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MEMORANDUM 

To: Reward Minerals Limited Date:   31st January 2017 

Attn:  Daniel Tenardi Our Ref:  PE17-00048 

KP File Ref.:  PE801-00326/01-A plv M17001 

cc:  From:  Dave Morgan 

 
 
RE:  LD PROJECT – SALT DISSOLUTION TESTING AND BRIN E RUNOFF IMPACT 
 

1. INTRODUCTION 

As part of the concept design for the LD Project precipitated salt from the Halite and 
Back-Mix Ponds will be dry harvested and placed into a salt stack.  The salt stack is 
projected to occupy an area of about 2,013 ha and end up approximately 13.4 m high 
(Ref. 1). 
 
The rainfall runoff from the salt stack will be directed to the low point in the salt stack area 
and then flow through a permeable zone in the containment bund out onto the lake 
surface.  It is envisaged that as part of the closure design portions of the containment 
bund would be removed to allow the precipitated salt in the salt stack to reintegrate back 
to the lake surface materials. 
 
Two queries have been raised regarding this design concept.  These are as follows: 
 

• What is the interaction between rainfall and the material in the salt stack; 
particularly with regard to how much salt will be picked up by the rainfall as it 
flows through and/or around the salt stack? 

• What is the relative impact of the brine outflow from the salt stack onto the lake 
surface and on any water which might be ponded on the lake? 

 
These questions are assessed in the following sections. 

2. RAINFALL/SALT STACK INTERACTION 

2.1 COLUMN TESTING 

The Reward Minerals metallurgist set up a column test to determine the effects of water 
input into a column of salt. The report is provided in Appendix A.  The basic parameter for 
the test are as follows: 
 

Column 
Diameter = 0.19 m 
Initial Salt Height = 1.735 m 
Initial Salt Mass = 58.7 kg 
Initial Salt Density = 1.19 t/m3 
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Water Input 
Runs = 3 No. each of 5 minutes 
Time Between Runs = 24 hours 
Volume of Water per run = 5.39 L (equivalent to 1 in 100 year event) 
Water Quality = Deionised water with food grade dyes added to allow 

visual monitoring of interface. 
 
The brine which flowed from the base of the column was sampled and tested for a range 
of elements.  The test results are provided in Table 2.1. 
 
Table 2.1:   Leachate Assay Results 

SAMPLE ID
DYE 

COLOUR
Ca

(mg/l)
K

(mg/l)
Mg

(mg/l)
Na

(mg/l)
SO4
(mg/l)

Cl
(mg/l)

TDS
(mg/l)

Mass
kg

SG
Volume

litres
Ca
(g)

K
(g)

Mg
(g)

Na
(g)

SO4
(g)

Cl
(g)

TOTAL
(g)

SALT 
COLUMN 

AREA
(m2)

TOTAL MASS 
LEACH RATE

 kg/m2 @ARI = 100 Years

 RUN 1 LEACHATE PINK 100 27400 21550 96200 103200 174096 422546 6.65 1.281 5.19 0.5 142 112 499 535 903 2192 0.0283 77

RUN 2 LEACHATE
PILLAR 

BOX RED
50 3450 13650 120050 115350 165281 417831 7.77 1.276 6.09 0.3 21 83 731 702 1006 2544 0.0283 90

RUN 3 LEACHATE BLUE 100 9500 15050 114950 115500 163078 418178 7.40 1.276 5.80 0.6 55 87 666 669 945 2424 0.0283 86

83 13450 16750 110400 111350 167485 419518 7.27 1.278 6 0.5 73 94 632 636 952 2387 0.0283 84

MASS LEACHEDLEACHATE ASSAYS LEACHATE

AVERAGE

 

2.2 ASSESSMENT OF COLUMN TESTS 

An assessment of the results of the testwork was made and the following points were 
noted: 
 

• No ponding of water on the surface of the salt in the column was noted at the 
water feed rate used. 

• The top surface of the salt in the column slumped by a total of 200 mm over the 
three runs.  This movement is considered to be a combination of salt loss in the 
water and some compaction effects resulting from the flow of water. 

• The total salt loss in each run was consistent at about 2.1 to 2.5 kg/run. 
• The SG of the brine was measured at about 1.27 to 1.28.  This is consistent with 

a fully saturated brine with the primary salt being NaCl. 
• The concentration of the various elements is similar to the chemistry of the local 

brines from site samples being slightly elevated in Na and Cl and significantly 
higher in S04 while containing nominally reduced levels of K.  The variation in 
concentrations was not considered to be significant. 

2.3 APPLICATION OF COLUMN TEST BRINES TO THE SALT STACK 

The column testwork indicates that the salt in the column is porous and that the brine 
flowing through the salt will quickly reach its saturation level.  However in the field a 
number of factors will mitigate these effects: 
 

• The salt will be more compacted in the salt stack and this will reduce the 
infiltration rate. 

• Some of the rainfall will run off the stack top surface directly, particularly in the 
more intense storm events reducing the contact time with the salt. 

• The salt crystals in the stack may progressively become “armoured” (i.e. the less 
permeable salts will form a surface around the salt crystals reducing the 
movement of salts into the brine). 

• Flow of water through the stack may form preferential flow paths or channels 
which will reduce contact with the salt crystals. 

 
All of these effects mean it is likely that the overall brine concentration of the rainfall runoff 
will be somewhat lower than the values measured in the column tests.  While it is difficult 
to estimate the impact of these factors it is considered that the brine concentration is likely 
to be in the SG range of 1.15 to 1.25. 
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3. IMPACTS OF BRINE DISCHARGE ON THE LAKE 

3.1 SALT STACK DISCHARGE 

The brine seeping from the salt stack due to a water event will over time (hours to days) 
flow out onto the lake surface.  For small rainfall events where the lake surface is not fully 
saturated the brine will infiltrate into the surface of the lake in the area between the salt 
stack and the plant feed channel to the south east of the stack.  If the lake surface is 
saturated the brine will migrate across the lake surface to the deepest zone of the lake, 
the south east corner of the infiltration area, and pond with the rest of the storm runoff.  
The infiltration trenches are protected with flood bunds so the brine will not directly flow 
into the trenches. 
 
The estimated volume of a 1 in 100 yr 72 hr storm is 256 mm.  Using a runoff coefficient of 
10.2% for the overall zone of influence (from the Hydrology report, Ref. 2) this results in a 
total storm volume of about 72.5 Mm3.  Assuming a higher runoff coefficient for the Salt 
Stack area of 50% the volume generated by the fully developed stack area (2,013 ha for 
this rainfall event) is 2.6 Mm3 (3.6% of the total volume).  The storm runoff will pick up salt 
from the lake surface.  Assuming the salt pickup is low and the storm runoff has a 
conservatively low SG of 1.01 the addition of the salt stack runoff, at a peak SG of 1.28, 
would cause the overall SG of the ponded water to increase by less than 1%.  Thus the 
impact on the water on the lake surface due to the salt stack runoff is relatively 
insignificant. 

3.2 DAM BREAK DISCHARGE FROM THE OPERATING PONDS 

Similar to the runoff from the salt stack water from a Dam Break event would flow out on 
the surface of the lake and either infiltrate into the surface of the lake if the surface zone of 
the lake is unsaturated or flow down to the deepest section of the lake.  The average 
concentration of the lake brine is about 1.18 and the brine in the ponds varies from 1.18 to 
1.36 depending on which pond is considered.  A Dam Break will release water from a 
single cell (given the unlikelihood of a cascade failure occurring). 
 
The nominal area of each cell is provided in Table 3.1. 
 
Table 3.1:   Nominal Cell Areas 

Pond Total Area 
(ha) 

No. of Cells 
(ha) 

Nominal Cell Area 
(ha) 

Halite 3,624 12 302 

Pre-Mix Pond 6 1 6 

Back-Mix Pond 520 8 65 

Crystallisation Pond 526 8 66 

Plant Bleed Pond 90 2 45 
 
 
The largest cell is in the Halite Pond at approximately 302 ha. 
 
The nominal operating water depth is 300 mm so from the largest single cell (halite pond 
at about 302 ha) the volume of water released is not likely to be greater than 0.9 Mm3.  If 
the break occurs outside of a storm event the water will be absorbed into the lake surface.  
If it occurs during a major storm the impact on the concentrations in the pond on the lake 
surface will be minor to insignificant. 





 5 
 

PE17-00048 

 
REFERENCES 
 

1. Knight Piésold Pty Limited “Brine Collection, Evaporation Ponds and Residue Disposal 
Study”, Report No. PE801-00326-01 Rev 0, December 2016. 

2. Knight Piésold Pty Limited “Lake Disappointment – Hydrological Study”, Report No. 
PE801-00326-02 Rev A, November 2016. 

 
 
 



 

 

APPENDIX A 
Salt Dissolution Column Testing Report 



 

REWARD MINERALS LTD 

LAKE DISAPPOINTMENT POTASH PROJECT 

 

PRELIMINARY ESTIMATION OF THE LEACHING OF STOCKPILED SALT BY RAINFALL 

 

INTRODUCTION 

Salt recovered from the evaporation ponds at Lake Disappointment is to be discarded.  One option is 

to harvest and stockpile the salt off-pond. In this case the rate at which the salt will be leached from 

a stockpile by rainfall and drain back to the lake. 

METHOD 

The attached photographs show the column setup. 

Salt was sourced from the pre-production stage of Phase 42 Bulk Evaporation test; the point at 

which in practice, brine would be transferred to production ponds producing potassium rich salts. 

The salt is expected to be predominantly halite (NaCl) and Astrakanite (MgSO4.Na2SO4). 

The 190 mm internal diameter column was fitted with a drain valve.  The salt was loaded into the 

column and lightly tamped after each 5 kg batch addition.  Water addition was via a modified 

misting spray with the addition controlled manually by a valve. The water addition rate for all three 

tests was 190 mm; equivalent to the 100 year ARI. 

The column was allowed to drain for 24 hours to minimise the entrained brine 

Food dye was used to allow the water interface to be monitored. 

For each of the three runs conducted, the brine was collected, weighed and assayed for Ca, Mg, K, 

Na, SO4 and Cl. 

 

RESULTS 

Results are presented in the attached table and photographs. 

 

CONCLUSION 

The tests indicate the mass loss was similar for each test.  The average value was 84 kg/m2 for 

“rainfall” of 190 mm / 5 minutes. 



 

SALT SOURCE: HALITE SOLIDS FROM PHASE 42 EVAPORATION OF BRINE EX- LAKE DISAPPOINTMENT 

Column parameters 

• Column Internal diameter: 19cm (XSA 283.4 cm
2
) 

• Initial salt column height: 173.5 cm 

• Salt column volume: 49170 cm
3 
(lightly tamped ) 

• Salt Mass: 58.7kg 

• Estimated salt bulk density: 1.19T/ m
3
 

Proposed rainfall simulation: 100 year ARI 

• 100 year ARI : 19cm / 5 minutes 

• Volume water to be added: 283.4 cm
2 
 x 19 cm/5 min = 5385 cm

3
/5 minutes 

• “Rainfall” : Deionised water 

• Water addition: via pump and full cone spray.  Required water delivered in 5 minutes. 

• Food grade dyes used to allow measurement of leachant interface 

• Temperature: Perth Ambient - 25°C 



                                   

RUN 1: 0 MINUTES     RUN 1: 1 MINUTE 

                                     

RUN 1: 2 MINUTES     RUN 1: 3 MINUTES 

 

                          

RUN 1: 4 MINUTES     RUN 1: 5 MINUTES - WATER OFF 



                                        

RUN 1: 15 MINUTES DRAIN    RUN 1: 30 MINUTES DRAIN 

                                                                         

RUN 1: 45 MINUTES DRAIN    RUN 1: 60 MINUTES DRAIN 

 

 

RUN 1 SHOWING 100 mm SLUMP IN SALT COLUMN AT END OF RUN 



 

RUN 1 

SLUMP IN SALT COLUMN = 100mm 

Note clear layer at the bottom of column; this is assumed to be higher density brine entrained in the 

drained salt column and displaced by the “rainfall”.  The salt column was drained for 24 hours prior 

to the first leach test. 

  



                                   

RUN 2: 0 MINUTES     RUN 2: 1 MINUTE 

                                     

RUN 2: 2 MINUTES     RUN 2: 3 MINUTES 

 

                                       

RUN 2: 4 MINUTES     RUN 5: 5 MINUTES - WATER OFF 

 



 

RUN 2: COLUMN RUN WITH BOTTOM DUMP VALVE OPEN.  COLUMN DRAINED FOR 2 HOURS. 

SALT COLUMN SLUMP:  

 TOTAL: 200 mm 

 RUN 2 ONLY:100 mm 

  



                                   

RUN 3: 0 MINUTES     RUN 3: 1 MINUTE 

                                     

RUN 3: 2 MINUTES     RUN 3: 3 MINUTES 

 

                                       

RUN 3: 4 MINUTES     RUN 3: 5 MINUTES - WATER OFF 



 

 

RUN 3: FINAL DRAINED 

SALT COLUMN SLUMP:  

 TOTAL: 200 mm 

 RUN 3 ONLY: <20 mm 

 




