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Foreword
Throughout much of Latin America and the Caribbean there has been a

revitalization of the mining sector in recent years. While in the 1980s Chile led the wavy,
the 1990s have seen a spurt of activity across the region. In six countries of the region--
Bolivia, Chile, Guyana, Jamaica, Peru, and Surinam-mining accounts for between 5 and
50 percent of GDP and over 25 percent of export revenues. Exploration investment in the
region has increased 130 percent in the last five years, a figure which increases to 5l00
percent if Chile is excluded.

Governments have revamped legislation, especially mining codes, to create an
enabling environment for private investment while becoming more sensitive to the
environment. These two trends are not contradictory as the importation of state-of-the-art
foreign technology is seen as one of the main methods of improving the environmental
performance of the sector.

While in "day-to-day" operations the recently developed or rehabilitated medium
and large mines have tremendously improved their environmental performance, the same
cannot be said for artisanal, small or older medium and large mines. Paradoxically public
concern generally continues to be aimed at large companies and not at artisanal, small,
and older medium mines, even though a growing body of evidence suggests that the lalter
three are clearly a major problem.

This report examines the environmental effects of artisanal, small, and medium
mines in three Latin American countries-Bolivia, Chile, and Peru. The researchers, who
were all based in the respective countries, undertook three main tasks. First, thiey
evaluated the environmental performance of artisanal, small, and medium mines to assess
their environmental impact. A question of particular importance was whether or not
artisanal and small mines were economically viable when environmental costs were talcen
into account. Second, they analyzed the policy framework in which the mines operated
and recommended policy actions to improve environmental performance in the futujre.
Third, given that indigenous groups, with their historic and close ties to the land, are
often an important stakeholder when discussing mining and the environment, emphasis
was placed on the relationship between mining, the environment, and indigenous groups.
As part of the project, a study of the historical development of the relationship between
the mining sector and indigenous populations in Canada was included in order to
disseminate lessons for the three Latin American countries from Canada's experience.

The studies were undertaken and this report has been prepared to provide
input to the mining sector, local communities, government policy makers, academics, and
international institutions. Four of the most important elements to be considered are the
age of the mine, which is often more important than its size, management of tailings

v



dams, the heterogeneity of the artisanal and small mine sectors, and the increasing need to
take cultural considerations into account in the decision-making process.

Finally, I would like to mention that this work could not have been undertaken
without the support and funding of the Canadian Foundation for the Americas (FOCAL),
the International Development Research Centre (IDRC), the Canadian International
Development Agency (CIDA), the Government of Switzerland, and the Governmenl of
Austria.

ames Bond
Director

Energy, Mining and Telecommunications Department
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Abstract
The paper synthesizes a study examining the environmental performance of

artisanal, small, and medium mining in Bolivia, Chile, and Peru. Summaries of each of
the three country studies are also included. Significant emphasis is placed on the viability
of artisanal, small, and medium mines if environmental costs are taken into account as
well as policy actions to improve the environmental performance of viable mines. Given
that indigenous groups, with their historic and close ties to the land, are often an
important stakeholder when discussing mining and the environment, particular concern is
also placed on the relationship between mining, the environment, and indigenous groups.
As part of the project, a study of the historical development of the relationship between
the mining sector and indigenous populations in Canada was included in order to
disseminate lessons to the three Latin American countries from the rich Canadian
experience.

The most important conclusions and recommendations are: (a) The distinction of
mines by size is not as important as age, at least with respect to medium and large mines.
(b) The management of tailings could be opened up to market mechanisms. (c) Artisanal
and small mines form a very heterogeneous group. Those which are economically viable,
including environmental costs, should be encouraged. Those which are not economically
viable should not be encouraged or subsidized as such actions would only prolong
uneconomic and polluting activities. Mining policy should not substitute for social
policy. (d) Cultural and social considerations are increasingly important in the decision
making process of the mining sector, from the perspectives of both business and
government.
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1

Introduction
Throughout much of Latin America and the Caribbean (LAC) there has been a

revitalization of the mining sector in recent years. Whereas in the 1980s Chile led the
way, the 1990s have seen a spurt of activity-political, exploration, and excavatio]n-
across the region. In six countries of the LAC region-Bolivia, Chile, Guyana, Jamaica,
Peru, and Surinam-mining accounts for between 5 and 50 percent of GDP and over 25
percent of export revenues. It is also a significant, albeit relatively smaller activity, in
Brazil, Colombia, and Mexico. Exploration investment in the region has increased 130
percent in the last five years, a figure which increases to 500 percent if Chile is excluded.1

The political side of the story has been centered on revamping legislation,
especially mining codes, to make the sector more attractive for private and foreign
investment and more sensitive to the environment. These two trends are not
contradictory as the importation of state-of-the-art foreign technology is seen as one of
the main methods of improving the environmental performance of the sector.

Due to its inherent nature (creative destruction) and the above developments,
mining is one of the sectors attracting most attention from the viewpoint of sustainable
development and the environment. Mining is generally seen as an important polluter
despite the great improvements that have been made over the years. This may be due to
lack of knowledge or due to focus on a number of isolated environmental/cultural
incidents. Significantly, it is also the sector where the greatest transfer of "clean"
technology has taken place in recent years. Given the opening up of most countries of the
Americas to joint ventures and foreign investment, this transfer is likely to increase
significantly in the near future provided the right policies are in place. Noteworthy is the
fact that new investment in large and medium sized mines often follow standards more
strenuous than those of their host country, given that their technology is based on the

1. See IENIM (1996).

2. In this paper the generic term "mining" includes prospecting, construction of mines, extraction,
concentration, and smelting of non-oil and gas minerals.
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2 Environmental Study of Artisanal, Small, and Medium Mining

standards of their home country. Moreover, there are usually strong international
pressures for multinational mining companies to behave as good corporate citizens.

Although in "day-to-day" operations the recently developed or rehabilitated
medium and large mines (especially the newest ones) have considerably improved their
environmental performance, the same cannot be said for artisanal, small, or older medium
and large mines. Paradoxically, public concern generally continues to be aimed at large
companies and not at artisanal, small, and older medium mines, even though a growing
body of evidence suggests that the latter three are clearly a major problem, as
demonstrated in this paper. In this paper we will discuss the results of country studies in
Bolivia, Chile, and Peru on the effects of artisanal, small, and medium mining on the
environment. Significant emphasis will be placed on the viability of such mines if
environmental costs were taken into account and policy actions to improve the
environmental performance of viable mines.

Given that indigenous groups, with their historic and close ties to the land, are
often an important stakeholder when discussing mining and the environment, particular
emphasis will be placed on the relationship between mining, the environment and
indigenous groups. As part of the project, a study of the historical development of the
relationship between the mining sector and indigenous populations in Canada was
included in order to disseminate lessons from the rich Canadian experience.

The structure of the paper is the following. In Section 2 the results of the studies
on the medium mining sector will be presented and discussed. This is followed by the
same for artisanal and small mines. Section 4 contains strategy and policy
recommendations for both sectors. The summaries of the country studies are in Sections
5 to 8.



2

The Medium Mining Sector and the Environment
Traditionally the mining sector is divided into large, medium, small, and artisanal

mines according to the tons of rock treated each day and/or the amount of sales. For
example, the Latin American and Caribbean Mining Strategy paper (LAMS) defines a
medium mine as one with daily operations of 1,000 to 5,000 tons and annual sales of $10
million to $100 million.3 ' 4 Small miners have operations of up to 1,000 tons/day and
annual sales under $10 million. Artisanal miners are very small miners with little or no
mechanization. While the Chilean and Peruvian studies in this paper more or less fit
these guidelines, the situation was more complicated for Bolivia. Until recently the large
mine sector was synonymous with the state owned COMIBOL whereas all private mines
above a certain size were considered medium mines. With the breaking up of
COMIBOL, including the capitalization of some mines, the formal definitions no longer
make much sense. Therefore, the medium mine sector is considered any operation above
500 tons per day. The Bolivian paper discusses separately two new joint ventures, ]Tnti
Raymi (Battle Mountain) and COMSUR (RTZ), the former of which is a large mine by
the LAMS definition (since 1994) while the latter is a medium-sized company.

One of the most important results of the present study was that with respect to
environmental performance the distinction between medium and large mines is not near
as important as the distinction between old and new mines. One of the main hypotheses
of this study was that large mining operations had mostly cleaned up their environmental
performance but that artisanal, small and medium mines had advanced very little. In fact,
it was assumed that the next major environmental improvements should be targeted at the
medium mining sector as, unlike the artisanal and small miners, they were relatively easy
to monitor and had access to capital. However, the studies show that, similar to new
large mines, new medium sized operations are usually foreign-owned or joint ventures
and use state of the art technology. The perception that medium is dirty and large is clean

3. See IENIM (1996), page 48.

4. All monetary amounts in this document are in US dollars.

3



4 Environmental Study of Artisanal, Small, and Medium Mining

is due to the higher proportion of new operations in the large mine sector vis-a-vis the
medium mine sector, not anything intrinsic to the latter sector.

Nevertheless, there are significant environmental problems in the medium mining
sector (MMS) in all three countries. Most of these are due to abandoned stocks of
tailings and the related problem of mine closure, poorly maintained tailings ponds,
competition for scarce water resources and highly polluting smelters.

The most serious environmental problems of the MMS in the three countries are
related to inadequate storage of tailings. At times these are dumped directly into rivers.
More often they are stored in poorly constructed tailings ponds and dams, resulting in
acid rock drainage (ARD) into the river systems and groundwater. In addition to the
direct contamination of water by ARD, in Bolivia the problem is compounded by its
effects on water pipes. In Oruro and Huanuni the deterioration of the water pipes has
allowed sewage to enter the water system, which in turn has had severe health effects on
the population, especially young children.5

While there is significant pressure on existing mines to resolve the tailings
problems, in practice it will be a slow process. First, it may be difficult to locate the
owners of abandoned mines, although Chile has had success in this area. Second, in the
case of (formerly) state-owned mines, the old tailings stocks are the responsibility of the
state. This is particularly the case in Bolivia, which has limited resources to deal with the
problem, although pressures to clean up before capitalization of the three remaining
COMIBOL mines should deal with some of the worst environmental problems. Third, in
functioning mines with limited reserves the owners would not be able to recoup the
necessary investment. In the Peruvian study it is estimated that new investments in
tailings dams would usually have to be amortized over more than 10 years to be
affordable.6

The Peruvian and Chilean studies propose that mining companies group together
to build a tailings dam and share the space. This would greatly reduce costs and the
amortization period. Even more interesting is the proposal that construction companies
build tailing dams and rent or sell the space to mining companies. That is, a market
would be developed in the storing and maintenance of tailings. Reprocessing of old
tailings is another way to cover a significant part of the cost of environmental
investments. In Peru an industrial bio-leaching plant has recently opened to process the
tailings of an old gold mnine.

5. The SGAB audit of the Huanuni mine reports that the average lifespan in the town of Huanuni-
population 12,000-is only 40 years. Although there are a number of mining-related health risks, fecal
coliform in the drinking water is considered the most serious.

6. The expected lifespan of the mine and related amortization of an environmental investment is an
ongoing problem with many medium-sized mines as investment decisions are typically made on the basis of
just four years of proven reserves.
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An indirect solution to environmental problems associated with tailings is resort
to the courts by affected citizens. This has already occurred in both Chile and Peru. Of
course, the success of such actions depends on well-defined and workable legislation, as
well as the ability of companies to pay damages or compensation. While this seems to 'be
the situation in Chile and Peru, it will likely be some time before the same can be said in
Bolivia, given the long, difficult period that its mining industry has come through and the
recent nature of the mining code and environmental legislation in general.

The complexity of the environmental problems associated with tailings is readily
seen in the case of the breaking of the tailings dam at the Porco mine in Bolivia. The
mine is part of a joint venture between RTZ of the United Kingdom and COMSUR of
Bolivia, with the former operating the mine. The tailings dam was of a recent vintage but
it collapsed due to improper management. Nevertheless, the company moved quickly and
the ultimate damage was much less than expected. In sum, we have a case of a well-
intentioned company using new hardware but the software (management) was of a
different vintage. At the same time, the company had sufficient capital (and reputation)
to mitigate the damage significantly.

Competition for scarce water resources is a significant problem facing the M1MS
in all three countries as most medium mines are located in dry to very arid climates. T'he

problem is exacerbated, of course, if the mines are polluting part of the existing limited
water supplies, a particularly serious problem in Bolivia and Peru. The Peruvian and
Bolivian studies report that the most serious social conflicts between the MMS (as well as
small mines) and local communities is due to pollution of the limited water supplies.
Many legal actions have been taken against mining companies by the mayors of small
towns in Peru. Even when water pollution is not a serious problem, mining is a thirsty
industry which can put significant demands on existing water supplies. Bolivia's nmost
important mining region, the Altiplano, covers 13 percent of the country but has only 0.5
percent of the water. In some regions of Chile 50 percent to 60 percent of water rights
belong to the mining industry. Water rights are allocated without cost in Chile, although
they can later be traded. In addition, the groundwater rights are included with the mineral
concession.

While solutions to the tailings problems will resolve many of the problems
associated with scarce water resources, recycling of water in mines and the move to
processes which use less water will also be important. Paradoxically, some of the rmost
important innovations to reduce water use pose new threats to water supplies. In
particular, concentration processes using leaching, which are becoming common in the
copper industry in Chile, use much less water than traditional methods based on flotation,
but they can also require more hazardous reactive agents such as cyanide and sulf-uric
acid. When these processes are being used, it is essential that the ground is covered with
impermeable materials.

Finally, the creation of fully functioning markets for water is an essential step in
its conservation. Water rights should not be awarded at zero cost but sold or auctioned.
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It is also important that legal rights and responsibilities be clear with respect to the use of
water if such markets are to function effectively.7 In the Chilean case a large number of
institutions have competing jurisdictions over the regulation and quality of water, making
it more difficult to find practical and consistent solutions. Although the legal situation
with respect to water is more precise in Bolivia, there is a shortage of skilled personnel in
environmental agencies, a situation which has been exacerbated by the decentralization of
many environmental responsibilities to the department level.8 The maximum level of
pollution in a given body of water now depends on its classification. However, the
departments, which are primarily responsible for this classification, have often not carried
out this task, which means that there will be no clear liability if there is a problem of
water pollution. The Peruvian study indicates that Peru suffers from both a number of
institutions with overlapping environmental jurisdictions and a lack of resources and
properly trained personnel in these agencies.

Air pollution from smelters is considered the biggest environmental problem of
the MMS in Chile and a significant if limited one in Bolivia. Nevertheless, in the former
case it is not a problem of the MMS per se, but rather it is a result of the specific
institutional structure in Chile. The state owned company ENAMI is charged with
smelting all of the output of small and medium producers. Its smelters are heavy
polluters and there have been a number of lawsuits against them. Although the bulk of
their throughput is supplied by the MMS, these smelters are not owned by the MMS, so it
is difficult to place the blame on the medium size mine owners. Moreover, as ENAMI
must process whatever it receives, the quality of material it receives is very uneven,
making the pollution problem more difficult to resolve than would otherwise be the case.

Owners of smelters in Chile and Bolivia's one active smelter (Vinto) are actively
moving to clean up their production processes; there have been significant investments
and more are planned.9 The only smelter in the medium mining sector in Peru is new and
state of the art. Once again the problem of smelters is really a problem of the age of the
equipment rather than the size of the associated mines. In Chile, institutional changes
with respect to the role and responsibilities of ENAMI could also help reduce air
pollution.

The overall conclusion of the study is that the medium mining sector is not very
different from the large mining sector and, accordingly, should receive similar treatment
with respect to environmental considerations. In addition, the number of firms in the
MMS in the three countries is not so large as to make monitoring difficult or prohibitively
expensive. Where significant environmental concerns exist, they are generally due to the

7. For income distribution reasons, each household could receive an initial "block(s)" of water free.

8. A Bolivian department is similar to a state or province in terms of size, although historically
departments have had much weaker powers than generally found in the latter.

9. Despite significant environmental investments in the Vinto smelter, it still would not be allowed to
operate in most developed countries.
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age of the mines, processing plants, and smelters. More creative solutions are only likely
to be necessary in the case of active mines which do not have enough reserves to justify
large environmental investments, although it was noted that the cost of properly storing
tailings could be considerably reduced through building joint facilities or creating a
market to provide such a service. Moreover, the reprocessing of tailings could offset a
significant part of the investment cost. In general, the problem of proper mine closure
needs to be given more study and thought for a segment of the industry which generally
proceeds on the basis of four years of proven reserves, generaOly an inadequate period of
time to amortize environmental investments. It is also clear that there is a need for
environmental investments in people as well as technology. Finally, in the case of
abandoned mine sites near populated areas, the burden of responsibility for clean-up is on
the government unless the former owners can be identified.





3

Artisanal and Small Mines and the Environment
The outstanding characteristics of the artisanal and small mine sectors (ASM) is

its informality and heterogeneous nature. A common perception is that it is very dirtY-
barely feasible even if environmental costs are not included and not at all when they are.
Moreover, its problems are commonly perceived as of a social nature, rather than strictly
economic or environmental. While the results of our studies indicate that on average
ASM is significantly dirtier per unit of output than other types of mining, this is not
always the case. Moreover, ASM is often economically viable, even when environmental
costs are taken into consideration, suggesting that many of the solutions lie in the areas of
environmental and economic policy. In general, the results show that the environmental
effects of ASM can be quite small under specific circumstances and the serious dangers
which exist could be remedied without jeopardizing the profitability of the enterprises.
This is partially due to the relatively ecologically insensitive nature of much of the mining
area in Bolivia, Chile and Peru (i.e., dry sierras and deserts).

If one compares the situation of hard rock gold miners in the Ica-Arequipa region
of Peru with the cooperative miners in the Altiplano area of Bolivia, the heterogeneity of
the sector is dramatically displayed. In Ica-Arequipa the ASM usually work veins which
are not economically viable for large firms as they are too small. Nevertheless, the
average income of the miners is about $3,000 per year, well above most other income
alternatives. The study shows that these are often economically viable even if
environmental costs are included. In fact, the environmental costs of the extraction
process could be significantly higher with medium and large mines due to the amount of
rock they would excavate. On the other hand, much of the ASM sector in the Altiplano
of Bolivia is involved in reworking old tailings or closed mines. In addition ta, the
hazardous working conditions, the environmental damages are severe as old tailings are
often exposed, increasing the problems of acid rock drainage. Moreover, new tailings are

9
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often dumped directly into rivers. At the same time, these miners average about $1,800
per year, which is generally well above viable alternatives.10

Nevertheless, ASM usually exhibits serious inefficiencies even when profitable.
In particular, artisanal and small miners usually attack the first vein that they find and do
not attempt to use their times and efforts in a more rational manner. While part of this
may be due to the desire to get in and out as quickly as possible due to the uncertainty of
tenure over the deposits, there certainly is a role for technical assistance supported by the
government. However, such assistance should be highly selective and of a cost recovery
nature wherever possible. One of the worst policies that can be followed is to prolong the
life of highly polluting and economically unviable mining activities.

In addition, poor creditworthiness and management capacity has led to a
subsequent lack of access to formal credit markets (exacerbated by no or unclear property
rights), which often results in the use of inefficient techniques."1 For example, in Peru
miners often borrow from quimbalateros and in return are required to use this
concentration technique, despite the existence of cleaner and cheaper methods. On the
other hand, attempts to establish government owned mining banks have all been
unsuccessful. It is clear that the establishment of well-defined property rights would be
more helpful in this regard than special credit schemes. Special attention must also be
paid to the larger claim areas needed by alluvial gold miners, in particular with respect to
concession fees.

At times the apparent unprofitability of ASM may be because the analysis is not
considering the risk reducing nature of the activity. As mining income often
complements other income, the problem can be looked on as a type of joint production
function where the person allocates their labor to mining and agriculture in a way to
maximize a utility (personal or family well-being) function which includes both income
and the variance of income. The low return to mining can be justified if the opportunity
cost of the miner's time is very low in certain seasons or if it helps reduce the risk of
catastrophe in the case of, for example, a bad agricultural season. The Bolivian study
found that 73 percent of the cooperative workers had a second job. In Peru, alluvial gold
mining is highly seasonal.

The combination of dual occupation rniners and heavy migration into and out of
the sector mean that even though ASM is usually dirtier per unit of output than large or
medium mines, antagonism is more likely directed towards the latter as there are more
(perceived) net benefits to the local community with ASM. This is especially the case in
Bolivia where members of indigenous communities are often artisanal or small miners, so

10. In recent years in the highlands of Bolivia there has been a movement away from traditional small
mining, such as tin, to gold mining in other parts of the sierra. The latter is usually much more profitable
than the former.

11. Gold cooperatives in Bolivia often have access to formal credit, although this is not the case in
Peru. This may be due to the different legal status of the cooperatives in the two countries.
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other members (often one and the same) are more tolerant. A similar situation was found
in a study in Ecuador where conflict between indigenous communities and miners caused
by environmental damage is at least partially dependent on who the miners are.12

It is clear that the ASM is unlikely to disappear unless there are substantial other
economic opportunities. In all three countries entry into the small mining sector was
largely the result of a lack of other economic opportunities coupled with low start-up
costs. While ASM is a substantial source of employment, miners seem highly mobile
both within the sector and to employment outside of the sector. In Chile and to a much
smaller extent in Bolivia there is evidence that the number of artisanal and small miners
is falling as other economic opportunities increase. It is also important to note that more
efficient large and medium mines leave less profitable tailings and waste rock for ASM to
work over, implying a smaller ASM sector in the future, all things equal. Workings of
old tailings is particularly important in Bolivia; the reduced productivity of these tailings
may be as important for the migration out of the sector as the growth of other alternatives.

The most important environmental problems in the ASM sector are mercury
disposal, direct dumping of tailings and effluents into rivers, improperly constructed
tailings dams, acid rock drainage arising from the tailings dams or open galleries and the
related problem of improper closure, river damage in alluvial areas, and erosion damage
at the edge of highland areas. Sitting on top of all these problems is the great difficulty in
monitoring and enforcing environmental violations due to a lack of resources and the
widely scattered and inaccessible nature of the sector.

In many cases ASM is often a short-run phenomenon of a gold rush nature; for
example, the "easy pickings" in the Madre de Dios region are already near exhaustion. In
such cases, most of the attention should be paid to pollution problems with long-run
effects. In our study, these "stock" pollution problems, which would exist long after the
mines are closed and the miners leave, include mercury stocks, ARD from depositing
tailings in poorly constructed tailings dams, and river bed and landscape destruction in
Amazonian areas.'3

Occupational health and safety concerns are often as or more important than
environmental externalities. These were found to be severe in all three countries. It has
already been noted that the average lifespan in the town of Huanuni in Bolivia is jusi: 40
years.

The most important externalities of ASM may not be the long-run environmental
damage but the irreversible nature of cultural damage due to entry or invasion of sensitive
tribal lands. While this problem is also associated with medium and large scale mining,
the problem can be particularly severe if there is a large scale invasion of small miners.
They can quickly substantially outnumber the local population and form a dominant sub-

12. See Carvajal and Wray (1996).

13. For a discussion of the mercury flow and stock problem in Brazil, see Biller (1994).
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culture. Moreover, due to the remoteness of many mining regions and the wide
dispersion of the miners, they are very difficult to control and police. Cultural
assimilation is already prevalent in the Peruvian tropical lowlands and there is great fear
that the same could happen in Bolivia. In the aforementioned study in Ecuador,
indigenous groups in the Amazonian region are quite receptive to improvements in living
conditions of the community, but not if it comes at the price of cultural destruction or
assimilation. On this issue there may be a great deal to learn from the experience in
Canada, where there is a long and rich history of interaction between miners and
indigenous groups.14

As part of this project Doggett (1996) described the historical development of
relations between the mining industry and aboriginal groups in Canada. Until the 1980s
there was little consideration of aboriginal concerns within the mining industry. When
attention was given to their interests, negotiations were usually directly between the
federal or provincial government and the mining company. In the 1980s and 1990s there
has been a dramatic shift to a more open attitude with aboriginal groups for a number of
reasons, the most important of which are likely to be the settlement of many aboriginal
land claims, improved communications and experience of the two sides, and increased
pressure on companies to be good corporate citizens. While aboriginal groups are aware
of the potential benefits of mining operations, they are equally aware of the possibilities
of environmental damage, the loss of traditional ways of living and the erosion of
traditional power structures. In general, they try to negotiate agreements with mining
companies which maximize the benefits to the community-especially via employment,
training and new business opportunities-while minimizing the disruption to their
cultural values. Many of the problems that indigenous groups in Canada face are very
similar to those in Peru and Bolivia, although the latter groups are not as organized and
have much less support from the legal system. The biggest difference between the two
are: (i) Unlike Canada there are large numbers of artisanal and small miners in the cases
of Peru and Bolivia, which makes negotiation more difficult and lawlessness a much
larger problem, suggesting that the government and non-governmental organizations will
have to play an even stronger role than they have in Canada; and (ii) The indigenous
populations of Peru and Bolivia and the lands that they control are relatively much larger
than in Canada, especially if the mestizo population is included. In fact, much of the
problem lies in one indigenous or mestizo population entering the traditional lands of
another indigenous group.

Given the difficulty in monitoring and enforcement of environmental violations, it
seems clear that only solutions which are of a win-win nature (or at least win-don't lose
very much) are likely to have much success. The studies have shown that the artisanal
and small mining sector is very heterogeneous and there are likely to be many cases

14. Of course, the experience of other countries could also be quite useful. Australia, in particular,
comes to mind as a country with a long history in these matters.
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where effective interventions can be made. The emphasis needs to be on incentives or
ways of internalizing the environmental costs rather than traditional monitoring and
enforcement. There is also a need to work together with medium and large mines,
especially with respect to the construction or use of shared tailing dams and processing
facilities. In the mechanized small mine sector it may be possible to use presumptive
charges or deposits to formalize the sector and help protect the environment. The
Peruvian study recommends a presumptive tax on the use of barges and deposits on the
entry of front-end loaders into the Amazonian region. The latter would be returned when
inspection revealed a proper closure of the activities. Education programs have an
important role to play in all three countries; in Chile the authors recommend that
environmental education and other programs become a new focus of ENAMI, the state
company which processes and sells the output of small and medium mines.

On the other hand, where ASM is not economically feasible and environmentally
destructive, it should not be encouraged to continue. In the Chilean and Bolivian studies
the authors argue that mining policy should not be social policy. That is, there are much
better ways of dealing with poverty than using subsidies to encourage the propagation of
a non-viable and dirty sector. As stated in LENIM (1996: 74): "Solving the environmental
and social problems associated with informal mining should focus on alleviating the
worst aspects of the situation without subsidizing or otherwise prolonging uneconomic
operations."





4

A Strategy for Artisanal, Small, and
Medium Mining in Bolivia, Chile and Peru

The goal of this strategy is to improve the environmental performance of artisanal,
small and medium mining in the three countries of the study as well as other countries in
Latin America confronting similar problems and situations. The strategy is centered on
four of the most important characteristics of the situation as revealed in the study: (a)
The distinction of mines by size is not as important as age, at least with respect to
medium and large mines. (b) The management of tailings should be opened up to market
mechanisms. (c) Artisanal and small mines form a very heterogeneous group. Those
which are economically viable, including environmental costs, should be encouraged.
Those which are not economically viable should not be encouraged or subsidized as such
actions would only prolong uneconomic and polluting activities. (d) Cultural
considerations are increasingly important in the decision making process of the miniing
sector, from the perspectives of both business and government.

In the context of each of these four points, we recommend a number of policy
actions.

A. For medium and large mines, the age of the mine is more important
than the size.

Medium-sized mines (including smelters linked to the sector) should be subject to
the same environmental laws, regulations and treatment as large mines. They are
relatively easy to monitor and exhibit similar behavior. Particular emphasis needs to be
placed on legislation and enforcement with respect to mine closure.

With respect to medium and large mines, creative solutions must be sought for
older mines, where the greatest environmental problems often reside. It should lbe
recognized that very large investments will often be necessary to improve their
performance to acceptable standards. Often the sharing of facilities, as discussed in B
below, or the reworking of tailings can help offset some of the costs of environmenital
investments.

15
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When old state-owned mines are capitalized or privatized, special attention must
be paid to the environmental condition of the mine and the past and future liabilities.

Water should not be a free good. Water rights and use should be allocated based
on competitive bidding.

B. The management of tailings should be opened up to market
mechanisms.

In both the small and medium mine sectors, companies should join together to
make and share environmental investments whenever practical, especially with respect to
tailings dams and water treatment plants.

Similarly, governments should encourage the development of a market for the
construction and operation of tailing ponds. Construction companies, in particular, may
have a strong interest in entering such a market. The role of the government may be just
to remove any existing impediments to the creation of such markets.

C. Artisanal and small mines form a very heterogeneous group.

Governments could provide technical assistance to artisanal and small mines,
especially with respect to the use of more productive and environmentally benevolent
technologies. However, this assistance should only be provided if: (i) the mines are
economically viable, including environmental costs; and (ii) the resources cannot be
profitably exploited at a larger scale. When the mine is not viable, the focus should be on
poverty alleviation, not mining.

Clear property rights should be established for artisanal and small miners.
Inefficient and environmentally unsound techniques are often directly the result of
inadequate property rights.

Under specific circumstances the environmental effects of artisanal and small
mines could be remedied without jeopardizing the profitability of the enterprises.
Innovation and adaptation should be encouraged in such cases. Research programs
(which could be partially funded by donors) have a critical role to play in the
development and dissemination of economically profitable and environmentally sound
mining practices.

Artisanal and small mining is often a short-run phenomenon of a gold rush nature.
In such cases most attention should be paid to pollution problems with long-run effects,
such as mercury stocks and ARD from depositing tailings in poorly constructed tailings
ponds.

In artisanal and small mines occupational health and safety concerns are often as
or mote important than environmental externalities but they do not receive similar
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attention. Domestic governments should pay particular attention to unsafe working
conditions, including the funding of research on the development of safer practices.

D. Cultural considerations are increasingly important.
One of the most important externalities of mining may not be the long-run

environmental damage but the irreversible nature of cultural damage due to
entry/invasion of sensitive tribal lands. Although this problem exists with all types of
mines, it is particularly serious in the case of informal mining where negotiated
settlements are difficult if not impossible and lawlessness is often the rule. In such cases
government must provide both legal title to the land and proper protection for the
indigenous groups. In some cases, it may be necessary to completely prohibit the mining
activity.

At the same time indigenous groups often benefit from mining activities.
Sonlutions should be sought which maximize the benefits of mining to indigenous groups
while minimizing the damage to their environment and cultures. Opposition to much
more efficient and cleaner mining operations by indigenous communities are rarely
irrational but arise from the realization that they will benefit less in such cases than fromn
the existing inefficient and environmentally damaging mining practices. Solutions to the
problem often may be particularly sensitive if one indigenous group is benefiting from
the mining activity while another indigenous group is suffering the costs. In Latin
America there is often potential for conflict between indigenous miners from tfLe
highlands and lowland indigenous groups.

Given the long history of relations between mining and indigenous groups in
countries such as Canada and Australia, stakeholders in countries with significant
indigenous populations could leam a great deal from studying the evolution of this
relationship in Canada and Australia.





5

Environmental Impact of the Small and
Medium Mining Sectors in Bolivia

Recent Developments

After the tin crisis of the 1980s, the Bolivian mining sector is regaining an
important role in the country's development. Its significance for the foreign accounts and
fiscal revenues is increasing and expected to rise importantly in the near future.
According to the New Economic Policy that began in 1985, the growth of the mining
sector is a task of the private sector. Consequently, the government has tried to attract
private investment to mining activities. The restrictions on large areas of the country to
development by state-owned mining companies have been lifted, the trading of the
minerals has been liberalized, and the mining code has been updated. Furthermore, ihe
state mining company (COMIBOL) is abandoning the direct exploitation of minerals and
currently has only three operations. It is also foreseen that the company will only
participates in joint ventures with the private sector, with management delegated to lhe
private partner. The private sector has answered positively, substantially increasing its
investment in mining.

"New" and Medium Mining

Although efforts were being made to diversify mineral production, at the time of
the fall of tin prices in 1985, the private mining sector was still heavily concentrated in
tin. It reacted to the crisis by reducing its tin production and increasing the production of
other minerals such as zinc, silver, lead, and (later) gold. This was the outcome of the
closure and downsizing of many private operations, and the growth of others that were
able to adapt themselves to the new market conditions. The latter are referred to now as

Note: This section was written by Jos6 Luis Evia, senior researcher, IISEC, Universidad
Cat6lica, La Paz, Bolivia, and Ramiro Molina Barrios, Professor, Universidad Cat6lica.
It summarizes Evia and Molina (1997).
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the New Mining Sector. They presently comprise just two companies: Inti Raymi and
COMSUR.

New Mining is concentrated in gold and zinc. It is associated with foreign capital
and the introduction of new technology. This new capital-intensive technology reduces
the demand for labor, especially unskilled. It thus dilutes an important link with the local
community. New mining has a good environmental record; the firms make a detailed
assessment of their environmental impact and comply with environmental standards that
in many cases are stricter than the national ones. Despite the equipment and standards of
the new mining, an environmental disaster recently took place, which has put in question
the safety of these operations and points to the difficulties of technology transfers. The
performance of a technology depends not only on the physical technology but also on the
human factor. In the case of the Porco mine in the Potosi region, a recent vintage tailings
dam broke owing to poor operation of the dam, exacerbated by heavy rains. It should be
noted that if the dam had been operated properly, the rains would not have caused it to
break. The company, however, moved speedily and efficiently to clean up the spill,
quickly reducing the environmental damage to levels well below what was expected at
the time of the disaster.

The medium mining sector, in which we group COMIBOL and medium mines
that do not belong to the new mining sector, was also very concentrated in tin production
at the time of the crisis. This sector absorbed the shock by downsizing its operations and
closing some of them. In recent years, the significance of this sector has decreased
importantly. Many operations need substantial investment just to keep functioning at
present levels. The medium mining sector did not take the environment into
consideration in their operations. Nevertheless, due to technical requirements, they
frequently had water recycling systems and tailing dams in operation. Today, a lot of
those systems have deteriorated, allowing spills of effluents into the environment.

With the help of foreign assistance, COMIBOL has begun recently to pay
attention to its environmental problems. The plans for the re-engineering of COMIBOL
includes the transfer of its operations to the private capital through joint ventures. To
establish the environmental responsibilities of the new management, COMIBOL has
undertaken environmental audits. Flow pollution will be responsibility of the new
operator, but the stock of pollution (the environmental liabilities) will remain the
responsibility of COMIBOL or the Bolivian govermment.

Small and Artisanal Mining
The small mining sector consists of cooperatives and small miners. This sector

was strongly affected by the crisis at the beginning of the 1980s, but in contrast to the
others, it increased its production of all minerals, especially of tin. What is noteworthy is
that this increase was made with very primitive technologies and dependent on increased
manpower. More recently, the sector is increasing its production of gold, zinc, and silver.
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The so-called traditional cooperatives (the ones that produce tin, zinc, lead, etc.)
have always co-existed with small state and medium mining, working its tailings and
abandoned operations. The cooperatives have also been important producers of gold in
the Tipuani area. As important as the output of this sector has been its job creation.
Between 1971 and 1980, the sector employed almost 20,000 workers. Employment
began to increase in 1982, accelerating in 1986. This is explained by the economic crisis
of the 1980s and by the closure of many COMIBOL operations. In many cases, to offset
the unemployment caused by the downsizing of its operations, COMIBOL fostered the
creation of cooperatives and then transferred the mines to them. Nevertheless, since 1994
the growth of the employment in the small mining sector has stopped. This can be
explained by the growth, albeit modest, of the economy as a whole and the depletion of
their reserves, especially old tailings.

The traditional cooperatives consist mainly of old COMIBOL workers, their
families, and seasonal migrants, mostly indigenous peasants of the nearby communities.
The number of workers in each cooperative is large and variable; there are cooperatives
of hundreds or thousands of workers. Sometimes many cooperatives work the same
deposit. It should be noted that the term cooperative is not technically accurate. A
cooperative is really an organization that gathers together many teams (cuadrillas) of
workers and represents them. The cuadrillas are groups of one to ten workers, which
work on part of the deposit as allocated by the cooperative. The cuadrilla is independent
of the cooperative in its production, processing, and trading. The cooperative usually
gives them some services (compressed air, technical assistance, trading) in exchange for
some percentage of the net value of their sales.

The exploitation methods of the cooperatives have had severe environmental
impacts, destroying not only the deposits, but also the tailings dams and the water
recycling systems. Furthermore, the cooperatives work without any respect for the
security of the worker or the environment. They do not have systems for disposal of
tailings or water treatment.

The gold cooperative sector is a very heterogeneous one, ranging from
cooperatives with important resources and levels of production to individual miners or
small groups that work in very primitive conditions. Most of the operations have their
own, typically rustic mill and use mercury for the processing of the mineral. They have
no skilled labor, industrial security, or technical assistance.

The organization of gold cooperatives is very complex. By law, these operations
have to be worked by the partners. In many cases, they leave in their place a so-called
representative who performs their work in exchange for a wage or some percentage of the
production. There are also so-called volunteers who receive in exchange for their labor
the right to work the deposit for their own benefit for some time. In addition, many
cooperatives contract workers. Associated with the gold cooperatives are the
barranquilleros, informal miners who reprocess the tailings of the cooperatives.
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In alluvial mining, large quantities of material are removed, which are dumped
into rivers after the treatment process. This pollutes the rivers, changes their course, and
destroys the fertile beaches. Vibrating screens and sluice boxes are used in the
concentration process, producing a preconcentrate, which is later refined in gold pans.
The gold grains are recovered directly in the gold pans, and the fine gold is amalgamated
with mercury. The amalgam is burned into the air, and all the volatized mercury is lost.

The cooperatives that work in primary deposits dig galleries to extract the ore.
Most of them are small, extracting only a few tons a day. Some cooperatives do remove
large quantities of land, using open pit systems. The environmental impact of the
extraction is low (with the exception of the open pit operations). The ore is crushed and
amalgamated in humid or dry systems, and the amalgam is later separated in gold pans.
In mechanized processes crushers, ball mills, or Chilean mills are used to crush the ore,
and concentration takes place in sluice boxes, jigs, shaking tables, or amalgamating
plates. The use of mercury in the concentration process is common and is the most
serious environmental impact of this type of mining.

An estimation of the profits of cooperatives shows that the semi-mechanized
operations are the most profitable (by unit produced), for both traditional and gold
mining. Generally, mechanized operations are more profitable than manual operations
(tin, primary gold). The latter provide more employment than any other kind of
operation, however.

Environmental Regulations
Bolivia has an environmental law (1992), which is regulated by five bylaws in

five areas: (1) environmental management, (2) environmental control and prevention. (3)
atmospheric pollution, (4) water pollution, and (5) activities with hazardous substances.
At the national level, the environmental authority is the Ministry of Sustainable
Development and the Environment, while at the departmental level, it is the Departmental
Secretariat of Sustainable Development and the Environment.

The environmental legislation established a number of procedures. New projects
must undertake an Environmental Impact Assessment and produce an environmental
report (Ficha Ambiental). If approved, these give way to the Declaration of
Environmental Impact. The latter must include a prevention and mitigation plan.
Existing operations must present an Environmental Manifesto (Manifiesto Ambiental),
which must include a remediation plan. If approved, the Environmental Manifesto gives
way to the Declaration of Environmental Remediation. The law also establishes an
Environmental Audit, which detects the deficiencies of an operation and establishes a
remediation plan. There are also regulations for the use of water. In the case of water,
the bylaw on water pollution calls for the classification of the aquatic resources of the
country. It fixes the maximum parameters for any discharge into a given body of water,
depending upon its classification.
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Tax System

The tax system for the mining sector is based on a profit tax of 25 percent and a
complementary (or minimum) tax, which is a type of presumptuous tax. The latter is
applied to the gross selling value of the mineral, with a rate that varies according to the
mineral and its price. For gold, the rate varies between four percent and seven percent,
while for silver the range is between three percent and six percent. This tax is actually
levied only if the amount paid as profit tax is less than the complementary tax, in which
case the company has to pay the difference. When the mineral is exported, an amount
equal to the complementary tax rate is withheld. The amounts withheld are distributed to
the regional governments (prefecturas). At the end of the fiscal year, the profit tax is
calculated. If the amount to be paid as profit tax is bigger than the accumulated advance
payments, the company has to pay the difference. If the accumulated advance payments
are bigger than the calculated profit tax, the complementary tax becomes effective."5

Decentralization
An important process of decentralization has been implemented in Bolivia. This

process transfers resources and responsibilities to the departmental and municipal levels.
In the environmental area, the departmental governments have wide-ranging
responsibilities. They are in charge of controlling the use of the natural and
environmental resources; managing the national plans and environmental standards in the
department; reviewing the Environmental Reports, defining the category of lhe
Environment Impact Assessment Reports; and issuing, denying, or cancelling ihe
Declaration of Environmental Impact and the Declaration of Environmental Remediation.
They also control the limits of any discharge and issue discharge permits.

Mining and the Community
In the highlands and valleys, the deterioration of the productive conditions and the

fragmentation of the land have resulted in an impoverished landed property. In the
lowlands, commercial farming and peasant farming coexist. The peasant community
provides seasonal labor; a great deal of the urban and rural labor markets have a seasonal
character. The mining sector (medium, small mining, and the artisanal) has relied
traditionally on that kind of labor. This is especially the case of the cooperative mining.
This fact is reflected in (1) the temporal nature of the operations and employment in
mining; (2) the existence of secondary activities for the miners (in which agriculture is
the most important); and (3) the migration statistics of the mining population.

15. There is also an additional 25 percent tax on "extraordinary profits." The amount of profits
considered to be extraordinary depends on their level relative to sales and investment.
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Most gold cooperatives are temporary, and only a few of them have permanent
workers. Most of the workers in cooperative operations and barranquilleros have a
secondary activity, especially agriculture. The population has diversified its economic
activity, combining agriculture with mining activities. This complementarity between
agriculture and mining explains the limited polarization and conflict between these two
sectors. The use of natural resources (including the related pollution) are parl of
negotiations and agreements between the community and the miners, a large number of
which are also peasants.

Even if the migration figures show that the populations of mining regions are
highly mobile, it is not so high if we take into account the contingency of the mining
work and the deficient work conditions. The mobility is concentrated in the cooperatives,
while the barranquilleros present a lower spatial mobility. This relatively low spatial
mobility shows again that mining activity is not the only source of income.

Mining and Indigenous Communities

A key feature of Bolivia is that the majority of its population is indigenous. In the
rural area, this majority lives and is organized in the indigenous farmer community. The
basis of the relationship between mining and the community is the benefit that the
community receives from the exploitation of the resources that they consider to be their
own. Up to now these benefits have taken the form of employment of local labor, and the
benefits that would emerge from the negotiation with the mining industry. In the cases of
conflict, its origin seems to be in the perception of the community that the mining
activities are invading its "societal space" (lands, resources, and so forth) without leaving
any benefit to the community.

The relationship between community and mining is changing because of the
reduction in direct benefits to the local community from mining, the appearance of a
structured ethnic movement, and the acknowledgement of the rights of the indigenous
population in the laws. The constitution establishes that the mining resources are the
property of the state, which can concede the right to exploit them. Therefore, there is no
legal disposition on which the indigenous communities could base any demands to
benefit from the exploitation of the non-renewable natural resources found in their lands
or territories. Nevertheless, Article 171 of the new constitution establishes that "the
economic and cultural rights of the indigenous people that live in the national territory are
respected and protected, especially those related to their community lands, warranting
them the use of the natural resources, their identity, their values, languages, customs and
institutions." This article has given rise to a series of claims of the indigenous people,
including rights over the natural resources. This position is reflected clearly in the project
of law for the indigenous people of the Lowlands, (the Chaco and the Amazon), presented
by indigenous institutions to the national congress. This project considers the non-
strategic minerals as exclusive property of the indigenous people, and claims preferential
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rights for strategic minerals, with respect to their use, royalty payments, and co-
management in all phases of exploitation.

Toward Sustainable Mining

An efficient excavation is one that covers its operational costs, environmental
costs, and resources costs. Governments have established standards or charges on
pollution, and taxes or royalties on the resource, in order to force the producer to
internalize these costs. A sustainable operation is then one that operates covering its
costs and complies with the tax and environmental regulations. An existing operation
that complies with the tax and environmental regulations must be considered as viable.

The New Mining Sector operates in compliance with the laws and is clearly
viable. The sustainability of medium, cooperative, and artisanal mining is much less
clear. Nevertheless, from our cost estimations, it seems that at least the gold cooperatives
are sustainable. They are able to cover the costs of the resources and the envirornenmal
cost. This is much less clear in the case of the traditional cooperatives that work
manually, especially the ones that exploit antimonium and complex ores. The operations
that are not viable impose a net cost on society, which would benefit if they were closed.
This needs a qualification. It is possible that the cost of the resource that is exploited 'by
the cooperative is zero. Then the operation must comply only with the environmental
standards and cover its operating and investment costs to be viable.

There have been some arguments claiming that even if it is true that mining has a
negative externality (pollution), it also has a positive externality (employment).
Therefore, unviable mining should be tolerated to provide employment. It is not
efficient, however, to accept greater pollution by unviable operations in the mining secitor
in order to create more employment. It is possible that other sectors could generate more
employment if they are not forced to comply with environmental regulations.
Furthermore, the alleviation of poverty and unemployment is a task of social policy. T'he
goals of the social policy should not be addressed through mining or environmental
policy.

In principle, all mining operations should comply with tax and environmental
regulations. Many problems are likely to arise, however, if the informal sector is forced
to comply with the law. This sector is highly mobile and disperse. Moreover, it has a
combativeness that would make it very difficult for the government to enforce the law. In
such a case, it is preferable to think of policies to discourage the growth of the sector. To
some extent, the increase in the efficiency of the medium mines, as the result of iLhe
process of privatization of the COMIBOL mines, would reduce the incentive to
cooperative mining. This would occur because owing to efficiency gains the tailings of
these operations contain less mineral, making their reprocessing less profitable. The
same would happen if, at the time of the closing of the operations, the new and medium
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mines have a closure plan that makes the old operation inaccessible to the artisanal
miners.

Alternatively, one can think of reconversion plans, although the experience of
these kinds of programs is not encouraging. Usually, these programs work only while the
financing last. It is more practical to think of a natural reconversion, in which artisanal
miners who are marginal will exit the mining activity as the deposits that they exploit are
depleted, and/or as the growth rate of the of the economy offers them better alternative
sources of income.

The relationship between the mining operation and the community is complex. In
principle, the resource belongs to the state, which gives it in concession and charges for
its use. But because of the rise of an organized indigenous movement and the
acknowledgement of indigenous rights, the indigenous people are beginning to claim a
share of the benefits of the exploitation of natural resources. Up to now, the benefits of
mining that accrued to the indigenous people were in the form of employment and
compensation granted by mining companies (especially the "new mining"). The first
kind of benefits will disappear if the new mining becomes the dominant mining in
Bolivia, although it should remain important in the relationship between the cooperatives
and the community. Besides, as the rights of the indigenous people are increasingly
acknowledged, the benefits that are negotiated with the new mining will be seen not as a
concession but as an obligation. Therefore, there is the danger that the company ends up
paying for the resource twice. To avoid this danger, the tax system must ensure that the
resource costs are paid to their owner; that is, to those who have rights over them
(indigenous community, government). To this end, the decentralization of the tax system
is important, ensuring that part of the benefits of the taxation accrues to the communities.
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Environmental Impact of Small and
Medium Mining Sectors in Chile

Introduction

The Chilean mining sector is composed mainly of copper, gold, and silver
producers. Although it has long been an important activity in the domestic economy, i1 is
in the past decade that mining has become one of the most dynamic sectors. Between
1974 and 1995, the mining sector received investmnents of more than $8,700 million and
in 1995 provided 49 percent of total Chilean exports. Mining activity can be found
throughout the country, but the majority of copper and gold reserves are located in
northern Chile. The most important activity is copper mining, which also generates a
significant part of the production of gold and silver as subproducts. In 1995, production
reached 2.49 million metric tons of fine copper, 43,600 kilograms of fine gold, and
1,042,000 kilograms of fine silver. Also, the production of copper, gold and silver grew
with respect to the prior year 11.7 percent, 11.8 percent and 6 percent, respectively.
Direct production of silver is relatively small, because 80 percent is obtained as a
subproduct from other metals.

After the nationalization process of the copper industry in the 1970s, the state
assumed a direct role in the production and sale of Chilean copper. During the past years,
and in the wake of an intensive foreign investment process, private sector participation
has increased constantly. In 1995 private mining surpassed government mining
production indices for the first time, producing 53.7 percent of copper, 93.6 percent of
gold, and 71.4 percent of silver. Furthermore, it is estimated that it will continue
increasing as several new private mining projects, currently in different stages of
development, begin their operations.

Note. This section was written by Jose Miguel Sanchez C., associate professor, and Sara Maria
Enriquez B., research assistant, Department of Economics, Universidad de Chile. It
summarizes Sanchez et al (1997).
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The Chilean mining sector is organized in an institutional framework that
embodies various organizations and institutions: The Comisi6n Nacional del Medio
Ambiente (CONAMA) is the maximum authority in charge of environmental policy in
Chile. It operates in a decentralized way through its regional environment commissions.
The role of the Empresa Nacional de Mineria (ENAMI) is to improve and promote
mining activities and to contribute to the sustainability of small-and medium-scale
mining. The Ministry of Mining is responsible for designing and carrying out the
government policy for the mining sector. El Servicio Nacional de Geologia y Mineria
(SERNAGEOMIN) is a public entity reporting to the Ministry of Mining. Its functions
include supervision in relation to mining properties, exploration, and geology. It is also
in charge of safety in mining operations, including supervision and approval of tailing
dams. The role of the Comisi6n Chilena del Cobre (COCHILCO) is to protect the
interests of the state in the public enterprises that operate in the mining sector. Finally,
Sociedad Nacional de Mineria (SONAMI) is an association that represents the interest of
more than five thousand members, including small, medium, and large mining producers.

In recent years, Chile has been developing its environmental legislation, whose
general coordination is the responsibility of CONAMA. Even though there are no
specific regulations for small and medium mining, several organizations and public
services have authority over mining in environmental matters. Among them are
SERNAGEOMIN, regional CONAMA commissions, various public work agencies and
services and the agriculture and health ministries. In general, the legislation envisages
regulations for different types of potential environmental impacts of small and medium
mining, even though it does not make any specification for these cases. It regulates the
operation of sources of sulfur dioxide, particulate matter, and arsenic, the allocation of
water rights in all the national territory, and the disposal of effluents. It also prohibits the
disposal of harmful liquids and solid residuals.

The mining sector has three readily distinguishable sectors-small-, medium-, and
large-scale mining. Public sector mining activities are carried out it in the large-scale
facilities of CODELCO (Corporaci6n Nacional del Cobre) and ENAMI. The private
sector contains all three types of mines. Even though neither the small nor the medium
scale mines have smelting infrastructure, these are the main suppliers to ENAMI.

Large mining includes all those undertakings that annually produce more than
75,000 tons of metallic copper or its equivalent. It also includes those firms that, even
though they might not reach this level of production, share the following characteristics:
they are subsidiaries of large multinational mining companies, operate with recent
technology, have access to international financial markets, have the necessary capability
and infrastructure to sell their product in domestic and international markets, and are
highly competitive. With respect to the environment, even though this subsector is
responsible for the majority of the pollution generated by the mining sector, it has
reached a high level of pollution control and mitigation.



Environmental Impact of Small and Medium Mining Sectors in Chile 129

The medium mining sector includes all mining operations whose production level
is more than 200 tons of mineral a day. It currently includes eighteen firms. They sell
mainly concentrates or precipitates of copper or gold and had a production level of $293
million in 1995. These mines are important direct employment generators. Furthermore,
this sector permits the associated development of the small mining sector, which supplies
the mineral for the medium-size concentration plants. The existence of ENAMI and its
participation in the productive process has resulted in a strong relation with the medium
mining sector. This sector does not sell their product through traders. Instead, the firnns
operate on the basis of a contract system with ENAMI, which guarantees the purchase of
all their production.

The small mining sector is defined as operations that own or rent facilities with an
extraction capacity of less than 200 tons of mineral per day either for its direct sale as ore
or for processing by small processing facilities. This sector consists of a large number of
miners that largely sell their production to ENAMI, using a predetermined tariff system.
It has been a very dynamic sector. Their annual deliveries to ENAMI have grown in past
years. Moreover, an important mobility toward larger scale operations has been
observed, either by mergers with larger firms or by expansion of their own operations.
This group is rather heterogeneous. Some firms have a modem structure (technological
and managerial) while some other companies exhibit difficulties with their environmental
management. There are also firms for whom it would be difficult to increase production
or their productivity, fundamentally due to the effects of scale economies and the lack of
exploration and long-time planning resources.

The degree of atomization and socioeconomic conditions of small mining
anticipate that environmental considerations are absent or play a minor role in i:he
production decisions of the miners. In this sector and even more so in the artisanal
segment, environmental management is particularly complicated, given that this grcup
has been traditionally considered to be important, especially at the level of looal
economies in the northern regions where there are not many other working opportunities.

When we assess the environmental impact of mining, it will be necessary to
distinguish between mines and plants, since their impacts are very different. In 1994 a
total of 1,626 small mines and 281 small plants were identified. They produce about 1,72
million tons of minerals a year (5,743 tons a day), while small plants have an annual
treatment capacity of 2.96 million tons (8,640 tons a day).

To characterize the environmental impacts of mining for each of the sectors
studied, an impact path analysis has been performed. (See Figure 1.) It analyzes the
impacts produced during different phases of the mining process, from the primary
extraction phases until closure or abandonment. In both plants and mines, the main
elements that can be affected are water, soil, air, landscape and humans. The impact will
depend on the process, the location of the operation, its proximity to populated centers. its
proximity to water resources and the management of the different phases of the process.
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Role of ENAMI

ENAMI's supply structure brings together the different segments in the analysis.
ENAMI's plants and medium-scale mining firms deliver concentrates and precipitates,
and the small mining firms deliver minerals, concentrates, and precipitates. ENAMI
classifies its clients and gives them a differentiated treatment. By law, it must give
preference to small and medium mining deliveries to fulfill its smelting capacity.
ENAMI's promotional activities include a number of technical and credit assistance
programs. ENAMI has to purchase all the production of the small mining firms on the
basis of a tariff system and offers a direct subsidy to ease the fluctuations in copper
prices. With medium mines, ENAMI uses a contract system and operates under market
conditions.

ENAMI's strategic plan, in terms of the promotion of the sector, focuses its efforts
on small and medium "viable" mining. In 1994 ENAMI reformed its commercial policy.
Currently, ENAMI operates under a maquila system in which it obtains concentrate from
miners and pays them the international price of copper minus the smelting and refining
costs, which is subsidized for small miners. However, this subsidy is being phased out
and is expected to disappear by the year 2001.

In 1995 ENAMI's production reached 65,354 tons of concentrates and 12,139 tons
of precipitates. Lack of uniformity in the mineral ore received and highly seasonal
behavior of deliveries increase costs relative to those that a modern mine and plant
complex can obtain.

Deliveries from the medium mining sector are of vital importance for ENAMI's
productive system and a mutual dependency relation exists. ENAMI's productive
structure in the smelting phase is supported mainly by the medium mining sector.
Nevertheless, ENAMI adds value to the product supplied by the miners, allowing them to
sell without a trader copper of degree A instead of concentrates.

In its smelting stage, ENAMI is supplied by 18 medium firms. In 1995 the
deliveries increased 24.3 percent for copper concentrates, 42.8 percent for gold
concentrates, and 75 percent for copper precipitates. They operate with annual contracts
of sale and maquila, in which a preset supply quantity (delivery quotas) is established
although a wide variance is allowed.

An important part of the supply of minerals for ENAMI comes from the small
mining sector. These deliveries correspond approximately to 20 percent of the total of
fine copper produced by ENAMI and about 2 percent of the national copper production.
The marketing structure is particularly complex in the case of artisanal gold mining.
Those miners that do not deliver to ENAMI sell their gold to other registered producers
and private plants. Therefore, their identification and regulation is even more complex.
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Small Mining Sector
In the small mining sector, most of the producers are concentrated in the lowest

sections of the size distribution, producing between 0 and 200 tons a month of minerals
and between 0 and 10 tons a month of precipitates and concentrates. According to
ENAMI, between 1992 and 1995 the number of producers of minerals, concentrates, and
precipitates was decreasing, especially in the low end of the production range where most
of the producers are situated.

With regard to production costs in the small mining sector, the available
information, although partial, suggests that there is a high percentage of marginal miners
among those miners with whom ENAMI operated during 1995. Small processing plants
have greater access to financing than those that only produce mineral because of the
added value that allows them to obtain relatively higher profits than primary miners,
especially when the plant is associated with a small mine. In any case, the income of the
small miners that supply ENAMI has been linked to the existing subsidy. However, as
noted, the subsidy has been decreasing and is expected to disappear by the year 2001. [t
can be anticipated that the local and regional impacts of the subsidy removal will be
important, given that the small miners are high-cost producers operating with narrow
margins.

Small mining is a way of life in northern Chile, and it is an activity with an
important social impact. There is not a unique rationale behind the behavior of small
miners. They have different incentives, and to a large extent, depend on the promotion
policy of ENAMI. As a first approximation, there are two types of small miners: those
whose active presence in the sector depends on the copper price and therefore produce
sporadically and those for whom mining is their main activity and therefore remain active
even under adverse price conditions. The first group is formed, in general, of young
workers that take advantage of the periods of high prices with very short-term lease
contracts for mines. The other group is formed by older miners, whose permanence is
explained by a series of cultural aspects, the lack of subsistence alternatives, and a very
low risk aversion.

No exact data is available with respect to the number of people employed by the
small mining sector. However, we can obtain an indirect estimation given that the sect;or
sells its mineral to ENAMI or to private plants that have commercial relations with
ENAMI. According to 1995 estimates, 630 operations made monthly deliveries of up to
200 tons of minerals. Assuming the average family group is composed of 5 members, it
is estimated that about 80,000 persons depend on small mining.

With regards to small miners that operate in plants with a greater degree of
formality, they can be characterized as being small companies with high cost
technologies-that is, they have high sunk costs that hinder entry and exit to the industry
in response to fluctuations in the price of copper. Considerable interdependence exists
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between groups. Medium-size firms make contracts with the small miners for supply.
Small miners and pirquineros (artisanal miners) sell to ENAMI.

The small mining sector faces several limitations, which are even more severe at
the artisanal level. There is a high percentage of leaseholders who operate with short-
term contracts, a very rudimentary knowledge of the exploitable reserves, and very
limited or no access to financing. They use antiquated and artisanal technologies that
involve high costs even though the copper grade of the ore might be quite high. As a
whole, the sector is highly unstable with a large number of seasonal miners, who also
tend to be the smallest ones. The most formal part of this sector is found in the
processing facilities. In this part of the production process, for a large number of owners,
switching to a different activity would be quite costly.

It is important to note that in Regions III and IV there are a large number of
mineral deposits-both gold and copper-that because of their geological characteristics
can only be exploited by the selective labor of small-scale mining. Hence, these deposits
are unattractive for larger mines. In addition, the large mining projects tend to be located
far from populated centers in very arid zones where competition for water makes it
unattractive for small mining operations.

Chilean small-scale mining exploits underground mines, open pits, buddling
(washing) tanks, and tailings. The underground mines represent 92 percent of total
operations and 95 percent of production. Of these mines, 76 percent extract copper; this
accounts for a similar percentage of their production. The gold mines are in general of
smaller size and represent 11 percent of output. There are just a few polimetalic mines.
The mines are located in Regions I through VI, although most are in Regions III and IV.
Water scarcity in the north of the country makes alluvial gold mining a rare operation.
The few existing operations are distributed from Copiap6 to the southern extreme.

Of the installed capacity of the plants, 42 percent is for the processing of gold. A
minimal amount is devoted to silver. A total of 27 percent of the plants operate solely
with flotation and an additional 28 percent combines this process with gold
amalgamation. Flotation processes permit the miners to obtain copper and gold as
product and byproduct. Plants in the range processing from 0 to 50 tons a day are by far
the most common. Amalgamation of gold with mercury is a widespread process.
Approximately 26 percent of the operations work with this technique, especially in the
artisanal segment, mostly in small facilities with less than 25 tons per day. Only 22
plants, corresponding to 30 percent of the installed capacity, produce at higher levels
(between 75 and 150 tons). As is the case with mines, the plants are concentrated in the
Regions III and IV.

Special conditions characterize the artisanal segment of small-scale mining. By
definition, an artisanal miner is an informal worker with little or no patrimony who
operates with rudimentary techniques. They tend to work in groups of one to eight
people, and their average daily per capita production is less than one ton of mineral.
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Given the aggregation of the available information, it is not possible to separate
this group clearly. However, it is estimated that there are about 2,800 pirquineros
operating. Most of these informal workers are located in Regions III, IV, and V. Miners
in Region V are particularly relevant because they have a direct relationship with poverty
levels in certain districts. They are a marginal group whose activity is very sensitive to
fluctuations in prices or costs. Most informal miners have a low degree of ownership of
mining property, and their activity is basically a subsistence one. The mines are moslly
located in zones where there are no alternatives besides mining. Most artisanal plants
produce amalgamnated gold, although they also process copper mineral on a small-scale.

Small mining undertakes exploration in very rudimentary and low-cost ways.
Nevertheless, they have been able to identify mining resources. Underground mines
constitute the most widespread method of extraction. To process the minerals, small
plants use either flotation, leaching, or amalgamation. These processes are performed
with old inefficient methods without any environmental consideration.

The disposal of the tailings of the flotation processes is the greatest problem
encountered in small mining. Tailings dams are usually not properly built or operated. In
addition, abandoned dams constitute an environmental hazard when located near or above
water resources. Of particular concern is the gold concentration process that uses
amalgamation with mercury. It is very widely used by artisanal miners because it is
adaptable to small-scale operations while producing a high value end product. The
concern is twofold. On the one hand, miners manipulate the mercury without any
protection mechanism and are exposed not only to the vapors but also to direct skin
contact at different stages of the amalgamation process. On the other hand, during the
amalgamation process, a part of the mercury will inevitably end up in the effluents,
causing a potential environmental problem when the tailings are not properly managed.

In general, the impacts of the small mining sector are: environmental risk due to
plant location in an urban zone or near rivers or natural water courses; soil and river bank
pollution because of liquid effluents; filtration and overflows from tailings dams; and soil
pollution by domestic solid waste. Even though the use of mercury is not massive, there
are identified effects over those who participate directly in the process.

On the basis of the analysis of the existing information, it can be concluded i:hat
the small mining sector-given its low levels of production, wide geographical
dispersion, and very arid climatic conditions in the areas where the production takes
place-does not constitute an important factor for environmental pollution in Chile. It
may, however, pose some local hazards associated with the operation of processing plants
and tailings disposal. There are also direct risks for the miners that operate directly in
contact with mercury. In Figure 2, the environmental effects from the small mirLing
sector over the different components are described using an impact path approach.
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Medium Mining Sector
In most cases, medium firms have their plants close to the mine. Those that do

not have mines are supplied totally or partially by small mining operations of the nearby
districts. Medium mining prodWces copper concentrate using traditional processes of
flotation of sulfurized mineral, copper precipitates from leaching oxides, and gold
concentrates from either flotation or cyanization. Of all the mining processes, it is in the
concentration process that most of the water is consumed. The other stages consume only
about 7 to 15 percent of total water use.

Technology is also changing in this sector. The hydrometallurgical processes,
which have already been incorporated by larger firms to replace the traditional
concentration and fusion process, are beginning to be used in medium mining projects.
These processes are an improvement with respect to traditional leaching in terms of
environmental performnance.

The medium mining sector has shown sustained growth in past years. In general,
the companies have been incorporating cleaner technologies in the concentration process
and have been introducing better environmental control of their operations. The
environmental performance of medium-size companies is more closely associated with
their age rather than size. Critical points of the operation of plants are tailings
management and disposal, the location of the plant, and use of water resources. There are
two fundamental aspects associated with water management: (1) scarcity, particularly in
the north; and (2) pollution, associated with the operation of tailing dams. The identified
effects in the medium mining sector gives rise to the impact path that is described in the
attached Figure 3.

Conclusions and Strategy

The main conclusion of the study is that the environmental impact of medium and
small mining in Chile is not very serious. In fact, the most important environmental
problem related to these mining sectors is caused by the gaseous emissions from the
smelters. Nevertheless, a strategy for each sector is proposed in relation to (1) the
identified environmental impacts, (2) the promotion policy of the state, and (3) the legal
and institutional framework of the sector.

The medium mining sector is formed by eighteen well-established formal
companies that are relatively easy to monitor. In terms of environmental regulation, the
same restrictions levied on large-scale mining should apply to them. In fact, many of
these firms have been incorporating cleaner technologies in their processing facilities and
generally operating with adequate environmental safeguards. The only things that need
to be done in this sector are to standardize the control procedures and extend it to all
firms, consolidate the enforcement task in SERNAGEOMIN, and ensure that firms whose
environmental management is not appropriate do not escape from the environmental
control that is applied to larger firms.
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Special attention needs to be placed on the effects caused by the amalgamation
processes, especially on the miners themselves whom, in most cases, ignore the adverse
health effects of doing what they do and how they do it. In this regard, there is an
important role for the specific projects of the Ministry of Mining for small and artisanal
mining, especially in terms of dissemination of information.

ENAMI has centered its relation with the mines and plants on commercial
aspects, totally ignoring the environmental aspects. Given the importance that ENAMI
has had on small and medium mining, the future evolution of its promotion policy will be
fundamental in the performance of these sectors. It is important to consider th,e
following:

* The small and medium sectors are important suppliers of the smelting process,
and hence any regulation of the smelting activity will also affect these sectors.
International environmental restrictions are moving in the direction of imposirLg
much stricter requirements to processes. Therefore, it is expected that there will
be strong incentives for constant improvements of environmental management
throughout the process.

* The rationale behind the state promotion policy carried out by ENAMI should be
to promote sustainable small mining based on the exploitation of mining
resources that cannot be exploited at a larger scale, mainly minerals found in
small veins. The promotion policy should not prolong the life of an otherwise
unviable operation. Mining policy is not social policy. There are better ways of
dealing with poverty than subsidizing marginal mining operations. The
promotional action of ENAMI should be centered on training, development,
technology transfer, and environmental management diffusion.

* JGiven the large number of marginal miners, it is expected that the removal of the
subsidy will produce the disappearance of many artisanal and unsustainable small
mines. It is very important to separate the promotion role of mining from the
assistance role to poor population groups. For those miners that are
unsustainable, other alternatives should be considered, focusing on poverty as the
problem and not mining. Policies to be considered include reconversion,
retraining, and education for other jobs as well as direct financial assistance.

* It is also advisable to use existing programs of the Ministry of Mining to address
the issue of improper mercury use. The main task would be to educate the miners
about the risks involved in the inadequate disposal of mercury residuals as well as
the risks of inhaling the vapors in the process of recovering the gold from the
amalgam.

The Chilean environmental legislation has a number of instruments for the
enforcement of environmental regulations, but these have limited applicability in the
small and artisanal mining sectors. In these cases, the role of the environmental public
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policy has to focus more on prevention rather than on monitoring and punishing improper
actions.

In the short run, it is important to use existing institutions to manage the
environmnental problems of the small and medium mining. With regard to the plants and
tailing dams operation, SERNAGEOMIN has the necessary structure and the technical
personnel to perform the job. Hence, it is the natural agent to take responsibility for these
processes.
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Peru: Informal Mining and the Environment
This document studies informal gold mining in Peru by analyzing two cases:

alluvial gold exploitation in Madre de Dios and underground exploitation in the highlalnds
of Ica and Arequipa. These areas account for about 75 percent of Peru's informal gold
production. Informal production accounted for 40 percent of total gold production in
Peru in both 1995 and 1996, in spite of the increasing production of new formal firms like
Yanacocha.

The author defines informal mining as an activity performed by persons who
illegally exploit and concentrate minerals-that is, they do not have the legal right to a
mining concession (or a contract with a party that does). Different reasons can explain
the explosion that informal mining has shown during the past years: the dramatic
increase of international gold prices since the early 1970s, the easy access to gold in the
aforementioned areas, the low amount of investment required, the existence of simple
technologies that do not require high technical knowledge, the proximity of the ores to
very poor areas or those affected by terrorism, the lack of government's institutional
capacity to enforce previous concession rights, the economic crisis and unemployment
(especially in the agricultural sector), and finally, the potentially high profit margin of the
activity.

In summary, the informal mining phenomenon can be explained by the
combination of socioeconomic factors that affect the country as a whole, as well as
certain technical and geological characteristics of the ore body and the mining process
itself. Usually informal mining is associated with a migratory process. As the economy
recovers and employment increases, informality should diminish. Meanwhile, the
government can do little to eliminate this phenomenon. It is wiser to attempt to formalize
this activity than to think that it could be eradicated in the near future.

Note: This section was written by Alberto Pasc6-Font, a senior researcher of GRADE, Lima,
Peru. It summarizes Pasc6-Font (1997).
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Alluvial Gold: The Case of Madre de Dios

Mining exploitation in Madre de Dios takes place in two different areas: on the
alluvial plains, including the beaches of various rivers and their adjoining areas (the
piedmont), and on the "hanging terraces" of the Amazon foothills. The piedmont is
exploited during the dry season, when river flows are reduced substantially, while the
Amazon foothills are mainly exploited during the rainy season, from December to March.

Technical Aspects

Exploration in the area is by trial and error. Miners do not know or use any
geological or technical parameters. If they find a rich ore, they proceed to exploit it
immediately without concern for the mineral distribution in the area.

Mining operations can be divided into artisanal, semi-mechanized and
mechanized. Artisanal operations have decreased dramatically in the area due to the
reduction of the grade in the gravels after years of continuous exploitation. Semi-
mechanized operations currently account for 80 percent of the total gold production in the
area.

There are five types of artisanal operations: ingenio, pushcarts, high pressure
hoses, chupaderas, and small dredges. The simplest is called ingenio.16 In this operation,
one or two persons divert a water stream to build a small ditch whereby the water flow
will be used to wash the gravel. A rug is placed at the end of the ditch where coarse gold
particulates are deposited. The lack of knowledge about the distribution of mineral
deposits causes miners to wander from "discovery to discovery," obtaining from 0.25 to
1.5 grams of gold each day.

A more complex operation, which is used on beaches during the dry season,
involves groups of four to six persons with small washing platforms fed by pushcarts.
Water is pumped by using buckets or five horsepower pumps.

The use of high pressure hoses is a common method of mining in the foothills.
Miners shoot high pressure water to wash the material from the terraces and use the slope
to eliminate the waste. The mineral is conducted to sluice ditches where the gold is
deposited.

The chupaderas work on beaches and in the piedmont. This method extracts gold
by suctioning the mineral located underneath the water table with pumps and hoses four
to six inches in diameter. The material thus extracted is conducted to platforms where the
concentrate is deposited by use of gravimetric methods. Finally, dredges operate on
rivers using suction ducts with a six-inch diarneter and thirty-five horsepower pumps.
Divers manipulate the ducts underwater. The equipment and the sluice boxes are located
on the dredge.

16. The nomenclature is ingenio as the method used is considered quite ingenious.
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Semi-mechanized operations use front-end loaders and dredges that operate
similar to those with six-inch diameter ducts but use ducts of eight-, ten- and twelve-inch
diameter and pumps with 35 to 90 horsepower. The dredges use iron ducts whose
movements are directed by mechanical or hydraulic mechanisms. The concentrate (black
gravel) is recovered by gravimetric methods.

Operations that use front-end loaders (also called shutes) are located in the
Caychive and Huaypetue creeks in the foothills. Usually, these operations work during
the rainy season and exploit the higher part of the terraces where most of the gold is
located. Although of recent introduction, this is the predominant operation in the area.
The number of front-end loaders has doubled from 200 to 400 since the middle of 1994

This operation consists in extracting gold gravels using front-end loaders that
scrape off the open vertical face of the earth and carry the mineral to the washing
platforms. Front-end loaders are also used to clean the waste accumulated around
platforms. Water is pumped to washing platforms to clean material that slides over an
iron grid. The grid allows particles smaller than one third of an inch to fall into the sluice
boxes. These operations are limited by a lack of water or when vertical faces are not
easily accessible.

In general, all of these extraction methods are technically inefficient and carried
out without much knowledge about basic technical parameters such as ore grades,
reserves, or equipment efficiency. However, as operations are still profitable despite this
poor management, the miner's only objective is to extract the gold as quickly as possible.
They do not try to adopt more sophisticated techniques to increase productivity. Le,gal
instability can help to explain this behavior. The miners do not have the ability to legally
defend the property that they are working on. They usually want to extract the greatest
amount of mineral in the least amount of time-before the concession is taken away from
them.

Once the mineral is extracted, it is washed in a sluice box that consists of a
wooden canal of variable dimension and inclination. The canal is covered with plastic,
on top of which is placed a coarse cloth or a special chemical, depending on the type of
operation. This cover retains the heavy gold particulate while the lime rolls with the
water flow. After one shift (of usually 8 hours), the cloth or rugs are dusted to obtain the
concentrate to be amalgamated. In all operations, ducts are designed by trial and error,
and there is no systematic attempt to find the most efficient method. This reduces
operational efficiency to between 50 and 80 percent. Pushcarts have higher recovery rates
(80 percent) because the mineral is washed slowly with a controlled flow of (usually)
clear water from rivers and creeks.

Mercury is added to the concentrate-usually in huge amounts to speed up the
process-to capture the gold particulate. Then, the mix is shaken vigorously to.obtain the
mercury and gold amalgam. After the black gravel is separated from the amalgam, the
excess mercury is removed by compressing the amalgam, which then is burned in a tuna
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fish can, usually in the miner's kitchen. The mercury vaporizes at relatively low
temperatures leaving "burned" gold.

The investment required increases with the degree of mechanization. It starts at
$100 for an ingenio up to $250,000 for the larger dredges. Pushcarts also require pumps
and an electric generator, which cost from $3,000 to $5,000 depending on the power of
the pump. Although the total investment required to start a front-end loader operation is
about $250,000, the equipment can be bought on credit, substantially reducing the cash
requirements for start-up.

Basic artisanal operations have experienced low profitability during the past years,
and consequently, they are disappearing. On the contrary, front-end loader operations
have increased substantially. It seems that there are some economies of scale. Profit
margins, which have been analyzed for operations using one front-end loader, probably
increase when more than one front-end loader feeds one washing platform.

In the case of dredges, six-inch dredges report monthly profits of $2,500 and
eight-inch dredges, $5,000. Given that the investment required by the latter are not
double the former, eight-inch dredges are obviously the most profitable operations in the
alluvial plains.

Based on the income of miners by type of operations and the total number of
operations in the area, in 1994 the Ministry of Energy and Mines estimated that total
production is about 9 to 10 metric tons of gold a year. About 80 percent of this
production comes from the foothills operations and the rest from the alluvial plains.
These figures are consistent with data reported from gold traders. Because the number of
front-end loaders has increased substantially since 1994, the present level of production in
the area is not certain, although the amount of gold being traded in Madre de Dios and
Cuzco does not seem to have changed substantially.

Environmental Aspects

The environmental effects of informal mining depend on the type and area of
operation. Artisanal operations like ingenio and pushcarts have little environmental
impact given that they produce small amounts of gold and remove little material, so the
jungle can recuperate easily. The exploitation of beaches or riverbeds are quickly
reverted when rivers swell during the rainy season. Piedmont operations (chupaderas)
have larger impacts because they remove more material and use oil and lubricants.
However, because they work in flat areas, erosion after the operation is abandoned is
limited, allowing the jungle to quickly recover.

The operations of front-end loaders in the Amazon foothills have by far the
greatest environmental impact. This result is due to the type of operation and because, as
the largest producers of gold in the area, they account for most of the mercury
contamination. A typical operation using a front-end loader starts by cutting trees and
burning the thicket. Then material and rocks are removed using front-end loaders, which
compacts the soil and makes the recovery of the jungle quite difficult. Land removal and
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the separation of gravel according to its size affects the water streams and pollutes thtem
with the fine particulate (lime). This affects aquatic life in the region. Finally, the
excavation of terraces as well as waste disposal promotes erosion even after the operation
is finished. As a consequence, the ability of the jungle to recover once the operation
ceases is very limited. Moreover, these operations have important additional
environmental effects due to the incorrect use of mercury, petroleum, and lubricants.

Legal Aspects

Most informal miners in the area live near the exploitation site and often have
small agricultural plots for self-consumption. Most of them have been residing in the
area for more than four years, and are referred to as resident informal miners. This group
constitutes 95 percent of informal miners in the area.

Most of these miners were not able to ask for a mining concession as the areas
where they were working were already granted to others, most of whom never worked the
area. However, under the new Mining Code, those who own mining concessions have to
pay an annual fee for using them. If they fail to do so for two consecutive years, they lose
their concession. Subsequently, a large number of phantom concessions have been
cleared, reducing the past monopolization of concessions by a small number of persons.

As concessions have reverted to the State, the government has had the opportunity
to reorganize property in the area and grant informal miners some form of preferential
access to the areas where they have been working to formalize their situation. After a
census at the end of 1996, the government granted 1,300 mining concessions to
previously informal miners in the Department of Madre de Dios.

Finally, although Peru has developed an advanced legal framework for mining,
there are several aspects that are addressed in the recommendations below that need to be
taken into account for alluvial small-scale mining.

Social Aspects

Mining is an important source of direct and indirect employment in Madre de
Dios. Work relations depend on the type of operation. In the case of ingenio, operations
are family run. As the degree of mechanization increases, so does the number of paid
workers. Hiring conditions are generally verbal agreements, which often generates
problems in the future.

High rotation and seasonality are two essential characteristics of working relatSions
in the area. More than 80 percent of workers are from Cuzco, Puno, or Apurimac, in that
order of importance. Although wages are much higher in Madre de Dios thani in
neighboring vicinities, work conditions are quite hard. Front-end loaders, high pressure
hoses, and sometimes pushcarts operations have permanent camps where up to tw,elve
workers live in crowded and deficient conditions. Work shifts vary from eight to twelve
hours. If weather conditions are taken into account in this hot, humid tropical forest, it is



42 Environmental Study of Artisanal, Small, and Medium Mining

not surprising that productivity is lower than for similar workers. Miners are exposed to
tropical illness and are not compensated when sick.

There are forty-one native communities in Madre de Dios, of which only twenty-
four are legally recognized. Sixteen of these have a formal title to their territory. There
are serious conflicts between these communities and informal or formal miners over land
because the Ministry of Agriculture grants lands to native communities while the Ministry
of Energy and Mines grants mining concessions in the area. There is no coordination
procedure to avoid overlapping claims.

There are three types of legal problems that affect native communities: (1) a lack
of procedures that would allow them to defend themselves from the ecological
disequilibriums generated by mining operations, (2) a lack of priority to obtain
concession over their territory, and (3) a dearth of authorities in the area capable of
enforcing their legal rights against informal miners. This situation prevails even though
Peru has signed ILO Convention 169, which grants special treatment to native
communities in their territory.

Recommendations

Regarding legal aspects the following is recommended:

* A new category should be created for artisanal alluvial miners aside from the
existing small miner category.

* Dredges should be classified adequately given that they both extract and process
mineral. The new Mining Code classifies dredges as mobile metallurgical plants.
As such, the code demands high payments without taking into account that they
process a high volume of material with low gold content. The volume processed
by dredges should be measured in cubic meters (not tons) and the Ministry of
Energy and Mines (not the Navy) should be the only governmental office allowed
to authorize their operation.

* A quick and effective inspection system is needed to resolve conflicts among
neighboring concessions. There must be some type of protection and a way to
stop operations if there is an alleged invasion of neighbors or informal miners.
Otherwise, in a short period of time, a substantial amount of gold can be
excavated. The corresponding authority should give priority to these situations.

* Contracts should be allowed for only parts of the concessions between the owner
of the mining concession and other informal miners (called "invitados") that are
not confused with service contracts which are subject to 18 percent IGV (value
added) tax.

* All gold traders should be registered and provide some document for every
transaction they make.
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* Government presence in the area should increase to expedite conflict resolution
and give some technical and legal support to miners in the area.

The suggested strategy to implement these recommendations is to create a
committee that proposes the legal modifications in such a way that alluvial mining is
appropriately considered in the Mining Law.

Regarding property rights, although the Mining Office has made substantial
improvements, coordination must be developed among different sectors. In this way, the
Ministry of Agriculture would not sell land previously granted to a miner. In the long
term, a territorial management plan is required for the whole department such that all
concessions (either from agriculture or the mining ministries) use the same universal
transversal mercator coordinates. This plan should include a special treatment of the
territories of native communities to ensure an ecological equilibrium consistent with their
subsistence lifestyles.

For technical purposes, if implemented, an assistance program for exploration,
extraction, and mineral processing would increase the productivity of miners and improve
their environmental record. Along these lines, a program is recommended to educate
miners about the toxic effects of mercury and the use of retorts. The government has
distributed retorts in the area but has not checked their use or efficiency. It will be better
to develop a mercury monitoring plan that will include educational campaigns regarding
mercury poisoning.

Although there are several problems in the area, it is recommended that the work
start in the Caychive and Huaypetue area where most front-end loaders operate. By
means of a refundable deposit system, it is feasible to force front-end loader operators to
register and abide by some technical and environmental procedures to regain their
deposit. A non-governmental organization selected by public bidding could be in charge
of implementing such a system and coordinating the relevant public offices. There is a
great deal of duplication among government offices in the area. This program could be
financed using international cooperation funds.

Underground Informal Mining in the Ica-Arequipa Region

Informal mining in the departments of Ica and Arequipa exploits thin veins with
relatively high grade ores that are disseminated across the region. Recent estimates are
that they extract about 9 metric tons a year. The geological characteristics give an
advantage to informal miners over more traditional operations. By selective extraction of
the seam, the artisanal miners can essentially omit the concentration operation that
follows, substantially reducing the cost required to obtain metallic gold. Thus, it is
geology that makes the work of artisanal miners profitable where traditional miners
would lose money. This is a central premise in the work.



44 Environmental Study of Artisanal, Small, and Medium Mining

Technical Aspects

Although several informal mining operations are located in abandoned formal
operations, informal miners have discovered new ores in the area that would have been
extremely costly to detect using conventional methods. Exploration is undertaken by
groups of 200 to 300 persons, each one covering a different area, giving a high probability
of success at a low investment.

After a successful exploration, miners remove mineral and then sort the mineral
by hand and transport it to the processing plants. This process is commonly referred to by
the Quechua word "pallaqueo." The mineral is removed using the Circado method
(selective mining) which has three phases: (1) drilling, blasting, and waste rock removal,
(2) cracking and extraction of the seam, and (3) drilling and removal of the box rock
above the vein in order to continue the operation. Waste disposal is done either outside
the mine when it is not very deep or inside when the mine is deep or used to support a
gallery.

Under the conventional alternative, this process is not advisable because it is slow
and requires a huge number of workers. Traditional mining totally removes the vein and
the box. However, this dilutes the mineral grade, in some cases rendering the operation
unprofitable because of the high cost of mining and the treatment of the waste material
involved.

Artisanal exploitation of gold veins is based on hand drilling, using augers or
chisels and sledgehammers. Of the total, 70 percent of miners use manual drilling, 9
percent use electric drills, and 20 percent use conventional compressors. Only manual
drilling can be performed individually. Given that it does not require equipment or oil, it
is most suitable for very remote places. It does not require technical knowledge for
operation or machinery maintenance, and production is not stopped by malfunctioning
equipment. Work progresses very slowly, at a speed less than ten percent of electric
drilling and one percent of pneumatic drilling. Likewise, the investment required is also
very low, one percent of electric drilling and 1/10 of one percent of pneumatic drilling.

It has been estimated that more than half of the miners in the area work mines less
than 50 meters deep. Only 20 percent of miners exploit mines more than 150 meters
below the surface, much shallower than typical traditional mines. Artisanal miners are
not capable of going any deeper because of deficient ventilation and the large effort
involved in removing the waste.

Pallaqueo, or hand sorting of mineral, is an ancient technique used to increase the
grade of the mineral and hence reduce the cost of processing, transportation, and trading.
The processing of the mineral is done in the so-called quimbaletes. A quimbalete is a
type of huge mortar in which the mineral is milled, using water, to a fine sand that then is
mixed with mercury in order to recover the gold. The amalgam at the bottom of the
quimbalete is then separated from the tailing. Excess mercury is removed by filtering,
and the amalgam is burned to recover the gold. The transport of the mineral to the
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quimbaletes is usually paid for by the owner of the quimbalete in exchange for the
tailings.

Leaching of the mineral using cyanide is not common in the area as a result of
previous failures caused by technical deficiencies when implementing the system.
However, in some areas, miners sell their mineral directly without milling it in the
quimbaletes. This greatly reduces mercury use and avoids its toxic effects.

On the contrary, leaching of tailings is quite common. It has been practiced for
years in the southern region of the country, especially in Nasca where at one point up to
20 plants operated simultaneously. These were small, hand-fed artisanal plants, capable
of processing between three and ten tons of tailings each day. The plants use the carbon
in pulp method, and their final product is coal filled with gold (3 to 10 grams per kilo)
that need additional processing in a desortion and refinery plant. Most of these operations
collapsed when the demand for tailings from larger plants (such as Laitaruma and Belen)
increased their price from $15 to $120 per metric ton.

Minimum investment for an informal miner is about $50 but increases
exponentially with the use of pneumatic drilling that also requires leaching plants for
minerals. Operating costs for the different alternatives (hand drilling, electric drilling,
and pneumatic drillings) fluctuate between $142 and $186 per ounce of gold, the lowest
being for pneumatic drilling, a process that also allows for the exploitation of the lowest
grades. These costs are well below international prices; thus, miners should reap high
profits. However, a substantial part of these potential earnings is reaped by gold and
supplies traders. Mineral processing in their own plants, as well as direct trading of their
gold, would substantially increase the profits of miners.

Quimbaletes centers and leaching plants also have significant profit margins (over
30 percent). Accordingly, they should be able to include environmental costs that are not
properly taken into account now.

Environmental Aspects

As the area of exploitation is a desert, water is scarce, and there is little flora or
fauna. In this context, mining has little environmental impact. Moreover, artisanal
mining has much less impact than traditional mining, which uses more explosives,
demands more water, and removes much more material.

The main environmental problem associated with this activity is related to mineral
processing in the quimbaletes with the corresponding use of mercury and burning, of
amalgam. Leaching plants also have some environmental impacts, especially those ithat
process quimbaletes tailings containing mercury. Mixed with cyanide, this process can
render very toxic compounds. However, these plants are easier to monitor and
environmental controls can be easily enforced.

It has been estimated that 12.6 metric tons of mercury contained in the amalgam
volatizes every year and that another 200 metric tons of mercury per year are containeid in
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quimbalete's tailings treated by leaching plants. The high content of mercury compounds
is quite dangerous given plant locations. Most quimbalete centers are close to water
streams or agricultural areas.

Another potential source of pollution is tailings dust. When tailings dry, mercury
contained in them quickly evaporates. The dryness of the area together with strong winds
spreads mercury across vast areas. Tailings dropped along roads between quimbalete
centers and leaching plants are also a source of pollution. Winds spread them quickly,
and they eventually contaminate water sources.

Finally, the most important source of environmental damage occurs when burning
the amalgam, allowing mercury to evaporate into the atmosphere. Most miners bum the
amalgam in traders' places in the area; only 10 percent within their own houses.
Although 40 percent of miners are aware of retorts, very few use them. The chemical
method of dissolving and recovering mercury from the amalgam using nitric acid is a
short-term technical alternative to alleviate the environmental impact of mercury
evaporation. This method generates a much better quality of gold because iron, copper
and silver impurities are also eliminated with the acid. It also offers a quick, complete
and observable recovery of mercury. These impurities are not eliminated by using retorts
and higher quality gold is a factor the miners greatly appreciate. However, before full-
scale implementation of this method in the area, it is necessary to do some extra trials to
improve the method, train miners to do it by themselves, and control the emission of toxic
nitric gases.

With time, adequate training and professional supervision, this method could
render refined gold (24 carat gold) in the same laboratory where mercury is recovered.
This is not only an environmental improvement but also an economic one that will allow
miners to trade their gold at better prices. After this stage, it will be easier for the
government to control the trading of gold and to obtain tax revenues.

In the long term, however, a more comprehensive environmental solution would
be to eradicate the use of mercury and encourage direct mineral processing in leaching
plants, where environmental control is much easier, and the existing law could be more
easily enforced. However, in doing so, leaching plants will have to be reconstructed to
avoid the use of obsolete and dirty practices. To achieve this objective, a crucial element
will be the training of miners to be able to determine the mineral grade and to obtain a
fair price for their gold.

Legal Aspects
Artisanal mining in the area operates on granted concessions because this activity

started on abandoned formal mines. In Madre de Dios, concessions were not open to the
general public until the situation of informal miners was resolved. Conversely, in Ica and
Arequipa, Mining Registry reform and the opening of the area to new concessions since
January 12, 1995 has complicated the process of formalization of artisanal miners in the
area. Very few miners were capable of starting private companies to be able to bid for
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concessions in the area. As a result, all the area has been granted, and informal miners
are still working on concessions that do not belong to them. However, a huge proportion
of the bidders that obtained concessions in the area are either speculators who expect, to
negotiate with foreign investors or leaching plants that enjoy a privileged negotiating
position with informal miners by owning the concession. As mentioned above, the
geological characteristics of the ores precludes formal mining from operating in the area.
However, formal operations have the capital and technology for operating leaching plants.
These plants need informal miners to supply the mineral and tailings. Accordingly, they
do not want to get rid of them because of this complementary relationship. The plant
owners take advantage of the informal situation of miners, however, to pay them low
prices.

In this case, the formalization process should provide a mechanism to encourage
and regulate fair contracts between miners and plant owners (who legally own the
concessions).

Social Aspects

Most informal miners have migrated from poor areas and different type of
activities. Because of the economic crisis, they work as miners even though they have
limited previous knowledge of the activity. Thirty percent of miners were peasant
farmers, but there are also industrial workers (20 percent) and students (15 percent). An
important proportion of miners immigrated to the area within the past few years, an
indicator of the fast growing rate of this activity.

There are very few illiterate miners. Many are young and relatively well-educated
people (with high school diplomas and even some university studies), which could be
useful for future training in technical and environmental programs. The number of famnily
members of a typical miner is 3.5; thus, about 45,000 persons depend on this activity
aside from the approximately 13,000 miners.

Miners work alone or in small groups. Mining associations are rare and, to some
extent, conditioned by the geology of the ore. Rich grade ores are usually synonymous
with individual operations, while poor grade ores usually encourage team work and more
social organization. There are few paid laborers in the area, and these are limited, to
providers of secondary inputs like food. Miners live in very poor conditions. Due to
water scarcity, they confront serious sanitary and health problems.

Recommendations

Artisanal mining is a profitable activity and an important source of employrment
for the inhabitants of Ica and Arequipa. This activity can easily coexist with traditiconal
mining operations because the geological characteristics of the ores give the infonnal
miners an advantage over traditional mining alternatives.

In this context, it is recommended that a technical assistance program for artisanal
miners is provided. The program would allow miners to deepen their work and improve
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gold recovery in a more environmentally sound way. The development of a domestic
technology suited to local problems is needed. To do so, applied research in situ should
be promoted.

Regarding environmental aspects, short-term technical support should focus on
ways of substituting the burning of the amalgam as a way to recover the gold. Nitric acid
is one solution. In the long term, however, it will be advisable that miners process all
mineral directly in leaching plants where environmental control is easy. To reach this
point, it will be necessary to train miners to determine mineral grades in order that buyers
will not cheat them.

Regarding legal aspects, the formation of a committee that will suggest ways to
accommodate the existing legislation to the characteristics of artisanal mining is
recommended. This committee should also check the legal status of mining concessions
in the area. This would help to organize their current situation. Special attention should
be paid to: (1) the classification of artisanal miners in a category that comprise smaller
producers than that of small miners; (2) the adjustment of the yearly payments on
concessions and minimum yearly production requirements; and (3) the legalization of
contractual relations and the regulation of payments between plants, which usually also
own the mining concessions, and groups of informal miners.

Additionally, an institution should be created to support and give legal,
accounting, and tax advice to miners associations. This would serve to develop them into
artisanal mining enterprises that would operate as private corporations that could legally
buy their inputs, undertake contracts, and bid for concessions.
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Economic and Environmental Viability of
Small and Medium Mines in Peru

Mining is an important source of foreign exchange in Peru. During the past Five
years, the country has experienced an investment boom in this sector. At the same time,
Peru has built up a legal body aimed at preventing any negative environmental effects
resulting from mining activity. This legislation is also intended to provide foreign
investors with a clear and stable set of rules.

Using the command-and-control approach, the mining authorities have set the
standards that firms will have to comply with within the next five years in order to avoid
paying fines. Firms have had to present and follow an Environmental Improvement P'lan
(PAMA is the Spanish acronym). The law also requires firms to make an annual
investment in environmental improvements of a minimum of one percent of total annual
sales. They will help to reach the intermediate goals of their PAMAs.

Medium and small mining operations in Peru are quite old. They are run by
domestic entrepreneurs that do not always have access to the appropriate technology or
the financial resources needed to convert their operations into cleaner ones. In this new
framework, there is uncertainty whether some medium and small scale operations will be
able to simultaneously achieve profitability and behave in an environmentally sound
manner. In such cases, it could be socially beneficial to shut them down. This paper
aims to propose strategies so that most small- and medium-scale mining operations can
be both profitable and environmentally sound.

Environmental Problems

The basin of the Mantaro River in the central highlands of Peru hosts a large
number of small- and medium-size underground mines that exploit polymetallic ores with
a high sulfur content. Most of the enterprises have flotation plants whose tailings are

Note: This section was written by Alberto Pasc6-Font, a senior researcher of GRADE, Lima,
Peru. It summarizes Pasc6-Font and Villachica (1997).
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accumulated in inappropriately designed tailings dams. Very few mines use tailings to
refill underground galleries. On the contrary, they prefer to use the coarser tailings
fractions to build the dams.

Given the huge amount of tailings that have accumulated over time, tailings dams
are the most important environmental problem in the area. The steep topography of the
area, as well as the existence of frequent seismic movements, seriously jeopardizes the
physical stability of the dams. The lack of space in the area has forced mining firms to
locate dams in narrow valleys. Their most important consideration is to minimize space,
not to maximize safety considerations.

Mines in this area have been worked for decades. As a consequence, there are
numerous underground open galleries, chimneys, and tunnels where acid rock drainage
(ARD) is common. Acid water also leaches metals contained in the rock. These mine
waters end by polluting streams in the region. As a consequence, ARD is an important
environmental problem in the area.

Most tailings dams in the Mantaro area have been built using the old upstream
method rather than the environmentally preferable downstream method. In the former
case, once the dam is filled in, it is augmented by building a new embankment over the
fine tailing deposits. In the downstream method, the new embankments are built over the
previous ones. The risk that an upstream dam will collapse is high due to the low
consistency of tailings on which they are built and the steep incline of the embankment,
which in turn is explained by the desire to save space. This is specially dangerous in a
seismic area. Moreover, rain can be very heavy in the area, and most tailing dams do not
have appropriate drainage systems and cannot prevent water infiltration. Tailings are not
stratified or treated before being thrown into the dam. As a consequence, dams hold
dangerous volumes of water even though they have not been in use for years. A correctly
designed downstream dam requires twice the space, so it is much more expensive.
Accordingly, miners believe that complying with environmental regulations is costly.

In sum, tailings management and ARD are the main environmental problems
resulting from mining activity in the Mantaro basin. Both have a very negative impact on
water quality in the area.

Potential Solutions
Small operations are only required by law to invest about $100,000 a year. This

amount is clearly insufficient to overcome their environmental problems, that is, a
properly designed tailings disposal system as well as a water treatment plant. For some
operations, the amount of proven reserves are not enough to justify the environmental
investment; thus, it is likely that such investment will not occur.

One way to solve this problem, even for mines with low reserves, is to search for
economies of scale and common solutions for a group of neighboring firms. For
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example, the construction of a large tailings dam, where all firms in the Morococha-Yauli
area could accumulate their tailings, would be much cheaper than each firm building its
own tailings dam.

One firm could be the leader in this process. For example, Volcan, a medium-size
operation located in the lower part of the Yauli River basin, could probably find 1he
resources to finance such dam. The financial costs involved probably preclude smaller
operations from financing their own dam. Instead, nearby firms could jointly builcl a
tailings pipeline that would convey tailings to the above dam. The cost of this pipeline
would be less than $1 per ton of tailings, which could be easily absorbed by small
operations that exploit high-value minerals. Moreover, small mines could even pay the
above company for the disposal of their tailings and be better off than building their own
tailings dam. Given the proximity of operations, a tailings market in the area could be
developed. This option could even foster the development of small mining in lhe
Pomatarea and Pomacocha area.

The building and financing of tailing dams as well as their management could be
undertaken by private firms that need not to be related to other mining operations.
Engineering and consulting firms specialized in building dams should be able to
undertake such an enterprise and to charge a fee to use their facilities. Miners would be
released from the need to build and manage tailings dams and focus on extracting and
processing minerals. Water treatment plants could be dealt with in a similar fashion (see
below) as an integral part of tailings management.

Joint Solutions for ARD and Tailings Disposal

Instead of confronting the problems of ARD and tailings disposal separately, they
should be addressed simultaneously. A sensible way to reduce the investment required to
build a tailings dam is to reduce the amount of tailings to be disposed of by using as
much as possible to refill old underground galleries. By filling the galleries, the amoumt
of ARD is reduced, as is the need for a water treatment plant.

Typical small and medium mining operations in this area only use from 9 to 20
percent of their tailings as refill. However, they could easily increase that amount to 50
percent. Tailings are underutilized as fill because mining operations were designred
without taking environmental considerations in mind. Solving environmental problems
after the fact is more expensive than reorganizing operations to prevent environmental
problems at the beginning. The proposed solution involves a new engineering system
designed to deal simultaneously with mineral processing, tailings disposal, and mine
refilling. With an appropriate design, up to 70 percent of tailings can be used as fill,
reducing ARD substantially.

In essence, the case under study presents a solution that was designed for a
specific mine in the Mantaro region. The mine under study is a medium-size
underground operation that has serious ARD and tailings disposal problems and pollutes
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the Yauli River. The concentration plant treats an ore containing zinc, silver, lead, and
copper, which is extracted from a pyritic-limestone host rock. Mining is performed by a
conventional undercut fill method whereby waste rock fill is mainly used. Room and
pillar and, to a lesser extent, hydraulic backfilling are also used. Only 9 percent of the
tailings are used to refill the mine. The rest is deposited in tailing dams that were buiilt
using the coarser fraction of the tailings. The tailings dams have upstream embankments
with steep slopes (more than 45 degrees), jeopardizing their physical stability. Old dams
have started to generate ARD as the permeability of the coarse tailings stored in the dam
facilitates their contact with oxygen. As the tailings dams are located quite close to the
Yauli River, the ARD pollutes the river, especially during the rainy season. Under the
above circumstances, it was not advisable to build a dam using the tailings. Instead, earth
should be used so that all the tailings can be submerged to avoid sulfur oxidization.

The study evaluates five options to solve the mine's environmental problems.
The first option was to build a dam of earth to store future tailings. The other options,
however, tried to minirnize the amount of tailings stored in dams by maximizing their use
as refill. The tailings that cannot be used as refill are stored in smaller dams.
Dehydrating and compacting the tailings also reduces the required size of any tailings
dams. The investment required to store tailings depends crucially on the size of the dam.
When using dehydrated and compacted tailings, the cost depends on the equipment
required for these processes.

Two options for refilling were considered: Optimized hydraulic filling, using
small cyclones to achieve a higher proportion of underflow to use as filling (options 4 and
5); and paste filling, which requires densification using thickeners and dehydration in disc
filters of the whole tailings (options 2 and 3). When compacting tailings before storage,
the paste filling plant dehydrates all of the tailings, avoiding the need for additional filters
or thickeners.

ARD of this mine is 33,300 cubic meters per day, and its treatment has also been
included into the simulations. Obviously, a substantial amount of this drainage will be
reduced if the tailings dam is reduced in size and galleries are refilled. This fact has been
taken into account when designing the water treatment and neutralization plant. Other
factors taken into account in the simulations are: (1) management cost of the dams are
estimated for the next ten years, and (2) financial costs of the required investment are
those associated with repayment in five years.

Hydraulic backfill replaces waste rock backfill. This could involve additional
costs. Each alternative cost considers the use of a slurry pump and pipeline to transport
and place the tailings into mine stopes. They also consider a difference in levels of 100
meters and a pipeline length of 1,200 meters. The pipe diameter considered is 6 inches,
although a smaller diameter would likely be satisfactory. Cement with a dosage of 5
percent is added to the tailings when using the paste backfill method, in order to improve
fill strength.
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Table 8.1 summarizes the different costs involved in each option. Option 1, the
traditional option of building a downstream tailings dam, is very costly and can
significantly reduce mine profitability. However, option 5, compacting fine material and
hydraulic backfilling, costs only one tenth of the traditional option, and the operational
cost involved is a fifth of managing a traditional tailings dam. The amount of investme]nt
required does not affect mine profits, and it is quite manageable. In addition, the
proposed technology is available and known by Peruvian miners.

Table 8.1 Joint Management of Tailings Disposal and ARD: Costs of
Alternative Options

(US$/metric tonnes mineral; in million US$)

Option Direct Indirect Operational Financial Environmental Investment

Option 1: Current, all
tailings to the dam 7.02 1.40 8.42 3.04 11.47 10.22

Option 2: Paste 5.31 1.06 6.37 2.37 8.74 7.98
backfilling and dam

Option 3: Paste 4.51 0.90 5.42 0.82 6.24 2.77
backfilling and compact
tailings

Option 4: Hydraulic 2.28 0.46 2.73 1.70 4.43 5.71
backfilling and dam for
fine tailings

Option 5: Hydraulic
backfilling and 1.89 0.38 2.27 0.34 2.61 1.16
compacting fme tailings

Source: Constructed by Alberto Pasc6-Font

An Implementation Strategy

The objective of the strategy described below is to identify the least expensive
way to convert old dirty mines into profitable and cleaner operations and to provide
access to the technologies to achieve such a conversion. The proposed program will help
develop the required technical studies required by mining enterprises.

The Ministry of Energy and Mines would screen suitable consulting firms
specialized in designing and building clean mining operations. Mining firms could
negotiate with these firms (or any that are suitable for this task) in order to find integrated
solutions that will help solve their environmental problems-and those of the mines in a
given district-while remaining financially viable. Most likely this will imply the
revision of the PAMA programs for most small size operations since a more thorough
review may affect the entire operation as well as that of neighboring mines. It is worlh
recalling that PAMAs have been conceived as a solution to alleviate existing problems
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rather than as a complete review of the whole mining operation which aims at minimizing
environmental problems.

The program would help coordinate mining firms to contract qualified consulting
companies to undertake the necessary studies. All participating firms would pay their
share of the cost. Since many mining enterprises in the Mantaro basin have realized that
they contribute to the same environmental problems, they appear willing to coordinate
solutions. This could be a good starting point to initiate a joint program to revamp the
old operations in a cleaner way. The program will encourage the search for joint
solutions in a specific area.

Given that mining pollution imposes a cost on the entire society, it could be
economically efficient to subsidize a solution if the envirornental cost involved is higher
than the support required and there is a coordination or free rider problem associated with
the technical research; that is, all the companies can use any results developed, so for
each individual company it is profit-maximizing to let other companies spend the
resources. Accordingly, the program could offer resources at convenient terms and
interest rates depending on political considerations and resource availability. If one
assumes that the average cost of the studies required is $100,000 and that less than 50
medium and small size mines are operating in the country, then the studies will require a
maximum of $2.5 million-and substantially less if there are many joint proposals-in
order to meet potential demands. Hence, the amount of the (once-and-for-all) assistance
would be relatively small, given that it would be a fraction of this figure.

Once the best technical solutions have been identified, the government would
promote and disseminate the results. They would also provide the mining companies
with contacts to access the most appropriate technologies and contractors.

Given the relatively recent changes in environmental legislation in Peru, the
question of financial assistance for mine reconversion is likely to be considered as an
instrument to reduce the possibility of bankruptcy. Even if there is confidence that the
usual political economy problems associated with such a support scheme can be avoided,
financial assistance would only be justified in the following circumstances: (1) there are
coordination problems associated with the investment, especially if it is necessary to
build facilities which service a number of mines or plants; or (2) a once-and-for-all
subsidy to correct an existing environmental problem in a firm with inadequate access to
credit would result in an expected long-run flow of revenues sufficient to cover all costs.17

In such a situation the preferred mechanism could be a long-term loan at market interest

17. Of course, if the subsidy comes from general government revenues, the social rate of return must
be higher than in alternative investments.
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rates, guaranteed by a government agency.'8 In the current situation in Peru it is likely
that only a small number of mechanized small and medium mines need and could benefit
from such assistance. Any mine that needed financial assistance year after year to
mitigate environmental damage should be allowed to close.

18. An alternative would be to set up a "mining reconversion fund," which would lend funds for
environmental upgrading based on the decisions of a board of mining and financial experts. However, the
same principles would apply as in the simpler case.
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Figure A.1 Impact path
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Figure A.2 Small-Scale Mining Impact Path
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Figure A.3 Medium-Scale Mining Impact Path

SOURCES IDENTIFICATION

* 18 private firms and 5 ENAMI plants

* Annual production between: 1,000 and 50,000
TMS of copper concentrate; 1,000 and 5,000
Ton of copper precipitates

* Located from I to V region Selling all their
production to ENAM

* Medium size frms with economic management
and some environmental management

Productive Process Current and in Project Legislation

Mine Benefit * Environment fiamework law

Copper Gold * Regulation for tailing dams

Underground Flotation Cyanidation

Open pit Leaching Flotation

Weather and Geographic Conditions

*Liquid effluents North Center- North

-Noise *)ust Arid landsMoeri
Scarce rain

*Garbage *Noise Mining zone Agriculture/Mining zone

*Solid residuals Seisnic activity

I Receptors
Path Conditionants: Seas

* Rivers and sea proximity *Water flows
* Towns and cities proximity * Lands
* Age of facilities *Air

Prevention and control measures * Population
* Supply strucure Landscape

PHYSICAL RELEVANT IMPACr AND POTENTAL
RISKS DETERMINATION

* Pollution generated by non-adequate management of
Taing dams and tailing disposal on seas.

* Dust and noise emissions caused by plants located
near towns and cities

* Lack of efficiency in water use and recycling

* - See texfor explanadto
Soiree: Own elaboraion





References
Biller, Dan (1994), "Informal Gold Mining and Pollution in Brazil," Policy Research Working

Paper #1304, World Bank, Washington, D.C.

Carvajal, Miguel and Wray, Natalia (1996), "Relaci6n Entre Pueblos Indigenas y Mineria
Aurifera," PRODEMINCA, Quito, Ecuador.

Doggett, Michael (1996), "The Environmental Impact of Small and Medium-Scale Mining in
Bolivia, Chile, and Peru: Canadian Research Component," mimeo, Centre for Resource
Studies, Queen's University, Kingston, Canada.

Evia, Jose Luis and Molina, Ramiro (1997), "Estudio Medio-ambiental de la Mineria Mediana,
Pequefia y Artesanal en Bolivia," mimeo, Universidad Cat6lica Boliviana, La Paz,
Bolivia.

IENIM (1996), A Mining Strategy for Latin America and the Caribbean, World Bank Technical
Paper No. 345, Industry and Mining Division, Industry and Energy Department, World
Bank, Washington, D.C.

Pasc6-Font (1997), "Mineria Informal y Medio Ambiente en el Perut," mimeo, GRADE, Lima,
Peru.

Pasc6-Font, Alberto and Carlos Villachica (1997), "Viabilidad Econ6mica y Ambiental de la
Pequefia y Mediana Mineria en el Perui," mimeo, GRADE, Lima, Peru.

Sanchez, Jose Miguel; Enriquez, Sara Maria; Solari, Jaime; and Ibainez (1997), "Estudio lie
Impacto Ambiental de la Pequefia y Mediana Mineria en Chile," mimeo, Universidad de
Chile, Santiago, Chile.

61



I



Distributors of COLOMBIA GERMANY ret: (52 5) 624-2800 POLAND Fax: (94 t( 432104
Infoenlace LUda UNO-Vedag ISRAEL Fax (52 5)624-2822 International Publishing SeNice E-mail: LHL@si lanka nee

W orld Bank Carreraf6 No. 51-21 PoppelsdorderAllee 55 YozroStherature Ltd. E-mail: inlotec@rtn.net.mx Ul. Piekna3l/37
Apardado Aereo 34270 53115 Bonn P0. Baa 56055 D0-677 Warzawa SWEDEN

Publications SantatddeBogotaiDC. Tel (49228)949020 3Yohanan Hasandlar Street Mondi-Prensa Mexico S.A. deC V. Tel- (482)628-6089 Wennergren-Williams AB
Prices ad credi terms vry from Tel: (57 1) 285-2798 Fax: (49 228) 217492 Tel Aviv 61560 clRio Panuca, 141-Colonta Cuauhtemioc Faa: (49 2) 621-7255 P 0. Box 1305

Pcrces and crdit terms varCs frtom Fax (571)285-2798 E-mail: unoverag@aol.rom Tel: (9723)5285-397 06O0 Mexico, D.F E-mail books%ips@ikpatm.com.pI S-171 25 Solna
co)£itrib to cotbotry e Conspilt yo C Rr Fax: (972 3) 5285-397 Tel: (52 5) 533-5658 Tel: (46 8) 705-97-50

local de striC iDtor btefore pEacing an COTE Dr C IIRE GHANA Fax (52 5) 514-6799 PORTUGAL Fax: (46 8) 27-00-71
order. Centefrd'Edition el de Dgfusion Africaine, pEppBooks Services RPOEbxi3056a NEPAL Livraria Portugal E-mail mail@wwi se

(CEDA) P0. Bee 44 P0 Baa 13656 NEPAL Apartado 2681, Raa Do CarMsa 70-74
ARGENTINA 04B.P541 TUC Tel Aviv 61130 Everest Media Intemational Services (P) Ltd T200 Libobn SWITZERLAND

ticina del Libmo Internacional A4odiax504 Accra Tel (972 3) 5461423 GPO Boa 5443 Tel (1) 347-4992 Librairie Payot Service lnstitationnel
An. Cordeba 1977 Tel (225)246510;246511 Fax. (9723) 5461442 Katxand Fa (1)3470264 Cile-de-Mostbenx30
1120 Buenos Aires Faa: (225)250567 GREECE E-mail: royil@netvision.netil Tel- (977 1)472 152 ROMANIA 1el (ausanxe
Tel: '54t1)0815-8354 Papasotiriou SA. Fax. (977 1(224431 Tel: (41 21) 341-3229
Fax: (54 1) 815-6156 CYPRUS 35. Stoumara Str. Palestinian Authonry/Middle East Crmpami De Li brscani restr S A3 Fax (41 21) 541-3235

E-mail: olilibaPsatlish cornCYPtRUS pledRsac 106 82 Athens Index Infonfnation Services NETHERLANDSStLionio2,esr3
E-mail olilibro@satlinkcorn CenterforAppldCyps Colg Tel: (30 1) 364-1826 PO.B. 19502 Jerusalem De LindebooxIenOr-Publikaties Bucharest ADECO Van Diermen EdixonsTechniques

AUSTRALIA, FIJI, PAPUA NEW INCEA, 6,Digexes Street Engomi Fax. (301) 364-8254 Tel: (972 2) 6271219 Pf. Box 202, 7489 AE Haaksbergen Tel: (40 1) 613 964 Ct de Lacu7 z 41

Mitcham3132~~ Fa:(52)625 GUINEA, Vau DDiCLbn /t ENEWm EALAH 9 4 Ko chni 400 CH )9433605na

SOLOMON ISLANDS, VANUATU, AND 30 Baa 2606 Faa: (972 2) 6271634 Tel: (31 53) 57494 4009 CH90 Rlnnay~~.'6. Box 2006 HAITI Fax- (31 53) 572-9296 Tel: (41 21) 943 2673
SAMOA Nicosia CONure CHIN ITALY-iiel wronIRUSSIAN FEDERATION Fax- (41 21) 943 3605
DA. Information Services Telt:e Diffusion ITA Fax:(649)524-8067 Asdatelishir>
648Wehburftgase Road6Faa:

357
2)D44-173 5, Rue CapomS Lcosa Comm2sionaria Sansoni SPA 93daelpacny yesetema MiAILA

Me8ha eo3132en Fax: (357H2(K46-2051 C P 257 Via Duca Di Calabria, 1/1 NEW ZEALAND 9a,cKlwahn131 PerelBoki ThALA Dstribuon
Vituham CZCHREUBI Port-se-Prince Casella Postale 552 EBSCO NZ Ltd Mel.cow 1095 17831 9 0 Cetrlo Boha dirhs
Telo (931)3591977-31 NEse PrIAei1 Tel (508)239260 50125 Firenze Private Mail Bag 99914 Fax. (7095) 917794 50 Bsiarng Road 1

Tel: (45 3 5 9210i sates@asra2000.comdenaFax: (509) 23 4850 Tel: (55) 645-415 New Mar6tl500
Faa: (61) 392167768 Havelksva 22 Faa (55) 641-257 Auckland SINGAPORE; TAIWAN, CHINA- Tel: (662) 235-5400
E-mail service@dadirect.com as 13000Prague3 HONG KONG, CHINA; MACAC E-mail: licosathcIt Tel: (64 9) 524-8119 MYANMAR;BRUNEI FAA
AUSTRIA Tel: (420o2(72423 1496 Asia 200 Ltd. Faa: (64 9( 524-8067 Ashgate Publishing Asia Pac)ic Pie. Ltd. TRINIDAD TAGO

Faa: (420 2) 2423 1114 Sales & Circulation Department JAMAICA 41 Allang Pudding TRINIDAD (256 TORRI5BEAG
Gerold and Co. Seabird House. unit 1101-02 lan Rancte Pubiher Ltd. NIGERIA 4o1dKaWhng l o uidingRead -03aND(TH
Weihburggasse 26 DENMARK 22-28 Wynidbamu Street, Central 206 Old Hope Roadngs Kieton 6 UMiE ners Press Limtedd SysAematicos Stdies Ltd

4101 s1senSalnsdsLeratur Hong Kong T 8 hore SSi0gapore 349316 St. Augustine Shopping Center
Telo(322)l 51Wien Roserioema A116 11 Tel: (82)825306-149 Tel: (65(741-5166 Eastern Main Road, St. AugMutine
Fax: (431) 51247-31-29 K17Fr e r O aa: Fax: 876-977-0243 Private Mail Bag 5 5 Fa: (65) 742-9356 PO E Ago, Weshies

BRANGLADES TelFax: (459 3 2 F-mad 25349a 2526NEStA 07 KE A iml@cLIC OFOton E-mail: aat irplcolsaco.zamlbaani Trinidand A Tobagoa WestnIndie
aal: '45 31) 35742n Eoroudu a 200Daejo Tot: (234 22) 41-1350 b Tel: (868) 645-2684

MicroLADEStrH eetnn iax -45HUNGARY82 JAPAN Faa: (234 22( 41-2056 SLOVYENtA Faa (868) 645-8467

Mirao Industies Deelpmn HUNAR Eastem PO Bbx34 Semirc76eonb ShreaiaGospodaskiVetnikPublshigGru E-mail wobenkukinici o.nemo.cu

Assistance Seciety (MIDAS) ECUADOR Euro Into Service4Eastern Don Serv en Gooedars u blising Gre iehe@tidd
HouseS5, Read 18 Lihfi Mundi Margftszgeti Europa Haz 3-13 Hongo 3-homsie, Bunksyo-hu NORWAY Durnajska cesta UGND
Ohanmondi P6Area Libreria Intemacional H-i 136 Budapest Tokyio 113 NICkInfoAS 100 ublanaUGAN.
Dhaka 1209 PO. Baa 17-91-2029 Tel. (36 1) 350 80 24 350 60 25 Tel: (81 3)7381-0861 Reek Depa(2 rtent,Pest6oks06512Eerstad Tel: (36661(1338347; 132C12a30 Gustro Ltd
Tel: (680 2) 326427 Jan 83 Fax: (81 3) 3 8-0964 NF.06 Ouo Faa: (3686 1) 1433 80J36 P0 Ba 9997, Madhnadi Building

Fax: (880 2) 811188 OURO - E-niail: euroinfoOrnall.matav hu E-mail: orders@svt-ebs.co.iP Tel: (47 22) 97-4500 E-mail: repansek)@gvestnik.siFIt14JiaRd
FANA:D(88A2)911188Ous Fax E-mail:86833 K eiabSaraCo.Publshers FaaANONE-mail:ouppak@TheOhice.l (7 27 2(697-4545 Kam7pala

Tel: (593 2) 521-606; )593 2) 544-185 INDIA KENYA SOUTH AFRICA, BOTSWANA Tel: (256 41) 251 467
BELGIUM Faa (593 2) 504-209 Allied Pablishers Ltd. Atica Bask Service (E.A.) Ltd. PAKISTAN For ngle Idles: Faa: (256 41(251 468
Jean De LaRoay E-mail librinul@librixiudicom.ec 751 Mount Rend Ouarn House, Mfangnoe Street Mi8zs Book Agency Oxford University Press Soathexi Atica E-mail: gunscwihuganda cam
Ax. da du Rol 202 PO Box PO. 65x Sare5adAz Vasco ore
1060 Brussels COOEU Madras -8600 002P0Ba45465Shha-Oui--arVsoReead,GdwdTel: (91 44) 852-3936 Nairobi Lahore 54000 PO. Boa 121 19, Nt City 7463 UNITED KINGDOM
Tel. (32 2) 536-5169 Ruiz d Castilla 763, Edi. Eopcolor Faa: (91 44) 85 Tel: (2642)223641 Tel: (9242)736523601 Cape Town Mcrnivto Ltd.
Fax: (32 2)536-0841 Pnm)er piso, Of. 92 Faa: (2542)330272 Faa: (92 42) 576 3714 Tel (27 21) 595 4400 00 Rex 3, Afon. Hampshire GU34 2P0

oCFo INDONESIA Fax: (27321)595443 England
BRAZIL TeVlFax: (593 2(507-393; 253-091 pt eir iitdKOREA, REPUBLIC OF Oxford Universfty Preoa E-miail. xfoard@aoup Cez7a Tel: (44 1420) 86848
Publicacries Tecnicas Iotemacionais Lida E-alPtdai.paot.cJB Reidrshkedur2 Daexon Trading Ce. Ltd. 5 Bangalore Town Fax: (44 1420) 89889

China Financial& Economic AkaE-mi:coeuKimjkupstn.eJaa n Boowkbudubihrs 20kso ELimned wbak1kmnf.dmoac ukarloS -a:krri@udpessZMI

Rua Peixoto Gomide, 209 PO. Box 181 P.O. Bx 34. You12 a, 706 Seoun Bldg Sharae Faisal Fordscription E w ko:ers li
01409 San Paula, SP EGYPT, ARAB REPUBLIC OF Jakaga 10320 44-6 Youido-Dong, Yeongchengpo-Ku P0 Boa 13633 Intemational S cripn Serviceeatr C
Tel: (55 11)4259-6644 At Ahra Distribution Agency Tel: (6221)2390-4290 Seou Karachi-75350 P. Rv 41095T x
Faa: (55 11) 258-6990 Al Galaa Street Faa (62 21) 390042898 Tel: (82 2( 785-1631/4 Tel: (92 21( 446307 Craighall 51 Nine Elms Lane
E-mail: p(os) 3aster@plio3)l.br Cairn Fax. (922(784-0315 Faa. (92 21) 4547640 Johannesbung 2024 London S58 SON

Tel: (202) 578-6083 IRAN ~~~~~~~~~~~~~~~~~~~~~~~~~~E-mail: ouppak@ThnOffice.net Tel: (27 11( 880-1448 Tel: (44 171) 873-8400

Fax: (66 10) 6401-7365 ~~Elmi: akti0 u 2 stockmann.f IREANDEmi.uko mnemyIeatalBksrcCnern. Fax: (27 3) 880-76248 Fax: (44 171) 2537924

CANADA Faa: (20 2) 578-6833 Kesab Sara Ca. Publishers LEBANONFa:(71)8628a:(411)7322
Renoat Poblishiog CGo Ltd Khated EslaSbop Axe., 6h Street LibraiSe da Liban PaIBookCo E-mail: CarcrbnaarN h-mad: i@iBWa
5369 Canotek Raad The Middle East Observer Dearo Alley No.18 PO Rx 11-9232 Aze Chambexi 21, Qaeen's Raad VEANIE i a L s 
OBawa, Ontario KtJ 9,1 41, Shert Street P0. Rex 15745-733 Beirut LahoreSPITei-iciLbrsSA
Tel: (613) 745-2665 Cairo Tehrao 15117 Tel: (061 9) 217 944 Tel: (92 42) 636 3222; 636 0885 Mundi-Prensa Libros, S.A Centra Cuidad Cemercial Tamanco
Faa- (613) 745-7660 Tel. (20 2( 393-9732 Tel: (98 21) 8717819, 8716104 Fax: (961 9)217 434 Faa- (92 42) 636 2329 CastlloIe37 NivelIC2, Caracas
E-mnail. order .dept@renostbooks.covm Fax: (20 2(393-9732 Faa. (88 21) 8712479 E-mail: pbc@brain.net.pk 28001 Madod Tel. )58 2) 959 5547; 5035, 0016

E-mail. ketab-sara@neda.nel.ir MALAYSIA Tel: (34 1)4431-3399 Fax (58 2) 959 5636
CHINA FINLAND Unive3ity of Malaya Cooperative PERU Fax: (34 1) 575-3910
China Financial & Economic Ahateemloen Kiraakaupya Koakab Publishers Beokhohp, Limited Edftorial Desarrollo SA E-mail: libreria@xmundiprensa.es ZAMBIA
Publishing House P0.-Rex 128 PO. Rex 19575-511 PO. Rex 1127 Apateado 3624, Lima 1 Univemsy Bookshop, University at Zamhia
a.,D F. Sviuuv,gJi Fi-OO esi Thhxi Jalan Pantai 8aru Tel. (51 14) 200360 Mundi-PrensaBarcelona Great East Road Campus
Beijing Tel- )358 0( 121 4418 Tel: (98 21) 258-3723 59700 Kuala Lumpur Faa- (51 14) 286828 Conetd Cool 391 PO Bom 32379
Tel: (66 10) 6333-8257 Faax3001143 a: (98 21) 259-3723 Tel: (60 3) 756-5000 08009(3 Receax 48-42Tlasa01257

Faa: 86 10) 0401-7365 E-m~ail ah35 il0o1 st1k44 xn5 Faa: (6003(755-4424 PHILIPPINESTe:3)4849Tl)201576
Fax: (8 10) 641-7365F-mail:akatilus~Stocmann1i IRELAND E-mnail: umkhaop@tmnet.my Intemnational Booksouarce Cooler Inc. Faa: (34 3( 487-7659 Faa: (260 1) 253 952

China Bosh Impovrt Centre FRANCE Government Supplies Agency 1127-A Antipoto St, Rarangay, Venezuela E-mail: barcelana@mandiprensa.es
P.O. Ban 2825 Worid Bash Puhbelctons O'dig an tSolaithair MEXICO Makati City ANA H MLIE ZMAca Wemi n abbBos(v.t

4-5 Harcurt Road INFOTEC Tel: (63 2) 896 6501; 6505; 6507 SILNA h AD E cdmcadSaa oh Pt t
Reijing 66, avenue d'Ieia Dabfin 2o Ay. San Femando No. 37 Faa: (63 2(896 1741 Lake House Bookshop 4 Conald Road, Granveeside

75116 Paris Tnt: (3531(661-3111 Cxl. Tariela Oserra 106, Sir Chrilampalaxi Gardiner MawaGo,thriChisampa P0-Revner 507th PO. ox 56
75116 Pads Tel: (M 1) 661-31 1 I Col. Todello Guerra C~~~~~~~olombo 2 Harare

Tel: (33 1( 40-69-30-56/57 Faa: (353 1( 475-2679 14050 Mexico, D.F Tl 9 )29 e-03753
Faa- (33 1) 40-69-30-68 TeFa9a: 205Tl 2634 7619135





Recent World Bank Technical Papers (contintied)

No. 391 Lovei and Weiss, Jr., Environmental Management and Instituttionis in OECD Countries" Lessonsfrom
Experience

No. 392 Felker, Chaudhuri, Gybrgy, and Goldman, The Pharmaceutical Industry in India and HInn gary: Policies,
Institutions, and Technological Development

No. 393 Mohan, ed., Bibliographly of Puiblications: Africa Region, 1990-97

No. 394 Hill and Shields, Incentives for Joinit Forest Management in India: Anialytical Methods and Case Studies

No. 395 Saleth and Dinar, Satisfying Urban Thirst: Water Supply Augmentation anid Pricing Policy in Hyderabad City,
India

No. 396 Kikeri, Privatization and Labor: What Happens to Workers Wlhen Governments Divest?

No. 397 Lovei, Phasing Out Leadfrom Gasoline: Worldwide Experience and Policy Implications

No. 398 Ayres, Anderson, and Hanrahan, Setting Prioritiesfor Enivironmenital MAnagemenit: An Application to the
Mining Sector in Bolivia

No. 399 Kerf, Gray, Irwin, Levesque, Taylor. and Klein, Concessions for Infrastructure: A Guide to Their Design and
Award

No. 401 Benson and Clay, The Impact of Drought on Sub-Sahiarani African Economies: A Prelimninary Examination

No. 402 Dinar, Mendelsohn, Evenson, Parikh, Sanghi, Kumar, McKinsey, and Lonergan, Measurinig the Impact of
Climate Change on? Indian Agricultuire

No. 403 Welch and Fremond, The Case-by-Case Approach to Privatization: Techniques and Examples

No. 404 Stephenson, Donnay, Frolova, Melnick, and Worzala, Improving Women's Health Services in the Russian
Federation: Results of a Pilot Project

No. 405 Onorato, Fox, and Strongman, World Bank Group Assistancefor Minerals Sector Developmenit and Reform in
Member Countries

No. 406 Milazzo, Suibsidies in World Fisheries: A Reexamination

No. 407 Wiens and Guadagni, Designinlg Rullesfor Demand-Driven Rural Investment Funlds: The Latin American
Experience

No. 408 Donovan and Frank, Soil Fertility Management in Sub-Sahoran .Africa

No. 409 Heggie and Vickers, Commercial Management and Financing of Roads

No. 410 Sayeg, Successful Conversion to Unleaded Gasoline in Thailand

No. 411 Calvo, Options for Managing and Finanicing Rural Transport Infrastructure

No. 413 Langford, Forster, and Malcolm, Toward a Financially Sustainkable Irrigation System: Lessonsfrom the State of
Victoria, Australia, 1984-1994

No. 414 Salman and Boisson de Chazournes, International Watercourses: Enhancing Cooperation and Managing
Conflict, Proceedings of a World Bank Seminar

No. 415 Feitelson and Haddad, Identification of Joint Management Struicturesfor Shared Aquifers. A Cooperative
Palestinian-Israeli Effort

No. 416 Miller and Reidinger, eds., Comprelhensive River Basin Developmcnt: The Tennessee Valley Authlority

No. 417 Rutkowski, Welfare and the Labor Market in Poland: Social Policy during Economic Transition

No. 418 Okidegbe and Associates, Agriculture Sector Programs: Sourcebook

No. 420 Francis and others, Hard Lessons: Primary Schools, Community, and Social Capital in Nigeria

No. 421 Gert Jan Bom, Robert Foster, Ebel Dijkstra, and Marja Tummers, Evaporative Air-Coniditioning: Applications
for Environmentally Friendly Cooling

No. 422 Peter Quaak, harrie Knoef, and Huber Stassen, Energyfrom Biomnass: A Review of Com busion and Gasification
Technologies

No. 424 Jaffee, ed., Southern African Agribusiness: Gaininlg throuiglh Regioinal Collaboration

No. 425 Mohan, ed., Bibliography of Pulblications: Africa Region, 1993-98

No. 426 Rushbrook and Pugh, Solid Waste Landfills in Middle- and Lower-Income Countries: A Technical Guide to
Planning, Design, and Operation

No. 427 Marifio and Kemper, Institutional Frameworks in Successful Water Markets: Brazil, Spain, and Colorado, USA

No. 428 C. Mark Blackden and Chitra Bhanu, Gender, Growth, and Poverty Reduiction: Special Program of Assistance
for Africa, 1998 Status Report on Poverty in Sub-Saharan Africa

No. 431 Severin Kodderitzsch, Reformis in Albanian Agricuilture: Assessing a Sector in Transition



414

THE WORLD BANK

181S H St-ect. N.W.

NNashington, D).C. 20433 l'SA

T'clephone: 202-477-1234

Facsimile: 202-477-6391

Telex: .XCI 64145 W()RDI)BAK-

NMCI 248423 WORII)BA.NK

WNorld XVide WNeb: http://wwwNvNN.wvorldhank.org!/

1F-niail: hooks@a wN orldbank.onr

ISBN 0-8213-4428-5


