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MEMORANDUM 
 

Lake Disappointment: Geotechnical Review of Causeway and Trial Pilot Ponds 

To: Dan Tenardi From: Mitch Hanger Date: 13 August 2015 

 

1 Introduction 
 
1.1 Background 
 
Constructing a causeway and pilot evaporation ponds are paramount to: 

 Examine the suitability of in-situ and local materials for construction of production facilities. 

 Refine construction methodologies and particularly the behaviour of embankment slopes (stability), spoils (for 

constructing embankments), dewatering, settlement/compaction of materials, placement/choice of liners and 

the selection of specialist and conventional earthmoving equipment for the above. 

 Undertake geotechnical test work on trench/embankment failures (if any, and to adapt final designs), load 

bearing capacity of embankments for production scale construction, formation of a halite floor and its load 

bearing capacity. 

 Test geo-fabrics for suitability (stability/durability) in constructing the causeway and trial ponds for future 

reference. 

 Assess the operational parameters of the ponds: evaporation trials, seepage (effectiveness of hydro-seals and 

the performance of lined versus unlined pond embankments), recharge brine management/pump selection 

and maintenance requirements and wind/wave action on inner embankment walls. 

 Undertake flow testing to determine drawdown profiles, sustainable yields and brine replenishment rates, 

design of and spacing between trenches, to ascertain the operational parameters of the trenches to abstract 

large volumes of brine and to confirm conceptual and numerical modelling for the project brine supply. 

 Further assess the effects of dewatering on surficial mono-sulfidic black ooze’s and acid sulfate soils. 

 
This memorandum reviews the proposed construction methodology, details the findings of a geotechnical review 

and makes recommendations for further investigation and geotechnical testing, improvements to the current 

design and construction and subsequent geotechnical monitoring to support the Mining Proposal for Small 

Operations by Reward Minerals.  The geotechnical review assumes several geotechnical parameters for the in 

situ materials based upon earlier investigations (ACT Williams, 2013 and Pendragon Environmental Solutions, 

2015) and outline the preferred specifications specification of borrow materials for construction. 

 

1.2 Lake Sediments 
 
During DCP investigations (Pendragon Environmental Solutions, 2015) shallow excavations by hand exposed 

fine to coarse grained silty sands interlayered with gypsum to a depth of typically between 0.10m and 0.15m.  

These surficial sands and salts overlie a low to medium plasticity silty clay to a depth of 3m (the full depth of DCP 

testing).  Generally the materials increased in strength with depth with the clays becoming consolidated and 

dense between 0.8m and 1.0m below surface. 

http://www.pendragonenvironmental.com/
mailto:info@pendragonenvironmental.com


 

 

 
 

 
 

 

 

310 Newcastle Street Northbridge WA 6003 

Tel: +61 8 9382 8286 

 www.pendragonenvironmental.com Page 2 of 6 

310 Newcastle Street 

Northbridge WA 6003 

Tel: +61 8 9382 8286 

email: info@pendragonenvironmental.com 

www.pendragonenvironmental.com Leaders in Environmental Practice 

The DCP test results were used in conjunction with a visual assessment to estimate the cohesive strength of the 

materials. This data was then correlated to an in situ CBR value for the purpose of this review.  The results 

indicate that beneath the very loose to loose silty sand, the average CBR of the clay to a depth of 0.8m is 

approximately 3%. Below this, the average CBR of the clay increases to around 10% and from 2.0m to the final 

depth of the DCPs the average CBR of the clay is above 30%.  

 
Three test locations (DCP07, 08 and 09) were considered anomalies for the purpose of calculating the weighted 

average CBR per unit depth as consolidated clay with an in situ CBR greater than 60% was encountered within 

1.0m of the surface at these sites.  Although these results are favourable for construction, the more conservative 

values were used in the absence of CBR test results for the purpose of the trial construction. 

 
Low shear strength materials at the surface of the lake will require careful selection of equipment to excavate and 

place fill and/or lake sediments.  It is likely that the field moisture of the lake sediments will be outside the ranges 

required for placement and compaction therefore the materials may require reworking, blending and additional 

conditioning (including drying or wetting) prior to compaction. 

 

1.3 Dune Sands 
 
A geotechnical investigation of the camp site (ATC Williams, 2013) included a PSD and modified compaction 

testing.  The area is underlain by a 0.1m to 0.2m thick layer of loose fine to medium grained sand (topsoil) 

overlying a fine to medium grained light reddish brown silty sand increasing in density with depth. Laboratory 

testing indicated an optimum moisture content of 15% (95% MMDD) and a CBR of 20%. 

 

1.4 Borrow Materials 
 
Sand and gypcrete will be borrowed from two small pits (red squares) near the shore line, adjacent to the access 

road through the sand dunes to the lake. 

 

 

Borrow Pits 

Causeway 

       Trial Ponds 
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It is proposed that the causeway be constructed with sand fill and capped with gypcrete.  The materials will be 

transported to the shoreline (start of the causeway) where it will be tipped using a lightweight end-tipper. A 

posi-track front end loader will push the sand out to formation over a geofabric-geotextile combination (TX160 

A14 laminate geotextile and geogrid combination suitable for use on soils with a low CBR) in two lifts.  Each 

layer will be compacted to a final thickness of 350mm. Culverts (200mm DIA) will be installed every 50m to 

facilitate drainage across the lake (Drawing DWG001). 

 
It is estimated that approximately 5,400m3 of sand fill is required for construction of the causeway. Fill materials 

shall be: 

 Durable and free from organic, vegetation and other unsuitable matter. 

 Placed, spread and compacted in continuous horizontal layers of the specified thickness. 

 
The fill material for the construction of the causeway should include sufficient fines content to compact to a 

smooth and level surface and sufficient coarse fraction to provide overall stability. However, given the low height 

of the embankment the proportion of coarse material is less critical.  

 
Estimates indicate approximately 1,500m3 of material (gypcrete) is required for use as a base course on the 

causeway and ramps that are expected to be trafficked. The granular material should have sufficient fines to bind 

the pavement. 

 
 

2 Construction Methodology 
 
2.1 Causeway (Drawing DWG001) 
 
The proposed 1m high 750m long trafficable causeway will be constructed in stages from the shore line to the 

trial ponds: 

 Place 300mm thick mixed size gypcrete on the surface of the lake and press and compact into the soft lake 

sediments to establish a founding layer for the TX160 A14 laminate geotextile and geogrid combination.  This 

founding layer does not increase the height of the embankment but rather aims at increasing overall stability 

for constructing the causeway. 

 The compacted gypcrete/lake sediments will then be covered by the TX160 A14 laminate geotextile and 

geogrid combination, secured by bags of sand. The geotextile has the function of providing added strength to 

the founding materials (compacted sediment and gypcrete) and inhibiting upward capillary movement of 

moisture into the compacted sands. 

 Placing, wetting (to optimal moisture content) and compacting two layers of sand (final thickness of each layer 

350mm). 

 Placing a cap of gypcrete 300mm thick. 

 
An alternative to the above methodology is to excavate the lake sediments on either side of the alignment of the 

causeway and use these spoils, once drained, to constructed two 350mm compacted layers.  The efficacy of 

this alternative will be investigated during the works program. 

 
The compaction of gypcrete with the sediments at the surface of the lake covered by the TX160 A14 laminate 
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geotextile and geogrid combination will increase the overall load bearing capacity of the loose material on the 

lake surface and improve conditions for the placement and compaction of the 700mm sand fill. 

 

2.2 Trial Evaporation Ponds (Drawings DWG002 and DWG003) 
 
The trial ponds are to be constructed using lake sediments (approximately 2,200m3) excavated adjacent to the 

embankments for the trial ponds.  Two different configurations will be trialled to assess the most efficient method 

(construction and future operations) i.e. excavations adjacent outside the ponds (one with bund wall HDPE liner 

and one without) and excavations inside a pond with bund wall HDPE liner installed. 

 
The upper 0.10m to 0.15m of very loose to loose silty sand is not favourable for the construction of the 

embankments; these materials need to be removed prior to excavating and placing the clay. 

 
The methodology for constructing the trial evaporation ponds include: 

 Excavate surface sediments to fill the embankments in lifts not exceeding 350mm after compaction and allow 

to drain to facilitate forming compacted embankments. 

 Dewater the excavations and pump water some 300m away using lay flat. 

 Compact the sediments using the bucket of the excavator (or plate compactor or other) and allow to stand.  

Measure drying time to form embankment. 

 Excavate and key-in the HDPE bund wall liner at least 300mm into the consolidated clay. 

 Place, weld and anchor the liner into the consolidated clay and backfill the excavation. 

 Import and place the pavement layer (gypcrete). 

 
A stability analysis at the worst case (Pilot Pond 3) employing Slide software returned a factor of safety above 4 

whilst the Phase2 analysis shows an equivalent safety reduction factor (similar as the factor of safety) of above 3 

when evaluated for failure with the water level at the surface: 
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3 Flooding 
 
It was estimated (Pendragon Environmental Solutions, 2014) that by constructing the evaporation ponds for 

production and the waste stockpile (total area: 29.42km2 or 2.2% of the area of the lake) within the flood plain of 

the lake (area: 1,355.68km2), the flood level will not be raised.  It is thus not possible that by constructing the trial 

ponds, which are many times smaller than the ponds for production, flood levels will be raised.  

 

 

4 Conclusion 
 
Overall the proposed construction methodology and equipment are acceptable taking due cognisance of the 

trial/experimental nature of the proposed construction and the environment in which it is to take place.  The 

slopes of the low level embankments appear to be acceptable. 

 
The results of a preliminary site investigation and subsequent review indicated that although some settlement 

may occur within the upper bounds of the lake sediments, the use of gypcrete compacted into the upper 

sediments followed by placement of the TX160 A14 laminate geotextile and geogrid combination a will increase 

the bearing capacity of the founding materials sufficiently to allow the construction of the low level embankments 

for the causeway and trial ponds. 

 

In the event that excessive settlement is evident, the loose surficial materials are to be excavated to expose 

materials better suited to accommodate the loads anticipated in the construction of the causeway. Alternatively, 

the material in the immediate footprint of the causeway could be dewatered to allow sufficient development in 

strength. This could be done in stages to allow the material to consolidate under load once the causeway is 

constructed before the next stage is dewatered for extending the construction. 
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5 Recommendations 
 
5.1 Geotechnical Sampling/Testing Pre-Construction 
 
Additional testing is required to assess the stability and long term durability of the causeway.  Whilst the current 

methodology appears to be adequate, further testing in the form of CBR and remoulded tri-axial testing should be 

considered to confirm the assumptions made for construction of the causeway. 

 

5.2 Geotechnical Monitoring Post Construction 
 
The very loose to loose silty sands at the surface of the lake, with a CBR of 2%, or less renders trafficking of the 

lake difficult.  Owing to a high percentage of fines in the upper layer of loose clayey sand, the sedimentary 

material could behave as either an angular or a cohesive medium under stress.  Given the saturated conditions 

of the subsurface of the lake, coupled with the absence of laboratory test results to confirm the geotechnical 

parameters of the materials, the development of strength as a result of the dissipation of excess pore water will 

need to be observed during the construction of the causeway. Further geotechnical testing (materials used during 

construction and samples of the halite floor of the trial ponds) and post construction monitoring will confirm the 

observations made.  

 
Following construction, geotechnical testing and monitoring of the embankments of the causeway and trial ponds 

should aim at determining the long term performance of the sand fill, the gypcrete base course and lake 

sediments and overall long term stability and durability of the embankments. 

 
Further sampling and testing of the lake sediments are to be undertaken to confirm their geotechnical parameters 

and facilitate the detailed design and stability and settlement analyses of the trenches and embankments for 

causeways and ponds for production.  A monitoring/testing plan/schedule will be submitted after construction. 

 

Yours sincerely 

Pendragon Environmental Solutions 

 

Mitch Hanger 

Geotechnical Engineer 
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