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FROM John Waters 

Jeff Taylor 

PROJECT Carbonate Precipitation at MAC and 
South Flank 

ASSESSMENT OF CARBONATE SATURATION IN GROUNDWATER 

INTRODUCTION 

Geochemical modelling of groundwater from the available production bores at Mining Area C (MAC) and 
South Flank was conducted to identify; 

�x Bores that were producing water that was saturated with respect to carbonate minerals (ie. those
groundwater bores contributing to the carbonate precipitation), and would therefore be the focus 
of �½eldwork to identify carbonate precipitation mitigation measures;

�x Bores that were undersaturated with respect to carbonate minerals, and therefore to be avoided
during �½eld testwork, but potentially useful in the future as a potential dilution resources for
lowering carbonate saturation.

DATA ASSESSMENT 

Water Quality Data – Production Bores 

A preliminary assessment was conducted on water quality data from the production bores in Mining Area 
C (MAC) and South Flank areas to establish whether there is any similarity between the bores, and between 
the screened formations within the bores.  The data was compiled in a separate �½le (Doc. BHP224503) and 
the following preliminary observations were made: 

�y  Water quality for 22 production bores from MAC and 10 production bores from South Flank area
were part of the preliminary assessment.  Data for all of these was sourced from Mining Area C &
South Flank Bore�½elds - Annual Aquifer Review (September 2020).
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�y  All the bores assessed were screened in either the Wittenoom Formation or the Marra Mamba Iron 
Formation.  Preliminary examination has not identi�½ed a relationship between water quality and 
the formation encountered in the screened interval. 

�y  Key water quality parameters (pH, bicarbonate alkalinity, dissolved calcium, dissolved magnesium) 
are provided in Figures 1 to 4.  These are expected to be the key parameters controlling carbonate 
precipitation from the groundwater. 

�y  The pH of all bore waters examined (including the South Flank) bores has a median value of ~8 
(range: 7.3-8.2) 

�y  MAC bicarbonate alkalinity ranges from 210-320 mg/L with the majority in the range 270-310 
mg/L.  Bicarbonate alkalinity is greatest in waters from A Deposit (290-320 mg/L), followed by E 
Deposit (260-300 mg/L), then C Deposit (210-280 mg/L).  Bicarbonate alkalinity from the South 
Flank bores shows some variability with bore HSF5433P having signi�½cantly lower alkalinity (91-94 
mg/L). 

�y  Dissolved Ca concentrations mimic the bicarbonate alkalinity with A Deposit having slightly higher 
concentrations (46-58 mg/L) than E Deposit (43-52 mg/L), followed by C Deposit (38-46 mg/L). 

�y  Dissolved Ca in waters from South Flank bores is more irregular and ranges from 11 to 130 mg/L.  
Low Ca concentrations also have low bicarbonate alkalinity, but the higher Ca concentrations do 
not necessarily display the highest bicarbonate concentrations. 

�y  Dissolved Mg concentrations also mimic the bicarbonate alkalinity and Ca concentrations with A 
Deposit having slightly higher concentrations (30-36 mg/L) than E Deposit (29-35 mg/L), followed 
by C Deposit (25-32 mg/L). 

�y  Dissolved Mg in waters from South Flank bores is more irregular and ranges from 14 to 60 mg/L.  
Magnesium concentrations appear to show a relationship to Ca concentrations, with elevated Mg 
being associated with elevated Ca and low Mg showing a relationship with low Ca concentrations. 

�y  The relationships between Ca, Mg and bicarbonate concentrations suggests that the groundwater 
quality observed within the high alkalinity bores is likely to be largely controlled by dolomite 
dissolution in the aquifer. 
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Figure 1: pH recorded from water production bores in MAC and South Flank areas. Some bores have multiple data 
points, representing sampling at different times throughout 2019-2020. 

 

 

 

Figure 2: Bicarbonate (HCO3-) alkalinity recorded from water production bores in MAC and South Flank areas. Some 
bores have multiple data points, representing sampling at different times throughout 2019-2020. 
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Figure 3: Dissolved calcium concentrations recorded from water production bores in MAC and South Flank areas. Some 
bores have multiple data points, representing sampling at different times throughout 2019-2020. 

 

Figure 4: Dissolved magnesium concentrations recorded from water production bores in MAC and South Flank areas. 
Some bores have multiple data points, representing sampling at different times throughout 2019-2020. 
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Geochemical Modelling 

Water quality data was modelled using PhreeqC to obtain mineral saturation indices.  Mineral saturation 
indices (SI) provided an indication on whether the chemical composition of a water is likely to dissolve (SI 
<0, mineral undersaturated solution) or precipitate (SI>0, mineral saturated solution) a particular mineral.  
The primary issue of concern for the MAC and South Flank areas is the potential for groundwater to 
precipitate calcium carbonate phases in local waterways. 

The outcomes of the modelling runs are provided in a separate �½le (Doc. BHP224503) and plots of key 
saturation indices (SI) are provided in Figures 5 to 8.  The following high-level observations have been 
made: 

�y  Modelling of water quality data from all the bores, except for HSF5433P (South Flank, sampled on 
two separate dates), indicates that the samples are saturated with respect to the carbonate 
minerals such as calcite, dolomite, aragonite and magnesite. 

�y  While most of the groundwater samples were saturated with respect to these carbonate minerals, 
it is likely that one or perhaps two key phases will actually precipitate.  However, the precipitation 
process with necessarily result in the other carbonate phases becoming undersaturated. 

�y  A preliminary assessment from the modelling, allowing some carbonates to precipitate, suggests 
that thermodynamically dolomite may be the primary carbonate mineral to precipitate.  Dolomite 
precipitation appears to result in the other carbonate minerals becoming unsaturated (SI < 0).  
However, while dolomite should theoretically precipitate, in natural systems calcite or possibly 
weakly magnesian calcite is commonly observed to be the primary precipitate.  Calcite precipitate 
can be enhanced by pressure decreases, decreases in the partial pressure of carbon dioxide (CO2 
degassing), evaporation and water temperature increases, as well as enhanced nucleation 
processes or soluble calcium increases. 

�y  Saturation indices for quartz, chalcedony and cristobalite also suggest that when the 
groundwaters are pumped to the surface, that they are silica saturated.  This suggests that one or 
more of these silica phases may precipitate as a crystalline or amorphous phase.  Such phases 
could include quartz or microcrystalline silica.  Silica precipitation can be enhanced by pressure 
decreases and temperature decreases. 

�y  Both carbonate and silica saturation may result in scaling of pumping and piping infrastructure 
with the bore �½elds, but more importantly may be contributing to precipitation in the local 
waterways. 
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Figure 5: Saturation indices (SI), for calcite recorded from water production bores in MAC and South Flank areas. 
Saturation indices greater than zero indicate the waters are saturated with respect to that mineral phase, and 
precipitation is likely to occur.  Some bores have multiple data points, representing sampling at different times 
throughout 2019-2020. 

 

 

Figure 6: Saturation indices (SI), for dolomite recorded from water production bores in MAC and South Flank areas. 
Saturation indices greater than zero indicate the waters are saturated with respect to that mineral phase, and 
precipitation is likely to occur.  Some bores have multiple data points, representing sampling at different times 
throughout 2019-2020. 
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Figure 7: Saturation indices (SI), for magnesite recorded from water production bores in MAC and South Flank areas. 
Saturation indices greater than zero indicate the waters are saturated with respect to that mineral phase, and 
precipitation is likely to occur.  Some bores have multiple data points, representing sampling at different times 
throughout 2019-2020. 

 

 

Figure 8: Saturation indices (SI), for quartz recorded from water production bores in MAC and South Flank areas. 
Saturation indices greater than zero indicate the waters are saturated with respect to that mineral phase, and 
precipitation is likely to occur.  Some bores have multiple data points, representing sampling at different times 
throughout 2019-2020. 
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CONCLUSIONS 

Key conclusions from this preliminary geochemical study include: 

�y  The following groundwater bore could be used during upcoming �½eldwork to assess the controls 
on carbonate precipitation and assist in developing carbonate precipitation mitigation measures. 

• A Deposit – HGA0062P, HGA0065P, HGA0070P, HGA0074P, HGA0077P 

• C Deposit – HGC0067P, HGC0165P, HGC0233P 

• E Deposit - HGE0148P, HGE0192P, HGE0201P, HGE0204P 

• South Flank – HSF0061P, HSF0063P, HSF0102P, HSF5434P 

�y  The following groundwater bore cannot be used to assess carbonate precipitation due to the 
groundwater sampled from this bore being carbonate undersaturated. 

• South Flank – HSF5433P 

�y  Degassing of CO2 from the groundwater resulting from depressurisation as it reaches the surface 
needs to be investigated.  Degassing of CO2 results in increased pH and carbonate mineral 
precipitation.  Degassing is expected to occur within transfer pipelines, but because CO2 is still in 
contact with water it may not be effective at promoting CaCO3 precipitation until the CO2 is 
separated from the water. 

�y  The following testwork methods are proposed to assess the rate and magnitude of carbonate 
precipitation and to assist with development of carbonate precipitation mitigation options. 

• Passive degassing. 

• Active degassing (mixing / aeration). 

• Precipitation via nucleation using (1) precipitated calcium carbonate; and (2) quartz sand. 

• Precipitation via water softening (increasing pH via calcium hydroxide addition). 

�y  Additional information on whether scaling has been reported from pumping and piping 
infrastructure should be collected.  This would help support whether the groundwater is carbonate 
saturated, but also indicate a change in water chemistry from when the water exited to bores to 
when the water exited the piping. 

�y  Additional information on whether there are precipitates (and their composition) within the 
sediment basins / in�½ltration ponds should also be collected.  This will assist in assessing carbonate 
saturation and the location and controls on carbonate precipitation. 

�y  Monitoring water temperature changes between the bores and the �½nal discharge to local 
waterways will also be important to conduct.  Carbonates are one of the rare minerals / 
compounds that display decreases in solubility with increasing temperature.  Hence, carbonate 
precipitation could be at least partially facilitated by progressive warming of the groundwater. 
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Borehole ID ES Sample ID date / time  pH EC 
(µS/cm) 

Temperature 
(degrees °C) 

ORP 
(+mV) 

Total 
Alkalinity 

1 (mg 
CaCO3/L) 

Total 
Alkalinity 

2 (mg 
CaCO3/L) 

Average 
Total 

Alkalinity 

Filtered 
Alkalinity 

(mg 
CaCO3/L)  

Ca 
(mg/L) 

filtered 
Ca (mg/L) 

Mg 
(mg/L) 

filtered Mg 
(mg/L) 

Laboratory 
sample Comments 

HGA0062P HGA0062P/4/5/22/10:35/PDG 04/05/22 10:35:00 7.39 694 30 157 NA NA NA NA NA NA NA NA NA Baseline field sample 

HGA0062P HGA0062P/4/5/22/11:13 04/05/22 11:13:00 7.45 711 29.8 111 NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGA0062P HGA0062P/4/5/22/11:13 04/05/22 11:13,30 7.45 709 29.9 100 NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGA0062P HGA0062P/4/5/22/11:14 04/05/22 11:14:00 7.45 705 29.9 NA NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGA0062P HGA0062P/4/5/22/11:14 04/05/22 11:14,30 7.45 702 29.9 NA NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGA0062P HGA0062P/4/5/22/11:15 04/05/22 11:15:00 7.44 693 NA NA NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGA0062P HGA0062P/4/5/22/11:19 04/05/22 11:19:00 7.46 690 NA NA NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGA0062P HGA0062P/4/5/22/11:19 04/05/22 11:19,30 7.49 694 NA NA NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGA0062P HGA0062P/4/5/22/11:19 04/05/22 11:19,45 7.51 694 NA NA NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGA0062P HGA0062P/4/5/22/11:20 04/05/22 11:20,15 7.52 696 NA NA NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGA0062P HGA0062P/4/5/22/11:20 04/05/22 11:20,30 7.54 697 NA NA NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGA0062P HGA0062P/4/5/22/11:21 04/05/22 11:21:00 7.55 701 NA NA NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGA0062P HGA0062P/4/5/22/11:21 04/05/22 11:21,15 7.57 702 NA NA NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGA0062P HGA0062P/4/5/22/11:22 04/05/22 11:22:15 7.58 701 NA NA NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGA0062P HGA0062P/4/5/22/11:22 04/05/22 11:22,20 7.59 701 NA NA NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGA0062P HGA0062P/4/5/22/11:22 04/05/22 11:22,25 7.6 701 NA NA NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGA0062P HGA0062P/4/5/22/11:22 04/05/22 11:22,30 7.61 701 NA NA NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGA0062P HGA0062P/4/5/22/11:23 04/05/22 11:23:00 7.62 701 NA NA NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGA0062P HGA0062P/4/5/22/11:23 04/05/22 11:23,15 7.62 701 NA NA NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGA0062P HGA0062P/4/5/22/11:26 04/05/22 11:26:00 7.63 701 NA NA NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGA0074P HGA0074P/4-5-22/13:30/PDG 04/05/22 13:30:00 7.26 715 29.3 224 231 NA 231 NA 71 NA NA NA Y Sample vigorously degassing 
for initial 20-40 seconds 

HGA0074P HGA0074P/4-5-22/13:55/ADG 04/05/22 13:55:00 7.01 704 30.4 189 NA NA NA NA NA NA NA NA NA NA 

HGA0074P HGA0074P/4-5-22/14:00/PDG 04/05/22 14:00:00 7.3 714 28.2 205 217 NA 217 NA NA NA NA NA NA NA 

HGA0074P HGA0074P/4-5-22/14:25/ADG 04/05/22 14:25:00 7.56 711 28 112 211 NA 211 NA NA NA NA NA NA NA 

HGA0074P HGA0074P/4-5-22/14:30/PDG 04/05/22 14:30:00 7.31 705 27.4 195 256 NA 256 NA NA NA NA NA NA NA 

HGA0074P HGA0074P/4-5-22/14:55/ADG 04/05/22 14:55:00 7.84 716 27.6 90 205 NA 205 NA NA NA NA NA NA NA 

HGA0074P HGA0074P/4-5-22/15:00/PDG 04/05/22 15:00:00 7.33 697 27.2 187 236 NA 236 NA NA NA NA NA NA NA 

HGA0074P HGA0074P/4-5-22/15:25/ADG 04/05/22 15:25:00 7.86 724 26.6 80 184 NA 184 NA NA NA NA NA NA NA 

HGA0074P HGA0074P/4-5-22/15:30/PDG 04/05/22 15:30:00 6.06 699 26.2 179 185 NA 185 NA NA NA NA NA NA NA 

HGA0074P HGA0074P/4-5-22/15:55/ADG 04/05/22 15:55:00 7.89 721 25.8 79 219 218 218.5 NA NA NA NA NA NA NA 

HGA0074P HGA0074P/4-5-22/16:00/PDG 04/05/22 16:00:00 - 705 25.5 175 198 189 193.5 NA NA NA NA NA NA pH probe faulty 

HGA0074P HGA0074P/4-5-22/16:25/ADG 04/05/22 16:25:00 7.99 726 25 74 164 166 165 NA 72 NA NA NA NA NA 

HGA0074P HGA0074P/4-5-22/16:30/PDG 04/05/22 16:30:00 - 712 24.6 168 189 186 187.5 NA 76 NA NA NA Y pH probe faulty 
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Temperature 
(degrees °C) 

ORP 
(+mV) 

Total 
Alkalinity 

1 (mg 
CaCO3/L) 

Total 
Alkalinity 

2 (mg 
CaCO3/L) 

Average 
Total 

Alkalinity 

Filtered 
Alkalinity 

(mg 
CaCO3/L)  

Ca 
(mg/L) 

filtered 
Ca (mg/L) 

Mg 
(mg/L) 

filtered Mg 
(mg/L) 

Laboratory 
sample Comments 

HGA0074P HGA0074P/4-5-22/17:00/ADG 04/05/22 17:00:00 8.05 728 24.6 82 NA NA NA NA NA NA NA NA Y NA 

HGA0074P HGA0074P/5-5-22/9:25/PDG 05/05/22 09:25:00 7.23 765 28.2 NA 215 NA 215 NA 30 NA 33.6 NA Y NA 

HGA0074P HGA0074P/5-5-22/9:25 05/05/22 09:25:00 7.23 765 28.2 NA NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGA0074P HGA0074P/5-5-22/9:26 05/05/22 09:26:00 7.23 750 29.2 NA NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGA0074P HGA0074P/5-5-22/9:26 05/05/22 09:26:15 7.2 701 30.8 NA NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGA0074P HGA0074P/5-5-22/9:26 05/05/22 09:26:30 7.19 696 30.8 NA NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGA0074P HGA0074P/5-5-22/9:26 05/05/22 09:26:45 7.19 703 30.9 NA NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGA0074P HGA0074P/5-5-22/9:27 05/05/22 09:27:00 7.19 693 30.9 NA NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGA0074P HGA0074P/5-5-22/9:27 05/05/22 09:27:15 7.19 693 30.9 NA NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGA0074P HGA0074P/5-5-22/9:30 05/05/22 09:30:00 7.18 701 30.9 NA NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGA0074P HGA0074P/5-5-22/9:40/PDG 05/05/22 09:40:00 7.22 700 NA NA 207 NA 207 NA 37 NA 36.8 NA NA NA 

HGA0074P HGA0074P/5-5-22/9:55/PDG 05/05/22 09:55:00 7.22 694 NA 90 196 NA 196 NA 34 NA 34.3 NA NA NA 

HGA0074P HGA0074P/5-5-22/10:10/PDG 05/05/22 10:10:00 7.23 694 NA 84 200 NA 200 NA 35 NA 35.7 NA NA NA 

HGA0074P HGA0074P/5-5-22/10:25/PDG 05/05/22 10:25:00 7.2 692 NA 80 188 NA 188 NA 68 NA 38.7 NA NA NA 

HGA0074P HGA0074P/5-5-22/12:30/PDG 05/05/22 12:30:00 7.2 705 27.6 219 223 NA 223 NA 78 NA 33.9 NA NA NA 

HGA0074P HGA0074P/5-5-22/12:30/ADG 05/05/22 12:30:00 7.31 700 27.7 115 201 NA 201 NA 70 NA 33.5 NA NA NA 

HGA0074P HGA0074P/5-5-22/13:00/PDG 05/05/22 13:00:00 7.22 702 27.2 216 205 NA 205 NA 72 NA 32.8 NA NA NA 

HGA0074P HGA0074P/5-5-22/13:00/ADG 05/05/22 13:00:00 7.52 696 27.3 106 228 230 229 NA 70 NA 33.8 NA NA NA 

HGA0074P HGA0074P/5-5-22/13:30/PDG 05/05/22 13:30:00 7.36 701 26.5 213 230 NA 230 NA 80 NA 36 NA NA NA 

HGA0074P HGA0074P/5-5-22/13:30/ADG 05/05/22 13:30:00 7.71 693 26.4 91 241 233 237 NA 74 NA 33.7 NA NA NA 

HGA0074P HGA0074P/5-5-22/14:00/PDG 05/05/22 14:00:00 7.48 704 25.5 208 243 NA 243 NA 71 NA 36.5 NA NA NA 

HGA0074P HGA0074P/5-5-22/14:00/ADG 05/05/22 14:00:00 7.85 694 25.5 80 250 NA 250 NA 81 NA 37.5 NA NA NA 

HGA0074P HGA0074P/5-5-22/14:30/PDG 05/05/22 14:30:00 7.56 703 24.9 207 239 NA 239 NA 91 NA 36.8 NA NA 
Calcium solution analysed was 
turbid, calcium concentration is 
potentially unreliable  

HGA0074P HGA0074P/5-5-22/14:30/ADG 05/05/22 14:30:00 8.03 692 24.8 71 241 NA 241 NA 112 NA 40.2 NA NA 

Calcium solution analysed was 
turbid, calcium concentration is 
potentially unreliable  

HGA0074P HGA0074P/5-5-22/15:00/PDG 05/05/22 15:00:00 7.42 690 25.4 205 256 NA 256 NA 113 NA 34.1 NA NA 
Calcium solution analysed was 
turbid, calcium concentration is 
potentially unreliable  

HGA0074P HGA0074P/5-5-22/15:00/ADG 05/05/22 15:00:00 8.11 692 24.2 71 245 NA 245 NA 114 NA 35.6 NA NA 
Calcium solution analysed was 
turbid, calcium concentration is 
potentially unreliable  

HGA0074P HGA0074P/5-5-22/15:30/PDG 05/05/22 15:30:00 7.33 698 24.7 203 252 NA 252 NA 106 NA 38.4 NA NA NA 

HGA0074P HGA0074P/5-5-22/15:30/ADG 05/05/22 15:30:00 8.18 692 23.5 71 244 NA 244 NA 103 NA 36.7 NA NA NA 

HGA0074P HGA0074P/5-5-22/16:00/PDG 05/05/22 16:00:00 7.33 696 24.4 203 250 NA 250 198 71 64 32.3 NA NA NA 
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Borehole ID ES Sample ID date / time  pH EC 
(µS/cm) 

Temperature 
(degrees °C) 

ORP 
(+mV) 

Total 
Alkalinity 

1 (mg 
CaCO3/L) 

Total 
Alkalinity 

2 (mg 
CaCO3/L) 

Average 
Total 

Alkalinity 

Filtered 
Alkalinity 

(mg 
CaCO3/L)  

Ca 
(mg/L) 

filtered 
Ca (mg/L) 

Mg 
(mg/L) 

filtered Mg 
(mg/L) 

Laboratory 
sample Comments 

HGA0074P HGA0074P/5-5-22/16:00/ADG 05/05/22 16:00:00 8.21 692 24.4 71 241 NA 241 198 83 77 34 NA NA NA 

HGA0074P HGA0074P/5-5-22/16:30/PDG 05/05/22 16:30:00 7.45 697 24 201 212 NA 212 NA 67 NA 35.9 NA NA NA 

HGA0074P HGA0074P/5-5-22/16:30/ADG 05/05/22 16:30:00 8.22 694 22.7 72 253 NA 253 NA 105 NA 37 NA NA NA 

HGA0074P HGA0074P/5-5-22/17:00/PDG 05/05/22 17:00:00 7.45 694 23.6 199 196 NA 196 NA 78 NA 37.5 NA NA Quartz seed crystals added 

HGA0074P HGA0074P/5-5-22/17:00/ADG 05/05/22 17:00:00 8.26 698 22.3 66 197 NA 197 199 84 NA 36.8 NA NA Quartz seed crystals added 

HGA0074P HGA0074P/5-5-22/17:30/PDG 05/05/22 17:30:00 7.6 696 23.2 200 213 NA 213 NA 75 NA 37.4 NA Y NA 

HGA0074P HGA0074P/5-5-22/17:30/ADG 05/05/22 17:30:00 8.3 708 21.9 60 215 NA 215 NA 73 NA 37.3 NA Y NA 

HGA0074P HGA0074P/6-5-22/6:40/PDG 06/05/22 06:40:00 7.89 694 17 190 219 NA 219 218 20 65 41.9 38.2 NA NA 

HGA0074P HGA0074P/6-5-22/6:40/ADG 06/05/22 06:40:00 8.18 712 16.4 80 212 220 216 219 18 59 41.2 38.9 NA NA 

HGA0074P HGA0074P/6-5-22/7:10/ADG 06/05/22 07:10:00 8.28 711 16.3 67 200 NA 200 215 NA NA NA NA NA PCC seed crystals added 

HGE0148P HGE0148P/6-5-22/11:20/PDG 06/05/22 11:20:00 7.1 655 28.9 210 219 NA 219 209 NA 74 NA 26 Y NA 

HGE0148P HGE0148P/6-5-22/11:35/PDG 06/05/22 11:35:00 7.51 598 30 NA 208 NA 208 209 NA 68 NA 25.5 NA NA 

HGE0148P HGE0148P/6-5-22/11:50/PDG 06/05/22 11:50:00 7.52 595 29.6 137 192 NA 192 200 NA 66 NA 26.7 NA NA 

HGE0148P HGE0148P/6-5-22/12:05/PDG 06/05/22 12:05:00 7.52 594 29.6 127 209 NA 209 192 NA 64 NA 25 NA NA 

HGE0148P HGE0148P/6-5-22/12:20/PDG 06/05/22 12:20:00 7.53 605 29 122 187 NA NA 196 NA 70 NA 25.2 NA NA 

HGE0148P HGE0148P/6-5-22/12:44 06/05/22 12:44:00 7.23 688 23 137 NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGE0148P HGE0148P/6-5-22/12:44 06/05/22 12:44:05 7.26 685 23 137 NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGE0148P HGE0148P/6-5-22/12:44 06/05/22 12:44:10 7.29 681 24 135 NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGE0148P HGE0148P/6-5-22/12:44 06/05/22 12:44:15 7.31 681 24 133 NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGE0148P HGE0148P/6-5-22/12:44 06/05/22 12:44:20 7.32 678 24 131 NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGE0148P HGE0148P/6-5-22/12:44 06/05/22 12:44:23 7.33 671 24 126 NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGE0148P HGE0148P/6-5-22/12:44 06/05/22 12:44:43 7.34 668 25 124 NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGE0148P HGE0148P/6-5-22/12:44 06/05/22 12:44:25 7.35 668 25 124 NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGE0148P HGE0148P/6-5-22/12:44 06/05/22 12:44:30 7.35 659 25 119 NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGE0148P HGE0148P/6-5-22/12:44 06/05/22 12:44:35 7.36 653 26 117 NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGE0148P HGE0148P/6-5-22/12:44 06/05/22 12:44:45 7.35 641 27 108 NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGE0148P HGE0148P/6-5-22/12:45 06/05/22 12:45:00 7.35 631 28 98 NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGE0148P HGE0148P/6-5-22/12:45 06/05/22 12:45:15 7.34 625 28 92 NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGE0148P HGE0148P/6-5-22/12:45 06/05/22 12:45:45 7.35 619 29 85 NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGE0148P HGE0148P/6-5-22/12:46 06/05/22 12:46:00 7.36 617 29 82 NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGE0148P HGE0148P/6-5-22/12:46 06/05/22 12:46:11 7.37 616 29 80 NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGE0148P HGE0148P/6-5-22/12:46 06/05/22 12:46:15 7.38 616 29 79 NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGE0148P HGE0148P/6-5-22/12:46 06/05/22 12:46:20 7.39 616 29 79 NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGE0148P HGE0148P/6-5-22/12:46 06/05/22 12:46:28 7.4 615 29 79 NA NA NA NA NA NA NA NA NA During filling of sample vessel  

HGE0148P HGE0148P/6-5-22/14:25/ADG 06/05/22 14:25:00 7.61 605 NA NA NA NA NA NA NA NA NA NA NA NA 
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HGE0148P HGE0148P/6-5-22/14:25/PDG 06/05/22 14:25:00 7.54 609 NA NA NA NA NA NA NA NA NA NA NA NA 

HGE0148P HGE0148P/6-5-22/14:30/ADG 06/05/22 14:30:00 7.6 602 28.2 159 NA NA NA 205 NA 60 NA 29.6 NA NA 

HGE0148P HGE0148P/6-5-22/14:30/PDG 06/05/22 14:30:00 7.55 605 28.1 167 NA NA NA 200 NA 69 NA 28.3 NA Quartz seed crystals added 

HGE0148P HGE0148P/6-5-22/15:00/ADG 06/05/22 15:00:00 7.67 602 27.4 116 NA NA NA 189 NA 65 NA 32.9 NA NA 

HGE0148P HGE0148P/6-5-22/15:00/PDG 06/05/22 15:00:00 7.54 598 27.3 163 NA NA NA 187 NA 62 NA 31.9 NA NA 

HGE0148P HGE0148P/6-5-22/15:30/ADG 06/05/22 15:30:00 7.8 602 26.8 94 NA NA NA 217 NA 66 NA 33.1 NA NA 

HGE0148P HGE0148P/6-5-22/15:30/PDG 06/05/22 15:30:00 7.69 597 26.8 164 NA NA NA 211 NA 68 NA 34 NA NA 

HGE0148P HGE0148P/6-5-22/16:00/ADG 06/05/22 16:00:00 7.81 600 26 83 NA NA NA 210 NA 73 NA 34.1 NA NA 

HGE0148P HGE0148P/6-5-22/16:00/PDG 06/05/22 16:00:00 7.75 605 26.2 162 NA NA NA 228 NA 61 NA 34.2 NA NA 

HGE0148P HGE0148P/6-5-22/16:30/ADG 06/05/22 16:30:00 7.92 600 25.5 82 NA NA NA 206 NA 57 NA 32.8 NA NA 

HGE0148P HGE0148P/6-5-22/16:30/PDG 06/05/22 16:30:00 7.84 605 25.7 163 NA NA NA 221 NA 67 NA 32.6 NA NA 

HGE0148P HGE0148P/6-5-22/17:00/ADG 06/05/22 17:00:00 8.01 594 24.8 70 NA NA NA 213 NA 63 NA 35.8 NA NA 

HGE0148P HGE0148P/6-5-22/17:00/PDG 06/05/22 17:00:00 7.78 602 25.1 162 NA NA NA 228 NA 61 NA 34.5 NA NA 

HGE0148P HGE0148P/6-5-22/17:30/ADG 06/05/22 17:30:00 8.1 599 24.5 61 NA NA NA 186 NA 57 NA 39.7 NA NA 

HGE0148P HGE0148P/6-5-22/17:30/PDG 06/05/22 17:30:00 7.72 608 24.8 161 NA NA NA 191 NA 70 NA 39.6 NA NA 

HGE0148P HGE0148P/6-5-22/17:50/ADG 06/05/22 17:50:00 8.2 612 17.5 73 NA NA NA 194 NA NA NA NA NA NA 

HGE0148P HGE0148P/6-5-22/17:50/PDG 06/05/22 17:50:00 8.36 608 17.8 153 NA NA NA 209 NA NA NA NA NA NA 

HGE0148P HGE0148P/7-5-22/8:45/ADG 07/05/22 08:45:00 7.97 668 49.5 97 NA NA NA 208 NA 68 37.7 NA NA NA 

NA A Deposit �7�X�U�N�H�\�¶�V���1�H�V�W���'�D�P��IN 05/05/22 12:30:00 7.12 704 30.7 117 NA NA NA NA NA NA NA NA NA NA 

NA A Deposit �7�X�U�N�H�\�¶�V���1�H�V�W���'�D�P��OUT 06/05/22 14:15:00 7.84 676 31.6 121 NA NA NA NA NA NA NA NA NA NA 

NA E Deposit �7�X�U�N�H�\�¶�V���1�H�V�W���'�D�P��IN 06/05/22 14:00:00 7.32 676 30.3 183 NA NA NA NA NA NA NA NA NA NA 

NA E Deposit �7�X�U�N�H�\�¶�V���1�H�V�W���'�D�P��OUT 05/05/22 12:45:00 7.98 676 27.3 142 NA NA NA NA NA NA NA NA NA NA 

NA Runaway Valley Central Top 04/05/22 17:00:00 7.89 670 27.8 180 NA NA NA NA NA NA NA NA NA NA 

NA Runaway Valley Central Bottom 04/05/22 17:30:00 8.51 640 23.4 205 NA NA NA NA NA NA NA NA NA NA 

NA Runaway Valley West Top 04/05/22 13:30:00 7.84 673 29.4 167 NA NA NA NA NA NA NA NA NA NA 

NA Runaway Valley West Bottom 04/05/22 14:30:00 8.64 610 23.7 151 NA NA NA NA NA NA NA NA NA NA 

NA Runaway Valley Creek Drainage 05/05/22 16:15:00 8.24 657 18.9 83 NA NA NA NA NA NA NA NA NA NA 
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:: AddressAddress Unit 4/ 290 Salmon Street
Port Melbourne  3207

4 Westall Rd Springvale VIC Australia 3171

:Telephone ---- :Telephone +61 3 8549 9600
:Project ES2245 Date Samples Received : 01-Aug-2022 16:28
:Order number ---- Date Analysis Commenced : 08-Aug-2022
:C-O-C number ---- Issue Date : 11-Aug-2022 17:41

Sampler : Saskia Ruttor
Site : Melbourne
Quote number : ME/016/19 V2

3:No. of samples received

3:No. of samples analysed

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted, unless the sampling was conducted by ALS. This document shall 
not be reproduced, except in full. 

This Certificate of Analysis contains the following information:
l General Comments
l Analytical Results

Additional information pertinent to this report will be found in the following separate attachments: Quality Control Report, QA /QC Compliance Assessment to assist with 
Quality Review and Sample Receipt Notification.

Signatories
This document has been electronically signed by the authorized signatories below. Electronic signing is carried out in compliance with procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Ben Felgendrejeris Senior Acid Sulfate Soil Chemist Brisbane Acid Sulphate Soils, Stafford, QLD
Kim McCabe Senior Inorganic Chemist Brisbane Acid Sulphate Soils, Stafford, QLD

R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R



2 of 2:Page

Work Order :

:Client

EM2214667

ES2245:Project
EARTH SYSTEMS PTY LTD

General Comments

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

are fully validated and are often at the 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 insufficient 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 sampling time information is not provided by the client, sampling dates are shown without a time component.  In these instances, the time component has been assumed by the laboratory for processing 

purposes.

Where a result is required to meet compliance limits the associated uncertainty must be considered. Refer to the ALS Contract for details.

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

ø = ALS is not NATA accredited for these tests.

~ = Indicates an estimated value.

Key :

ASS: EA013 (ANC) Fizz Rating: 0- None; 1- Slight; 2- Moderate; 3- Strong; 4- Very Strong; 5- Lime.l

Analytical Results

--------Eastern Runway V.E Deposit TNA Deposit TNSample IDSub-Matrix: SOIL
 (Matrix: SOIL)

--------29-Jul-2022 00:0029-Jul-2022 00:0029-Jul-2022 00:00Sampling date / time

----------------EM2214667-003EM2214667-002EM2214667-001UnitLORCAS NumberCompound

Result Result Result ---- ----

EA013: Acid Neutralising Capacity
35.0 26.8 21.5 ---- ----kg H2SO4 

equiv./t

0.5----ANC as H2SO4

3.6 2.7 2.2 ---- ----% CaCO30.1----ANC as CaCO3

1 1 1 ---- ----Fizz Unit0----Fizz Rating

EP003TC: Total Carbon (TC) in Soil
3.37Total Carbon 4.16 0.52 ---- ----%0.02TC

Inter-Laboratory Testing
Analysis conducted by ALS Brisbane, NATA accreditation no. 825, site no. 818 (Chemistry) 18958 (Biology).

(SOIL) EP003TC: Total Carbon (TC) in Soil

(SOIL) EA013: Acid Neutralising Capacity



Client BHP WAIO EARTH SYSTEMS

Project BHP2245
Site MAC
Reporting Unitsweight %

Mineral Group Sample ID A Deposit TN E Deposit TN
Eastern Runaway 
Valley - Pond 1

Sulfide Pyrite 0.3 0.2 -
Alum 0.4 0.2 -

Römerite 0.9 0.6 -
Natroalunite-K - - 0.8

Calcite 0.3 1.4 1.1
Dolomite 1.2 0.1 -
Siderite 0 0 -

Microcline 1.6 0.6 -
Illite - - 0.4

Kaolinite 13 14.3 27.1
Goethite 20.9 26.3 2.1
Hematite 30.7 29.6 13.5

Maghemite 0.5 0.3 5.9
Quartz 16.8 12.5 28.9
Urea 1.4 0.4 -

Amorphous 12 13.5 18.6

MPA (kg H2SO4/tonne) 10.6 6.8 3.0
ANC (kg H2SO4/tonne) 15.7 14.8 10.8

NAPP (kg H2SO4/tonne) -5.2 -8.0 -7.8
ANC/MPA ratio 1.49 2.16 3.64

Total Sulfur (wt.%) 0.36 0.23 0.13
Total Carbon (wt.%) 0.19 0.18 0.13

Classification NAF NAF NAF
Note:
The amorphous (non-diffracting) fraction, likely composed of poorly crystalline iron (hydroxy)oxide, has been determined by standard spike addition using alumina (corundum).

ABN 42 120 062 544
4/290 Salmon Street

Port Melbourne, Victoria 3207, Australia
Tel: +61 (0)3 9810 7500

Email: enviro@earthsystems.com.au
Web: www.acidmetalliferousdrainage.com

Web: www.earthsystems.com.au

Oxide

Silicate

Calculated using ImpactScan v1.02

Other

Sulfate

Carbonate

1 / 1            
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