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1 Introduction 

This memo contains an initial estimate of the lifespan of the waste salt stockpile and what effect its 

eventual dissolution will have on the salt lake crust from the proposed Beyondie Sulphate of 

Potash Project (BSOPP) operation in the vicinity of Ten Mile Lake.  This analysis is based on the 

waste product being a mix of pure crystalline halite and gypsum, which is either directly disposed 

of to the surface of the selected salt lake, or to a bunded area within the salt lake. 

It has been proposed that the waste from the Kalium Lakes potash processing circuit be disposed 

onto existing lakes.  Three lakes have been identified for the current operations.  These are the two 

Beyondie Lakes (designated West and East for this report) and 10 Mile Lake.  The surface areas 

(calculated from the SRTM map/Figure 1).  Table 1 lists the areas for each lake.  The listed area for 

Ten Mile Lake excluded the area of the islands. 

 

Table 1: Lake Areas 

Feature Area (m2) 

Ten Mile Lake 23,760,000 

Beyondie Lake West 1,574,000 

Beyondie Lake East 7,532,000 

Beyondie Lakes 9,106,000 
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Figure 1: Lake Areas 

 

2 Chemistry 

2.1 Waste Production 

The waste disposal from the Kalium Lakes potash processing operations was assumed to consist of: 

� Beyondie Potash Area 100 

− 45.5 kilotonnes per annum (kt/a) gypsum (CaSO4) and halite (NaCl) 

− 764.7 kt/a halite 

− 239.6 kt/a astrakanite (Na2Mg(SO4)2.4H2O, aka Bloedite) and halite 

� Beyondie Potash Area 200 

− 378.5 kt/a halite 

� Beyondie Potash Area 300 

− 204 kt/a calcium chloride (CaCl2) 

− 20 kt/a epsomite (MgSO₄·7H₂O) 

− 16.2 kt/a gypsum 

� Beyondie Potash Area 400 

− 30 kt/a magnesium hydroxide (Mg(OH)2) 
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� Beyondie Potash Area 500 

107.5 kt/a bischofite (MgCl2·6H2O) 

The data for the individual potash areas was based on production data (K-UTEC, 2016) assuming 

an initial production rate of 75,000 kt/annum of potash.   A simplified production stream diagram 

(Figure 2, K-UTEC, 2016) illustrates the processes from the BSOPP.  For this preliminary assessment 

it is assumed that the only production stream is the SOP, with all other streams constituting waste.   

 

 

Figure 2: Simplified Process Flowsheet 

2.2 Physical Constants 

The physical constants used for different salts are listed in Table 2. 

 

Table 2: Properties of Waste Compounds 

Property Density (g/cm
3
) Atomic mass units (g/mol) 

Halite 2.165 58.43 

Gypsum 2.32 136.14 

Astrakanite/Bloedite 2.25 334.47 

Calcium chloride 2.15 110.98 

Magnesium hydroxide 2.34 58.32 
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Property Density (g/cm
3
) Atomic mass units (g/mol) 

Bischofite 1.57 203.30 

Epsomite 1.67 261.48 

 

3 Climate 

The climate for the area of Kalium Lakes is arid.  Nearby Bureau of Meteorology stations with long-

term data sets include Meekatharra and Newman.  Monthly evaporation data at Kalium and nearby 

Bureau of Meteorology sites are listed in Table 3.  Average rainfall at selected Bureau of 

Meteorology sites is listed in Table 4, with the sites shown in Figure 3.  The average annual rainfall 

at Kalium Lakes is around 230 mm.  Table 4 also contains the average annual excess rainfall.  This is 

calculated as the sum of the rainfall events in excess of the average monthly evaporation rates.  For 

the purpose of this calculation the evaporation rates for Kalium Lakes were used as this will give 

the smallest (most conservative) annual excess rainfall.  The smallest excess rainfall was found for 

the Kumarina data, but as this was based on only 12 years of full rainfall data, the next lowest 

(Three Rivers) was used.  The data for Three Rivers was based on 76 years of full data, and was the 

data used in the K-UTEC (2016) report.  This is again a conservative assumption. 

 

Table 3: Daily Average Monthly Evaporation Rates 

Month 
Meekatharra 

Airport (007045) 

Wittenoom 

(005026) 

Kalium Lakes  

(K-UTEC, 2016) 

January 15.8 11.3 17.6 

February 14.1 9.8 16.7 

March 11.7 9 13.8 

April 8.2 7.7 10.1 

May 5.4 5.7 6 

June 3.8 4.5 4.8 

July 3.9 4.8 5.1 

August 5.4 6.1 6.5 

September 8 8.6 9 

October 11 11.1 12.8 

November 13.3 12.4 15 

December 14.9 12.4 17.3 

Annual 3506 3141 4100 
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Table 4: Average Rainfall Data 

Site 
Distance from 

Kalium (km) 

Annual Rainfall 

(mm) 

Annual Excess 

Rainfall (mm) 

Doolgunna (007023) 154 248.9 94.4 

Illgararie (007033) 90 228.3 85.6 

Neds Creek (007103) 107 240.1 93.7 

Kumarina (007152) 75 218.5 77.8 

MaryMia (007180) 47 260.8 93.3 

Rpf 477 mile (013008) 37 253.9 100.3 

Rpf 510 mile (013010) 34 224.6 94.9 

Three Rivers (007080) 128 227.1 82.3 

 

 

Figure 3: Location of Bureaus of Meteorology Climate Stations 
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4 Disposal Options 

A range of disposal options have been considered for the project.  The current memo considers 

only the emplacement of the waste streams on a lake surface. 

Options for the disposal of the waste products include direct placement to the lake bed or 

discharge into a bunded area of the lake bed.  For the purposes of this assessment the area of the 

bunded lake bed is assumed to be a square with 2 km sides (see Figure 4).  Assuming the disposal 

is a combination of dry (crystalline) components as listed in Section 3.1, and a life-of-mine (LoM) of 

20 years, the annual and total thickness of crystalline solids over the given areas are calculated in 

Table 5.  It is noted that the area of Beyondie Lake West is insufficient to cater for a disposal facility 

with an area of 4x10
6
 m

2
. 

 

Table 5: Waste Disposal Area and Thickness 

Lake Area (ha) % Disposal Area Thickness (m/a) 
Thickness LoM 

(m) 

Ten Mile Lake 2,376 17% 0.064 1.282 

Beyondie Lake East 753 53% 0.202 4.043 

Beyondie Lake West 157 254% 0.967 19.343 

Beyondie Lakes 911 44% 0.167 3.344 

Disposal Area 400 - 0.381 7.612 
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Figure 4: Representative Disposal Area on Ten Mile Lake 

 

Assuming an initial salt crust thickness of 0.5m, a twenty year LoM would add 260% to the 

thickness of the salt crust of Ten Mile Lake, and 700% thickness to the Beyondie Lakes. 

5 Hydrogeochemical Modelling 

Hydrogeochemical modelling was used to assess the quantity of dissolution that would occur on 

an annual basis for waste crystal salts in the disposal area.  For this analysis the annual average 

excess rainfall of 82.3 mm was assumed to be in a single event, and that the rainfall was distilled 

water.  The waste product was assumed to consist of the waste salts as listed in Table 6, and was 

distributed evenly across the disposal area.  PHREEQC (Parkhurst and Appelo, 2013) was used for 

the analysis. 

The simulation was performed by adding the waste products to 82.3 kg of water.  This is equivalent 

to considering one square meter of the disposal pond. 

The PHREEQC results for the crystalline solids are listed in Table 6.  These indicate that 6% of the 

halite and 0.4% of the gypsum would dissolve each year.  The majority of Halite will dissolve within 
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16 times the LoM.  The rate of gypsum dissolution would increase once other constituents have 

been dissolved and removed in the effluent. 

The results also indicate that this would create 478 x 10
6
 L/a of effluent with a density of 1.29 g/cm 

and a specific conductance greater than 580,000 µS/cm. 

It is noted that for smaller disposal areas, the number of moles per square metre would increase, 

but the amount of dissolution would not.  This would have the effect of increasing the length of 

time before the waste stockpile dissolved.  Similarly an increase in area would reduce the number 

of years until the waste stockpile dissolved. 

 

Table 6: Results of PHREEQC Model (Solids) 

Compound 
Initial 

(moles) 

Final 

(moles) 

Change 

(moles) 
%Change 

Years to 

dissolve 

annual 

volume 

Gypsum 60 60 -0.2 -0.4% 269.2 

Halite 4618 4324 -294 -6.4% 15.7 

Bloedite 74 38 -35 -47.9% 2.1 

Epsomite 36 0 -36 -100.0% 1.0 

MgCl2 5 0 -5 -100.0% 1.0 

KCl 34 0 -34 -100.0% 1.0 

Ca(HCO3)2 2 1 -0.4 -25.7% 3.9 

Bischofite 132 0 -132 -100.0% 1.0 

 

6 Conclusions 

An initial analysis of the dissolution of the waste stock pile has been undertaken.  This has shown 

that the waste may be distributed over the lake chosen for the disposal area after about three 

times the LoM.  It has also evaluated the total thickness of the addition of the salt to the surface 

area of the lake.  It indicates that, depending on the LoM, the use of Beyondie Lakes as a disposal 

site may lead to up to a 3.4 m increase in the elevation of the surface of the lake once all the waste 

product has been dissolved.  This calculation is based on no spreading to surrounding areas and 

no infiltration of effluent, and may reduce if the effluent spreads to surrounding areas or infiltrates 

into the lake. This may have implications for the surrounding vegetation.  A similar analysis for Ten 

Mile Lake indicates the effluent may increase the surface elevation by up to 1.3m.  For this lake, the 

removal of brine from surficial channels may decrease the estimated increase of salt level on the 

lake. 

This analysis is based on a number of assumptions that need to be confirmed, particularly the 

composition of the waste stream from the potash production, the likely annual throughput to 

produce the waste and the length of the mining operation.  It is also likely that the dissolution of 
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the waste will be heavily dependent on the climatic conditions, and the use of a single event to 

encapsulate the average rainfall has resulted in an underestimate of the time to dissolve the waste 

pile. 
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