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Glossary of terms   

 
Aggregate (or ped) A cluster of primary particles separated from adjoining peds by 

natural planes of weakness, voids (cracks) or cutans. 

 

Bulk density Mass per unit volume of undisturbed soil, dried to a constant 

weight at 105°C. 

 

Clay The fraction of mineral soil finer than 0.002mm (2µm). 

 

Coarse fragments Particles greater than 2mm in size. 

 

Consistence The strength of cohesion and adhesion in soil. 

 

Cutans Modification of the soil texture, structure or fabric at a natural 

surface (e.g. particle or aggregate), arising from a concentration of 

particular soil constituents or in situ modification, often in the form 

of deposited illuvial coatings e.g. clay, organic matter or 

manganese or iron oxides  

 

Dispersion The process whereby the structure or aggregation of the soil is 

destroyed, breaking down into primary particles.  

 

Electrical conductivity How well a soil conducts an electrical charge, related closely to 

the salinity of a soil. 

 

Hydrophobicity Description of hydrophobic or water repellent characteristics in 

soil.  Primarily caused by hydrophobic organic residues derived 

from decomposing plant materials, which alter the contact angle 

between water droplets and the soil surface, in turn affecting the 

ability of water to infiltrate into the soil.   

 

Massive soil structure Coherent soil, no soil structure, separates into fragments when 

displaced. Large force often required to break soil matrix. 

 

Modulus of Rupture (MOR) This test is a measure of soil strength and identifies the tendency 

of a soil to hard-set as a direct result of soil slaking and 

dispersion. 

 



 

 

Organic Carbon Carbon residue retained by the soil in humus form. Can influence 

many physical, chemical and biological soil properties.  

Synonymous with organic matter (OM). 

 

Plant available water The ability of a soil to hold that part of the water that can be 

absorbed by plant roots. Available water is the difference between 

field capacity and permanent wilting point. 

 

Regolith The unconsolidated rock and weathered material above bedrock, 

including weathered sediments, saprolites, organic accumulations, 

soil, colluvium, alluvium and aeolian deposits. 

 

Single grain structure Loose, incoherent mass of individual particles. Soil separates into 

individual particles when displaced. 

 

Slaking The partial breakdown of soil aggregates in water due to the 

swelling of clay and the expulsion of air from pore spaces. 

 

Soil horizon Relatively uniform materials that extend laterally, continuously or 

discontinuously throughout the profile, running approximately 

parallel to the surface of the ground and differs from the related 

horizons in chemical, physical or biological properties. 

 

Soil pH The negative logarithm of the hydrogen ion concentration of a soil 

solution. The degree of acidity or alkalinity of a soil expressed in 

terms of the pH scale, from 2 to 10. 

 

Soil structure The distinctness, size, shape and arrangement of soil aggregates 

(or peds) and voids within a soil profile. Can be classed as 

‘apedal’, having no observable peds, or ‘pedal’, having observable 

peds. 

 

Soil strength The resistance of a soil to breaking or deformation. ‘Hardsetting’ 

refers to a high soil strength upon drying. 

 

Soil texture The size distribution of individual particles of a soil.  

 

Subsoil The layer of soil below the topsoil or A horizons, often of finer 

texture (i.e. more clayey), denser and stronger in colour. 



 

 

Generally considered to be the ‘B-horizon’ above partially 

weathered or un-weathered material.  

 

Topsoil Soil consisting of various mixtures of sand, silt, clay and organic 

matter; considered to be the nutrient-rich top layer of soil – The ‘A-

horizon’.  

  



 

 

Appendix C 
Summary of methods of soil analyses used by Outback Ecology 

 

 

 

 



 

 

1. Soil texturing 
 

Soils were worked by hand, and the texture, shearing capacity, particle size and ribbon length were 

observed according to methods described in McDonald et al. (1998) as follows. 

 

Texture 
Grade Behaviour of Moist Bolus Approximate 

clay content Code 

Sand Nil to very slight coherence; cannot be moulded; 
single sand grains adhere to fingers <5% S 

Loamy sand 
Slight coherence; can be sheared between 
thumb and forefinger to give minimal ribbon of 
about 5mm 

5% LS 

Clayey sand 
Slight coherence; sticky when wet; many sand 
grains stick to fingers; discolours fingers with 
stain; forms minimal ribbon of 5-15mm 

5-10% CS 

Sandy loam 
Bolus coherent but very sandy to touch; 
dominant sand grains of medium size and 
readily visible ; ribbon of 15-25mm 

10-20% SL 

Loam 
Bolus coherent and rather spongy; no obvious 
sandiness or silkiness; forms ribbon of about 
25mm 

25% L 

Sandy clay 
loam 

Strongly coherent bolus; sandy to touch; ribbon 
of 25-40mm 20-30% SCL 

Clay loam Coherent plastic bolus, smooth to touch, ribbon 
of 25mm to 40mm 30-35% CL 

Clay loam, 
sandy 

Coherent plastic bolus, sand grains visible in 
finer matrix, ribbon of 40-50mm; sandy to touch 30-35% CLS 

Light clay Plastic bolus, smooth to touch; slight resistance 
to shearing; ribbon of 50-75mm 35-40% LC 

Light medium 
clay 

Ribbon of about 75mm, slight to moderate 
resistance to ribboning shear 40-45% LMC 

Medium clay 

Smooth plastic bolus, handles like plasticine and 
can be moulded into rods without fracture; 
moderate resistance to ribboning shear, ribbon 
of 75mm or longer 

45-55% MC 

Medium heavy 
clay 

Ribbon of 75mm or longer, handles like 
plasticine, moderate to firm resistance to 
ribboning shear 

>50% MHC 

Heavy Clay Handles like stiff plasticine; firm resistance to 
ribboning shear, ribbon of 75mm or longer >50% HC 

 

 



 

 

2. Emerson Dispersion Test 
 

Emerson dispersion tests were carried out on all samples according to the following procedure: 

 

1. A petri dish was labelled 1 to 6.  eg.   

 

 

2. The petri dish was filled with DI water. 

3. A 3-5mm soil aggregate is taken from each sample and gently placed into the labelled petri dish 

(3 per dish). 

4. Additional aggregates, remoulded by hand, are placed into the labelled petri dish (3 per dish). 

5. Observations are made of the dispersivity or slaking nature of the sample according to the 

following table: 

 

Emerson Aggregate test classes (Moore 1998) 

 

The samples were left in the dish for a 24 hour period, after which the samples were observed 

again and rated according to the above table. 

 
 
 

 
 

Class Description 

Class 1 Dry aggregate slakes and completely disperses 

Class 2 Dry aggregate slakes and partly disperses 

Class 3a Dry aggregate slakes but does not disperse; remoulded soil disperses completely 

Class 3b Dry aggregate slakes but does not disperse; remoulded soil partly disperses 

Class 4 
Dry aggregate slakes but does not disperse; remoulded soil does not disperse; 

carbonates and gypsum are present 

Class 5 
Dry aggregate slakes but does not disperse; remoulded soil does not disperse; 

carbonates and gypsum are absent; 1:5 suspension remains dispersed 

Class 6 
Dry aggregate slakes but does not disperse; remoulded soil does not disperse; 

carbonates and gypsum are absent; 1:5 suspension remains flocculated 

Class 7 Dry aggregate does not slake; aggregate swells 

Class 8 Dry aggregate does not slake; aggregate does not swell 

1 
2 

3 4 

5 
6 



 

 

3.  General soil pH ratings 
 
These ratings area based on the Land Evaluation Standards for Land Resource Mapping 

categories, (Van Gool et. al. 2005). 

 

The pH of a soil measures its acidity or alkalinity.  The standard method for measuring pH in WA is 

1:5 0.01M CaCl2 (pHCa).  However, in most land resource surveys it has been measured in a 1:5 

soil:water suspension (pHw).  It is preferable to record actual data rather than derived data, 

therefore pH should be recorded according to the method used.  The pH measured using different 

methods should not be compared directly for site investigations.  For general land interpretation 

purposes, the relationship between pHw and pHCa can be estimated by the equation: 

pHCa = 1.04 pHw - 1.28  (Van Gool et al., 2005) 

 

The most widely available pH measurement is for the surface layer.  However, the pH of the topsoil 

varies dramatically, and based on a comparison of map unit and soil profile data, estimated mean 

values for topsoil pH is commonly underestimated.  Hence it is suggested that only an estimate of 

subsoil pH should be attempted.  Even for subsoil the value can only be used as an indicator 

because pH varies dramatically with land use and minor soil variations. 

 

Soil depth 

The pH should be recorded for each soil group layer (see Section 1.6 and Figure 6).  It is then 

reported at the following predefined depths: 

• 0 - 10 cm (the surface layer); 

• 20 cm (used for assessing subsoil acidity); and 

• 50 - 80 cm. If there is a layer boundary within this depth use the higher value (used for assessing 

subsoil alkalinity). 

 
 Soil pH rating 

 
Very 

strongly 
acid  

(Vsac) 

Strongly 
acid    
(Sac) 

Moderately 
acid   

(Mac) 

Slightly 
acid   

(Slac) 

Neutral  
(N) 

Moderately 
alkaline  
(Malk) 

Strongly 
alkaline 
(Salk) 

pHw < 5.3 5.3 - 5.6 5.6 - 6.0 6.0 - 6.5 6.5 - 8.0 8.0 - 9.0 > 9.0 

pHCa < 4.2 4.2 - 4.5 4.5 - 5.0 5.0 - 5.5 5.5 - 7.0 7.0 - 8.0 > 8.0 
 
 
 



 

 

4. Soil Electrical Conductivity classes  
 

Based on standard USDA and CSIRO categories. 
 
 
 

EC (1:5) (dS/m) 

Salinity Class Sand Sandy 
loam 

Loam Clay 
loam 

Light/Med 
Clay 

Heavy 
Clay 

Non-saline <0.13 <0.17 <0.20 <0.22 <0.25 <0.33 

Slightly Saline 0.13-0.26 0.17-0.33 0.20-0.40 0.22-0.44 0.25-0.50 0.33-0.67 

Moderately Saline 0.26-0.52 0.33-0.67 0.40-0.80 0.44-0.89 0.50-1.00 0.67-1.33 

Very Saline 0.52-1.06 0.67-1.33 0.80-1.60 0.89-1.78 1.00-2.00 1.33-2.67 

Extremely Saline >1.06 >1.33 >1.60 >1.78 >2.00 >2.67 

 



 

 

5.  Scoring of root abundance 
 

Root abundance is scored on a visual basis within the categories defined by McDonald et al., 1998: 

 

Score 
Roots per 10 cm2 

Very fine and fine roots Medium and coarse roots 

0 – No roots 0 0 

1 – Few 1 - 10 1 or 2 

2 – Common 10 - 25 2 – 5 

3 – Many 25 - 200 >5 

4 - Abundant >200 >5 
 

 



 

 

 

Appendix D 
KCGM Stage 2 waste characterisation sample register 

 



 

 

  
Table D-1:  Golden Pike cutback drill samples 

Waste 
material Drill hole Depth (m) Sample ID Lithology Description 

Oxide 
 

500024 
2-4 36656 regolith Transported gravel 
6-8 36659 regolith Transported gravel 

10-12 36661 regolith  

500119 

2-4 40111 regolith Regolith undiff 
6-8 40113 regolith Regolith undiff 

10-12 40115 regolith Regolith undiff 
16-18 40118 regolith regoltih undiff 
24-26 40122 regolith/vein regolith undiff/vein 
30-32 40125 regolith regolith undiff 
36-38 40128 regolith Lower saprolyte 
38-40 40129 regolith Lower saprolyte 
40-42 40130 shale/black flag beds n/a 
42-44 40131 shale/black flag beds n/a 
44-46 40132 shale/black flag beds n/a 

500075 

2-4 42677 regolith Regolith undiff 
6-8 42679 regolith Regolith undiff 

10-12 42681 regolith Regolith undiff 
16-18 42684 regolith Regolith undiff 
22-24 42687 regolith mottled zone 
26-28 42689 regolith Upper saprolite 

500051 
6-8 42791 regolith  

8-10 42792 regolith Upper saprolyte 

500023 

2-4 42846 regolith Regolith undiff 
6-8 42848 regolith Regolith undiff 

8-10 42849 regolith Regolith undiff 
10-12 42850 regolith Regolith undiff 
12-14 42851 regolith Upper saprolyte 

500001 

2-4 42939 regolith mottled zone 
6-8 42941 regolith mottled zone 

8-10 42942 regolith mottled zone 
10-12 42943 regolith mottled zone 
12-14 42944 regolith mottled zone 
18-20 42947 regolith mottled zone 
28-30 42952 regolith mottled zone 

500009 

2-4 42974 regolith mottled zone 
6-8 42977 regolith mottled zone 

10-12 42979 regolith mottled zone 
16-18 42982 regolith mottled zone 

 42984 regolith mottled zone 
38-40 42993 regolith mottled zone 

500102 

2-4 36779 regolith Regolith undiff 
6-8 36780 regolith Regolith undiff 

10-12 36784 regolith Upper saprolyte 
16-18 36787 regolith Upper saprolyte 
24-26 36791 regolith Upper saprolyte 
38-40 36798 regolith Upper saprolyte 

500115 2-4 40162 Oxide Regolith 



 

 

Waste 
material Drill hole Depth (m) Sample ID Lithology Description 

6-8 40164 Oxide Regolith 
10-12 40166 Oxide Regolith 
16-18 40169 Oxide Regolith 

2-4 40162 Oxide Regolith 

Transitional 

500024 46-48 36679 GM Dolerite n/a 

500119 
46-48 40133 Regolith Regolith undiff 
48-50 40134 Regolith Regolith undiff 

500075 
30-32 42691 regolith Lower saprolyte 
34-36 42693 regolith Lower saprolyte 

500051 

10-12 42793 Paringa basalt n/a 
16-18 42796 Paringa basalt n/a 
22-24 42799 Paringa basalt n/a 
28-30 42802 Paringa basalt n/a 

500023 

18-20 42854 regolith Lower saprolyte 
22-24 42856 regolith  
28-30 42859 regolith  
34-36 42862 regolith  
42-44 42866 regolith  
48-50 42869 regolith  

500001 
46-48 42961 regolith Upper saprolyte 
56-58 42966 regolith Upper saprolyte 

500102 
48-50 6036803 regolith Regolith undiff 
58-60 6036808 regolith Regolith undiff 

Fresh 

500024 

70-72 36691 Fresh GM Dolerite 
76-78 36694 Fresh GM Dolerite 
80-82 36696 Fresh GM Dolerite 
84-86 36698 Fresh GM Dolerite 
90-92 36701 Fresh GM Dolerite 

100-102 36711 Fresh GM Dolerite 

500119 

50-52 40135 GM Dolerite n/a 
52-54 40136 GM Dolerite n/a 
54-56 40137 GM Dolerite n/a 
56-58 40138 GM Dolerite n/a 
58-60 40139 GM Dolerite n/a 

500075 

44-46 42698 Paringa basalt n/a 
48-50 42700 Paringa basalt n/a 
52-54 42703 Paringa basalt n/a 
58-60 42705 Paringa basalt n/a 

500051 

50-52 42813 Paringa basalt n/a 
52-54 42814 Paringa basalt n/a 
54-56 42815 Paringa basalt n/a 
56-58 42816 Paringa basalt n/a 
58-60 42817 Paringa basalt n/a 

500023 

60-61 42875 GM Dolerite n/a 
64-66 42877 GM Dolerite n/a 
68-70 42879 GM Dolerite n/a 
78-80 42884 GM Dolerite n/a 
88-90 42889 GM Dolerite n/a 

98-100 42894 GM Dolerite n/a 



 

 

Waste 
material Drill hole Depth (m) Sample ID Lithology Description 

108-110 42899 GM Dolerite n/a 
 42901 GM Dolerite n/a 

118-120 42904 GM Dolerite n/a 
 42906 GM Dolerite n/a 

126-128 42907 GM Dolerite n/a 

500001 
62-64 42969 GM Dolerite n/a 
68-70 42972 GM Dolerite n/a 

500102 
70-72 6036814 GM Dolerite n/a 
84-86 6036821 GM Dolerite n/a 
90-92 6036824 GM Dolerite n/a 
Additional samples  

Black Flag 
shale 

Grab 
samples 420 RL  

Black Flag shale and 
adjacent rock (east 

and west of the shale) 
n/a 

 

 

 

Table D-2:  As mined waste rock samples 

Location Site ID Description Sample ID 

Trafalgar Battered Slope 

TBR 1 Battered slope 
TBR1A 
TBR1B 
TBR1C 

TBR 2 Battered slope 
TBR2A 
TBR2B 
TBR2C 

TBR 3 Battered slope 
TBR3A 
TBR3B 
TBR3C 

TBR 4 As dumped 
TBR4A 
TBR4B 
TBR4C 

TBR 5 As dumped-wind row 
TBR5A 
TBR5B 
TBR5C 

TBR 6 As dumped-wind row 
TBR6A 
TBR6B 
TBR6C 

Noise Bund Battered Slope 

NBB 1 Battered slope 
NBB1A 
NBB1B 
NBB1C 

NBB 2 Battered slope 
NBB2A 
NBB2B 
NBB2C 

NBB 3 Battered slope 
NBB3A 
NBB3B 
NBB3C 



 

 

Table D-3:  Samples from the proposed waste landform footprint areas 

Footprint Site ID Depth 
(cm) Sample ID Description 

Northern 
(NF) 

  

1 
(NF1) 

0-5 NF1 0-5 Topsoil 
10-20 NF1 10-20 Topsoil 
40-50 NF1 40-50 Calcareous gravel 

90-100 NF1 90-100 Calcareous gravel 
150-160 NF1 150-160 Saprolite 

2 
(NF2) 

0-5 NF2 0-5 Topsoil 
10-20 NF2 10-20 Calcareous gravel 

40-50 NF2 40-50 Calcareous gravel 
90-100 NF2 90-100 Saprolite 

3 
(NF3) 

0-5 NF3 0-5 Topsoil 
10-20 NF3 10-20 Topsoil 
40-50 NF3 40-50 Calcareous gravel 

90-100 NF3 90-100 Saprolite 

4 
(NF4) 

0-5 NF4 0-5 Topsoil 

10-20 NF410-20 Topsoil / Calcareous gravel 
interface 

40-50 NF4 40-50 Calcareous gravel 

70-80 NF4 70-80 Calcareous gravel above calcrete 

5 
(NF5) 

0-5 NF5 0-5 Topsoil 
10-20 NF5 10-20 Topsoil 

40-50 NF5 40-50 Calcareous gravel 

6 
(NF6) 

0-5 NF6 0-5 Topsoil 
10-20 NF6 10-20 Topsoil 
40-50 NF6 40-50 Calcareous gravel 
70-80 NF6 70-80 Mottled Clay 

110-120 NF6 70-80 Saprolite 

7 
(NF7) 

0-5 NF7 0-5 Topsoil 
10-20 NF7 10-20 Topsoil 
40-50 NF7 40-50 Gravel 

90-100 NF7 90-100 Mottled Clay 
150-160 NF7 150-160 Saprolite 

8 
(NF8) 

0-5 NF8 0-5 Topsoil 
10-20 NF8 10-20 Topsoil 
40-50 NF8 40-50 Calcareous gravel 

90-100 NF8 90-100 Mottled Clay 
140-150 NF8 140-150 Saprolite 

9 
(NF9) 

0-5 NF9 0-5 Topsoil 
10-20 NF9 10-20 Topsoil 
40-50 NF9 40-50 Calcareous gravel 

90-100 NF9 90-100 Mottled Clay / Saprolite 
140-150 NF9 140-150 Mottled Clay / Saprolite 

10 
(NF10) 

0-5 NF10 0-5 Pisolitic topsoil 
10-20 NF10 10-20 Pisolitic topsoil 
40-50 NF10 40-50 Calcareous gravel 

90-100 NF10 90-100 Calcareous gravel 



 

 

Footprint Site ID Depth 
(cm) Sample ID Description 

11 
(NF11) 

0-5 NF11 0-5 Topsoil 
10-20 NF11 10-20 Topsoil 
40-50 NF11 40-50 Mottled material 

90-100 NF11 90-100 Clay 

North western 
(NW) 

1 
(NWF1) 

0-5 NWF1 0-5 Topsoil 
10-20 NWF1 10-20 Calcareous gravel 
40-50 NWF1 40-50 Calcrete 

90-100 NWF1 90-100 Calcrete 

2 
(NWF2) 

0-5 NWF2 0-5 Topsoil 
10-20 NWF2 10-20 Calcareous gravel 
40-50 NWF2 40-50 Calcareous gravel 

3 
(NWF3) 

0-5 NWF3 0-5 Topsoil 
10-20 NWF3 10-20 Topsoil 
40-50 NWF3 40-50 Mottled Clay 

90-100 NWF3 90-100 Mottled Clay 

4 
(NWF4) 

0-5 NWF4 0-5 Topsoil 

10-20 NWF4 10-20 Lateritic / Calcareous gravel 

40-50 NWF4 40-50 Lateritic / Calcareous gravel 

5 
(NWF5) 

0-5 NWF5 0-5 Topsoil 

10-20 NWF5 10-20 Topsoil / Lateritic gravel interface 

40-50 NWF5 40-50 Lateritic gravel 
90-100 NWF5 90-100 Calcareous gravel 

140-150 NWF5 140-150 Mottled clay 

Capping stockpile  
(CSF) 

1 
(CSF1) 

0-5 CSF1 0-5 Topsoil 

10-20 CSF1 10-20 Hard Clay 
40-50 CSF1 40-50 Mottled material 

90-100 CSF1 90-100 Calcareous material 

2 
(CSF2) 

0-5 CSF2 0-5 Topsoil 
10-20 CSF2 10-20 Topsoil 
40-50 CSF2 40-50 Hard clay 

90-100 CSF2 90-100 Calcareous material 

3 
(CSF3) 

0-5 CSF3 0-5 Topsoil 
10-20 CSF3 10-20 Topsoil 
40-50 CSF3 40-50 Calcareous gravel 

90-100 CSF3 90-100 Heavy Clay 

4 
(CSF4) 

0-5 CSF4 0-5 Topsoil 
10-20 CSF4 10-20 Topsoil 
40-50 CSF4 40-50 Calcareous gravel 

90-100 CSF4 90-100 Heavy Clay 

Herliette 
Rehabilitated TSF 

(HR) 

1 
(HR1) 

0-5 HR1 0-5 Topsoil 

10-20 HR1 10-20 Topsoil 
40-50 HR1 40-50 Topsoil 

90-100 HR1 90-100 Capillary Break 



 

 

Footprint Site ID Depth 
(cm) Sample ID Description 

170-180 HR1 170-180 Brown Oxide 
200-210 HR1 200-210 Brown/red Tails 

2 
(HR2) 

0-5 HR2 0-5 Topsoil 
10-20 HR2 10-20 Topsoil 
30-40 HR2 30-40 Topsoil 
70-80 HR2 70-80 Capillary Break 

150-160 HR2 150-160 Brown Oxide 
190-200 HR2 190-200 Brown/red Tails 

3 
(HR3) 

0-5 HR3 0-5 Topsoil 
10-20 HR3 10-20 Topsoil 
50-60 HR3 50-60 Capillary Break 

130-140 HR3 130-140 Yellow Tails 
160-170 HR3 160-170 Brown/red Tails 

4 
(HR4) 

0-5 HR4 0-5 Topsoil 
10-20 HR4 10-20 Topsoil 
30-40 HR4 30-40 Topsoil 
80-90 HR4 80-90 Capillary Break 

180-190 HR 180-190 Mixed Tails 

5 
(HR5) 

0-5 HR5 0-5 Topsoil 
10-20 HR5 10-20 Topsoil 
30-40 HR5 30-40 Topsoil 

90-100 HR5 90-100 Capillary Break 
190-200 HR5 190-200 Mixed Tails 

 

 



 

 

Table D-4:  Existing topsoil and oxide stockpile samples 

Stockpile Site ID Depth 
(cm) Sample ID Description 

Central Oxide  
(OX) 

1  
(OX1) 

40-60 OX1 40-60 Oxide 
80-100 OX1 50-70 Oxide 

2  
(OX2) 

50-70 OX2 50-70 Oxide 
100-120 OX2 100-120 Oxide 

3  
(OX3) 40-60 OX3 40-60 Oxide 

4  
(OX4) composite OX4 Oxide 

5 
(OX5) 

0-20 OX5 0-20 Oxide 
100 OX 5 100 Oxide 
150 OX5 150 Oxide 

6 
(OX6) 

0-20 OX6 0-20 Oxide 
100 OX6 100 Oxide 
200 OX6 200 Oxide 

7 
(OX7) 

0-20 OX7 0-20 Oxide 
100 OX7 100 Oxide 
200 OX7 200 Oxide 

8 
(OX8) 

0-20 OX8 0-20 Oxide 
100 OX8 100 Oxide 
180 OX8 180 Oxide 

9 
(OX9) 

0-20 OX9 0-20 Oxide 
100 OX9 100 Oxide 
170 OX9 170 Oxide 

10 
(OX10) 

0-20 OX10 0-20 Oxide 
100 OX10 100 Oxide 
180 OX10 180 Oxide 

11 
(OX11) 

0-20 OX11 0-20 Oxide 
100 OX11 100 Oxide 
150 OX11 150 Oxide 

12 
(OX12) 

0-20 OX12 0-20 Oxide 
100 OX12 100 Oxide 
150 OX12 150 Oxide 

13 
(OX13) 

0-20 OX13 0-20 Oxide 
100 OX13 100 Oxide 
150 OX13 150 Oxide 

14 
(OX14) 

0-20 OX14 0-20 Oxide 
100 OX14 100 Oxide 
150 OX14 150 Oxide 

15 
(OX15) 

0-20 OX15 0-20 Oxide 
100 OX15 100 Oxide 
150 OX15 150 Oxide 

16 
(OX16) 

0-20 OX16 0-20 Oxide 
100 OX16 100 Oxide 
150 OX16 150 Oxide 

17 
(OX17) 

0-20 OX17 0-20 Oxide 
100 OX17 100 Oxide 

18 0-20 OX18 0-20 Oxide 



 

 

Stockpile Site ID Depth 
(cm) Sample ID Description 

(OX18) 100 OX18 100 Oxide 
150 OX18 150 Oxide 

19 
(OX19) 

0-20 OX19 0-20 Oxide 
100 OX19 100 Oxide 
150 OX19 150 Oxide 

20 
(OX20) 

0-20 OX20 0-20 Oxide 
100 OX20 100 Oxide 
150 OX20 150 Oxide 

Noise Bund 
(NBS) 

 

1 
(NBS1) 

  

0-20 NBS1 0-20 Topsoil 
70-90 NBS1 70-90 Topsoil 

120-140 NBS1 120-140 Topsoil 

2 
(NBS2) 

  

0-20 NBS2 0-20 Topsoil 
40-60 NBS2 40-60 Topsoil 

90-110 NBS2 90-110 Topsoil 

3 
(NBS3) 

0-20 NBS3 0-20 Topsoil 
50-70 NBS3 50-70 Topsoil 

100-120 NBS3 100-120 Topsoil 

4 
(NBS4) 

0-20 NBS4 0-20 Topsoil 
50-70 NBS 4 50-70 Topsoil 

110-130 NBS4 10-130 Topsoil 

5 
(NBS5) 

 

0-20 NBS5 0-20 Topsoil 
50-70 NBS5 50-70 Topsoil 

110-130 NBS5 110-130 Topsoil 

Trafalgar  A 

TTS 1 10 - 30 TTS 1 10-30 Topsoil 
TTS 2 10 - 30 TTS 2 10-30 Topsoil 
TTS 3 10 - 30 TTS 3 10-30 Topsoil 
TTS 4 10 - 30 TTS 4 10-30 Topsoil 
TTS 5 10 - 30 TTS 5 10-30 Topsoil 
TTS 6 10 - 30 TTS 6 10-30 Topsoil 
TTS 7 10 - 30 TTS 7 10-30 Topsoil 
TTS 8 10 - 30 TTS 8 10-30 Topsoil 
TTS 9 10 - 30 TTS 9 10-30 Topsoil 

Trafalgar  B 

TTSb 1 
0-20 TTSb 1 1 0-20 Topsoil 
100 TTSb 1 100 Topsoil 
200 TTSb 1 200 Topsoil 

TTSb 2 
0-20 TTSb 2 1 0-20 Topsoil 
100 TTSb 2 100 Topsoil 
200 TTSb 2 200 Topsoil 

TTSb 3 
0-20 TTSb 3 0-20 Topsoil 
50 TTSb 3 50 Topsoil 

TTSb 4 
0-20 TTSb 4 0-20 Topsoil 
50 TTSb 4 50 Topsoil 

TTSb 5 
0-20 TTSb 5 0-20 Topsoil 
50 TTSb 5 50 Topsoil 

TTSb 6 
0-20 TTSb 6 0-20 Topsoil 
50 TTSb 6 50 Topsoil 

TTSb 7 0-20 TTSb 7 0-20 Topsoil 



 

 

Stockpile Site ID Depth 
(cm) Sample ID Description 

50 TTSb 7 50 Topsoil 

TTSb 8 
0-20 TTSb 8 0-20 Topsoil 
50 TTSb 8 50 Topsoil 

Fimiston 1  

F1S 1 
 

0-20 F1S1 0-20 Topsoil 
100 F1S1 100 Topsoil 
200 F1S1 200 Topsoil 

F1S 2 
  
  

0-20 F1S2 0-20 Topsoil 
100 F1S2 100 Topsoil 
200 F1S2 200 Topsoil 

F1S 3 
0-20 F1S3 0-20 Topsoil 
100 F1S3 100 Topsoil 
200 F1S3 200 Topsoil 

F1S 4 
0-20 F1S4 0-20 Topsoil 
100 F1S4 100 Topsoil 
200 F1S4 200 Topsoil 

F1S 5 
0-20 F1S5 0-20 Topsoil 
100 F1S5 100 Topsoil 
200 F1S5 200 Topsoil 

F1S 6 
0-20 F1S 6 1 0-20 Topsoil 
50 F1S 6 50 Topsoil 

F1S 7 
0-20 F1S 7 1 0-20 Topsoil 
50 F1S 7 1 50 Topsoil 

F1S 8 
0-20 F1S 8 1 0-20 Topsoil 
50 F1S 8 1 50 Topsoil 

F1S 9 
0-20 F1S 9 0-20 Topsoil 
50 F1S 9 50 Topsoil 

F1S 10 
0-20 F1S10 0-20 Topsoil 
50 F1S10 50 Topsoil 

Oroya 

OTS 1 
0-20 OTS1 0-20 Topsoil 
100 OTS1 100 Topsoil 
200 OTS1 200 Topsoil 

OTS 2 
0-20 OTS2 0-20 Topsoil 
100 OTS2 100 Topsoil 
200 OTS2 200 Topsoil 

OTS 3 
0-20 OTS3 0-20 Topsoil 
100 OTS3 100 Topsoil 
200 OTS3 200 Topsoil 

  

 



 

 

Table D-5:  Existing rehabilitation and rehabilitation trial area samples 

Site ID Batter Treatment Slope 
position 

Depth 
(cm) Sample ID Material 

Black Street Trial 
(BST) lower 

Treatment 
4 

Lowerslope 
(BST1) 

0-5 BST1 0-5 Topsoil 
10-20 BST1 10-20 Topsoil 

50 BST1 50 Waste rock/oxide 

Midslope 
(BST2) 

0-5 BST2 0-5 Topsoil 
10-20 BST2 10-20 Topsoil 

40 - 50 BST2 40-50 Waste rock/oxide 

Upperslope 
(BST3) 

0-5 BST3 0-5 Topsoil 
10-20 BST3 10-20 Topsoil 

30 - 40 BST3 30-40 Waste rock/oxide 

Treatment 
2 

Lowerslope 
(BST4) 

0-5 BST4 0-5 soil 
10-20 BST4 10-20 soil 

Midslope 
(BST5) 

0-5 BST5 0-5 soil 
10-20 BST5 10-20 soil 

Upperslope 
(BST6) 

0-5 BST6 0-5 soil 
10-20 BST6 10-20 soil 

Treatment 
6 

Lowerslope 
(BST7) 

 

0-5 BST7 0-5 Topsoil 
10-20 BST7 10-20 Topsoil 

20 - 30 BST7 20-30 Waste rock/oxide 

Midslope 
(BST8) 

 

0-5 BST8 0-5 Topsoil 
10-20 BST8 10-20 Topsoil 

20 - 30 BST8 20-30 Waste rock/oxide 

Upperslope 
(BST9) 

0-5 BST9 0-5 Topsoil 
10-20 BST9 10-20 Topsoil 

20 - 30 BST9 20-30 Waste rock/oxide 

Treatment 
3 

Lowerslope 
(BST10) 

0-5 BST10 0-5 Topsoil 
10-20 BST10 10-20 Topsoil 

20 - 30 BST10 20-30 Waste rock/oxide 

Midslope 
(BST11) 

0-5 BST11 0-5 Topsoil 
10-20 BST11 10-20 Topsoil 

30 - 40 BST1130-40 Waste rock/oxide 

Upperslope 
(BST12) 

0-5 BST12 0-5 Topsoil 
10-20 BST12 10-20 Topsoil 

30 - 40 BST12 30-40 Waste rock/oxide 

Treatment 
2 

Lowerslope 
(BST13) 

0-5 BST13 0-5 Topsoil 
10-20 BST13 10-20 Waste rock/oxide 

Midslope 
(BST14) 

0-5 BST14 0-5 Topsoil 
10-20 BST14 10-20 Waste rock/oxide 

Upperslope 
(BST15) 

0-5 BST15 0-5 Topsoil 
10-20 BST15 10-20 Waste rock/oxide 

Black Street Trial 
(BST) 

Lower 
batter 

Treatment 
1 

Lowerslope 
0-5 BST16 0-5 Waste rock/oxide 

10-20 BST16 10-20 Waste rock/oxide 

Midslope 
0-5 BST17 0-5 Waste rock/oxide 

10-20 BST17 10-20 Waste rock/oxide 

Upperslope 
0-5 BST18 0-5 Waste rock/oxide 

10-20 BST18 10-20 Waste rock/oxide 
Upper 
batter 

Treatment 
2 Lowerslope 

0-5 BST19 0-5 Topsoil 
10-20 BST19 10-20 Topsoil 



 

 

Site ID Batter Treatment Slope 
position 

Depth 
(cm) Sample ID Material 

20-30 BST19 20-30 Waste rock/oxide 

Midslope 
0-5 BST20 0-5 Topsoil 

10-20 BST20 10-20 Topsoil 
20-30 BST20 20-30 Waste rock/oxide 

Upperslope 
0-5 BST21 0-5 Topsoil 

10-20 BST21 10-20 Topsoil 
30-40 BST21 30-40 Waste rock/oxide 

Treatment 
1 

Lowerslope 
0-5 BST22 0-5 Waste rock/oxide 

10-20 BST22 10-20 Waste rock/oxide 

Midslope 
0-5 BST23 0-5 Waste rock/oxide 

10-20 BST23 10-20 Waste rock/oxide 

Upperslope 
0-5 BST24 0-5 Waste rock/oxide 

10-20 BST24 10-20 Waste rock/oxide 

Treatment 
3 

Lowerslope 
0-5 BST25 0-5 Waste rock/oxide 

10-20 BST25 10-20 Waste rock/oxide 

Midslope 
0-5 BST26 0-5 Waste rock/oxide 

10-20 BST26 10-20 Waste rock/oxide 

Upperslope 
0-5 BST27 0-5 Waste rock/oxide 

10-20 BST27 10-20 Waste rock/oxide 

Treatment 
4 

Lowerslope 0-5 BST28 0-5 Waste rock/oxide 
Midslope 0-5 BST29 0-5 Waste rock/oxide 

Upperslope 0-5 BST30 0-5 Waste rock/oxide 

Treatment 
5 

Lowerslope 
0-5 BST31 0-5 Topsoil 

10-20 BST31 10-20 Topsoil 
20-30 BST31 20-30 Topsoil 

Midslope 
0-5 BST32 0-5 Topsoil 

10-20 BST32 10-20 Topsoil 
20-30 BST32 20-30 Topsoil 

Upperslope 
0-5 BST33 0-5 Topsoil 

10-20 BST33 10-20 Topsoil 
20-30 BST33 20-30 Topsoil 

Treatment 
6 

Lowerslope 
0-5 BST34 0-5 Topsoil 

10-20 BST34 10-20 Waste rock/oxide 

Midslope 
0-5 BST35 0-5 Topsoil 

10-20 BST35 10-20 Waste rock/oxide 

Upperslope 
0-5 BST36 0-5 Topsoil 

10-20 BST36 10-20 Waste rock/oxide 
 

Good 
Rehabilitation 

(GR) 

Oroya batter 

GR 1 
0-5 GR1 0-5 topsoil 

10-20 GR1 10-20 topsoil 

GR 2 
0-5 GR2 0-5 topsoil 

10-20 GR2 10-20 topsoil 

GR 3 
0-5 GR3 0-5 topsoil 

10-20 GR3 10-20 topsoil 

GR 4 
0-5 GR4 0-5 topsoil 

10-20 GR4 10-20 topsoil 

Oroya berm GR 5 0-5 GR5 0-5 Topsoil/deposited 
material 



 

 

Site ID Batter Treatment Slope 
position 

Depth 
(cm) Sample ID Material 

10-20 GR5 10-20 Topsoil/deposited 
material 

GR 6 
0-5 GR6 0-5 Topsoil/deposited 

material 

10-20 GR6 0-5 Topsoil/deposited 
material 

Bad 
Rehabilitation 

(BR) 

Fimiston 1 batter 

BR 1 
 

0-5 BR1 0-5 Topsoil 
10-20 BR1 10-20 Topsoil 

BR 2 
 

0-5 BR2 0-5 Topsoil 
10-20 BR2 10-20 Topsoil 

Trafalgar batter 

BR 3 
 

0-5 BR3 0-5 Pale oxide 
10-20 BR3 10-20 Pale oxide 

BR 4 
 

0-5 BR4 0-5 Pale oxide 
10-20 BR4 10-20 Pale oxide 

BR 5 
 

0-5 BR5 0-5 Pale oxide 
10-20 BR5 10-20 Pale oxide 

BR 6 
 

0-5 BR6 0-5 Pale oxide 
10-20 BR6 10-20 Pale oxide 

BR 7 
 

0-5 BR7 0-5 Pale oxide 
10-20 BR7 10-20 Pale oxide 

Trafalgar 
'ski slope' 

BR 8 
 

0-5 BR8 0-5 oxide 
10-20 BR8 10-20 oxide 

BR 9 
 

0-5 BR9 0-5 oxide 
10-20 BR9 10-20 oxide 

 



 

 

Table D-6:  Mount Percy samples 

Location Site ID Depth (cm) Sample ID Description 

Sir Johns Pit  
In-fill 

MP 1 

0-5 MP1 0-5 brown/yellow tails 

10-20 MP1 10-20 brown/yellow tails 

40-50 MP1 40-50 gravely oxide 

90-100 MP1 90-100 gravely oxide 

MP 2 

0-5 MP2 0-5 tails with rock 

10-20 MP2 10-20 tails with rock 

50-60 MP2 40-50 oxide with rock 

MP 3 

0-5 MP3 0-5 yellow/green tails 

10-20 MP3 10-20 yellow/green tails 

40-50 MP3 40-50 burgundy tails 

90-100 MP3 90-100 burgundy tails 

MP 4 
0-5 MP4 0-5 green tails 

10-20 MP4 10-20 green tails 

MP 5 
  

0-5 MP5 0-5 green tails 

10-20 MP5 10-20 brown tails 

MP 6 
0-5 MP6 0-5 tails 

10-20 MP6 10-20 tails 

Mount Percy TSF 
Batter Rehabilitation 

MP 7  
Good growth 

0-5 MP7 0-5 topsoil 
10-20 MP7 10-20 topsoil 

MP 13  
Good growth 

0-5 MP13 0-5 topsoil 
10-20 MP13 10-20 topsoil 

MP 8  
Poor growth 

0-5 MP8 0-5 pale oxide 

10-20 MP8 10-20 pale oxide 

MP 9 
 Poor growth 

0-5 MP9 0-5 topsoil 

10-20 MP9 10-20 topsoil 

MP 10 
 Poor growth 

0-5 MP10 0-5 pale brown oxide 

10-20 MP10 10-20 white-ish oxide 

MP 11  
Poor growth 

0-5 MP11 0-5 topsoil 

10-20 MP11 10-20 topsoil 

MP 12  
Poor growth 

0-5 MP12 0-5 pale brown oxide 

10-20 MP12 10-20 pale brown oxide 

MP 14  
Poor growth 

0-5 MP14 0-5 topsoil 

10-20 MP14 10-20 topsoil 

MP 15  
Poor growth 

0-5 MP15 0-5 white/yellow oxide 

10-20 MP15 10-20 white/yellow oxide 

MP 16  
Poor growth 

0-5 MP16 0-5 pale yellow oxide 

10-20 MP16 10-20 pale yellow oxide 



 

 

Location Site ID Depth (cm) Sample ID Description 

Mill Rehabilitation 

MP 17 
0-5 MP17 0-5 Red oxide 

10-20 MP17 10-20 Red oxide 

MP 18 
0-5 MP18 0-5 topsoil/Red oxide 

10-20 MP18 10-20 topsoil/Red oxide 

MP 19 
0-5 MP19 0-5 topsoil / Red oxide  

10-20 MP19 10-20 topsoil / Red oxide 

ROM Rehabilitation 

MP 20 
batter  

0-5 MP20 0-5 oxide 

10-20 MP20 10-20 oxide 

MP 21 
 berm 

0-5 MP21 0-5 topsoil/sediment 

10-20 MP21 10-20 topsoil/sediment 

Union club WD  

MP 22 
good growth 

0-5 MP22 0-5 topsoil 

10-20 MP22 10-20 topsoil 

MP 23  
poor growth 

0-5 MP23 0-5 red oxide 
10-20 MP23 10-20 red oxide 

MP 24  
poor growth 

0-5 MP24 0-5 red oxide 
10-20 MP24 10-20 red oxide 

MP 25  
poor growth 

0-5 MP25 0-5 red oxide 
10-20 MP25 10-20 pale oxide 

Mystery WD MP26 
 good tree growth 

0-5 MP26 0-5 lateritic topsoil 

10-20 MP26 10-20 lateritic topsoil 

Miscellaneous 
Rehabilitation 

MP27 
flat area 

0-5 MP27 0-5 oxide 

10-20 MP27 10-20 oxide 
 

 



 

 

Table D-7:  Morrison Flats samples 

Site ID Depth (cm) Sample ID Description 

MF 1 

0-5 MF1 0-5 Grey tails 

10-20 MF1 10-20 Grey tails 

40-50 MF1 40-50 Red Tails 

50-55 MF1 50-55 Disturbed/in situ layer 

70-80 MF1 70-80 Clay 

120-130 MF1 120-130 Calcareous 

MF2 

0-3 MF2 0-3 Grey tails 

3-10 MF2 3-10 Disturbed/in situ layer 

10-20 MF2 10-20 Disturbed/in situ layer 

70-80 MF2 70-80 Calcareous 

MF3 

0-5 MF3 0-5 Loose fine sand 

10-20 MF3 10-20 Structured Clay 

40-50 MF3 40-50 Structured Clay 

90-100 MF3 90-100 Calcareous clay 

MF4 

0-5 MF4 0-5 Brown tails 

10-20 MF4 10-20 Olive Tails 
30-40 MF4 30-40 Gritty friable sand 

90-100 MF4 90-100 Calcareous clay 

MF5 

0-5 MF5 0-5 Oxide tails 

10-20 MF5 10-20 Oxide tails 

40-50 MF5 40-50 Oxide tails 

100-110 MF5 100-110 Mottled clay/hardcap 

MF6 

0-5 MF6 0-5 Oxide tails 

10-20 MF6 10-20 Oxide tails 

40-50 MF6 40-50 Oxide tails 

90-100 MF6 90-100 Oxide tails 

MF7 

0-5 MF7 0-5 Tails crust 

10-20 MF7 10-20 Red earth 

40-50 MF7 40-50 Gravely ironstone 

90-100 MF7 90-100 Hard grey clay 

MF8 

0-5 MF8 0-5 Oxide tails 

10-20 MF8 10-20 Oxide tails 

40-50 MF8 40-50 Oxide tails 

90-100 MF8 90-100 Oxide tails 

170-180 MF8 170-180 Calcareous clay 

 

 



 

 

Table D-8:  Kaltails drain samples 

Site ID Depth (cm) Sample ID Description 

KTD 1 
0-5 KTD1 0-5 soil 

10-20 KTD1 10-20 soil 

KTD 2 
0-5 KTD2 0-5 soil 

10-20 KTD2 10-20 soil 

KTD 3 
0-5 KTD3 0-5 soil 

10-20 KTD3 10-20 soil 

KTD 4 
0-5 KTD4 0-5 soil 

10-20 KTD4 10-20 soil tails mix 

KTD 5 
0-5 KTD5 0-5 soil 

10-20 KTD5 10-20 soil 

KTD 6 
0-5 KTD6 0-5 soil 

10-20 KTD6 10-20 soil 
   



 

 

Appendix E 
ALS Certificates of Analysis 
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Work Order :

:Client

EP0906854

OUTBACK ECOLOGY SERVICES

KSU-SS-1009 F:Project

General Comments

The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM. In house 

developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insuffient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

When date(s) and/or time(s) are shown bracketed, these have been assumed by the laboratory for processing purposes. If the sampling time is displayed as 0:00 the information was not provided by client.

CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.

LOR = Limit of reporting

^ = This result is computed from individual analyte detections at or above the level of reporting

Key :

Poor matrix spike recovery for Chromium due to sample heterogeneity. Confirmed by re-extraction and re-analysis.l
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Work Order :

:Client

EP0906854

OUTBACK ECOLOGY SERVICES

KSU-SS-1009 F:Project

Analytical Results

F20F16F9F5F2Client sample IDSub-Matrix: SOIL

25-NOV-2009 15:0025-NOV-2009 15:0025-NOV-2009 15:0025-NOV-2009 15:0025-NOV-2009 15:00Client sampling date / time

EP0906854-005EP0906854-004EP0906854-003EP0906854-002EP0906854-001UnitLORCAS NumberCompound

EA055: Moisture Content

10.95.1 9.5 6.7 6.5%1.0----^ Moisture Content (dried @ 103°C)

EG005T: Total Metals by ICP-AES
<5<5 <5 <5 10mg/kg57440-38-2Arsenic

<1<1 <1 <1 <1mg/kg17440-43-9Cadmium

150157 155 169 184mg/kg27440-47-3Chromium

2944 32 28 37mg/kg57440-50-8Copper

68 6 6 15mg/kg57439-92-1Lead

3745 42 28 82mg/kg27440-02-0Nickel

1020 16 13 55mg/kg57440-66-6Zinc

EG035T:  Total Mercury by FIMS
<0.10.1 <0.1 <0.1 0.2mg/kg0.17439-97-6Mercury
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Work Order :

:Client

EP1000307

OUTBACK ECOLOGY SERVICES

KUS-SS-1009 R_2:Project

Analytical Results

R76R74R73R71R70Client sample IDSub-Matrix: SOIL

04-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:00Client sampling date / time

EP1000307-020EP1000307-019EP1000307-018EP1000307-017EP1000307-016UnitLORCAS NumberCompound

EA055: Moisture Content
<1.0<1.0 1.9 7.0 2.4%1.0----^ Moisture Content (dried @ 103°C)

EG005T: Total Metals by ICP-AES

2812 11 11 10mg/kg57440-38-2Arsenic

<1<1 <1 <1 <1mg/kg17440-43-9Cadmium

2238 137 138 119mg/kg27440-47-3Chromium

5855 33 34 37mg/kg57440-50-8Copper

<5<5 7 8 5mg/kg57439-92-1Lead

5554 47 45 35mg/kg27440-02-0Nickel

8969 62 62 58mg/kg57440-66-6Zinc

EG035T:  Total Recoverable Mercury by FIMS

0.20.1 0.1 <0.1 <0.1mg/kg0.17439-97-6Mercury
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Work Order :

:Client

EP1000307

OUTBACK ECOLOGY SERVICES

KUS-SS-1009 R_2:Project

Analytical Results

R82R81R79R78R77Client sample IDSub-Matrix: SOIL

04-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:00Client sampling date / time

EP1000307-025EP1000307-024EP1000307-023EP1000307-022EP1000307-021UnitLORCAS NumberCompound

EA055: Moisture Content

7.07.0 2.0 6.8 <1.0%1.0----^ Moisture Content (dried @ 103°C)

EG005T: Total Metals by ICP-AES

911 10 11 11mg/kg57440-38-2Arsenic

<1<1 <1 <1 <1mg/kg17440-43-9Cadmium

76142 152 120 78mg/kg27440-47-3Chromium

3632 34 30 29mg/kg57440-50-8Copper

<57 8 7 <5mg/kg57439-92-1Lead

1848 54 42 31mg/kg27440-02-0Nickel

4063 67 61 62mg/kg57440-66-6Zinc

EG035T:  Total Recoverable Mercury by FIMS
<0.1<0.1 <0.1 <0.1 <0.1mg/kg0.17439-97-6Mercury
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Work Order :

:Client

EP1000307

OUTBACK ECOLOGY SERVICES

KUS-SS-1009 R_2:Project

Analytical Results

R89R88R87R86R83Client sample IDSub-Matrix: SOIL

04-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:00Client sampling date / time

EP1000307-030EP1000307-029EP1000307-028EP1000307-027EP1000307-026UnitLORCAS NumberCompound

EA055: Moisture Content

2.15.8 6.6 1.5 3.3%1.0----^ Moisture Content (dried @ 103°C)

EG005T: Total Metals by ICP-AES

125 9 27 32mg/kg57440-38-2Arsenic

<1<1 <1 <1 <1mg/kg17440-43-9Cadmium

14647 105 132 127mg/kg27440-47-3Chromium

3217 28 48 45mg/kg57440-50-8Copper

8<5 6 11 12mg/kg57439-92-1Lead

4916 37 60 54mg/kg27440-02-0Nickel

6954 64 99 96mg/kg57440-66-6Zinc

EG035T:  Total Recoverable Mercury by FIMS
<0.1<0.1 <0.1 0.1 0.2mg/kg0.17439-97-6Mercury
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Work Order :

:Client

EP1000307

OUTBACK ECOLOGY SERVICES

KUS-SS-1009 R_2:Project

Analytical Results

R94R93R92R91R90Client sample IDSub-Matrix: SOIL

04-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:00Client sampling date / time

EP1000307-035EP1000307-034EP1000307-033EP1000307-032EP1000307-031UnitLORCAS NumberCompound

EA055: Moisture Content

4.21.4 1.6 3.9 1.6%1.0----^ Moisture Content (dried @ 103°C)

EG005T: Total Metals by ICP-AES

4240 29 31 23mg/kg57440-38-2Arsenic

<1<1 <1 <1 <1mg/kg17440-43-9Cadmium

126108 121 127 127mg/kg27440-47-3Chromium

4844 48 46 44mg/kg57440-50-8Copper

1516 12 12 10mg/kg57439-92-1Lead

5752 61 56 59mg/kg27440-02-0Nickel

110110 97 93 87mg/kg57440-66-6Zinc

EG035T:  Total Recoverable Mercury by FIMS

0.30.2 0.1 0.1 <0.1mg/kg0.17439-97-6Mercury
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Work Order :

:Client

EP1000307

OUTBACK ECOLOGY SERVICES

KUS-SS-1009 R_2:Project

Analytical Results

R99R98R97R96R95Client sample IDSub-Matrix: SOIL

04-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:00Client sampling date / time

EP1000307-040EP1000307-039EP1000307-038EP1000307-037EP1000307-036UnitLORCAS NumberCompound

EA055: Moisture Content

1.74.1 3.5 1.6 4.1%1.0----^ Moisture Content (dried @ 103°C)

EG005T: Total Metals by ICP-AES

3220 29 26 27mg/kg57440-38-2Arsenic

<1<1 <1 <1 <1mg/kg17440-43-9Cadmium

107125 110 133 130mg/kg27440-47-3Chromium

4744 45 40 47mg/kg57440-50-8Copper

129 12 10 10mg/kg57439-92-1Lead

5359 50 52 57mg/kg27440-02-0Nickel

10285 91 88 91mg/kg57440-66-6Zinc

EG035T:  Total Recoverable Mercury by FIMS

0.1<0.1 0.1 <0.1 0.2mg/kg0.17439-97-6Mercury
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Work Order :

:Client

EP1000307

OUTBACK ECOLOGY SERVICES

KUS-SS-1009 R_2:Project

Analytical Results

R104R103R102R101R100Client sample IDSub-Matrix: SOIL

04-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:00Client sampling date / time

EP1000307-045EP1000307-044EP1000307-043EP1000307-042EP1000307-041UnitLORCAS NumberCompound

EA055: Moisture Content

4.42.3 2.3 4.8 <1.0%1.0----^ Moisture Content (dried @ 103°C)

EG005T: Total Metals by ICP-AES

1212 8 9 <5mg/kg57440-38-2Arsenic

<1<1 <1 <1 <1mg/kg17440-43-9Cadmium

106140 125 122 6mg/kg27440-47-3Chromium

3142 29 29 49mg/kg57440-50-8Copper

715 7 7 <5mg/kg57439-92-1Lead

56115 44 42 8mg/kg27440-02-0Nickel

6473 63 66 44mg/kg57440-66-6Zinc

EG035T:  Total Recoverable Mercury by FIMS
<0.1<0.1 <0.1 <0.1 <0.1mg/kg0.17439-97-6Mercury
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Work Order :

:Client

EP1000307

OUTBACK ECOLOGY SERVICES

KUS-SS-1009 R_2:Project

Analytical Results

R109R108R107R106R105Client sample IDSub-Matrix: SOIL

04-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:00Client sampling date / time

EP1000307-050EP1000307-049EP1000307-048EP1000307-047EP1000307-046UnitLORCAS NumberCompound

EA055: Moisture Content
<1.02.8 3.9 <1.0 4.6%1.0----^ Moisture Content (dried @ 103°C)

EG005T: Total Metals by ICP-AES

6<5 <5 <5 <5mg/kg57440-38-2Arsenic

<1<1 <1 <1 <1mg/kg17440-43-9Cadmium

77 5 14 14mg/kg27440-47-3Chromium

6859 61 33 37mg/kg57440-50-8Copper

<5<5 <5 <5 <5mg/kg57439-92-1Lead

159 11 4 4mg/kg27440-02-0Nickel

8151 56 39 39mg/kg57440-66-6Zinc

EG035T:  Total Recoverable Mercury by FIMS
<0.1<0.1 <0.1 <0.1 <0.1mg/kg0.17439-97-6Mercury



13 of 14:Page

Work Order :

:Client

EP1000307

OUTBACK ECOLOGY SERVICES

KUS-SS-1009 R_2:Project

Analytical Results

R114R113R112R111R110Client sample IDSub-Matrix: SOIL

04-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:00Client sampling date / time

EP1000307-055EP1000307-054EP1000307-053EP1000307-052EP1000307-051UnitLORCAS NumberCompound

EA055: Moisture Content

6.02.6 1.5 6.1 1.8%1.0----^ Moisture Content (dried @ 103°C)

EG005T: Total Metals by ICP-AES
<5<5 5 <5 57mg/kg57440-38-2Arsenic

<1<1 <1 <1 <1mg/kg17440-43-9Cadmium

1312 17 16 93mg/kg27440-47-3Chromium

5558 42 39 44mg/kg57440-50-8Copper

<5<5 <5 <5 16mg/kg57439-92-1Lead

911 12 10 35mg/kg27440-02-0Nickel

4950 50 49 186mg/kg57440-66-6Zinc

EG035T:  Total Recoverable Mercury by FIMS
<0.1<0.1 <0.1 <0.1 <0.1mg/kg0.17439-97-6Mercury



14 of 14:Page

Work Order :

:Client

EP1000307

OUTBACK ECOLOGY SERVICES

KUS-SS-1009 R_2:Project

Analytical Results

--------R117R116R115Client sample IDSub-Matrix: SOIL

--------04-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:00Client sampling date / time

--------EP1000307-058EP1000307-057EP1000307-056UnitLORCAS NumberCompound

EA055: Moisture Content

1.54.9 5.6 ---- ----%1.0----^ Moisture Content (dried @ 103°C)

EG005T: Total Metals by ICP-AES

7462 75 ---- ----mg/kg57440-38-2Arsenic

<1<1 <1 ---- ----mg/kg17440-43-9Cadmium

8484 95 ---- ----mg/kg27440-47-3Chromium

5444 53 ---- ----mg/kg57440-50-8Copper

2018 18 ---- ----mg/kg57439-92-1Lead

3435 34 ---- ----mg/kg27440-02-0Nickel

107218 106 ---- ----mg/kg57440-66-6Zinc

EG035T:  Total Recoverable Mercury by FIMS
<0.1<0.1 <0.1 ---- ----mg/kg0.17439-97-6Mercury



EP1000328

False

CERTIFICATE OF ANALYSIS

Work Order : EP1000328 Page : 1 of 4

:: LaboratoryClient Environmental Division PerthOUTBACK ECOLOGY SERVICES

: :ContactContact MS BRONWYN GORDON Michael Sharp

:: AddressAddress 1/71 TROY TERRACE

JOLIMONT WA, AUSTRALIA 6014

10 Hod Way Malaga WA Australia 6090

:: E-mailE-mail bronwyn.gordon@outbackecology.com michael.sharp@alsenviro.com

:: TelephoneTelephone +61 08 93888799 +61-8-9209 7655

:: FacsimileFacsimile +61 08 93888633 +61-8-9209 7600

:Project KSU-SS-1009 P QC Level : NEPM 1999  Schedule B(3) and ALS QCS3 requirement

:Order number OES0848

:C-O-C number ---- Date Samples Received : 20-JAN-2010

Sampler : Lisa Welker Issue Date : 27-JAN-2010

Site : ----

10:No. of samples received

Quote number : EP-142-09 BQ 10:No. of samples analysed

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. All pages of this report have been checked and approved for 

release. 

This Certificate of Analysis contains the following information:

l General Comments

l Analytical Results

NATA Accredited Laboratory 825

 

This document is issued in 

accordance with NATA 

accreditation requirements.

Accredited for compliance with 

ISO/IEC 17025.

Signatories
This document has been electronically signed by the authorized signatories indicated below. Electronic signing has been 

carried out in compliance with procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Scott James Assistant Laboratory Manager Perth Inorganics

Environmental Division Perth

10 Hod Way Malaga WA Australia 6090

Tel. +61-8-9209 7655  Fax. +61-8-9209 7600  www.alsglobal.com



2 of 4:Page

Work Order :

:Client

EP1000328

OUTBACK ECOLOGY SERVICES

KSU-SS-1009 P:Project

General Comments

The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM. In house 

developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insuffient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

When date(s) and/or time(s) are shown bracketed, these have been assumed by the laboratory for processing purposes. If the sampling time is displayed as 0:00 the information was not provided by client.

CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.

LOR = Limit of reporting

^ = This result is computed from individual analyte detections at or above the level of reporting

Key :



3 of 4:Page

Work Order :

:Client

EP1000328

OUTBACK ECOLOGY SERVICES

KSU-SS-1009 P:Project

Analytical Results

P14P11P8P5P1Client sample IDSub-Matrix: SOIL

04-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:00Client sampling date / time

EP1000328-005EP1000328-004EP1000328-003EP1000328-002EP1000328-001UnitLORCAS NumberCompound

EA055: Moisture Content

5.615.2 4.6 16.9 7.4%1.0----^ Moisture Content (dried @ 103°C)

EG005T: Total Metals by ICP-AES

655 73 423 77mg/kg57440-38-2Arsenic

<1<1 1 1 1mg/kg17440-43-9Cadmium

90364 36 28 11mg/kg27440-47-3Chromium

8234 97 562 103mg/kg57440-50-8Copper

36<5 66 49 74mg/kg57439-92-1Lead

70157 30 124 20mg/kg27440-02-0Nickel

12840 97 513 81mg/kg57440-66-6Zinc

EG035T:  Total Recoverable Mercury by FIMS
<0.1<0.1 0.3 3.3 0.3mg/kg0.17439-97-6Mercury



4 of 4:Page

Work Order :

:Client

EP1000328

OUTBACK ECOLOGY SERVICES

KSU-SS-1009 P:Project

Analytical Results

P56P52P48P24P18Client sample IDSub-Matrix: SOIL

04-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:00Client sampling date / time

EP1000328-010EP1000328-009EP1000328-008EP1000328-007EP1000328-006UnitLORCAS NumberCompound

EA055: Moisture Content

3.02.4 1.9 1.3 3.2%1.0----^ Moisture Content (dried @ 103°C)

EG005T: Total Metals by ICP-AES
<5<5 <5 <5 <5mg/kg57440-38-2Arsenic

<1<1 <1 <1 <1mg/kg17440-43-9Cadmium

227147 170 335 171mg/kg27440-47-3Chromium

1613 13 18 12mg/kg57440-50-8Copper

<5<5 <5 6 <5mg/kg57439-92-1Lead

3937 38 52 39mg/kg27440-02-0Nickel

<56 8 16 6mg/kg57440-66-6Zinc

EG035T:  Total Recoverable Mercury by FIMS
<0.1<0.1 <0.1 <0.1 <0.1mg/kg0.17439-97-6Mercury
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CERTIFICATE OF ANALYSIS

Work Order : EP1000327 Page : 1 of 9

:: LaboratoryClient Environmental Division PerthOUTBACK ECOLOGY SERVICES

: :ContactContact MS BRONWYN GORDON Michael Sharp

:: AddressAddress 1/71 TROY TERRACE

JOLIMONT WA, AUSTRALIA 6014

10 Hod Way Malaga WA Australia 6090

:: E-mailE-mail bronwyn.gordon@outbackecology.com michael.sharp@alsenviro.com

:: TelephoneTelephone +61 08 93888799 +61-8-9209 7655

:: FacsimileFacsimile +61 08 93888633 +61-8-9209 7600

:Project KSU-SS-1009M QC Level : NEPM 1999  Schedule B(3) and ALS QCS3 requirement

:Order number OES0847

:C-O-C number ---- Date Samples Received : 20-JAN-2010

Sampler : Lisa Welker Issue Date : 27-JAN-2010

Site : ----

35:No. of samples received

Quote number : EP-142-09 BQ 35:No. of samples analysed

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. All pages of this report have been checked and approved for 

release. 

This Certificate of Analysis contains the following information:

l General Comments

l Analytical Results

NATA Accredited Laboratory 825

 

This document is issued in 

accordance with NATA 

accreditation requirements.

Accredited for compliance with 

ISO/IEC 17025.

Signatories
This document has been electronically signed by the authorized signatories indicated below. Electronic signing has been 

carried out in compliance with procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Scott James Assistant Laboratory Manager Perth Inorganics

Environmental Division Perth

10 Hod Way Malaga WA Australia 6090

Tel. +61-8-9209 7655  Fax. +61-8-9209 7600  www.alsglobal.com
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Work Order :

:Client

EP1000327

OUTBACK ECOLOGY SERVICES

KSU-SS-1009M:Project

General Comments

The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM. In house 

developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insuffient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

When date(s) and/or time(s) are shown bracketed, these have been assumed by the laboratory for processing purposes. If the sampling time is displayed as 0:00 the information was not provided by client.

CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.

LOR = Limit of reporting

^ = This result is computed from individual analyte detections at or above the level of reporting

Key :
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Work Order :

:Client

EP1000327

OUTBACK ECOLOGY SERVICES

KSU-SS-1009M:Project

Analytical Results

M5M4M3M2M1Client sample IDSub-Matrix: SOIL

04-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:00Client sampling date / time

EP1000327-005EP1000327-004EP1000327-003EP1000327-002EP1000327-001UnitLORCAS NumberCompound

EA055: Moisture Content

17.013.2 24.0 9.0 12.7%1.0----^ Moisture Content (dried @ 103°C)

EG005T: Total Metals by ICP-AES

122124 935 39 10mg/kg57440-38-2Arsenic

<1<1 <1 <1 <1mg/kg17440-43-9Cadmium

77 6 132 132mg/kg27440-47-3Chromium

5443 292 54 24mg/kg57440-50-8Copper

<5<5 24 10 6mg/kg57439-92-1Lead

1514 52 34 37mg/kg27440-02-0Nickel

13982 396 74 36mg/kg57440-66-6Zinc

EG035T:  Total Recoverable Mercury by FIMS

0.20.3 1.2 <0.1 <0.1mg/kg0.17439-97-6Mercury



4 of 9:Page

Work Order :

:Client

EP1000327

OUTBACK ECOLOGY SERVICES

KSU-SS-1009M:Project

Analytical Results

M10M9M8M7M6Client sample IDSub-Matrix: SOIL

04-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:00Client sampling date / time

EP1000327-010EP1000327-009EP1000327-008EP1000327-007EP1000327-006UnitLORCAS NumberCompound

EA055: Moisture Content

7.58.2 12.1 11.5 11.0%1.0----^ Moisture Content (dried @ 103°C)

EG005T: Total Metals by ICP-AES

1118 14 10 9mg/kg57440-38-2Arsenic

<1<1 <1 <1 <1mg/kg17440-43-9Cadmium

44100 136 135 92mg/kg27440-47-3Chromium

4717 38 27 24mg/kg57440-50-8Copper

19<5 9 6 <5mg/kg57439-92-1Lead

2424 46 39 30mg/kg27440-02-0Nickel

11742 62 49 41mg/kg57440-66-6Zinc

EG035T:  Total Recoverable Mercury by FIMS
<0.1<0.1 <0.1 <0.1 <0.1mg/kg0.17439-97-6Mercury



5 of 9:Page

Work Order :

:Client

EP1000327

OUTBACK ECOLOGY SERVICES

KSU-SS-1009M:Project

Analytical Results

M15M14M13M12M11Client sample IDSub-Matrix: SOIL

04-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:00Client sampling date / time

EP1000327-015EP1000327-014EP1000327-013EP1000327-012EP1000327-011UnitLORCAS NumberCompound

EA055: Moisture Content

6.6<1.0 14.8 11.8 21.8%1.0----^ Moisture Content (dried @ 103°C)

EG005T: Total Metals by ICP-AES

630 9 6 220mg/kg57440-38-2Arsenic

<1<1 <1 <1 <1mg/kg17440-43-9Cadmium

138138 146 100 12mg/kg27440-47-3Chromium

2934 32 12 76mg/kg57440-50-8Copper

616 9 <5 61mg/kg57439-92-1Lead

3536 42 7 23mg/kg27440-02-0Nickel

3674 18 <5 240mg/kg57440-66-6Zinc

EG035T:  Total Recoverable Mercury by FIMS

0.10.1 <0.1 <0.1 3.0mg/kg0.17439-97-6Mercury



6 of 9:Page

Work Order :

:Client

EP1000327

OUTBACK ECOLOGY SERVICES

KSU-SS-1009M:Project

Analytical Results

M20M19M18M17M16Client sample IDSub-Matrix: SOIL

04-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:00Client sampling date / time

EP1000327-020EP1000327-019EP1000327-018EP1000327-017EP1000327-016UnitLORCAS NumberCompound

EA055: Moisture Content

9.818.2 20.1 10.3 12.7%1.0----^ Moisture Content (dried @ 103°C)

EG005T: Total Metals by ICP-AES

12180 <5 168 201mg/kg57440-38-2Arsenic

<1<1 <1 <1 <1mg/kg17440-43-9Cadmium

14613 22 27 28mg/kg27440-47-3Chromium

4063 5 64 76mg/kg57440-50-8Copper

843 <5 25 31mg/kg57439-92-1Lead

4723 5 23 26mg/kg27440-02-0Nickel

59209 <5 165 184mg/kg57440-66-6Zinc

EG035T:  Total Recoverable Mercury by FIMS

0.4<0.1 <0.1 4.0 7.3mg/kg0.17439-97-6Mercury



7 of 9:Page

Work Order :

:Client

EP1000327

OUTBACK ECOLOGY SERVICES

KSU-SS-1009M:Project

Analytical Results

M25M24M23M22M21Client sample IDSub-Matrix: SOIL

04-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:00Client sampling date / time

EP1000327-025EP1000327-024EP1000327-023EP1000327-022EP1000327-021UnitLORCAS NumberCompound

EA055: Moisture Content

10.517.0 9.6 10.8 11.2%1.0----^ Moisture Content (dried @ 103°C)

EG005T: Total Metals by ICP-AES

8250 121 130 123mg/kg57440-38-2Arsenic

<1<1 <1 <1 <1mg/kg17440-43-9Cadmium

812 18 10 11mg/kg27440-47-3Chromium

3197 63 66 71mg/kg57440-50-8Copper

740 41 49 50mg/kg57439-92-1Lead

4924 30 30 32mg/kg27440-02-0Nickel

38250 208 247 253mg/kg57440-66-6Zinc

EG035T:  Total Recoverable Mercury by FIMS

0.27.3 1.0 2.6 3.7mg/kg0.17439-97-6Mercury



8 of 9:Page

Work Order :

:Client

EP1000327

OUTBACK ECOLOGY SERVICES

KSU-SS-1009M:Project

Analytical Results

M30M29M28M27M26Client sample IDSub-Matrix: SOIL

04-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:00Client sampling date / time

EP1000327-030EP1000327-029EP1000327-028EP1000327-027EP1000327-026UnitLORCAS NumberCompound

EA055: Moisture Content
<1.012.0 10.1 15.6 14.2%1.0----^ Moisture Content (dried @ 103°C)

EG005T: Total Metals by ICP-AES

37124 <5 12 <5mg/kg57440-38-2Arsenic

<1<1 <1 <1 <1mg/kg17440-43-9Cadmium

14810 134 122 29mg/kg27440-47-3Chromium

3667 37 54 11mg/kg57440-50-8Copper

1538 9 7 <5mg/kg57439-92-1Lead

3129 44 77 8mg/kg27440-02-0Nickel

75232 19 14 <5mg/kg57440-66-6Zinc

EG035T:  Total Recoverable Mercury by FIMS

0.32.4 <0.1 <0.1 <0.1mg/kg0.17439-97-6Mercury



9 of 9:Page

Work Order :

:Client

EP1000327

OUTBACK ECOLOGY SERVICES

KSU-SS-1009M:Project

Analytical Results

M35M34M33M32M31Client sample IDSub-Matrix: SOIL

04-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:0004-DEC-2009 15:00Client sampling date / time

EP1000327-035EP1000327-034EP1000327-033EP1000327-032EP1000327-031UnitLORCAS NumberCompound

EA055: Moisture Content

14.77.3 13.8 17.4 13.7%1.0----^ Moisture Content (dried @ 103°C)

EG005T: Total Metals by ICP-AES

2618 262 269 26mg/kg57440-38-2Arsenic

<1<1 <1 <1 <1mg/kg17440-43-9Cadmium

812 8 8 107mg/kg27440-47-3Chromium

8880 95 130 64mg/kg57440-50-8Copper

4132 46 49 6mg/kg57439-92-1Lead

2426 27 25 43mg/kg27440-02-0Nickel

258180 273 315 53mg/kg57440-66-6Zinc

EG035T:  Total Recoverable Mercury by FIMS

8.88.1 12.1 5.9 0.2mg/kg0.17439-97-6Mercury



EP1000387

False

CERTIFICATE OF ANALYSIS

Work Order : EP1000387 Page : 1 of 5

:: LaboratoryClient Environmental Division PerthOUTBACK ECOLOGY SERVICES

: :ContactContact MS BRONWYN GORDON Michael Sharp

:: AddressAddress 1/71 TROY TERRACE

JOLIMONT WA, AUSTRALIA 6014

10 Hod Way Malaga WA Australia 6090

:: E-mailE-mail bronwyn.gordon@outbackecology.com michael.sharp@alsenviro.com

:: TelephoneTelephone +61 08 93888799 +61-8-9209 7655

:: FacsimileFacsimile +61 08 93888633 +61-8-9209 7600

:Project KSU-SS-1009 K QC Level : NEPM 1999  Schedule B(3) and ALS QCS3 requirement

:Order number OES 0857

:C-O-C number ---- Date Samples Received : 22-JAN-2010

Sampler : Lisa Welker Issue Date : 01-FEB-2010

Site : ----

12:No. of samples received

Quote number : EP-142-09 BQ 12:No. of samples analysed

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. All pages of this report have been checked and approved for 

release. 

This Certificate of Analysis contains the following information:

l General Comments

l Analytical Results

NATA Accredited Laboratory 825

 

This document is issued in 

accordance with NATA 

accreditation requirements.

Accredited for compliance with 

ISO/IEC 17025.

Signatories
This document has been electronically signed by the authorized signatories indicated below. Electronic signing has been 

carried out in compliance with procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Scott James Assistant Laboratory Manager Perth Inorganics

Environmental Division Perth

10 Hod Way Malaga WA Australia 6090

Tel. +61-8-9209 7655  Fax. +61-8-9209 7600  www.alsglobal.com
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Work Order :

:Client

EP1000387

OUTBACK ECOLOGY SERVICES

KSU-SS-1009 K:Project

General Comments

The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM. In house 

developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insuffient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

When date(s) and/or time(s) are shown bracketed, these have been assumed by the laboratory for processing purposes. If the sampling time is displayed as 0:00 the information was not provided by client.

CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.

LOR = Limit of reporting

^ = This result is computed from individual analyte detections at or above the level of reporting

Key :
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Work Order :

:Client

EP1000387

OUTBACK ECOLOGY SERVICES

KSU-SS-1009 K:Project

Analytical Results

K5K4K3K2K1Client sample IDSub-Matrix: SOIL

04-JAN-2010 15:0004-JAN-2010 15:0004-JAN-2010 15:0004-JAN-2010 15:0004-JAN-2010 15:00Client sampling date / time

EP1000387-005EP1000387-004EP1000387-003EP1000387-002EP1000387-001UnitLORCAS NumberCompound

EA055: Moisture Content

8.32.5 1.5 7.2 1.4%1.0----^ Moisture Content (dried @ 103°C)

EG005T: Total Metals by ICP-AES
<513 7 <5 12mg/kg57440-38-2Arsenic

<1<1 <1 <1 <1mg/kg17440-43-9Cadmium

345344 335 332 311mg/kg27440-47-3Chromium

3936 36 36 35mg/kg57440-50-8Copper

1313 12 11 12mg/kg57439-92-1Lead

129128 119 118 120mg/kg27440-02-0Nickel

3943 37 35 46mg/kg57440-66-6Zinc

EG035T:  Total Recoverable Mercury by FIMS
<0.1<0.1 <0.1 <0.1 <0.1mg/kg0.17439-97-6Mercury



4 of 5:Page

Work Order :

:Client

EP1000387

OUTBACK ECOLOGY SERVICES

KSU-SS-1009 K:Project

Analytical Results

K10K9K8K7K6Client sample IDSub-Matrix: SOIL

04-JAN-2010 15:0004-JAN-2010 15:0004-JAN-2010 15:0004-JAN-2010 15:0004-JAN-2010 15:00Client sampling date / time

EP1000387-010EP1000387-009EP1000387-008EP1000387-007EP1000387-006UnitLORCAS NumberCompound

EA055: Moisture Content

1.98.8 7.8 1.8 10.3%1.0----^ Moisture Content (dried @ 103°C)

EG005T: Total Metals by ICP-AES

128 21 12 10mg/kg57440-38-2Arsenic

<1<1 <1 <1 <1mg/kg17440-43-9Cadmium

266352 252 271 283mg/kg27440-47-3Chromium

3336 34 36 34mg/kg57440-50-8Copper

1013 10 13 11mg/kg57439-92-1Lead

93131 95 115 108mg/kg27440-02-0Nickel

3541 41 41 36mg/kg57440-66-6Zinc

EG035T:  Total Recoverable Mercury by FIMS
<0.10.1 0.1 <0.1 <0.1mg/kg0.17439-97-6Mercury
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Work Order :

:Client

EP1000387

OUTBACK ECOLOGY SERVICES

KSU-SS-1009 K:Project

Analytical Results

------------K12K11Client sample IDSub-Matrix: SOIL

------------04-JAN-2010 15:0004-JAN-2010 15:00Client sampling date / time

------------EP1000387-012EP1000387-011UnitLORCAS NumberCompound

EA055: Moisture Content

10.61.6 ---- ---- ----%1.0----^ Moisture Content (dried @ 103°C)

EG005T: Total Metals by ICP-AES

69 ---- ---- ----mg/kg57440-38-2Arsenic

<1<1 ---- ---- ----mg/kg17440-43-9Cadmium

317315 ---- ---- ----mg/kg27440-47-3Chromium

3030 ---- ---- ----mg/kg57440-50-8Copper

1210 ---- ---- ----mg/kg57439-92-1Lead

10293 ---- ---- ----mg/kg27440-02-0Nickel

2926 ---- ---- ----mg/kg57440-66-6Zinc

EG035T:  Total Recoverable Mercury by FIMS
<0.1<0.1 ---- ---- ----mg/kg0.17439-97-6Mercury
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Executive Summary 

 

Outback Ecology Services was commissioned by KCGM to review the available literature relating to soil 

and waste materials at the KCGM site.  It is intended that this review, and identification of associated 

knowledge gaps, will form Stage 1 of a two-staged approach to the development of a site-wide soil and 

waste materials inventory.  A subsequent sampling and analysis program planned for October and 

November 2009 (Stage 2), will compliment existing information via comprehensive assessment of the 

physical, chemical and geochemical parameters of materials from the future Golden Pike Cutback, existing 

soil, oxide and waste materials on site, and existing trial and rehabilitated areas.  

 

The soil and waste material inventory, detailing material volumes, characteristics and recommendations for 

placement of the various materials, will be used to facilitate concurrent modelling of landform and slope 

parameters, waste material placement and scheduling, so that appropriate landforms can be designed, 

based on specific material volumes and characteristics.  Prior to the development of final recommendations 

for landform design and rehabilitation, a draft of the recommended slope designs, soil and waste material 

placement strategy will be submitted for review by relevant stakeholders. 

 

Once the preferred placement of waste materials in landforms has been identified, a detailed strategy to 

monitor placement of the various materials will be developed.  Appropriate rehabilitation prescriptions and 

closure criteria will then be developed to take into account the specific characteristics of the materials and 

constructed landform parameters.  A flow diagram depicting the planned program of soil and waste 

material characterisation, waste management, landform design and rehabilitation is provided in Figure 

ES1, with target completion dates for the individual components of the work program provided in Table 

ES1. 

 

Key findings from the review of available literature are as follows: 

• An intensive survey of the soils within the Golden Pike Cutback area has indicated a mix of 

undisturbed soil profiles and historically disturbed soils or mine waste materials.  Surface soils of the 

undisturbed area (i.e. the gravelly sandy loams) were identified as the best surface medium for 

rehabilitation, with the underlying oxide soils being saline and sodic; 

• Similar examination of analogue soil profiles within the greater Fimiston mine area has indicated that 

deeper ‘oxide’ soils, below approximately 20cm depth, are saline and sodic, however native root 

growth extends below 2m depth; 

• There is substantial variation in the physical and chemical characteristics of soil, oxide and waste 

rock materials present on site, both within stockpiles and in rehabilitated areas.  The variability in 

composition and characteristics of stockpiled materials requires further definition; 

• Topsoil and oxide stockpiled materials are typically heterogeneous in composition, with significant 

mixing of surface soils and deeper oxide materials; 

• Evidence of acid-forming wastes has been identified within some stockpiled oxide materials and 

historic mine areas; 



 

   

• The performance of oxide material on the rehabilitated slopes of constructed landforms has been 

variable.  While the physical and chemical characteristics of stockpiled soil and some oxide materials 

are generally considered conducive to germination and growth of native plant species, the high 

sodicity and resulting clay dispersion of many of the materials indicates a general unsuitability for 

placement on the slopes of constructed landforms.  The suitability of the oxide materials for use as a 

rehabilitation medium therefore requires further quantification;  

• Rehabilitation success, particularly on waste dump embankments has been extremely variable, and 

there is little information regarding the critical factors for success;  

• The amount of plant-available water able to be stored in the rehabilitated soil profiles (i.e. oxide over 

waste rock) are is likely to be limiting to the growth of some native plant species;  

• Analysis of soil and waste rock in existing areas of rehabilitation has indicated that the salinity of 

both the oxide layer and underlying waste rock may be a limiting factor to rehabilitation success, 

although there appears to be substantial reported variation in the salinity levels of waste rock; 

• The effect on structural stability and resulting erodibility of the oxide materials, as a result of leaching 

of salts from the profile requires quantification;  

• While the geology and lithological characteristics of the area are well known, information relating to 

the geochemical characteristics of waste materials is relatively limited.  The Black Flag Bed material 

has been identified as the lithological unit most likely to generate acid.  It has been previously 

recommended that a program of geochemical characterisation be implemented for all waste rock 

lithologies, with particular emphasis on the Black Flag Bed materials; 

• Rehabilitation trial data has indicated variable success of a range of surface rehabilitation treatments 

(e.g. depth of soil cover, fertiliser, mulch).  Further investigation of these trial areas is required to 

quantify current treatment effects on rehabilitation success.  

 

Planned sampling and analysis program 

The review of existing information and associated gap analysis has indicated a number of soil and waste 

material issues which require further quantification.  KCGM are committed to undertake the following 

investigative program to facilitate the development of a soil and waste inventory, which will in turn facilitate 

the associated design, construction and rehabilitation of appropriate waste landforms. 

 

Golden Pike Cutback Materials  

• A detailed summary of the waste and sub-grade lithologies associated with the Golden Pike Cutback 

has been supplied by KCGM.  A drilling program is currently underway to provide samples for the 

physical, chemical and geochemical characterisation of the lithologies present.  Examination of drill 

logs from the current drilling operations will facilitate an appropriate sampling regime to quantify the 

characteristics of the materials present; 

• Characterisation of the Golden Pike Cutback materials will compliment existing information on the 

acid forming and / or acid buffering potential, physical and chemical characteristics of the waste and 

sub-grade lithologies. This will in turn, facilitate inclusion into the soil and waste material inventory 

and appropriate placement within constructed landforms.  



 

   

 

Existing Soil, Oxide and Waste Rock Materials 

• An assessment of the in situ soils within proposed waste dump footprint areas; 

• Further characterisation of soil and oxide resources on site is required to quantify the variability in 

material characteristics outlined in previous investigations, so that the stockpiled materials can be 

included in the inventory of soil and waste materials; 

• An assessment of the likely stability of oxide material following salt leaching will be conducted to 

better understand the suitability of oxide material for placement on the slopes of constructed 

landforms; 

• Quantification of the different particle size distributions and associated characteristics of mined 

waste rock lithologies will be undertaken to determine their optimal placement within constructed 

landforms. 

 

Existing Trial and Rehabilitated Areas 

• To compliment the investigations undertaken in 2007, further sampling and analysis of ‘good’ and 

‘poor’ areas of rehabilitation will be undertaken to enhance the understanding of existing limitations 

to revegetation success, and identify any changes in the surface rehabilitation profiles since the 

initial monitoring; 

• Sampling of existing trial areas on waste landform batters and TSF surfaces to identify treatment 

effects on surface soil / waste material properties and rehabilitation success. 

 



 

   

Figure ES1:  Flow diagram representing program of soil and waste material characterisation, waste management, landform design and rehabilitation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Literature review and gap 
analysis  

 

Bulk material scheduling  

Modelling of slope options 
using generic information  

Stage 1 

Chemical, physical and 
geochemical characterisation of soil 

and waste materials 

Soil and waste materials inventory 
(volumes and characteristics of soil 

and waste materials) 

Appropriate design, scheduling and 
placement of soil and waste 
materials based on specific 

characteristics 

Appropriate rehabilitation protocols 
for constructed landforms based on 

landform and material 
characteristics 

Modelling of slope options using 
specific characteristics  

 

Stage 2 

Monitoring of waste material 
placement within constructed 

landforms 

Implementation of rehabilitation 
protocols specific to landform and 

material characteristics  

Stage 3 



 

   

Table ES1:  Individual components and associated timing of investigations to facilitate soil and waste material inventory, landform design and rehabilitation 

 

Component of work program Conducted by Target completion 
date 

Stage 1 

Literature review of soil and waste materials, and gap analysis Outback Ecology 23rd September 2009 

Generic modelling of waste landform slope options Metago Environmental Engineers 23rd September 2009 

Bulk material scheduling / preliminary dumping and cost options DumpSolver 23rd September 2009 

Stage 2 

Characterisation of Golden Pike Cutback waste materials (physical, chemical 
and geochemical analysis) 

Outback Ecology / Graeme 
Campbell and Associates 13th November 2009 

Characterisation of existing soil, oxide and waste rock materials on site 
(volumes, physical, chemical and geochemical analysis)  Outback Ecology 4th December 2009 

Characterisation of soils within proposed waste dump footprint areas Outback Ecology 4th December 2009 

Assessment of rehabilitation success and trial areas on site Outback Ecology 4th December 2009 

Draft soil and waste material inventory, landform / slope designs, soil and 
waste material placement strategy 

Outback Ecology, Metago 
Environmental Engineers, 

DumpSolver 
4th December 2009 

Finalised soil and waste materials inventory  Outback Ecology 15th January 2010 

Modelling of slope parameters using site / material specific parameters Metago Environmental Engineers 15th January 2010 

Finalised landform / slope designs, soil and waste material placement 
strategy 

Outback Ecology, Metago 
Environmental Engineers, 

DumpSolver 
12th February 2010 

Detailed material placement and dumping schedule DumpSolver 12th February 2010 

Development of waste material placement monitoring strategy Outback Ecology 12th February 2010 

Rehabilitation prescriptions specific to landform and material characteristics Outback Ecology 12th February 2010 
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1. INTRODUCTION  

The Kalgoorlie Consolidated Gold Mines Pty Ltd (KCGM) site is located adjacent to Kalgoorlie-Boulder 

townsite in the Goldfields region of Western Australia, approximately 600km east of Perth.  The mine 

consists of the Mt. Charlotte underground mine and the Fimiston open pit, also referred to as the 

“Superpit”.  KCGM, which consolidated ownership of the gold reserves in the area, was formed in 1989, is 

a joint venture owned by Barrick Gold of Australia Ltd and Newmont Australia.   

 

KCGM is proposing to mine a cutback along part of the western edge of the Fimiston Open Pit, referred to 

as the Golden Pike Cutback, and to construct additional waste landforms to contain the waste rock and 

oxide materials associated with the cutback.  

 

1.1 Background and Scope of Work 

Outback Ecology was commissioned by KCGM to develop a soil and waste materials inventory, 

encompassing the waste materials generated from the Golden Pike Cutback and other soil, oxide, waste 

rock and sub-grade materials present on site.  Physical, chemical and geochemical characterisation of the 

various soil and waste materials is considered an essential component of appropriate landform design and 

successful rehabilitation.  The development of the soil and waste materials inventory, combined with 

examination of existing rehabilitation performance, landform modelling (Metago Environmental Engineers) 

and appropriate waste material placement / scheduling (DumpSolver) will allow for the design, construction 

and rehabilitation of the most suitable waste landforms, based on the specific characteristics and volumes 

of the various materials available. 

 

The soil and waste materials inventory will also be a valuable tool for future delineation and management 

of soil, oxide and waste rock resources required for rehabilitation of other areas (e.g. tailings storage 

facilities and historically disturbed areas) on site.  

 

The associated program of work has been split into two stages: 

• Stage 1: Literature Review and Gap Analysis 

• Stage 2: Material Characterisation, Waste Management, Landform Design and Rehabilitation 

 

Subsequent stages of work will be developed to monitor waste material placement within constructed 

landforms and implement final rehabilitation prescription specific to landform and material characteristics.  

 
 

1.1.1 Stage 1 Investigation 

The aim of the initial investigation has been to review and summarise the existing information pertaining to 

the characteristics of soils, waste materials and landforms at the KCGM site, with specific reference to the 

Golden Pike Cutback materials, and identify requirements for subsequent investigations (i.e. Stage 2).  

Specifically, the review component of this document targets existing information on the following aspects:   
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• Geology and waste material lithology from the Golden Pike Cutback (type, known characteristics 

and volumes); 

• Local soil characteristics; 

• Waste material characteristics (physical, chemical and geochemical); 

• Rehabilitation performance and monitoring information; 

• Locations and characteristics of existing soil, oxide and waste rock landforms.  

 

The information derived from the review and associated identification of knowledge gaps has been used to 

develop recommendations for subsequent investigations into the characteristics of soil, oxide and waste 

rock materials across the KCGM site (Stage 2).  This information will then be utilised by the concurrent 

landform modelling and material placement / scheduling components of the Stage 2 investigations.  

 

1.1.2 Stage 2 Investigation 

The purpose of the Stage 2 investigations is to conduct a program of soil and waste characterisation to 

complete the KCGM site soil and waste materials inventory.  This will, in turn, facilitate the modelling of 

landform and slope designs and the finalised soil and waste material placement strategy.  Specific 

components of Stage 2, and their targeted completion dates are as follows:  

• Characterisation of Golden Pike Cutback waste materials (physical, chemical and geochemical 

analysis) - 13th November 2009; 

• Characterisation of existing soil, oxide and waste rock materials on site (volumes, physical, chemical 

and geochemical analysis) - 4th December 2009; 

• Characterisation of soils within proposed waste dump footprint areas - 4th December 2009; 

• Assessment of rehabilitation success and trial areas on site - 4th December 2009; 

• Draft landform / slope designs, soil and waste material placement strategy - 4th December 2009; 

• Finalised soil and waste materials inventory - 15th January 2010; 

• Modelling of slope parameters using site / material specific parameters - 15th January 2010; 

• Finalised landform / slope designs, soil and waste material placement strategy - 12th February 2010; 

• Detailed material placement and dumping schedule - 12th February 2010; 

• Development of waste material placement monitoring strategy - 12th February 2010; 

• Development of rehabilitation prescriptions specific to landform and material characteristics - 12th 

February 2010. 

 

The sampling and analysis programs for the Golden Pike Cutback waste materials and the existing soil, 

oxide and waste materials are detailed in Sections 3.1 and 3.2 respectively.  

 

Prior to the development of final recommendations for landform design and rehabilitation, a draft of the 

recommended slope designs, soil and waste material placement strategy will be submitted for review by 

relevant stakeholders. 
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2. LITERATURE REVIEW 

2.1 Golden Pike Cutback 

2.1.1 Background 

KCGM is proposing to mine a cutback along part of the north-west wall of the Fimiston Open Pit, referred 

to as the Golden Pike Cutback.  The cutback will enable both a widening and deepening of the Fimiston 

Open Pit enabling access to ore at the base of the pit.  The final pit depth is estimated to be 700 metres, 

with the cutback covering an area of 46ha, and will extend the mine life of the Fimiston pit by 5 years, from 

2012 to 2017 (KCGM, 2008).  The project will also require additional areas for the storage of waste rock 

and oxide materials from the Fimiston Open Pit.   

 

Documents reviewed which relate to the Golden Pike Cutback include: 

• BFP Consultants (2004). Geotechnical Assesment of Golden Pike Cutback for KCGM Pty Ltd; 

• ENVIRON (2006). Public Environmental Review – Fimiston Gold Mine Operations Extension (Stage 

3) and Mine Closure Planning for Kalgoorlie Consolidated Gold Mines Pty Ltd; 

• KCGM (2008). Mining Proposal. Fimiston Gold Mine Operations Extension (Stage 3) and Mine 

Closure Planning. Golden Pike Cutback and Northern Waste Rock Dumps; 

• Soil Water Consultants (2007e). Golden Pike Extension Soil Survey. 

 

2.1.2 Geology and Waste Lithology 

The Golden Pike Cutback follows an ore zone which has developed along the Golden Pike Fault.  The 

geology in the vicinity of the cutback consists of a sequence of dolerites, basalts, shales, sandstones, 

siltstones and porphyries dipping steeply to the west (KCGM, 2008).  The majority of the cutback will be 

mined in the Golden Mile Dolerite (GMD) and the Williamstown Dolerite (WD) to the west of the Golden 

Pike Fault.  The Black Flag Bed shale sequence, which is confined to the GMD, is approximately 20 to 30 

metres thick, and is underlain by a further section of GMD to the base of the existing pit (KCGM, 2008).  

 

It is estimated that highly weathered rock and oxide extends to a depth of approximately 50 metres, 

followed by moderately weathered rock to approximately 70 metres depth, where bedrock is encountered.  

GMD and WD will predominantly be exposed within the weathered zone, along with Paringa Basalt, and 

Black Flag Beds to the north of the cutback (BFP Consultants, 2004). 

 

The current inventory of waste and sub-grade materials for the Golden Pike Cutback, which details the 

volumes of each waste and sub-grade lithology is detailed in Appendix A.  The proposed sampling and 

analysis regime for the characterisation of these materials is detailed in Section 3.1. 
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2.1.3 Soils within the Golden Pike Cutback area 

A detailed investigation of the surface soils (to a maximum 2m depth) within the Golden Pike Cutback Area 

was undertaken by Soil Water Consultants in December 2007.  The objective of this survey was to identify 

and characterise all the pre-mining soils within the proposed disturbance area and recommend 

management strategies for their handling and utilisation.  This information provides valuable baseline data 

that will be used to assist in the mining of these soils and their utilisation in rehabilitation.  In total, 27 soil 

trenches were excavated to a maximum depth of 2m, with soil collected from selected horizons for physical 

and chemical analysis. 

 

The key findings from the Soil Water Consultants (2008) Golden Pike Extension survey were as follows: 

• Five morphologically distinct soil types or soil mapping units (SMU) were identified; three in situ 

undisturbed native soils, and two disturbed soils units; 

• Four dominant soil materials were identified within the in situ soil mapping units, namely gravelly 

sandy loams, red sandy loams / sandy clays, laterites and gypsic hardpans; 

• Gravelly sandy loams which represent the surface soils in all in situ soil profiles, are characterised 

by a high pisolithic gravel content (>70 %), single grain structure, abundant root growth, high 

permeability, low nutrient status, low salinity (based on standard CSIRO salinity classes) and low 

sodicity; 

• Red sandy loam / sandy clays comprise the oxide horizon of the in situ profiles throughout the 

Golden Pike Extension, and consist of a well structured soil with a high silt and clay content, low 

permeability, high salinity and high sodicity; 

• The disturbed soils units consist of various materials including waste, previous infrastructure and 

soils from the Old Gold Battery that have been dumped onto the pre-existing native soil profile.  

• Several potentially problematic soils were identified within the disturbed soil units, including oxidized 

pyritic shales, tailings materials and partially-weathered waste rock overlying existing in situ soil 

profiles.  

 

It was recommended that the potentially problematic soil materials within the disturbed areas not be used 

as a rehabilitation medium as they have a have the potential to impact rehabilitation if used close to the 

surface on constructed waste landforms.  The gravelly sandy loams were suggested as the best surface 

medium in terms of physical and chemical properties for use in rehabilitation, with the red sandy loam / 

sandy clays used as a growth medium over the waste rock, and below surface soil layers (Soil Water 

Consultants, 2008). 

 

2.2 Existing Soil Materials at KCGM  

2.2.1 Background 

Soils of the Kalgoorlie region are typically neutral red earths in the plain areas, calcareous loams and 

brown calcareous earths higher in the landscape, with saline/sodic soils in and around the low lying salt 

lakes (KCGM, 2008).  Surface soils within the KCGM operational area are typically degraded as a result of 
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historic mining operations (e.g. Soil Water Consultants, 2007e; 2008) and land clearing, however many 

areas have been revegetated as part of KCGM’s progressive rehabilitation programme (KCGM, 2008). 

 

Documents reviewed which relate to the characteristics and management of on-site soil materials include: 

• KCGM (2007b) Rehabilitation Management Plan;  

• Kesteven, C. (1998). Physical Characterisation of Mine Wastes and Topsoils from the Kalgoorlie 

Consolidated Gold Mines Site. University of Western Australia;  

• Soil Water Consultants (2007) Section 2 - Native Soil Profile Characterisation; 

• Soil Water Consultants (2007) Section 3 - Topsoil Characterisation. 

 

2.2.2 KCGM Soil Management 

Constructing a suitable growth medium on rehabilitation areas is recognised as an important component of 

successful revegetation.  While the integrity and fertility of a soil is best retained through immediate 

respreading, this is not always possible within the schedules of construction and progressive rehabilitation 

(KCGM, 2007b).  KCGM has historically salvaged and stockpiled available topsoil and growth medium to 

cover the surface of waste rock dumps and tailings storage facilities, and to assist in the revegetation of 

outer embankments.  Due to the historically disturbed nature of the site, much of the stockpiled soil 

material is subsoil or oxide material from below the original ‘topsoil’ surface, although some topsoil has 

been reclaimed from available areas.  The location and description of the various soil and oxide stockpiles 

currently on site are detailed in Appendix C. 

 

Available topsoil and growth medium has previously been reclaimed, where practicable, in accordance 

with the following practices (KCGM, 2007b): 

• Growth medium is removed from areas to an approximate depth of 300 millimetres (depth may vary, 

all suitable growth material will be removed); 

• Potable water is used for dust suppression during growth medium removal to prevent potential salt 

contamination; 

• Growth medium stockpiles are limited to two metres high and located in close proximity, to minimise 

re-handling and storage impacts on microflora; 

• Removed revegetation may be mulched and placed over the stockpile to assist with stabilisation and 

reduce potential dust emissions; 

• If the stockpile is to be stored for the longer term then germination of seed may be used to maintain 

soil microbe levels, replenish the seed store, reduce erosion and discourage weeds; 

• Material removed from stockpiles for rehabilitation should be taken from the top of the stockpiles 

rather than from the sides of the stockpile (where practicable). 

 

The salvaged growth medium is typically spread over rehabilitation areas to a depth of approximately 200-

250 mm.  It has been recognised that historically, some waste rock dump faces at KCGM have been 

layered with excessive thickness of growth medium (500mm or greater) (KCGM, 2007b). 
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2.2.3 Previous Soil Investigations at KCGM 

Undisturbed topsoils 

A detailed investigation of the native soils within the broader Fimiston mine site was undertaken by Soil 

Water Consultants in 2007.  The objective of that study was to characterise the nature of the analogue soil 

profiles, so that comparisons could be made with reconstructed soil profiles on constructed landforms.  In 

addition to the characterisation of soil properties, the root distribution of the native vegetation was 

assessed to identify the natural rooting pattern, and therefore allow a direct comparison with the root 

distribution in the reconstructed soil profiles.  In total, 12 soil trenches were excavated to a maximum depth 

of 2 m, with soil collected from selected horizons for physical and chemical analysis. 

 

The key findings from the Soil Water Consultants (2007a) native soil survey were as follows: 

• The native soils are well structured with a loamy texture. The clay content typically increases with 

depth through the soil profile; 

• The native topsoils are typified by a minor enrichment of organic matter.  Based on the physical and 

chemical properties, ‘topsoils’ in the native profiles represents the surface 10 cm of the profile (i.e. 0 

to 10 cm depth); 

• Topsoil materials are non-saline (EC < 40 mS/m), non-sodic (ESP < 6 %), and exhibit macro- and 

micro-structural stability (i.e. they generally do not slake or disperse upon saturation); 

• Underlying the topsoil, there is a defined subsoil layer that extends to approximately 20 cm (i.e. 10 

to 20 cm depth).  The properties of the subsoil are similar to those of the overlying topsoil, however 

the organic matter content, and corresponding nutrient contents, are lower; 

• Oxide material occurs beneath the subsoil horizon.  This material has a higher clay content than the 

overlying horizons, and is structurally unstable due to high sodicity.  The salinity of this material is 

typically high to very high (based on standard CSIRO salinity classes), although no restriction to root 

growth was observed in the natural profiles; 

• From depths of 4 to 20 m the salinity of the oxide material is extremely high and may impact on 

revegetation if placed higher in the reconstructed soil profiles on constructed landforms; 

 

It was recommended that the in situ oxide materials not be used as a rehabilitation medium near the 

surface of the constructed landforms as they have a high susceptibility to erosion (Soil Water Consultants, 

2007a).  

 

Topsoil stockpiles 

An investigation of existing topsoil stockpiles at the Fimiston mine site was undertaken by Soil Water 

Consultants in 2007, to characterise the stockpiled topsoil materials and to determine their suitability for 

use in rehabilitation.  The key findings from the Soil Water Consultants (2007b) topsoil stockpiles survey 

were as follows: 

• Existing topsoil stockpiles consisted of a heterogeneous mix of topsoil, subsoil, and oxide material;  



KCGM                                                                           Soil and Waste Characterisation Stage 1 – Literature Review and Gap Analysis  

7 

• The general physical and chemical properties of the soils in the topsoil stockpiles will facilitate 

rehabilitation of waste rock stockpiles, and no adverse physical or chemical properties were 

observed that will limit plant germination and growth; 

• The soil materials in the topsoil stockpile have an optimal soil structure and fabric which results in 

these soils having a high water holding and plant available water capacity. This physical fertility also 

promotes good root growth; 

• Oxide materials contained in the topsoil stockpiles have high sodicity values (i.e. high ESP) and they 

exhibit both soil slaking and clay dispersion; 

• The soil materials contained within the topsoil stockpiles have adequate macro-and micronutrient 

contents to support plant growth in rehabilitation; 

• The salinity of the soils in the topsoil stockpiles varies from non-saline to highly saline, however 

salinity levels generally do not exceed 200 mS/m, and are therefore unlikely to adversely impact 

plant germination and growth. 

 

It was recommended that the potential erodibility of the various topsoil stockpile materials be tested to 

determine whether the application of lime or gypsum would be required to increase structural stability, and 

to investigate how the structural stability of these materials evolves over time with leaching and a 

subsequent decrease in salinity (Soil Water Consultants, 2007b). 

 

Physical and chemical characterisation of two topsoil samples from existing stockpiles was also completed 

by Kesteven (1998).  Results from the analyses indicated that there was substantial variation in physical 

and chemical characteristics of the two samples.  The exact origin of the soil samples tested, prior to 

deposition in the stockpiles is not known. 

 

2.3 Existing Oxide and Waste Rock Materials 

2.3.1 Background 

The geological and physiological properties of the waste materials within the Fimiston open pit are 

relatively well understood.  Approximately 95% of the waste materials produced from operations to date 

has been Golden Mile Dolerite which is not potentially acid generating (KCGM, 2008).  The Black Flag Bed 

material appears to have the greatest potential for acid generation, and any impacts from acid drainage 

from waste rock mined for the remainder of the mine life are expected to be manageable (HLA 

Envirosciences, 2005). 

 

In addition to the geochemical characteristics of waste materials, characterisation of waste rock and oxide 

materials should also encompass physical and chemical parameters which determine the material’s 

potential erodibility, ability to support plant growth and subsequent suitability for placement within 

constructed landforms.  Documents reviewed which relate to the characteristics and management of waste 

oxide and waste rock materials include:  

• ACG Woodward-Clyde (1991). Waste Rock Characterisation study, Preliminary Investigation. 

Fimiston Operations, KCGM.  
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• Kesteven, C. (1998). Physical Characterisation of Mine Wastes and Topsoils from the Kalgoorlie 

Consolidated Gold Mines Site. University of Western Australia.  

• KCGM (2002). Tailings and Oxide Resource Inventory 

• KCGM (2008). Rehabilitation Management Plan. 

• HLA Envirosciences (2005). Acid Drainage Risk Evaluation, Kalgoorlie Consolidated Gold Mines. 

• Kalgoorlie Consolidated Gold Mines, (2005). Letter of Variation to Consultative Environmental 

Review, Mine and Waste Dumps - Fimiston, August 1990. Southern Central Waste Rock Dump 

Extension. Kalgoorlie Consolidated Mines Pty Ltd; 

• Kalgoorlie Consolidated Gold Mines (2007) KCGM Conceptual Mine Closure Strategy  

• Soil Water Consultants (2005). Memorandum - Identification of Surrogate Topsoil Materials, 

Kalgoorlie Consolidated Gold Mines. 

• Soil Water Consultants (2007). Section 4 - Oxide and Decomposed Rock Characterisation. 

• Soil Water Consultants (2007). Section 5 - Waste Rock Stockpile Characterisation. 

 

 

2.3.2 KCGM Waste Management  

Identification, management and suitable placement of potentially-hostile waste materials is recognised as 

an important component of successful landform design.  KCGM undertakes total sulphur analysis on all 

material to be mined, and uses this to identify potentially acid generating material.  Black Shale material is 

placed within the waste rock dump where it can be buffered from above and below by dolerite and basalt 

waste which have a neutralising effect on any acid that may be generated (KCGM, 2007b).  KCGM has a 

policy of not dumping Black Flag Beds waste rock within 50m of the final face of a waste rock dump 

(KCGM, 2008). 

 

The KCGM Rehabilitation Management Plan (2007b) outlines the rehabilitation objectives and processes 

for design and construction, rehabilitation, and monitoring of waste rock dumps and other areas across 

KCGM, such as tailings storage facilities and historically disturbed areas, and these are described in 

further detail in Section 2.4.2. 

 

2.3.3 Physical and Chemical Characteristics of Oxide and Waste Rock Materials 

The physical and chemical characteristics of the oxide waste material have previously been evaluated as a 

part of the MERIWA Research Project No. 66 (Fletcher et al., 1989).  This study concluded that the oxide 

material was highly variable, moderately to severely saline, severely sodic, infertile, can be acidic, or 

alkaline, and is void of structure.  It was therefore considered likely that these materials would be difficult to 

rehabilitate.   

 

Physical and chemical characterisation of two weathered waste ores, and four unweathered sulphide 

wastes from deeper mine wastes was performed by Kesteven (1998). The findings of the investigation 

indicated substantial variability in salinity, sodicity, soil strength (<2mm fraction), hydraulic conductivity and 

capillarity, and subsequent variability in the ability of the waste materials to support plant growth.  The 

application of gypsum to the oxide and waste rock materials, subsequently also recommended by Soil 
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Water Consultants (2007c), was shown to reduce the dispersive nature of the materials and increase 

hydraulic conductivity.  

 

More recently, characterisation of stockpiled oxide and existing waste rock materials has been completed 

by Soil Water Consultants (2007c and 2007d).  The key findings from the Soil Water Consultants (2007c) 

oxide stockpile assessment were as follows: 

• Oxide stockpiles consist predominately of deep regolith (oxide) material, and other soil materials 

from around the mine site (including screen and processing plant wastes); 

• The pH of some samples is < 4, which may impact on plant growth in rehabilitation.  This low pH is 

possibly associated with the oxidation of potentially acid-forming materials within the stockpile; 

• The salinity of the materials is classed as very high to extreme and has the potential to impact on 

plant growth and germination if used in rehabilitation; 

• The particle size and water holding capacity of this material is optimal for plant growth. 

Subsequently, if the salinity issue is overcome then these materials may represent a beneficial 

growth medium for use in rehabilitation; 

• The sodicity of these materials is extremely high, exhibiting moderate to high levels of dispersion.  

 

It was recommended that the stockpiled oxide materials should not be deposited near the surface of the 

waste landforms as they have a high potential for erosion (Soil Water Consultants, 2007c).  Further 

recommendations were to quantify the source and extent of potentially acid forming materials contained 

within the oxide stockpile.  

 

The effect of leaching of the stockpiled oxides on the salinity and structural stability of the materials was 

raised by Soil Water Consultants, who conducted oxide leaching tests in 2005 (Soil Water Consultants, 

2005).  The results from the leaching tests indicated that while leaching was an effective method of 

removing excess salts from the various oxide materials at KCGM, leaching of oxide materials prior to 

placement at a ‘field scale’ was determined to be impracticable, with large volumes of relatively fresh water 

required in order to leach the majority of salt (Soil Water Consultants, 2005).  The effect of reduced salinity 

on structural stability of the oxide materials was not assessed in the study.  Although the potentially 

problematic characteristics of the oxide materials have been recognised, the oxide is still considered to be 

an important resource for rehabilitation.   

 

A preliminary investigation into the physical and chemical properties of ‘decomposed’ waste  rock materials 

from the southern portion of the Trafalgar waste rock dump was conducted by Soil Water Consultants 

(2007d).  The objective of this study was to determine whether the waste rock materials exhibit any 

adverse properties that may limit root and plant growth.  The key findings from the assessment were as 

follows: 

• The ‘decomposed’ waste rock exhibits a high soil water storage capacity and can supply a 

considerable volume of plant available water if plant roots could access it; 

• The soil fraction of the material is strongly sodic and has a poor structural stability, slaking and 

dispersing upon saturation; 



KCGM                                                                           Soil and Waste Characterisation Stage 1 – Literature Review and Gap Analysis  

10 

• The salinity of this material is classed as very high to extreme (based on standard CSIRO salinity 

classes), and it is expected that these salinity levels may restrict root growth of vegetation, with the 

exception of salt tolerant species; 

• The very high to extreme salinity of this material provides some protection against dispersion, 

however dispersion is likely to increase if the salt is leached from the material; 

• Root growth in reconstructed profiles on waste landforms is likely to be limited to the soil material 

above the decomposed rock, and plant available water stored in the decomposed rock will not be 

accessed by the vegetation.  This has the potential to reduce the productivity of revegetation as 

there is unlikely be sufficient plant-available water in the overlying soils to meet water use 

requirements; 

• Decomposed waste rock contains sufficient macro-and micro-nutrients to support plant growth, and 

no nutritional deficiencies are likely to occur.  

 

2.3.4 Geochemical Characteristics of Waste Materials 

Geochemical test work on samples of Paringa Basalt, Acid Porphyry, ROM Ore and various units of 

Golden Mile Dolerite was undertaken by ACG Woodward-Clyde (1991).  The results of the study indicated 

that all waste rock types assessed were moderately alkaline, and had low inherent salinities.  The acid 

base properties of the rocks indicated a low potential for acidification in the long term.  It was also 

concluded that the generally low EDTA-extractable heavy metal concentrations would not be limiting to 

vegetation growth or result in excessive plant uptake of heavy metals (ACG Woodward-Clyde, 1991).  

 

More recently, a desktop review into the potential for acid generation at KCGM was undertaken by HLA 

Envirosciences (2005).  The black shale formation known as the Black Flag Beds was identified as the 

lithological unit at KCGM most likely to potentially generate acid.  The volume of waste materials within the 

remaining pit shell that were classified as Black Flag Beds, at the time of that 2005 review, represented 

approximately 7% of the total waste.  This review concluded that, based on available information, the 

volume of potentially acid generating waste materials at KCGM was relatively low, and that potential 

impacts from sulphide oxidation in the Fimiston waste rock dumps could be adequately managed. 

 

As part of their review, HLA Envirosciences (2005) recommended that, given the limited amount of acid 

base accounting information available and visual evidence of acid forming waste materials in constructed 

landforms, that a program of geochemical characterisation be implemented for all waste rock lithologies, 

with particular emphasis on the Black Flag Bed.  It was also recommended that a waste model be 

developed to identify the volumes and distribution of the different waste rock lithologies, classified 

according to their acid generation potential, and that investigations be conducted to appropriately 

schedule, manage and control potentially acid generating waste (HLA Envirosciences, 2005). 
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2.4 Existing Landforms and Rehabilitation 

 

2.4.1 Background 

The key objective of rehabilitation at KCGM is to ensure that decommissioned sites are left in a safe and 

stable condition, after taking into account beneficial uses of the site and the surrounding land.  Progressive 

rehabilitation of waste rock dump areas, where practicable, has been identified as a key priority over the 

next 10 years (KCGM, 2007b).   

 

Documents reviewed which refer to existing landforms and rehabilitation on the KCGM site include:  

• Kalgoorlie Consolidated Gold Mines, (1995). KCGM Waste Dump Trials; 

• Kalgoorlie Consolidated Gold Mines, (1998). Environmental Rehabilitation Research Notes. A 

supplement to the proceedings of the Goldfields Land Rehabilitation Group Workshop, May 1998; 

• Kalgoorlie Consolidated Gold Mines, (1999). Letter of Variation to Consultative Environmental 

Review, Mine and Waste Dumps - Fimiston, August 1990. Croesus Rehabilitation Project. Kalgoorlie 

Consolidated Mines Pty Ltd; 

• Kalgoorlie Consolidated Gold Mines, (2005). Letter of Variation to Consultative Environmental 

Review, Mine and Waste Dumps - Fimiston, August 1990. Southern Central Waste Rock Dump 

Extension. Kalgoorlie Consolidated Mines Pty Ltd; 

• Jim’s Seeds, Weeds and Trees, (2006). Vegetation survey of three rehabilitated sites for Kalgoorlie 

Consolidated Gold Mines Pty Ltd; 

• Soil Water Consultants (2007). Section 5 - Waste Rock Stockpile Characterisation; 

• Kalgoorlie Consolidated Gold Mines, (2007b). KCGM Rehabilitation Management Plan; 

• Botanica Consulting, (2009). Landscape Function Analysis and Vegetation Monitoring Report of the 

Fimiston Tailings Storage Facilities. Prepared for Kalgoorlie Consolidated Gold Mines; 

• Bradley, G.O., (unknown year). Industry Practise in Waste Rock Dump Design Case Study IV: 

Kalgoorlie Consolidated Gold Mines. 

 

2.4.2 Landform Design and Rehabilitation 

The current waste rock dumps at KCGM have been constructed using waste rock mined from the Fimiston 

Open Pit.  The nature of the material ranges from oxide to transitional and primary rock which varies with 

depth and location.  The DoIR Guideline for Mining in Arid Environments is considered in the KCGM 

operating procedures for waste rock dump construction (KCGM, 2007b).  While the guidelines provide 

general principles, it is recognised that some of the specific methods are not necessarily applicable to all 

sites.  Waste rock dumps at KCGM are created and shaped to final designs which adhere to specifications 

designed to reduce erosion which may affect long-term stability and integrity of the dumps (KCGM, 2007b). 

 

As described in KCGM’s Rehabilitation Management Plan (2007b), waste rock dumps are generally built in 

20m high lifts with a wide berm between the lifts and are designed to be geotechnically stable.  Batter 

slopes are typically angled to between 14 and 20º.  The battered surface is covered with approximately 

200-250mm of soil material to provide a growth medium for revegetation (KCGM, 2007b).  Where possible 

the growth medium is intermixed with competent rock, via ripping to 1m depth, to provide stability for 
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vegetative growth and to minimise any erosion that may occur from heavy rainfall.  A dual or triple tyne is 

used to alleviate soil compaction by dozer tracks.  

 

Surface water control is recognised as a key component to waste dump integrity, and is an important factor 

in rehabilitation designs.  The current design intent of the waste dumps is to capture water rather than 

release it to the surrounding environment (KCGM, 2007b).  Current management strategies for surface 

water on waste dumps at KCGM (KCGM, 2007b) include:  

• Contour ripping to a nominal depth of 1 m, which enhances rock armouring with underlying 

competent rock; 

• Establishment of back sloping berms to “break” the slope, when the slope is more than 15 m vertical 

height; 

• Installing bunds on flat areas and on berms to promote infiltration.  

 

It is recognised that while the surface topsoil and subsoil materials are the preferred rehabilitation material 

for the outer slopes of constructed waste landforms, there is a very limited volume of this material 

available.  KCGM is investigating the potential for targeting the use of the higher quality growth medium in 

areas that are most visible to residents of Kalgoorlie-Boulder (KCGM, 2008). 

 

2.4.3 Assessment of Rehabilitated Areas 

There have been several assessments of rehabilitation success on waste landforms and TSF’s at KCGM, 

using either Ecosystem Function Analysis (EFA) or vegetation monitoring.  In a complementary study, 

reconstructed soil profiles in areas identified as having poor rehabilitation performance were characterised, 

to identify the responsible factors for the observed poor and variable revegetation.  In total 22 trenches 

were excavated in the Croesus, NE dump trials, Radio Hill, OTD and the Trafalgar waste rock stockpiles 

Soil Water Consultants (2007d). 

 

Soil samples were collected from the surface of each reconstructed profile (i.e. 0 – 10 cm) and at least one 

other location at depth.  All different soil materials encountered in the profile were sampled for laboratory 

analysis.  The key findings from the Soil Water Consultants (2007d) survey were: 

• The reconstructed soils consist of a heterogeneous mix of topsoil, subsoil and oxide material, and 

therefore their physical and chemical properties exhibit considerable spatial variability;  

• Some of the soil properties (particularly salinity) are likely to adversely effect plant growth, with the 

spatial variability observed in such parameters is likely to account for some of the variability in plant 

growth; 

• The texture, bulk density and soil strength of the reconstructed soils are optimal for root growth and 

exploration, and root growth was observed through these soils.  Root growth typically does not occur 

into the decomposed rock due to very high salinity and high soil strength; 

• The total depth of the reconstructed soil profile is generally < 1 m, and therefore, at the time of the 

investigation, the root growth of the revegetation is typically restricted to 1 m. This shallow rooting 

depth reduces the volume of PAW that the plants can acquire, which likely represents the most 

limiting factor to rehabilitation success on the waste rock stockpiles; 
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• The oxide materials typically had poor structural stability, and therefore a high susceptibility to 

erosion.  The high salinity levels in the soils is potentially limiting the amount of dispersion.  However 

as leaching of these surface soils occurs, the lower EC values may facilitate dispersion of the oxide 

material; 

• It is critical that the ESP of the soils be incorporated in the LFA assessment to monitor how the 

stability of the soils change over time; 

• The reconstructed soil profiles have salinity values that were observed to limit revegetation growth. 

A noticeable decline in plant performance was observed when the salinity of the soil was above 250 

mS/m, and at levels of > 320 mS/m, no growth and plant deaths occurred.  At EC values < 250 

mS/m plant growth typically was not adversely impacted; 

• It was recommended that in addition to annual monitoring of the vegetation, soil testing and 

monitoring should be implemented to identify how the surface soil profile develops over time, 

particularly with regards to salinity, sodicity and stability. 

 

2.4.4 Rehabilitation Trials 

A number of rehabilitation trials have been established on waste landform and tailings landforms at KCGM 

including:  

• Mystery Dump fertiliser trials (established 1992)  

• Fimiston Northern Waste Rock Dump 

 

The Mystery Waste Dump trial was established in 1992 to evaluate the optimum fertiliser treatment for 

local conditions in terms of plant density and species diversity.  Two fertilisers were trialled, Agras MoZnCu 

and Macrocote Grey (slow release), with varying rates of 100 or 200 kg/ha.  The addition of gypsum was 

also investigated in these trials, providing a total of 10 treatments, including controls.  Plots were 30 by 

30m, with 3 replicates (KCGM, 1992). 

 

Several trial areas have been established on the Northern Waste Dump.  Trial 1 was established in 1992 

to investigate the revegetation with and without topsoil. The original surface of the slope was a waste rock 

and oxidised waste mix. The trial was 320m in length with the northern half of the upper slope and 

southern half of the lower slope spread with topsoil to a depth of 20cm (2 replicates). The entire site was 

ripped at ≥30cm and sown with “General Seed Mix No. 5” at 8kg/ha, with Agras MoZnCu fertiliser spread 

at 200kg/ha.  

 

Trial 2 was established on the NE waste dump in May 1993, to investigate the effect of different depths of 

topsoil (10 cm and 20 cm) with and without Eucalyptus mulch over an oxide/fresh waste rock mix.  The trial 

covered an area of 250m (1.5 ha), with 3 replicates.  The trial was designed to evaluate the effect of wood 

mulch on revegetation success, in relation to the cost and difficulty of transportation and handling of the 

mulch.  The original surface of the slope was a waste rock and oxidised waste mix.  Plots were 30m in 

width and the length of the upper and lower slopes. “General Seed Mix No. 2” (was sown at 8kg/ha and 

Agras MoZnCu fertilizer spread at 100kg/ha.  The wood mulch consisted of small branches and leaves and 

was collected from a freshly cleared site and spread by hand over the plots.  
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Trial 3, established on the SE waste dump in July 1993, compared different depths of oxide and topsoil 

over fresh waste rock.  The trial covered an area of 300 m by 100m (0.45 ha), plots were 20 by 20m, with 

three replicates.  A total of seven treatments were investigated, with oxide depths of from 0, 20, 50 and 

100 cm, and topsoil depths of 0, 10 and 20 cm. 

 

Available data indicates that Trial 1 was assessed five months after seeding and again at 18 months, with 

Trial 2 and Trial 3 being assessed six months after seeding.  In 2000, Trials 1 and 2 were assessed by 

Outback Ecology using Ecosystem Function Analysis (EFA) to ascertain the most successful treatment 

trialled for each year and to establish a monitoring system to assess the progress of rehabilitation over 

time.  The primary findings and recommendations (Outback Ecology, 2001) were as follows: 

• A 10cm topsoil coverage produces vegetative cover less than, but comparable to, that of 20cm 

topsoil. The scarcity of topsoil as a resource at KCGM suggests a 10cm layer of topsoil to be 

environmentally economical; 

• Erosion was greater on 20cm topsoil treatment, resulting in the down-slope loss of this resource; 

• Waste rock serves to stabilise the slope of a landform prior to, and after, perennial plant 

establishment. Ideally, if topsoil is in short supply it could be placed in the most stable environment, 

thereby maximising topsoil retention, limiting erosion and allowing established plants to make use of 

source/sink processes. The end result would be a ‘patchy’ spatial arrangement of vegetation similar 

to that which occurs in surrounding native vegetation; 

• The waste oxide material appears to be of a salinity range that is limiting to the establishment of 

plants other than salt tolerant chenopods.  Deep ripping of this substrate to a depth of one metre 

and leaving for 2 to 3 years before topsoil application may help to leach salts from the material; 

• The application of wood mulch did not have a significantly beneficial effect upon revegetation 

success and, as such, the cost of application may be hard to justify. However, the respreading of 

wood mulch and cleared brush has produced favourable results on other occasions, and as such, 

should not be automatically excluded from further revegetation work; 

• Atriplex and Maireana species demonstrated the ability to establish on bare waste rock /oxide 

slopes and as such, should constitute the majority of a seed mix used on slopes where topsoil is 

unavailable; 

• If topsoil is available, seed mixes should continue to include a component of perennial salt tolerant 

tree and shrub species. 

 

Several rehabilitation trials have also been established on the Tailings storage facilities (TSF’s) at KCGM.  

A cover trial was established on the surface tailings at Croesus I tailings dam in 1992 and 1993.  The 

tailings were hypersaline, with a mean of 96.6 dS/m (KCGM, 1998).  Five treatments were established 

using combinations of rock, oxide and topsoil in 30 m by 30 m plots (total area 0.8ha), to determine which 

soil and waste profiles achieved the most successful capillary break, and native plant revegetation.  The 

salinity of the topsoil within the trial was monitored in 1997 with significantly different EC values identified 

between treatments (KCGM, 1998).  
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The species diversity values were also statistically significant between treatments.  Individual plants on 

Treatment 5 (rock and topsoil treatment) appeared larger and healthier than those on other treatments, 

however plant density was not measured. 

 

The conclusions of the cover trial were that the capping of hypersaline tailings was shown to be an 

effective method for establishing vegetation cover over a substrate usually unsuitable for plant growth.  By 

establishing a capillary break, of as little as 20 cm above the tailings surface, a significant reduction in 

salinity levels can be achieved which allowed the establishment of salt tolerant plants.  It was observed 

that the age of the trials were sufficient to suggest that the vegetation that is established and sustainable 

over the long term.  There is considerable evidence of recruitment of varying ages from the species sown 

originally, and invasion of native species. Cryptogams were identified within the trial area which are a 

further indicator of a healthy ecosystem (KCGM, 1998).   

 

The Mt Percy Tailings Dam II Trial was established in 1994 to compare fertiliser treatments. A total of 11 

different fertiliser treatments were trialled, using 20 m by 20 m plots with three replicates (total area 2.5ha). 

Results indicated little treatment effect on plant density, apart from an increase in weed numbers within the 

fertilised treatments (KCGM, 1992: 2007d) 
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3. GAP ANALYSIS AND RECOMMENDATIONS FOR FURTHER INVESTIGATION 
 

The review of existing information and associated gap analysis has indicated a number of soil and waste 

material issues which require further quantification.  KCGM are committed to undertake the following 

investigative program to facilitate the development of a soil and waste inventory, and in turn, the 

associated design, construction and rehabilitation of waste landforms which are appropriate for the 

materials involved.  

 

3.1 Sampling and Analysis Plan for the Golden Pike Cutback 

Drilling is currently underway to provide samples for the physical, chemical and geochemical 

characterisation of the waste and sub-grade materials (detailed in Appendix A) from the Golden Pike 

Cutback.  Examination of drill logs from the current drilling operations will facilitate an appropriate sampling 

regime.  

 

Characterisation of the Golden Pike Cutback materials will compliment existing information on the acid 

forming and / or acid buffering potential, physical and chemical characteristics of the waste and sub-grade 

lithologies. This will in turn, facilitate inclusion into the soil and waste material inventory and appropriate 

placement within constructed landforms.  

 

3.2 Sampling and Analysis Plan for Existing Soil and Waste Materials 

KCGM have committed to a sampling and analysis program designed to compliment the existing 

knowledge base on the volumes and characteristics of soil, oxide and waste rock materials on site.  The 

sampling and analysis program will include the following: 

• Further characterisation of soil and oxide resources on site is required to quantify the variability in 

material characteristics outlined in previous investigations, so that the stockpiled materials can be 

included in the inventory of soil and waste materials; 

• An assessment of the in situ soils within proposed waste dump footprint areas; 

• An assessment of the likely stability of oxide material following salt leaching to determine the 

suitability of oxide material for placement on the slopes of constructed landforms; 

• Quantification of the different particle size distributions and associated characteristics of mined 

waste rock lithologies will be undertaken to determine their optimal placement within constructed 

landforms. 

• Further sampling and analysis of ‘good’ and ‘poor’ areas of rehabilitation will be undertaken to 

enhance the understanding of existing limitations to revegetation success, and identify any changes 

in the surface rehabilitation profiles since the initial monitoring; 

• Sampling of existing trial areas on waste landform batters and TSF surface to identify treatment 

effects on surface soil / waste material properties and rehabilitation success. 
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Appendix A 
Golden Pike Cutback - Waste and Sub-grade Materials Inventory 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 



 

 

 
Lithology and volumes of waste materials from the Golden Pike Cutback 

 
Lithology weathing description Shale / non shale volume tonnes % of weathering unit (by tonnage) % % of Total Waste (by tonnage)

Black Flag Beds Oxide shale 399,334       766,691         % of Oxide waste: 3.12 0.25
Partial Oxide shale 246,801       592,321         % of Partial Oxide waste: 5.35 0.20
Fresh shale 5,469,054    15,368,000    % of Fresh waste: 5.87 5.10
Unclassified shale 18,514         27,785           % of Unclassified waste: 0.75 0.01
Total shale 16,754,797    % of Total waste: 5.56 5.56

Devons Consols Basalt Oxide non shale 2,596,608    4,985,682      % of Oxide waste: 20.31 1.66
Partial Oxide non shale 175,420       421,008         % of Partial Oxide waste: 3.80 0.14
Fresh non shale 27,920         76,501           % of Fresh waste: 0.03 0.03
Unclassified non shale 30,325         57,617           % of Unclassified waste: 1.56 0.02
Total non shale 5,540,807      % of Total waste: 1.84 1.84

GMD U1-3 Oxide non shale 44,434         84,858           % of Oxide waste: 0.35 0.03
Partial Oxide non shale 59,006         141,614         % of Partial Oxide waste: 1.28 0.05
Fresh non shale 851,344       2,434,106      % of Fresh waste: 0.93 0.81
Unclassified non shale 17,106         11,360           % of Unclassified waste: 0.31 0.00
Total non shale 2,671,938      % of Total waste: 0.89 0.89

GMD U4-5 Oxide non shale 144,363       277,177         % of Oxide waste: 1.13 0.09
Partial Oxide non shale 57,246         137,391         % of Partial Oxide waste: 1.24 0.05
Fresh non shale 1,216,792    3,467,824      % of Fresh waste: 1.32 1.15
Unclassified non shale 10,501         4,587             % of Unclassified waste: 0.12 0.00
Total non shale 3,886,979      % of Total waste: 1.29 1.29

GMD U6 Oxide non shale 173,370       332,870         % of Oxide waste: 1.36 0.11
Partial Oxide non shale 58,255         139,812         % of Partial Oxide waste: 1.26 0.05
Fresh non shale 1,194,346    3,474,779      % of Fresh waste: 1.33 1.15
Unclassified non shale 24,223         5,512             % of Unclassified waste: 0.15 0.00
Total non shale 3,952,973      % of Total waste: 1.31 1.31

GMD U7 Oxide non shale 426,139       818,036         % of Oxide waste: 3.33 0.27
Partial Oxide non shale 291,211       698,695         % of Partial Oxide waste: 6.31 0.23
Fresh non shale 8,730,680    25,839,000    % of Fresh waste: 9.87 8.58
Unclassified non shale 99,950         8,462             % of Unclassified waste: 0.23 0.00
Total non shale 27,364,193    % of Total waste: 9.09 9.09

GMD U8 Oxide non shale 335,540       643,247         % of Oxide waste: 2.62 0.21
Partial Oxide non shale 204,623       490,292         % of Partial Oxide waste: 4.43 0.16
Fresh non shale 12,212,000  35,910,000    % of Fresh waste: 13.72 11.93
Unclassified non shale 187,205       10,027           % of Unclassified waste: 0.27 0.00
Total non shale 37,053,566    % of Total waste: 12.31 12.31

GMD U9 Oxide non shale 1,869,977    3,582,479      % of Oxide waste: 14.60 1.19
Partial Oxide non shale 790,095       1,892,951      % of Partial Oxide waste: 17.09 0.63
Fresh non shale 33,769,000  97,661,000    % of Fresh waste: 37.31 32.44
Unclassified non shale 361,745       111,033         % of Unclassified waste: 3.01 0.04
Total non shale 103,247,463  % of Total waste: 34.29 34.29

GMD Undifferentiated Oxide non shale 1,441,278    2,765,693      % of Oxide waste: 11.27 0.92
Partial Oxide non shale 1,008,243    2,419,274      % of Partial Oxide waste: 21.85 0.80
Fresh non shale 10,169,000  29,484,000    % of Fresh waste: 11.26 9.79
Unclassified non shale 162,751       59,197           % of Unclassified waste: 1.60 0.02
Total non shale 34,728,164    % of Total waste: 11.53 11.53

Hannans Lake Serpentinite Oxide non shale 16,770         32,198           % of Oxide waste: 0.13 0.01
Partial Oxide non shale -              -                % of Partial Oxide waste: 0.00 0.00
Fresh non shale -              -                % of Fresh waste: 0.00 0.00
Unclassified non shale -              -                % of Unclassified waste: 0.00 0.00
Total non shale 32,198           % of Total waste: 0.01 0.01

Intercalated Sediments Oxide shale 3,280           6,298             % of Oxide waste: 0.03 0.00
Partial Oxide shale 67,660         162,385         % of Partial Oxide waste: 1.47 0.05
Fresh shale 45,546         127,073         % of Fresh waste: 0.05 0.04
Unclassified shale 426              145                % of Unclassified waste: 0.00 0.00
Total shale 295,901         % of Total waste: 0.10 0.10

Intrusives Fresh non shale 1,940           5,374             % of Fresh waste: 0.002 0.002
Unclassified non shale 100              190                % of Unclassified waste: 0.01 0.000
Total non shale 190                % of Total waste: 0.0001 0.0001

Kapai Slate Oxide shale 674,782       1,295,581      % of Oxide waste: 5.28 0.43
Partial Oxide shale 226,564       543,753         % of Partial Oxide waste: 4.91 0.18
Fresh shale 257,726       719,038         % of Fresh waste: 0.27 0.24
Unclassified shale 7,422           14,101           % of Unclassified waste: 0.38 0.00
Total shale 2,572,473      % of Total waste: 0.85 0.85

Paringa Basalt Oxide non shale 2,425,530    4,656,580      % of Oxide waste: 18.97 1.55
Partial Oxide non shale 925,296       2,220,678      % of Partial Oxide waste: 20.05 0.74
Fresh non shale 14,649,000  41,617,000    % of Fresh waste: 15.90 13.82
Unclassified non shale 789,656       988,604         % of Unclassified waste: 26.77 0.33
Total non shale 49,482,861    % of Total waste: 16.43 16.43

Unclassified Oxide -              -                % of Oxide waste: 0.00 0.00
Partial Oxide -              -                % of Partial Oxide waste: 0.00 0.00
Fresh -              -                % of Fresh waste: 0.00 0.00
Unclassified non shale 1,242,017    2,359,792      % of Unclassified waste: 63.90 0.78
Total non shale 2,359,792      % of Total waste: 0.78 0.78

Williamstown Dolerite Oxide non shale 2,064,786    4,294,690      % of Oxide waste: 17.50 1.43
Partial Oxide non shale 505,426       1,213,028      % of Partial Oxide waste: 10.95 0.40
Fresh non shale 1,995,864    5,608,352      % of Fresh waste: 2.14 1.86
Unclassified non shale 18,268         34,709           % of Unclassified waste: 0.94 0.01
Total non shale 11,150,779    % of Total waste: 3.70 3.70  

 



 

 

 

Lithology and volumes of sub-grade materials from the Golden Pike Cutback 

 
Lithology weathing description Shale / non shale volume tonnes % of weathering unit % % of Total Sub Grade

Black Flag Beds Oxide Shale 8,629         16,518       % of Oxide waste: 2.05 0.06
Partial Oxide Shale 25,188       60,450       % of Partial Oxide waste: 8.52 0.21
Fresh Shale 436,035     1,225,223  % of Fresh waste: 4.40 4.16
Unclassified Shale 2,872         2,715         % of Unclassified waste: 2.19 0.01
Total Shale 1,304,905  % of Total waste: 4.43 4.43

GMD U1-3 Oxide non shale 5,419         8,666         % of Oxide waste: 1.07 0.03
Partial Oxide non shale 3,732         7,777         % of Partial Oxide waste: 1.10 0.03
Fresh non shale 219,033     625,719     % of Fresh waste: 2.25 2.12
Unclassified non shale 8,732         2,791         % of Unclassified waste: 2.25 0.01
Total non shale 644,953     % of Total waste: 2.19 2.19

GMD U4-5 Oxide non shale 198            372            % of Oxide waste: 0.05 0.00
Partial Oxide non shale -            % of Partial Oxide waste: 0.00 0.00
Fresh non shale 411,439     1,172,601  % of Fresh waste: 4.21 3.98
Unclassified non shale 8,380         8                % of Unclassified waste: 0.01 0.00
Total non shale 1,172,981  % of Total waste: 3.98 3.98

GMD U6 Oxide non shale 2,479         4,644         % of Oxide waste: 0.58 0.02
Partial Oxide non shale 65              52              % of Partial Oxide waste: 0.01 0.00
Fresh non shale 222,223     646,356     % of Fresh waste: 2.32 2.19
Unclassified non shale 9,853         10              % of Unclassified waste: 0.01 0.00
Total non shale 651,062     % of Total waste: 2.21 2.21

GMD U7 Oxide non shale 28,276       53,267       % of Oxide waste: 6.61 0.18
Partial Oxide non shale 35,392       83,428       % of Partial Oxide waste: 11.76 0.28
Fresh non shale 1,183,609  3,502,559  % of Fresh waste: 12.59 11.89
Unclassified non shale 33,794       749            % of Unclassified waste: 0.60 0.00
Total non shale 3,640,004  % of Total waste: 12.35 12.35

GMD U8 Oxide non shale 98,770       187,788     % of Oxide waste: 23.29 0.64
Partial Oxide non shale 86,501       205,165     % of Partial Oxide waste: 28.92 0.70
Fresh non shale 1,999,690  5,878,643  % of Fresh waste: 21.12 19.95
Unclassified non shale 81,147       1,962         % of Unclassified waste: 1.58 0.01
Total non shale 6,273,558  % of Total waste: 21.29 21.29

GMD U9 Oxide non shale 82,039       140,111     % of Oxide waste: 17.38 0.48
Partial Oxide non shale 20,822       41,912       % of Partial Oxide waste: 5.91 0.14
Fresh non shale 1,641,772  4,734,432  % of Fresh waste: 17.01 16.07
Unclassified non shale 88,047       9,675         % of Unclassified waste: 7.81 0.03
Total non shale 4,926,130  % of Total waste: 16.72 16.72

GMD Undifferentiated Oxide non shale 29,525       48,833       % of Oxide waste: 6.06 0.17
Partial Oxide non shale 34,235       76,680       % of Partial Oxide waste: 10.81 0.26
Fresh non shale 1,056,427  3,060,888  % of Fresh waste: 11.00 10.39
Unclassified non shale 66,823       8,154         % of Unclassified waste: 6.58 0.03
Total non shale 3,194,555  % of Total waste: 10.84 10.84

Intercalated Sediments Oxide Shale 70              112            % of Oxide waste: 0.01 0.00
Partial Oxide Shale -            % of Partial Oxide waste: 0.00 0.00
Fresh Shale 2,752         7,679         % of Fresh waste: 0.03 0.03
Unclassified Shale 184            -            % of Unclassified waste: 0.00 0.00
Total Shale 7,791         % of Total waste: 0.03 0.03

Paringa Basalt Oxide non shale 41,421       77,184       % of Oxide waste: 9.57 0.26
Partial Oxide non shale 48,895       115,989     % of Partial Oxide waste: 16.35 0.39
Fresh non shale 2,264,190  6,428,588  % of Fresh waste: 23.10 21.81
Unclassified non shale 107,216     95,958       % of Unclassified waste: 77.49 0.33
Total non shale 6,717,718  % of Total waste: 22.79 22.79

Unclassified Unclassified non shale 350            665            % of Unclassified waste: 0.54 0.002
Total non shale 665            % of Total waste: 0.002 0.002

Williamstown Dolerite Oxide non shale 129,263     268,867     % of Oxide waste: 33.34 0.91
Partial Oxide non shale 49,132       117,917     % of Partial Oxide waste: 16.62 0.40
Fresh non shale 194,996     547,940     % of Fresh waste: 1.97 1.86
Unclassified non shale 606            1,152         % of Unclassified waste: 0.93 0.00
Total non shale 935,876     % of Total waste: 3.18 3.18  

 

 



 

 

 

Appendix B 
KCGM – Existing Waste Rock Dump Nomenclature 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 



 

 

Appendix C 
KCGM – Existing Soil and Oxide Stockpile Nomenclature 
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