to moderately sticky clay loam or light medium clay with some
silty clay and light clay; coherent wet and dry; weakly to moderately consistent;
moderately to strongly pedal with rough—faced, porous, sub—angular blocky peds 20-100
mm breaking to angular and sub-angular blocky peds 2-10 mm diameter; cutans are
common at some sites; <2% stones occur; few to many roots are present; clear, even
boundary to layer 3:

Layer 3 (slightly moist)
D2 horizon - always present

18-100+ cm thick, pH 7.5-9.5 — brownish black (7.5YR 2/2 m) to brown (7.5YR 4/3, 4/4
m), non-sticky to moderately sticky silty clay and light clay; coherent wet and dry;
weakly to strongly consistent; moderately to strongly pedal with smooth- or rough-faced
porous sub-angular blocky peds 10-100 mm breaking to angular blocky, sub-angular
blocky and granular peds <2-10 mm diameter; few to many cutans may occur; <2%
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stones may occur; none to many roots occur; organic charcoal fragments may be present;
few scattered to many concentrated soft carbonate nodules may occur; sharp to gradual,
even boundary to layer 4:

Layer 4 (dry to moderately moist)
D3 horizon - almost always present above 2.5 m depth, highly variable layer

12-150+ cm thick, pH 8.0-9.5 - dark brown (7.5YR 3/3, 3/4 m) to brown (7.5YR 4/4,
4/6 m), slightly sticky sandy loam, fine sandy clay loam, light clay or light medium clay;
coherent wet and dry with some coherent dry, not coherent wet; weakly to strongly
consistent; weakly to strongly pedal with earthy, sandy, smooth— or rough-faced porous
angular and sub-angular blocky peds 10-200 mm breaking, in the better structured soils,
to <2-10 mm diameter; few to many cutans may occur; <2% 2-6 mm sized stones may
occur; few to common roots occur; soft carbonate nodules may occur; sharp to diffuse,
even boundary to layer 5:

Layer S (dry to moderately moist)
D4 horizon - present at depth at some sites

56-126+ cm thick, pH 8.0-9.5 — usually dark brown (7.5YR 3/4 m), slightly sticky clay
loam, silty clay, light clay or light medium clay; mostly coherent wet and dry; weakly to
strongly consistent; weakly to strongly pedal with smooth- or rough-faced porous sub—
angular blocky peds 10-100 mm breaking, in better structured soils, to angular or sub—
angular blocky peds <2-10 mm diameter; few to many cutans may occur; up to 10% 2-6
mm stone fragments may occur; no to few roots occur; sharp to diffuse, even boundary to
layer 6:

Layer 6 (moderately moist)

D5 horizon — sometimes present at depth

81+ cm thick, pH 9.5 — brown (7.5YR 4/4 m), non-sticky clay loam; coherent wet and
dry; weakly consistent; weakly to moderately pedal with earthy and rough-faced porous

sub—angular blocky peds 20-100 mm diameter; no cutans; no stones and few roots occur;
boundary not reached at depth.

2.1.2 SOIL MAPPING UNIT B - (Drainage flats and drainage lines)
2.1.21 "Plain English" description
Soils of the drainage flat / drainage line unit occur mainly adjacent to, and up-catchment

of, the floodplains midway along the study area's eastern boundary and in the south-
eastern corner. Another main occurrence is along the northem boundary where two
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tributaries converge at the boundary. There are also isolated pockets of these soils higher
up catchment on relatively flat areas where deposition of sediment has occurred.

The soil surface of this unit is generally self-mulching and sometimes stony. The topsoil
is a moderately structured, dark brown, sticky clay loam or light clay. It is usually
underlain by a weakly structured and sometimes stony bleached sandy clay loam. Topsoil
layers are moderately acid to neutral.

The bright brown to reddish brown subsoil is a sticky, sandy clay loam or light to medium
clay, with moderate to strong structure. Subsoil layers are slightly acid to slightly alkaline.
The subsoil is sometimes underlain by a series of depositional layers which are indicative
of the low slope topography of these lower catchment areas. All of these dark layers have
few to no stones. They are usually moderately to strongly structured, light clays to fine
sandy clay loams.

Occasionally there is a bleached, or almost bleached, weakly structured layer (layer 3) and
at some sites there are mottled layers (layers 4, 6, 9 and 10). Soil pH increases with depth,
ranging from slightly acid to moderately alkaline.

2.1.2.2 "Technical” description
Great soil group names: solonized brown soils, brown and yellow solodic soils, no names
Northcote codes: Uf 6.11, Uf 6.12, Um 6.23, Gc 2.21, Gn 4.82, Db 3.43, Dy 3.42

Northcote et al (1975) names: non-cracking friable clays, shallow friable loams and
structured earths, all with rough—ped fabric, calcareous earths, friable
brown and hard pedal mottled—yellow duplex soils

Field Description

Surface condition: mainly self-mulching, with some platy or hard-setting areas; <2%
dispersed sub-rounded, sandstone fragments, 2-200 mm in size.

Layer 1 (dry to slightly moist)
A, Al, A1l horizon - always present

4-21 cm thick, pH 5.5-6.0 — dark brown (7.5YR 3/3, 3/4, 10YR 3/4 m) or brown (7.5YR
4/3, 4/4 m), slightly to moderately sticky clay loam, silty clay loam or light clay; coherent
wet and dry; weakly to moderately consistent; moderately pedal with rough—faced porous
sub-angular blocky peds 10-100 mm breaking to 2-10 mm diameter; nil to few cutans;
<2% 2-6 mm sized stones may occur; roots are common to abundant; sharp to clear,
wavy boundary to layers 2, 3 or 7:
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Layer 2 (slightly moist)
A12 horizon - rarely present

26 cm thick, pH 7.0 - dark brown (7.5YR 3/4 m, 4/3 dry), slightly to moderately sticky
clay loam; coherent wet and dry; weakly consistent; strongly pedal with rough-faced
porous sub-angular blocky peds 2-10 mm breaking to <2-5 mm diameter; no cutans; no
stones; roots are common; gradual wavy boundary to layer 3:

Layer 3 (dry)
A2 horizon - usually present

11-33 cm thick, pH 6.0-7.0 — brown (7.5YR 4/4 m, 6/3 d; 7.5YR 4/3 m, 7/3 d), dull
brown (7.5YR 5/3 m, 8/3 d) or orange (7.5YR 6/6 m, 8/3 d), bleached, slightly sticky
sandy clay loam or fine sandy clay loam; either coherent wet and dry or coherent dry, not
coherent wet; weakly consistent; weakly pedal with earthy or sandy porous sub-angular
blocky peds 50~100 mm rarely breaking to 10-20 mm diameter; no cutans; up to 20% 2-
20 mm sized sedimentary stones may occur; roots are few to common; clear, even to wavy
boundary to layers 4 or S:

Layer 4 ( slightly moist)
B1 horizon — rarely present

26 cm thick, pH 6.0 — bright yellowish brown (10YR 6/6 m), mottled, slightly sticky
medium clay; coherent wet and dry; strongly consistent; strongly pedal with smooth-faced
dense blocky peds 100-200 mm breaking to 2-5 mm diameter; 2-10% cutans are
common; 2-20 mm sized quartz and sandstone fragments may occur; T00ts are cOmmon;
gradual wavy boundary to layer 5:

Layer S (dry to slightly moist)
B2 horizon ~ commonly present

21-72+ cm thick, pH 5.5-7.5 - brown (7.5YR 4/4 m), bright brown (7.5YR 5/6 m) or
bright reddish brown (SYR 5/6 m), slightly to moderately sticky sandy clay loam , light
clay, light medium clay or medium clay; coherent wet and dry; weakly to very strongly
consistent; weakly to strongly pedal with smooth—faced dense sub-—angular blocky peds
50-200 mm breaking to angular and sub-angular blocky peds <2-5 mm diameter; cutans
commonly occur; up to 20% 2-20 mm sized sedimentary stones may occur; roots are few
to common; small manganese nodules occasionally occur; clear even boundary to layers 6
or7:
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Layer 6 (slightly moist)
B3 horizon - sometimes present

52+ cm thick, pH 7.0-8.5 - bright reddish brown (2.5YR 5/6 m) or brown (7.5YR 4/4 m),
mottled, moderately sticky sandy clay or light clay; coherent wet and dry; strongly to very
strongly consistent; moderately to strongly pedal with smooth—faced dense or rough—faced
porous sub—angular blocky peds 10-200 mm breaking to 2-10 mm diameter; some cutans
may be observed; <2% stones occur; no roots; 2-20% soft carbonate nodules <5 mm in
size may occur; boundary not reached at depth

Layer 7 (dry to slightly moist)
D1 horizon ~ usually present

16-85 cm thick, pH 6.0-7.5 — dark brown (7.5YR 3/3, 3/4 m) or brown (7.5YR 4/4, 4/6
m), slightly to moderately sticky silty clay loam to light clay; coherent wet and dry; very
weakly to strongly comsistent; moderately pedal with usually rough—faced porous blocky
peds 50-200 mm breaking to 2-10 mm diameter; usually no cutans; <2% tiny stones may
occur; few to many roots occur; sharp to gradual, even to wavy boundary to layer 8:

Layer 8 (dry to slightly moist)
D2 horizon — usually present

22-100+ cm thick, pH 6.5-9.0 - dark brown (10YR 3/3, 3/4, 7.5YR 3/4 m), or dull
brown (7.5YR 5/4 m, 7/3 dry) slightly to moderately sticky fine sandy clay loam or light
clay; coherent wet and dry (sometimes coherent dry, not coherent wet); weakly to strongly
consistent; weakly to strongly pedal with earthy or rough-faced porous sub-—angular
blocky peds 10-200 mm breaking to <2-10 mm diameter; nil to few cutans; no stones;
few to many roots; sharp to diffuse, even to wavy boundary to layer 9:

Layer 9 ( slightly moist)
D3 horizon - sometimes present above 2.5 m depth

30-78+ cm thick, pH 7.0-9.0 — dark brown (7.5YR 3/3 m), brown (7.5YR 4/3, 4/4 m) or
dark reddish brown (SYR 4/8 m), sometimes mottled, slightly to moderately sticky light or
light medium clay; coherent wet and dry; strongly to very strongly consistent; moderately
to strongly pedal with smooth—faced porous or dense blocky peds 50-500 mm breaking to
<2-20 mm diameter; cutans are common; no stones; few roots; clear to gradual, even to
wavy boundary to layer 10:

Layer 10 (slightly moist)

D4 horizon — sometimes present above 2.5 metre depth
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34 cm thick, pH 9.0 - dark brown (10YR 3/4 m, 7.5YR 5/3 d), reddish brown (S5YR 4/6
m) mottled grey, or bright reddish brown (5YR 5/6 m) mottled grey, moderately sticky
fine sandy clay loam or light clay; coherent wet or dry or coherent dry, not coherent wet;
very weakly to strongly conmsistent; weakly to moderately pedal with earthy porous sub—
angular blocky peds <2-50 mm diameter; no cutans; <2% stones; few roots; clear even
boundary to layer 11:

Layer 11 (slightly moist)
DS horizon — occurs at one out of the 8 sites

44+ cm thick, pH 9.5 - brown (7.5YR 4/6 m), slightly moist light clay; coherent wet and
dry; very strongly consistent; moderately to strongly pedal with rough—faced porous
blocky peds 10-100 mm breaking to <2-10 mm diameter; no cutans; no stones; few roots;
boundary not reached at depth.

2.1.3 SOIL MAPPING UNIT C - (Hillslope soils)
2.1.3.1 "Plain English" description

Soils of this unit dominate the study area, supporting a predominantly grazing land use.
The soil surface is generally characterised by a thin organic mulch, although some areas
are hard-setting where the soil is degraded, and there are occasional areas of surface
crusting. Also some areas have platy soil surface due to compaction resulting from stock.
Small amounts of stone are often dispersed across the surface.

The well structured topsoil is a dark brown or reddish brown clay loam or light clay
which is slightly to moderately acid. This layer is underlain by a brown to reddish brown,
sometimes bleached, slightly acid, weakly to moderately structured fine sandy clay loam
lower topsoil layer. Stones up to 200 mm diameter are commonly present in this layer.

The subsoil layers are well structured, dark to bright brown / reddish brown, clay to light
medium clay. They are slightly acid at the top and increase in alkalinity with depth.
Carbonate nodules are common at depth.

This soil unit also predominantly occurs in the two small catchments attached to the
south—-western corner of the Mount Pleasant Project area. Additionally, this unit is also
located along the narrow site of the proposed rail line extension to the south of the

Bengalla lease area.
2132 "Technical" description

Great soil group names: structured plastic clays, solonized brown soils, red—brown earths,
red and yellow solodic soils, solods, red and yellow solonetzic soils,
no names
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Northcote codes:  Uf 6.31, Uf 6.32, Uf 6.34, Ge 2.21, Ge 222, Gn 3.11, Gn 3.12,
3.13, Gn 3.14, Gn 3.16, Gn 3.73, Gn 3.86, Gn 4.13, Dr 2.11, Dr
2.13, Dr 2.43, Dr 4.11, Dr 4.12 Dr 4.13, Dr 4.41, Dr 4.42, Dr 4.43,
Db 3.12, Dy 2.12, Dy 4.12, Dy 4.13, Dy 4.23, Dy 4.41, Dy 4.42, Dy
443

Northcote et al (1975) names: non-cracking friable clays with smooth-ped fabric,
calcareous earths, red and yellow smooth—ped earths, red and black
rough-ped earths, hard pedal red duplex soils, friable red and brown
duplex soils, friable pedal yellow duplex soils, sandy pedal yellow
duplex soils, no names

Field Description

Surface condition: usually an organic mulch is present, with some hard-setting areas
where the soil is degraded and occasional areas of surface crusting; <2% sub-rounded to
angular, weakly weathered petrified wood, ironstone siltstone or claystone rock fragments
may occur, 2-200 mm in size.

Layer 1 (dry to moderately moist)
A, Al, All horizon — always present

4-28 cm thick, pH 5.5-6.5 — usually dark brown (7.5YR 3/3, 3/4, 10YR 3/3 m) or dark
reddish brown (5YR 3/2, 3/3, 3/4 m), slightly to moderately sticky clay loam, silty clay
loam, fine sandy clay loam, silty clay or light clay; coherent wet and dry; weakly to
strongly consistent; moderately to strongly pedal with rough-faced porous sub-angular
blocky peds 10-100 mm breaking to blocky and granular peds <2-10 mm diameter; no
cutans; up to 10% rounded to angular, weakly to strongly weathered siltstone, claystone,
petrified wood or ironstone fragments 2-200 mm diameter may occur; roots are common
to abundant; charcoal fragments may occur; sharp to clear, even to wavy boundary to
layers 2, 3, 4 or 5:

Layer 2 (dry)
A12 horizon - rarely present

8-28 cm thick, pH 6.0-8.5 — dark reddish brown (SYR 3/3, 3/4 m) or dark brown (7.5YR
3/4 m), slightly to moderately sticky silty clay loam, fine sandy clay loam or light clay;
coherent wet and dry; weakly to moderately consistent; weakly to strongly pedal with
earthy or rough—faced porous or dense sub—angular blocky peds 20-100 mm breaking to
<2-5 mm diameter; no cutans; <2% stones occur; roots are common to many; small
charcoal fragments may occur; clear even to wavy boundary to layers 4 or 5:
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Layer 3 (dry to moderately moist)
A2 horizon ~ commonly present

3-18 cm thick, pH 6.0-7.0 - usually dark brown (7.5YR 3/4 m, 5/4, 6/3, 7/2 d), dark
reddish brown (SYR 3/3 m, 5/3, 6/3 d, 5YR 3/6 m, 6/6 d), dull reddish brown (SYR 4/4
m, 6/4 d) or reddish brown (SYR 4/6 m, 5/6, 6/4, 7/4 d), sometimes bleached, slightly
sticky fine sandy clay loam; either coherent wet and dry or coherent dry, not coherent wet;
weakly to moderately consistent; weakly to moderately pedal with earthy porous sub-
angular blocky peds <2-100 mm diameter; no cutans; <2-50% rounded to angular quartz
or ironstone fragments up to 200 mm in size may occur; few to many roots; sharp to
clear, even to wavy boundary to layers 4 or 5

Layer 4 (dry to moderately moist)
B1 horizon — commonly present

4-53 cm thick, pH 6.0-8.5 — usually dark brown (7.5YR 3/3, 3/4 m), dark reddish brown
(5YR 3/3, 3/4, 3/6 m) or dull reddish brown (SYR 4/3, 4/4 m), slightly to moderately
sticky silty clay, light clay or light medium clay; coherent wet and dry; moderately to very
strongly consistent; moderately to strongly pedal with smooth—faced dense or rough—faced
porous sub—angular blocky peds 10-200 mm breaking to angular and sub-angular blocky
peds <2-10 mm diameter; few to many cutans; up to 2% rounded to angular sandstone,
petrified wood or ironstone fragments up to 60 mm in size may occur; few to many roots
occur; clear to gradual, even to wavy boundary to layer 5

Layer 5 (dry to moderately moist)
B2, B21 horizon - always present

13-77+ cm thick, pH 6.5-9.5 - usually bright reddish brown (5YR 5/6, 5/8 m), reddish
brown (SYR 4/6, 4/8, 2.5YR 4/6, 4/8 m), dark reddish brown (5YR 3/4, 3/6, 2.5YR 3/6 m)
or brown (7.5YR 4/4, 4/6, 10YR 4/4 m), slightly sticky light or light medium clay;
coherent wet and dry; moderately to very strongly consistent; moderately to strongly pedal
with mainly smooth-faced dense or porous, lenticular, angular blocky and sub-angular
blocky peds 10-500 mm breaking to <2-10 mm diameter; common to many cutans; up to
10% rounded to angular, feldspathic sandstone, siltstone, claystone, petrified wood or
ironstone fragments up to 60 mm diameter may occur; few to common roots; carbonate
nodules commonly occur; small manganese nodules may occur; clear to diffuse, even to
irregular boundary to layers 6, 7, 9 or 10:

Layer 6 (slightly moist)
B22 horizon - very rarely present (Site 100)

71 cm thick, pH 9.5 - bright reddish brown (SYR 5/6 m), slightly sticky light clay;
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coherent wet and dry; very strongly consistent; moderately to strongly pedal with smooth—
faced dense lenticular peds 200-500 mm breaking to angular blocky peds 5-10 mm
diameter; many cutans; no stones; no roots; carbonate and manganese occur; diffuse even
boundary to layer 7:

Layer 7 (slightly to moderately moist)
B3, B31 horizon - comrhonly present

9-76 cm thick, pH 8.5-9.5 — usually brown (7.5YR 4/3, 4/4, 4/6, 10YR 4/4, 4/6 m),
bright brown (7.5YR 5/6, 5/8 m), yellowish brown (10YR 5/6 m), bright reddish brown
(5YR 5/6, 5/8 m), or orange (SYR 6/6, 7.5YR 6/6, 6/8 m), slightly sticky silty clay, light
clay or light medium clay; coherent wet and dry; moderately to very strongly consistent;
moderately to strongly pedal with smooth-faced porous or dense sub—angular blocky and
lenticular peds 100-500 mm breaking to angular and sub-angular blocky peds 2-10 mm
diameter; few to many cutans; nil-20% sub-angular and angular, non weathered to
strongly weathered feldspathic sandstone, siltstone, claystone, ironstone or petrified wood
fragments occur 2-60 mm in size; few to common roots occur; carbonate nodules almost
always occur; clear to diffuse, even to wavy boundary to layers 8, 9 or 10:

Layer 8 (moderately moist)
B32 horizon - very rarely present (Site 048)

52+ cm thick, pH 8.5 - reddish brown (2.5YR 4/6 m), slightly sticky light clay; coherent
wet and dry; strongly consistent; strongly pedal with smooth~faced porous angular peds
50-200 mm breaking to 2-5 mm diameter; many cutans; <2% small stones occur; few
roots; >20% carbonate nodules occur; boundary not reached at depth.

Layer 9 (slightly to moderately moist)
BC horizon - usually present

14-75+ cm thick, pH 9.5 - reddish brown (2.5YR 4/8, S5YR 4/6, 4/8 m), brown (7.5YR
4/6, 10YR 4/4, 4/6 m), dull brown (10YR 5/3, 5/4, 6/3 m), bright brown (7.5YR 5/6,
10YR 5/6 m), dull orange (10YR 6/4 m) or orange (7.5YR 6/6, 10YR 6/6 m), slightly
sticky light clay; coherent wet and dry; moderately to very strongly consistent; weakly to
strongly pedal with smooth~ and rough—faced porous sub-—angular blocky peds 50-200
mm breaking to angular and sub—angular blocky peds 2-20 mm diameter; few to common
cutans; nil to >90% sub-angular and angular, undisturbed, strongly weathered feldspathic
sandstone and claystone fragments may occur, 2-200 mm in size; nil to few roots occur;
many carbonate nodules occur at about half the sites; either the boundary is not reached at
depth or clear to diffuse, even boundary to layer 10:
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Layer 10 (dry to slightly moist)
C horizon - always present but not always reached at depth

Below 24-140 cm depth, pH 9.5-10.0 - bright brown (7.5YR 5/8 m) to orange (7.5YR
6/8 m), strongly weathered, undisturbed feldspathic sandstone, siltstone or claystone ;
weakly to moderately fractured; cracks <2 mm; few roots along fracture planes; carbonate
nodules may occur in more weathered sites where some weak to moderate pedality is
apparent; boundary not reached at depth.

2.1.4 SOIL MAPPING UNIT D - (Sandy hillslope soils)
21.4.1 "Plain English" description

These soils occur on sandy parent materials within the large Soil Mapping Unit C. The
soil surface is characterised by a thin organic mulch with some loose sandy areas and
sometimes up to 50% sandstone fragments. Compaction resulting from grazing stock and
farm machinery sometimes occurs as a hardsetting surface soil.

There are two topsoil layers. The first is a dark reddish brown to brown, slightly sticky,
slightly to moderately acid light sandy clay loam, loam fine sandy or fine sandy clay loam
which is weakly to moderately structured and usually contains little to no stones. The
~ second layer is a less acid, dull reddish brown, bleached, slightly sticky clayey sand, sandy
loam or light to fine sandy clay loam. This soil is mainly weakly structured and quite
often stony. It grades into weathered sandstone on steep, shallow sites, and into a subsoil
layer over most of the unit.

The main subsoil layer is generally more alkaline than overlying horizons, and is
characterised by a reddish brown to orange, often sticky, sandy to light medium clay
which is reasonably well structured. This layer overlies either similar, deeper subsoil
layers or weathered parent material.

2.14.2 "Technical” description

Great soil group names: red earths, red and yellow solonetzic soils, red and yellow solodic
soils, yellow solods, yellow podzolic soils, no names

Northcote codes: Gn 2.11, Gn 3.18, Dr 1.11, Dr 1.21, Dr 243, Dr 4.13, Dr 442, Dr
4.43, Dr 542, Dy 2.13, Dy 243, Dy 4.22, Dy 4.23, Dy 4.41, Dy
4.42, Dy 4.43

Northcote et al (1975) names: red massive earths, red smooth-ped earths, crusty red,
friable red, friable mottled-red, hard pedal yellow and sandy pedal
yellow duplex soils, no names
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Field Description

Surface condition: usually an organic mulch occurs, with some loose sandy areas; in other
areas a platy, hardsetting condition occurs as a result of compaction by grazing animals'
hooves; rarely a surface crust is observed; up to 50% rounded and sub-rounded sandstone
fragments, 2-600 mm in size, may be dispersed across the surface.

Layer 1 (dry)
Al horizon - always present

4-39 cm thick, pH 5.5-6.0 - usually dark reddish brown (SYR 3/3, 3/4 m), with some
dark brown (7.5YR 3/3, 3/4 m), dull reddish brown (SYR 4/4 m) or brown (7.5YR 4/3,
4/4 m), slightly sticky light sandy clay loam, loam fine sandy or fine sandy clay loam;
coherent wet and dry; very weakly to moderately consistent; weakly to moderately pedal
with earthy or rough—faced porous sub-angular blocky peds 10-100 mm breaking (in the
better structured soils) to <2-20 mm diameter; no cutans; mainly <2% stones, but up to
90% rounded and sub-rounded sandstone fragments 2->600 mm in size may occur; roots
are common to abundant; <2% charcoal fragments may occur; sharp to clear and even to
wavy boundary to layers 2 or 4:

Layer 2 (dry)
A2 horizon — almost always present

3-56 cm thick, pH 5.5-7.0 — usually dull reddish brown (SYR 4/3, 4/4, 5/3, 5/4 m and
SYR 6/3, 6/4, 7/2, 7/3, 7/4, 8/4 d), reddish brown (5YR 4/6, 4/8 m and S5YR 5/4, 6/4, 7/4
d) or bright reddish brown (SYR 5/6 m and 5YR 7/3, 7/4, 8/3, 8/4 d), bleached, slightly
sticky clayey sand, sandy loam, light sandy clay loam, loam fine sandy, sandy clay loam
or fine sandy clay loam; usually weakly pedal with earthy or sandy, porous, sub-angular
blocky peds <2-200 mm diameter; no cutans; up to 90% rounded to sub-angular,
reoriented, weathered feldspathic sandstone and ironstone rock fragments, 2-600 mm in
size, may occur; few roots; sharp to gradual and even to broken boundary to layers 3, 4 or
8:

Layer 3 (dry to slightly moist)
B1 horizon ~ rarely present

8-53 cm thick, pH 6.0-7.0 - dark reddish brown (2.5YR 3/6 m) to bright brown 7.5YR
5/6 m), slightly sticky light to light medium clay; coherent wet and dry; weakly to very
strongly consistent; moderately to strongly pedal with smooth~ and rough—faced porous
angular and sub-angular blocky peds 10-200 mm breaking to <2-20 mm diameter; cutans
may be present; soil cracks range from <2 mm to 10 mm in width; no stones; roots are
few to common; clear to diffuse, even boundary to layer 4:
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Layer 4 (dry to slightly moist)
B2 horizon - always present (except in skeletal soils)

6-134+ cm thick, pH 5.5-9.5 — mainly reddish brown (2.5YR 4/6, 4/8, SYR 4/6, 4/8 m),
or bright reddish brown (2.5YR 5/8, 5YR 5/6, 5/8 m) or orange, slightly to moderately
sticky sandy clay, light clay or light medium clay; coherent wet and dry; moderately to
very strongly consistent; moderately to strongly pedal with rough-faced porous or
smooth—faced dense angular and sub-angular blocky peds 10-200 mm breaking to <2-20
mm diameter; cutans are usually present; nil to >90% sub-rounded to angular, strongly
weathered feldspathic sandstone, ironstone or siltstone rock fragments, 2-600 mm in size
occur; few to common roots occur; charcoal fragments and carbonate nodules are only
rarely present; clear to gradual, even to broken boundary to layers 5, 7 or 8:

Layer § (dry to moderately moist)
B3, B31 horizon - sometimes present

7-117+ cm thick, pH 5.5-9.5 - reddish brown (2.5YR 4/8, 5YR 4/8 m), bright reddish
brown (SYR 5/6, 5/8 m) or orange (SYR 6/8, 7.5YR 6/8 m), sometimes mottled, slightly
to moderately sticky sandy clay loam, silty clay, light clay or light medium clay; coherent
wet and dry; moderately to very strongly consistent; moderately to strongly pedal with
smooth— or rough—faced porous sub—angular blocky peds 50-500 mm breaking to angular
and sub-angular blocky peds <2-20 mm diameter; few to many cutans may occur; up to
10% sub-angular and angular, reoriented, weathered feldspathic sandstone or siltstone
fragments, up to 200 mm in size, may occur; few roots may occur; >20% soft carbonate
nodules usually occur; clear to diffuse, even to irregular boundary to layers 6, 7 or 8:

Layer 6 (dry)
B32 horizon - rarely present

26+ cm thick, pH 7.5 - bright reddish brown (5YR 5/8 m) light clay; coherent wet and
dry; very strongly consistent; moderately pedal with rough-faced porous sub-angular
blocky peds 200-500 mm breaking to 20-50 mm diameter; few cutans; 2-10% ironstone
fragments occur; no roots; boundary not reached at depth

Layer 7 (slightly to moderately moist)
BC horizon — commonly present

9-96+ cm thick, pH 5.5-9.5 - bright reddish brown (5YR 5/8 m) to dull yellow orange
(10YR 7/4 m), slightly sticky light to light medium clay; coherent wet and dry;
moderately to very strongly consistent; weakly to moderately pedal with earthy, sandy or
rough—faced porous sub-angular blocky peds 5-100 mm breaking to <2-10 mm diameter;
usually no cutans; cracks <2-10 mm; nil to >90% sub-angular and angular, undisturbed,
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strongly weathered, 2-200 mm sandstone fragments may occur; few roots may occur;
carbonate nodules are commonly present; clear to diffuse, even or broken boundary to
layer 8:

Layer 8
C horizon - always present but not always reached at depth
Below 28-96 cm depth, pH 5.5-9.5 - >90% sub-angular and angular, undisturbed,

strongly weathered sandstone fragments, 2->600 mm in size, comprise this layer; few
roots may be present on rock fracture faces; boundary not reached at depth.

2.1.5 SOIL MAPPING UNIT E - (Volcanic hillslope soils)

2.1.51 "Plain English" description
This soil mapping unit occurs in association with extrusive volcanic dykes and is locatéd
in small pockets throughout the study area but generally in the eastern half. A soft surface
organic mulch overlies a dark reddish brown, fine sandy clay loam or light clay. This well

structured, slightly to moderately acid topsoil layer sometimes overlies a less well
structured and more stony, bleached sandy clay loam or light clay lower topsoil layer.

The well structured subsoil layers are slightly to moderately alkaline, dark to reddish

brown silty to light medium clays. Alkalinity increases with depth. Carbonate nodules are
present at depth.

2.1.5.2 "Technical" description
Great soil group names: structured plastic clays, solonized brown soils, no names
Northcote codes: Uf 6.31, Gc 1.22, Gc 2.22, Dr 443

Northcote et al (1975) names: non-cracking friable clays with smooth—ped fabric,
calcareous earths, friable red duplex soils

Field Description

Surface condition: soft organic mulch occurs at all sites; nil to 10% rounded to sub-
angular, weakly weathered igneous stones, 2-200 mm in size, are dispersed across the
ground surface

18 VENESS & ASSOCIATES Pty Limited



SOILS & LAND CAPABILITY ~ MOUNT PLEASANT PROJECT

Layer 1 (dry to slightly moist)
A, Al horizon - always present

8-16 cm thick, pH 5.5-6.5 — dark reddish brown (5YR 3/3, 3/4 m), very dark reddish
brown (SYR 2/4 m) or brownish black (7.5YR 3/2 m), slightly to moderately sticky fine
sandy clay loam or light clay; coherent wet and dry; moderately consistent; moderately to
strongly pedal with rough-faced porous sub-angular blocky peds 20-200 mm breaking to
<2-10 mm diameter; no cutans; cracks up to 10 mm wide; up to 10% rounded to sub—
angular, reoriented, weakly weathered igneous rock fragments may occur, 2-200 mm in
size; many to abundant roots; sharp even or wavy boundary to layers 2 or 3:

Layer 2 (dry)
A2 horizon ~ sometimes present

9-15 cm thick, pH 6.0 ~ dark brown (7.5YR 3/3 m, 7/2 d) or dull reddish brown (5YR
4/4 m, 6/4 d), bleached, slightly sticky sandy clay loam or light clay; coherent wet and
dry; weakly to strongly consistent; weakly to moderately pedal with earthy or rough—faced
porous sub-angular blocky peds 50-200 mm breaking to 10-50 mm diameter; cracks <2
mm wide; <2%-50% reoriented, weakly weathered igneous rock fragments occur, 2-200
mm in size; few roots; sharp to clear, even to wavy boundary to layer 3:

Layer 3 (dry)
B1 horizon - always present

5-23 cm thick, pH 7.0-8.5 - brownish black (7.5YR 3/2 m) to reddish brown (5YR 4/6
m), slightly to moderately sticky silty clay or light medium clay; coherent wet and dry;
moderately to very strongly consistent; moderately to strongly pedal with smooth—faced
dense blocky peds 10-500 mm breaking to <2-10 mm diameter; cutans are few to many;
soil cracks are <2-10 mm wide; up to 20% reoriented, weakly weathered igneous rock
fragments may occur, 2-200 mm in size; few to many roots occur; sharp to gradual, even
or wavy boundary to layer 4:

Layer 4 (slightly to moderately moist)
B2 horizon - always present

16-106 cm thick, pH 9.5 — usually reddish brown (2.5YR 4/8, 5YR 4/6, 4/8 m), slightly
to moderately sticky silty clay, light clay or light medium clay; coherent wet and dry;
moderately to very strongly consistent; moderately to strongly pedal with smooth—faced
dense blocky peds 10-500 mm breaking to <2-10 mm diameter; cutans are common;
crack width ranges from <2-10 mm; usually 10-20% sub-rounded to angular, reoriented,
weakly to strongly weathered igneous rock fragments occur, 2-200 mm in size; few roots;
carbonate nodules are usually present; gradual, even to wavy boundary to layers 5 or 6:
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Layer 5 (slightly moist)
B3 horizon — sometimes present

23-28 cm thick, pH 9.5 - dull brown (7.5YR 5/4 m) or dull reddish brown (SYR 4/4 m),
slightly to moderately sticky silty clay or light clay; coherent wet and dry; strongly to very
strongly consistent; moderately to strongly pedal with smooth—faced dense, sub—angular
blocky peds 50-200 mm breaking to 2-20 mm diameter; few to common cutans; cracks
2-10 mm wide; up to 50% undisturbed, strongly weathered igneous rock fragments occur,
2-60 mm in size; no roots, carbonate nodules usually occur; clear, irregular boundary to

layers 6 or 7:
Layer 6
BC horizon - usually present

46-59+ cm thick, pH 9.5 — orange (SYR 6/8 m) to greyish (as a result of the large
amounts of white carbonate), slightly sticky light clay; coherent wet and dry; strongly
consistent; moderately pedal with rough—faced porous sub—angular blocky peds 50-100
mm breaking to 10-20 mm diameter; few cutans; <2% stones; no roots; abundant
carbonate nodules; boundary not reached at depth

Layer 7
C horizon - always present but not always reached at depth

Below 86-92 cm depth, 50->90% undisturbed, strongly weathered igneous rock
fragments occur, 2-60 mm in size; boundary not reached at depth.

2.2  Soil Laboratory Analyses

Soil samples were collected from each soil layer at fifteen of the full description sites,
generating a total of 54 samples. A range of physical and chemical laboratory analyses
were undertaken on these samples in the Veness & Associates laboratory where they were
analysed for erodibility potential (the laboratory tests undertaken were Particle Size
Analysis, Dispersion Percentage and Emerson Aggregate Test), pH and electrical
conductivity.

The results of these analyses are presented below.

2.2.1 PHYSICAL ANALYSES

The results of these physical analyses, presented below in Table 2, have been grouped into
the five different soil mapping units.
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PARTICIE SIZE ANALYSIS

(%)

Site Layer’ Horizon Depth Clay Silt Fine Coarse  Gravel D% EAT
(cm) Sand Sand
Soil Mapping Unit A (Floodplain)
003 1 A 0- 20 24 20 48 8 0 24 3(2)
2 D1 20- 52 21 18 57 4 0 28 3(3)
3 D2 52-112 21 23 54 2 0 30 3(3)
4 D3 112-124 13 5 27 55 0 36 3(1)
5 D4 124-250+ 20 13 57 10 0 52 2(1)
Soil Mapping Unit B (Drainage Flat / Drainage Line)
001 1 Al 0- 11 17 16 35 23 9 25 8
2 A2 11- 22 13 12 29 23 23 35 3(2)
3 B1 22— 58 53 5 19 11 12 77 2(3)
4 B2 58-130+ 35 9 28 18 10 86 1
Soil Mapping Unit C (Hillslope)
008 1 A 0- 13 26 17 50 3 4 31 8
2 B2 13- 48 34 7 19 1 39 38 3(4)
3 B3 48~ 67 38 11 29 1 21 40 3(3)
009 1 A 0- 8 31 25 36 5 3 31 8
2 B2 8- 28 49 16 20 3 12 27 5
3 B3 28- 50 48 24 15 4 9 27 5
022 1 A 0~ 28 38 10 27 4 21 20 8
2 B2 28—~ 64 55 11 25 3 6 40 3(3)
3 B3 64-140 57 13 12 7 11 38 5
041 1 Al 0- 18 26 13 42 10 9 28 8
2 A2 18- 22 19 13 27 8 33 26 8
3 B1 22— 40 59 8 24 5 4 29 2(2)
4 B2 40-105 59 11 23 6 1 69 2(3)
053 1 A 0- 11 17 11 35 9 28 17 8
2 B11 11- 49 51 7 25 6 11 47 2(2)
3 B12 49— 64 57 8 22 6 7 42 3(4)
4 B2 64-131 36 8 42 5 9 44 5
104 1 A 0- 9 14 16 58 9 2 56 8
2 B2 9- 52 37 16 21 2 24 39 34)
3 B3 52~ 74 39 30 16 2 13 24 5
106 1 A 0-18 19 20 45 13 3 17 8
2 B1 18- 50 51 10 30 6 3 54 2(2)
3 B2 50-117 56 9 25 7 3 28 2(1)
115 1 A 0- 5 30 22 42 4 2 9 8
2 Bl 5- 11 36 23 36 3 2 18 8
3 B2 11- 34 44 18 25 2 11 24 3(3)
4 B3 34— 61 54 19 22 2 3 24 5

(continued next page)
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PARTICIE SIZE ANAIYSIS (%)

Site Layer’ Horizon Depth Clay Silt Fine Coarse  Gravel D% EAT
(cm) Sand Sand
Soil Mapping Unit C (Hillslope) [cont'd]
120 1 A 0- 10 17 15 43 20 5 29 8
2 B1 10- 17 46 18 22 5 9 38 2(1)
3 B2 17- 41 54 15 22 3 6 36 2(1)
4 B3 41- 50 54 26 16 2 2 32 2(1)
134 1 A 0-13 16 30 49 3 2 17 8
2 B2 13- 61 53 16 26 1 5 25 2(3)
3 B3 61- 85 57 21 13 2 7 14 5
139 1 A 0- 14 13 19 58 9 1 14 8
2 B2 14- 37 48 13 30 5 4 19 2(2)
3 B3 37- 58 34 24 30 7 5 22 5
Hillslope Mapping Unit D (Hillslope / sandy)
070 1 Al 0-17 19 16 49 15 1 28 8
2 A2 17- 26 20 19 42 17 2 53 2(1)
3 B1 26— 42 47 10 13 9 5 74 2(2)
4 B2 42- 64 27 12 14 13 34 45 2(1)
Soil Mapping Unit E (Hillslope / volcanic)
099 1 A 0- 10 22 16 37 S 20 23 8
2 Bl 10- 15 41 14 30 5 10 30 7
3 B2 15- 48 56 10 21 3 10 31 7
4 B3 48- 71 46 10 19 4 21 25 5

* the layer in this table refers to the layer existing at each particular soil site — it does not equate with the layers in the
technical description. However, this relationship can be worked out by examining the horizon names in column three
above and those in the technical descriptions

TABLE 2:

2.2.2 CHEMICAL ANALYSES

Results of soil laboratory physical analyses

As mentioned earlier, pH and electrical conductivity (eC) analyses were undertaken on
these samples in the Veness & Associates laboratory and the resulting data is presented in
Table 3 below.

Site Layer* Horizon Depth pH (1:5) soil:water eC (1:5) soil:water
(cm) mS/cm
Soil Mapping Unit A (Floodplain)
003 1 A 0- 20 8.16 0.10
2 D1 20- 52 773 0.08
3 D2 52-112 7.89 0.08
4 D3 112-124 7.94 0.05
5 D4 124-250+ 8.09 0.14

(continued next page)
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Site Layer* Horizon Depth pH (1:5) soil:water eC (1:5) soil:water
(cm) mS/cm
Soil Mapping Unit B (Drainage Flat / Drainage Line)
001 1 Al 0- 11 6.98 0.08
2 A2 11- 22 6.36 0.05
3 B1 22— 58 6.83 0.15
4 B2 58-130+ 8.33 0.58
Soil Mapping Unit C (Hillslope)
008 1 A 0- 13 6.39 0.06
2 B2 13- 48 7.75 0.16
3 B3 48— 67 7.79 0.31
009 1 A 0- 8 6.81 0.08
2 B2 8- 28 7.49 0.20
3 B3 28- 50 8.51 0.18
022 1 A 0-28 8.27 0.17
2 B2 28- 64 8.00 0.25
3 B3 64-140 8.51 0.63
041 1 Al 0~ 18 6.20 0.09
2 A2 18- 22 6.51 0.07
3 B1 22~ 40 7.40 0.14
4 B2 40-105 8.11 0.18
053 1 A 0- 11 6.37 0.09
2 B11 11- 49 8.38 0.56
3 B12 49— 64 8.74 0.91
4 B2 64-131 9.06 1.27
104 1 A 0- 9 6.55 0.06
2 B2 9- 52 7.97 0.31
3 B3 52— 74 831 0.57
106 1 A 0- 18 6.04 0.07
2 B1 18- 50 7.86 0.26
3 B2 50-117 8.21 1.21
115 1 A 0- 5 7.19 0.09
2 B1 5-11 6.48 0.07
3 B2 11- 34 7.81 0.07
4 B3 34- 61 8.11 0.23
120 1 A 0- 10 6.54 0.09
2 B1 10- 17 7.61 0.10
3 B2 17- 41 7.64 0.20
4 B3 41~ 50 822 0.51
134 1 A 0- 13 6.94 0.14
2 B2 13- 61 7.84 0.33
3 B3 61- 85 841 1.08
139 1 A 0- 14 6.44 0.09
2 B2 14- 37 7.92 0.31
3 B3 37- 58 8.75 0.39

(continued next page)
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Site Layer* Horizon Depth pH (1:5) soil:water eC (1:5) soil:water
(cm) mS/cm

Hillslope Mapping Unit D (Hillslope / sandy)

070 1 Al 0- 17 5.99 0.07
2 A2 17— 26 6.93 0.05
3 B1 26— 42 8.28 0.15
4 B2 42— 64 8.09 0.53

Soil Mapping Unit E (Hillslope / volcanic)

099 1 A 0- 10 7.24 0.11
2 B1 10- 15 7.93 0.09
3 B2 15~ 48 8.31 0.24
4 B3 48— 71 8.35 0.23

* the layer in this table refers to the layer existing at each particular soil site ~ it does not equate with
the layers in the technical description. However, this relationship can be worked out by examining the
horizon names in column three above and those in the technical descriptions

TABLE 3: Results of soil laboratory chemical analyses
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3.0 DISCUSSION OF SOILS

The following section of this report discusses the implications of the above results. This
discussion will be organised under the headings of physical attributes, chemical attributes
and erosion potential.

31 Physical Attributes

The results shown in Table 2 assist in the determination of the degree of erodibility of
each of the soil units within the study area. Each of the three physical tests undertaken
indicate specific aspects of the soil and its behaviour to erosive forces. When the results of
these tests are combined, a good overview of the soil's erodibility is gained.

3.1.1 PARTICLE SIZE ANALYSIS

The Particle Size Analysis test (PSA) proportions the amounts of clay, silt, fine sand,
coarse sand and gravel which exist in a given sample, on a percentage basis. Thus, layer 1
at site 001 consists of 17% clay, 16% silt, and so on, including 9% gravel.

The soils in Soil Mapping Unit A are typical floodplain soils, with the majority of
material being of the finer fractions included in the clays and silts, with a high fine sand
content. No gravels were evident in the samples analysed from site 003. The drainage line
/ drainage flat soils making up Soil Mapping Unit B are sandy throughout, as are the soils
in Soil Mapping Unit D. The hillslope soils of Soil Mapping Unit C are the most
commonly occurring soils within the study area. They are mainly clay soils which have a
high fine sand content. The clay soils in Soil Mapping Unit E, while having significant
proportions of gravel, have little coarse sand but contain reasonable high levels of fine

sand.
3.1.2 DISPERSION PERCENTAGE

The Dispersion Percentage (D%) test indicates the proportion of the soil fraction less than
0.005 mm (i.e. the clay and some of the fine silt material) that will disperse on wetting.

An interpretation of the D% values can be based on the following, taken from Hazelton &
Murphy (1992):

D % Value Dispersion Rating
<6 Negligible
6-30 Slight
30-50 Moderate
50-65 High
>65 Very High

TABLE 4: Interpretation of D% values
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It should be noted that the interpretation of these values should also take into account the
PSA and EAT data.

A sample which has a very high D% value (e.g. 90%) and a very high clay content (e.g.
45%) would be more dispersive than a sample with the same D% value and a low clay
content (e.g. 10%). When the results of the Dispersion % values in Table 2 are read in
this context, the soils sampled within the study area range from slight to very high
dispersibility. The alluvial soils in Soil Mapping Unit A increase in dispersibility with
depth, with the top layers being stable. This pattern is also evident in the soils tested from
Soil Mapping Units B and D. The igneous soils in Soil Mapping Unit E are basically
stable throughout. There is not such a clear trend in the hillslope soils of Soil Mapping
Unit C. While most of the topsoils are stable, some of them are moderately to highly
dispersible (sites 008, 009 and 104), while the subsoils range from stable to very high
dispersibility.

Thus, from a Dispersion Percentage point of view, the soils in the study area, represented
by the results of those tested in Table 2, are considered to be generally stable but have
stable to highly dispersible topsoils and stable to very highly dispersible subsoils. The
implications of this in a stripping, stockpiling, respreading context would require that some
consideration is given to protecting these soils from erosion, primarily through the
retention of a vegetative cover.

3.1.3 EMERSON AGGREGATE TEST

The Emerson Aggregate Test (EAT) classifies soil aggregates based on their coherence
when immersed in water. As stated in Houghton & Charman (1986), this test uses natural
peds, with the first separation being based on slaking. Those aggregates that do not slake
are placed in class 7 if they swell and class 8 if they do not. Of those which do slake,
those which show complete soil dispersion are placed in class 1 and those showing only
partial dispersion are placed in class 2. Those showing no dispersion are remoulded and
reimmersed in water. Aggregates which disperse after remoulding are placed in class 3 and
those which do not are further separated by the presence or absence of carbonate or
gypsum. Those with carbonate or gypsum fall into class 4 while those without are made
up into a 1:5 soil:water suspension and shaken. Those soils which then show dispersion
are placed in class 5 and those which show flocculation fall into class 6. Classes 2 and 3
are further subdivided into four subclasses with an increasing tendency to disperse with an
increase in numerical value. The degree of stability of soils increases from class 1 through
to class 8, with classes 1 and 2 generally being considered to be unstable, class 3
generally considered to be stable while classes 4 to 8 are comsidered to be stable.
(Charman, 1978).

The relationship between the EAT class and soil structural stability or soil dispersibility is
shown below in Table 5, taken from Hazelton & Murphy (1992).
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Emerson Aggregate Dispersion Rating
Classes

1,2(4) and 2(3)  Very High

2(2) High

2(1) High to Moderate
3(4) and 3(3) Moderate

3(2), 3(1) and 5 Slight

6,7, 8 Negligible

TABLE 5: Interpretation of EAT classes

As shown in Table 2, the EAT values for the samples tested are usually consistent with
the Dispersion Percentage results. The surface topsoil layers are stable, having an EAT
class 8 rating (the exception being site 003 with a slightly dispersible Class 3(2) rating),
while the lower layers are more dispersive with various class ratings ranging from Class 1
to Class 7. Consequently, while the surface layers are considered to be stable, the lower B
horizons have a stable to slight to very high dispersive rating.

32 Chemical Attributes

This section will deal only with the chemical attributes of pH and electrical conductivity,
the values of which are presented above in Table 3.

32.1 pH

The pH value, which is technically the negative common logarithm of the hydrogen ion
(H) concentration in a solution, indicates the nutrient availability and plant growth
environment of a soil, especially if extremes exist. An acceptable pH range of soil material
is between 4.0 and 8.5.

On this basis, all of the soils tested in the laboratory on samples collected in the study
area have acceptable pH levels for agronomic purposes except for the deeper subsoil
layers at site 009 and 053. In contrast, the pH values recorded in the field at most of the
509 sites show a greater variation, especially for the deeper subsoil layers when values of
9.0 or 9.5 were often recorded. This variation has been noted in the soil descriptions in
Section 2 above and is taken into account when assessing the stnppmg suitability of the
soils later in Section 5.
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3.2.2 ELECTRICAL CONDUCTIVITY

One of the conventional ways to estimate soil salinity is to determine electrical
conductivity on a 1:5 soil:water suspension. The Veness & Associates laboratory uses this
method. Published data on the salt tolerance of agricultural crops often refer to the
electrical conductivity of the saturation extract (ECe). The electrical conductivity of the
1:5 soil:water suspension (eC) can be converted to an approximate value of the ECe, if
soil texture is known, by multiplying by the appropriate factor from Table 6.

SOIL. TEXTURE MULTIPLICATION FACTOR
loamy sand, clayey sand 25

sandy loam, fine sandy loam, light sandy clay loam 20

loam, loam fine sandy, silt loam, sandy clay loam 15

clay loam, silty clay loam, fine sandy clay loam 12.5

sandy clay, silty clay, light clay 10

light medium clay 9

medium clay 75

heavy clay 6

TABLE 6: Multiplication factors for converting eC (1:5) to an
approximate value of ECe (after Abbott, 1987)

The values obtained in Table 6 can be used to calculate the ECe values from Table 3.

Site Layer  Horizon Depth  Texture eC (1:5) Multiplication ECe
(cm) soil:water factor (calculated)
mS/cm

Soil Mapping Unit A (Floodplain)

003 1 A 0-20 LC 0.10 10 1.0
2 D1 20-52 CL 0.08 125 1.0
3 D2 52-112 CL 0.08 12.5 1.0
4 D3 112-124 SL 0.05 20 1.0
5 D4 124-250+SL 0.14 20 2.8

Soil Mapping Unit B (Drainage Flat / Drainage Line)

001 1 Al 0-11 CL 0.08 125 1.0
2 A2 11- 22 SCL 0.05 15 0.75
3 B1 22- 58 MC 0.15 7.5 1125
4 B2 58-130+MC 0.58 75 435

Soil Mapping Unit C (Hillslope)

008 1 A 0-13 CL 0.06 125 0.75
2 B2 13- 48 LMC 0.16 9 144
3 B3 48- 67 LMC 0.31 9 2.79

(continued next page)
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Site Layer  Horizon Depth  Texture eC (1:5) Multiplication ECe
(cm) soil:water factor (calculated)
mS/cm
Seil Mapping Unit C (Hillslope) [cont'd]
009 1 A 0- 8 LC 0.08 10 0.8
2 B2 8-28 IMC 020 9 1.8
3 B3 28- 50 LMC 0.8 9 1.62
022 1 A 0-28 ILMC 0.17 9 1.53
2 B2 28-64 IMC 025 9 2.25
3 B3 64-140 LMC 063 9 5.67
041 1 Al 0-18 CL 0.09 12.5 1.125
2 A2 18- 22 SiCL  0.07 125 0.875
3 B1 22-40 ILMC 014 9 1.26
4 B2 40-105 LMC  0.18 9 1.62
053 1 A 0- 11 FSCL 0.09 125 1.125
2 Bl11 11-49 LMC 0.56 9 5.04
3 BI12 49- 64 ILMC 091 9 8.19
4 B2 64-131 IC 1.27 10 12.7
104 1 A 0- 9 FSCL 006 12.5 0.75
2 B2 9-52 LC 0.31 10 3.1
3 B3 52-74 LC 0.57 10 57
106 1 A 0-18 SiCL  0.07 125 0.875
2 B1 18- 50 LC 0.26 10 2.6
3 B2 50-117 LC 1.21 10 121
115 1 A 0- 5 Sic 0.09 10 0.9
2 B1 5-11 LC 0.07 10 0.7
3 B2 11- 34 LC 0.07 10 0.7
4 B3 34- 61 1C 0.23 10 23
120 1 A 0-10 SiCL  0.09 12.5 1.125
2 B1 10- 17 SiC 0.10 10 1.0
3 B2 17- 41 SiC 0.20 10 2.0
4 B3 41- 50 SiC 0.51 10 51
134 1 A 0- 13 CL 0.14 125 1.75
2 B2 13- 61 LMC  0.33 9 2.97
3 B3 61- 85 LMC 108 9 9.72
139 1 A 0- 14 FSCL 0.09 12.5 1.125
2 B2 14- 37 LMC 031 9 2.79
3 B3 37- 58 IMC  0.39 9 351
Hillslope Mapping Unit D (Hillslope / sandy)
070 1 Al 0- 17 FSCL 0.07 12.5 0.875
2 A2 17- 26 SCL~-  0.05 20 1.0
3 B1 26-42 ILMC 015 9 1.35
4 B2 42- 64 IMC 053 9 747

(continued mext page)
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Site Layer  Horizon Depth  Texture eC (1:5) Multiplication ECe
(cm) soil:water factor (calculated)
mS/cm

Soil Mapping Unit E (Hillslope / volcanic)

099 1 A 0- 10 SiCL 0.11 12.5 1.375
2 Bl 10- 15 SiC 0.09 10 0.9
3 B2 15- 48 SiC 0.24 10 24
4 B3 48- 71 SiC 0.23 10 2.3

* the layer in this table refers to the layer existing at each particular soil site — it does not equate with the
layers in the technical description. However, this relationship can be worked out by examining the horizon
names in column three above and those under 'Occurrence’ in the technical descriptions

TABLE 7: Calculated ECe values

When the eC 1:5 soil:water suspension method is used, the cut—off for suspect / saline
soils is usually around the 0.4 value. When the ECe saturation extract method is used,
saline soils are deemed to occur when the value of 4.0 is reached. The samples exceeding
eC values of 0.4 also exceed ECe values 4.0. The ECe values are a more relevant way to
assess agronomic potential.

The range of ECe values for the samples tested range from 0.7 to 12.7. Based on the cut-
off for vegetative response being 4.0, none of the topsoils in the study area are considered
to be too saline to be used in the mining rehabilitation program. However, high values
exceeding ECe values of 4.0 are recorded in the subsoil layers at site 053 as well as in the
deeper subsoil layer at sites 001, 022, 104, 106, 120 and 070.

33 Erosion Potential

The discussion in Section 3.1 above concluded that the study area's soils are currently
predominantly stable but have a moderate to high to very high erosion potential. However,
the simplest way to objectively determine the erosion potential of the study area's soils is
to determine their erosion hazard. Erosion hazard is determined by the susceptibility of a
parcel of land to the prevailing agents of erosion. It is dependent on a combination of
climate, landform, soil, land use and land management factors. The qualitative categories
of erosion hazard used are low, moderate, high, very high and extreme.

As defined by Houghton & Charman (1986), extreme erosion hazard implies that erosion
will occur to such an extent that it will be normally uneconomic to address satisfactorily.
Very high erosion hazard implies significant erosion occurring during and after
development, even with intensive soil conservation measures. High erosion hazard implies
significant erosion during development, with short-term erosion controlled by simple soil
conservation measures but long-term erosion control requiring intensive measures.
Moderate erosion hazard implies that significant erosion may occur during development,
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but short- and long-term erosion problems can be avoided by adopting appropriate soil
conservation measures during development. Low erosion hazard results in no appreciable
erosion during or after development.

Given that the proposed development in the case of the Mount Pleasant Project study area
is open—cut mining, the above definition is somewhat inappropriate.

34  SOILOSS Program

An alternative method of examining the erosion hazard of the study area's soils is based
on a technique which uses a computer program, SOILOSS (Rosewell & Edwards, 1988),
to generate predicted soil loss values as an indicator of erosion hazard. SOILOSS is based
on the Universal Soil Loss Equation or USLE (Wischmeier & Smith, 1978):

A=R*K*L*S*P*C

where

is the average annual soil loss (t/ha)

is the rainfall erosivity factor

is the soil erodibility factor

is the slope length factor

is the slope steepness factor

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 factors

Erosivity is the "potential ability to cause erosion" (Houghton & Charman, 1986) and is
commonly referred to in respect of rainfall. The erosivity of the study area, prepared from
data contained within Australian Rainfall and Runoff (Pilgrim, 1987) according to the
method of Rosewell & Turner (1992) was determined.

The SOILOSS program calculates a value for the 'K' factor, as well as determining soil
loss in tonnes/hectare/year. (It ought to be appreciated that the use of USLE technology
does not fit fully comfortably with Australian conditions. Therefore, the values produced
through SOILOSS are indicative only.)

One of the key factor inputs, soil erodibility (K), can be determined from laboratory data
(soil particle size analysis, organic matter) and structure and profile permeability.
SOILOSS has a subroutine to calculate K from these inputs. (While organic matter was
not determined for the study area's soils, the 'default’ value used in SOILOSS is 3% for
topsoil and 1% for subsoils. The 'K' value for each sampled soil, calculated by the
SOILOSS program, is presented below in Table 8. The erodibility rating is also given in
each case. (Erodibility is determined as: <0.02 low; 0.02 — 0.04 moderate; >0.04 high.)
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Site Layer Topsoil Subsoil Whole Soil Unit
'K' / Rating Layer 'K'/ Rating Average 'K' Erodibility rating
Soil Mapping Unit A (Fleodplain)
003 1(A) .041/HIGH 2 (D1) .051/HIGH
3(@D2) .049/HIGH
4 (D3 .019/LOW
5 (4) .046 / HIGH .041 HIGH
Soil Mapping Unit B (Drainage Flat / Drainage Line)
001 1 (A1) .029/MOD 3(B1) .022/MOD
2 (A2) .037 /MOD 4 (B2) .028/MOD 029 MODERATE
Soil Mapping Unit C (Hillslope)
008 1(A) .036/MOD 2 (B2) .023/MOD
3(@B3) .033/MOD .031
009 1(A) .029 / MOD 2(B2) .024 /MOD
3(B3) .034/MOD .029
022 1¢A) .020/LOW 2 (B2) .021/MOD
3(B3) .021/MOD .021
041 1 (A1) .030 / MOD 3(B1) .022/MOD
2 (A2) .037/MOD 4 (B2) .015/LOW .026
053 1(A) .030/MOD 2 (B11) .021 / MOD
3 (B12) .019/LOW
4 (B2) .038/MOD 027
104 1(A) .045/HIGH 2(B2) .023/MOD
3(B3) .039/MOD .036
106 1) .038/MOD 2 (B1) .021/MOD
3(B2) .014/LOW 024
115 1(A) .024 /MOD 2(B1) .026/MOD
3(B2) .014/LOW
4 (B3) .010/LOW 019
120 1(A) .032/MOD 2 (B1) .020/LOW
3(B2) .016/LOW
4 (B3) .019/LOW .022
134 1(A) .049 / HIGH 2(B2) .017/LOW
3(@B3) .014 /LOW 027
139 1(A) .047 /HIGH 2 (B2 .019/LOW
3(B3) .032/MOD .033
027 MODERATE

(continued next page)
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Site Layer Topsoil Subsoil Whole Soil Unit
'K' / Rating Layer 'K'/ Rating Average 'K' Eredibility rating

Hilislope Mapping Unit D (Hillslope / sandy)

070 1(A1) .025/MOD 3(B1) .022/MOD
2 (A2) .043 / HIGH 4 (B2) .029/MOD 030 MODERATE

Soil Mapping Unit E (Hillslope / volcanic)
099 1(A) .026/MOD 2 (B1) .027/MOD

3(B2) .013/LOW
4 (B3 .015/LOW 020 MODERATE

TABLE 8: Erodibility (K) values and erodibility ratings for the study
area's soils using SOILOSS

The exercise in averaging the 'K' values in Table 8, to arrive at a whole soil average 'K/, is
justifiably open to criticism. However, it ought to be appreciated that this was done in
order to arrive at some indication of how erodible each soil type is. Therefore, the values
of the whole soil average are indicative only and are not to be taken as being prescriptive.

As can be seen from the data in Table 8, the soils situated at the sites tested have
predominantly a moderate erodibility. This is somewhat a more severe rating on the study
area's erosion potential when compared with the conclusions reached in Section 3 above.
However, for reasons explained below, these SOILOSS results may be misleading.

The difficulty in using the SOILOSS program to assess the erodibility of the study area's
soils is evident when the results presented in Table 8 above are compared with the results
of the Dispersion Percentage and Emerson Aggregate Test in Section 3.1 above. Soil
layers which, in Table 8 have a moderate or even high erodibility, have a contradictory
EAT Class 8 value. This is the case with each surface layer tested for all of the fifteen
sampling sites. Similar, but not so striking examples, are found throughout the various
layers analysed in the laboratory. Some of the inherent problems associated with the
SOILOSS program stem from that program's specific applicability to cropping situations.
Consequently, the determination of such aspects as soil structure and permeability are not
fully adaptable to the study area's soils. (For example, the four choices for structure relate
specifically to a fine tilth resulting from frequent surface preparations for cropping land
uses. They do not aptly allow for the structure found within the study area's soils).

Given this, the question can be validly asked at this stage as to why this SOILOSS
program was used in the assessment of the study area's soils. The answer lies in the
interests of objectivity. The opinion offered in respect of the stability of the study area's
soils in Section 3.1 above is subjectively based on the authors' experience and expertise,
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especially that related to the interpretation of laboratory data. As the SOILOSS program
has been developed by the government agency responsible for soil conservation in NSW,
and widely used by that organisation for similar assessment, it was considered proper that
a similar exercise ought to be repeated here. However, in light of the laboratory analysis
results presented above, and given the constraints of using the USLE based SOILOSS
program under Australian conditions, it is suggested that the results in Table 8 above are
indicative only and should be over-ridden by results presented earlier in Section 3.

Nonetheless, regardless of which method is deemed to be the more suitable, appropriate
measures are needed to minimise any detrimental impact on the soil material which is to
be stripped to be used in the rehabilitation process. These measures relate to both the soil's
suitability for stripping purposes and the methods in which the actual soil material is
handled. These two aspects are discussed later in this report in Sections 5 and 6
respectively.
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4.0 LAND CAPABILITY
41  Methodology

Land capability is defined by the NSW Soil Conservation Service (Houghton & Charman,
1986) as "the ability of land to accept a type and intensity of use permanently, or for
specified periods under specific management, without permanent damage. It 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.. Land capability involves
consideration of:

- the various land resource attributes

- the production to be obtained from the land

- the activities or inputs required to achieve that production

- the risks of damage to the land .. resulting from those activities
- the inter—relations of the above"

Based on this concept, a system of land capability classification was developed in the
United States and modified to suit local conditions by the Soil Conservation Service of
NSW. This classification system is based on an assessment of the biophysical
characteristics of the land, the extent to which these will limit a particular type of land
use, and the current technology that is available for the management of that land.

The method takes into account a range of factors including the local climate, soils,
geology, geomorphology, soil erosion, topography and the effects of past land uses. The
classification does not necessarily reflect the existing land uses, rather it indicates the
potential of the land for such uses as crop production, pasture improvement and grazing.

This system has been fully described by Emery (undated). A summary table from Emery's
article, which defines each of the eight classes, together with interpretations and
implications of each class, is included in this report at Appendix 2. As can be seen from
this table, the classification has an hierarchical sequence, ranging from Class I land with
the greatest potential for agricultural or pastoral use, to Class VIII which is entirely
unsuitable for either.

The study area was mapped on a two metre contour map at a scale of 1:4000, to
determine the pre-mine rural land capability, according to the system used by the Soil
Conservation Service. This map is presented as Figure 2.

4.2  Land Capability Classification of the Study area

Consistent with the table presented in Appendix 2, the study area has been classified into
various land capability ratings. Figure 2 shows that each of the first seven land capability
classes are found to exist within the study area. The alluvial flats located along parts of
the eastern boundary and in the south eastern comner of the study area are classified as
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Class I lands. Usually associated with these are the adjoining steeper (but nonetheless low
sloped) lands that have been mapped as Class II lands. Pockets of Class III lands occur in
the north, east and south-east of the study area. Class IV lands are usually associated with
the flatter ridgetops, less steep slopes which do not have soils capable of supporting
regular cultivation, and sandier flow line situations. Class V predominates the study area
and is found throughout. Pockets of Class VI land occur mainly in the north-west sector
of the study area. Isolated, small areas of Class VII lands are usually associated with
rocky knobs, ridgelines, etc where the skeletal soil is quite shallow or non existent.

The NSW Soil Conservation Service (SCS) has previously mapped the land capability of
all of the area covered by the Muswellbrook 1:100 000 topographic sheet (see Oakley,
1982) which includes all of the study area. This SCS study was undertaken at a scale of
1:100 000. While there is a basic agreement between the two studies in respect of the
Class I and II lands, this current Veness & Associates (V&A) study, which was
undertaken at a scale of 1:4 000, delineates the occurrence of various classifications at a
far greater frequency. This is what would normally be expected given the different scales
of the two studies.

However, there is another, less easily explained difference. The SCS map shows Class III
lands occurring over much of the eastern half of the study area. The V&A study is in
disagreement with this result. Class III lands, by definition, are suitable for regular
cultivation. Emery (undated) defines lands suitable for regular cultivation by stating: "Soils
must be able to sustain at least two successive seasonal or annual tillage phases for crop
production, in which the tilled layer is inverted or shattered, without producing either a
significant increase in soil erosion susceptibility, or a significant deterioration in soil
structure." For reasons primarily related to soil depth and structure, the V&A land
capability study has mapped these areas as either Class IV or Class V. Because of the
shallow soils, these lands would not support regular cultivation and are consequently not
Class III lands. It is assumed that the SCS study primarily mapped land capability on
slope gradient rather than including soil factors. Certainly, this 1:100 000 SCS study
would not have had the benefit of the closer soils scrutiny that the 1:4 000 V&A study
enjoyed.

After the V&A land capability study maps were drafted, the data was transferred to the
single 1:10 000 map sheet to assist the easier presentation of this information in the EIS
document. During this process, trade—offs and compromises were made which are more in
fitting with the 1:10 000 scale. For example, where small areas of a particular land
capability may appear on the 1:4 000 map sheets, they would be a meaningless "blob" on
the smaller scale map. Likewise, where areas of a similar land capability existed in close
proximity to each other on the 1:4 000 map, they were often joined up on the smaller
scale 1:10 000 map. Consequently, there is some variation in the final tabulated results.
This variation refers predominantly to Classes IV and V.

The tabulated data, which includes the SCS study, is presented below.
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Land SCS study (1:100 000) V&A study (1:4 000)  EIS study (1:10 000)

Class ha. % of area ha. % of area ha. % of area
I 105 2.8 99 2.6 103 2.7
i 29 0.8 52 14 43 1.1
III 1249 333 47 13 41 1.1
v 166 4.4 940 250 1192 31.8
v 2090 55.7 2508  66.8 2264 603
VI 114 3.0 74 2.0 104 2.8
VII - - 33 0.9 6 0.2

TABLE 9: Land Capability of the Study Area
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5.0 STRIPPING SUITABILITY

The method developed by Elliott & Veness (1981) has been used to determine stripping
suitability of the various soil materials found during this survey. The key from this method
is presented in Appendix 3 of this report. Basically, this method recognises that not all soil
material available for topdressing disturbed areas is suitable for agricultural use.
Physically, such material may be too weakly structured, too poorly drained, or too sandy
or too gravelly to support vegetation. Elliott and Veness found the physical soil properties
used to separate suitable and unsuitable materials to be soil structure, macrostructure,
coherence, texture and the force necessary to disrupt peds.

The study area's soils have been examined in the field and assessed in the laboratory.
When the Elliott and Veness method is applied to these soils, the following stripping
recommendations can be made, primarily for topsoiling usage. It ought to be appreciated
that the Elliott and Veness key has been designed specifically for the Upper Hunter
coalfields soils to determine topdressing suitability. Consequently, judgements have been
made by the authors, based on their experience and expertise, which sometimes results in
an over-riding of the key's determination, thereby making the stripping suitability
assessment more applicable to the study area especially in respect of subsoil materials.

It should be further appreciated that the soil descriptions in Section 2.1 are generalised
descriptions which present ranges of data rather than a series of site specific combinations.
Likewise, the stripping recommendations below are similarly generalised. However, the
stripping map has been compiled by taking into consideration the more detailed data
available on a site specific basis and as such is the more reliable indicator of stripping
depths to be adopted.

The stripping recommendations refer to the suitability of the soil material to be stripped
for use as topsoil, unless otherwise stated. Subsoil stripping is only considered for arable
lands (i.e. where the land capability is either Class I, II or III).

5.1  Soil Mapping Unit A - (Floodplain soils)

5.1.1 STRIPPING RECOMMENDATIONS
Layer 1 — A horizon

This layer is always present and most of it is generally suitable for topsoil material. This
layer in the north—east and south—east corners of the study area can be stripped to 60 cm
for topsoil and in the middle of the eastern boundary this layer can be stripped to 50 cm
for topsoil material. There is an occurrence (site 043) in the south—east corner where it is
only 34 cm thick and is underlain by unsuitable material. None of this layer around site
075 is suitable for topsoil material due to the high pH values. Where thls layer is not
stripped for topsoil, it can be stripped for subsoil reserves.

Stripping Recommendation: strip some (generally the top 40 — 60 cm as topsoil)
strip the remainder as subsoil
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Layer 2 — D1 horizon

Similar to layer 1 above, some of this layer is suitable for topsoil stripping while the
remainder is suitable for subsoil. It is primarily a function of pH which excludes some of
this. material from topsoil suitability.

Stripping Recommendation: strip some for topsoil; strip the remainder for subsoil reserves

Layer 3 - D2 horizon

This layer is also similar to layer 1 although the pH values here are generally high. Some
of this layer is suitable for topsoil stripping while the remainder of this layer is suitable

for subsoil stripping purposes.

Stripping Recommendation: strip some for topsoil; strip the remainder for subsoil reserves

Layer 4 — D3 horizon
This layer is always present at depth. While some of it may be suitable for topsoil
purposes, its location at depth makes it impractical to selectively strip. Consequently, this

layer is suitable only for subsoil stripping.

Stripping Recommendation: strip nil for topsoil; strip all for subsoil

Layer 5 -~ D4 horizon
This layer is sometimes present at depth. Like layer 4, some of this layer may be suitable
for topsoil purposes, but its location at depth makes it impractical to selectively: StI‘lp

Therefore, this layer is suitable only for subsoil stripping.

Stripping Recommendation: strip nil for topsoil; strip all for subsoil

Layer 6 — DS horizon

This layer which is sometimes present at depth is not suitable for topsoil purposes because
of its high pH values. It is however suitable for subsoil stripping.

Stripping Recommendation: strip nil for topsoil; all of this layer can be stripped for
subsoil
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5.1.2 SOIL MAPPING UNIT A STRIPPING SUMMARY
Approximately the top half metre of most of this soil mapping unit is suitable for topsoil
stripping purposes, while all of the remaining soil materials down to at least 2.5 metres are
suitable to be stripped for subsoil purposes.
5.2  Soil Mapping Unit B - (Drainage flat / drainage line soils)

5.2.1 STRIPPING RECOMMENDATIONS
Layer 1 - A, Al, All horizon
The surface layer of this soil mapping unit is always suitable for topsoil stripping with the
only exception being a small pocket to the north of site 008 where the force to disrupt
peds is too high to be suitable. In some instances, especially where only 10 cm is the
recommended stripping depth, care needs to be exercised so as not to disturb the soil's
structure too much. This may require the use of machinery other than scrapers in the

stripping process.

Stripping Recommendation: strip all (usually 4 - 21 cm thick)

Layer 2 - A12 horizon
While this layer is rarely present, it can be stripped for topsoil purposes.

Stripping Recommendation: strip all (26 cm thick)

Layer 3 — A2 horizon

This layer is usually present but is not suitable for topsoil stripping. It is too weakly
structured, erodible and often stony. Its hardsetting characteristics makes it unsuitable for
germinating plants.

Stripping Recommendation: strip nil

Layer 4 — B1 horizon
While this layer is rarely present, it is not suitable for stripping. It is mottled, has a strong
pedality with a corresponding large macrostructure and the force to disrupt peds is not

compatible with rehabilitation requirements.

Stripping Recommendation: strip nil
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Layer 5 - B2 horizon

This clay subsoil layer has a large macrostructure which makes it unsuitable for stripping
purposes. It is also often strongly structured, with an unacceptably high force to disrupt
peds and is often stony.

Stripping Recommendation: strip nil

Layer 6 — B3 horizon

This mottled subsoil layer is unsuitable for stripping purposes. Additionally, it has a too
large macrostructure.

Stripping Recommendation: strip nil

Layer 7 - D1 horizon

This layer, which is 19 - 85 cm thick, is sometimes located immediately beneath layer 1.
It is this combination which results in the deeper stripping depths within Soil Mapping
Unit B.

Stripping Recommendation: strip some for topsoil

Layer 8 — D2 horizon

This layer which is usually present is unsuitable for stripping. Its consistence is often not
suitable, as is its macrostructure and force to disrupt peds.

Stripping Recommendation: strip nil
Layer 9 — D3 horizon

This layer has too large a macrostructure to be suitable for stripping. In addition, its pH
values are often too high for agronomic purposes.

Stripping Recommendation: strip nil
Layer 10 - D4 horizon

This layer occurs only at one site but has unsuitably high pH and soil structure
characteristics.

Stripping recommendation: strip nil
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Layer 11 - DS horizon

Like layer 10 above, this layer occurs only at one site but has unsuitably high pH and soil
structure characteristics.

Stripping recommendation: strip nil

5.2.2 SOIL MAPPING UNIT B STRIPPING SUMMARY
Except for a small pocket north of site 008, the surface layer of this soil mapping unit is
always suitable for topsoil stripping but to various depths. The depth of stripping is
generally 20 cm but, depending on site specific soil characteristics, this stripping depth can
range from the surface 10 cm to as deep as 70 cm. The soil at depth below any surface

strippable material is not recommended to be stripped because of detrimental values
relating to soil pH, structure and force to disrupt peds.

53 Soil Mapping Unit C - (Hillslope soils)
5.3.1 STRIPPING RECOMMENDATIONS
Layer 1 - A, Al, All horizon
This layer can be stripped throughout this soil mapping unit unless it is either too thin (i.e.
less than 100 mm thick without another (layer 2) layer of strippable material beneath it) or

too rocky. This limitation is usually associated with ridgeline situations.

Stripping Recommendation: strip all (usually 4 — 28 cm thick) unless this layer is too thin
or too rocky

Layer 2 - Al2 horizon
This layer, which is rarely present, is suitable for topsoiling purposes.

Stripping Recommendation: strip all (occurs 8 - 28 cm thick)

Layer 3 - A2 horizon

This commonly occurring layer is not suitable for topsoil stripping due to its weak
structure, its sand and gravel content and it erodible nature and hardsetting characteristics.

Stripping Recommendation: strip nil
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Layer 4 - B1 horizon

This strongly structured soil has an unsuitably large macrostructure and strong force to
disrupt peds making this layer unsuitable for topsoil stripping.

Stripping Recommendation: strip nil
Layer 5 - B2, B21 horizon

Like layer 4, this strongly structured main subsoil layer has an unsuitably very large
macrostructure and strong force to disrupt peds making this material unsuitable for topsoil

stripping.

Stripping Recommendation: strip nil

Layer 6 — B22 horizon

This rarely present layer has too large a macrostructure and strong force to disrupt peds
making it unsuitable for topsoil stripping.

Stripping Recommendation: strip nil

Layer 7 - B3, B31 horizon

This commonly occurring layer, like layer 6 above, has too large a macrostructure and
strong force to disrupt peds making it unsuitable for topsoil stripping.

Stripping Recommendation: strip nil

Layer 8 - B32 horizon

This strongly pedal layer sometimes has an unsuitable macrostructure and an unsuitably
high force to disrupt peds making it unsuitable for topsoil stripping.

Stripping Recommendation: strip nil

Layer 9 - BC horizon

Apart from an unsuitable macrostructure and force to disrupt peds, this layer has an
unacceptably high pH value for topsoiling stripping purposes.

Stripping recommendation: strip nil
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53.2 SOIL MAPPING UNIT C STRIPPING SUMMARY

Basically, the surface soil material in this unit can be stripped for topsoil purposes down
to the pale coloured A2 horizon or, if the A2 is not present, down to the brighter coloured
subsoil clay layer.

54 Soil Mapping Unit D - (Sandy hillslope soils)
54.1 STRIPPING RECOMMENDATIONS
Layer 1 - Al horizon
This surface layer is usually suitable for stripping, depending on its thickness, the degree
of sandiness and surface rock at specific sites. Because of its fragile structure, this soil

needs to be stripped with care. Often it is the organic root matter that permits this soil to
be deemed suitable.

Stripping Recommendation: strip sometimes with care (occurs 4 — 39 cm thick)

Layer 2 — A2 horizon

This layer is not suitable for stripping due to its unsuitable texture, usually weak pedality
and the high degree of stone content.

Stripping recommendation: strip nil

Layer 3 - B1 horizon

This rarely present upper subsoil layer is sometimes suitable for stripping but, given that it
always occurs beneath the unsuitable A2 layer, it is not feasible to strip.

Stripping recommendation: strip nil

Layer 4 - B2 horizon

This main subsoil layer is always present except where skeletal soils occur. It is unsuitable
for stripping because of its strong force to disrupt peds, its usual large macrostructure and
its usual high stone content. Sometimes, its pH level is too high to be suitable.

Stripping Recommendation: strip nil
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Layer 5 — B3, B31 horizon

This sometimes present layer is sometimes mottled and has unsuitable macrostructure and
strong force to disrupt peds. Its pH levels are sometimes unsuitable.

Stripping Recommendation: strip nil

Layer 6 — B32 horizon

This rarely present layer has unsuitable macrostructure. It is not suitable for topsoil
stripping purposes.

Stripping Recommendation: strip nil

Layer 7 — BC horizon

This commonly occurring layer is unsuitable for stripping primarily due to its usually high
pH levels.

Stripping Recommendation: strip nil

54.2 SOIL MAPPING UNIT D STRIPPING SUMMARY
Only the surface layer in this soil mapping unit is suitable for stripping for topsoiling
purposes. The depth of the material to be stripped is usually 100 mm with occasional
pockets to 200 mm. There are a number of instances where, because of the shallow depth
of the surface layer, the high sand and gravel content or the sandy texture, this layer is not
suitable for stripping.

S.5  Soil Mapping Unit E ~ (Volcanic hillslope soils)

5.5.1 STRIPPING RECOMMENDATIONS
Layer 1 - A, Al horizon

This surface layer is usually suitable for topsoil stripping.

Stripping Recommendation: strip all (occurs 8 — 16 c¢m thick)
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Layer 2 — A2 horizon

This layer is not suitable for stripping purposes because of its combination of sandiness,
gravel content and large macrostructure, together with its tendency to set hard on the
surface.

Stripping Recommendation: strip nil

Layer 3 ~ B1 horizon

This strongly pedal subsoil layer usually has unsuitable macrostructure and strong force to
disrupt peds, making it unsuitable for topsoil stripping purposes.

Stripping Recommendation: strip nil

Layer 4 — B2 horizon
This layer's high pH value makes it unsuitable for topsoil stripping. Additionally, like
layer 3 above, this layer also usually has unsuitable macrostructure and force to disrupt

peds characteristics.

Stripping Recommendation: strip nil

Layer S - B3 horizon

This layer is unsuitable for topsoil stripping purposes for the same reasons given for layer
4 above.

Stripping Recommendation: strip nil
Layer 6 ~ BC horizon

This layer is unsuitable for topsoil stripping purposes for the same reasons given for layer
4 above.

Stripping Recommendation: strip nil

5.5.2 SOIL MAPPING UNIT E STRIPPING SUMMARY

The surface layer of this soil mapping unit is suitable for topsoil stripping, usually to a
depth of 100 mm but sometimes to a depth of 200 mm. In specific situations, the surface
layer is unsuitable for stripping, due to its shallow nature or its high gravel / rock content.
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5.6  Soil Stripping Map and Volumes

Recommended stripping depths for the study area have been plotted on to the 1:4 000 soil
stripping map accompanying this report. This stripping map is presented as Figure 3.

Subsoil stripping has only been recommended to take place on arable lands covered by
Class I, II or IIT land capability (see Section 4). The remainder of the study area, under a
grazing capability, has stripping recommendations for topsoil only.

The strippable topsoil and subsoil volumes, according to Figure 3, are presented below in
Table 10. Note that this table, and the discussion following in Section 5.7 only relate to
the main Mount Pleasant Project area — the topsoil stripping volumes for the two small
additional catchments in the south-western corner and the rail line area to the south of the
Bengalla lease area are specifically excluded from these calculations.

TOPSOIL SUBSOIL
Depth Thickness Area  Strippable Depth Thickness - Area  Strippable
(cm) (m) (ha) Volume (cm) (m) (ha) Volume
(m®) (m®)
0-10 0.1 2568 2568000 0- 75 0.75 6 45000
0-20 0.2 395 790000 0 - 250 2.5 5 125000
0-30 03 92 276000 10 - 140 1.3 4 52000
0-~-40 04 20 80000 20 - 50 0.3 5 15000
0-50 0.5 16 80000 20~ 75 0.55 3 16500
0-60 0.6 112 672000 30 - 50 0.2 3 6000
0-70 0.7 6 42000 30- 75 0.45 31 139500
30 - 100 0.7 3 21000
40 - 250 217 4 84000
50 - 250 2.0 14 280000
60 - 250 1.9 114 2166000
Total strippable topsoil 4508000m® Total strippable subsoil 2950000m°

TABLE 10: Volumes of strippable soil material

5.7  Respreading of Stripped Soil Material

Rehabilitation requirements call for the spreading of topsoil, or other suitable topdressing,
on lands with an other than arable pre-mine land capability (i.e. Classes IV - VII), while
arable lands (Classes I - III) require the reconstruction of a complete soil profile. The
depth of this reconstructed profile should be sufficiently deep enough to contain a topsoil
layer capable of supporting farming practices (i.c. in excess of 0.3 metres) placed over a
subsoil layer. A minimum total reconstructed depth ought to be in the order of 1.5 metres.
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An examination of the area covered by Class I, II and III lands in Table 9 shows a total of
198 hectares requiring profile reconstruction (based on the assumption that the whole of
the study area will be disturbed through open—cut mining. While this assumption is
obviously incorrect, it presents the "worst case scenario” in respect of the effect of mining
on the study area's soil resource where 198 hectares require profile reconstruction for the
re—establishment of cropping capability and the remaining 3102 hectares in the study area
requiring topsoil only replacement for the re—establishment of grazing capability.)

Given the topsoil and subsoil stripping reserves of 4,508,000 m® and 2,950,000 m®
respectively (from Table 10 above), an appropriate distribution of this resource in the
rehabilitation program could be:

Grazing lands:

Topsoil resource required to spread 100 mm during rehabilitation process
area X 0.1m

31,020,000 m* X 0.1

3,102,000 m’

Arable lands:

Topsoil resource available = 4,508,000 m®> - 3,102,000 m®* = 1,406,000 m®

Topsoil horizon thickness available

= 1,406,000 m® = 0.71 metres
1,980,000 m?

Subsoil horizon thickness available

= 2,950,000 m*> = 1.49 metres
1,980,000 m?

Based on these calculations, there would be sufficient soil resources to meet the required
topsoil and subsoil demands of any rehabilitation program associated with the proposed
open-—cut project within the study area.

The above distribution example is based on the "worst case scenario” where the entire
lease area is disturbed. Obviously, this will not be the case and consequently, the depth of
the reconstructed soil profile will not be the same as that presented in this example.

While grazing lands ought to have a minimum 100 mm of topsoil respread om the
reformed surface, the depth of reconstructed soil profile (i.c. a topsoil over a subsoil) on
reconstituted arable lands will need to be sufficient to support a cropping land use. To this
end it is recommended that a minimum 300 mm of topsoil should be replaced over a
minimum 1200 mm subsoil. Based on the average pre-mine thickness of these horizons,
as shown in Table 10, the attainment of such a profile reconstruction will be viable.
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Obviously, if arable lands are disturbed, the better topsoil material resulting from the
stripping of these lands should be used to rehabilitate lands to a similar land capability. In
other words, the pre-mine arable soils should be used to re-establish rehabilitated post-—
mine arable lands while the soils from pre—mine grazing lands can be used to re—establish

post—-mine grazing lands.
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6.0  SOIL HANDLING STRATEGIES

On the assumption that the study area may be subjected to open—cut mining,
recommendations are made in this report concerning the stripping, stockpiling and
respreading of the various soil materials. These recommendations are made basically on
the results of the soil survey.

6.1  Review of Existing Technology and Practices

When topsoil material is stripped during open—cut mining operations, a decline in soil
structure usually occurs, according to Elliott & Veness (1985), who saw a main reason for
this being related to working the soil material at unfavourable moisture conditions. Hunter
& Currie (1956) also noted a soil structural decline, attributing it not only to moisture
conditions, but also to the effect of mixing soil layers and a subsequent loss of organic
matter.

The adverse effects of compaction during the earthmoving process have also been noted
(see for example, McQueen & Ross, 1982).

6.2  Stockpiling of Soil Material

During topsoil stockpiling operations, many soil properties may be adversely affected.
Dougall (1950) noted that the changes occurring to the soil material included a breakdown
in soil aggregates, disruption to the soil's internal drainage pattern and an apparent loss of
fertility resulting from these, and other, physical and chemical changes. Elliott & Veness
(1985) concluded that the quality of stockpiled topsoil can improve over time, especially
in the top 60 centimetres of the stockpile, while Jenkin et al. (1987) found that the adverse
effects appear comparable to those which may result from normal agricultural practices
and are generally similarly reversible.

6.3 Recommendations
6.3.1 STRIPPING AND STOCKPILING METHODS

Some of the soil materials within the study area, especially those occurring within Soil
Mapping Unit D, are generally sandy and have a corresponding fragile soil structure.
Consequently, if these materials are to be of use during the rehabilitation program, they
must be handled with extreme care — that is, the fragile peds should not be broken down
to single grain entities during material handling. The less number of times the strippable
material is handled, the better. '

While it could sometimes be appropriate, topsoil stripping with a scraper in this material is
not the favoured method. Truck and shovel or excavator stripping would be more
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appropriate as these operations would inflict less damage on the soil's structure during
transportation, dumping, reclaiming and respreading operations. A further method of
stripping could involve windrowing the topsoil material by dozer.

Elsewhere throughout the study area, conventional scraper techniques would be appropriate
during stripping operations.

All stockpiled material should be left in a "rough surface" finish as any attempt to smooth
off the final surface will inflict an unnecessary mechanical working on the soil. Likewise,
any stockpiles formed by pushing topsoil from haul roads, stockpile pads, borrow pits, etc
should also be left in a "rough" condition.

6.3.2 STOCKPILE HEIGHT AND LOCATION

If stockpiled soil material is to remain healthy through the retention of biological activity,
the ideal maximum height of stockpiles should be approximately 0.6 to 1 metre. However,
given some of the physical restraints of the site and the method of operation, stockpiled
soil material should be viable if the individual stockpiles do not exceed two to three

metres in height.

Stockpile location should capitalise on surface topography to avoid the occurrence of
overland and/or concentrated surface flows from directly impacting on stockpiled material.
Therefore, stockpiles should be located on crests or within level areas where there would
be no detrimental effects experienced from surface flows. Where this is not possible,
adequate protection will need to be given to the stockpiles in the form of protective
contour or graded banks constructed immediately above the stockpile locations.

6.3.3 EROSION CONTROL MEASURES

Once they are grassed up, the outside batters of the stockpiles should not erode as a result
of rainfall on them. However, as discussed above in Section 6.3.2, protective earthworks,
in the form of contour or graded banks, may be necessary to negate the impact of surface
flows on the outside batter toes of the stockpiles.

Stockpiled soil material should be grassed as soon as practicable to assist in the control of
erosion from both water and wind related processes.
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70 CONCLUSION

The various soils within the study area have been examined and described. Five main soil
mapping units have been delineated. The soils' erosion potential has been assessed and
discussed. It has been found that, while the soils throughout the study area are currently
stable, they nonetheless have a moderate to very high erodibility rating. This conclusion is
consistent with both the laboratory analyses results and the calculations undertaken
through the SOILOSS program.

The pH and eC values of the study area's soils have been discussed. The soils tested
generally have suitable levels for rehabilitation purposes but can sometimes have pH levels
which are considered to be too high for agronomic purposes.

Pre—mine land capability of the study area has been assessed and mapped. Generally, this
results in classifications which support predominantly grazing with some significant arable
areas mainly occurring in the eastern section of the study area.

Stripping suitability of the soils throughout the study area has been determined. It is
discussed in the report and presented graphically on the accompanying soil stripping map.
Sufficient reserves of both suitable topsoil and subsoil material are available to assist the
successful rehabilitation of any lands which may be disturbed through open—cut mining
within the study area.

i W

J.A. Veness R.A. Veness

(Directors)
VENESS & ASSOCIATES Pty Limited
26th February, 1997
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