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PREFACE

The 14th biannual High Altitude Revegetation Conference was held at the University Park
Holiday Inn, Ft. Collins, Colorado on March 8-10, 2000. The Conference was organized by the
High Altitude Revegetation Committee in conjunction with the Colorado State University
Department of Soil and Crop Science. The Conference was attended by 232 people from a broad
spectrum of universities, government agencies and private companies. It is always encouraging
to have participants from such a wide range of interests in and application needs for reclamation
information and technology.

Organizing a two-day workshop and field trip is a difficult task made relatively easy by
the sharing ofresponsibilites among the members ofthe HAR Committee.

In addition to the invited papers and poster papers presented on March 8-9, a field tour of
the Rocky Mountain Arsenal National Wildlife Refuge was conducted on March 10, 2000. We
appreciate and thank the organizers ofthe field tour.

We would also like to acknowledge and thank all of the people who took time to prepare
invited papers and poster papers. These Proceedings are their product, and we express our
gratitude to them. The Proceedings include 16 papers and 5 abstracts grouped into seven
conference sessions, six poster papers and one poster paper abstract.

For current information on upcoming High Altitude Committee events, visit our website
at www.highaltitudereveg.com.

Warren R. Keammerer
Editor
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REDEFINING CRITICAL HABITAT FOR
ANADROMOUS FISH IN CENTRAL IDAHO

Murray D. Feldman
Holland & Hart LLP

101 South Capitol Boulevard, Suite 1400
Boise, Idaho 83702

John A. Lawson
Idaho Division of Environmental Quality

1410 North Hilton
Boise, Idaho 83706

ABSTRACT

The Endangered Species Act (ESA) is the nation's strongest and most far-reaching fish
and wildlife protection law. A key component of the ESA is "critical habitat," defined as
"the specific areas within the geographical area occupied by the species, at the time it is
listed ....on which are found those physical or biological features essential to the
conservation of the species and which may require special management considerations or
protections." Except when determined otherwise by the implementing agency, "critical
habitat shall not include the entire geographical area which can be occupied by the
threatened or endangered species."

An important issue for critical habitat designation is the treatment of "unoccupied
habitat," i.e. habitat areas where no listed species are present but which may be suitable
or historically used habitat. This paper describes these issues for a headwaters stream in
central Idaho. The paper first surveys the statutory and policy concerns applicable to
critical habitat designation, and then reviews how those factors were applied to Napias
Creek on the Salmon-Challis National Forest. Next, the paper reviews the ESA petition
process used to persuade the implementing agency that this stream did not satisfy the
defmitional criteria for critical habitat treatment. The paper concludes with some of the
lessons learned and issues raised by this critical habitat revision petition experience.

INTRODUCTION

The Endangered Species Act may affect natural resource project activities, whether those
activities involve reclamation, revegetation, or project development. This paper focuses
on how the ESA can affect these activities through the critical habitat treatment of areas
where ESA-listed species are not present, and where there is no historical record that the
listed species ever were present in these areas.

The situation described in this paper addresses the Napias Creek drainage in central
Idaho and how the operation of the Beartrack Project gold mine in that watershed was
affected by the critical habitat designation and petition processes of the ESA. In the
situation examined here, the mine's owner and operator, Meridian Gold Company,
successfully petitioned for revision of the treatment of the mine area as critical habitat.
This represents the first time an area was removed from critical habitat designation under



the ESA as a result of a petition request to the ESA-administering agency, the National
Marine Fisheries Service in this instance. The paper considers this case study example
of how the agency and administrative processes work for efforts to change the critical
habitat treatment for a particular area. It also addresses the significant changes such
critical habitat treatment and revision can bring about for the regulatory treatment of that
area and activities within that area.

BACKGROUND

ESA Statutory and Regulatory Framework

The purpose of the ESA is to conserve threatened and endangered species of fish, wildlife
and plants. Application of the Endangered Species Act is triggered by the listing of a
species under Section 4 (U.S. Congress 1973). The ESA protects "endangered" species
(those in danger of extinction throughout all or a significant portion of their range) and
"threatened" species (those likely to become endangered within the foreseeable future).
The federal agencies responsible for implementing the ESA are the Fish and Wildlife
Service (FWS) of the Department of Interior and the National Marine Fisheries Service
(NMFS) of the Department of Commerce (FWS and NMFS 1999). In general, FWS is
responsible for terrestrial and freshwater species. NMFS is responsible for marine
species, including anadromous fish such as salmon and steelhead that hatch in fresh
water, spend most of their adult life in the ocean, and then return to fresh water to
spawn. If the Service lists a species under Section 4, the agency generally must also
designate "critical habitat" for the species. Critical habitat includes those areas
essential to the conservation of a listed species that require special management or
protection.

ESA Section 7 requires federal agencies to consult with the appropriate Service to
determine whether agency action may affect listed species or their habitat. An "action"
is defined very broadly to include "all activities or programs of any kind authorized,
funded, or carried out, in whole or in part, by federal agencies in the United States or
upon the high seas," including the "granting of licenses, contracts, leases, easements,
rights-of-way, permits, or grants-in-aid" (FWS and NMFS 1999). Section 7 proscribes
federal agencies from taking any action that is likely to jeopardize the continued
existence of any listed species or result in the destruction or adverse modification of
designated critical habitat. If the agency determines that its action will affect listed
species or critical habitat, it must undertake formal consultation with the Service (FWS
and NMFS 1999).

The product of the consultation process is generally a biological opinion issued by the
Service indicating whether or not the action is likely to jeopardize the continued existence
of a listed species or result in the destruction or adverse modification of critical habitat
(a "jeopardy" opinion), or is not likely to result in such effects (a "no jeopardy" opinion).
A "jeopardy" biological opinion must include reasonable and prudent alternatives, if any,
that would alter the action to avoid the likelihood of jeopardizing a listed species or
resulting in the destruction or adverse modification of critical habitat (FWS and NMFS
1999).
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Section 9 of the ESA broadly prohibits the taking of any listed species of fish or wildlife
by "any person" (U.S. Congress 1973). The statutory prohibition applies only to
endangered species, but has been extended to threatened species by regulation. Both
federal and nonfederal (i.e. private and state) actions are within the statutory prohibition.
The statute defines "take" as "to harass, harm, pursue, hunt, shoot, wound, kill, trap,
capture, or collect, or to attempt to engage in any such conduct." The Supreme Court's
Sweet Home decision upheld the Fish and Wildlife Service's regulatory interpretation of
Section 9 to apply the take prohibition to significant habitat modification activities on
nonfederal land (Babbitt v. Sweet Home, 1995).

The Service may issue a permit under ESA Section 10(a) to authorize the "incidental
take" of protected species. An incidental taking is one that is "incidental to, and not the
purpose of; the carrying out of an otherwise lawful activity" (U.S. Congress 1973).
Similarly, for activities subject to the federal consultation requirement of Section 7, the
biological opinion may include an incidental take statement authorizing such incidental
take where it will not jeopardize the species' continued existence (FWS and NMFS
1999). The statement must include reasonable and prudent measures that the Service
deems necessary or appropriate to minimize the impact of any incidental take on the
species.

Two provisions of the Endangered Species Act are of special interest for the Act's
developing application to habitat and ecosystem conservation purposes. First, Section
2(b) provides that one purpose of the Act is to "provide a means whereby the ecosystems
upon which listed species depend may be conserved" (U.S. Congress 1973). The
Supreme Court noted in Sweet Home that this ecosystem conservation purpose is one of
the "central purposes" of the ESA. Second, Section 7(a)(I) directs all federal agencies to
use their authorities to further the purposes of the ESA by carrying out programs for the
conservation of listed species. Although conserving the ecosystems upon which
endangered species depend is one of the identified purposes of the ESA, there is no
specific ESA program to implement this purpose (Natl. Rsch. Coun. 1995). The critical
habitat provisions of the ESA are not coterminous with an ecosystem conservation
approach because critical habitat often is not designated for listed species. Also, the
critical habitat designation and protections focus only on the essential elements of the
habitat for the listed species and not all of the ecosystem functions of that habitat.

Critical Habitat Designation for Snake River Chinook Salmon

Under ESA Section 4, the designation of critical habitat is to be done at the time of
species listing "to the maximum extent prudent and determinable." Critical habitat is
defmed under the ESA to include "specific areas within the geographical area occupied
by the species, at the time it is listed," which includes those physical of biological
features essential to the conservation of the species and which may require special
management considerations. Critical habitat may include specific areas outside the
geographical area occupied by the species at the time of listing only if the Service
determines that such areas are essential for the conservation of the species. Critical
habitat includes "only the minimum amount of habitat needed to avoid short~term

jeopardy or habitat in need of immediate intervention" (Northern Spotted Owl v. Hodel
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1991). Under the ESA, critical habitat must be specifically identified in a rulemaking
notice issued by the FWS or NMFS in the Federal Register.

ESA Section 4 also provides specific petition procedures whereby any person may
petition the Service to list a species, designate critical habitat, delete a species or critical
habitat, revise a critical habitat boundary, or adopt or modify a special rule for a
threatened species (U.S Congress 1973). When such petitions are submitted, the Service
is required to acknowledge receipt of the petition within 30 days. Within 90 days after
receipt of the petition, the Service must make a finding as to whether the petition presents
"substantial scientific or commercial information indicating that the petition action may
be warranted." If the Service issues a positive 90-day fmding on a critical habitat
revision petition, then within 12 months of receipt of that petition the Service must
determine how it intends to proceed with the requested revision, i.e. whether it will
propose to revise the critical habitat designation as requested in the petition or whether it
will not take the requested action.

On December 28, 1993, NMFS designated critical habitat for listed Snake River
spring/summer chinook salmon (NMFS 1993). NMFS did not designate specific stream
reaches as critical habitat, but only identified the general geographic extent of the larger
rivers, lakes, and streams within hydrologic units that may contain critical habitat. The
textual designation excluded those areas that were not presently or historically accessible
to listed salmon and reaches above impassable natural falls. NMFS acknowledged that it
lacked adequate information to make an accurate and detailed characterization of stream
reaches in the region that met the statutory and regulatory criteria for critical habitat.

In 1993, NMFS made no specific rulemaking fmdings supporting Napias Creek's
treatment as critical habitat. NMFS did not assess whether Napias Falls was an
"impassable natural falls," it made no determination of whether the area was presently or
historically accessible to listed salmon, and it did not determine whether this stream
reach was "essential for the conservation of the species" (U.S. Congress 1973; FWS and
NMFS 1999). The available evidence showed that upper Napias Creek has not been
occupied by listed salmon for more than a century, that salmon do not presently occur
and did not at the time of species listings occur in this area, and that upper Napias Creek
has historically been and is presently impassable to Snake River chinook salmon.

On January 3, 1997, Meridian filed a petition with NMFS to revise the critical habitat
designation to indicate that the designated habitat excluded the upper reaches of Napias
Creek above Napias Falls. On April 28, 1997, NMFS determined that Meridian's
petition presented substantial scientific information indicating that the petitioned revision
might be warranted. However, on January 30, 1998, NMFS published its Twelve-Month
Finding indicating that Meridian's petitioned revision was not warranted. NMFS'
determination overlooked key scientific information such as the effect of gravity on
leaping chinook or on fish swimming in highly aerated water, the multidimensional nature
of fish passage issues, launch pool conditions below Napias Creek Falls, and the
horizontal distance a migrating chinook would have to leap to ascend the falls. Thus, on
May 29, 1998, Meridian petitioned NMFS to reconsider its Twelve-Month Finding.
Meridian's Petition for Reconsideration demonstrated NMFS' failure to adequately
consider or apply the best scientific information presented to the agency. On June 2,
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1999, NMFS published in the Federal Register its notice of a proposed rule to revise the
critical habitat for Snake River spring/ summer chinook salmon to exclude areas above
Napias Creek Falls (i.e. including upper Napias Creek) from designated critical habitat
because such areas are outside the species' current and historic range.

In its final rule published October 25, 1999, NMFS determined that Napias Creek Falls
constitutes a naturally impassable barrier for Snake River spring/ summer chinook
salmon (NMFS 1999). Therefore, NMFS excluded areas above Napias Creek Falls from
the designated critical habitat for that species. NMFS stated that the critical habitat
protection measures contained in a March 1999 Biological Opinion for the gold mine
project were no longer applicable. NMFS also acknowledged that its decision would
lessen the mine's economic burden resulting from measures contained in the Biological
Opinion.

SITE DESCRIPTION AND DESCRIPTION OF THE ISSUE

The Beartrack Mine Project is a fully permitted gold mine and processing facility in the
Salmon-Challis National Forest in east central Idaho (Figure 1). The Beartrack Project
is located on fee lands and on national forest land mining claims near the historic mining
town of Leesburg, Idaho. The mine is situated in the Napias Creek drainage (also called
the Leesburg Basin) which is located in the Panther Creek watershed, approximately 7.5
miles upstream from the confluence of Napias and Panther creeks within the Salmon
River drainage (Figure 2).

*-
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Flgl.re 2 -Detailed Map of Napias Creek D,aiMge

Tributaries of Napias Creek arise at elevations of nearly 8,500 feet in the Salmon River
Mountains about 12 miles due west of the town of Salmon, Idaho. Those tributaries flow
into Napias Creek and ultimately into Panther Creek at an elevation of less than 6,000
feet. There are at least a dozen tributaries to Napias Creek that affect flow along the
reach of the stream between the mine and the falls (Figure 2). The stream typically
receives flow from these tributaries perennially, but the flows follow seasonal trends in
the hydrograph which peaks in late June to mid-July. The geographical area key to this
issue can be considered in two parts. One is the upper part of the watershed where the
mine is located, and the other the reach below a critical set of cascades or falls. The
reach of Napias Creek upstream from Napias Falls and upon which the mine is located, is
referred to hereafter as "upper Napias Creek," the area it encompasses is 7 miles above
the Napias Falls.

The lowest 3 miles of Napias Creek flows through a steep gradient of about 7.3%
through an incised canyon. The canyon itself has gradients>10% in some portions; this
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is also where a series of steep cascades naturally occur (Chapman 1997). The cascades
and falls are located in the last 2 miles of the Napias Creek drainage. The area critical
to the passage evaluation (the cascades or falls) is especially steep and carries a gradient
of 21 % for about 575 feet. At numerous points in this steep section of Napias Creek
there are falls in excess of 10 feet (Figure 3).

FigI.re 3 -UpperN~ Cleek Faib

The cascades not only represent the steepest reach of the stream, but the area is littered
with large boulders. Many of these boulders are in excess of 10 feet in diameter and
were placed in the stream channel during a massive natural landslide flood event that
happened over 200 years ago (Mussetter Engineering 1995). The boulders are naturally
occurring and essentially create the cascade affect in the stream - without the boulders
the falls may be more dramatic.

During high flow periods (May-July) Napias Creek may flow in excess of 200 cfs (cubic
feet per second) at the mouth and at low flows (August-April) the stream may only reach
a flow of 10-20 cfs. Both extremes in the hydrograph were evaluated by fisheries
scientists retained by Meridian. These flows were found to be too high or too low to
allow either chinook salmon or steelhead (both anadromous species) to pass Napias Falls
and hence access potential habitat above the falls. Flows were identified to be potentially
optimal by the NMFS during the descending leg of the hydrograph, which was typically
found to be in July.

The project has undergone consultation under ESA Section 7 twice since 1994. In 1993
and 1994, NMFS and the U.S. Forest Service conducted a formal consultation on the (at
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that time) proposed mine. This consultation produced a biological opmIon which
concluded that the proposed mine: (1) would not adversely modify or destroy designated
critical habitat for the listed Snake River spring/summer chinook salmon or otherwise
jeopardize the species, and (2) would not result in any measurable level of "take" if
operated under the terms and conditions specified in the mine permits and the opinion.

A 1994 federal district court decision remanded the initial biological opinion for further
evaluation and explanation concerning its fmdings. In remanding the opinion, the court
anticipated that this further review and discussion would not require a substantial effort.
Instead, NMFS and the action agencies (U.S. Forest Service, Environmental Protection
Agency, and Army Corp of Engineers) spent over two and one-half years in consultation,
an effort which resulted in a broad-ranging re-visitation of potential mine impacts to
listed species and designated critical habitat. Therein lies the crux of the situation from
the perspective of the operator. Due to the over-riding authority of the ESA, all federal
and many state controlled actions can be delayed due to the increased level of
bureaucratic review required by the federal agency charged with the recovery of the listed
speCIes.

During the period the agencies were in consultation, the operation was required to submit
annual work plans subject to Section 7(d) of the ESA. This requirement essentially
became a permit to operate within the standard Forest Service-issued operating permit.
All phases of the operation required review by the USFS and the NMFS prior to changes
in the annual Section 7(d) work plan, even if they were previously anticipated in the Plan
of Operations. Furthermore, no changes to the Plan of Operations or other operating
permits (e.g. National Pollutant Discharge Elimination System Clean Water Act permit)
would be considered until the Section 7 consultation process was complete.

The issue became more confounded when the revised Biological Opinion (BO) was
finalized in 1999. The revised BO presented a drastic reversal by NMFS of its initial
assessment of the impacts of mine operations. Instead of a "no adverse modification, no
measurable level of take" conclusion regarding impacts to the Snake River
spring/summer chinook salmon, NMFS found that the continued operation under current
permit conditions of the mine would jeopardize the Snake River spring/summer chinook
salmon, would adversely modify or destroy designated critical habitat for listed salmon,
and would jeopardize the Snake River steelhead, another anadromous species that had
subsequently been listed as threatened under the ESA.

NMFS' biological opinion contained a proposed reasonable and prudent alternative for
the operation of the mine. The operator strongly disagreed with NMFS' conclusions
regarding the level of impacts that the mine would have on listed species and designated
critical habitat. In the course of the petition proceedings described here, the operator
demonstrated that NMFS should not have treated upper Napias Creek as accessible to
listed salmon and therefore the area was not properly designated as critical habitat.

ANALYSIS OF THE PROBLEM

Establishing the absence of ESA-listed anadromous fish from the Napias Creek Basin
during the time of listing under the ESA was not an issue. Anadromous fish had not
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utilized the upper portions of Panther Creek since the 1960s due to water quality impacts
from the former Blackbird Mine, located on Panther Creek tributaries upstream of
Napias Creek (Riser 1986). Despite the lack of the presence of the listed species in the
Panther Creek basin at the time of listing under the ESA, in the 1994 BO for the mine,
the NMFS assumed that the habitat on Napias Creek should be treated as critical habitat
for Snake River spring/ summer chinook salmon. The Beartrack Mine operator was then
faced with the choice of: (a) living with the conditions ofthe BO and the increased level
of operating scrutiny (bureaucratic delays) and added unnecessary environmental costs,
or (b) proving that fish had not used the habitat above Napias Falls and that without
significant changes to the physical nature of the creek, the salmon would not be able to
access upper Napias Creek as habitat (i.e. that Napias Creek was neither "presently or
historically accessible" to the listed species within terms of the agency's 1993 critical
habitat designation).

Historical Analysis

Over the course of nearly four years the operator contracted with four different cultural
resource firms to investigate the available historical data base regarding the presence or
absence of anadromous fishes in upper Napias Creek or the Leesburg basin. The
investigation involved literature searches in local, state, and regional libraries, including
information located in the state Fish and Game library in Boise, Idaho, as well as the
library at the University of Idaho in Moscow, Idaho, and personal libraries of consulting
experts on Idaho fisheries.

One part of this study used interviews with 24 different people that had specific
knowledge of local history. Of particular interest were individuals with knowledge of
anadromous fish in the Leesburg Basin prior to influences from World War II-era mining
impacts to Panther Creek or major dams being built on the Columbia and Snake rivers.
This ethnographic research was critical for two reasons: (a) it provided a consistent
verbal history with people who were linked to a time when the only variable to access to
upper Napias Creek was the falls at the lower end of the reach, and (b) the federal
agencies did not regard the absence of information in literature (none of the historical
researchers found information that positively identified salmon in the Leesburg Basin) as
conclusive evidence of the historical absence of the listed species in a particular region or
designated zone of critical habitat. However, the direct experience of people who lived in
the area during key times was considered valuable information.

In the final analysis, after numerous literature reviews and the ethnographic research,
each historian concluded that either there was not any historical evidence of anadromous
fish presence in upper Napias Creek, or if the fish were ever present (which was never
found) that they were present in such small quantities that the habitat was not critical to
the conservation of the species as required by the ESA.

Geomorphological Analysis

Initially the NMFS asserted that Napias Creek Falls were impacted by rocks disturbed
from historic road building. This was significant because the NMFS' 1993 critical
habitat rule provided that impassable falls must be natural and not man-made to comprise
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a migration barrier precluding upstream critical habitat designation. Consequently, the
operator of the Beartrack Mine initiated a study to ascertain the origin of the falls and
determine the factors associated with their genesis.

A series of field investigations by an independent geomorphologist (Mussetter 1995)
involving geologic reconnaissance, immediate stream profile analysis, analysis of existing
vegetative indicators (tree ages and lichen location and sizes), measurement of boulders,
and an entire drainage profile analysis, concluded that:

1) the vertical elevation difference between the top and bottom of Napias Falls
was due to the presence of a Pleistocene-age fault that occurred at the head of
the falls,

2) the large boulders (6-10 feet in diameter) that formed the stepped longitudinal
profile through the falls were primarily emplaced by a dam break flood caused
by the failure of a natural landslide dam located about 2.5 miles upstream of
the falls, over 200 years ago. The timing of the flood was determined by the
presence of some old growth Douglas-fir trees alongside the creek. The
magnitude of the flood was estimated to be 22,000 cfs which exceeded the 500
year flood event by a factor of 14 (Figure 4); and

3) Road construction in the 1880s did not affect the form of the channel within
the falls and the falls are a natural feature of the landscape.

SChematic Longitudinal Section of
Naplas Creek Falls Reach

~dtot~.e-~
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Engineering Analysis

Two different engineering evaluations were conducted on the falls. An initial evaluation
was conducted in fall 1995 during a migration period but at low flow. This evaluation
was critical to the investigation because it provided a surveyed inventory of the key falls
and the boulders that impacted the ability of a migrating fish to ascend the 21 % grade in
Napias Falls.

The second evaluation was essential to the final argument because it developed the
topographic basis to determine the hydrodynamic conditions within key segments of the
falls. Survey and stream discharge measurements were made at three separate discharge
rates in June (143 cfs), July (49 cfs) and August (21 cfs) 1997.

Topographic surveys were conducted using a Total Station theodolite. At the highest
discharge, water surface elevations and channel bed elevations were determined by
suspending a member of the survey crew above the stream in the falls with a mobile
crane. A contour map was generated from over 1000 different spot elevation shots from
the Total Station. Superimposition of the measured water elevations at three different
survey times over the base topography enabled water depths to be established at high,
medium and low flows. The survey team also tried to determine the flow rate of water
over the falls in key potential fish passage locations but was unable to do so due to the
extreme turbulence of the water and air entrainment in the water as it passed over the
falls. Consequently, flow velocities over the large boulders that made up the falls were
calculated using a pipe-flow computation. The topographic and hydraulic computations
were used to provide information on the physical components of the falls for a detailed
evaluation of the potential for fish to pass the falls.

Once the physical nature of the falls was assimilated into an electronic format, experts in
the field of fish passage over obstacles could evaluate the potential for the listed species
to negotiate and ultimately pass Napias Falls. However, in order to fully understand the
magnitude of this issue it was critical to understand the biology of the anadromous fish
moving in the Salmon River system prior to spawning.

Evaluation of Fish Passage

An adult salmon born in the Upper Salmon River drainage usually spends two to three
years at sea, rearing in the last year in the Gulf of Alaska. There they feed in the rich
waters of the North Pacific until they begin the long return to natal streams. In the
spring they migrate in their last year of life to the mouth of the Columbia River; there
they initiate their journey to the streams where they were born. To reach the Salmon
River and its many tributaries, the salmon must ascend eight major dams on the mainstem
Columbia and Snake rivers, each of which is nearly 100 feet in height. The 8-12 week
trip carries the fish over 700 miles and up to 7000 feet in elevation gain (Chapman 1998)
(Figure 5).
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The evaluation of a particular salmon species' ability to utilize the potential habitat in
upper Napias Creek required an analysis of the ability of the fish to ascend a series of
falls and cascades. The analysis required knowledge of the physical ability of the fish to
surmount the falls compared to the hydrologic conditions in the stream at an optimal time
for passage.

When the salmon leave the ocean, the fish are essentially on their final journey; they will
never return to the ocean nor will they eat again. Therefore, the energy reserves that the
fish has at the time it enters the freshwater stream are all that it will have to make it to
its spawning grounds in the upper elevation streams. Chapman (1998) reported that the
fish use 70% of their reserves to reach their spawning grounds and 20%+ to spawn.

Once the fish arrive in the upper tributary streams they are 4-8 weeks from completion of
their life cycle, consequently they are in a much-diminished physical condition and much
less able to negotiate obstacles such as 10-foot falls and turbulent waters

In the analyses of the problem, the fisheries biologists and passage engineers factored in
the relative condition of the salmon when they may reach their final destination.
Conservatively, the biologists used a condition index of 0.75 or that the fish were at 75%
of peak condition. These comparisons are not linear -- for instance the maximum vertical
distance a chinook salmon could leap is about 50% less for the condition index of 0.75
than for a prime fish with an index of 1.0 (at a launch angle of 60 degrees). A condition
index of 0.50 would correspond with a leap height about one-fourth that at a condition
index of LOO. The use of a condition index of 0.75 was quite a conservative estimate.
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However, given differences in water years (flow rates and times of various flows) and
differences in individual fish, the condition index of 0.75 seemed to be acceptable to even
the most conservative agency reviewer of the submitted petition information.

The ability of salmon to leap at falls is the subject of numerous studies. Research has
shown that the degree to which salmon can successfully leap over obstacles depends upon
species, fish condition, conditions in the launch pool below the jump, height of the
barrier, horizontal distance from launch pool to the top of the jump, and conditions
within the falling water (depth, concentration of air in the water, the angle of flow over
the barrier, and the velocity of the water going over the jump or falls). To fully assess
the ability of the fish to successfully negotiate a series of cascades or even a single jump,
the physical configuration of the various obstacles must be evaluated in three views:
upstream-downstream vertical profile, from above in plan view, and in cross-section
(across the stream).

Launch locations at falls often are not directly beneath the obstacle, but less optimum,
lying some distance to the side or downstream. The launch location depends upon cues
(stimuli) offered by the falling water jet and by conditions at the toe of the faUs and
within the launch pool (i.e. the physical configuration of the obstacles) (Powers and
Orsborn 1985). Following the physical analysis of the falls, the trajectories of fish leaps
must be analyzed. The trajectories depend upon the speed of the fish at the start of the
leap (burst speed, governed by fish condition), angle of launch (critical if there is a
difference between a falls and a series of cascades), and the flow conditions in the pool
into which the waterfall plunges.

Through trigonometry and physics, the horizontal velocity of the leaping fish can
determined. For instance, a lower launch angle lowers the maximum leap height at the
trajectory apex of any particular leaping fish. All of these factors were critical in the
evaluation of the ability of the ESA-listed salmon to reach habitat critical to its recovery.
Armed with information regarding the biology of the listed fish and the specific
conditions of the topography and stream hydraulics, the engineers and fisheries biologists
developed a series of models that depicted the typical salmon attempting to ascend
Napias Falls.

Following a detailed evaluation of a model that incorporated these factors pertinent to the
ability of salmon to reach upper Napias Creek, the scientists and engineers determined
that it was not possible for fish to ascend Napias Falls to reach the habitat that had been
labeled "critical to the conservation of the species" by NMFS. While the evidence was
overwhelming against the treatment of this area as critical habitat, the federal agencies
moved slowly to change the formal designation of the area. It finally was concluded that
the area above Napias Falls was not critical habitat because:

1. Even if salmon could pass over the falls (which was proven essentially
impossible), the fish could only do so at a very specific flow that may not
occur at the same time each year. That flow corresponded to the descending
leg of the hydrograph.
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2. The condition of the salmon or steelhead at the time of the jump would be
quite diminished at Napias Falls (i.e. condition factor < 0.75).

3. The launch pool below the falls was not large enough.

4. The last falls in the cascade of falls, which appeared to present the most
formidable barrier to fish passage, was the only one specifically evaluated in
detail and it was too high for the fish to jump, regardless of water conditions.

5. The angle at which the water contacted the potential launch area was not
conducive to fish ascending the falls by swimming.

6. There was too much air in the water for the fish to swim (i.e. the water was
too turbulent and too fast).

7. The velocity of the water was too extreme except at low flows, when there
was not enough water to support the fish swimming through the falls.

8. Obstacles in the way ofthe jump hampered access to the falls.

9. The landing site at the top of the potential jump did not have a pool to allow
fish a resting spot prior to proceeding past Napias Falls.

CONCLUSIONS

As the Napias Creek critical habitat situation described here illustrates, the ESA Section
4 petition process can be an effective method for bringing detailed scientific information
before the ESA-implementing agencies to revise the critical habitat designation and
resulting ESA critical habitat regulation for a particular area. However, a project
operator or activity proponent should not underestimate the depth of technical and
scientific data that will be required to alter the agency's preconceived position as to the
critical habitat status or need for special management restrictions in a particular area,
even with the documented absence of ESA-listed species from the area.

In addition to the ESA Section 4 petition processes, it may also be helpful to identify
additional access or pressure points for the regulatory decision making process. For
instance, litigation efforts to reinforce the ESA Section 4 petition request may be
necessary or helpful, as can be support from congressional representatives or other
political or policy interests.

In addressing ESA regulatory and critical habitat issues such as the Napias Creek
situation, one needs to be conscious of the potential hurdles posed by undefined agency
objectives and hidden standards. For instance, in the case of Napias Creek, NMFS'
original critical habitat rule defined critical habitat as those stream reaches "presently or
historically accessible" to Snake River chinook salmon (NMFS 1993). However, neither
the agency nor the rule provided a framework or method for evaluating or applying this
standard to a particular stream reach or migration barrier. Thus, this situation presented
a "learn as you go" scenario.
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The use of undefined agency objective can discourage effective or creative input from
regulated or interested parties where those parties do not know what the true standard is
that is being applied. While such an agency approach is counter to the "notice and
comment" rulemaking requirements under the ESA (U.S. Congress 1973), as a practical
matter it does occur and needs to be considered in specific critical habitat or other ESA
decision making contexts such as the Napias Creek situation.

Ultimately in the Napias Creek situation, the scientific data and the logical conclusions
based on that data prevailed. The agency revised the critical habitat designation for the
area to remove upper Napias Creek from treatment as critical habitat for ESA-listed
Snake River spring/summer chinook salmon (NMFS 1999). NMFS also determined in
subsequent rulemaking that upper Napias Creek was not critical habitat for ESA-listed
Columbia River Basin steelhead.

In revising the critical habitat designation in October 1999, NMFS indicated that certain
conditions previously imposed through the Beartrack Mine Biological Opinion related to
critical habitat in upper Napias Creek would no longer be applicable. NMFS noted that
this critical habitat revision would lessen the economic burden on the mine operator from
those measures previously contained in the mine's revised Biological Opinion.

The resolution of this situation for Napias Creek demonstrates how the appropriate use
of the ESA Section 4 petition process and the technical and scientific information
brought to bear on the problem can result in cost savings and more flexible and efficient
management options for all parties concerned, while at the same time ensuring that the
continued biodiversity benefits and goals of the ESA are not compromised.
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THE MARSHALL PIT-MINED LAND RECLAMATION,
PREBLE'S MOUSE HABITAT, AND WETLANDS CREATION

Michael 1. (Mike) Hart

Hart Environmental
P.O. Box 1303

Boulder, CO 80306

ABSTRACT

Many sand and gravel sites in Colorado are uniquely suited to the creation of wildlife habitat in
general and wetlands in particular through innovative mined land reclamation practices. A sand
and gravel mine located in the floodplain of South Boulder Creek was successfully reclaimed as a
viable self-sustaining wetland complex. Known as the Marshall Pit, today this reclaimed site
supports diverse wetland flora and fauna, including Preble's Meadow Jumping Mouse (Zapus
hudsonius preblei), which was recently listed as a threatened species under the Endangered Species
Act.

INTRODUCTION

The purpose ofthis paper is to describe, in general details, the Marshall sand and gravel pit and the
development of the site for the purpose of creating wetlands. The paper will briefly describe the
site, its history and the development of the site for wetlands and Preble's Meadow Jumping Mouse
habitat.

Through the reclamation of mined sand and gravel sites, aggregate producers have a unique
opportunity to create viable wetlands ecosystems on large tracts of land, ultimately developing
wetlands that serve a variety of functions including habitat for threatened and endangered plants
and animals.

SITE DESCRIPTION

The Marshall Pit is located in the West 1/2 of the East 1/2 section 16, township one south, range
70 west of the sixth principal meridian in Boulder County, Colorado. It is a triangular parcel
bounded by South Boulder Creek to the east and southeast, City of Boulder open space to the west
and the "Deepe Fann" sand and gravel pit operated byWestern Mobil, Inc. to the north.

The 21.5 acre site lies in the floodplain of South Boulder Creek. The adjacent properties are
currently used for farming, livestock grazing and sand and gravel mining. The majority of the
adjacent acreage is owned by the City of Boulder as open space. Low density residential housing
exists to the southeast. The settlement ofMarshall is located approximately 1/2 mile south of the
site.

Historical data indicate that the Marshall Pit was homesteaded before the tum of the century and
has been used for ranch and farmland until mining began in about 1965. Aerial photographs ofthe
site were reviewed in order to identify historic land use patterns and to confinn that the site
contained no wetlands prior to the beginning ofmining in 1965 and 1990.
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Records indicate that Hom Construction began open pit sand and gravel mining on the 21.5 acre
Marshall Pit in about 1965. However, mining operations ceased shortly thereafter and the site
remained unmined until 1990. In 1972 the Marshall Pit was acquired by the present owners,
Loveland Ready Mix Concrete, Inc. In 1989 Loveland Ready Mix received special use approval
from the Board of County Commissioners of Boulder for an open pit sand and gravel mine at the
Marshall Pit. Loveland Ready Mix was also granted a mining and reclamation permit by the
Colorado Mined Land Reclamation Board in 1989. Mining at the Marshall Pit began in 1990 and
was completed in 1991, at which time reclamation ofthe pit began and was completed in 1995.

MINING PROCESS

The alluvial valley of South Boulder Creek contains extensive sand and gravel deposits. These
deposits range from a few feet in thickness up to 20 feet in some areas. Underlying the sand and
gravel deposits is the Pierre Shale formation, which is several thousand feet thick. The sand and
gravel of the Marshall pit averages approximately 8 feet in thickness. The most recent gravel
mining at the Marshall pit began in 1990 and was completed in 1991.

Mining at the Marshall pit began with the excavation of a dewatering trench around the perimeter
of the pit. Following excavation of the dewatering trench the ground water captured in the trench
was pumped from the site in order to dry out the gravel deposit to be mined. Once dried, the sand
and gravel was excavated down to bedrock using front end loaders. The excavated gravel was then
transported by conveyor from the mine site to the sand and gravel plant for processing.

Following the removal ofthe sand and gravel, the excavated pit was then divided into four settling
ponds that were used to dispose ofwash :fines from the sand and gravel processing plant.

RECLAMATION CONCEPTS

The reclamation plan for the Marshall Pit involved the creation of a series of four settling ponds
that were used to settle out fines from the nearby sand and gravel processing plant. The settling
ponds act to decant the gravel wash water by settling out fine particles. These particles are
typically less then 74 microns or 200 mesh in size. Wash water from the processing plant was
pumped to the first of four settling ponds where it then flowed via culverts from one pond to the
next, eventually depositing the majority ofthe wash water fines in the various settling ponds. After
filling, the area around each pond and the dike that separates one pond from the next was graded
and seeded and the surface revegetated. The last ofthe four settling ponds was filled in 1995.

After the ponds were filled to the desired elevation, the wash fines continued to settle over time,
thereby producing a unique landscape with subtle variations in surface elevations. For the purpose
of creating wetlands, these surface variations serve to establish zones of saturation that support
diverse wetlands vegetation.

HYDROLOGY

There are two primary sources of water for the Marshall Pit: ground water and surface water. The
Marshall Pit is located in the floodplain of South Boulder Creek, which contains ground water
saturated alluvial sand and gravel found throughout the stream corridor. The elevation of the
ground water fluctuates with the hydrologic cycle as evidenced by the fact that several years of
ground water monitoring, adjacent to the Marshall Pit. indicated a depth to ground water ranged
from one to four feet. Because the ground water is close to the surface, filled settling ponds may
have open water surface areas and/or saturated soils at or near the surface.
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In addition to ground water hydrology. the Marshall Pit also benefits from the availability of
surface water from the irrigation of pasture land west of the pit. Flood irrigation practices
supplement the prevailing hydrologic conditions by providing irrigation surface runoffto the site.

In order to establish hydrologic conditions capable of supporting diverse wetland plant species
surface water control structures have been installed between each wetland basin. These passive
devices were designed to maintain basin water elevations sufficient to establish various zones of
saturation in each wetland basin.

Because the fall of the land is from south to north, the wetland basins are stair-stePPed. which
allows for the movement of water from one basin to the next. As the water level in anyone basin
rises to the design elevation for that basin. water overtops the batter boards and flows by culvert to
the next pond where the process is repeated.

Once the desired hydrologic conditions have been established, the outfall elevation of each
diversion structure will be permanently secured to prevent the water surface in each basin from
being altered. This self-sustaining hydrologic regime will rely on natural ground water fluctuations
associated with the alluvium ofSouth Boulder Creek and the surface water that drains onto the site
from lands to the west.

CREATED WETLANDS

Experience has shown that the wash fines deposited in the settling ponds provide an excellent
growing medium for wetlands vegetation. Thi combination of excellent hydrologic conditions and
growing medium in the fonn ofwash fines resulted in extensive volunteer wetlands vegetation. The
design and construction of the Marshall Wetlands was guided by several important factors
including:

1. The ability to selectively fill each pond with wash fines to various desired elevations;

2. The hydroscopic nature ofthe wash fines;

3. The ability to establish various zones ofsaturation in each basin. and

4. The ability to fully utilize the existing hydrologic conditions.

The basic goal of the Marshall Wetlands was to create a diverse hydrologic regime capable of
supporting diverse wetland plant communities.

WETLAND FUNCTIONS

To date, the results of the vegetation monitoring have shown that the dominant species in the
wetlands areas are primarily wetland species that contribute to the development of hydrophytic
vegetation. The abundance ofthese species indicates that the hydrological conditions necessary for
wetland development are present at the site. In addition to the development of wetland structure,
observations suggest that varieties ofwetland functions are also present within the created wetland
areas.

The wetland functions described below have developed over the past eight years and will continue
to develop as the wetlands become more mature. Of the eight functions described below, the
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wetlands have the greatest potential to continue to develop as wildlife habitat, habitat for
threatened species, and to provide passive recreation and scientific study opportunities.

Wildlife Habitat

The wetland areas provide a variety ofdifferent habitat types that support a diverse assemblage of
wildlife species. The open water areas provide resting areas for resident and migratory waterfowl
as well as providing suitable conditions for fish, amphibians, and aquatic reptile species. The
shallow water provides hunting areas for large shorebirds, like Great Blue Herons. The meadow
and mud flat areas provide habitats for smaIl mammals and smaller shorebirds, and the cattail
marshes provide nesting sites for Red-winged Blackbirds. Willow shrubland areas provide nesting
sites for a variety of songbird species and provide shelter sites for white-tailed deer. Although
there is currently much more open water habitat in the Boulder Valley than existed prior to
settlement, there is only a limited amount of open water habitat in the vicinity of the Marshall
wetland site. The open water and the wetland types associated with the settling basins provide
important habitat features that complement the riparian vegetation associated with the adjacent
floodplain areas along South Boulder Creek:. The mud flats in Pond 3 represent a habitat type that
is restricted in areal extent in the Boulder Valley. In pre-settlement times, this habitat type would
have been present along streams following flood events. Otherwise, the type was absent. Summer
resident birds such as Killdeer and American Avocets utilize this habitat throughout the summer.
Other shorebirds may use this site only during migration, when it serves as an important resting­
feeding area.

Groundwater Recharge

Water from irrigation return flows, precipitation, and irrigation diversions flow into the wetland
areas. Some of this water evaporates, some is consumed by vegetation, some flows through the
wetland areas, and some recharges the alluvial aquifer along South Boulder Creek.

Retention Basin

Although the wetland areas were not designed as retention basins, their location and configuration
are such that under flood conditions along South Boulder Creek, the wetland basins would serve to
retain flood water, which could be slowly discharged from the downstream outlet in Pond 4.

Nutrient Removal

This wetland function is occurring to a limited extent in the Marshall wetlands. Water from
irrigation return flows and diversions from irrigation ditches often contains increased
concentrations of nutrients. As the water flows through the wetland areas, some of these nutrients
are being removed as a result ofthe growth ofvegetation.

Recreation

Although the Marshall wetlands occur on private land., opportunities for passive recreation are
excellent because of the proximity of adjoining public open space lands. From the open space
trails, it is possible to view wildIife on the open ponds and mud flat areas.
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Scientific Study

Currently. the only scientific studies that are being conducted on the site consist of wetland
vegetation monitoring studies. Several public elernentaIy and high schools are near the site. and
the University of Colorado main campus is within several miles. These institutions could make use
ofthe site for a variety ofwetland studies.

Habitat for Threatened or Endangered Species

Two federally listed threatened species occur in the Boulder Valley. Ute Ladies Tresses Orchid
(Spiranthes diluvialis) occurs within one mile of the Marshall wetlands. and Preble's Meadow
Jumping Mouse bas recently been observed on the site. Both of these species are dependent on
wetland conditions as essential habitat components.

Visual Qualities

In addition to providing habitat for a variety of species. the overall appearance of the wetlands is
aesthetically pleasing. The combination ofopen water. marshes. and shrublands creates a pleasant
mosaic. which provides diverse photographic opportunities.

SUMMARY

• The wetlands created at the Marshall site support a wide variety of plant species. most of
which are either obligate wetland. facultative wetland, or facultative species. Hydrophytic
vegetation dominates most ofthe wetland areas in each ofthe four ponds.

• Cover data collected since 1996 suggest that the overall cover by hydrophytic species is
increasing and the cover ofless desirable species, such as birdsfoot trefoil is decreasing.

• Observations made in 1996. 1991. 1998. and 1999 suggest that the wetlands continue to
support a diverse wetland flora.

• The created wetlands provide an important ecological complement to the already existing
habitats on the adjacent South Boulder Creek floodplain.

• The conditions created in the wash fines disposal basins are appropriate for supporting a
variety of wetland types including cattail marshes, willow shrublands. meadows/marshes
dominated by rushes and sedges. and open water habitats.

• The created wetlands are providing a variety offunctions.

• There is no indication that the wetlands developed at the Marshall site are likely to dry out.
The proximity ofthe water table in combination with the fine texture of the wash fines. as
well as seasonal inflow of irrigation return flows tends to keep the areas very moist or
saturated at the surface.
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COLORADO'S LYNX REINTRODUCTION ­
THE GOOD, nIB BAD AND THE UGLY

Gene Byrne

Wildlife Biologist
Colorado Division ofWildlife
Glenwood Springs, Colorado

ABSTRACT

Lynx are medium sized and specialized feline carnivores native to Colorado. Lynx are
highly dependent on snowshoe hares as their main prey. Lynx are still present in good numbers
in the boreal coniferous forest across the core range in Canada and Alaska. In 16 ofthe lower 48
states, they are proposed for federal listing as threatened (this decision should be made on January
8, 2000). It appears that lynx were once quite common in Colorado but began a rapid decline
around the tum ofthe century. The last confinned wild lynx was taken in Colorado on the slopes
of the Vail Ski area in 1973. In the spring of 1997, the Colorado Division of Wildlife (CDOW)
initiated a proactive program to recover this species in Colorado. After conducting a habitat
assessment involving a statewide track and pellet plot survey for snowshoe hare, the southwest
comer of the state was selected as the best area. The project has been controversial and bas
resulted in protests from animal rights activitists, a lawsuit, and attempts to halt the capture of
lynx in Alaska and Canada. Despite the opposition, the CDOW was able to release 41 lynx in the
winter of 1998-1999. Fifty more lynx are planned for release in the winter of 1999-2000. An
update on the status ofthe reintroduced lynx, what has been learned; and the possible impacts of
activities such as timber management, wildland fire management, recreation (snowmobiling, ski
areas), roads/trails, livestock grazing, trapping and predator control impacts to lynx will be
discussed.
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COAL BASIN MINE RECLAMATION CASE STUDY

Steven G. Renner

Colorado Division ofMinerals and Geology
2148 Broadway, No. C-5

Grand Junction, Colorado 81503

ABSTRACT

The State of Colorado, Division of Minerals and Geology is in the process of accomplishing
reclamation of a previously permitted coal mining operation located in a high mountain basin. Coal
Basin is a large erosional feature located on the east facing slope of the Grand Hogback in western
Pitkin County, Colorado. High average annual precipitation, steep slopes and erosion prone soils
combine to create the highly erosive nature of this area. Mining operations have added to the
sediment load in local steam systems.

Five underground coal mine portal facilities, developed in the 1950's and 1960's along the steep
flanks of Huntsman Ridge, are situated in this rugged sub-alpine environment. Coal processing
facilities, including a wash plant, thermal drier and coal refuse piles are located approximately five
miles east ofthe mine entry areas at the confluence ofCoal and Dutch Creeks.

Mining operations ceased in the early 1990's. Eventually, the operating permit was revoked and the
reclamation bond forfeited. Minerals and Geology assumed responsibility for accomplishing
reclamation ofthe site in July, 1994.

Reclamation operations have focused on minimizing active and potential erosion, and resultant
sedimentation, from the mining related facilities. To this end, many different erosion and sediment
control techniques have been adopted, and unique revegetation procedures have been undertaken, as
the reclamation process continues.

INTRODUCTION

Since 1995, the State of Colorado, Division of Minerals and Geology (DMG) has been actively
accomplishing reclamation of a previously pennitted underground coal mining complex in Pitkin
County, Colorado (Figure 1, Coal Basin Mine). The Coal Basin Mine complex is large and diverse,
with great variations in elevation, exposure, slope and topography throughout the Basin. Reclamation
of the Coal Basin Mine complex has been subdivided into numerous sub-components or tasks. The
public and various governmental agencies have been very involved in the reclamation process, which
bas contnlmted to the overall reclamation success at Coal Basin.

The original Coal Basin Mine began operations in the 1890's. Coal was mined from near the
headwaters of Coal Creek as a part ofthe coal mining and steel empire of John Osgood. Operations
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ceased in the early 1900's. Mining resumed at Coal Basin in about 1953, and continued until 1991.
Metallurgical quality coal was produced from five separate underground mines located in the western
portion ofthe Basin. The mine entries are located high in the Basin at elevations ofabout 10,000 feet.

Following cessation of operations, the mining permit was revoked and the reclamation bond forfeited
by the State of Colorado. In early 1992 the company filed for Chapter 11 bankruptcy protection. The
Colorado Mined Land Reclamation Board was a secured creditor in the bankruptcy proceedings, and
eventually received three million dollars in cash and services to satisfy its claims. The cash proceeds
have been used to finance most ofthe on-going reclamation projects at the site.

ENVIRONMENTAL SETIlNG

The Coal Basin Mine is located within a topographic feature known as Coal Basin. Coal Basin is a
large erosional feature situated on the .flank of the Grand Hogback, just north of the West Elk
Mountains. Coal Creek and Dutch Creek: drain Coal Basin. These streams are confluent near the
eastern margin ofCoal Basin. Coal Creek is confluent with the Crystal River near Redstone, Colorado,
four miles downstream from the mine site. The Crystal is confluent with the Roaring Fork River at
Carbondale, Colorado, approximately eighteen miles downstream ofRedstone.

Coal Basin is located in a sub-alpine environment. Plant communities are predominately aspen at lower
elevations and Engelmann spmce at the mine entry areas. Average annual precipitation within the Basin
is thirty-one inches.

Coal Basin is characterized by unique geologic conditions. Cretaceous Mancos Shale, a deep marine
grey to black silty shale, predominates within the Basin up to an elevation of about 9,800 feet above
mean sea level. The Mancos Shale fonns steep slopes throughout the region.

Confonnably overlying the Mancos Shale is the upper Cretaceous Mesaverde Formation. The
Mesaverde is a thick sequence ofinterbedded sandstones, shales and minable coal units. The Mesaverde
Formation is a steep cliff-forming unit, with sandstone members forming the vertical walls ofHuntsman
Ridge at the western margin ofthe Basin.

Due in large part to the relatively high annual average precipitation and the great exposures of the
erosive Mancos Shale and Mesaverde Fonnation, the Basin experiences a very high degree of erosion
annually. Because ofthe high natural erosion rates, Coal and Dutch Creeks transport large volumes
of sediment annually. The mining pennit application estimates that 15,225 tons of sediment per year
is generated due to naturally occurring processes within Coal Basin.

RECLAMATION CHALLENGES

The challenges faced in accomplishing reclamation at Coal Basin are related to the large size of the
mining operation and the physical characteristics ofthe Basin.

The mines are separated by about five miles from the southern most to northern-most entry area.
The entries are connected by an approximately fifteen mile long road system, which joins each of
the entry areas to the Wash Plant Area, located near the confluence of Coal and Dutch Creeks.
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Thee refuse piles are located about one mile apart from each other, while the coal preparation plant
and office warehouse areas are in a relatively confined area. All told, approximately 333 acres of
disturbed area are located within the 11,386 acre permit area.

The steepness of the topography, combined with the relatively high average annual precipitation
results in high rates of erosion within the Basin. Erosion of the fill slopes located below the mine
entry areas, and erosion from the road system have been identified as the two largest contributors of
sediment from mining related :facilities to adjacent water resources.

Reclamation Goals

The primary goals ofthe reclamation process at Coal Basin have been three fold; minimize erosion
from mining related facilities, reduce sediment delivery from mining related disturbances to water
resources in Coal Basin, and implementation of the post mining land uses identified in the mining
permit and as described by the land owners and land management agency.

These goals are being implemented via the reclamation process, as the goal of each Project is to
attain a greater degree of geomorphic stability through earth moving, runoff conveyance and
revegetation techniques which are implemented during each reclamation construction phase.

Reclamation Sequencing

Funding for the reclamation projects has been primarily derived from funds made available to
Minerals and Geology from the proceeds ofthe bankruptcy liquidation ofthe former operator. The
assets were liquidated over a four to five year period oftime. This resulted in reclamation funding
being provided on a somewhat sporadic basis, because projects are bid out only as funds become
available.

Because funding would be provided over the course ofa few years, reclamation priorities had to be
established. An inventory of the mine facilities, and a ranking of the existing or potential
environmental hazard of each was established. This review indicated that the greatest
environmental needs were at the mine entry areas, at portions ofthe road system and at one of the
coal refuse piles. Given this evaluation, reclamation at Coal Basin began in 1995 at Mines 3 and 4,
and at the Sutey Coal Refuse Disposal Area (Figure 1, Coal Basin Mine).

In subsequent years, reclamation proceeded at discreet locations, progressing down hill toward the
coal preparation :facilities area. A notable exception to this sequencing was the timing of
revegetating the mine bench outslopes. This effort was accomplished in two stages, and is
discussed in some detail later in this paper. Evaluations of how to best accomplish revegetation of
the slopes occurred through 1997. In the mean time, it was decided to accomplish reclamation of
three haul roads which provide access to some of the mine bench outslopes in 1996. This decision
was made primarily to quickly reduce the sediment contribution from the road drainage systems to
adjacent streams, recognizing that the mine outslope revegetation effort could be accomplished at a
later date with a minimum of re-disturbance to the reclaimed road surfaces.
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Reclamation progressed toward the coal preparation plant area, which was reclaimed in 1999.
Sequencing of Projects in order to minimize re-disturbance and to reduce the potential of
contractors' work areas from overlapping has been an important aspect of the overall reclamation
plan. Completion of most reclamation is planned for the 2000 construction season, with
maintenance occurring thereafter.

PROJECT OVERVIEW; INTERESTING AND CHALLENGING PROJECTS

Whenever possible, reclamation projects were designed to accomplish as many tasks at one
construction area as feasible, in order to maximize the environmental benefit from the costs
involved in the construction.

A good example of accomplishing multiple goals through a single reclamation task is the
backfilling of the mine entry areas. In order to accommodate structural demolition during the
reclamation process, all metallic materials were removed from the site, while concrete was
demolished and placed at the base of the high.wall. Coal materials were excavated from the bench
areas, placed and compacted over the concrete mbble. Earthen materials were then excavated from
the crest of the mine bench outslopes, and were transported, placed and compacted over the coal.
Excavation from the crest of the mine bench outslopes served dual purposes. First:, it provided a
relatively coal free growth medium backfill for the final reclamation of the highwalls. Secondly,
excavation ofthe material was accomplished in a manner which eliminated the operational drainage
system, which was partially responsible for the severe gullying on the outslopes. Excavation in this
manner promoted more unifonn dispersal of snowmelt and rain water over the outslopes, thus
helping to begin the outslope stabilization process.

Road E, F, G Reclamation Project, 1996

Approximately fifteen miles ofhaul roads exist at the Coal Basin Mine. The roads begin at the coal
preparation facilities area at about 8,300 feet elevation, and continue on to the various mine entries
at 10,000 feet. These roads traverse both Coal and Dutch Creeks, as well as a number oftributaries
and small drainages. The roads vary in width from about forty five to sixty feet. During mining
operations, the roads were designed to accommodate coal haulage trucks year round. The roads
slope toward the inside at about two to five percent. A drainage ditch is present at the inside margin
of each road. The ditch allows the road run offto drain to culverts which pass under the road. The
drainage emerges from the culverts, and spills onto the fill slope at the outside margin of the road.
The :fill slopes are generally composed of highly erodable marine shales, and thus experienced
significant erosion as a result ofthe addition ofthe road runoff.

The road reclamation plan contained in the mining pennit called for narrowing the roads to about
twenty feet, but contemplated retention of the ditch and culvert drainage system. Because
reclamation in this manner would not significantly alleviate erosion caused by the road drainage,
Minerals and Geology formulated a plan to accomplish the goal of minimizing sedimentation from
the roads and fill slopes.

Reclamation entailed removing about 36 culverts from nine miles ofhaul roads located on the north.
side of the Basin. Following culvert removal, the road gradient was reversed by moving dirt from
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the fill, or outside, of the roadway to the cut, or inside, of the road. This gradient reversal caused
the roads to slope to the fill side at a grade of two to five percent. Once the gradient was reversed,
low water crossings were constructed at the creek crossings. Water bars or road dips were
constructed at each larger ephemeral drainage, and at numerous other locations as well. All of these
structures were designed to move water from the cut side to the fill side of the road as it would bad
the road system not interrupted the drainage pattern. As a final surmce flow modification
technique, the graded road surface remnants were deeply ripped using a light dozer. Rippers were
spaced at thirty inches and sunk to a depth ofabout sixteen to eighteen inches. This caused the road
remnant 10 become severely roughened, which helps promote revegetation potential and encouraged
infiltration while disrupting surface flows, thus decreasing flow concentration. Finally, the
reclaimed road surface was revegetated using weed free straw mulch and the Coal Basin Seed
Mixture (Table 1, Coal Basin Mine Seed Mixture).

Table! Coal Basin Seed Mixture.

SPECIES
SCIENTIFIC VARIETY

LBS/Acre
NAME PLS

Kentuckv BlueJU3,Ss Poa vratensis Banff 0.25
SlenderWh s Auovvron traehveaulum San luis 3.00
Mountain Brome Bromus marJ!jnatus Bromar 3.00

Tufted Hairgrass Deschampsia caespitosa Peru creek 0.20

Sheep Fescue Festuca oYina Covar 1.50
Timothv Phleum vratense Climax 0.25
Orcbardsmlss Dactylis S!.lomerata Dawn 0.76
Alpine Blue2f3,Ss Poa alvina VNS 0.25

White Clover Trifolium repens Ladino 0.76

Cicer Milkvetch Astragalus cieer Monarch 0.76
Lewis Blue Flax Linum lewisii Appar 0.76
Yarrow Achillea millefolium VNS 0.10

Snowberry Symphoricarpos sp. VNS 0.38

Woods Rose Rosa woodsii VNS 0.38

Rocky Mountain Penstemon slrietus Bandera 0.38
Penstemon

The techniques employed were successful in meeting the goals of minimizing sediment
contributions from the road system. Erosion ofthe reclaimed road surfaces and ofthe adjoining fill
slopes is virtually non-existent three years following completion ofreclamation.

When accomplishing reclamation of the remaining roads, it may be advantageous to increase the
reversed gradient to as much as ten percent toward the fill slope. This may have some benefit in
further promoting revegetation and in helping to stabilize the cut slope. However, the increased
cost ofplacing additional fill needs to be weighed against the predicted benefit. Another technique
which may be modified in the future is the road surface ripping. The 1996 ripping occurred parallel
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to the road. In the future, additional runoff control may be achieved during the first year following
reclamation by ripping sub-parallel to the road surface, with the dozer angled toward the cut slope.

Dutch Creek Diversion Project. 1998

During mining operations, Dutch Creek, immediately above its confluence with Coal Creek, was
diverted into a concrete lined channel. This twelve to fourteen feet wide by four feet tall structure
was over six hundred feet long, and was bounded on the east by coal refuse and on the west by the
mine facilities yard. Near the end of the life of the mine, the structure suffered from holes being
punctured in its base as a result of the boulders which pass down Dutch Creek during flash floods
and spring runoff. Further, the end wall foundation appeared to be near failure.

Minerals and Geology spent a considerable amount of reclamation funds to maintain the integrity of
the flume during heavy runoff, and to accomplish repairs to the base of the flume. Although
planned by the mining company to be a permanent structure, it became increasingly apparent that
the flume would be a perpetual maintenance problem, and would certainly fail at some point in the
future.

In order to address this problem, Minerals and Geology applied for a grant from the Office of
Sur.filce Mining (OSM). The grant was approved and funds were awarded for the purpose of
constructing a replacement channel for the flume.

OSM personnel, assisted by Minerals and Geology staff, conducted extensive field work during the
summer of 1995. These investigations, which focused upon the geomorphologic characteristics of
Dutch Creek above its point of diversion into the flume, led to the development of a stream channel
design by an OSM hydrologist. The design accommodated the dynamic nature of Dutch Creek,
including its propensity to transport large volumes of coarse sediment on a yearly basis. The new
channel is not an engineered structure, but is designed to be a geomorphically active system which
mimics the natural characteristics of Dutch Creek. The approximately 1,250 feet long stream
segment is actually a channel within a channel. The outer channel consists of four large meanders,
while the incised inner channel has about twenty five meanders. The incised inner channel has
sufficient capacity to accommodate normal annual flows, while the outer channel acts as an
overflow channel to accommodate larger flows. The design allows for migration of the inner
channel meanders over time.

The channel was constructed during low water conditions in the fall of 1998. The foot print of the
channel was established using real time global positioning system (GPS) instruments to locate and
stake the top ofthe channel sides on-the-ground, including cut and fill depths and the outer channel
meander locations. Once the heavy equipment had roughed out the outer channel, the inner channel
was similarly surveyed and staked. Construction of the inner channel was accomplished by over­
excavating using a track hoe. Rip rap, salvaged from the old Dutch Creek channel, was then placed
within the inner and outer channels to design specifications. The creek was diverted away from the
flume and into the new channel, in November, 1998.

As expected, step pools formed during the spring 1999 runoff. The inner channel accommodated
the runoff volume, but cutting at the junction of the diversion and the natural Dutch Creek channel
caused some aggradation to occur within the inner channel between the first and second outer

-29-



channel meanders. This deposition created a braided stream pattern within the inner channel for
about a one hundred feet length. ofthe stream.

Morphology of the reconstructed channel will be monitored over time. Permanent cross section
monitoring points have been established along one bank of the channel. These cross sections are
surveyed on an annual basis to document channel modifications.

Old Refuse Pile I Abandoned Mined Land Fee Funded Projects; 1998, 1999

The Old Refuse Pile is a large facility which accommodated reject from the wash plant for at least
twenty years. The older, eastern portions of the pile, were constructed prior to enactment of the
Surfuce Mining Control and Reclamation Act of 1977. Therefore, this area was eligible for
reclamation funds provided to Minerals and Geology by Abandoned Mined Land Fees. Two
Projects have been undertaken at the Old Refuse Pile in order to reduce the risk of large failures,
and to ameliorate the steep slopes which characterize this area. The Huntsman Project was
completed during the 1998 construction season, while the Bear Creek Project was completed during
the 1999 construction season. These Projects reduced the I H: I V slopes ofthe Old Refuse Pile to
2 H : I V or flatter.

Huntsman Project;

The Huntsman Project is an example of Abandoned Mined Land funds being used to accomplish
pre-law reclamation while enhancing overall site rehabilitation.

In order to achieve the desired 2 H : I V slope configuration at the Huntsman Project area,
approximately 55,000 cubic yards of coal refuse had to be cut from the refuse pile. However, due
to the proximity ofCoal Creek at the toe ofthe pile, there was no room to store the majority of the
excavated material near the cut area.

During completion of structural demolition at the wash plant area earlier in 1998, about 50,000
cubic yards ofdemolished concrete had been pushed into a flat - topped pile about one and one half
acres in size. The refuse excavated during the Huntsman Project was transported about one quarter
mile from the cut area, and was placed over the top of the rubbelized concrete, and compacted in
place. Placement of the material in this area created an approximately two acre, slightly crowned
hill at the base of a vertical cut slope. This landform compliments the post mining land use in this
area, while accommodating the completion ofthe Huntsman Project.

Due to the length ofthe Huntsman cut slope, it was apparent that a slope break was desirable. 'The
reclamation contract specified the construction of a ten feet wide, slightly inclined bench located
mid-slope to address the slope break concern. However observations at other reclaimed facilities in
Coal Basin indicated that snow accumulation and differential melting at bench slope breaks
generally leads to their failure, resulting in large gully developmen~a process particularly prevalent
on north facing slopes, as is the case at the Old Refuse Pile. A different method of creating the
desired slope breaks needed to be implemented in order to disperse snowmelt runoff and minimize
slope erosion. As a resul~ the concept of creating dozer dips to act as slope breaks was formulated.
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Hundreds of dozer dips were constructed by placing a light dozer at the toe of the reclaimed fill
slope following topsoil placement. The dozer backed up the slope about ten to :fifteen feet, dropped
its blade and pushed forward (downhill) until a mound of topsoil six to eight inches tall
accumulated at the blade. The dozer would then lift its blade and back up and repeat the process
until it reached the crest ofthe slope, where it would move to the side and proceed to the base of the
slope to start the process all over again. This occurred until the entire slope was covered by these
dips.

Observations made the spring following construction indicated that, for the most part, the dips
functioned as intended. In some areas where the vertical spacing was too great, the dips had a
tendency to drain at the edges, periodically forming small rills at these locations. Overall, the
height and horizontal spacing ofthe dips appeared to be adequate to prevent gully formation.

Bear Creek Project;

Like the Huntsman Project, the Bear Creek Project was designed to ameliorate pre-law
oversteepened slopes of the Old Refuse Pile. This was accomplished by cutting approximately
90,000 cubic yards of material from the upper segment ofthe facility, and compacting it at the toe
until the target overall slope gradient was achieved. Following completion of cut and fill
operations, the cut portion of the slope was ripped using a light dozer working horizontally across
the slope. Eight to ten inches of topsoil were applied to the slope after ripping operations were
completed.

After completion oftopsoil application, weed free straw mulch was applied at a rate oftwo tons per
acre. A light tmckhoe was then used to create thousands of small hummocks on the six acre
reclaimed area. The hummocks are approximately thirty inches wide, twelve to fourteen inches
across and ten to sixteen inches deep. The hummocks were constructed in a random pattern, but
never more than thirty inches apart from one another in any direction. These hummocks will
severely disrupt the runoff pattern from the face of the pile, thereby minimizing erosion on the
reclaimed surface. Construction of the hummocks also incorporates the straw mulch into the soil
surface, which will help to hold soil particles in place during snow melt runoff and following rain
storms. The extreme roughness of the area should also enhance revegetation potential. Following
hummock construction, the area was fertilized and seeded.

Approximately 1,200 shrubs were planted at the toe of the reclaimed slope. The eastern half of the
toe was planted with containerized shrubs, while the western half was planted using locally
obtained willow cuttings. As these shrubs mature, it is anticipated that a natural sediment barrier
will be created. To complete the reclamation process, eight hundred trees were planted in clusters
throughout the cut and fill area.

Outslope Revegetation Proj~; 1996, 1999

As previously discussed, development of the mine entries resulted in the creation of long, steep fill
slopes, commonly referred to as mine bench outslopes. Typically, the outslopes are over 550 feet in
length, and vary in size from 2.1 to 7.8 acres. The outslopes are predominately composed of dark,
generally fine-grained sandstone and shale materials, with soil being essentially non-existent.

-31-



Overall slope angles vary from between 72% and 80%. The slopes are generally devoid of
vegetation and are subject to significant erosion, as evidenced by well developed gullies, which are
common on each outslope. Observations indicate that the mine bench outslopes are significant
areas of sediment generation.

Because of the sediment contribution attributed to these areas, it was determined that outslope
stabilization was a necessary component of site reclamation. The constraints of elevation, access
and steepness ofthe mine bench outslopes, as well as the sheer volume of material contained on the
slopes required that they be stabilized in place. Therefore, one or more methods of revegetating the
mine bench outslopes had to be developed.

Demonstrations were conducted at Mine 1 in 1996 for the purpose of creating shelves on the
outslopes which would serve the dual purpose of breaking the surficial crusting which is common on
the slopes, and ofproviding a resting place for seed, moisture and fertilizer.

In order to accomplish these goals, a four feet diameter drum roller was fitted with steel plates welded
with a twelve inch spacing (horizontal and vertical) between plates. The plates, made of one half inch
steel, are twelve inches in length and six inches in height, and are welded to the drum perpendicular to
the curvature ofthe roller in an alternating pattern. The roller is designed with a tongue so that it can
be pulled up and down the outslopes by a cable attached to a heavy dozer.

The roller performs differently than an imprinter in an important way. While an imprinter creates a
depression by compressing the ground surface into a depression in which seed, fertilizer and moisture
can accumulate, the modified roller gouges a shelf into the slope. This distinction is important in that
the full weight of the approximately four ton roller is applied to two or three thin steel plates at any
one time. This pressure forces the plates into the outslope material, and digs material out ofthe slope
as the roller moves up or down the outslope. The modified roller, because of the limited width of the
plates, was observed to wedge between rocks, continuing to create the desired surface modifications
even in these adverse conditions.

In the fall of 1996, the roller was applied to an approximately seventy five feet wide by one hundred
twenty five feet long area ofthe Mine 1 outslope. Following this scarification process, seed was hand
broadcast at a rate of about fifteen to twenty pounds pure live seed per acre. Commercial fertilizer
(18-24-0) was applied at a rate ofthree hundred pounds per acre and mulch was applied to the slopes
at a rate of about two tons per acre. Slope scarification and seeding in this manner were also
accomplished at this time on a steep east facing fill slope located below Road D immediately north of
Mine 1.

The use ofmulch as a cover was intended to shade the seed from the sun on these dark colored slopes.
The dark colored, generally south and southeast facing slopes get very hot at the Project Area
elevation. Therefore, the use of the mulch as a shade mechanism was thought to be beneficial to the
germination potential ofthe seed.

Initial observations of the slope in 1997 were encouraging. Visually, vegetation cover at the Mine 1
outslope was estimated to be about :fifteen percent to twenty percent. In 1998, transects were
evaluated for cover and species composition. The results of this analysis are presented in Table 2,
Vegetation Cover Establishment.
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E·C

Seeded September, 1996

T bl 2 Va e eget3.tlon over stunates

Mine 1 Outslope 1 Road D Outslope 1

Vegetation Cover (%) 25 20-25

Agropyron trachycaulum, Bromus Bromus inermis, Agropyron
inermis, Festuca ovina, Poa trachycaulum, Phleum pratense,

Predominate Species pratensis, Achillea mi/lefolium, Festuca ovina, Achillea rnillefolium,
Penstemon strictus, Linurn lewisii, Penstemon strictus, Linum lewisii,
Astragalus cicer Astragalus cicer

1

During the early stages of developing a revegetation procedure for the mine bench outslopes, it was
observed that a native grass species, purple reedgrass (Calamagrostis purpurascens), was growing on
the outslopes and on adjacent, undisturbed steep slopes. Seed from the plant was harvested in the
early fall of 1996. The seed was cleaned by hand, and broadcast both separately onto the scarified
outslopes, and in conjunction with the commercial seed mixture used during the revegetation efforts
at Mine 1. No germination was detected until the summer of 1998, when Calamagrostis
purpurascens seedlings were observed to be establishing on the site. In the area where Calamagrostis
purpurascens had been seeded without the commercial species, visual estimations indicate a cover of
up to fifteen percent had been established.

In an effort to promulgate a seed source for this material, DMG entered into a contract with the Upper
Colorado Environmental Plant Center (UCEPC), located near Meeker, Colorado. UCEPC agreed to
accept some of the Calamagrostis purpurascens seed, clean it, conduct germination tests and attempt
to cuhivate it on a limited scale. Germination tests had a positive result, with a 48% to 50% of the
tested seed germinating. Cultivation, however, proved to be difficult, with field plantings bearing few
seedlings. Greenhouse germination was more successful. UCEPC delivered to the DMG over one
thousand greenhouse grown seedlings suitable for transplanting in the summer of 1999.

Due to the success observed as a result of the demonstrations conducted at Mine 1 and at Road D,
DMG decided to undertake revegetation of the remaining mine bench outslopes replicating the hill
slope scarification and shelfconstruction accomplished in 1996. However, it was recognized that, for
the most part, the slopes which needed to be treated and seeded were much more remote, and
provided much greater access challenges than the relatively accessible upper reaches of the Mine 1
outslope. Therefore, an invitation for bid was issued which did not specify the mechanisms of shelf
construction to be employed. Rather, the invitation specified minimum dimensions of shelves, shelf
spacing and the minimum number of shelves per acre to be established.

The shelves constructed were ten inches in width and eight-inches deep, with a spacing of three feet
horizontally (perpendicular to the fall ofthe slope) and three feet vertically (parallel to the fall of the
slope). Construction in this inanner would result in creation of 3,588 shelves per acre, representing
1,596 square feet offlat surface per acre on the steep mine bench outslopes.

In early September 1999, Dirt-N-Iron, the Project contractor, began work: as crews were brought onto
the site. Using Macleod Fire Rake / Hoes, the shelves were dug into the slopes. The Macleod Fire
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Rake / Hoe is a rake-like tool that is composed of a steel plate fastened peI]>endicularly to the base of
a four and a half-foot wood handle. One side of the steel plate is a sharpened flat blade, measuring
about ten inches across. The opposite end is a four pronged rake, also measuring about ten inches
across the outside of the rake. Crew members worked ten to fifteen feet distant from each other,
spread horizontally across the slope. The crew worked from the top to the bottom of each slope.
Observation of the construction process indicates that perhaps twenty five percent more shelves than
was specified were actually created, yielding approximately 4,448 shelves per acre, representing up to
1,958 square feet offlat area per acre ofmine bench outslope.

While the hand crew was creating the shelves, a second crew was collecting and cleaning
Calamagrostis purpurascens seed. In addition, seed from a locally occurring aster (tentatively
identified as Aster glaucodes) was collected and cleaned.

Seeding was accomplished as the crew worked down the slopes. The commercially obtained seed
was distributed with a hand held seeding machine, while the seed from the two native species was
distributed on the slope by hand broadcast methods. Biosol 7-2-3, a slow release fertilizer, was
applied by helicopter at a rate of 1,800 pounds per acre. Certified weed free straw mulch was applied
at a rate of 2,000 pounds per acre. At four of the five outslopes, the mulch was also applied by
helicopter. Approximately twenty-four acres of steep mine bench outslopes were scarified, seeded
fertilized and mulched during performance ofthis Project.

Using the Calamagrostis purpurascens seedlings provided by UCEPC, approximately two hundred
(200) tubIings were planted across each ofthe five mine bench outslopes at mid-slope. The mid-slope
area was chosen for planting, as it is anticipated that seed produced from the plants will have an equal
chance ofbeing distributed either up- or down-slope by winds.

A variety of containerized shrubs were planted at the base of each slope. Approximately 540 shrubs
were planted at each area. The purpose of this planting was to begin the establishment of vegetative
sediment barriers. This planting effort will be followed up in 2000 by planting large volumes of
willow cuttings at the base of some of the mine bench outslopes. The 2000 planting will establish a
shrub layering affect in the target areas. It is anticipated that this follow-up planting will largely be
accomplished with the help and assistance ofvolunteers.

Measurement of the project success will be accomplished not only in terms of vegetation cover, but
also in terms of erosion control and sediment retention. In order to help assess sediment retention,
staffgauges were placed in sediment traps constructed at the toe of some of the outslopes in order to
measure sediment accumulation over time.

In an effort to indirectly measure the relative success ofthe revegetation effort as it relates to erosion
and sediment delivery from the outslopes to the adjacent water resources, gully monitoring points
were established within representative gullies on each ofthe treated slopes. Parameters such as gully
width, depth, steepness, soil characteristics and relative percent vegetation cover within each gully
contributing area were recorded, and will be monitored in the future.

In conjunction with the slope revegetation project, a stream. monitoring network has been established
on Coal and Dutch Creeks. Parameters monitored include suspended solids, settleable solids and
discharge. This network is designed to isolate the mine bench outslope contributions from naturally
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occurring sediment so that an analysis ofthe relative success ofthe mine bench outslope revegetation
effort can be made as vegetation matures.

PUBLIC PARTICIPATION AND SUPPORT

Reclamation has primarily been funded through the bankruptcy proceedings. However, these funds
were eannark.ed only for projects contemplated by the pennit reclamation plan. Site observations
indicated that, in order to effectively accomplish site remediation, other tasks would need to be
accommodated. Therefore, Minerals and Geology bas been very active in pursuing other avenues
of funding. Additional funding has been mainly developed through grants received from various
State and Federal agencies. The communities near the site have been very supportive ofthe pursuit
ofadditional funding in order to enhance the overall reclamation of Coal Basin.

An integral :factor in being able to obtain grants, and to build consensus within the community and
between interested agencies has been the creation of productive inter-governmental relationships.
Minerals and Geology has been very successful in establishing effective working relationships with
the Office ofSurface Mining, the White River National Forest, the Army Corps of Engineers, Pitkin
County, Colorado Division of Wildlife and the Colorado Department of Public Health and
Environment. The importance of involving the appropriate agencies at every level of reclamation
planning and implementation cannot be overstated. By maintaining productive relationships with
the various agencies, coordination of Projects and implementation of reclamation plans proceeded
with a minimum of delay.

One of the unique aspects of accomplishing reclamation of the Coal Basin Mine has been the
general level of interest that the process has inspired in government agencies and local citizens. One
success in the reclamation processes has been the involvement of many interested parties in the
reclamation process. Partnerships in the community have been developed between Minerals and
Geology, area citizens, local groups and organizations.

Public participation in, and support of the reclamation process has perhaps been one of the more
critical elements of successfully implementing reclamation at Coal Basin. Minerals and Geology
recognized the importance of gaining the trust of the community in order to achieve successful
reclamation of the site. It was thought that the best way to regain public confidence in the
reclamation process was by inviting the public to actively participate in the process.

In order to promote public participation, Minerals and Geology has participated in many
community meetings to discuss reclamation plans, and has hosted numerous tours of the site to
show and explain the reclamation process. Open and frank discussions about reclamation progress,
plans and practices have been held. Volunteer tree planting activities have been hosted in the past,
and volunteer shrub planting opportunities will be provided this coming season. Citizens have even
helped with surveying and pre-construction project layout. The media, as well as County
Commissioners, State Representatives and other Local, State and Federal officials have toured the
site.

A number of area schools have been very involved at Coal Basin in the past three years (fable 3).
School groups from Pitkin and Garfield Counties have participated in tree planting efforts in the
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past. Schools have also been using the area as an outdoor lab of sorts, in order to help teach the
concepts ofgeomorphologic restoration, revegetation and other reclamation processes.

Table 3. Coal Basin Reclamation Facts and Fi es.

Projects Completed

(3) Refuse Piles Reclaimed (51 acres)
(5) Mine entry areas and five fan entry areas reclaimed (31 acres)
(9) Miles ofHaul Roads reclaimed (51 acres)
(3) Industrial areas reclaimed (wash plant, thermal drier, warehouses, shops) (22 acres)
(3) coal stockpiles reclaimed (9 acres)
(6) Mine bench outslopes reseeded (29 acres)
Stream Channel reconsttucted (1,250 feet)

Grants Received

Two OSM Civil Penalty Grants (14 acres)

Non-Point Source Grant (24 acres)

Noxious Weed Control Grant (22 acres)

Two Abandoned Mined Land Fee Funded Projects (16 acres)

Public Involvement

Aspen Public Schools: Tree Planting
Colorado Rocky Mountain School: Tree Planting
Yampah Mountain High School: Reclamation and Energy Awareness Program Field Site
Carbondale High School: River Watch Program

Redstone Caucus
Redstone Community Association
Crystal Valley Environmental Protection Association
Roaring Fork Conservancy

CONCLUSION

Effective and efficient reclamation is being accomplished at the Coal Basin Mine by the Division of
Minerals and Geology. This success is largely attributed to the prioritization of reclamation needs,
accomplishing multiple reclamation objectives through creative construction planning, the selective
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use of grant monies to target areas not subject to reclamation funding by the forfeited bond, and the
involvement oflocal citizens in the process.

The use of technology, particularly real time global positioning system, has greatly enhanced the
ability of the Division to produce accurate pre- and post-reclamation topographic maps and cross
sections, which provide contractors a greater degree ofconfidence in their ability to efficiently bid a
Project. This leads to economic completion ofProjeets by encouraging well thought out bids, and a
minimum of field modifications. The development of close working relationships with contractors .
has lead to the implementation ofinnovative reclamation solutions.

The implementation of newer techniques has helped to enhance the reclamation product. Severe
surface disruption enhances revegetation potential, while alleviating erosion problems. Creation of
benches on the steep mine bench outslopes, either by hand or by mechanical means, provides an
economic approach to steep slope revegetation. Finally, the use of geomorphically active design
parameters when approaching stream channel reconstruction problems lends itself to the creation of
a natuIally functioning system, which, ultimately, is the goal of reclamation.
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ABSTRACT

For nearly:fifty years the Queens Canyon, Pikeviewand Snyder quarries have been at the center
ofpublic controversy in Colorado Springs, Colorado and El Paso County. Many citizens believe
that the highly visible quarries adversely affect the scenic quality of the Colorado Springs
foothills. Over the years the quarries have provided native stone to build the Air Force Academy,
the Colorado Springs airport and much of the residential and commercial development in and
around the city. As the community grew, so did the quarries. In the early 1990's a remarkable
community effort was initiated to develop visual objectives for the reclamation of the quarries
and to recapture the scenic quality of the disturbed land. The effort involved city, county and
state governments, community groups, local businesses, private citizens and Castle Concrete
Company, the owner of the quarries. Funds for the project were generated from both public and
private sources. The objective has been to blend the visual appearance of the quarries with the
less disturbed surrounding landscape. After nearly ten years, a significant amount of this work
bas been completed by Castle Concrete and hundreds, ifnot thousands, of volunteers.

INTRODUCTION

The adverse visual affect of various types of development upon Colorado's Front Range has been
an issue for many years. Quarries that have provided materials to support the development have
been singled out as adversely affecting the scenic backdrops of Front Range communities. The
Queens Canyon, Pikeview and Snyder quarries near Colorado Springs in El Paso County are one
such group of quarries. They have been the focus of considerable controversy since the 1950s.
After visiting Colorado Springs in 1966, Secretary of the Interior Stewart Udall noted that it was
"the city with the scar." And at that point the controversy became known as "the mountain scars
issue." The quarries are plainly visible from various locations in the Colorado Springs area, and
two ofthem, the Queens Canyon and Pikeview quarries, are highly visible from the 1-25 highway
corridor that passes through the city.
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This paper presents a history of the Colorado Springs mountain scars issue. It describes the
development of the quarries, the evolution of the controversy, the reclamation activity that has
taken place and the remarkable community effort that has moved the controversy toward a
positive resolution.

THE IDSTORY AND EVOLUTION OF THE MOUNTAIN SCARS ISSUE

Growth ofthe Colorado Springs Region and the Development ofthe Quarries

"The centerpiece ofdaily life for every resident ofthe Pikes Peak Region is an inspiring
mountain view. For more than a century, this centerpiece has been a magnet attracting industry
to the area. Tourism is a major economic force because of the centerpiece, which has attracted
untold numbers ofresidents here as well. These are the major reasons why the three local quarry
scars marring the centerpiece gain so much attention; many residents and tourists ask how it
happened. "

Wanda Reaves, The Chamber Connection, March 1995

These remarks by Wanda Reaves presented in a guest column of The Chamber Connection
capture the essence of the mountain scars issue. To understand how the quarry scars developed
and gained so much attention, one needs a brief review ofthe history ofthe region.

As the mountains of the Front Range were being uplifted about 65 million years ago, a secondary
movement created the Ute Pass Fault, which pushed a layer of limestone to the surface.
Limestone outcroppings appeared in the Pikes Peak. region with the largest outcroppings found
where the Pikeview, Queens Canyon and Snyder Quarries are now located. This unique
occurrence of limestone provided a convenient, inexpensive source of building material for the
people who began to settle in the area in the 1850s. The limestone was used for rock dust in the
coal mines and as a reagent in the region's gold processing operations.

The City of Colorado Springs was founded on July 31, 1871. Significant quarry operations began
around 1874 when the Snider brothers opened a limestone and sandstone quarry north of Manitou
Springs. Over the years, the quarry was referred to as Snyder Quarry ("Snyder" now spelled with
a "y"), the Black Canyon Quarry and the Manitou Quarry. Early in the 1900s the Holly Sugar
Corporation obtained ownership of the quarry and used the high-grade calcium carbonate from
the mine to process sugar beets.

In 1906, the first mining claim was staked on land in or near the current Pikeview Quarry. Holly
Sugar Corporation and the Golden Cycle Corporation, a mining and ore processing company,
later acquired ownership ·of the land. The Pikeview Coal Mine, which was one of about 100 coal
mines operating in the Colorado Springs area between 1882 and 1965, used limestone from the
quarry in its operations. The coal mine was located in the present-day community of
Rockrimmon.

In 1954, William Eskeldson filed a mining claim on 160 acres of Pike National Forest Land in
Queens Canyon. In 1955, Castle Concrete Company was incorporated and the company began
mining operations at Queens Canyon Quarry. Thirteen years later, in 1968, Castle Concrete
purchased and reopened Snyder Quarry, which had been idle for decades. Beginning in 1969
Castle Concrete leased and operated Pikeview Quarry and then in 1974 it acquired the quarry.
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With the acquisition of Pikeview Quarry, Castle Concrete became the owner of all three quarries
that are involved in the mountain scars controversy.

Since 1954, the material from the quarries has been used to build the Air Force Academy, the
new Colorado Springs Airport, the Norwest building, NORAD and thousands of single-family
homes and apartments in the Colorado Springs area. It is estimated that 70% of Colorado Springs
infrastructure was built from material from the quarries.

Growth ofthe Controversy

"It is said that some tourists who visit this section of the country remark, after seeing the
mountains, that they are pretty to look at, but that they are exceedingly hard to get over and not
ofvery much use."

The Colorado Springs Gazette, April 20, 1902

The editors of the Colorado Springs Gazette went on to state with great pride that the City of
Colorado Springs had found a practical use for the mountains - as an "inexhaustible" source of
rock for construction. They believed that "if rock enough were removed from the summit of Pikes
Peak to build three or four towns the size of Colorado Springs, an old-timer returning to the city
after it had been removed would probably have to be told that the peak had been cut down."

The expansionist mindset from the early days, which relied upon the perception that natural
resources were limitless, clashed with the preservationist thinking that began to emerge in the
mid-l950s. The subject of controversy was the proposed Queens Canyon Quarry, and the issue
was whether it was wise to allow mining to despoil the natural beauty of a highly visible area in
the foothills. The National Forest Service land claimed for Queens Canyon Quarry was wild and
untouched. Despite Castle Concrete Company's legal right to quarry in that location, public
opposition attempted to prevent the development of the quarry. Despite the opposition, Castle
Concrete was able to preserve its right to mine and the company commenced operations.

Prior to the 1950s, Snyder and Pikeview quarries were well out of sight of the population.
However, as the city and suburban area grew, so did the demand for rock products from the
quarries. Consequently, the size of these quarries grew. As the region expanded, subdivisions
were developed within visual range of the Snyder and Pikeview quarries. These quarries, which
were once in the countryside, were now in the middle of suburbia. Public opposition to Castle
Concrete's mining at Queens Canyon expanded to include the Snyder and Pikeview quarries.

Beginning in the 1950s, acrimony between Castle Concrete and citizens grew as various attempts
were made to thwart further development ofthe quarries. In 1958, Colorado Springs Mayor, Fred
Simpson, called for a boycott of rock purchases from Front Range quarries, but the idea was
determined to be illegal. In 1965, an anti-quarry group known as the Springs Area Beautiful
Association (SPABA) blamed Castle Concrete for scarring the land made famous in Katherine
Lee Bates' song, "America the Beautiful." SPABA initiated a petition drive aimed at preventing
Castle Concrete from obtaining a land patent on Queens Canyon. Wasson High School
administrators used the school's public address system to publicize the SPABA petition drive and
distributed the petition to students to sign. In 1985, the city considered cutting off water service
to Castle Concrete to force the company to shut down its quarrying operations. The mayor and
city council of Manitou, Manitou residents, SPABA and the Sierra Club supported the plan. The
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measure failed. Then, in the late 1980s, a series of events took place that began to move Castle
Concrete and the community from intractable positions toward a resolution ofthe controversy.

Toward the end of 1980s several quarry proposals were being considered by local authorities
along the Front Range and the State of Colorado's Mined Land Reclamation Board. This was
because continued growth in the state was increasing the demand for rock products. A number of
citizens expressed concern about adverse visual effects that the quarries would leave upon scenic
landscapes.

Two events in the late 1980s prompted political and community action in the 1990s in the City of
Colorado Springs and El Paso County. The first was a proposal by Rocky Mountain Asphalt
Company to develop a quarry in Waldo Canyon near Colorado Springs. This proposal met strong
opposition from citizens who believed that the quarry would have an adverse impact upon visual
and recreational resources in the canyon. The quarry was not developed. The other event was a
request in 1989 by Castle Concrete to expand Snyder Quarry. Castle Concrete submitted an
application to the Mined Land Reclamation Board to amend its Mined Land Reclamation Permit.
There was strong local opposition to the permit. The opponents objected mostly to the adverse
aesthetic and visual impacts from the proposed expansion. The Board determined that it did not
have the authority under the Mined Land Reclamation Act to develop visual or aesthetic criteria
for mining operations and it approved the Snyder Quarry amendment application because it met
the requirements ofthe Act. The determination by the Board prompted Governor Roy Romer and
political leaders from Colorado Springs to work together to examine the mountain scars issue.

Political and Community Initiatives to Move Toward Resolution ofthe Mountain Scars Issue

The momentum to examine and find a resolution to the mountain scars issue grew significantly
when Governor Romer created the State Commission on Mountain Scarring in 1988. The
Commission's charge was to examine legislative and regulatory adjustments that should be made
to protect scenic backdrops, to examine the technical issues and to identify solutions to mitigate
visual impacts. Although the Commission considered the visual impacts from quarries along the
entire Front Range, the three quarries in Colorado Springs received most ofthe attention.

There were few, ifany, legislative and regulatory adjustments made at the state level as a result of
the Commission's review. This was largely because visual and aesthetic issues were viewed by
the Colorado Legislature as a local problem to be addressed by local governments. However,
regarding technical issues and solutions, the Commission generated several ideas about how to
mitigate visual impacts from quarries. As the Commission completed its work, the Governor
committed $75,000 from the Colorado Energy Impact Assistance Fund to be used toward the
"enhanced reclamation" of the Colorado Springs quarries. Enhanced reclamation was defined as
reclamation work to be performed that is over and above that which is required by the Colorado
Mined Land Reclamation Act. The reclamation work required by the Act was referred to as
"base reclamation." The funds committed by the Governor were restricted to the purchase of
trees, wildflower seed, rock stain and supplies to do enhanced reclamation and had to be matched
by funds from other sources. The money to organize and plan the reclamation also had to be
raised from sources within the community. Nonetheless, the commitment from the Governor
helped stimulate the community's effort.
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After the Commission completed its work in 1990, continued movement toward resolving the
issue did not come easily. Castle Concrete, the City of Colorado Springs, the EI Paso County
Commissioners and the citizens had different views regarding enhanced reclamation and how the
responsibility for doing the reclamation should be allocated. At one point in 1990 the city and
county governments considered boycotting Castle Concrete to force the company to do more than
the legally required reclamation. The boycott did not come about and eventually representatives
from the company and leaders in the community created a mechanism to manage the issue. The
mechanism was the development ofthe joint city and county "Charter for Additional Reclamation
at Castle Concrete Company Quarries" and the creation of the El Paso County/Colorado Springs
Mining Reclamation Advisory Committee (MRAC).

The charter articulated the goals for enhanced reclamation and the procedures to be used to
achieve them. MRAC was given the responsibility to carry out the charter. MRAC included
citizens from the community appointed by the city and county and representatives from Castle
Concrete. The chainnan of MRAC and a representative of the Castle Concrete Company signed
the charter along with the mayor of Colorado Springs and the Chairman of the El Paso County
Commissioners. Although not a signatory to the charter, the Colorado Department of Natural
Resources agreed to provide support and to monitor progress for the governor.

The charter directed parties to the agreement to pursue a solution to the problem by first fostering
"a climate of cooperation." The charter set forth a procedure to accomplish the goal and stated
that MRAC should accomplish the following:

1. Refine post reclamation land use(s) sensitive to visual compatibility concerns.
2. Develop engineering and site-specific designs for additional reclamation at the

Pikeview, Queens Canyon and Snyder quarries;
3. Prepare cost estimates for all additional reclamation measures;
4. Set forth a proposed timetable for implementation;
5. Set forth the procedure for Castle Concrete Company to submit enhanced

reclamation proposals as technical revisions under the Mined Land Reclamation
Act; and

6. Develop a strategy for funding the additional reclamation costs from commercial,
public, private and non-profit sources, and develop a process for contracting
additional reclamation.

The charter included a set of enhanced reclamation concepts for each quarry. The committee was
to use the Report of the Commission on Mountain Scarring, the experience of Castle Concrete,
the advice of the Colorado Mined Land Reclamation Division, and the experience and expertise
of the members of the committee to guide them in the development of the enhanced reclamation
plans.

MRAC met regularly for two years. The meetings educated people about the history of the
quarries, the role that Queens Canyon Quarry plays as Bighorn Sheep habitat, and the technical
aspects of reclamation - that is, what could realistically be achieved. Members of the committee
visualized what could be accomplished in the short term and what the quarries could look like
twenty to thirty years later. In the spring of 1993, MRAC completed the enhanced reclamation
plans. The plans described the vision of the community and identified the objectives that were to
be achieved. Objectives included items such as the establishment of trees in specific areas in
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greater number than required under the base reclamation plans, re-contouring the mined land to
improve the visual appearance ofthe topography of the quarries and retaining the Bighorn Sheep
habitat at Queens Canyon.

At about the time that MRAC was fonned, the Colorado Mountain Reclamation Foundation
(CMRF) was created. While MRAC was developing the enhanced reclamation plans, the CMRF
developed its structure and organization. In 1994 the CMRF hired a part-time Project Manager
and Executive Director, Wanda Reaves, the foundation's only paid member. The CMRF
assumed the responsibility for administering the enhanced reclamation projects for each quarry.
It also became the liaison between the community and Castle Concrete. From 1991 to 1995 the
CMRF created its administrative structure and developed a campaign to raise funds to match the
governor's $75,000 commitment, plus the additional funds needed for the enhanced reclamation.
A procedure was developed where Castle Concrete performed the necessary earthwork to prepare
the quarries for the revegetation work and the CMRF recruited a large number of volunteers to
plant trees, seed and maintain the reclaimed areas. The physical work of enhanced reclamation
began on the quarries in 1995.

Mobilizing the Community

Through the efforts ofthe CMRF, the enhanced reclamation projects gained support and attracted
volunteers who wanted to participate by "doing something about the scars." Funding and in-kind
support have come from a variety of organizations and individuals. To date approximately
$500,000 in cash has been raised, with an additional $800,000 of in-kind contributions.
Numerous businesses, organizations and individuals within the region have donated cash. In-kind
donations have been invaluable for acquiring goods and services that otherwise would be difficult
to obtain. For example, the receipt of topsoil and organic material is treated as an in-kind
donation, and logistical support for the spring planting events, such as Burger King providing
breakfasts for the volunteers, is also an in-kind donation. The annual "Scale the Scar" event
has attracted hundreds of people who contribute cash and participate in a hike to observe
the reclamation progress. A major supporter providing cash and in-kind contributions has been
Castle Concrete, which has supported the foundation's mission and the work on its quarries.

Community volunteers have been mobilized by offering numerous opportunities for individuals
and groups to participate. As many as 350 volunteers have participated on Saturday mornings
during April and May to plant trees. Volunteers have included soldiers from the U.S. Army at Ft.
Carson who have provided transportation within Queens Canyon Quarry during the spring
planting events. Maintenance crews volunteer for weekday and weekend shifts to water the
seedlings and repair wind-damaged tree protectors. And volunteers prepare planting materials and
occasionally provide clerical assistance throughout the year.

Individuals and companies within the community have donated organic material to supplement
the soils in the quarries. Discarded lawn material has been delivered to the site, which has an
added benefit of reducing the amount of space consumed by such wastes in the local landfills. (It
is estimated that such waste accounts for approximately 20% of Colorado's solid waste).
Discarded Christmas trees have been delivered to Rocky Top Resources, converted to mulch and
the mulch delivered to Queens. Landscapers and homeowners have provided other kinds of
organic materials, and the Homebuilders Association of the Pikes Peak Region has donated
topsoil from building sites. Over 110,000 cubic yards of such material has been delivered to
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Queens Canyon. Castle Concrete provides the labor and equipment to combine the material and
spread the resulting topsoil on the sites designated for tree planting. On occasion there have been
unwanted "donations" of garbage and junk that have had to be hauled to the landfill, and
volunteers have been recruited to monitor deliveries to prevent such dumping.

The quarries have offered students numerous opportunities to learn geology, botany and ecology,
and have provided a link to nature for those who have little access to wild places. Examples
include a group of American Express Travel Division employees, most of whom were from New
York, who worked as a tree maintenance crew at Queens Canyon Quarry. Their goal was to "give
something back to nature" and at the same time develop team-building skills. Zachary Frank, as a
sophomore high school student, won three awards for a science project on Queens Canyon titled
"Mountain Reclamation: The Effects of Soil Composition on Tree Growth." His project received
an award from the Horticultural Arts Society of Colorado Springs, won the U.S. Army's Best
Environmental Project award, and placed third in the biology category in the Pikes Peak Region
Science Fair. Seventy-five members of the Garden Club of America surveyed the progress at
Queens Canyon in August 1998 as part of a meeting of the group's Conservation and National
Affairs and Legislation committees.

Queens Canyon Quarry has become a popular destination for El Paso County's students, who
have come by the busload to plant trees and learn from the mountain. They have come from the
Air Force Academy, Colorado College, CU-Springs, District 11, District 20, Cheyenne Mountain
High School and The Colorado Springs School to learn about reclamation through a hands-on
experience. Sixty freshmen from CU-Springs worked as a tree maintenance crew at Queens
Canyon site as part oftheir community orientation.

A teacher at The Colorado Springs School uses Queens Canyon as a learning tool. Her sixth
grade science curriculum begins with a unit on erosion in which students experiment with models
to examine, on a small scale, the causes and effects of runoff and lack of flora. The students then
plant trees in the quany, which provides them with an opportunity to apply what they have
learned in class.

The significant story about the mountain scars issue in Colorado Springs and £1 Paso County is
the transformation ofthe community's attitude toward the quarries during the past 10 years. The
community and Castle Concrete have moved from being opponents to being partners in the
restoration of the community's scenic backdrop. Castle Concrete has given up some of its mine
reserve to protect the scenic quality ofthe foothills and is working with the community to achieve
the reclamation objectives that the community wants. People in the community have gained an
understanding of the role the quarries played in the development of Colorado Springs and what
can be achieved with the reclamation effort. They have also learned about the benefits that the
quarries provide as wildlife habitat and as a laboratory for studying biological and earth sciences
and natural resources management. The enhanced reclamation process will continue for many
years, and a firm foundation has been developed to continue the effort and resolve issues as they
may arise.
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ENHANCED RECLAMATION OF QUEENS CANYON QUARRY

History and Description of Queens Canyon Quarry

Queens Canyon Quarry began operations in 1955. Reclamation began in 1967 when the mined­
out area on the upper portion ofthe quarry was planted with sweet clover and various grasses. At
that time the post-elosure land use objective was to create wildlife habitat to support the resident
Rocky Mountain Bighorn Sheep herd. The lower portion of the quarry was mined until 1990, at
which time Castle Concrete decided to cease mining operations. The reclamation objective
approved by the Mined Land Reclamation Board for the lower portion of the quarry is also
Bighorn Sheep habitat.

Overall the disturbed area is relatively steep with predominantly south and southeast facing
slopes. The environment is semi·arid with sparse trees, shrubs and grasses. Tree and shrub
species include Pinyon Pine, Juniper, Mountain Mahogany and Scrub Oak, typical of what one
observes in the foothills along the Colorado Front Range.

Reclamation ofthe quarry has progressed since the initial work in 1967. The plan was updated in
1976 to meet the requirements ofthe Colorado Mined Land Reclamation Act and the reclamation
permit was issued in 1980. The upper portion, known as Tract 1, was reclaimed and released
from bond by the Mined Land Reclamation Board 1981. In 1989, Castle Concrete was given an
award from the Colorado Mined Land Reclamation Board and the governor for the work
performed on Queens Canyon Quarry, which included the creation of the habitat for Bighorn
Sheep.

The Queens Canyon Quarry Visuallmpaet Issue

Queens Canyon Quarry is highly visible in the foothills landscape when viewed from downtown
Colorado Springs and from the south. The quarry once stood out in stark contrast to the
surrounding undisturbed landscape. It is this quarry that elicited the remark about the "scar" on
the mountain from Secretary Udall.

Recommendation ofthe Mining Reclamation Advisory Committee

MRAC examined the base reclamation plan approved by the Mined Land Reclamation Board and
became fiuniliar with the underlying technical issues. These included the need to control erosion
on the steeper dip slopes, the challenge of establishing vegetation in the arid environment, and the
characteristics of Bighorn Sheep habitat, to name a few. Once the committee had an
understanding ofthe environmental conditions at the quarry, it explored measures to improve the
aesthetic results of the reclamation efforts. The MRAC report states that the " ... enhanced
reclamation plan seeks to maximize visual qualities consistent with a big hom sheep habitat by
producing dense grass cover, a moderate shrub cover, and a scattered distribution of trees, in
greater numbers than contemplated by the existing plan." The plan emphasized the use oftexture
to reduce the visual impact rather than attempting to change the fonn or topography ofthe site. It
was realized that topographic variation for this site resulted in minor changes to the visual
appearance ofthe quarry relative to the surrounding area. The desired texture was to be achieved
by planting diverse vegetation and distributing the vegetation strategically around the site. The
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variation in color and size ofthe vegetation would create a texture that would blend more with the
surrounding area as compared to a less diverse vegetation mix.

Queens Canyon Reclamation Activity and Results

Rocky Mountain Bighorn Sheep Habitat

The Rocky Mountain Bighorn Sheep is the Colorado State animal. Among the factors considered
in reclaiming the Queens site are the habitat requirements of the area's resident Bighorn Sheep
herd. The present-day herd, numbering between 75 and 100, grew from a group of about a dozen
that came to Queens Canyon area by accident. They were being relocated from the Tarryall
Mountains to Pikes Peak in 1946 when the truck carrying them broke down on Highway 24.
Rather than leave the animals shut inside until repairs were made, the back ofthe truck was aimed
at Pikes Peak and the sheep were released. Instead of heading south, they headed north and
stayed. This herd is now a seed herd for establishing other Bighorn Sheep herds in Colorado

The Colorado Division of Wildlife, which maintains the herd's health, looks for a balance
between tree plantings at Queens and the meadowland acreage that the Bighorns need. The
Bighorn habitat requires a clear field of view to spot and flee from predators. The Bighorns'
chief predator is the mountain lion, which hides in wooded areas and attacks the sheep from
behind. The lion's target is the back of a Bighorn's neck. Rams have massive horns that curl
back to protect their necks, then grow forward, with the tips reaching eye level when they are 7 or
8 years old. Males, thus protected, feel more comfortable in forested areas.

Ewes, on the other hand, have shorter, slimmer and less curved horns that provide far less neck
protection. Except for rutting season in November, rams tend to live apart from the rest of the
herd, so the ewes and their young spend most of the year living together on grassland, keeping a
watchful eye for predators, including bears, coyotes and domestic dogs. When danger approaches,
they need an easy escape route to safety on rocky terrain. According to the Division ofWildlife's
Bob Davies, one or two of the sheep are lost each year to predators, their carcasses most often
found in areas where meadow joins woodland.

The enhanced reclamation plan was developed in consultation with the Colorado Division of
Wildlife, and the resulting pattern of wooded and meadowland is anticipated to meet the needs of
the Bighorn Sheep herd that lives in the area.

Importing Topsoil

During the 1980s Castle Concrete recognized that the limestone waste in itself was not a suitable
growth media. The company conducted studies of different methods of seeding and the use of
various fertilizers and soil amendments to determine what combination of factors would improve
the growth media and vegetation success. When excess soil from the Cedar Heights housing
development was made available to Castle Concrete, the company deposited it on the limestone
waste of the Snyder Quarry visual benn. The combination of topsoil and the moist limestone
subsoil resulted in the successful establishment of vegetation. When reclamation of Queens
Canyon Quarry commenced in 1990, excess soil from the Mountain Shadows development was
placed in one area and produced greater success than had previously been achieved on Queens.
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Based upon these experiences, Castle Concrete began to explore steps that could be taken to
import soil as an amendment to use with the limestone waste.

MRAC acImowledged during its deliberations that the limestone waste material was not a suitable
growth medium for achieving the objectives of the enhanced reclamation plan. MRAC supported
the idea of importing topsoil and organic material to create a suitable growth media. As a result,
a location was set-up for receiving donations of topsoil and organic material at Queens Canyon
Quarry. More than 110,000 cubic yards of such material had been donated by the end of 1999.

A study compared vegetation development rates and patterns on topsoil with the development
rates and pattern on mine spoil. It was determined that the topsoil accelerated the rate of
development three to five times over what occurs on mine spoil. However, the topsoil tends to
reduce the rate of successful invasion by native species and creates lower diversity of vegetation
and a much higher number of annual species, especially weeds (Heifner, 1998).

Revegetation ofthe Disturbed Areas

Revegetation objectives targeted four types of plants to be strategically located on the site. To
achieve the objective of Bighorn Sheep habitat, the upper portion of the quarry is to be planted
with mostly grasses and a few shrubs to provide for the meadowland acreage. To achieve the
texture objectives, the lower portion of the quarry is planted with trees, wildflowers and grasses.
It is expected that shrubs will eventually invade the lower part ofthe quarry. As of September of
1998, 122 plant species have been identified on the site. This is probably no more than 80% of
the species that occur on the site. Only about 15 ofthe species on the list were planted. The rest
have invaded from surrounding lands, from the imported topsoil or from long-distance wind or
animal dispersal. The planting objectives are discussed below.

The ''forest'' that is being created is not an attempt to replicate the condition of the land before
mining, because although the dry, thin soils on the slope's original surface supported shrubs, few
trees were established. With the addition of the topsoil and the re-contouring of the surface, the
land and the materials being worked today are not the same as those prior to mining. The tree
planting plan has been designed to soften the appearance of the scar and blend the mined area
with the surrounding area, where patches and lines oftrees are mixed with grassland.

Trees were first planted at Queens in the late 1960s. Nursery-grown Juniper and Ponderosa Pine
seedlings and Pinyon Pines transplanted from a road construction site were planted in quarry
spoils, with varying degrees of success. There also were test plantings of non-na;tive Russian
olive, shrubs and yucca, much ofwhich did not survive.

When the CMRF began planting trees in 1995, much more was known about the conditions that
would be needed to promote tree survival to meet the enhanced reclamation objectives. Topsoil,
as discussed above, was needed to provide a better growing medium; improved water retention
around the seedlings was necessary; the seedlings needed to be protected from the dry winter
winds to prevent desiccation; and competition from other plants needed to be reduced. These
requirements led to the creation of a method used by the volunteers to plant the seedlings during
the annual tree planting. The method is as follows:

1. A round hole is dug at least 1 foot in diameter and 9 inches deep.
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2. A handful of polyacrylamides is placed in the hole. The polyacrylamides are used to
store water in the rooting zone.

3. The seedling is gently removed from its container, holding as much soil together
around the roots as possible, and placed in the hole.

4. Loose soil is placed back over the roots, filling the hole halfway. The soil is lightly
tamped and then the rest ofthe hole is filled. The soil is tamped again unless it is very
wet. Tamping wet soil reduces the oxygen available to the roots.

5. A small dam is built around the seedling to retain water.
6. Weed-barrier fabric is placed around the base of the seedling and secured with metal

pins and rocks.
7. Bamboo stakes are threaded through two sides of a mesh tree guard and gently

lowered over the seedling. The stakes are pushed into the soil. The tree guard
protects the seedlings from browsing.

8. A wind barrier is positioned next to the seedling to protect it from wind desiccation.
(Reaves, 1999)

A mix of Pinyon Pine and Rocky Mountain Juniper has been planted at Queens, for a total of
4,260 trees since 1995. Larger trees have been more difficult to establish than seedlings. Dry­
land species such as Pinyon and Juniper tend to have broad, fairly shallow root systems, and
when the trees are collected for transplant, the feeder roots are lost. lbis isn't a problem with
seedlings, because they come out of the container with their entire root system intact. When the
Queens enhanced reclamation plan was developed, the estimates of potential tree survival varied
from 10% to 80%. After the first five years, the seedling survival rate is about 80% overall, with
some sites as low as 30% and others as high as 95%. The growth pattern of Pinyon Pines and
Junipers is outward rather than upward, and given the high percentage of survival so far, it is
anticipated that some of the trees will yield to competition from their neighbors. There is also
some evidence that damage to the trees by the sheep may reduce the overall survival rate. Others
may eventually need to be thinned to promote the overall health of the new forest. The ultimate
measure of success, however, is the number of trees that survive to reproductive age, in about 15
years.

In 1997 an attempt was made to plant 45 larger Ponderosa Pines, but all the trees died. These
trees were replaced with two to three foot Ponderosa Pines. Approximately half of these trees
have survived. The trees are regularly watered through a drip irrigation system.

When a vegetation survey was conducted in 1998, it was noted that tree plantings of Pinyon Pine
and Juniper have been mostly on the dip slope of the quarry. The final areas to be planted toward
the bottom of the quarry have less slope and greater water availability. Consideration is being
given to planting broad-leaved species in the wetter areas, such as Narrow-leaf Cottonwood and
Chokecherry. This would add variety to the visual scene, fall color and new habitat.

Part of the reclamation has included the planting of wildflower seeds. Wildflowers were
introduced into the enhanced reclamation plan to provide greater plant diversity, as well as to
provide visual enhancement. The seeding has been concentrated on 12 acres on the lower third of
the quarry where the soil is the richest. The basic concept is that ifwildflowers are established in
one area of the quarry, they will then spread to other areas with suitable conditions. Funding for
wildflower seed planting bas come from the Broadmoor Garden Club. Among the species
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planted are Blue Flax, Rocky Mountain Penstemon, Palmer Penstemon, Blue Lupine, Gaillardia,
and Fleabane.

The first wildflower seeding in 1995 used a wide variety of species. Seeds were distributed in a
range of microenvironments that included planting in established grass communities as well as on
freshly distributed soil. A dry spell during the two prime months for germination resulted in
drought kill of a number of seedlings. Nonetheless, observations from the fIrst wildflower
seeding that could be made included the following:

1. Planting into established grass results in sparse success with regard to creating
showy patches of wildflower growth, but is successful enough to establish a
significant gain in species diversity.

2. Planting in freshly spread soil works far better, but only on sites where grass
growth is not expected to be extremely favorable, e.g. north facing slopes.

3. Many of the species thought to be capable of growing on the site do not do well
in any of the wide variety of environments encountered. Ibis is probably due to
the specific habitat requirements for those species. (Heifner, 1998)

Two different planting methods were used in 1998. For the fust method, wildflower seeds were
hand planted in hundreds of small "gardens" where there were openings in the grass cover. The
soil was raked, the seeds planted on slopes with aspects other than north facing and then raked
again.

The other method was to distribute seeds onto freshly spread topsoil. Blue Flax was distributed
over the entire area to be seeded, and Gaillardia and Rocky Mountain and Palmer Penstemon
were distributed in large patches. Immediately after the wildflower seed was distributed, the
grass seed, primarily Blue Grama and various wheatgrasses, was distributed in a separate
operation. The seeding rate for the grass was about 50% of the normal rate to reduce competition
for the wildflowers.

As of this writing it is too early to determine what the long term results will be for the two
seeding methods. A vegetation survey was conducted in the fall of 1998 and, generally, the early
results are what one would expect. Where the wildflower seeding rate was high, the wildflowers
were more abundant relative to the grass. Where the wildflower seeding rate was lower, the grass
is more abundant. In 1998 it was reported that Rocky Mountain Penstemon and Blue Flax were
doing the best. It was also noted that where tall weeds dominate (Ragweed and Lambsquarters),
there was not much wildflower growth, even where wildflowers were heavily planted. Grass
growth in these areas was more evident. This suggests that wildflowers are not able to compete
with the vigorous growth of the weeds. A recommendation from the 1998 vegetation survey is
that the wildflower plantings should be on freshly distributed soils. The planting should be done
first in marked zones followed by grasses at a rate ofabout 50% ofthe normal rates.

Weed invasion in disturbed areas is always a concern. In the case of Queens Canyon the problem
was compounded because of the importing of soil and other organic material from a variety of
locations within the county. In particular, Canada Thistle, Spotted Knapweed and Diffuse
Knapweed have become a problem. Based on the distribution of the Spotted Knapweed and the
Diffuse Knapweed, it appears the Spotted Knapweed was introduced in topsoil and the Diffuse
Knapweed via long-distance dispersal, most likely from vehicles. Canada Ibistle appears to be
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well controlled. Weed control is being accomplished through manual clearing and cutting and the
use ofherbicides under the guidance ofthe weed control agent for El Paso County.

Water

The enhanced reclamation plans recognized that water needed to be provided to the site if the tree
planting efforts were to be successful. Initially, a water tank placed on-site by Castle Concrete
was supplied with water by the City of Colorado Springs. Milk jugs were filled from the tank and
hand carried to water the seedlings. This process was very inefficient. Eventually two volunteers
built a water tank trailer with hoses that extend to the planting area to water each tree seedling.
This has been a much more successful watering system. As noted earlier, there is a stationary
drip system that goes to some Ponderosa trees. The water is brought to the site regularly during
the spring and summer. This effort, along with the extensive preparation of the soil to enhance
water retention, has contributed significantly to the high survival rate ofthe trees.

Rock Staining
.

A small amount of rock was stained with Penneon to detennine if the stain would provide any
visual benefits. The stain did successfully darken the rock, but it has been determined that
because most of the enhanced reclamation relies on establishing vegetation to create the desired
visual result, that staining the exposed rock, of which little remains, would not contribute much
visual benefit, ifany.

ENHANCED RECLAMATION OF PIKEVIEW QUARRY

History and Description of Pikeview Quarry

The Pikeview Quarry is located near Rockrlmmon in northwest Colorado Springs. No clear
record exists as to when mining first occurred on this site, but it is believed to be around the tum
of the century. The mining that exposed the most significant amount of underlying rock was
conducted by contractor Peter Kiewit & Sons between 1955 and 1959 when approximately 3.5
million tons of rock was mined to provide material for the construction of the Air Force
Academy. Soon after the Academy was completed the mine was idled, and at that time it had the
appearance of steeply sloping, stripped limestone. Castle Concrete gained access to the quarry in
1969 through a lease with the Golden Cycle Corporation and purchased it in 1974. To mine the
steeply dipping limestone deposit, Castle Concrete developed benches to create safe working
conditions. The benches created the linear feature that extends across the face of the quarry
today. Castle Concrete is currently mining the quarry.

The quarry has steep post-mining slopes with the predominant aspect being eastern with some
northeastern exposure. Due to this aspect, the quarry is cooler and has more moisture available
for vegetation than is found at Queens Canyon Quarry. The vegetation of most of the
surrounding forested area is predominately Douglas Fir and Ponderosa Pine with Mountain
Mahogany and Gamble Oak. Drier areas have Pinyon Pine and Juniper.
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The Pikeview Quarry Visual Impact Issue

Pikeview Quarry is visible from the 1-25 corridor north of Colorado Springs and to the
homeowners in the Rockrimmon development. The linear appearance of the benched slopes and
the exposed light colored rock standout in contrast to the surrounding natural landscape.

Recommendation ofthe Mining Reclamation Advisory Committee

MRAC recommended that the mining should continue, as it was the best way to achieve an
overall acceptable final topography as material is moved. The MRAC report recognized that the
previously mined areas would be difficult to address because of the unstable slope. The
committee recommended that rock staining be attempted to reduce the color contrast between the
previously mined area and the surrounding area. The initial application was to be experimental to
see if the desired effect was achieved. The MRAC report also recognized that the inaccessibility
of the benches would make it difficult to directly apply topsoil and seed. The report
acknowledged that distributing topsoil on the benches could not be practically achieved and as an
alternative recommended that the benches be seeded using aerial or hydroseeding methods.

For the areas that are yet to be mined, the MRAC report recommended that the benches be
constructed to provide for continued accessibility so that topsoil and vegetation can be placed on
the surface. The report also recommended that the planting on the benches be in a pattern that
mimics the existing vegetation patterns on the undisturbed slopes above the quarry.

Pikeview Reclamation Activity and Results

After the MRAC plan was developed, Castle Concrete re-evaluated its mine plan and determined
that a significant amount of the area at the south end of the quarry that was to be exposed by
mining could be removed from the mine plan. Ifmined, this area would have been highly visible
because of its high elevation within the quarry. In lieu of mining the area, Castle Concrete
wanted to mine deeper into the pit, which is below the line of sight. The concept received support
from the community, and subsequently 25 acres that were to be mined were removed from the
permit area. In addition, this modification enabled the community and Castle Concrete to
accelerate the enhanced reclamation on a portion of the quarry to the south. The south end of
Pikeview Quarry was sculpted and reclaimed with topsoil, trees and wildflowers. Under the
current plan, the north end will be left as benched rock. The benches are to be sprayed with
Permeon, a rock stain that creates the look of weathered rock. An alternative to this plan, known
as the "layback" plan, is currently being considered and is discussed below.

South End Reclamation

In 1996 and 1997 Castle Concrete finished grading the south end of the quarry so it could be
reclaimed. Between 1996 and 1998, donated topsoil was hauled to the site and placed on the
regraded slopes. Approximately 100 Air Force Academy cadets planted more than 700 Douglas
Fir seedlings on the south end in 1997. Additional plantings by volunteers in 1998 brought the
total number of seedlings to 1,200. Weed control became necessary in two areas of the plantings
in 1998. Weeds were cut and the noxious weeds sprayed with herbicides to reduce competition
for the seedlings.
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In 1999, a slwnp caused by harsh spring rain and snowstorms dislocated approximately 350 ofthe
Douglas Fir seedlings in the south end reclaimed area. The area will be reworked in 2000 to
stabilize the slope and replant seedlings where necessary.

Rock staining

Early in the project there were high expectations that staining the exposed limestone would
contribute significantly to a reduction in contrast between the light-colored limestone and the
darker rock in the surrounding area. Rock staining along portions of Colorado's scenic highways
has had very positive results, notably Vail Pass and Glenwood Canyon, and some mines have
used rock staining with favorable results. However, because the Pikeview benches are covered
with unstable rock, it is predicted that stained rock would eventually slough and expose the light~

colored, unweathered layer. For this reason, rock staining was suspended until the stability
problems could be addressed. The layback plan addresses the stability problem.

The Layback Plan

Since the initial enhanced reclamation plan was developed, Castle Concrete and the community
have continued to consider alternatives to achieve the best possible reclamation for Pikeview.
The better~tban-expectedresults at Queens Canyon Quarry and concerns over the stability and
unsightly appearance of the benched rock have led to the development of a plan to create a
gentler slope on the mined north face and remove the crumbly limestone veneer. 1bis would
leave a foundation of stable granite. The granite base would be backfilled with quarry waste,
covered with topsoil and revegetated. Remaining granite outcroppings would be stained to
enhance the naturailook ofthe slope. 1bis plan would include filling the pit to achieve the overall
desired final slope. The layback plan would take several years to achieve because the area would
be re-mined, but the end result would be a more stable slope and a greatly improved visual
appearance.

One reason the layback plan was not part of the original plan and not addressed by MRAC is
because the layback will affect the land managed by the U.S. Forest Service to the west of the
quarry. Historically, Castle Concrete bas not had access to this land, which has limited its mining
and its ability to resolve some of the stability and visual impact problems. Within the past few
years the layback concept bas been discussed with U.S. Forest Service representatives and
presentations have been made to the Colorado Springs City Council and the El Paso County
Commissioners, with favorable response from all to date. The concept is currently being
presented to groups within the community.

RECLAMATION OF SNYDER QUARRY

History and Description ofSnyder Quarry

The Snyder Quarry, first mined in 1871, is located south of Queens Canyon and north of Manitou
Springs. It had been mined periodically during the 1900s. Castle Concrete acquired the property
in December 1969 and commenced mining in 1970. Initially most of the mining was conducted
by underground methods, so the surface disturbance was not extensive. By 1980, when Castle
Concrete obtained a Mined Land Reclamation Permit, all but a small amount of the mining was
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conducted by surface methods. Between 1980 and 1989 Castle Concrete expanded the permitted
area from 30 acres to 80 acres. Approximately 30 acres remains disturbed today. The quarry
currently is not being mined, but Castle Concrete plans to mine it in the future. The efforts of the
MRAC process prompted Castle Concrete to make further modifications to its reclamation plan in
1994 to achieve the enhanced reclamation objectives once it recommences operations.

The site is located at the head of a side canyon to Black Canyon. The site faces southeast and is
high on the valley wall. The vegetation on the site is generally forest with scattered areas of
shrub and grasses. The site tends to have more moisture than Pikeview and Queens Canyon as
evidenced by the domination of cool season plant species and the overall success of the
vegetation.

Because Snyder Quarry is not being mined and future mining is anticipated, there has been.
limited work performed at the site. Castle Concrete constructed a visual berm in 1984 and
between 1996 and 1998 additional trees and wildflowers were planted on the berm by CMRF
volunteers.. This included approximately 850 trees planted on the berm, a back wall and the road.

The Snyder Quarry Visual Impact Issue

Snyder Quarry is not nearly as visible as are the Queens Canyon and Pikeview quarries. A
portion ofthe quarry is potentially visible from the city and valley to the southeast and it is visible
from some of the homes that have been built in the area. Before Castle Concrete modified its
reclamation plans for Snyder Quarry, as discussed below, there was concern that portions of the
quarry would become more visible as the operation expanded.

Recommendation ofthe Mining Reclamation Advisory Committee

The visual berm was recognized by MRAC as a successful effort to hide the quarry disturbance as
viewed from Highway 24, from the road leading to the quarry and from some locations in the
valley. The MRAC plan encouraged continued management of the berm and planting additional
vegetation to improve the results on some areas ofthe berm.

The principle recommendation ofthe MRAC enhanced reclamation plan for the areas to be mined
in the future is to adopt an intense revegetation plan that will create greater density and diversity
on the reclaimed areas than approved in the reclamation permit. The enhanced reclamation plan
describes in detail how the soils are to be managed and how trees and shrubs are to be placed on
the mine benches.

Snyder Reclamation Activity and Results

Mine Plan Modifications

After the MRAC report was completed, Castle Concrete voluntarily removed approximately 10
acres from its mine plan and re-sequenced the order in which the remaining land will be mined.
The modification increased the depth of the mine, which will be less visible and will offset the
loss of reserve from the removal of the 10 acres. The result is that a highly visible area will not
be mined and the re-sequencing will allow for more concurrent reclamation. lbis will enable
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reclamation to occur on the more visible portions of the quarry before the mining operation is
completed.

MRAC's emphasis on the reclamation of the benches prompted Castle Concrete to develop a
mathematical model that improved its planning of bench configurations. It is anticipated that the
use of this model will enable reclaimed slopes to be created with greater accuracy and
consistency than was previously possible. This will improve bench construction and provide a
stable foundation upon which to place topsoil and grow vegetation.

Visual Berm Reclamation

Between 1996 and 1998 approximately 600 Pinyon Pine and Juniper seedlings were planted on
the berm. As of 1999, most of the seedlings had suffered storm damage, but the survival rate is
still about 80%. In addition, 50 two-to-three foot tall trees were planted on the berm in 1996.
About half of the 50 trees survived. Replanting of some of the areas that were damaged is under
consideration. Vegetation growth on the berm from plant material remaining in the salvaged soil
has been very successful, particularly the establishment of Mountain Mahogany.

Other Activity

One of the visible features at Snyder Quarry was a large waste pile that was a remnant of past
mining activity. Castle Concrete has reduced the size of the waste pile by pushing most of the
material into the pit. This has removed what some considered an unsightly feature at the quarry.

SUMMARY AND CONCLUSIONS

The 50-year mountain scars controversy has produced a remarkable story. For many years the
citizens in the community and Castle Concrete were unable to resolve the controversy because of
their competing interests: the desire to preserve the scenic beauty of the foothills versus the need
to supply rock products to support economic growth in the region. In the late 1980s a series of
events created an atmosphere that mobilized state and community leaders, Castle Concrete
Company and citizens to begin to look for ways to resolve the controversy. The governor's
commitment of $75,000 in seed money for enhanced reclamation helped spur the community's
progress toward a resolution. The next critical step was the creation of MRAC by the city and
county governments and the development of a process that encouraged communication among the
parties and the exploration of reclamation ideas. The process enabled the parties to educate each
other and to learn how to work together. Once MRAC and Castle Concrete agreed upon the
enhanced reclamation plans, the elements were in place to develop community support and
citizen participation in the reclamation projects. This was accomplished through the efforts of
the CMRF. After five years of working together on the quarries, a cooperative relationship has
been developed between Castle Concrete and the community that will enable them to solve
problems as they arise and to complete the enhanced reclamation.
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CLOSURE OF A TAILING IMPOUNDMENT AND CREATION OF EAGLE
PARK RESERVOIR

B. R. Romig

Climax Molybdenum Company, Climax Mine, Climax, CO 80429

ABSTRACT

Colorado's Climax Molybdenum Mine provides a unique and storied history of mineral development
and high altitude land stewardship spanning 80 years. A component of ongoing site reclamation
activities includes the development of water resources in areas impacted by mining operations. This
paper presents a case study on project development, water quality assessment, and the regulatory
framework that contributed to the success of a project that began at the Climax Mine in 1993 to
reclaim a tailing impoundment storing oxide tailing. The Oxide Pond was constructed in the 1960's
during the extraction of molybdenum from oxide ore located adjacent to the Climax molybdenite
deposit. The fine-grained tailing material from the complex extraction process was impounded
behind an earthen-core dam. This impoundment, located at high elevation on privately held land,
presented an opportunity for reclamation and water resource development beginning with the
establishment of cooperative regional water alliances. Tailing materials were removed from the
reservoir between 1995 and 1996 and the reservoir was evaluated for the effect residual substrate and
lake dynamics would have on in-stream water quality. Water from Eagle Park Reservoir was
delivered to the Eagle River in late 1998 and stands as a model for future reclamation efforts that
involve water delivery to highly sensitive receiving waters.

INTRODUCTION

This paper describes a tailing removal project that occurred between 1993 and 1996 at the Climax
Mine, Climax, Colorado that was designed to obtain a post-mining beneficial land use of developed
water resources in the Eagle River Valley. Conversion of the Oxide Pond into the freshwater Eagle
Park Reservoir was accomplished through the cooperative effort between Climax and the Eagle
Valley Consortium. The Consortium, a group of water users, municipalities, and ski industry
inter:ests in the Eagle Valley, supported development of the project for upstream replenishment of
water withdrawals during low flow periods. Discussed in this paper are the removal of tailings from
the tailing pond, employment of pollution prevention from upstream mine process water sources,
water quality assessment, and reclamation of the 25 ha water body.

BACKGROUND

The Climax Mine, located at the Continental Divide (elevation 3450 m) on Fremont Pass in central
Colorado (Figure I), is the largest identified molybdenite orebody in the world. The first processing
of molybdenite from Bartlett Mountain occurred in 1918. Climax has since led research and
development of molybdenum use in numerous products and applications.

The location of the Climax Mine is unique in that the facilities straddle the Divide and encompass the
headwaters of three drainages: Tenmile Creek, draining north to Lake Dillon and the headwaters of
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the Blue River, the Eagle River draining to the Colorado River through the central portion of the
Upper Colorado River Basin, and the Arkansas River, flowing south then east to the Mississippi
River. The mine receives approximately 63 cm of precipitation annually, 75 percent of which is
snow. Average annual snowfall at the site is 6'.9 m. Major activities at the site currently include
water treatment and water management for a multitude of downstream water uses.

e OimaxMne

~

05 0 05

Figure 1. Diagram of the Climax Mine showing
locations of the three drainages and the location of
Eagle Park Reservoir

TIlE OXlDE PROCESS

Climax developed an infrastructure of water
delivery conveyances to support consumptive
water use in the processing of molybdenite.
Today the system serves as an extremely
flexible water delivery and trans-basin
conveyance network that serves both future
molybdenum processing and the management of
water allocations in three major Colorado
drainages.

In 1961, the Climax Molybdenum Company
explored potential molybdenum extraction
techniques from an ore zone containing oxide
molybdenum (ilsemannite; M~08 . nHzO) that
surrounded the central molybdenite orebody.
Recognizing that molybdenum could be
extracted from this mineralized source, Climax
embarked on processing of the oxide ore. The
process consisted of a complex treatment of
selected mixed ores fed to a 5, I00 metric ton
per day processing plant capable of recovering
0.7 kg of molybdenum per ton of plant feed.
The process began with preconcentration
following basic classification for tailing that had
passed through the sulfide flotation circuit.
Fines were separated in the preconcentration step and pumped as a pulp to the oxide plant where the
pulp was agitated with sulfur dioxide and sulfuric acid. Desorption tanks were then used to drive off
sulfur dioxide. Air was injected into the system to reoxidize the dissolved molybdenum allowing it to
adsorb onto carbon filters. The carbon filters containing molybdenum were then subjected to
stripping columns using a gaseous stream ofammonia (Amax, inc., 1966).

This process produced a solution of ammonium molybdate that was purified and heated to a
crystallized form. Finally, this ammonium molybdate was roasted and converted to commercial grade
molybdic oxide. The entire Molyoxide process was complex and sensitive to rather precise control
of temperatures, pressures, and yolumes.

Production at the Molyoxide plant ran from July of 1966 to September of 1968. Curtailment of
production occurred largely due to the plant's interruption of efficiencies in the sulfide milling circuit
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that were then processing 40M tons of sulfide are daily. Obvious additional expenditure was also
foreseen as federal environmental legislation of the late 1960's came into play (Voynick, 1996).

Wastes generated from the Molyoxide process required special handling. The silt size fraction of the
tailing material prevented their incorporation with the slurried and cycloned sulfide tailings deposited
on the Tenmile Tailing Pond (Figure 1). The separate circuits also required separate water handling
to prevent poisoning of one circuit in the management of another. At the time, Climax was producing
tin, tungsten, and pyrite as well as molybdenum. The development of the oxide are processing circuit
also required tailing management in a manner that did not disrupt the handling of other ores and
extraction processes at the Climax Mine and Mill. To accomplish this, Climax constructed an earthen
core dam at the head of the East Fork of the Eagle River west of the primary tailings disposal
facilities in the Tenmile drainage. In the two years of operation of the Molyoxide plant, 917M m3 of
tailing were deposited in this facility known as the "Oxide Pond".

PROJECT DEVELOPMENT

In 1989 a clear understanding of the water asset value of the property and a desire to reduce care and
maintenance costs led to the assessment of alternatives for site footprint reduction and reclamation.
Review of the Oxide Pond, from which over 370M m3 (300 acre-feet) of water had been annually
pumped to the Tenmile water treatment facilities for the 30 years following curtailment of the
Molyoxide processing, determined that removal of the tailing in the reservoir was feasible
(Woodward-Clyde Consultants, 1998).

The Climax Mine Reclamation Permit, held with the Colorado Division of Minerals and Geology,
calls for reclamation of the Oxide Pond to a post-mining beneficial land use of Developed Water
Resources. The methods by which Climax would obtain this designated post-mining land use were
not specifically outlined in the permit. Climax evaluated long-term management of tailing in the
pond and considered tailing removal using dredge and pump systems, truck and shovel removal, or
capping and fix-in-place alternatives to retire the facility. Both physical and chemical characteristics
of the materials were reviewed in the pre-feasibility evaluation.

The study found that cost effectiveness, long-term maintenance cost management, and the most
favorable environmental protections were best obtained through tailing removal (Woodward-Clyde
Consultants, 1998). The driver for this project ultimately became the regional recognition of the
potential beneficial use of stored water at the headwaters of the Eagle River.

The Eagle Valley of Colorado is host to recreation and residential development activities in support of
a thriving ski industry. Water use in the Eagle Valley increases during winter months for
snowmaking and municipal water treatment during the winter tourist season. Stream depletions in the
Eagle Valley are not replenished until the Eagle River and the Colorado River converge well
downstream of water use. Upstream replenishment of in-stream depletions was therefore a desire of
Eagle Valley water users, the Colorado Water Conservation Board, and other stakeholders for water
use in the valley. The location of the Oxide Pond, on private land at the headwaters of the Eagle
River, coupled with the presence of an earthen core impoundment capable of storing fresh water
rather than tailing, provided the site for in-basin water storage. Capacity of the new facility would be
3.9MM m3 (3,148 acre-feet) with a live yield of 2.5MM m3 (2,016 acre-feet) (W.W. Wheeler &
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Assoc., 1994). In 1993, Climax and Vail Associates entered a cooperative agreement to initiate
tailing removal and tailing pond reclamation using the preferred removal options outlined in the pre­
feasibility process.

PROJECT CONSTRUCTION

The preferred option using removal·by hydraulic monitoring and pumping began in 1993. This initial
method proved untenable due high plasticity of the material and inadequate tailing density in the
slurry being pumped under high head. A truck and shovel operation was initiated in early 1995 to
haul the tailing from the Eagle River basin to the Tenmile Creek basin, a distance of approximately
4.8 km. Truck and shovel operations continued through the summer of 1996.

Management of the tailing and dewatering proved to be the largest challenges during the construction
project. The initial assessment of the tailing revealed that the material was predominantly composed
of silt-sized particles with liquid limits ranging between 32 and 40 and plasticity indices ranging from
1 to 6. Moisture content of the material ranged from 35 to 49 percent indicating that the moisture
content of the oxide tailing was above the liquid limit. Materials were considered to be of very low
strength, and large settlements were anticipated under small loads (Woodward-Clyde Consultants,
1998). During excavation, the material did behave as a heavy liquid, requiring short loading of
trucks and the installation of special tailgates to hold liquefied tailing during the haul.

An equally important aspect of the removal operation was the management of water during the period
of excavation and hauling. Water management was an important task in allowing equipment access
and egress. In addition, thirty. years of tailing storage in the impoundment had contaminated dam
foundation materials as water seeped through the dam to a seepage return system at the dam's toe.
This seepage and all water in the reservoir throughout the removal project required pumping to the
Climax. Water Treatment System in the Tenmile Creek basin. Climax treats all mine water under a
National Pollution Discharge Elimination System (NPDES) permit in an active lime neutralization
process to a discharge point in Tenmile Creek.

Additional pollution protections and infrastructure construction occurred through 1998. A concrete
cutoffwall was constructed to a bedrock foundation in the drainage between upgradient process water
facilities and the reservoir. Climax managed seepwater at the toe of the dam through pump upgrades
and pipeline improvements. Because the Oxide Pond was designed to prevent the release of water
down the Eagle Valley, outlet works in the Class I (high hazard) dam, reconstruction of the
emergency spillway, and installation of conveyance and flow measurement devices were required.
These dam improvements were subject to review by the Colorado Office of the State Engineer.

Since reservoir capacity was to be maximized, additional excavation occurred after Climax identified
growth media (topsoil) residing beneath the tailing. During the fall of 1996, 41M m3 (33 acre-feet) of
growth media were hauled 6 km to temporary stockpiles for reclamation of overburden wastes near
the Climax milling complex. This activity provided needed materials for successful high-altitude
reclamation at other site locations while increasing the total yield of the reservoir.
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RESERVOIR SEDIMENT AND WATER QUALITY ASSESSMENT

Reservoir Sediments

Early review of the project had determined that residual materials and impacted soils beneath the
oxide tailing could pose a concern to water quality of the reservoir following tailing removal. Eagle
Park Reservoir, once source tailing material was removed, would not be subject to NPDES permit
requirements. Criteria upon which water delivery would be predicated, however, had not been
determined. The concern for ultimate deliverability of impounded freshwater from the reservoir
culminated in a Sampling and Analysis Plan (SAP) to define and measure the chemistry of soils and
waters during and following tailing removal.

Sampling of the reservoir tailing in the prefeasibility stage of the project showed the tailing chemistry
to be characteristic of geochemical profiles from the Climax orebody. The tailing were non-toxic but
acidic due to the nature of the extraction process that used sulfuric acid. Parameters measured in the
pond water and tailing reflected parameters assigned to Eagle River standards under Aquatic Life
Class I Cold, Recreation Class 1, and Water Supply use classifications (Table 1). Initial testing
revealed that manganese, iron, zinc, and to a lesser degree aluminum and copper, were the primary
constituents found in the tailings and Oxide Pond waters.

Table 1. Water Quality Standards for Segment 3 of the Eagle River

PhysicalfBiological Inorganic (mgll) Metals (ugll)

D.O.=6.0 mgll NH,(aclcbFTVS S:().OO2 As(acF50(Trec) Fe(cb)-300(dis) Ni (aclch)=949.21988.4 TVS

D.O.(sPF7.0 mgll CI,(ac):{}.OI9 B:().75 Cd (ac)=10.3 TVS(tr) Fe(cb)=IOOO(Tree) Se(ac)=I3S TVS

pH=6.5-9.0 CI,(ch):{}.OII N02:().OS Cd (cb)=1.l7TVS Ph (ac/cb)=101.9/4.1 TVS Ag (ac)=2.2 TVS

F.CoJi=200/10OmI CN·=O.OOS Crm (ac)=SO(Trec) Mn (cb)=IOOO(Trec) Ag (cb)= 0.3 TVS

Cl=250 CrVI (aclcb)=18.4 TVS Mn (cb)=50(dis) Zn (ac/ch)=120.8/109.5 TVS

SO,=250 Cu(ac/ch)=l 8.4/1 2.2 TVS Hg(cb)=O.1

TVS = Table Value Standards based on hardness of 103.8 mgll as CaCO,
Tree = Total recoverable

ch = Chronic
dis = Dissolved

ac = Acute

The Sampling and Analysis Plan (SAP) was designed to demonstrate source removal and prove
limited interaction of residual material with the large volume of water storage (Titan Environmental
Corp., 1996). The SAP consisted of a reservoir bottom material sampling event utilizing composite
samples taken at a depth of 0 to 15 cm on thirty 0.8 ha sample plots. QNQC followed EPA's CLP
standards to ensure data quality for soil and water samples. Soil samples were subjected total metals
analysis and to a modified Meteoric Water Mobility Procedure of the Nevada Division of
Environmental Protection (Nevada Division of Environmental Protection, 1990). This test used
lixiviant adjusted to a pH of 7.5 to 8.0 to reflect background water pH ranges measured in the
diversion canals used to fill the reservoir. Further analyses were made for total organic carbon and
soil texture. Results of these soil and sediment analyses are provided in Table 2.

Several factors led to the conclusion that residual materials would not pose a threat to ultimate water
quality in the reservoir. First, there was a clear distinction between the tailing material and the
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underlying soils and rock overlain by tailing deposition. Second, any waters introduced to the
reservoir that would be in contact with residual materials would be small when compared to the
overall volume of the reservoir. Third, following thirty years of tailing storage, more soluble
components of the tailing had already dissolved. Mineral components of the remaining tailing were
considered to be much less· soluble than those in the material originally deposited (Titan
Environmental Corp., 1996). Other factors that aided in the understanding of low potential soil and
sediment impacts to water quality included the presence of bedrock over much of the reservoir floor,
and the removal of growth media as described above. Reservoir configuration and depth (35 m) were
considered favorable because lake turning and stratification (10 m) would limit the suspension of lake
sediments.

Reservoir Water

Using results of the reservoir sediment analyses, a straight dilution model assuming 100 percent
mobility of metals revealed that primary standards for the East Fork of the Eagle River could be
obtained following reservoir fill. However, this conservative modeling for secondary drinking water
standards for Mn (50 flg/l) showed reservoir levels slightly above the standard. Freshwater delivery
of water into Eagle Park Reservoir began in the spring of 1997 through two diversion canals that
bracket the Climax water treatment and process water circuit upgradient of mine facilities. These
freshwater sources had previously been used to divert freshwater around the reservoir to the Eagle
River. The 50 ha basin below the diversion canals provided additional water to fill the reservoir.
Figures 2 and 3 show water quality in the reservoir for selected parameters through the filling period
and SAP sampling conducted in 1997. Post-project sampling in the reservoir demonstrates that water
quality has stabilized, with most parameters measured at or below detection limits. Water quality is
also being monitored during winter delivery periods to further demonstrate the success of closure and
reclamation of the Oxide Pond.

CONCLUSIONS

Reclamation of the Eagle Park reservoir demonstrates the public benefits that can accrue through
cooperative initiatives between industry and regulatory agencies. Water delivery to the East Fork of
the Eagle marks the first time in thirty years that water within the Eagle Park Reservoir basin will be
routed to the original drainage.
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Table 2. Reservoir Sediment Total and Leachable Metal Concentrations

As Cr Cu Fe Pb Mn Ni Zn I Ag

Total iLeachablef TotafiLeaChable\-Total Leachable
(mg/kg) \ (mg/I) I(mglkg) \ (mg/I) (mglkg) (mgll). ,

Min

Mean

Max

D33U

2

4B

(f0025JT6 U1([004 Jjf 5.6 uIo.oOSU
0.0025 13 i 0.01 24 i 0.05

0.0025 U 20 I O.QIS B 51 I 0.07 B

Total jLeaChablej-Total jLeaChab,el total!LeaChable\ Total jLeadiab,eITota, 1Leachab~eTotarjLeachable
(mglkg) \ (mgll) (mg/kg) \ (mg/I) (mg/kg) \ (mg/I) (mg/kg) \ (mg/I) (mg/kg) (mg/I) (mg/kg)! (mg/I)

: : :: I

27 B . o.OIU - 9- -rO.OOIU r2T TO.n-- 5.6U 0.01 U -for jO]1 11.4 U 0.05---U

16,741 0.01 48 10.001 180 I 4.93 12 0.02 45 0.02 2.3 0.05

22,400 0.03 B 84 10.001 U 444 I 16.7 20 0.05 B 89 I 0.Q7 B 2.8 0.05 U

U '" Analyte was not detected at the Method Detection Limit (MOL).
B""' Analyte concentration detected between the MOL and the Practical Quantitation Limit (PQL)

Note: boron, cadmium, selenium, mercury, chloride, and nitrate were removed from the parameters analyzed in preliminary screening analysis:

Figure 2. Eagle Park Reservoir Water Quality Trend 1997
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ROADSIDE RECLAMATION ALONG IDGHWAY 82:
ASPEN TO BASALT, COLORADO

Terry Keane

Colorado Department ofTransportation
202 Centennial

Glenwood Springs, Colorado 81601

ABSTRACT

Colorado highway 82 from Basalt to west of Aspen is under construction to widen the highway
from two lanes to four lanes to alleviate traffic congestion. Reclamation of roadside slopes is
challenging as terrain is steep with less than 1:1 slopes adjacent to sections of the highway and
the Roaring Fork River. Roadside construction and reclamation along the fifteen-mile corridor is
divided into six. projects. Elevations tange from 6640' to 7740', with annual precipitation of
approximately 18". Plant inventories and topsoil investigations are made prior to site
disturbance. Topsoil is stripped on site, stockpiled for re-application and soil amendments are
added based on soil test resuhs. Seed mixes and plant lists are developed from vegetation
inventories. Planting amendments vary by project, including fertilizer, porous ceramic,
mycorrhizae, and wood mulch. Drip irrigation is installed for shrub and tree establishment. All
disturbed slopes are seeded. mulched and tacked. Erosion control is critical necessitating use ofa
variety oftreatments from excelsior logs, willow cuttings and riprap to silt dikes, temporary pipe,
blankets and reinforced sih fence. Projects are evaluated for reclamation success in terms of
vegetation establishment/erosion control, visual quality and costs.

INTRODUCTION

The reclamation objective for highway 82 is to replace vegetation removed during construction,
control erosion and create a visually acceptable environment. This requires seeding, planting and
installation of drip irrigation to provide water for plant establishment for five years.

While it is an objective to minimize use of walls and to maximize use ofnative vegetation, steep
terrain has made vertical walls essential. The amount of site disturbance resuhing from wall
construction is effected by the types of walls used and methods of construction. In some
locations steep 1:1 slopes dictate use of walls that don't require site disturbance above the walls
as the slopes cannot be adequately reclaimed.

Revegetation with introduced species versus native grasses and forbs is an important
consideration. The approach for these projects is use of quick germinating annual grains and
short lived native grasses with slower establishing native species. Less aggressive and low
growing grasses have been used to favor establishment offorbs.

METIlODSANDPROCEDURES

Where terrain and narrow right of way make it necessary to build walls, mechanically stabilized
earth walls (MSE) are commonly used due to lower costs. Construction of MSE walls on cut
slopes has required excavation of a 25 foot wide work area behind wall locations to install
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reinforcing material and replace backfill. This creates long backfill slopes above walls that
require reclamation. Where existing corridor slopes exceed 1Y2: 1, more costly soil nail walls
with a fascia panel are used, leaving uphill slopes and vegetation intact.

Before construction activity begins, erosion control products are installed at the toe of existing
slopes and around inlets. Topsoil depths are then verified with the equipment operator prior to
stripping topsoil. Once stripping has begun, frequent inspection is required to ensure quality
topsoil. Compaction of topsoil by scrapers and bulldozers is inevitable but where possible, long
low stockpiles are constructed to minimize additional compaction.

On the first corridor project, undulating slopes were constructed with 1 Y2:1 and 2:1 slopes.
Topsoil was mixed with compost at a ratio of 9:1 and applied 6 inches deep over all disturbed
areas.

In preparation for seeding, slopes flatter than 2:1 were harrowed and steeper slopes were hand
raked to break up the surface crust. Seed was mixed with a polyacrylamide humectant, 1 pound
humectant per 100 pounds of seed, and seeded with broadcast seeders. A tractor mounted seeder
was used to seed slopes flatter than 2:1, steeper slopes were seeded with hand held seeders. Seed
was raked or harrowed into the soil to establish good seed soil contact. Seeding was done after
September 1 and prior to ground freeze.

Three seed mixes were used with varying amounts and species of forbs and shrubs. Mixes were
designed for planted, nonplanted and riverside slopes. The following mix was used on
nonplanted slopes:

Common Name Scientific Name
Grasses
Idaho Fescue 'Joseph' Festuca idahoensis
Arizona Fescue 'Redondo' Festuca arizonica
Mountain Brome 'Bromar' Bromus marginatus
Slender Wheatgrass 'Primar' Elymus trachycaulus
Approximately 90 seeds per square foot.

PLSPounds

4.0
2.0
5.0
3.0

Forbs
Lupine
Palmer Penstemon
Fireweed
Lewis Flax
Blanket Flower
Rocky Mountain Penstemon
Prairie Sage

Shrubs
Wax Currant
Woods Rose
Mountain Snowberry

Lupinus perennis
Penstemon palmerii
Epilobium angustifolium
Linum lewisii
Gaillardia aristata
Penstemon strictus
Artemisia ludoviciana

Ribes cereum
Rosa woodsii
Symphoricarpos oreophilus
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Weed free straw mulch was blown on seeded areas at a rate of two tons per acre, so soil was
barely visible through the straw. Tackifier made from Plantago insularis was mixed at 100
pounds per acre with 150 pounds of wood fiber and 700 gallons of water. The mixture was
sprayed over the straw to hold it in place until seed germinated the next spring.

Plumeless thistle was abundant on adjacent fields and became a problem along the highway right
of way. A backpack sprayer was used to spot spray thistle with Telar and Banvel at
manufacturers' recommended rates.

A simple gravity drip irrigation system was installed on the two major cut and fill slopes. Half
and one gallon per hour pressure regulating emitters were installed to irrigate one and five gallon
native plants. During planting, holes were backfilled with soil and a porous ceramic product at a
rate of one pound per one gallon plant and 5 pounds per 5 gallon plant.

Mycorrhizae was applied to plants in an attempt to reestablish mycorrhizal populations destroyed
by moving and stockpiling topsoil. AgBio Development applied endomycorrhizae to random
containerized plants at the nursery. After planting, these plants were measured for two years for
comparison with a control population. Recent jobs have included mycorrhizae application to
plant roots during planting.

Four inches of wood mulch was applied to entire plant beds to reduce competition with grasses
during shrub establishment. Fertilizer was added to the beds to improve the high C: N ratio
anticipated from the wood mulch. Sulfur coated urea 23-0-0 was applied 5#/1000 square feet and
mixed with soil in planting beds prior to mulching.

Plants were irrigated for one hour two to three times per week based on temperatures and soil
moisture in the root zones.

A variety of products were used to control erosion. A temporary creek channel was protected
using nearby rock, gravel and erosion control blanket. The permanent channel was then
established with a combination of riprap, excelsior logs, coconut blanket and willow cuttings. A
problem was encountered where the creek began to undermine several excelsior logs and riprap
bad to be placed below the log to prevent additional erosion. After two years the willow cuttings
are well established along the creek.

Pipe was used successfully for temporary channels and it can be quickly installed and removed.
Where ditch erosion was anticipated, silt dikes and silt fence checks have been installed at 100'+
intervals to catch sediment. Inlets are protected with silt dikes, hay bales, silt fence and excelsior
logs. Fencing has been used to reinforce sih fence that is to remain in place for several years.
Sediment removal is paid by equipment hours or lump sum payment depending on the contract.

DISCUSSION

After 2 1/2 years ofgrowth on the first project, vegetative cover ranges from 40 to 60 percent on
most of the site and approximately 30 percent in previously compacted areas and on 1 Y2.: 1 slopes.
Slender Wheatgrass, Mountain Brome and Wheat provided early spring cover while Fescues and
forbs are still slowly getting established. Showy Goldeneye and Flax began blooming during the
first year of growth. Scarlet Gilia, Blanket Flower, Penstemons, GlobemaIlow, Wallflower and
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Asters bloomed during the second year. Shrub seedlings are scarce; it appears there has been
little germination. An additional year ofgrowth will provide a better indication of the success of
the seeding.

Late spring and early summer seedings were required on two later jobs due to accelerated job
deadlines. Gennination was exceptional due to a wet summer but 3 months of drought followed.
Slender Wheatgrass and Fescues shrivelled and when snow cover finally arrived the newly
germinated grasses were dead. Low survival is anticipated. Biosol (1800 pounds per acre) was
hydraulically applied during the spring seeding contributing to a flush of annual weed growth.
The weeds were not noxious and if there badn't been drought conditions with extreme
competition for water, the weeds might have acted as a nurse crop. Instead, it is anticipated that
the weeds may be the only survivors. An objective was to compare seeding on slopes with: 4" of
topsoil and 1800 pounds ofBiosol versus 4" and 6" of topsoil and compost. Due to fall versus
summer seeding times there may not be a good comparison site yet.

Seeding costs for several jobs ranged from $1600 per acre to $3600 per acre. Costs included
seed, site preparation, seeding and incorporation by harrowing or hand raking. Topsoil stripped,
stockpiled, mixed with compost and reapplied cost an average of $16 per cubic yard or $8518 per
acre, 4" deep.

The application of two tons per acre of straw mulch has been successful and taekifier applied at
100 pounds per acre is adequate in flatter areas protected from wind. Along the edge of roadways
and on slopes subject to strong winds, 100 pounds per acre was not adequate to hold straw in
place for six to eight months and it appears this rate should be doubled in these conditions. Weed
free mulch applied at 2 tons per acre was $194 to $480 per acre, with an additional $150 to $300
per acre for tackifier.

Survival ofone and five gallon shrubs was greater than 90 percent after the first growing season.
Irrigation was infrequent during the second year and loss was greater. Elk and deer pruned and
removed shrubs during the winters making our data for mycorrhizae inoculated plants versus
control plants inconclusive.

Surviving plants are well established. Roses, Rosa woodsii, are spreading rapidly by rhizomes
creating thickets. Junipers, Juniperus scopulorum, are surviving but foliage has scorched on the
side facing the highway and hot dessicating winds. Sagebrush, Snowberry, Rabbitbrush, Oak and
Serviceberry are producing seed.

Additional time is needed to evaluate pros and cons of fully mulched shrub beds but after 2 ~

years of growth, the shrubs look good and survival is high. The mulch held down competition
without erosion, and helped retain moisture through prolonged dry spells.

Irrigation frequency will be cut back to one to two times per week to encourage adaptation of the
shrubs. Water will be reduced each year until the plants are well established, approximately five
years total.

The project is visually successful with a variety of shrubs, grasses and wildflowers established to
replace what was removed during construction. As plantings mature and wildflowers become
more established along the right ofway the visual quality will be enhanced.
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MOUNT HUMBOLDT CLIMBlNG ROUTE lMPROVEMENT AND RESTORATION PRomCf:
A CASE STUDY IN ADDRESSING RECREATIONAL IMPACTS ON COLORADO'S

WILDERNESS PEAKS

Mark Hesse

Rocky Mountain Field Institute
1520 Alamo Avenue

Colorado Springs, CO 80907

ABSTRACT

A primary focus of the Rocky Mountain Field Institute is to develop strategies and techniques for
mitigating climbing impacts in wilderness environments and restoring and/or reclaiming disturbed
sites. RMFI has been working since 1992 to address the issue of climbing impacts on Colorado's
alpine peaks and basins. RMFI has conducted hiking and climbing impact studies on all ofthe peaks
over 14,000 feet and completed extensive trail construction and restoration work on three peaks: Mt.
Belford, La Plata Peak, and Mount Humboldt. RMFI has also completed considerable work in South
Colony Lakes Basin where Mt. Humboldt is located. The majority of this work has, to date, been
conducted under the auspices of the Colorado Fourteeners Initiative, a partnership between several
nonprofit organizations and the US Forest Service that was founded under RMFTs leadership. RMFI
is presently completing trail construction and restoration work on Mount Humboldt and Bandies
Peak, and conducting research in South Colony Lake Basin to assess visitor impacts, and to identify
effective restoration strategies and techniques.

During the period 1997-1998, the Rocky Mountain Field Institute completed an extensive erosion
control and restoration project on Mount Humboldt (14,064 ft.) in the heart of the Sangre de Cristo
Wilderness. The project involved the stabilization and revegetation ofa climber created erosion gully
between 12,000 and 13,000 feet, and the construction ofa new summit trail.

This paper summarizes why the project was developed, the methodology that the project is based
upon and the accomplishments to date.

INTRODUCTION

Accurate statistics on the numbers ofpersons currently climbing Fourteeners (peaks over 14,000 ft. in
elevation) and the rate of increase in the popularity oftbis recreational activity are lacking. However,
reviews of trailhead and summit registers and field observations indicate that roughly 75,000 persons
ascend the Fourteeners in Colorado annually. This represents an increase of as much as 300 percent
over the past 10 years on some peaks. Visitation varies dramatically from mountain range to
mountain range and from peak. to peak. For instance, isolated or more technically difficuh peaks in
the Sangre de Cristo and San Juan Ranges receive as few as 500 ascents per season, whereas peaks
located in the Front Range receive this many ascents on a busy weekend.

Alpine ecosystems are vulnerable to low levels of human disturbance. The impact recovery rates for
some alpine flora communities in the Southern Rockies, once damaged or compromised, are long: in
the order often to a thousand times that of lower elevation ecosystems (Zwinger and Willard 1972).
This is due to several factors that include alpine climatic characteristics including short growing
seasons, low seasonal increase in biomass and unpredictable diaspore production (Chambers et aI.
1990). Alpine mountains are by nature unstable environments. Boulder, scree and fell-fields
constantly move and shift. The estimated time for the revegetation of a kobresia meadow, at a
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minimum is 500 years (Zwinger and Willard 1972). Recovery is based on the assumption that a
disturbed area is stabilized and that disturbance is controlled or eliminated. On steeper slopes,
seasonal run-off, or snow melt, and high winds radically accelerate soil and vegetation loss in
disturbed sites. These factors create a positive feedback system that effectively prevents recovery to
pre-disturbance conditions.

The current levels of use are having a significant impact on the peaks. Major soil erosion and
vegetation loss has occurred on many of the popular hiking and climbing routes. Inventories
completed by the Colorado Natural Heritage have indicated that on many peaks, hiking and climbing
are posing risks to rare plant species.

These impacts and disturbances present a special concern in wilderness and wilderness study areas
where preservation standards are high. Thirty-eight of the fifty-four peaks over 14,000 feet in
elevation in Colorado are located in wilderness areas. It is fair to say that many of the popular
climbing route corridors have already reached and, in many cases, swpassed acceptable or desirable
levels of disturbance. The continued growth in the popularity of climbing Fourteeners and the
potential for even greater levels of disturbance in the future have made this an important land
management issue.

If Colorado's wilderness peaks are to be preserved, it is important that steps be taken to mitigate the
impacts that are presently taking place. Furthermore, climbers have already heavily impacted many
of the peaks. It is important as well that damaged areas be stabilized and restored to the greatest
degree possible.

PROGRAM METIIODOLOGY

It is RMFI's position that climbing route improvements in wilderness should be undertaken for the
purpose of achieving preservation and restoration goals and not to make routes less tame or safe.
Leaving climbing routes as undeveloped as possible is consistent with wilderness designation and
protects the nature and challenge of the wilderness climbing experience. On the other hand, it is
unrealistic to expect that heavily visited peaks and alpine areas remain totally unimproved. Route
improvements serve to focus use and impacts, reduce the level of impact from climbers, and direct
visitors away from sites of critical or special concern. Also, in cases where multiple "social trails"
(visitor created trails worn into the landscape) or trail braiding is occurring, the establishment of a
single path creates opportunities for restoration, thus improving wilderness conditions.

Route improvements on alpine mountains or peaks within wilderness should be viewed, first and
foremost, as restoration actions, the goal of which is to achieve a meaningful and quantifiable
reduction in present levels of disturbance. In the alpine zone, additional stabilization, revegetation or
habitat improvement or protection actions are often required. In fact, for routes where impacts are
significant, these actions may require far more resources and constitute a larger portion of the project
than route improvements.

RMFI has developed the following program to provide a structure for mitigating climbing impacts. It
includes the following components:

1. Mitigation and Restoration
• Phase I - Impact Assessment
• Phase 2 - Development ofmitigation and restoration plans
• Phase 3 - Completion ofimpact mitigation and restoration actions
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• Phase 4 - Continued monitoring of impacts and assessment ofmitigation and
restoration actions taken.

ll. User Education and Stewardship
• Development and implementation ofsite specific visitor information

program
• Provide programs and opportunities for public participation in mitigation and

restoration work.

Again, the fundamental premise of the program is that climbing route improvements must be
completed within the context ofa thorough and comprehensive plan to restore the route corridor.

RMFI has proposed a classification system to provide guidance and direction for making
improvements on climbing routes in wilderness (Table 1). This classification system ties
improvements directly to disturbance levels and the physical and biological characteristics of the
areas or terrain through which the climbing route passes. In cases where existing disturbance levels
or threats are minimal, little if any action is required. However, in cases where disturbance levels or
threats are high, more aggressive or substantial improvements are needed.

ImClimb' &Ii W"ldST hI 1 CI ifia e ass catIon system or 1 emess )lug oute lprovements.

CLASS ENVIRONMENTAL ROUTE MANAGEMENT MITIGATION OR
CONDIDONS RESTORATION ACTIONS

Conidor inpristine condition and
few ifany human disturbances.

Disperse use along the1. Open Route Corridor Minimal threats to sensitive None Required
cultural and/or biological route corridor

resources exist.
Human disturbance along the
corridor route is overall minimal
and within acceptable limits;
however, trail braiding, soil Directhikinglclimbingll. IdentifiedlDefined erosion and/or slope along an identified/defined Mark preferred route with

Route destabilization and/or damage to cairns
sensitive cultural or biological route

resources is likely to occur at
select locations along the route
corridor.

Make select improvements to

Human disturbance is evident reduce soil erosion and

Trail braiding, soil erosion and/or Travel along a developed vegetation loss, and construct

ill. Developed Route slope destabilization has occurred route located on the most necessary soil retention and

and there is a serious threat for stable terrain and away water drainage stIUctures.

continued degradation. from sensitive sites. Make the route easily
identifiable. Restore social
trails and/or disturbed sites.

Additional Actions:

The following actions apply to each class ofclimbing routes:
• Provide information at trailhead or beginning of route on Leave No Trace protocols for

hiking and camping in pristine terrain with attention given to minimum impact hiking in
alpine terrain. Work with guidebook authors to include this infonnation in publications.

• Monitor environmental conditions in areas ofconcern and maintain all improvements.
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It is important to note that, in theory, a climbing route may have unimproved sections as well as
improved sections. In particularly sensitive locations, a fully developed trail or path may be needed.
However, in locations where the climbing route passes through areas where climbing or hiking does
not pose a significant threat, like alpine boulder fields, climbers can be left to choose their own way
or can be directed with cairns which keep them on route. Again, the intent of the classification
system is to address resource threats while maintaining the pristine and undeveloped character of the
climbing route. The following route improvement guidelines are recommended:

• Develop and complete route improvements within the context of a protection/restoration
plan for the route corridor and/or mountain.

• Keep the level of improvement to a minimum. Do only what is necessary to achieve
resource protection goals.

• Work within existing disturbances and do not disturb new ground unless there is a
compelling reason to do so, and only as a matter oflast resort.

• Utilize all material removed during construction (rocks, soil and vegetation) to restore or
reclaim disturbed sites.

• Monitor environmental conditions along the route corridor and maintain all
improvements or structures.

There are a number of factors that need to be considered when aligning or improving a climbing
route. These include:

• Unique or special characteristics or features ofthe route.
• Existing use patterns or trends.
• Areas with sensitive biological and/or cultural resources.
• Fragile ecosystems, i.e. fell-field, snow-bed and wet meadow communities.
• Unstable terrain prone to soil displacement or erosion.
• Areas ofhigh objective hazard, i.e. rock fall and avalanche zones.

MOUNT HUMBOLDT PROJECT

Project Description

Mount Humboldt is located in the heart of Southern Colorado's Sangre de Cristo Wilderness
southwest ofWestcliffe, Colorado. The mountain is one of the famed Crestone group peaks. Mount
Humboldt is a popular climbing objective. Estimates are that approximately 2,000 to 3,000 climbers
ascend the peak each year. The overwhelming majority of climbers access the peak via the South
Colony Lakes basin, a relatively narrow alpine cirque valley with two main lakes. The basin is
surrounded on three sides by rugged and spectacular alpine peaks: Broken Hand Peak, Crestone
Needle, Crestone Peak and Mount Humboldt. These peaks tower over 2000 feet above the basin Boor
forming an area ofoutstanding natural beauty. From the basin, the standard ascent route climbs up to
a color saddle at 13,000 feet, and then follows the west ridge ofthe peak to the summit.

An impact assessment program completed by RMFI in 1992 and 1993 revealed that many sections of
the Mount Humboldt west ridge route had become heavily eroded. The likelihood of even greater
degradation was also deemed to be very high. The Mount Humboldt project was initiated by the
Rocky Mountain Field Institute and the USDA Forest Service to mitigate the damage.
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Project History

A site analysis, resource inventory and environmental assessment for the proposed project were
completed by the Forest Service with the assistance of RMFI in 1995. This was followed by a
planning study of South Colony Lakes Basin in 1996. This study was completed so that the Mount
Humboldt project could be developed within the context of overall resource protection and restoration
needs in the basin. The study reviewed ecological resources and recreational use in the basin; queried
visitors about environmental condition; and identified management needs for the area at large.

The erosion gully between 12,000 and 13,000 feet was identified as the highest priority for the
project. This gully was located on a 40-50 percent south facing slope. The slope supports a mesic
alpine meadow dominated by Acomastylis rossii, Potentilla subjuga and Carex elynoides (Conlin
1998). A plan was devised to improve as much of the gully as possible for climbing use and to
stabilize and reclaim those sections that were judged to be too steep or unstable for climbing. For the
latter sections, the plan called for the construction ofan alternate route. One of the challenges of the
project was harvesting rock on site to accomplish both the stabilization and improvement of existing
sections and the reclamation ofthe remaining sections. During 1996, RMFI designed, built and tested
a rock transport system or tram that could safely and efficiently deliver rock from nearby boulder or
rock fields. The system was also designed to reduce the impact of the project on the surrounding
vegetation.

With respect to restoring and reclaiming the section from 12,000 to 13,000 feet the following
strategies were identified:

• Where possible, fill the gully with rock to replicate naturally occurring rock streams.
• Construct terraces in the most deeply eroded sections of the gully into which vegetation

from the new alternate route could be transplanted.
• Stabilize and revegetate all other remaining impact areas.

For the section ofthe route from 13,000 feet to the summit, a plan was developed to mark or identify
a route up the ridge with cairns (Class ll), to make selective improvements as needed (Class TIl) and
to monitor impacts.

During the summers of 1997 and 1998, RMFI spent a total of 24 weeks reclaiming the section of the
route between 12,000 and 13,000 feet. Approximately 200 tons of rock were moved from adjacent
boulder fields to reclaim the gully and construct the new alternate route. RMFI also marked the route
up the west ridge from the saddle to the summit with cairns. In total, approximately 3,000 feet of the
existing route were improved and 2,000 feet of the gully and social trails were reclaimed.
Approximately 1,000 feet ofnew trail were built. The west ridge was defined with cairns located 150
feet apart.

The work was completed by seasonal crews hired and trained by RMFI with the assistance of over
300 volunteers. These volunteers devoted nearly 1,000 volunteer days to the project. The volunteers
included individuals recruited by the Colorado Fourteeners Initiative as well as persons involved with
the CFI partner organizations which included the Colorado Outward Bound School, America's
Adventures, The Colorado Mountain Club, Mountain Trails Youth Ranch, The Rocky Mountain
Youth Corps, and Volunteers for Outdoor Colorado.

The work in 1998 and 1999 was funded through contributions and grants from a number of sources
including CFI and its partner organizations: Great Outdoors Colorado, the National Forest
Foundation, the US Forest Service, the Conservation Alliance and numerous companies within the
outdoor industry.
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The effectiveness ofthe restoration work on Mount Humboldt is of key concern to RMFI and the US
Forest Service. During the summer of 1998, a study was begun by Colorado College to examine the
success of the sod transplantation that was completed. After one year of study, it appears that turf~

transplantation is an effective method for reclaiming disturbed sites in the particular alpine vegetation
community (Conlin 1998). However, further study is needed to evaluate the full effectiveness of this
technique. The success ofthe two other revegetation techniques that were used to reclaim this section
ofthe route (transplantation ofindividual tillers and seeding) are presently being studied.

CLOSING COMMENTS

The work completed on Mount Humboldt to date bas succeeded in mitigating a great deal of the
climbing impacts on this alpine peak. There is little question that this type of work is greatly needed
on other similarly impacted peaks, and that it bas obvious benefits. However, considerable
restoration work remains to be done on Mount Humboldt and additional improvements are still
needed on the upper sections ofthe peak. Furthermore, RMFI does not claim to have fully "restored"
the areas of the peak where work has been conducted. Full restoration implies a return to pre­
disturbance conditions. While this is an important standard to have in wilderness, the Mount
Humboldt project is proving the monumental difficulty of achieving this in alpine environments.
There is little question that the most important lesson that the Mount Humboldt Project bas taught,
and continues to teach, is the significance of preventing disturbance of the type and magnitude that
have taken place on the peak from occurring in the first place.
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ABSTRACf

With the increase in high-elevation tourism worldwide, impacts on the vegetation ofthese most­
sensitive areas has increased tremendously. Trails that once could sustainably withstand the
impacts of use have now become multiply rutted, eroded, braided, and de-vegetated. Land
management agencies struggle with appropriate solutions to these impacts.

In United States National Parks where I have worked, high~levation trails in sensitive meadow
and riparian environments have been rerouted and reloeated (Kings Canyon National Park, CA),
reconstructed on old alignments with a hardened trail surface and improved drainage (Yosemite
National Park, CA), or a combination ofthe two (Rocky Mountain National Park, CO).

In protected areas in Peru. and Nepal, similar visitor use problems exist. The ancient Incas of
PerU constructed remarkable hardened trail surfaces (Cordillera Vileabamba, Peru), and in
Nepal, the local villagers have constructed impressive sections of stone steps on ancient trade
routes (Anapuma, Nepal).

All of these trail solutions protect high-elevation vegetation by minimizing and controlling the
erosive effects of moving water and high use. In the United States National Park solutions in
particular, aggressive revegetation is always part of the project, attempting to naturalize and
restore the landscape to its pre-impact condition. The solutions that I have been involved with
have been very successful. Slides will illustrate the various solutions and project locations
referred to in parenthesis.

INTRODUCTION

Over the last part of the 20th century high-elevation tourism worldwide has increased
dramatically, and correspondingly, non-sustainable impacts have also increased on the
vegetation of these most-sensitive areas. Trails that once could sustainably withstand the
impacts of routine use have now become multiply rutted, eroded, braided, and de-vegetated.
Properly designed and constructed trails can mitigate these impacts by consolidating use on an
improved alignment and hardened tread. Present United States land managers and agencies are
not the only ones to have struggled with appropriate solutions to these impacts; worldwide some
past and present trailwork provides excellent examples of sustainable trails in very difficult
terrain.
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I have been a part ofthe planning and implementation ofmajor high-elevation projects designed
to protect and restore sensitive vegetation to a natural condition in several United States
National Parks. I have also traveled internationally to popular high altitude recreation
destinations and observed and studied solutions to similar problems implemented in other
countries. In 1997 I traveled to the Nepal Himalaya, and most recently, I participated in a fact­
finding trip to the Cordillera Vileabamba in Peru. to investigate 600 year-old Inea trailwork.

UNITED STATES NATIONAL PARKS

In United States National Parks where I have worked, high-elevation trails in sensitive meadow,
riparian, and tundra environments have been both relocated out of the sensitive vegetation, and
also reconstructed on old alignments with a hardened trail surfuce and improved drainage. In
Kings Canyon National Park (CA), high elevation trail segments on the John Muir trail in the
Evolution Basin area had become badly eroded and multiply rutted by the end of the recreation
boom of the 1970's, and similar problems existed in Yosemite National Park (CA) in Rafferty
Meadow. As an answer to these two similar high-altitude problems ofimpact, two very different
solutions were implemented. In Yosemite, the existing alignment through the meadow was
reconstructed, and in Kings Canyon, the trail was rerouted to higher, less sensitive ground. fu
1998 and 1999 in Rocky Mountain National Park (CO) a combination of both. approaches was
incorporated into reconstructing and realigning one and one-half miles of the Continental
Divide Trail above timberline. Rocky Mountain crews also have reconstructed segments of
other high elevation trails. The following projects are presented both in chronological order and
in the order oftheir cost and complexity, with the most complex first.

Yosemite National Park

In Yosemite National Park, Rafferty Meadow is a popular high-elevation trail for both hikers
and stock. The area is located approximately 6 miles south ofthe Tuolumne Meadows trailhead
and is the main route into Vogelsang High Sierra camp - a seasonal overnight camp run by the
park concessionaire. During the 50's and 60's, the heavy use and lack of construction on the
trail through the 9600-foot elevation meadow combined to create an alignment of multiple
eroded and braided ruts (Snyder, 1978). As is common in high elevation areas throughout the
world, as an individual rut became deeper and carried more water, hikers and stock created
adjacent paths to avoid walking in the mud and trench ofthe existing alignment, and these paths
in tum become additional ruts. Multiple ruts followed. In Rafferty Meadow, after a reroute
attempt in the seventies to circumnavigate the meadow failed because it was not a desirable
route, the entire alignment was reconstructed as a rock causeway during three short early-fall
seasons in 1983 through 1985. The multi-year project was the culmination of the trailwork
season for Yosemite's trail crews, including two I8-person California Conservation Crews. The
total number ofpersons involved with the project each season was approximately 60, including
several full-time packers moving supplies in and trash out of the backcountry camp. The
project involved establishing a preferred alignment, usually the original one through the
meadow, and constructing 4 to 5 foot wide stepped rock causeways on that alignment, and
thoroughly revegetating the adjacent abandoned ruts. Fundamental to the success of the project
was the re-establishment of an effective natural drainage system to facilitate water movement
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across the trail alignment. Overall, over 2500 feet of rock causeway was constructed, providing
both hikers and stock a high and dry trailtread.

Rock quarries were established and large stones were moved to the project site using stoneboats
and teams of pulling mules. Impact to the meadow was minimized by performing the work in
the dry early fall ofthe High Sierra. Tread material was obtained from nearby natural drainages
and streambeds and transported to the project sites using strings of mules equipped with hinged
dirtboxes. (Techniques to construct rock causeways are described in Birkby, 1996; and
Griswold, 1998).

When I most recently visited the project several years ago, the revegetation efforts have been
very successful, and only a few problem areas on the lengthy causeways were observed where
stock and hikers have stepped off-trail to avoid close passing. This was a very costly, yet
successful project. The budget was approximately $100,000 annually for the three years.

Kings Canyon National Park

In the Sierra Nevada south ofYosemite, a similar problem in Evolution Basin in Kings Canyon
National Park had developed. The Evolution Basin is a more remote area than Yosemite's
Rafferty Meadow and consists of a series of large stepped lakes on the upper reaches of the
North Fork of the San Joaquin River. The John Muir trail winds its way up the basin, linking
the lakeshores of several ofthe major lakes as it approaches Muir Pass at more than 12,000 feet
in elevation. Similar to Rafferty, the route included many areas of severe erosion and multiple
rutting in the fragile meadow and riparian grasses of the lakeshores. During four seasons from
1989 to 1993, National Park Service trail crews were joined by a California Conservation Corps
backcountry crew for a total of approximately 22 persons each season. For 3 months each year
they methodically rerouted the lakeshore trails to higher terrain above the lakes, while
thoroughly revegetating the damaged lakeshores.

Rock was quarried from the numerous talus slopes, and was moved into position by hand.
Meadow ruts were filled with soil, drainage established to prevent further erosion, and grasses
were transplanted into the scarified soils. Tread material for the new trail alignment was both
transported by strings of pack mules from adjacent drainages, and obtained by quarrying soil
from the existing rutted trail.

The work in the Evolution Basin has held up well and succeeded in rerouting through hiker and
stock traffic to a new alignment above the sensitive vegetation. The damaged lakeshores are
well on their way to recovery. This project was more primitive (and remote) than the Yosemite
project. The budget for the Kings Canyon crews was approximately $50,000 per season for 4
seasons.

Rocky Mountain National Park

In Rocky Mountain National Park, both reconstruction approaches - reconstruction on the
original alignment and rerouting ofthe trail- are being used beginning in 1998 to reconstruct a
portion of the Continental Divide Trail on Bighorn Flats above timberline. The recently
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designated Continental Divide Trail in Rocky Mountain National Park climbs from the deep
forested canyons of the west side of the Continental Divide and crosses between drainages on
the high-elevation tundra of Bighorn Flats and Flattop Mountain. The trail, little more than a
route, evolved from use with no attention being paid to a proper sustainable alignment or
constructed drainage. As use increased, the trail eroded and in many sections the trail was little
more than a boggy rut for most of the hiking season. Multiple ruts soon began to evolve. Using
both the approaches employed in the California parks, the Rocky Mountain National Park trail
crews have both constructed an improved trail andtr~ on the existing alignment, and rerouted
the most problematic wet sections to higher ground within approximately 100 feet ofthe present
route.

A packable steel tripod system was used to transport rocks without damaging the fragile tundra.
Tread material was quarried whenever possible from the existing trail, and also flown to the site
using a high-elevation heavy-lift helicopter in the fall of 1998. Project budget was $60,000 for
the crew in 1998 and $100,000 for the helicopter time.

This project continues and is scheduled to conclude this 2000 trail season. In 1999, a small
crew continued with the:final phases ofthe reroute for several weeks in early September, and in
2000 a crew will do the same. The elevated sections of trail have been very successful at
providing hikers with a desirable sur:fuce upon which to walk, eliminating impacts from the wet.
sensitive tundra adjacent. Cost for the crew in 1999 and 2000 is approximately $12,000 per
season.

Crews in Rocky Mountain National Park have also reconstructed high elevation portions of the
extremely popular Longs Peak trail (up to 1500 persons per day) and the lightly used Stormy
Peaks trail by restoring and reconstructing the trails on their original alignments.

The Challenge

The challenge of either reconstruction approach is to provide a trail surface that can withstand
the affects of seasonal water movement, and the impacts of recreational hiking and stock use, as
well as be the route of choice for hikers and stock. An appropriately constructed trail will
consolidate the recreational use within a corridor that can sustain it, and protect the surrounding
or nearby vegetation from the potential impacts of that use, if it is an alignment that effectively
takes users where they want to go.

INTERNATIONAL EXAMPLES

In protected areas in Peru and Nepal, similar problems of impact exist in high elevation areas.
The ancient Incas of Peru constructed remarkable hardened trail surfaces that were part of an
ancient road network of over 10,000 miles. In particular, the riprap tIailtread in the Cordillera
Vileabamba, as it approaches the spectacular ruins of Macho Picchu, is an outstanding example
of a sustainable trailtread that protects the adjacent landscape and vegetation. In the Anapuma
and Khumbu regions of Nepal, the local villagers have constructed lengthy sections of stone
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steps to harden the trailtread on ancient trade routes and to protect the landseape from the
effects oferosion.

Cordillera Vileabamba, Peru

In the filll of 1999, I had the privilege of participating in a fact-finding trip to the Cordillera
Vileabamba of PerU to investigate the rockwork of the Incas. The Incas constructed a network
of rock highways throughout the central Andes that connected the empire to the high-elevation
capitals of Quito, Ecuador and Cusco, Peru (McIntyre, 1975). Many of these routes are still in
use, and on the famous Inca trail to Machu Picchu the number of hikers is certainly far greater
today than could have been anticipated by the Inca engineers 600 years ago. The PerUvian Park
Service, the Instituto Nacional de Cultura (INC), actively maintains this trail and estimates that
more than 800 persons will pass from the trail to its tenninus at Machu Picchu daily during the
peak hiking/tourist season. The Inca trail includes more than 40 kilometers (25 miles) of
continuous rock riprap which has survived with little more than routine maintenance for well
over 500 years. (frail riprap is discussed in Griswold, 1996)

The Incas are well recognized as masters of drystone masonry (protzeR, 1997). Their temples at
places like Macho Picchu, Sacsayhuaman, and Ollantaytambo are world-renowned (Frost,
1999), and their high elevation trails are also masterfully constructed. The Inea trail crosses
three high elevation passes, and protects high-altitude vegetation by strongly meeting the
challenge discussed above: the trail both provides a sustainable corridor to endure the impacts
of use, and takes hikers where they want to go. The Incas incorporated many trail rockwork
structural techniques into their trail: including riprap tread, walls, and drainage structures. Most
noteworthy is the extreme attention paid by Inca engineers to drainage. Every section of Inca
trail rockwork is protected by a thorough drainage system. Nearly the entire uphill edge of the
riprap trail tread is lined by a trail edge-wall that provides a drainage to move water down the
inside ofthe trail and then across or through the trail at one of a number of cross-trail drainage
structures. The Incas teach us that a sustainable trail consists of not only quality high-standard
work, but also must be protected by a thorough drainage system.

Khumbu and Anapurna, Nepal

In Nepal, ancient trade routes wind their way up and down steep mountain ranges. These trails
have been in use for many hundreds, even thousands of years, and are still relied upon today as
major trade routes and essential to maintaining the lives of the local peoples in the heavily
populated the foothill regions. With the addition of tourist traffic on popular trekking routes,
and the added requirements of supplying the tourist trade, these ancient trails have had to
withstand impacts unforeseen in their long histories of use. In very remote areas, erosion and
severe impacts may be found, but in many local areas, villagers have protected the trail
alignment by hardening the trail tread using rock steps. I observed constructed trails in both the
Khumbu and Anapurna regions, and in the Anapurna foothills, the most heavily populated of
the two regions, lengthy sections of rock steps have been constructed utilizing rock slabs. These
slabs are laid to form gently sloping steps that shed water offthe trail onto the downslope side,
filling formerly eroding ruts with a sustainable trail surface.
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IHGH-ELEVATION TRAIL RECONSTRUCfION

As I participated and observed these projects over the last 15 years, I have learned many things.
Several of the most significant are discussed below: the importance of aggressive revegetation,
a method to obtain trail tread material where it is scarce, and a simple structure to facilitate the
easy movement oflarge rocks.

Revegetation

Aggressive revegetation is an essential part of any high-elevation trail reconstruction project.
The process of revegetation attempts to naturalize and restore the landscape to its pre-impact
condition and stabilize the area from further deterioration. Less-successful projects in the past
have failed in part because of faulty assumptions regarding the capacity of the landscape to
restore itself. Abandoned, eroded ruts do not refill themselves, and slow-growing naturally­
restoring vegetation alone will not check continued erosion of the old alignment. Soil must be
restored to the ruts, and this soil must be secured in place by frequent log or rock checks in
order to prevent further erosion. Each section must be consciously protected by a drainage
solution, guiding moving water through and across the segment (Griswold, 1998).

Tread Material

In locations such as Kings Canyon and Rocky Mountain National Parks where soil for trail
tread is very difficult to obtain, crews have successfully quarried soil from the existing rutted
trail alignment. Soil is stockpiled adjacent to the trail on tarps or plastic (to protect the
underlying vegetation) by first digging up and removing as much soil as possible from the
damaged trail, essentially making the trail rut deeper. Reconstruction ofthe trail then follows by
laying rock steps, drainage structures etc. over a bed of crushed rock and backfilling the old rut
with crushed rock to within approximately 4 to 6 inches of the final tread elevation. The
stockpiled soil is then placed on the reconstructed trail bed and crowned or outsloped to
facilitate proper drainage. The final step is to compact the soil as much as possible. This soil
quarrying method eliminates the impact of borrow pits to the surrounding landscape. The
crushed rock fill below the trailtread also facilitates the movement of water through and off the
project.

Moving Rocks

In Rocky Mountain National Park, a packable steel tripod system was used to transport rocks to
the project site without damaging the fragile tundra. This system was first introduced to the
crew by Lester Kenway of Baxter State Park in Maine. The easy-to-eonstruct and easy-to-use
system facilitates the movement of large rocks and large quantities of rock quickly across the
frequently wet tundra, protecting the vegetation from the impacts of construction, and saving
the workers some ofthe backbreaking labor of rolling and lifting rocks. The tripod consists of
10-foot long adjustable legs made of square steel tubing, and linked together at the top with. an
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all-thread rod. The legs may be cut into several sections and joined together at the project site
to facilitate packing on livestock. Two tripods are used and two large snatch blocks are hung
from each of the two all-thread rods. The tripods are separated the necessary distance to move
rock from the quany site to the project and a grip-hoist cable is hung from the two snatch
blocks. The separation of the tripods is limited by the length of the cable - a two hundred foot
cable is recommended. Rocks are contained in either a chain-basket or large slings made of
webbing. The baskets and webbing should be adequately rated to hold the weight of the rocks
to be transported. Once the rocks are safely placed in the basket, the basket is hooked to a
pulley or snatch block attached to the main overhead line and raised offthe ground by taking up
the slack in the main cable. This is accomplished by pulling the cable through the grip-hoist, a
very strong come-along like device. The basket containing the rocks is then easily pulled or
pushed, depending on grade, to the second tripod, nearer the project site. The cable is lowered
and the rocks are unloaded. If the source site is far away, additional set-ups may be required.
The entire system is easily and rapidly relocated (Kenway, 1997 and Demrow, 1998, illustrated
on the cover).

CONCLUSIONS

These trail solutions protect high-elevation vegetation from the effects of trail use by
minimizing and controlling the erosive effects of moving water as well as the direct effects of
the high use. Well-laid rock surfaces are the most sustainable of trail treads. Quality riprap
work is extremely resistant to erosion, even to water flowing right on the alignment. Less labor
intensive, but equally durable, soil tread surfaces can be constructed by skilled crews and have
proven successful in several high-elevation environments.

In the United States National Park solutions, both improving the trail on the existing alignment
and rerouting the trail to less sensitive habitats have been successfully implemented. As in Peru
and Nepal, high quality trailwork is essential to success, particularly after damage bas already
occurred to the alignment as use and erosive impacts increase. The ancient engineers of Peru
and Nepal demonstrated hundreds of years ago that a sustainable trail, one that protects the
landscape and vegetation, consists of appropriate high quality trail construction, including a
hardened trail tread if required, and meticulous attention to drainage.
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ABSTRACT

Reclamation ofthe tailing from Urad Mine was completed in the late 1970's. The surfaces ofthe two
tailing ponds were covered with about three feet ofwaste rock. The waste rock was amended with up
to 30 tons/acre of biosolids, 20 tons/acre of woodchips and 300 lbs/acre of triple superphosphate.
This addition of organic matter, nitrogen, and other nutrients needed to sustain plant growth has
resulted in a more balanced growth medium.

Although there are a number ofpotentially toxic elements present in the waste rock growth medium,
there is no visible evidence of plant toxicity problems after 20 years. However, concentrations of
molybdenum and fluoride are high in legume species.

Seeded grasses are well established and cover and production of the revegetated areas all exceed that
ofthe control, a nearby burned-over spruce-fir community. Reclaimed areas are dominated by a few
species of grasses, and forbs occur infrequently. Species diversity has increased significantly with
time since the areas were seeded in 1975-1978. The number of naturally occurring and seeded
species on most reclaimed areas is similar to or greater than that ofthe control community.

INTRODUCTION

Background

Urad Mine tailing is located at an elevation of about 10,200 feet in the mountains west of Denver.
Climax. Molybdenum Company, then AMAX, completed reclamation ofthe Urad Mine site in the late
1970's. The surfaces of the Urad molybdenum tailing ponds were covered with about three feet of
Henderson Mine waste rock. The waste rock material covered the tailing, effectively eliminating
wind and water erosion of the tailing and provided a more stable growth medium for vegetation
establishment (Brown, 1976).
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About 30 tons/acre ofbiosolids and 20 tons/acre of wood chips were added to the waste rock surface
(in 1975 and 1976 only 20 tons/acre ofbiosolids was used) and the wood chips and super phosphate
were ripped into the surface. These additions were made yearly to different portions of the tailing
ponds over a period offive years (1975-1979). The tailing was amended and revegetated as the waste
rock cover and amendments were applied. A history of amendment additions is shown in Table 1.
Use of biosolids added organic matter and plant essential growth nutrients to the medium. The
Climax seed mixture that contains both grasses and forbs was then broadcast onto newly prepared
areas. An inorganic nitrate nitrogen fertilizer was broadcast (200 lbs/acre) over all previously seeded
areas in 1979. In addition, seedlings of shrubs and trees were hand planted in some of the reclaimed
areas.

Monitoring of reclaimed areas has been done to follow changes on the site through time. Species
composition has been estimated through the years at 4 - 6 year intervals. Diversity and production on
various reclaimed areas as related to length of time since seeding have also been determined. These
data were collected to determine ifseeded species were increasing, decreasing, or simply maintaining
themselves on the reclaimed tailing. It was hypothesized that introduced species would be replaced
through time by invading or planted native species, causing a reduction in some introduced species
within the stands.

Rock waste growth medium placed on tailing ponds has been subjected to various physical and
chemical analysis since 1976. These analyses showed levels of soil development, fertility and
potential toxic elements. Concentrations of certain toxic compounds, elements, and heavy metals
have been measured in vegetation established on the waste rock growth medium covering the Urad
tailing. These concentrations have been monitored through time. An additional objective has been to
determine the long-term impact ofbiosolid addition on soil and vegetation development.

Table 1. Amendment additions to Urad tailing reclamation areas.

Year of seeding Amendments Additional treatments

1975 20 tons/ac ofbiosolids and wood 300 lbs/ac P20S
chips

1976 20 tons/ac ofbiosolids and wood 300 Ibslac P20 S
chips

1977 30 tonslac ofbiosolids and 20 300 Ibs/ac P20S
tons/ac wood chips

1978 30 tonslac ofbiosolids and 20 300 lbs/ac P20 S
tons/ac wood chips

1979 30 tons/ac ofbiosolids and 20 No fertilizer added
tons/ac wood chips

1992 100 Ibslac NH.4N03
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Biosolids

The agricultural use of biosolids provides environmental and economical benefits through reuse of
essential nutrients and organic matter contained in these materials (Krebs et al., 1998). However, the
use of biosolids as fertilizers have raised numerous environmental and health issues because of the
concentrations of toxic metals, organic compounds, and pathogens commonly found in these waste
materials (McBride et al., 1997). Despite these risks, utilization of biosolids has increased through
the years and it is predicted that it's beneficial use will continue (Goldstein, 1998).

Biosolids contain considerable amounts ofnitrogen (N) and phosphorous (P), which make it a good
fertilizer, but the input can also result in excesses (Hooda et at., 1997; Krebs et al., 1998). Biosolids
application affect soil properties in many ways; it increases pH, organic matter content, electrical
conductivity and available phosphorus (Tsadilas et at., 1995; Moreno et at., 1999). Some of these
changes are short term while others are long term. For example, acidification ofthe soil is a potential
long term effect that may seriously alter the mobility and uptake ofmetals (Tack et al., 1998).

The application of biosolids can be problematic because of harmful components that are potentially
toxic elements, particularly heavy metals (e.g. Cd, Cu, Ni, Pb, Zn, Mn) (Tsadilas et al., 1995; Krebs et
at., 1998). These metals are considered to be mainly associated with organic matter in the biosolids,
which mineralizes with time, but the heavy metals remain in the soil with very low mobility in the
soil profile (Sloan et al., 1997; Singh and Pandeya, 1998). The half-life oforganic decomposition bas
been estimated to be about 10 years (McBride, 1995). However, the persistence ofmetals in the soils
and their uptake by plants still exists many years after biosolid organics have decomposed. This can
be a problem and these heavy metals can be toxic to animals and humans when consumed (Tsadilas et
at.; 1995 Krebs et al., 1998). Plant uptake is one of the major pathways by which biosolid-bome
toxic elements enter the food chain, but problems can also arise where these elements go into surface
and groundwater and pollute water supply (Chaney, 1990; Harris-Pierce et al., 1995; Krebs et al.,
1998). Research has shown that availability of biosolid-bome metals to plants is generally the
greatest immediately following application of biosolids to soil but diminishes thereafter (McBride,
1995). After biosolids application, the soil will gradually establish new biochemical equilibria with
decomposition ofbiosolids-added organic matter, and in many cases, acidification of the soil (Hooda
et al., 1997).

Soil and Vegetation Interaction

Plants vary widely in their uptake and requirements for various macro- and micro-nutrients (Swaine,
1955). At least 16 elements are known to be essential for plant growth. Of these, nitrogen,
phosphorus and potassium are most often deficient in soils. Secondary or micronutrient deficiencies
are found in some soils, with sulfur, zinc and boron being the most common.

Whether an element or compound is limiting or toxic in many cases depends on its availability and
concentration (Lindsay, 1979b; Mailman, 1980; Baker and Walker, 1989). Nitrogen (N) is an
essential component of protein but excesses in soils can affect human and animal health and can
degrade the quality ofthe environment (Brady and Weil. 1999). Nitrogen-deficient plants often have
a low shoot-to-root ratio and they mature more quickly than healthy plants, whereas excess nitrogen
can result in weak stems, delay maturity and cause susceptibility to disease and insect pests. Nitrogen
is usually the most limiting nutrient and phosphorus (P) commonly the second most limiting
(Lindsay, 1979; Mailman, 1980; Baker and Walker, 1989). Phosphorus is often deficient in highly
weathered soils, calcareous soils, or organic soils, but excesses may occur under acidic soil

-84-



conditions. When phosphorus exceeds about 0.3% in plant dry matter, it may become toxic
(Bingham, 1966).

Potassium (K) is the third most likely element to limit plant productivity in natural communities.
However, plants are capable of substituting sodium (Na) in part for potassium requirements (Ulrich
and Obki, 1966). The critical potassium level in leaves of many plants ranges from 0.7 to 1.5% on a
dry weight basis. There have been few reported cases of excess or toxicity of potassium. Excess
potassium may reduce absorption of other nutrients by the plant. For example, excess potassium may
reduce the uptake ofmagnesium, manganese, zinc, and iron.

Zinc (Zn) content in forage normally ranges from 20 to 10,000 ppm (J.Lg/g) (Holmes, 1944).
Therefore, plant leaves with less than 20 ppm zinc may be deficient in this micronutrient. Ample, but
not excessive, levels commonly range from 25 to 150 ppm (Chapman, 1966; Kabata-Pendias and
Pendias, 1992). Zinc concentrations greater than 400 ppm may indicate zinc excess. Acidification of
soils may bring about zinc toxicity in substrates that are high in zinc.

Iron (Fe) was shown to be an essential element for plant life over a century ago and is required by
plants in quantities larger than manganese (Mn), zinc, copper (Cu), and molybdenum (Mo) (Wallihan,
1966). Iron toxicity has not been in much evidence under natural conditions. Concentrations of iron
in foliage are usually in the order of 10-2 to 104 times that in the soil in which the plant grows. As a
general rule, other elements known to be essential to plants achieve concentrations in plant tissues
that are approximately equal to or greater than that existing in the soil. In as much as most soils
contain several percent iron, and plants require concentrations in dry matter in the order of 100 ppm
or less, iron deficiency in plants results from low availability of iron in the soil for plant uptake.

Plants vary widely in their requirements for molybdenum (Mo) and in their ability to extract this
element from the soil (Reisenauer, Walsh and Hoeft, 1973). Absorption of molybdate by plant roots
is markedly influenced by pH, the amount of sulfate, soil organic matter content, and soil moisture
(Gupta and Lipsett, 1981). Increased sulfate depresses molybdate uptake. Available molybdenum
usually increases with soil organic matter content, as does that of most other nutrient elements.
Additions of biosolids may also result in increased molybdenum uptake by plants (Soon and Bates,
1985; Pierzynski and Jacobs, 1986; Kabata-Pendias and Pendias, 1992). Plant requirements for
molybdenum are met at concentrations of 0.3 to 0.5 ppm in tissues oflegumes, and at less than 0.1
ppm in tissues of most other plants. Molybdenum functions in the fixation of nitrogen by legumes,
and its deficiency is most frequently observed in that group ofplants. Molybdenum is essential in the
reduction ofnitrate in all plants and has also been implicated in other oxidation-reduction processes.

Molybdate as an anion is strongly adsorbed by soil, minerals and colloids below pH 6.0. Therefore,
availability of molybdenum in acidic soils may be limiting plant growth (Robinson and Alexander,
1953; Gupta and Kunelius, 1980; Kabata-Pendias, and Pendias, 1992). Under alkaline conditions,
plants take molybdenum up much more readily. Reductions in plant growth from excess levels of
molybdenum can be expected when tissue concentrations exceed 200 ppm (Reisenauer, Walsh and
Hoeft, 1973). There have been several reports that legumes accumulate more molybdenum than do
grasses (Barshad, 1951; Dye and OHarra, 1959). However. there are a few reports that indicate that
this is not always the case (Robinson and Edgington, 1954; Johnson, 1966; Gupta and Kune1ius,
1980).

Forage containing more than 10 to 20 ppm molybdenum may produce Molybdenosis in ruminants.
Elevated molybdenum intake depresses copper availability and may produce a physiological copper
deficiency in ruminants (Ward, 1978). Physiological copper deficiencies are produced when forage
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has: (1) high molybdenum levels (> 100 ppm), (2) low copper: molybdenum ratios « 2:1), (3) low
copper levels « 5 ppm), and (4) high protein (20-30%). Molybdenum toxicity in ruminants is,
therefore, quite complex. It involves not only excess molybdenum but also low copper and high
sulfate-sulfur concentrations in forage plants. Copper supplementation in ruminant diets has been
somewhat effective in controlling the disease (Dye and O'Harra, 1959).

It is now generally recognized that mminants suffering from copper deficiencies have blood that is
deficient in hemoglobin (Reuther and Labanauskas, 1966). In addition to copper's function in
formation of hemoglobin, other deficiency symptoms are frequently seen in animals. Generally,
animals on green forage containing greater than 5 ppm copper do not suffer from copper deficiency.
Serious disease may occur when forage contains between 1 and 3 ppm of copper.

The free element arsenic (As) is not considered poisonous. However, many of its compounds are
extremely so. There is no evidence that arsenic is essential for plant growth although stimulation of
root growth has been demonstrated in solution cultures (Liebig, 1966). Arsenic accumulation
resulting from herbicide applications, however, has reduced productivity of some soils. Arsenic does
not usually accum.u1ate to any appreciable extent in the aboveground portions ofplants. Arsenic does,
however, accumulate in roots. Arsenic levels in plants grown in uncontaminated soils vary from 1.0 ­
1.7 ppm (Kabata-Pendias and Pendias, 1992).

Presence of abnonnally high concentrations of fluoride (F) in aboveground parts of plants, with low
concentrations in the roots, usually indicates that the atmosphere is the principle source of fluoride
(Brewer, 1966). However, high fluoride soil level can occur through contamination by the
application ofbiosolids (Kabata-Pendias and Pendias, 1992). The usual fluoride content in foliage of
plants grown in areas removed from possible sources ofair pollution ranges from 5 to 30 ppm. High
fluoride concentration in roots usually indicates absorption of fluoride from the soil (Brewer, 1966).
Animals may be detrimentally affected by eating forage containing less than 50 ppm of fluoride,
whereas plants can tolerate concentrations greatly exceeding 50 ppm fluoride. Fluorine is not
considered an essential element for plants, but it is essential for animals.

Cadmium (Cd) is one ofthe most toxic metals found in biosolids and can enter the food chain through
plants and result in a significant health concern (Singh and Pandeya 1998; Moreno et aI., 1999).
Cadmium is a non-essential element for plants and its concentration in normal plants ranges from 0.1
- 2.4 ppm, but it can become excessive or toxic at 5-30 ppm (Kabata-Pendias and Pendias, 1992;
Ramachandra and D'Souza, 1998). Soil pH is an important factor regulating the solubility of Cd and
its rate ofuptake by plants (Eriksson, 1989). Acidic soils result in cadmium being more available for
plant uptake (Kabata-Pendias and Pendias, 1992).

Most of the soil chromium (Cr) occurs as Cr* and it is considered to be very stable in soils and its
availability to plants is low (Kabata-Pendias and Pendias, 1992). However in acid media, it becomes
more mobile. Yet there is no evidence of an essential role of chromium in plant metabolism and its
concentration in nonna! plants ranges from 0.1 - 0.5 ppm.

The content of aluminum (AI) in plants varies greatly, depending on soil and plant factors (Kabata­
Pendias and Pendias, 1992). The mobility of Al increases sharply in acidic soils with pH below 5.5
and it can be taken up rapidly by plants leading to plant injury or toxicity. Aluminum toxicity may
occur as interactions with other elements and is frequently associated with increased levels of iron
and manganese.
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The natural lead (Pb) content of most soil is usually derived from parent rock (Kabata-Pendias and
Pendias, 1992; Brady and Weil, 1999). However, with widespread lead pollution from automobiles
before the use ofunleaded fuels, contamination of soils with lead had come primarily from airborne
lead. Lead is in general relatively immobile in soils and is tied up as insoluble carbonates, sulfides
and oxides and is largely unavailable to plants (Koeppe, 1981; Kabata-Pendias and Pendias, 1992).
Normal concentration in plants range from 5 - 10 ppm lead and it can be become toxic when above 30
ppm.

Selenium (Se) is readily absorbed by plants when present in soluble forms (Kaba1a-Pendias and
Pendias, 1992). The uptake is also dependent on temperature and rainfall, with low temperature and
high rainfall resulting in low uptake. There is a positive linear correlation between selenium in plant
tissue and Se content of soils. Its concentration in normal plants ranges from 0.01 - 2 ppm and
becomes toxic above 5 ppm.

Boron (B) is important in plants metabolically and its concentration in normal plants ranges from 10 ­
100 ppm (Kaba1a-Pendias and Pendias, 1992). Boron is sorbed more strongly by soils than are other
anions and organic matter exercises a powerful influence on its mobility and availability, particularly
in acid soils.

Nickel (Ni) concentration in surfilce soils can reflect soil-forming processes, pollution or biosolid
application (Kabata-Pendias and Pendias, 1992). Nickel appears to occur mainly in organically
bound fonDS, which are unavailable to plants, and its concentration decreases with increasing acidity.
The concentration range ofnickel in normal plants is from 0.1 - 5 ppm and it can become toxic above
10 ppm.

Some essential elements can be taken up in excess and may become toxic to the plant (Lindsay, 1979;
Tsadilas et aI., 1995). Even ifan element does not become toxic to the plant, it might become toxic to
grazing herbivores that utilize the forage (Gupta and Lipsett, 1981). In addition, plants can take up
some toxic elements or compounds even though they are not required for growth. Often, uptake of .
toxic constituents are in proportion to their availability in the immediate environment ofthe plant. In
other cases, plants may concentrate certain toxic substances to levels far in excess oftheir availability.
Soil testing is sometimes useful in determining whether nutrients are either deficient or excessive. To
have significant predictive value, these tests should measure the amount ofnutrient made available to
plants from a wide range of soils under a variety of conditions. Testing soil for micronutrient anions
is difficult because plant requirements for these nutrients are quite low and availability of most of
them is dependent on climatic fuctors and several chemical, physical, and biological processes
(Reisenauer, Walsh and Hoeft, 1973).

The critical level for a nutrient is the concentration in a plant below which growth rate, yield, or
quality declines significantly (Munson and Nelson, 1973). Of course, the critical level of an element
can shift rather widely if an interfering or complementary element is present. Generally, though,
good relationships between nutrient concentrations, yield, and nutrient supply are obtained at a
specific location in a year. However, year-to-year and location-to-Iocation variations in these
relationships are often quite widespread and difficult to interpret. This, therefore, is a major problem
in the general use ofplant and soil analyses, and careful evaluation is needed.

Availability of nutrients to plants is determined both by factors that affect the ability of soil to supply
the nutrients and by factors, which affect the plant's ability to utilize the supplied nutrients (Corey and
Schulte, 1973). Available nutrients dissolved in the soil solution might be derived from a number of
sources such as weathering of minerals, decomposition of organic matter, atmospheric deposition and
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application offertilizers or biosolids. The nitrate anion is usually very soluble and generally does not
fonn insoluble compounds with any ofthe soil constituents. As a result, it usually remains in solution
until plants or microorganisms absorb it or it is leached, denitrified, or otherwise disposed of (Corey
and Schulte, 1973). Sulfate anions act in a similar manner in neutral or alkaline soils but tend to be
absorbed in acidic soils. Most other nutrient elements form some type of relatively insoluble
compound, which tends to maintain an equilibrium concentration in the soil solution. Thus, water­
soluble cations equilibrate with the cation exchange complex: cations such as copper and zinc form
complexes with soil organic matter; ferric iron and aluminum form insoluble hydroxides or hydrous
oxides; and phosphorus forms iron, aluminum and calcium phosphates.

Soil pH and temperature are important factors in determining solubility of elements that tend to
equilibrate with a solid phase. Soil pH is a common limitation to plant growth and there is usually a
great increase in plant uptake of micronutrient cations as soil pH declines (Melsted and Peck, 1973;
Baker and Walker, 1989; Larcher, 1995).

Solubility of the hydroxy-oxides of iron and aluminum are directly dependent on the hydroxyl (OH)
concentration and decrease as pH increases (Corey and Schulte, 1973). Hydrogen cations (H)
compete directly with other Lewis acid cations for complexing sites and the solubility of complex
cations such as copper and zinc increase as pH decreases. The Ir ion concentration determines the
magnitude of the pH-dependent cation exchange charge and affects activity of all exchangeable
cations to some extent. Solubility of iron, aluminum, and calcium phosphates are maIkedly pH­
dependent, as are solubility ofmolybdate (Mo04) and S04 anions.

Another factor important in determining the concentration ofnutrients in the soil solution is the redox
potential (Corey and Schulte, 1973). The redox potential is related to soil aeration, which in tum is
dependent on rates of microbial and root respiration and oxygen diffusion. It affects solubility of
nutrient elements that can exist in more than one oxidation state. These elements include C, H, 0, N,
S, Fe, Mn, and Cu.

OBJECTIVES AND PURPOSE

There were several purposes for these studies. First, they were conducted to determine what changes
occurred in the growth medium through time. Secondly, it was important to determine if certain toxic
compounds, elements, and heavy metals were being concentrated in vegetation established on the
waste rock growth medium covering the Urad tailing, and how these concentrations changed through
time and how they affected the vegetation. A third objective was to document vegetation dynamics
through time, that is what were the proportions of native vs. introduced species and planted species
vs. invading species on the reclaimed tailing through time. It is possible that introduced species
might be replaced by invading or planted native species through time, causing a reduction in some
introduced species within the stands. Finally, it was important to determine the long-term impacts of
biosolid application and to determine if some toxic heavy metals as well as nutrient elements
remained in the soil and how concentrated they were in vegetation as a result of biosolid
decomposition.

ME1lIODS AND PROCEDURES

Chemical Analysis ofWaste Rock
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Samples of mine waste rock material were collected in 1975 prior to addition of sewage (biosolids)
and wood chip amendments. Samples were also collected from 1978 through 1999 (1979, 1985,
1992, 1997 and 1999) after additions ofbiosolids, wood chips, fertilizer and seed. Various portions
ofthe tailing reclamation area were seeded with a mixture ofgrasses and legumes beginning in 1975
and continuing through 1979. Therefore, samples of the growth medium could be related to the year
of seeding (1975 through 1979).

All sampling ofthe growth media (waste rock) on the Urad reclamation area was done to a depth of
30 em during the growing season. Research has shown that heavy metals accumulate mostly in the
upper soil and little movement occurs below 30 cm depth (McBride, 1995). Two plant growth
medium samples were taken from each year of seeding (1975, 1976, and 1977). In 1999, three
samples were taken from each community; reclaimed tailing, roadcut, controlled burned area, and a
small meadow at the base of an avalanche run. The native community in the 1879 burned-over area
above lower Urad Lake, a grassy community at the base of an avalanche run nearby, and a reclaimed
roadcut near the Henderson mine were sampled as no biosolids had been added to these sites.

All samples of growth medium were submitted to the Soil, Water, and Plant Testing Laboratory at
Colorado State University for analysis. Analyses of this material were for pH, conductivity,
saturation, lime, organic matter (OM), SAR, phosphorus (P), potassium (K), zinc (Zn), iron (Fe),
manganese (Mn), copper (Cu),lead (Pb), cadmium (Cd), arsenic (As), molybdenum (Mo), selenium
(Se), fluoride (F), nitrate (N03-N), calcium (Ca), magnesium (Mg), and sodium (Na). In addition, the
1979 samples were analyzed for the first time for arsenic (As), cyanide (CN) and fluoride (F). The
Front Range Lab conducted cyanide analysis, whereas fluoride was analyzed in the Range Science
Laboratory at Colorado State University. In 1999 additional analyses were made for chromium (Cr)
and nickel (Ni).

Samples of waste rock growth medium were air dried, ground to pass through a 2-mm sieve, and
subsamples submitted for chemical analyses. Spark source mass spectrometric analysis was utilized
to determine elemental concentrations of many trace elements. This service was provided by
CDM/ACCD Labs in Wheat Ridge, Colorado. Two samples collected in 1979 were submitted: a
composite soil sample taken from a native spruce-fir stand above Lower Urad Reservoir and waste
rock material from which the plant growth medium had been derived. Not enough samples were
taken to make statistical comparisons of data derived from these analyses. Actual data obtained from
the two samples are given in Table 2.

Data for analyses conducted by the Soil, Water, and Plant Testing Laboratory were subjected to
analysis of variance and correlation analyses (Steel and Torrie, 1980) where appropriate to determine
whether nutrient regime on heavy metals in the growth medium had changed through time and as a
result of cultural treatments. When significant (P < 0.05) F-values were found, Newman-Keul's
Range Test was utilized to separate significant (p < 0.05) mean differences. These analyses were also
informative for evaluating relationships among variables and for assessing fertilizer requirements.

Plant Species Cover, Diversity and Production

Data collected for this study included species COmpOSItIon, frequency, cover, and production.
Sampling was done utilizing two different methodologies. A 0.1-m2 rectangular quadrat
(Daubenmire, 1959) was used to sample species composition, cover, frequency and production.
Individual species encountered within 50 quadrats in each of two replications per stand were
recorded, cover and production estimated, and 10-20% of the quadrats were randomly chosen and
clipped to determine actual production. This double sampling procedure (Pechanec and Pickford,
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1937) for estimating production was employed to detennine total community standing crop. The U.S.
Forest Service paced transect technique (Range Analysis Handbook, 1979) was utilized as another
measure of species composition and frequency of occurrence over larger areas of the stands. The 0.1­
m2 quadrats were utilized within 10 x 10-m plots on tailing ponds reclamation areas, whereas paced
transects covered more total area of these stands. Urad tailing areas seeded in 1975, 1976, and 1977
were all sampled.

In addition to reclaimed tailing ponds, one south-facing road cut near the Henderson Mine main
office building that had been seeded in 1972 was sampled. A native community in the 1879 bumed­
over area above lower Urad Lake was also sampled as a control site to compare vegetation of a native
community with that on reclaimed sites.

The 0.1-m2 frames were placed at I-m intervals along transects in each of two replications within a
stand. The starting point for a transect was determined using a restricted random start method. Five
individual transect lines in each plot were sampled (50 quadrats) in 1979 in both a fertilized and
unfertilized plot on the tailing ponds reclamation area. Fertilized plots bad received 200 lbs/acre of
ammonium nitrate fertilizer, split between two applications during the 1979 growing season.
Unfertilized plots were marked with metal comer stakes and were located adjacent to fertilized plots.
No additional fertilizers had been applied since 1979 until June 1992. However, previous analyses
(Trlica, 1989) indicated no significant difference between fertilized and unfertilized areas. Therefore,
these two sampling blocks were considered as replications in latter years.

Two 50-m transects were established on the road cut reclaimed area and native bumed-over
community. Quadrats (0.1 m2

) were sampled at I-m intervals along each transect (replications) in
these stands. Data similar to that collected for the tailing ponds reclaimed areas were taken for these
stands.

Most data were analyzed using analysis of variance procedures and simple linear correlations (Steel
and Torrie, 1980). Significant differences were accepted at P<0.05. A repeated measure test for
treatment effects was made. If treatments were different, then an LSD test was run to separate
significant means (P < 0.05). If significant interactions were found, then a Bonferroni test was used
to separate interaction means. Some data were not appropriate for statistical analyses (frequency and
diversity), but were summarized. These data and analyses should aid in future determinations of
successional rates on reclaimed areas.

Heavy Metal Uptake by Vegetation

Seedings made from 1975 through 1977 on Urad tailing ponds were sampled in August 1979, 1985,
1992, 1997 and 1999. Plants were at about peak production at this time. A native community in the
1879 bumed-over area above lower Urad Lake was also sampled as a control site to compare
vegetation of a native community with that on reclaimed sites. From 1979 to 1997 an important
grass, smooth bromegrass (Bromus inermis) and a legume, white clover (Trifolium repens), growing
on reclaimed tailing were clipped at ground level and placed in paper bags. In addition, cicer
milk:vetch (Astragalus cieer) was sampled in 1992 to correlate concentration of elements within this
forage with that in white clover, as white clover bad become infrequent on reclaimed areas. In 1999
hard fescue (Festuca ovina) was sampled at three sites within the tailing reclamation area where
biosolids addition had been made. Hard fescue samples were also collected from three sites without
biosolids addition; the roadcut area, burned area and native grassland at the base of an avalanche run.
Hard fescue was sampled instead of smooth bromegrass and white clover, since their cover bad
decreased and hard fescue was present in all four communities. Individual plants were sampled along
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transects over much ofthe areas to be sampled. Foliage that was collected was bagged by species and
site, and kept separately. Three samples (replications) of each species along separate transects and for
each year ofsampling were taken.

All samples were returned to the laboratory where they were washed in tap water and blotted dry.
Samples were then dried at 60°C, ground to pass through a 20-mesh screen, and stored in ziplock
bags until analyzed. All samples were submitted to the Soil, Water, and Plant Testing Laboratory at
Colorado State University (CSO) where they were analyzed for arsenic (As), aluminum (Al), zinc
(Zn), iron (Fe), lead (Pb), manganese (Mn), copper (Cu), and molybdenum (Mo). Cyanide (Cn) and
fluoride (F) were determined by the Front Range Lab, Inc., in Fort Collins, Colorado, and the CSU
Range Science Laboratory, respectively, in 1979. In addition the following elements were analyzed
in 1999; calcium (Ca), magnesium (Mg), potassium. (K), phosphorous (P), titanium. (fi), cadmium
(Cd), chromium (Cr), strontium (Sr), boron (B), barium. (Ba), silicon (Si), vanadium (V), sodium
(Na), nickel (Ni) and selenium (Se). In 1999, analysis of samples of hard fescue for carbon (C),
nitrogen (N) and crude protein were done at CSU Rangeland Ecosystem Science Laboratory.

Data for the chemical constituents of the species foliage were analyzed using standard analysis of
variance techniques (Steel and Tome, 1980). When significant differences (P < 0.05) were detected
among years of seeding, Newman-Keul's Range Test was used to separate these differences. When
data were below detection limits of instruments, they were not analyzed statistically. Simple linear
correlations and multiple regression analyses among soil chemical constituents and concentrations of
elements in plant foliage were also made to determine whether soil chemistry was related to plant
uptake ofchemical constituents.

RESULTS AND DISCUSSION

Waste Rock Growth Medium

Elemental analysis ofnative soil and waste rock:

A comparison of elemental concentrations in a native soil from a spruce-fir community near the Urad
tailing ponds with that ofwaste rock used as the plant growth medium in reclaiming the tailing ponds
indicated that several elements were considerably more concentrated in waste rock than in soil (Table
2). Beryllium, bismuth, molybdenum, sulfur, and tungsten were more than 10 times more
concentrated in waste rock material than in soil. The beryllium cation is considered very toxic,
whereas oxygenated anions of molybdenum and tungsten, and the cation of bismuth, are considered
moderately toxic to plant life (Bowen, 1966). Very toxic was defined by Bowen (1966) as toxic
effects may be seen at concentrations below 1 ppm (~ml) in nutrient solution. Moderately toxic
effects are noted at concentrations between 1 and 100 ppm in nutrient solutions. The toxicity of
elementary sulfur is unique since the element is insoluble in water. Sulfur is toxic to most bacteria
and fungi, but is almost without toxicity to higher plants. Thus, high levels of sulfur in waste rock
might be detrimental to microbial populations in the growth medium, which in turn could affect
decomposition of organic matter, nutrient cycling, and plant growth.
Twenty other elements were also more than twice as concentrated in waste rock as in soil (fable 2).
However, just because an element is more concentrated in waste rock material does not necessarily
mean that it is in an available state or readily taken up by plants. Availability is dependent not only
on concentration, but also on pH, soil chemistry, soil water, microbial activity, solubility,
environment, etc. (Lindsay, 1979).
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Seven elements were more than twice as concentrated in soil as in waste rock material (Table 2).
However, only one of these elements, boron, is essential for plant growth and development. Boron
deficiencies for plants may not exist as only about 0.1 to 1.0 Dglml (ppm) are needed in solution and
waste rock had a concentration of 6.7 ppm. Just how much of the boron is actually available from the
waste rock is not known at the present time.

Changes in waste rock growth medium through time:

1bere were large changes during the period from 1976 to 1979 in the nutrient regime of the waste rock
growth medium with additions of wood chips and biosolids. Dramatic increases in organic matter (0.7
to 2.4%), nitrate-nitrogen (N03-N) (54 to 137 Oglg), phosphorus (P) (3 to 179 Dg/g), and zinc (Zn)
(14 to 100 Dglg) were found soon after addition of the amendments in 1976. Two to three years after
the addition of biosolids, wood chips, and seed (1978 and 1979), some decline in conductivity (salts),
nitrate-nitrogen (N03), phosphorus (P) and zinc (Zn) were noted. Leaching and plant uptake were
probably responsible for most of these changes and similar results have been noted by other
researchers after addition of biosolids (McBride et aI., 1997).

These results were not unexpected. One would suspect that additions of large amounts of biosolids
and wood chips would cause an increase in organic matter, nitrate-nitrogen, phosphorus and zinc in
the growth medium as these were probably quite high in the biosolids. Thereafter, organic matter and
potassium remained relatively constant, whereas nitrate-nitrogen, phosphorus and zinc declined
somewhat This probably reflects uptake and incorporation of these nutrients in plant biomass during
later years or losses caused by leaching. Experimental evidence from other research suggests that
there is relatively little movement of biosolids-applied metals below the surface soil, even over
periods of several decades (McBride, 1995). The pH remained slightly basic the first nine years, but
was slightly acidic by 1992, which agrees with other studies (Krebs et aI., 1998) (Table 3).

Iron (Fe) concentrations and pH remained relatively constant between 1976 and 1979. Biosolid
additions on degraded semiarid grassland in New Mexico resulted in increased soil N, P and K
compared with untreated soil, but organic matter and pH were not significantly higher in amended
areas (Fresques et aI., 1990). Micronutrients of Cu, Fe, Mn and Zn increased in soil when biosolids
had been applied as compared with untreated soil. A recent study of biosolids application to a
sagebrush community in western Colorado showed that forage quality of perennial grass species was
improved with increased tissue nitrogen concentration (Pierce et at, 1998).

The plant growth medium (waste rock) data were then statistically analyzed to determine whether
significant changes occurred after amendments had been incorporated with waste rock. Samples
collected in 1978, 1979, 1985, 1992, and 1997 from areas that were seeded from 1976 through 1978
were analyzed. 1llese data indicated that pH, nitrates, and potassium decreased through the fIrst nine­
years (1976-1985) after application of amendments (Table 3). However, nitrates increased again in
1992 as the reclamation area was fertilized with ammonium nitrate at 100 lbs/acre in June. Nitrates
were again low (2 pglg) by 1997. Phosphorus, manganese (Mn) and copper remained relatively
constant. Salts (conductivity), organic matter, zinc, and molybdenum (Mo) showed increases between
1978 and 1992. Molybdenum and fluoride concentrations were even greater in 1997 (36.3 and 3.8
pg/g, respectively). Weathering of waste rock and plant uptake of elements for growth and
developIrent on these reclaimed areas probably account for trost of the changes observed in soil
chemistry. As long as the growth medium remains neutral or only slightly acidic, Mo availability for
plant uptake should remain fairly low. Leaching may have also removed some of the ions from the 0­
to 3O-cm surface layer.
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Table 2. Elemental concentrations (% or ppm wt.) of Urad soil and waste rock in 1979 as
determined by spark source mass spectrometry.

Element
Aluminum (AI)
Antimony (Sb)
Arsenic (As)
Barium (Ba)
Beryllium (Be)
Bismuth (Bi)
Boron (B)
Bromine (Br)
Cadmium (Cd)
Calcium (Ca)
Cerium (Ce)
Cesium (Cs)
Chlorine (Cl)
Chromium (Cr)
Cobalt (Co)
Copper (Cu)
Dysprosium (Dy)
Erbium (Er)
Europium (Eu)
Fluorine (F)
Gadolinium (Gd)
Gallium (Ga)
Germanium (Ge)
Hafnium (HO
Holmium (Ho)
Iodine (I)
Iron (Fe)
Lanthanum (La)
Lead (Ph)
Lithium (Li)
Lutetium (Lu)
Magnesium (Mg)
Manganese (Mn)
Molybdenum (Mo)
Neodymium (Nd)
Nickel (Ni)

Soil
> 1%
0.58

1.4
4200

<0.33
0.35
29+
1.2

0.68
4700

340
4.9
15

130
2.2
24

4.0
2.3

0.66
450
1.7
8.4

0.70
18+
1.1

0.29+
>1%

100
35
43

0.44+
>0.5%

18
1.5
51
10
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Waste rock
>1%
0.69
4.7*

4600
7.0**
8.2**

6.7
6.0*
1.4*

> 1%**
190
8.6
15

280*
5.1*

24
2.7
1.9

0.66
1900*

4.0*
15

1.4*
7.9

0.65
0.10

>1%
68

120*
43

0.22
> 1%

66*
69**

51
56*



Table 2. (Coot.).

Element
Niobium (Nb)
Phosphorus (P)
Potassium (K)
Praseodymium (Pr)
Rubidium (Rb)
Samarium (Sm)
Scandium (Sc)
Selenium (Se)
Silicon (Si)
Silver (Ag)
Sodium (Na)
Strontium (Sr)
Sulfur (S)
Tantalum (Ta)
Terbium (Tb)
Thallium (TI)
Thorium (Th)
Thulium (Tm)
Tin (Sn)
Titanium (Ti)
Tungsten (W)
Uranium(U)
Vanadium (V)
Ytterbium (Yb)
Yttrium (Y)
Zinc (Zn)
Zirconium (Zr)

Soil
43

1600
> 1%

4.9
560
6.2

5.4+
0.16

> 1%
0.2

>0.5%
230

51
3.6+
0.41
0.60

24
0.26

3.1
4200
0.46

2.7
50
1.8
29
38

600+

Waste rock

2400
>1%
9.9*
420

12
2.7

0.94*
>1%
0.43*
0.43*

240
2400**

1.5
0.81
4.0*

24
0.43
13*

4200
4.6**

5.4*
50

0.92
43

160*
230

+ Indicates concentration of element in soil exceeds that in waste rock by at least 2x.
* Indicates concentration of element in waste rock exceeds that in soil by at least 2x.
** Indicates concentration of element in waste rock exceeds that in soil by at least lOx.
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Table 3. Average characteristics for the plant growth medium from 1978 through 1997 on the
Urad tailing reclamation area.

Year of sampling 1978 1979 1985 1992 1997
No. of samples 6 6 6 6 6

pH 8.1a1 7.2b 7.1b 6.1b 6.6b
Conductivity 0.5b 1.4a 1.4a 1.5a 1.3a
(mmhos/cm)
SAT(%) 2 34b 43a 46a
Organic matter (%) 2.0b 2.9ab 2.5ab 4.3a 2.5ab
N03-N (Oglg) 12a 5he 2c lOab 2c
P (Oglg) 62a 72a 34a 30a 35a
K (Dg/g) 112a lOla 7lb 68b 53b
Zn (Dg/g) 22b 39ab 25b 54a 52a
Fe (Dg/g) 78a 93a 41a 108a lIla
Mn(Og/g) 17a 23a 34a 72a 80a
Cu(Dg/g) 7b 22a 7b 18a 14a
Mo(Og/g) 1.5c 1.8c 9.4bc 14.2b 36.3a
As (Dg/g) <0.03
F (Dg/g) 0.61
CN (Og/g) <1.00
Pb (Dg/g) 13a 23a 12a
Cd (Dglg) 0.2b 0.6a 0.5a
F (Dglg) 1.7ab O.Sb 3.8a

1 Means in the same row followed by a similar letter are not significantly different at p > 0.05.
2 No data collected.

Changes in the growth medium as affected by year of seeding and year of sampling:

Plant growth medium samples collected in 1978, 1979, 1985, 1992, and 1997 were stratified
according to when the tailing was seeded. This arrangement of the data showed few differences
existed in chemical constituents among areas seeded in different years (Table 4). However, the small
sample size (N = 2) had a large effect on detecting significant differences. Molybdenum
concentrations appeared to be increasing in the growth medium of all seeded areas from 1978 (0.9-1.8
Dg/g) to 1997 (8.9-52.0 ogig). The pH also declined from about 8.2 in 1978 to 6.5 in 1997. With a
decrease in pH, we might expect molybdenum to be less available for plant uptake, but other metals
should be more available (Larcher, 1995).

It appears that growth and development of plants on the amended waste rock material has had only
minor effects on characteristics of the growth medium. Major changes to the growth medium
occurred when biosolids and wood chips were added. Additions of inorganic nitrate-nitrogen in
fertilizer application in 1979 and 1992 had little influence on concentrations of nitrates in the surface
layer (0-30 em) of the plant growth medium during later years. This nitrate source was probably
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Table 4. Average chemical characteristics for the plant growth medium of reclaimed Urad tailing areas that were seeded in 1975,1976, or 1977.
All samples were collected in August of 1978, 1979, 1985, 1992, and 1997 from the top 30 cmof growth medium

Year ofcollection

19971992198519791978-- --

Year seeded 1975 1976 1977 1975 1976 1977 1975 1976 1977 1975 1976 1977 1975 1975 1977
No. Samples 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
PH 8.1a1 8.3a 8.2a 7.3a1 7.2a 7.2a 7.0a1 7.2a 6.9a 6.6a l 6.4a 5.4a 7.4a 6.0a 6.6a
Conductivity O.4a 0.6a 0.6a 1.3a LOa 2.0a 1.6a LOa 1.8a 1.7a 1.6a 1.2a 1.1a 1.2a 1.7a
(nunhos/cm)
SAT(%) --- --- --- --- --- --- 3la 43a 28a 43a 45a 42a 38a 50a 49a
OM(%) 3.2a 1.6a 1.3a 2.6a 3.4a 2.8a 2.2a 3.3a 2.0a 3.8a 4.6a 4.4a 2.0b 3.8a 1.7b
NO) (Og/g) 18a lOa 7a 2b 1b 11a 2a 2a 2a 26a 2b 2b 2.5a 2.5a 2.0a
P(Og/g) 72a 28a 85a 60a 52a 102a 27a 32a 44a 22a 14a 54a 30a 41a 34a
K (Og/g) 105a 107a 125a 80b l04ab 120a 72a 71a 70a 94a 73a 67a 61a 51a 49a
Zn (Og/g) 14a 20a 32a 35a 32a 49a 18a 20a 36a 49a 58a 55a 33a 69a 56a
Fe (Og/g) 59a 79a 97a 70a 85a 124a 37a 39a 47a 84a 167a 73a 37b 195a l00a

b
Mn (0 gig) 12a 20a 19a 24a 22a 23a 30a 9a 64a 55a 150a 11a 15b 122a 102a
Cu (Og/g) 5a 6a lOa 23a 16a 27a 6a 6a lOa 14a lOa 30a 6b 24a 12ab
Mo (Og/g) 0.9b 1.8a 1.8a 3.9a 0.6a 0.8a 8.2a 7.5a 12.4 10.0 18.6 13.8 8.9b 52a 48.2

b a a a a a
Ph (Og/g)

,
lOa 11a 18a 28a 7a 34a lOa 17a 9a--- --- --- \\ --- --- ---

Cd (Og/g) --- --- --- --- --- --- 0.2a 0.2a O.3a 0.6a O.5a 0.8a 0.3a 0.8a O.4a
As (Dg/g) --- --- --- <0.03 <0.03 <0.03 --- --- --- --- --- _e. --- --- ---

a a a
F (Og/g) --- --- --- 0.7a 0.5a 0.6a 1.9a 1.2a 2.0a 0.7a 1.5a 0.2a 4.8a 2.2a 4.4a
eN (D2Ild --- --- --- <LOa <LOa <LOa --- --- --- --- --- --- --- --- ---

I
1.O
m
I

1 Means in the same row within anyone year of sample collection that are followed by a similar letter are not significantly different at
p>0.05.



rapidly taken up by plants and microbes, or was lost to leaching and volatilization. Areas that were
fertilized had plants that were a darker green in color than plants on unfertilized areas, but plant
production on fertilized and unfertilized areas was similar (Trlica, 1989). Addition of nitrate fertilizer
in 1992 caused a significant increase in nitrate availability on the area seeded in 1975, but not in other
areas. This was probably caused by poor distribution of fertilizer that was applied by helicopter across
the tailing reclamation area.

Effect of biosolids on growth medium characteristics:

Soil characteristics were compared among treatment, where biosolids had been added in reclamation
of Urad tailing but was not added to the burned area, avalanche run, and roadeut (Table 5).
Conductivity and pH were significantly higher in Urad tailing where biosolids were used as compared
with the other treatments. Soil organic matter was highest for the avalanche run, but no differences
were found among the other three sites. Soil SAT was then higher in the grass conununity at the base
of the avalanche run and in the old burned-over area than in the two reclaimed sites.

Few differences were found among sites for most plant nutrients, however copper was significantly
higher in Urad tailing. Copper is known to form strong complexes with organic matter (Sloan et al.,
1997). Speciation studies that extracted the organic fraction from biosolid-amended soils before the
oxide fraction, found that most of the Co was in the organic fraction.

No significant differences were found in the amount of lead among treatments, but it was somewhat
higher in the roadeut where biosolids were not used, but near a road Results of this study show that
significant amounts of biosolids-derived lead can be applied to soil with no long-term increase (15+
years) in easily extracted forms of soil pH (Sloan et al., 1970).
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Table 5. Average chemical characteristics for the plant growth Irediwn in 1999 for Urad tailing waste
rock reclamation with biosolids addition as compared with a roadcut. control burn. and
avalanche run sites where biosolids where not applied.

TreatJrent
Urad tailing Roadcut Control burn Avalanche run

No. samples 3 3 3 3
PH 7.2a 6.2b 5.7c 5.7c1

Conductivity l.Oa O.3b O.2b O.3b
(mmhoslcm)
SAT (%) 35.3ab 28.5b 44.3a 48.5a
SAR OAb O.7a O.5ab OAb
OM(%) 2.8b 2.2b 4.5ab 6.5a
N03-N (Ogfg) 3a 3a 6a 4a
P (Ogfg) 29a 4b 4b 9b
K (Ogfg) 50b 58b 129a 180a
Zn(Dgfg) 23a 24a la 20a
Fe (Dgfg) 61b 43b 94ab 131a
Mn (Dgfg) 15ab 21a 5b 19a
Cu (Dglg) 5Aa 2.0b 0.4b l.7b
Mo (Dglg) 12.1a O.lb O.lb 0.1b
Pb (Dg/g) 9a 313 2a 4a
Cd (Dglg) 0.13 OAa O.la OAa
As (Oglg) 0.050a 0.OO6b 0.OO3b O.OO4b
F(Oglg) 3.0a 2.1ab 2.8a l.6b
Cr (Dglg) 0.07a O.07a O.OSa 0.06a
Ni (Dg/g) OAab 0.2b 0.2b 0.6a
Ca (meqlL) lla 2b 2b 2b
Mg(meqlL) 0.6a OAa O.7a O.6a
Na (meqlL) 1.1a O.7b O.Sb O.5b
K(%) 0.6b O.Sb l.1a O.9a
Se (Dglg) O.04a O.02c 0.02c 0.03b

IMeans in the same row followed by a similar letter are not significantly different at p > 0.05.
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Cadmium is one of the most toxic elements in biosolids. No differences were found in its
concentration in soil among sites and there appears to be no simple relation among plant uptake and
amounts present in the soil (Pandeya et al., 1998). Cadmium solubility is influenced by pH, due to
negatively charged particle surfaces in the mineral soil that cadmium binds to (Eriksson, 1989). High
levels of cadmium have negative effects on soil microbial biomass C, but they can recover as
microorganisms become adapted to high cadmium concentrations (Moreno et al., 1999). High levels
of cadmium in organic amendments can inhibit mineralization of the water soluble C fraction.

Phosphorus, selenium, arsenic, sodium, calcium and fluorides were all higher in the Urad waste rock
growth medium than in soils from the other three sites. Some of these increases may have resulted
from the additions supplied in the biosolids amendment taken from the Denver Metropolitan area.

There were good correlations of calcium, arsenic and selenium with pH (Table 6). Calcium, sodium,
phosphorus, copper and molybdenum were correlated with EC. Saturation was correlated with
organic matter and negatively correlated with iron.

Data collected for chemical characteristics of soil from the four communities sampled in 1999 showed
that Ca, Na, P, Cu, Mo, As, and Se were all highly correlated (R >.60) with both pH and EC of the soil
(Table 6). This would indicate that as pH and EC increased, these elements were more abundant in
the soil. Correlations among elemental concentrations and soil organic matter (OM) and saturation
(SAT) were not as high (R < .60).

Correlations among chemical characteristics of the plant growth medium:

There were good correlations of phosphorus with potassium, potassium with molybdenum, zinc with
copper, iron with copper, and manganese with molybdenum that yielded r values greater than 0.6
(Table 7). Molybdenum concentration was positively correlated with Mn concentration (R = .66) and
negatively associated with pH (R =-.48), as expected. This may indicate a relatively close association
among these growth medium parameters. Unfortunately, molybdenum was not highly correlated with
any other metal, OM, or nitrate concentration. The generally weak correlations among constituents
would essentially prohibit monitoring of some components to predict the level of others in the plant
growth medium. Hooda et al. (1997) found that in soils from 13 different sites where there had been
additions of biosolids that pH was more important than clay content in regulating the plant availability
of Cd, Cu, Ni, Pb and Zo. The effect of organic matter, cation exchange capacity CEC, free Fe oxides
and hydrous Mn oxides on metal accumulation in the plants was less clear.
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Table 6. Correlation coefficients (R values) for various chemical characteristics of the plant
growth media with elemental concentrations in the media. Plant growth medium samples
were collected in 1999 from Urad tailing reclamation, a roadcut, control burn and avalanche
run sites and data were combined.

pH EC OM SAT
Ca .86 .99 -.28 -.19
Mg -.12 .20 047 .50
Na .77 .86 -049 -.42

N03-N -.34 -.25 .56 .61
P .64 .78 -.01 .10
K .22 .46 .27 .20
Fe -.56 -.26 .92 -.87
Mn .09 .14 .15 -.05
Cu .77 .83 -.28 -.26
Zn .33 .29 .06 .03
Mo .64 .88 -.22 -.20

Cd -.06 -.09 .33 .25
Cr .56 .39 -.25 -.32
Pb .21 -.04 -.52 -.59
As .86 .79 -.36 -.25

Se .74 .85 -.13 -.06
pH .86 -.52 -AI
EC -.26 -.27 -.18
OM .94

Table 7. Correlation coefficients (R values) for various chemical characteristics of the plant growth
media with elemental concentrations in the media. Samples were taken from reclaimed
areas on Urad tailings from 1979 through 1997 (four years of data combined).

p K Zn Fe Mn Cu Mo N03 pH EC
K .70
Zn .16 -.25
Fe .10 -.13 .63
Mn -.27 -.54 .56 .79
Cu .54 .21 .74 .63 .11
Mo -.24 -.63 .58 .52 .66 .17
N03 -.04 .26 -.05 .03 -.09 -.03 -.24
pH .10 .39 -.71 -.37 -.40 -.59 -048 .20
EC -.09 -.33 046 .20 042 .31 .31 -.01 -.40
OM .15 -.10 .52 .40 .30 .50 .12 .04 -.63 .13
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Vegetation Dynamics

Diversity

Species diversity was estimated by recording invading species occurrence along transects through the
study areas. Species that were planted at each particular site were not included in diversity
determinations. The data indicated that the spruce-frr area that was burned in about 1879 (which
served as a control) was the IOOSt diverse connnunity (Tables 8 and 9). Twenty-six species occurred
along transects through this community in 1979, 30 species were recorded in 1985, 32 were found in
1992, and 45 were present in 1997 (Table 9). The Urad tailing reclamation areas seeded in 1975, 1976
and 1977 had fewer invading species and were thus slightly less diverse than the burned-over area
(Tables 8 and 9). Species numbered from 23 to 39 in 1997, with those areas reclaimed earlier having
more species present (Table 9). However, frequency of occurrence of some species was low on
reclaimed areas. Species diversity of a road cut reclamation area was quite similar to the tailing
reclamation area. Species diversity has increased through the years on all sampled areas as a result of
succession and favorable weather conditions during the past 19 years.

These data indicated that invasion was fairly rapid within five years of seeding, and that additional
increases in species continued more slowly through 1997. Also, invasion was directly related to
length of time since seeding of the reclaimed tailing ponds (Table 9). However, not all of the invading
species were considered desirable, as some are weedy species. If one considers total species number,
that includes all planted species as well as invading species, then the reclaimed tailing is as diverse as
is the control connnunity for total species number. It will be interesting to determine whether
invading species increase in cover and production in the future, as their importance and abundance in
reclaimed areas was still fairly low in 1997.
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Table 8. Species invading seeded areas ofUrad reclamation sites, Henderson Mine road cut, and
a burned-over spruce-fir community that served as a control.

Year ofobservation
SCIENTIFIC NAME (Common name) 1979 1985 1992 1997

1975 SEEDING - URAD TAILING
GRASSES AND SEDGES
AI!rODyron trachycaulum (slender wheatmass) x x
Bromus marJ!inatus (mountain brome) x x x
Bromus tectorum (cheatmass) x
Carer SP. (sedge) x x
Hordeum iubatum (foxtail) x
Luzula SP. (wood rush) x x

FORBS AND SHRUBS
Achillea lanulosa (western yarrow) x x x x
AI!oseris gp. (bent grass) x
Antennaria rosea (rose pussvtoes) x x x
ArctostaDhylos uva-ursi (bearberry manzanita) x
Aster bif!elovii (bigelow tansy aster) x x x x
Boechera drummonaIi (arabis) x
Caml)Qnula l)Qrryi (Parry bellflower) x x x
Castilleja sp. (red paintbrush) x
Cerastium sp. (chickweed) x
Chaenactis alpina (alpine dusty maiden) x
Chrvsopsis villosa (hairy goldenaster) x x
Claytonia sp. (spring beauty) x
Descurainia richardsonii (Richardson tansy mustard) x x x
Evilobium anI!Ustifolium (fireweed willowherb) x x x x
ErioI!onum sP. (buckwheat) x x
EriI!eron comDositus (fernleaffleabane) x
Fraf!aria americana (strawberry) x x x
Geranium viscosissimum (pink geranium) x x x
Hirculus serpyIIifolius (golden s

.,,~
e) x

Juniperus communis (common juniper) x
Lilly sp. x
Medicaf!o sativa (alfalfa) x
Penstemon whippleanus (whipple penstemon) x x x x
Phacelia sericea (purple frinjl;e) x x x x
Polemonium viscosum (stickv polemonium) x
Potentilla fruticosa (shrubbv cinauefoil) x x
Potentilla f!landulosa (jl;land cinauefoil) x x x
Ranunculus so. (buttercup) x
Rosa woodsii (wood rose) x x
Rumex acetosella (sheep sorrel) x x x x
Rumex crispus (curlv dock) x x
Salix sp. (willow) x x x x
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Table 8. (coot.)

Year ofobservation
SCIENTIFIC NAME (Common name) 1979 1985 1992 1997

1975 SEEDING- URAD TAILING
Sambucus cerulea (elderberry) x x
&dumwn~owmm(sro~~o~ x x x x
Senecio ambrosioides lbutterweed) x x x
Senecio hvdrophilus lb1ackheaded SU'oundseD x
Senecio soldanelLa lbutterweed) x x x
Shepherdia canadensis lbuffaloberrv) x
Taraxacum olficinale (dandelion) x x x
Trifolium pratense (red clover) x x

TREES
Abies Jasiocorpa (subalpine fir) x x
Picea em!e/mannii lEnRelmann SPruce) x x
Populus tremuloides asnen) x x x

TOTAL SPECIES 19 21 28 39
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Table 8. (cont.)

Year of observation
SCIENTIFIC NAME (Common name) 1979 1985 1992 1997

1976 SEEDING - URAD TAILING
GRASSES AND SEDGES
Bromus marJ!inatus (mountain beome) x
FORBS AND SHRUBS

Achillea lanulosa (western yarrow) x x x x
AIloseris SP. (false dandelion) x
Androsace septentrionalis (rock lasmine) x
Antennaria rosea (rose nussvtoes) x x
Arctostaphylos uva-ursi (bearberry manzanita) x x
Aster biIlelovii (bmelow tansy aster) x x x x
AstraIlalus sp. Ooco weed) x
CamTxmu/a parry; (Parry bellflower) x
Chrvsopsis vii/osa (hairy goldenaster) x x
Descurainia richardson;; (Richardson tansy mustard) x x
Epilobium anflUstifo/ium (fireweed willowherb) x x x x
FraIlaria americana (strawberry) x x x x
Geranium viscosissimum (Dink e:eranium) x
Juniperus communis (common iuniDer) x
Lonicera involucrata (bush honeysuckle) x
Machaeranthera coloradoensis (Colorado aster) x
Medicaf!o sativa (alfa.lfil) x
Penstemon whiooleanus (whiople penstemon) x x
Phloxsp. x
Polemonium viscosum (Jacobs ladder) x
Potentilla fruticosa (shrubby cinauefoil) x
Potentilla IlZanduZosa (e:land cinauefoil) x x x x
Rubus sP. x x
Rumex crisous (curly dock) x
Salix sp. (willow) x x x
Sambucus cerulea (elderberry) x x
Sedum lanceolatum (stonecrop) x x
Senecio atratus (black ID'Oundsel) x
Senecio ambrosioides (butterweed) x x
Senecio crassulus (thickleafgroundsel) x
Senecio soldanella (butterweed) x x
Solidaf!o sp. (goldenrod) x
Taraxacum officinale (dandelion) x x

TREES
Abies lasiocarpa (subalpine fir) x x x x
Populus tremuloides (Quaking aspen) x x x x

TOTAL SPECIES 8 9 21 30
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Table 8. (cont.)

Year ofobservation
SCIENTIFIC NAME (Common name) 1979 1985 1992 1997

1977 SEEDING - URAD TAILING
GRASSES AND SEDGES
Agropyron cristatum (crested wh s) x
Agrostis SD. lbent21'aSs) x x
Luzula SD. (wood rush) x x x
Poa ampla (bi2 blue21'aSs) x
Trisetum wolfii (wolftri8etum) x

FORBS AND SHRUBS
Achillea lanulosa (western varrow) x x x
A/nus so. (alder) x
Antennaria umbrinella (umber pussvtoes) x
Aster bigelovii (bi~elow tansy aster) x x x
Astragalus Sl>. (loco weed) x
Chaenactis alpina (alpine dusty maiden) x
Chrysopsis villosa Ibairv goldenaster) x
Campanula TXIrrvi rParrv bellflower) x
Epilobium an$!UStifolium (fireweed willowherb) x x
Fra2aria americana (strawberrv) x
Hvmenorvs odorata (bitterweed aetinea) x
Leptdium so. (oeoper grass) x x
Orvtropis sericeus (white pointloco) x
Penstemon confertus (little flower penstemon) x x
Penstemon sp. x
Phacelia sericea (ourole frin2e) x
Potentillafruticosa (shrubbv cinauefoil) x
Potentilla 21andulosa (gland cinquefoil) x
Rumex 8P. (dock) x
Salix exi2Ua (willow) x x x
Salix [utea (yellow willow) x
Sedum lanceo/atum (stonecrop) x x x
Senecio ambrosioides (butterweed) x x
Solidago so. (~oldenrod) x
Taraxacum officinale (dandelion) x x x
Trifolium pratense (red clover) x

TREES
Populus tremuloides (Quaking aspen) x x

TOTAL SPECIES 0 14 13 23
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Table 8. (cant)

Year ofobservation
SCIENTIFIC NAME (Common name) 1979 1985 1992 1997

1972 SEEDING - HENDERSON ROAD cur
GRASSES AND SEDGES
Auostis so. (bent 2IaSS) x
Bromus so. (brome2I3Ss) x x
Carex so. lsed2e) x
Carex aouatilis (water sedlle) x x x x
DeschamDsia caesDitosa (tufted s) x
Festuca thurberi (Ihurber fescue1 x
Hordeum tuhatum ~ foxtail barley; x
Juncus drummondii (Drummond rush) x x x
Luzula parviflora (millet woodrush) x x x x
Muh/enberJ[ia sp. (muhly) x
Ph/eum a/pinum (alpine timothy) x x
Ph/eum Dratense (timothv) x
Poa so. lb1ueRraSs) x
Trisetum wolFii (wolftrisetum) x

FORBS AND SHRUBS
Achillea lanulosa (western varrow) x x x
A$!oseris so. (false dandelion) x
Antennaria rosea (rose ous x x
Arnica cordifolia (heartleafarnica) x
Aster bigelovii lbiJ:!;elow tansv aster) x x x
Boechera divaricarpa (false arabis) x
Camvanula uniflora (alpine harebell) x
Cerastium sp. (chickweed) x
ChrvsOTJsis villosa (hairy lloldenaster) x x
Cirsium arvense (Canada thistle) x
Clementsia rhodantha (rose crown) x x
Coe/o$!lossum viride (2feenbo2 orchid) x
Conioselinum scoTJUlorum r K rlClrV Mtn. hemlock oarslev) x
Crucifer so. x x
Epilobium anJ!Ustifolium (fireweed willowherb) x x x x
Equisetum so. (horsetail) x x x
FraJ!aria americana (strawbenv) x x x
Gentianoides alJ[ida (Arctic gentian) x
Geranium richardsonii (Richardson geranium) x
LanJ!ria vul$!aris x
Leucanthemum vul$!are (oxeye daiSY) x
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Table 8. (cont.)

Year ofobservation
SCIENTIFIC NAME (Common name) 1979 1985 1992 1997

1972 SEEDING - HENDERSON ROAD CUT
Melilotus officinalis (vellow sweetclover) x
Penstemon whiooleanus (whioDle oenstemon) x x x
Potentilla gIandulosa (gland cinauefoil) x x x
Salix so. (willow) x

Senecio so. (groundsel) x x x
Solidaf!o so. (2oldenrod) x
Taraxacum officinale (dandelion) x x x x
Trifolium oratense (red clover) x x
Vaccinium so. (huckleberry) x

TREES
Abies lasiocaroa (subaloine fir) x
Picea enIlelmannii (En21emann soruce) x
Pooulus tremuloides (auakin2 asoen) x

TOTAL SPECIES 10 16 20 38
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Table 8. (cont.)

Year ofobservation
SCIENTIFIC NAME (Common name) 1979 1985 1992 1997

CONTROL - SPRUCE-FIR BURN AREA
GRASSES AND SEDGES
Af!rostis humilis (snow bent) x x x x
Bromus marf!inatus (mountain brome) x x
Calamaf!rostis rubescens (Dine reed21'aSs) x x x x
Carex SD. (sedlle) x x x x
Deschamvsia caesvitosa (tufted bair2faSs) x x
Festuca ovina (sheen fescue) x x x x
Poa SD. (blue2l"aSs) x
Poa interior (inland blue2l3Ss) x x x x
Sitanion hvstrix lbottlebrush sauirreltail) x x
Trisetum sDicatum (suike trisetum) x

FORBS AND SHRUBS
Achillea lanulosa (western yarrow) x x x x
Antennaria rosea (rose DUSSYtoes) x x x x
Aauileflia micrantha (columbine) x x
ArctostaDhvlos uva-ursi rL y manzanita) x x x
Arnica cordifolia (heartleafarnica) x x x x
Aster su. (aster) x x x x
Astraf!alus so. aoco weed) x x
Boechera divarricarTJQ (rockcress) x
Castilleia miniata (scarlet paintbrush) x x x x
Castilleja sulvhurea (vellow paintbrush) x x x x
Cerastium sP. (chickweed) x x x x
Chaenactis alDina (aloine dustY maiden) x
Cirsium SD. (-thistle) x x x
ChrvsODSis wllosa lhairv 2oldenaster) x x
Clementsia rhodantha (rose crown) x x x x
EDilobium anJ!Ustifolium (fireweed willowherb) x x x x
Eriof!onum su. <buckwheat) x x
Fraf!aria americana (strawberry) x x x
HircuJus chrysanthus x
Juniverus communis (common iuniDer) x x x x
Mertensia gp. (bluebells) x
Microseris J!racilis (microseris) x
Phacelia hastata (scomion weed) x
Polemonium valchemmum x
Pofentilla fruficosa (shrubbv cinauefoiD x x
Potenfilla fllandulosa (21and cinauefoiD x x x x
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Table 8. (cont.)

Year of observation
SCIENTIFIC NAME (Common name) 1979 1985 1992 1997

CONTROL - SPRUCE-FIR BURN AREA
PseudocvmoDterus montanus (false sorina oarslev) x x
Rosa woodsii (woods rose) x x x x
Rubus so. x
Sambucus 81>. (elderberrv) x x x x
SaxifTaSla bronchialis (sootted e) x x
Sedum 81>. (stonecroo) x x x
Senecio so. (2roundsel) x
Shepherdia canadensis (buffaloberrv) x x x x
SolidaSlo so. (p;oldenrod) x x
Taraxacum officinale (dandelion) x
Thalictrum so. (meadow rue) x
Trifolium so. (clover) x
Vaccinium mvrtillus (mvrtle blueberry) x x x x
Viola 81>. (violet) x

TREES
Povulus tremuloides .. amen) x x x x

TOTAL SPECIES 26 30 32 44
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Table 9. Number ofnaturally occurring (not seeded) species found in 1979, 1985, 1992, and 1997 on reclaimed tailing areas, a roadcut in
the Henderson~Urad mining area, and a burned-over spruce-fir community.

Number of species

Grasses & Sedges Forbs & Shrubs Trees Total

I
I-'
I-'
o
I

Study area 1979 1985 1992 1997 1979 1985 1992 1997 1979 1985 1992 1997 1979 1985 1992 1997

1975 Seeding· tailing 4 1 2 4 15 20 23 32 0 0 3 3 19 21 28 39

1976 Seeding· tailing 0 0 1 0 7 8 18 28 1 1 2 2 8 9 21 30

1977 Seeding • tailing 0 2 2 4 0 12 10 18 0 0 1 1 0 14 13 23

1972 Seeding· roadcut 5 4 7 8 4 11 13 27 0 0 0 3 9 15 20 38

Control- 1879 bum area 5 7 7 9 20 22 24 35 1 1 1 1 26 30 32 45



Table 10. Frequency ofoccurrence of soil surface characteristics for stands on reclaimed Urad

tailing, Henderson Mine road cut, and a native burned-over spruce-fir stand.

Percentage ofhits

Bare soil Rocks

Study area 1979 1985 1992 1997 1979 1985 1992 1997

Urad tailing ponds Od1 2ed Id ld 26a1 l2bc l6bc 14bc

Henderson roadcut 12a 5bc lOa 6b 6c 15be 19ab 20ab

1879 burned area 3bed 2ed lOa Sbe 21ab l3bc 13bc 17abc

Moss Litter

Urad tailing ponds Obi 2b 15a 14a 39a1 17b 17b 2lb

Henderson roadcut 2b lOa 12a 14a 41a 8c 8c 7ed

1879 burned area Ib 2b Ob Ob 12bc llbe 9c 4d

1 Means for each characteristic followed by a similar letter are not significantly different at
p>O.05.

Table 11. Frequency of occurrence (%) ofvascular plants on reclaimed Urad tailing ponds, a
Henderson Mine road cut, and a native burned-over native spruce-fir stand.

Year 1979 1985 1992 1997

Percentage 34c1 58a 42bc 46b

Treatment Tailing ponds Road cut Burned area

Percentage 43a1 39a 54a

IMeans in a row followed by a similar letter are not significantly different at p > 0.05.

Canopy cover:

Canopy cover for grasses and forbs on each stand was sampled utilizing a slight modification of
the Daubenmire (1959) technique. Cover ofplants was estimated to the nearest one percent. The
cover for all vegetation for reclaimed areas and the bumed-over spruce-fir community showed
that total cover was greatest in 1979 (48%) and declined significantly by 1985 (26%), with some
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improvement again by 1997 (35%). Grass cover made up most ofthis cover and is illustrated in
Figure 1. Cover of the tall introduced grass, smooth bromegrass (Bromus inermis), declined on
all tailing pond reclaimed areas from 1979 to 1985 and has continued to have low cover values
around 5% through 1997. However, the shorter stature species, hard fescue (Festuea ovina),
increased on most ofthese reclaimed areas during the same 19-year period (Fig. 2). This is what
had been predicted (frlica, 1989), as available soil nitrogen became more limited on reclaimed
tailing pond areas. This is not an undesirable reaction in grass species succession, as hard fescue
is a native plant in the area whereas smooth bromegrass is an introduced pasture grass from
Europe. However, one might expect aboveground biomass production to decline with an increase
in the shorter stature species.

Total grass cover actually declined on most reclaimed areas and the bumed-over community
between 1979 and 1985 and bas remained at about 20-25% through 1997 (Fig. 1). Again, this
response may have been caused by lower nitrogen availability in the growth medium as
application ofN fertilizer only occurred in 1979 and 1992. However, grass cover in the burned­
over spruce-fir community also declined during this same period. This may then indicate that
natural variations in weather patterns were primarily responsible for the overall decline in grass
cover.

Grass cover on all reclaimed areas was significantly greater than on the native spruce-fir
community that had been burned in 1879 (Fig. 3). Reclaimed areas on the Urad tailing also bad
greater grass coverage than was found on a roadcut reclamation area near the Henderson Mine,
which indicates the desirability of using the amendments of biosolids and wood chips in
reclamation. This may also have resulted from steeper slopes on the roadcut, one of which was a
south-facing slope. Thus, the steep reclaimed roadcut had less vegetation cover than reclaimed
tailing ponds.

There was very little cover by forbs on any ofthe tailing or roadcut reclamation areas throughout
the 19-year period (Fig. 4). Forb cover on the old burned area was much greater than on
reclaimed areas. This was anticipated as the spruce-fir community has had more than 100 years
of secondary succession to allow for more forb recovery. Species diversity is greater within this
natural community and the number offorb species is high. The only forbs seeded onto reclaimed
areas were white Dutch clover (Trifolium repens) and cicer milkvetch (Astragalus deer). All
other forb seed must reach these reclaimed sites by natural means (i.e., wind or animal carriers).

Total cover for all vegetation has been greater through most of the 19-year period on reclaimed
areas compared with the burned-over spruce-fir community. This has been effective in reducing
wind and water erosion on reclaimed areas. By 1997 forb cover on the reclaimed tailing ponds
was significantly greater than in previous years (Fig. 5). This indicates that forbs are moving into
the reclaimed areas through natural processes. However, cover of white clover has declined, and
a reintroduction of white clover or some other legume on reclaimed sites might improve both forb
cover and available nitrogen, as they may fix atmospheric nitrogen.
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Figure 1. Average grass cover for all treatments at the Urad-Henderson reclamation area from
1979 through 1997. Different letters above a bar indicate significant differences (P <
0.05).
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Figure 2_ Aerial cover ofhard fescue (Festuca ovina) from 1979 through 1997 on Urad tailing
reclamation areas seeded in 1975, 1976, and 1977. Means with different letters are
significantly different (P < 0.05).
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Figure 3. Average grass cover from 1979 through 1997 on seeded areas ofthe Urad reclaimed
tailing, control burned area, and a road cut near the Henderson Mine. Different letters
bove a bar indicate significant differences (P < 0.05)
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Figure 4. Average forb cover from 1979 through 1997 on seeded areas ofthe Urad reclaimed
tailing, control burned area, and a road cut near the Henderson Mine. Different letters
above a bar indicate significant differences (P < 0.05).
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Figure 5. Average forb cover from 1979 through 1997 for areas seeded from 1975 through 1977
on the Urad tailing reclamation area. Different letters above a bar indicate significant
differences (P < 0.05).

Production:

Aboveground standing crop of current year's growth was estimated using 0.I-m2 quadrats for
which cover had been sampled. Ten or 20 percent of the quadrats were randomly sampled to
determine actual standing crop of oven-dried (60°C) biomass. A linear regression analysis was
used to correct all estimated weights based on actual clipped quadrat weights. The Urad
reclamation areas produced significantly more aboveground biomass during the four years of
sampling than did either the roadeut area or the bumed--over spruce-fir community (control) (Fig.
6). Production on reseeded tailing ponds was somewhat greater in 1985 than in other years of
sampling (Fig. 7). The area seeded in 1977 produced more biomass than the area seeded in 1975
in two of the four years of sampling. In general, there was an increase in production between
1979 and 1985, even though vegetation cover declined somewhat (Fig. 8). This probably resulted
from a very wet spring and above average precipitation for 1985. Precipitation in 1985, 1992,
and 1997 exceeded the 20-year average according to weather records from Winter Park,
Colorado, that is not too distant from the study area.

Production on the tailing ponds and roadcut areas was similar to that of shortgrass prairie;
whereas, production on the control area was more like that of a desert grassland or sagebrush­
grassland type (Sims et aI., 1978).
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Applying 200 lbs/acre of inorganic fertilizer to the tailing ponds seeded areas during the 1979
growing season did not significantly increase the aboveground standing crop in 1979, but
production was greater in 1985. Vegetation that received the added nitrate fertilizer had a dark
green color and appeared more vigorous in 1979 even though production was not increased.
Dead grass crowns were noted between 1985 and 1992 and nitrogen deficiency was suspected.
No additional fertilizers had been applied until June 1992, when 100 lbslacre of ammonium
nitrate was applied by helicopter. This application was not evenly distributed across tailing
reclamation areas and resulted in increased production in some areas, but not on others. There
was no indication in 1997 that additional fertilizer was needed at this time.

Total Production
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Figure 6. Total aboveground biomass production for seeded areas on the Urad reclaimed tailing,

control burned area, and a roadcut near the Henderson Mine. Production values are
averages for the years 1979, 1985, 1992, and 1997. Different letters above a bar
indicate significant differences among areas (P < 0.05).

Heavy Metal Uptake by Vegetation

Comparison ofUrad plant growth medium with soil:

Several potentially toxic chemical elements or compounds within the Urad plant growth medium
were compared with concentrations in soil as reported in the literature (fable 12). Arsenic,
copper, and fluoride concentrations in the waste rock growth medium were lower than that
reported for soil. Lead and molybdenum were sometimes higher in the Urad growth medium than
in soil. This was expected, as these two elements were concentrated in waste rock taken from the
molybdenum ore body.
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Figure 7. Total aboveground biomass production from 1979 through 1997 on Urad tailing
reclamation areas seeded in 1975, 1976, and 1977. Means with different letters are
significantly different (P < 0.05).
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Figure 8. Total aboveground biomass production on Urad tailing reclamation from 1979 through
1997. Different letters above a bar indicate significant difference (P < 0.05).
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Table 12. Average concentration (""gig) of elements in soil as compared with plant growth
medium ofthe Urad tailing reclamation area.

Urad plant Soil
growth medium

Element Mean Range Mean Range Reference
Arsenic (As) <0.03 <0.03 10 0.3-38 Williams & Wheatstone,

1940
Copper (Cu) 14 2-37 45 10-200 Reuther & Labanauskas,

1966
Fluoride (F) 0.6 0.4-0.7 190 20-500 NAS,1971
Lead (Pb) 27 11-44 16 2-200 Swaine, 1955
Manganese (Mn) 207 5-655 600 200-3000 Swaine, 1955
Molybdenum (Mo) 188 0.1-440 2.5 0.6-3.5 Robinson & Alexander,

1953
Zinc (Zn) 30 5-64 5-175 10-300 Swaine, 1955

Comparison ofyear ofseeding:

Data for both smooth bromegrass and white clover were utilized in analysis of variances to
detennine whether differences existed in either species or for both species in the areas seeded
over a three-year time period (1975 through 1977). These analyses revealed that vegetation
growing on the newer seeding (1977) had higher concentrations of molybdenum than did plants
from the 1975 or 1976 seedings (Table 13). Plants that were growing on the area seeded in 1975
had higher concentrations of aluminum, iron, and copper:molybdenum ratios than did plants
growing on the area seeded in 1976 or 1977. This might indicate that the pH of the 1975 seeded
area, that was slightly more acidic by the time it was sampled in 1979, had allowed for slightly
greater uptake ofmetal cations.

Comparison ofyear ofsampling:

Few differences existed in elemental concentrations among plants in the three or four years of
sampling, except for iron and copper (Table 13). Both of these metals have decreased in plant
tissue from the early years of study until 1997. This has resulted in a decrease in the Cu:Mo ratio
through time as well. The Cu:Mo ratio has always been below the 2: 1 ratio recommended for
cattle consumption of forages. Molybdenum levels averaged 40 ~g in smooth bromegrass and
354 p.gIg in white clover (Table 13). These levels were exceedingly high and surpassed most
levels previously reported in plants (Kubota, 1976; Gupta. and Lipsett, 1981).

Comparison among species:

The legume, white clover, had significantly higher concentrations of arsenic, aluminum, zinc,
iron, manganese, copper, molybdenum, and fluoride in foliage than did smooth bromegrass
(Table 13). This was expected as legumes are known to concentrate several elements more than
do grasses. The exceedingly high average concentrations of molybdenum (354 IJ-g/g) and
somewhat high concentration offluoride (19 J.1.g1g) in white clover would certainly not make this
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Table 13. Average elemental concentration in forage samples ofsmooth bromegrass and white
clover collected from Urad tailings seeded in 1975, 1976 and 1977. All samples were
collected in August, 1979, 1985, 1992 and 1997.

Chemical constituent (J.1g/g)
Variable As Al Zn Fe Mn Cu Mo Cu/Mo F
Year sampled
1979 203a lla 172a 0.17a 25a
1985 O.OSal 72a 76a 143a 186a 7c 213a 0.15a 4b
1992 0.09a 79a 86a 98b 235a 8b 179a 0.16a
1997 O.IOa 88a 99a 82b 210a 7c 224a 0.07b
Year seeded
1975 0.12m1 119m 78m 161m 228m 8m 162n 0.18m 14m
1976 0.07n 68n 86m 90m 202m 8m 179n 0.12n 17m
1977 .09mn 51n 97m 73n 194m 8m 249m O.l1n 12m

Species

Smooth 0.07y l 32y 67y 48y 177y 7y 40y 0.25x lOy
bromegrass
White clover O.l1x 127x 107x 168x 240x 9x 354x 0.03y 19x

IMeans in the same column followed by a similar letter are not significantly different (p > 0.05).

species desirable forage for ruminants. Fluoride concentration in plant foliage normally ranges
from 2 to 20 JJ81'g (ppm) (NAS, 1971). The concentration of molybdenum (40 JJ81'g) in smooth
bromegrass across all four years of sampling would also limit its utility for use by livestock
(Table 13). With the high concentration of molybdenum and the low but normal concentration of
copper in both species, the copper:molybdenum ratio was dangerously low for ruminants.
Copper:molybdenum ratios less than 2:1 can produce copper deficiencies in livestock (Miltimore
and Mason, 1971), and ratios in this study were often less than 0.1.

Plant chemical constituent correlation with growth medium parameters:

Simple linear correlation analysis of chemical constituent concentrations in smooth bromegrass
and white clover with plant growth medium parameters indicated low correlations among most
variables (Table 14). This was anticipated as there usually is not a linear relationship between
soil variables and the uptake and concentration of elements in plants. The concentration of
molybdenum in the growth medium and in both plant species was not highly correlated (R = .10
and .43) (Table 14). This indicated that prediction of plant uptake of molybdenum from
molybdenum concentrations in the growth medium could not be done accurately. The pH of the
growth medium was also not well correlated with uptake of metals by smooth bromegrass and
white clover. Analyses of data for accumulation of heavy metals in several crops grown on soils
previously amended with biosolids for many years shows on the other hand that soil total metal
concentration was found to be the principal factor controlling metal contents in the plants, along
with pH and clay content (Rooda et al., 1997).
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Table 14. Simple linear correlation coefficients (R values) ofgrowth medium parameters with
chemical constituents in foliage ofplants. Samples were collected on the Urad tailing
reclamation area in early August, 1979, 1985, 1992 and 1997 (data sets combined).

Parameter Plant Plant Plant Plant Plant
Zn Fe Mn Cu Mo

Smooth bromegrass
MediumZn .10
Medium Fe -.38
MediumMn .04
MediumCu .35
MediumMo .10
Medium pH -.09 .28 -.05 .26 -.09

White clover
MediumZn .16
Medium Fe -.10
MediumMn .48
MediumCu .03
MediumMo .43
Medium pH .08 .21 .01 .09 .04

Comparisons among foliage concentration of metals in white clover and cicer milkvetch:

Cicer milkvetch was sampled in 1992, as white clover had almost disappeared from the reclaimed
tailing ponds. Samples from both species were compared to determine whether uptake of metals
was similar and highly correlated between the two species. We wished to be able to only sample
cicer milkvetch in the future, as it had become much more prevalent on reclaimed tailings through
time.

Results ofthese comparisons revealed that cicer milkvetch behaved more like smooth bromegrass
than white clover, or that it was intermediate between the grass and the clover in uptake ofmetals
(Table. 15). Correlations of similar metals concentrations in white clover with those in cicer
milkvetch were not high. This indicated that cicer milkvetch could not be used as a good
indicator of metal concentrations that might be found in white clover. Therefore, the milkvetch
was not sampled in 1997 to try to predict elemental concentrations in white clover. We continued
to sample white clover as in the past, even though it was found only infrequently on reclaimed
tailing. Hard fescue (Festuca ovina) was sampled in 1999 to determine metals uptake by
vegetation on all four areas as this species occurred on all four sites.
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Table 15. Average elemental concentration in forage samples ofsmooth bromegrass and white
clover collected from Urad tailings seeded in 1975, 1976 and 1977. All samples were
collected in August, 1992.

Cui
Mo

.04y

.04y

.23a

.08b

.05b

.29x46z

Mo

310x

195y

169ab
142b
240a

lOx

Cu

9a
8ab
7b

7y

7yx150x

303x

179a
300a
140a

166x

<5
<5
<5

5

<5

<5

81y

41z

156x

102a
BOa
65b

Chemical constituent (f.tglg)

Zn

60y

57y

62b
lOOa
66b

lUx

Al

73b
100a
40c

22z

137x

As

.IOx

.08a3

.09a

.08a

SpeciesYear
seeded

1975
1976
1977

1975-77

Both2

Both
Both

Smooth
brome .08y2

White
1975-77 clover

Cicer
1975-77 milkvetch .08y 54y

IData often below detection limits « 2.5).
2Both indicates that data for smooth bromegrass and white clover were summed and averaged
together.
3Means in the same column followed by a similar letter are not significantly different (p > 0.05).

Effect ofbiosolids on concentration ofelements in vegetation

Concentration ofmetals in hard fescue (Festuca ovina) showed little difference between the Urad
tailing where biosolids had been added and those sites were biosolids were not used (Table 16).
Chang et al. (1984) came to the conclusion that vegetation removes an insignificant amount of the
heavy metals introduced into the soil through land application of biosolids, while Hooda et aI.
(1997) recommended that the surest way to control the accumulation of metals in vegetation was
by controlling their concentrations in the soils. Other factors that control concentration of metals
in vegetation are metal and plant species, clay type in the soil, and pH (Rooda et al., 1997).

Iron was significantly higher in hard fescue from the avalanche run area and control bum than
from reclaimed areas. Vegetation on Urad tailing was significantly higher in the concentration of
molybdenum than from other sites. The availability of molybdenum causes a large increase in its
uptake when plants are grown on contaminated sites (Kabata-Pendias and Pendias, 1992). No
differences in cadmium uptake of plants among sites was noted, and its concentration was well
within nonna! range reported (Ramachandra and D'Souza, 1998; Brady and Wei!, 1999).
Research has shown that cadmium and zinc content in aerial plant parts generally decreases as the
pH level increases, but physiological differences among species may also be an important factor
(Eriksson, 1989; Ramachandran and D'Souza, 1998). Simple correlations between growth.
medium characteristics and elemental concentrations of various plant constituents were usually
quite low (R < .60) (Table 17). The growth. medium pH and Ee were usually better correlated
with elemental concentrations in vegetation than were organic matter and saturation of the growth
medium. Plant Zn and Mo concentrations were most highly correlated (R> .60) with the pH and
Ee ofthe growth medium.
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Table 16.Average elemental concentration in forage samples ofhard fescue in 1999. Samples
were collected from Urad tailing reclamation areas where there had been biosolids
addition and from three other sites (roadcut, avalanche run, and control bum) where
biosolids had not been added.

Treatment

No. samples
P(%)
K(%)
Zn (~glg)

Fe (~glg)

Mn(~glg)

Cu (J.1gIg)
Mo (~g/g)

Pb (J.1gIg)
Cd (~g/g)

As (~glg)

F (J.1gIg)
Cr (J.1gIg)
Ca(%)
Mg(%)
Na(%)
Se (~glg)

Al (~glg)
Ti (J.1gIg)
Ni (~glg)
Sr (J.1gIg)
B (J.tgIg)
Ba(~g)

Si (J.1gIg)
V(~glg)

Carbon(%)
N(%)
P(%)

Urad Tailing
3

0.17ab
0.58ab
100a
74b
l80a
7.0ab
lSa
3.6a
0.7a
0.7a

29.3a
2.0a
0.4a
O.3a

O.OOla
0.26a
54bc
l.6b
4.0a
15a
5.7b
lOa
32a
0.9a
43a
l.Ob
6.0b

Roadcut
3

0.19a
O.72a
46be
72b
194a
5.2e
Sb

6.7a
0.5a
0.6a
2.0b
2.2a
0.4a
O.la

O.OOla
0.35a
43e
1.7b
1.8a
12a

6.2b
17a
84a
1.2a
44a
l.3a
5.7b

Control Bum
3

0.14bc
0.53ab
82ab
193a
106a
5.9bc

4b
4.6a
0.6a
0.7a
O.lb
2.2a
0.4a
O.la

O.OOla
0.30a
153ab
3.5a
l.5a
lOa
5.9b
14a
72a
l.Oa
43a
0.9b
8.6a

Avalanche run
3

O.lOc
0.27b
28c

268a
112a
7.6a
4b

8.8a
O.4a
0.6a
O.lb
2.4a
0.3al

.la
O.OOOa
0.27a
220a
4.9a
5.5a
13a
8.3a
17a
17a
1.4a
44a
1.4a
7.8a

IMeans in a row followed by a similar letter are not significantly different (p > 0.05).
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Table 17. Simple linear correlation coefficients (R values) of chemical characteristics in the plant
growth medium with elemental concentrations in hard fescue (soil samples from Urad
tailing, roadcut, avalanche CUll, and control bum all utilized).

Al
As
B
Ba
C
Ca
Cd
Cr
Cu
Fe
K
Mg
Mn
Mo
N
Na
Ni
P
Ph
Se
Si
Sr
Ti
V
Zn

pH

-.46
.09

-.56
-.65
-.29
.12
.44

-.39
.10

-.49
.15
.40
.11
.67

-.68
-.28
-.09
.16

-.50
-.37
-.23
.12
.48

-.52
.72
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Growth medium

EC
-.49
.26

-.43
-.51
-.05
.11
.40

-.35
.20

-.53
.29
.65
.34
.77

-.48
-.23
.07
.28

-.39
-.22
-.20
.42

-.55
-.52
.62

o
-.0
.1
.3
.5
.5

-.0
-.4
.3

-.1
-.1
.1

-.1
.2

-.0
.7
.0

-.2
.4
.1

-.0
.1
.2

-.1
.3

-.5

SAT

-.05
-.06
.46
.41
.52

-.01
-.35
.25
.01

-.08
.05

-.16
.22
.07
.79
.09

-.12
.35
.17

-.10
-.16
.31

-.00
.34

-.48



Table 18. Simple linear correlation coefficients (R values) of elemental concentrations in foliage
of smooth bromegrass and white clover in 1979, 1985, 1992 and 1997 with some
important growth parameters in the Urad tailing reclamation growth medium.

Growth medium Fe Zn Mn Cu Mo Cu/Mo

(Independent
Smooth bromegrass

variables)
pH .28 -.09 .05 .26 -.09 .15
EC .29 .27 .23 .21 -.08 .11
OM -.42 -.34 .16 .02 -.06 .19
N03 -.10 -.07 .40 .20 -.34 .68

P .12 .36 .01 .61 -.14 .19
K -.16 -.32 -.22 .02 .64 -.20

White clover

pH .21 .08 .01 .09 .04 .07
EC .22 -.06 .08 -.14 .10 -.10
OM -.11 -.15 .14 .19 -.32 .30
N03 .06 -.17 -.06 .20 -.14 .23

P -.40 -.37 -.22 -.03 .09 .01
K .01 .36 .48 .25 -.20 .32

Foliar concentrations ofsome metals compared with some important growth parameters ofthe
tailing growth medium:

Comparisons were made between the concentration of iron, zinc, manganese, copper, and
molybdenum in foliage of smooth bromegrass and white clover collected in 1979, 1985, 1992 and
1997 with some important characteristics of the growth medium during the same period. These
characteristics of the reclaimed tailing growth medium were pH, electrical conductivity (Ee),
organic matter (OM), nitrate (N03), phosphorus (P), and potassium (K) levels that may all affect
plant growth. A simple linear correlation between each of the growth medium parameters with
elemental concentrations within the foliage indicated that few significant correlations existed
(Tables 14, 17 and 18). Good correlations were only found for phosphorus concentrations in the
medium with copper concentrations in foliage and potassium concentration in the medium with
molybdenum concentrations in foliage of smooth bromegrass. Growth medium pH and EC were
more important in affecting plant foliar concentration of metals than was soil organic matter and
saturation (Table 17). The lack of few significant simple correlations between growth medium
characteristics and uptake of metals by plants indicated that more complex relationships existed
between plant uptake ofmetals and growth medium characteristics.

Multiple linear regression analysis was then run to determine whether combination of growth
medium characteristics might account for more of the variability found in concentration of some
metals in foliage of two species growing on the reclaimed tailing. These analyses indicated that
pH and electrical conductivity (Be) of the growth medium accounted for very little of the
variation of iron, zinc, manganese, copper, and molybdenum concentration in foliage of either
smooth bromegrass or white clover (Table 19). Most of the growth medium parameters only
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accounted for small changes in variability of metals within the foliage of smooth bromegrass or
white clover. Most of the metal concentration in foliage could not be accounted for by various
measures made ofthe growth media. Only 53 to 61% of the variation in copper or molybdenum
concentrations in foliage of smooth bromegrass, respectively, could be accounted for by the
combination of all six growth medium parameters (Table 19). However, only 18 to 19% of the
variation in concentrations of molybdenum or copper in foliage of white clover could be
accounted for by measuring these same six characteristics of the growth medium. Therefore,
some of the important soil and plant characteristics that affect plant uptake of metals were not
being measured in this monitoring effort.

Table 19. Relationships among growth medium characteristics ofthe reclaimed tailing and foliar
concentrations ofsome metals as determined by multiple regression analysis.
Numbers reported in the table are sequential R2 values.

Growth medium Fe Zn Mn Cu Mo Cu/Mo

(Independent Smooth bromegrass
variables) (dependent variable)

pH .08 .01 .01 .07 .01 .02
EC .16 .08 .06 .11 .02 .04
OM .24 .33 .14 .18 .05 .18
N03 .25 .34 .20 .19 .14 .53

P .30 .39 .21 .52 .15 .55
K .30 .40 .28 .53 .61 .60

White clover
(dependent variable)

pH .04 .01 .00 .01 .00 .00
Ee .09 .01 .01 .03 .01 .01
OM .10 .03 .04 .13 .15 .21
N03 .10 .04 .08 .16 .15 .23

p .19 .30 .15 .16 .17 .23
K .20 .38 .31 .19 .18 .28

SUMMARY AND CONCLUSION

Only five nutrients have been found sufficiently deficient to limit agronomic crop production in
Colorado (Soltanpour et al., 1979). They are nitrogen (N), phosphorus (P), potassium (K), zinc
(Zn) and iron (Fe). Nitrogen is the macronutrient most frequently found deficient. It appears that
nitrate-nitrogen was still limiting on much ofthe reclamation area (Table 3). Phosphate levels are
presently very high and potassium levels are moderately high in the growth medium. Therefore,
additions of phosphate and potassium fertilizers cannot be justified; whereas periodic nitrogen
fertilizer additions may be needed.
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Concentrations of the micronutrients zinc, iron, copper, and manganese were all considered very
high in the waste rock medium (Soltanpour et al., 1979) (Table 3). Certainly no additions of
these elements are recommended. Soil organic matter is moderate and pH is neutral to slightly
acidic. Therefore, the plant growth medium should readily supply elements for plant uptake.
Salts are not excessive and should not reduce plant growth. As more organic matter enters the
humus fraction, soil water relations and cation exchange capacity should improve.

Calcium and magnesium appear to be marginally low in the growth medium (Table 20).
However, both elements have high concentrations in waste rock material (Table 3). Therefore,
we might expect availability of these two elements to increase with time, so fertilization is not
recommended at the present time unless an inexpensive source of CaC03 is available. Additions
of CaC03 could be made to small test plots to determine whether plants will respond to the
addition. The CaC03 might also help alleviate some of the acidification that is underway as well,
as pH has declined from 8.1 in 1978 to 6.7 in 1997.

Table 20. Suggested ranges of optimum concentrations (<I>glml) of elements in nutrient solutions
for plant growth as compared with concentrations in the plant growth medium from
Urad tailing reclamation. Optimum concentration values taken from Bowen (1966).

Element
B
Ca
CI
Co
Cu
Fe
K
Mg
Mn
Mo
N
Na
p

S
Se
Si
V
Zn

Optimum nutrient solution
concentrations

(literature values)
0.1 - 1.0
50 ~ 350
I ~300

0.001 ~0.01

0.01 ~ 0.1
0.5 - 50

100 - 600
20 -60
0.1 ~ 1.0

0.01 - 0.1
70 - 250

0.06 - 350
30 ~ 150
50 - 270

<1
<0.09

0.01 (-10)
0.02 - 0.2

Urad plant growth medium
concentrations

(CSU Soil Testing Lab values)

12 - 46+

2 - 37*
30 -182
73 - 205

0.5 -1.6+
5 -180*
0.1 -18*
90 -180
4 -19
1- 305

0.26
32
0.9

5 -175*

+ Indicates values lower than optimum concentration.
*Indicates values greater than optimum concentration.
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Ofthe 25 elements in Table 2 that were more than twice as concentrated in waste rock material as
in native soil, five (Be, Co, Pb, Ni, and Sn) are considered potentially very toxic (Bowen, 1966),
whereas most of the others are considered potentially moderately toxic. Although availability of
these elements for plant uptake is not known at present, slight toxicity problems may presently
exist or may become more evident with continued weathering of the waste rock growth medium.
Ifgrowth medium pH should become more acidic in the future, more ofthese toxic elements may
become available for plant uptake (Baker and Walker, 1989). However, some of these elements
may also be leached from the rooting zone or tied up in the organic fraction.
Microorganism populations may also be affected by these toxic elements. Bacteria, fungi and
algae are often more sensitive to toxic elements than are higher plants. Therefore, if
microorganisms are less effective in decomposition of dead material, nutrient cycling and humus
production may be slowed. Dead organic matter may then accumulate on the surface and
interfere with or retard plant growth and succession.

Vegetation on the reclaimed waste rock material still persists under these difficult circumstances;
it has withstood the very severe climate of this high elevation and the poor plant growth
characteristics of the growth media. The vegetation has withstood this tough test of time and is
still doing well 22 to 25 years after the reclamation efforts. There is currently no indication that it
will not continue to thrive indefinitely.

Plant Species Cover, Diversity and Production

The waste rock material placed on Urad tailing and as amended with biosolids and wood chips
has made an effective plant growth medium. Seeded grasses have become well established and
are producing more herbage than is produced in a nearby bumed-over spruce-fir community.
Canopy cover of vegetation on the tailing ponds equals or exceeds that of the native community
and plants appear to be well established and maintaining a productive stand. Therefore, wind and
water erosion problems have been effectively mitigated.

Vegetation on reclaimed tailing ponds and road cut areas is not as diverse as that of naturally
occurring communities. The reclaimed areas are dominated by a few species of grasses, and
forbs occur only infrequently. However, species diversity has increased significantly with time
since areas were seeded. Therefore, invasion of other species into reclaimed areas has occurred
and diversity may be expected to continue to increase with time.

White clover was used in the seed mixture as this species has the capability to fix nitrogen.
However, it is a weak perennial and has declined considerably on reclaimed areas during the past
10 years. Therefore, inorganic nitrogen may need to be topdressed occasionally on the reclaimed
tailing to maintain site fertility. Fertilization with inorganic nitrate should, however, be carefully
controlled to prevent the introduced tall grasses from becoming more dominant. Ifdominance of
these grasses is encouraged, they may then reduce invasion and establishment of native species.
Since it is desirable to maintain a naturally functioning community in the future, inorganic
fertilizers should be used sparingly, even though this may result in a reduction in total community
plant cover and production through time. When inorganic nitrogen fertilization is needed, then
ammonium nitrate rather than ammonium sulfate is recommended, as sulfur is already high in the
waste rock medium and ammonium sulfate might also cause a reduction in growth medium pH
through time.
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Some species in the seeding mixture did not appear, or only appeared infrequently, on the
reclaimed tailings. Creeping foxtail (Alopecurus arundinaceus) and meadow foxtail (Alopecurus
pratensis) are two grasses that occurred only rarely and might be eliminated from future seed
mixtures. Red fescue (Festuca rubra) and redtop (Agrostis alba) occurred infrequently.
Therefore, they might be either eliminated from the seed mixture or their proportion of the
mixture should be increased if they are considered desirable. However, all of these grasses do
occur more frequently around the developing wetland areas on the tailing reclamation area. If
wetlands are desired, then these species should be maintained in the mixture. Cieer milkveteh has
increased in stands and bas become an important legume. Pine reedgrass (Ca/amagrostis rubra)
is an important grass that occurs in rocky areas of the native bumed-over community and should
be considered as a possible addition to the seed mixture if seed for this species can be obtained
commercially.

Heavy Metal Uptake by Vegetation

White clover concentrated chemical constituents in foliage much more than did smooth
bromegrass on the Urad tailing reclamation area. eicer milkvetch uptake of metals was often
intermediate to that of white clover and smooth bromegrass. Younger plants appeared to have
greater concentrations of both arsenic and molybdenum in foliage in 1979 than did older plants,
but these differences were no longer evident by 1985. This may be related to greater availability
of these elements in recently seeded areas or to the older plants' ability to reduce uptake of these
two elements.

White clover had concentrations of both molybdenum and fluoride, which might well be
considered dangerous to ruminant animals using the forage resource. Molybdenum levels in cicer
milkvetch and smooth bromegrass were also high, but not nearly as high as that in white clover.
The extremely low Cu:Mo ratio in all three species might be expected to result in a physiological
copper deficiency for ruminants using the seedings as a major forage resource. Therefore, it is
recommended that ruminants not be allowed to concentrate on the tailing reclamation area for any
extensive period of time. Large native ruminants (deer and elk) do occasionally graze on the
reclaimed tailing ponds. However, even with the high levels of molybdenum in the forage, it is
speculated that the reclaimed tailing vegetation does not comprise a high enough fraction of the
total diet to become toxic. In other words, use of other forage from native communities would
dilute the concentration of molybdenum ingested while the animals utilized the reclaimed tailing
area. This, however, has not been studied to date.

The present study should be repeated in about five years to determine whether concentrations of
these constituents decline in foliage as the plant growth medium weathers further, or as these
toxic materials become incorporated into organic litter on the surface. The present study
indicated little change in uptake of molybdenum among the four years of sampling (1979, 1985,
1992, and 1997) by plants growing on the reclaimed tailing. IfpH of the plant growth medium
(waste rock) becomes more acidic with time, this could cause molybdenum to become even less
available for plant uptake, but uptake ofother heavy metals might increase.
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USING THRESHOLD AND ALTERNATIVE STATE CONCEPTS
TO RESTORE DEGRADED OR DISTURBED ECOSYSTEMS

Jeanne C. Chambers

USDA Forest Service, Rocky Mountain Research Station,
920 Valley Road, Reno, NY 89512-2812

ABSTRACT

In the applied sciences, alternative state and threshold concepts are beginning to replace more
traditional ideas involving linear succession. They are being used increasingly to describe the
different vegetation states that exist on the landscape and to evaluate the role of natural and human
disturbance in causing the different states. Recognizing the alternative states that exist following
disturbance and defining the thresholds between the states can be an important step in evaluating
the restoration potential of disturbed sites and in assessing the degree of restoration success. I
discuss the use of alternative state and threshold concepts in restoration and then provide a case
study involving the restoration of dry meadows degraded by sagebrush encroachment. In the case
study, two environmentally similar ecosystem types, the dry meadow and basin big sagebrush/giant
wildrye trough drainageways, were used as models for examining the restoration of sagebrush
dominated areas to dry meadows. The restoration treatment involved a prescribed bum and
seeding with dry meadow species, and the soil and vegetation responses to the treatment were used
to define the threshold for restoration to dry meadows.

INTRODUCTION

Why Alternative States and Thresholds?

Over the past twenty years, there has been increasing recognition that succession is not
deterministic and that successional trajectories are seldom linear (MacMahon 1980, Pickett et al.
1987, Westobyet al. 1989, Laycock 1991, Friedel 1991, Tausch et al. 1993, Pickett and Parker
1994). The implications are that there is no single equilibrium community as suggested by
Clements (1919) and, that following disturbance, ecosystems mayor may not return to their
predisturbance state. For a given ecosystem type, multiple alternative states can exist on the
landscape. The changes among states are usually triggered by natural and anthropogenic
disturbance or management actions (Westobyet al. 1989, Laycock 1991, Friedel 1991, Allen-Diaz
and Bartolome 1998, Rodrigeuz and Kothman 1997). Similar to geomorphic systems, abiotic
and/or biotic thresholds exist between the different states that can be defined based upon the
parameters that define the limits of natural variability within systems (Ritter et al. 1999).
Threshold crossings result in changes in processes and/or structure that result in new states
adjusted to the altered factors or processes. For vegetation communities, threshold crossings can
be autogenic in nature, resulting from interactions among the biotic components. The processes
involved can include competition, herbivory, and species invasions. They can also be allogenic,
resulting from changes in enviromnentaI factors. The factors involved can include changes in
hydrologic regimes, landforms, and soils. On longer time scales, climate change can also be
involved.
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Figure 1. A partial alternative state and transition diagram for the basin big sagebrushlbasin
wildrye ecosystem type in the absence offire. Transition pathways are: CH==cbanged hydrology;
AG=abusive grazing; PG=proper grazing; NF=absence offire; PB=prescribed burning;
SI=noxious weed seed introduction. HCPC=high condition, potential community.
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Utility ofthe Concepts

Alternative state concepts are being increasingly used to describe the vegetation communities that
exist on the landscape. For example, the NRCS is currently revising its range site guides based on
these concepts (Joel Brown, personal communication). Basically, the alternative states for a given
vegetation or ecosystem type are cataloged and the relationships between them described. The
alternative states include the high condition, potential community that is typically the management
goal. They also include any other states that exist such as those that may have been degraded as a
result of over grazing by livestock, altered fire regimes or weedy species invasions. Transitional
states may also be included. The progression of one state to another is illustrated with a series of
connecting arrows, and the type of disturbance or management action influencing the different
states is indicated. For instance, in the basin big sagebrushlbasin wildrye ecological site type, over
grazing by livestock and lack of fire can result in an increase in sagebrush and decrease in
perennial grasses (Fig. 1). Proper grazing coupled with prescribed burning can decrease the
sagebrush and increase the perennial grass component. Regardless of the state, the introduction of
seed of the Crucifer, white top, can result in the dominance of the site by this invasive perennial
forb. This cataloging provides a convenient means of describing the various alternative states, the
relationships between them, and the disturbances and management actions affecting the
conversions between states. The limitations of this approach are that the underlying factors and
processes are often ignored.

Relevance to Restoration

Alternative state and threshold concepts appear to have considerable utility for the restoration of
disturbed or degraded ecosystems (Hobbs and Norton 1996). To use these concepts in a
restoration context, it is necessary to both identify the alternative stable states that exist in the
project area and define the thresholds that exist between them in terms of quantifiable ecosystem
characteristics (Linnerooth et aI. 1998, Linnerooth and Chambers unpublished data). Defining the
thresholds that exist between states is necessary because the recovery potential of a given
ecosystem depends on the type and magnitude of the threshold that exists between the alternative
states. If a threshold has not been crossed, then the system should be able to recover to the original
state with minimal intervention. In this case, simply eliminating the perturbation, such as over
grazing, or reinstating natural processes, such as fire, may result in the return of the system to a
less degraded state. If a threshold has been crossed, a new state exists that has a unique set of
possible successional trajectories. It may be possible to return the system to the original state
through some type of restoration activity if an abiotic threshold such as a change in soil properties
or decrease in water table has not been crossed. This could involve using herbicides to eliminate
exotic species, reseeding with native species, and deferring land uses until the ecosystem has
reestablished. If an abiotic threshold has been crossed. in most cases it will be necessary to treat
the system as a new state or even a new site type, and to develop the appropriate restoration or
management methods for the new state or site type.

CASE STUDY

We used alternative state and threshold concepts to examine the restoration potential of degraded
semi-arid riparian areas dominated by basin big sagebrush (Artemisia tridentata tridentata).
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Riparian areas in the western U.S. are highly productive and have been extensively used as sources
oflivestock forage and agricultural water, and as recreational areas. Consequently, many of these
areas are severely degraded - over 50% are in poor ecological condition (Annour et al. 1994).
This degradation has led to the encroachment and dominance of basin big sagebrush largely as a
result of stream incision and lowered water tables, over grazing by livestock and a decrease in
competition from perennial grasses, and active fire suppression. The overall result has been a
decrease in meadow and other grass dominated ecosystems and an increase in sagebrush dominated
ecosystems. In some cases, a threshold bas been crossed and a new stable state exists that can be
defined by the abiotic and biotic characteristics of the site. Presumably, the potential for returning
to the grass and sedge dominated dry meadows that the area formerly supported bas been lost and
restoration can not be achieved without a large expenditure of energy. In other cases, a threshold
may not have been crossed. This may be the situation for dry meadow ecosystems exhibiting
sagebrush dominance without a reduction in water table or a complete loss of the former
vegetation. Restoration to the dry meadow does not require as large of an expenditure of energy
and is both ecologically and economically feasible.

To evaluate the restoration potential of these sites, we identified two ecological types that occur
within the drainages and that share similar soil and landform characteristics. These are the dry
meadow ecosystem type dominated by grasses and sedges, and the basin big sagebrush/basin .
wildrye (A. tridentata tridentataILeymus cinereus) type dominated by basin big sagebrush and
basin wildJye. These ecosystem types are located in trough drainageways, are characterized by
haplocryoll soils and similar water table depths, and exhibit considerable species overlap (Table 1;
Weixelman et al. 1996). The lack ofboth basin big sagebrush and basin wildrye in the dry

Table 1. Species constancy (%) for the basin big sagebrusblbasin wildrye and dry meadow
ecosystem types in central Nevada (from Weixelman et al. 1996).

Basin big sagebrush!
Basin wildrye

Dry Meadow

Grasses and
Grasslike Plants
Basin wildrye 72 0
Nevada bluegrass 50 86
Creeping wildrye 31 18
Douglas sedge 54 68
Matmuhly 59 54

Perennial Forbs 4-54 4-50

Shrubs
Basin big sagebrush 77 0
Rabbitbrush 68 0
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meadow ecosystem type indicated that it was probably a slightly drier ecosystem type. We used
these types as models for examining the restoration of sagebrush dominated sites within the
riparian corridor. Our hypothesis was that the threshold for restoration to the dry meadow type
could be defined on the basis of water table. If a threshold had not been crossed, the sagebrush
dominated site could be restored to the dry meadow. Our objectives were to: (1) quantify
differences in the abiotic variables in response to different water table levels and to a restoration
treatment that included buming and seeding, (2) evaluate how the abiotic variation affected plant
establishment processes, and (3) use both the abiotic and biotic response to define the threshold
maintaining sagebrush dominance.

Study Design

The study was conducted in the Toiyabe mountain range of central Nevada and the experimental
design and methods are detailed in Linnerooth (1999). Basically, the experimental design included
five different sites with three water table levels: (1) shallow (-120 to 200 em); intermediate (-200 to
-300 em); and deep (>300 cm). A wet, intermediate, and dry site were located in the Willow
Creek drainage; an additional wet site was located in the Marysville drainage and a dry site in the
Ledbetter drainage. All of the sites were dominated by big sagebrush; only the wet and
intermediate water table sites had understories dominated by dry meadow species (Linnerooth et
al.1998). The restoration treatment involved a paired-plot approach in which one half of each plot
was burned and seeded with native dry meadow species while the other half served as a control.
The seeded species included Nevada bluegrass (Poa secunda ssp. juncifolia), mat muhly
(Muhlenbergia richardsonis), creeping wildrye (Leymus triticoides), basin wildrye (Leymus
cinereus), and western yarrow (Achillea millefolium). Additionally, blue flax (£inum lewisii) was
used. The abiotic variables measured at each site included precipitation, water table depth, soil
water content, and soil temperature. The biotic response was evaluated in terms of the seed bank,
residual vegetative propagules (root sprouts), and seedling establishment. Seeded species adapted
to wetter (Nevada bluegrass), intermediate (creeping wildrye), and drier (basin wildrye) conditions
were used to evaluate the establishment response. Because of the importance of sagebrush in
structuring the microenvironmental conditions in these communities, both the abiotic and biotic
response was evaluated for undershrub and interspace microsites on both the burned and control
plots.

Results

Both growing season conditions and initial water table depths significantly affected soil
temperatures and soil water availability over the two-year study (Linnerooth 1999). The 1997
growing season was warm and dry and growing season precipitation (June-Sept) on the five sites
averaged 38 em. The spring and early summer of 1998 were cool and wet and growing season
precipitation averaged 58 em. This was reflected in higher water tables and soil water contents and
lower soil temperatures in the spring and early summer of 1998 than of 1997. Soil water contents
were higher and soil temperatures were lower on the wet sites than the dry sites during both years.
The effect ofburning on soil water availability varied by season. During the first growing season,
soil water content was lower on the burned plots than the control plots early in the growing season
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as a result of snow removal by wind and earlier snowmelt. After the initiation of active plant
growth, the burned plots had higher soils water contents than the controls. As expected, burning
resulted in higher overall soil temperatures and there were significant microsite differences. The
undershrub microsites on the control plots had the lowest temperatures, and the undershrub
microsites on the burned plots had the highest temperatures.

The importance ofthe seed bank vs. vegetative regrowth was investigated for the wet and dry sites
within the Willow Creek drainage (Mebine and Chambers, unpublished data). There were higher
overall seed densities on the dry site than the wet site (Fig. 2). The seed banks of both sites were
dominated by basin big sagebrush and annual species, primarily forbs. Burning significantly
decreased seed numbers, especially in near surface soils and in the undershrub rnicrosite. There
was differential seed mortality and most shrub seeds were killed, while many annual forbs
survived. Importantly, the grasses and sedges that dominate dry meadow systems were almost
nonexistent in the seed banks ofboth sites. This was probably because seeds of these species tend
to be short-lived. Also, these species had low initial abundances in the aboveground vegetation on
the wet site. In contrast to the seed bank, the wet site had higher root sprout densities than the dry
site (Fig. 2). The wet site had higher abundances of dry meadow species in the aboveground
vegetation prior to the burn, and these species dominated the vegetative propagule pool. The
number of root sprouts in the undershrub microsites was greatly reduced by burning. Despite this,
vegetative regrowth was more important than seedling establishment in the recovery of these sites
and determined the post-restoration species composition.

The seedling establishment response of the three species adapted to different levels of water
availability provided important clues about the recovery potential of the sites. In general, seedling
emergence was higher on the wet sites than the dry sites for all three species (Fig. 3; Linnerooth
1999). In 1997, emergence ofall species tended to be highest in the control shrub microsite which
had the coolest soil temperatures and highest soil water contents early in the growing season.
Differences in emergence among microsites tended to be less apparent during the generally cooler
and moister conditions in 1998. Lifespan estimates of the species adapted to mesic and
intermediate conditions, Nevada bluegrass and creeping wildrye tended to be higher on the wet sites
(Linnerooth 1999). In contrast the lifespan estimates of the species adapted to more xeric
conditions, basin wildrye, was almost always higher on dry sites. Also, shrub establishment on the
dry sites was higher than on the wet sites. Lower numbers of seedlings emerged on the burned
plots, but those that did often had lifespans that equaled or exceeded those on the control plots.
And although not quantified, seedlings that could survive the initially harsh conditions on the bum
plots exhibited greater growth than those on the control plots, presumably due to higher water
availability later in the growing season.
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Figure 2. Numbers ofgenninable seeds and vegetative root sprouts (0-5 em depth) on the dry and
wet sites in Willow Creek for the undershrub and interspace microsites of plots that were either
burned or not burned. Unlike letters indicate significant differences among burn/microsite
combinations where present (lsmeans; P ::s 0.05).
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Figure 3. Numbers of seedlings of species adapted to wet (Nevada bluegrass), dry (basin wildrye),
and intennediate conditions (creeping wildrye) that emerged in two different years. The study sites
reflected wet, dry or intennediate water levels, and treatments included burned or not burned plots
(controls) monitored in the undershrub or interspace microenvironments. Unlike letters indicate
significant differences among treatmentlmicrosite combinations within water levels (lsmeans; P ~

0.05).
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Implications

In general, the wet sites had more favorable environmental conditions for plant establishment than
the dry sites. They exhibited both vegetative and seedling establishment of the dry meadow
species. In contrast, the dry sites had little vegetative regrowth and appeared to lack the
appropriate conditions for seedling establishment of more mesic dry meadow species. These
results indicate that the dry sites have crossed an abiotic threshold and no longer have the potential
to support dry meadow ecosystems.

A standard ball-and-trough diagram can be used to visualize the relationships between the
alternative states that exist for these ecosystems (Fig. 4). Water table is shown as the driving
variable determining both the potential for the different states to exist and for restoration. The "A"
ecosystem represents shallow water tables dominated by grasses and sedges. The "e" ecosystem
represents intennediate water table sites that have an equal probability of existing in either the
grass and sedge or sagebrush dominated state. The "E" ecosystem reflects dry sites dominated by
sagebrush. For sites characterized by relatively high water tables, such as "B" and "C",
establishment of the dry meadow species is possible. If dry meadow species occur in sufficient
abundance in the aboveground vegetation, then minimal restoration inputs are necessary. For sites
that have deep water tables, such as "D" and "E", and that have been degraded due to stream
incision or overgrazing, a significant amount of energy is necessary not only to convert the
ecosystem from shrub to grass dominance, but also to maintain it in the new state. The logical
alternative for degraded sites with sufficiendy shallow water tables is to restore them to the
alternative basin big sagebrush/giant wildrye site type. This may require seeding with species
adapted to more xeric conditions, and ameliorating site conditions with treatments such as snow­
fencing or mulch to improve soil-water relations and increase seedling emergence and survival.
Knowledge of the abiotic and biotic thresholds that exist between the alternative states and of their
implications for restoration can be used to create mosaics of graminoid--dominated dry meadows
and sagebrush-dominated ecosystem types within central Nevada riparian corridors that are more
similar to predisturbance conditions.

This case study shows the utility of alternative state concepts for identifying the different
vegetation states that exist on the landscape and for evaluating their restoration potential. A
critical aspect of the process is defining the thresholds that exist between the target states in tenns
of quantifiable abiotic and biotic ecosystem variables. This information can be used to evaluate
the potential ofthe degraded site and to design the most effective restoration scenarios.
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represent stable states. Restoration potential depends upon water table. Further explanation is in
text.
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ABSTRACT

Drastically disturbed sites commonly have lost their topsoil horizons during excavation or
erosion. Composts are a potential source oforganic matter to regenerate soil organic matter pools
and are in abundant supply in California. Green materials (yard waste) composts currently
account for over 30 percent of the volume entering California landfills. California statute
requires waste-stream volumes to be reduced by 50 percent by the year 2000. In an attempt to
meet these requirements, the California Department of Transportation entered into an agreement
with the University of California, Davis to evaluate the potential for use of green materials
composts and co-eomposted biosolids for use as primary erosion control amendments for
revegetation of Caltrans roadsides. The objective is to characterize current compost products in
California and to provide information to Caltrans staff for developing specifications for compost
use during revegetation. Commercially available compost products were collected from 22
private and municipal producers in California during winter of 1998-99. Data summarized from a
commercial compost testing service indicates that many of the soil nutrient characteristics are
quite variable, making specification for agency use difficult. Improved methods are being
developed for evaluating the potential of compost amendments to promote effective revegetation
of degraded sites.

INTRODUCTION

A primary limiting factor in the revegetation of degraded soils is the loss of the erosion-resistant
plant litter layer and reserves of soil nutrients during and after disturbance of the soil resource
(Bradshaw and Chadwick, 1980). Loss of plant litter and mulch material results from erosion or
physical removal during construction. During construction, the nutrient-rich topsoil horizons are
typically deposited at the bottom ofthe fill during slope construction. The remaining soil surface
is exposed and the nutrients in the previous topsoil horizons are buried beyond the reach of plant
roots.

Revegetation of drastically disturbed sites often requires protection of the bare ground surface
from erosion. The bare soil particles are vulnerable to raindrop impact, which detaches or close­
packs the disaggregated fine particles. When the soil surface seals and becomes resistant to
infiltration of precipitation, overland flow is increased, resulting in rill and inter-rill erosion.
Composts are shown to reduce these types of erosion, as noted in the literature review below.

Loss oftopsoil during disturbance also reduces the ability ofthe vegetative community to regrow
because the soil's previous nutrient reserves are depleted. Inadequate pools of plant-available
nitrogen (N) can be limiting in many types of sites, especially where precipitation leaches the soil
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profile. This can restrict plant growth on the site for extended periods of time because N is
needed in relatively large amounts for regeneration ofplant shoots, roots, and litter layers, and for
microbial biomass needed to decompose plant litter. Because soluble fertilizer N is easily
depleted from the soil by leaching or plant uptake, the regeneration of the plant community is
expected to be improved by the application of larger, stabilized pools ofN that mimic the organic
matter lost during topsoil removaL Recent work in the Tahoe Basin suggests that these long­
term. slowly available pools are better correlated with the soil's ability to support plant growth,
than are soluble (KCI-extractable) N levels (Claassen and Hogan, 1998). Composts are being
evaluated for their ability to supply plant nutrients as surrogate soil organic matter pools.

While many organic or chemically based soil amendments can provide N for early phases of plant
establishment, few provide N for a long-term, multi-year period of community development.
Composted plant materials, on the other hand, may provide this type of N release because the
composting process converts readily degradable organic materials into stabilized, partially
humified materials (Epstein, 1997). In general, the partially humified products mimic the soil
organic matter found in the topsoils that previously existed on the site.

Composts are defined as the relatively stable decomposed organic materials resulting from the
accelerated biological degradation of organic material under controlled, aerobic conditions
(Storey, 1995, Epstein, 1997). Another definition is "the disinfected and stabilized product of the
decomposition process that is used or sold for use as a soil amendment, artificial topsoil, growing
medium amendment or other similar uses" (Texas Senate Bill 1340; Storey, 1995). TIlls
decomposition process converts potentially toxic or putrescible organic matter into a stabilized
state that can improve soil for plant growth. Products made from green materials compost (yard
waste) are abbreviated as GMC. Composted biosolids bulked with green materials are termed co­
composted materials (CCM).

Composting organics has other beneficial effects, including diverting landfill wastes to alternative
uses, removal of pathogen inocula or weed seeds and decomposition of petroleum, herbicide or
pesticide residues. These aspects, though important, will not be considered here, nor will the
potential for metal transport or accumulation by organic molecules. The focus of the project
described here is to evaluate the benefits of using GMC as a mechanical aid for primary erosion
control and as a nutrient source for sustainable revegetation of degraded soils.

Before evaluating GMC products in California, the practices and results from projects in other
states will be reviewed.

POTENTIAL FOR USE OF COMPOST AS A PRIMARY EROSION CONTROL MATERIAL

Texas Transportation Institute

The Texas Transportation Institute, Hydraulics and Erosion Control Field Laboratory, affiliated
with the Texas A&M University system, has developed a testing facility with large, life-sized
experimental slopes for uniform testing of erosion control materials. A study on compost
application (Storey, 1995) tested three materials on 1:3 slopes with both clay and sandy loam
textured soils. Plot size was 6.1 m wide by 21.35 m downslope (1:3 slope plots). These
materials included co-compost (mixed yard trimmings and municipal sewage sludge), shredded
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wood with polyacrylide tackifier (6.75 kg/ha), and shredded wood with a hydrophilic colloid
tackifier (56 kg/ha).

Treatments were amended with organic materials to a depth of 76 to 101 mm (3 to 4 in) over clay
or sandy loam soils. Soils were seeded with a warm season revegetation grass mix that is
standard for the central Texas area. Vegetation establishment success criteria included a
minimum coverage of &0 percent for the clay soils and 70 percent for the sandy loam soils within
6 months of seeding. Rainfall simulations were used to test for sediment loss on the plots, using
1-, 2-, and 5-year simulated storm events. The erosion control objectives are that the treatment
should protect the seed bed from a short-duration, I-year return frequency event (99 percent
probability of occurrence within a given year) within the first month after installation, from a 2­
year return frequency event (50 percent probability) within the first 3 months following
installation, and from a 5-year return frequency event (20 percent probability) within the first 6
months of installation. Rainfall simulations were designed to model events within the
HoustonlDallas/Austin region. To be included in the Texas Department of Transportation­
approved Material List for Standard Specification Item 169 (Soil Retention Blanket), the
sediment loss had to be 0.34 kg/l0 m2 or less from the clay soils and 12.21 kg/l0 m2 or less from
the sandy loam soils.

Sediment loss from the compost-amended plots during simulated rainfall tests was right at 0.34
kg/l0 m2 from the clay plots and was 3.&& kg/IO m2 for the sandy loam plots. Vegetation cover
was 99 percent on the clay and 92 percent on the sandy loam. The two taekified wood chip
treatments produced 0.15 and 0.30 kgllO m2 sediment loss on the clay soil and 11.27 and 10.97
kg/IO m2 sediment loss on the sandy loam. Vegetation establishment was around 50 percent for
several of the tackified wood chip treatments, disallowing them from approval under Texas
Department of Transportation standards. The fact that much of the vegetative cover established
in the compost treatment came from weed seed, not the desired seed mix, points out the need for
quality control in compost products. Costs for the compost were below the average cost of
synthetic or organic blankets tested by the facility.

Portland Metro, Portland Oregon

The goal of a Portland Metro project was to demonstrate that yard trimmings compost can be
used effectively to control nonpoint-source pollution (Ettlin and Stewart, 1993; Metro, 1994).
The project used both "coarse" compost materials (containing chunks of wood and branches up to
152 mm [6 in) in length) and "medium" compost materials, the fraction remaining following
screening of the coarse compost through a 16-mrn (5/&-in) trommel. Leaf compost was collected
from residential streets in the city of Portland.

Thirteen test plots measuring 2.74 x 9.75 m (9 x 32 ft) were constructed on slopes of 34 and 42
percent. Surface runoff was collected in plastic sheeting at the base of the slope. A 76 mm (3-in)
mulch layer was applied either as a uniform covering or as a barrier at the base of the plot. Two
conventional methods, sediment fences, and wood fiber hydromulch with taekifier treatments
were also tested and compared to untreated controls. During and after three storm events in
March 1993, 364 samples were collected and tested for suspended solids, settleable solids,
turbidity, total solids, metals, nitrate N, total N, and chemical oxygen demand. Suspended solids
were lower on the compost treatments than with the sediment fences and similar to the wood fiber
hydromulch. Composts also adsorbed metals, reducing metal runoff. The need for high-quality,
mature compost was noted.
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Subsequent to this study, field plots were constructed in the Portland area utilizing compost as
erosion control material to demonstrate use and to increase the market demand for yard trimmings
compost materials. Three field sites were established on roadside, housing development, and
mobile home park projects. All compost materials were applied to a depth of 76 to 102 nun (3 to
4 in). Materials were brought to the top of the slope by tractor bucket or backhoe. Materials
were then spread by hand. The first site (Springwood Drive, Beaverton) had a 14-degree slope at
the bottom and a 7.6 m (25-ft) slope length, and the slope drains into an existing wetland. At the
second site (Marylhurst, Lake Oswego), slopes ranged from 0 to 30 degrees. The third site
(McLoughlin Boulevard, Portland) contained two areas with slope angles of 35 degrees and slope
lengths of 3 to 18.3 m (10 to 60 ft). A third area had a slope angle of 15 degrees and a slope
length of 4.6 m (15 ft), and a fourth area had a 1- to 5-degree slope and a slope length of 48.8 m
(160 ft).

Results from the three demonstration projects suggest the following beneficial uses from compost
application. A thick compost layer can provide a surface covering for foot or vehicle traffic onto
soils that are otherwise too muddy and wet to support traffic. A compost layer at the exit ofa site
will reduce mud tracking onto local streets and into stonn drains. A 76-nun (3-in) layer of
compost was found to be effective. One demonstration site coordinator suggested using a
specification of a "minimum" of 3 inches. Compost screened to 38 nun (I Y2 in) or less is
recommended for erosion control on steeper slopes. Slopes of up to 35 degrees were effectively
treated. The compost layer should be extended over the top of the slope for 0.6 to 1 m (2 to 3 ft)
at a 300- to 450-mm (12- to 18-in) depth to diffuse ponded water entering the top of the slope.
Compost that has been screened to 19 mm (% in) or less is recommended for slopes that are to be
landscaped. A moisture content of less than 25 percent makes application most efficient and
enables the compost layer to readily adsorb larger amounts of rainfall immediately after
application. Mature compost will function to release nutrients into the soil more readily than
immature compost. Contaminants (plastic, glass, undecomposed plant material) detract from the
aesthetic benefits of compost amendment. As a result of the study and field plots, members of
several local governments incorporated the use ofcompost into their specifications.

Caltrans Compost and Co-Compost Study

Caltrans developed a project entitled "Evaluation of compost and co-eompost materials for
highway construction" (Sollenberger, 1987) that tested sewage sludge composts and
sludge/municipal refuse co-eomposts. The materials were found to be usable as fertilizers, soil
amendments, and erosion control materials only if the quality was good (pennissible contents of
heavy metals, toxic organics, pathogenic organisms, and low content of glass, plastic and metal).
Because the focus of the Sollenberger (1987) study was on sludge and municipal refuse
composts, the data are of little use regarding the current erosion control project, except to
illustrate the relatively clean, low- contaminant content of GMC compared to composted
municipal solid waste materials.

Caltrans Green Material Mulch Demonstration

A second Caltrans-funded project addressed the use of green material for surface application on
roadways (Pollock and Moreno, 1993). This project was developed in cooperation with the
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California Integrated Waste Management Board for the purpose of determining whether green
materials, including residential yard clippings, and similar clean organic refuse could be used for
weed control, soil improvement, conservation of irrigation water, plant fertilization, and aesthetic
improvement of landscape sites. The materials utilized were variously called "mulch" and
"composted mulch" but were, in fact, not composted. Composted materials are those that have
undergone thermophilic decomposition and organic matter stabilization. The materials used in
this study contained particle sizes such that 82 to 99 percent (Caltrans District 3) or 62 to 99
percent (District 11) passed through a 9.5-mm screen. The District 3 materials were characterized
as having a greater volume of 6.3 mID (ll4-in) particles, with smaller proportions of larger and
smaller particles. The District 11 materials contained either fine-sized particles plus wood chips
and cuttings less than 150 mID (6 in) in length (Miramar source materials), or particles from 150
to 450 mm (6 to 18 in) in length (Otay Landfill source materials).

Results from both districts indicate that plant growth was generally improved as a result of
increased moisture retention, more moderate soil temperatures, and an enhanced habitat with
greater fungal, insect, and vertebrate animal activity. The mulch materials were observed and
measured to be very low in nutrient content. Quality control criteria were difficult to establish,
but will be critical for widespread use of mulch materials. The reports advised that composted
mulch materials should not be applied within the dripline of trees because of the observation of
increased fungal rot of existing trees. Equal mixes of green materials and wood chips appear to
benefit plant growth, and mulch depths of not less than 300mm (12 in) are recommended. In
conclusion, this study documented benefits of mulch materials for improved vegetative growth,
but did not evaluate composted green materials. Even where the mulch materials were partially
composted, their use and application was as a surface mulch rather than as an incorporated soil
amendment.

SURVEY OF COMPOST PRODUCTS IN CALIFORNIA

Layout of Study

To evaluate the nutrient levels in current GMC and CCM products in California, 22 composted or
co-eomposted materials and one uncomposted material were sampled in December 1998 and
January 1999. The purpose ofthe sampling survey was not to check products against an existing
criteria for quality, but to evaluate the range of material that would be available to Caltrans at a
given point in time, should a revegetation project require GMC for use as a primary erosion
control material and soil amendment.

Sampling and Analysis Methods

A standard sampling protocol was used for collection of material from producer sites. The
"typical" material from each producer that would be shipped out to a large project was selected
and then sampled from four evenly spaced points around the pile. Sampling points were typically
about 50 m (162 ft) apart. A 4-liter (1.057-gal) volume was collected at each sampling point.
Samples were collected at 1-m depths into the pile at a height of about 1-3 m from the base.
Temperatures were measured at each sampling point to characterize whether the pile was still
respiring or had cooled off. Surface samples were not collected because this zone made up
relatively little ofthe volume ofthe bulk ofthe pile.

One composite sample was created for each source material and was submitted for commercial
compost analysis (A91 compost evaluation, Soil and Plant Laboratory, Santa Clara, California).

-150-



These analyses were averaged by compost source material (green materials compost,
biosolids/green material co-compost, agricultural byproduct composts, or other sources).

Results

Fourteen of the samples listed in Table 1 were green materials composts (GMC). Four samples
were biosolids/green material co-composts (CCM). Three were agricultural byproduct composts
(AGe). Two materials were listed as "Other": the Brea material was an uncomposted green
material, and the Upper Valley material was a grape pomace/prunings compost. The 21
remaining compost materials were averaged by source material.

General Chemical and Physical Characteristics

GMC materials had much lower salinity than either CCM or AGe (Table 2). Much of the nearly
32 dS/m salinity measured in AGC came from KCl or NaCI. The salinity of the CCM was about
half (16 dS/m) of the AGe. GMC had the lowest average salinity at 9.4 dS/m. The pH of the
AGe was also the highest at 8.7. The pH of GMC averaged 7.6 while the CCM was slightly
under 7.0.

The AGe was somewhat finer in particle size than either the GMC or CCM, having virtually all
the material less than 1/2 in. Two-thirds of the AGe also passed the I-mm sieve, while
approximately half of the GMC and approximately a third of the CCM was that fine. Bulk
density ofthe dry material was similar (726 to 840 lb/cu yd).

Macronutrient Contents

Total nitrogen was highest (1.9 percent) in the biosolidslgreen material co-composts (CCM)
(Table 2). GMC and AGe were similar at 1.2 and 1.3 percent N. The amount of this N that will
mineralize (release) and become available for plant uptake depends on the available C. These
assays only provided an estimate of the C:N ratio. A ratio less than 20 is generally expected to
indicate a material that will mineralize N, although this depends on the quality of the C. The
GMC had a C:N ratio of about 19, the CCM of about 12, and the AGC of about 10. Extractable
(immediately available, solution N) did not follow this trend. CCM had by far the highest
extractable N at over 3100 ppm, followed by AGe at 353 ppm and GMC at 142 ppm. Further
work is needed to adequately evaluate the ability ofthe compost to provide N for plant growth.

The variability of these N assays between producers within each source material group was
moderate to high. Typical soil samples may have a coefficient of variation (CV) of about 20
percent. This is approximately the CV value of the total N for the GMC, while the variability of
the CCM and AGe materials was much higher. This suggests that GMC samples will be more
consistent between producers and can be characterized more reproducibly by specifications. In
contrast, the extractable N levels for GMC and AGC had CVs greater than 100 percent, while for
CCM the CV was 40 percent for nitrate and 26 percent for ammonium. A higher CV is expected
from this soluble, easily changed N pool.
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Table I. List ofcompost and co-compost producers, in alphabetical order, with compost source
material listed at right. See Appendix A for key to acronyms and abbreviations.

Producer
Source

Material

1. Agri-Fuels, Inc., 24478 Road 140, Tulare, CA 93274 GMC

2. BFI Organics, Newby Island Composting Facility, 1601 Dixon Landing Rd., Milpitas, CA
GMC95035

3. Brea Green Recycling, 1983 Valencia Ave., Brea, CA 92621 Other·

4. Cold Canyon Landfill, 2268 Carpenter Canyon Rd., San Luis Obispo, CA 93401 GMC

5. Community Recycling and Resource Recovery, 1261 N. Wheeler Ridge Rd., Lamont, CA
CCM93241

6. Contra Costa Landscaping, P.O. Box 2069, Martinez, CA 94553 GMC

7. EKO Systems, Inc., 8100-100 Chino/Corona Rd., Corona, CA 91720 AGC

8. Foster Farms, 12997 West Highway 140, Livingston, CA 95334 AGC

9. Gilton Resource Recovery Transfer Station, 880 South McClure Rd., Modesto, CA 95354 GMC

10. Greenway Compost, 3210 Oceanside Blvd., Oceanside, CA 93056 (El Corazone) GMC

I I. Mt. Vernon Recycling Facility, City ofBakersfield, 2601 S. Mt. Vernon Ave.,
GMCBakersfield, CA 93309

12. New Era Farm Service, 23004 Rd 140, Tulare, CA 93274 AGC

13. North Valley Organic Recycling, P.O. Box 1159, Chico, CA 95927 GMC

14. Recyc, Inc., 114 Business Center Dr., Corona, CA 91720 GMC

15. Redding, City of, TransferlRecycling Facility, 2255 Abernathy Ln., Redding, CA 96003 GMC

16. Sacramento, City of, Solid Waste Division, 20 28th St., Sacramento, CA 95814 GMC

17. San Diego, City of, Environ. Serv. Dept. 9601 Ridgehaven Court, Ste. 320, San Diego,
GMCCA92123

18. San Joaquin Compost, 12321 Halloway Rd., Lost Hills, CA, 93249 CCM

19. Santa Rosa, City of, Laguna Treatment Plant, 4300 Llano Rd., Santa Rosa, CA 95407 CCM

20. Sonoma Compost, 550 Meacham Rd., Petaluma, CA 94952 GMC

21. Turlock, City of, 901 S. Walnut Rd., Turlock, CA 95380-5123 CCM

22. Upper Valley Disposal and Recycling, P.O. Box 382, 1285 Whitehall Ln., St. Helena, CA
Other·94574

23. Zanker Road Resource Mgmt., 705 Los Esteros Rd., San Jose, CA 95134 GMC

·Source materials other than GMC, CCM, or AGC.
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Table 2. SumrnatY table ofcharacteristics by source material from 21 compost producers,
excluding source materials that are not GMC, CCM, or AGe. See Appendix A for key
to acronyms and abbreviations. Analyses from Soil and Plant Laboratory, Inc., Santa
CI CA (A91 C stE al ti )
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Phosphorus (P) levels were 0.2 percent for GMC, 1.5 percent for CCM, and 1.1 percent for AGC.
The high P level is typical for material containing biosolids. GMC had the lowest CV for total P,
and would be the best characterized by a specification.

Potassium (K) was moderate (0.8 percent) in GMC and 0.4 percent in the CCM. The AGC had
much higher total K (2.1 percent), which contributes partly to the high salt content. Sodium (Na)
was also over twice as high in the AGC as in the other two materials.

Sulfur (S) was much lower in GMC (20 meq/l) than CCM (96 meqll) or AGC (125 meq/l).

Calcium (Ca) was similar in all source materials (2 to 3 percent). Magnesium (Mg) was twice as
high in the AGC (0.9 percent) as in the CCM and GMC (0.5 to 0.6 percent).

Micronutrient Contents

Total copper (Cu) and zinc (Zn) were much lower than the legal limits cited for these metals in
municipal solid waste compost in Minnesota and New York (Hegberg et al., 1991). Within the
products sampled from California, total Cu and Zn in GMC were about a third of those in the
CCM samples. Bioavailable metals were measured by the DTPA extracts, which generally
followed the same trends as the total levels. Similarly, baseline data in the Santa Cruz Green
Waste Demonstration Project (Buchanan and Grobe, 1977) showed little evidence for excessive
contamination for metals under California Title 14 and US EPA 503 regulations.

In general, the variability ofthe 21 compost samples was very high when viewed as a whole, but
when the samples were separated by source material, the variability was reduced. Based only on
the N assay data, specifications for total N in GMC should work reasonably well, although
statistical evaluation ofthe data is still in progress. In contrast, the variability in the extractable N
levels was greater than the mean, making this parameter difficult to specify. Typical CVs for
other compost characteristics ranged from 40 to 80 percent, making specification of these
characteristics difficult as well. Further data analysis will be done, perhaps to evaluate a
"minimum content" type of specification rather than an average.

DRAFT CALTRANS SPECIFICATION FOR COMPOST

Compost shall be derived from green material consisting of chipped, shredded, or ground
vegetation; clean, processed, recycled wood products; Class A, exceptional--quality biosolids
composts, as required by U.S. EPA regulations (40 CFR, Part 503c); or a combination of green
material and biosolids compost. The compost shall be processed or completed to reduce weed
seeds, pathogens and deleterious material, and shall not contain paint, petroleum products,
herbicides, fungicides, or other chemical residues that would be hannful to plant or animal life.
Other deleterious material, plastic, glass, metal, or rocks shall not exceed 0.1 percent by weight or
volume. A minimum internal temperature of 57°C shall be maintained for at least 15 continuous
days during the composting process. The compost shall be thoroughly turned a minimum of five
times during the composting process and shall go through a minimum 90-day curing period after
the 15-day thermophilic composting process has been completed. Compost shall be screened
through a maximum 6-mm screen. The moisture content of the compost shall not exceed 35
percent. Moisture content shall be determined by California Test 226. Compost products with a
higher moisture content may be used, provided the weight of the compost is increased to equal
the weight of the compost with a moisture content of 35 percent. Compost will be tested for
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maturity and stability with a Solvita test kit. The compost shall measure a minimum of "6" on the
maturity and stability scale. (On culmination ofthis research, process based specifications will be
replaced with specifications based on quality parameters). (Note: The screen size and the
maturity/stability measurement may change, depending on the intended use of the compost.)
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APPENDIX A: ACRONYMS AND ABBREVIATIONS

AGe agricultural byproduets compost (manure, feathermeal, bedding)
bicarb bicarbonate extract (Olsen test)
Ca calcium
CCM co-composted materials (biosolids/green materials compost)
CFR Code ofFederal Regulations
cm centimeters
Cu copper
CV coefficient ofvariation [(sIX)· 100]
dil acid dilute acid extract
dS deciSiemens
DTPA , diethylenetriamine pentaacetic acid
ECe electrical conductivity measured on a saturated extract
extract the procedure of estimating the nutrient content of materials by mixing it with a

specific solution and removing the solution for analysis
GMC green materials compost
ha hectare
half sat % the half saturation percentage is the percentage of water equal to half ofthe saturated

capacity ofthe compost
K potassium
KCI potassium chloride
kg kilogram
1.. liter
m meter
meq millequivalent
Mg magnesium
mg miJIigrarn
rom millimeter
N nitrogen
Na sodium
NaCI sodium chloride
~-N ammonium nitrogen
N03-N nitrate nitrogen
0 oxygen
P phosphorus
pH negative log ofhydrogen ion activity
P04-P phosphate phosphorus
ppm parts per million
S sulfur
s standard deviation
sat ext saturation extract
S04 sulfate
TEC total exchangeable cations (measured on saturation extract, except for sodium)
X mean
yd yard
Zn zinc
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ABSTRACT

Soil bioengineering techniques combine engineering, biological, and ecological concepts to the
construction of living structures for erosion, sediment, and flood control. These techniques are not
new; they have been used in Europe since the 1500's. The science of soil bioengineering has
been steadily developed and has recently gained wide acceptance in the United States.

The Urban Drainage and Flood Control District developed an interest in soil bioengineering and
set up a demonstration project to evaluate various techniques such as brush layering, live booms,
wattles, joint planting, and live stakes. The application of these techniques to the problem of
stream bank erosion on a large urban stream was of particular interest. Evaluation of the
effectiveness these techniques in an arid climate was a key concern, since the majority of
successful bioengineering projects reviewed by the District were constructed in humid climates.
In view of our limited experience with this type of construction, we hired Soil Bioengineering
Corporation from Georgia to design the project and to supervise the installation.

This paper is a case study that describes the process that the District used to implement this
demonstration project. Goals of the project and the various types of soil bioengineering
techniques that were used will be described. Since this project was completed over 12 years ago,
the paper will evaluate the long-term effectiveness of each of the different types of bank
treatments that were used and the effects of downstream gravel mining on the project.
Recommendations for use of soil bioengineering techniques on stream restoration projects will be
described.

INTRODUCTION

Erosion control projects along urban drainageways have historically relied on riprap and concrete.
The District had been using these hard approaches for years for erosion control and channel
stability. As a greater understanding of the riparian and wildlife functions of drainageways
developed, the need to look for more natural alternatives became apparent. Bioengineering
techniques, which employ a combination of native species, natural materials, and hard structures,
provided such an alternative. These techniques could help restore the riparian functions of the
drainageways by providing erosion control, improving the wildlife habitat, and enhancing the
aesthetics ofthe area.
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The District became interested in the concept of soil bioengineering after staff members attended
a seminar on the subject hosted by the University ofWisconsin. At that seminar, several speakers
discussed on various techniques for stream restoration. One ofthe speakers,. Robbin Sotir of Soil
Bioengineering Corporation, offered to assist the District with set up of a demonstration project in
our area. Recognizing the potential for its application on our projects, the District hired this finn
to both design the project and supervise its construction in the field.

A major concern with the concept of soil bioengineering was its applicability to the arid climate
of Colorado. Most of the projects presented at the seminar had been constructed in wet climates.
These projects had relied entirely on willows to stop erosion and had been very successful with
immediate growth. The District recognized that similar results could not be expected in
Colorado. It anticipated that it would take several years for the project to stabilize, and for the
willows to establish themselves to provide erosion protection. The District therefore wanted to
design a project that incorporated both hard materials as well as willows to repair the erosion.

The District was also interested in the cost effectiveness of this type of construction compared
with traditional methods, including riprap. The intent was to maintain a detailed cost record of
the project and to compare it with a cost estimate for a riprap repair of the area. The hope was
that the bioengineering techniques could prove cost effective and also provide a more
environmentally friendly alternative to erosion control.

CLEAR CREEK DEMONSTRATION PROJECT

Site Conditions

Clear Creek is a major drainageway that starts in the mountains west of Denver and ends at the
confluence with the South Platte River in Adams County. The project site is located upstream of
the confluence area along a trail and adjacent to a pedestrian bridge over Clear Creek. The 100­
year floodplain is approximately 850 feet wide in this location, and the 100-year flow is about
23,000 cubic feet per second. The slope of the channel is .6 % and soils in the channel are sandy
and gravelly alluvial soils. Vegetation adjacent to Clear Creek consists primarily of native
grasses, willows and cottonwoods.

This site was chosen for the demonstration project primarily because of the good access for
equipment into the area, and the close proximity to a good source of willow material. The site
was considered a good candidate because the natural surroundings afforded an opportunity not
available in the majority ofurban settings that the District worked in. Another factor included the
immediate need of repair to the channel bank in order to prevent erosion of the trail.
Additionally, the local government, Adams County, was supportive ofthe demonstration project.

The challenge at this project site was approximately 450 lineal feet ofvertical bank erosion, 5 to 8
feet high in some locations. The erosion was on an outside bend of the channel and was
threatening the trail to the north. The area had been a former dumpsite and the channel bank
contained debris such as tires and old metal culverts. In addition to the debris onsite, Adams
County had been dumping concrete and asphalt rubble along the bank in an attempt to slow down
the encroachment ofthe creek towards the trail.
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Approach

One of the main goals of the project was to study as many different bioengineering techniques as
possible to determine how they compared in similar conditions. In reviewing the site conditions
with the consultant, several factors were considered in selecting components for the project: the
type oferosion taking place, the channel alignment in relation to the bridge and the trail, the creek
hydrology, and the types of plant material in the immediate area. The techniques that were
considered most appropriate were live booms, live soft gabion, joint planting, willow staking, and
fascines.Fashines are bundles of willow cuttings of varying lengths tied together in a 6-inch
diameter roll with twine. They are constructed in 20-foot lengths and cut to size with a chainsaw.
Each ofthe techniques is briefly described below.

The primary technique utilized in the repair was the live booms. Nine of these structures were
constructed to act as jetties to deflect the flow away from the eroded bank and to encourage
sedimentation in the area between the booms. They were constructed using fashines in a grid
fashion with soil compacted on top ofthe grid (Figure 1). These acted as lifts and each boom was
comprised of 5 to 8 lifts to attain the desired elevation. The booms were constructed in close
against the eroded bank and extended into the creek approximately 25 feet. Each boom was 12
feet wide at the base and 4 feet wide at the top. They were set at a slight angle downstream and
were covered with small riprap and willow stakes upon completion. The purpose of the riprap
was to provide some stability and erosion protection until the willows could be established.

In between each ofthe booms, live soft gabions were built. These consist of soil lifts wrapped in
a geogrid material to provide stability. The lowest lift was constructed below the channel invert
and was filled with riprap instead of soil to provide a base for the subsequent lifts. The geogrid
material was staked down between each lift with wooden stakes (Figure 2) and layers of willow
cutting were placed on top. The cut ends ofthe willows were placed in against the bank with the
soft tips extending out past the lift (Figure 3). The purpose of the live soft gabion was to stabilize
the bank and provide vegetation that would grow in the future.

Along the top of the bank a berm was constructed to intercept any flow coming from the over
bank and trail area and direct it around the end of the project. On either side of the berm a trench
was dug and willow bundles were placed in the trench, staked down with a wooded stake,
covered with soil and lightly compacted (Figure 4). The intent here was that the flow the berm
collected would provide enough moisture to help establish the willows.

At the upstream end of the project near the water level was a large flat area, which began the
transition into the booms. This area was graded to provide positive drainage into the creek,
seeded with native seed, mulched, and staked with willow stakes. The willow stakes were
approximately 2 feet long and varied in diameter from % to 3 inches. They were trimmed so that
the large diameter end of the stake was cut at an angle and this end was put into the ground
(Figure 5). The stakes were placed in 3 rows of varying elevation relative to the water surface
(Figure 6).

-159-



lIVE BOOM
CONSTRUCTION

MOTE~ Itoot."'••'." •••41t1•• of tI••
""'ftC ,'allt ••Ca,'•• 'll "ot r ••, ••~.1lU.,,, .t I f 11I••ellutoll.

rt-i-+-H~WJJ--lIVE FA-SeiNES

~::::I:UrJr-- III P RAP ROC K

FLOW

(BANK J

PLAN vIew
1

L'''E FASCINE ~.....

LIVE STAkE'S

CREEK
BED

•••••
RIP RAP ..
ROCK

seCTION A - A

Figure 1. Details for Live Boom Construction.

-160-



DEAD STOUT STAKE

;/

..
II)

..
w

2X ..

TIMBER

SAWN 2 X .. TIMBER

(PRODUCES 2 STOUT STAKES)

Figure 2. Dimensions for Stout Stakes.

-161-



LlVE SOFT GABION

SECTION

FILL MATERIAL

Live CUTTINGS

FIL TER FABRIC

GEOGRJD
MA TERrA l.

.~-~~~~ ;a ....

•• "~"""'~~~4~~~
... ,

'Q' .: - .
. " .....

.'

0, . .' ~.: ... '.
. ,'!,:~":;~':'~;':;'-" (:)

< <'. .
:0·',

, -.

: ~ .'", .4·::; . _'-.

CREEK
BeD
o

R,OCK

.OTa: " ••t.'"••f.~ •••4fIU....f II••"..... ,,'.flt ••t.r.• t •••• t , ••, ••_
••,It••• a't". U•••f 1".'....uOft.

Figure 3. Design details for live soft gabion.

-162-



LIVE FASCINE I
JUTE MESH

SECTION

JUTE MESH

OEAOSTOUT STAKE

•

....

LIVE BRANCHES

LIVES T A)( E

_OTe: •••'.411••' U f , .
Uv'•• ,a•••••t."e•••••0' r••, •••
••Utl". at .... u••• t l"lun.".,. WIRE or

TWINE

Ltv E BRANCHES

Figure 4. Design details for Live Fascine/Jute Mesh Installation.

-163-



71,ktIl Ltv. St/IU Detail

..

MAKE ANGLED cur AT Burr-ENo,
.f:)LANT ,S!JrT-END DOWN

{

CVT TOP or STAK£ SOUAH£

....,_.-_.-- .• 'I 2 TO 5 BUDS SCARS SHALL BE

l.

' A8IJt'r me GNOUNi). A/J/)I'/7OIVA£
'J" LeNGTH SHOUl.O 8£ REMOVEO.

~'Y"~'~~r;f .~,»v
18"(O.5m) if l~~~

MIN. I' j i'

V..r- TRIM 8RANCHC'S CLOSe

PLANT 80X OF' STAKE I ~~ I
LENGTH INTO THE GRO!lNO .(/:. /1 ~(::-..

~ It?)
','

3/4"-:1" (20-75mm) DIAMEr!/I?

J
I-'
0­
.j::>
I

~ 6'Olll s.JUAfplI"'~ !IMlJa 0nIw 1.0.1996

Figure 5, Typical Live Stake Detail.



LIVE STAKE
( Wit h St raw MuIe h)

SECTION

Live CUTTING

..

8TRAW
MULCH

--0·

o

"o

MOT£: ".0,••1\...... c.'ulltI••• f , ...".111' "j.", •• ,.,'a' i•••1 , ••r••·
_"Utl.e •• tit. H-••f h••to"o"."- .

Figure 6. Design Details for Live Stake with Straw Mulch.

-165-



At the downstream end of the project, there was existing riprap that had begun to fail due to
erosion and foot traffic below the footbridge. The riprap was repaired and then the area was joint
planted with 3 rows of willow stakes (Figure 7). A pilot hole was punched with a piece of rebar
to prevep.t damage to the stake when it was driven into the ground. The stakes were tapped into
place with a dead-blow hammer.

Cost Analysis

A cost analysis was done at the completion ofthe project to compare the costs of this project with
the cost of repairing the erosion with riprap. The total project cost for the bioengineering project
was calculated to be $ 122,000, excluding consultant costs. This number was compared with an
estimate for a traditional repair including earthen booms covered in riprap and sloping riprap
bank protection between the booms. This estimate was $ 63,670. A break down of these costs is
shown in Table 1.

Table 1. Cost Comparison.

COST COMPARISON

TYPE OF CONSTRUCTION BIOENGINEERING PROJECT TRADITIONAL METHODS

BOOMS $76,020 $21,230

PROTECTION BElWEEN BOOMS $43,480 $39,940

WILLOW STAKING $2,500 $2,500

TOTAL COST $122,000 $63,670

In analyzing these costs, the District noticed that over 62% of the cost of the bioengineering
project were attributed to the live boom construction. The cost was higher because most of the
construction of these booms was done by hand. When compared with the cost of traditional
boom construction, it was apparent that this type of live boom construction technique could not
be competitive on acost basis.

The District attempted to devise a more cost effective construction technique. We estimated the
cost of constructing the booms by the traditional method and then willow staking them. This in
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essence would achieve the same effect at a lower cost. In comparing the cost of the revised
method with traditional construction, the numbers were very close (Table 2).

Table 2. Revised Cost Comparison.

REVISED COST COMPARISON

REViSED
TYPE OF CONSTRUCTION BIOENGINEERING PROJECT TRADITIONAL METHODS

BOOMS $22,890 $21,230

PROTECTION BElWEEN BOOMS $43,480 $39,940

WILLOW STAKING $2,500 $2,500

TOTAL COST

Results and Discussion

$68,870 $63,670

The project was monitored closely for the first growing season. The area was mowed several
times to control weeds, and regular site visits kept track of new growth of the willows. All
indications pointed to a successful demonstration project. The booms had held the bank and
deflected flow away from the bank. Sedimentation began to fill in the area between the booms.
On the sediment between the booms, native grasses and willows had begun to establish
themselves even though they were not planted as part of this project. Willow stakes on the
booms, and at the upstream and downstream ends of the project started to sprout. As expected,
the majority of significant growth was observed along the lower edges close to the water. After
the first growing season the project was monitored infrequently.

The project area was reevaluated in the summer of 1999, 12 years after its completion. Debris
was cleared from the area and all vegetation was mowed and the clippings were removed. A
photographic record was made ofthe area and plant material was measured and counted. Most of
the willow stakes on the booms, approximately 80%, were either dead or gone but the remaining
willows were well established. In some instances the willows were 10 feet in height. The area in
between the booms had completely filled in with silt. On the upper end of the project, the
deposition between the booms was 5 feet in depth. Willows had grown from the base of the live
soft gabions and native grasses covered all the silt deposition. Our primary observation, as
anticipated, was that the plant material close to the water fared much better than the material
further up the bank. In an arid climate such as Colorado's, planting close to moisture is essential
to the success ofthis type ofproject.

Aside from the changes in the vegetation, we did note a complete failure of several of the lower
live boom structures. A head cut several feet in depth was beginning to move through the project
area. The origin of the head cutting was the South Platte River. Years ofunregulated gravel
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mining on the river downstream of the confluence with Clear Creek had rendered the bottom
unstable. Survey data from the South Platte River, both upstream and downstream of the
confluence with Clear Creek, indicated that the channel bottom bad dropped in elevation between
3 to 6 feet since 1986 (Figures 8 and 9). Drop structures have been placed on the Platte River
since 1986 to stop the scour on the river but there was no structure to prevent the scour from
moving up into Clear Creek. A drop structure will be needed to prevent the scour from moving
upstream thus causing failure of other structures, and a repair will be needed on the structures that
have failed as a result of the erosion.

Conclusions

Despite the recent setbacks described, which are a result of uncontrollable natural occurrences,
we consider this project a success. The District bas continued to develop and use many of the soil
bioengineering techniques that were a part of this project. Willow staking is a standard
component used on all erosion control projects in natural areas. The District bas just completed
another large bioengineering in Arapahoe County, and one is currently under construction on
Boulder Creek. In conclusion, with proper design, soil bioengineering is a viable and cost
effective technique that offers an attractive alternative to riprap.
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CAN BIOENGINEERING PROJECTS WORK IN SEMI-ARID ENVIRONMENTS?

Cindy L. Thrush

Urban Drainage and Flood Control District
2480 W. 26th Avenue, Suite 156-B

Denver, CO 80211
303-455~277, fux 303-455-7880

e-mail: cthrush@udfcd.org

ABSTRACT

The latest cheer among many drainage professionals around the Country seems to be, "roots not
rip-rap", "roots, not rip-rap". But what happens when you don't get enough moisture above the
ordinary high water line to get those willow stakes to sprout? How well do bioengineering
techniques really work in dry environments? What is more challenging for implementation,
technical or institutional constraints? This presentation addresses these questions and then
presents a recent case study where bioengineering techniques were used

The case study project is called the ''Willow Creek Channel Improvements and Sedimentation
Pond. The project is located in the Willow Creek Drainage Basin in a natural open space park.
The drainage basin is fully urbanized in the lower half of the basin where the project is located,
and is actively being developed in the upper half of the basin (Highlands Ranch area). The
primary purpose ofthis project was to stabilize the Willow Creek channel and to repair a vertical
channel bank approximately 30 feet in height. Through the creativity and willingness of all
project sponsors, several bioengineering techniques were used instead of traditional stabilization
techniques. The bioengineering is esthetic but also is being studied as a pilot project for future
practical use on other projects.
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ANIMAL IMPACT: CASHMERE GOAT HERD USED TO GRAZE, TILL, MULCH,
FERTILIZE, AND TRAMPLE SEED

Lani J. Lamming

Weed Scientist, Ewe4ic Ecological Services, P.O. Box 3253, Alpine, WY 83128

ABSTRACT

Revegetation often is a major part of weed management. Weeds are symptoms showing that
there is instability or stress on the land. Weed control per se is treating the symptom and not
addressing the problem. A higher level of understanding is needed. Land management goals
would target healing and stabilizing the ecosystem such that problem weeds cannot compete as
well as preferred vegetation in a setting. Weeds can be stressed continuously while desired
productive plants are benefited, thus the better competitors. Animal impact is a comprehensive
tool that coordinates several processes simultaneously: selective grazing removes top growth;
hoof action tills and mulches while trampling new seed and organic fertilizer into the soil. Goats
especially are useful when restoring grasslands because of their natural diet preference as
browsers as opposed to grazers. Revegetation at high altitude sites may be difficult because of
characteristic short growing season, rough or steep terrain with limited access, or shallow soils
with low organic matter. Goats are self-propelled units that are able to go where no machinery
can and few humans dare. Goats work during all seasons; in fair weather as well as when it is
windy, dark, snowing.

WEEDS ON THE LAND

'Weed' is a man-made word usually defined by economics. Plants do no care about the identity
or location oftheir neighbors. Noxious weeds are legally defined and must be controlled by law.
Typically, noxious weeds are non-native, invasive and aggressive plants that pose long-term
threats to native ecosystems and adverse economic impacts; thus, concerns have reached national
levels. Unprecedented growth in trade and travel in our global economy has escalated the need to
protect American agriculture and natural resources from non-native, invasive species. In 1999,
President Clinton signed an Executive Order to deal with invasive species and Colorado is the
only state that has an Invasive Species Executive Order signed by its governor. Invasive species
have no enemies or predators in new settings and easily out-eompete native and desired plants
once intentionally or accidentally introduced. A combination of their aggressiveness and our
traditional management allows noxious weed infestations to expand rapidly. Leafy spurge
(Euphorbia esula L.) is a superb example ofthe ideal noxious weed (Galitz & Davis, 1993). It is
characterized by high seed production and high seed viability, with seeds germinating over an
extended period of time occurring over wide ranges of environmental conditions from early
spring through fall. Ripe seed pods abruptly burst catapulting individual seeds 15 feet in all
directions from the parent plant, allowing 30 feet diameter expansion each season from seeds.
Meanwhile, an extensive and persistent underground root system produces numerous vegetative
buds that possess an immense regenerative capability to send new shoots at any time for rapid
spurge patch expansion. Short-sighted chemical, mowing or grazing regimes serve only to
stimulate vegetative root production. Furthermore, milky, rubbery latex exudes from all injured
plant parts that repels wildlife, horse and cattle grazing (Hein & Miller, 1992; Lym & Kirby,
1987; Kronberg, et al.). Plant toxins are irritative, emetic, and purgative when consumed and
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cause loss of hair and inflammation to horses feet when walking through freshly mowed spurge
(Messersmith, 1983). Leafy spurge infestation problems in the West are exacerbated by the fact
that cattle and horses do not eat leafy spurge, thus traditional range management augments
selection pressure heavily to favor leafy spurge.

ACCIDENTAL OR INTENTIONAL INTRODUCTION

Weeds become residents in plant neighborhoods by different avenues. Overgrazing is an abuse
that stresses the land. Overgrazing may be caused by livestock, wildlife, and humans and is
defined as when a plant is again bitten or broken before it has had time to recover from the
previous bite, thus drawing on stored energy reserves for regrowth (Savory, 1988). Horses and
cattle do not eat leafy spurge and partially or totally will avoid spurge infested sites, thus cattle
graze grasses and forbs more frequently (Lym and Kirby, 1987). Overgrazed grasses and forbs
become stressed and less competitive as root energy reserves are depleted and inherently
aggressive leafy spurge quickly becomes the dominant plant species.

Another avenue is neglect, exemplified by excessive rest or watershed change without vegetation
changes to match. Excessive rest is opposite to overgrazing, described as declining land health
due to absence of grazing animals. Nature is whole and highly complex, however, ecosystem
health may be measured by examining four building blocks: mineral cycling, energy flow, water
cycling, and succession (NRC, 1994). These building blocks may be comprehended by
simplified processes: green plants capture solar energy; nutrients are reused by living organisms,
cycling between plants, soil, and consumers; effective water cycling needs covered soil and high
biodiversity; succession progresses as plant communities naturally strive toward ever-greater
complexity and diversity. When grazing animals are banned from lands, excessive rest may
result in lowered plant vigor, lower production, lower litter abundance, distribution, and
incorporation, diminished plant species diversity, fewer seed germination sites, increased bare
soil, higher soil crusting, increasing erosion, plant pedestaling, and increased undesirable plants
(Malmberg, pers. comm., 1999). Energy flow, nutrient and water cycling are negatively impacted
from loss of animal impact from living, moving ungulates. As a result, grasses die out because
previous years' standing growth prevents sunshine from accessing growing points and standing
dead plant material is not knocked to the ground for litter cover which results in bare ground.
Soil exposed to wind and sun becomes hard crusted or capped, not allowing new seeds to
germinate or water to infiltrate. Soil exposed to weather elements without animals trodding on it
may become fluffy and light, less conducive for soil-seed contact and water and nutrient
absorption. There is zero production on bare ground.

An example of watershed mis-management is when natural water is re-routed or irrigation water
regimes are changed. There may be a countywide invasion ofnoxious weeds following the recent
sale ofwater rights from Rocky Ford, Colorado farmers to the City ofAurora. The immediate or
radical change to a management program results in altered vegetation.

Another avenue is Mother Nature filling open niches. Humans and their activities, wind, water,
birds, livestock, and wildlife may introduce a new species to a landscape. Noxious weeds are
notOljous for filling a niche. Leafy spurge bas been introduced accidentally in transported hay or
alfalfa seed and prospers in rangeland.
Finally, natural catastrophic events, deemed an 'Act of God', may cause drastic vegetation
changes resulting in weed problems. A '100 year flood' may remove trees from stream banks

-174-



and deposit silt and debris from up-stream. Fires, mudslides, hurricanes all cause extreme stress
to ecosystems and could provide ripe conditions for new weed problems.

There are two books that I've read lately that record history of land management over the last
century for specific areas. They capture the dynamic moods, furls, and trends of the times that
reflect decision making due to wars, the Depression, shortages/surpluses of manpower/resources,
the Industrial Revolution, merging cuhures, the Green Revolution, agricultural commodity prices,
government programs, available technology and information, the Environmental Revolution,
global economy, and the Infonnation Revolution. Saga of the Modisett Ranch is a living history
of a single ranch in the Nebraska Sandhills (Ickes Malmberg-Berndt, 1999). A family from the
post Civil War ravaged South capitalized on Homestead Act opportunities to build their dynasty.
The ranch sold twice during years of volatile cattle prices and was purchased in 1999 by media
mogul, Ted Turner for his management focus and 21st century popular purpose of preserving and
restoring native species in their native habitats. The hands of time in the American West are
deflected backward and re-introduced bison herds are reminiscent of before white men blundered
across the land. Another book, The Range, is about many ranches comprising the Rocky
Mountain's eastern slope in Montana, Alberta, and Saskatchewan (Ewing, 1990). Historical
first-band tales focus on the land and human dependence on it as The Range has evolved from a
primeval habitat for buffalo, wolves, and Indians to a current setting for livestock, wildlife,
recreation, and crops. Both non-fiction books are excellent to help understand the forces that
molded past decisions and prompt us to be less critical and more tolerant of our land managers,
appreciating the constraints in which they must work.

WEED PROBLEM

Invasive weeds alter and destroy ecosystem functions to pose one of the greatest environmental
and economic threats in the United States to rangelands, croplands, wildlands, and aquatic areas
(Mullin, et al., 2000). Noxious weeds infiltrate and aggressively may become monocultures such
that diversity is lost for plants, animals, insects, birds, and land use. Productivity losses
financially impact producers. Carrying capacity is reduced by half for livestock and wildlife
habitat managers when leafy spurge cover is 50% ofrangeland. Thorny weed problems or poison
ivy negatively impact public use of recreational lands. Land instability results in increased
erosion that affects stream health and aquatic life. Land values diminish as land use is restricted.
Meanwhile, costs increase to these land managers as weed control expenses escalate. Most land
managers have difficulty financing massive weed control efforts. Instability has a domino effect
starting on the land with repercussions traveling through the family, the community, and on
through food prices inNew York City.

The element of risk to the environment and ecology should be considered equally in management
scenarios and objectives (Lamming, pers. comm., 2000). For example, many feel the best
management practice is to plant native plants in a revegetation regime. This practice may not be
sound ecologically or economically when a non-native species bas established itself. The native
plant community will lose to the invasive species over time. A plant species that will better
compete with the invasive plant should be considered for revegetation. Another high risk
example is the decision to control weeds as a chemical only application because it is cheaper in
the short-run. Noxious weed laws are in place federally and in most U.S. states. A mandated
control of listed species is required by many states.
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ADDRESSING THE PROBLEM

Typical weed control per se is treating the symptom and never addressing the problem. The root
cause of range degradation is conventional decision making and management framework (Savory,
1999). Traditional management for the above mentioned leafy spurge in rangeland would be to
keep running the same numbers of cattle (although carrying capacity has been halved) which
quickly results in more leafy spurge followed by 75% reduction in cattle carrying capacity. The
land manager then must pay fifty to several hundred dollars per acre to kill the weed. Leafy
spurge control at Lander, Wyoming has cost land managers nearly $400 per acre over time while
leafy spurge acreage has increased ten-fold in light of intensive chemical management (Baker,
pers. Comm., 1999). Cattle, followed by the ranch family must leave the range because they
cannot compete under this management regime. Children of working family fanns and ranches
should be listed on Endangered Species List as there are fewer sites for them to germinate, thrive,
and reproduce.

We humans are very good at using technology to kill symptoms, repeatedly striving for 99%
weed control. We Americans expect immediate techno-results and feel good when we watch a
weed twist, turn brown and fall to the ground after chemical treatment. Knock-down victory is
measured visually by counting remaining weed shoot numbers in the upper strata. However,
judgements on weed control success should be made on a longer time frame and broader
spectrum, i.e., 3-5 years and success should be measured by land health values: underground
weed root mass reduction, soil water holding capacity, soil organic matter, bird counts, insect
diversity, microbial activity, water quality, and farm family financial stability. Humans quickly
and visually cannot assess these, so usually ignore them. In a chemical 'spray only' program,
there is selective chemistry with selective times to use them. Costs associated every year
involving herbicide application programs lock managers into continued use of the same
chemistry. Herbicide applications are effective on target plants but also control non-target
species which diminishes species diversity. Like an investment portfolio, a diversified ecology
will be the savior to stabilizing the area from invasive plants. This is where a narrow focus
becomes evident because over time, species resistant to selective herbicides merely propels
frustrated managers into the next chemical battle. Goat grazing keeps species diversity at a
managed-for level. It may be more expensive initially, but the healing of the land over time will
exponentially overshadow the herbicide application technique. Many more facets of grazing
including mulching, fertilizing, tilling, in addition to selective pressure put on targeted invasive
species influences greater grass production. Increased grass cover competes heavily with
invasive species for available water, nutrients, and space. Conversely, herbicides may stress
grasses even though labels state there is no hann to grasses, especially under severe
environmental conditions, i.e., drought. Grass stress in addition to lost forb diversity and open
ecological niches works to lessen competitiveness against invasive plants. Long term
observations of expenses will show that goat grazing costs less while giving a more stable
approach to solving the problem when compared to continuous herbicide applications that treats
the symptom.

Linear problem solving of 'killing the symptom' does not account for below ground weed mass
nor the people factor in the scenario. A philosophical adjustment from a higher level of
understanding is needed and long-term goals for the land including co-babitating human :families
need to be set (Matthews, 1998). Land management goals would target healing and stabilizing
the ecosystem such that difficult weeds cannot compete as well as preferred vegetation in a
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setting. Parallel benefits would be seen in human fellowship where stable family fanns and
ranches can out-eompete corporate fanns and subdivisions resulting in economically sound,
sustainable agricultural communities.

Another way to approach a problem weed patch is to utilize it Harvest the natural resource that
sunshine bas produced instead of spending money and time trying to kill it. therefore, wasting a
resource already there. For example, leafy spurge in rangeland could be harvested with a species
that intrinsically prefers to consume it, sheep or goats (Olson, 1995). It is much simpler to
change our management decisions (that we understand and can control) than alter the entire
ecosystem with technology (that we do not understand entirely and cannot control). Management
framework changes that include cattle and horses to harvest grasses and sheep or goats to harvest
leafy spurge would result in 100% natural resource harvest. Traditional control costs would be
transformed to diverse income sources (Edens, 1996). American Sheep Industry Association and
North. Dakota State University are currently funding two new research projects: the "Feasibility of
a Sheep Cooperative for Grazing Leafy Spurge" and the "Economic Analysis of Controlling
Leafy Spurge with Sheep" (Savage, 2000). Cattle ranchers who invest in sheep co-ops could
realize a 16% return on investment while utilizing leafy spurge; quite a philosophical adjustment
from several decades of trying to kill leafy spurge to no avail, albeit at great expense. This
concept could be carried a step further by using a species that'uses leafy spurge even better than
sheep, goats. Differences between goat and sheep preferences and utilization for leafy spurge has
been well researched (Hanson, et aJ., 1993; Lacey, et aI., 1992; Kronberg and Walker, 1993).

GOALS

Goals must be set for the ecosystem that include primary producers (green photosynthesizing
plants) and primary, secondary, tertiary, and quaternary consumers, i.e., animals, insects, birds,
reptiles, humans, bacteria, and fungi. Environmental, social, and economic health of all players
need to be addressed for stability at each level and the whole. Ifyou take a pencil and cross the
'1' in goal, you clearly see that goat is the goal.

ANIMAL IMPACT

Animal impact is a comprehensive living tool that coordinates several life processes
simultaneously: selective grazing removes top growth; hoof action tills, mulches, and fertilizes
soils while trampling in new seed. Managed grazing is an especially effective weed control tool
in arid environments. Goats especially are useful when restoring grasslands because of their
natural diet preference as browsers as opposed to grazers. When goat grazing is managed for
leafy spurge problems, the intent is to over~..... the spurge. Leafy spurge should be bitten
again and again, never allowing for recovery and forcing the plant to draw on stored root
reserves. Since goats prefer spurge over grasses (Hanson, et al., 1993), selection pressure is
reversed to continuously stress weeds while grass growth is augmented and left fertilized, tilled,
and mulched to be stronger competitors in that scenario (Sedivec & Maine, 1993).

The best weed control is competitive exclusion, covering the ground with desired plants that
compete for water, space, and nutrients. Traditional weed management requires several
individual and complete steps: first get a good weed kill with chemicals, followed by soil
amendments, soil tillage, revegetation, fertilizing and maintenance. These steps all together are
very costly, are restricted to easily accessible terrain, and take several years to get desired grass
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cover. High altitude site revegetation may be difficult because of characteristic short growing
seasons, limited herbicide choices, rough or steep terrain with restricted access, or shallow soils
with low organic matter. Chemical management may remove all forbs, desired and undesired,
thus diversity is lost and open niches are usually filled with the same or a new weed species
(Matthews, 1998). A Russian knapweed (Acroptilon repens (L.) DC) revegetation study found
that the chemical treatment that best suppressed knapweed also suppressed desired grass growth
and encouraged a weed "species shift" to a different noxious weed (Benz, et 01., 1999). An 18­
year study in Montana concluded that intensive grazing may be as effective as a herbicide for
long term suppression of leafy spurge (Maxwell et al., 1999). Intensive herbicide treatment
shows immediate obvious initial reduction of leafy spurge however, over time, spurge returns
exponentially but other plants do not; biodiversity is lost. On the other band, managed grazing is
a more gentle approach, maintaining species richness and over time diverse desirable plant cover
competes with leafy spurge. Presumably, underground and invisible processes are augmenting
land healing. Fast, immediate, step-wise results are not seen by the human eye but several
complex processes work simultaneously. Synergism of these processes works to heal the land
over long term.

ONE-STOP SHOPPING

Goats are trendy self-propelled units that are able to go easily across difficult terrain where no
machinery can and few humans dare (CBS News, 1999). Targeted weeds may be stressed
continuously due to natural diet preferences by goats while desired productive plants are
benefited, thus the better competitors. Managed goat grazing performs all revegetation steps at
once. My business uses cashmere goats because oftheir size, mellow personalities, handleability,
and potential extra income. These goats are hired to ingest noxious weeds and manufacture three
other saleable products while on the job: kids and fertilizer pellets from internal workings while
producing cashmere fiber externally. Adjustable backpacks may be fitted to these sure-footed
animals to carry supplies in rigorous terrain. Goats wake up each morning anxiously ready for
work, which they do during all seasons, in fair weather as well as when it is windy, dark,
snowing, raining, and all major holidays.

SOCIAL IMPACT

Managed goat grazing may be offered as a service by small businesses and gives land managers
an additional choice for weed control that was not previously available. These creative services
fill empty niches in economic and environmental arenas (Jackson Hole Guide, 1999). Innovative
entrepreneurs employ rural citizens, displaced, semi-retired or immigrant agricultural workers
who already have essential skills in animal husbandry and land stewardship. A great opportunity
to educate the general public is exploited when managed goat grazing is used for weed
management. Curiosity draws people to the land and they ask questions when they see Border
Collie dogs masterfully working a large herd of goats in weed patches in urban, suburban, and
rural sites (New York Times, 1999). Interested people leave the area enlightened in realms of
weeds, noxious weeds, noxious weed law and compliance, noxious weed control difficulties,
ecosystem function, environmental issues, and animal husbandry.
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lNFILTRATION AND WATER FATE IN
IDGH ALTITUDE ENVIRONMENTS

Adrian Brown

Adrian Brown Consultants
333 West Bayaud Street
Denver, Colorado 80223

ABSTRACT

Infiltration of precipitation water to groundwater in high altitude environments is a critically
important portion of the hydrologic cycle. In general, high altitude environments are significant
recharge areas for groundwater resources, on a local and regional scale. The water that infiltrates
in these locations provides shallow groundwater flow to seeps and springs, baseflow to rivers and
recharge to local and regional aquifers. The quantity of infiltration that occurs in these
environments is of great importance to a wide variety of scientific and engineering endeavors,
including mine permitting, mine reclamation, impact evaluation, groundwater flow evaluation,
aquifer recharge, streamflow prediction and water supply. Despite this importance, very little
quantitative information is available to evaluate the process, amount and timing of infiltration at
high altitude.

In low altitude arid environments, infiltration is usually limited to precipitation that cannot be
used by the stable plant community. Plants are quite efficient water-users, so low altitude
infiltration generally averages 5 % to 10 % of total precipitation. In high altitude environments,
this useful relationship can break down. Plant community uptake is often limited by low
temperature, low productivity, short growing season, poor soil and frozen soil. Available
moisture is highly seasonal, and the formations on which it becomes available are often highly
porous, allowing rapid drainage to the subsurface. Infiltration rates as low as 1% ofprecipitation,
and as high as 75% of infiltration have been observed in these conditions, and plant communities
are rarely the controlling factor.

This paper explores the dynamics ofhigh altitude infiltration, and explores a methodology for the
evaluation of infiltration at high altitude, based on a number of carefully documented case
examples in the Rocky Mountain region.
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RECLAMATION OF THE WASPIBISMARCK MINE SITES,
LAWRENCE COUNTY, SD

John W. Scheetz, Homestake Mining Company, 630 East Summit St., Lead SD 51754

The author would like to tu:knowledge Phil Barnes currently employed byAngloGold (Cripple
Creek, CO) andRon Waterland currently employed by Homestalee Mining Company (Grants
Project, NM). These two people were instrumental in development and start-up ofthis project. They
deserve much ofthe creditfor the project's success.

ABSTRACT

In 1997-98 Homestake Mining Company reclaimed the historic WasplBismarck mine sites located
approximately two miles SE ofthe Homestake Mine site in Lead. SD. The reclamation focused on
removing 240,OOo-yards oftailing created by the WaspIBismarck mining companies that operated
during the late 1800's and early 1900's. The tailing was situated on a steep hillside and floodplain
adjacent to Upper Whitewood Creek and prone to erosion during stonn events.

The reclamation included removing the tailing from the hillside and floodplain to Homestake's
permitted Grizzly Gulch Tailing impoundment and revegetation of the slope and floodplain. A
bulldozer initially situated at the top ofthe tailing pile, pushed the tailing down slope. A trackhoe
followed upslope of the bulldozer removing the remaining tailing from ground surface with the
objective of leaving the original topsoil veneer. The topsoil, covered with tailing for 100 years,
was then hydro-mulched and seeded as the equipment worked down slope. Temporary piping,
water bars and riprap channels were constructed to allow stonnwater and groundwater to exit the
slope without impacting the tailing or eroding the newly reclaimed area. The tailing pushed down
slope was loaded into 12-yard trucks and hauled 2.5 miles to the Grizzly Gulch tailing dam for
disposal. The overall cost ofthe project was approximately 2 million dollars.

INTRODUCTION

This paper describes the history and reclamation of the adjacent Wasp and Bismarck
(WasplBismarck) mine sites in Lawrence County, South Dakota. Homestake Mining Company
perfonned the WasplBismarck mine site reclamation during the summers of 1997 and 1998. The
project consisted of removing of 240,000 yards of tailing and the revegetation of the soils
underlying the tailing.

The WasplBismarck mine sites are located approximately two miles south ofLead, SD. (Figure 1).
The mines are in the southwest quarter ofthe northeast quarter ofSection 9, Township 4 N, Range
3 E, of the Lead 7 Y: Minute quadrangle and situated in the northern Black Hills physiographic
region of South Dakota. The terrain consists offorested hills and stream-incised valleys.

Both the Wasp and Bismarck sites are situated on a north-trending ridge that is bordered to the
west by Whitewood Creek and to the east by Yellow Creek. The mine sites are approximately 300
meters apart and are separated by a small west-trending ridge. The site elevation ranges from 5200
to 5450 feet above mean sea level.
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SITE GEOLOGY

The Wasp and Bismarck mine sites are located in the northeastern edge of the Black Hills uplift, a
northwest trending anticlinal uplift fonned during the Larimide Orogeny. The rock units that
underlie the two mine sites from oldest to youngest are the Precambrian schists and shales of the
Poorman and Ellison Fonnations. Cambrian sandstones, limestones, and dolomites of the
Deadwood fonnation unconformably overlie the Precambrian units. The Deadwood fonnation
contains a basal siliceous conglomerate, which hosted much of the gold/silver mineralization and
was the focus of mining activity in the area (Waterland, 1987, p.llO). Tertiary felsic dikes cut
both the Cambrian and Precambrian Fonnations. Refer to Figure 2 for a simplified geologic
section ofthe area.

SITEIDSTORY

The Wasp Mine site operated from 1893 to approximately 1920. The site was initially operated by
a small group of private investors that included Ed Donaldson, the McShane Brothers and M.
Murphy (Fielder, 1972, p.166). In. 1896 the site was sold to T.J. Grier, R H. Driscoll and John
Gray (Fielder, 1972, p.167) who owned the site until closure in 1920. The mine was principally an
open pit mine. The siliceous gold bearing are was mined along the top of the ridge that separates
the Whitewood Creek and Yellow Creek drainages. Early production from the mine consisted of
rail shipments of the gold/silver bearing rock to an off-site smelter. In 1900, a 40- stamp mill and
a 100-ton/day cyanide processing plant were erected on the ridge adjacent to the open pit (Fielder,
1972, p. 167).

The Wasp Mine was one ofthe first gold mines to employ the technology of cyanide leaching. The
stamp mill crushed the ore to less than Y4 inch (Waterland, 1987, p.1l2). This crushed rock was
then loaded into vat leach tanks where a cyanide solution was added to remove the gold. The
cyanide solution caused the gold (solid) to dissolve in solution. The gold-bearing solution was then
drained from the vat and poured through zinc shavings. The zinc caused the gold to re-precipitate.
The zinc and gold were then smelted in a small furnace to form a concentrate, or dore, that was
sold to a refiner. The crushed rock, void ofgold, known as tailing, was washed and trammed to the
hillside, where it was cast over the edge (Waterland, 1987).

The Wasp mill and cyanide leach circuit were "modernized" in 1904 and 1905 to provide for a
200-tons/day capacity. This modernization included conversion from coal to electric power,
utilization of compressed air drills (replacing double jack hand drilling), and new electric skips
were installed to replace the mule teams that dragged the ore up to the mill (Waterland, 1987,
p.113).

fu 1910 the nrill burned down and was rebuilt with a 500-tons/day capacity. The new mill
consisted of electric skips, a gyratory crusher, electric rollers, conveyors, and six-420 ton leach
tanks (Waterland, 1987 p. 113). The mill was considered one ofthe most efficient of the day. The
total cost of mining, miJling, and general expense was SI.24/ton of rock. These costs subtracted
from the S2.00/ton ofore revenue resulted in a profit ranging from $0.50 to SO.75 cents per ton of
ore (Watedand, 1987, p.114).
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Simplified Geologic Section for the WasplBismarck Site
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The Wasp mine reached its peak production over the next five years, processing an average of
150,000 tons of ore/year (Waterland, 1987, p. 117). However, in 1915 the mine encountered
several problems that foreshadowed its ultimate demise. These problems included a declining
grade, greater amounts of overburden to remove, water shortages, and labor shortages (Waterland,
1987). In 1920 the mine closed. The final production accounting revealed that approximately
1.176 million tons of ore had been processed through the mill since 1900. This resulted in total
production of 100,819 ounces ofgold and 158,780 ounces of silver (Waterland, 1987, p. 117).

The Bismarck Mine or Alder Creek Mine was a marginally profitable producer of gold. silver and
wolframite (a tungsten are). The Bismarck was principally an underground mine which operated
intermittently from 1893 to 1920 (Filder, 1972, p.170). The Bismarck shipped carloads of are to
the Deadwood and Delaware smelter in Deadwood, SD in the early production years. The are was
valued at $128/ton to $6/ton ofrock. Lower grade are was sent to the Golden Reward chlorination
plant (Waterland, 1987, p.1l8).

In 1913 a 300-ton, dry crushing cyanide plant was constructed at the Bismarck site (Waterland,
1987, p.1l9) The cost of underground mining and milling was $1.25 per ton but ore value had
dropped to $1.29 per ton (Waterland, 1987, p.120). Mine production in 1914 was 79,039 tons of
ore. However, payments on the new mill were not made because of the low grade and the
Bismarck was sold to the American Mining Company (Waterland, 1987, p. 120). In the years
following the mine operated at a greatly reduced rate as evidenced by the amount of tailing
associated with the Bismarck site and the lack of data for this period.

After 1920 no production was recorded at either the Wasp or Bismarck Mines. In 1926 the Wasp
mill equipment was sold for $600 (Fielder, 1972, p.171). There was no record on the disposition of
the Bismarck mill. The visual history of the mining effort was limited to the large wedge of tailing
and the mill foundations that overlooked Whitewood Creek.

In 1921 the Wasp tailing experienced significant movement as a result of large rainstorms. The
tailing, carefully buih up during the previous 20 years so as not to impact the railroad line and
Whitewood Creek, slid down slope and into and across Whitewood Creek and buried the railroad
line. In SeptemberlO, 1928 a second large tailing slide occurred as a result of heavy rain. In this
instance the tailing dammed Whitewood Creek and a lake formed upstream almost a quarter mile
wide and long. In removing the tailing from the Creek bed and the railroad line, gondolas, steam
shovels and sluicing operations were employed. A train was operating on a temporary track laid
over the slumped tailing. On September 13, 1928 the train was buried by tailing as a result of
another stonn. The train's fireman was killed by this incident (Fielder, 1972, p.I71-172). The
tailing movement and erosion seen by these events foreshadowed the future and influenced the
remediation ofthe site almost 80 years later.

In the early 1930s Hornestake Mining Company purchased the Wasp and Bismarck Mine sites to
explore for gold and silver mineralization. The geology of the area was defined, exploration holes
were drilled, and rock-chip sampling was performed during 1930 through 1950. No economic
resource was discovered as a result of this effort and Homestake did not mine either the Wasp or
Bismarck sites.

The Burlington, Northern and Quincy rail line ran along Whitewood Creek at the toe of the west­
facing slope from the Wasp and Bismarck mill Sites. The rail line connected Custer, SD to
Deadwood, SD and was a main rail access to the northern Black Hills and its mining community.
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This rail line was abandoned in the early 19308 (Fielder, 1969, p.83). In the 1990's this railroad
line/grade was converted to the George S. Mickelson Trail. Today thousands of people use this
trail for hiking, bicycling, and snowmobiling.

EARLY RECLAMATION EFFORTS

The Wasp Bismarck mine site was idle in the years following 1930. In the early 1950's
Homestake erected a six-foot berm adjacent to the Burlington Northern and Quincy railroad grade
to help prevent tailing erosion from entering Whitewood Creek. In the 1980's this berm was
enlarged and a pond was constructed inside the berm to contain sediment.

In 1994 Homestake Mining Company regraded, benched, and revegetated the Wasp tailing. The
tailing demonstrated over the years that it could successfully support vegetation. Willows and
Aspen had grown around the sedimentation pond and in the Whitewood Creek floodplain where
there was a nearby source of water. Other tailing dominated areas, such as the tailing wedge on
Wasp and Bismarck hillside, supported a variety of native grasses. The Wasp slope was hydro-­
seeded and mulched in conjunction with carefully planned erosion control structures that included
water bars, benches and the deep-rooted vegetation. These measures helped stabilize the tailings.

In 1995 a series of heavy rainstonns swept through the Wasp/Bismarck site cutting several large
erosion gullies through the newly vegetated tailing. The storms overwhelmed the water bars and
benches and channeled the sandy tailing. The stormwater controls and vegetation were partially
damaged by these stann events. It was clear that the tailing would require significant maintenance
ifvegetation and stonnwater controls were to be effective.

THE RECLAMATION PLAN

The Wasp tailing erosion caused Homestake to re~xamine the site reclamation. The large storm
events showed that the tailing were prone to erosion despite good engineering and vegetative
practices. The 350-foot slope length with an average grade of 2.5:1 was likely to result in constant
and costly maintenance.

The analytical test work performed by the Homestake showed that state and federal water quality
standards in Whitewood Creek were met upstream. and downstream. of the site. Healthy and
unimpacted benthic macroinvertebrates and fish populations also evidenced good water quality.
However, the tailings were found to contain elevated levels of metals typical of the mineralized
rock. These metals were bound very tightly in the mineral form, typical of oxide carbonates, and
very insoluble in water. Thus, the main issue at the Wasp site was the historical sediment loading
to Whitewood Creek caused by runoff from the Wasp and Bismarck tailing. The concern was the
ultimate fate ofthe remaining tailing at the sites and their stability.

Homestake decided to act. The plan was simple and involved the relocation ofthe Wasp/Bismarck
tailing to Homestake's pennitted Grizzly Gulch Tailing impoundment. A construction stormwater
pennit application was filed with the state of South Dakota. The permit specified that the tailing
removal would be accomplished as part of the best management practices under the stann water
plan requirements. These best management practices included minimizing sediment runoff from
the site using a variety of techniques that included sediment ponds, check dams, silt fence, and
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many other erosion control techniques. The effectiveness of these sediment control practices was
measured by regular water quality sampling along Whitewood Creek.

This stonnwater pennit allowed for State oversight ofthe tailing removal. Homestake and the state
advised the EPA ofthe proposed action.

The initial reclamation plan consisted of two phases. The first phase removed the tailing from the
hillside below the Wasp mill site and the second was to remove the tailing from the hillside below
the Bismarck mill site as shown in Figure 3. There was a potential third and fourth phase that
included removal ofthe tailing in the Whitewood Creek floodplain and the removal of tailing from
the West Side ofWhitewood Creek. The aerial extent ofthe tailing removal and its associated four
phases are shown in Figure 3.

The tailing removal commenced at the top of the Wasp mill site. A Caterpillar D-9 dozer pushed
the bulk ofthe tailing down slope. The dozer was followed closely up-slope by a Cat 320 trackhoe
that peeled the remaining tailing from the original ground surface. At the base of the Wasp mill
site slope a Cat 980 5-yard loader placed tailing into 12-yard dump trucks. The small trucks were
used to minimize the impact to the haul route and county road. These trucks hauled the tailing
approximately 2.5 miles to the Homestake tailing facility through a winding historical logging and
snowmobile trail and county road. The trucks then returned to the site using an alternate route. The
complete truck cycle was 4.7 miles.

Initially, Homestake intended to place a thin veneer of topsoil over the newly exposed hillside to
provide a medium for vegetation. However, it was discovered that topsoil was not necessary since
the original ground surface was suitable for vegetative growth. This concept placed a premium on
the skill of the trackhoe operator. This individual was required to carefully discriminate tailing
from topsoil and leave the original topsoil on the hillside. Fortunately, the topsoil was of a
different color and consistency from the tailing. The topsoil was dark brown and fine-grained as
opposed to the tailing which was brown and coarse-grained.

Both the dozer and track hoe moved the tailing down slope from a tailing bench. The bulldozer
operator maintained this bench to allow the trackhoe to operate from a level surface and to allow
for the exposed hillside to be hydroseeded.

The hillside was hydroseeded every 30 vertical feet as the equipment worked its way down slope.
The loaded hydroseed truck was pulled up the tailing slope by the D-9 bulldozer. The hydroseed
truck then drove along the flat tailing bench making two passes. The first pass laid the seed and
fertilizer. The second pass included .the taekifier and long fiber wood mulch. Homestake's
experience in other reclamation projects showed that the two-pass hydroseed method improved seed
gennination and helped minimize erosion. The hydroseed truck: often had to be pulled up the slope
twice in one day.

The contractor was required to hydroseed within two days of exposing the original topsoil. Soil
that was allowed to bake and crust over through exposure did not provide a good seed bed. The
contractor was required to rake the soil with the trackhoe teeth before hydroseeding in cases where
the soil was not seeded within the two-day time frame.
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The seed mix for the both the Wasp and Bismarck hillside reclamation is found in Table 1. The
fertilizer rate was 200 pounds per acre of 20-20-10 (phosphorous, potassium, nitrogen). Tackifier
application was 200 lbs. per acre. Mulch was applied at 2,000 lbs. per acre.

Table 1. Seed Mix for the WasplBismarck Hillside Reclamation.

Species Lbs PLSlAcre
SmoothBrome 6

Orchardgrass 3
WestemWheatgrass 7
SlenderWheatgrass 6

Timothy 3
Canada Wildrye 4

Durar HardFescue 3
Red Fescue 3

Kentucky Bluegrass 3
Red Clover 4

Regreen 8
Total 50

One ofthe most important considerations ofthe WasplBismarck tailing removal project was spring
water and stormwater management. A primary project goal was to minimize the interaction of
water and tailing as required by good management practices and pennit condition. It was
important not to let the tailing interact with water that issued from various springs on the Wasp
and Bismarck hillsides in order to prevent erosion and promote vegetation growth. Spring water
and stormwater control were accomplished by several measures that included piping spring water
issuing from the hillside directly to Whitewood Creek, and installing rip-rap channels that would
channel spring water once the project was complete. Stonnwater controls included installing water
bars on the newly exposed slope, rip-rapping stormwater channels on the uncovered slope, canting
the loading area toward the toe ofthe slope, and construction ofvarious ponds, check dams and silt
fences to prevent sediment from entering Whitewood Creek.

Sediment control was also important on the haul road to and from the Grizzly Gulch tailing
impoundment. Approximately 24 check dams and 400 yards of silt fence were used to minimize
fine dirt and sand particles from entering Whitewood Creek during storm events. In addition,
trucks were prevented from hauling on rain days. All sediment control structures were examined
and repaired after precipitation events.

Approximately 140,000 yards of tailing was removed from the Wasp hillside during the first
construction season. This aerial extent of tailing removal corresponds to the Phase I polygon
shown in Figure 3. Various historical artifacts were found buried in the tailing and included a rail­
boxcar, a small ball mill, various hand tools, an ore car, rollers, piping and wood. All these items
were cleaned and stored for a future interpretative center to be erected on the site after reclamation.

The start of the second construction season began by intercepting the Alder Creek drainage. Base
flow to Alder Creek is from a perched aquifer issuing from the historical Bismarck Mine portal.
The water was intercepted by constructing a small detention pond. A pipe was inserting through
the clay face of this pond. The water was transported through a 1400-foot section oftlexible 4-
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inch hose that flowed into Whitewood Creek. The removal of water from the Bismarck mill
drainage allowed tailing removal from the mill foundation and hillside with minimum impact to
Whitewood Creek. A water rights pennit was obtained for rerouting Alder Creek.

The Bismarck tailing removal process mirrored the Wasp mill site tailing removal. The D-9 dozer
operated in tandem with the trackhoe and hydroseeding tJuck. Tailing was again loaded into trucks
bound for Grizzly Gulch dam. A bowl shaped riprap channel was placed into the Alder Creek
drainage as the equipment worlred its way down slope. 'The riprap minimized erosion once the
Alder Creek drainage was returned to its natural course.

Approximately 25,000 cubic yards oftailing were removed from the Bismarck mill hillside (Alder
Creek drainage) as shown. in Figure 3, Phase 2.

Removal of tailing from areas where there was well-established vegetation presented a difficult
choice: leave the tailing and vegetation, or remove both. As mentioned above, the tailing supported
a wide variety of vegetation that included willows, aspen, pine and various grasses. The tailing
under the well-esta.blished stands of vegetation was not likely to erode and impact Whitewood
Creek. However, consultation with South Dakota Game, Fish and Parks and South Dakota
Department of Environment and Natural Resources resulted in a voluntary action to remove all
exposed tailing from the project site. The decision was based on removing as much tailing from
the sites as reasonably possible, establishing a wetland in the Whitewood Creek floodplain,
creating a better wildlife habitat, and perfonning a thorough. and complete reclamation project.

This decision allowed the tailing removal project to extend to the floodplain of Whitewood Creek
and the small portion of tailing on the west side ofWhitewood Creek, as shown. on Figure 3, Phase
3 and 4.

The removal of the floodplain tailing was divided into two steps that again centered on water
management and minimizing sediment runoff The first step was to detennine the tailing depth in
the floodplain by digging a series of test pits. A tailing thickness or isopatch map was created and
it was found that the north end ofthe floodplain contained the thickest and deepest extent oftailing.
This showed that when the project was finished stormwater would flow to the northern portion of
the floodplain and enter Whitewood Creek.

A plan was devised to divert water from the WasplBismarck hillside to the southern portion of the
floodplain and into a series of sediment ponds. 'The water from the last sediment pond was
discharged to Whitewood Creek through a sand-filter check dam. Tailing was removed from the
north side of the project during this step with a two-fold purpose. In the short-term a pond was
created to serve as sediment collection pond. In the long-term this pond provided a shallow wetland
and provided wildlife habitat.

Step two of the floodplain excavation involved diverting water to the excavated north side of the
floodplain while tailing was excavated from the south side of the floodplain. As the excavation
worked toward the railroad grade, the tailing soil contact was observed to be below the Whitewood
Creek stream channel and water from Whitewood Creek seeped through the grade and into the
newly excavated floodplain. This suggested that the current Whitewood Creek channel may have
been man.-made and that the original stream channel may have been more proximal to the toe ofthe
WasplBismarck slope.
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Approximately 55,000 cubic yards of tailing was removed from the Whitewood Creek floodplain
below the WasplBismarck mill sites as seen in Figure 3, Phase 3. The floodplain was ideally
suited for wetland vegetation since there was a constant water source from Whitewood Creek and
the Alder Creek drainage. A large rip-rap spillway was constructed between the north floodplain
pond and Whitewood Creek. Ten to twenty-ton boulders were used in constructing the spillway and
helped to provide a constant pond elevation and erosion protection from a 100-yea.r storm event.

The last phase of the tailing removal consisted of peeling a 1 to 6-foot veneer of tailing from the
West side ofWhitewood Creek and performing careful tailing removal from the Whitewood Creek
stream bank. The tailing not adjacent to the stream was removed by traekhoe and loaded into the
dump weks. The Whitewood Creek crossings north of the site allowed trucks to cross over the
creek without disturbing the creek. The tailing along Whitewood Creek was hand shoveled into the
trackhoe bucket. One ton nylon super sacks filled with gravel were used along the water margin to
prevent erosion into Whitewood Creek. Approximately 6,000 yards of tailing were removed in the
phase 4 portion of the project.

A total of 240,000 yards oftailing were removed from the Wasp Bismarck sites. The total cost of
the project was approximately $2,000,000. This included tailing removal, engineering and
construction management, stormwater controls, and revegetation. Ayres Associates of Ft. Collins,
CO perfonned the engineering and construction management service. Summit Construction of
Rapid City, SD performed the tailing removal and related site work. Both these firms contributed
greatly to the success ofthis project.

The tailing removal from the WasplBismarck mine sites was completed in October 1998. The haul
road was regraded and seeded. However, all sediment control structures were temporarily left in
place to minimize erosion. These structures included the pond created by the tailing removal in the
floodplain and various check dams and 8ih fences associated with the haul road, the hillside and
floodplain. The check dams and silt fences will be removed once vegetation is well established.
The floodplain area was hydroseeded in the fall of 1998 with 40 pounds per acre ofan annual rye
(Regreen). The rye acted as a cover crop to stabilize the soil until the floodplain planting was
completed in the summer of 1999. Additionally, a burlap woven soil control mat was installed
along Whitewood Creek where tailing had been removed.

Homestake and South Dakota Game, Fish and Parks (GFP) worked cooperatively to complete the
WasplBismarck reclamation. A planting plan for the wetland area ofthe Wasp Bismarck sites was
needed to promote wildlife habitat and further stabilize soils. Homestake and GFP contracted
Bitterroot Restoration of Corvallis, MT to draw up a floodplain revegetation plan. This plan,
presented in Figure 4, portrays the various types of vegetation and planting density in the
floodplain area. Rocky Mountain Reclamation ofLaramie, WY installed the wetland vegetation in
June 1999. Plants of the Wild, Tekoa, WA provided the 3-inch to lO-inch containerized wetlands
plants.

Finally, OFP and Homestake also worked together to relocate the Mickelson trail to allow the
reclaimed floodplain to revegetate without disturbance while simultaneously allowing people to
view the site and the old railroad grade. The trail was moved to the West-side ofWhitewood Creek
and provides an excellent view of the WasplBismarck mill sites. An interpretative center will be
constructed on this new section of the Mickelson trail in spring and summer of 2000. This center
will document WasplBismarck mine site history and reclamation.
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Scale: 1 Inch = 100 feet

Slope Toe: (40 Ibs. Acre)
Durar Hard Fescue 200Jf.
Sheep Fescue 20%
Mountam BlOme 15%
Canada Wild Rye 15%
Green Needlegrass 15%
Junegrass 15%

Mesic Lowland:
Beaked Sedge
Inflated Sedge
Creepmg Spikesedge
Bog Birch (10" contatnenzed)
(3" contamenzed; 4' spacmg)
(5200 plants)

Wetland Area:
Beaked Sedge
lnflated Sedge
Softstem Bullrush
(3" contwJenzed; 4' spacmg; 1100 plants)

WIDTEWOOD
CREEK

Streamside Planting:
Wood's Rose
Chokecheny
Dogwood
Stn:amsldeWillow
InfiateJi Sedge
Beaked Sedge
(2'~ 2800 plants)

Upland: grasses and "'V"'''_~
Durar' Hard Fescue 22%
Sheep Fescue 22%
Junegrass 18%
Green Needlegrass 18%
Canada Wild Rye 12%
Flax 2%

Lupme2%
Rocky Mtn. Penstemon 2%
(34 lbs. lacre)

Figure 4
The WasplBismarck Wetland Plantmg Destgn
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Plate 1. A post reclamation photograph ofthe WasplBismarck mine sites.
The Wasp mill site foundation is situated top of the hillside on the upper
right side ofthe photograph. The Bismarck mill foundation is not pictured
but exists on the left side ofthe photograph just behind trees in the Alder
Creek drainage. Note the pond in the foreground.

Plate 2. A post reclamation photograph ofWhitewood Creek in the fore­
Ground and the Bismarck mill site in the background. The Alder Creek
drainage follows the rip-rap channel to the Whitewood Creek floodplain.
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ENVIRONMENTAL PLANNING AND PERMlTTING
AT THE CROWN JEWEL MINE

JeffWhite
Environmental Superintendent

Battle Mountain Gold - Crown Jewel Mine
PO Box 2330; Oroville, WA 98844.

ABSTRACf

Discovered in 1988, the Crown Jewel deposit in northcentral Washington's Myers Creek Mining
District contains about 1.6 million ounces of gold. To develop this resource, Battle Mountain
Gold (BMG) commenced baseline environmental data collection in 1990, completed feasibility
analyses, and submitted a mine plan of operations in January 1992. A draft environmental impact
statement (EIS) was prepared by the US Forest Service (USFS) and Washington Department of
Ecology and released for public comment in June 1995. The final EIS and Record of Decision
were issued in January 1997. Following the final EIS, permit decisions and issuance commenced
in 1997. The plan of operations was revised to reflect requirements ofthe EIS and certain permits
and was approved by the USFS and Bureau of Land Management in June 1999. Containing 17
individual plans, the plan provides detailed information for reclamation, stormwater management,
mitigation, and other features. During the permitting process, several significant regulatory
changes affecting the Project occurred. As of I January 2000, nearly all of the permits for
construction bad been issued to the Company.

INTRODUCTION

Buckhorn Mountain is within the Myers Creek Mining District in northeastern Okanogan County,
in the north-central part of Washington, and lies in the Okanogan Highlands physiographic
province of the northern Rocky Mountain Region. The District was established in 1896
following opening of the former north half of the Colville Indian Reservation to mineral entry
(Moen 1980). Initial discoveries of gold, silver, and copper in the District were made near the
town of Chesaw and followed shortly with discoveries of lead, molybdenum, and iron as well as
precious metals, at Buckhorn Mountain. Active historic-period mining spanned more than 50
years from 1896 to 1950 (Luttrell 1999). The earliest phase of development was by individual
prospectors exploring for vein-type deposits and the resulting associated production. Between
1900 and the 1930s, capitalized ventures consolidated claims and developed several operations.
During this period, a rail spur was constructed to the Myers Creek valley to allow for the
transportation of copper, gold, and silver ores, as well as iron ore, to mills in the northwest. No
fewer than 12 mines produced ore during this time. The next phase of historic mining occurred
from the mid-1930s until 1951 with the production of iron ore from the Magnetic Mine on
Buckhorn Mountain (Luttrell 1999, Moen 1980). Since the 1950's most mineral activity at
Buckhorn Mountain and in the District has been ofan exploratory nature (Hickey 1990).

The Crown Jewel gold skarn deposit at Buckhorn Mountain was discovered by Crown Resources
Corporation in 1988 (Stiles, et al. 00). Exploration resulted in a delineated gold resource of about
500,000 ounces by early 1990. A joint venture agreement with Battle Mountain Gold (BMG)
was established in March 1990 and the two companies continued exploration activities. By the
end of 1991, BMG bad delineated an additional 1 million ounces of contained gold for a total
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defined resource of more than 1.6 million ounces of gold. An economic feasibility analysis was
completed in early 1992 (Bateman 1992). BMG then commenced the permitting phase of
development with the submittal of a mine plan of operations in January 1992 (Battle Mountain
Gold 1992).

PRomCT DESCRIPTION

The Crown Jewel Mine is located on the eastern flank ofBuckhom Mountain. The mine site and
associated facilities are in an area of rolling, glaciated mountains with elevations ranging from
2750 to 5598 feet above mean sea level. Site precipitation is about 20 inches annually with most
coming as winter snow and spring rain. Summers are warm and dry with high temperatures of
about 85°F and winters are cold and moist with lows typically around -10°F. Soils are shallow to
moderately deep and support a mixed conifer forest of douglas-fir (pseudotsuga menziesii),
subalpine fir (Abies lasiocarpa), and western larch (Larix occidentalis) with an understoIy of
pinegrass (Calamagrostis rubescens). Openings in the forest canopy are vegetated by shrub­
steppe communities comprised of sagebrush (Artemisia tridentata) and snowberry
(Symphoricarpos albus) with bunchgrass (Psuedoroegneria spicata - Festuca idahoensis)
understory. In some areas bedrock outcrops occur. Narrow riparian corridors occur along the
few small ephemeral, intermittent, and perennial streams in the area. Many cavity nesting birds
are present in the area and there are scattered areas of snow intercept thermal cover for mule deer
(Odocoileus hemionus). Private land owned by BMG provides critical, high-use deer winter
range. Much of the Project area has been logged and historically was and presently is used for
domestic livestock grazing, timber production, mineral exploration and development, recreation,
and wildlife habitat. The mine site encompasses private land and public land administered by the
US Forest Service and the Bureau of Land Management as well as Washington State Land
administered by the Department of Natural Resources (ACZ, Inc. 1990, US Forest Service and
Washington Department ofEcology 1997, Battle Mountain Gold 1998).

The Crown Jewel Mine is designed as a surface mine. The mining operation will include a single
open pit and two waste rock disposal areas. About 9 million tons of ore will be mined over the
8.5 year mine life. To access this ore, about 97 million tons of waste rock will be removed in
accordance with a waste rock management plan. Mining will be by conventional bench and
highwall techniques. The mine plan calls for a fleet of l00-ton haul trucks and 16 cubic yard
loaders moving up to 60,000 tons per day (Battle Mountain Gold 1998).

Mine ore will be fed directly to a sub-surfilce crusher or stockpiled for blending and later
crushing. Crushed ore will be stored in an underground ore pass and transferred to the mill
grinding circuit by conveyor. The grinding circuit includes both a semi-autogenous grinding
(SAG) mill and a ball mill. Following grinding, the ore slurry is thickened and gold and silver
recovered through tank cyanidation and carbon-in-leach. After carbon removal, the tailings
would be detoxified using the INCO sulfur dioxide-oxygen cyanide destruction process.
Following detoxification, the tailings are piped to the tailings disposal facility where they are
deposited sub-aerially (thin layer). The tailings disposal facility includes two earthen
embankments (full downstream construction) and is completely lined with engineered native
material overlain by two geomembrane layers interleaved with a drainage net. At design
capacity, the mill will process an average of 3000 tons of ore per day on a 24-hour per day/seven
days per week schedule. Average production will be about 170,000 ounces of gold per year for
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about 8.5 years. Presently, total planned production is about 1.45 million ounces ofgold over the
life ofthe mine (Battle Mountain Gold 1998).

The mine will require about 495 acre-feet of water per year during operations and up to 650 acre­
feet per year during reclamation. Water will be acquired from a combination ofsources including
temporary transfer of existing irrigation rights, new surface water rights for diversion and storage
ofswplus flows from spring runoH: and new ground water rights for domestic supply and limited
pit dewatering. The new surface diversions are constrained by instream flow and temperature
requirements for fisheries protection. A water supply reservoir northwest of the minesite will be
constructed as well as a pipeline from the reservoir to the mine. The water supply system is an
innovative and flexible system which was based on water resource management guidelines and
regulatory and resource constraints (Battle Mountain Gold 1998, Washington Department of
Ecology 1997b).

During operations, an average of 144 employees will work at the mine. Transportation of the
majority of the workforce will be by van pool or bus from sub-regional hubs. Consumables will
be delivered to the mine generally only during daylight hours during mid-week periods.
Electrical power will be supplied by the local Public Utilities District through both new and
existing transmission and distribution lines. Total land disturbance, including rights~f-way for
power lines and water supply pipelines, for mine facilities is about 765 acres.

A substantial environmental management, monitoring, and mitigation program. has been
developed for the Project. An impact monitoring program has been established with Okanogan
County to evaluate predicted socioeconomic effects. Over 700 acres of private land have been
acquired and will be managed for wildlife habitat. Wildlife babitat improvements on these as
well as adjacent public lands are planned (ENSR 1998). An aquatic resources mitigation plan bas
also been prepared and will be implemented to address unavoidable impacts to wetlands and
waters of the United States. A comprehensive waste rock management plan will be followed
during mine operations. Water quality and quantity will be monitored at over 100 surface and
ground water sites. A series offugitive dust control plans will be implemented. Meteorological
and air quality monitoring will be conducted throughout the life of the mine (Battle Mountain
Gold 1998).

Reclamation activities will commence with construction and continue throughout the life of the
mine. Major closure and reclamation activities will, of course, be conducted following cessation
of mining and milling. The former pit will be modified through reclamation blasting. selective
backfill, and pumping of water to enhance natural filling ofth.e north zone. Waste rock dumps
will be recontoured and the tailings disposal fclcility capped with a layer of glacial till material.
The mill and other structures will be demolished and, following pit Jake filling, the reservoir will
be removed. Recovered and stored soil will be replaced over most surfaces except for certain
areas in the pit. Coarse woody debris and lichen encrusted rocks are to be placed on resoiled
surfaces to enhance reclaimed community structure and function. In addition to seeding native
grasses and forbs, 325 tree and 400 shrub seedlings per acre will be planted to aid in the
development of the desired plant communities planned for the site. Resource monitoring will
continue for at least some parameters for 60 years following reclamation (Battle Mountain Gold
1998).
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ENVIRONMENTAL PLANNING

Throughout Project planning and design activities, environmental considerations were of great
importance. BMG-imposed environmental constraints as well as those dictated by site
characteristics and regulatory requirements interacted to result in a compact facility footprint.
This phase of Project planning was - by its nature - iterative. As an issue or impact was
identified, modifications were developed and evaluated to address the concern. In some cases,
reasonable changes could be made to avoid or greatly reduce the potential impact. In other cases,
despite BMG's best efforts, certain impacts simply could not be avoided due to other
considerations. Thus, the Company worked with the agencies to develop management,
mitigation, and monitoring measures to address these impacts. Many of the measures were
included in BMG's proposed plans (Battle Mountain Gold 1998) while others were the result of
environmental review (US Forest Service and Washington Department of Ecology 1997) and
permitting (e.g. Washington Department ofEcology 1999, US Army Corps ofEngineers 1999).

Because of the iterative nature (indeed it was often heuristic!) of both planning - on the part of
the Company - and permit application processing - on the part of the agencies - it is difficult to
clearly define the demarcation between the two. activities. Environmental planning and
permitting activities were, in many cases, so intermixed that it was difficult to differentiate
between the two. Confounding the environmental planning effort were the constraints imposed
on the lead federal agency by the Federal Advisory Committee Act (FACA) thus limiting
functional and productive technical exchanges between the Company and the US Forest Service
during preparation ofthe environmental impact statement.

Despite the procedural difficulties, BMG designed and implemented an environmental planning
process to facilitate permitting and address environmental matters while maintaining sufficient
flexibility in operations. This process was applied in virtually all resource areas (e.g. air, water,
wildlife, etc.). The following describes just a few aspects ofthis effort in regard to one resource
area, that ofwetlands (aquatic resources).

During facility planning, the Company evaluated many sites for both the water storage reservoir
and the tailings disposal facility. The criteria for suitable sites for both facilities included
proximity and potential impacts to wetlands. For the water storage reservoir, seven candidate
sites were evaluated in terms of avoiding or minimizing impacts to wetlands, as well as storage
efficiency, geologic conditions, and other factors. In the :final evaluation of the sites, the primary
environmental consideration was the presence ofwetlands (Golder 1992).

BMG investigated seven potential locations for the tailings disposal facility in both site
evaluation and selection (Golder 1995) and as part of facility design (Battle Mountain Gold
1998). The tailings disposal facility was the facility potentially directly impacting the largest area
ofaquatic resources. Siting criteria included minimization ofimpacts to aquatic resources.

As part of the EIS, and as required by RCW 78.56, the Department of Ecology also prepared a
tailings site selection report. In addition to the sites evaluated by BMG, four other potential sites
were evaluated for tailings disposal but all were eliminated for several reasons, including
potential aquatic resource impacts. In addition, the agencies involved in preparation of the
environmental impact statement evaluated other options for tailings disposal but these were found
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impractical or resulted in unacceptable environmental impact (US Forest Service and Washington
Department ofEcology 1997).

In the Project area and adjacent areas there are about 50 acres of identified wetlands (US Forest
Service and Department of Ecology 1997). Mine construction and operation will resuh in both
permanent and temporary unavoidable impacts to aquatic resources. A total of 3.76 acres of
aquatic resource sites and their respective aquatic functions will be directly affected by filling or
excavation. To address these impacts, BMG proposed the implementation of a series of
avoidance, minimization, and mitigation (creation, enhancement, restoration, and protection)
measures. Mitigation of impacts is provided by management actions at 15 sites in the vicinity of
the mine and provides for nearly 40 acres of aquatic resource sites. These actions include
avoidance and minimization of impact, wetland creation, enhancement, and restoration, stream
channel enhancement and restoration, and fish and wildlife habitat creation on approximately 700
acres ofprivate land as well as at various locations on US Forest Service-administered land.

Other avoidance and minimization actions have been taken during the planning and design of
mine facilities. Potential impacts to wetlands due to minor reductions in water flows from an
existing abandoned mine arlit will be avoided through the implementation of a streamflow
mitigation plan (Battle Mountain Gold 1998). Another impact resulting from the development of
the mine pit will be the shift of a small area of land from one sub-watershed to another. On an
annualized basis, this will result in about 6 gallons per minute of water - the output of a garden
hose - flowing into drainages on the east side of Buckhorn Mountain rather than those on the
west side. Both sub-watersheds are within the same watershed - one with a mean annual
discharge in excess of 900,000 gallons per minute! The minuscule change was nonetheless
addressed through a streamflow mitigation plan which also provides supplemental flows to
streams to ensure no depletion - regardless of how small - to surface waters during or after
mining (Battle Mountain Gold 1998).

As previously mentioned, part ofthe water for mine operations is from diversion and storage of
spring runoff. In order to protect fisheries habitat in the subject stream, an incremental flow ­
instream methodology (IFIM) study was conducted. Diversion limits were developed and
incorporated into the water supply plan to meet the desired protection level. Further, instead of
the diversion limitations being based solely on calendar dates regardless of habitat use, an
adaptive management approach was proposed and ultimately permitted. Thus, stream biological
activity governs diversion period and rate instead of a rather arbitrary calendar date and ensures
protection of desired instream habitat values (Battle Mountain Gold 1998).

ENVIRONMENTAL REVIEW AND ANALYSIS

Environmental baseline data collection commenced in 1990. Water quality and quantity
monitoring stations were established and preliminary cultural resource investigations were
conducted. Basic wildlife, soils, and vegetation inventories were completed. A National
Environmental Policy Act (NEPA) Environmental Assessment for exploration activities was
prepared and completed in June 1990 (ACZ 1990). BMG's exploration activities were conducted
under the operating plan and associated mitigation measures developed during this NEPA review.

By late 1991 it was evident that a world-elass gold deposit bad been discovered and would likely
be developed. A preliminary mine plan of operations was prepared and in January 1992
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submitted to the US Forest Service, Bureau of Land Management, and the Washington
Department of Ecology (Battle Mountain Gold 1992a). This action initiated fonnal
environmental review and analysis under NEPA and the State Environmental Policy Act (SEPA).
In February 1992, additional information was added to the submitted operating plan. In April
1992, a Supplemental Plan of Operations (Battle Mountain Gold 1992b) was provided to the
agencies.

Following some public scoping and Project planning activities, an Integrated Plan of Operations
(Battle Mountain Gold 1993a) was prepared and submitted to the US Forest Service, Bureau of
Land Management, Washington Department of Ecology, and Washington Department ofNatural
Resources. In mid-1993 a detailed reclamation plan (Battle Mountain Gold 1993b) to supplement
the previously submitted reclamation information was developed and provided to the agencies.
The various operating plan submittals were typical of mine plans of operation prepared in
accordance and compliance with federal surface management and minerals management
regulations, specifically 36 CFR 3809 and 43 CFR. 228.

Formal public scoping, as required by both NEPA and SEPA, began on 14 February 1992. With
concurrence from BMG, the scheduled 45~y scoping period was extended an additional 21
days. Four public scoping meetings were held during the scoping period. To aid in elevating the
knowledge ofthe general public concerning mining and the Project, a series of 14 separate public
meetings were also held over the next 18 months. At each of these meetings, comments were
actively solicited, effectively continuing the scoping process.

From early 1992 through mid-1995, the agencies, their environmental impact statement
contractor (ACZ, Inc. - later to be renamed TerraMatrix), and a myriad of subcontractors
prepared baseline resource inventories, Project alternatives, and impact analyses. In June 1995,
the lead agencies released their work product: the Draft Environmental Impact Statement for the
Crown Jewel Mine (US Forest Service and Washington Department ofEcology 1995). This draft
environmental impact statement (BIS) presented seven alternatives - including BMG's proposal­
to allegedly meet the purpose and need for the Project. Only one alternative however, was
actually capable of achieving the Company's purpose in developing the Crown Jewel orebody.
The draft EIS - including a Spanish summary - was circulated for 60 days for public comment.
During that period three public information meetings and two public hearings were held. By the
close (more or less!) of the comment period 4,533 written and oral responses had been received
from the public, agencies, organizations, and BMG. The responses contained 11,732 individual
comments on various topics. Comments ranged from legitimate concerns (e.g. "How does the
range of calculated noise levels relate to possible human health impacts?'') to misleading ("... the
air will be dirty and dusty from smokestacks... '') to entertaining (" this [mine proposal) is like a

.bad LSD trip...not that I'd know what that was like!'') to hateful (" miners [are) ... dirty old men
with their ignorant wives and children living in trailers ..... Many statements of support (e.g. "[the
proposal] represents an opportunity to generate high paying jobs without sacrificing the area's
environmental quality.'') were included in the comments received (US Forest Service 1997, US
Forest Service and Washington Department ofEcology 1997).

Agency efforts to solicit comment and public participation were thorough and could even be
considered excessive. In addition to the previously mentioned meetings and extended comment
periods, special meeting opportunities were provided for those "not comfortable in traditional
meeting settings" to ensure few opinion stones were left unturned. Further, Project opponents
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applied for and were awarded by the Department of Ecology a multi-thousand dollar grant to
conduct woIkshops to allegedly "educate" the public about mining and environmental review and
analysis. In practice, these publicly funded workshops became tools for the opposition.

The agencies and their EIS contractor worked to review and prepare responses to these
comments. BMG also reviewed the comments and carefully considered those with merit in
regard to Project modification. As a result, certain aspects of the proposed mine were modified.
These changes, such as modifications to waste rock disposal area slopes and tailings disposal
:facility embankment construction method, were incorporated into revisions of the proposal and
submitted to the US Forest Service and Washington Department of Ecology (Battle Mountain
Gold 1995, 1996). The revisions were part ofBMG's continuing effort to address and respond to
agency and public concerns as well as further refine and improve the Project.

During this part of the environmental review process, two new state regulations pertaining to
mining were enacted by the Washington State Legislature. In 1993, the Surfilce Mining Act
(Revised Code ofWashington 78.44) became effective. This set of regulations established new
requirements for surface mining operations primarily in regard to reclamation. The Metals
Mining and Milling Operations Act (Revised Code of Washington 78.56) was enacted in 1994.
This regulatory package was initially directed at the Crown Jewel Mine Project in an effort to
preclude its development. Ultimately, various interests reached a level of agreement on certain
issues and developed regulations that included tailings facility siting and design criteria, waste
rock management planning and approval, bonding requirements, as well as mitigation and
reclamation requirements. The enacting of these new laws necessitated Project design
modifications by BMG as well as agency interpretation and incorporation into the ongoing NEPA
and SEPA analysis.

In January 1997, the lead agencies (US Forest Service and Washington Department of Ecology)
and the cooperating agencies (Bureau of Land Management, US Army Corps of Engineers, and
Washington Department of Natural Resources) issued the final ErS (US Forest Service and
Washington Department of Ecology 1997). The:final ErS, contained in four volumes and a
separate summary, was over 2,000 pages in length and weighed 16 pounds! The Forest Service
and Bureau of Land Management also issued a Record of Decision (US Forest Service and
Bureau of Land Management 1997) approving the mine ,as presented as Alternative B in the EIS
and as modified by specific sections (mitigation, monitoring, and management) of the EIS. The
Record ofDecision also required BMG to revise the mine plan ofoperations to incorporate these
additional requirements (US Forest Service and Bureau ofLand Management 1997).

Certain modifications to the Project mitigation plans from permitting activities resulted in the
preparation of an addendum to the EIS in 1997 (Washington Department of Ecology 1997a).
Another addendum to the EIS, for additional mitigation measures, also resulting from permitting,
was prepared in 1998 (Washington Department of Ecology 1998). The addenda were used to
ensure compliance with SEPA requirements to descnbe minor changes to a project and present
clarifications to a proposal as a result of the permitting process. The addenda added analyses and
information about the Project but did not substantially change the analysis of significant impacts
and alternatives in the EIS.

An unusual aspect of environmental review influenced both process and outcome in regard to the
Crown Jewel Mine. Political acceptability, based in part on perception, was a major factor in the
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rate at which environmental review was conducted. Despite the fact that Washington bas
significant mining activity, few elected state legislators were well infonned ofthe modem mining
industry. Indeed, BMG expended considerable effort in educating state senators and legislators
about mining and minerals in general and the Crown Jewel Mine specifically. Other mining
companies and associations also participated in these activities.

Localized opposition to the Project began during exploration activities. While relatively few in
number, these opponents were intelligent, well-funded, and inter-eonnected with other anti­
mining efforts. During the EIS preparation and permitting process, opponent groups had
threatened - and then brought - judicial and administrative appeals of permit decisions.
Throughout the environmental review process, BMG made considerable effort to address
legitimate concerns expressed by neighbors to the Project, county residents, government agencies,
and opposition groups. However, after many failed efforts to develop functional
communications with the opposition - initiated both by the Company and by community groups,
including the local chamber of commerce, - little doubt remained that the opposition was not
interested in cooperative efforts to develop a mutually acceptable project. But rather, theirs was a
philosophical difference that was not to be resolved through reason and application of sound
engineering, management practices, modified plans, nor technological innovation. Theirs was a
cause of different values and beliefs. This indeed is unfortunate as the economic benefits to the
area - not to mention the production of a commodity - have been postponed by the selfish actions
of nationally and internationally funded groups.

Local support for the Project was, however, overwhelming. An opinion survey conducted during
the latter-stages of the environmental review process found that 92 percent of those who were
familiar with the mine proposal were in favor of its development. There are several
organizations, including chambers of commerce, local resource user groups, and even local
governments who have - and continue - to vigorously support the development of the Crown
Jewel Mine. There is substantial interest in employment with the Project - as on 1 January 2000,
over 1000 applications for employment had been submitted yet BMG had not yet advertised for a
single position. Most of those in the region are eager to see the mine in construction and
operation.

ENVIRONMENTAL PERMITIING

During the construction, operations, and closure phases ofthe Project the Crown Jewel Mine will
require 70 permits, approvals, or authorizations. These permits are issued and administered by
county, state, and federal agencies. The 12 county permits include the conditional use permit,
building permits, noise monitoring program approval, an impact mitigation agreement, approval
of a fiscal and economic impact analysis, pipeline franchise, and, of all things, a cattle guard
permit. Included in the 46 state permits are water rights, air permit, approval of fugitive dust
control plans, stonnwater pennits, National Pollutant Discharge Elimination System/State Waste
Discharge Permit, Dam Safety permits, surface mine reclamation permit, hydraulic project
approvals, water quality certification (Clean Water Act Section 401), forest practice permits, and
survey monument replacement permits. The 12 federal permits include the plan of operations
approvals, Department of the Army Permit (Clean Water Act Section 404), Endangered Species
Act Section 7 consultations, and, of course, an explosives permit from the Bureau of Alcohol,
Tobacco, and Fireanns. While no permits were required of Canadian federal or provincial
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agencies, the Company worked with representatives of appropriate agencies to ensure technical
concerns they might have were addressed by design or permit or both.

For the pwposes of environmental review and analysis, certain permit applications (e.g. the air
permit and water rights) were prepared and submitted before the EIS was complete. The
information contained in these applications was necessary for NEPA and SEPA compliance
activities. The remaining permit applications were submitted or, if previously submitted,
considered complete after the final EIS was issued in January 1997. The first state permit - an
hydraulic projects approval- was issued in March 1997 (Washington Department of Fish and
Wildlife 1997). Over the next 27 months, the majority of the permits (53 of 56) needed to
commence construction were issued.

In 1995 the Washington State Legislature enacted the coordinated permit process (RCW 90.60) to
"assist businesses and agencies in complying with the environmental quality laws in an expedited
fashion without reducing protection of public health and safety and the environment." BMG
carefully evaluated the apparent benefits of requesting participation in the coordinated permit
program. In an effort to develop some certainty for permit decision schedules, BMG requested
participation in the program in December 1995. As the first private entity to be involved in the
new program, BMG found it potentially advantageous to have some assurance - albeit limited ­
of when permit decisions were to be made. The coordinated permit process - while well intended
- was challenging for both the agencies and BMG.

A provision of the Metals Mining and Milling Operations Act states that ·'the Deparbnent of
Ecology shall not issue necessary permits to an applicant for a metals mining and milling
operation until the applicant .bas deposited with the Department of Ecology a performance
security which is acceptable to the department of ecology" for compliance. reclamation,
postclosure monitoring, and possible remediation (RCW 78.56.110) ("necessary permits"
suggests unnecessary permits are also pursued!). Thus, prior to any pennit decisions by the
Department of Ecology, BMG emplaced financial securities - termed Environmental Protection
Performance Securities (EPPS) - with the agency. Being the first Project subject to this new
regulation required considerable coordination among Ecology, the State Attorney General's
Office, and BMG. Nonetheless, as of 1 January 2000, the Company had posted some $57 million
in EPPS for water rights, wetlands mitigation, stonnwater, dam safety, wildlife mitigation, and
water quality certification.

As required by the Record of Decision (US Forest Service and Bureau of Land Management
1997), BMG revised the operating plan. The resulting greatly expanded and extremely detailed
Crown Jewel Mine - Plan of Operations (Battle Mountain Gold 1997) was submitted to the US
Forest Service and Bureau of Land Management for "approval" in June 1997. The current
operating plan is a physically massive document - filling seven three-inch binders - and contains
all the major Project plans. In addition to what could be termed a 'traditional' plan of operations,
the Crown Jewel Mine Plan ofOperations includes the following:

• Reclamation Plan
• Integrate<:! Transportation Plan
• Hydrologic Monitoring Plan
• Waste Rock Management Plan
• Stormwater Pollution PreventionlErosion and Sediment Control Plan
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• Construction Phase Stormwater Pollution PreventionlErosion and Sediment Control
Plan

• Tailings Disposal Facility Design
• Oil Spill Prevention, Control, and Countermeasures Plan
• Water Supply Plan
• Streamflow Mitigation Plan
• Materials Handling Plan
• Groundwater Quality Evaluation Plan
• Noxious Weed Management Plan
• Aquatic Resources Mitigation Plan
• Fish and Wildlife Habitat Mitigation Plan
• Wildlife Mitigation and Monitoring Plan for Ore Processing and Tailings Disposal

Facilities

The Crown Jewel Mine - Plan of Operations also incorporates - by reference and/or approval
condition - several other plans. These include:

• Pit Water Monitoring Plan
• Construction Phase Fugitive Dust Control Plan
• Operations Phase Fugitive Dust Control Plan
• Reclamation Phase Fugitive Dust Control Plan
• PMlO Sampling and Meteorological Monitoring Plan
• Fish and Wildlife Habitat Mitigation Plan Standard Operating and Monitoring

Procedures
• Timber Settlement Agreement

In early February 1999 Battle Mountain Gold was asked by the US Forest Service to plan to pick
up signature-ready plan of operations approval documents from the local office. Shortly after
that, the agency advised the Company not to do so as the decision was under further consideration
in Washington, DC. On 26 March 1999, the Company received a letter from the US Forest
Service and Bureau of Land Management which vacated the previously issued Record of
Decision. The agencies' explained that their action was based on the 7 November 1997 "Millsite
Opinion" of the Department of Interior Solicitor even though it was prepared nearly a year after
the Record ofDecision for the Crown Jewel Mine was issued.

Congress reacted and.passed a law prohibiting the Department ofInterior from applying the mill
site opinion to the Crown Jewel Mine and ordering that the Record of Decision be reinstated and
the plan ofoperations approved. The Record ofDecision was reinstated on 28 May 1999 and the
plan ofoperations approved by the US Forest Service and Bureau ofLand Management on 1 and
2 June 1999, respectively (US Forest Service 1999, Bureau ofLand Management 1999).

Environmental review and permitting ofthe Crown Jewel Mine has been extremely thorough and
painstaking. In reference to the Water Quality Certification issued in January 1999 (Washington
Department of Ecology 1999), the Director of the Department of Ecology said: "The 401
Certification and all the permits that preceded it reflect the most rigorous environmental analysis
the state has ever conducted on a project ofthis type. No other proposal has received this level of
environmental scrutiny" (Fitzsimmons 1999). As of 1 January 2000, the only outstanding
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permits, approvals, or authorizations were three actions from the Department of Natural
Resources: a commercial easement, a land exchange, and a surface mine reclamation permit.

Numerous cballenges to the Project, in the form ofadministrative and judicial appeals, have been
brought by opponents. As of 1 January 2000, all appeals had either been withdrawn (e.g.
challenge to air permit, hydraulic project approvals), decided in favor of the Company and/or
agency (e.g. EIS, solid waste), or were pending decision. On 19 January 2000, however, the
Washington Pollution Control Hearings Board reversed the water rights reports of examination
(water rights) and vacated the water quality certification (pollution Control Hearings Board
2000). (Appeal ofthis decision is, at the time ofpreparation ofthis paper, under consideration by
the Washington Department of Ecology, Washington State Attorney General, and Battle
Mountain Gold.)

CONCLUSION

The Crown Jewel Mine Project development effort could be interpreted as an extreme state of
affairs in regard to mine permitting in the United States. This mayor may not be the case,
depending upon an individual's base of reference. Regardless, it is simply not enough to have a
world-class orebody, sound engineering, robust planning, innovative reclamation, extensive
mitigation and environmental safeguards, financial securities, thorough regulations, and local
support to bring a mine into production. Clear emphasis on product - as well as process - by
regulatory agencies is necessary. Mechanisms for addressing legitimate public concerns are
necessary. Efforts to effectively counter misinformation campaigns on local as well as national
levels are vital. Political acceptability is ofsignificant importance.

While mineral resource development and mining will continue to be inherently risky, and
industry will continue to accept this risk in producing goods and services demanded by society,
certainty in outcome - both result and schedule - is necessary in order to continue to have a
viable domestic minerals industry.
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COMPANION CROPS: BENEFIT ORDETRIMENT

DonA. Hijar

Pawnee Buttes Seed, Inc.
P.O. Box 1604.

Greeley. Colorado 80632

ABSTRACf

Companion crops are thought to be needed and especially beneficial under conditions of
environmental stress such as: limited moisture. high temperatures and salty soils. These
conditions are typical of many disturbed sites in the arid and semi arid sections ofthe western US.

However. seeding of annual companion crops for stabilization can led to a lower percent of
perennial species than plots seeded only with perennials. It may be more cost effective not to use
a nurse crop in many situations. However. benefits of annual species in terms of stabilization
weed inhibition and organic matter production may outweigh adverse impacts on perennial
species. There are advantages and disadvantages of different types of: 1) companion crops. 2)
nurse crops and 3) preparatory or cover crops. Successes depend on, land condition, management
techniques, restoration objectives and location ofthe specific revegetation project.

"Preparatory or cover crops" are a kind of "nurse crop" used to maximize the advantages and
minimize the disadvantages. Cover crops can be used to stabilize soils where delayed permanent
seedings are part of the revegetation plan and would follow during the best seeding window of
opportunity. Fast establishing adapted perennial species may also serve as good cover crops.

INTRODUCTION

Companion or nurse crops are usually fast growing species and have been used to establish a
perennial species. This presentation will discuss the advantages and disadvantages of different
types of companion crops. nurse crops and preparatory or cover crops. I will define some of the
terminology that is used with different crops and management techniques relating to companion
crops. We will look at research and historical applications. I will illustrate some of the
specifications and successes of different methods that have applied to land restoration,
conservation, reclamation, roads and other areas disturbed by man's activities.

I would also like to discuss several case studies using companion crops with native species. These
projects are: Buffalo Creek fire. Vail ski area, Highway 34 between Greeley and Loveland, and
tailing revegetation at Silverton, Colorado.

Companion crops are thought to be needed and especially beneficial under conditions of
environmental stress such as: limited moisture. high temperatures and salty soils. These
conditions are typical of many disturbed sites in the arid and semi arid sections of the western
United States. Potential for wind erosion is generally more prevalent in this region than in the
east. Conventional mulching may be preferred to cover crops in some areas.
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WHY A COMPANION CROP? (Advantages)

• Reduce evaporation and conserve moisture
upward movement ofsalts also may be reduced.
Surfuce mulch traps and retains moisture better than bare ground.

• Reduces wind and water erosion
Restricts air movement and allows higher relative humidity at the surface ofthe soil.
Reduces water diffusion from soil into the atmosphere.
Mulch causes the kinetic energy of raindrops to break and dissipate and thereby reduces
"splash" erosion where soil particles are dislodged from the surface and carried down
slope.

• Modi1Y extremes in temperatures at the soil surface
Light colored mulches typically help lower temperatures at the soil surface.
Dark mulch applied in early spring can help warm surface soils sufficient to cause earlier
seed germination.

• Reduces soil sealing over and crusting
Surface mulch can add organic matter and improve infiltration.

• Reduces frost heaving
Frost heaving is caused by the differential of night and day freezing temperatures
combined with certain soil types.
Frost heaving up-roots seedlings causing plant loss.

• Reduces weeds
The more competition ofdesirable plants the less opportunities for weeds.

• Visual perception
Often success is measured by the visual appearance of "green plants" on the surface.
Green color gives the perception that plants are becoming established.
However, judgment is often made with very little knowledge ofthe species identification.

WHAT ARE lHE DRAWBACKS? (Disadvantages)

• Competition with slow growing perennial
Where annuals are used, they become too competitive and reduce stands ofperennials.
Annuals are generally larger seeds and have stronger seedling vigor then most perennials.

• Competition with slow growing native s.pecies.
• Competition for soil nutrients.
• Often reduce stands ofdesirable perennials.
• Volunteer seedlings from the nurse crQP may persist year after year.
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RESEARCH

Basic research on companion crops has been done over many years. The Year Book of
Agriculture 1948 on Grasses states. "Unless they are needed to protect the soil. companion or
nurse crops should not be used with grass or legume planting in the northern Great Plains. If
nurse crops are used. they should be seeded at very low rates; otherwise competition for moisture
and shade by the companion crop is likely to be too great for the survival of seedlings".

In Seeding Colorado Range Lands, published by Colorado State University in the 1958 it says,
"Ordinarily the production ofthe cover crop will deplete the soil moisture to such an extent that it
is risky to seed perennial grasses until at least the top 18 inches of soil moisture have been
replaced. If late summer rains are sufficient, fall planting of cool season grasses, such as
wheatgrasses, may be done. More frequently it is wise to withhold seeding until after the winter
and spring moisture. Ifwinter and spring soil moisture is deficient, it would be less risky to repeat
planting of a forage or cover crop and delay planting of grass until soil moisture conditions are
favorable."

Ed Depuit, and others, 1978 Research on Revgetation of Surface Mine lands at Coal Strip
Montana reported: "Seeding of annual cover crops for stabilization led to a lower percent of
perennial grass biomass than plots that were seeded initially with the desired perennial species.
This would indicate at least an initial inhibition of seeded perennial grass in cases where annual
temporary stabilizing species are concurrendy seeded. although benefits of such annual species in
terms of stabilization, weed inhibition and organic matter production may outweigh adverse
impacts on perennial species".

DEFINITIONS

I would like to review some terminology used to define different practices and systems in
applying and managing companion crop seedings. These definitions are taken from the Society
for Range Managem~ glossat)' of terms and illustrate different management technology. I
would like to use these terms for comparison.

• Companion crQP. "A crop sown with another crop (perennial forage or tree or shrubs) that is
allowed to mature and provide a return in the first year".

This would indicate the use ofannual species and harvest of a crop.

• Nurse crop. "A temporary crop seeded at or near the time primary plant species are seeded to
provide protection and otherwise help to insure establishment ofthe later".

This may be an annual or perennial seeded with the mixture but protection is the main
purpose.

• Preparatory crop (Cover Crop>. "A residue-producing temporary crop utilized as part of
seedbed preparations to provide mulch into which forage plants can be direct seeded".

Preparatory or cover crop is a kind of "nurse crop" where one can maximize the
advantages and minimize the disadvantages.
Cover crops can be used to stabilize soils where delayed permanent seedings are part of
the revegetation plan and would follow during the best seeding window ofopportunity.
Cover crops can be used on steep slopes to prevent soil erosion while permanent
vegetation is established.
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mSTORICAL

• Forestry -legumes and ground cover are planted to hold the soil while slower trees become
established. This may take several years.

• Landscaping - Annual cover and color plants are used to fill in while slower permanent
vegetation becomes established.

• Agronomic - Annual crops are often used in combinations for economical returns. One
variety seeded into the stubble of another usually under irrigation. Companion crops are used
with new seedings of alfalfa, clovers and pasture grasses with irrigation. Economic returns
are often the motivating factor.

APPLICATION

With preparatory/cover crops, annual species, such as sterile forage sorghum, Sudan or forage
millet, are planted the growing season prior to permanent seeding. After crop maturation, native
seeds are sown in standing dead material.

Preparatory/cover crop method differs distinctly from use of a "nurse crop". With a nurse crop,
the annual grain and the perennial mix are planted simultaneously. The nurse crop usually out
competes the slow perennial. In relatively few locations the method may be beneficial but
sufficient moisture is required to support both the companion crop and the new seedlings.

Seedings without a ''nurse crop" often provides better stand, even higher yields and more
vigorous plants. It may be more cost effective over the life of a stand not to use a nurse crop in
many situations.

G. E. Schuman and others 1980 "Standing Stubble versus Crimped Straw Mulch for Establishing
Grass on Mine Lands. ''Straw, hay or other organic mulch is often used as a protective cover on
newly seeded mined areas to protect soil and seedings from wind and water erosion. Successful
reclamation of mined lands depends upon rapid establishment of vegetative ground cover to
prevent the erosion oftop soil spread over regarded spoils". "Small grain stubble seeded in the
spring and a grass mixture fall-seeded into that stubble has advantage over use of crimped straw
or hay residues as a mulch for wind and water erosion control on mined land". These studies were
conducted on a topsoiled, regraded spoil dump at Shirley Basin Wyoming.

"Overall the crimped straw resulted in 48.6 grass seedlings per 3.05 meters. The stubble treatment
resulted in 54 seedlings per 3.05 meters". "Soil water losses measured by solar distillation were
reduced 16, 33 and 49 percent (%) over a 20 day period with surface application of 1,120,2,240
and 3,360 kg. per hectare ofstraw respectively".

''This stubble provided longer lasting protection, contributes organic matter to the soil profile and
ultimately made the soil more porous". "The year following seeding, 47 percent (%) of the
applied mulch remained on the surface in comparison 94 percent (%) of these stubble residue
remained during the same period".

"Despite its lower total mass, the upright oriented stubble trapped more snow during the winter
and protected the soil better". ''Cost comparisons of these two treatments favored the stubble
treatment."

"Chances of weed infestation are much less with a small grain planted for stubble. The staw
mulch may be contaminated with weed seed."
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Several million acres in Colorado have been seeded to perennial species during the CRP program
beginning in 1986. Several studies indicate a better than 85% success rate. Generally the Natural
Resources Conservation Service (NRCS) specification required a ''Preparatory/Cover crop".
These specifications required "seeding the perennial mix into standing mulch and weed control".
Grasses were successfully established using com, grain and sorghums. The success was
outstanding given the fluctuating annual weather patterns in Colorado.

Control of voluntary wheat is essential, when grass is planted into wheat stubble. Chemical
control of volunteer wheat can be achieved by application of a herbicide such as Round-up in
January or February prior to grass plant emergence. Apply as per label directions.

Economic impact and cost effective analysis should be considered before seeding a cover crop. A
cost of $1,300 to $10,000 per acre (and higher) to revegetate some roadsides, ski slopes, parks,
and mine lands. Seed cost alone can be over $ 1,000 an acre and then the cost of seedbed
preparation. The companion crop may look very good but the perennial mix may suffer. Is a 60 to
80 percent reduction in the perennial mix worth a fast green appearance if it isn't needed? There
could be a substantial economic loss due to competition from the nurse or companion crop.

There are some good fast growing short-lived native species that are good alternatives in a
mixture. We have native species such as slender wheatgrass, mountain brome, sideoats, and lewis
flax that have good seedling vigor and can provide quick cover where they are adapted. These
species are cost effective and environmentally sound alternatives to an annual cover crop.

Case study personal observation

• Buffalo Creek fire: Oats (Avena Sativa) was broadcast seeded by helicopter yet unseasonably
bard rains washed most ofthis cover down the river.

• Vail ski area: Vail seeds approximately 45lbs. ofa grass and clover mix per acre and 5 Ibs.
ofwinter wheat as a nurse crop. Winter wheat at these elevations and at these seeding rates is
not competitive and usually does not volunteer or persist. Seeding winter wheat at heavier
rates did reduce the stand.

• Highway 34 Greeley to Loveland: Highway 34 between Greeley and Loveland compares
seeding a native grass mixture planted and mulched with straw and crimped, to seeding the
same grass mixture with a small grain nurse crop. The stand ofgrass in the mulched area had
2-10 plants per lineal foot while the stand with the nurse crop was hard to find, possibly not
existing.

• Silverton tailing trials: A 1976 trial planting with many grasses and forbs. The only
successful plant to establish was Louisiana sage (A. ludoviciana). The second and following
years native grasses moved into the Louisiana sage stands. Louisiana sage provided
protection and nitrogen for the grass to survive. The Silverton site was in an area with 21
inches precipitation. It was pretty phenomenal.
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SUMMARY

Are companion or nurse crops needed? Research and experience indicate that nurse crops and
companion crops are used too often. A better alternative would be to establish a cover crop prior
to seeding the desired perennials species. Seeding the perennial mix of grass, forbs and shrubs
into an existing stand of stubble avoids competition from quick growing annual nurse crops. If
nurse crops or companion crops are used the seeding rate should be one to five pounds per acre
on dry land and ten to twenty pounds per acre on more favorable precipitation sites.

The solution to establishing perennial grasses are not nurse crops but well designed mixtures that
include :fast growing perennials which protect the soil from wind and winter erosion and
compliment the establishment ofall species in the mixture.
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IMPLICATIONS OF NATURAL SUCCESSION AND ADAPTATION OF EC01YPIC
POPULATION TO ARTIFICIAL RESTORATION PRACfICES

Stephen Monsen

Rocky Mountain Experiment Station,
USDA Forest Service

Provo,UT

ABSTRACT

Selection and use of site adapted ecotypes to restore disturbed communities is usually advisable.
Studies of most native species demonstrate that individual populations or geographic ecotypes
exist, and are specifically adapted to particular sites and habitats. Individual ecotypes posses
certain growth attributes that favor their existence in specific environments or locations. Defining
separate ecotypes of individual species and determining their areas of occupation nonnaUy
requires extensive studies. Certain ecotypes have or may be defined based on morphological or
physical features. In addition, description ofphenological responses to environmental stimuli can
be used to separate different ecotypes. Studies with antelope bitterbrush (purshia tridentata)
began in the early 1940's to determine if sepame ecotypes exist and if specific growth factors
could be used to correlate adaptation with enviromnental factors. Reciprocal plantings with over
250 accessions revealed that initial establishment, growth rates, growth form, flowering habits,
seed production and early survival differ among populations, but these factors did not correlate
with collection origin. .Antelope bitterbrush is a taxon with broad genetic features and has
evolved to occupy a wide and diverse array ofsites and habitats. Although separate and distinctly
different growth forms occur which undoubtedly favor their existence, utilizing morphological
and phenological features to correlate adaptive populations with specific sites was not always
possible. Success of individual populations is dependent upon the ecological relationship of each
population growing with associated species. Growth and survival responses of separate
populations to edaphic, climatic and biotic features can be used to define. areas of adaptation of
some but not all populations.
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INFLUENCE OF HERBICIDES AND SEEDING TECHNOLOGY ON PLANT
COMMUNITY DYNAMICS IN THE CONSERVATION RESERVE PROGRAM

K. D. Lair

Shepherd Miller, Inc.
3810 Automation Way, Suite 100

Fort Collins, CO 80525

ABSTRACt

The effects of herbicides and seeding technology on seeded grasses in the Conservation Reserve
Program were evaluated. Seeded species were blue grama (Bouteloua gracilis), sideoats grama
(Bouteloua curtipendu/a), western wheatgrass (pascopyrum smithii), switchgrass (Panicum
virgatum), and sand dropseed (Sporobolus cryptandrus). Herbicide treatments included
sulfonylureas, growth regulators and mowing. Impacts of sreiling methodology were evaluated
for cultivar perfonnance, cover crop type, intensity of seedbed preparation, drill type, planting
season, seed quality and seed mixture composition. Sideoats grama responded positively to
sulfonylurea herbicides, whereas switchgrass and western wheatgrass were adversely affected.
Blue grama and sand dropseed were least affected by herbicide treatment. Plant diversity was
reduced under sulfonylurea treatment. Growth regulator treatment resulted in 10 percent
increases in diversity over sulfonylureas, primarily attributable to increased annual forbs. Sera!
stage was more advanced under sulfonylurea treatment, however, because of increased frequency
ofperennial forbs, grasses and balf-shrubs.

Improvement in establishment occurred with use of named cultivars versus native harvest seed.
Few differences in response to planting season and cover crop type were detected. Most species
responded positively to seedbed tillage. Drill type, seed quality, and seed mixture composition
also affected individual species establishment and uniformity, but effects were often mitigated by
herbicide interaction.
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GREENHOUSE PROPAGATION OF NATIVE PLANTS
AS A SHORT-CUT TO SUCCESSFUL RESTORATION

- a preliminary study using common native species in high arctic and alpine restoration

Dagmar Hagen

Department ofBotany,
Norwegian University of Science and Technology, N-749I Trondheim, Norway

dagmar.hagen@chembio.ntnu.no

ABSTRACT

The Svalbard archipelago (78'N) and the Davre mountain (62'N) in Norway are perceived as
pristine land, but are locally chamcterised by settlements, mining, tourism and military activity.
Geographical position and local climate conditions contribute to very slow recovery rates after
disturbance. Is it possible to develop a method for restoration in this vulnerable and species-poor
vegetation, using native species? This paper will focus on some preliminary results conserning
propagation. Further experiments focusing on survival and growth after outdoor-replanting and
effects on natural recovery are carried out during the project.

Seeds, bulbills or cuttings were collected from 12 common, native species and propagation ability
were tested in the greenhouse. Three of the four seed-propagated species have high germination
rate and survival, and plants were cultivated for later outdoor replanting. Five of the eight cutting­
propagated species have high rooting and survival rate, and were cultivated for outdoor replanting.

This result makes it possible to set up an outdoor restoration experiment with native species at one
high arctic and one alpine locality inNorway.

INTRODUCTION

The arctic and high altitude vegetation survives in marginal conditions, with extensive
environmental fluctuations and natural disturbances. Adaptations to different kind of disturbances
are an essential part ofthe life history strategy of arctic plants (Oksanen & Virtanen 1997, Grime
et al. 1990). In. addition many arctic and high altitude plant communities also suffer from growing
anthropogenic disturbance.

The availability of seeds is presumed to slow the colonisation of disturbed communities (Oksanen
&Virtanen 1997). Also the speed and reliability with which the plants establish from propagules
(ecesis) is slow and periodic in tundra vegetation (MacMahon 1987). Greenhouse propagation and
planting of the propagated individuals at the disturbed site can elude the most critical stages ofthe
establishment process.

MATERIALS AND METIIODS

Study areas

The Svalbard archipelago is situated at 78'N and the study site is located close to Longyearbyen,
the biggest settlement in Svalbard. The Dovre mountain is situated at 62tN, and the study site is a
military :firing range at 1000 m a.s.!. The areas have low yearly precipitation (400 mm). Both the
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geographical position and the local climate conditions contribute to very slow recovery rates after
disturbance. The study areas are perceived as pristine land, but are locally characterised by
settlements, mining, tourism and military activity.

Propagation and cultivation

Seeds, bulbills, and cuttings of native species were collected from the study areas (fable 1). The
seeds were stored at three different temperatures (+4°C, -laC and -20°C). The germination
experiment was carried out at 22°C during three periodes separated by close down periods with
4°C and no watering. Cuttings of evergreens were planted immediately after collection in two
different greenhouses, and cuttings from deciduous species were stored at 1°C for four months
before planting. The new individuals were further cultivated in the greenhouse following ordinary
gardener principles, and then put outdoors for acclimatisation.

Table 1: Seeds, bulbills and cuttings collected at Svalbard and Dovre for greenhouse propagation.

Species

Arctostaphylos uva-ursi
Sistorta vivipara
Cassiope tetragona
Dryas octopetala
Dryas octopetala
Empefrum ngum ssp.herm.
Luzula confusa
Oxyria digyna
Papaver dahlianum
Salix herbacea
Salix polaris
Saxifraga oppositifolia
Vaccinium vilis-idaea

Seeds and bulbills

Origin

Dovre
Svalbard
Svalbard
Svalbard
Svalbard
Dovre
Svalbard
Svalbard
Svalbard
Dovre
Svalbard
Svalbard
Dovre

RESULTS

Propagation
unit
cuttings
bulbills
cuttings
cuttings
seeds
cuttings
seeds
seeds
seeds
cuttings
cuttings
cuttings
cuttings

N

756
1200
687
674

1200
756

1200
1200
1200

390
640
644
601

There is no effect of storage temperature on germination for any of the species (ANOVA, P =
0,56) (Figure 1). The germination differs significantly between every pair of species (ANOVA,
p<O,Ol), with the exception of Oryria digyna vs. Papaver dahUanum (p=O,9). Germination over
time shows different pattern for the different species (Figure 1). All germination of Bistorta
vivipara, Dryas octopetala and Luzuia conjUsa happened during the first and second period.
Oxyria digyna and Papaver dahlianum have similar curves, though P. dahlianum is a bit
subsequent to O. digyna. Both species reached maximum germination during the third period. The
small plants of Bistorta vivipara have very high mortality, and most plants died during the first
two weeks after germination. The few seedlings of Dryas octopetaJa have very slow growth, but
survived cultivation. The species Luzula conjUsa, Oryria digyna and Papaver dahlianum grow
very well, and are cultivated for the later outdoor planting.
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Figure 1. Gennination (%) ofseeds and bulbiIls in greenhouse. stored at three different
temperatures before sawing (-20°C. _1°C and +4°C). The germination experiment was
carried out at 22°C during three periodes a5-6 weeks. separated by close down periods
with 4°C and no watering. Day numbers referres only to the active experiment periods.
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Figure 2. Rooting rates of species propagated by woody cuttings. The deciduous species (Salix
herbacea and S. polaris) are propagated in one greenhouse. and the evergreen species are
propagated in two greenhouses.
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At the end of the propagation period the deciduous species Salix herbacea and S. polaris, and the
evergreens Arctostaphylos uva-ursi, Empetrum nigrum ssp. hermaphroditum·and Vaccinium vitis­
idea have a rooting rate exceeding 0.5 (Figure 2). All these species survived cuhivation and
acclimatisation properly, and will be used in the following outdoor plantings.

DISCUSSION

Among arctic species we find both good and weak germinators (Eurola 1972). Generally arctic
species have weak or no dormancy mechanisms (Gartner 1983), but enforced donnancy related to
winter temperature is in effect (Densmore 1979). Storage temperature had no effect on
gennination in this experiment. This indicates that even a storage temperature of +4°C can be
sufficient to break dormancy. +4°C is demonstrated to be an important temperature for destruction
of delay mechanisms (Deno 1993).

Development ofvegetative units is an adaptation to stress and disturbance, and increases the plant
ability to successful reproduction (Billings 1974). The quick establishment of bulbills is thus
expected. The high mortality of small plants of Bistorta Vivipara can be caused by slow growth.
Observations in disturbed and undisturbed communities also demonstrate high germination and
high mortality ofB. Vivipara (unpublished data).

A separation into pioneers and late successional plants is difficult in arctic and alpine vegetation.
The persistence of pioneers until late succession stages is reported from other alpine studies
(Mattews & Whittaker 1987). Oryria digyna and Luzula spicata are among the most common
species in both early and late succession stages in the study area at Svalbard.

The rooting ability of cuttings varies within families, genera, and even species (Hartmann et aI.
1990). Several families and genera with arctic members (e.g. Salicaceae, Rosaceae) are reported
to be easily propagated by cuttings, and the high rooting ability of Salix herbacea and S. polaris is
expected from previous studies on Salix (Chmelar 1974, Densmore et aI. 1987). Published results
concerning the rooting availability of cuttings from the other species is not revealed. Sarifraga
oppositifolia have very different rooting ability betwen the greenhouses in this experiment. This
species also shows much ecotypic variation (Brysting et aI. 1996, Cmwford 1997), but differences
in rooting ability between ecotypes have not been tested in this project.

Relevance to restoration

During the total greenhouse propagation period (lasting between two growing seasons) it was
possible to produce new plant individuals attaining a size of several years old congeners
propagated in nature. On the basis of these results it is possible to set up an outdoor restoration
experiment using the propagated plants in the study areas. The future task of the project is to study
the survival and growth of propagated plants following outdoor replanting, and how the plantings
will influence on the natural recovery. The influence and effect of mycorrhiza during the
restoration experiment will get special attention.
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ABSTRACT

Many of toclay's environmental problems can be addressed through the use of plants. Current
land management practices are highly complex involving holistic approaches to achieve good
land health and environmental quality. The Natural Resources Conservation Service provides
conservation planning and program administration to private landowners. Plant Materials Centers
(pMCs), together with a multitude of partners, select plant materials and provide technology
regarding their use. To date, about 475 cultivars and natural germplasm of improved plants have
been released by PMCs. Most have been placed into the commercial seed and plant production
industry with great success. About 100 million dollars in revenue was generated from
commercial sales in 1998. Today, 26 PMCs are conducting nearly 500 studies related to plant
selection, propagation, establishment and management. More than 90 percent of the plants
currently being tested are native species. Current technology development provides information
for many environmental concerns, such as revegetation of disturbed areas and critical habitats;
buffer strips; soil bioengineering; waste management; wetland and riparian area enhancement;
windbreaks; prairie ecosystem restoration; and noxious-invasive plant suppression. PMCs
released 25 new grass, grass-like, and shrub cultivars/germplasm in 1998, including the
technology for their use on the rangelands ofthe United States and potential use in other areas of
the world.
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ABSTRACT

The Leadville Mine Drainage Tunnel (LMD1) is used to treat mine drainage from working and
abandoned mines around Leadville, CO, at an elevation of3048 m (10,000 ft.). The effluent from
the tunnel represents a mixture ofhigh concentrations ofvarious metals and trace elements posing
unique treatment issues. Two phytoremediation designs will be investigated as possible pre­
treatment options for the water treatment facility at the LMDT. The first will utilize
combinations of quinoa (Chenopodium quinoa), Indian mustard (Brassica juncea), and yarrow
(Achillea millefolium). Use ofIndian mustard represents the first field testing oftransgenic plants
developed under an EPA-sponsored project. The second will work with duckweed (Lemna
minor). The goal is to derive a treatment design capable of treating 38-63 L S-1 (600-1000 gal
min-I) of influent. Secondary goals include identifying post-treatment markets for the plants, and
metals recovery. The LMDT allows for complete control of environmental conditions, thus
maximizing phytoremediation efficiency. The project represents a new use for underground
structures and may lead to completely new options for mining reclamation and recovery.

INTRODUCTION

The stories and legends of Leadville's colorful and rich mining history are matched only by
today's environmental pollution. Million-dollar mining fortunes were made and broken
overnight. Although many of the contaminated areas were also seemingly created overnight,
their cleanup will take far longer. One possible suggestion has been the use of plants
(phytoremediation). An area where these plants may be used is another relic of Leadville's
mining past, the Leadville Mine Drainage Tunnel (LMDT). The LMDT is a 3.2 kIn tunnel used
to drain water out of the mining district. The influent from this drainage tunnel is significantly
contaminated with metals.
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Phytoremediation

Source: Brooks, 1998
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Phytoremediation is the use ofplants to remediate environmental pollution. Ofprincipal concern
for this investigation will be phytoextraction and rhizofiltration. Other processes, such as
~h volatilizatio are !!nportant secondary mechanisms.

Table 1: Price Ton-! In phytoextraction, metals are bioaccumulated in the shoot.
of Selected Metals The shoots are then harvested, at which time, any metals recovery

(phytomining) occurs prior to proper disposal. Table 1 illustrates the
1998 price per ton of five of the metals currently being removed by
the treatment plant at the LMDT. It is evident that phytomining is an
aspect that needs to be considered, especially with the removal of
traditional mining costs.

Rhizofiltration is similar to phytoextraetion, except the
location of accumulation is in the roots. This process requires the
plants to be grown in a liquid medium, which will occur in our
hydroponic growth channels.

During phytovolatilization, contaminants are converted to gases and released to the atmosphere.

Species selection for phytoremediation is based on biomass, bioaccumulation of the contaminant
of interest and potential recovery ofthe contaminant and its subsequent market value. 1he three
species chosen are quinoa (Chenopodium quinoa), Indian mustard (Brassicajuncea), and yarrow
(Achillea millefolium).

Quinoa (Chenopodium quinoa)

Because of quinoa's high productivity and nutritional values, it was considered for use in
NASA's Controlled Ecological Life Support System (CELSS) (Shlick, et al., 1996). Quinoa bas
gained attention due to its high amino acid and mineral contents (Shlick, et aI., 1996). It is
unclear to what extent metals accumulation will affect nutritional properties. This will be one
area ofDuane Johnson's investigations.

Indian mustard (Brassicajuncea)

Several options exist to make phytoremediation more efficient. One of those is the genetic
manipulation of the host plant. To date, efforts have focused on overexpressing genes for
particular enzymes in the necessary metabolic pathways. Elizabeth Pilon-Smits has developed
transgenic lines of Indian mustard that overproduce heavy metal binding peptides and show
enhanced Cd accumulation and tolerance.

In an EPA-sponsored project, the transgenics are now being tested for their metals tolerance and
accumulation of other metals.

Work in the tunnel will represent the first time that these transgenics are tested outside of
laboratory conditions.
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Yarrow (Achillea millefolium)

Yarrow was used in Mr. Burcik's initial experiments and displayed promise for metals removal.
Yarrow is a medicinal plant, which has been used for a variety of ailments, from nosebleed to
anti-inflammatories. One of its historic names is Soldier's Woundwort, for its ability to stop
bleeding. It is unclear how elevated metals' concentrations will affect its medicinal properties.

Duckweed (Lemna minor)

Duckweed is a generic term for several species of small, aquatic plants. With approximately 90%
water content, duckweed allows for extreme concentration of contaminants after drying of the
plant matter, greatly reducing the amount ofmaterial to be properly disposed of

Several laboratory investigations have shown duckweed's promise concerning phytoremediation
of heavy metals. Dirilgen, et al., showed that Lemna minor was capable of plant concentrations
of 4000 ppm Zn, as measured by dry weight. Cu accumulation has been recorded at 6714 ppm,
as measured by dry weight (Jain, et. al., 1989). Zayed et ai., found the following maximum
concentrations: 1.33% Cd and 0.427% Se by dry weight (Zayed, et. at, 1998). However, its field
usage bas been restricted to wastewater treatment ofmunicipal, livestock, and industrial origins.

Leadville Mine Drainage Tunnel (LMDT)

The LMDT was built in support ofthe World War nand Korean War efforts. The purpose ofthe
LMDT was to lower the water levels (and thus increasing the depth of mining operations) in the
mining district of Leadville, CO, home to numerous mines (primarily Pb, Ag, Mo and Zn). In
1959, the Bureau of Reclamation (BOR) purchased the tunnel from the Bureau of Mines for
$1.00.

Starting in 1992, the BOR bas treated the tunnel effluent before releasing it into the Arkansas
River. The treatment plant currently removes Zn, Mn, AI, As, Cd, Cu, Fe, Se, Ag and adjusts the
pH ofthe drainage water.

Project

The goal is to design a phytoremediation system capable of treating 38-63 L S·1 (600-1000 gal
min-I) over the course of a 137 m (450 ft.) section of the tunnel. If successful, the system will
allow the treatment plant to treat wastewater from several Superfund tailings ponds in the area.

An advantage of the project is that the tunnel allows for complete control of environmental
conditions. Air/water temperature, water pH, growth medium, humidity, and light
intensity/duration are all possible growth factors that can be controlled by project staff to
maximize plant growth and thus, remediation.

The project represents an interdisciplinary and interagency effort in research and development.
From. esu, three different departments are represented (Departments of Environmental Health,
Biology, and Soil and Plant Sciences). Private industry, represented by Frank Burcik of Water
Treatment and Decontamination International, has been a driving force in this project. Federal
government involvement includes' the EPA and the BOR (for use of their fucilities and
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represented by Brad Littlepage). Local and state government representatives, as well as
concerned citizens, are not only informed ofthe project, but are involved in discussions. Colorado
Mountain College, a local community college, is also involved by providing its students with
internship opportunities at the site. Lastly, the Leadville Institute of Science and Technology (led
by Robin Littlepage), a non-profit organization, has secured the funding for the project and
brought all ofthe involved parties together.

METIIODOLOGY

Mix-Plant Design

Source plants will be provided as follows: quinoa from Duane Johnson, Indian mustard from
Elizabeth Pilon-Smits, and yarrow from Frank. Burcik. Indian mustard will also be tested in the
greenhouse on water collected from the LMDT, in a separate pilot experiment.

The combination of quinoa, Indian mustard, and yarrow will be grown in three sets of 15.24 m
(50 ft.) long hydroponic channels, each four channels across. The total project will stretch 45.72
m (150 ft.). Three of the four channels in each set will possess a single species (quinoa, Indian
mustard or yarrow) and the fourth channel will contain a mix ofthe three species. Each channel
will be divided into thirds, dependent on the growth medium, either sand, nutrient film technique
(NFl) or glass beads. Each tier will possess a different ordering ofthe media (i.e. one tier will be
sand, NFf, then glass beads, the next channel will be NIT, glass beads, then sand, etc.) The
three systems will be connected together, so that treatment can occur over the entire length. The
flow rate through each channel will be decided on site.

All channels will be supplied with constant levels of fertilizer and light. The plants grown in the
NFf will be grown in the greenhouse at CSU, first on agar nutrient and then on sand, before
transfer to the LMDT. Sand and glass bead plants will be sown directly into the media at LMDT.

Samples of water and plant material (roots and shoots) will be taken, and analyzed for metals
content by Inductively Coupled Plasma-Atomic Emission Spectroscopy (ICP-AES).

Duckweed

Treatment water used for the initial Brassica juncea will also be used for preliminary testing of
the duckweed. Duckweed will be grown in static trays of the LMDT water. Samples of water
and duckweed tissues will be taken every 12 h for 14 d for acid digestion and ICP-AES analysis.
The resuhs will be used to generate a time-concentration curve, which will indicate the optimal
time for future retention times for treatment.

Should greenhouse experiments show promise, the duckweed procedure will be repeated at
LMDT during summer, 2000.
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Phytomining

Mr. Burcik has developed a process for recovering metals from plants and will be investigating
the feasibility of its utilization at this site. Ifsuccessful, it will allow the metals to be sold, further
offsetting the cost ofphytoremediation.

DISCUSSION

Several issues will need to be decided on-site. Harvesting time will be one such issue. It is
unclear the amount of time necessary for optimal accumulation and will have to be tested. The
photoperiod and quantity and constituents of fertilizer will also need to be decided upon viewing
ofthe actual working project.

This project breaks new ground in several exciting areas. The:first is the use of the LMDT itself.
Although underground structures have been used for waste disposal (most notably the Waste
Isolation Pilot Plant for radioactive· materials), they have yet to be utilized to remediate waste
rather than simply storing it. As mentioned earlier, underground structures allow for complete
control of environmentaI conditions. This also includes the isolation from pests, diseases, and
wildlife that pose problems to other field studies ofphytoremediation. Isolation from the outside
world also allows the use oftransgenics.

Transgenics have been used in field studies, however, there are issues to be considered when
using genetica11y-engineered organisms, such as cross-pollination with native phenotypes and
outcompetition of natives (Glass, 1999). The isolation of the LMDT allows for use of any
transgenic or foreign species, however noxious and competitive. While there are still significant
ecological factors to be considered for every use of transgenics, regulatory pressures are being
eased (Glass, 1999).

Although the regulatory use of transgenics is understood, the regulatory requirements for use of
agricultural and medicinal plants for phytoremediation and subsequent introduction to the
consumer market are still unclear. Regulatory acceptance will require adequate testing to ensure
that the elevated levels of metals do not pose a threat to human health. The second hurdle is
consumer acceptance ofthe product. However, should these two obstacles be overcome it would
further offset the cost ofphytoremediation.

In this project, equally amazing to the breadth of species (transgenic, medicinal, agricultural), is
the breadth of entities involved (academia; federal, state, and local government; private
enterprise; and the community). Inherent in this number of involved parties are divergent
interests and sometimes, competing interests. At the same time, there are incredible resources
and vast amounts of experience to draw from to ensure the success ofthe project.

CONCLUSIONS

Phytoremediation of the Leadville Mine Drainage Tunnel represents a potential new use for
underground structures. Use ofthese structures allows for a more secure use oftransgenic plants.
Expansion of the use of plants beyond phytoremediation to post-treatment medicinal and
agricultural markets will be explored. As many as 11 different entities are involved in the
research and successful completion ofthis project.
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RESTORATION MONITORING-
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ABSTRACT

One of the most important aspects of any revegetation or restoration project is monitoring. In cases
where regulatory compliance or the need for detailed monitoring does not exist, the use of
photographic monitoring is often an acceptable alternative. In 1999, a photographic monitoring
project was begun at the Rocky Flats Environmental Technology Site, to visually document the
restoration ofa disturbance created after a pipeline was buried across part ofthe site. An additional
project goal was to make the information available to users in an interactive electronic form using
web browser technology. After the disturbance was seeded with native species and hydromulched,
the perimeter of the disturbance and seven permanent photo locations were mapped with a
geographic positioning system. This infonnation was used in a geographic information system to
produce an electronic map of the project area. Using both photo points and photo quadrats, both
landscape and ground view photographs were taken twice during 1999 to document changes as
restoration efforts began. A simplified photo quadrat methodology was used that did not involve
complicated efforts to precisely position the camera over the quadrat for repeat photographs. Final
photographs were scanned electronically and used with the electronic map to produce an interactive
display of the results using web-browser technology. This simple, yet visually effective technique
allows clients to open the map in a web browser and view the photographs taken at each location by
simply clicking on a photo location. As new photographs are taken in the future, they can easily be
added to the collection and continue to update the monitoring results. The project has demonstrated
that through the use of a simple photo monitoring design it is possible to visually document, with
both landscape and ground views, the progression of a restoration/revegetation project in a
repeatable, cost-effective manner. The use of web browser technology can display the results in a
simple, informative, professional manner, suitable for presentations and displays.

INTRODUCTION

One of the most important aspects of any revegetation or restoration project is monitoring. When
detailed monitoring is necessary, especially for regulatory compliance, the expense of sending a field
crew out to collect the data, and the associated costs of analyzing and reporting the results, can add
up quickly. In the absence of legal requirements, such a level ofdetail may not be necessary, and in
these cases, simple photographic monitoring might be a practical, cost-effective alternative.

The idea ofphotographic monitoring is not new, nor is there any lack ofmethods. Photo points and
photo quadrats have often been used to document change over time in plant communities (Turner,
1990; Sharp et al., 1990).· Photo points are used to document landscape changes by taking a series
of photographs over time from the same location and looking in the same direction {Brewer and
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Berrier, 1984). Photo quadrats evaluate the vegetation in pennanently marked plots by taking
photographs from directly above the plot. Typically, photo quadrat methods have involved elaborate
schemes to get the camera in exactly the same position above the plot, often so that quantitative
analyses can be made from the photographs (Wandas, 1986; Schwegman, 1986). For many
applications, however, especially for general restoration documentation, these elaborate, time­
consuming methods are not needed because extremely precise photographs that allow for
quantification of the photo data are not required. A simple, cost-effective, repeatable method of
visually recording the progression of a restoration project through time is all that is desired.
Additionally, a map ofthe restoration area that shows the photo point and photo quadrat locations is
also important to assist in relocating points for future monitoring.

During the summer of 1999, approximately 3400 feet of native prairie was disturbed where a water
diversion pipeline was buried across a portion of the Rocky Flats Environmental Technology Site
(Site). The Site is a fonner nuclear weapons component production facility, south of Boulder,
Colorado, owned by the U.S. Departn1ent of Energy. At the completion of the pipeline burial, the
disturbance area (approximately 11 acres) was drill seeded with native species and hydromulched to
prevent wind and water erosion. Photo monitoring was chosen to visually document the progression
ofthe restoration effort for Site managers and ecologists.,

The goals ofthis monitoring were to:

• Provide photographic documentation ofvegetation progression through both landscape and
ground surface views

• Provide an accurate map ofthe restoration area and locations of photo points and photo
quadrats

• Make the information available to users in an interactive electronic form using web browser
technology.

METHODS

A map ofthe restoration area was generated by walking the perimeter with a geographic positioning
system (GPS) unit. GPS data were added to the Site's geographic information system (GIS) to
produce a map in ArcView (Figure 1). Seven photo locations were chosen to use as both photo point
and photo quadrat monitoring locations. These locations were marked pennanently with rebar and
tagged with their respective location codes; then their GPS coordinates were added to the GIS map.
At each photo location, a minimum oftwo landscape photographs were taken, in addition to a single
quadrat photograph. Photographs were taken with a 35-mm SLR camera with a 35-rnm wide-angle
lens, using Kodacolor 100 film. Photograph infonnation, including date, photo location code, photo
aspect, lens length, and film type were recorded on a data sheet for each photograph. Landscape
photographs were taken so that the horizon was visible where possible to assist in future photograph
positioning. Quadrat photographs were taken using a 50xl00-cm quadrat made from PVC pipe.
The quadrat was positioned with its southwest comer touching the rebar (Figure 2). The IOO-em
side of the quadrat was aligned east-west with a compass for repeatability. A small blackboard
showing the date and quadrat number was included in the quadrat photographs. Quadrat
photographs were taken standing over the center ofthe quadrat from the north side of the quadrat to
prevent shadows. No attempts were made to precisely position the camera above the quadrat each
time, because quantitative analysis was not a goal. The purpose was simply to visually document
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the vegetation inside the quadrat. Photographs were taken twice during 1999, once in July and again
in September.

After the photographs were processed, the prints were scanned electronically. To produce the web­
browser interactive display, an electronic version of the map was created in the GIS showing the
restoration area and photo locations. The electronic image of the map was converted to an image
map using web-browser development software such 'as Microsoft FrontPage98. An image map
allows the user to create hot links to other documents or photos by clicking on selected areas of the
image. Each photo location on the map was linked to the time series of photographs taken at that
location, which had been combined into single web pages. Thus, by opening the map in a web
browser, the photographs taken at each location could be viewed by simply clicking on a photo
location. As more photographs are taken during 2000, these will then also be linked to the map to
continue documenting the progress ofthe restoration effort.

RESULTS AND DISCUSSION

The use of the GPS and GIS worked very well for the production of an accurate map of the
restoration area and photo locations (Figure I). This information can be used for future evaluation
of the project area. On the computer, using only a web browser, the photo point and photo quadrat
photographs for each location are accessed by clicking on one of the photo locations on the map.
The examples of selected time series photographs taken in 1999 (Figures 3-6), show how the
photographs can depict changes in the restoration area. After only 2 months, the restoration area
was already beginning to green up. As photo monitoring continues in 2000 and beyond, additional
photographs can easily be added electronically to update the monitoring summary.

From a practical standpoint, many benefits can be obtained from a simple monitoring effort such as
this. A minimum amount oftime and effort are needed. Initial setup of this monitoring design took
3-4 hours, including taking the initial photographs. Retaking the photographs took less than 2
hours, and adding the photographs to the web pages only another couple of hours. The use of a
digital camera would eliminate film and processing costs, as well as scanning time. For documenting
the changes in the restoration area, photographs are very simple and easy for anyone to interpret.
The use of web browser technology presents the results in a simple, easily accessible, informative,
and professional-looking manner. The final product could also be used for presentations.

CONCLUSIONS

Through the use of a simple photo monitoring design it is possible to visually document, with both
landscape and ground views, the progression of a restoration/revegetation project in a repeatable,
cost-effective manner. The use of web browser technology can display the results in a simple,
infonnative, professional manner, suitable for presentations and displays.
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Figure 1. Map of McKay Ditch restoration area and pennanent photo monitoring locations. North is
towards the top of the map.

Stake

Photograph taken from this
side centered over plot

Figure 2. Photo quadrat set againstthe stake and aligned north-south for repeatability.
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9/30/99

Figure 3. Photo quadrat photographs taken at location MK2. Note how the vegetation has already begun
coming up after only 2 months.
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Figure 4. Landscape photographs taken looking west from MK3.
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7/30/99

Figure 5. Photo quadrat photographs taken at MK7.
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7/30/99

9/30/99

Figure 6. Landscape photographs taken from photo location MK4.
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COMBINED EFFORTS BElWEEN CLIMAX MOLYBDENUM MINE
AND COLORADO MOUNTAIN COLLEGE FOR

mOH ALTITUDE RECLAMATION

John Rohnert and Terri Stone

Colorado Mountain College
901 S.Hwy. 24

Leadville, CO 80461

ABSTRAcr

In the fall of 1996, Bryce Romig of Climax Molybdenum Mine, consulted with Pete Moller,
Environmental Technology Professor, at Colorado Mountain College (CMC) in Leadville, CO.
Climax offered CMC's Environmental Technology Program a project that would allow students
to participate in producing an actual reclamation plan. The project site consists of 25.4 disturbed
acres 6 miles northwest ofLeadville. This site is known as the Jones Gravel Pit. The gravel pit
has been in a dormant stage since 1985, and with a reclamation plan in place, Climax can start the
process of reclaiming the site.

In the fall of 1996, several students started the preparations to obtain base-line data for the site.
Since this time, students have incorporated the interrelationships ofvarious environmental classes
taught at CMC, and with added guidance from their professor, they were able to utilize what they
had learned to their advantage.

This reclamation plan, prepared by students, was accepted by Climax, with state approval. The
plan is being implemented for future students to do the actual reclamation. The students, who
worked on the plan, have moved on and now work in related fields and playa major role in the
world ofearth sciences.

INTRODUCTION

The Jones Gravel Pit is located at Leadville Junction, six miles outside of Leadville, Colorado.
The East Fork of the Arkansas River crosses the southeast comer of the property. The property
consists of 80 acres in which 25.4 acres are disturbed from a sand and gravel pit operation. The
history of the pit goes back to the late 1970's and early 1980's. At this time the owner Chuck
Webster, who had made a major excavation for sand and gravel, then relinquished his ownership
to Climax.

Climax bought the property for many uses including road construction. The Colorado State
Highway Department (CDOl), has also removed sand/gravel from the pit at different times, as
has Lake County for different roads and highway uses. For the last several years, Climax has
been current with the permit fees so that they can in tum reclaim their $ 27,000 bond back from
the state. Through out the mid to late 1980's through the mid 1990's, Climax has mainly left the
pit in a dormant state.
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Bryce Romig, Environmental Coordinator at Climax, came to CMC with an attractive offer for
Pete Moller and the Environmental Technology program, to give students in the program, the
opportunity to actually participate in the making of a real reclamation plan. As expected, several
students jumped at the opportunity of gaining real on the job training. In April of 1997, a
conceptual plan was submitted to Climax and was accepted as a start in the right direction.

Inside the pit are a haul road and an old sediment pond for washing down what was excavated.
On the northwest and northeast comers of the pit there are three wetlands, formed from the
percolation of ground water. There are signs of aquatic life and different types of vegetation
growing in the and around the pit. There are several topsoil piles that has been brought in and
stored for the site to be reclaimed sometime in the future. Several gravel piles also exist in the pit
area.

The slopes of the pit range from 2:1 to 3;1 in some areas and at the steeper areas from vertical to
1:1. where serious erosion has occurred. The property has a variety of vegetation. In the
southern section, there are willows along the East Fork of the Arkansas River along with
sagebrush, forbs, and several types of grasses. In the northern section there are also a few
lodgepole pines as well as different forbs and grasses.

There are several signs of wildlife in and around the pit. EJk, deer and coyote tracks are visible
inside the pit. On the south wall of the pit, there is evidence of one or more badgers along with
other burrowing animals. There also is a good chance that different types offowl take advantage
ofthe wetlands. It is certain that a wolf or wolf mix was sighted on the property.

OBJECTIVES

The objectives of this plan was to submit a reclamation plan that Climax could use either as
guidelines for their own plan, or to implement the final plan that the students at Colorado
Mountain College wrote. Two classes of students, between the years of 1996-1999, developed a
reclamation plan for the Jones Gravel Pit. Students first bad to obtain base-line data. This
included various tests to determine the physical and chemical characteristics ofthe soil and water
in the pit area. The vegetation in and around the pit was also analyzed by the point-quarter
technique. All samples and data were taken back to the lab for final analysis.

Other factors played a major role in producing an accurate reclamation plan. Social and cultural
factors were considered in all facets. Research and interviews were conducted with adjacent
landowners as well as with the general public. Due to several different views from the
community, students bad to put aside issues and maintain their focus at the job at hand.
Research was also obtained regarding legal permits and other pertinent legal factors.

MElHODS

Several methods were used to obtain accurate base-line data in order to obtain a firm foundation
to work from. Included in these methods were research, sampling, test analysis, and fieldwork.

Research

There were many concerns from private parties, as well as the community itself, regarding the
future of the Jones Gravel Pit. As far as Climax was concerned, they wanted to sell the property
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and let whoever bought the property carry out whatever future use they saw fit. This in tum,
brought up potential conflicts between property owners adjacent 10 the Jones Pit and the
community, who had interest in the pit for economical and recreational uses. This also brought
about pros and cons related 10 the issues set forth.

• No action plan. Pros: lower bottom-line costs. Cons: public interest and community
desires.

• Extension ofa nature preserve. Pros: low environmental impact, could be developed as
a wildlife observatory. Cons: desires ofcommunity.

• Motorized Bike Trail. Pros: economic revenue for the community. Containing dirt bikes
to a localized area. Cons: high noise levels. High environmental impact on revegetated
land (erosion, wildlife concerns)

• Non-Motorized Bike Trail. Pros: community desires 10 institute the National Bicycle
League (BMX) into the site. Increase recreation for all ages. Economic revenue for the
community ( hotels, restaurants, shops) from external customers. Cons: impact on
revegetated land

• Cross Country Skiing. Pros: limited environmental impact. Cons: limited size, lack of
timber and sheker.

• Playground and Skateboard Park. Pros: give kids a local and legal place to use their
skateboards. Cons: noise level concerns. Supervision of children and high impact on
revegetated land. .

• Snowmoblie Track. Pros: community recreation Cons: High environmental impact on
revegetated land (high noise. levels, erosion, wildlife concerns)

• Native Plant and Seed Nursery.. Pros: entities doing reclamation work in the Rockies
would be able to get their products locally. Cons: zoning problems and high costs.

Legal Factors

There is only one permit (112c Construction Materials Operation) that Climax has to maintain.
Climax does not need a NPDES permit since there is no discharge into any waterways. No 404
permit is needed since there will be no activity in the wetland areas.

Costs

There are several different cost factors 10 be taken into consideration in regards to the reclamation
ofthe Jones Pit. In order to make the reclamation ofthe Jones Pit economical for Climax, we put
together what we felt was the best possible cost effective approach.

• The heavy equipment will be bid by a private contractor
• The topsoil from the upper A horizons on the ledges ofthe pit will be salvaged. There is

also stockpiled topsoil on the property. With the topsoil and the sandlgravel~ we feel
that this will make a good growing medium to cover the pit. Since the pH of the soil in
the pit is of a basic nature, the use of lime and other amendments should not be needed.
This method of obtaining a simple growing medium will allow the soil to hold onto
available water and nutrients as well as providing aeration. Only a basic mulch will be
added due 10 the fact that the area in question is arid.

• Seed companies were contacted for prices on a selected seed mix researched for this type
of climate, topography, and soil medium.

• The Buena Vista Department of Corrections was contacted in regards to making the
interpretive signs for the nature trail.
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• Companies were contacted on the purchase price offour hand broadcaster seed slingers.

Wetland Delineation

An entire wetland delineation report of the three wetlands in the pit was prepared by an outside
consultant, Maureen O'Shea-Stone.

Sampling and Test Analysis

Several soil and water samples were taken from in and around the perimeter ofthe pit.

Soil Sampling

Twenty soil samples from 5 different areas in the pit were taken and placed in sample containers
and taken back to the lab for chemical analysis. The samples were mixed together to get a
homogenous blend. The LaMotte Soil Test Kit was used to determine amounts of available
nutrients needed for plant growth. The Soil Survey of Chaffee-Lake County Area, Colorado, was
used to determine what the soil series is at the Jones Pit.

Water Sampling

Water samples were taken from three wetlands and from the flow of surface water going into the
wetlands. The water analysis tests were performed on site using a HACH Water Test Kit. The
pH, temperature, and several water properties tests were recorded.

FieldWork

A point quarter vegetation sampling technique was done to determine the species, dominance,
frequency, and total composition of cover. Measurements were counted and recorded for a
statistical analysis.

The entire disturbed area (25.4 acres) of the pit was surveyed in the fall of 1997. There was a
total of four reference points. A total of 351 shots were recorded using the Theodolite and EDM
guns. This data was taken back to the drafting tables and the points were calculated and plotted
on surveying paper. A topographic map of the disturbed area was completed after all data was
recorded. A topographic map was also created using the CAD computer program.
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RESULTS
Soil Properties

Available Nutrients
Soil Attribute Amount or Value

Humus Medium

pH 7.8su

Ammoniwn Nitrogen Very Low

Nitrate Nitrogen 20 lbsIacre

Nitrite Nitrogen 1 ppm

Available Phosphorus 150 lbsIacre

Chloride 25 ppm

Available Potassium 300 lbsIacre

Replaceable Calcium 1000 ppm

Magnesium Low

Sulfate 50 ppm

Available Manganese Medium Low
Active AIuminwn Low

FenicIron 15lbs1acre

Organic'Matter 2.53%

Gravel 15%
Soil Texture Sand 77%

Silt and Qay 8%

Water Properties

Wetlands and Stream
Attribute Amount or Value

Dissolved Oxygen 7mgIL

Alkalinity SmgIL

Hardness 11 grainslgal

Average Mean Temperature 7°C

pH 7.5su

Point Quarter Vegetation Analysis

The cover is dominated by big sagebrush (Artemisia tridentata), elk sedge (Carer geyeri), and
nodding brome (Bromus porteri). There are also other species ofgrasses, sedges, rushes, forbs,
shrubs, and an occasional lodge pole (Pinus contorta). There are also noxious species that inhabit
the pit area.

Ve~etation Totals
Unit Area 18,500 sq. ft.

Cover 81.9%,

Species 61

Total Composition 97.9
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Wetland Habitat

Wetlands created by mining provide habitat for waterfowl and many species of aquatic wildlife.
Narrow leaf elder and cattail are prominent in the wetland areas. A low diversity of biota was
found including, protozoa., stone flies, and various other microorganisms. The groundwater that
feeds the wetlands shows no detrimental effects from the mining operations.

RECLAMATION COST ESTIMATES

Company Name
& Address

ITEM: Seed Slinger
Truax Company, Inc.
4821 Xerxes Ave. N
BuildingB
Minneapolis, MN 55422
(612) 537-6639

ITEM: Straw Blower
ITEM: Erosion Blanket

(8' x 67')
Revex Revegetation Exchange, Inc.
P.O. Box 208
Hygiene, CO 80533
(800) 666-4050

Quantity
Needed

4

1 for 2 days
10 rolls

Price
Per Unit

S240

S200/day
S36/roll

S960

$400
S360

ITEM: Straw Bales
ITEM: Solar Power for

Electric Fence
(12 volt, 3 mile range)

ITEM: Wire for Fence
ITEM: 8' Steel Fence Posts
ITEM: Clips for Wire
Mountain Feed and Coal
USHwy.24
Leadville, CO 80461
(719) 486-3566

1,666 S2.50 $4,165
1 S111.12 Sl11.12

3 miles #31.80/mile S95.40
25 S2.75 S68.75
24 SO.50 S12.00

ITEM: Heavy Equipment
(labor & Transport)

KC Excavation
123 Hwy. 91
Leadville, CO 80461
(719) 486-2597

1 S200,000 S200,000

ITEM: Interpretive Signs for Nature Trail
Buena Vista Correctional Facility (Contact, Capt Gary Puckett, (719) 395-2404)

The Buena Vista Correctional Facility can make the signs for the proposed nature trail at
the Jones Pit. Ifthe project at hand is for a non-profit entity, the facility will more than
likely do the signs for little or no money. They may only ask for the cost ofthe materials.
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ITEM: Selected Seed Mix
Western Native Seed Company
P.O. Box 1463
Salida, CO 81201
(719) 539-1071

Selected Seed Mix

1 $2551.00 $2551.00

The following is a selected seed mix that was researched to grow at 9900 feet above sea level in a
Tomichi sandy loam. The price per pound is included:

FORBS
Achillea lanulosa
Cleome serrulata
Delphinium ramosum
Epilobium angustifolium
Ligusticum porteri
Lupinus argenteus
PotentilJa gracilis
Sedumrosea
Thermopsis montana

GRASSES, SEDGES, RUSHES
Agropyron smithii
Agropyron spicatum
Andropogon gerardii
Boute/oua gracilis
Carex aquatilis
Carex rostrata
Deschampsia cespitosa
Festuca brachyphylla
Hilaria jamesii
Phleum alpinum
Sitanion hystrix
Sporobolus airoides
Sporobolus cryptandrus

Western Yarrow
Rocky Mountain Beeplant
Showy Latbpur
Fireweed
Lovage
Silver Lupine
Slender Cinquefoil
Rose Stonecrop
Golden Banner

Western Wheatgrass
Bluebunch Wheatgrass
Big Bluestem
Blue Grama Grass
Aquatic Sedge
Beaked Sedge
Tufted Hairgrass
Alpine Fescue
Galleta Gross
Alpine Timothy
Bottlebrush Squirreltail
Allcali Sacaton
Sand Dropseed

S60llb
S281lb
SlOOllb
S640llb
S480/lb
S80/lb
$3201lb
$5/gr.
$501lb

S121lb
S20llb
S16/lb
S241lb
S300/lb
SIOO/lb
S20/lb
S281lb
S281lb
S181lb
S40/lb
S12/lb
$141lb

TREES, SHRUBS, WOODY PLANTS
Chrysothamnus nauseosus Rubber Rabbitbrush
Fallugia paradoxa Apache Plume
Philadelphus lewisii Mockorange
Pinus contorta Lodgepole Pine
POfentilla fruiticosa Shrubby Cinquefoil

$81lb
S421lb
S3/gr.
S55/lb
$48/oz

TOTAL RECLAMATION COST FOR THE JONES ORAVEL PIT $208,723.27
RECLAMATION COST BREAKDOWN $8,217.45/acre
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STEPS AND PROCEDURES FOR
RECLAMATION OF 1HE JONES ORAVEL PIT

The :first step in the plan is the sur13ce and subsur&ce preparation. Climax or an outside
contractor will bring in heavy equipment. The topsoil will be removed from the top of the slopes
and stockpiled with the existing piles on the outside perimeter of the pit. After all topsoil has
been moved, the heavy equipment will then bring down the steep slopes to a 4:1 or 5:1 contour.
This soil that is removed will be used for the subsurface ofthe pit area.. The steepest slope on the
north face of the pit will be benched. After the slopes are cut down, the heavy equipment will
then grade and contour the entire pit back to a natural state. The soil will then be compacted and
certain areas will be remodified to allow for natural drainage. No other surface or subsurfilce
drainage should be needed for this project. 'The most important factor to consider with the
surface preparation is to avoid disturbing the wetland areas.

After the surface preparation is complete, the topsoil will be mixed with the sand and gravel piles
that remain on site. This should provide for a sufficient soil medium that will sustain plant
growth and allow for good drainage. The topsoil will then be used for a surface cover over the
entire pit area. There should be enough topsoil on site to cover a depth of 4 to 6 inches. No other
fill material should be needed. After the final cover is complete, the seed can then be sown. The
soil tests that were done show that this soil medium has most ofthe available nutrients needed for
plant growth. The seed can be sown with the hand broadcaster. Using this method will help to
eliminate further compaction caused by a hydroseeder. Species selection can also be controlled
better. Certain species can be planted in a specific area. After the seed has been sown, the straw
can be applied with a straw blower. After the straw has been applied, Climax can use their own
implements to crimp the straw into the soil. 11aere should be no need for irrigation. The seed will
be planted in the fall so that it can obtain moisture from the winter and spring snows. The ground
water supply and the soil medium should also help the plants obtain water.

After the final reclamation ofthe pit is completed, an electric fence will be put in place. This will
prevent larger animals from grazing on the new growth. This fence should be kept in place for
three years so that vegetation has a chance to get fully established. After this time, the fence can
be removed ifthe vegetation is holding its own.

One of the major steps in this plan is on going maintenance. Weed control may be needed to
keep out noxious weeds, like Canadian Thistle. Reseeding the pit area may need to be done. The
fence and solar power source should be checked frequently. Trespassing is also another problem
that may need to be monitored more closely. The maintenance and monitoring ofthe reclamation
will be an on going project for years to come.

After all reclamation work is completed and good vegetative growth is established, the nature
trail can then be made. Large rocks that are on site can be utilized, outlining the trail borders.
The interpretive signs can be installed and final touch-ups can be made. The nature trail and
preserve can then be opened to the public.

CONCLUSIONS

After gathering all the baseline data and reviewing all the different angles pertinent to the Jones
Gravel Pit, we put together the final reclamation plan for Climax. One of our main goals in this
project was to make the reclamation as simple as possible and to avoid any unnecessary costs.
Another goal is to return the Jones Pit back: to its natural state.
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Our proposed plan for the Jones Pit is to make it into a nature trail and wildlife preserve. We feel
this is the most logical decision for this area. The beauty that surrounds the pit is an experience
all in itself, not to mention the abundance of wildlife that dwell in and around the pit. Once the
reclamation is completed and vegetative growth is well established, visitors from all over will be
able to enjoy the nature, wildlife, and historical aspects this area has to offer.

The nature trail will be made as natwa1 as can be. Large rocks will border the trail. not only for
looks, but to keep visitors on the trail itself. This trail will wind in and around the pit area. The
wetland areas will also have trail access so that visitors can enjoy the abundance ofwaterfowl that
inhabit the area. Along the trail will be interpretive signs informing visitors of points of interest,
the many types of vegetation growing. historical facts about what the area was in the past, and
information about the reclamation itself. This trail will be a nature lover's paradise. The highest
mountain peaks in the continental United States surround the area. These mountains are the
beginning of the upper Arkansas Valley. in which its waters flow east, to the Gulf of Mexico.
This area also has a wide diversity of plants and animals. There is a parking lot with public
restrooms already on site. Picnic tables can be put around the borders of the parking lot so that
visitors can enjoy a snack before their journey. This nature trail will be for foot traffic only. In
the winter months, many can enjoy snowshoeing and cross-country skiing.

Once again, the main goal is to keep this project simple and economical for Climax. There major
concern is to get the reclamation completed so that they can get their bond back from the state
and sell the property as they wish. One way that Climax can cut reclamation costs considerably is
by using their own equipment. Another cost efficient practice would be to utilize the students at
CMC to do the seeding, put the erosion control materials in place. put up the fencing. and to
actually build the nature trail. Students in the Environmental Technology program in the years to
come can also do the follow-up work that may be needed. This will not only help Climax out, but
students can utilize what they have learned plus understand the interrelationships from the variety
of classes offered in the Environmental Program. Students may also have the opportunity to
pursue an independent study or an internship working on the Jones Pit project. This will allow
students actual. hands-on experience in the field ofreclamation.

• When Climax introduced the idea of CMC's participation in the actual reclamation of
the Jones Gravel Pit, the faculty and several students took this proposal very seriously.
Since 1996, students have put forth an enormous effort to make sure a feasible
reclamation plan can be implemented. Now that we have completely familiarized
ourselves with all aspects of this project, we feel that CMC students should be able to
follow through with the work until reclamation has been accomplished. As students. we
would like to thank United Rentals Inc. for the use of heavy equipment, the faculty for
their guidance and support, and most ofall to Climax for the challenge and opportunity.

-246-



A DIFFERENT APPROACH TO mGH ALTITUDE REVEGETATION: ESTABLISHING
MOSSES ON THE GRASBERG OVERBURDEN, IRIAN JAYA

J. Stanley\ R Buxton2
, P. Alspach\ C. Morgan\ D. Martindale3

, W. Sarosa3

lThe Horticulture and Food Research Institute ofNew Zealand Ltd, Nelson Research Centre,
PO Box 220, Motueka, NEW ZEALAND.

2Landcare Research New Zealand Ltd, PO Box 69, Lincoln, NEW ZEALAND.
3pT Freeport Indonesia, Environmental Dept., Piau 89, 5th Floor,
JL. HR Rasuna Said Kav-7 No.6, Jakarta 12940, INDONESIA.

ABSTRACT

P.T. Freeport Indonesia (pTFI) will have about 900 ha of overburden stripped from the
Grasberg copper mine in Irian Jaya (4°S 137°E, altitude -4000m). PTFI wish to revegetate
this overburden with native species found growing on nearby habitats.

However, low levels of organic matter and plant nutrients, pH extremes, the presence of
heavy metals, and the difficult environment all hinder plant establishment. An initial site
examination indicated that mosses could be useful as initiators of plant succession on the
overburden:
• Mosses were among the first plant colonizers ofnewly-exposed surfaces;
• Vascular plants appeared to establish successfully through moss mats;
• Mosses established first in "safe" sites, particularly in the shelter oflarge rocks;
• Temperatures inside a moss mat averaged 1°C higher than on the adjacent scree surface;
• Some mosses were growing on soils with extremely low pHs (e.g. 2.5).

Mosses are known to be tolerant of heavy metals. Many researchers have noted mosses
naturally establishing on mining overburdens, but no one appears to have developed methods
to enhance this process.

Trials using moss fragments have been established in the field and in a New Zealand
controlled environment room. Protocols for revegetation using mosses are being developed.

INTRODUCTION

P.T. Freeport Indonesia (PlFI) will have about 900 ha of overburden stripped from the
Grasberg copper mine in Irian laya (4°S 137°E, altitude -400Om). PTFI is committed to the
use of native plants found growing on nearby habitats, due to proximity of Lorenz National
Park. However, plant establishment is hindered by a number offdctors. The climate is cool,
with mean maximum temperatures ranging between 7 and 12°C and mean minimum
temperatures ranging between 2 and 6°C. Frosts are possible throughout the year. Rain
occurs on about 80% of the days and the light available for photosynthesis is low. The
overburden material has negligible organic matter, high heavy metal concentrations, low
nutrient content, and some portions have very low pH (fable 1).

Natural revegetation is very slow in these conditionS, and band planting ofnative species (e.g.
Deschampsia /dossii) has been time consuming, expensive and not always very successful.
Germination of native species has so fat been very low (e.g. less than 2% germination for
Deschampsia klossii). It is not practical to incorporate topsoil or mulches into the overburden
surface because of difficult access and lack ofa local supply.
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Table 1: Characteristics of rocktypes used on Grasberg overburden
Limestone Mildly acid-

generating diorite
Acid generation (kgIton)
TotalP (%)
TotalN(%)
Mg(%)
Ca(%)
Na(%)
K(%)
AI(%)
Fe(%)
B (ppm)
Co (ppm)
Cu(ppm)
Mn(ppm)
Zn(ppm)
pH

o
0.012

0.04
0.27

40
0.08
0.05
0.16
0.33

2.7
4.4
12

600
11

8.9

0-35
0.28
0.04

1.7
0.22
0.15
1.96
4.2
4.0
16

25.9
1920

110
85
8.6

Strongly acid­
generating diorite

35-60+
0.19
0.04
0.87
0.24
0.13
2.53

6.4
3.8
7.7

18.5
730

72
460
4.9

WHY USE MOSSES FOR GRASBERG REVEGETATION?

Engelman & Weaks (1985) suggested the idea that mosses could be used in an initial
revegetation plan, but there appears to be no record of this being attempted. Mosses are
common colonizers ofmetal-contaminated habitats (e.g. mine tailings) and survive in some of
the most toxic ofmicrosites (Shaw, 1990). Shaw (1990) reports that gametophytes of several
mosses accumulate about 5 to 10 times the concentration of iron as grasses and 2 to 3 times
the concentrations of copper, zinc and manganese, when grown under the same conditions.
During & Van Tooren (1990) and Sohlberg & Bliss (1984) observed that mosses assisted the
establishment ofvascular plants in many cases. Others have suggested that establishment of a
moss mat could contribute to soil formation (Arnold & Gobat, 1998). Miller (1991)
commented that early establishment of ground cover plants such as the mosses and lichens
would do much to provide a seed bed suitable for naturally recruited plants at the PTFI mine
site.

An initial site examination indicated that mosses could be useful as initiators of plant
succession on the Grasberg overburden:
• Mosses were amongst the first plant colonizers ofnewly-exposed surfaces, e.g. Two years

after a slip occurred, mosses were virtually the only plants established;
• Vascular plants appeared to establish successfully through moss mats e.g. plants growing

through moss at one site included Anaphalis, Epilobium, Cyathea, Coprosma,
Deschampsia, Rhododendrons and Acaena;

• Mosses established first in "safe" sites, particularly on the downhill side of rocks and in
the shelter of large rocks. On scree slopes, the establishment of mosses stabilised the
ground and trapped silt, soil and vascular plant seeds;

• Mosses grew successfully on rocktypes with high levels ofheavy metals (Table 1);
• Some mosses could tolerate low pH levels e.g. Splachnobryum cf novae-guineae was

growing successfully on rock with pH 2.5;
• Temperatures inside a moss mat averaged 1°C higher than on the adjacent scree surface,

ameliorating the environment for germinating vascular plants (Fig. 1).

-248-



Figure 1: Temperatures inside a moss mat and on the adjacent scree surface.
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REVEGETATION lRIALS USING MOSSES

1. Controlled environment trials

Trials on utilising moss for revegetation on Grasberg overburden are being conducted in the
National Climate Laboratory in Palmerston North, New Zealand. The conditions in the
controlled environment rooms were based on 5 years of meteorological data at the Grasberg
mine. The daily maximum! minimum temperatures were 10/4°C (±O.5°C), with the day/night
and night/day temperature changeovers taking 6 and 2 hours respectively. The daily
maximum! minimum relative humidity levels (RH) were 100/85%, with the day/night and
night/day changeovers taking 6 and 2 hours respectively. The night/day RH changeover
began when the temperature reached lOoe. The lights were on for 4 hours at 680 J.ll1lo1 m-2 s­
1, then dropped to 220 J.ll1lo1 m-2

S-1 and remained at that level for 7 hours. Fine misting was
applied to the pots for 10 hours, on a cycle of 6 seconds on and 60 seconds off. This was
calculated to provide approximately 10 rom rainfall per day.

Screening trials

Aim: To identify a restricted number of promising protocols for subsequent testing at the
mine site. The trials enabled a large number ofcombinations to be tested including:
• Moss species (tested individually and two species combined together);

• Rocktypes;
• Propagation methods;
• Nutrient application;
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• 'Seeding' densities;
• The use of covers (straw or mesh);
• Mixing the moss with hydroseeding stickers.

Results
• On some treatments, there was good moss growth evident within 11 weeks;
• After 23 weeks, significant differences amongst treatments enabled some combinations to

be identified for fuither evaluation;
• Moss species performed differently on different rocktypes;
• RDcomitrium subsecundum, Splachnobryum cf novae-guineae and Bryum spp. showed

the best establishment on the Grasberg overburden rocktypes;
• RDcomitrium subsecundum growth after 11 weeks was poor but it was one of the best

performing mosses after 23 weeks;
• Chopping the moss into small fragments using a food processor, together with drying the

moss either before or after chopping, appeared to be beneficial;
• Whilst the application of nutrients had little effect in general, the high level of leaching

may have removed any influence of the nutrients at an early stage in the experiment.
Long-term slow release fertilisers may be more likely to show effects;

• There was a positive effect from addition ofpellets of a sewage sludge by-product, which
could be due to an enhancement ofbiological activity;

• There was no advantage in using straw or mesh in the controlled environment trials, but
jute matting would be worth testing in the natural environment;

• Doubling the density of moss fragments generally resulted in more than double the area
of moss established.

Development trials
Aim: To determine the potential of biological elicitors to enhance moss growth and to
determine whether these moss species are generally tolerant to heavy metals or have metal­
tolerant ecotypes. Established in December 1999. Trials are currently in progress.

2. Field trials

The main approach to speeding up moss establishment is to distribute moss fragments onto
the overburden surface. Field trials were established in November 1999 on 3 overburden
types, based on results from the screening trial results. Trials are currently in progress.
Factors being considered:
• Slow release fertilisers;
• Biological elicitors;
• Moss species;
• Surfuce roughness or use ofjute matting;
• 'Seeding' density (volume ofmoss fragments applied to 1 m2

);

• Addition ofvascular seeds.

DISCUSSION

The environment at Grasberg appears very suitable for moss establishment and observations
indicate that this would enhance plant succession. The controlled environment trials suggest
that using moss fragments would speed the establishment of moss considerably as long as
suitable protocols were used. In particular, selecting moss species suitable for propagation by
fragments and suitable for a particular rocktype is vital. Field trials need to be evaluated
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before the development of further revegetation phases. A possible revegetation programme
would proceed as follows:

• Prepare the overburden sur13ce to provide a diverse landscape including hummocks,
hollows and a range ofrock sizes;

• Apply the moss fragments and biological enhancers and/or slow release fertilisers (and
possibly vascular seeds);

• Once mosses have established (e.g. after 12 months), spread vascular seeds (and fertiliser)
by helicopter if not previously applied, and/or plant small "islands" of vascular plants
(e.g. 1-2% ofarea) to provide seed sources for further plant establishment;

• In areas where there has been no moss establishment, it may be necessary to test the soil
pH and apply moss fragments and/or plant with mosses specifically adapted to that pH
(e.g. Sp/achnobryum c.f novae-guineae for very low pH). Alternatively, if considered
worthwhile, overburden of a different pH (or even topsoil) could be applied to specific
small areas along with moss fragments and/or vascular plant seeds.

In other countries, where it is easier to modify the topsoil for vascular plant establishment, the
need for utilising mosses may not be as great. However, mosses usually play an important
role in alpine ecosystems, particularly where there are high levels of heavy metals. As part of
a revegetation programme, speeding the establishment of mosses by using moss fragments of
suitable species, at least in small pockets, may be a positive step towards restoring a balanced
alpine ecosystem. Mosses may also be useful in revegetation of steep rocky roadside
cuttings, where establishment ofother plants is difficult.
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ABSTRACT

Brosh Creek has a loog history of water quality problems caused directly and indirectly by
anthropological impacts. Additi<maIly, natural badqvound. levels of bedload and suspended sediment
would be oonsidered high due to 1he large area of Mancos shale that underlies 1he watershed. Water
quality was severely impacted by storm water drainage runoff:from the Brush Creek Road and
from the parking lot paralleling the streambanks. In addition, the most severe impacts to water
quality was from the sediments scoured from the unstable stream banks towering over the incised
stream channel. Water quality sampling and monitoring of the stream channel concluded that the
stream banks were the most significant contributor of suspended sediments to the stream during the
spring runoff period. The primary cbal1enge of the project was to effectively integrate ecological
restoration with community recreational opportunities wi1biri. the watershed. The incised channel
was raised ten feet in some areas and eroded upland landfonns sloped back, reconnecting the
stream with its abandoned flood plain. In addition, sediments levels have been reduced,
streambanks have been stabilized resulting in a notably improved aquatic environment, as shown
by a significant increase in macroinvertebrate abundance and diversity.

INTRODUCTION

Brush Creek is a small, high mountain tributary of the Roaring Fork River within the Upper
Colorado River Basin. The headwaters of Brush Creek originate on Mount Baldy in the Elk
Mountain Range and flows seven miles northwest to its confluence with the Roaring Fork River
near Woody Creek, Colorado. The stream transitions from a Ala and Ala on Mount Baldy to a B3
channel in the lower reaches of the valley. Normal stream-flow ranges from 10 cis to 43 cis and
the 100-year average is 400 cfs.

Mount Baldy is also the home of the Snowmass Ski Area with the community of Snowmass
Village located at the base and along the Brush Creek Valley. Snowmass Village is located
approximately 180 miles west of Denver and eight miles west of Aspen, Colorado. The ski. area
based economy expanded from Aspen to the Brush Creek Valley in 1967. Agriculture dominated
the landscape prior to the ski industry's prominence in the valley. Brush Creek's hydrological
modifications began when the agricultural community moved into the valley in the late 1800's to
produce food for the growing mining community ofAspen.
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With the expansion of the ski industry from Aspen into Brosh Creek, the agrarian character of the
valley began to change. Construction of new roads, hotels, lodges, large parking lots, removal of
hillside vegetation for ski trails and culverting ofstream crossings contributed to changing patterns
in natural drainage courses and increased the overall volume of drainage during spring runoff and
during significant weather events. Adjustment of drainage patterns and volume caused
considerable impact to the natural channel characteristics of Brosh Creek. The stream incised as
much as 12 vertical feet through the underlying and highly erosive Mancos shale formation.
Eroding below the protection ofdeep-rooted riparian vegetation, the stream began moving laterally
under the abandoned flood plain.

During the early stages of ski resort expansion, the Snowmass Village population was largely
seasonal, increasing with the opening of the ski area and dropping off to levels that could be
characterized as a modem ghost town at the end of each ski season. Not many were present to
witness the gradual degradation ofthe Brush Creek stream corridor.

The population base increased and extended beyond a single season as more visitors came to the
valley and discovered the serenity of the other three seasons. Higher demand for year-round
housing started tnmsitioning Snowmass Village from a winter resort to year-round connnunity.
With the increased year-round population came awareness and sensitivity to the impacts on the
valley's natural resources. The community members began promoting values that encouraged
preservation and corrective stewardship of the local natural heritage (Ben Thompson &
Associates).

The Town Council hired a professional design fum to help the community re-evaluate the way the
town was developed and identify ways to functionally and aesthetically correct the impacts created
over the past thirty years. The design finn developed a community enhancement plan called A
Road. A Creek. and a Connnunit8 in Maturation (Ben Thompson & Associates) which provided
Council with the necessary conceptual guidance. The plan encouraged the community to recognize
and appreciate the presence of Brosh Creek as a community asset and begin respecting, restoring,
and managing the stream corridor. The plan served as the justifying basis for appropriating funds
in 1993 to begin studying the stream corridor. The stream study identified and analyzed the
stressors on the stream corridor that led to developing reconnnendations for proper corrective
measures for future enhancement projects.

PROJECT DESCRIPTION

True restoration ofBrush Creek is not achievable because ofencroachment into the stream's flood
plain by roads, parking lots and building structures. Restoration in the true sense of the term
would require relocating these features making the project unaffordable and politically unpopular.
Therefore, the term "restoration" is used in the sense of restoring hydrological stability and
ecological viability to the stream corridor.

Studies were conducted over a three-year period to develop a thorough understanding of how the
stream functioned naturally and the development impacts that caused the stream to adjust to the
condition as it is presently found. Studies ,included the physical analysis of the existing stream
channel, monitoring of the annual hydro-grapb, land use impacts, water quality sampling, and
assessment ofthe aquatic biology.
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After the three-year study period. the Town bad the information needed to begin designing and
implementing stream improvement projects. Being located in a quasi-urban resort based
community, the stream projects included improvements that extended beyond traditional natural
resource restoration. In addition to correcti:Dg the impacts to the stream, the Town was interested
in creating small, passive pocket areas along key locations within the community that include
recreational access trails, picnic tables, park: benches, and environmental interpretive displays.

The first project was designed and implemented in 1995, which involved stabilization of400 feet of
eroding stream bank along a stream reach that flowed by the Snowmass Chapel and Community
Center. The project being centrally located near a community focal area provided the Town
Council with a model project demonstrating the value of stream restoration projects to the
community. This project also included the parle-like amenities that interested the Town Council,
including an environmental interpretive display explaining the importance of such projects. The
enhanced area was named Yarrow Parle and was funded in part by a Great Outdoor Colorado
Grant. The project was awarded a Grand Award by the Associated Landscape Contractors of
Colorado in 1997.

The first project stabilized and enhanced only four percent of the stream corridor located within the
Snowmass Village Town boundaries, but was critical to garnering public support for future
projects. Constructing the first project in a highly visible location and receiving an award
recognizing the efforts of the community cultivated the political will to move onward to the next
challenge.

The second project is located 600 feet upstream from the Yarrow Parle project and encompassed
980 feet of stream corridor. This reach ofstream was considered one ofthe more heavily impacted.
The stream corridor is constrained on one side by the primary arterial in Snowmass Village,
appropriately named Brush Creek Road, and on the other by a multi-family residential development
parking lot. The stream. had eroded downward twelve feet and as much as eleven feet Iaterally.
Water quality was severely impacted by storm water drainage off of Brush Creek Road and from
the parking lot paralleling the other bank. While the stonn water drainage heavily impacted the
water quality, the most severe impact to water quality was the sediment scoured from the unstable
stream bank towering over the incised channel during high water. Water quality sampling and
monitoring of the stream channel led to the conclusion that the stream bank was the most
significant contributor of suspended sediments to the stream during the spring runoff period (May
through June).

The findings of the study served as the basis for seeking financial assistance from the Colorado
Non-Point Source Task Force. The Town applied for a Non-Point Source 319 grant sponsored by
the U. S. Environmental Protection Agency and administered by the Task Force. The Town was
successful in their application and received a grant for $142,500 in 1996. The grant was critical
for the continuance of the second stream project. The Town appropriated the necessary matching
funds in 1998 and construction began in late September of 1998.

WATERQUALITY AND HYDROLOGY DATA

Brosh Creek has a loog bistmy of water quality problems. Natural JeveIs of bedload and suspended
sediment would be considered high due to tbe laIBe area ofMancos sbale that underlies tbe watershed
(Earth Resource Investigations, 1998). This coupled with other wban, recreational and agricultural
activities in the watershed have placed Brush Creek at tbe top oftbe list as a sediment producer in the
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Roaring Fork Watershed. The Water Quality Cmt:rol Conmrissim has classified Brush Creek as
"Aquatic Life Class 2" and "Use Protected". This is a stq> down from other tributaries in the watershed.

The objective of the 1998 Earth Resource Investigatioos study was to identify problem areas and main
sources ofsediments within the watershed. This study addresses the following areas:

1. Suspended sedimem, bedload and discllarge in Brosh Creek.
2. Suspended sediment from various land use activities.
3. Bank erosimwithin the main stem ofBrush Creek.

HYDROLOGY DATA

Data collection began in the spring of 1993 with the co11ectim of bedload, suspended sediment and
streamflows at a site adjacent to the Snowmass Chapel refuued to as the Yarrow Parle StaffGauge (NP­
7)(Earth Resources, 1998). The Yarrow Park Gauge on the main stem of Brush Creek drains
approximately 2,196 acres. Elevations range from 8,160 to 10,620 feet. Data collections focused on
spring runoff: snowmelt, and rain13Il events.

Similar flows regimes were observed at the Yarrow Park Site (NP-7) during 1994, 1996, and 1997.
Stream1Iows increased to approximately 40 cfS during runoff (May through June) and decreased to less
than 10 cfS during the swmner. Higher streamftows were observed during the 1995 runoff: streamfiows
ranged fum 50 cfS to 88 cfS in June. Lower streamftows ofless than 10 cfS were recorded fum August
to October (Earth Resources, 1998).

Suspended Sediment and Bedload

Suspended sediment data collected showed that bedload and suspended sediment levels in Brush Creek
are directly related to streamflows and are considered high for a stream ofthis size, when compared with
data for other streams in the Rocky Mountains. For example, in June 1995, Brush Creek carried 126.15
tons of suspended sedimmt and 29.2 tons of bedload, with a streamflow of 70 cfs. Under lower
streamflows (51.5 cfs, May 1996), suspended sediment was 73.35 tons and bedload was 13.2 tons per
day. The Roaring Fork River, at streamflows of 484 cfS, may ooly carry 25 tons of suspended
sediments, likewise, West Tenmile Creek, at 61 cfs, will carry 11 tons and East Middle Fork Parachute
Creek, at 41 cfs, will carry 11 tons ofsuspended sediments (USGS Database).

A total of 24 land uses were sampled from March 1994 through May 1997. The sediment production
:figures from land uses were coosistmt with those for other studies ofmountain resort areas. The main
sediment producers (Producers Figure) are as follows:

1. Constructim Sites.
2. Unpaved parlcing.
3. Unpaved roadside ditches.
4. Skinms.
5. Unpaved roads.

These sediment producers are activities that relate to recently disturbed soil with little or no erosion
control protection. The erosion and sediment productioo typically occurs during thundershowers,
snowmelt, or spring runoff
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StteamBankErosion

During the summer of 1993 cross sections were established at 17 pennanent locations on the Main Stem
ofBrush Creclc. The objective was to evaluate the type oferosion taking place. It was unclear ifBrush
Creek was degrading (erosioo of streambed or banks), aggrading (deposition of sediments), or
meandering laterally. The established cross sectioos were re-surveyed each year and compared with
previous year's data. A stream is descnbed as stable if its cross-sectional geometry remains relatively
coostant over time. The results of the survey showed that serious bank erosion was occurring from
lateral meandering (Earth Resources, 1998). For example, at numerous transects there was a distinct
change in the stream cross-sectiooal profiles, particularly at the stream banks. These data show that
Brush Creek is moving laterally and eroding streambanks. It appeared that dcgradatioo bad slowed
down as the channel bottml became annored , which forced the creek to adjust by meandering laterally
(Earth Resources, 1998). This added an area of concern to the list of sediment producing activities
outlined previously.

Effects ofsuspended sediments

Published reviews (Cordooe and Kelly 1961) 00 the effects of suspended sediments on salmooids (trout
and sahnon species) indicate that suspended sOOimmts may have multiple impacts on the aqautic
environment. Suspended sediments may (1) act directly 00 fu».living fish by killing them or reducing
growth rate; (2) inteIfer withtbe develqnneot ofeggs and young fish; (3) modifynatural movements and
migrations; (4) reduce the abundance of food organisms available to the fish; and (5) decrease the
efficiency ofmethods used for catching fish. These data show numerous responses from sahnonids to
increased levels of suspended sediments; these responses range .from lethal, sublethal, and behavioral
responses to suspended sediments.

In addition to trout popuIatioo, macroinvertebrates can also be affected by increased levels ofsuspended
sediments. Many macroinvertebrates are grazers and feed 00 peripbytonl attached to the substrate.
Changes in suspended sediment conccmratioos may adversely affect algal growth, biomass, and
compositioo, which intum will affect macroinvertebrates depe:ndmt OIl peripbyton for food. Because
some macroinvertebrates are filter feeders, increased sediments may impede feeding strnctures, reduce
feeding ability and therefore reduce, stIess, or kill these otgani.sms (Hynes, 1970). The scientific data
suggest that aquatic macroinvertebrates are at least as sensitive to high levels of suspended sediment as
trout.

Suspended sediment data from Brush Creek indicate that the conceutrations ofsediments ranging from 0
to 668 mgIl depending an duration ofexposure, these levels are capable of impacting both the trout
population and macroinvertebrate communities to some degree. It is poss1ble that the existing
populations have adjusted to these increased sOOiment concmtratiOO5 and~ after restoration and
reductions in sediments, a significant and beneficial change in aquatic pqNlations will be observed.
During post-restoration monitoring, <me indicator of success will be a more diverse community of
macroinvertebrates, including numerous~ species.

PROJECT DESIGN AND IMPLEMENTATION

The primaIy cbal1enge of the project was to effectively integrate ecological restoration with
community recreational opportunities in a manner which do not compromise the sustainability of

1 Collective termfor the auaehed organism", usually includes microscopic algae and small plants species.
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the restoration effort. Design objectives include:
I) stabilize the stream banks and minimize the volume ofstream bank sediment to the system,
2) aesthetically enhance the visual presence ofthe stream,
3) re-establish the stream's aquatic biology, and
4) provide recreational opportunities and access to the project.

Measurements and analysis of the existing channel classified the stream as a G-3 channel type.
As stated earlier, the pre-developrnent condition of the stream is theorized to have been a B-3
channel type. The encroachment into the stream's flood plain and confinement of the site made
designing and constructing the pre-development stream channel type impossible. A new channel
type needed introducing that would withstand the scour associated with peak spring runoff, which
the natural surface materials were obviously not able to withstand.

An A-2 stream channel type was selected with stream gradients that range from 2 to 8 percent.
Heavy riprap was required to adequately reinforce the stream channel and stream banks against
erosion. Five thousand yards of large riprap material was needed to construct the design. Since
large rock was not a common material in the existing stream channel or within the project
boundaries, all ofthe riprap material was imported to the project to fill in the cavities and reinforce
the new channel.

Construction access was difficuh when considering the depth to which the stream had eroded and
the development density around the site. The only available access was to excavate a construction
road to the bottom of the streambed and turn the stream into the construction access. The site
needed de-watering in order to use this approach. Majority of the flow was diverted into an
upstream irrigation diversion structure. Since 80% of the project was a fill operation, the
remaining flow was routed through an eighteen-inch corrugated plastic pipe under the project fill.
This opportunity allowed the project to be constructed without any sediment discharge into the
stream system. It also maximized the construction efficiency of the project by allowing the haul
trucks to drive into and up the stream corridor to deliver materials to the backhoe.

Our greatest challenge was the :fact that terrain and the chosen construction technique allowed only
one opportunity to construct the channel correctly. There was no going back to adjust any segment
of the channel. Everything had to be completed as the equipment moved through the site. The
construction equipment backed down the construction road removing it and shaping the stream
channel, re-grading the upland slope, and planting the stream bank: vegetation all as one operation.
Upland slopes were planted and seeded and erosion control fabric installed on the slope after
wards. Large tree plantings were also installed at a later date using a crane for access.

Some rock was present in the streambed, but was void in the remainder of the site. Therefore, the
oversized riprap (3-6 foot boulders) used to construct the new stream channel and to reinforce
over-steepened slopes had the appearance of an introduced material. Boulders were incorporated
into the upland landform grading, in order to visually naturalize the introduction of the boulders
into the project area. Using boulders in the upland grading also enabled the slopes to be varied in
angle, creating character and allowing larger trees to be planted on the slopes.

The streambanks were planted with willows that were cut from the site the spring before and rooted
in one-gallon pots by a local nursery. The rooted one-gallon willows were returned to the project
and planted as the stream channel was regraded. The willows were incorporated into the stream
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bank in two manners I) planted directly in the topsoil voids in the rip rap, and 2) planted in soil­
filled Coir blanket reinforced lifts over the riprap.

The Coir blanket confined wetland soil lifts were constructed over the top of the underlying riprap
channel at bank-full stage to soften the rocked channel and re-establish the vegetated stream edge.
In addition to the willows, sedge plugs and a wetland seed mix was planted into the soil before
layering back the Coir blanket.

Wetland soils excavated from the site during construction were stockpiled and used as topsoil to fill
voids between the rip rap banks to allow planting of willows, cottonwoods, alders and other
riparian/wetland species to revegetate and naturalize the introduced boulder materials. The incised
channel was raised ten feet in some areas and eroded upland landforms sloped back, reconnecting
the stream with its abandoned flood plain. The flood plain soils were excavated and replaced with
a riprap plating to minimize the potential ofa reoccurrence up to a hundred-year event. The native
soils were placed back over the riprap and planted and seeded with appropriate species. As much
as possible ofthe existing riparian vegetation, primarily willows and alders, was preserved. Those
not preserved were transplanted.

The upland slopes were graded back to a 2:1 slope where possible. Some conditions made the 2: I
objective unreachable, in which case a 1.5:1 mechanically stabilized earthen wall was constructed.
The wall was constructed using large boulders on the slope surface and reinforced with a

geotextile fabric grid, which extended thirteen feet back into the filled slope. Graded structural
backfill was compacted in eighteen-inch lifts between the geotextile fabric layers. Voids were left
between the boulders allowing for topsoil to be pocketed and planted with native shrubs and. trees,
which would eventually grow over the boulders and. provide added slope stability with their deep
roots.

The upland slopes were planted with larger trees to age the appearance ofthe project. Blue spruce
(picea pungens), narrowleaf cottonwood (populus angustijolia) and aspen (populus tremuloides)
were planted in strategic locations for this aesthetic purpose. Over five hundred upland shrubs
were planted on the regraded slopes. Shrub species selection included chokecherry (prunus
virginiana), saskatoon serviceberry (Amelanchier alnifolia), Bearberry honeysuckle (Lonicera
involucrata), mountain. snowberry (Symphoricarpos oreophilus) and. red:twig dogwood (Comus
sericea). The slopes were seeded with an upland mix ofnative grasses and local wildflowers at a
rate of 23 pounds of pure live seed per acre. The seed slopes were mulched with straw. The
planted and seeded slopes below the road were further reinforced with erosion control blanket.

Where appropriate, concave depressions were incorporated into the new landfonn to hold plowed
snow or to intercept stonn water drainage encouraging infiltration of the runoff. This technique
assisted with re-establishing the sedge wetland along the fringe of the restored wetlands, while
minimizing the direct discharge ofstomt water drainage into the new channel.

When completed, the project received a very positive community reaction and local newspapers
published favorable reports. Community members began entering the site walking along the
stream, mothers were observed taking their young toddlers to the stream edge and anglers were
witnessed fly fishing the new channel. All these activities had been foreign to this particular stream
reach for over thirty years. In the community's eyes, this project is viewed as a success, leading to
additional appropriations to fund more projects related to storm water drainage, watershed
management, and another stream restoration project.
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While human appreciation remains strong, the real question is: How well did the aquatic biology
acclimate to the reconstructed channel? The primary objective was to stabilize the channel in a
method that complemented the habitat needs for the fishery and benthic macro-invertebrate8. Their
response to the new environment will be the true measure ofsuccess.

BIOLOGICAL ASSESSMENT

A biological assessment was perfonned on this section ofBrush Creek to evaluate existing aquatic
communities (Figure 1), prior to enhancement projects. This assessment was required to determine
and quantify the potential ecological impacts from habitat degradation on the aquatic population,
and to evaluate potential enhancement and/or restoration projects for Brush Creek.

The overall objectives of this assessment were to evaluate the existing biological state and to
establish a baseline condition for all future monitoring programs. The aquatic biology ofthe creek
was evaluated in the context of the stressors placed on the system, including sediments, erosion,
water quality, and habitat degradation. To accomplish these objectives, we conducted two types of
distinct biomonitoring studies (Figure 1.): benthic invertebrate inventories and a fish population
study.
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Figure 1. Outline ofour study plan to collect biological data on a section ofBmsh Creek.
Some ofthe potential uses ofthese data are also given.
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BIO-MONITORING APPROACH

One of the most fundamental ways to assess the condition of Brush Creek is through the
monitoring of benthic macroinvertebrates. The use of benthic macroinvertebrates as indicators of
stream "health" goes back at least to the early 19008 (La Point and Fairchild 1992). More
recently, stream biotic indices have been developed that allow for quantitative estimates of stream
health based on benthic macroinvertebrates (Hi1senhoff 1988; U.S.EPA 1989). Benthic
macroinvertebrate biomass, abundance, number of species, and relative abundance of pollution­
sensitive and pollution-tolerant species or groups all have been documented as effective
biomonitoring indices for assessing stream conditions (Sprague et al. 1965; Clements et aI. 1988;
Leland et al. 1989).

In addition to exhibiting a wide range of sensitivity to stream conditions, benthic
macroinvertebrates are excellent biomonitoring tools because: (1) they are in intimate contact with
sediments or substrate; (2) they occupy limited home ranges and thus are indicative of local stream
conditions; (3) they are integral components ofthe aquatic food chain, serving as the primary food
source for fish species; (4) they are relatively easy to monitor.

Fish population monitoring in conjunction with a macroinvertebrate study is valuable because: (1)
the fish population is indicative of longer-term and wider-scale stream quality than
macroinvertebrates; (2) fish tend to integrate effects at lower trophic levels; and (3) fish are
recreational, aesthetically, and economically important; (4) they provide useful data for restoration
and enhancement projects.

Besides macroinvertebrate and fish surveys, other stream measurements will be central in a
biomonitoring study ofBrush Creek. Stream physical habitat, such as stream size, flow, gradient,
substrate, and water quality, are particularly important, since habitat defines the aquatic
community.

Collecting information on both macroinvertebrates and fish populations provided a robust
assessment of the existing biotic conditions in Brush Creek. These data were valuable in
identifying sources and causes of habitat degradation and will also be useful in establishing a
foundation for enhancement or restoration plans. Finally, biological baseline data will be a
significant component for evaluating the effectiveness of any restoration or enhancement projects in
Brush Creek.

TECHNICAL APPROACH

Our biological assessment involved four sampling during periods: (1) Low streamflow, to evaluate
biological attributes prior to winter; (2) Pre-ronoa: to assess over-wintering survival; (3) Post­
ronoa: to evaluate effects ofhigh flows and summer rearing conditions, and (4) Post restoration, to
evaluate the effectiveness of restoration projects. During all four sampling periods biological data
were collected on both macroinvertebrates and fish populations. Under this study,
macroinvertebrates were used as indicators of water quality and in assessing the Likewise, trout
population data were used to evaluate restoration or enhancement projects.
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The overall objectives ofthis biological assessment were to:
• collect data on the benthic invertebrate communities;
• evaluate species diversity and relative abundance;
• collect data on the fish population within the study reach;
• analyze both data sets to provide information on baSeline or pre-restoration conditions;
• establish a robust baseline data set to assess the effectiveness ofthe enhancement

projects.

Macroinvertebrate data were collected from five Brosh Creek sites; two sites (Site 1 and Site 2)
were sampled within the project area. One site was located 25 m downstream. of the project (Site
3); one site was sampled upstream of Yarrow Park (Site 4); the fifth site was located 30 m
upstream from the Snowmass Water and Sanitation District's water treatment ponds (Site 5).
Data on the fish population was only collected from within the project assessment area; the entire
area was sampled for fish.

Sites 1 and 2 were within the restoration area. Site 1 was de-watered and physical habitat
completely restored during the project. Site 2 was partially impacted during restoration by de­
watering; however, physical habitat was not altered. No restoration occurred at other stream sites.
We used and compared the data from Sites 1 and 2 as indicative ofthe effects of restoration, site 1
as complete restored habitat, site 2 as a control for de-watering and subsequent re-coloninltion and
site 5 as an overall control and unimpacted area.

POST RESTORATION

Macroinvertebrates were coUected fum two sites within the restoratioo area (sites 1 & 2); initial
sampling during April 1999, (six mootbs after restoration was completed) indicated that aquatic insects
were returning to 1his creek sectim (Table 1).

Table 1. Macroinvertebrate abundance and diversity six months after restoration. (Sites 4 & 5 were
not restored under this project).

Pre-Restoration April 98.
Mea Abundanc:e TotaITua Total Number Mean Number

Site 1 14.3 5 43 46

Site 2 17.7 8 53 55.6

Site 4 19.6 10 59 53.6

Site 5 148 11 445 212

Additiooal macroinvertebrate samples were collected in July 1999, (nine mooths after restoratioo.); these
data (Table 2) indicated a signi6canl: improvement in macroinvertebrate mean ab,mdanre at Site 1. Data
collected from Site 2 indicated 1bat mean abundance was similar to pre-restoration samples (Table 2).
Site 2, was dewatered during the project, but the physical habitat, in terms of substrate or streambanks,
was not altered or enhanced during the project.
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A compooeutofthis increased~may have resuJt.ed fum natural variability as indicated by the
increased abundance at Site 5, P = 0.09 (fable 2). However, 1ian the observed lack of a significant
increase at Site 2, we conclude that clean substrates 1ian restoratioo and nm-01( has significantly
improved macroinvertebrate abundance at the restoration area. In addition. we found very little
difference in abundance between Sites 1 and 2 prior to restoration (fable 3); however, after restoration.
mean abundance at Site 1 was significantly higher relative to Site 2 (fable 3). Both these results suggest
that the introduction clean un-embedded substrate can significautly increase macroinvertebrate
abundance inBrush Creek.

Table 2. Comparison ofmean abundance ofmacroinvertebrates at three sites in Brush Creek before and
after restoration projects.

(Site 2 represents :restored control conditioos and Site 5 represents noo.-restored conditioos).

July 98 July 99

MeanAbundance Mean Abundance Significance

Site 1 45 99 p=0.036

Site 2 28 30 p=0.325

Site 5 26 11 p=O.09

Table 3. Between site comparisoo ofmean abundanre ofmacroinvertebrates in Brush Creek before
and after restoration projects .

July 98

July 99

Sitel

Mean Abundance

45

99

Site 2

Mean Abundance

28

30

Significance

p=0.201

p=O.034

The relative abundance ofthe main fumilies ofmacroinvertebrates are outlined in Figures 2a to 4b. Due
to natural variability and significant changes in population structure between sampling. these data are
difficuh to interpret. For example, data fum Site 5 (Figures 4a, 4b) indicated that four taxa were
dominant in July 1998, however,· in July 1999, ooly me fiunily of macroinvertebrate, the Elmidae
beetles, was doorinant (Figure 4b). As these aquatic beetles (Heter/imnius corpulentus) also dominated
the cooununity in previous samples (Figure 4a), these <:baDges in coomnmity structure are indicative of
natural variability in aquatic pq>uIations.
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However, the restoration sites (site 1 and 2; Figures 2aIb and 3a/b), did show some changes in
connnunity structure. For example, prior to restoration, BoeRs mayflies were rarely collected at Site 1
(Figure 13), these mayflies only composed 8 % of macroinvertebrates collected; in contrast, in post­
restoration samples, BoeRS sp. composed 26 % ofall macroinvertebrates collected. Generally, mayflies
and in particular BoeRS sp. are considered indicators of good water and habitat quality. Community
conditions also changed at Site 2 (Figures 3a1b), from a single taxon dominated community, prior to
restoration, to a more diverse community after restoration. A community dominated by relatively few
fumilies is usually an indication ofenvironmental stress. As no physical habitat alternations occurred at
Site 2, this community structure may be indicative of re-colonization patterns by macroinvertebrates.
Over-time, the connnunity at Site 2 may revert backto being dominated by fewer taxa.

CltirllllOlllidae
7%

Baetidae
rAt

Perlodidae
13%

Figure 13. Aquatic connnunity structure at Site 1 (July 98) prior to restoration.
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Baetitlae
'6%

Figure 2b. Aquatic community structure at Site 1 (July 99), post-restoration sampling.
(Note the increased abundance ofBaetidae mayflies).

Figure 3a. Aquatic community structure at Site 2 Quly 98) prior to restoration. (Note the domination by
asingle taxoo).
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Figure 3b. Aquatic community structure at Site 2 (July 99) post-restoration sampling.
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Figure 4a. Aquatic conununity sttucture at Site 5, July 98. BlUSh Creek.

0dIen
Baetidae 6%

3%
Chloroperlidae

6·/.

Heptageniidae
SY.

Perloclidae
lOY.

Figure 4b. Aquatic community structure at Site 5. July 98. Brush Creek.
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FISH POPULATION

Brush Creek project area was e1ectrofisbed during three sampling periods: winter, spring, and summer.
These data were used to estimate the potential brook trout population and nwnber of fish per n( within
the project area.

Our electrofisbing results are outlined in Table 4. Only brook trout were recorded from the sampling
area; during all three sampling periods similar size fish were collected. The mean fish length were 19.8
em, 21.8 em, and 20.2 an, respectively, fur the winter, spring, and swnmer samples (Figures 5, 6,& 7).
These data indicate that the existing brooktroutpopuJation in this section ofcreek is relatively stable and
survival over the winter period and during run-off appears high. For example, no apparent changes
occurred in terms offish numbers or fish size distribution between winter, spring or sunnner sampling
periods. Brook trout were abundant in all habitats that contained abundant overhead and instream cover
in the fonn of logs, root masses, or overhanging willows. Fewer fish were sampled from open riffle
habitats that lacked these attributes.

Table 4. Population estimates ofBrook trout electrofished during the April sampling in Brush Creek.
Mean trout length and troutnumberper meter are also given.

Unit Length(m) FishNum. Mean Length (an) Pop. Est. SE Fishlm
2

1 33 11 21.1 16.3 10.3 5.5

2 50 19 21.9 19.7 1.2 6.8

3 46 16 21.9 16.9 1.6 7.3

4 29 7 16.9

5 28 18 22.7 24.4 8.5 3.2

6 43 17 22.9 17.3 0.7 6.7

7 50 17 20.0 18.8 2.6 7.2

Total 279 98 21.8 106.9 5.7 7.04

The length frequency distributions fur collected brook trout are presented in Figures 5, 6, and 7. Length
frequency distributions ofbrook trout collected by the Colorado Division ofWildlife (CDOW 1993) are
presented in Figure 8. Our data (Figures 5, 6, and 7) indicate that the population is entirely composed of
adult fish (20 - 22 em). No young ofthe year fish « 5 em) were collected during the summer sample,
indicating that spawning is occwring in a different stream section. In addition, the lack of smaller fish or
juveniles « 10 em) may indicate that initial rearing for fry and juvenile trout does not occur in this
stream section. The larger brook trout may migrate downstream or move upstream from adjacent
spawning and rearing habitats.
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Figure 5. 1..algthfrequency ofbrooktrout collectfd during winter sampling ofBrush Creek, Colorado.
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Figure 6. Length frequency ofbrook trout collected during the spring sampling ofBrush Creek,
Colorado.
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Figure 7. l.£ngth frequency ofbrook trout collected during the sunnner sampling ofBrush Creek,
Colorado.
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Figure 8. I.engtb frequency ofbrooktrout collected by the COOW inBrush Creek, Colorado.
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The length frequency data collectedby CDOW in 1993, also indicate that only larger brook trout existed
in Brush Creek. The apparent differences (absent of a bell-sbaped curve) between CDOW length data
with our present data is probably due to an inconsistency in sampling methods.

POST RESTORATION FISH POPULATION

In tenns of the fish population, we conducted three additional electrofishing surveys of the assessment
area in Brush Creek (279 m) after restoration was completed. The.first survey was completed six
months after restoration in April 1999, additiooal surveys were cooducted in July 1999 and October
1999. Within the restored stream section reaclJ. all microhabitats (runs, riffies, or pools) and all possible
fish refugia were sampledto quantity the numbers oftrout and other fish species.

During our first survey after restoration (April 1999), we collected 21 brook trout, ranging in length
from 6 to 26 em (Figure 8). Inprevious surveys, some 92 trout, (mean size 21.9em) were collected from
the project area; these data indicated that 22.8% ofthe original population had already returned to the
site. The majority ofthese trout were captured in the downstream section ofthe project area, indicating
that fish may be moving from downstream locatiaos.

19

9
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7

0+---+--+

3

1

1

n=21

1 4 6 8 ro U w ~ B ~ ~ ~ ~ ~ ~ D

BshSile(~

Figure 9. Length frequency ofbrook trout collected during post restoration sampling ofBrush Creek,
Colorado. April, 1999.

Prior to restoration, this creek section Jacked abundant and/or adequate pool habitat for the :fish
population. Restoration included the CODStruetion ofa system ofrelatively large step-pool structures to
provide suitable to optimum habitat for trout. In the higher gradient areas, boulders were used to provide
pocket-water pools and other refugia sites for trout moving through these areas. We anticipated, that
after spring run-off and additional swmner movements of trout from both upstream and downstream,
that the trout population would be significantly increased in the restored section.
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During our July 1999 sampling, a total of 105 brook trout and 6 minbow trout were captured from the
project area. However, only 5 brook trout were classed as resident to Brush Creek; the remaining trout,
including the rainbow trout, canied the cbaracteristic attributes of hatchery trout. This unofficial
stocking ofbrook trout and rainbow trout into the restoration section invalidated and jeopardized these
.fish data or any conclusions based on the fish population surveys. Data from additional electrofishing
surveys, downstream at Yarrow Park indicated 1hat the trout~onwas also dominated by stocked
trout.

Currently, we are monitoring the impacts from these stocked trout. It is probable, that over-wintering
survival will be low among stock fish and 1hat resident trout will gradually repopulate this stream
section. In recent fish surveys (October 1999) of the project area, 117 brook trout were collected, 74
trout (63%) were stocked fish and 43 trout (36%) were classed as resident fish. Until some equilibrium
in the fishery is reached, overall conclusions on the effectiveness ofbabitat improvements in Brush Creek
will be ambiguous and misleading.

GENERAL CONCLUSIONS AND RECOMMENDATIONS

Stream systems are composed ofa complex interactive COIllbination ofchemical, physical, and biological
properties. In general, a self sustaining trout popu)ation will require a high degree of aquatic habitat
diversity to support the di1lerent life stages. For example: riffles provide spawning sites, rearing habitat
for fry and juveniles, and macroinvertebrate production for food; pools provide summer rearing habitats
for juveniles and adults and are critical for over-wintering habitat. The quality ofeach ofthese habitats
will depend on the physical attributes ofwater depth, velocities, habitat or bank stability, instrearn cover,
temperature, and competition between.fish.

In productive natural streams these physical attributes are widely available and dispersed throughout the
stream's ecosystem. However, even in naturally productive streams, it is important to remember that
these attributes are not evmly distributed wi1hin stream reaches. For example, trout may move
upstream to spawn and downstream to over-winter. Therefore, in designing eohancement projects, the
entire stream ecosystem or watershed must be considered even ifthe majority ofthe stream is outside of
the project zone.

In tenns ofthe Brush Creek eobancement area, macroinvertebrate abundance and taxa diversity bas been
increased by improving the substrate quality in this stream section. Prior to restoration, the substrate
was composed mainly of embedded large cobble and boulders. By reducing the sediment and fine
material loads to the stream through stream bank stabilization and instrearn restoration, the existing
substrate composition provides optimum habitats for macroinvertebrate connnunities, as indicated by
our data. However, ifhigh sedimem loads are allowed to drain into the creek, we expect that these
present clean substrates will become embedded again and the aquatic community may be significantly
altered or reduced again.

Adult brook trout are abundant in this stream section; as outlined in Table 4, density of.fish ranged from
3.2 to 7.3 fishlm2 and fish length ranged fum 20 to 24 an (Figures 5,6, and 7). The enbancement of
this stream section bas provided optimwn habitats for all life stages of brook trout, including the
construction of a number of pool structures. Our initial data indicated that fish had returned to this
stream section. However, releasing stoclred fish into the creek bas produced an unnatural environment
for the existing fish population. Therefore, drawing any conclusions based on these .fish data would not
be a true reflection on the effects (either beneficial or detrimental) ofthe restoration project on the trout
population.
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Based 00 our ecosystem approach. we should not attempt to provide all1bese physical requinments for
optimum habitat in <me enbancanmt reach. Instead, 1he enbaro:meot design should be based 00 the
available biological data (present report) and clwmel DlOIJ)hology, within the framework ofa watershed
approach. Increasing the numbers of pools, ovabanging banks, willow riparian corridor, and, most
importantly, increasing instream wood debris, will provide additional and optimlm habitats for adult
brook trout.

In an effOrt not to over-exteod the c8rrying capacity for this sectioo, we also suggest. incorporating
numerous rifBe habitats, with smaller substrate, to provide for macroinvertebrate productioo and a stable
food resource fur the increased fish popuJatim. Under.future enhancement projects within the watershed
and in more fuvorably channeJ types Qower gradiems), habitat enhancements can focus on providing
additiooal spawning and rearing habitats fur brook trout. In short, this eohancement project should
focus on providing optimum swmner and over-wintering habitat fur adult trout.

Inconclusion, the restoratioo project bas significantly Unproved 1he aquatic environment in Brush Creek,
which is further supported by the Colorado Water Quality Cootrol Commissions decisioo to upgrade
Brush Creek's classification fum Class 2 to Class 1 waterway. The following is a list of the overall
beneficial effects resulting fum the project.

SUMMARY OF PHYSICAL ATIRIBurE ENHANCEMENTS

• Increased macroinvertebra abundance and diversit;y;
• Initial recovetY of1he troutpopu1atioo;
• Stabilized st:n3n banks, reduced erosioo;
• Reduced sediment loads affine materials, improved substIates;
• Increased habitat diversity, provided more suitable pools;
• Improved the substrate for spawning and macroinvertebrates; reduced embeddedness;
• Increased the numbers ofpools to provide more fish habitat;
• Increased refugia from high flows 'and velocities to protectYOY fry;
• Provided abundant instream cover and overhanging banks;
• Enhanced enviromnenta1 awareness and social support for future improvement projects.
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PARTICIPANT LIST

We were pleased to have a total of 232 participants at the Fourteenth High Altitude
Revegetation Conference. Representatives from six foreign countries and 16 states attended the
conference (Table 1). As can be seen from the data presented in Table 1, most ofthe participants
came from Colorado, however, people from both coasts and from as far away as New Zealand
and Indonesia were present.

For all of you that came, thank you for your participation. Make plans for attending in
2002. The High Altitude Revegetation Conference will be held in February or March, 2002 in Ft
Collins, Colorado. Pass the word to your colleagues, so that the 2002 conference will be a great
success.

For current information on upcoming High Altitude Committee events, visit our website
at www.higbaltitudereveg.com.

Warren R. Keammerer
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Table 1. Geographical distribution ofparticipants at the Fourteenth High Altitude
Revegetation Conference (March 8-10, 2000).

Geographic Entity Number ofParticipants Percent of Total Participants

CANADA

Alberta 1 0.43

INDONESIA 1 0.43

NEW ZEALAND I 0.43

NORWAY I 0.43

PERU 1 0.43

SWITZERLAND 1 0.43

UNITED STATES

Arizona I 0.43

California 4 1.72

Colorado 181 78.02

Florida 1 0.43

Idaho 3 1.29

Minnesota 1 0.43

Montana 10 4.31

Nebraska 1 0.43

Nevada 2 0.86

New Mexico 2 0.86

Ohio 1 0.43

Oklahoma 1 0.43

South Dakota 1 0.43

Utah 6 2.59

Washington 1 0.43

Wyoming 9 3.88

Total 232 100.00
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Participant List

14th High Altitude Revegetation Workshop

Colorado State University -- Fort Collins, CO

March 8-10, 2000

1. Michael Adams

Telephone:

Fax:

4. Julie Annear

Division of Minerals
1313 Sherman Street
Room 215
Denver. CO 80203

Telephone: 303-444-4488
Fax: 303-832-8106

jUlieannear@state.co.us

7. Laura Backus

CDOT
4775 Valhalla Drive
Boulder, CO 80301

Telephone: 303-582-0830
Fax:

Ilbbiome@concentric.net

10. Mike Banovich

CDOT
4201 E. Arkansas
Denver. CO 80222

Telephone: 303.757.9542
Fax: 303-757-9445

michael.banovich@dot.stale.co.us

13. Debra Barringer

Colorado State University
1131/2 S. Taft Hill Road
Fort Collins, CO 80521

Telephone: 970-493.8705
Fax:

bbarringer98@hotmail.

2. William Agnew

Granite Seed Co.
1697 West 2100 North
Lehi, UT 84043

Telephone: 801-768-4422
Fax: 801-768-3967

bi/l@graniteseed.com

5. Ann Armstrong

City of Boulder
Boulder, CO

Telephone: 303-413-7275
Fax:

8. Carol Baker

Colorado Springs Utilities
1205. Weber
Colorado Springs, CO 80903

Telephone: 719-448-8699
Fax: 719-448-8666

cbaker@csu.org

11. Fred R. Banta

F.R. Banta Consulting
370 Spruce Lane
Louisville. CO 80027

Telephone:

Fax:

14. Tom Bates

Colorado State University
508 North Pear Street
Fort Collins. CO 80521

Telephone: 970-221-3481
Fax:

baeloth@webaccess.net
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3. Jennifer Allen

BioScience TechnicianfPlants
National Park Service
P.O. Box 129
Grand Canyon. AZ. 86023

Telephone: 520.638-7857
Fax: 520-638-7722

6. Richard Avila

Arkansas Valley Seed Company
4625 Colorado Blvd.
Denver, CO 80216

Telephone: 303-320-7500
Fax: 303-320-7516

avila@avseeds.com

9. Ed Baker

White River Nahcolite
P.O. Drawer 72
Rifle, CO 81650

Telephone: 970-878-3674
Fax: 970-878-5866

bakere@imcsalt.com

12. Phil Barnes

Cripple Cr. & Victor Gold Mine
P.O. Box 191
Victor, CO 80860

Telephone: 719-689-4056
Fax: 719-689-3254

pbarnes@imc-J.com

15. Ronald F. Bauer

Retired USDA FS&WRCS
4421 Smoke Tree Hollow
Lincoln, NE 68516

Telephone: 402-489-5050
Fax: 402-437-5336



16. Robin Bay

Colorado College

902 N, Cascade Avenue

#1685

Colorado Springs, CO 80946

Telephone:

Fax:

r_bay@coloradocollege.edu

19. David Bennetts

Urban Drainage & Flood Control

2480 West 26th Avenue

Suite 156B
Denver, CO 80401

Telephone: 303-455-6277
Fax: 303-455-7880

bennetts@udrd.org

22. W. Alex Birchfield

Florissant Fossil Beds NM

P.O. Box 185

Florissant, CO 80816

Telephone: 970-221-0034
Fax: 970-748-3164

aberch77@hotmail.com

25. Erich Bower

Climax Molybdenum Co.

19302 County Road 3

Parshall, CO 80468

17. T. Ed Beddow

Bureau of Reclamation

P. O. Box 25007

Code D-821 0

Denver, CO 80225

Telephone: 303-445-2234
Fax: 303-445-6328

20. Roy Bergstrom

US Forest Service

203 A Yellowstone Avenue

Cody, WY 82414

Telephone: 307-527-6921
Fax: 307-578-1202

rbergstromlr2_shoshone@fs.fed.us

23. Mark Bjamsen

Grassland West

2148 W. 550 N.

Kaysville, UT 84037

Telephone: 801-593-0886
Fax: 801-544-1480

bjamson@deseretonline.com

26. Richard Brammer

Unocal

P.O. Box 907

Parachute, CO 81635

18. Pamela Benjamin

National Park Service

12795 West Alameda Parkway

Lakewood, CO 80228

Telephone: 303-969-2865
Fax: 303-969-2644

pamela_benjamin@nps,gov

21. Janet Binns

CO Div. of Minerals & Geology

1313 Sherman Street

Room 215

Denver, CO 80203

Telephone: 303-866-4944
Fax: 303-832-8106

janet.binns@state.co.us

24. Dave Blauch

Aquatic and Wetland Company

9999 Weld County Road 25

Fort Lupton, CO 80621

Telephone: 303-442-4766
Fax: 303-857-2455

daveb@aquaticandwetland.com

27. Dwayne Breyer

Truax Company

4821 Xerxes Ave. N.
Minneapolis, MN 55430

Telephone: 303-569-3221
Fax: 970-725-0038

ebower@cyprus.com

Telephone: 970-285-7600
Fax: 970-285-9334

Telephone:

Fax:
605-745-4992

28. Chris Brookshire

Routt County Planning

P.O. Box 773749

Steamboat Springs, CO 80477

29, Adrian Brown

Adrian Brown Consulting

333 West Bayaud Avenue

Denver, CO 80223

30. Larry F. Brown

L.F. Brown & Assoc. Inc.

P.O. Box 698

Idaho Springs, CO 80452

Telephone:

Fax:
970-879-2704 Telephone:

Fax:
Telephone: 303-567-9262
Fax:

la-brown@aol.com

31. Sandra Brown

CO Div. of Minerals & Geology

1313 Sherman Street

Room 215

Denver, CO 80203

Telephone: 303-866-4927
Fax: 303-832-8106

sandy.brown@state.co.us

32. David L. Buckner

ESCO Associates., Inc.

P.O. Box 18775

Boulder, CO 80308

Telephone: 303-447-2999
Fax:

escasso@mindspring.com
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33. Gene Byme

Colorado Division of Wildlife

317 County Road 265

Rifle, CO 81650

Telephone: 970-948-2929
Fax: 970-945-0561

gene.byme@state.co.us



35. Mike Carroll

Larimer County Weed District
P.O. Box 1190
Fort Collins. CO 80522

34. Marcelo Calle

Colorado Mountain College
130 East Dream Home Drive

Leadville. CO 80461

Telephone: 719486-1085
Fax:

calle@chaffee.net

Telephone:

Fax:
970-498-5769

36. Jeanne C. Chambers

USDA Forest Service
Rocky Mtn. Research Station
920 Valley Road
Reno. NV 89512

Telephone: 775-784-5529
Fax: 775-784-4583

chambers@ers.unr.edu

37. Vic Claassen

Univ. of California-Davis
LAWRISOILS
1 Shields Avenue
Davis. CA 95616-8627

Telephone:

Fax:

38. Thomas A. Colbert

TolTest. Inc.
10640 East Bethany Drive
Suite A
Aurora. CO 80014

Telephone: 303-337-6602
Fax: 303-337-7086

tacdenver@yahoo.com

39. Karl P. Cordova

Lead Biological Sci. Tech

Rocky Mountain National Park
2919 6th Street SW
Loveland. CO 80537

Telephone: 970-586-1360
Fax:

kcordova@lamar.colostate.edu

40. Jennifer Corwin

Civil Engineer
Federal Highway Admin.
Central Fed. Lands Hwy. Div.
555 Zang Street

Room 259
Lakewood. CO 80228

41. Marvin Courtnage

Buckley Powder Co.
42 Inverness Drive East
Englewood. CO 80112

Telephone:

Fax:
303-716-2139

Telephone:

Fax:
303-790-7007

42. Susan Cousins

Aquatic and Wetland Company
1830 17th Street
Suite 100
Boulder. CO 80302

Telephone: 303-442-5770
Fax: 303-442-8133

susan@aquaticwetiand.com

43. Jennie Crowley

Cognis Corporation
5051 Estecreek Drive
Cincinnati. OH 45232

Telephone: 513482-2833
Fax: 513482-5512

jennie.crowley@cognis-us.com

46. Connie N. Davis

Aggregate Industries

P.O. Box 3121
Greeley. CO 80633

Telephone: 970-336~526

Fax: 970-378~856

44. Cathy Curtis

COOT
4201 E. Arkansas
Denver. CO 80222

Telephone: 303-757-9542
Fax: 303-757-9445

cathy.curtiS@dot.state.co.us

47. Scott Davis

Bureau of Land Management
2850 Youngfield Street
Lakewood. CO 80215

Telephone: 303-239-3721
Fax: 303-239-3808
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45. J.J. Dabbs

Aquatic and Wetland Company
9999 Weld County Road 25
Fort Lupton. CO 80621

Telephone: 303-4424766
Fax: 303-857-2455

48. Amy Dean

Shepherd Miller. Inc.
4120 Red Fox Road
Fort Collins. CO 80526

Telephone: 970-266-1723
Fax:

alaartz@shepmill.com



50. Ed DeCleva

Staff Env. Engineer
Federal Highway Admin.
Central Fed. Lands Hwy. Div.
555 Zang Street
Room 259
Lakewood, CO 80228

49. Skyler DeBoer

Rocky Mountain Native Plants
3780 Silt Mesa Road
Rifle. CO 81650

Telephone: 970-625-4769
Fax: 970-625-3276

Telephone:

Fax:
303-716-2107

51. Claire Deleo

Boulder Cty Parks & Open Space
P. O. Box 471
Boulder. CO 80306

Telephone: 303-441-1643
Fax: 303-441-1644

cldpa@co.boulder.co.us

52. Kelly Dolson

Bitterroot Restoration Inc.
445 Quast Lane
Corvallis, MT 59828-9406

Telephone:

Fax:
406-961-4991

53. Alicia Doran

Jefferson Co. Weed & Pest
700 Jefferson Co. Pkwy
Suite 100
Golden. CO 80401

Telephone: 303-271-5989
Fax: 303-271-5997

adoran@cojefferson.co.us

54. Janet Drotar

Aquatic and Wetland Company
9999 Weld County Road 25
Fort Lupton. CO 80621

Telephone: 303-442-4766
Fax: 303-857-2455

55. Monica Duarte

ADEFOR
Carretera al Aeropuerto
Km 3 Fundo Tartat PB: 208
Cajamarca.
Peru
Telephone: 005144-821369
Fax: 005144-821369

adeforc@terra.com.pe

58. Paula Durkin

Sugnet and Associates
1422 Delgany Street
Suite 47
Denver. CO 80202

Telephone: 303-436-0951
Fax: 303-436-0953

pdurkin@snLnet

56. Nancy Dunkle

National Park Service
12795 W. Alameda Parkway
P. O. Box 25287
Denver. CO 80225

Telephone: 303-969-2568
Fax: 303-969-2236

nancy_dunkle@nps.gov

59. E. Duvall

Golder Associates Inc.
44 Union Blvd.
Suite 300
Lakewood, CO 80228

Telephone: 303-980-0540
Fax: 303-985-2080

57. Claire Gabriel Dunne

Wind River Seed
3075 Lane 51 1/2
Manderson, WY 82432

Telephone: 307-568-3361
Fax: 307-568-3364

cJaire@windriverseed.com

60. Jim Ebersole

Colorado Col/ege
Department of Biology
Colorado Springs. CO 80903

Telephone: 719-389-6401
Fax: 719-389-6940

jebersole@coloradocollege.edu

61 . Gerard Eldridge

The Run Golf Course at 3 Peaks
905 South Pennsylvania Street
Denver, CO 80209

63. Michael D. Ellis

Ellis Environmental Engr.
4342 Ulysses Way
Golden. CO 80403

Telephone:

Fax:
303-733-4557

62. Bryon Elliott

City of Fort Collins
Natural Resosurces
P. O. Box 580
Fort Collins. CO 80522

Telephone:

Fax:

-279-

Telephone:

Fax:
303-279-8532



64. Diana Erickson

Eldorado National Forest

100 Fomey Road

Placerville, CA 95667

Telephone: 530-621.5214
Fax: 530-621-5297

67. Darren Flood

Rocky Mountain Native Plants

3780 Silt Mesa Road
Rifle, CO 81650

Telephone: 970-625-4769
Fax: 970-625·3276

70. Mark Fuller

Independence Pass Foundation

0238 Fawn Drive

Carbondale, CO 81623

Telephone: 970-963-4959
Fax: 970-963-4959

fulcon@rof.net

73. Richard Gatewood

Colorado State University

Rangeland Ecosystem Science
Fort Collins, CO 80523

Telephone: 970-491-4992
Fax: rgg@cnr.colostate.edu

76. Jack Glavan

Pikes Peak-America's Mountain

P.O. Box 1575

MS060
Colorado Springs, CO 80901-1575

Telephone: 719-385-7714
Fax: 719-684-2234

jg/avan@ci.colospgs.co.us

79. Doug Graham

Buckley Powder

18 Amaranta Drive
Littleton, CO 80127

65. Murray Feldman

Holland & Hart

P.O. Box 2527
Boise,lD 83701·2527

Telephone: 208-342-5000
Fax: 208-343-6869

mfeldman@hollandhart.com

68. Chance Foreman

Vance Bros., Inc.

P.O. Box 369

Aurora, CO 80040

Telephone: 303-341-2604
Fax: 303-341-2036

www.vancebrothe.com

71. Lydia Gale

Colorado State University

1400 West Elizabeth Street

Apt. 345

Fort Collins, CO 80521

Telephone: 970-491-3061
Fax:

lydiabea@yahoo.com

74. Henry Gibb

8920 GriZZly Way

Evergreen, CO 80439

Telephone: 303-674-1705
Fax:

hgibb@jeffco.k12.co.us

77. Bill Goosmann

2900 Ross Drive #635

Fort Collins, CO 80526

Telephone: 970-224-5440
Fax:

bgoosed@cnr.coloslale.edu

80. C. Val Grant

BiD-Resources, Inc.

135 East Cenler
Logan, UT 84321

66. Kevin Fisher

University of Washington
926 NW 58th Street

Seattle, WA 98107

Telephone: 206-784-5141
Fax:

ktf@u.washington.edu

69. Mike Frick

Dirt-N-Iron, Inc.

168517 Road

Lorna, CO 81524

Telephone: 970-658-4009
Fax: 970-858-4331

dirtniron@aol.com

72. Herman B. Garcia

USDA·NRCS

645 Partel Street

ROOm E200C

Lakewood, CO 80215

Telephone: 303-236-2886 x210
Fax: 303-236-2896

75. John Giordanengo

Colorado State University

Rangeland Ecosystem Science
Natural Resources Bldg.

Fort Collins, CO 80523

Telephone: 970-491-6013
Fax:

gior@lamar.coloslate.edu

78. Jessie Gourlie

CH2M Hill

384 Broken Arrow Road
Evergreen, CO 80439

Telephone: 303-526-4108
Fax:

jgourlie@ch2m.com

Telephone:

Fax:
303-933-7770 Telephone: 435-753-5370

Fax: 435-753-5373

biores@mtwest.net
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82. Kate Graves

Native Seeders
6324 LCR 1
Windsor, CO 80550

81. Tim Grantham

U.S. Forest Service
Pikes Peak Ranger District
601 South Weber Street
Colorado Springs, CO 80903

Telephone: 719-477-4201
Fax: 719-477-4233

Telephone:

Fax:
970-686-5121

83. Stephen Griswold

Rocky Mountain National Park
1000 Highway 36
Estes Park, CO 80517

Telephone: 970.586.1279
Fax: 970-586-1349

steve_griswold@nps.gov

84. Russ Haas

USDA-NRCS
P. O. Box 25287
Denver. CO 80225

Telephone: 303-969.2172
Fax: 303-969-2236

russ_haas@nps.gov

87. Mike Hart

Hart Environmental
P. O. Box 1303
Boulder, CO 80306

85. Dagmar Hagen

Norwegan Univ of Sci & Tech.
Department of Botany, NTNU
N-7491
Trondheim,
Norwav
Telephone: +4773596032
Fax: +4773596100

dagmar.hagen@chembio.nlnu.no

88. Curt Harvey

Colorado Mountain College
1849 Ridgeview Drive
Leadville. CO 80461

86. Kerry Hale

Colorado State University
Department of Biology
ANAZO Building
Fort Collins, CO 80523

Telephone: 970-491-3320
Fax: 970-491-0649

halekl@lamar.colostate.edu

89. Wendell G. Hassell

Seedit Plant Development
7866 Marshall
Arvada. CO 80003

92. Mark Hesse

Rocky Mountain Field Inst.
1520 Alamo Avenue
Colorado Springs, CO 80907

Telephone: 303-444-6602
Fax: 303-448-9209

90. Bruce Hastings

U.S. Fish & Wildlife Service
Rocky Min. Arsenal NWR
Bldg. 120
Commerce City, CO 80022-1748

Telephone: 303-289-0910
Fax: 303-289-0579

Telephone: 719-486-1381
Fax:

harvey@chaffee.net

91. Tom Hesemann

Rocky Mountain Consultants
825 Delaware Avenue
Suite 500
Longmont, CO 80501

Telephone: 303-665-6283
Fax: 303-665-6959

thesemann@long.rmcco.com

Telephone:

Fax:

Telephone:

Fax:

303-422-2440

719-471-7736

93. Don Hijar

Pawnee Buttes Seed, Inc.
P.O. Box 1604
Greeley, CO 80632

Telephone: 970-356-7002
Fax: 970-356-7263

pawneeseed@ctos.com

94. Kathryn Holland

Colorado State University
Rangeland Eco. Sci. Dept.
P.O. Box 282
Fort Collins, CO 80522

Telephone: 970-482-9220
Fax:

kanneh@holly.colostate.edu
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95. Jeffrey B. Hovermale

U.S. Forest Service
Pikes Peak Ranger District
601 South Weber Street
Colorado Springs. CO 80903

Telephone: 719-477-4201
Fax: 719-477-4233



96. Laura Hudson

National Park Service
12795 West Alameda Parkway
Lakewood, CO 80228

Telephone: 303-969.2518
Fax: 303-969·2644

laura_hUdson@nps.gov

97. Bruce Humphries

CO Div. of Minerals & Geology
1313 Sherman Street
Room 215
Denver, CO 80203

Telephone: 303-866-3567
Fax: 303-832-8106

98'Lexlvey

OtaklRock Creek Studio
36 North 4th Street
Carbondale, CO 81623

Telephone: 970-963-1971
Fax: 970-963-1622

lex.ivey@otak.com

100. Johanna Jensen

Rocky Mtn Bio Products Inc.
P.O. Box 608
Edwards, CO 81632

99. Doug Jensen

Utah Div. of Oil Gas & Minning
1594 West North Temple
Suite 1210
Salt Lake City, UT 84114

Telephone: 801-538-5310
Fax: 801-359-3940

nrogm.djensen@state.ut.us

Telephone:

Fax:
970-926-1025

101. Anthony Johnson

Colorado State University
1003 Barbi Court
Castle Rock, CO 80104

Telephone: 970-691-4959
Fax:

tjohnson@uswestmail.net

102. lee Johnson

Buckley Powder Co.
42 Invemess Drive East
Englewood, CO 80112

103. Maureen Y. Jordan

National Renewable Energy Lab
1617 Cole BlVd.
Golden, CO 80401

104. Roy Karo

Seneca Coal Co.
P.O. Box 670
Hayden, CO 81639

Telephone:

Fax:
303-790-7007 Telephone: 303-275-3248

Fax: 303-275-4002

maureenjordan@nrel.gov

Telephone: 970-276-5105
Fax: 970-276-3014

rkaro@peabodygroup.com

105. Deb Keamrnerer

The Restoration Group
5858 Woodboume Hollow Road
Boulder, CO 80301

Telephone: 303-530.1783
Fax: 303-581-9219

debkeam@msn.com

108. Berhan Keffelew

State of Colorado
Div.of Minerals & Geology
1313 Sherman Street
Room 215
Denver, CO 80203

Telephone: 303-866-3587
Fax: 303-832-8106

berhan.keffelew@state.co.us

106. Warren R Keammerer

Keammerer Ecological
5858 Woodbourne Hollow Road
Boulder, CO 80301

Telephone: 303-530-1783
Fax: 303-581-9219

109. Sean Kelly

Colorado State University
218 North Whitcomb
Fort Collins, CO 80521

Telephone: 970-419.{)340
Fax:

seankely@cnr.colostate.edu

-282-

107. Terry Keane

CDOT
202 Centennial
Glenwood Springs, CO 81601

Telephone: 970-379-9517
Fax: 970-927-3424

Terry.Kane@dot.state.co.us

110. Brad Kieding

Colorado Mtn College,Leadville
2490 S. Garfield
Denver, CO 80210

Telephone:

Fax:



111. Ken Kinnard

Bowman Construction Supply

2310 South Syracuse Way
Denver, CO 80231

Telephone: 303-<396-8960
Fax: 303-<396-0620

112. Elizabeth A. Klein

Kiowa Engineering Corp.

2814 Intemational Circle

Colorado Springs, CO 80910

Telephone: 119-<330-1342
Fax: 119-<330-0406

ekJein@kiowaengineering.com

113. Ed S. Kleiner

Comstock Seed Company

8520 W. 4th Street
Reno. NV 89523

Telephone: 115-146-3681
Fax: 115-746-1101

ed@comstock.seed.com

114. Steve Kloetzel

Bitterroot Restoration Inc.

445 Quast Lane

Corvallis, MT 59828-9406

Telephone:

Fax:
406-961-4991

115. Brent Korobanik

Inland Cement
12640 156th Street

Edmonton, Alberta

Canada T5L 4P8
Telephone: 780-420-2611
Fax: 180-420-2648

bkorobanik@in/and./ehighcement.cor

116. Fred Krampetz

US Fish &Wildlife Service

Rocky Mountain Arsenal
National Wildlife Refuge

Bldg. 121

Commerce City, CO 80022

Telephone: 303-289-0928
Fax: 303-289-0579

fkrampet@pmrrna_emhl.arrny.mil

117. Steve Kuck

ELC
280 Allison Street

Lakewood, CO 80226

Telephone: 303-275-0661
Fax: 303-380-2186

jennifer@elcservices.com

118. Lynn Kunzler

Ulah Div. of Oil Gas & Minning

1594 West North Temple

Suite 1210

Salt Lake City, UT 84114

Telephone: 801-538-5310
Fax: 801-359-3940

NROGM.LKUNZLER@state.ut.us

119. Ken Lair

Shepherd Miller Inc.

3801 Automation Way #100
Fort Collins. CO 80525

Telephone:

Fax:

120. Fred Lamming

Teton County Weed & Pest

P. O. Box 1852
Jackson, VVY 83001

Telephone: 307-733-8419
Fax: 307-73:ul983

tcweed@rrnisp.com

121 Lori Lamming

P.O. Box 3253

Alpine, VVY 83128

Telephone:

Fax:

122. Jim Lance

COOT

222 South 6th Street
Room 317

Grand Junction, CO 81501

Telephone: 910-248-7255
Fax: 970-248-7254

123. Nicole LaPlante

Colorado Slate University

605 Juniper Lane
Fort Collins, CO 80526

Telephone: 970-419-8904
Fax:

green.JJirl@hotmail.com

124. Alan Laurette

Town of Breckenridge

P.O. Box 168
Breckenridge, CO 80424

Telephone: 970-<347-3157
Fax: 970-453-1513

-283-

125. John Lawson

10 Dept. of Health & Welfare

Div. of Env. Quality

1410 North Hilton

Boise, ID 83102

Telephone: 208-37:ul141
Fax: 208-373-0143

jlawson@deq.state.id.us



126. Jeffrey Lormand

Parsons Transportation Group
1700 Broadway #600
Denver, CO 80290

Telephone: 303-863-7900
Fax: 303-863-7110

jeff.r.lormand@parsons.com

127. Mark S. Loye

13593 West 24th Place
Golden, CO 80401-6808

Telephone: 303-271-5062
Fax: 303-271-5064

mloye@co.jefferson.co.us

128. Gary Ludwig

Pleasant Avenue Nursery, Inc.
P.O. Box 7669
Buena Vista, CO 81211

Telephone: 719-395-6955
Fax: 719-395-5718

pan@amigo.net

130. Carl Mackey

Morrison Knudsen Corporation
Environmental Group
P.O. Box 1717
Commerce City, CO 80037

131. Penny Mackey

Colorado Mountain College
P.O. Box 1928
Avon, CO 81620

129. Mignon Macias

ESCO Associates., Inc.
P.O. Box 18775
Boulder, CO 80308

Telephone: 303-447-2999
Fax:

escassoc@mindspring.com

Telephone:

Fax:
303-286-4825

Telephone:

Fax:
970-926-4007

132. Paul Madeen

Bitterroot Restoration Inc.
445 Quast Lane
Corvallis, MT 59828-9406

133. Randy Mandel

Rocky Mountain Native Plants
3780 Silt Mesa Road
Rifle, CO 61650

134. Ward Marotti

ESCO Associates., Inc.
P.O. Box 18775
Boulder, CO 80308

Telephone:

Fax:
406-961-4991 Telephone: 970-625-4769

Fax: 970-625-3276
Telephone: 303-447-2999
Fax:

marotti@mindspring.com

135. Dawn Martin

Hayden-Wing Associates
P. O. Box 1689
Laramie, WY 82073

Telephone: 307-742-5440
Fax: 307-742-5577

haydenwing@aol.com

138. John H. McCarty

OtaklRock Creek Studio
36 North 4th Street
Carbondale, CO 81623

Telephone: 970-963-1971
Fax: 970-963-1622

136. Dan Mathews

CO Div. of Minerals & Geology
2148 Broadway#C-5
Grand Junction. CO 81503

Telephone: 970-242-5025
Fax: 970-241-1516

daniel.mathews@state.co.us

139. Peter McRae

Quattro Environmental, Inc.
6491 Avenue
Coronado, CA 92118

Telephone: 619-522-0044
Fax: 619-522-0055

pmcrae@abac.com

137. Jennifer McCarter

Echo Bay Mines
6400 South Fiddler Green Cr.
Englewood, CO 80111

Telephone: 303-714-8764
Fax: 303-714-8994

jmcearter@echobay.com

140. Amy Meketi

Cripple Cr. &Victor Gold Mine
P.O. Box 191
Victor, CO 80860

Telephone: 719-689-4058
Fax: 719-689-3254

ameketi@imc-i.com

141. Gary Miles

National Park Service
Denver Service Center
12795 West Alameda Parkway
P.O. Box 25287
Denver, CO 80225

Telephone:

Fax:
303-969-2306

142. Mark Miller

City of Fort Collins
Natural Resosurces
P. O. 80x 580
Fort Collins, CO 80522

Telephone:

Fax:

-284-

143. Weldon Miller

AG-Renewal Jnc.
1710 Airport Road
Weatherford, OK 73096

Telephone: 580-772-7059
Fax: 580-772-6887

ag-renewal@itlnet.net



144. Ken Milmine

Thompson Creek Mine
P. O. Box 62
Clayton, 10 83227

Telephone: 208-838-3503
Fax: 208-838-2299

ken_milmine@tcreek.com

147. Peter G. Moller

Colorado Mountain College
1200 Mount Massive Drive
Leadville, CO 80461

Telephone: 719-486-3480
Fax: 719-486-3212

smoller@coloradomtn.edu

145. Mike Mirowski

ELC
280 Allison Street
Lakewood, CO 80226

Telephone: 303-275-0661
Fax: 303-380-2186

148. Dirk Monroe

Colorado Mountain College
P.O. Box 1222
Leadville, CO 80461

Telephone: 719-486-9960
Fax:

monroe@bwn.net

146. Randy Moench

Colorado State University
Colorado State Forest Service
Foothills Campus
Bldg. 1

Fort Collins, CO 80523

Telephone: 970-491-8429
Fax: 970-491-8250

rrnoench@lamar.colostate.edu

149. Steve Monsen

USDA Shrub Sciences Lab
735 North 500 East
Provo. UT 84606

Telephone:

Fax:

150. Patrick Murphy

Ecotone Corporation
1554 North Street
Boulder, CO 80304

151. Sherry Myers

Bitterroot Restoration Inc.
445 Quast Lane
Corvallis, MT 59828-9406

Telephone:

Fax:
303-444-4358 Telephone:

Fax:
406-961-4991

152. Jeffrey V. Nelson

Varnont SA
909 SE 6th Court
P.O. Box 565
Fort Lauderdale. FL 33301

Telephone: 954-525-4016
Fax: 954-525-6882

jnelson@vamont.com

153. Jody K Nelson

Exponent/Rocky Flats
4940 Pearl East Circle
Suite 300
Boulder, CO 80301

Telephone: 303-966-2231
Fax: 303-966-3578

nelsonj@exponent.com

156. James H. Nyenhuis

Soils Consultant
600 Ramah Drive
Fort Collins, CO 80525

Telephone: 970-204-9167
Fax:

nyenhuis@gateway.net

154. John Nelson

Division of Minerals
1313 Sherman Street
Room 215
Denver. CO 80203

Telephone: 303-444-4488
Fax: 303-832-8106

157. Paul O'Malley

Bowman Construction Supply
2310 South Syracuse Way
Denver, CO 80231

Telephone: 303-696-8960
Fax: 303-696-0620

pomalley@earthlink.net

-285-

155. Gary L Noller

UCEPC
P.O. Box 448
Meeker, CO 81641

Telephone: 970-878-5003
Fax: 970-878-5004

plant@cmn.net

158. Maureen O'Shea-Stone

Plantae Consulting Sevices
170 S. 33rd Street
Boulder, CO 80303

Telephone: 303-543-8715
Fax: 303-543-9832

mostone@pcisys.net



159. John Oldemeyer

70 Bannock Trail
General Delivery
Silver Gate. MT 59081·9999

160. Rea Orthner

Westem Ecological Resource
711 Walnut Street
Boulder, CO 80302

161. Mike Otto

Pawnee Buttes Seed, Inc.
P.O. Box 1604
Greeley, CO 80632

Telephone:

Fax:
406-838.2431 Telephone: 303-449-9009

Fax: 303-449·9038

Wedcorp@aol.com

Telephone: 970.356.7002
Fax: 970-356-7263

pawneeseed@etos.com

162. Bob Owens

21 st Century Seeders. Inc.
205 Racquette Drive
Fort Collins, CO 80524

163. liz Payson

ERO Resouces
1842 Clarkson Street
Denver, CO 80218

164. William Perry Pendley

Mountain States Legal Fdn.
707 Seventeenth Street #3030
Denver. CO 80202·3408

Telephone: 970-490-6142
Fax: 970-472-2626

5fes@ezlink.com

Telephone:

Fax:
303·830-1188 Telephone:

Fax:

165. Brent Peterson

Rain for Renl/Frac Tanks
1682 N. Denver Avenue
P. O. Box 149
Ft. Lupton, CO 80621

Telephone:

Fax:
303-857-6246

166. Angelique Petterson

Arapaho-Roosevelt Nat. Forest
240 West Prospect Avenue
Fort Collins, CO 80521

Telephone: 970-498-2732
Fax: 970-498·1364

apettersonlrZ.arnfpng@fs.fed.us

167. Mark Phillips

Phillips Seeding & Reclamation
11843 Billings Avenue
Lafayette, CO 80026

Telephone: 303-665-2618
Fax: 303-628-0229

170. Stephanie Popiel

Staff Env. Engineer
Federal Highway Admin.
Central Fed. Lands Hwy. Dill.
555 Zang Street
Room 259
Lakewood, CO 80228

168. Matt Phillips

Boulder Cty Parks & Open Space
P.O. Box 471
Boulder, CO 80306

Telephone: 303-441-4557
Fax: 303-441-1644

169. Patrick Plantenberg

Mt. Dept. of Environmental
Quality
P.O. Box 200901
Helena, MT 59620

Telephone: 406-444-4960
Fax: 406-444-4960

pplantenberg@state.mt.us Telephone:

Fax:
303-716-2143

171. Laurel Potts

Colorado State University
Horticulture & Land. Arch.
Fort Collins. CO 80523-1173

Telephone: 970-491.7059
Fax: 970-491·7745

kalmia@lamar.coiostate.edu

172. Karen Prentice

ESCO Associates.. Inc.
P.O. Box 18775
Boulder, CO 80308

Telephone: 303-447.2999
Fax:

kelp@mindspring.com

-286-

173. Camille Price

CO Public Health & Env.
4300 ChelT'f Creek Dr. So.
Denver. CO 80246-1530

Telephone: 970.728-3415
Fax: 970·728·5487

camille.farr



174. Brooks Priest

Bitterroot Restoration Inc.
445 Quast Lane
Corvallis, MT 59828-9406

175. Ed Raines

FRS Geotech
1441 West 46th Ave. #14
Denver, CO 80211

176. John J. Rawinski

Rio Grande National Forest
1803 HWY 160
MonteVista,CO 81144

Telephone:

Fax:
406-961-4991 Telephone:

Fax:

Telephone:

Fax:
719-852-5941

177. Jim Redmond

Rocky Mountain Native Plant Co
3780 Silt Mesa Road
Rifle, CO 81650

Telephone: 970-625-4769
Fax: 970-625-3276

180. Steve Renner

CO Div. of Minerals & Geology
1313 Sherman Street #215
Denver, CO 80203

Telephone:

Fax:

183. Bryce Romig

Climax Molybdenum Co.
Climax Mine
Highway 91
Climax. CO 80429

Telephone: 719-486-2150 x 723
Fax: 719-486-2251

178. Colby Reid

Western States Reclamation Inc
11730 Wadsworth BOUlevard
Broomfield, CO 80020

Telephone: 303-465-2478
Fax: 303-469-1986

colbyjreid@aol.com

181 Jill Richards

Shepherd Miller, Inc.
3801 Automation Way
Suite 100
Fort Collins, CO 80525

Telephone: 970-223-9600
Fax:

jrichards@shepmill.com

184. Helen Rowe

Colorado State University
3038 1/2 Laporte Avenue
Fort Collins, CO 80521

Telephone: 970-495-0768
Fax:

ivy@cnr.colostate.edu

179. Robert W. Reisinger

Knight Piesold And Co.
1050 Seventeenth Street
Suite 500
Denver, CO 80265-0500

Telephone: 303-629-8788
Fax: 303-629-5934

bobr@kpco.com

182. Timothy C. Richmond

ASSMR
764 Silver Sage Avenue
Cheyenne,WY 82009

Telephone: 307-777-6859
Fax: 307-777-6462

timrichm@uswest.net

185. John F. Samson

Wyoming Dept of Transportation
5300 Bishop Blvd.
Cheyenne,WY 82009

Telephone: 307-777-4416
Fax: 307-777-4193

188. Brandy Schell

P.O. Box 372
Leadville, CO 80461

186. Wijayono Sarosa

PI. Freeport Indonesia
Plaza 89. 5th Floor
JI. H.R. Rasuna Said Kav·? NoS

Jakarta.
Indonesia 12940
Telephone: 62-901-416947
Fax: 62-901-416893

wijayono_sarosa@fmi.com

187. John Scheetz

Homestake Mininng Co.
630 East Summit
Lead, SO 57754

Telephone:

Fax:

-287-

Telephone:

Fax:
719-486-2278



189. Mark Schuster

Grubb and Ellis
910 Cove Way
Denver, CO 80209

190. Ed Self

Colorado State University
980 Mcintyre Street
Boulder. CO 80303

191. Bruce Smith

Harding Lawson Associates
743 Horizon Court, #3334
Grand Junction, CO 81506

Telephone:

Fax:
303-572-5523 Telephone: 303-543-1411

Fax:

edself@snLnet

Telephone:

Fax:
970-424-4749

192. Dan Sokal

Bureau of Land Management
P.O. Box 1009
Gleenwood Springs, CO 81602

Telephone: 970-947-2810
Fax: 970·947·2829

dan_sokal@co.blm.gov

195. Richard Stafford

New Mexico Abandoned Mine Land
2040 South Pacheco
Santa Fe, NM 87505

Telephone: 505-827-1168
Fax: 505-827-7195

rastafford@state.nm.us

198. Grady Stem

NM State Hwy & Transportation
Attn: Deboray Larranagna
P.O. Box 1149
Room 204
Santa Fe, NM 87504-1149

Telephone: 505-827-6876
Fax: 505-827-5566

201. Crystal Strouse

City of Fort Collins
Natural Resosurces
P. O. 80x580
Fort Collins, CO 80522

Telephone:

Fax:

193. Stephen J. Spaulding

Ute Pass Christmas Trees Inc.
4680 Mariposa Lane
Cascade, CO 80809

Telephone: 719-684-2333
Fax: 719-684-2333

upct@worldnet.att.net

196. Gail Stahlecker

National Park Service
Denver Service Center
12795 West Alameda Parkway
P.O. Box 25287
Denver, CO 80225

Telephone: 303-969-2369
Fax: 303-969-2236

199. Terri Stone

Colorado Mountain College
P.O. Box 4032
Buena Vista, CO 81211

Telephone: 719-395-6319
Fax: wolfdance@chafee.net

202. Russell Sydnor

Foster Wheeler Enviromental Co
72nd & Quebec Streets
Rocky Mtn. Arsenal
Commerce City, CO 80022

Telephone: 303-289-0655
Fax: 303-289-0478

rsydnor@fwencrma.com

-288-

194. Theresa Springer

Teller Park Cons. District
P. O. 80x53
Hartsill, CO 80449

Telephone: 719-836-0913
Fax: 719-836-1225

197. Jill Stanley

Nelson Research Centre
Hort Research
P.O.80x220
Motueka,
New Zealand
Telephone: 64 3 528-9106
Fax: 643-528-7813

jstanley@hort.crLaz

200. Pete Strazdas

State of Montana
Dept. of Environmental Quality
1520 East 6th Avenue
P.O. Box 200901
Helena, MT 59620-0901

Telephone: 406-444-4962
Fax: 406-444-1374

pstrazdas@state.mt.us

203. Usa Tasker

Society For Ecological Res.
P.O.80x245
1814 Woody Creek Road
Woody Creek, CO 81656

Telephone: 970-923-3069
Fax: 970-923-3069

taskeri@rmi.net



204. Alex Tennesen

Westem Native Seed
P. O. Box 1463
Salida, CO 81201

Telephone: 719.539.1071
Fax: 719-539-6755

westseed@chaffee.net

207. Cindy Thrush

Urban Drainage & Flood Control
2480 West 26th
#156B
Denver, CO 80211

Telephone: 303-455-6277
Fax: 303-455-7880

cthrush@udfed.org

205. Dustin Terrell

Arkansas Valley Seed Company
4625 Colorado Blvd.
Denver, CO 80216

Telephone: 303-320-7500
Fax: 303-320-7516

208. Niki Tippets

Grand Teton National Park
P.O. Box 170
Moose, WY 83012

Telephone: 307-739-3480
Fax: 307-739-3490

nikUippets@nps.gov

206. Gary L. Thor

Colorado State University
Soil & Crop Science
Fort Collins, CO 80523

Telephone: 970-491-7296
Fax: 970-491-0564

garythor@lamar.colostate.edu

209. Jeff Todd

Shepherd Miller, Inc.
14338 W. 50th Place
Arvada, CO 80004

Telephone: 303-421-4680
Fax:

jtodd@shepmill.com

211. Max Underwood

Maxim Technologies
356 South 88th Street West
Billings, MT 59106

210. Joe Trtica

Colorado State University
Rangeland Ecosystem Sci Dept
Fort Collins, CO 80523

Telephone: 970-491-5655
Fax: 970-491-2339

joet@cnr.colostate.edu

Telephone:

Fax:
406-652-7240

212. Krystyna Urbanska

Swiss Fed. Institute of Tech.
ZUrichbergstrasse 38

ZUrich,

Switzerland CH-8044
Telephone: 632 4308
Fax: 6321215

urbanska@geobot.umnw.elhz.ch

215. Tim VanWyngarden

ACZ Laboratories, Inc.
2773 Downhill Drive
Steamboat Springs, CO 80487

213. Gretchen Van Reyper

2126 l 75 Road
Austin, CO 81410-9794

Telephone: 970-835-3268
Fax:

gretchv@juno.com

214. Saskia van Woudenberg

Nilex Corporation
15171 East Fremont Drive

Englewood, CO 80112

Telephone: 303-766-2000
Fax: 303-766-1110

svw@nilex.com

Telephone:

Fax:
970-879-6590

216. Dalynn Walker

RevexiBowman Construction
P.O. Box 208
Hygiene, CO 80533

Telephone: 303-772-4335
Fax: 303-772-4349

dalynn@revex.com

219. ScottWanstedt

Blue Mountain Energy
3607 CR65
Rangely, CO 81648

Telephone: 970-675-4322
Fax: 970-675-4399

scott1@deserado.com

217. William A. Walsh

Walsh Aquatic Consultants Inc.
9560 Carr Street
Westminster, CO 80021

Telephone: 303-456-9247
Fax: 303-456-9247

Wawalsh@aol.com

220. Gordon Warrington

WECSA
8125 Tunnan Court
Fort Collins, CO 80525-9347

Telephone: 970-663-2979
Fax:

gwarr@wecsa.com

-289-

218. Jim Walther

Applewood Seed Company
5310 Vivian Street
Arvada, CO 80002

Telephone: 303-431-7333
Fax: 303-467-7886

applewooclseed@wortdnet.ah.net

221. Jeff Weinstein

WYDOT
5300 Bishop Blvd.
Cheyenne,WY 82009

Telephone: 307-777-4156
Fax: 307-777-4193

jweins@missc.state.wy.us



222. Tyler Weldon

CDOT
P. O. Box 399
Dumont, CO 80436

Telephone: 303-512.5750
Fax: 303-512-5n5

tyler.weldon@dolstate.co.us

225. Dennis Will

Colorado State Forest Service

P.O. Box 9024
Woodland Park, CO 80866

Telephone: 719.687.2921
Fax: 719-687-9584

csfswpd@rmi.net

228. Don Willson

University of Montana

216 Helena Court
Missoula, MT 59801

Telephone: 406.728-8123
Fax:

dwillson@selway.uml.edu

231. Robert T. Zakely

City of Fort Collins

Utilities
P.O. Box 580
Fort Collins, CO 80522

Telephone: 970-224-6063
Fax: 970-221-6619

bzakely@ci.fort-collins.co.us

223. Jeff White

Battle Mountain Gold
P.O. Box 2330
Oroville. WA 98844

Telephone: 509-476-3144 x15
Fax: 509-476·3142

jWhite@bmgold.com

226. T. Williams

Golder Associates Inc.
44 Union Blvd.
Suite 300
Lakewood. CO 80228

Telephone: 303-980-0540
Fax: 303-985·2080

twiJIiams@golder.com

229. Margaret Winter

Rangeland Ecosystem Sci.•
Colorado Slate University
401 Stover Street
Fort Collins, CO 80524

Telephone: 970-472-5722
Fax: 970-491-2339

mewinker@holly.colostate.edu

232. Ron ZUck

730 Kearney Street
Denver, CO 80220

Telephone:

Fax:

ronaldzuck@roc.com

-290-

224. Karen Wiese

california Dept of Conserv.
801 K Street, MS 09-Q6
Sacramento. CA 95814

Telephone: 916-324-0744
Fax: 916-322-4862

kwiese@consrv@ca.gov

227. Van Williams

Western States Reclamation Inc
11730 Wadsworth Boulevard
Broomfield. CO 80020

Telephone: 303-465.2478
Fax: 303-469·1986

jonmoser@earthlink.net

230. Holly Zabeh

Colorado State University
219 S. Loomis
Fort Collins. CO 80521

Telephone: 970-416-7449
Fax:

hzabeh@cnr.CXllostate.edu



SUMMARY OF SUMMER TOURS 1974-1999

Assembled by Wendell Hassell

Since 1974, the BAR Committee has sponsored biannual conferences and annual field trips to unique
mountainous revegetation project and research sites. All Conferences have been held at Fort Collins, Colorado, in
conjunction with CSU, except the 1980 conference, which was held at the Colorado School of Mines in Golden,
Colorado. Summer Field Tours have been conducted at the following sites:

YEAR AREA TOURED SITES TOURED

1974 VaiVCIirnax, CO Vail Ski Area, AMAX Climax Molybdenum Mine

1975 Empire, CO AMAX Urad Molybenum Mine, Winter Park Ski Area,
Rollins Pass Gas Pioeline

1976 Idaho Springs/Silverthorne, CO US Highway 40 Construction, Keystone Ski Area

1977 AspenlRedstone, CO Snowmass Ski Area, CF&I Pitkin Iron Mine,
Mid-Continent Coal Redstone Mine

1978 Estes Park, CO Rocky Mountain National Park

1979 SilvertonlDurango, CO Purgatory Ski Area, Standard Metals Sunnyside Mine
Bayfield Range Experiment Program
1-70 Vail Pass Highway Construction Revegetation

1980 VaiVClimax, CO Ten Mile Creek Channelization, Copper Mountain Ski Area,
AMAX Climax Molybdenum Mine
AMAX Mt Emmons Molybdenum Project, Western State College,

1981 Crested Butte/Gunnison, CO Homestake Pitch. (Uranium) Mine,
CF&I Monarch Limestone ~.._ .._

1982 Steamboat Springs, CO Mt. Werner Ski Area, Howelson Hill Ski Jump,
Colorado Yampa EnerJ!V Coal Mine, P&M Edna Coal Mine
CSU Intensive Test Plots, C-b Oil Shale Project

1983 RiflelMeeker, CO Upper Colorado Environmental Plant Center,
Colony Oil Shale Project

1984 Salida, CO Questa, NM Domtar Gypsum Coaldale Quarry, ARCO CO2 Gas Project
MolycoI'P Molvbdenum Mine, Red River Ski Area

1985 Cooke City, MT USFS Beartooth Plateau Research Sites
Bridger Plant Materials Center
Peru Creek Passive Mine Drainage Treatment,

1986 Leadville, CO California Gulch/Yak: Tunnel Superfund Site,
Colorado Mountain College

1987 Glenwood Springs/Aspen, CO 1-70 Glenwood Canyon Construction, Aspen Ski Area

1988 Telluride/Ouray/Silverton, CO Ridgeway Reservoir, Telluride Mt. Village Resort,
ldarado Mine, Sunnyside Mine
Terry Peak Ski Area, Glory Hole and Processing Facilities of

1989 Lead,SD Homestake Mining Co., WbarfResources Surface Gold Mines
Usin.2 Cyanide Heap Leach
Castle Concrete's Limestone Quarry,

1990 Colorado SpringslDenver, CO Cooley Gravel Quarry (Morrison), E-470 Bridge and Wetland near
Cherry Creek. Littleton Gravel Pit Restoration to Parkland

-291-



YEAR AREA TOURED SITES TOURED

Alice Mine, Urad Tailings, Pennsylvania Mine at Peru Creek, Yule
1991 Central Colorado Marble Quany near Marble, and Eagle Mine Tailings and

Suoerfund Clean Up near Minturn and Gilman
Rocky Mountain National Park, Harbison Meadow Borrow Pit,

1992 Northern Colorado Alpine Meadow Visitor Center, Medicine Bow Curve
Revegetation, Hallow Well Park

1993 Central and Southern Colorado
Mary Murphy Mine, Summitville Mine, Wolf Creek Pass,
Crystal Hill Project

1994 Northeastern Utah
Utah Skyline Mine, Burnout Canyon, Huntington Reservoir
Hardscrabble Mine, Royal Coal, Horse Canyon Mine
Eisenhower Tunnel Test Plots, Henderson Tailing Test Plots,

1995 North Central Colorado Wolford Mountain Reservoir, Osage and McGregor IML Site
Seneca nand 20 Mile Coal Mines (Steamboat S

1996 Southwest Colorado
UMTRA Site (Durango), Sunnyside Mine (Silverton),
ldarado Mine (Telluride), Southwest Seed Co. (Dolores)

1997 Southwest Colorado
Cresson Mine (Cripple Creek), San Luis Mine,
Bulldog Mine (Creede)

1998 Lead,SD
Richmond Hill Mine, WharfResources, Homestake's Red Placer,
Sawpit Gulch, WASP Reclamation PI'Qiect

1999 Northern New Mexico
Molycorp's Questa Mine, Hondo Fire Revegetation Work, Pecos
National Monument, EI Molino Site, Cunningham Hill Mine

-292-



IDGH ALTITUDE REVEGETATION COMMITTEE MEMBERSffiP LIST

BILL AGNEW MICHAELD. ELUS CARL MACKEY MARKA. SCHUSTER
Granite Seed, Inc. Ellis Environmental MK-Environmental Services Grubb & Ellis
1697W.2100N. Engineering Rocky Mtn. ArsenalNWR 910 Cove Way

Lehi, UT 4342 Ulysses Way P. O. Box 1717 Denver, CO 80209
(801) 768-4422 Golden, CO 80423 Commerce City, CO 80037 (303)572-7700

(303) 279-8532 (303) 286-4825

PHIL BARNES JULIEETRA PETER G. MOLLER STEPHEN SPAULDING
P. O. Box 6853 Western Botanical Services Colorado Mountain College Ute Pass Christmas Trees, Inc.

WoodlandPatk, CO 80866 5859 Mt Rose Highway Timberline Campus P.O.Box96
(719) 689-5056 Reno, NV 89511 Leadville, CO 80461 GreenMountain Falls, CO

(702) 849-3223 (719) 486-3480 80819
(719) 684-2333

LARRY F. BROWN WENDEu..G. HASSEll. BEN NOR.mcun MARC s. THEISEN
L. F. Brown. & Associates 7866 Marsball Street International Erosion Control Synthetic Industries

P.O.Box698 Arvada, CO 80003 Association 4019 Industry Drive
Idaho Springs. CO 80452 (303) 422-2440 P. O. Box 4904 Chattanooga. TN 37416

(303) 567-4447 Steamboat Springs, CO 80477 (800)621-0444
(970) 879-3010

RAYW.BROWN DONBIJAR LARRY OEHLER GARYLTHOR
USDA Forest Service Pawnee Buttes Seed, Inc. Colorado Division ofMi:oera1s Department ofSoil and Crop

Forestry Sciences Laboratory P. O. Box 1604 and Geology Science
860 North 1200 East Greeley, CO 80632 1313 Shennan St., Room 215 Colorado State University
Logan, UT 84321 (970) 356-7002 Denver. CO 80203 Ft. Collins, CO 80523
(435)755-3560 (303) 866-3567 (970)491-7296

DAVID L BUCKNER BRUCE HUMPHRIES JEFFREYL PECKA JEFFREY TODD
ESCO Associates Colorado Division ofMinemls Systems Planning Group ShepherdMiller
P. O. Box 18775 and Geology 5973 E.lIwinPlace 1019 Eighth St, #250

1077 SouthCherryvale Road 1313 Sherman St,Room 215 Englewood, CO 80112 Golden, CO 80401
Boulder. CO 80308 Denver, CO 80203 (303) 770-0747 (303) 216-1600

(303) 447-2999 (303) 866-3567

VIC CLAASSEN CHARLES L JACKSON MARKPHILL1PS KRYSTYNA URBANSKA
Soils and Biogeochemistry P.O.Box207 Phillips Seeding and Swiss Fed. Jnst. ofTechnology

Land, Air, Water Res. Dept. Idaho Springs, CO 80452 Reclamation Zurichbergstrasse 38
University ofCalifornia (303) 567-2708 11843 Billings Ch-8044
Davis, CA 95616-8627 LaFayette, CO 80026 Zurich, Switzerland

(530) 752-6514 (303) 665-2618 632-4308

mOMASA. COlBERT DEBORAHKEAMMERER CAMILLE PRICE scon WANSTEDT
Toltest The Restoration Group Colorado Department of Blue MountainEnergy, Inc.

10640 E. Bethany Drive #A 5858 Woodlxmme HollowRd. Health and Environment 3607 County Road 65
Aurora, CO Boulder, CO 80301 P. O. Box 2927 Rangely, CO 81648

(303) 337-6602 (303) 53()..1783 Telluride, CO 81435 (970) 675-4322
(970) 728-5487

WARRENKEAMMERER
JOHN JEFF CONNER KeammererEcological EDREDENTE KEITH WEBEL

Rocky MountainNationalPIIIk Consultants, Inc. RangelandEcosystem Science UtahFuel Co.
Estes Park, CO 80517 5858 Woodbowne HollowRd. Department P.O.Box719

(970) 586-1392 Boulder. CO 80301 Colorado State University Helper, UT 84526
(303) 530-1783 Ft. Collins, CO 80523 (801) 637-7925

(970) 491-6542
R.OBINL. CUANY LYNNKUNSLER
7351 Manderly Way UT Div. OfOil Gas & Mining BRYCE ROMIG RONZUCK
Knoxville, TN 37909 1594 W. North Temple #1210 Cyprus ClimaxMetals Co. 730 Kearney Street

(423) 690-0349 Salt Lake City, UT Climax Mine Denver. CO 80220
(801) 538-5310 Climax, CO 80429 (303) 320-1691

NANCY DUNKLE (719) 486-2150 x 723
National Park SVC-DSC JOHN A LAWSON

Central Team Idaho Dept. Health &; Welfare
12795 W. Alameda Parkway 1410North Hilton

Denver. CO 80225-0287 Boise, ID 83702
(303) 969-2568 (208) 373-0141
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