Introduction

Mining, particularly sulfide mining, presents certain unavoidable ecological risks. Take
for example the case of Torch Lake, in Michigan’s upper peninsula, where copper was
mined between the 1860’s and the 1960’s. Waste from the mining process was dumped into
Torch Lake or onto its shoreline. Most of the lake’s western shore and twenty percent of its
bed was covered with the copper ore waste and with waste from the local smelter.

Today, Torch Lake is part of a U.S. Environmental Protection Agency Superfund site.
Sediments in the lake are heavily contaminated with copper, a substance highly toxic to
aquatic ecosystems. The density and diversity of the lake’s bottom dwelling communities is
extremely low. Windblown dust, groundwater contamination, and contamination in the water
column contribute to concentrations of copper, arsenic, lead, and mercury that exceed
Michigan’s Water Quality Standards and violate human health and aquatic protection crite-
ria promulgated under the federal Clean Water Act.

Not all sulfide mines will result in the severity of harm experienced at Torch Lake.
Moreover, some of sulfide mining’s ecological threats can be mitigated or avoided alto-
gether.

Nevertheless, the decision to allow sulfide mining inevitably is a decision to permit
some ecological harm. Whether this harm is worth the anticipated benefits of a mine is a
question for policymakers and regulators. The decision to permit a sulfide mine guarantees
environmental disturbance and degradation to a degree never exactly predictable.

Thus, the true “price” that local communities pay in exchange for anticipated benefits
becomes known only as theoretical harms transform themselves into realties. For certain
communities, such as Indian tribes, this “price” may be particularly devastating.

This publication’s intent is to enhance the reader’s understanding of the threats posed
by sulfide mining, and to raise issues that should be considered before decisions concerning
mine permitting are made.

Chapter One describes the sulfide mining process. Chapter Two describes the environ-
mental threats posed by this process. Chapter Three explains why these threats are espe-
cially serious for Indian tribes who have reservations near mine sites, or who hunt, fish and
gather in areas that may be affected by mining. Finally, Chapter Four will discuss Wisconsin’s
mining laws as they relate to environmental protection and note changes in those laws over
time.
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The Sulfide Mining Process

Mining is the
process by which
villuable minerals
such as copper, lead.,
sine, pold and silver,
are extracted from
the carth. Usually
these minerals are
not found i their
pure or native lorm,
but as components
ol other minerals.
Copper, lead, and
zine  often  are
bonded o sulfur,
forming sullide
compounds. Thus,
copper, zinc and
lead mining is often
referred to as sulfide
mining, and the re-
lease of various forms ol sulfur is an inevi-
table by-product of the metals” extraction.

Basic Geology and
Exploration

Copper, zine, and lead are widespread
in the rocks of the earth’s crust, but ordinanly
i minute guantities. Copper accounts for
only 0.0058% ol the earth’s crust by weight,
and lead and zinc even less. Because ol the
rare geological occurrence ol these miner-
als, they must be lound in relatively high con-
centrations in order for mining to be eco-
nomical.

For instance, al the Copper Range mine
in White Pine, Michigan, copper constitutes
an average ol about 1.1% ol the ore. Al a
proposed mine near Crandon, Wisconsin, the
massive portion of the ore contains about .6%
copper, 8.4% zinc. and .7% lead.

The first step in mining is to find com-
mercially exploitable quantities and concen-
Irations of minerals. Figure |, page 2 shows

{]’fﬂpfﬂ-r One

mineral exploration
and known deposits
in portions ol Wis-
consin, Minnesota,
and Michigan,

Discovery of a
high mineral content
in the soils and
plants at a particular
site, or geophysical
identilication ol
rocks and minerals
with the electromag-
netic characteristics
ol a sulfide orebody,
can lead 1o further
exploration. In this
phase ol explora-
tion, the goal is 1o
establish an ore-
body's geometry,
minability, and amenability Lo processing.
Lixtensive core drilling, metallurgical bulk
sampling and testing, and other mine studies
are conducted. The suitability of the orebody
o either underground mining or open pit
mining i1s also determined, based largely on
the depth and size ol the orebody,

Development and Mining

Development includes all the activities
that must take place belore the orebody can
be mined. This mvoelves construction of sur-
face structures, access roads, power lines, and
rail lines. If an open pit mine is constructed,
development will also include removal of the
rocks and soil covering the orebody. 11 an
underground mine is built, development will
include construction of access and ventila-
lion shafts.

With either a surface or underground
mine, any pil or shall that is below the water
table will naturally accumulate groundwater,
The mine acts like a giant well by pulling in
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Figure 1. Mineral exploration in portions of Michigan, Wisconsin, and Minnesota. Note that reporting and drilling activity is voluntary in Michigan.
The Michigan Department of Natural Resources estimates that the points on the Michigan portion of the map represent only about one-tenth of the
actual drilling that has occurred.



water from the surrounding area. This
water must be pumped out of the mine
in order for miners to enter the mine
and remove the ore. Pumping must
continue until mining is finished and
the mine is closed.

Pumping groundwater from the
mine, or dewatering, creates a cone
of depression in the groundwater of
the surrounding area. This may lower
water levels in nearby wells. If the
groundwater is linked to rivers or
lakes, surface water levels also may
be lowered. The size of the cone of
depression and the extent of the im-
pact on surface water will depenc
greatly on the area’s geology.

Both surface and underground
sulfide mines produce large amounts
of solid waste. Most solid waste comes from
waste rock and from ore processing
byproducts. Waste rock is made up of the soil,
rock and non-target materials that must be
removed in order to reach and excavate the
high mineral content ore. The amount of
waste rock depends on the location and depth
of the orebody. Processing byproducts, called
tailings, consist of the leftover ore after the
target minerals have been removed. Since the
amount of mineral content in “high mineral
content” ore is relatively small, the tailings
generated in a mining operation are large. For
example, each ton of copper ore only yields
about 8-10 pounds of copper, leaving 1,990
pounds of tailings.

The waste produced from sulfide min-
ing processes is not benign. Waste rock may
contain radioactive materials. Tailings con-
tain heavy metals, chemicals, and acid gen-
erating sulfide compounds, all of which are
toxic to the environment in varying degrees.

There are a variety of underground min-
ing methods. Most use stoping, a process
involving the creation of large openings by
removing ore. Some place backfill—often
waste rock or tailings—in the empty spaces
left after the ore has been removed. Backfill

Access shaft at a mine in Michigan’s Upper Peninsula.

provides support for the mine workings so
that more of the ore can be mined.
Extraction of the orebody itself involves
acycle of drilling, blasting, ore and rock load-
ing, and transporting so that the ore can be
processed and the target minerals recovered.

Beneficiation: Milling and
Concentration

Today, most sulfide ore is not of a high
enough grade to be shipped directly to a
smelter. It must go through a process known
as beneficiation, where the ore is milled and
concentrated using various chemicals.

At Crandon Mining Company’s pro-
posed mine site in Forest County, Wiscon-
sin, the massive part of the ore contains 8.4%
zinc and .7% lead. After beneficiation, the
lead/zinc concentrate will contain 55-60%
zinc and lead, and thus can be shipped to a
smelter more economically.

During milling, a series of machines
crush the ore into fine particles, the largest
being about the size of a grain of sand, so
that it can be processed more easily. When



the ore particles reach a size at which they
are most susceptible to chemical treatment,
they move to the concentration stage. Con-
centration can be accomplished in a number
of ways.

Froth Flotation

Froth flotation is the most widely used
method of beneficiating sulfide ores. Chemi-
cals are used to produce a concentrate con-
taining the targeted minerals. A list of some
of these chemicals is found in Figure 3, page
13.

Froth flotation begins by adding chemi-
cals to the milled ore, so that the surfaces of
one or more minerals in the slurry will repel
water and attract air bubbles. The air bubbles
rise to the surface of the slurry where the re-
sulting froth, which contains the valuable
minerals, is skimmed and collected. The froth
is then dewatered and thickened, and the re-
sulting concentrate is sent to a smelter for
further processing.

Some of the chemicals used in the flo-
tation process may be used again to concen-
trate more ore. However, these chemicals are
a significant byproduct of ore processing that
ultimately must be disposed of.

Froth flotation is the beneficiation
method proposed by the Crandon Mining
Company. Figure 4, page 15 shows the
chemicals that Crandon Mining Company
proposes to use in its flotation process.

Some of these chemicals, such as cop-
per sulfate, sodium cyanide and sodium
dichromate, are known to be highly toxic to
aquatic life. Other chemicals do not pose such
serious environmental threats, but neverthe-
less will be used in large quanities. This is
the case with lime.

Crandon Mining Company currently
plans to process about 55 million tons of ore.
About 31 million tons of this ore is called
massive ore. For every ton of massive ore
that would be beneficiated at the Crandon
site, approximately 6.28 pounds of chemical

reagents, including about 3.9 pounds of lime,
would be needed. Approximately 97,340 tons
of reagent, including 60,450 tons of lime,
would be used over the life of the mine.

Gravity Separation

Gravity separation is a beneficiation
method that separates solids of different spe-
cific gravities by suspending them in a fluid.
The different settling rates of the solids al-
low the desired mineral to be extracted.

Leaching

Leaching involves pumping a chemical
through broken or crushed ore to dissolve the
valuable embedded minerals. The solution,
made up of the chemical and the mineral, is
known as a pregnant leachate solution. Mine
operators may choose one of a number of
techniques to recover the minerals from the
leachate, including solvent extraction, elec-
trowinning, ion exchange, or cementation.

There are four kinds of leaching pro-
cesses. Dump leaching takes place on an
unlined but impervious base surface. Vat
leaching, a high production rate method, is
conducted in a system of vats or tanks using
concentrated extracting solutions (often sul-
furic acid). Heap leaching takes place on a
lined pad made of a synthetic material, as-
phalt, or clay. Heap leaching is used with low
grade, crushed ore. Finally, in situ leaching
extracts minerals from ore that is still in the
ground.

The Copper Range Mining Company of
White Pine, Michigan, has proposed in situ
leaching to recover copper from mined out
areas. Copper Range would blast support
pillars, circulate a sulfuric acid solution
through the rubble, and electrolytically re-
cover copper from the pregnant leachate so-
lution. The solutions would be regenerated
and reused, yet eleven billion gallons of spent
solution would be left in the mine at the
completion of the project.



Waste Management

Beneficiation produces tailings and
waste water as byproducts ol mineral con-
centration. Tailings are the ore that is lelt over
aller the Largeted minerals have been re-
moved and are contained 1n a slurry of water
and chemicals used in beneficiation.

Tailings pose serious threats to the en-
vironment and therelore must be i1solated,
They are often stored and contained in pits,
or tailings management areas, that are lined
with generally impermeable materials, such
as clay or synthetic liners.

Tuilings are allowed lo settle in the pits
50 that some of the water may be collected,
In addition, leachate collection systems be-
low the liners are designed Lo trap liguids that
have leaked through. Waste water and col-
lected leachate normally are collected and re-
used or treated.

In some instances, tailings dre used Lo
backlill the mine. Tailings may be combined
with cement or another material to provide
structural support to the underground mine
workings. This allows a grealer percentage
ol an orebody Lo be removed.

Smelting and Refining

Most sullide mineral concentrates are
smelted. The metals also may be refined de-
pending on their intended commercial use.
Smelting involves three separate steps: roasi-
ing, smelting, and converting.

Rouasting is required for high sulfur con-
centrates. It oxidizes the iron in the concen-
trate and drives off sulfur dioxide. Smelling
bonds most of the remaining impurities in
the beneficiated (and, il necessary, roasted)
ore into i molten slag. by combining the ore
with a silica substance and heating it to high
temperatures.

Al the same time. the major metals com-
bing with sulfur 1o form an impure mixture
of metallic sulfides. Converting drives off the
sulfur from the metallic sulfides, oxidizes the
remaining iron, and removes it. After the sili-
cale slag is discarded. only the nearly pure
melals remain, Roasting, smelting, and con-
verting can result in a metal that 1s up (o Y9%
pure,

When a very pure metal s needed, such
as copper for electronic applications, the ex-
tra step of relining can make a metal that is
99 99% pure, Refining can be done
in 4 number of different ways, in-
cluding fire refining, electro-metal-
~ lurgical refining, vapormetallur-
. gical refining, or high-pressure hy-

- drometallurey.

Reclamation

Reclamation, the last mining
activity, is the rehabilitation and res-
toration of the project site to a state
as close as possible to its original
pre-mining condition. The goal is to
eliminate, minimize, or mitigate
physical or chemical envirenmental
threats. While most reclamation con-
sists of the removal ol all mining
support structures, and the revegeta-
tion and stabilization of the mine



site, there is no single way to accomplish
reclamation. Each case will differ, and the
choice of reclamation measures will be in-
fluenced by such variables as climate, the

physical characteristics of the mine site, the
laws of the particular state where the mine is
located, and the technical and economic fea-
sibility of the reclamation project.



The Effects of Sulfide Mining
on Ecosystems

Chapter Two

All mining has
impacts on air, wa-
ter, soil, and living
organisms. Some are
less severe than oth-
ers; some can be pre-
vented or mitigated:
but some environ-
mental damage is
certain. Inevitably,
the decision to per-
mit mining guaran-
tees environmental
disturbance and deg-
radation to a degree
never exactly pre-
dictable.

Unfortunately,
even the best avail-
able science and
technology cannot
prevent environmental damage. Thus, the
decision to allow mining is not a question of
whether to permit environmental damage. It
iIs a determination of the nature and extent of
the damage and uncertainty that is “accept-
able™ as a matter of public policy.

Proper public policy decisions can only
be made by understanding the nature of the
environmental threats posed and acknowl-
edging that science and technology provide
no guarantees.

Although all mining operations impact
the environment, sulfide mining poses threats
that are especially severe. All mining scars
the earth and produces large amounts of
waste. But sulfide mining, because of the
characteristics of the ore, poses threats that
are substantially different than many other
types of mining.

This Chapter will document these threats
by examining each phase of the sulfide min-
ing process.

Only as these threats are realized, will
communities near sulfide mines know the

true “price” that
mining carries. De-
cision makers must
understand these
threats before they
can make informed
choices about
whether to encour-
age or even allow
sulfide mining.

Environmental
damage from min-
ing rarely effects
only individual
components of eco-
systems. For ex-
ample, if mine de-
watering lowers sur-
face water levels,
aquatic flora and
fauna are affected.

Thus, the focus of this Chapter is on eco-
systems: systems in which there is an inter-
dependence and interaction between living
organisms and their immediate physical,
chemical and biological environments. In
particular, aquatic ecosystems are examined
because, if permitted, proposed mining in
Northern Wisconsin will take place in a wet
environment.

No attempt is made to detail every miti-
gation technique used to minimize the risk
and severity of mining’s environmental
threats. Mitigation is discussed, however,
where it is particularly vital in preventing
widespread environmental damage.

An ecosystem can be threatened by sul-
fide mining operations when wastes contain-
ing polluting compounds enter and harm the
physical or biological components of the eco-
system.

Mining’s potential threats to ecosystems
have been recognized for centuries. Writing
the world’s first mining textbook, Georgius
Agricola observed in 1556:



The strongest argument of the detrac-
tors is that the fields are devastated
by mining operations ... the woods and
groves are cut down, for there is need
of an endless amount of wood for tim-
bers, machines and the smelting of
metals. And when the woods and
groves are felled, then are extermi-
nated the beasts and birds, very many
of which furnish a pleasant and agree-
able food for man. Further, when the
ores are washed, the water which has
been used poisons the brooks and
streams, and either destroys the fish
or drives them away.

Today, the underlying causes of the dam-
age that Agricola described are well under-
stood. For example, it is now known that ore
processing byproducts include heavy metals
and other toxic compounds that poison fish
and their habitats.

Moreover, the history of sulfide mining
in the United States illustrates the damage
caused to ecosystems by acid mine drainage,
heavy metal contamination, chemical process
pollution, and sedimentation. It shows that,
in places like Northern Wisconsin, damage
is often felt first in aquatic ecosystems. A
summary of the major effects of sulfide min-
ing and its associated processes is found in
Figure 2.

To prevent or mitigate pollution of eco-
systems near mining sites, mining wastes
must be isolated from the environment per-
manently. Unfortunately, isolation must be
accomplished by human and mechanical
means, and has never been completely suc-
cessful.

As the Wisconsin Department of Natu-
ral Resources (DNR) notes, “There are no
ideal metallic mineral mining sites which can
be pointed to as the model approach in pre-
venting acidic drainage industry-wide.”

According to the DNR there are two rea-
sons for this. First, the current “state of the
art” technology for controlling mine waste

has not been in use long enough to com-
pletely prove itself. Approved sulfide min-
ing operations in northern Wisconsin will
become testing grounds for the effectiveness
of these technologies.

Second, control technology effective-
ness is dependent on the unique characteris-
tics of each mining operation, the character-
istics of the ore, and environmental charac-
teristics of the site. Northern Wisconsin is
characterized by complex hydrology and nu-
merous lakes, streams, and rivers. This abun-
dance of water contributes significantly to
the degree of risk associated with sulfide min-
ing.

In addition, the complexity of the
groundwater system leads to uncertain pre-
dictions of the behavior of pollutants within
the system and the adequacy of pollution
control measures. An abundance of water
makes it more likely that pollutants will en-
counter and contaminate that water, and less
likely that pollution controls will be com-
pletely effective.

A. Exploration

Mineral exploration poses a number of
ecosystem threats. Drilling operations may
penetrate multiple aquifers. This can cause
water from different aquifers to mix, chang-
ing water chemistry. Aquifer elevations may
also change, causing wells to go dry.

Drilling sludge, the material ground up
and brought to the surface during drilling,
may contain sulfide ore, heavy metals and
other contaminants. The environmental
threats posed by these pollutants are dis-
cussed in Section D below.

During exploration, land will be dis-
turbed by road and drill pad building and by
heavy equipment use. These activities can
cause severe soil compaction, resulting in
greater surface run-off and a long-term re-
duction in plant numbers and diversity. If a
mine is developed, this land disturbance will
be a minor part of the overall impact.



Major Ecosystem Threats of Sulfide Mining

l
acidic conditions
(low pH)

interferes with
salt balance in tissues,
can kill organisms

heavy metals

4
can kill or
bioaccumulate

1n tissues (see
Figure 3, page 13)

sediments/suspended
solids

can cover and kill inverte-
brates, destroy aquatic habitat,
clog streams, contribute

to flooding, reduce light
penetration and thus photo-
synthesis, and enhance
hydrogen sulfide production

hydrogen sulfide
production

kills fish and other
aquatic organisms,
enters via respiratory
tissue and poisons
cells

Smelting

\
releases sulfur
dioxide that
causes acid rain,
damages trees, and
lowers the pH of
water

Dewatering

v
dries up or lowers
well levels, eliminates
aquatic habitat,
destroys wetlands

Figure 2. Major ecosystem threats of sulfide mining.

Chemical process
pollution

See Figure 4, page 15

Fugitive dust
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contains particulates
that can cause lung
irritation and gases
that can contribute to
the formation of acid
rain
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B. Development/Mining

To a great extent, the location of a sul-
fide mine dictates the nature and severity of
ecosystem threats. For example, when an
orebody is mined near a system of numer-
ous, interconnected lakes, streams, and wet-
lands, the water itself can become contami-
nated easily, and can transport pollutants to
other water bodies and aquifers, and to liv-
Ing organisms.

Mine development exposes the land to
erosive forces by disturbing natural contours
and land forms. Erosion and sedimentation
are particular problems on steep slopes.
When precipitation washes soil fragments
downhill and carries them into nearby wa-
terways, sedimentation results.

Sedimenta-
tion can have dev-
astating effects on
aquatic ecosys-
tems. Sediments
can cover and kill
vegetation and in-
vertebrates, de-
stroy fish and wildlife habitats, and contrib-
ute to flooding by clogging streams and their
floodplains, thus eliminating their capacity
to absorb and hold run-off.

Suspended sediments may also disrupt
the ability of water to purify itself by reduc-
ing light penetration and thus photosynthetic
activity. The accumulation of sediments on
stream beds can enhance the production of
hydrogen sulfide, a substance toxic to fish
and other aquatic organisms.

Contaminated sediments, such as those
that are acidic or contain heavy metals, pose
additional threats similar to those caused by
acid mine drainage and heavy metals con-
tamination, discussed in Section D below.

Mine operators attempt to safeguard
against erosion and sedimentation by regrad-
ing and revegetating slopes. However, prob-
lems exist with these techniques. Slopes built
to stabilize the mine can be too steep, lead-

1o a great extent, the location of a
sulfide mine dictates the nature and

severity of ecosystem threats.

ing to further erosion. Flood events can also
cause excessive erosion. Vegetative covers
can compete with native plant communities
if native vegetation is not used. If regrading
and revegetation is not performed until min-
ing is completed, erosion and sedimentation
can continue throughout the active life of the
mine.

Subsidence, or the collapse of the sur-
face into mine workings, can be a threat to
the surface ecosystem. Backfilling, one com-
mon technique used to prevent subsidence,
creates its own problems.

Backfill is often made of tailings, which
contain sulfide ores and chemicals employed
in the concentrating process. If these materi-
als come into contact with water that escapes
from the underground workings, long-term
contamination of
surface and ground-
water can occur.

Particulate and
gaseous air pollu-
tion can result when
solid ore is exca-
vated, crushed, and
transported to the surface. Particulates may
effect human health if they are inhaled and
can contain pollutants which may contami-
nate soil, water and vegetation. Gaseous air
pollutants may contain sulfur dioxide, which
irritates the lungs and can damage or even
kill plants, especially conifers.

Dewatering the mine creates a cone of
depression where groundwater is pumped
away from the mine. This cone of depres-
sion can lower the water table for the entire
area surrounding the mine. Wells in the area
may be sucked dry. If nearby lakes and
streams are connected to the water table their
levels will be lowered as well.

This can have drastic effects on some
species, such as wild rice, which require shal-
low water habitats that could be destroyed
by adrawdown. Lowering the water table can
also destroy fish spawning grounds. To in-
crease water levels and mitigate these im-



Sulfide mining can have

pacts, mine operators sometimes pump wa-
ter into lakes and streams. However, this by-
passes the natural system, and may not ad-
cquately replicate its flow, temperature,
oxygen, and water chemistry.

Ore removal processes can introduce a
number of harmful chemicals into water. Qil
released into waters from mining operations
can form a thin film over the water surface,
interfering with the reoxygenation of water,
coating the gills of fish, and inhibiting the
filtering capacity of mussels.

Nitrogen compounds from blasting ma-
terials can contribute to excessive weed
growth in waterways. Spills of fuel, flota-
tion reagents, cleaning solutions, pesticides
and herbicides, paint solvents, and other
chemicals used or stored at the mine site can
cause soil, water or air contamination.

Discharged wastewater often is higher
in temperature than receiving water. Water
that is slightly elevated in temperature is le-
thal to some fish. Heat also interferes with
the hatching of fish eggs. Increases in water
temperature can cause an increase in the
growth of nuisance plants.

Higher temperatures decrease dissolved
oxygen in the water, at the same time speed-
ing up oxygen-demanding biochemical re-
actions. As a result, oxygen may be depleted
to a point where fish such as trout cannot
survive, and the diversity of the aquatic com-
munity 1s severely diminished.

o
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devastating effects on local stre

C. Beneficiation: Milling and
Concentration

The primary ecosystem threat from mill-
ing, where the sulfide ore is crushed into par-
ticles no larger than a grain of sand, is par-
ticulate pollution. Dust that is allowed to es-
cape into the environment during milling—
called “fugitive dust”—can contaminate soil,
surface water, and groundwater because it
carries toxic elements such as heavy metals
and radionuclides. These can be deposited
on surrounding soils or surface water and be
taken up in plant tissues.

Dust suppression systems spray water
(sometimes with an additive) to reduce dust
fallout from mine activities. In addition,
mechanical methods can be used to control
the formation of dust. Larger dust particles
can be trapped in an artificially created cy-
clone, in which dust is thrown to the walls of
the device, where it falls into a hopper.

Electrostatic precipitators can also be
used. These devices electrically charge the
dust, causing it to precipitate onto plates from
which it can be removed mechanically or by
washing. Fabric filters sometimes are used
as dust removal devices, as are wet scrub-
bers that use water to pull dust from the air.

Dust control cannot be completely ef-
fective. Dust mitigation measures rely on me-
chanical systems that have design limitations,
and that can and do fail.

Ore concentration uses a large
number and amount of chemicals.
See Figure 4, page 15. Some of
these chemicals are relatively be-
nign; some are highly toxic. They
must be transported to and stored
at the mine site until they are used
in the concentrating process, and
may cause harm to ecosystems if
they unexpectedly leak or spill.
These chemicals also are present in
tailings in small amounts. The
threats of chemicals contained in
tailings are discussed in Section D
and in Figure 4.
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D. Tailings Management and
Wastewater Treatment

Tailings represent sulfide mining’s
ereatest single ecosystem threat. They con-
tain sulfide compounds, heavy metals and
unrecovered beneficiation chemicals. Tail-
ings management areas, the mine workings
themselves, and wastewater treatment facili-
ties are used to contain and treat these wastes.

Wastewater and collected leachate from
tailings management areas normally are sent
to a water treatment plant. These treatment
systems alter the characteristics of the water
in a variety of ways. Acidity can be neutral-
ized with the addition of lime or other agents.
Lime, iron compounds, and aluminum sul-
fate are used to promote the settling of sus-
pended solids. After treatment, water and
useful chemicals may be recycled for use in
mine operations such as ore processing, while
wastes are stored in tailings piles or ponds.

When tailings escape from tailings man-
agement areas or from underground mine
workings, contamination occurs. Tailings
contain acid-generating material, toxic heavy
metals, and chemical processing residue.
Heavy rains can cause tailings management
areas to overflow or even fail, washing toxic
tailings into nearby waterways.

Fractures in mine walls may allow
groundwater to transport tailings that have
been used to backfill the mine, potentially
contaminating ground- and surfacewater.
Tailings also may be blown off the mine site
from the tailings management area or from
piles of waste rock, contaminating air and
soil.

Tailings can cause acid mine drainage,
heavy metals contamination, and chemical

process pollution, each of which is discussed

below.

Acid Mine Drainage

Acid mine drainage occurs when sulfide
minerals that are exposed to oxygen and

water produce sulfuric and other acids. Acidi-
fication occurs naturally within underground
orebodies but at a very slow rate. Mining
raises the sulfide minerals to the surface and
crushes them, thereby exposing much more
surface area to the effects of water and oxy-
gen. At first, this process is slow, but as the
system becomes more acidic, the rate of re-
action speeds up dramatically. The bacteria
Thiobacillus ferroxidans, common 1n acidic
environments, acts as a catalyst in this pro-
cess.

Uncontrolled acid generation results in
an ecosystem with high levels of heavy met-
als, dissolved solids, sulfates, and acidity. The
damage caused by acid mine drainage per-
sists for long periods of time, perhaps hun-
dreds or thousands of years, until all of the
sulfur in the tailings is leached out. Acid mine
drainage can kill fish and other aquatic life,
and can severely contaminate surface and
groundwater.

Hydrogen molecules in acid mine drain-
age combine with sulfide to form hydrogen
sulfide molecules, known by their character-
istic “rotten egg” odor. These molecules are
highly toxic to freshwater ecosystems, and
rise slowly through the water from the sedi-
ments where they are formed.

As hydrogen sulfide rises through the
water, it loses its toxicity. However, if the
water is already acidic, the hydrogen sulfide
will persist for a longer time in the water.
Consequently, its toxic effects will be more
extensive. Hydrogen sulfide can kill fish and
other aquatic organisms by entering through
the respiratory tissues and poisoning the cells.

Acidic water can directly impact the
health of ecosystems. As pH decreases to
acidic levels, organisms cannot maintain the
proper balance of salts in their tissues. En-
ergy is required to accomplish the salt bal-
ance and as pH decreases, more energy is
required.

When the pH decrease is prolonged, salt
balance within the organism fails and the
organism dies. In addition, low pH decreases



the availability of nutrients required for
proper plant growth and development.

The rate of acidic reactions can be
slowed with the addition of buffering mate-
rials such as lime. However, to be effective,
the chemistry of the waste material must be
well-defined, an appropriate amount of
proper buffering material must be added, and
thorough mixing of the additive with the
acid-generating wastes must be provided. If
any of these criteria are not properly met,
acidity may not be well-controlled.

The rate of acidification also can be re-
duced by eliminating contact between mine
waste and air or water. Mine operators at-
tempt to limit oxygen and water flow by cov-
ering tailings with wet or dry cover systems.

Wet covers use water to exclude oxy-
gen from the tailings. Dry covers use layers
of soil and/or synthetic membranes to ex-
clude water. These systems may be effective
in preventing oxygen and water from reach-
ing the tailings.

Nevertheless, much of the technology
behind these systems is new and its long term
effectiveness is unknown. Tailings cover sys-
tems must be monitored and maintained per-

manently to prevent an ecological “time
bomb.”

Bactericides also slow the acidification
process. They are applied to the surface of
waste piles to kill the bacteria that speed up
acid generating reactions. Bactericides de-
grade over time and cannot be relied on as a
long term solution to acid formation. They
can also damage ecosystems by killing natu-
rally occurring bacteria in the vicinity of the
tailings piles.

Heavy Metals Contamination

Waste rock, soils that cover and sur-
round the orebody, dust, and tailings all con-
tain metals. These metals may include lead,
zinc, arsenic, antimony, selenium, silver, cad-
mium, cobalt, copper, mercury, manganese,
aluminum, molybdenum, and nickel. Many
of these metals are essential to life at very
low levels. At higher levels, they cause metal
toxicity. Minerals can escape into the envi-
ronment by runoff or as fugitive dust.
Groundwater contaminated with heavy met-
als also may contribute to the contamination
of surface waters.

13

Metal Acute Exposure Criteria | Chronic Exposure Criteria|  Threat to the Ecosystem
in parts per billion’ in parts per billion?
(at 100 mg/L hardness) | (at 100 mg/L hardness)
Chromium III 1700 210 Highly toxic
Chromium IV 16 11 Highly toxic
Copper 18 12 Highly toxic: causes liver
damage in fish and wildlife
Lead 82 32 Highly toxic: inhibits central
nervous system functioning
Silver 4.1 0.12 may be harmful Extremely toxic
Zinc 120 110 Highly toxic: causes
deterioration of fish gills

' Level at which aquatic organisms may be safely exposed for one hour, once every three years.
* Level at which aquatic organisms are considered safe for long term exposure.

Figure 3. Characteristics of some of the heavy metals found in tailings.
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Some of these metals form relatively
insoluble compounds in water that will sink
and be buried in the sediments. However,
when the pH of the water decreases, as it does
in the presence of acid, these metals become
more soluble. When metals become soluble,
they become available to react with organ-
isms and can exert toxic effects. Figure 3
shows some of the characteristics of heavy
metals that can be released into the environ-
ment by mining.

Human contact with heavy metal laden
tailings poses health threats. Perhaps the
worst case of heavy metal poisoning in the
United States occurred at the Bunker Hill
Mining Complex in Idaho. Lead, zinc, and
silver mining occurred at Bunker Hill from
1885 until 1981, and periodically since 1981,
depending on prevailing metals prices. Tail-
ings were discharged directly into surface
water until 1928, when a tailings impound-
ment was created. Wastewater from the im-
poundment was discharged untreated until
1974.

Environmental impact investigations of
the Bunker Hill Complex were initiated in
1974 when symptoms of lead poisoning in
children were discovered. The most severe
lead poisoning occurred in the vicinity of the
on-site lead smelter. Over 98 percent of the
children living within one mile of the smelter
had blood lead levels four times greater than
the level at which effects can be seen.

Chemical Process Pollution

Beneficiation uses many chemicals. Af-
ter ore processing, some chemicals persist
in the tailings where they can come into con-
tact with water and be carried away from the
mine site. In addition, tailings and other mine
wastes used to backfill the mine contain
chemical residues. These can contaminate
groundwater, which can then move through
underground aquifers and discharge to sur-
face waters. Figure 4 shows the characteris-
tics of some of the chemicals commonly used
in beneficiation.

E. Cumulative Effects

Cumulative impacts occur when indi-
vidual impacts, happening simultaneously or
consecutively, exert effects which are greater
than the sum of their parts. Individual im-
pacts can come from different sources within
one mine or from sources at a number of dif-
ferent mines. For example, when several
metals are blended in the effluent from one
mine, they may combine to exert effects more
toxic than those of any one metal individu-
ally. The effluents from several mines may
also combine in this way.

Thus, even if the cumulative effects of
one mine are adequately addressed, the de-
velopment of several sulfide mines within an
ecosystem can pose special threats to that
system. Policymakers must consider how
these cumulative impacts will be addressed
when the potential exists for the development
of several mines in proximity to one another.
For example, a number of ore bodies have
been discovered in Wisconsin, near the head-
waters of the Wolf River. See Figure 5, page
16.

Operators are currently seeking permits
to develop only one of the orebodies near
Crandon. If future demand for metals in-
creases and prices rise, the other orebodies
could be mined, causing the potential for cu-
mulative effects on the ecosystems in and
around the Wolf River.

Cumulative effects from numerous
mine developments can range from the com-
bined effects of different water pollutants to
impacts on species’ habitats. The specific im-
pacts that may occur will depend on the char-
acteristics of the ore and the mining process,
including the mineral content of the
orebodies, the proposed mining method, the
ore concentration method, and the plans for
waste treatment and disposal.

For example, habitat fragmentation can
result from the large surface area disturbed
by mining operations. Land use changes have
the potential to impact a variety of species,



but are of particular concern for endangered
or threatened species. Because the number
of individuals in such species creates a con-
cern for their survival, the degradation or
destruction of any areas of habitat where the
species is found is significant.

The extent to which cumulative impacts
1s an issue in Wisconsin, remains a matter of
debate between mining proponents and min-

ing opponents. To begin with, the number of
mines that may be permitted in Northern Wis-
consin is, at this point, a matter of specula-
tion. Further, the complexities involved in
analysing the interactive effects of the mines,
makes predictions of cumulative impacts
very uncertain. Nevertheless, the decision to
permit one mine in an area where others may
be proposed requires consideration of re-
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Reagent USEPA Water Quality Criteria' | Proposed For | Threat To The Environment
Use at
Crandon Mine
Potassium None Toxic at very high levels, causes salt imbalance
Sodium xanthates None i Unknown
Thiocarbonates None Unknown

Kerosene, fuel oil, wood
tar, coal-tar oil, pine oil

0.01 of the 96-hr LC50? for
each oil

Toxic, impairs flavor of tissue,
decreases dissolved oxygen in water

Aliphatic alcohols None Toxic

Polypropylene glycol None # Unknown

methyl ether

Methyl isobutyl carbinol| None %, Unknown

Crysylic acid None Toxic, used in disinfectants

Copper sulfate

12 ug/L at 100 mg/L hardness®

Highly toxic to aquatic life

Sodium sulfide

2 ug/L

May increase hydrogen sulfide

Sulfur dioxide

2 mg/L

May decreases pH

Sodium cyanide

5.2 ug/lL

Highly toxic to aquatic life

Zinc sulfate

110 ug/L at 100 mg/L. hardness

Highly toxic to aquatic life

Starch

None

Breakdown products can deplete oxygen in water

Sodium dichromate

CrllI-210ug/L, CrIV-1lug/L
Both at 100 mg/L hardness

Highly toxic to aquatic life

Sodium flouride

None

Used as insecticide, toxic

Sodium hydroxide

maintain pH between 6.5-9.0

Increases pH

Lime

None

May increase pH and hardness

Soda ash

maintain pH between 6.5- 9.0

Increases pH

Sulfuric acid

maintain pH between 6.5-9.0

Decreases pH

Sodium carbonate

None

May increase pH

Sodium silicate

None

May increase pH

Tannin

maintain pH between 6.5-9.0

May decrease pH, reduces metal toxicity

Complex phosphates

50 ug/L flowing water
25 ug/L lakes and reservoirs

May decrease pH, causes excessive
excessive aquatic plant growth

' Numbers are the four day average concentrations that protect 95% of freshwater species.
296 hour LC50 is the concentration at which 50% of individuals die within 96 hours.
% ug/L = parts per billion; mg/L = parts per million

Figure 4. Characteristics of some of the chemicals used in ore processing.
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gional and long term cumulative implica-
tions.

Regional impacts are a particular con-
cern for the Chippewa tribes whose treaty-
reserved rights extend throughout the north-
ern portions of Wisconsin, Michigan and
Minnesota (see Chapter 3). For example, if
the ore from the proposed Crandon mine in
Wisconsin were smelted in White Pine,
Michigan, any environmental impacts that
affect treaty rights at either or both locations,
would have to be addressed.

F. Smelting/Refining

One of the primary threats from smelt-
ing and refining is the release of large
amounts of sulfur dioxide. The history of the
huge smelter in Trail, British Columbia il-

lustrates the destructive effects of this chemi-
cal.

The Trail smelter opened in 1896. At its
peak in the 1930s, it was emitting 10,230 tons
of sulfur dioxide per month. Studies of the
area performed between 1929 and 1936
found that almost no conifers within 12 miles
of the smelter had survived, and found re-
tarded growth in some species located as far
as 39 miles away from the smelter.

Sulfur dioxide adversely affects and
sometimes kills trees by acidifying the soil
and injuring leaves and flowers. In addition,
sulfur dioxide can react with oxygen and
water to form sulfuric acid.

Sulfuric acid is a component of acid rain,
which Jowers the pH of water and may in-
crease the production of hydrogen sulfide,
both of which can be toxic to aquatic and
terrestrial ecosystems.
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Figure 5. Known mineral deposits in the vacinity of the Wolf River watershed.



The Potential Effects of Mining
on Indian Tribes

Indian tribes in
the northern portions
of Wisconsin, Min-
nesota and Michigan
are seriously threat-
ened by sulfide min-
ing operations In
ways that are diffi-
cult for non-Indians
to perceive. For In-
dian people, natural
resource harvest is
more than a means to
provide food. It is a
cultural activity that
renews both the In-
dian person and the
resource that is har-
vested.

Decisions that
mayaffectthe health .S
or availability of these resources, must there-
fore, be made cautiously. By Indian tradition
they must be made to ensure the protection
of the resources for the next “seven genera-
tions.” For example, undesirable conse-
quences that will occur in the next 250 years
will fail this cultural standard.

In the mid-nineteenth century, the
Chippewa tribes of northern Wisconsin,
northeastern Minnesota, and Michigan en-
tered into treaties with the United States. As
a result of these treaties, the Chippewa relin-
quished, or ceded, a considerable amount of
land, now often referred to as the “ceded ter-
ritory.” See Figure 6, page 18.

Within this ceded territory, the tribes
reserved for themselves the continued right
to hunt, fish, and gather. Courts have estab-
lished that tribes may still exercise these
rights.

Beginning in the mid-nineteenth century
and throughout the twentieth century,
Chippewa reservations were established by
treaty, executive order, or Congressional ac-

Chapter T} ﬁree

tion as homelands
within the ceded ter-
ritory. Tribal rights
within reservations
are more extensive
than in the ceded
territory. Neverthe-
> less, reserved rights
in the remainder of
the ceded territory
were not affected by
3 the establishment of
these reservations.

Other Indian
| tribes can claim re-
| served rights similar

to the Chippewa, al-
: though not all can
% claim off-reserva-
tion rights in territo-
ries ceded by treaty.

These t11bes include the Forest County
Potawatomi, Menominee, Stockbridge-
Munsee, and Oneida tribes in northern Wis-
consin, and the Hannahville Potawatomi,
Little River, Grand Traverse, and Little
Traverse tribes in northern Michigan.

Treaty, legislative, and judicial guaran-
tees provide these tribes with solemn prom-
ises and legal protections that guarantee their
right to maintain themselves as distinct cul-
tural and self-governing political entities.
Land use decisions that undermine a tribe's
ability to continue in its traditional lifeways
may violate these assurances.

Tribal reservations and reserved sover-
eign rights are fundamental to the preserva-
tion of Indian tribes as cultural and political
entities. They provide continuities with cul-
ture, traditions, and the physical environ-
ment.

Most importantly, they sustain tribal
lifeways that depend upon clean and healthy
natural resources for cultural, subsistence, re-
ligious, medicinal and economic purposes.

17
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Treaty Ceded Areas

Mining can affect these funda-
mental aspects of tribal life and cul-
ture in a number of ways:

¢ Tribal members may lose
harvest and usage opportunities, due
to destruction of fish and wildlife
habitat and disruption of migration
patterns, closure of public lands, or
contamination of water, air, or soil.

= Habitats that support fish,
wildlife, and plants used by tribal
members may be altered, disrupted,

Wisconsin

or destroyed.

* The economic value of re-
sources harvested by tribal members
may be lost.

* Indian culture may suffer
from altered, disrupted, or destroyed
natural resource usage patterns.

These effects may cause the reservations
to fail in sustaining the purposes for which
they were established, and may diminish the
ability of both on- and off-reservation har-
vesting to support the tribal lifeway.

The Indian view of land sharpens the
importance of maintaining the sustainability
and environmental integrity of the relatively
small land base left to the tribes. As distin-
guished from traditional European thinking,
the general Indian orientation is more to-
wards space than towards time. Thus the im-
portance of a particular geographic spot can
no more be moved to a different location than
the importance in European history of a par-
ticular event can be moved to a different time.

A reservation, if rendered incapable of
supporting Indian lifeways, simply cannot be
sold and replaced by another plot of land.
Commonality of place, as much as of past,
defines an Indian tribe. The ties that bind so-
ciety and culture together are tethered to the
carth. If a tribe’s traditional lands lose the
ability to support life, those ties can badly
fray.

The history of Grassy Narrows, a
Chippewa reserve located near Kenora,
Ontario, illustrates the significance of the

Figure 6. Treaty Ceded Territories.

relationship between a tribe and its land, and
the disastrous consequences that can occur
when a tribe is removed from its traditional
homelands.

Grassy Narrows gained international
attention in 1970 when mercury poisoning,
caused by pollution of the local river, was
discovered among tribal members. A full
range of human tragedy and social disinte-
gration has since been documented among
the people of Grassy Narrows. However, the
poisoning only exacerbated a social disinte-
gration that had begun years earlier as the
result of a forced relocation of the reserve
by the Canadian Department of Indian Af-
fairs. Demoralization, apathy, and alienation
followed, accompanied by violent death, ill-
ness, and family breakdown. Those study-
ing the relocation have called it “a true di-
saster to the lives of those involved.”

Mining can disrupt elements of the eco-
system that are critical to Indian cultural and
political survival. As Chapter 2 illustrates, a
range of impacts can disrupt resources on and
around mine sites. When resource use is dis-
rupted or curtailed, tribes suffer.

Impacts to natural resources most likely
will occur in those counties where mineral
exploration has shown that mine develop-




ment is possible. For example, the five coun-
ties of northern Wisconsin where the major-
ity of mineral exploration has occurred are
Oneida, Marathon, Rusk, Price and Forest.
The Wisconsin Chippewa tribes took ap-
proximately one quarter of their total oft-res-
ervation walleye harvest in 1990 from lakes
in these counties. See Figure 7. In 1993, they
took almost a fifth of their total off-reserva-
tion deer harvest from these counties.

One of the most important resources to
many of the tribes in northern Wisconsin,
Minnesota, and Michigan is wild rice. The
Menominee tribe takes its very name from
the Menominee word for wild rice.

Wild rice remains an important unify-
ing feature of Chippewa society and culture.
Wild rice is central to the Chippewa tribes’
migration story and their settlement in the

Great Lakes region; their prophesy directed
them to journey until they found the “food
that grows upon the water.” When the
Chippewa reached the shores of Lake Supe-
rior, they found the wild rice growing on the
waters, and they knew their 500 year jour-
ney was over. Figure 7 shows some of the
lakes where tribes harvest this important re-
source.

Because rice is extremely dependent on
water levels, a drawdown in water levels due
to mine operations could result in the loss of
rice stands. The eftect of that loss is explained
by Frances Van Zile, a member of the
Sokaogon (Mole Lake) Chippewa: “There
is no substitute for wild rice. My whole way
of being as an Indian would be destroyed. 1
can’t imagine being without it. And there is
no substitute for this lake’s rice.”
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Winnowing wild rice.

This depth of feeling and belief regard-
ing natural resources underlies the unique
character that the region’s tribes bring to their
relationship with the natural world.

When hunting, fishing, or gathering, the
members of these tribes conceptualize their
role not only as part of the natural order, but
also as part of the supernatural order. The
rituals attendant to their hunting, fishing, and
gathering activities, and their ceremonial use
of the plants, animals, and fish, are activities
meant to assure not only the perpetuation of
the creatures but also of themselves.

Three aspects of the Indian view of na-
ture inextricably link the perpetuation of hu-
mans to the perpetuation of the natural world.
In contrast to the mainstream European view,
in Indian belief systems the line between
human and non-human beings is ambiguous:

* Persons are found throughout the ma-
terial and spiritual world; personhood is not
limited to humans. All persons, whether hu-
man or non-human, have rights.

* Humans are not the creator of the
world, but rather are weak and pitiable crea-
tures, dependent on non-human persons to
survive. Thus, the proper attitude toward the
natural world is one of humility and grati-
tude.

* The relationship of humans to
the rest of nature is one of reciprocity.
Animals, for example, will offer them-
selves to the hunter as an act of pity for
our weakness. If the hunter does not in
return feel regret and gratitude, the natu-
ral world will withdraw its cooperation.

Given this world view, the alter-
ation or destruction of plant and animal
communities to serve human needs,
without proper respect for the
non-human persons involved, and with-
out care for the response nature will
show to such ill treatment, invites di-
saster not only for the environments af-
fected, but for the humans too.

The development of a major mine,
of a scale such as the one proposed near
Crandon, is one of the largest single land-use
alterations that humans can make to the natu-
ral environment. Even if the environmental
impacts discussed in Chapter 2 are mini-
mized, the traditional Indian worldview
would see a project that so utterly alters the
landscape as far overstepping the proper role
of humans in the natural world. If the envi-
ronmental harms that are usually attendant
to mining do occur, they will have conse-
quences that are categorically antithetical and
unequivocally unacceptable to the Indian
way of life.

These consequences also take on a moral
dimension: the harm to the rights of non-
human persons would be co-extensive with
the environmental harm. In a morally recip-
rocal world, such a violation of rights must
have dire consequences for humans.

A number of tribes have determined that
proposed mining projects would have unac-
ceptable impacts on their reservation home-
lands, their off-reservation harvest rights, and
their culture and society. Tribes, including
the Sokaogon Chippewa, Lac du Flambeau,
Menominee, Forest County Potawatomi, and
Oneida, oppose the proposed Crandon
project in Wisconsin. Particularly for the
Sokaogon Chippewa, whose reservation lies



less than two miles from the proposed mine
site, this proposal constitutes a threat to their
traditional lifeway, and indeed to their very
existence as a culturally distinct people.
The impact of mining on Indian tribes
in northern Wisconsin, Minnesota and Michi-
gan goes far beyond the ability of tribal mem-
bers to find appropriate fish and wildlife to
serve at meals or ceremonial feasts. It in-
cludes the specter of a world in which hu-
mans are left to fend for themselves, cut off
from the assistance of nature, and physically
and spiritually changed. Mining poses risks
to Indian tribes that are significantly differ-
ent than those faced by other populations.

Consequently, any mine-permitting pro-
cess must give full weight to the effect a per-
mit issuance would have on Indian tribes, and
must afford Indian tribes full participation
to ensure that those affects are properly un-
derstood. This process must be governed by
principles ensuring that applicable treaties,
legislation, and judicial guarantees of tribal
rights are not violated.

Even though tribes are uniquely affected
by mine permitting decisions, they are not
usually the decision makers. Therefore, state
and federal decision makers bear a special
responsibility to ensure the protection of
tribal lifeways.
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Mining Regulation in Wisconsin

The decision to
permit a sulfide
mine is undeniably
controversial be-
cause of the myriad
threats from sulfide
mining. Socio-eco-
nomic and environ-
mental costs and
benefits are hotly de-
bated by a project’s
proponents and op-
ponents. 2

State and federal
laws are designed to
engender rational
discourse, to assure
effective evaluation
of the risks associated
with mining propos-
als, and to safeguard : -
against environmental degradatlon caused by
mining.

Federal laws include the Clean Water
Act, the Clean Air Act, and the Resource
Conservation and Recovery Act. The Envi-
ronmental Protection Agency generally has
jurisdiction under these acts. The Army
Corps of Engineers also has jurisdiction if
wetlands will be dredged or filled.

States may take over the responsibility
for promulgating and enforcing regulations
under many provisions of these federal acts.
States also have their own independent au-
thority to regulate mining. As a combined
result of state mining regulatory power and
state assumption of federal regulatory power,
states are often the primary regulators of
mining activity within their borders.

This Chapter will examine the laws of
one state, Wisconsin, as they relate to sul-
fide mining and the protection of the envi-
ronment. Not every aspect of Wisconsin min-
ing law is discussed. This chapter will high-
light some of the changes in Wisconsin min-
ing laws over time, explore ways in which

Chapter Four mining is regulated
i

other industries, and
show where mining
laws grant discre-
tion to the DNR to
tailor its permits to
accommodate what
¢ those laws refer to as
the “...special re-
& quirements of me-
tallic mining opera-
tions. ...”

Wisconsin’s
general environ-
mental statutes and
particular mining
laws leave a great
By deal of discretion to

| the DNR. This dis-
_— cretion is a twin-
edged sword—lt could be used to curtail or
to promote sulfide mining in the state. Ac-
cording to a 1995 state court ruling, the DNR
could use its discretion to completely ban
sulfide mining. Conversely, the DNR has the
discretion to grant variances from a number
of legal requirements or otherwise generally
encourage sulfide mining.

Such a broad grant of discretion leaves
the door open for political considerations to
influence rulemaking and permitting deci-
sions. A recent development suggests that if
political considerations do become a stron-
ger force within the permitting process, de-
cisions based on those considerations may
go unchallenged.

In 1995, the Wisconsin legislature re-
structured the Wisconsin Public Intervenor’s
Office. This office was established to advo-
cate for the environment on behalf of the citi-
zens of the state. It performed an indepen-
dent watchdog function and was empowered
to sue state agencies for failure to follow en-
vironmental rules and regulations. Now,
funding and staff have been reduced and the



office has been made a part of the DNR, the
agency it is supposed to watch over. In addi-
tion, the office no longer has the power to
sue the DNR for failing to follow environ-
mental rules and regulations. No longer an
independent voice monitoring or challeng-
ing DNR decisions, the Wisconsin Public
Intervenor’s office has effectively been abol-
ished.

An examination of Wisconsin law re-
veals that mining is, in many cases, not regu-
lated under laws of general applicability, but
has evolved a separate set of particularized
rules and regulations. These rules leave the
DNR wide latitude to determine permitting
conditions. Whether this scheme provides for
an appropriate balance between the threats
inherent in sulfide mining and the economic
development that mining may bring is an is-
sue for state policymakers to consider.

One factor that should be weighed in
determining the appropriateness of this sys-
tem 1s the ultimate disposition of profits from
metallic mining. Foreign ownership of land
in Wisconsin is regulated by statute. The law
was originally enacted in 1887 as a general
prohibition against foreign ownership, but
was repealed and recreated in 1983 to include
numerous exceptions to the prohibition, no-
tably an exemption for land that is to be used
for mining activities.

g

The well-being of wetland ecosystems is dependent upon regulatory
protections.

This provides an opportunity for
foreign-owned mining companies to prospect
and mine in Wisconsin and drastically in-
creases the number of companies that could
apply for permits to mine in the state.

Mining regulation in Wisconsin dates
back to the 1850’s when laws to ensure
proper accounting of ore collections were
enacted. Codified at what is now chapter 107
of the Wisconsin Statutes, these laws were
expanded over the years to include provisions
for contracts, surface water diversions, reso-
lution of conflicting claims, and compensa-
tion for personal or property injury incurred
as a result of mining activity. In addition to
chapter 107, the Wisconsin legislature has
enacted a number of other laws that deal with
the potential environmental effects of the
mining process.

In 1973, the Metallic Mining Reclama-
tion Act (subchapter V, chapter 144, Wiscon-
sin Statutes) was enacted. This act and the
regulations promulgated under it by the DNR
regulate the three phases of mining: explo-
ration, prospecting, and actual mining. Per-
mits are required for each phase. The stat-
utes specify that permits should not be is-
sued unless certain conditions are met and
certain assurances are made. These condi-
tions, however, are not always the same as
those that must be met by other industries.

Wetland water quality
standards that apply to most
activities are set out in the
Wisconsin Administrative
Code, ch. NR 103. The
chapter is meant to protect
wetlands from some of the
damaging effects of devel-
opment and to protect the
public interest in maintain-
ing healthy wetlands. How-
ever, wetland alterations
that are a result of mining
or prospecting activities are
not subject to regulation
under chapter 103. They are
regulated elsewhere.
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Under chapter NR 103, activities in wet-
lands are allowed only if the activity will not
cause significant adverse impacts. However,
under the sections that govern prospecting
and mining in sulfide deposits, wetland al-
terations that result in significant impacts can
be made if the applicant demonstrates that
the site constitutes a viable site (defined as
technically and economically feasible),
causes the least overall adverse environmen-
tal impact, and will minimize wetland loss.

These conditions are based on the un-
derlying decision that a certain amount of
wetland degradation is acceptable in order
to allow mining. The amount of wetland deg-
radation allowed is, in large part, left to de-
terminations of what constitutes a “viable
site,” what the “least” impact is, and whether
wetland loss has been “minimized.”

Wisconsin groundwater standards gov-
erning metallic mineral mine waste (Wiscon-
sin Administrative Code, chapter NR 182)
acknowledge that no tailings management
area, referred to as a land disposal site, “...can
provide the perfect containment, regardless
of engineering design and operations stan-
dards. ...” Wisconsin’s clear policy is to ac-
cept the inevitability of groundwater con-
tamination and its goal is

Wisconsin’s mining policy is neverthe-
less clear—groundwater pollution is accept-
able on mining sites. Given the hydrologic
complexities associated with many potential
mining sites, this could lead to the pollution
of groundwater outside of the compliance
boundary.

Wisconsin’s regulations exempt mining
wastes used to backfill underground mines
from some of the usual requirements for dis-
posal of solid and hazardous wastes. Back-
filling instead is regulated under less strin-
gent provisions that simply require backfill
not to cause violations of groundwater qual-
ity standards and not to adversely affect pub-
lic health or welfare. This may result in back-
filling taking place without particularized
regulations. Surface mines backfilled with
mining wastes are exempt from certain re-
quirements pertaining to location criteria,
minimum design and operation requirements,
and recordkeeping.

Before 1982, local governments had
been authorized to adopt standards related
to solid waste disposal facilities that were
more strict than those standards imposed by
the state. In 1982, Wisconsin’s legislature re-
voked that local authority, making the state

to attempt to minimize it.

Solid Waste Fees

Hazardous Waste Fees

Groundwater Fees

Wisconsin’s ground- 016 —
water standards do not ap- -
ply on the actual mining 0:14
site. They begin to apply .
at the “compliance bound- g |
ary,” which may be 1200 2 014
feet, or about 4 football %5 i
field lengths, from the 80'08
mine site. Within the com- E 0.06
pliance boundary monitor- e

ing is required, and if there 0.04

Env. Repair Fees

is a reasonable probability

. : 0.02
that standards will be vio-

lated at the boundary, the
DNR may order the min-
ing operator to take action
to remedy the problem.

o

Mines

Other

Figure 8. Fees charged to mining companies compared to most other
Wisconsin companies.




the only regulator of these facilities. Mining
companies must still comply with local zon-
ing ordinances and must apply for zoning per-
mits and approvals required by local law. Ad-
ditionally, local governments may form lo-
cal impact committees and enter into local
agreements with mining companies. This al-
lows the local governments to have some say
in determining what the effects of mining on
their locales will be. Without substantive
mining regulatory authority, however, the ad-
equacy of these
provisions to pro-
tect local concerns
is substantially di-
minished from the
pre-1982 situation.

The fees paid
by mining compa-
nies are not the
same as those paid by other disposers of solid
and hazardous wastes. The statutory solid and
hazardous waste long-term care provisions
require operators of nonapproved solid waste
disposal facilities to pay a fee for each ton of
solid or hazardous waste that is disposed.

Most operators pay 1.5 cents per ton for
solid waste and 15 cents per ton for hazard-
ous waste. Mine waste, however, is charged
at rates ranging from only .1 cent per ton to
1.5 cents per ton, even for the most hazard-
ous tailings. The groundwater fee for gen-
erators of mining waste is also different than
the fee charged to generators of other solid
waste: 1 cent per ton for mine operators and
10 cents per ton for others.

Mine operators also get a break on the
statutory environmental repair fee. The fee
normally ranges from 15 cents to 50 cents
per ton of waste received at the facility, de-
pending on the type of waste and the date
received. The environmental repair fee for
mining waste, however, is one cent per ton.
The fees for waste other than mining waste
increased in 1989 while the fees for mining
waste remained the same. Given the large
amount of waste mining produces, it might

In order to tailor mining permits to
fit particular circumstances, rules
allow variances and exemptions

from a number of prospecting and
mining regulations.

be argued that the only way to make mining
economically feasible is to charge fees lower
than those charged to other industries. A se-
rious question remains whether the fees
charged generate adequate funds to provide
protection against the elevated risks posed
by mining. Figure 8 summarizes these fees.

Wisconsin’s mining taxation laws have
been changed over time to make mining more
attractive. In 1977, the Legislature eliminated
the severance tax on metallic mineral min-
ing and replaced it
with a net proceeds
tax. Before 1977,
the state tax was
based on the amount
of metal taken from
the land. Now taxes
are collected only
when mining com-
panies register a profit. Moreover, in 1981,
the maximum rate for the net proceeds tax
for metallic mineral mining was reduced
from 20% to 15%. Because these changes
make metallic mineral mining in Wisconsin
more economical, they also make it more
likely.

In order to further tailor mining permits
to fit particular circumstances, rules allow
variances and exemptions from a number of
prospecting and mining regulations. For ex-
ample, a variance can be granted to exempt
a mining company from any requirement of
Wisconsin Administrative Code chapter NR
131, which governs metallic mineral pros-
pecting, or chapter NR 132, which governs
metallic mineral mining. Such rules have
been promulgated.

Exemptions must not violate any other
law or rule and must be consistent with the
overall policy that the regulations purport to
implement. Exemptions or variances must
not endanger public health, safety, or wel-
fare, or the environment. The decision to
grant or deny an exemption or variance will
turn on an interpretation of the terms “en-
danger,” “public health, safety, or welfare,”
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and “consistent with,” all
of which can be construed
narrowly or broadly de-
pending on the circum-
stances.

Exemptions have
been granted. Wiscon-
sin’s mining criteria pro-
hibit mine siting within
300 feet of a navigable
river or stream.

However, an exemp-
tion was granted enabling
a mine to be located only
140 feet (less than half a
football field’s length)
from the Flambeau River
in Rusk County. The
DNR concluded that the
variance would not create

The Flambeau Mine in Rusk County, Wisconsin, is located just 140
feet from the Flambeau River. (Photo courtesy of the Wisconsin DNR.)

any additional threat to the surrounding en- these laws, which appear so designed to en-

vironment.

courage metallic mineral mining, can ad-

Wisconsin’s officials contend that the equately protect against the many and inevi-
state’s mining laws are among the toughest table ecosystem threats that such mining
in the nation. Yet, the question remains how  poses.



Conclusion

Policymakers and regulators inevitably
balance trade-offs in determining whether
sulfide mining takes place in northern Michi-
gan, Wisconsin and Minnesota.

Mining will create jobs; it will also cause
environmental damage. The number of jobs
created can be predicted with some accuracy;
the amount of environmental damage can-
not.

Many communities in the United States
are now paying the price of unwise policies
with regard to sulfide mining: acid mine
drainage, heavy metals contamination, and
other environmental degradation.

Indian tribes with reservations and off-
reservation harvest rights in northern Wis-
consin, Michigan and Minnesota are particu-
larly susceptible to the impacts of sulfide
mining. Their cultures mandate respect for
the earth, and humility and gratitude for the
resources it provides. In the Indian view, the
perpetuation of natural resources is tied to

the perpetuation of humans. Loss or contami-
nation of natural resources thus affects In-
dian culture in ways far beyond the loss of a
food source.

New technologies intended to mitigate
or prevent environmental damage from sul-
fide mining are being developed but remain
untested.

Thus, wisdom counsels a conservative
course for mining policy and permitting de-
cisions. Particularly in a region so abundant
in water resources, the threats of sulfide min-
ing are real and are potentially devastating.

In the case of the proposed Crandon
mine in Wisconsin and similar sites else-
where, policymakers must consider whether
they wish irreplaceable watersheds to be test-
ing grounds for these new technologies.

Ultimately, these decision makers must
be prepared to bear the legacy should these
technologies prove inadequate to prevent
widespread environmental damage.
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