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FINGERBOARDS PROJECT – PROPOSED TAILINGS MANAGEMENT STRATEGY 

NOTES ON POST CLOSURE SETTLEMENT 

1 INTRODUCTION 

Kalbar Resources Limited are developing the Fingerboards Project in Eastern Victoria and the author 
has been working with officers of Kalbar and Wave Engineering to develop a tailings management 
strategy (TMS) to support the Rehabilitation Report of the Environmental Effects Statement and 
project development phases of the project.   
 
Closure concepts have been developed by others to provide for a final landform (post mining) 
compatible with or complementary to the profile before mining by progressively re-instating the 
non-mineral components from the mining process back into the void created by the mining.  To 
achieve this, it is important to understand the post placement behaviour of the various components 
to be replaced  
 
This note examines the various components and describes the anticipated condition of each 
component in relation to the long-term landform. 

2 CLOSURE CONCEPT 

The proposed post mining landform is illustrated by Figure 1. 
 
The principal material to be replaced into the mining void are:  

• Sand Tailings; 

• Fine Tailings; and  

• Overburden. 
 
There is also a minor component described as “oversize” which is separated during mining and 
processing and consists of generally gravel size particles.  This material is utilised within the mining 
void for drainage and access road surfacing. 
 
In order to assess the final land surface, it is important to consider, for each component the following 
properties: 
 

a) The density at the end of placement; 
b) The changes in density which occur prior to placing of any subsequent layer of the soil profile; 
c) The impact of the load applied by the subsequent layers; and  
d) The changes which may occur as a result of ongoing consolidation. 

 
These factors for each of the components are discussed in the following sections of the document. 
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3 SAND TAILINGS 

3.1 Geotechnical Properties 

Geotechnical testing of the sand tailings has been completed by ATC Williams Pty Ltd (ATCW) 
[Ref 1].  Significant results are summarised below. 

3.1.1 Particle Size Distribution 

The sand has been shown to be poorly graded fine sand with D50 = 110 µm and D80 = 137 µm.  Of the 
sample, 12.3% is finer than 75 µm. 

3.1.2 Minimum/Maximum Density 

Minimum and Maximum density testing was completed in accordance with AS 1289.5.1.1. 
 
Sand volume changes as a result of re-arrangement of the sand grains into a more compact 
configuration due to vibration and/or loading.  If the sand were to consist of uniform spheres the 
minimum density occurs when the particles are arranged just touching in a square pattern.  The 
maximum density occurs when the grains are re-arranged into a triangular grid.  In this configuration 
additional load will not change the volume unless grain crushing occurs.  In reality of course, natural 
sands particles are not generally perfectly spherical or of uniform size so finer particles actually 
occupy some of the pore spaces between the larger particles, hence the value of testing. 
 
The AS 1289.5.1.1 test involves a controlled application of vibration to a contained sample and 
provides a good representation of the maximum density which can be achieved in field condition. 
 
The results of the tests were as follows: 

• Minimum Dry Density  1.24 t/m3; 

• Maximum Dry Density  1.55 t/m3. 

3.2 Deposition Properties 

The sand will be placed into the floor of the mining void either by sand stackers or deposited as a 
slurry into enclosing cells and allowed to drain to a decant recovery system.  Self-weight and the 
suction effect of the drainage will result in partial compaction of the deposited.  It is anticipated 
that the post deposition density will be approximately 1.4 t/m3 which represent the average between 
the minimum and maximum density. 
 
On this basis the maximum change in density post deposition can be 0.15 t/m3.  (1.55 t/m3 minus 
1.4 t/m3.)  For a 12 m deep deposit the maximum change in volume after deposition and as a result 
of applied surcharge in the form of subsequently placed overburden represents a decrease in 
thickness of 1.2 m.  This change may occur during any quiescent period after deposition as a result 
of suction impact of pore water drainage and under the impact of subsequently applied overburden 
cover. 
 
The storage requirement (depth) for sand in any area will be dependent upon the ore thickness being 
mined.  In some areas the full depth of stored waste will be sand whilst in other areas where fines 
storages exist (approximately one third of mine area) storage will be in conjunction with storage of 
fine. 
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4 FINE TAILINGS 

4.1 Geotechnical Properties 

Geotechnical testing of the fine tailings has been completed by ATC Williams Pty Ltd [Ref 1].  There 
are two streams of fines generated during the mineral processing: 

• Primary Cyclone overflow; and 

• Secondary Cyclone overflow. 
 
For the purposes of tailings management these streams are anticipated to be combined hence for 
the purpose of this document inferred combined properties have been calculated as appropriate. 
Significant results are summarised below. 

4.1.1 Classification 

The fine tailings are classified as a medium to low plasticity clayey silt (USCS Classification ML/CL) 
with Atterberg limits as follows: 
 

• Liquid Limit  42% 

• Plastic Limit  27% 

• Plasticity Index 17% 

4.1.2 Consolidation 

No consolidation testing has been completed on the fine tailings; however; ATCW completed a Rowe 
cell consolidation test on a combined sand and fines sample. [Ref:1] The Rowe cell test was 
completed in a large diameter (254 mm) consolidation cell capable of measuring large sample 
deflection over a range of applied pressure from 1 kPa to 700 kPa.  The sample is loaded into the 
cell and loaded in initial stage to 1.25 kPa, then doubling in load for each subsequent stage to 
640 kPa.  The load at each stage is maintained until the excess pore pressure generated by the 
application of the load is fully dissipated at which point consolidation under the applied load is 
complete.  The results of the test are presented as plots of voids ratio vs. log effective stress, voids 
ratio vs log permeability and coefficient of consolidation vs. log effective stress. 
 
Whilst the test was completed on a sample containing both sand and fines the form of the initial 
stages of the test are representative of the behaviour of the fine materials in the sample.  Until the 
consolidation proceeds to a point where there is grain to grain contact in the sand structure all of 
the applied load is carried by the slurry of water and fines.  The point where the sand becomes an 
influencing factor is indicated by an inflection in the plotted data.  With this in mind I have used the 
derived data to generate a plot of slurry dry density at the end of each stage by arithmetically 
removing from the data the effect of the volume occupied by the sand grains. 
 
The results of this are illustrated in Figure 3.  The data from the actual test on the sand/fines mix 
shows an inflection in the plotted data at a pressure of 40 kPa so the data for the stages 2.5 kPa to 
40 kPa have been used to derive the “Fines Only” plot and the trend line with the following 
relationship: 
 
  Dry Density = 0.9799 x Pressure 0.0878  

4.1.3 Deposition Properties 

It is proposed that the fines will be deposited into a series of cells in layers approximating 900 mm 
thick and subjected to accelerated mechanical consolidation (AMC) using amphirols (Twin 
Archimedes Screw Tractors) tracking over the surface to accelerate the release of water from the 
deposit.  It is anticipated that this will increase the solids content of the deposit to approximately 
73% which represents dry density of 1.36 t/m3. 
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Storage will be into series of cells created within the mining void with storage capacity to contain 
the fines slurry to the design placed density within approximately one third of the mine area.  The 
depth of each storage cell will be dependent upon the thickness of orebody mined.  For the average 
orebody storage over one third of the mine base, placement will be required to a depth of 
approximately 6.5 m. 
 
The relationship described in the Section 4.1.2 has been used to calculate settlement for various 
configurations of self-weight load and surcharge.  A limiting dry density of 1.75 t/m3 has been 
applied. 
 
For the average depth of deposition (6.5 m), the extent of settlement under self-load only is 
approximately 0.5 m.  Application of an 18.3 m surcharge of overburden will increase the settlement 
to an estimated 1.45 m. 

5 OVERSIZE 

This is a minor component consisting of generally gravel size particles which will be returned to the 
mining void as drainage materials and for other construction functions.  For the purposes of this 
discussion it is anticipated that the volume occupied post mining will be approximately equivalent 
to that occupied in the orebody.  A placed density of 1.66 t/m3 has been applied. 

6 OVERBURDEN 

Excavation and replacement of a naturally occurring deposit of clay, sand and gravel will result in a 
change of volume which is described as a “bulking factor”.  This has been addressed by GHD Pty Ltd 
[Ref 2] citing data from this site and experience within the Latrobe Valley.   
 
GHD have observed from this experience that the bulking factors may range from 1.12 for sand to 
1.4 for clay.  For the distribution of sand and clay on this site a bulking factor for loosely dumped 
overburden may be 1.22.  Whilst no specific studies have been completed it is anticipated that 
consolidation/compaction on placement and from self-weight may reduce the bulking to within the 
range 1.10 to 1.15. 
 
It is further noted that placement of the overburden in relatively thin layers limited track rolling 
may result in final density of up to 95% of Standard Maximum Dry Density (SMDD).  The average of 
tests completed gives a SMDD = 2.085 t/m3. 
 
The design bulk density from field measurements during drilling is 2.35 t/m3.  For a field moisture 
content of 12.7%, this represents a dry density of 2.09 t/m3.  A final dry density at 95% of SMDD is 
1.98 t/m3 which represent a bulking factor of 1.05. 
 
On this advice we have adopted the following: 
 

• Bulking factor at time of placement      1.22 

• Bulking factor after self-weight consolidation and placement traffic 1.08. 
 
The latter figure represents the relationship between the original in-situ volume and the final placed 
volume. 
 
The actual bulking factor which occurs will be influenced by the rate of placement and of the depth 
of placement due to increased self-weight consolidation which occurs during slower placement rate 
or placement to a greater depth. 
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7 SUMMARY DATA 

7.1 General Comment 

The final land profile which is achieved by the placement of various layers of potentially 
consolidating materials is very complex.  Factors which impact on the outcome include: 
 

• Variable material properties; 

• Rate of placement of each layer;  

• Time delay between placement of each layer; 

• The proportion of overburden, sand and fines in the profile; and 

• Spatial variations in conditions (such as the presence of containment embankments and road 
pillars). 

 
The specific profile of ore and overburden also varies throughout the mine. 
 
Each of the materials (sand, fines and overburden) have different consolidation/swell properties and 
mine management will be maintained to allow for placement of varying thickness of each to result 
in a design surface profile. 
 
For these reasons, it is important to ensure that specific cases are analysed on a case by case basis 
and that appropriate action is taken to ensure the designed landform is achieved. 

7.2 Application of Data 

7.2.1 Mine Profile 

The profile of materials within the mine can be generalised as: 
 

• Overburden – thickness ranging from a few metres to in excess of 20 m – to be returned to 
the mining void generally as fill over tailings and as embankments to provide lateral 
containment for tailings; and 

• Ore – thickness varies from a few metres to in excess of 12 m - to be processed to remove 
the target heavy mineral and then returned to the mining void with cover of overburden 
minimum 3 m thick. 

 
For the purpose of illustrating the impact of data presented in Sections 3 to 7 above, an average 
mine profile is considered consisting of: 
 

• 8.6 m depth of ore; and 

• 18.3 m depth of overburden. 
 
The ore component of the profile consists of the constituents as set out in Table 1. 
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TABLE 1 
CONSTITUENTS OF ORE 

 

Material Description Percentage 
Content 

Destination 

Oversize Gravel size 
component 

1.2% General uses within the mine 

Sand As Section 3 72.3% Contained within mining void 

Fines As Section 4 20.5% Contained in cells up to 9 m deep within mining void 

Heavy 
Mineral 

Target 
product 

6% Market 

NOTES: The figures included in Table 2 vary but are quoted for illustrative purposes. 

 
For a mine profile consisting of 8.6 m of ore, the post mining profile of tailings at the time of 
placement is described in Table 2.  The data presented in Table 2 represents that applicable if each 
material is uniformly placed over the mine area. 
 

TABLE 2 
POST MINING PROFILE AT TIME OF PLACEMENT FOR TAILINGS STORED UNIFORMLY OVER THE 

MINE AREA 
 

Material Mass per Square Metre 
(t) 

Placed Dry Density 
(t/m3) 

  Layer Thickness  
(m) 

Sand 10.31 1.4 7.37 

Fines 2.92 1.36 2.15 

Oversize 0.17 1.66 0.10 

Total 13.4   

 
In reality the fines will be contained in specific storage areas anticipated to be over one third of the 
mine area with sand stored partially in the profile with the fines and partially elsewhere alone.  To 
address the concerns of uneven surface after differential consolidation, the thickness of sand stored 
with fines can be optimised to give a similar final surface profile to that in the areas where sand is 
stored alone.   
 
In assessing the data presented in the following, the fine tailings have been directed to be stored in 
33% of the mine area.  The sand tailings have been proportioned between this area and the remaining 
67% of the mine area to provide for the same surface level in both areas. 
 
 
26.9 m Deep Pit - Sand Tailings stored in 67% of mined area. 
 
Pit Depth           26.9 m 
Pre-mining Depth of Overburden + Topsoil       18.3 m 
Ore Depth           8.6 m 
Placed thickness of sand tailings        9.26 m 
Density at placement          1.4 t/m3 
Final Density           1.55 t/m3 
Mass of sand per square metre        12.96t 
Final depth of sand tailings         8.36 m 
Oversize thickness          0.10 m 
Thickness of overburden + topsoil as placed (1.22 bulking factor)    22.33 m 
Final thickness of overburden + topsoil (1.08 bulking factor)    19.76 m 
Total final thickness of profile        28.23 m 
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26.9 m Deep Pit - Fine Tailings stored in 33% of mine area along with Sand 
 
Pit Depth           26.9 m 
Pre-mining Depth of Overburden + Topsoil       18.3m 
Ore Depth           8.6 m 
Placed thickness of sand tailings        3.6 m 
Density at placement          1.4 t/m3 
Final Density           1.55 t/m3 
Mass of sand per square metre        5.04 t 
Final depth of sand tailings         3.25 m 
Placed depth of fines          6.51 m 
Settlement of fines under surcharge of overburden      1.4 m 
Final depth of sand and fines         8.36 m 
Mass of fines plus sand per square metre       13.89 t 
Oversize thickness          0.10 m 
Thickness of overburden + topsoil as placed (1.22 bulking factor)    22.33 m 
Final thickness of overburden + topsoil (1.08 bulking factor)    19.76 m 
Total final thickness of profile        28.23 m 

8 CONCLUSION  

By managing the proportion of sand stored with the fines as illustrated in the case studies above it 
is possible to provide for a uniform surface profile in-spite of the differing properties of the stored 
materials.  It is also shown that the swell resulting from return to the pit of the non-mineral bearing 
materials in the ore can be limited to approximately 1.3 m (less than 5%), for average mine 
configuration. 

9 TIMING 

9.1 General Comment 

The time to achieve the settlement/consolidation as discussed in the foregoing for a given loading 
condition is a function of the individual material properties and the depth of the deposit.  This is 
discussed in the following paragraphs for the materials included in this case. 
 

9.2 Sand 

Changes in volume of sand due to load or vibration are principally immediate.  Some long term 
“creep” may occur, but this is not significant in the current context.  For sand placed as a slurry and 
allowed to drain the “load” from suction effects will be progressive as will settlement during this 
period, however the main extent of settlement will arise from the placement of the overburden.  
This too will be progressive, but it is anticipated that most of the settlement will be complete by 
the time overburden placement is complete. 
 

9.3 Fines 

No consolidation modelling of fines tailings for this deposit has been completed.  The generation of 
synthetic consolidation properties as discussed in Section 4 provides data only in relation to 
quantum.  However, consolidation modelling has been completed for a 12 m deep mix of sand and 
fines at a ratio of 2.5:1.  For this case a 20 m deep overburden load was applied.   
 
This modelling showed that the deposit reached a normally consolidated condition in 200 days after 
application of the overburden surcharge following a quiescent period of 120 days. 
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Because the properties of the fines slurry within the sand/fines mix will dominate the consolidation 
process, we anticipate that consolidation of the fines only tailings will occur within around 
12 months.  Some creep settlement may continue beyond this time, but this is not significant in the 
current context. 
 

9.4 Overburden 

The change in volume as the overburden goes from a loose “as excavated” state to the final 
consolidated condition will occur within each layer as it is placed due to the compaction arising from 
the construction equipment with some additional settlement/consolidation occurring as a result of 
the self-weight of each layer and of the subsequently placed layers.  For this reason, it is anticipated 
that only minor “creep” settlement will occur beyond placement. 
 

9.5 Conclusion 

It is anticipated that the settlement/consolidation of tailings backfilled into the mining void will be 
substantially complete within around 12 months of final placement.  Because the rate of 
consolidation of fines will be slower than the rate of settlement of the sand it may be appropriate 
to place materials over fines tailings to a higher constructed surface to account for this. 

10 MITIGATION 

Mitigation of the long-term issue of settlement of tailings involves two process: 
 

• Understanding the properties of the materials stored and the expected outcomes; 

• Managing the placement of the various materials to provide the designed surface profile;  

• Manage overburden deposition methods to achieve designed compaction; and 

• Continued monitoring and review of consolidation performance 

11 CLOSURE 

I trust that this provides enough detail for your present purposes. 
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Figure 1 Proposed Final Landform Concept 
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Figure 2 Sand Particle Size Distribution  
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Figure 3 Rowe Cell Consolidation Test Data 
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