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Preface 

The t i m e - h o n o r e d saying, " Y o u can't make an o m e l e t without break­
ing eggs," translates easi ly into " Y o u can't m i n e o r e b o d i e s without 

insul t ing the environment . " For many generations, this was not a p r o b ­
l e m . Instead, the p r o b l e m was to f ind the richest ore, extract what was 
v a l u a b l e , a n d go on to the next site. The miner was a semiromant ic fig­
ure in the way of the Chicago s tockyards or i n d u s t r i a l s m o k e s t a c k s , 
which were g lor i f ied b y Walt W h i t m a n . 

The at t i tude toward m i n i n g has changed in the i n d u s t r i a l i z e d coun­
t r i e s a n d is i n t h e p r o c e s s of c h a n g i n g i n t h e d e v e l o p i n g o n e s . 
G o v e r n m e n t everywhere has a t t e m p t e d , with varying degrees of suc­
cess , to lay d o w n ru les i n t e n d e d to k e e p e n v i r o n m e n t a l l y a d v e r s e 
d e v e l o p m e n t s in check w i t h o u t s t y m i e i n g an a c t i v i t y — m i n i n g — t h a t 
makes an i n d i s p e n s a b l e contr ibut ion to e c o n o m i c growth. 

T h e h o p e f u l v i e w is that g o v e r n m e n t a n d b u s i n e s s w i l l b e suff i ­
c ient ly e n l i g h t e n e d to real ize that they must cooperate in the search 
for the c o m m o n g o o d . The skept ica l v i e w is that each s i d e w i l l c l ing to 
what it perce ives to b e in its own best interest a n d that the path toward 
reconci l ia t ion is b o u n d to b e rocky. 

T h e f ive l ec tures p r e s e n t e d i n this v o l u m e a d d r e s s the current 
r e l a t i o n s h i p s b e t w e e n m i n i n g a n d g o v e r n m e n t in di f ferent ways b u t 
always wi th the p e r s p e c t i v e of conflict a n d reconci l ia t ion. The lectures 
were or ig ina l ly of fered at the M i n e r a l E c o n o m i c s D e p a r t m e n t of the 
C o l o r a d o School of M i n e s in late 1992, u n d e r the auspices of the John 
M . O l i n D i s t i n g u i s h e d Lectures in M i n e r a l Economics . Each lecturer was 
i n v i t e d to present a t o p i c of his or her choos ing a n d , in a d d i t i o n , to 
s p e n d one or more days in res idence on campus , g iv ing b o t h s tudents 
a n d f a c u l t y a d d e d t i m e to d e l v e m o r e t h o r o u g h l y i n t o t h e m a n y 
aspects of the lecturers' chosen topics . 

The reader w i l l look in va in for c o m p r e h e n s i v e n e s s — t h e scope of 
the subject prevents it. Indeed , the va lue of this co l lec t ion l ies not in 
its c o m p r e h e n s i v e n e s s but rather in its variety of p r o b l e m s a n d case 
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PREFACE 

s tudies . Each contr ibut ion fits wi th in the b r o a d topic ref lected in the 
tit le, but also i l luminates a different facet of that topic . The v o l u m e thus 
has the potent ia l to clarify concepts, i l luminate v iewpoints , a n d suggest 
p o l i c y r e m e d i e s , m a k i n g it of d i r e c t i n t e r e s t to t h o s e i n t i m a t e l y 
i n v o l v e d in the management of min ing enterprises a n d in its analysis. 

Thanks are d u e to the John M . O l i n Foundat ion for p r o v i d i n g fund­
ing for the undertaking, to Resources for the Future for reviewing a n d 
p u b l i s h i n g the v o l u m e , a n d to Roder ick Eggert for his efforts as organiz­
er, editor , a n d author of a most useful introduct ion. 

Earl ier publ ica t ions in this series, which were also f u n d e d b y the 
O l i n Foundat ion a n d p u b l i s h e d b y Resources for the Future, are Mineral 
Wealth and Economic Development, e d i t e d b y John E. T i l t o n , a n d Making 
National Energy Policy, e d i t e d b y me. A l l three publ ica t ions have prof i ted 
f rom a l o n g - s t a n d i n g c o o p e r a t i o n b e t w e e n the C o l o r a d o S c h o o l of 
M i n e s a n d Resources for the Future. This program is formally designat­
e d as the M i n e r a l Economics a n d Pol icy Program a n d is jointly chaired 
b y John E. T i l ton a n d myself . 

Hans H . L a n d s b e r g 
Senior Fe l low Emeri tus 
Resources for the Future 
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Mining and the Environment: 
An introduction and Overview 

RODERICK C. ECCERT 

Mi n i n g , b y its nature, p o s e s major e n v i r o n m e n t a l cha l lenges . It 
creates large v o l u m e s of, for example , o v e r b u r d e n , waste rock, 

ta i l ings , a c i d m i n e dra inage , a i rborne dust , a n d other contaminants . 
These b y - p r o d u c t s are d e p o s i t e d on l a n d a n d in the air a n d water, in 
s o m e cases harming h u m a n heal th , d a m a g i n g proper ty , a n d affecting 
fish a n d wi ld l i f e . M i n i n g in remote a n d u n d e v e l o p e d areas may reduce 
the aesthet ic va lue of natural environments . M o s t wastes from m i n i n g 
are nonhazardous , but s o m e are hazardous. 

That m i n i n g affects the e n v i r o n m e n t has l o n g b e e n r e c o g n i z e d . 
Georgius Agricola , writ ing in the 1500s in the b o o k c o n s i d e r e d to b e the 
first scientif ic a n d technical text on m i n i n g a n d metal lurgy, n o t e d : 

The strongest argument of the detractors [of mining] is 
that the f ie lds are d e v a s t a t e d b y m i n i n g operat ions. . . 
T h e y argue that the w o o d s a n d groves are cut d o w n , 
for there is n e e d of an e n d l e s s a m o u n t of w o o d for 
t i m b e r s , m a c h i n e s , a n d the s m e l t i n g of meta l s . A n d 
w h e n the w o o d s a n d groves are f e l l e d , then are exter­
m i n a t e d the beasts a n d b i rds , very many of which fur­
nish a pleasant a n d agreeable f o o d for man . Further, 
w h e n the ores are w a s h e d , the water which has b e e n 
u s e d p o i s o n s t h e b r o o k s a n d s t r e a m s , a n d e i t h e r 
destroys the fish or dr ives t h e m away. Therefore the 
inhabitants of these regions, on account of the devas-
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RODERICK C. EGGERT 

tat ion of their f ie lds , woods , groves, brooks a n d rivers, 
f ind great diff iculty in procuring the necessaries of life, 
a n d b y reason of the destruct ion of the t i m b e r they are 
f o r c e d to g r e a t e r e x p e n s e i n e r e c t i n g b u i l d i n g s . 
(Agricola 1950, 8) 

For centuries, d e n u d e d landscapes , f o u l e d streams, a n d dirty air 
were c o n s i d e r e d part of the price that h a d to b e p a i d for minera l pro­
d u c t i o n . E v e n m o s t e a r l y e n v i r o n m e n t a l l e g i s l a t i o n i n the U n i t e d 
States, Europe , Japan, a n d other indust r ia l ized countries, dat ing back 
to the 1960s a n d 1970s, was not d e s i g n e d with m i n i n g in m i n d . Rather 
such legis lat ion was a i m e d at large industr ia l sources of water a n d air 
p o l l u t i o n . M a n y d e v e l o p i n g countries h a d l itt le in the way of environ­
menta l pol icy . 

T imes have changed. The 1990s have wi tnessed a renewed concern 
w o r l d w i d e about the environment . The unifying theme has b e c o m e SHS-
tainability: d e v e l o p m e n t that "meets the n e e d s of the present without 
c o m p r o m i s i n g the a b i l i t y of fu ture g e n e r a t i o n s to m e e t t h e i r o w n 
needs" (World C o m m i s s i o n on Environment and D e v e l o p m e n t 1987, 8). 
There is no consensus on exactly what is to b e susta ined and b y what 
means sustainabil i ty is to b e achieved. But there is general agreement 
that fairness to future generations requires that economic d e v e l o p m e n t 
today not come at the expense of environmenta l damage that leaves 
future generations worse off than the current generation. 1 

As part of this r e n e w e d environmenta l concern, min ing is the focus 
of greater environmenta l scrutiny today than in the past. In the U n i t e d 
States, for e x a m p l e , the des i re for greater protec t ion of the e n v i r o n ­
ment is a central concern of those advocat ing rev i s ion of the M i n i n g 
Law of 1872, which has governed min ing on federal lands for more than 
a century. In Austral ia a n d other countries, m i n i n g has come into con­
flict with desires for preservat ion. In Po land , the former East Germany, 
a n d elsewhere, it has b e c o m e apparent that min ing took place in many 
central ly p l a n n e d e c o n o m i e s wi th l i t t le regard for its e n v i r o n m e n t a l 
consequences . M a n y d e v e l o p i n g countries are des igning env i ronmen­
tal po l i c ies where none exis ted previously , a n d these surely w i l l affect 
future m i n i n g activities. 

1For an introduction to the issues surrounding sustainable development, see Darm-
stadter 1992. 
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A s a c o n s e q u e n c e , the m i n i n g i n d u s t r y is u n d e r s t a n d a b l y m o r e 
c o n c e r n e d n o w than e v e n f ive or t e n years ago a b o u t the p o s s i b l e 
effects of e n v i r o n m e n t a l p o l i c y o n its b u s i n e s s ac t iv i t ies . In 1991, a 
group of m i n i n g c o m p a n i e s f o r m e d the International C o u n c i l on M e t a l s 
a n d the E n v i r o n m e n t to represent t h e m in discuss ions on e n v i r o n m e n ­
tal issues . M o s t major m i n i n g c o m p a n i e s have senior managers, often 
r e p o r t i n g d i r e c t l y to chief e x e c u t i v e off icers, in charge of c o r p o r a t e 
e n v i r o n m e n t a l a f f a i r s — s o m e t h i n g u n h e a r d of a d e c a d e ago. A s S ir 
D e r e k B i rk in , chairman of the m i n i n g c o m p a n y RTZ, notes: "For m a n y 
years, the basic d i s c i p l i n e s of the minerals industry have b e e n separat­
e d a l o n g the four bas ic l ines of geology, m i n i n g , m i n e r a l process ing , 
a n d meta l lurgy but now a major n e w f i e l d has e m e r g e d — t h a t of the 
e n v i r o n m e n t " (Fifth D i s c i p l i n e 1993, 290). 

A n o t h e r indicator of this increased interest is the large a n d growing 
n u m b e r of p r o c e e d i n g s v o l u m e s f rom p r o f e s s i o n a l c o n f e r e n c e s o n 
e n v i r o n m e n t a l m a n a g e m e n t i n m i n i n g (see, for e x a m p l e , L o o t e n s , 
G r e e n s l a d e , a n d Barker 1991; V a n Syl , K o v a l , a n d L i 1992; a n d Y e g u l a l p 
a n d K i m 1990). Other recent books serve as h a n d b o o k s for m i n e man­
agers (see , for e x a m p l e , A u s t r a l i a n M i n i n g I n d u s t r y C o u n c i l 1991; 
H u t c h i s o n a n d E l l i s o n 1992; a n d Sengupta 1993). 

E n v i r o n m e n t a l aspects of m i n i n g , therefore, have b e c o m e crit ical 
concerns b o t h for m i n i n g companies , as they make inves tment a n d pro­
d u c t i o n dec is ions , a n d for governments , as they des ign a n d i m p l e m e n t 
new e n v i r o n m e n t a l po l i c ies . 

Concerns such as these about m i n i n g a n d the environment motivat­
e d the lectures co l lec ted here. Each lecturer seeks to contr ibute to the 
ongoing d e b a t e about p u b l i c po l i cy b y highl ight ing a particular issue or 
p o l i c y area. W i t h one e x c e p t i o n , each p r o v i d e s the p e r s p e c t i v e of a 
speci f ic country or group of countries. There is no at tempt to b e c o m ­
prehens ive . For the most part, the talks confine themselves to e x p l o ­
rat ion, d e v e l o p m e n t , a n d m i n i n g ; later stages of process ing , such as 
smel t ing a n d refining, which p r o d u c e raw a n d semifabr icated meta l , are 
not e m p h a s i z e d . The addresses focus largely on meta l mining , al though 
coal a n d industr ia l minerals appear several t imes in the d iscuss ion . 

This co l l ec t ion contains the r e v i s e d texts of i n v i t e d lectures. The 
speakers have drawn u p o n their own u n i q u e perspect ives a n d exper i ­
e n c e s , a n d n o a t t e m p t has b e e n m a d e e d i t o r i a l l y to s t a n d a r d i z e 
terminology or denotat ion . Nor, g iven the p u b l i c v e n u e of their in i t ia l 
presentat ion, d o the lecturers necessari ly p r o v i d e the extensive d o c u ­
mentat ion that characterizes scholarly essays. 
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The lectures in this col lec t ion have b e e n written to b e accessible 
to nonspecial is ts . R e a d i n g t h e m requires no more than general famil­
iarity with economics , envi ronmenta l pol icy , a n d the minera l industr ies . 
T h e p r e s e n t a t i o n s s h o u l d b e of interes t not o n l y to e n v i r o n m e n t a l 
e c o n o m i s t s , m i n e r a l e c o n o m i s t s , p u b l i c p o l i c y analysts , a n d m i n i n g 
industry executives, but also to students a n d others wanting an intro­
d u c t i o n to many of the important p u b l i c p o l i c y issues in the area of 
m i n i n g a n d the e n v i r o n m e n t . For readers unfamil iar wi th the m i n i n g 
industry , the fo l lowing sect ion p r o v i d e s s o m e necessary b a c k g r o u n d 
in format ion a b o u t m i n e r a l p r o d u c t i o n a n d its e n v i r o n m e n t a l c o n s e ­
quences . 

Mining, the Environment, and Public Policy 

M i n e r a l product ion takes place in stages. Both the p r i n c i p a l effects of 
m i n i n g on the environment a n d the important issues for p u b l i c p o l i c y 
in this area are p e r h a p s bes t i n t r o d u c e d wi th in the context of these 
p r o d u c t i o n stages. 

Mineral Exploration and Mine Development 
Before a minera l d e p o s i t can b e m i n e d , it must b e d i s c o v e r e d a n d its 
e c o n o m i c a n d technica l v i a b i l i t y d e m o n s t r a t e d ; this is the exploration 
stage. The environmenta l d i s rupt ion caused b y explorat ion tends to b e 
l o c a l i z e d a n d minor . M o s t damage that does occur can b e r e m e d i a t e d 
relat ively easily. Dur ing ini t ia l assessment of a region's geologic poten­
t ial , explorat ionists rely heavi ly on satel l i te images, airborne geophys i ­
ca l s u r v e y s , a n d large-sca le g e o l o g i c m a p s to s t u d y large areas of 
l a n d — h u n d r e d s or e v e n t h o u s a n d s of s q u a r e k i l o m e t e r s . E n v i r o n ­
menta l impacts are essent ia l ly n i l . 

Exp lora t ion i s t s t h e n narrow the focus of the i r search to smal ler , 
more p r o m i s i n g areas, involv ing perhaps several h u n d r e d square ki lo­
meters . Typica l activit ies inc lude geologic m a p p i n g , geochemica l sam­
p l i n g , and surface geophys ica l surveying, which are carried out on the 
g r o u n d wi thout large-scale e q u i p m e n t . A l t h o u g h the e n v i r o n m e n t is 
affected b y these activities, the impacts are minor. 

O n l y in the s u b s e q u e n t , subsurface e x a m i n a t i o n of s t i l l s m a l l e r 
areas is there any a p p r e c i a b l e e n v i r o n m e n t a l i m p a c t — f r o m d r i l l i n g , 
t renching (bul ldozing a trench to examine near-surface rocks), a n d the 
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assoc ia ted road b u i l d i n g to p r o v i d e access for d r i l l rigs a n d b u l l d o z e r s . 
Such impacts can b e mi t iga ted , a lbe i t at a cost, b y rec la iming d r i l l s i tes 
a n d trenches a n d b y revegetat ing roads. In some instances, the n e e d 
for roads in remote areas has b e e n e l i m i n a t e d b y us ing he l icopters to 
d e l i v e r d r i l l i n g e q u i p m e n t . 

For every one h u n d r e d or so minera l d e p o s i t s that are d i s c o v e r e d 
a n d e v a l u a t e d in de ta i l dur ing explorat ion , fewer than ten o n average 
w i l l b e p r e p a r e d for p r o d u c t i o n d u r i n g the s e c o n d stage of minera l pro­
d u c t i o n , mine development. D u r i n g d e v e l o p m e n t , m i n i n g c o m p a n i e s 
d e s i g n a n d construct m i n i n g a n d b e n e f i c i a t i o n fac i l i t ies , arrange for 
f inancing, p r o v i d e for infrastructure, a n d d e v e l o p market ing strategies, 
a m o n g other act ivit ies . The e n v i r o n m e n t a l impacts of these act ivi t ies 
are m o r e s ignif icant than those resu l t ing from e x p l o r a t i o n b u t m u c h 
less than those of minera l p r o d u c t i o n itself. 

Two t y p e s of p u b l i c p o l i c y are crit ical d u r i n g minera l explora t ion 
a n d m i n e d e v e l o p m e n t . The first t y p e of p u b l i c po l i cy consists of l a n d -
u s e r u l e s g o v e r n i n g w h e t h e r l a n d is a v a i l a b l e for e x p l o r a t i o n a n d 
d e v e l o p m e n t . The s e c o n d type , a p p l i c a b l e on those lands avai lable for 
m i n e r a l act ivi t ies , consists of e n v i r o n m e n t a l rules g o v e r n i n g permi ts , 
e n v i r o n m e n t a l impact assessments , a n d other p r e p r o d u c t i o n act ivit ies 
a n d approva ls that are necessary to p r o c e e d from explorat ion to m i n e 
d e v e l o p m e n t a n d m i n i n g — i n short, the process of e n v i r o n m e n t a l com­
pl iance pr ior to min ing . 

L a n d - u s e rules are impor tant because , before m i n i n g c o m p a n i e s 
can under take minera l explorat ion a n d d e v e l o p m e n t , they n e e d access 
to p r o s p e c t i v e m i n e r a l i z e d lands . To b e sure, in s i tuations where m i n ­
eral rights are pr ivate ly h e l d , l a n d access is g a i n e d through negot iat ion 
b e t w e e n in teres ted private part ies . But for most lands w o r l d w i d e , m i n ­
eral rights are h e l d b y governments . 2 

Explorat ionis ts or miners typica l ly gain access to these lands in one 
of three ways: negot iat ion with a government agency, c o m p e t i t i v e b i d ­
d i n g , a n d — i n a few cases, such as in the U n i t e d S ta tes—cla im staking 
(that is, c l a iming the right to explore o n a f irst-come, f irst -served basis 

Governments may hold mineral rights for one of two reasons. First, in most countries, 
mineral rights are held by the government regardless of who owns the surface rights. 
Second, in a relatively small number of countries, surface and subsurface rights are not 
separated, and mineral rights belong to whoever owns the surface. In these countries 
(which include the United States), the government holds significant mineral rights only 
when it is also the owner of significant quantities of land. 
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w h e n lands are c o n s i d e r e d o p e n for explorat ion unless they are specif­
ical ly d e c l a r e d off-l imits, such as for nat ional parks or wi lderness areas). 
Exist ing land-use po l i c ies have p l a c e d large tracts of l a n d off-limits to 
minera l explorat ion a n d d e v e l o p m e n t in a n u m b e r of countries, i n c l u d ­
ing Austral ia , Canada, a n d the U n i t e d States. The des ire to a v o i d the 
environmenta l damages of m i n i n g is an important reason b e h i n d these 
withdrawals of l a n d from minera l activities. 

Publ i c pol i c ies in the s e c o n d category, rules governing the prepro-
duct ion process of c o m p l y i n g with environmenta l rules, take a n u m b e r 
of forms. The most c o m m o n are e n v i r o n m e n t a l permi ts a n d e n v i r o n ­
menta l impact assessments . M i n i n g companies typica l ly are r e q u i r e d 
to obta in environmenta l permits signifying government approva l of var­
ious aspects of their mine plans, i n c l u d i n g those for reclamation, waste 
d i s p o s a l , sewage treatment, dr ink ing water, a n d construction of dams 
a n d o t h e r i m p o u n d m e n t s . C o m p a n i e s a lso o f ten h a v e to carry out 
d e t a i l e d assessments of the environmenta l impacts of p r o p o s e d m i n ­
eral d e v e l o p m e n t , which in turn are u s e d b y governments in d e c i d i n g 
whether to permit mine d e v e l o p m e n t at a l l . 

E n v i r o n m e n t a l permi t s a n d assessments are important to m i n i n g 
c o m p a n i e s because they increase the t ime, costs, a n d risks assoc ia ted 
w i t h b r i n g i n g a m i n e i n t o p r o d u c t i o n . C o s t s m a y r i se b e c a u s e of 
e x p e n d i t u r e s o n p e r m i t t i n g a n d e n v i r o n m e n t a l a s s e s s m e n t a n d o n 
i m p l e m e n t i n g changes in project d e s i g n that the c o m p l i a n c e process 
may require . Risks rise, from the p e r s p e c t i v e of the f irm pr ior to m i n ­
i n g , i n the s e n s e that g o v e r n m e n t s m a y d e c i d e not to a l l o w m i n e 
d e v e l o p m e n t after c o m p a n i e s have spent significant sums of m o n e y 
on explora t ion . 

Mining and Beneficiation 
O n c e a m i n e r a l d e p o s i t has b e e n d i s c o v e r e d a n d d e v e l o p e d , it is 
ready for the next stages in the p r o d u c t i o n process: m i n i n g a n d benef i ­
c iat ion. Dur ing mining, meta l -bear ing rock c a l l e d ore is extracted from 
underground or surface mines . M e t a l concentrations in ore vary greatly, 
from less than 1 percent b y weight for most g o l d depos i t s to over 60 
p e r c e n t for s o m e i ron ore d e p o s i t s ; most m e t a l l i c m i n e r a l d e p o s i t s 
have ore grades in the range of 1-5 p e r c e n t b y weight . Beneficiation, 
somet imes ca l l ed mi l l ing , usual ly occurs at the mine site. Dur ing this 
stage, ore is p r o c e s s e d (or upgraded) into concentrates, which w i l l b e 
p r o c e s s e d st i l l further, usual ly in a smelter or refinery. 
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M i n i n g a n d b e n e f i c i a t i o n can h a v e a v a r i e t y of e n v i r o n m e n t a l 
effects. 3 The most v i s i b l e effect p r o b a b l y is the sight of l a n d d i s t u r b e d 
b y m i n i n g a n d waste d i s p o s a l . The e n v i r o n m e n t a l d a m a g e is largely 
aesthetic . 

To p u t the p r o b l e m of potent ia l ly unsightly l a n d into perspec t ive , 
cons ider the s tudy b y Johnson a n d Paone (1982). They e s t i m a t e d that 
over the fifty-year p e r i o d 1930-1980, only 0.25 percent of the total l a n d 
area of t h e U n i t e d States was u s e d for surface m i n i n g , d i s p o s a l of 
wastes from surface a n d u n d e r g r o u n d mines , a n d d i s p o s a l of wastes 
from m i n e r a l benef ic ia t ion a n d further process ing. Coa l m i n i n g repre­
s e n t e d a b o u t half of this l a n d , w i t h m i n i n g of n o n m e t a l l i c m i n e r a l s 
a c c o u n t i n g for a b o u t two-f i f ths a n d of m e t a l l i c m i n e r a l s a b o u t o n e -
tenth. S o m e 47 percent of the l a n d affected b y m i n i n g a n d waste d is ­
p o s a l h a d b e e n rec la imed. The figures of course w o u l d vary consider­
ab ly from country to country, but the essent ia l po in t is that only a rela­
t ive ly s m a l l amount of l a n d is i n v o l v e d in m i n i n g a n d associated waste 
d i s p o s a l . M i n i n g activit ies use m u c h less l a n d than agricultural p r o d u c ­
t ion , urban d e v e l o p m e n t , logging a n d forestry, a n d nat ional parks a n d 
wi lderness areas. 

M i n i n g a n d b e n e f i c i a t i o n account for s igni f icant fract ions of the 
total amount of s o l i d waste generated each year. Very crude est imates 
c o m p i l e d b y the U n i t e d Nat ions E n v i r o n m e n t Programme (1991b) i n d i ­
cate that m i n i n g activit ies, apparent ly in this case i n c l u d i n g o i l a n d gas 
p r o d u c t i o n a n d coal m i n i n g , account for a b o u t three-quarters of the 
s o l i d wastes g e n e r a t e d a n n u a l l y in C a n a d a , o n e - t h i r d in the U n i t e d 
States, o n e - t e n t h in the E u r o p e a n C o m m u n i t y , a n d o n e - t w e n t i e t h in 
Japan. The substant ia l differences reflect differences in the size of the 
extractive industr ies relat ive to the total e c o n o m i e s in these countries . 
M o r e d e t a i l e d data for the U n i t e d States suggest that n o n - c o a l m i n i n g 
accounts for about one-seventh of the s o l i d waste generated annual ly 
that is c o n s i d e r e d nonhazardous , w h i l e coal m i n i n g accounts for less 
than a h u n d r e d t h of such wastes . Manufac tur ing , o n the other h a n d , 
g e n e r a t e s m o r e t h a n hal f of n o n h a z a r d o u s s o l i d w a s t e s (Off ice of 
Technology A ssessment 1992). 

T h e s e v o l u m e s of waste , h o w e v e r , are not g o o d p r o x i e s for the 
amount of actual environmental damage caused b y min ing a n d benef ic i -

3For a more extensive overview of the environmental effects of metal mining and mineral 
processing, see United Nations Environment Programme (1991a). 
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ation. For this point to b e clear, it is necessary to know more about the 
three important types of s o l i d waste generated b y m i n i n g a n d b e n e f i c ­
at ion. Overburden is soi l a n d rock r e m o v e d to gain access to a mineral 
d e p o s i t prior to surface mining. Waste rock is separated from ore dur ing 
mining . O v e r b u r d e n and waste rock typical ly are d e p o s i t e d adjacent to 
a mine (or in a mine , in the case of waste rock from underground m i n ­
ing). Tailings are the fine waste particles that are p r o d u c e d dur ing the 
benef ic iat ion of ore a n d typical ly s u s p e n d e d in water. Tail ings from sur­
face mines usually are d e p o s i t e d in a tailings (or settling) p o n d , whi le 
those from underground mines are d e p o s i t e d in the mine itself. (In a 
few countries, tail ings can b e d e p o s i t e d direct ly into the environment.) 

The amount of s o l i d waste generated dur ing min ing a n d benef ic ia­
t ion essent ial ly is d e t e r m i n e d by, first, the type of mine and , second, 
the ore grade, or concentrat ion of meta l in the rock that w i l l b e benef i -
c ia ted. The type of m i n e is important because underground mines gen­
erate no o v e r b u r d e n , a n d m i n i n g techniques are select ive enough to 
extract ore with only smal l amounts of waste rock. Surface mines , on the 
other h a n d , usually generate more than twice as much o v e r b u r d e n a n d 
waste rock as ore. 

As an example , for underground copper , g o l d , s i lver, a n d uranium 
mines in the U n i t e d States, the ratio, (overburden + waste rock):ore, is 
on the order of 0.1:1 to 0.3:1. For surface mines , the ratios range from 
2:1 to 10:1 on average (EPA 1985; b a s e d on data from the U.S. Bureau of 
Mines ) . 

Ore grade, the s e c o n d determinant , governs the quant i ty of tail ings 
g e n e r a t e d b y a b e n e f i c i a t i o n plant . A n o p e r a t i o n with ore grading 1 
percent b y weight , for e x a m p l e , w i l l generate n ine ty -n ine p o u n d s of 
tail ings for every p o u n d of metal , assuming c o m p l e t e meta l recovery. 
Actual recovery rates usually range b e t w e e n 90 a n d 100 percent, result­
ing in somewhat larger v o l u m e s of tail ings. 

By themselves , the s o l i d wastes of metal m i n i n g a n d benef ic ia t ion 
w o u l d cause l i t t le e n v i r o n m e n t a l d a m a g e , except aes thet i ca l ly . But 
w h e n surface a n d ground waters interact with these wastes, ac id m i n e 
drainage can b e created, a n d this is p r o b a b l y the most serious e n v i ­
r o n m e n t a l p r o b l e m of m e t a l m i n i n g a n d b e n e f i c i a t i o n . W h e n water 
interacts in an o x i d i z i n g environment with the sul f ide minerals typica l 
of most meta l mines , sulfuric ac id is created. Meta l s then are d i s s o l v e d 
in the r e s u l t i n g a c i d i c water . A c i d m i n e d r a i n a g e can c o n t a m i n a t e 
d r i n k i n g water a n d affect aquatic a n d plant life if it gets into surface or 
ground waters. 
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The nature a n d extent of actual env i ronmenta l damage caused b y 
s o l i d m i n e wastes a n d , in turn, a c i d m i n e dra inage vary e n o r m o u s l y 
from case to case, d e p e n d i n g on several factors. The t y p e of m i n e r a l 
d e p o s i t b e i n g m i n e d is important : s u l f i d e - p o o r depos i t s , for e x a m p l e , 
generate less of the sulfur n e e d e d to create sulfuric ac id than su l f ide -
rich d e p o s i t s , a n d high-grade d e p o s i t s w i l l have fewer tail ings p e r unit 
of r e c o v e r e d meta l than low-grade depos i t s . M i n i n g a n d benef ic ia t ion 
t e c h n i q u e s are important : u n d e r g r o u n d m i n i n g , as n o t e d a b o v e , cre­
ates m u c h smal ler v o l u m e s of waste p e r unit of meta l than d o e s surface 
m i n i n g , a n d the h i g h e r the r e c o v e r y rate d u r i n g b e n e f i c i a t i o n , t h e 
s m a l l e r the a m o u n t of ta i l ings c rea ted . C l i m a t e is i m p o r t a n t : in a r i d 
r e g i o n s , t h e r e is l i t t l e of t h e w a t e r n e c e s s a r y to c rea te a c i d m i n e 
dra inage . L o c a t i o n a n d p o p u l a t i o n d e n s i t y are impor tant : a c i d m i n e 
drainage that enters streams f e e d i n g into sources of h u m a n d r i n k i n g 
water not o n l y des t roys f ish a n d w i l d l i f e habitats , b u t a lso d a m a g e s 
h u m a n h e a l t h . F i n a l l y , the e n v i r o n m e n t a l m a n a g e m e n t prac t i ces of 
m i n i n g c o m p a n i e s are important : waste p i l e s that are revegetated or in 
s o m e other way s e a l e d , for example , are much less l ike ly to b e accessi­
b l e to the water necessary to create sulfuric ac id . 

Other env i ronmenta l p r o b l e m s may b e associated with m e t a l m i n ­
ing a n d benef i c ia t ion . A n o t h e r t y p e of water contaminat ion is waste­
water from benef ic ia t ion plants , which may contain ore mater ia l , heavy 
metals , thiosalts , a n d chemica l reagents u s e d in benef ic ia t ion . A i r p o l ­
lu t ion is l i m i t e d largely to a irborne dust . U n d e r g r o u n d m i n i n g may l e a d 
to s u b s i d e n c e . (A major area not deal t with in this v o l u m e is the work­
ing environment , that is, worker heal th a n d safety; readers in teres ted in 
this issue are referred to Sect ion 11 of Hartman 1992). 

The key issues for e n v i r o n m e n t a l p o l i c y affecting ongoing m i n i n g 
a n d b e n e f i c i a t i o n are for the m o s t part the s a m e as t h o s e af fect ing 
other e c o n o m i c act ivit ies : What s h o u l d b e the s tandards for e n v i r o n ­
m e n t a l q u a l i t y a n d h o w s h o u l d t h e y b e d e t e r m i n e d ? W h a t p o l i c y 
too ls—for example , direct regulat ion or e c o n o m i c incent ives—are best 
s u i t e d for m e e t i n g these standards? H o w s h o u l d rules b e enforced? 

Two aspects of m i n i n g a n d b e n e f i c i a t i o n n o t e d a b o v e , however , 
b e a r o n these more general ques t ions . First, the extent to which the 
amount of s o l i d waste generated from m i n i n g a n d benef ic ia t ion can b e 
r e d u c e d has significant l imits . Low-grade ores b y their very nature are 
going to generate large v o l u m e s of tai l ings, a n d surface m i n e s are going 
to generate o v e r b u r d e n because miners have to remove over ly ing so i l 
a n d rock to get to the ore. This is not a cal l for complacency ; rather, it 
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suggests that efforts a n d pol i c ies s h o u l d b e a i m e d at those aspects of 
e n v i r o n m e n t a l d e g r a d a t i o n o v e r w h i c h m i n e r s h a v e s o m e c o n t r o l . 
E x a m p l e s inc lude efforts to recycle chemical reagents u s e d in benef ic i ­
at ion, to place or seal waste p i l es so they are less e x p o s e d to the water 
necessary for ac id formation, a n d to reduce the chances that tai l ings 
p o n d s w i l l leak into surrounding so i l a n d groundwater. Moreover , incre­
m e n t a l i m p r o v e m e n t s are to b e e n c o u r a g e d , b o t h i n b e n e f i c i a t i o n 
t e c h n i q u e s to increase rates of m e t a l recovery a n d in m i n i n g tech­
n iques to reduce the amount of o v e r b u r d e n a n d waste rock extracted 
along with metal l ic ores. 

S e c o n d , the amount of s o l i d waste genera ted d u r i n g m i n i n g a n d 
benef ic ia t ion is not a g o o d indicator of the actual amount of environ­
menta l damage caused b y these activit ies. The same mineral d e p o s i t 
or m i n e in different circumstances may generate the same amount of 
waste but cause substant ial ly different amounts of environmenta l d a m ­
age because of differences in c l imate, p o p u l a t i o n densi ty , or one of the 
o ther factors n o t e d ear l ier . The i m p l i c a t i o n for p u b l i c p o l i c y is that 
rules n e e d to b e f lexible enough to account for s i te-specif ic differences 
among mines and benef ic ia t ion facilit ies. 

Mine Closure and Rehabilitation 
A m i n e eventual ly reaches the e n d of its useful life, e i ther because it 
p h y s i c a l l y d e p l e t e s its ore or because e c o n o m i c c o n d i t i o n s b e c o m e 
unfavorable (costs rise or minera l prices fall). W h e n this happens , mine 
closure a n d rehabilitation (or reclamation) occur. U n d e r g r o u n d mines t y p i ­
cal ly are s e a l e d or p l u g g e d . Surface mines , as w e l l as waste sites for 
b o t h underground a n d surface mines , are rehabi l i ta ted . Pits and waste 
p i l e s have the ir s l o p e s s t a b i l i z e d a n d may b e revegeta ted . In s o m e 
cases, ac id mine drainage continues e v e n after m i n i n g stops, requir ing 
some type of drainage control . 

The precise nature of m i n e closure a n d rehabi l i ta t ion varies from 
place to place because of different p u b l i c pol i c ies a n d accepted indus­
try practices. M o r e fundamental ly , closure a n d rehabi l i tat ion activit ies 
vary because potent ia l damages from c l o s e d mines vary cons iderably 
for al l the reasons c i ted earlier, such as type of mine , c l imate, a n d prox­
imity to p o p u l a t i o n centers. 

K e y i s s u e s for p u b l i c p o l i c y i n this area are: the r e h a b i l i t a t i o n 
requirements ; the mechanism for ensuring that appropriate closure and 
rehabil i tat ion procedures are fol lowed; and the nature of postmining l ia -

10 



RODERICK C. ECCERT 

bi l i ty . The rehabi l i tat ion requirements often are only vaguely or qual i ta­
t ively d e f i n e d : for example , m i n e d l a n d must b e returned to a " 'usable 
condi t ion , ' to a 'stable condi t ion, ' to the 'greatest degree, ' or 'equal to 
the l e v e l of highest previous use'" (Intarapravich and Clark, forthcoming). 
Moreover , economic considerations often s e e m to get short shrift when 
rehabi l i tat ion standards are b e i n g d e t e r m i n e d ; the result can b e stan­
dards levels for which the costs of rehabil i tat ion exceed the associated 
b e n e f i t s . Barnes a n d Cox (1992), for e x a m p l e , d i s c u s s the a p p a r e n t 
"go ldpla t ing" of rehabil i tat ion requirements in Austral ia . 

The most c o m m o n m e c h a n i s m for ensur ing that appropr ia te proce­
dures are f o l l o w e d is a rec lamation b o n d or fund. Wi th a rec lamat ion 
b o n d , m i n i n g c o m p a n i e s put m o n e y into an escrow account or in s o m e 
other way set as ide m o n e y as a guarantee that they w i l l per form the 
r e q u i r e d r e c l a m a t i o n work. T h e o n l y way for a c o m p a n y to get t h e 
m o n e y back is to perform the r e q u i r e d work. A critical issue for p u b l i c 
p o l i c y is the size of the b o n d : high enough to ensure that m i n e opera ­
tors actual ly per form the r e q u i r e d work rather than s i m p l y forfeit the 
b o n d e d m o n e y , but not so high as to discourage m i n i n g . 

The nature of pos tmin ing l iabi l i ty is perhaps the most controversial 
issue affecting mine closure a n d rehabil i tat ion. Subs idence a n d contam­
inated m i n e water are the most c o m m o n sources of pos tmin ing damages 
for w h i c h c o m p a n i e s may b e r e q u i r e d to p a y f ines or c o m p e n s a t i o n . 
That c o m p a n i e s s h o u l d b e l iab le for damages caused b y n o n p r u d e n t , 
negligent, a n d i l legal activities is not controversial . But p u b l i c pol i c ies 
s o m e t i m e s def ine l iab i l i t i es more broadly . In some cases, a c o m p a n y 
can b e h e l d respons ib le for damages caused b y subs idence and pol lut ­
e d mine water, e v e n if it acted prudent ly a n d within existing laws a n d 
regulations or was only partial ly respons ib le for the damages. A c o m p a ­
ny somet imes can b e h e l d respons ib le for damages retroactively, fol low­
ing changes in laws and regulations. These broader aspects of l iabi l i ty 
are d e s i g n e d to encourage companies to go b e y o n d s i m p l e compl iance 
with exist ing regulations. But such broad l iabi l i ty has b e e n cr i t ic ized for 
b e i n g unfair a n d for discouraging investment in min ing activities. 

The Lecturers and the Lectures 

Against this b a c k d r o p of the stages in the life of a m i n e , the five lec­
tures in this v o l u m e assess p u b l i c po l i c ies toward m i n i n g a n d the env i ­
ronment . 
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A n t h o n y Cox is a s e n i o r e c o n o m i s t i n the M i n e r a l s a n d E n e r g y 
G r o u p of the Austral ian Bureau of Agricultural a n d Resource Economics . 
H e has wri t ten ex tens ive ly o n key aspects of the m i n i n g indust ry in 
Austral ia . H e has b e e n d e e p l y i n v o l v e d in the d e v e l o p m e n t a n d analy­
sis of government p o l i c y affecting the m i n i n g industry, particularly with 
respect to environmenta l issues, taxation, industry assistance, a n d m i n ­
erals trade. H e undertook his postgraduate training in economics a n d 
econometr ics at the Austral ian Nat iona l Universi ty . 

In his lecture, Cox focuses on the issue of l a n d access for minera l 
explorat ion a n d m i n e d e v e l o p m e n t . A major source of controversy is 
the means b y which alternative uses of l a n d are v a l u e d a n d c o m p a r e d . 
(The range of alternative uses inc ludes mining , grazing, t i m b e r produc­
t i o n , recreat ion , a n d p r e s e r v a t i o n , a l though o n l y rarely w o u l d a l l of 
these b e potent ia l uses for a particular tract of land.) Cox evaluates the 
appropr ia teness of using a benefit -cost framework for comparing alter­
native uses of l a n d , espec ia l ly w h e n m i n i n g a n d environmenta l preser­
vat ion are b e i n g c o n s i d e r e d . Cox uses as an example the recent d e b a t e 
o v e r m i n e r a l d e v e l o p m e n t at C o r o n a t i o n H i l l in the former K a k a d u 
Conservation Zone of the Northern Territory, Australia (the Conservation 
Z o n e was i n c o r p o r a t e d into the larger s u r r o u n d i n g K a k a d u N a t i o n a l 
P a r k i n 1991). 

A benefi t -cost framework, as Cox discusses, requires est imating the 
benef i ts a n d costs associated with each alternative use (or combinat ion 
of uses) a n d then discount ing these values to the present to account 
for t ime value . The l a n d use with the highest pos i t ive net present va lue 
s h o u l d , in theory, b e se lec ted . 4 

4For many activities, including developing a mine and preserving an environment, 
we receive benefits and incur costs over a period of time. Benefits and costs in this con­
text include not only monetary values but also nonmonetary values, such as damage to 
human health from dirty air or water and the pleasure we get from a scenic vista. 
Discounting is a process for reducing future values (benefits and costs) to make them 
directly comparable with present values. We tend to value the future less than the pre­
sent because we are impatient—for example, we would rather receive a dollar today than 
next year. More specifically, receipts received today are worth more than similar future 
receipts because they can be invested today and grow in value between now and the 
future period. Some observers, however, question the appropriateness of discounting, 
especially when environmental values and long time frames are involved; see Toman (in 
Darmstadter 1992, 17-18). 

Net present value is the difference between total benefits and total costs, appropri­
ately discounted to account for time value. 
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This sounds s i m p l e enough, but in practice it is diff icult to i m p l e ­
ment . Cox d i scusses the p r o b l e m s assoc ia ted wi th v a l u i n g g o o d s for 
w h i c h there are no markets (such as c l e a n air or water) a n d v a l u i n g 
e n v i r o n m e n t a l damage that may b e i r revers ib le . H e notes the p r o b ­
l e m s of d e a l i n g wi th b o t h uncertainty about the future a n d lack of infor­
m a t i o n o n m i n e r a l p o t e n t i a l a n d the v a l u e of c o n s e r v a t i o n i n areas 
u n d e r d i s p u t e . M o r e fundamental ly , he acknowledges that s o m e p e o ­
p l e q u e s t i o n the appropr ia teness of the process of d i scount ing in the 
first p l a c e . The C o r o n a t i o n H i l l e x a m p l e is noteworthy, a m o n g other 
reasons, for its use of the contingent va luat ion m e t h o d to es t imate the 
va lue p e o p l e p lace on preserv ing envi ronmenta l qual i ty . 5 The e x a m p l e 
shows that Austral ians place significant values on preservat ion . These 
values , Cox contends , s h o u l d not b e i g n o r e d just because they are dif­
ficult to quantify. 

Cox conc ludes that, d e s p i t e its many p r o b l e m s , benefi t -cost analy­
sis is an a p p r o p r i a t e — e v e n i n d i s p e n s a b l e — t o o l for focus ing p u b l i c 
d e b a t e about l a n d use. Those des ign ing p u b l i c po l i c ies n e e d to p lace 
greater e m p h a s i s on the co l lec t ion of information about benef i ts a n d 
costs a n d then on the use of this information in a review process that is 
o p e n a n d t r a n s p a r e n t to a l l i n t e r e s t e d p a r t i e s . H e argues that t h e 
process b y which land-use dec i s ions are m a d e is crit ical ly important . 
Balancing des ires for minera l d e v e l o p m e n t with those for preservat ion 
a n d c o n s e r v a t i o n w i l l n e v e r b e easy, but a d e c i s i o n - m a k i n g process 
that is o p e n a n d transparent w i l l p r o m o t e bet ter dec is ions . 

John T i l ton is the W i l l i a m J. Coul ter Professor of M i n e r a l E c o n o m i c s 
at the C o l o r a d o School of M i n e s a n d a Univers i ty Fe l low of Resources 
for the Future O v e r the past twenty years, he has writ ten w i d e l y o n var­
i o u s e c o n o m i c a n d p o l i c y i s s u e s c o n f r o n t i n g the m e t a l i n d u s t r i e s , 
i n c l u d i n g cycl ica l ins tabi l i ty , mater ia l subs t i tu t ion , long-run t rends in 
m e t a l d e m a n d , a n d m i n i n g a n d the environment . H e r e c e i v e d his P h . D . 
degree in economics from Yale Univers i ty . 

T i l ton focuses on the later stages of m i n i n g a n d benef ic ia t ion a n d of 
m i n e closure a n d rec lamat ion—speci f ica l ly the issue of who s h o u l d pay 

Contingent valuation methods involve the use of surveys to estimate the value that peo­
ple place on environmental quality. A survey might, for example, focus on how much peo­
ple would be willing to pay to preserve a natural environment or to reduce the health 
risks associated with some type of industrial activity. For an overview of contingent valua­
tion and other methods for valuing environmental damages, see Cummings, Brookshire, 
and Schulze 1986; Kopp and Smith 1993. 
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for cleaning up mine wastes—with a perspect ive from the U n i t e d States. 
H e notes that what has b e c o m e known as the pol luter-pays pr inc iple is 
the starting point for most discussions in this area, not just in mining but 
for most p o l l u t i n g act ivit ies . R e q u i r i n g that pol luters p a y for c leanup 
encourages efficiency: it requires producers to acknowledge a n d bear 
the environmental costs of product ion, along with the costs they normal­
ly bear for capital , labor, raw materials, and other factors of product ion. It 
provides incentives for producers to d e v e l o p and adopt new and cheap­
er technologies for protect ing environmental resources. Requir ing that 
pol luters pay is also arguably equi tab le or fair: those who pol lute the 
environment a n d benefi t from pol lu t ion s h o u l d pay for c leanup. 

For ongoing mining , T i l ton argues that the pol luter -pays p r i n c i p l e 
is qui te reasonable as a basis for p u b l i c pol icy . But he contends that 
the p r i n c i p l e is inappropr ia te for d e a l i n g with the p r o b l e m s associated 
with past min ing . M a n y former pol luters no longer exist, a n d others are 
not f inancial ly ab le to pay for c leanup. M a n y sites have changed owner­
ship several t imes over the years, a n d appor t ion ing b l a m e among the 
var ious owners is di f f icul t , if not i m p o s s i b l e . U l t i m a t e l y , T i l t o n c o n ­
tends, the consumers of goods whose product ion generated the p o l l u ­
t ion are respons ib le for the p o l l u t i o n . 

D e s p i t e these p r o b l e m s , U.S. po l i cy toward c leaning up hazardous 
o l d m i n i n g sites rel ies on the pol luter -pays pr inc ip le . The result, T i l ton 
contends, has b e e n ineff iciency in the remedia t ion of sites. Probab ly 
b e t w e e n one-fifth a n d one- th i rd of the total amount spent on remedia ­
t ion has gone toward l i t igation a n d other transaction costs associated 
with d e t e r m i n i n g who is r e s p o n s i b l e for c leanup (that is, in assigning 
respons ib i l i ty for b lame) . The nature of legal l iabi l i ty in U.S. p o l i c y — 
strict, jo int -and-several , a n d retroact ive—discourages remining of o l d 
m i n i n g a n d m i l l i n g sites, often the least expens ive m e t h o d of c leanup. 
(The three forms of legal l iab i l i ty are d e f i n e d a n d their impl icat ions are 
d i s c u s s e d in Ti l ton's lecture.) 

The remaining three lectures d o not concentrate on specif ic stages 
of p r o d u c t i o n , b u t i n s t e a d p r o v i d e p e r s p e c t i v e s that cut across a l l 
three stages. Gustavo Lagos is a professor of min ing engineer ing at the 
Pontif ic ia U n i v e r s i d a d Catol ica d e Chi le a n d former executive director 
of the Center for C o p p e r a n d M i n i n g Studies , a research organization in 
Santiago, Chi le . H e is a m e m b e r of the Board of Directors of the Center 
for Envi ronmenta l Research a n d Planning a n d has b e e n a consultant for 
t h e g o v e r n m e n t C o m m i s s i o n o n M i n i n g a n d the E n v i r o n m e n t . H e 
r e c e i v e d his Ph .D. degree from L e e d s Universi ty , U n i t e d K i n g d o m . 
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Lagos concentrates on formulat ing nat ional env i ronmenta l p o l i c i e s 
i n the d e v e l o p i n g w o r l d , u s i n g C h i l e as an e x a m p l e . In the U n i t e d 
States a n d other i n d u s t r i a l i z e d countries, the recent d iscuss ions about 
p u b l i c p o l i c y toward m i n i n g a n d the env i ronment have taken place in 
the context of ex i s t ing n a t i o n a l p o l i c i e s a n d regulatory m e c h a n i s m s 
dat ing back in many instances to the 1960s a n d 1970s. M a n y m i n e r a l -
rich d e v e l o p i n g countries have h a d l i t t le in the way of nat ional envi ron­
m e n t a l p o l i c i e s . In o ther such d e v e l o p i n g countr ies , e n v i r o n m e n t a l 
laws are o n the b o o k s , b u t are not e f fec t ive b e c a u s e of c o n f l i c t i n g 
o b j e c t i v e s i n d i f f e r e n t p o l i c i e s , b u r e a u c r a t i c c o n f u s i o n , a n d w e a k 
enforcement ; Chi le is an example . 

Lagos notes that, unt i l very recently, C h i l e d i d not require environ­
menta l impact s tudies pr ior to i ssuing permits for large projects, h a d no 
requi rements for l a n d rec lamation fo l lowing mining , a n d h a d no stan­
d a r d s regula t ing l i q u i d a n d s o l i d ef f luent or s o i l q u a l i t y . But th is is 
changing. In less than a d e c a d e , p u b l i c awareness about the envi ron­
m e n t has grown significantly, a n d p u b l i c p o l i c y is racing to catch u p . A 
nat iona l framework for e n v i r o n m e n t a l p o l i c y , p r o p o s e d in 1992, rests 
o n three pr inc ip les : legal l iab i l i ty for env i ronmenta l damages , absent 
prev ious ly ; env i ronmenta l impact s tudies for large new projects affect­
ing the environment ; a n d pol luters p a y i n g for c leanup. W i t h these p r i n ­
c i p l e s as a framework, Lagos expects that nat ional leg is la t ion w i l l b e 
d e v e l o p e d b y the e n d of the 1990s governing, for example , water q u a l ­
ity, so i l qual i ty , a b a n d o n e d mines , a n d tail ings dams. 

D e s p i t e the infancy of env i ronmenta l p o l i c y in C h i l e , e n v i r o n m e n ­
tal pract ice is in s o m e cases a h e a d of nat iona l r e q u i r e m e n t s . This is 
e s p e c i a l l y true for new projects. In the absence of e n v i r o n m e n t a l p o l i ­
cies or s tandards, foreign investors typica l ly des ign a n d construct faci l i ­
t ies to m e e t the standards of their h o m e countries (such as the U n i t e d 
States or Japan), b o t h in a n t i c i p a t i o n of the d e v e l o p m e n t of str icter 
s tandards in C h i l e a n d to a v o i d shareho lder accusations of expor t ing 
p o l l u t i o n to the d e v e l o p i n g w o r l d . If true not o n l y in C h i l e but e l s e ­
where in the d e v e l o p i n g w o r l d , the p r o p o s i t i o n that industr ia l act ivity 
in genera l a n d m i n i n g in part icular w i l l migrate to countries wi th less 
strict e n v i r o n m e n t a l regulat ion is weaker than often argued. 

T h e e n v i r o n m e n t a l pract ices a g r e e d u p o n in a d hoc d i s c u s s i o n s 
b e t w e e n foreign investors a n d local Chi leans are l ike ly to signif icantly 
shape later legis lat ion a n d regulations. Thus env i ronmenta l p o l i c i e s of 
countr ies l ike Austral ia , Japan, a n d the U n i t e d States are l ike ly to have 
an i m p o r t a n t i n f l u e n c e o n future p o l i c i e s in d e v e l o p i n g c o u n t r i e s 
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through their "demonstra t ion" effect. But Lagos argues that it w o u l d not 
b e wise for C h i l e to b l i n d l y m i m i c the e n v i r o n m e n t a l p o l i c i e s of the 
U n i t e d States a n d other countries with several decades of exper ience 
with environmenta l pol icy . C h i l e a n pol i c ies s h o u l d b e d e v e l o p e d grad­
ual ly , l earn ing from the exper iences of other countr ies a n d a d a p t i n g 
exist ing pol i c ies e lsewhere to the C h i l e a n si tuation. 

D a v i d H u m p h r e y s is d e p u t y chief econom is t at the RTZ Corpor ­
ation, an internat ional m i n i n g c o m p a n y b a s e d in L o n d o n . H e has writ­
ten extens ive ly o n the metals a n d minerals industry . Prior to jo in ing 
RTZ, he w o r k e d in U . K . government service for nine years. H e is v ice 
p r e s i d e n t of the Brusse l s -based industry federat ion, Euromines , a n d 
associate e d i t o r of the journal Resources Policy. H e r e c e i v e d his P h . D . 
degree in economics from the Univers i ty of Wales . 

H u m p h r e y s assesses E u r o p e a n d its at tempt to elaborate suprana­
t i o n a l p o l i c i e s toward the e n v i r o n m e n t . S u p r a n a t i o n a l organizat ions 
a n d mult inat ional agreements have b e c o m e increasingly important in 
envi ronmenta l pol icy ; consider , for example , the 1987 Montrea l proto­
c o l o n c h l o r o f l u o r o c a r b o n s ; the b i o d i v e r s i t y c o n v e n t i o n a n d o t h e r 
agreements of the 1992 U . N . Conference o n Environment a n d D e v e l o p ­
ment (known as the Earth Summit) ; efforts b y mult i lateral d e v e l o p m e n t 
banks (such as the W o r l d Bank) to promote i m p r o v e d envi ronmenta l 
practices; a n d inc lus ion of (very general) envi ronmenta l provis ions in 
the North Amer ican Free Trade Agreement . 

H u m p h r e y s observes that, to date, European C o m m u n i t y (EC) leg­
is lat ion on the environment has h a d litt le effect on the minera l indus­
tries; na t iona l p o l i c i e s have b e e n more impor tant . H e n e v e r t h e l e s s 
c o n c l u d e s that E C i n f l u e n c e o n e n v i r o n m e n t a l matters is b o u n d to 
increase . For m i n i n g , greater E C inf luence is l i k e l y to m e a n tougher 
requirements for environmenta l impact assessments as part of prepro-
duct ion p l a n n i n g and permit t ing . M i n e wastes, from b o t h ongoing oper­
ations a n d from the past, also are l ike ly to b e targets of E C pol icy . 

H u m p h r e y s notes the tens ion b e t w e e n supranat ional a n d nat ional 
in teres t s—EC desires for c o m m o n environmenta l s tandards a n d regu­
lat ions versus nat ional des i res to tai lor rules to fit i n d i v i d u a l c i rcum­
stances. The E u r o p e a n so lut ion to this tens ion is the pr inc ip le of sub­
sidiari ty, b y which act ion is taken at the E C l e v e l only if it cannot b e 
a c h i e v e d b y the m e m b e r nat ions t h e m s e l v e s . T h e p r i n c i p l e s e e m s 
s i m p l e e n o u g h but has b e e n p r o n e to controversy in in terpre ta t ion . 
T h e p r i n c i p l e a n d its i n t e r p r e t a t i o n l i e at the heart of the o n g o i n g 
d e b a t e over E u r o p e a n union . The approach emerging, in particular the 
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growing acceptance that the ach ievement of env i ronmenta l ob jec t ives 
at a s u p r a n a t i o n a l l e v e l requires p o l i c i e s to have s o m e f l e x i b i l i t y to 
a c c o m m o d a t e d i f f e r i n g n a t i o n a l d e v e l o p m e n t a s p i r a t i o n s a n d c o n ­
straints, potent ia l ly has impl ica t ions for other at tempts at supranat ion­
al p o l i c y m a k i n g . 

H u m p h r e y s observes a gradual change in the tone a n d p h i l o s o p h y 
u n d e r l y i n g the d e v e l o p m e n t of env i ronmenta l p o l i c y in E u r o p e . M o s t 
early e n v i r o n m e n t a l rules r e l i e d heavi ly on direct regulat ion, e spec ia l ly 
t e c h n o l o g y - b a s e d s tandards a n d performance s tandards that d e f i n e d 
m a x i m u m a l lowable emiss ions . G o v e r n m e n t s d e v e l o p e d these rules in 
a largely p i e c e m e a l fashion, in response to specif ic inc idents or p r o b ­
lems . The process of p o l i c y d e v e l o p m e n t was confrontat ional—govern­
ment versus bus iness . M o r e recently, H u m p h r e y s argues, the process 
has b e c o m e less reactive a n d more proact ive , what H u m p h r e y s calls an 
integrated approach to p o l i c y d e v e l o p m e n t . A l t h o u g h direct regulat ion 
s t i l l is a l ive a n d w e l l , m o r e a t tent ion is b e i n g p a i d to the p o t e n t i a l 
o f f e r e d b y e c o n o m i c i n s t r u m e n t s such as e m i s s i o n taxes. E m e r g i n g 
from the po l i t i ca l reality of trying to forge agreement amongst twelve 
sovere ign states is a recognit ion that government , industry, a n d society 
as a w h o l e benef i t from an approach to env i ronmenta l matters that is 
less confrontat ional a n d legalist ic a n d more cooperat ive in tone. 

A l y s o n Warhurst directs the internat ional M i n i n g a n d E n v i r o n m e n t 
R e s e a r c h N e t w o r k , w h i c h br ings t o g e t h e r i n t e r d i s c i p l i n a r y r e s e a r c h 
teams from around the w o r l d to s tudy a n d d i sseminate p o l i c y analysis 
a b o u t e n v i r o n m e n t a l regula t ion , t e c h n i c a l change, a n d i n t e r n a t i o n a l 
c o m p e t i t i v e n e s s . S h e a l so is a s e n i o r f e l l o w at t h e S c i e n c e P o l i c y 
Research Unit of the Univers i ty of Sussex in the U n i t e d K i n g d o m . She 
r e c e i v e d her Ph .D. degree in industr ia l p o l i c y s tudies from the Univer­
sity of Sussex. Warhurst has w o r k e d extens ively in South A m e r i c a , a n d 
her research career has focused o n technical change in the extractive 
industr ies , i n c l u d i n g offshore o i l a n d min ing , with spec ia l e m p h a s i s on 
d e v e l o p i n g countries . 

In the f inal lecture, Warhurst focuses on the roles of technologica l 
innovat ion a n d h u m a n resources in env i ronmenta l management , espe­
c i a l l y i n d e v e l o p i n g c o u n t r i e s . M u c h e x i s t i n g e n v i r o n m e n t a l p o l i c y 
e m p h a s i z e s the modi f i ca t ion of exist ing facil it ies to reduce emiss ions 
( a d d - o n s o l u t i o n s to e n d - o f - p i p e p r o b l e m s ) ; c o m p a n i e s d i rec t the i r 
efforts toward c o m p l y i n g with speci f ic regulations a n d m e e t i n g speci f ic 
s tandards for emiss ions or po l lu t ion-contro l e q u i p m e n t . There is l i t t le 
i n c e n t i v e to i n n o v a t e a n d d e v e l o p n e w a n d l e s s c o s t l y m e a n s of 
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