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SYNOPSIS : Two issues related to the disposal of mine wastes are discussed, and it is suggested that the profession has a vital role to play 

in addressing both issues. Firstly, it is argued that the effective transfer of waste disposal technology to the developing world is essential, 

and that current policies of 'technical imperialism' are untenable. Secondly, the high-profile topic of environmental degradation is briefly 

touched upon. It is suggested that engineers must become involved in processes leading to propagation of environmental legislation, 

otherwise they may be faced with the task of complying with prohibitive legal requirements that may be technically unnecessary. This does 

not abrogate the need for environmental responsibility, and in this regard, some form of self-regulation is suggested.
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A great deal of work has been done, and a large body of knowledge 

resides in the literature, relating to the analysis and design of waste 

dumps and tailings disposal facilities. Issues that in the past were 

cause for concern are nowadays amenable to solution using readily 

available techniques. Examples are the stability analysis of tailings 

dams, both during construction and long-term stability, liquefaction 

due to seismic loading, beach formation and associated particle size 

sorting, and excessive seepage through a tailings dam. A 

comprehensive textbook on the topic has been published (Vick, 

1983), and speciality conferences on topics specifically related to 

tailings disposal have been run, e.g. the Hydraulic Fill conference in 

Colorado in 1988. The essential point is that engineered solutions to 

problems of mine waste disposal have 'come of age'. Although 

unusual, and sometimes seemingly intractable new problems do 

occasionally occur, such as the uniquely difficult oil-sands tailings 

(see Morgenstern et al, 1988), the recognition of the relevance and 

necessity of applying principles of geotechnical engineering to the 

design of tailings dams and waste rock dumps provides us with the 

techniques of solving most problems associated with such facilities.

Having sketched a positive scenario, there are a number of corollaries 

that flow from the above discussion that are cause for concern. 

Firstly, the above is strictly only true for the developed countries. A 

major problem is the lack of the relevant skills in the developing 

world (i.e. to use that hackneyed phrase, the 'Third World'). This 

shortage of skills may lead to two eventualities that are cause for 

concern:

a) If they are designed at all, tailings dams and waste dumps may be 

designed by underqualified people with inappropriate experience. The 

outcome of this scenario is likely to be dramatic or even catastrophic 

failure of such facilities, often with tragic consequences.

b) If local people recognise their relative lack of skills, international 

consultants may be called in, often at great expense to the project. 

Solutions produced by these experts may be technically correct, but 

inappropriate to the given environment for reasons such as lack of 

availability of spare parts to ensure maintenance of the facility, or a 

dependence on non-existent skills to ensure correct operation of the 

facility. This 'technical imperialism' bodes ill for all parties concerned

- the facility is inappropriate, the receptors are dissatisfied, and the 

overseas technologists are resented.

Organisations such as the International Committee on Large Dams 

(ICOLD), and Technical Committee #7 of the ISSMFE have produced 

many useful technical documents relating to the design and operation 

of tailings dams and similar facilities. However, in order to address 

the concerns noted above, it is suggested that what is needed is a 

document similar to that which is being produced by Technical 

Committee #25 of the ISSMFE on Tropical and Residual Soils. This 

document seeks to produce a guideline for engineers in developing 

countries as to how tropical and residual soils differ from those 

described by the classical approaches to Soil Mechanics developed 

in the more temperate climates. Although not dealing primarily with 

differences in material type as this document sets out to do, the 

proposed handbook would seek to illustrate to engineers working in 

developing lands the fundamental problems associated with tailings 

disposal, and to suggest solutions that are appropriate to the country 

concerned. As an example, instead of recommending monitoring 

instrumentation such as hydraulic piezometers and electronic 

inclinometers, the possibility of using simple manometers and 

settlement plates could be investigated. These proposed guidelines 

need not, and indeed could not displace correct applications of 

technology to the design and operation of waste disposal facilities. 

Rather, they would help to highlight the need for technical input 

when it arose, because engineers would be able to evaluate the 

available options and requirements more readily, having some expert 

knowledge in relevant areas. It would help to prevent grossly 

incorrect decisions being taken by on-site personnel, and help to 

ensure expert advise was called in to address pending disasters 

because some form of monitoring would be in place, and local 

engineers would be able to interpret the significance of results from 

these instruments.

A second major concern is one that relates equally to developed 

countries as it does to developing countries. This is the 

environmental degradation, both real and perceived, associated with 

the disposal of mining wastes. Many people in the mining industry 

believe their industry is unfairly singled out for attention from the 

environmental lobby. This feeling is founded on the belief that 

creeping urbanisation has a far more deleterious effect on the 

environment than mining operations, citing the large area covered by
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Table 1. S um m ary o f ta iling s  dam s/dum ps in South A frica

Mining operation No. of

dams/dumps

Volume, in million 

m3

Area, in hectares

Gold & Uranium 665 2870 ' 23423

Coal 212 NA 1020

P G M 14 > 8 0 0 > 2 2 0 0

Diamond 4 280 NA

Phosphate 2 539 862

Copper 3 > 3 5 0 710

Fly ash 24 442 NA

Fine tailings

the former, as well as the fact that many mines are in remote 

locations and thus pose no threat to population concentrations. 

Public perceptions may be coloured by the fact that mining 

companies may also be seen as the epitome of large, multinational 

'conglomerates', and thus legitimate targets for any pressure group. 

Whilst all of the above may be to some extent true, it needs to be 

acknowledged that mining has contributed significantly to 

environmental degradation, and as such it has some responsibility to 

ensuring certain safeguards are implemented. If a form of self

regulation is not implemented, the spectre of prohibitive legislation 

being enacted is a very real possibility, such as has already occurred 

in some countries. As an example, in Canada it is now common for 

environmental legislation to provide for penalties of up to $1 million 

(Canadian) per day, as well as for imprisonment for pollution related 

offences. What is needed is a two-pronged approach that seeks to 

educate mining interests of their obligation to preventing 

environmental contamination, whilst educating legislators about the 

inconsistencies in some of their regulations (e.g. water quality 

compliance regulations based on three-orders-of- magnitude 

extrapolations from limited laboratory data).

In order to initiate a measure of self-regulation, it is necessary to 

quantify the magnitude of the pollution potential posed by mining 

operations. This process is currently being undertaken in South 

Africa, and as an example, details of land area covered by mining 

waste are given in Table 1 (after Mirza, 1993).

A particular environmental concern related to the disposal of mine 

waste is the generation and emission of contaminated waste water, 

particularly acid mine drainage, which results when sulphur bearing 

minerals oxidise in the presence of moisture. The resulting acid 

leaches contaminants (e.g. heavy metals) from the mineralised rock, 

making these available for transport by groundwater. To illustrate the 

severity of the problem, some examples of the quality of water 

generated by the above process are collected in Table 2. This table 

contains data from South Africa as well as elsewhere in the world. 

Notwithstanding the earlier comments regarding the appropriateness 

of some water quality regulations, it can be seen that acid mine 

drainage is an extremely severe condition, and it is essential this 

problem be addressed as early in the mine planning operation as 

possible.

Awareness at the planning stage of a new mine of potential acid 

mine drainage generation may result in large financial savings in the 

long run. It is much less expensive to adopt a pro-active approach, 

thus preventing AMD generation, than to attempt to treat the 

problem once it has manifested itself (e.g. the rehabilitation of the 

AMD problem at the Rum Jungle Copper/Uranium mine in Australia 

has been estimated at US$12m (in 1986 dollars).

If the generation of AMD is already a problem at a particular mine, 

a number of measures for dealing with the problem are available, e.g.

waste encapsulation, or waste submergence, amongst others. The 

use of constructed wetlands is potentially one of the most attractive 

options because of its relatively low capital and maintenance costs, 

its robustness, and its environmental 'acceptability'. However, this 

option is not a panacea to the problem, and should wherever possible 

be used in conjunction with other solutions. Furthermore, research 

into the mechanisms governing the processes in these natural 

systems has to date been primarily empirical, and the long-term 

effectiveness is still in question.

In summary, although it is evident that the technology and skills are 

available to ensure the safe and cost-effective disposal of mine 

wastes, two points have been highlighted that are suggested require 

attention. These are:

a) There is an urgent need for technology transfer to 

engineers working in the field of waste disposal in developing 

countries.

b) A degree of self-regulation is necessary in order to 

minimise environmental degradation, whilst helping to prevent 

the enactment of prohibitive legislation.

Table 2. Some examples of acid mine drainage.

Parameter' Gelinas et al 

(1992)

Fourie et al 

(1992)

pH I 2 .15-4.95 2 .12-2 .64

Sulphates | 2500-105 3-4.7x10"

Fe | 175-25000 3-5.2x10 3

Al | 10-9000

Mg I 350 -9000 620-1500

Eh (mv) 170-240

all units are mg/litre (except pH)
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