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The Rosebery mine is a polymetallic mine located on the west 
coast of Tasmania, Australia, producing zinc, lead, copper 
silver and gold. Following the discovery of mineralisation in 
the area in 1893 limited mining activity occurred through to 
the early 1920s. In 1936 the current mill was commissioned 
and the site has operated continuously since (Easterbrook, 
1962). MMG took ownership of the mine in 2009.

Through 2012, 856 958 tonnes of ore were extracted from 
the underground workings and treated for the production of 

copper, 29 084 oz of gold and 2.32 Moz of silver. Over the life 
of the mine a range of ore lenses have been mined and the 
current focus is on K, N, P and W Lens, as shown in Figure 1. 
Currently the average haulage distance from working areas 
to surface is 11 km with deeper planned areas in the range of 
12.3 km. Future production is planned for X and Y Lens.

that as the mine extended both to the north and deeper the 
grades of the base metals, especially zinc, were decreasing but 
are offset in value by an increase in precious metals content. 
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Following a review of life-of-asset work at MMG’s Rosebery mine in which a proposal to increase 

arbitrary reasoning for the production increase. They included: Did the proposal actually add 

A multiple scenario analysis study commenced to model how various cut-off grade values 
against mill throughput, along with associated capital expenditure, would impact on the potential 
value of the operation. This was carried out utilising the ‘hill of value’ approach promoted by AMC 
Consultants.

The traditional approach to these studies uses a constant cut-off value (NSR – net smelter return) 
for the whole mine analysis. This was thought to potentially introduce a large amount of variability 
to the model as different ore types were thought to have different processing costs and different 
underground lenses were thought to have different mining costs. With the aim of developing a 
consistent value measure that would be comparable between the lenses, an alternative measure 
was suggested for all ore block values in this model, irrespective of lens location.

The new measure used was a mine variable value (MVV). This allowed for the variable factors 

was the haulage distance from ore source to run-of-mine (ROM). For the mill it was the amount 
of reagents required, varying based on grade together with the amount of power required for 
crushing, grinding and tailings handling.

From the initial run of the model, preliminary results lead to a conclusion of increased value 
being gained by either increasing cut-off grade or increased mill throughput rate. The validity 
of the result was tested using alternative price scenarios, which although changed the absolute 

overcoming recognised ventilation constraints. Further detailed studies are being put in place to 
identify the practicality of overcoming these recognised constraints and achieving the higher-

The ongoing objective of the hill of value model built is to keep the model alive as a life-of-asset 
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At the time Rosebery was perceived as a zinc mine and with 
these decreasing grades the reduced amount of produced zinc 
metal would have an impact on site economics.

For the 2012 life-of-asset documentation two schedules 
were constructed looking at potential scenarios and values 
for the mine. The difference between these scenarios was the 
source of material being used. The base case used the current 
Rosebery Ore Reserves while an upside case included Inferred 
Mineral Resource material believed to have a reasonable 
chance of being economically extracted along with a range of 
sources external to the main Rosebery mine.

The key operating parameter that was built into these 
schedules was a ramp up from the then current mill 

this increase was that as the zinc grade decreased there would 
need to be additional material processed to maintain a site 
goal of producing 80 000 t of zinc metal per annum.

Following completion and review of the life-of-asset work 

throughput in order to maintain 80 000 t of zinc metal per year 
did not answer the fundamental question of what processing 
rate or indeed overall mining strategy was required to 
optimise the value inherent in Rosebery.

Discussions within Group Technical Services led to the 
decision to commence an optimisation study for the Rosebery 
mine. This was to be a ‘hill of value’ (HoV) study based 
on work and method developed by Brian Hall of AMC 
Consultants.
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For the review of increasing the production rate at Rosebery 

value (NPV). While Lane (1988) presents an analytical 
technique directed solely at maximising NPV, the application 
of this method to underground mines is limited due to 
understanding of the complexity involved. Lane’s method is 
also limiting in that it is aimed at maximising NPV but not 
any other corporate goals.

As outlined in Hall (2005):

… to overcome many of these problems, the author has been 
using a technique that has been termed the ‘hill of value’. 
In its simplest form, the methodology simply makes use of 

the advanced modelling and three-dimensional charting 
capability of Microsoft Excel™ to derive value surfaces 
showing the overall relationship between value and two 
independent variables, which will typically be cutoff and 
another key value driver, such as production rate target. 
Figure 2 is a hill of value from a real study demonstrating 
the concepts.

For the study at Rosebery the main areas that were the focus 
for maximising value were as above the production rate and 
cut-off value. It should however be noted that the technique 

‘scenario’ parameters. For the production rate the current 
base rate was used along with the planned mill upgrade 
throughput.

net smelter return after royalty (NSRAR), was used as a base 
value with a range of different cut-off values at $25 NSRAR 
increments. These increments covered a range from one step 
below the base value to three steps above. (The ‘after royalty’ 

from the NSR calculations undertaken by the company’s 
commercial department that did not include royalty – similar 
to the original described NSR calculations by Goldie and 
Tredger (1991).)

At each of these cut-off values an indicative mining inventory 
was created. The work to create the mining inventory values 
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broken down into smaller mining blocks. Table 1 outlines 
each of the blocks created detailing their Level and Northing 
limits. For each block, along with contained ore4 information, 
further information was added in relation to the amount 
of development required, broken down into capital and 

The range of further information placed in the model covers 
the following areas:

capital costs covering mill upgrades, mine expansion and 
tailings storage facilities (TSF) upgrades and new locations

scheduling relationships between mining blocks

price assumptions

operating site costs – mine, mill and general costs

TSF capacities.
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During the initial stages of the mining inventory generation 
consideration was given to the application of variable cut-off 
grades for each lens. This was based on a review carried out 
for Rosebery in early 2012 that applied a range of break-even 
cut-off grades to each lens. The range of break-even grades 
ranged from a situation where no development had been 
carried out to broken ore in the stope available to be bogged.

Following a review of initial mining inventory data that 
was being created using the variable cut-off values it was 
perceived that these variable values for each lens would lead 
to debatable results. While this was perceived to potentially 
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add doubt to the results the variability of ore location and 
characteristics was deemed to be important to consider.

This variability of the ore prompted the creation of a mine 
variable value (MVV), which takes into account the variability 
in costs based on the ore location or characteristics. In an ideal 
situation the analysis would be undertaken using concepts 

the development of the knowledge base to undertake such an 
analysis is still a considerable distance in the future. The MVV 
was felt to be an achievable step in the right direction.

From a mining aspect the cost of development, drilling and 

location while haulage costs however do increase as depth 
increases. This was the only area of variability allocated to the 
mining area of the operation.

haulage distance from each level to the Portal was calculated. 
Initial information was taken from a distance spreadsheet 
maintained at the mine while additional levels were 
calculated based on mine designs. From the base Ore Reserves 
the tonnage from each level was used to gain a total tonne 
kilometre (tkm) value. Over the total block each level was 
combined and weighted to gain an average haulage distance 
for the block. This is outlined below in Table 2. The haulage 

In the mill area the main variability comes from the grade 
and the impact of this upon the amount of reagents or 
consumables required for treatment along with the power 
required due to ore hardness and throughput.

Information for the mill data was collected from site in early 
January 2013. The initial information that was collected during 
the site visit covered the tonnes and grades (Zn, Pb and Cu) 
that were treated for 2011 and 2012. Information in relation 
to the amount of reagents used was supplied for the two year 

��	
� �
�
����	� �
�
���	 �	�������������

=- >- ># -��"�%?�4�->">�%?

=� 3. >" -�-"�%?�4�-##>�%?

?- >/ #- -3>"�%?�4�-#">�%?

?� >3 >� -3>"�%?�4�-#">�%?

?� ># #" --."�%?�4�-3>"�%?

?3 >" >> --."�%?�4�-3>"�%?

�- >. #� --#"�%?�4�-�#>�%?

�� >" ># -"�"�%?�4�-��"�%?

@- #" #� -#""�%?�4��"�"�%?

@� >> >/ -#""�%?�4��"�"�%?

@� 3/ >3 -#""�%?�4��"�>�%?

@3 3- 3> -.""�%?�4��-3"�%?

@> �> 3" -�>"�%?�4��-3"�%?

A- #" #> �"�"�%?�4��3#>�%?

A� >> >/ �"�"�%?�4��-3"�%?

B- 3- >" �-�"�%?�4��33"�%?

B� �> 3" ��""�%?�4��>""�%?

�������

���������	
� ��
���
������ �����

�
!��"

#�����
�
	����	����	
��
!$%�"

=- -"$"# C-#$3"

=� /$"� C-3$�"

?- -"$#. C-.$�/

?� -"$-� C-#$3/

?� -"$�3 C-#$#/

?3 /$�# C-#$"�

�- --$�" C-�$�#

�� -"$"3 C-#$�.

@- --$". C-�$">

@� -"$�- C-#$�"

@� /$#> C->$.�

@3 /$�� C-#$"�

@> -"$#3 C-.$�3

A- --$## C-/$"-

A� -"$// C-.$/-

B- -"$"/ C-#$33

B� -"$#� C-.$��

�������

�	
���	�	���
6�
%����
�6�
�������	������
�	�$



�
�
����� 
�
!
����
���
�
"���!#�!��$�

���

period along with the mill run times. All of the information is 

Each stage of the mill process there was a review to check 
if any change in the ore characteristic would impact on the 
operation and drive a cost change. The crushing and milling 
area considered the throughput rate, which anecdotally the 
mill personnel assessed as increasing with higher grade 
(in general as the grade decreases as measured by metal 

consequently the harder the ore and the lower the expected 
throughput rate).

products; being separate concentrates for zinc, lead and 
copper, were reviewed for the usage of each reagent. The 
amount required for a given grade and the cost of this usage 
was estimated.

While relationships between grade and reagent usage and 
power consumption were found, a relationship between 

been more due to the coarse nature of the data available and 
other variables at work (for a period of the data collected a 
mobile crusher was being used to precrush some of the lower 

to isolate).

Following the generation of the relationships of each of the 
mill and mine aspects that feed into the MVV calculation a 
macro script was generated to run over the block model and 

following a test of the script on a small section of the block 
model for validation of the process.

Once the script was validated it was run over the full model. 
An investigation was carried out to determine the relationship 
between NSRAR and MVV and to determine an equivalent 
average MVV value comparable to the NSRAR break-even 

the two this was found to be a value of $160. A mining 
inventory value for each mining block was generated at this 
value along with additional mining inventories at three $25 
increments above this value and one below it.

The original premise of using the MVV rather the NSRAR 
was that the MVV would be a better representation of the 

examination of the range of NSRAR values for a small range 
of MVV values is shown in Figure 3.
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Following the creation of the mining inventory data by 
running a mineable shape optimiser (MSO) operation over 

optimisation parameter all supporting data was placed into 
the HoV model. During the process there was a large amount 
of cross checking and review of the information.

At the early stage of the analysis of the model it was clearly 
noted that this was a holistic approach that covered the whole 
operation from the mine to the tailings placement and that it 
would indicate what direction further detailed study should 
take. It was also important for the site to understand that the 

value was optimised using the MVV and not NSR that the site 
was accustomed to. At this early stage two initial points were 

dilution can easily overwhelm the other cost effects being 
modelled in the MVV. Mining inventories were input into 
the HoV model without dilution and loss and in the HoV 
model dilution and loss were accounted for with a single 

cent). In future development of the model, we would like to 
determine the panel tonnes and grades in an already diluted 
form – allowing for variation of geotechnical conditions 
within a lens.

Costs need further follow up, not only for accuracy of costs 
being used, but also to check and possibly for the effects of 

varying stope tonnages.

As can be seen in Figure 4 the outcome of the analysis did 
not look like the typical hill shown in Figure 2. With the 
assumptions modelled, the optimum cut-off and production 
rate are higher than the highest values evaluated: the peak 
of the hill is ‘off-the-scale’, though there is an indication that 
the optimum cut-off, generating the maximum NPV, has 
been reached at the highest production rate used. The red star 
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the estimated capital expenditure required to achieve this 
production rate. Major capital expenditure, which is as yet 

increase in the asset could be achieved by just increasing 

in mill throughput. Increasing only the mill throughput 

additional strategy would be to increase both cut-off value 
and mill throughput. This option obviously, however, will 

and a substantially detailed study is required into the mine’s 
capacity to deliver both a higher tonnage and higher grade 
solution.

The strategy outcome was tested by changing the economic 
assumptions from the prevailing long-term corporate 
assumptions to the prevailing prices in March 2013. This 
changed the surface to the chart shown in Figure 5. The 
immediate point of comparison between the two charts is 
that while the values have decreased in the second chart the 
relative shape of the surface is similar. The strategy from the 

off value still holds in the adjusted economic environment. 
It is also clear that the current operating strategy is a highly 

vulnerable one should prices drop further. Increasing the cut-

economic viability of the operation for a range of economic 
scenarios.

The appearance of the surface, while not looking like a 
typical hill as seen in Figure 2, could be viewed as being a 
corner of the hill. Additional increments of the cut-off grade 

surface; however, other detailed mining practicalities that 
have not been explicitly modelled to date at higher cut-offs or 

Further analysis of the outcome indicated a number of areas 
for further study with the three main ones being:

1. 

2. tailings

3. development.

movement over the life of the project at an increased cut-off 

excess amount of waste rock generated that will be needed 
to be transported to surface. Following that time the amount 

of waste generated from development. This will lead to 
material currently held on the surface being returned back 

the different lenses are shown along with the limitation of 
the current Bobadil TSF as the black line. (Note that the chart 
includes placeholders for other lenses not included in the case 
illustrated.) There are plans for alternative TSF sites and this 
is a further highlight of work needing to be progressed for a 

relation to the required rate of development. Figure 8 outlines 
the total development required per quarter. The initial rate 
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month (1800 m per quarter). At the time that the HoV work 

and the rate achieved was slightly less than 1500 m. The 

various mining blocks can start production and this in turn 

will change the development requirements.
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The immediate work moving forward from the HoV study 

is that further detailed investigation is required with respect 

to the mine’s ability to achieve the higher rates of production 

(ideally at higher cut-offs values) and the feasibility of 

upgrading the mill throughput rates. For the mine there are 

numerous areas for study around the aspects of development 

rates (and associated ground support activities), production 

development design layout and schedule was carried out. The 
initial results from this were encouraging in suggesting that 
with an increase in development rates a higher mine tonnage 
output allied with an increase to the cut-off value could be 
achieved. Initial studies have indicated an ability to increase 

still underway.

In relation to the mill the strategy for throughput increase, 
methods have been devised that require further study to 
advance through to a feasibility level.

There had been a previous HoV study carried out at 
Rosebery through 2008 to 2009. At the time of this study 
there were a number of documented issues with the study. 
However, there were results achieved that were applied to the 
site. Following those previous studies there was no further 
follow on work. From the work that has been carried out on 
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this HoV study the intent is to keep the process alive as a key 
strategic in-house tool and to review and update values as 
new information is generated.

Keeping the process alive will maintain the ability to verify 
that the planned strategy moving forward is still generating 
positive value and also to compare it to new strategies and 
ideas.

From the new Ore Reserves generated in 2013 a new set 
of mining inventories can be generated across an increased 
range of cut-off values. These new inventories along with 
ongoing review of the cost and dilution details used in the 

Additional work around the MVV will also be undertaken 
to further understand the relationship between the NSRAR 

correlations between grade and mill parameters. Since the 

NSRAR script has been carried out resolving some small 
errors and using updated economic assumptions.

Key to unlocking the value of using MVV rather than 
NSRAR will be the ability of the site to use MVV – a journey 
still to be undertaken

����������
The use of a HoV study to optimise the value of a mine 
operation, be it maximising the NPV or any other measure, 
is a strong tool that can continue to provide direction through 
the ability to keep the process alive. For Rosebery, the process 

has allowed an open revelation of where value lies and the 
appropriate strategies to release that value, rather than an 

Application of the investigation of the variability in block 
values based on geographical location and the differences in 
mill-related costs is a step up from the analysis by NSRAR 
and further work and understanding will make this a stronger 
measure.
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