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Abstract. As part of a comprehensive research program, new tailings matrices are formulated 
of combinations of tailings and binder materials. The research program encompasses 
experimental and numerical analysis of the tailings matrices to investigate the feasibility of 
using them as construction materials in cold climates. This paper discusses a conceptual cost 
benefit analysis for the use of these new materials. It is shown here that the financial benefits of 
using the proposed new tailings matrices in terms of environmental sustainability are much 
higher when compared to normal sand matrices.  

1 Introduction  
Mine tailings are the leftovers from mining activity and they contain all the hazardous materials used 
in the milling process with the exception of the ore. Tailings are traditionally stored in ponds not far 
away from the mine they originated from. Mine tailings have been the subject of several 
environmental catastrophes such as the Merriespruit dam tailings failure that resulted in the deaths of 
17 people and extensive damages to a residential township in South Africa in 1994 (Fourie and 
Papageorgiou [1] and Fourie et al. [2]). Another disaster took place in the Philippines in 2002 were 
tailings spilled into Mapanuepe Lake and eventually into the Saint Tomas river. Low lying villages 
were flooded with mine waste. At least 250 families were evacuated from that area [3].  

Researchers around the world, having realized the potential dangers involved in the traditional 
method of storage of mine tailings in ponds, took up the task of attempting to beneficially re-use these 
tailings or at least modify them in a way less harmful to the environment. Researchers like Demers 
and Haile [4], Zou and Sahito [5] Celik et al. [6] Swami et al. [7] and Roy et al. [8] attempted to 
investigate the possibility of using mine tailings as filler or construction materials with the addition of 
binders that include Portland cement. Other researchers like Fall et al. [9], Fall et al. [10], Benzaazoua 
et al. [11], Ercikdi et al. [12], Fall and Pokharel [13], Ercikdi et al. [14] and Helinski et al. [15] 
investigated the use of mine tailings in the most traditional manner by using them as cemented paste 
backfill. Portland cement, however, is relatively expensive, hence the need to use additives other than 
cement to reduce cost without compromising effectiveness. This effectiveness is specifically 
important in cold climates such as that of Canada. 

                                                
a Corresponding author : ali.mahmood@ucts.edu.my 

 DOI: 10.1051/
C© Owned by the authors, published by EDP Sciences, 201

/

0 0 (  201 )
201conf

Web of ConferencesMATEC
atecm

,
0 06

6

6

4
47
7 4

4
11
11

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

4

http://www.matec-conferences.org
http://dx.doi.org/10.1051/matecconf/20164704011
http://www.edpsciences.org
http://creativecommons.org/licenses/by/4.0


MATEC Web of Conferences 

Calsifrit is a special cementitious material that was developed recently by NovaFrit International 
[16]. It is a totally amorphous material, a matrix of calcium and sodium fluoro-aluminosilicate.  It is a 
homogenous solid substance possessing high reactivity potential and shows cementitious properties 
when finely ground. Calsifrit will be used in conjunction with slag and fly ash as Portland cement 
replacements mixed with mine tailings. These combinations will form the mine tailings matrices under 
consideration herein. No research to date has been published on the conceptual cost benefit analysis of 
using mine tailings-Calsifrit matrices in construction.  

This paper discusses a conceptual cost benefit analysis of re-using these mine tailings matrices in 
the construction of road bases. This analysis is part of a broader and more comprehensive 
experimental and numerical research program into the re-use of mine tailings matrices as construction 
materials in cold regions [17]. 

2 Conceptual Framework  
A cost benefit analysis example on the use of these tailing matrices in construction is given here. This 
cost benefit analysis is implemented to ascertain the benefits involved in the use of these tailing 
matrices in the road construction industry.  This analysis is primarily based on the environmental 
sustainability that the use of these matrices carries in comparison with the traditional, soil based 
methods.  

This section attempts to quantitatively outline some of the benefits involved in the use of tailings 
matrices in construction, specifically road construction. In the current study, it is thought that the 
following approach is the best for this study and will be adopted by the identification of materials and 
costs and benefits, quantification of costs and benefits and then, that will be followed by the 
discussion and conclusion. 

The two types of materials involved that make up the cost benefit analysis comparison are the 
following:  

a. The tailing matrices including Ordinary Portland Cement (OPC), Calsifrit, fly ash and slag 
b. Granular material normally used as sub-base in roads [18]   

It is assumed in this analysis that two typical road sub-base sections are built that incorporate either 
one of these materials. The following is the identification of costs and benefits: 
 
Benefits: 

a. Tailings dusting is fully eliminated using this new technique. This dusting is considered a serious 
environmental incident prompting Hudson’s Bay Mining and Smelting Company Limited to 
issue a control guidelines report for their tailings impoundment systems [19] 

b. Failure of tailings dams with all the imposed hazards due to the traditional storage of tailings in 
ponds. A study by Rico et al. [20] reports 147 worldwide tailings dam disasters. Once the 
solidified/stabilized tailings matrices are in-place, this hazard is eliminated, thereby saving lives 
and property that are otherwise prone to tailings dangers 

c. Heavy metal seepage to the ground water table is eliminated or much reduced by this approach 
of stabilizing/solidifying the tailings material 

d. Freeing up the space previously occupied by the tailings dam 
e. Freeing up resources and personnel connected with the supervision on the tailings dam 
f. Using up industrial wastes such as fly ash and slag 
g. Using Calsifrit, identified above 

Costs: 
a. Trucks to transfer to the site the tailings from local mines in the area 
b. Machinery that spread and compact the tailings in the base course layer to the required thickness 

and density 
c. Specialized workforce 
d. Importation of OPC 
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3 Discussion  

Cost benefit analysis attempts to put a monetary value on all items included in the analysis. However, 
this section is more focused on a conceptual quantitative analysis related to the environmental 
sustainability of the tailings matrices and their effects. Hence a procedure explained by Shutt [21] and 
used and cited by Amjad [22] will be used here whereby symbols will be given based on the 
importance priority of each cost or benefit item.   

Amjad [22] performed a cost benefit analysis for three potential alternatives for a road 
construction project through an industrial-residential town. He was able to demonstrate through the 
use of a combined conceptual-monetary approach the financial implication of each alternative and the 
best solution for the problem.   

When analyzing environmental issues, it is often difficult to assign explicit monetary values to the 
gains associated with sustainability schemes. Therefore, based on that, and in order to quantify the un-
quantifiable, it is decided here to assign an abbreviation for each of the following basic values: M for 
monetary benefits, S for increased safety, I for intangibles and T for time saving. These abbreviations 
denote annual flow of cost or benefit. Also, a plus sign (+) will be added to denote benefits and a 
minus (-) to denote costs. A duplication of the sign will indicate added importance. Tables 1 and 2 
show the benefits and costs associated with this approach for the tailings and sand matrices 
respectively.  

Table 1. Cost benefit analysis of the use of tailings matrices. 

Factor Benefits Costs Balance 
Tailings dusting S+ I+  S+ I+ 
Tailings dam failures S++ M+ T+  S++ M+  T+ 
Heavy metal seepage to the ground water S+ M+ T+  S+ M+ T+ 
Freeing up the space previously occupied by the tailings 
dam M+  M+ 

Freeing up resources and personnel connected with the 
supervision on the tailings dam M+  T+ I+  M+ T+ I+ 

Fly ash S+ M- S+ M- 
Calsifrit S+ M- S+ M- 
Slag S+ M- S+ M- 
Trucks  M- M- 
Machinery  M- M- 
Workforce  M- M- 
On Site Delivery M+  M+ 
Importing OPC  M- M- 

     M: monetary benefits, S: increased safety, T: time saving, I: intangibles 

Table 2. Cost Benefit Analysis of the use of sand matrice 

Factor Benefits Costs Balance 
Fly ash S+ M- S+ M- 
Calsifrit S+ M- S+ M- 
Slag S+ M- S+ M- 
Trucks  M- M- 
Machinery  M- M- 
Workforce  M- M- 
On Site Delivery  M- M- 
Importing OPC  M- M- 

M: monetary benefits, S: increased safety, T: time saving, I: intangibles 
 
It is seen through Table 3 that the financial implications of using the sand matrices are higher than 
those of the tailings matrices. 
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Table 3.  Summary of findings and order of preference. 

Factor Tailings 
Matrices 

Sand 
Matrices 

Order of Preference 
Tailings 
Matrices 

Sand 
Matrices 

Tailings dusting  S+ I+ - 1 2 
Tailings dam failures S++ M+ T+ - 1 2 
Heavy metal seepage to the ground 
water  

S+ M+ T+ - 1 2 

Freeing up the space previously 
occupied by the tailings dam 

M+ - 1 2 

Freeing up resources and personnel 
connected with the supervision on 
the tailings dam 

M+ T+ I+ - 1 2 

Fly ash S+ M- S+ M- 1 1 
Calsifrit S+ M- S+ M- 1 1 
Slag S+ M- S+ M- 1 1 
Trucks M- M- 1 1 
Machinery M- M- 1 1 
Workforce M- M- 1 1 
On Site Delivery M+ M- 1 2 
Importing OPC M- M- 1 1 
Preference Totals 13 19 
Overall Order of Preference 1 2 

       M: monetary benefits, S: increased safety, T: time saving, I: intangibles 

4 Conclusion 
It can be seen that financial benefits in terms of environmental sustainability are much higher for the 
tailings matrices in comparison to normal sand matrices. Consequently, it can be concluded that 
tailings matrices present a higher sustainability priority material for use in road sub-bases. 
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