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1.0 INTRODUCTION 
 
Waste material generated as a by-product of mining operations can generally be classified as 
reactive and/or non-reactive. The majority of chemically reactive mine waste is associated with 
sulfide oxidation and the concomitant release of constituents of concern. Two common closure 
technologies used to manage reactive and/or non-reactive waste are engineered cover 
systems (to limit ingress of oxygen and/or infiltration of water to the waste material) and 
collection/treatment of toe and basal seepage adversely impacted by waste material seepage. 
Mine waste management strategies and their associated landforms are expected to perform 
to set standards for an extended time frame, often hundreds of years. The influence of 
potential climate change becomes paramount when looking at such time scales. 
 
There are numerous overarching factors influencing the design, operation, and performance 
of cover systems and collection treatment systems. Of fundamental importance, and the 
subject of this paper, is the overarching influence of site-specific climate conditions, and more 
specifically a methodology for incorporating climate change on site-specific climate conditions 
for mine closure planning. In order to effectively plan for the next century and beyond, mine 
closure planning must incorporate climate change through its development. 
 
The influence of climate change on cover system performance will vary depending on the 
cover system design. Some designs will be more susceptible to changes in temperature, like 
those that rely on frozen ground, while others will be more susceptible to changes in 
precipitation. We present a brief overview of climate change science, followed by a discussion 
of the implications of climate change for mine closure planning. A discussion of the influence 
of climate change on a variety of cover systems and the impact on net percolation and oxygen 
ingress, along with practical climate change implementation strategies for mine closure 
planning are presented.  
 
2.0 CLIMATE CHANGE 
 
2.1 Climate Change Science 
 
As part of the Intergovernmental Panel on Climate Change’s (IPCC) Fifth Assessment Report 
(AR5), the IPCC adopted new Representative Concentration Pathways (RCPs) to replace the 
previous emission scenarios of the Special Report on Emission Scenarios (SRES) (IPCC, 
2013).  The four adopted RCPs; RCP2.6, RCP4.5, RCP6 and RCP8.5; differ from the SRES 



in that they represent greenhouse gas concentration trajectories, not emissions trajectories.  
The four scenarios are named after the radiative target forcing level for 2100, which are based 
on the forcing of greenhouse gases and other agents (van Vuuren et al. 2011). These values 
are relative to pre-industrial levels. The lowest scenario, RCP2.6 would require the 
implementation of stringent climate policies to limit emissions while RCP8.5 represents the 
current trend of increasing annual GHG emissions. This scenario represents the high range 
of non-action climate policy scenarios.  
 
The IPCC attached no probability or likelihood of occurrence to the four different scenarios.  
Using median temperature increases by 2100, the current RCP scenarios can be compared 
to the old SRES scenarios.  The RCP2.6 scenario has no equivalent SRES scenario (Rogelj 
et al. 2012).  The RCP4.5 scenario can be compared to the SRES B1 scenario, while RCP6 
can be compared to the SRES B2 scenario.  The RCP8.5 scenario can be compared to the 
SRES A1FI scenario. 
 
The IPCC RCP scenarios are run through specific climatic models developed for different 
regions of the globe in order to estimate potential future changes of daily surface temperature 
and precipitation.   
 
2.2 Expected Climate Change in Australia 
 
Results released as part of the Fifth Assessment Report from the IPCC (Reisinger et al., 2014) 
present a range of expected climate changes for the Australian continent into the 21st century, 
as well as expected consequences from these changes. The warming observed in the past 
decades is projected to continue through the current century along with an increase in the 
frequency of hot extremes and a decrease in cold extremes. Extreme rainfall is expected to 
become more frequent increasing the flood risks in given regions and increasing soil erosion 
and infrastructure damage. Tropical cyclones could be more intense but remain stable in 
frequency. Uncertainty remains in projected rainfall and associated runoff with some models 
predicting little change while others show up to a 40% decrease in south-eastern Australia. 
Varying results from climate current models make it difficult to estimate with an acceptable 
level of confidence the expected range of predicted future climate trends, especially for 
extreme events (Meehl et al., 2000). Generally, there is less confidence in precipitation 
predictions than for future temperature (Suppiah et al., 2007).    
 
3.0 IMPLICATIONS OF CLIMATE CHANGE ON MINE CLOSURE PLANNING 
 
Mine closure planning must account for an extended time scale, often having to plan for post-
closure performance of rehabilitated landforms for well over a hundred years. Closure design 
must therefore take into account expected climate change in order to build adequate landforms 
that will be robust enough to remain chemically and physically stable for its intended design 
life. While a rise in average annual temperature may seem fairly straightforward to account for 
when designing closure infrastructure, annual averages are generally not a good indicator of 
the performance of a given system. Variations through a given year and climatic extremes are 
where infrastructure and closure landforms are put to the test and where their performance 
may falter. As climatic extremes, both in terms of temperature and precipitation, are more 
difficult to predict than a potential rise in mean annual temperatures, much uncertainty still 
remains when it comes to designing landforms and infrastructure that can sustain the elements 
for over a century. 
 
Water management infrastructure needs to be developed to cope with rainfall events of a 
given return period. As the return period for a given event may become shorter and the 
magnitude of extreme events increase in the longer term, water management infrastructure 
that will remain after mine closure, such as collection and diversion channels and spillways, 



must be designed conservatively to account for increased future extreme events and the 
associated uncertainty with predicting such events (Reinecke and Brodie, 2012).   
 
Increased intensity and number of extreme rainfall events will also have adverse effects on 
the erosion potential of landforms. Taking into account future climate change at the closure 
planning stage allows to design a landform that can sustain expected events and still perform 
to its intended capacity.  
 
3.1 Influence of Climate Change on Cover Systems 
 
While the effect of climate change on water management infrastructure and potential landform 
erosion can be predicted and closure design adapted accordingly, cover systems for mine 
waste present specific challenges that are more difficult to integrate into closure planning. The 
impact of climate change will vary depending on the type of cover system that is put in place 
(Stianson et al., 2012). While the increase in extreme precipitation events will impact the 
performance of water management systems and increase erosion; extremes of temperature 
will also directly impact cover systems.  
 
A decrease in annual precipitation associated with an increase in precipitation will affect the 
viability of water covers. Store and release covers will be impacted by higher erosion rates 
from increased precipitation intensity while a decrease in annual precipitation may negatively 
impact vegetation. Higher temperatures and drought periods would affect the performance of 
such a cover system. For cover systems incorporating a compacted clay liner (CCL), long 
periods of drought with initial increased evapotranspiration could lead to the desiccation of the 
CCL and its ultimate failure as a moisture and oxygen barrier.  
 
While it is paramount to take into account climate change when developing a cover system for 
closure, the chosen cover system must be able to perform to expectations both in current and 
future conditions. 
   
3.2 Implementation of Climate Change to Mine Closure Planning 
 
Climate change is taken into account in a variety of mining projects. Approaches to incorporate 
climate change into closure design differ from site to site and are often limited in temporal 
length. There is currently no clear guidelines as to how to take into account climate change 
for the long term prediction of closure systems performance.  
 
Climate change should be systematically integrated into the development of long term closure 
strategies for mine sites. In doing so, it is paramount that predicted changes in extreme events 
are taken into account, as they are more likely to impact the performance of a rehabilitation 
strategy than predicted changes in annual means. The uncertainties associated with 
predicting climate extremes with the current tools available require a certain degree of 
conservatism in the proposed closure designs. Although there is a financial aspect associated 
with implementing more conservative approaches, implementing these while a site is still 
operational may prove beneficial by avoiding future maintenance requirements on a given 
landform.  
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