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PREFACE

The Ninth High Altitude Revegetation Conference was held on March
1 and 2, 1990 at the Marriot Hotel in Fort Collins, Colorado. The
conference was organized by the High Altitude Revegetation Committee in
conjunction with the Agronomy Department at Colorado State University.
The conference was attended by a broad range of researchers, practitioners
and government agency personnel from all over the country, and included
representatives from four foreign countries.

Over the past 16 years, the High Altitude Revegetation Workshops
and Conferences have focused on presenting information about research
projects, case histories, new revegetation technologies, new equipment and
innovative ways to reclaim disturbed areas in high elevation settings. The
ninth conference followed this basic philosophy, and also included a session
which introduced the ideas, concepts and practices of restoration ecology
relative to high altitude revegetation.

The papers included in this proceedings are presented in the same
order as they were given at the conference. In cases where final papers
were not submitted, abstracts have been inciuded. |If you would like
additional information about any of the papers, we encourage you to
contact the authors.

We would like to thank all the speakers for participating in the
conference. The time and effort they expend determine the value and
success of our conferences.
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Ecological Restoration: What and Why?

William R. Jordan III

I have two jobs here. One is to introduce the notion of ecological
restoration into your ongoing discussion of land reclamation at
high altitudes and to offer some ideas about what restoration is,
how it is to be defined, and how it relates to other similar
activities--such as reclamation, for example, or revegetation.

The second is to offer some comments on why restoration in a
relatively narrow sense offers certain benefits that more
generalized forms of environmental "rehabilitation" do not, and
why this stricter conception of restoration ought to apply to work
in environmental management--at least sometimes.

The first job is the easiest. The word "restoration" is a
straightforward word that simply means to put something back into
some prior condition, the connotation being that this represents
an improvement over its present "degraded" condition. (It is
perhaps worth keeping in mind that the word comes from the Latin
word meaning to stand back up--~as one might stand up a column that
has toppled over, for example.)

Ecological restoration, then, is simply bringing an ecological
system, whether conceived as an ecosystem, a community or a
landscape, back into some explicitly defined prior condition
following a period of degradation or deterioration.

The salient point, here is the explicit reference to a condition
that prevailed at some time in the past. It is just this that
distinguishes restoration in the broadest sense from other forms
of land management, rehabilitation or reclamation, and it is also
what distinguishes it from other forms of agriculture, which,
though they may imitate natural or historic ecosystems in various
ways, are by nature innovative and never aim merely to copy or
reproduce them, as the restorationist does.

This idea is simple enough. But, as restorationists have learned,
applying this idea to actual restoration projects in the field
raises a number of questions. Of these, the one I want to
concentrate on here is the question of defining the system for
purposes of restoration: once you have decided to reproduce a
landscape, say, exactly what about it, which of its features do
you actually attempt to reproduce?

This question can actually be answered in various ways, with
correspondingly various results. (Remember that when we attempt
to restore any kind of system we are, in effect, cycling through



our consciousness--perception, abstraction, description, setting
of specifications and development of a plan of action--and that
the result is a test of that whole conscious process.) One can
decide to reproduce function, for example, or structure, or
dynamics--or even appearance. (One may, as Fred Turner has pointed
out, aim to reproduce what the system is, what it looks like, or
what it does. See "Restoration and Management Notes," 15(1)15,
Summer, 1987.)

In general, these approaches vary in their level of abstraction.
Function, for example, is a relatively abstract attribute. 2And in
fact, you can restore certain functions to a system without getting
any of the more concrete elements--populations of particular
species, for example--back in place at all. Or you can bring
populations of various plants and animals together to create the
appearance of a natural system without attempting to recreate a
functioning ecosystem or a dynamic community. (This is nowadays
an objective at many zoos, for example.) Or one can try for the
whole system: ecosystem, community and appearance.

It should be clear that all of these objectives are restorative at
least in a broad sense, because all of them aim to reproduce an
historic model. They differ only in which features of that model
they aim to reproduce. Nevertheless, for our purposes in
ecological management, I would suggest that the term "restoration"
be applied only to projects in which the objectives are
comprehensive--or at least as comprehensive as possible. In other
words I think we should reserve the term "restoration" in
ecological management to projects in which an effort is made to
reproduce everything about the system that we can specify--all the
functions we are aware of, all the populations, the dynamics, the
appearance--and even, if you will, what British Ecologist Chris
Barnes has called the "ghosts"-~that is, the associations, the
feel, the spirit of the place.

Projects with less comprehensive (and admittedly more realistic)
objectives can go by other names with their wvarious nuances:
reclamation, rehabilitation, revegetation, reintroduction, and so
forth, But I would prefer to see the term "restoration" reserved
for those--perhaps often Quixotic--efforts that aim to reproduce-
-actually to copy--the whole system

(By this I do not mean, by the way, that the model system has to
be rigidly or narrowly defined as it was at some particular moment
in the past. Actually, the word "restoration" itself suggests such
a narrow conception and is often associated with a sort of rigid
purism as to model systems. What I have in mind, however, is quite
the opposite; since the complete 1list of attributes the
restorationist will be trying to reproduce includes dynamic
attributes, the successfully restored communities will resemble
their models even in the ways they change--in both the ecological
and evolutionary senses.)




Now on to my second task, which is to offer some justification for
insisting on this narrow conception of restoration, and for the
contention that this form of restoration offers certain distinctive
benefits, and that for this reason our reclamations and
rehabllltations, our environmental management generally ought to
be carried out in this way--at least sometimes.

Just what does restoration have to offer that other forms of
environmental management and rehabilitation do not?

The obvious answer is it offers at least a commitment to a complete
product (if not a guarantee of achieving it.) Projects with less
comprehensive objectives obviously leave some things out--things
that we judge to be somehow less important than those selected for
reproduction, or perhaps things we are simply not aware of. Of
course, even our best and most ambitious lists are incomplete,
simply because we don't know everything. But at 1least the
restorationist's 1lists are longer, and the restorationist is
explicitly committed to checking the results against the model as
best he or she can.

This, in landscapes dominated, or even influenced by human
activities, is as close as we are going to get to the conservation
of "natural" or historic ecological systems, with their relatively
complex, highly adaptive function and structure and their
relatively rich biodiversity. It is, in fact, the dynamic version
of Aldo Leopold's often-quoted injunction to save all the pieces:
don't just save them; see to it they get used--and so built back
into the system, and so preserved.

This first reason, then, is purely "environmental." That is, it
pertains to nature as an "environment," a collection of objects in
the landscape, without reference to our relationship with them.
And it is concerned exclusively with the product of restoration and
not at all with the process, or with restoration as a human
activity. To appreciate the other items on my list of reasons for
placing a special value on the process of restoration in the
narrower sense, it is necessary to go beyond a consideration of the
products of restoration and to consider restoration as a process
and~-more than that--as a human activity, and to ask exactly what
it signifies, or implies about us and our relationship with the
systems we try to restore, and perhaps with nature in general.

When we do this, we begin to recognize restoration as a profoundly
significant, richly rewarding activity with many values--so much
so that I have come to think of it as nothing less than the basis
for a healthy relationship between a culture or society and the
rest of nature.

To explain, let me offer a list of benefits that we obtain from



our efforts to restore natural ecosystems--that is, constantly to
be compensating for our influence on them.

1.

Rehabilitation work has immense heuristic value--that is, it
is a powerful way to raise questions and test fundamental
ideas about the systems we try to rehabilitate. This is
evident in the many lessons ecologists have learned about
ecological systems directly or indirectly as a result of
attempts to rehabilitate them. (This notion is explored in

some detail in Restoration Ecology, a Synthetic Approach to
Ecological Research, Jordan, Gilpin & Aber, Cambridge 1987.)

This value unquestionably applies to all sorts of
rehabilitative efforts, including the most piecemeal and
abstract. But it is only in attempting to reproduce the whole
system that we confront in one way or another all the
phenomena associated with it.

Restoration then, has a certain purely intellectual value that
differs from and complements that of more general forms of
rehabilitation.

Restoration, in contrast to other forms of environmental
rehabilitation and management, demands a deliberate setting
aside of matters of taste, creative impulses, costs, etc.,
that are extrinsic to the system in order simply and
faithfully to reproduce the system--literally to copy it.
This entails a measure of self-abnegation, whether personal
or social, that is badly needed in a culture far too heavily
weighted in favor of the individual, arbitrary manipulation,
and perhaps in some sense even creativity. Restoration is an
antidote to this-~-an exercise in humility, even in a sense a
penitential act, a moral reparation for environmental abuse.

Obviously this is not true to the same extent of what I am
calling rehabilitation, with the broad latitude it offers for
selection, design, and invention.

Restoration, with its explicit commitment to historic models,
provides a technique for the examination of change-~
specifically changes we ourselves have brought about in the
past. It does this because it attempts to compensate for our
influence in specific ways. This deliberate attempt to
reverse anthropogenic change adds up to a kind of time travel,
and an exploration of our relationship with the landscape.
In this way it becomes a way of exploring and defining who we
are in ecological terms--that is, in terms of our relationship
to the systemn.

Thus the restorationist's rediscovery of the use of fire on
our tallgrass prairies in the Midwest, for example, was more
than the recovery of a technique, more even than the gaining



of a new insight into prairie ecology. It also added an
element to our definition of ourselves both as a species
(burners of the prairies in aboriginal times) and as a culture
(we are the ones who ended the fires that maintained the
prairies).

This obviously does not occur--at least to the same extent--
in more general acts of rehabilitation.

4. In the same way, it provides not only the basis, but also the
techniques for celebrating our relationship with the historic
landscape. Again, our restorationists' fires are more than
"prescribed burns." They are a demonstration of our
interdependence with nature--a celebration of our emancipation
from the role of observer of nature to that of participant--
an active, influential member of the land community. What the
burning means is that the system needs us just as we need the
system. This in turn suggests that we do, after all, belong
on this planet. And after a generation of doubt on this
point, this is joyful, liberating news.

Ultimately this ability to reinhabit the natural landscape,
to influence it in positive ways and to celebrate that
relationship will prove critical to the conservation of these
landscapes. Restoration, then, is not a marginal activity.
It is fundamental--actually the key to conservation in any
landscape, or on any planet, influenced by human activities.

5. In addition to providing us with ways to reinhabit the system
ecologically, restoration provides us with ways of exploring
and reenacting the history of our relationship with nature
generally. Restoration entails not only the reversal of
environmental influences (as in the case of the prairie fire),
but the repetition of the phases of our relationship with
nature that have occurred in the course of cultural evolution.
The restorationist is hunter-gatherer, then farmer, then
scientist. So restoration is reenactment, and a way of
dramatically reexperiencing and reaffirming the broad range
of human relationships with nature. 1In this way it provides
a way of-~as it were--coping with history, reconciling history
and nature. This is something rehabilitation does only in a
very loose sense.

In conclusion, what I am pointing out is that all acts are not only
effective, but expressive. To achieve their full value, then, they
must be read and interpreted, like a poem, a play, or any other
expressive act. What this means is that the value of the act
depends not only on what it produces, but on what it expresses or
signifies, and we'must consider this when evaluating--or inventing-
-such an act.

From this point of view, the act of restoration in the narrower



sense I am insisting on has a certain significance that other, more
generalized forms of environmental rehabilitation do not have. For
this reason alone, restoration deserves a special place in our
repertory of strategies for environmental management.

Dr. Jordan is manager of broad outreach and publications at the
University of Wisconsin-Madison Arboretum. He is editor of the
journal, "Restoration and Management Notes," and a founding member
and member of the Board of Directors of the Society for Ecological
Restoration. His address is: University of Wisconsin Arboretum,
1207 Seminole Highway, Madison, WI 53711; phone 608-263-7889.



LARGE SCALE USE OF WILD HARVESTED LOCAL SEED
David Mahler

Environmental Survey Consulting
4602 Placid Place
Austin, Texas 78731

At a revegetation site where habitat restoratiom is a priority, the
re-establishment of the original natural diversity is generally
considered of fundamental biological importance. Additiomnally,
restorationists often value diversity for at least three other reasons
which may be shared by managers of other types of revegetation projects:

1 Diversity in the seed mix provides different species for the
different microniches within a site. Within a central Texas
site there is usually significant variation in topsoil amounts
and type, depth to bedrock, moisture retention and shade, both
in undisturbed habitats and at restoration sites,

2) The potential for good short term coverage is increased since
a diverse seeding mixture is more likely to contain some
species which respond best to which ever weather conditionms
occur during the first year and to possible variations in the
seeding date because of comstruction delays. These two
variables have caused significantly different growth and
composition patterns from essentially the same diverse seed
mixes at several restoration sites in central Texas.

3) Diversity usually provides a more aesthetically pleasing
result with a much wider array of flowers blooming at various
parts of a single growing season and a more permanent
aesthetic appeal as a site shifts from annual to perennial
flowers.

Because of the commercial unavailability of the many species which
could be used on restoration sites, especially locally adapted
varieties, harvested wild grown seed must often be an important
component of a diverse restoration. The two most frequently utilized
methods of harvesting wild seed, the combine and hand harvesting, will
always remain important. However, combines are highly efficient, but
very unmaneuverable, whereas hand harvesting has exactly the opposite
characteristics.

A number of harvesting devices have been developed over the years
with intermediate characteristics. Seed strippers, ranging from
homemade wooden horse drawn boxes to manufactured modern tractor drawn
pieces have been used primarily for the harvest of chaffy grasses. A
simple box and reel stripper, front mounted on a jeep was developed and



used by the USDA in Utah. Harvest equipment developed and currently in
use by Fred Faessler and Steve Apfelbaum of Applied Ecological Services,
Inc. of Wisconsin is similar in principle. It conmsists of a street
sweeper—-style brush mounted on the front of an all~terrain vehicle which
sweeps the seed heads into a bin. The height of the brush is
adjustable. They have mounted the vehicle on half-tracks which reduces
the ground pressure to 0.4 pounds per square inch. It is usable in
rugged terrain and wetlands with minimum impact on the surface. Several
other forage harvester devices have also been developed which collect
all the material they cut, but which are designed for use on level
cropland.

Environmental Survey Consulting (ESC), a small research and
restoration business in Austin, Texas, has developed two mechanical seed
harvesting devices, the Grin Reaper (U.S. Patent # 4,722,139) developed
in 1985 and the Front—end Tractor Reaper developed in the fall of 1988,
which have been especially useful tools for efficient harvesting of wild
seed.

The Grin Reaper is a box=-like attachment for a rotary line trimmer
(weed-eater, etc.) which collects the material cut during operation.
The aluminum box attaches to the shaft and surrounds the cutting head of
the trimmer. The box is made by bending a 35 cwm. by 180 cm. (14" x 72")
piece of .1 cm. (.04") thick aluminum into an approximately triangular
shaped box, which is open front and back and braced with aluminum
tubing. The shaft of the trimmer goes through the top of the box, with
the cutting head placed just inside the front opening of the box, near
the center of the bottom. During operation the seed heads which are cut
by the spinning string line are funneled by the box into the canvas bag
attached to the back opening of the box. The result is a reaper that is
highly maneuverable and fairly light, with the box and bag adding only 3
kg. (6 1bs.) to the weight of a commercial string line triumer
(approximately 6 kg.or 12 1lbs.). The bag holds about 30 liters (one
bushel) of cuttings, which are removed through a drawstring opening at
the back of the bag. With this equipment, operators can harvest seed
wherever walking is possible, even in steep, rocky or brushy terrain.
This allows for selection in cutting, therefore avoiding unwanted
species.

ESC's models have been improved with modifications inspired by
hundreds of hours of field usage. Small-scale production of our latest
test model has begun. This model will attach to most common brands of
gas-powered trimmers, either straight or bent shaft.

The Front-end Tractor Reaper is a box 2.29 meters wide, 76
centimeters high and 1.52 meters deep (7.5'x 2.5'x 5') which is mounted
on the loader arms of a tractor, replacing the loader bucket. A cutting
bar from a sickle bar mower is mounted on the bottom front of the box,
and a reel is mounted on the top front. The cutting bar and reel are
powered by separate hydraulic motors mounted on the box. A hydraulic
pump, with a 55 gallon reservoir of hydraulic fluid is mounted at the

-



rear and driven by the rear power take-off shaft. Hoses with variable
flow control valves connect the pump to the hydraulic motors in front,
allowing for separate control of the speed of the cutting bar and
paddles. The Front-end Tractor Reaper is relatively maneuverable and is
usable on land significantly rougher than crop land. In the central
Texas hill country it can be used to wind between trees on the
relatively level topographic benches. The height and tilt of the box
can be constantly adjusted, lifting over rocks, stumps or patches of
undesirable species. When the box is full it is unloaded by tilting the
box vertically and releasing a trap door at the rear of the box. The
cut material might be compared to a seed hay, but this device has the
advantages of operating in habitat too rough for haying and also of
collecting all the material as it is cut without the large loss of seed
inherent in cutting, raking and bailing hay.

Both of these devices are efficient for the harvest of single
species in large colonies, but their capacity to harvest an assortment
of seed is perhaps even more useful for restoration. When used in a
diverse habitat, the harvest can emulate the variety of species which
are producing seed at that time of year. When this process is repeated
at different times of the year in the same habitat, the seed harvest can
mimic the seed production of the habitat. In our utilization of this
equipment in central Texas on a typical day, one collection will often
contain 30-40 species with large quantities of the dominant species,
smaller quantities of the scattered species, and traces of the less
COmmON Specles.

The material collected by both these devices is made up of the tops
and seed heads of the plants. We shred this material with a tractor-
powered shredder to release the seed from the sheaths and heads and to
create a mixture of manageable particle size for later seeding. Mo
attempt is made to separate seed from the chaff and straw because of the
wide variation in seed size and weight in a typical mix. This material
has been seeded by hand and harrowed with a chain mat harrow.
Preliminary tests indicate that a Truax drill seeder, which contains a
picker wheel at the bottom of the seed hopper, can be successfully used
to seed the shredded material.

Use of these wild harvested seed mixes, sometimes combined with
commercial seed has produced significant diversity on restoration sites
in central Texas. These sites have ranged from quarter acre residential
sites to a 40 acre road side. More than 50 species have become
established from seed at many of our sites. However, the utilization of
these unquantified seed mixes has been primarily on sites where our firm
has designed and installed the restoration or had significant impact
into the design. While the common species in some of these mixes can be
quantified, the better the mix in respect to diversity, the more
complicated and costly it is to quantify. There is also a greater
unpredictability as to the composition of the wild harvested mixes from
year to year than there is with commercial seed. These factors make it
difficult for engineers to develop specifications, for agencies to bid
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contracts, and for inspectors to certify results with this type of
approach.

Therefore, the most immediate applications for this process is
where the design of a project and the harvest, processing and
application of the seed are all performed by the same agency. Within
this type of project, the utilization of wild harvested seed mixes is
economically feasible. The formalization of this process, which would be
required for many large scale projects, will have to be based on the
quantification of these "green thumb" applications. The challenge will
be to do this without unreasonably raising the cost or diluting the
diversity of these seed mixes.
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ENVIRONMENTAL ISSUES OF SMALL UNDERGROUND
GOLD MINING

by Thomas S. Hendricks

President-Hendricks Mining Co.
A brief historic overview of Colorado's small mining industry
will be presented; why men and women are attracted to it will be
explored. Small mining presents many challenges, including
physically demanding work, expertise in many areas and working at
high altitude environments while producing raw metals such as
gold, silver, lead, zinc and copper. The small mining industry
is highly regulated by a number of permitting agencies, including
the Mine Safety and Health Administration, the Colorado Division
of Mines, the State Health Department and the Mined Land Rec-

lamation Division and local and state zoning laws.

The economics of small mining are very complex and costly. The
unpredictability of veins, and location and cost of exploring
and developing them can be astronomical. Metal prices are
cyclical and are based on supply and demand from world-wide
economies. Compared to other mountain industries, small mining
has become an almost nonexistent industry. However, the mineral
wealth potential in Colorado is tremendous, particularly that
which could be developed by small scale operations. Small mines
are classified as those which produce 100 tons per day or less of

ore and employ 25 or fewer.
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Hendricks Mining Co. has been operating the Cross Gold Mine at
Caribou since 1973. The Company has always maintained a strong
commitment to both in-house and outside environmental issues. In
1988, the Company received an award from the Mined Land Recla-
mation Division and Governor Romer for designing and building a
water quality treatment system. Future waste rock, which is high
quality granite gneiss and quartz monzonite, will be crushed to
road base material for use on county roads in the mountain area.
This procedure will eliminate creating any additional mine dump
areas and will save Boulder County money and reduce truck traffic
by hauling similar gravel up from the Front Range. The Company
is also designing and engineering plans for future construction
of a plant to filter tailings sand, agglomerating it with
Portland cement, making pellets and air-injecting them back into
areas mined. This accomplishes many environmental procedures,
including the elimination of a tailings pond and permanently
stablizing underground work areas and eliminating any water
quality problems. The Company also maintains neat and clean

facilities.

Several of the new veins located by high tech core drilling have
been named after native American Indians. The Company recently
made a donation to the Mescalero Apache Indians since mining has

just recently commenced on our new Apache Vein system.
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Concentrates from the operation are shipped to the most environ-
mentally advanced smelter in North America which is located at

Trail, British Columbia.

Worker safety and concern for worker's environment is also of
paramount importance. Thomas S. Hendricks and Hendricks Mining
Co. maintain memberships in a number of environmental organi-
zations, including Greenpeace, the Cousteau Society and the Sea
Sheperd Society. The Company also participates in community
projects in the Nederland area, including help on the construc-
tion of the Nederland trail project. The Company has provided
working mine tours for thousands of people from around the world,
including education groups, a delegation from China, Argentina,
several Pacific-rim countries, Russia and political figures,

i.e., Senator Tim Wirth and Congressman David Skaggs.

Hendricks Mining Co. believes that we can emerge into a highly
civilized advanced space age society during the twenty—fifst
century where the production of raw materials and the environment
can co—-exist. The Company has seen several instances in Colorado

where more money has been spent between major corporations and

government agencies litigating existing environmental issues than
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the actual cost of cleanup. This is absolutely unnecessary and
could be eliminated by face-to-face round table discussions at

the onset that would produce positive results.
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HISTORICAL PERSPECTIVES ON THE REGULATION
OF MINE WASTES

Thomas E. Root

Bradley, Campbell, Carney & Madsen
Golden, Colorado

I. Introduction

On January 9, 1990, the educational television series NOVA presented
a program entitled Poison in the Rockies. Putting aside the technical
and factual merits and demerits of the program, a matter over which there
is continuing debate, there can be little doubt that the program hit
upon a topic that is of widespread general interest - mine waste and its
enviornmental impact upon life in the West.

At a time in the development of environmental law when the area
continues in a state of flux - laws are proposed, regulations adopted,
revised and reinterpreted, and cases are reported - it is appropriate to
reflect upon the problem of mine waste currently before us, how we came
to stand in our current position, and what methods to address the problem
were in place prior to adoption of current structures. If we ask
ourselves, "What does history have to tell us,"” I would reply that there
might be experiences in the past helpful to us in solving our
difficulties. If not totally adequate, we might at least find some help
from how our forebearers thought about the problem. As Justice Oliver
Wendell Holmes of the U. S. Supreme Court once wrote, " . . . A page of
history is worth a volume of logic." (New York Trust Co. v. Eisner,
256 U.S. 245, 349 (1921))

II. Reference Materials

A starting point for an historical review of regulation of mine
wastes is identification of sources of information on the topic. One
starting point is a paper which a colleague and I wrote for the Rocky
Mountain Mineral Law Foundation last summer entitled "THE LAW OF MINE
WASTE: A PRIMER, Mine Waste From Agricola to CERCLA and Beyond"
(35 RMMLI 8-1 (1989) hereafter "paper"”). That paper addresses, from a
technical viewpoint, how waste is generated, identifies legal and
technical definition of waste, and then proceeds to detail how mine waste
was "regulated," first, under the common law of tort and real property,
second, as addressed by legislative, judicial and administrative
approaches from 1872 to 1976, and, third, under major waste/environmental
statutes, such as the Resource Conservation and Recovery Act (RCRA) and
the Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) from 1976 to date.

A second source of information is the proceedings of an American Bar
Association workshop, co-chaired by the author, entitled "COMPREHENSIVE
WORKSHOP ON RECENT DEVELOPMENTS IN ENVIRONMENTAL ISSUES FACING THE MINING
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INDUSTRY." The workshop was held in Denver, Colorado, on October 5-6,
1989, and the proceedings contain papers addressing mine wastes from coal
and metal mining, air emissions related to mining, technical issues at
inactive mines, Superfund issues at inactive sites, the Bevill Amendment
to RCRA, and uranium mine and mill wastes. (It is available from the
American Bar Association in Chicago. If anyone is interested, they
should contact the ABA at (312) 988-5625, ask for Barb Smith, and request
a copy of the workshop proceedings.)

Having addressed the reasons for studying the history of mine wastes
and having identified information which is available on legal treatment
of mine wastes, we move to the subject matter - historical perspectives
on the regulation of mine wastes. Before doing so, however, it is worth
mentioning that this paper will not be as exhaustive as the paper we
delivered last summer. Rather, it will be a brief summary of how laws
addressed mine waste prior to the time when the current framework was put
into place. For details on the present statutes, the paper should be
consulted.

III. Common Law

The Common Law approached mine waste from the dual perspectives of
tort and real property, a distinction in the early stages of which is
best left to legal historians. The Common Law initially developed in the
period of time before the advent of active government involvement in day-
to-day doings of society. Consequently, its focus was upon the rights
and responsibilities of individuals.

In the area of tort, it imposed obligations upon the owners or
possessors of property upon which mine waste was to be found. If waste
from one property did damage to another property, the owner of the first
property was liable for those damages to the owner of the second, in an
action for trespass.

In a situation where there was an invasion of one's property, which
invasion was unreasonable, the action would be one for nuisance.

While these two major actions were Common Law tort actions, the
difference lies in the relief one could obtain from a court. In the
first action, that of trespass, one could obtain money damages for the
damage done. In the second, nuisance, one could obtain an injunction
against any further invasion, if irreparable harm could be shown.

This too brief review of the Common Law reveals, as noted above,
that it 4involved a contest between individuals. One party, the
plaintiff, needed to show injury or damage to person or property, or
irreparable harm thereto, resulting from some action or circumstance
attributable to another individual, the defendant.

Notions of the public interest did not occupy center stage at Common
Law. While it should be noted that the Common Law did develop a complex
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body of learning on requirements and obligations related to severance of
minerals from the surface, obligations owed between owners of the severed
estates, rights of title to ore in place and after severance, and
liability in tort for escape or release of material from one's own
property, it was not until legislation began to play a dominant role in
lawmaking, replacing judge-made Common Law, that principles of public
interest emerged.

IV. Legislative, Judicial, and Administrative Approaches to Mine and
Mine Procesg Waste from 1872 to _1976.

A. The General Mining Law of 1872.

Although there was significant mining in the United States
prior to 1872 (the lead mines in Illinois and Indiana, the gold mines in
North Carolina, the Appalachian coal mines, and the rushes of Pikes Peak,
Sutter's Mill, and the Comstock Lode of Nevada, to name a few), it was
only with the General Mining Law of 1872 that Congress enacted a law of
general application to the public domain, a land area of constant
interest to those living west of the 100th Meridian. The reason for this
interest is not hard to find: 36% of Colorado, 31% of New Mexico, 49%
of Wyoming, and 30.5% of Montana are owned by the federal government
(Denver Post, January 14, 1990, p.5-11). Given that in 1872 the United
States had not yet completed settlement of the interior of the United
States with states (not to be "accomplished"” until admission of New
Mexico and Arizona and 1912), the emphasis of national policy was upon
occupation and development of the Interior, as that term was understood
at the time.

Consequently, it is not surprising that the General Mining Law
of 1872 contained no direct mention of treatment of mine waste. In fact,
the '72 law was not a regulatory law as we understand the term today.
It was a property disposal law governing how one could obtain mineral
land from the United States. It did not "regulate" how mining activity
was to proceed, except with regard to activity which would demonstrate
that a property did, in fact, contain mineral values (which would justify
the expenditure of time and money by a prudent man in developing a paying
mine).

The 1872 law addressed mine waste obliquely, allowing one to
patent a mill site claim upon which ores could be processed, but again,
there was no mention of mine waste per se.

However, mine waste was not entirely ignored during the period
of laissez faire government. Toward the end of the century, a number of
cases were decided which seem remarkably contemporary both as to how
issues were framed and how those issues were resolved.
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B. The Debris Cases

In Woodruff wv. North Bloomfield Gravel Mining (18 F. 753
(C.C.D. Cal., 1884)), the plaintiffs wished to stop North Bloomfield from
discharging mine waste into the Yuba River.

The case involved hydraulic mining, a technique which has
passed into history but which is worth noting if for no other reason than
to acknowledge the fact that concern with the environment did not begin
with Earth Day in 1970, but had developed to such an extent that by 1898,
opponents of this method had worked to achieve a de facto ban on mining
by this method. (For a discussion of the activity at the time of Earth
Day 1970 and the enactment of the National Enviornmental Policy Act, see
Caldwell, NEPA Revisited: A Call for a Constitutional Amendment, the
Environmental Forum, Vol. 6, No. 6, 1989, p.18.) This ban resulted from
the inter-action of the courts, the 1legislature, Congress, and
administrators in California.

In Woodruff, the court described hydraulic mining as a process
by which riverbanks were excavated by jets of water. 1In that case, over
100 million cubic yards of riverbank had been jolted loose into the Yuba
with over 700 million more cubic yards planned to be so mined. The
streambed with filled with debris for 75 miles, up to a depth of 150
feet.

The state court enjoined North Bloomfield from its activities.

In response, North Bloomfield constructed cribs to contain the
debris, and began to mine again by the hydraulic method.

Thereafter, the federal government brought an action to enjoin
North Bloomfield (53 F. 625), alleging that the debris which escaped the
cribs impaired navigability of the Yuba. (Note that navigability of
interstate waterways was one way in which the federal government could
get involved in those days of limited federal authority in state
matters.) The federal court practiced such restraint that it refused to
enjoin the activity, finding that the danger to navigability was
" . . . 80 remote and improbable [given the construction of the cribs]
that the court is not justified in enjoining the use of property.”
(55 F. 625, at 632 (1892))

By this point, a state court had enjoined mining under state
law until the cribs were built, and then a federal court refused to
enjoin the activity on the ground that navagability was not impaired.
Note, historically, that there was no acknowledgement of the effect of
the material on water gquality or aquatic life as grounds for the
injunction. Mining continued.

On March 1, 1893, the U. S. Congress became involved, in
response to the federal court's refusal to issue the injunction by
passing an act "to create the California Debris Commission and regulate
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hydraulic mining in the State of California" (27 Stat. 507). The act
established a commission over hydraulic mining within the Sacramento and
San Joaquin River drainages in California, required a permit to mine by
that method, and provided for penalties if such activities were conducted
without a permit.

After passage of the statute, the United States went to court
to enjoin hydraulic mining by North Bloomfield without a permit (U. S.
v, North Bloomfield Gravel Mining, 81 F. 243 (C.C.N.A. Cal. 1897)). The
court issued an injunction which was later upheld by the Ninth Circuit
Court of Appeals (88 F. 664, 9th Cir. 1889).

As noted in the paper:

Thus the regulation/prohibition of hydraulic mining
evolved from trial of rights between individuals, to
application of a technological remedy to the problem, to
enactment of a statute, to a constitutional clash between
private parties and the federal government over the
authority of the federal government to prescribe terms
and uses of the nation's waters, and finally to the
Federal Court of Appeals, which upheld federal regulatory
authority.

The Debris Cases identified a weakness in the
mining law which required attention, i.e., that a
courtroom resolution of private property rights in
conflict under a land disposal law was inadequate for
resolution of public policy disputes. The resulting
legislation (which required fact finding by a commis-
sion, granting of permits to act within specific
limitations, and enforcement of administrative action
by judicial power) addressed this gap.

Subsequent to the Debris Cases at the turn of the century,
Congress did not continue to address mining waste on the public domain
with the specificity of the cCalifornia Debris Commission statute.
Rather, it addressed problems from a general property perspective, given
its role as owner and potential lessor of the public domain.

C. Coal and 0il Land Withdrawals; the Mineral leasing Act of 1920

Federal ownership of the public domain, with its treasure
trove of minerals, forms the basis of control of federal lands west of
the 100th Meridian. Concern about the misuse of those lands was voiced
at the turn of the century by "conservationists,” the ideological
ancestors of today's "environmentalists." The concern of the
conservationists was that the General Mining Law neither controled how
much land one could take up for mining nor did it control how minerals
were to be extracted. This resulted in the general dual fears that we
as a nation could run out of o0il and that coal would be monopolized in
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a few hands. Therefore, the critics of unfettered mining reasoned,
resources should be "conserved." Under Theodore Roosevelt, this concern
with "waste," in the sense of irresponsible exploitation, took the form
of withdrawal of federal coal lands, and later, led President Taft in
1909 to withdraw over three million acres of land valuable for oil in
California and Wyoming under Temporary Petroleum Withdrawal Order No. 5.
The President's authority to make this withdrawal was immediately
challenged in the case of United States v. Midwest Oil Company (236 U.S.
459, 1915). Before that case could reach the Supreme Court, President
Taft, concerned that he had exceeded his powers as President, urged
enactment of the Pickett Act thereby avoiding a constitutional clash over
inherent authority of the President to withdraw public lands from entry,
on the grounds that Congress had acted pursuant to its constitutional
power to make needful rules regarding the public lands.

The situation, however, was not clarified because the question
of inherent Presidential authority and the policy of "conservation®
remained muddled. In 1920, Congress acted to clarify the situation
somewhat by passage of the Mineral Leasing Act (30 U.S.C. § 184, et
seqg.). That act, among other things, eliminated applicability of the '72
Mining Law to phosphate, shale, o0il, gas, and coal and some other
minerals; limited acreage which could be held; provided for rentals and
royalties as well as other lease terms; and eliminated the mineral patent
for leasable minerals.

Thus, by 1920, concern with the waste of minerals had some
statutory expression. Note, however, that "waste" was understood as a
question of extravagant exploitation and was not understood as regulating
to end product of the mining or drilling process.

The field lay dormant for the next 34 years - a period of the
Roaring Twenties, the Depression, and World War II. Control of waste
was, up to this point, not really a concern of Congress, if one is
considering residue material rather than extravagance in over-production.

D. The Atomic Energy Act

However, at the end of World War II, there was very definitely
a concern voiced in Congress with regard to certain types of material
being mined. This material of concern, of course, was uranium. Under
the Atomic Energy Act of 1948, as amended by the Atomic Energy Act of
1954 (42 U.S.C. § 2011-2246), Congress enacted a comprehensive statutory
scheme for regulation of an entire industry. The act divided regulation
into that of source material, by-product material, and special nuclear
material. Of interest regarding mine waste was source material (i.e.,
ore containing uranium) which required a license for its possession, .
receipt, transfer, and ownership. The act did not directly address
ownership of processed ore (i.e., uranium mill tailings) which was
handled indirectly under the licensing provisions mentioned above.
However, it should be noted that the Atomic Energy Act was the first
attempt by Congress in peacetime to regulate an entire mining industry
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in a comprehensive manner, and the statute was an attempt to place all
authority for regulating activity affecting and affected by the nuclear
fuel cycle in a single federal agency, the Atomic Energy Commission.

It is worth noting that the Atomic Energy Act was a federal
statute which initially required a license to mine, although the statute
did provide that a general license could be granted to uranium miners
which required no formalities or written documentation.

It is also worth noting that the Atomic Energy Act regulated
the nuclear fuel cycle not because of any environmental disruptions, but
because of the national security interests involved with atomic power.
Nevertheless, the comprehensive nature of regulation of the uranium fuel
cycle is worth remembering as one considers the comprehensive
environmental statutes passed in the latter part of the 1970's and early
1980's which address mining waste and waste generally.

E. The Environmental Movement — a Torrent of Legislation

Having mentioned mining regulation per se under the Atomic
Energy Act, it is now necessary to jump forward to the late 1960's, an
era which can be characterized as the beginning of today's Environmental
Movement.

In 1969, the environmental movement did not possess the know-
ledge or political muscle to enact statutes which guantified environ-
mental values. 1In fact, with the passage of the National Environmental
Policy Act (42 U.S.C. § 4321~4347), the most that environmental lobbyists
achieved was that federal decision makers were required to take a hard
look at the environmental consequences of federal actions over which they
held approval power.

As the NEPA Process (as it came to be called) focused atten-
tion on environmental impacts of man's activity within the environment,
the mood in Congress quickened toward statutes which addressed individual
components of the environment. Congress enacted statutes which addressed
clean air, clean water, and the like. During this time, waste was viewed
as a by-product of activity. These statutes did not focus upon disposal
of waste, a development which took place later.

The statutes which specifically address mine waste, passed in
the mid to late '60's and '70's, were the Surface Mine Control
Reclamation Act, the Coal Leasing Act Amendments of 1976, and the Uranium
Mill Tailings Radiation Control Act of 1978.

SMCRA is important for our study of the legal treatment of
mine waste because it specifically addressed disposal of mine waste,
tailings, coal process material, and other waste requiring stabilization.
It also addressed reclamation, both in the sense of standards and in the
imposition of a reclamation fee which could be used by the Secretary of
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Interior to perform reclamation of abandoned mines and reclamation of
surface impacts of underground or surface mining.

SMCRA went one step further than any prior statute in that it
allowed for the prohibition of mining in the event that lands were
unsuitable for reclamation after surface mining.

The Coal Lease Amendments introduced concepts of comprehensive
land use planning and logical mining units to the coal lease process.

The Uranium Mill Tailings Radiation Control Act, passed in
1978, addressed one deficiency in the Atomic Energy Act of 1954, i.e.,
that uranium mill tailings (the waste product of uranium ore processing),
had received no specific treatment under the Atomic Energy Act. The
Uranium Mill Tailings Radiation Control Act contains provision for
reclamation of uranium mill tailings piles, decommissioning of uranium
mills, and transfer of property upon which mill and tailings were
situated to the United States Government for long term care.

So far, this discussion has addressed major trends in the
history of federal regulation of mine waste. It would be an incomplete
picture, indeed, if one were to ignore the state mined land reclamation
laws and the state permitting statutes addressing mining passed in the
decade of the 1970's. In fairly short order, western states, such as
Colorado, cCalifornia, Idaho, Montana, Oregon, Utah, Washington, and
Wyoming enacted state mine land reclamation statutes. These statutes
addressed such matters as soil removal, storage, backfilling, grading,
revegetation, surface water dispersion, water inpoundment, and tailings
inpondment. Suffice it to say that the local concern over mine waste was
evidenced by a plethora of state statutes addressing mine waste, both in
terms of extravagance of production (i.e., maximum economic recovery of
the resource) and in the sense of residue.

V. RCRA and CERCLA ~ Waste Legislation Per Se

As the 1970's progressed, the environmental awareness, initially
evidenced by the National Environmental Policy Act and developed by
virtue of statutes addressing components of the environment, began to
coalesce in the recognition that legislation was required to address
waste per ge. One consequence of this recognition was the passage of
RCRA in 1976. As time wore on, it also became apparent that there was
no specific statutory treatment for waste which had previously been
deposited at the surface, RCRA addressing only newly generated waste.
The result of this development was the Comprehensive Environmental
Response Compensation and Liability Act known as CERCLA or Superfund, as
well as amendments to RCRA known as SARA and HSWA.

CERCLA and RCRA closed the loop in the historical treatment of mine
waste. There now are statutes addressing mine waste from exploration
through development, operations, and abandonment either under the state
reclamation acts, the specific federal acts which address coal, uranium,
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and leasing act materials, or under RCRA, CERCLA, and their state
counterparts. Thus, mine waste treatment under law developed from
oblique reference in the 1972 Mining Law, through regulation under the
property power of the federal government, on to comprehensive regulations
which indirectly regulated waste generation, to today's statutes, which
now regulate waste presently generated and waste generated years ago.

* * * * * * * * * *

I would like to close by saying that I hope you have enjoyed this
all too brief presentation on the history of the legal treatment of mine
waste as much as I did in preparing it. I would like to acknowledge the
contribution of John Jacus of Bradley, Campbell, Carney & Madsen, who co-
authored the paper referred to throughout. I would also like to thank
Mr. Thomas A. Colbert, the moderator of this progrm, for allowing me to
share this material with you. Thank you.
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LEGISLATIVE DEVELOPMENTS
AFFECTING THE MINING INDUSTRY
IN SOUTH DAKOTA

Frederick D. Fox

Homestake Mining Company
Lead, South Dakota 57754

INTRODUCTION

The substantial increase in the price of gold during the early
1980's revitalized the precious metals industry world-wide. The gold
mining industry in South Dakota was no exception. As gold prices
increased, so did precious metals exploration activities which were
usually centered around the historical mining districts 1located in
the Northern Black Hills.

Discoveries of close-to-surface ore deposits were identified in
the Lead/Deadwood area and eventually developed by wutilizing new
technological advances in surface mining, complimented by the less
labor intensive heap leach processing of gold ores.

The Homestake Mine, located in Lead, has operated an extensive
underground mine since 1876, producing over 1,000 ounces of gold per
day from depths of over 8,000 feet below the surface. Ore continues
to be mined by underground methods at Homestake. However, in an effort
to offset the large expenses associated with mining at depth, Homestake
has returned to the surface to rework an area where the original
Homestake Claim was filed, an area known as the Open Cut.

Presently, there are five large-scale surface mines operating
in the Lead/Deadwood area, including Homestake's Open Cut Mine. Of
these, four mines utilize the cyanide heap leach process to extract
gold from the ore. Homestake still relies on the vat leach process
developed around the turn of the century and the Carbon in Pulp process
developed at the Homestake Mine during 1972. ’

The recent increase in surface mining activities has brought about
an increase in the concerns of the general public, focusing on potential
socioeconomic and environmental impacts. Because of its visibility,
large scale surface mining in South Dakota is very vulnerable to vocal
environmental interest groups and anti-mining activists.

As the general public voices concern over the protection of our
environment, new and more stringent laws and regulations are constantly
being enacted by our lawmakers to address these concerns.
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The following discussion will focus upon the evolution of regulatory
development aimed at controlling large scale surface mining in the
Black Hills of South Dakota and will discuss some bold measures being
taken by the precious metals industry to meet these regulatory challenges
head on.

Brief Background

The Black Hills of South Dakota have long been considered the
"jewel" of the State, offering a variety of recreational, cultural
and aesthetic qualities as unique as the ecology and geology of the
area is itself. As home of the famous Mt. Rushmore, millions of visitors
have made the Black Hills their summer playground for many years.
The hills offer a rich and colorful history, of which gold mining has
played a vital role.

The gold rush to the Black Hills began after the first major
discovery in 1874. Since then, a number of mines and mills dotted
the hills, finally culminating with the consolidation of many mining
properties that eventually gave way to the only continuous operating
underground mine since 1876, the Homestake Mine.l

Since gold was first discovered, nearly 40,000,000 ounces of gold
have been produced from the Black Hills, with the bulk of this coming
from underground mining.

Historically, mining has coexisted in harmony with many other
uses and demands placed upon the natural resources in the Black Hills.
With the advent of newer and more efficient technologies allowing to
economically mine and process lower grade surface ores, mining returned
to the area during the early 1980's as the price of gold suddenly
increased. Although all of the present day mines are located in areas
of past mining activities, a few are highly visible to the general
public because of continued urbanization and widespread development
of major recreational areas including ski slopes and other outdeoor
developments.

To date, approximately 2,048 acres of surface land has been affected
{(disturbed) by the five existing surface mines. This amounts to less
than one half of one percent of the total five county area in the
northern Black Hills where surface mining occurs.

However, mining and the associated processing activities by their
very nature cause disturbance of land and environmental effects that
make them a highly visible target for regulatory controls. The very
nature of the mining business and its visibility to the public, including
the uncertainties related to future expansion and development, have
generated much debate over the past few years on the adequacy of existing
regulations to control surface mining in the Black Hills of South Dakota.
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Regulatory Development

Mining and its associated activities are heavily regulated on
the Federal, State and Local levels. Again, mining in South Dakota
is no exception to this. Please refer to Attachment No. 1 for a listing
of the major . environmental regulations currently applicable to large
scale mines operating in the Black Hills.

Of course, all states differ in the severity, comprehensiveness
and level of enforcement of their mining regulations. These variations
are, in part, a function of the type of minerals mined in the State,
the importance of the mining industry to the State economy, the
responsible State agencies, the general State philosophy on environmental
regulation and the attitudes of the industry toward environmental
controls, as well as past experience in environmental compliance.

It is the written policy of the South Dakota Legislature that
mining and the public interest coexist in our State. The intent of
State law is to strike a workable and necessary balance between the
economic necessity of mining and potential negative impacts to the
environment.?

In 1981 and 1982 the South Dakota 1legislature undertook a
comprehensive review and update of the sections of South Dakota Codified
Law dealing specifically with mining. An interim study committee
comprised of some of the state's most experienced legislators met
repeatedly in an effort to both strengthen and clarify the mining law.
They reviewed and considered mining laws already on the books in such
better-known mining states as Montana, Colorado, Wyoming, Idaho, New
Mexico and Arizona. As a direct result of these comparative
examinations, South Dakota lawmakers succeeded in compiling some of
the best provisions from active mining states throughout the western
U.s.

In 1983 the Legislature adopted the requirements of SDCL Chapter
45-6B, entitled '"The South Dakota Mined Land Reclamation Act,' which
established the guidelines for reclaiming mined areas. .

Section 45-6B-2 sets forth the state policy, "Every effort should
be used to promote and encourage the development of mining as an
industry, but to prevent the waste and spoilage of the land and the
improper disposal of tailings which would deny its future use and
productivity. Proper safeguards must be provided by the State to ensure
that the health and safety of the people are not endangered and that
upon depletion of the mineral resources and after disposal of tailings
the affected land is usable and productive to the extent possible for
agricultural or recreational pursuits or future resource development;
that water and other natural resources are not endangered; and that
aesthetics and a tax base are maintained, all for the health, safety,
and general welfare of the people of the State."
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In response to increased mining activities during the mid 1980's,
another select Legislative Committee on Mining was organized during
the summer of 1986 to study the socioeconomic impacts of large scale
mining in the Black Hills.

The result of the study included 1legislation dealing with
exploration, bonding requirements, local governmental controls over
mining, reclamation plan development, and socioeconomic impact studies.
Additional legislation gave the Board of Minerals and Environment
authority to develop specific regulations.3 Despite this strengthening
of the laws, environmental and anti-mining activists continued to allege
that South Dakota's mining regulations pertaining to exploration
development, operation and reclamation were inadequate.

Interestingly, in late March 1987 a report commissioned by the
Environmental Protection Agency (EPA) to evaluate individual state
mining regulatory programs was published by Charles River Associates.
The report compared and evaluated mining, waste disposal and reclamation
laws on a scientific, state-by-state basis. The Charles River study
and report ranked states' permitting processes, regulations on mine
waste, mine reclamation requirements, groundwater pollution control,
bonding requirements, <closure requirements, mine waste testing,
regulatory approaches and, most importantly, levels of actual compliance.

The results of this study were enlightening, especially when
examined in the context of the environmental "objections' to the industry
and its operation in South Dakota. The report, through a numerical
rating formula, ranked South Dakota second overall (in a tie with
California) behind only Wyoming in '"Adjusted Average Rating of Regulatory
Program”. However, the report noted that Wyoming, while it was rated
higher, had a high rate of compliance due to certain of the state's
mining laws being ''guidelines'" and not enforceable by law. So, in
terms of the ''real world", the Charles River Report clearly indicated
that. South Dakota's mining law was in actuality the toughest and most
enforced set of regulations in the industry along with thcse of the
environmentally sensitive state of California.

In an effort to overcome irreconcilable differences among vocal
opponents and the mining interests, in June 1987 Governor Mickelson
declared a six month moratorium on the processing of mine permit
applications to allow time for the staff of the Department of Water
and Natural Resources to draft new -regulations. In addition, he
appeinted a ten member Task Force consisting of repesentatives of the
mining industry, environmental groups, state and local governments,
and the public to prepare a draft set of regulations to be presented
to the Board of Minerals and Environment as recommendations.

The Task Force held ten public meetings across the State during

July, August, and September of 1987. The Task Force proposed rules
on:
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1. Requirements for reshaping lands to visually and functionally
compatible contours, including mine pit backfilling if economically
and technically feasible;

2. Restricting mining in certain unique areas; and

3. Requirements for water quality protection including treatment
standards for neutralized spent ore from cyanide heap leach operations
and heap leach facility design criteria.

The Task Force presented their recommendations to the Board of
Minerals and Environment at a public hearing held in Rapid City in
December of 1987. The regulations, entitled South Dakota Mined Land
Reclamation Regulations, Title 74, Article 29 of the Administrative
Rules of South Dakota (ARSD), were formally adopted on March 4, 1988.4

Even with a new set of regulations in place, opposition to mining
continued to be voiced. Without even allowing for a true measure of
the impact of the newly adopted rules, the 1989 Legislature adopted
additional 1laws wunder the auspices of the Governor's Centennial
Environmental Protection Act (CEPA) establishing groundwater protection
strategies and mechanisms to fund programs to protect groundwater quality
and quantity. Funding mechanisms affecting the mining industry included
the filing of proof of financial assurance and assessment of a yearly
fee of two cents per pound of cyanide used at each surface mining
operation.

In order to evaluate the cumulative impacts of large-scale surface
mining in the Black Hills, a cumulative environmental evaluation (CEE)
was ordered to be conducted by an independent qualified contractor
with the results to be reported no later than December 1, 1990. During
the period in which the CEE is being conducted, no mine permit, amendment
or combination thereof in excess of 200 acres of affected land for
any one operator can be granted. Essentially, the Act imposed yet
another moratorium on the processing of mine permit applications.
The results of the CEE may be used in determining the environmental
consequences of a proposed operation and in acting on future surface
mining permit applications. Basically, the information is intended
to help decide '"when one additional mine is too many' for a given area
within the Black Hills.

All five large-scale surface mines are located in Lawrence County.
It goes without saying, as new mines were being permitted under state
rules, local government could not ignore the potential land use conflicts
associated with mining occurring in proximity to less intensive land
uses. Therefore, yet another task force was formed, representing all
interests including public officials, planning and zoning personnel,
as well as the public at large. A very comprehensive ordinance was
adopted from their efforts in late 1986 for the purpose of informing
the public of the significant potential for the development of mining
within Lawrence County and to minimize the adverse effects of mine
development on public and private land uses. The ordinance requires
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a very detailed application procedure requesting a Conditional Use
Permit (CUP) for mining and related activities. The permit application
also requires the submittal of a socioeconomic impact study and a number
of performance standards, including a buffer zone which, at a minimum,
will be 500 feet between the disturbed land and any adjacent or adjoining
landowner. Since its inception, all five mine operations have obtained
CUP's for new mine operations or amendments to existing operations.
The ordinance, as adopted, is presently under review for possible
amendments and/or revisions.

Initiative and Referendum

Pursuant to the Constitutional provisions of the State of South
Dakota, any measure may be initiated or any law may be referred to
a vote of the electors, provided a petition has been properly filed
carrying signatures of not less than five percent of the qualified
electors of the State.

Despite all of the joint task force reviews and all of the studies
that eventually influenced regulatory reform vresulting in the
strengthening of mine regulations, petitioners were successful in forcing
a countywide vote to invoke a temporary moratorium on the issuance
of Conditional Use Permits for large-scale surface mines in Lawrence
County. This proposal was strongly defeated by the vote of the electors
on October 20, 1987.

Two additional initiatives asking for substantial increases in
the state severance tax and a mandatory backfill requirement were also
strongly defeated during a statewide election on November 8, 1988.

Presently, signatures are being collected on yet another initiative,
requiring a mandatory 3100 acre cap on the total amount of acres to
be affected at any one time by all operators of large-scale mines within
the Black Hills. Petitions carrying 14,723 valid signatures of
registered voters must be filed by May 1, 1990 to send this initiative
to a statewide vote on November 6, 1990. This, of course, is
approximately one month before the results of the CEE (as described
above) will be reported on.

The Challenge

The concerns expressed by the general public for conservation
of our natural resource and the demand for protection of our environment
are real. Many concerns of the public are manifested in emotional
reactions to change or the fear of the unknown. These types of concerns
are not effectively dealt with by legislating new rules and regulations.
In the long run, society will set the Standards of performance.

That is why the mining industry must recognize the sociological
impacts of mine development and continue to make an honest attempt
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to educate and communicate the nature of our business to the public
at large. Once there is a general understanding of our business, then
we must trust that the public will accept mining for what it is, an
environmentally responsible industry.

Meeting the Challenge

The mining industry in South Dakota understands the importance
of gaining public trust and has, throughout its history, demonstrated
its ability to change to meet the public needs.

Representatives of the industry have actively participated in
the development of formal rulemaking that has strengthened regulatory
controls to protect the environment.

A grass roots non-profit organization called '"People For Responsible
Mining'" has been organized to communicate and educate the general public
on the complexity of our business.

In an unprecedented move, the industry recently initiated and
backed a bill proposed by the Governor during the 1990 Legislative
session to impose a moratorium on new large-scale surface mine operations
and to limit expansion of existing operations until January 1, 1992.
This will allow time for a seven-member review committee to evaluate
and make recommendations on the provisions of the on-going CEE.

During the next two years, the mining industry will continue to
communicate and educate to overcome public diversity by promoting
responsible mining in the Black Hills of South Dakota, thereby meeting
the challenge head on.

By adopting such an active stance, the industry is hopeful to
turn the tide of regulatory reform and gain the trust of the general
public which is so important to the success of the mining industry
in South Dakota.

References
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in October of 1941-1945; (War Production Board Order L-208).

2Department of Water and Natural Resources Brochure ''What Laws Regulate
Mining in South Dakota'.

31bid.

41bid.
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Attachment No. 1

ENVIRONMENTAL REGULATIONS CURRENTLY
APPLICABLE TO LARGE-SCALE MINES
IN SOUTH DAKOTA

Alr Quality

1)

2)

Clean Air Act 1970:

a) Established primary nationwide air standards (National
Ambient Air Quality Standards) or NAAQS to protect public
health, and secondary NAAQS for the protection of public
welfare.

b) Directed States to develop and adopt State Implementation
Plans or SIPS with the goal of achieving NAAQS by
establishing emission limitations, compliance schedules
and other planning.

South Dakota Air Quality Act (chapter 34A-1, South Dakota

Codified Laws), as implemented through Chapter 34:10,

Administrative Rules of South Dakota, effective July 27, 1871:

a) Chapter 44:10:01: Air pollution requirements

b) Chapter 44:10:03: Control of Visible Emissions

¢) Chapter 44:10:04: Open Burning Regulations

d) Chapter 44:10:06: Control of Particulate Emissions

e) Chapter 44:10:07: Control of Sulfur Compound Emission

f) Chapter 44:10:08: New Source Performance Standard

g) Chapter 44:10:14: Standards of Performance for Storage
Vessels of Petroleum Liquids

Water Quality (Discharges)

1)

2)

Federal Water Pollution Control Act (FWPCA) of 1972 PL 92-500

Sections 302, and 303, 330 S.C. 1251

a) Requires that every discharger of pollutants into navigable
waters of the United States meet certain effluent
limitations.

b) The FWPCA established the National Pollutant Discharge
Elimination System (NPDES) permit.

c) 40 CFR 112 - Requires a written, engineered spill control
plan, response procedures, records and training for the
prevention of discharges of petroleum products.

Dredge and Fill (404 Permit) - authorizes the Corps of Engineers

to control the discharges of dredge and fill material into
Waters of the United States, including tributaries and wetlands.
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South Dakota Water Pollution Law - SDCL Chapter 74:03:02

effective February 19, 1981:

a) Governs effluent limitations based upon water quality
of the receiving stream.

b) Establishes monitoring requirements.

¢) Grants permits for discharges (NPDES).

Water Quality (Potable)

1)

2)

3)

Safe Drinking Water Act PL 93-523 42 USC 201

a) Regulates drinking water contaminant levels
b) Establishes monitoring and analysis requirements
c¢) Requires reports and record keeping.

Mine Safety and Health Administration (MSHA) Regulations (30

CFR 57.10-2)

a) Requires mine operators to provide adequate supply of
potable water in all active working areas.

South Dakota ARSD, Chapter 74:03:07

a) Provides for approval of public water systems

Land Holdings

1)

2)

3)

4)

1872 Mining Act (30 USC 21)

a) Assessment work requirements (30 USC 28)

BLM Recordation Requirements (43 CFR Part 3830)

a) Evidence of assessment work/intention to hold

South Dakota Marketable Title to Real Estate Act (SDCL Chapter

43-30)
a) Severed Mineral Interests.

Lawrence County, South Dakota Comprehensive Plan

a) Zoning and Subdivision Regulations.
1. CUP - Extractive Industry.

Mining Land Reclamation

1Y)

2)

3)

U.S. Forest Service Surface Mining and Exploration Reclamation

Requirements 36 CFR Part 228

BLM Mining and Exploration Requirements 43 CFR Part 3800

a) Regulate disturbances on public lands

South Dakota Mining Land Reclamation Act (SDCL) Chapter 45-6B

a) Regulates surface disturbances caused by surface and
underground mining (Permits, bonding, and reclamation
requirements).
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4) South Dakota Mined Land Reclamation Article 74:29
a) Requires permit applications, reclamation of mill sites,
minimum reclamation standards, concurrrent Treclamation
and temporary cessation.

Solid Waste Disposal

1) Resource Conservation and Recovery Act (RCRA) of 1976

--a) Protection of public health and the environment in relation
to Solid Waste Disposal.

2) South Dakota Solid Waste Disposal Act SDCL Chapter 34A-6;
ARSD Article 44:11 (July 31, 1980)
a) Establishes a comprehensive regulatory systems and permlts
for waste disposal

Hazardous Waste Disposal

1) Resource Conservation and Recovery Act (RCRA) of 1976
a) Protection of public health and the environment in relation

to hazardous waste disposal (40 CFR 261.10 through 261.33
May 19th, 1980)

2) South Dakota Hazardous Waste Rules, Article 44:15 (January
11, 1981)

a) Applicable to Mining and Milling

3) Comprehensive Environmental Response, Compensation, and
Liability Act of 1980 (CERCLA) PL 95-510, 94 Stat 2767, December
1980 or "Superfund
a) Provides funds from 1ndustry and government to clean up

hazardous waste sites.

4} Superfund Amendments and Reauthorization Act of 1986 (SARA)
PL 99-499

a) Major changes to CERCLA

Electrical Service

1) Toxic Substance Control Act of 1976 (PL 94-469)

a) Regulates use and disposal of polychlorinated biphenols
(PCB's)

Environmental Protection

1) South Dakota Centennial Environmental Protection Act of 1989
a) Required preventative action plans for groundwater,
additional surety and proof of financial assurance for
remediating accidental releases of cyanide, assessed a
two cents per pound of cyanide wused and Trequired
accumulative environmental evaluation due December 1,
1990.
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2) Environmental Impact of Governmental Actions (SDCL 34A-9)
a) Agencies may require an environmental impact statement
on any major action they propose or approve.
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Current Issues in Mining Regulation - the Good, the Bad and the Ugly
(a pre-assigned title!)

Fred Banta, Mike Long, Bruce Humphries and David Bucknam

Colorado Department of Natural Resources
Mined Land Reclamation Division
Denver, Colorado 80203

INTRODUCTION

Whether any issue is good, bad or ugly is largely "in the eye of
the beholder" or maybe it simply depends on what day it is.
Regardiess, the one thing that is certain is that there are several
current regulatory activities that significantly impact Colorado's
mining industry. This paper is an overview of the major issues under
review and the direction that the state is taking through the programs
of the Mined Land Reclamation Board and Division.

THE MINERALS RECLAMATION PROGRAM

The Minerals Reclamation Program has rebounded in the last two
years after having been briefly eliminated through state budget cuts
and then restored. Since that time, the Division and Board have been
chalienged by a number of issues that have had or will have a
significant effect upon the program, the public and the mining
industry. The most significant issues are presented below.

Quarries: The public concern about the visual impact of auarry
operations during and after mining has received considerable
attention. The issues have been discussed for several years at the
local level. However, projects proposed in Douglas and E1 Paso
Counties came before the Mined Land Reclamation Board during 1989 and
directed state attention to the visual impact issue.

During the development of auarries, the operations become visible
as the area is disturbed. This raises citizen concern. After mining
is completed, the appearance of the reclaimed auarry can be auite
different from the original appearance. Where once there may have been
irregular terrain, one sees long uniform benches that contrast to the
natural topography of the surrounding area. Further, because of the
harsh climate, the vegetation at some sites is sparse or consists
mostly of grasses which do not hide the larger features of the
reclaimed auarry.
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Governor Romer took a personal interest in this issue. After
inspecting the sites in Colorado Springs, he formed the Cormission on
Mountain Scarring. The commission was divided into two subcommittees.
The first subcommittee examined state and local laws to determine
whether existing law is adequate to regulate the development of
quarries and to prevent future scarring of the mountains, The second
subcommittee examined existing scars, particularly the Queens Canyon
and Pikeview auarries in Colorado Springs, to determine what
reclamation alternatives are available to achieve a visually acceptable
reclamation at those sites. The final report from the subcommittee on
laws is due at the end of March. The report from the subcommittee on
existing scars was released on March 1, 1990,

One of the proposals of the subcommittee examining state and local
laws was the endorsement of a bill introduced by Representative Renny
Fagan that would have set up a formal process for a coordinated
state/local review of a auarry proposal. Under the bill, the authority
to review visual aspects of a auarry project would continue to reside
with the county. The Mined Land Reclamation Division would provide
advice regarding whether the proposal could be technically achieved in
conformance with the Colorado Mined Land Reclamation Act. This
proposal died in committee in the Colorado House of Representatives.

Although not directly related to the work of the subcommittee,
another bill was introduced by Senator Tebedo of Colorado Springs which
died in committee in the Senate. The distinguishing difference between
the two bills is that Senator Tebedo's bi1l would have aiven the
authority to conduct visual assessments to the state.

These two bills point to one of the issues that will continue to
be discussed; the issue of whether visual reauirements should be
established at the state level or the local level. The authority to
make decisions pertaining to visual impacts and land use compatibility
has historically rested with the local governments. To those who
continue to support this, the belief is that making decisions about
visual effects is fundamentally a land use decision,

Others believe that visual assessments are a technical issue that -
may best be handled at the state level through statewide standards.
Proponents of this concept are concerned that inconsistencies will
arise between counties. Some fear that counties that are more
concerned about visual impacts will make it difficult for auarries to
be approved. Operators will move to counties that are more in need of
jobs and are willing to allow mining without extensive visual
consideration as a reclamation objective. Further, companies that have
already invested in property in one county may find the mining
potential of the property diminished as visual mitigation reauirements
are increased, thus giving properties in counties less concerned about
visual impacts a competitive advantage.
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Recognizing that there will be continued demand for auarry rock
along the front range, the subcommittee examining state and local Tlaws
generally identified the following points which should direct public
policy development on this issue.

a. Visual concerns associated with auarry operations are
legitimate and need to be addressed.

b. There are various mining and reclamation methods which can
effectively mitigate visual impacts associated with auarries.

C. Local governmental authority over land use should be
preserved.

d. Coordination between local governments and the Mined Land

Reclamation Board is important and should be strengthened.

e. Populous counties, as required by statute, should develop
and periodically update master extraction plans that balance
the need for aggregate resources with other auality of life
concerns.

f. There may be certain open spaces along the Front Range which
should be preserved in their natural state.

g. Certain geographic areas are unsuitable for auarry
operations.

The subcommittee on existing scars developed an analytical system
to assess the different methods to achieve a visually acceptable
objective, and based upon a cost/benefit analysis they recommended
appropriate steps. The implementation of the proposed plans or
elements of the plans at the Oueens Canyon and Pikeview sites is still
under consideration by the operator. The Pikeview is the more
difficult of the two because of the long term nature of the mining plan
and the current instability of the site.

This subcommittee, as well as the Commission in general,
identified important considerations in the planning, development and
reclamation of aquarries that would mitigate visual impacts. The most
noteworthy include proper siting, limitations on the size of the auarry
or the extent that land can be disturbed at any one time, and the use
of reclamation techniques that will mitigate visual impacts.

Quarries should be located and positioned on a site so as to
reduce the visibility to the general area. Computer assisted
techniques for conducting visibility assessments were reviewed by the
commission and local governments, and operators are encouraged to use
these analytical methods.
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The visibility of auarries is also attributable to size. Large
areas are disturbed to achieve the economies of scale in the mining
process. These large disturbances occurring prior to reclamation make
the operation highly visible. Reduction of the size of the auarries
would reduce visibility, but the operator would lose the benefit of the
economies of scale. This would result in higher prices for the product
from a particular site.

The seauence in which a particular area is mined can affect
visibility. Where possible, it may be prudent to delay mining highly
visible portions until last if such areas cannot be reclaimed
concurrently.

One aspect of visual impact is that much of the disturbed land may
remain unreclaimed many years during the 1ife of the project. Once
mining is completed, it may take another 10-25 years for the
reclamation to reduce the visual impact. Thus visual impacts may exist
for decades. Even though final reclamation may not be practical in
most cases, it may be practical to perform at least initial or partial
reclamation at locations that are highly visible,

The traditional components of visual analysis could be applied to
quarries to mitigate the post mining visual impact. These include
consideration of form, line, texture and color. Efforts to develop
shapes, to identify surface material and reproduce color that is
compatible with surrounding topography and surface area will reduce
contrast between the reclaimed area and undisturbed area.

The Division, through the permit review process, has identified a
number of factors which could be considered in developing auarries that
are more visually acceptable. Bench width and backwall height are
significant factors in visual effects. Selecting appropriate ratios of
backwall to bench width can enhance the potential for visually
acceptable reclamation. As the ratio of backwall height to bench width
is reduced, the geotechnical stability generally increases and
vegetation establishment is enhanced. The potential for adverse visual
impact from slope failure and barren surface is significantly reduced.

Typically, when auarries are mined the appearance during or after
mining is a series of horizontally continuous lines. These lines are a
direct result of the most efficient way to auarry rock. These
continuous lines, however, may be partially removed through selective
backfiiling, selective blasting, construction of discontinuous benches,
and some type of rock sculpting. An example of these techniaues is the
Vail Pass project. Figures I and II illustrate the results of these
techniaues. However, the employment of these techniaues must result in
a stable post mining topography.
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OQuarry mining exposes faces of fresh cut unweathered rock which
may contrast with the surrounding area. In general, the remedy to this
problem has been to hide the exposed rock face by vegetation, barriers
or berms, or staining the rock.

In summary, the issue regarding visual aspects of auarries has
received significant attention during the past year. One can
anticipate considerable activity at both the state and Tocal level to
develop public policy that will respond to community concerns about
visual impacts from quarries.

Peat Extraction: The auestion as to whether the extraction of
peat 1s mining which is under the jurisdiction of the Colorado Mined
Land Reclamation Act has not been fully examined. 1In 1989, the Board
directed the staff to investigate the issue from two perspectives.
First, the Board wanted to know what existing regulatory programs
govern the extraction of peat. Second, they asked for an examination
of peat extraction in Colorado to determine the nature of the material
being mined, the extent of activity and the uses that are made of
Colorado peat.

The Division presented the results of its investigation to the
Board in February, 1989. The Division found that there is no
regulatory program that directly regulates the extraction of peat,
although some counties are considering such regulation. Indirectly,
the Corps of Engineers and the Water Quality Control Division can
regulate some activities associated with peat extraction. Further, the
Division found that peat could be considered to be a mineral under the
definition of "mineral" in the Colorado Mined Land Reclamation Act.

The Board, however, has some discretion in making a final determination
with respect to the definition., If peat is a mineral, then it would be
regulated under the Colorado Mined Land Reclamation Act.

There are approximately sixteen operators in the state who extract
peat. The product is sold predominately as a soil amendment, although
it has some other uses such as a material that assists in the clean up
of acid mine drainage.

The Board will be reviewing the issue in coming months to
determine whether peat extraction is mining and, if so, what are the
appropriate mining and reclamation reaquirements under the Colorado
Mined Land Reclamation Act.

Mine Waste: Currently, Colorado regulates the disposal of mine
waste through the Colorado Mined Land Reclamation Act, the Water
Ouality Control Act, the Clean Air Act and other programs and
statutes. As such, the state is very interested in the development of
the national mine waste program under the Resource Conservation and
Recovery Act. The state has focused most of its effort through the
Western Governors' Association (WGA) Task Force on Mine Waste. Of
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greatest importance to the task force is the development of strong
state programs. The fundamental issue is providing states with the
autonomy and authority to do an effective job while allowing for
appropriate federal oversight to audit state program performance. One
of our greatest concerns is that a federal permit by permit review will
undercut state and federal programs, be duplicative and weaken the
overall effort to regulate effectively mine waste.

The work of the Western Governors' Association Mine Waste Task
Force is directed from the resolution put forth by the Governors. The
resolution states:

The WGA believes that EPA should expeditiously propose and
promulgate a regulatory program for any mining wastes found by the
agency to warrant regqulation as a solid waste under RCRA Subtitle
D. However, the timing of the development of this proaram by EPA
should be structured to allow sufficient time for meaningful state
input through the WGA mining waste work group prior to proposing
draft regulations. The regulatory program should establish a
state based approach for protection of public health and the
environment, taking into account site-specific, waste-specific and
waste management specific practices that are in use. To the
maximum extent feasible, consistent with this objective, the EPA
program should allow reliance on existing state regulatory
programs for mining waste.

The principle effort of the task force to date has been the review
of the EPA Strawman regulations and development of an alternative to
that proposal. The task force released the first draft of its proposed
alternative to the public on March 21, 1989. Several comments on the
task force's proposal were received and reviewed. On December 8, 1989,
the WGA transmitted the task force's recommendations to EPA. The WGA
proposal is divided into three parts which are based on the structure
of the Code of Federal Regulations, as was the EPA Strawman; Part XXX,
Part XXY and Part XXZ.

Part XXX describes the program development process and federal
oversight for a state which intends to administer the mining waste
program. The most significant concept within this part is "self
certification". The main theme of the concept is that the state would
develop its program and when the Governor finds that the program meets
federal reauirements in cooperation with EPA, the state would self
certify. At that point, the program would be in effect. EPA would
review the program further and acauire enforceability through federal
codification of the state program.

Part XXY includes definitions and describes the technical criteria
for mining waste management facilities and practices. Part XXY
describes a multi-media approach to the management of mining waste. It
emphasizes the need for flexibility to accommodate the diverse nature
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of mining waste and the environments in which they are managed. There
are two significant elements of the task force proposal. First, the
program covers only existing and new mine waste units, and second, heap
and dump leaching are recognized as a unique situation where measures
are to be taken to protect against potential releases to the
environment from the heap or dump during and after the leaching.

In regard to the first element, the states found it difficult to
find an appropriate definition that would define inactive mine waste
units. Defining inactive units such that they would be requlated means
retroactive regulation of units. Retroactive regulation may not be
appropriate since other laws, such as the Comprehensive Environmental
Response, Compensation and Liability Act and the 7002 and 7003
provisions of RCRA, exist to address the problems with old units. As a
result, the task force has initially decided that two universes of
waste units will exist; those that are active or will be developed
after a specific date and those that are inactive prior to the date of
the program. An inactive unit that is reactivated would come under the
requirements of the program.

The second element pertaining to heap and dump leaches is based
upon the simultaneous nature of the extraction and waste processes.
Because it is difficult to separate the two processes, the task force
recommended that heap and dump leaching operations be regulated as a
special process. The generation of waste is considered simultaneously
with the mineral extraction process. The task force did not recommend
that the mine waste program regulate any part of the ore recovery or
extraction process, but only the waste that is generated from such
processes, For example, as a dump leach is being constructed, it would
be regulated under the mine waste program to the degree that the dump
would need to be constructed in conformance with waste unit standards.

The task force proposed Part XXZ to describe the development and
procedure of an EPA administered program where a state does not elect
to certify for program primacy. It is similar to Part XXX in overall
program concept, but provides the mechanism for a federal lead in the
administration. It is recognized that in specific situations that
federal authority to enforce a program would be appropriate.

During 1990 and 1991 the Division, as a member of the task force,
will continue to work with EPA on the Strawman process and it will
undertake three projects. The first project is a detailed review of
Colorado's programs to assess the existing regulatory structure and
needs relative to the proposed national program. Second, it will
participate with the WGA in eight to ten special projects addressing
technical or regulatory issues pertaining to mine waste. And third,
the Division will participate in a reconnaissance survey of inactive
and abandoned non-coal mines and a policy review of issues related to
the reclamation of these sites. With respect to this third effort, it
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is intended to provide information about the scope of the inactive and
abandoned mined lands issue and the alternatives that could be employed
to resolve the problems associated with such sites.

Mining Without a Permit (I11egal Operators): Considerable
attention has been directed toward reducing the number of illegal
mining operations in the state. In 1988, the legislature increased the
civil penalty for illegal operations to a minimum of $1,000 for each
day the land remains affected without a permit. During 1989 sixteen
illegal operations were brought before the Board where civil penalties
up to $25,000 were assessed. The Board and Division will continue to
respond to citizens' complaints and other information sources to find
illegal mining operations and reduce the environmental and economic
problems associated with these operations.

Reservoirs and Water Resources Management as the Post-Mining Land
Use: After the Colorado Supreme Court 1ssued the opinions in Zigan Sand
and Gravel and Three Bells Ranch Associates, sand and gravel operators
that exposed groundwater were reguired to comply with state water law
where mining and reclamation operations cause water depletions. The
legislature followed up the Supreme Court decision with Senate Bill
120, passed in 1988, which provided a mechanism for operators to come
into compliance with the statutes the State Engineer administers.

The decision and law have had an effect upon the types of
applications being submitted to the Mined Land Reclamation Division and
Board. The Division has received a number of applications for
operations adjacent to rivers which propose a post-mining land use of a
developed water resources or reservoir. The issues that arise pertain
to whether sufficient water rights have to be available prior to
approval of the reclamation plan, and whether the reservoir must be in
use prior to financial warranty release. Relative to the financial
warranty issue is whether the operator should post a financial warranty
for development of a reservoir, including securing of water rights, or
should it be for an alternative reclamation plan since the Division or
landowner may not be in a position to manage a reservoir.

At the moment, the policy issue is still under review by the
Board. The issue will be examined further through a Division and Board
workshop and on a case-by-case basis.

COLORADO INACTIVE MINE RECLAMATION PROGRAM

The Colorado Inactive Mine Reclamation Program (CIMRP) is entering
its second decade. It has accomplished much in those years:
compiiation of an inventory of the most hazardous mine sites in the
state, development of a plan to address inactive and abandoned mines,
safeguarding of over 2000 openings, and a growth of the program to
address coal mine subsidence and mine drainage problems.
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The Colorado Surface Coal Mining Reclamation Act, passed by the
Colorado General Assembly in 1979, authorized a statewide reclamation
program aimed at reducing hazards associated with past mining
activities. Colorado's Inactive Mine Reclamation Program is funded by
the U.S. Department of the Interior with reclamation fees collected
under the Surface Mining Control and Reclamation Act of 1977.
Operating coal mines are assessed 15 cents per ton of coal produced
underground and 35 cents per ton if the coal is extracted using surface
mining methods. The money collected is used to reclaim land mined
prior to 1977 and for which there is no continuing reclamation
responsibility.

Colorado conducted a survey of inactive mines in 1980 to determine
the extent of serious safety and environmental problems attributed to
past mining activities. Mine related features such as shafts, adits,
portals, inclines, stopes, pits, structures and waste banks were
evaluated and rated according to their severity of hazard. Surface
subsidence associated with abandoned coal mines and the impacts
associated with toxic mine drainage from inactive mines were also
evaluated. Priorities for conducting reclamation work are established
using this inventory data measured against the goals of the program.
Three major goals have guided the program:

1. To assess the serious health, safety and environmental
problems associated with inactive mines statewide and to
abate those problems which result from past mining.

2. To preserve the historical and cultural values of these past
mining activities.

3. To share information with local residents and governments

and encourage their participation in all aspects of project
work .,

Policy issues affecting the program are formulated by the Inactive
Mine Reclamation Program Advisory Council, a group of interested
citizens with experience in mining, reclamation, local government, and
education, and reviewed by the Mined Land Rec1amat1on Board, a group
which is appo1nted by the Governor.

The Colorado Inactive Mine Reclamation Program has completed to
date 223 projects, safeguarded over 2000 openings and reclaimed over
1000 acres of inactive mined land. Seweral reclamation projects have
been enhanced by the use of volunteers. Working with Volunteers for
Outdoor Colorado, the program.has staged three revegetation projects:
90 volunteers planted trees and shrubs on what was once a coal waste
pile area at a park in Dacono, 150 volunteers helped revegetate at an
abandoned strip mine in Fremont County, and 100 volunteers made park
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improvements along the south shore of Trinidad Lake State Park, also an
area which had significant coal waste material. CIMRP employees
organized 30 volunteers to plant trees and shrubs as part of the
reclamation of a glory hole at the town of Alice.

Contracts for reclamation projects are awarded to private
contractors through a competitive bidding process. Various mine
closure technigues, determined on a project by project basis, are used
to safequard mine openings. Some methods permanently seal the
hazardous opening, while others only prevent unauthorized entrance into
the workings. Some methods allow landowners and program personnel
access for sampling and investigative purposes that could Tead to the
sale or development of the property. Drain pipes are installed in mine
openings that discharge water to prevent hydrostatic build-up and
eliminate potential water rights conflicts. Closures are marked with
an identifying monument or brass cap, and areas disturbed by
reclamation are revegetated.

Reclamation of Non-Coal Mines and Federal Legislative Initiatives
(H.R.2095): One of the issues that faces the Colorado Inactive Mines
Land RecTamation Program is the number of non-coal sites that remain
unsafeguarded and unreclaimed at this point in time. The CIMRP
inventory contains approximately 6500 sites that are considered
hazardous to life and property. A conservative estimate of the cost of
safeguarding those sites is $32 million. This is based upon the actual
costs incurred to date. The number of hazardous sites could be larger
than the inventory indicates. This is because the inventory focussed
upon populated or heavily traveled areas and was conducted in the early
1980s with a 1imited amount of funding. Changes in demographics or
tourism patterns could increase the number of sites that pose a threat
to life and property. An inventory needs to be conducted periodically
to identify unsafe sites.

01d sites that are causing environmental degradation or that have
an adverse visual impact are not included in the CIMRP inventory. Some
of those sites are identified in other state and federal inventories,
but no comprehensive inventory exists. Projection of the number of
such old sites is upwards of forty to fifty thousand. This is because
of Colorado's mining history where mine sites were abandoned or left
inactive without consideration for the advwerse environmental impacts
they could cause.

The most significant issue before the CIMRP program is the debate
regarding whether the collection of the AML fee under SMCRA should be
continued. Several Congressional hearings were held in 1989 to examine
this issue, which culminated in the passing of H.R. 2095 in the House
of Representatives. Colorado's position on the bill is to be opposed
to the extension of the fee placed upon coal operators and consumers
because in Colorado we will be finished with the reclamation of our



47

abandoned coal sites by 1992. However, we recognize we have a
substantial number of inactive and abandoned non-coal sites and believe
that an appropriate funding mechanism needs to be developed to
safeguard and reclaim those sites.

The only source of revenue at this time for doing the non-coal
work comes from the fee placed upon coal producers and consumers. It
seems appropriate that another source should be found or developed.
Funding could be generated at the state level, or could include sources
such as the unspecified mineral royalty receipts that are submitted to
the federal treasury.

For this reason we were supportive of an amendment to H.R. 2095
that was put forward by Colorado Representative Ben Night Horse
Campbel1l. The Campbell amendment proposed a new program under SMCRA
for the safeguarding and reclamation of inactive and abandoned non-coal
mines. The weak part of the Campbell proposal is that no real source
of revenue was identified to support the program. However, the
amendment did bring the issue to the table and further examination of
developing a viable non-coal abandoned lands program is anticipated in
the Senate when it takes up the bill.

Mine Subsidence Hazard Investigation and the Mine Subsidence
Protection Program: The CIMRP has been involved in five community-wide
subsidence investigations since 1980. Subsidence hazard investigations
for the cities of Colorado Springs, Louisville/Lafayette, Dacono,
Frederick, and Firestone and two neighborhoods in Jefferson County have
been completed. Extent of mining/land use maps for all other coal
fields in the state have been completed or are under development. The
CIMRP also provides a "Subsidence Information Center” through an
arrangement with the Colorado Geological Survey.

The CIMRP has been involved in an intensive effort to address mine
subsidence problems in the urban areas of Colorado since 1985.
Approximately 25,000 people are directly affected by mine subsidence
hazards along the Front Range. The Mine Subsidence Protection Program
(MSPP) offers an opportunity to manage the risk and finance repairs for
damages to private property from inactive coal mine subsidence. The )
MSPP allows up to $50,000 per occurrence to repair damage, after a
$1,000 deductible., Up to the fair market value of the home can be
received if there are multiple subsidence events. The inspection fee
of $100 is included in the first year enrollment fee of $135.
Continued participation in the MSPP requires a $35 fee per year.
Currently there are 325 homeowners participating in the program.
Additional efforts to increase community awareness will be undertaken
in 1990.
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Mine Drainage Abatement Projects: Significant discharges of toxic
mine water are found in widelTy varying environmental situations in
Colorado. Over 1300 miles of streams in Colorado are adversely
affected by toxic heavy metals incorporated in drainage from inactive
mine adits, tunnels, and waste piles. The principal metals of concern
are lead, zinc, copper, and cadmium. The primary concern resulting
from metals concentrations is the chronic or toxic effect on aquatic
organisms. Most discharges are remote and not easily accessed nor
served by electrical power, yet such discharges may adversely effect
public and private water supplies. The need for low cost water
treatment which can be used in these environments is great. Three
experimental systems have been constructed and are periodically
maintained.

The CIMRP has a contract with the Department of Health's Nonpoint
Source Program to treat two mine drainages and is the lead sponsoring
agency for mining drainage projects in that program. Activities
include the installation of a demonstration treatment system at the
Pennsylvania Mine on Peru Creek in Summit County and construction of a
multi-tier wetland using locally available forest products at the
Perigo Mine on Gamble Gulch in Gilpin County. Both involve cooperative
funding efforts with the CIMRP.

Other activities addressing nonpoint source problems in Colorado
include reclamation of a large glory hole at the town of Alice in Clear
Creek County using old mine tailings and waste rock with an attendant
improvement of water draining from a mine adit, installation of passive
mine drainage treatment systems at the Thompson #2 Mine in Pitkin
County and the Marshall #5 Mine in Boulder County, completion of
several erosion and sediment control projects associated with old coal
mines along the Purgatoire River west of Trinidad, and diversion of
highly saline water at the Walsen Mine west of Walsenburg from a nearby
irrigation ditch.

Plans for 1990 and 1991 include initiation of demonstration
projects on Chalk Creek near Buena Vista, Mosquito Creek near Fairplay,
and East Willow Creek near Creede to demonstrate a variety of best
management practices for addressing abandoned mine problems. Several
additional problem areas have been identified for future work as
funding becomes available.

Revegetation Feasibility Projects The CIMRP has sponsored a
cooperative agreement with the Upper Colorado Environmental Plant
Center since 1982 to evaluate a broad range of new plant materials
suitable for use in solving revegetation problems associated with
Colorado's disturbed soils, mine waste, and climate extremes. The
Plant Center has conducted various test projects for the Program at the
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Osage and Curtis Mines in Routt County, the Moore Mine in Jackson
County, and the Thompson Creek Mine in Pitkin County. An annual report
submitted by the Plant Center summarizes their seed selection,
increase, and release activities supported by the CIMRP.

Historical Cultural Research and Evaluation Projects: The CIMRP
has been involved in a variety of historical projects throughout the
state including: National Register nominations for the towns of
Cokedale, Louisville, Gold Hill, Eldora, Marble, Redstone, and the
Ludtow Monument. Other projects have included a rephotography project
of coal mining areas around the state. The collection includes
historical and contemporary photographs. The extensive compilation of
historical information required for the Program's grant applications
have also been incorporated into the Colorado Historical Society's
files.

Mine Safety and Education Program: The CIMRP has actively
participated in the Operation Respect Program, started by the Bureau of
Land Management and Women in Mining (a non-profit service aroup).
Operation Respect provides a poster and an educational calendar that
focuses on mining hazards. The CIMRP has recently produced a warning
poster for use by landowners and schools. The Program is also
expanding its educational efforts to high schools and the tourist
industry. Both of these groups, as evidenced by four of the five
inactive mine deaths last year, reauire increasing efforts to spread
information about hazardous mines.

National Conference: As an active member of the National
Association of Abandoned Mine Land Programs, Colorado is hosting the
12th Annual AML Conference in Breckenridge from September 16 to 20,
1990. This conference provides a forum for cooperation, coordination,
and communication between states, tribes, and the O0ffice of Surface
Mining. This year's conference will also include a workshop on
wetlands running concurrently with other technical sessions,

THE COAL MINING AND RECLAMATION PROGRAM

There are several federal and state issues that are being debated
or reviewed which could effect the State of Colorado's Coal Program.
At the federal lewel, the Office of Surface Mining (OSMRE) is
reorganizing which will change the way the state does business with
OSMRE. Whereas under the current system the Albuagueraue Field Office,
as well as other western field offices, reports to the Western
Technical Center, under the new system each field office will report
directly to an Assistant Director in Washington D.C. Although
reorganization is largely an internal matter for an agency, we are
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nonetheless concerned that this change may adversely effect the state
regulatory programs. We have made our concerns known to the Director
of the Office of Surface Mining, and we will closely monitor the change
to determine whether it significantly effects our ability to carry out
the program.

Another significant federal issue is valid existing rights. At
the moment we do not believe that there are valid existing rights
issues in Colorado as there has been in the east; however, we are
monitoring the issue to determine if the outcome of federal regulations
will effect the Colorado program.

At the state level there are three issues in the coal program to
be discussed in this paper; the control and management of noxious
weeds;, revegetation standards pertaining to shrub reestablishment; and
bonding.

Noxious weeds: The infestation of noxious weeds on agricultural
and rangelands within the state is a serious problem. Infestations
result in reduced productivity, loss of ecological diversity and
wildlife habitat as well as posing 1ivestock health hazards. Land
disturbances associated with mining provide habitat conducive to the
infestations of noxious weeds. In particular, infestations of Canadian
thistle, leafy spurge, musk thistle and scotch thistle have been
observed on areas disturbed by coal mining activities in various
regions of the state.

Presently, there are regulations in place that require mine
operators to control and minimize the spread of weeds within disturbed
areas. These regulations fall under the general categories of topsoil
protection, revegetation, post mining land use, and protection of fish,
wildlife and related environmental values.

In order to assist operators in managing and controlling potential
weed infestations, the Division has drafted a guideline for the
management of noxious weeds on coal mine permit areas. The guideline
is presently in draft form, with the intent of finalizing it in March
of 1990. The guideline is broken into three sections:

1. Applicable regulations;

2. Operator responsibility, and;

3. Weed management considerations.

It is believed that operators will find this document useful in

understanding the Division's policy on enforcing weed control and in
the development of site specific weed management control plans.
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Shrub Reestablishment: Revegetation of Tands disturbed by mining
is one of the cornerstones of the Colorado Surface Coal Mining
Reclamation Act. Given that one of the major tenants of the Act is
restoration of land to a productive post-mining land use, revegetation
is a focal point in an analysis of success of the Act. The evidence to
date is that the majority of operators have been revegetating disturbed
lands in an acceptable manner.

Revegetation success as it applies to bond release must meet four
criteria, production, cover, species diversity and woody plant
density. Observations to date indicate that operators will be
successful in meeting cover, production and diversity standards. In
addition, operators have been developing innovative and effectiwve
techniques for shrub reestablishment. Therefore, the issue is not can
shrubs be established, they probably can at a certain cost. The
question becomes, what is an acceptable density standard. One of the
main reasons for shrub reestablishment is wildlife habitat. Wildlife
use shrubs for cover and browse during the heavy snow months. Since
1981 the Division has set shrub density standards based on a guideline
issued by the Division of Wildlife (DOW). This document generally
requires a shrub standard of 1,000 stems per acre, and in fact this is
the success standard set for the majority of the coal mines in Colorado.

The DOW guidance document was developed in the early 1980's when
there were predictions of a greatly expanding coal industry in Colorado
resulting in substantial habitat Toss. Shrub reestablishment for
wildlife habitat became a critical concern,

The predictions of an expanding coal industry did not come true
and significant habitat Toss was not experienced. Given this, it is
appropriate to rethink the requirements for shrub reestablishment and
density standards. The Division is currently working with the DOW to
reassess our shrub density standards. In addition, we are examining
the potential for methods of enhancing habitat that could be used in
conjunction with shrub reestablishment.

Traditionally, shrub reestablishment was considered one of the
main means for restoring wildlife habitat in areas of winter range.
The Division .is evaluating other means that may be as effective as the
planting of shrubs alone. These include shelter belts, stock ponds,
creative drainage reconstruction and manipulation of land surfaces to
provide cover.

Reclamation Bonds: Bonding continues to be a critical concern to
the mining industry. Securing bonds reauires companies to tie up
assets that become unavailable for other uses throughout the bond
term, In addition, some companies have found it impossible to secure
bonds from traditional sources, such as corporate sureties, and have
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been forced to look to other financial institutions for bond coverage.
The number of surety companies willing to provide coverage for mining
operations has decreased during the 1980's.

The reluctance of surety companies to provide bond coverage to
mining operations is due to three factors; a lack of understanding of
the liability assumed when bonding a coal mining operation; extended
1iability periods before final bond release; and the general long term
commitment that must be made for coverage (1ife of mine may be 30 to 40
years).

In an attempt to simplify the bonding process, the Division has
developed a document that describes the bonding program for coal
mines. The document addresses the Division's procedures and
requirements for bonding coal operations with the state. The purpose
of the document is to describe the management of reclamation bonds,
clarify the method of calculation of bonds, and describe the liability
and release procedures.

SENATE BILL 181

Senate Bill 181, passed in 1989, affects both the Minerals
Reclamation Program and the Coal Mining and Reclamation Program. The
new law reinforces the relationship between several agencies that have
responsibility to manage or regulate water quality and aquantity. It
recognized the Water Quality Control Commission as the sole authority
over the establishment of classification and standards for water
quality protection while recognizing the authorities of the other
agencies to implement and enforce the standards.

The Mined Land Reclamation Division has very broad authority to
address water guality and auantity issues. The Board and Division have
exercised these authorities in a manner that will not conflict with the
authorities of the State Engineer and the Water Quality Control
Commission and Division. The new law underscores the Mined Land
Reclamation Division responsibility to ensure that mining companies
minimize disturbance to the hydrologic balance. This includes proper
management of both point and nonpoint sources of pollution to both
surface and groundwater. The Mined Land Reclamation Division has
recognized that the enforcement of standards of point source discharges
to surface water is the responsibility of the Water Ouality Control
Division; however the review of design, construction and maintenance of
hydrologic structures is the responsibility of the Mined Land
Reclamation Division,



53

Under Senate Bill 181 the responsibility of the Mined Land
Reclamation Division will be to enforce Commission set standards for
nonpoint discharges as classification and standards are developed, and
to select the point of compliance for groundwater based upon criteria
established through rule-making. The Mined Land Reclamation Division
will enforce groundwater standards at the point of compliance.

Selecting the point of compliance in the Coal Program is a matter
that has already received much attention. The comprehensive nature of
the coal regulations, the requirement for operators to assess the
probable hydrologic conseauences resulting from the operation, and the
requirement for the division to conduct cumulative hydrologic
assessments has resulted in modeling and data collection which
identifies the appropriate point to monitor for compliance. Any rules
that may be developed under Senate Bill 181 will reflect that
experience.

Selecting the point of compliance in the Mineral program is more
difficult. Monitoring has been required, but the complex hydrogeology
of most hard rock sites makes it very difficult. The alternatives that
may available include techniaques such as modeling the point of
compliance but monitoring prior to the point, thus establishing a
monitoring standard for each monitoring point. Also, reauirements that
may be examined include establishing the point of compliance at the
facility in the case of processing facilities such as heap leaches.

Memoranda of Understanding are being developed with the Health
Department pertaining to the administration of this new law.

SUMMARY

The preceding discussion has identified the current significant
issues facing the Mined Land Reclamation Division and Board. The
resolution of these issues is having, and will have, a substantial
effect upon the regulation of the mining industry and the reclamation
of inactive and abandoned mines. The mining industry sectors most
affected are the rock products producers and the hard rock mining
operations. As the state moves into the 1990's, these two sectors will
face significant challenges in meeting the economic needs of the state
in a manner that is responsive to community concerns and protective of
the environment.
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Breckenridge

Demographics

Summit County, Colorado, home of sixty mountain peaks over 11,000
feet, three popular ski resorts, two large reservoirs, and enough dredge
tailings to build ten Hoover Dams, lies just west of the Continental
Divide about 75 miles west of the city of Denver.

Mining History

The search for precious metals began just to the north of the town
of Breckenridge along the Blue River and diffused along the waterways:
first into the gulches feeding the Blue; next into the major tributaries
of the Blue (the Swan Valley, French Gulch, the Snake Valley and Tenmile
Canyon); then into the gulches feeding these tributaries and lastly the
mountainsides between the gulches ~- all in rapid succession. The
spread along the waterways was no accident; the waterways provided
access to the areas and water for the early hydraulic methods. Even dry
gulches were mined if nearby water sources could be chanheled into the
gulches via ditches and pipes.

The first and simplest method used by miners in the county, was pan-
ning: water and gravels from the streambed were swirled in a large pan
with the water and lighter-weight gravels swirling out of the pan and
the heavier gold flakes collecting at the bottom of the pan. Only the
upper levels of gravel were disturbed. Once panning established the
presence of gold, the miner staked his claim and proceeded to make his
mark upon the land. Trees were cut; a long sluice box was built; water
was diverted to flow through the wooden trough disturbing natural gra-
vels, stream flow, gradient, soils and vegetation. As the gravels were
shoveled in, the water carried away lighter materials leaving the
heavier gold to catch in the cleats at the bottom of the sluice box.
The water for a considerable distance downstream carried a heavy sedi-
ment load.

Always looking for ways to find more gold faster, miners changed
methods. High pressure hoses, called "giants," fed by diverted streams
were turned against the hillside gravels of the gulches and valleys,
literally washing them away. Other hoses directed the loose gravels
into sluice boxes. Many miles of diversion ditches were necessary to
collect the tremendous volumes of water needed for this type of mining.

Dredging, the third major method of mining in Summit County and the
one using the greatest amount of technological expertise and energy, was
the most destructive because it literally turned riverbeds upside-down.
The mighty dredges chewed up the landscape between 1898 and 1942. A
total of nine dredges operated in the county -- all of them along the
Swan and Blue and in French Gulch. 1In the front of a gold dredge was an
endless chain of about 90 buckets which could bite 70 feet into the gra-
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vels. The buckets lifted the stream deposits to the screening equipment
on the upper deck. Here the gold and finer gravels were separated from
the larger cobbles which were dropped in piles behind the dredge. Next
the finer sands and gravels were washed in sluice boxes. Sands and gra-
vels flowed back into the pond while the gold settled to the bottom of
the sluice boxes.

The various types of mining in the county had their biggest and
longest-lasting impacts upon the vegetation, the stream systems, and the
uppermost layers of soil and gravel. Although current day gravel
crushing companies may turn the dredge tailings into profit, much of the
mining impact will remain a very long time.l

The Wetlands and the Golf Course

In the early 1980's, the Town of Breckenridge acquired a 200 acre
parcel of land from a local developer for the purpose of comstructing an
18 hole golf course. Approximately 50% of the existing ground cover on
the property was covered with high altitude wetlands, surrounded by tree
covered hillsides overlooking the golf course area with a good potential
for private development.

During the process it was necessary to complete a wetland mitigation
plan with the U.S. Army Corps of Engineers, since in the beginning it
was anticipated that some 70 acres of the wetlands on the site were to
be disturbed in one form or another. The golf course design team was
instructed by the Army Corps to minimize the disturbance wherever
possible. Final inspection of the completed golf course revealed that
only half the original estimate of wetlands were altered.

In addition to a long list of permit requirements by the Army Corps
at the golf course site, it was decided, based on negotiations between
the Town, the Army Corps, and the Colorado Division of Wildlife that a
30 acre parcel of land along the Blue River north of Breckenridge would
be renovated. This negotiation was later to prove one of the most suc-
cessful river reconstruction projects in the country.

The river reclamation site was approximately 200 feet wide by 5500
feet long. The dredge boat operations which lasted from 1898 through
1942 left piles of rocks and cobbles nearly 30 feet in height above
water levels. The cobbles contained few fine grained sojil particles,
and what remained ranged in size from 3 inches to 3 feet in diameter.
Topsoil and organic layers were virtually non-existent. Water flows ran
through piles of cobbles left by the dredge boats in a section which was
50 to 75 feet deep and in some areas 400 feet wide. Channel stability
was non-existent.

In addition to the main goal of the project dictated by the Army
Corps 404 permit requirements, several secondary goals had been set.
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Several groups had placed a high priority on maintaining surface flow
through the system for as long a period and through as much of the pro-
ject as possible. For the vast majority of the project area, flow
disappeared below the channel bed except during snowmelt runoff months.
A closely related secondary goal was creating fisheries habitat for fish
and other small wildlife. Finally, the Town desired an area that
complemented the existing bike path and helped serve as an attractive
entrance to the Town.

Engineering

Data Collection

The information needed for an adequate engineering design included
drilling wells to monitor groundwater levels, establishing stream
measuring stations, collecting sediment transport data, and surveying
the existing channel and the adjacent rockpiles. Eight wells and four
flow measurement stations were established. Sediment transport data
collection consisted of sediment measurements and determination of bed
and bank material size distributions. Surveying included cross sections
at 100 foot intervals, a profile of the existing channel thalweg, and
development of a two foot contour map for the project area and adjacent
land. Lenzotti and Fullerton, Inc. (Breckenridge) performed the design
engineering.

Hydrologic Analysis

The design of the project was dependent on two types of hydrologic
analyses. The first was a determination of the high flow conditions.
The design of stabilization measures, sizing of protection, and dimen-
sions of the channel were all dependent on peak discharges as a design
parameter. The second type of hydrologic analysis concerned the predic-
tion of groundwater levels for several crucial periods of the year.
Both the ability to provide subirrigation for wetland vegetation and
extending the period of surface flow in the channel relied upon good
estimation of groundwater levels. Their prediction required an
understanding of the interaction between the stream and measured ground-
water levels along with determining hydrologic variables, particularly
low flows.

Using the information from the hydrologic analysis along with input
from the revegetation specialists, several hydraulic design criteria
were set. These were:

1. Critical groundwater levels based on a discharge cf 25 cfs
would be used to determine the elevation of overbank areas for
growth of wetlands.

2. The channel would be designed to carfy a flow of 750 cfs which
corresponds to the 25-year flood. It was reasoned that this
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flow reduced the risk that overbank areas would be flooded
prior to protective vegetation being established to acceptable

levels.

3. Channel stabilization measures would be designed to pass flows
on the order of the 50- to 100-year flood (approximately 1100
ofs).

4. Most importantly, a scheme of removing dredge material to lower

the channel and overbank areas was adopted. The purpose would

be to bring the channel bed and overbank areas close enough to

the groundwater table to maintain surface flows in the channel

for as many months as possible while providing for subirriga-
~tion of wetland areas.

Drop Structures

From observations of the existing channel and accounts of its
historical behavior, it was obvious that the system in its existing con-
dition was highly unstable. The potential success of the wetlands
reclamation project was as dependent on creating a relatively stable
channel environment as it was on providing appropriate groundwater
levels. After investigating several options for channel stability, it
was decided that reducing the slope of the channel thalweg, installation
of drop structures varying in height from two to four feet, and
constructing localized areas of bank protection was the most economical
and aesthetically pleasing of all the studied alternatives.

Channels with varying dimensions and bed slopes were considered and
the resulting hydraulic conditions calculated for each configuration.
An incipient motion analysis was conducted for both the bed and banks
utilizing Shields criteria as modified by Gessler.4 This analysis was
used to determine at what discharges various sizes of bed and bank
material would become mobilized by the force of the flow. Because of
the lack of fine material, the banks were considered non-cohesive. For
the banks, the critical shear parameter was adjusted using the equation
derived by Lane.® From this analysis it was determined that a channel
with a width ranging between 30 and 40 feet and side slopes of 2.5:1 or .
flatter would be highly stable at an effective slope of 0.5 percent for
flows up to the 25-year.

To establish an effective slope of 0.5 percent, a series of 21 drop
structures with design heights of approximately 3 feet were included in
the project design. Sizing of the boulders in the drop structures was
based on the factor of safety meethod presented by Simons and Senturk
(1976)6 Applying this methodology, it was determined that boulder
ranging in size between 3 and 4 feet in diameter would have a safety
factor of one for the 100-year flood.

The configuration of the drop structures was designed to concentrate
flows in the center with the crest being arched in the upstream direc-
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tion and the center being slightly depressed. Therefore, the side slo-
pes would not be exposed to as severe hydraulic conditions as the drop
face. To dissipate energy and prevent downstream scour, a plunge pool
was provided for each drop structure. The plunge pools were designed to
be four to five feet in depth. At the downstream end of the plunge
pool, large boulders were intermittently placed to protrude into the
flow and function similar to baffle blocks. An apron of boulders
ranging in diameter from nine inches to two feet was placed for 15 to 25
feet downstream of the plunge pool. To prevent flanking of the drop
structure, bank protection continued for 15 feet upstream of the crest.
In addition, the banks were graded to direct overbank flow into the
channel upstream of the drop structures. All side slope protection was
keyed three feet into the bed. An entire row of boulders was keyed
below the plunge pool at the base of the drop face.

The channel alterations just described impose a major change on

hydraulic conditions. Therefore, in closing the discussion on the
design of the channel, it is necessary to address the sediment transport
ramifications of performing such a drastic alteration. For many

situations, this would doom the project to failure since the flat sec-
tions between drops would be filled with sediment and the drop's effec-
tiveness rapidly negated. However, this will not be the case with the

Blue River Project. The coarse material transported and deposited
within the project area is derived entirely from sources within the pro-
ject. These sources will be removed by project grading. Upstream

supply of coarse sediments is non-existent because of a ponded area
immediately above the project. Supply to this pond is small due to sta-
bilization measures that have been taken on the Blue River throughout
the Town of Breckenridge.

It is extremely important that whenever a project that alters the
hydraulics and sediment transport conditions of a river system is under-
taken, the consequences of the actions are understood. In the case of
the Blue River Reclamation Project, the design was conducted so as to
eliminate the source of sediment overloading and construct a project
that would be in equilibrium with the altered sediment supply.

Revegetation

Plan Development and Literature Search

The wetland revegetation plan began with a review of regulatory
requirements and the development of revegetation objectives, and con-
tinued through evaluations of existing site characteristics, revegeta-
tion literature and general construction plans.

Field pits were dug at selected points along the river bank and
existing growth mediums were described with respect to soil texture,
percent coarse fragments, pH, and plant root development. These eva-
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luations were seen as a method of determining, in part, minimum plant
establishment requirements. Such information could also be used to
incorporate existing plant communities on site into the total wetland
construction process.

Samples of soil stockpiled nearby for use as a seedbed material
cover following grading were collected and sent to a soil laboratory for
chemical analyses. Nearby wetland communities were evaluated in the
field to assess the characteristics of functioning wetlands and confirm
the candidate species list for planting.

In addition to field analyses conducted with the support of project
engineers, a high degree of interactions with these individuals and the
Cedar Creek & Associates (Ft. Collins, CO) revegetation specialist was
maintained throughout the course of the project. (Grading plans were
often reviewed and updated in light of wetland construction
requirements. ) Seasonal water levels in the river, of the highest
importance to the development of self-perpetuating wetland communities,
were estimated by the engineers. This information was carefully
reviewed in light of potential grading plan revisions to enhance wetland
establishment potentials.

As the project progressed, a literature review was conducted to aid
in the selection of the appropriate wetland revegetation techniques to
be implemented. As a part of this process, interviews were conducted
with a number of individuals representing a wide range of institutions
and agencies concerned with wetland reconstruction. The results of the
interviews indicated that a large body of detailed literature was
available concerning saltwater marsh, dredge spoil, and freshwater
pond/marsh revegetation. Little information was known to be available,
however, with regard to riverine wetland reconstruction. No studies
were known to exist, at that time, dealing with total wetland
reconstruction along river systems in high altitude situations.

As a result of this process, the final wetland revegetation plan was
prepared. Presenting site-specifics through text and plan view
drawings, the plan also provided for a level of field interpretation
with respect to plan implementation in consideration of potential site
varieties. Precise material and revegetation techniques specifications
were provided under separate cover to the Town for use by field person-
nel to serve as a basis for on-site plan implementation.

Development of Site Types

To meet planning needs, ten "Site Types" were developed and applied
to the entire acreage within the construction project boundaries. Each
Site Type was developed in direct response to a specific project objec-
tive and took full advantage of revegetation opportunities which site
conditions had to offer. Specific planting plans were prepared for each
Site Type, as appropriate, in response to estimated subsurface hydrolo-
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gic conditions, seedbed characteristics, and potentials for subirriga-
tion.

Species Selection and Planting Rate Development

A literature review was conducted concurrently with the site eva-
Juations. This review emphasized publications developed by the Corps of
Engineers with regard to wetland reconstruction and revegetation studies
conducted in high altitude situations. Species tolerance ranges were
further defined, potential success rates established, best planting
methods selected, and species compatability considerations developed.
Corps publications categorizing wetland species were carefully reviewed
to be certain that sufficient "wetland" species would be selected to
meet wetland construction objectives.

As a result of this procedure, a final species list for planting was
developed. This list was then forwarded to Neils Lunceford personnel
(Silverthorne, CO), experienced with landscape plantings in the area, to
review as a final check with regard to species adaptation to expected
site conditions. Following this review, the planting list was fina-
lized.

With the planting list finalized, seed mixtures and planting rates
were developed. Seed mixtures for each site type were prepared given
site type objectives.

Planting rates were based on Corps requirements, the literature
review, and the experience of those involved in developing the revegeta-
tion plan. Rates for grass and forb seedings resulted from a review of
recommended planting rates developed for similar disturbances by various
federal and state agencies involved in mine land reclamation.

Revegetation Standards

A summary of plants, grasses, and wildflowers typical for two of the
ten different site types is given below. Although not an exhaustive
list of all vegetation which could be expected to grow along a riverbank
at 10,000 ft., it is a good cross section.

Site Type V was designed to enhance existing uplands which included
some existing vegetation for the purposes of aesthetics and wildlife
habitat; soil moisture recharge will be solely a function of incident
precipitation.

Plantings (seedlings) included: Potentilla, Woods Rose, Colorado
Blue Spruce, Aspen, Lodgepole Pine, Rabbit Brush and Sage (1 gallon
variety).

Site Type IX was designed to establish shrub and tree species which
require a significant amount of soil moisture to complete their 1life
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cycles. Saturated soil conditions, however, are not required for any
length of time.

Plantings (seedlings and transplants) included: Red Berry Elder,
Willows, Thin Leaf Alder, Narrow Leaf Cottonwood, Bog Birch and Sedges
(1 and 5 gallon variety).

Seed mixture included Redtop, Meadow Foxtail, Red Fescue, Reed
Canary Grass, Alsike Clover, and a few of the site V seeds.

Contracting and Project Costs

Project Costs

A final welcome surprise was the overall cost of the project.
Although not complete, the total expenditures can be summarized as
follows:

1. Removal of approximately 500,000 tons of the old

dredge material (rocks and cobbles) $ 100,000
2. Reshaping and final grading of the river channel,

river banks, wetland areas and upper transition

areas (1% miles x 200 feet) 100,000
3. Construction of 21 drop structures (averaging 300

cu. yds. of boulders and riprap ranging in size

from 1 to 5 feet in diameter, 2 to 4 feet high and

20 to 40 feet wide, including plunge pools) and

including hauling boulders to the job site, including

all equipment and labor time - 6,000 each 126,000

4. Revegetation for 1% miles x 200 feet (excluding the
river itself)} of various grass seed mixes, wildflower
mixes, and all plantings necessary to meet final
revegetation plans as approved by the Army Corps of
Engineers, plus additions as recommended by the
revegetation contractor, and acquisition of finished

grade topsoil 110,000
5. Design survey, design engineering, construction
staking, field engineering and revisions, consultant
meetings, construction management and miscellaneous 70,000
$506,000

Author's Notes

A few comments relating to the completion of the Blue River
Reclamation Project are in order.
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As is mandatory for any project of this magnitude and experimental
nature, success depends upon the recognition of the project's components
and arrangement of the interaction of these components on a timely
basis. In this case, the principal players performed the following:

a) determination of the water table

b) design of a feasible grading plan

c) drop structure design

d) design of river channel ensuring 100-year storm stability
e) revegetation consulting

f} construction

It is of utmost importance that those hired are not only well
qualified to perform the consulting and contracting work, but that all
are able to work together as a team through project completion.
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A SYSTEMS APPROACH TO PERMANENT
DRAINAGEWAY STABILIZATION ON
RECLAIMED LANDS

William Agnew1 and H. Bruce Humphries2

ABSTRACT

Portions of five major drainageways and their tributaries were regraded and
appropriately treated to reduce the erosion rate and assist in permanent channel stabi-
lization at Trapper Mine (surface coal mine) in 1987, 1988, and 1989. A wide variety
of erosion control materials, methods and sediment reducing measures were used in
reconstructed drainageways and on adjacent sideslopes. Vegetation response,
decreased flow rates and reduced gully formation were the primary factors in assessing
the success of drainage reconstruction projects. Postmine herbaceous cover, above-
ground primary production and woody stem density were evaluated in reconstructed
drainage channels and compared to sample data from undisturbed premine drainage
locations. As expected, vegetation measurements were lower in postmine drainages
than in undisturbed drainages. However, considerable vegetation growth was
reported in all reconstructed drainages at the conclusion of the 1initial growing season
and during the second growing season. The mean herbaceous cover in postmine
drainages was 39% compared to 71% in undisturbed sites in 1988. In 1989, canopy
cover had increased to 60% in postmine drainages and decreased on undisturbed
drain?e segments to 69% cover. Herbaceous primary production was severely
limited in 1989 due to severe drought conditions. Flow rates were significantly
reduced following the establishment of water harvesting techniques. Following
treatments, the estimated erosion rate was reduced 24 times the pre-treatment erosion
rates.

1
81626.

2 Mineral Program Supervisor, Colorado Mined Land Reclamation Division, 215
Centennial Bldg., 1313 Sherman ’St., Denver CO 80203.

Senior Environmental Engineer, Trapper Mining Inc., P.O. Box 187, Craig, CO
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INTRODUCTION

-Surface water runoff is the major contributor to accelerated erosion at Trapper Mine.

Runoff is discharged for only brief periods as a result of snowmelt or high-intensity,

short duration thunderstorms. Such events can have devastating effects on recon-

structed drainageways, maintenance costs, and sediment pond cleaning costs. Thus,

Trapper Mine initiated a determined effort starting in 1986 to develop techniques suf-

fﬁ:_ient to control accelerated erosion of reclaimed drainage basin systems at Trapper
ine. :

In the semi-arid western United States the loss of topsoil and the degradation of water
uality are strongly influenced by natural fluvial processes. Langbein and Schumm
1958) showed that sediment yield varies with effective precipitation, with maximum

sediment yield occurring in semi-arid regions and lesser amounts of sediment yield in

both arid and humid areas. In semi-arid regions it is not uncommon to find poor soil
and inadequate vegetative cover. These factors coupled with significant precipitation
events are sufficient to cause accelerated erosion (Langbein and Schumm 1958, Gray

and Leiser 1982).

Besides fluvial processes, geologic structure and controls may also influence the form
of drainage basins and stream patterns. Drainage basins are often referred to as the
basic hfydrologic, geomorphic or landscape unit and take into consideration the influ-
ence of hillslopes and channels to define a drainage network (Chorley et.al. 1984, and
Toy et.al. 1987). The origin and function of a drainage basin is the result of the ero-
sion forces of flowing water and the resistive forces of the geologic materials underly-
ing the basin. Outcrops of resistant bedrock will cause stream channels to turn
abruptly or follow the outcrops of more erodible materials developing a deformed
%parallel, trellis, rectangular, radical or annular) drainage pattern (Zernitz 1982, and

oy et.al. 1987). When drainages form without the influence of geologic control, a
tree-like or dendritic pattern forms that is characterized by irregular branching with
tributaries joining main channels at many different angles (Toy et.al. 1987). The
design or extent of drainage pattern development is also dependent upon the factor,
time.

In summary, the soil erosion factors which included the erosivity of the eroding agent
gwater and sediment), the erodibility of the soil, the slope of the land and plant cover

Morgan 1986), coupled with other fluvial processes and geologic structure all impact
the development of a drainage basin system. Changes to any of these factors will
influence the historic rates of drainage development and eventual drainage system
expression and stability.

Surface mining and reclamation activity may remove bedrock drainage control and
replace such control with unconsolidated spoil material that is relatively homogeneous
in nature. Over time, the resuitant drainage which develops will tend to dendritic in
pattern with possible loss of natural erosion control. The fractured spoil material may
produce a modification to what would naturally develop in terms of drainage pattern
or hillslope and channel gradients. To compensate for this geologic change, hillslope
and channel gradients could be reduced or appropriate conservation techniques
(agronomic and physical) could be incorporated to reduce the potential for acceler-
ated erosion over and above baseline erosion rates.

Agronomic measures include the use of vegetation, and soil structure improvements to
control erosion and protest soil. Physical methods include some type otp manipulation
of the surface topography to either reduce gradients, lengthen channels or dissipate
the energy of flowing water.
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The objective of this project report is to describe viable conservation alternatives, such
that successful drainage channel reconstruction of drastically disturbed lands may be
accomplished in a cost effective manner.

STUDY AREA

Trapper Mine is a surface coal mine located approximately 6-1/2 miles south of the
city of Craig, CO, along the northern slope of the Williams Fork Mountains. The cli-
mate is semi-arid steppe and is characterized by cold winters and moderately warm
summers. The average annual precipitation is 13.9 inches, one-third of which falls in
the form of snow and is the principal source of stream flow for the region. Soils are
generally deep and formed in alluvium and colluvium derived from sandstone and
shale. The topography is described as rolling hills with relativity steep slopes (average
- 14%). The prevalent vegetation type is mountain shrub which interfaces with stands
of big sagebrush at lower elevation and aspen types at higher elevations.

METHODS

At Trapper Mine, five major drainageways and their tributaries were regraded and
appropriately treated to reduce the erosion rate and assist in permanent channel stabi-
lization in 1987, 1988 and 1989. At the conclusion of the 1989 field season, approxi-
mately 36,450 linear feet (6.9 miles) of permanent drainageway reconstruction had
been completed at Trapper Mine.

Vegetation Sampling Methods

Herbaceous plant canopy cover, annual herbaceous primary production and woody
stem densities were measured on seven postmine reclaimed drainage sites and on two
undisturbed premine drainage locations in 1988 and 1989. Plant canopy cover was
estimated in 3,100-m transects spaced 10-m apart at each site. Herbaceous plant
canopy cover and percent mulch cover were estimated by species using the point-hit
technique (Optical Point Bar) (Viert 1985). Herbaceous production was estimated by
clipping 6,1/4-m plots (20-m spacing) on each of the three line transects at each site.
Woody stem density on undisturbed drainage segments was calculated using the point-
center-quarter (PCQ) method (Dix 1961). Five PCQ's were conducted on each line
transect at 20-m spacing. Distances from the center of each PCQ to the nearest live
stem in each quarter was recorded. Woody stem densities in reconstructed drainage
segments are an approximation of the actual seedlings planted at each site.

Erosion Control Methods

A wide variety of soil erosion control materials, methods and sediment reducing mea-
sures were used in reconstructed drainageways, on reclaim sideslopes and on regraded

H
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spoils. The following list of measures and/or materials were applied in combination :
to decrease the likelihood of accelerated erosion, to reduce flow rates and to reduce
the sediment loading in downstream sedimentation structures.

Dozer basins (sediment basin) were constructed to trap and store sediment on newéy
stripped topsoil areas and on re%raded spoils to reduce or abate the sediment load.
Basins are used to prevent the siltation of diversions, waterways, livestock ponds, and
streams; to trap sediment originating from the active mine site and to prevent undesir-
able deposition on undisturbed bottomlands and reclaimed areas. The dozer basins
primary use is to trap sediment, reduce on-site erosion, reduce peak flows at down-

stream locations, and reduce gully erosion.

Livestock watering tanks (ponds) are used to trap water on reclaimed sideslopes, in
drainageways, and to reduce peak flows at downstream locations making available
reliable water for wildlife use. The location of livestock ponds is such that a minimal
amount of sediment will be deposited. This was accomplished by installation of ponds
at headwater locations or on relatively gentle grades often within water harvesting di-
versions on reclaim sideslopes.

Water harvesting diversions are channels constructed across slopes with a supporting
ridge on the lower side that is used to transport excess water from areas that need pro-
tection to sites where water can be used or disposed of safely. A diversion's effective-
ness as a sediment reducing measure is in diverting the runoff which would otherwise
flow across erosion susceptible areas, thus detaching and transporting soil particles.

Contour farming and live haul topsoil transport are used on all reclaimed sideslopes
and drainage areas when possible. Topsoil replacement, seedbed preparation, and
%nting are done on the contour. Contouring can reduce erosion by 40 to 50 percent.

en contour farming is combined with live material topsoil transport the erosion
loss potential can be further reduced. Contouring provides excellent erosion control
by reducing transport from moderate rainfall events. Contouring in combination with
diversion establishment can be very effective in reducing erosion potential.

Rock check structures are used to dissipate the energy of flowing water within the
drainageway channel. Debris and sediment tend to be deposited and trapped
upstream of structures. This in turn permits establishment of vegetation behind struc-
tures which further stabilize the channel. In addition, filter fabric is installed and used
to line rock check structure core trenches, thus providing additional structural support
and reduces the potential for advancement of downstream headcutting to move
upstream.

Cover crops and mulch are used very effectively in drainageways to reduce the detach-
ment of soil by rainfall and runoff while providing seasonal protection and soil
improvement. Cover crops provide protection from wind and water erosion during
vegetation establishment periods when permanent vegetation is inadequate to provide
adequate cover.

Permanent vegetative (grasses, forbs and shrubs) cover provides the most significant
and permanent long term solution to erosion control problems. The selection of
species adapted to the climate and soils is one of the most important steps in achieving
success. Woody plants are desirable for the long term stability of a particular site.
However, woody plants require time to develop sufficient size to control erosion ade-
$1ately and the quick cover that can be obtained with grasses and forbs is needed in

e interim. The principles for selection of herbaceous vegetation is based on a par-
ticular species adaptation to the mine site and its erosion control potential. The ideal
species have strong root development. A diverse mixture of plant species increases
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the assurance of a stand as it is difficult to anticipate all of the variables that will affect :
germination and stand establishment on any given site.

Willow wattles and woody seedling transplants are installed in drainageways and serve
as energy dissipaters for water and soil moving down the drainageway and provide
long term stability. Woody plants filter and trap entrained debris (soil, small rocks,
veg litter) and provide a series of areas with reduced slope angles on which vegetation
can be established. Deep rooted woody vegetation prevents gully formation and will
become part of the permanent stabilizing cover.

Brush matting (crimping) is essential}{ha deep mulch of hardwood brush and soil
crimped into existing drainage cuts. e technique is employed very effectively in
damaged stream channels and on stream banks to protect against accelerated erosion
rates when a channel needs repair.

Geotextiles, erosion blankets and other erosion control fabrics, are used effectively in
reducing stream velocities and increasing sedimentation in drainageways. A variety of
materials are used at Trapper Mine and include geoweb - a soil confinement system,
C125 coconut blanket , landglas erosion control fibers (landglas is tacked with CSS-1
emulsified asphalt), fibron fibers, mirifi erosion cloth, jute erosion netting and mira-
mat blankets.

RESULTS

Vegetation response, decreased flow rates and reduced gully formation were the pri-
mary factors in assessing the success of drainage reconstruction projects at Trapper
Mine.

Postmine herbaceous canopy cover, herbaceous production, and woody stem density
were evaluated in reconstructed drainage areas in 1988 and 1989 and compared to
sample data from undisturbed premine drainage areas. (Sampling was conducted on
drainageways reconstructed in 1987.) Various postmine drainage treatments were
incorporated to evaluate vegetation reglponse on topsoiled, non-topsoiled, irrigated,
and non-irrigated drainage segments (Table 1). Treatments on undisturbed areas
were irrigated and non-irrigated drainage segments (Table 1). Generally, vegetation
measurements were lower in reconstructed drainageways than in undisturbed drainage
sites. This is understandable due to the short duration of vegetation re-establishment.
However, considerable vegetation growth was reported in all reconstructed drainages
after the initial growing season and during the second growing season.

Vegetation response was the best on topsoiled and irrigated treatments and was
significantly higher when comparing topsoiled versus non-topsoiled areas without irri-
gation. The overall herbaceous canopy cover for all reconstructed drainage treat-
ments in 1988 (measure of initial growing season) was 39% compared to 71% on
undisturbed drainage segments. In 1989, herbaceous canopy cover had increased to
68(‘? in reconstructed drainages and decreased on undisturbed drainage segments to
69% cover.

Herbaceous primary production averaged 876 Ibs/acre in reconstructed drainages and
1943 lbs/acre on undisturbed sites in 1988. In 1989, herbaceous primary production
decreased to 420 lbs/acres on reconstructed drainages and 521 lbs/acre on undis-
turbed drainage segments. The reduction in production in 1989 compared to 1988 was
a result of severe drought conditions in the area during 1989.



Table 1. Vegetation cover, production and woody stem densities on disturbed (postmine) and undisturbed drainages at Trapper Mine in 1988 and 1989.

Herbaceous Canopy Cover (%) Herbaceous Production (Ibs/acre) Woody Stem Density (stems/acre)
Reconstructed Drainage (1)(2) Irrigated(3) Non-Irrigated Irrigated Non-Irrigated Irrigated Non-Irrigated
1988 1989 1988 1989 1988 1989 1988 1989 1988 1989 1988 1989
Upper Coyote (topsoiled) 32 61 246 466 314 628
Middle Coyote (topsoiled) 46 74 1003 583 314 628
Lower Coyote (topsoiled) 51 79 1835 1069 628 1256
Upper West No Name 36 53 725 168 628 1256
(topsoiled)
Lower West No Name 50 67 1687 176 628 1256
(topsoiled)
Upper East No Name 24 44 210 240 314 628
(not topsoiled) ' '
Lower East No Name 33 40 426 236 628 628
(not topsoiled) :
Undisturbed Drainage(4)
Upper Flume 63 5) 694 6) 7223
Lower Flume 80 69 3191 521 2552
(1) Drainageways regraded, topsoiled and drill seeded in late summer 1987.
2) Woody stem density comprised of Amelanchier alnifolia (Saskatoon Serviceberry), Cratacgus spp (Hawthorn), Populus angustifolia
(Narrowleaf Cottonwood) Prunus americana (American Plum), Prunus virginiana (Common Chokecherry), Ribes aureum (Golden Current),
Rosa woodsii (Wood’s Rose), Salix vitalina (Golden Willow), and Symphoricarpus oreophilus (Mountain Snowberry).
3) Drainage segments irrigated in 1988 may not have been in 1989 due to pit dewatering activity or drying of natural springs. '
4) Woody stem density comprised of Amelanchier alnifolia (Saskatoon Serviceberry), Artemisia cana (Silver Sagebrush), Artemisia tridentata (Big
Sagebrush), Chrysathamnus viscidiflorus (Low Rabbitbrush), Prunus virginiana (Common Chokecherry), Quercus gambelii (Gambel Oak),
Rosa Woodsii (Wood’s Rose), Symphoricarpus oreophilus (Mountain Snowberry).
) Samples not taken as area was severely impacted by drought and livestock grazing.
(6) Samples not taken as area was severely impacted by drought and livestock grazing.

oL
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Woody stem densities on undisturbed drainage areas averaged 4888 stems/acres for
both years compared to 471 stems/acre in 1988 and 897 stems/acre in 1989 on recon-
structed drainage areas.

Flow rates have been significantly reduced following the installation of stock tanks and
dozer basins on reclaim and spoil areas, respectively. Discharge readings were
recorded from a 10-year, 24-hour parshall flume (with Stevens Water Level Recorder)
located in the north end of the Coyote Gulch reconstructed drainage channel. The
eak flow in 1987 (22.24 cfs) occurred as a result of a high intensity thunderstorm in
une (.74" ppt) and caused severe erosion within the newly regraded drainage channel.
In 1988, following drainage reconstruction and water retention strategies, the tpeak
flow rate associated with a .53" precipitation event (June) registered .04 cfs of dis-
charge water. Similarly, a high intensity thunderstorm in July 1989 (.75" ppt) resulted
in a discharge of 1.23 cfs. In addition to assisting in runoff control, the proper fre-
quency and distribution of livestock ponds has aided in evenly spreading big game

animal use over the entire reclaimed area, thus reducing their impact on vegetation
establishment.

Gully formation and sediment loss was reduced significantly in gostmine drainageways
when compared to pre-drainage reconstruction. In COf'ote ulch, for example, an
estimated 99,400 cug'c yards of sediment was lost to gully erosion and sheet and rill
erosion from 1984-1987. Following treatment an estimated 1,360 cu yds of sediment is
lost annually to sheet, rill and gully erosion. This is a reduction in the annual erosion
rate of 24 times the pre-treatment erosion rates. Much of the success for the reduc-
tion in erosion rates must be attributed to the wide variety of erosion control mater-
ials, methods and sediment reducing measures that were used in reconstructing
drainageways and adjacent reclaimed sideslopes.

As a result of appropriate erosion control treatment in re-established postmine
drainageways, Trapper Mine has not needed to clean a single sediment pond in two
years. A net savings to Trapper Mine of $50,000 has been realized since drainage
reconstruction was initiated and sedimentation pond cleaning ceased.

CONCLUSIONS

As a strategy for soil conservation planning, the promotion of vegetation in combina-
tion with natural and/or artificial erosion control measures, has much to offer. Vege-
tation is one factor that can be easily manipulated by careful management. Beyond
that, better vegetative growth, by selecting plants that are well adapted to a particular
climate or soil, will almost always provide Ji)rect economic benefits in terms of vegeta-
tion production, stability and reduced soil loss.

The proper implementation of erosion control materials and sediment reducing mea-
sures on reclaimed sideslopes, drainageways, and on regraded spoils are valuable in
reducing peak water flows and sediment loads into drainages. Dozer basins are useful
to trap and store sediment on newly stripped topsoil areas and on regraded spoils.
Livestock water tanks are valuable as they trap water on reclaimed sideslopes, in
drainageways, and reduce peak rates of flow at downstream locations, making avail-
able reliable water for wildlife and livestock use. Water harvesting diversions con-
structed across slopes are important to transport excessive water from areas that need
protection to sites where water can be used or disposed of safely. Contour farming is
essential to reduce sheet and rill erosion on reclaimed sideslope. When combined
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with live haul topsoil transport the erosion potential is further reduced. The installa- :
tion of rock check structure to dissipate the energy of flowing water and trap sediment
and debris is valuable in stabilizing channels and Eromoting vegetation growth.
Finally, the use of geotextiles, erosion blankets and other erosion control fabrics are
effective in reducing stream velocities and increasing sedimentation in drainageways.

The combination of appropriate conservation measures and an agigressive repair pro-
gram add up to successful treatment of reconstructed drainage channels and conse-
quently successful reclamation at Trapper Mine while permanent vegetation
establishes.

Perhaps the major problem with such a soil conservation strategy is that it requires
continuous, sensitive, timely and knowledgeable management of the soil and vegeta-
tion and the use of appropriate and cost effective erosion control techniques and
material to be fully effective. But the rewards in terms of reduced soil loss and poten-
tial dollar savings are indisputable. One must keep in mind, however, that regardless
of soil conservation planning and implementation efforts to stabilize post mine
drainageways, their long term stability and that of adjacent undisturbed drainages is
subject to the affects of catastrophic weather patterns.

REFERENCES

Chorley, R.J.,, S.A. Schumm, and D. Sugden. 1984. Geomorphology. Methuen,
iondon. 625p.

Dix, R.L. 1961. An application of the point-centered quarter method to the sampling
of grassland vegetation. J. Range Manage. 14:63-69.

Gray, D.H., and A'F. Leiser. 1982. Biotechnical slope protection and erosion control.
Van Nostrand Reinhold Co. N.Y. 271p.

Langbein, W.B., and S.A. Schumm. 1958. Yield of sediment in relation to mean
annual precipitation. Amer. Geophysical Union Trans. 66:35-56.

Morgan, R.P.C. 1986. Soil erosion and conservation. John Wiley & Sons. N.Y. 298p.

Toy, T.J., C.C. Watson, D.I. Gregory, and S.C. Parsons. 1987. Geomorhpic principles,
stability and reclamation planning. 29p. In: Fourth Biennial Billings Symp, on
Mining and Reclamation and the Nat. Meeting of the Amer. Soc. for Surface
Mining and Reclamation. March 17-19, 1987. Billings, MT.

Viert, S.R. 1985. A new instrument for measuring ground cover based on the point-hit
technique - the optical point bar. p. 106-109. In: 1985 Annual Meeting of the
Amer. Soc. for Surface Mining and Reclamation. Oct 8-10, 1985. Denver, CO.

Zernitz, E. 1932. Drainage patterns and their significance. J. Geology. 40:498-521.



73

B - - e

DEVELOPMENT OF A CHEMICAL USE MANAGEMENT PLAN
A CASE STUDY
THE RESORT AT SQUAW CREEK

SQUAW VALLEY, CALIFORNIA

AUTHORS

Grant Buma, Senior Hydrogeologist, Kleinfelder, Inc.
2605 E. 3300 South
Salt Lake City, Utah 84109

Don Kleinfelder, Staff Hydrogeologist, Kleinfelder, Inc.
3189 Mili Street
Reno, Nevada 89502

Ray H. Davis, Regional Manager, Kleinfelder, Inc.
3189 Mill Street
Reno, Nevada 89502



74

ABSTRA

In 1983 Perini Land and Development Company proposed to construct a hotel-golf course
complex at Squaw Valley, California. Because of the scenic and environmentally sensitive
area, residents and local authorities requested a study of the potential environmental
impact. The principal concern was the effect, if any, herbicides, pesticides, and fertilizers
used on the golf course greens and fairways would have on surface and ground water. The
initial step in the evaluation process was to establish baseline concentrations of the existing
chemical constituents in the basin's ground water. Representative fertilizers and pesticides
were evaluated for persistence, mobility, toxicity, and efficiency. The data used in the
evaluation were obtained from a toxicological review of existing data, leach column testing

and operation of a test green.

Results of the study indicated that the potential environmental impact from pesticides
could be mitigated through special golf course design considerations and the restriction of
the types and amounts of the products used in the operation of the course. The test green
was constructed and operated for 2-1/2 years. Modeling data showed that long-term
distribution of nitrate increases in ground water would have a relatively low potential
impact on ground water in the area, provided the recommended fertilizer application rates

are followed.
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DEVELOPMENT OF A CHEMICAL USE MANAGEMENT PLAN
A CASE STUDY
THE RESORT AT SQUAW CREEK

SQUAW VALLEY, CALIFORNIA

INTRODUCTION

This paper summarizes the methods of study used by Kleinfelder to develop a chemical use
management plan for the proposed hotel and 18-hole golf course associated with the
Resort at Squaw Creek. The study was conducted to alleviate concerns regarding the effect

that chemicals used on the golf course would have on the area's alpine environment.

The project site is located near the Lake Tahoe Basin, which is a world class recreation
area and which was the site for the 1960 winter Olympic games. Figure 1 shows the general

configuration of the valley and surrounding area.
BACKGROUND

In 1983, Perini Land Development Company proposed to build a hotel-golf course resort
complex at Squaw Valley. Announcement of the project sparked immediate opposition by
local residents and environmental groups including The Sierra Club. The parties opposed
to the project filed suite against Perini, charging that the impact of the project on the

environment had not been fully studied. An agreement was eventually reached between



Perini and the project opponents wherein Perini agreed to meet 128 conditions to protect
the environment of the valley (Placer County, 1985). In exchange, the opposition agreed
not to oppose the project if it could be demonstrated that the project could be managed to
reduce or eliminate significant damage to the environment. Kleinfelder was selected for
the study because of its experience and familiarity with the Lake Tahoe Basin. The study
was subject to the scrutiny and approval of a Technical Review Committee (TRC)
mandated by the courts (Perini, 1985). The Technical Review Committee consisted of

representatives from both the proponents and opponents of the project.
SITE DESCRIPTION

Squaw Valley is an eight square mile (5,100 acre) watershed in the Truckee River Basin
located between Tahoe City and Truckee, California. Present uses of the valley include
approximately 800 residential units, an Olympic ski area, and limited commercial
development. Water supplies are drawn exclusively from within the watershed, nearly
entirely from wells at the western end of the valley floor. The principal source of water for
the valley is an aquifer of unconsolidated glacial and post-glacial sediments beneath the
400-acre valley floor. The estimated average thickness of the aquifer is about 80 feet.
Previous geophysical studies in the valley suggest that the maximum depth to bedrock

varies from about 120 to 180 feet along the longitudinal axis of the basin (Gasch, 1973).
BASELINE ENVIRONMENTAL STUDY

The initial phase of work consisted of establishing baseline conditions in the valley prior to
construction of the proposed development. The scope of work used to assess the baseline

conditions is presented in the following subsections.
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Surface Water

Development of an accurate baseline required that samples be collected during all four
seasons of the year. Due to the alpine setting, collecting samples of stream flows was
difficult and even dangerous at times. A telemetry system was set up on the banks of
Squaw Creek for remote monitoring during periods when access was inhibited. Close
monitoring was necessary because runoff caused wide fluctuations in the rate of sediment
transport. The amount of sediment in suspension was found to affect the nutrient level in
the stream and therefore the baseline water quality values of the stream. Data collected

over 2 years of operation spanned one unusually wet year and one unusually dry year.

Soil Mapping

Prior to constructing the test green, the natural soil conditions in the area were studied.
Soil samples were collected at numerous locations within the valley. Several samples of

material for column leach studies were collected near the proposed test green site.

Analytical testing indicates that these soils are predominantly calcic with fairly neutral pH
conditions. As expected, the cation exchange capacity directly correlated with the content

of organic material.

Ground Water

Ground water monitoring wells were installed at the locations shown on Figure 1 to
evaluate pre-project ground water quality. A total of 36 paired wells (1 shallow and 1
deep) were installed to aid in the identification of multiple aquifers. The high TDS

observed in samples from the deeper wells is speculated to be the result of hydrothermal
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solutions migrating upward through fracture zones. The deeper wells generally exhibit

higher sulfate values than the shallower wells. The well installation specifications followed
standard EPA protocol. The wells were secured using 5-foot high security caps to facilitate
access during the snowy winter season. Hydrographs for three wells located adjacent to the

test green are presented in Figure 2.
PESTICIDE USE EVALUATION

The evaluation of potential pesticides for use on the golf course consisted of a four-step
process. Each step in the process was designed to provide additional information on the
viability of each compound with respect to the negotiated pesticide selection criteria. The
pesticide selection criteria consisted of evaluating pesticide candidates for the following:
toxicity, mobility, persistence and efficiency. The evaluation process is discussed in the

following subsections.

Toxicity

Literature collection on the environmental fate and toxicity of the active ingredients began
with a Toxline computerized literature search at the National Library of Medicine.
Complete copies of all relevant papers were then obtained from the University of
California Library. Additional references were identified from bibliographies of the paper's
identified in the Toxline search and from the card catalogue of the University of California

'Library. About 774 published articles were provided to the Technical Review Committee.

Concurrent with the search of open literature, the Environmental Protection Agency
(EPA) was consulted for copies of all relevant studies on environmental fate and toxicity.

These studies were provided on microfiche and represented the final reports of studies
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conducted by the registrant of each active ingredient to support registration with the EPA.
A total of 1,391 pages of microfiche, containing up to 60 pages or original documents per
page of microfiche, were provided to members of the Technical Review Committee. In
addition, the members of the Technical Review Commiittee received copies of summaries
and evaluations of data gaps provided by the EPA and the California Department of Food

and Agriculture.

The literature for each active ingredient was organized by subject (e.g., acute toxicity,
subchronic toxicity, etc.) and then organized chronologically within each subject. The
documents were read and summarized. An overall summary of all of the databases, with
an identification of data gaps, was prepared for each active ingredient. Finally, interactions

between chemicals, including fertilizers, were evaluated.

The toxicological review resulted in the identification of four candidate pesticides, which

arc:

2,4-d [2,4-dichlorophenoxy acetic acid] - - used as a herbicide in Weed-B-Gon by Ortho.
The chemical is fairly mobile in soils and approximately 95% of it is absorbed by plants. It
does not bioaccumulate in the flood chain and is quickly degraded by microbes in

approximately six weeks.

Mecoprop (MCPP) [2-(4-chloro-methyl)phenoxy-propionic acid] - - a co-constituent of
‘Weed-B-Gon is mobile in soil and readily absorbed by plants. For biodegration, it has a

half-life of approximately two weeks.



Chloroneb [1,4-dichloro - 2,5-dimethoxy - benzene] - - used as a fungicide under the trade
name Fungicide II by Scotts is immobile in soil. Its biodegration half-life is approximately

two to five weeks.

Glyphosate [N - (phosphoromethly) glycine] - - is used as a herbicide in Round-up by

Monsanto and is immobile in soil. It is rapidly absorbed by plants and biodegrades slowly.

Mobility

The mobility of the candidate pesticides identified in toxicological literature review was
evaluated in the laboratory by leach column testing prior to field testing. The leach
columns were packed with soil obtained from the site. A schematic representation of the
leach columns is shown in Figure 3. To decrease the observation time required to observe
breakthrough, the tests were expedited by using relatively small samples, high aliquot
concentrations, and large hydraulic heads. The test results indicated that the mobility of

the candidate pesticides under actual field conditions would be very low.

Persistence and Efficiency

The third step in the evaluation process was the construction of a prototype green/fairway
area to field test the compounds that appeared acceptable, based on data obtained from '

the toxicological evaluation and leach column testing.

The test green was constructed with both a lined and unlined section (Figure 4). The fill
section for the unlined portion of the test green was engineered fill, which consisted of
recompacted native soils from a proposed pond borrow site. Rocks larger than 12 inches in

diameter were screened out and the remaining material was placed as engineered fill
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within 12 inches of finished rough grade. The fill was compacted to a minimum of 85%
relative compaction, in accordance with ASTM D-1557-78 Standards. A 6-inch thick
section of washed 3/4-inch gravel was placed over the native fill. A subdrain was placed
within the gravel layer by installing 4-inch diameter perforated pipes running along the
centerline of each of the 4 unlined cells. Solid 4-inch PVC collector pipes were attached to
the subdrains and daylighted in a catch basin at the west side of the fairway. A 12-inch
thick surface layer consisting of sand and rice hulls (as specified by the golf course
architect, Robert Trent Jones II) was placed above the gravel layer and served as the turf
growing medium. Corrugated fiberglass panels were installed vertically between each cell

to function as impermeable dividers to inhibit vadose zone water migration between cells.

The lined portion of the test green was constructed separately from the adjacent unlined
green. Two liner types were evaluated - - a compacted soil liner consisting of mixing the
native soils with about 10-15% bentonite clay and a synthetic membrane. The cost
differential between the two types of liners justified an evaluation of both types of liner

systems.
Construction of the lined section of the test screen proceeded as follows:

Initially, an 18-inch section of the engineered fill, as previously described, was placed and
compacted above the native ground. Next, an impermeable membrane liner of 30 mil
hypalon was placed on the engineered fill section following the removal of surface rocks.

~ Three inches of clean sand was spread across the liner surface prior to the placement of a
6-inch thick section of washed 3/4-inch gravel. Another liner was placed above the gravel
layer and consisted of a 9-inch thick section of a compacted soil/clay mixture of 15%
bentonite by weight, plus sand and gravel with a maximum of 10% passing the 3/8-inch

sieve. Another 6 inches of washed 3/4-inch gravel was placed above the soil/clay liner.



The area was covered with the same 12 inches of sand and rice hull turf growing medium.
Subsurface drainage was installed in both of the gravel layers using 4-inch perforated pipes.
Each layer flows into collector pipes that daylight in catch basins located on the east side of

the fairway.

The vadose zone of both the lined and unlined portions of the test green was monitored by
analyzing samples from pressure-vacuum lysimeters. The lysimeters were installed 0.5 feet
above the desired depth using a hollow-stem auger, then a split-spoon sampler was driven
to the desired depth and the unit installed within the split-spoon cavity. Flexible tubing
connected the lysimeters to a central sample collection point. Pressure/vacuum lysimeters
were installed at two locations in each of the five cells. At each of the ten locations, four
lysimeters were placed at various depths. In each configuration, a shallow lysimeter was
placed in the gravel drain layer, while three deeper lysimeters were placed at successive 2-
foot depth increments. Flexible polyethylene tubing was used to connect the lysimeters to a
central sample collection point. The sample tubing was buried at the locations where
freezing was a potential. The lysimeters were set by drawing a vacuum for 3 to 7 days. The
samples were collected by displacing the collected fluid with argon. Ceramic lysimeters
were selected because of their more reliable performance in granular materials, such as
those occurring beneath the site. Some loss in the efficiency of sampling large molecule
herbicides or pesticides could conceivably occur, but their use over lysimeters constructed
of Teflon appeared justified in light of the overall superior performance of ceramic

samplers.

Minor amounts of leachate placed under the lined test plots were collected from drain
pipes that had been installed above the liners. Leachate migrating from above the liners
was collected in lined basins. The volume of leachate was computed from the record of the

water level within the basin and graphically recorded by a Type F water-level recorder.

-
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Samples of surface sheet flow were periodically collected and related to instantaneous
discharge or seasonal parameters. The constituents of surface water runoff were assessed

from water samples collected in Gerlach troughs.

MODELING

The ultimate goal of the study was to assess the potential impact of golf course operations
on the local surface water and ground water environment. The impact on surface water
will be controlled by a network of surface water runoff collectors and activated carbon
treatment facilities. To study the impact on ground water, the Konikow and Bredehoft,
Version 2.5, March 1988, model was used to simulate ground water movement and solute
transport within the ground water regime. The hydrologic assumptions used for
construction of the model are listed in Figure S. These assumptions were based on the
results of data collected during previous field investigations at the site. The values used in
the model were designed to represent a worst case scenario. For example, nitrate was used
as the indicator species for the model because it is the most mobile of all the products
identified for potential use. Based on lysimeter data, the nitrogen introduced into the
system by fertilization tended to concentrate in the "B" lysimeter elevation. Although the
test green was operated for two years, the end point for this concentration of nitrate was
not reached during its operation. Similar studies of crop land in the mid-west indicated
that this buildup of nitrogen in the subsurface can exceed 20 years (the length of their
study) (Jacobsen 1987). The nitrogen loading used in the model assumed that all of the
nitrogen applied to the greens would eventually end up in the ground water, thus ignoring
biological or other uptake mechanisms. Use of the worst case values made the final model

very conservative.
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CONCLUSIONS
Kleinfelder's study results indicate that:

0 The existing ground water quality in the Olympic Valley Basin is generally
acceptable, however, poor water quality with arsenic in excess of drinking

water standards can be found in localized areas.

0 The nutrient contents of surface water flows in Squaw Creek are highly
dependent on the amount of suspended sediment and therefore stream flows.
Squaw Creek appears to be supporting an unusually large amount of
sediment, which is probably a result of manmade stream modifications

during historic time.

0 The only compounds that satisfied the pesticide selection criteria for the

project consisted of 2,4-D, glyphosate, MCPP, and chloroneb.

0 Test green operation for 2 years shows that the optimum fertilizer
application rate for the types of turf selected is 0.5 Ibs of nitrogen per 1,000

square feet.

0 Based on computer models of the recommended application rates and the
hydrologic parameters developed for the project, it appears that the project
can operate within the waste discharge requirements set by the Lahontan
Regional Water Quality Control Board of 0.5 ppm allowable increase in
nitrate nitrogen (CRWQCB, Lahontan District, 1986). An isopleth map

plotting the predicted increases in nitrogen content is depicted in Figure 6.
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AN OVERVIEW OF MINED LAND RECLAMATION IN THE SANGRE DE CRISTO
MOUNTAINS, FREMONT COUNTY, COLORADO, 1977 TO PRESENT

Kenneth S. Klco

Domtar Gypsum
POB 180
Coaldale, Colorado 81222

INTRODUCTION

The Mined Land Reclamation Act of 1976 stands as a watershed of
change in the way the mining industry does business in the State of
Colorado. This discussion covers the mined land reclamation history
of a small surface mine in South-Central Colorado. Seventy years of
active surface mining for dihydrous calcium sulfate, commonly called
gypsum, had resulted in 100 acres of severely disturbed land near
Coaldale, Colorado, in western Fremont County. The reclamation plan
implemented in 1977 addressed the long range land use and restoration
to wildlife habitat during and after mining. Environmental control
during the remaining life of mine operation, app. 30 years from plan
implementation, was and still is a priority concern to mining
personnel. The climate of the Royal Gorge Region is highly arid with
ambient temperature extremes of 90F to -47F. The montainous terrain
allows for little soil development on steep slopes. Average annual
precipitation of ten inches is normally received during late winter
snows or late summer thunderstorms. Mine site elevations range from
6800’ to 7200°. The area might be described as Juniper/Pinon Upland
to Upper Transition Zone.

EROSION CONTROL/MOISTURE COLLECTION

During the past fourteen years of mine development and
production, a stripping ratio of 2:1, Waste:Ore, was necessary.
Overall SR at life of mine will be 1:1. The bulk of the “"waste" rock
is a highly fractured, brown dolomitic sandstone, with lessor amounts
of low grade gypsum, limestones, and shales. The rock unit
encompassing the gypsum ore body is the Minturn Formation, a sequence
of evaporite and clastic sediments deposited in late Paleozoic time,
some 275 mya. Considerable structural changes were wrought on the
originally horizontal beds during the Laramide Orogeny 35-40 mya,
resulting in bedding planes attitudes within the mining zone from 55
to 90 degrees from the horizontal. Structural geologic parameters
control the method of mining and engineering considerations, ie, grade
control and homogenienty of the ore body. No toxic materials have
been found to date. Earth forces fractured the hangingwall sandstone
units to a high degree, allowing for bulldozer ripping and pushing in
lieu of drilling and blasting. A 460 hp bulldozer used for this
purpose is also utilized for final contouring of spoils materials and
seed bet preparation, although a much smaller machine would be

.-
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adequate. Conventional surface mining equipment is utilized for ore
extraction. The gypsum ore body necessitates drilling and blasting,
after which the ore is loaded into end dump haul trucks and
transported to an on site primary crusher. The gypsum ore is
screened, crushed to -4 inches, and blended prior to rail shipment 52
miles to Florence, Colorado, for the manufacture of gypsum wallboard.
The Coaldale mine ships app. 170,000 tons per year, working year
round. Highwalls and waste dump slopes are reduced to preferably
2.5:1 slopes with the D9L Bulldozer. Although very little topsoil is
encountered within the mining zone, any outwash gravels or fines
materials are set aside for placement on the surface. The slope is
then "contour rilled" with the dozer blade cormer bit or ripper
shanks. The dozer starts at the top of the slope, moving along the
contour, with the blade angled sightly into the slope. Each traverse
is followed by another slightly below the former, creating a terracing
effect that helps to stabilize the slope against sheet washing and
gullying. The contour rilling also creates small collection ditches,
diverting precipitation into the ground and retaining and concentrat-
ing snowfall on the slope. For the first few months after rilling,
the terraced slope is quite rough in appearance, but in time smooths
out from erosion without loss of slope stabilization. Revegetation of
the slope begins as soon as possible after contour rilling.

REVEGETATION

Broadcast seeding of a native grass seen mixture listed in Table
I is performed with hand operated cyclone spreaders. Seeding rate is
40#/acre with repeat applications common. Yellow sweetclover seeding
at up to 30#/acre has been effective in establishing a cover crop in
some of the most severe, rocky sites. Inorganic nitrogen and phosphor
-us is applied in the same manner at rates of 300#/acre and 175#/acre
respectively. Nitrogen NO3 16.75% & NH4 16.75%, Phosphorus P205 46%.

Table 1 Native Grass Seed Mixture, Coaldale, Colorado

20% Agropyron cristatum Crested Wheatgrass, variety Nordan
20% Agropyron trachycaulum Slender Wheatgrass

15% Agropyron riparium Streambank Wheatgrass, variety Sodar
10% Bouteloua gracilis Blue Grama Grass

10% Sporobolus cryptandrus Sand Dropseed

10% Astragalus cicer Cicer Milkvetch

5% Lolium peremnne Great Basin Wild Rye

5% Oryzopsis hymenoides Indian Ricegrass, variety Paloma
5% Bouteloua curtipendula Sideoats Grama, variety Vaughn

Early spring or late fall seeding has proven to be most effective
in this area. Seeded and fertilized slopes are mulched with clean
wheat or barley straw at a rate of 4000#/acre.
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A dual planting mode is employed for tree and shrub seedling
plantings, due to species propagation limitations and the desire to
get seedlings in the ground as early in the season as possible. April
planting of dormant potted tree stock, 2"x2"x8", purchased from the
Colorado State Forest Service, and dormant bare root shrub stock grown
under contract with a local nursery are listed in Table II. These
early season plantings are an attempt to establish as many seedlings
as possible as early as possible to take advantage of optimum soil
moisture conditions and longer growing season for maximum root
development. Early season plantings seem to work well for some
species, such as Atriplex canescens, Four-winged Saltbush, and
Ceratoides lanata, Winterfat, but less successful for other species
such as Cercocarpus montanus, Mountain Mahogeny. Approximately 40% of
the seedlings are planted early. Survival rates average 70%, but may
vary depending on species and weather conditions. After May 1, it is
not unusual for the area to receive no precipitation for up to eight
weeks. Under these conditions, seedlings planted early and irrigated
have a distinct advantage over seedlings planted during the warm, dry
month of June.

Table 11 Tree and Shrub Species, Dormant Stock, April Planting

Pinus edulis Pinon Pine

Pinus ponderosa Ponderosa Pine Potted Stock
Picea pungens Colorado Blue Spruce

Juniperus communis Common Juniper

Atriplex canescens Four-winged Saltbush

Ceratoides lanata Winterfat

Purshia tridentata Antelope Bitterbrush Bare-root Stock
Rhus trilobata Three-leaf Sumac

Symphoricarpos oreophilus Mountain Snowberry

Elaeagnus angustifolia Russian Olive

Active potted shrub stock are planted in early June after
hardening off. Seedlings.are planted near the bottom of the contour
ditch, by hand, using a maddox and shovel. Care is taken to not
locate the seedling too near upslope "so0il" and to remove large rocks
from the root zone area. Slow release 10-20-10 pellets and organic
polymers are used at planting time. Each seedling is mulched with
strav 4" thick and 24" in diameter and rocked down to prevent the
mulch form being blown over the top growth of the small seedlings.
All stock other than Forest Service tree seedlings are grown by
Pleasant Avenue Nursery, Buena Vista, CO. Most shrub seedlings are
from mine site progenitors. The development of parent colonies of
various species located throughout the mine site not only supplies
seed for progeny already adapted to the site, but will promote natural
revegetation via wind blown seed dispersion from established green
belt areas to area recently under reclamation. Parent colony costs
per acre planted are currently 50%-70% higher than normal planting
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areas, due to increased plant densities (up to 500/acre). Since 1978,
up to 2000 seedlings have been planted at the site each year.

Table III  Active Tubeling Seedling Species, from on-site progenitors

Ribes cereum Squaw Current or Wax Current
Cercocarpus montanus Mountain Mahogeny
Artemisia frigida Fringed Sage

Coronilla varia Crown Vetch

Astragalus crassicarpus Ground Plum

Rhus trilobata Three-leaf Sumac

Atriplex canescens Four-winged Saltbush
Ribes aureum Golden Current

Ceratoides lanata Winterfat

Purshia tridentata Antelope Bitterbrush
Symphoricarpus oreophilus Mountain Snowberry
Oryzopsis hymenoides Indian Ricegrass

Survival rates for active seedlings average 65% and vary greatly
according to species and conditions. Snowberry propagates best via
cutting taken from progenitors in November and rooted in the
greenhouse during the Winter months.

MAINTENANCE

Irrigation of the seedlings is essential through the first two
growing seasons. Under optimum conditions, (rare), the mulch and gel
may extend watering intervals up to four weeks. However, it is more
common to water seedlings weekly or biweekly throughout the first
growing season due to prolonged periods of dry weather and constant
winds, inducing dangerously high rates of evapotransporation. Seed-
lings will die if root systems are allowed to dry our once during the
first year of growth. A simple gravity flow irrigation system has
been installed in order to efficiently hand water each seedling on
demand. Holding tanks located at higher elevations feed a network of
2" and 1 1/2" plastic pipe with ball valve operated garden hose hook-
ups located at 100’ diameters throughout the planting area.

Tree seedlings are protected from destructive deer browse by wire
cages. The cages cost nearly as much as invested in the each seedling
and are susceptible to snow and wind damage. Five and six year old
seedlings to large for cages have been destroyed by deer. Topical
repellants have been used with little success. This year a systemic
repellant will be used along with larger, sturdier cages. Animal
damage, especially from mule ear deer, is one of the more expensive
and frustrating challenges encountered to date. Success in
establishing a diverse community of wildlife habitat species has
resulted in moderate to heavy browse year round on the property.
Nevertheless, a conservative estimate of increase in plant cover and
forage capacity would be five times over undisturbed sites.
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LABOR CONSIDERATIONS

Obviously, Coaldale reclamation is labor intensive. After
contour rilling, all reclamation is performed by hand, including
seeding, fertilizing, planting, mulching, and maintenance. Most of
the labor needs to date have been filled by students from the
Environmental Technology Program of Colorado Mountain College,
Timberline Campus, Leadville, CO. Over the past fourteen years,
dozens of students have worked on short term planting crews and many
have worked at the site fulfilling their practicum requirements for
graduation. The Environmental Technology Program is an intensive two
year course of study leading to an Associates Degree in Applied
Science. Two options are offered, water/land reclamation and water/
waste management. This program, a little known "jewel"” in the rough
of Leadville, Colorado, has made a major contribution to the success
of mined land reclamation in Coaldale. Each field season students
from the Environmental Technology Program earn money while gaining
experience and exposure in their chosen profession.

COSTS

Reclamation costs have been integrated into daily mining costs
like any other cost of operation. Budgeted as a variable cost,
reclamation actually costs very little compared to other variable
mining costs, yet pays big dividends in the areas of community
acceptance of the mining operation and reduced liability for the
mining company. Table IV presents a comparison of reclamation costs
in Coaldale over a ten year period, shown as budgeted cost per ton ore
mined and as a percentage of total cost per ton ore mined.

Table IV Ten Year Reclamation Cost Comparison
year Std $/Ton Ore Mined % of Std Total$/TOM
(dollars) (%)
1981 .038 1.53
1982 .051 1.77
1983 .020 .69
1984 .048 ‘ 1.68
1985 .044 1.67
1986 .070 2.14
1987 .123 5.71
1988 .158 4.53
1989 .129 2.82
1990 .128 1.87

The increase in cost in 1987 and 1988 was due more to changes in
accounting practices more than other factors. Costs of reclamation
should average 3% of the total variable mining cost for several years
before increasing to 10% of the total costs in the years preceding
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close-in of the mine operation, in about fifteen years. Another way
of looking at costs which may be of interest is a cost per acre. This
varies in Coaldale for reasons described above, from $1000/acre to as
high as $2500/acre.

SUMMARY

Mined land reclamation is a fact of life. Reclamation can be
accomplished at reasonable cost if integrated into daily mining costs
and handled like any other cost of doing business. Reclamation need
not have a negative impact on a mine’s bottom line. An aggressive,
visible, on-going reclamation plan will pay back benefits to the
mining company during and after mining operations. Reclamation begets
community acceptance and support of mining operations from even the
most critical opponents. Long range planning of any mine venture,
large or small, is critical to its success and important to the people
living in its impact shadow. Reclamation can be a positive and pro-
active aspect of the mining industry. It is good for business and
good for the State of Colorado.
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REVEGETATION OF SULPHIDE TAILINGS IN NORTHEASTERN ONTARIO, CANADA
T. H. Peters¥*

T. H. Peters Consulting Services
P.O. Box 607,
Copper Cliff, Ontario, Canada,
POM 1NO

It may seem strange to many here that a speaker whose
experience in revegetation has been gained at an altitude of ap-
proximately 1400 feet above sea level, has been asked to relate
his experiences in stressd land reclamation during the past 40
odd years. However, there is a direct relationship between alti-
tude and latitude (said by some to be 400'= 1 degree) with the
climax vegetation and plant species which are found at comparable
sites.

During the past 20 to 30 years, individuals working in the
field of land reclamation, often alone and isolated in their
areas, began to hear of others working in the same field.
Contacts were established between them and experiences, both
successful and unsuccessful, were exchanged. This free exchange
amongst individuals, without interference from their employing
companies, continues to this day.

Some of the ideas which were adapted to fit the local
climatic conditions in the Sudbury area, were based on
observations of Dr. Bill Berg's test plots at Climax Molybdenum
which were part of Jim Brown's program there, the URAD reclam-
ation project by Dr. Larry Brown here in Colorado and Ed Pommer-
ening's work at the Bunker Hill Mine in the Coeur d'Alaine area
of Idaho.

In the early days of tailings reclamation, the main objec~
tives were to stop the fugitive dust emissions and to aesthetic-
ally improve the image of the mining industry. Starting in the
late 70's, increased environmental concern led to the inclusion
of tailings effluent water quality as an additional considera-
tion.

All three objectives have played, and continue to play, a
roll in the tailings revegetation program of Inco Limited at
Sudbury, Ontario, Canada. Sudbury is located approximately 180
miles east of Sault Ste. Marie, Michigan, 265 miles north of Tor-

* Formerly: Agriculturalist, Ontario Division, Inco Limited.
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onto, Ontario and about 30 miles inland from the north shore of
Lake Huron.

Inco Limited's operations at Sudbury are the largest integ-
rated nickel mining operation in the world. At present, 10 mines,
2 mills, a smelter, a nickel refinery and a copper refinery are
located there. In addition, the Ontario Division also includes a
refinery at Port Colborne on Lake Erie and a mine north of Lake
Superior at Shebandowan. There is another integrated operation in
northern Manitoba and an offshore one in Indonesia. Some 16
elements are extracted from the ores mined with nickel and copper
being the principal ones.

Currently some 40,000 tons of tailings per day are dis-
charged to the tailigs disposal area at Copper Cliff. The total
area is approximately 5500 acres of which about half are in the
new portion of the area which has been under development since
the early 1980's. In total, over 600,000,000 tons of tailings
have been deposited in the "A", "B", “"CD", "M", "P" and "Q" areas
which have reached their final elevations and together cover some
2800 acres.

The topography of the Sudbury Area, which is typical of the
Precambrian Shield, can be classified as undulating with valleys
between rounded hill tops. Glaciation in the late Pleistocene era
was responsible for many of the geomorphic formations and soil
types in the Shield. The land was heavily scoured and much of the
topsoil removed with the result that numerous rock outcrops were
and remain exposed.

The climate in the area can generally be described as harsh
with long cold winters and up to 130 frost free days. Therefore
soil flora and fauna are active less than half the year. Conse-
quently, soil development has been and is still slow. In general,
the various ecological factors have combined to develop a podsol
type soil with glacial surface depos1ts of water modified tlllS,
lacustine silts and sands located in the valleys.

The tailings areas at Copper Cliff (now Ward 8 of Sudbury)
are located to the southwest and west of the town and smelter. In
summer, the predominant winds are from the southwest with the re-
sult that under certain conditions tailings dust storms frequent-
ly blanketed the town,smelter and refinery. This bothered the
housewives due to the extra cleaning and when the dust insinuated
itself into the smelter machinery lubricants, it made them into
grinding compounds. This latter impacted on operations and in
addition, by contaminating the electrolytic copper refining pro-
cess, reduced its efficiency.
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By the mid 1940's, the need to control the fugitive dust
emissions from the tailings area was evident. Various types of
chemical sealants were tried but all proved to be ineffective or
too costly. In 1942, an unsuccesful attempt was made to establish
vegetation.

By the late 1940's, the "CD" area had reached its final
elevation and the "M" area was approaching its final elevation of
150 feet. This resulted in a mesa type formation which had an
elevation above the local natural land contours. Dust storms
could and did occur in all directions. In adddition to repeated
experiments with chemical sealants and water spray systems, a
request was made to the Company's Agricultural Department to
investigate the feasibility of establishing vegetation.

The first plots were planted in 1950, in a location on the
tailings which provided the most convenient access for viewing.
Unfortunately although the seed germinated, the seedlings were
either cut off or buried by drifting windborne tailings. In 1951,
a more protected site for the plots proved somewhat more success-
ful, but still some of the plots were buried. However, one
species, Canada Blue (Poa compress L.) proved to be able to sur-
vive this sand covering and continue to grow. One of the keys to
success had been found.

The principal ores mined, chalcopyrite, pentlandite and
pyrrhotite, are all sulphides. After milling, a selective pH
controlled flotation process was used to make a copper rich and a
nickel rich concentrate. As a result, the mill tailings have a pH
of 8.0 to 9.0 on deposition in the taiklings disposal area. How-
ever, they rapidly become acidic and usually and within six
months, the pH of the surface material is in the vicinity of 3.0.
The next steps were to find a suitable seed bed ameliorant and
plant nutrition program. This was done by a series of greenhouse
pot experiments.

Over the years, the experience gained in the field has 1led
to the development of the following basic practices which are
generally acceptable to the conditions found in Eastern Canada:-

1. The first seeding in a tailings area should be located
in the portion closest to the prevailing winds during
the growing season to minimize damage to or the covering
of the young plants by drifting windborne tailings.

2. Agricultural limestone, as required, should be applied
and worked into the surface prior to seeding. The major
portion should be applied at least 6 weeks before
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seeding. This permits sufficient time for the reaction
to raise the pH of the tailings to 4.0 to 4.5, The
balance should be applied immediately prior to seeding.

3. In the Sudbury area, late summer is the best time to
seed grasses. After July 21, the rate of success of seed
germination and seedling establishment is enhanced due
to more favourable temperatures and the increased
availability of moisture from precipitation.

4, Although late summer is the optimum time to seed
grasses, the short period remaining in the growing
season, is insufficient for the legume seedlings to
establish a sufficiently deep and strong root system to
withstand the heaving effects of the repated freezing
and thawing of the tailings surface the following
spring.

5. The use of a companion crop to provide shade and reduce
the velocity of the surface winds is essential.

6. Nitrogenous fertilizer should be applied, at low but
sufficient rates, several times as required, during the
establishment period to ensure maximum uptake.

7. The surfacing of the slopes with a south and
southwesterly exposure with 6 inches (15 cm.) of clay to
ensure an adequate supply of moisture for growth is
worthwhile.

8. The use of a mulch on the slopes, preferably one
containing straw, to provide shade for the seedlings and
to reduce the evaporation of soil moisture during the
critical period of seedling establishment is worthwhile.

9. When clay is used to surface the outside slope of a
tailings dam, the whole slope should be covered from top
to bottom. The addition of a clay topdressing on a tail-
ings slope will physically reduce the porosity of the
slopes surface. In all cases, it is essential to
maintain the structural integrity of the dam and no
treatment which will change the dam's structural
strength should be employed in establishing vegetation.
If and when required,adequate diversion ditches for the
safe drainage of the slopes should be included as part
of the surfacing program. (Peters, 1989)

The current grass seed mixture is very similar to the
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original successful mixture and is:-

25% Canada Blue Grass (Poa compressa L.)

25% Red Top (Agrostis gigantea Roth.)

15% Timothy (Phleum pratense L.)

15% Kentucky Blue Grass var. Park (Poa pratensis L.)
10% Tall Fescue (Festuca arundinacea Schreb.)

10% Creeing Red Fescue (Festuca rubra L.)

The percentage indicates the proportion by weight of each
species in the seed mixture.

Scarcity and costs of some species has necessitated some
variations from the above percentages in certain years. Although
some alfalfa (Medicago sativa L.) still persists in one small
area since its seeding in the mid 1950's, Birdsfoot Trefoil
(Lotus corniculatis L.) has proven much more adaptable to the
varying conditions found in a tailings area.

Prior to 1964, a program of cutting and selling the hay
from the tailings area was followed. In retrospect, this was good
for publicity but very poor for our efforts to establish a
maintenance free vegetative cover on the tailings. However, in
1964, we became aware of the number of seedling trees which were
voluntarily invading the area. These trees were principally White
Birch (Betula papyrifera Marsh.), Trembling Aspen (Populus tremu-
loides Michx.) and Willow (Salix spp.) and and are all known as
transition species. Nature was showing the way and the steps to
follow in helping to establish the climax vegetation for the
area.

In the early 1970's, a few test plots of coniferous
species, Jack Pine (Pinus banksiana Lamb.), Red Pine (Pinus
resinosa Ait.), Scoth Pine (Pinus sylvestris L), White Spruce
(Picea glauca Voss.) and Black Spruce (Picea mariana Mill.) were
established. The Jack and Red pine were the two species which
made the best growth in these and in later larger test plots.
They are the major species used in the current tree planting
program. Now all the trees are produced 4600 feet underground at
Creighton Mine where 100,000 seedlings are grown annually for the
Company's reforestation program on its stressed land.

The voluntary invasion of various insects, birds and small
mammals started with the first large sized grass area. As the
revegetated area assumed a more natural appearance, different
species of waterfowl and shorebirds started to make stopovers
during their spring and fall migrations. Again, Nature was making
a suggestion and this time it was for a possible end use of the
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site. A decision was made to investigate, in conjunction with the
Ontario Ministry of Natural Resources, the possibility of
developing a Wildlife Management Area. A Wildlife Biologist was
retained by the Company to design a development plan toward
achieving this result. His report was completed in 1974. Since
then various research projects have been carried out by
university graduate students and members of the Company's
Agricultural Department staff to ascertain that no harmful
introductions would be made to the food chain if the program was
initiated.

In 1985, satisfied that the project was safe and viable for
the environment, the next step in developing the new ecosystem
was taken with the introduction of 70 fledgling Canada Geese
(Branta canadensis). Aditional similar sized flocks were
introduced in 1986 and 1987. Many have returned to nest in the
area and have raised frequently seen broods throughout the
immediate Sudbury Area. Other species of birds, both land and
water, are nesting in the reclaimed tailings area. The raptors
are finding a sufficient number of mice and frogs to live on and
they too are nesting in the area in increasing numbers.

To date, this developing ecosystem has reduced the amount
of dust emanating from the tailings and presents a major
aesthetic improvement. It also plays a role in improving the
quality of the seepage water. The vegetative cover reduces the
amount of water available for seepage, first by intercepting
precipitation which then evaporates from the surface of the
foliage and second by the amount of water which is transpired by
the plants in the growth process. As the plants develop and grow,
the root mass in the top 4" to 6" (10-15cms.) uses increasing
amounts of oxygen which reduces the amount available for sulphide
oxidation and the subsequent acid generation. Any reduction in
the rate of acid generation will benefit the pH of the seepage
water and reduce the amount of metals inthe leachate.

The improvement in the quality of seepage water is cur--
rently a major concern in the development of walk away closure
programs for sulphide tailings sites. Different approaches are
being tried by mining companies in Canada.

The current objective Falconbridge Limited, the other major
nickel producer in the Sudbury area, 1is to establish a method-
ology that will allow it to walk away upon the closure and
abandonment of tailings areas with no further treatment required.
Unlike other companies, Falconbridge has used overburden material
as a reclamation technique on which to establish vegetative
covers (Michelutti, 1975). However, this overburden material has
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not, in some cases, eliminated the upward migration of metallic
salts or the acid metallic contaminated seepages (Spires, 1975;
Michelutti, 1978).

At present, they are looking at various methods which can
be employed and which will result in this walkaway capability on
abandonment. One method to achieve this is to prevent the
oxidation of the pyrrhotite and sulphur wastes, contained in the
tailings, that ultimately generate sulphuric acid. To minimze or
prevent this oxidation, various covers to act as oxygen barriers
are being tried. These covers may be divided into 2 classifica-
tions, dry or wet.

The dry covers are being tested on their Fecunis Lake Tail-
ing Area and are:-

(a) A 6 foot (2 m.) layer of waste rock with individual
pieces ranging in size from 1/2" to 6" (1.25-6 cm.).
Digested sewage sludge from the Regional Municipality
of Sudbury is mixed with the rock layer to f£ill the
interstices. The sludge will not only block the oxxygen
transfer but will also act as a source of nutrients for
the ultimate vegetative cover.

A fine waste alkaline by-product, available from a
paper mill within reasonable proximity, is also
being tried as a material to fill the interstices.

(b) The use of a 6 foot (2 m.) thick layer of domestic
compressable garbage from the same Municipality covered
by a soil (local overburden) stabilization layer 1 to 2
feet (30 to 60 cm.) in depth is another approach. It is
anticipated that the methane generated by the decompos-
ition of the garbage will act to block out the oxygen.

Various organic materials are being tested on the
Falconbridge Tailings Site in developing wet covers on tailings
as oxygen barriers ((Griffiths, 1988). The idea is to construct a
swamp with water to act as the oxygen barrier along with the
growth of swamp plants.

The preliminary results from both types of covers, wet and
dry, indicate some improvement in seepage water quality. However,
more research is needed.

The revegetation of the uranium tailings at Elliot Lake,
again from sulphide ore bodies, have presented similar problems
to those in the Sudbury area and have added a few new twists. The
ore is milled to a much smaller particle size at Elliot Lake.
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Possibly due to the greater area per cubic unit of the smaller
sized particles of tailings, the laboratory work determining the
amount of limestone required to neutralize the seed bed was
greatly different from the amount required in the field tests.
Under the controlled conditions in the laboratory, 10 tons/acre
(22 tonnes/ha.) were adequate. Under the uncontrollable field
conditions, 30 tons/acre (65 tonnes/ha.) were required.

Ob