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PREFACE

The Fifth High Altitude Revegetation Workshop is now history.
The early history of the group is explained in one of the papers pre-
sented and the composition of the High Altitude Revegetation Committee
is printed after the Table of Contents. The Committee started as an
ad hoc group and has grown along with its sponsored activities such
as the Workshops and the annual summer Field Tours. One of us has
been Chairman since 1974, and prevailed on the Committee to hold an
election during the March, 1982 workshop. As a result, Larry F. Brown
(who had been Vice-Chairman) was elected to the Chairmanship and Wendell
Hassell was elected to be Vice-Chairman. Most of the committee member-
ship continues, as an invaluable source of advice and strength, and
the thanks of all who are interested in High Altitude Revegetation are
gratefully offered to these persons and to their parent agencies and
companies, whose names are recognized on the title pages.

The editors also realize, and wish to point out, that the Workshop
could not have been as successful as it was (with 243 participants)
without the valuable contributions of three groups: the participants
who attended contributed their resources and knowledge in the discussions;
the chairmen and panelists who likewise guided the thoughts and
questions of the group; and the speakers who contributed their skills
and time in the preparation and delivery of their papers.

One paper, by Richard Hallman, was not given orally but the value
of the text and photographs made it a worthy addition to the sequence.
On short notice, William Mitchell volunteered a progress report from
Alaska which we transcribed and have printed here at the end of the
first afternoon session. Our efforts to record and transcribe the
panel discussion were foiled by technical .problems, for which we tender
apologies.

We acknowledge the help and organizational abilities of Dean
Bressler and the staff of the CSU Office of Conferences and Institutes.
Our thanks also extend to Randall and Blake, Inc. for their generous
sponsorship of the social hour.

A special feature of the Banquet this year was the thought-provoking
tape/slide show on the eruption of Mt. St. Helens. The magnitude
of this disturbance and the scope of natural succession and revegetation
efforts is humbling to those of us involved in this field.

Robin L. Cuany
Julie Etra
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The Principles of Ecology as a Framework for a Total

Ecosystem Approach to High Altitude Revegetation Research®

I. Lehr Brisbin, Jr.
Savannah River Ecology Laboratory
P. 0. Drawer E

Aiken, South Carolina 29801

Like many other fields of scientific endeavor, modern ecology has
been developed around a set of fundamental principles which have, over
the years, guided the ways in which theories have been developed and
studies designed to test specific hypotheses. As originally put-forth
by Odum (1959, 1971), these principles have also proved to be useful
as a means of providing a framework for various applied problems
associated with growing concerns for environmental impact assessment
and prediction.

Over the years, it has been the author's experience that the
fundamental principles of the field of modern ecology have been a
useful point of departure for designing research and making useful

assessments in a variety of areas of environmental concern. It is the

*Portions of this article are based on a presentation, "The Principles
of Ecology and Their Application to Environmental Problems Associated
with the Production and Utilization of Energy," in Population and the
Environmental Crisis (S. White, Ed.), as originally published in 1975
by the Research Advisory Council of East Temmessee State University,
Johnson City, Tennessee, and reproduced here with permission.




purpose of this presentation to examine these basic principles of the
field of modern ecoloéy and to suggest ways in which they may provide
a frame of reference for environmental concerns associated with the
revegetation of high altitude environments.

The basic principles of modern ecology as outlined by Odum (1959,
1971), center around a consideration of the natural world as a
hierarchy of levels of varying complexity of organization. These
levels of organization range from étoms though molecules, cells,
organs, tissues and individual organisms (or "individuals").
Individual organisms however, are grouped into larger and still more
complex: units known as populations, which are grouped into biotic
communities and these communities into ecosystems which are the most
complex units of organization regularly considered in an ecological
sense. An important aspect of this philosophy of viewing the natural
world as systems of varying levels of complexity of organization is
the fact that priﬁciples which operate at one level of organization
also often operate in a similar fashion at other levels. Frequently
however, a given principle may be more readily understood at one level
of organization than would be the case at.some other levels. As an
example, the principle that systems at all levels of organization act
as single unified wholes, is probably best understood, even by the lay
public, at the individual level of organization. Few persons would
doubt that the circulatory system, digestive organs, skeletal and
nervous systems of an individual are organized into anything ofher
than a single structurally and functionally integrated whole.
Although comprised of many component parts, an individual organism

(such as for example an individual human being) is thus considered to



be a single unit acting in an integrated fashion. Less well
understood howevef, are the ways in which a forest or other such
ecosysﬁem is also structurally and functionally integrated into a
single unified whole. Frequently, vital component parts of ecosystems
may be removed, "transplanted" or altered in a fashion which suggests
that those responsible for such éctions do not understand the complete
ramifications of what is taking place in terms of the disturbance of
the overall structural and functional integration of the whole. The
extermination of the wolf from the eastern deciduous forest ecosystem
for example, may be viewed in the same perspective as the removal of a
kidney from a human patient on an operating table. In neither case
does the "patient" die since individual human beings can live without
one kidney and the forest can obviously continue to survive without
the wolf. 1In neither case however, does the system continue to
operate in the same fashion as prior to the removal "surgery'". The
forest is a distinctly different ecosystem without the wolf, and a
patient minus one kidney is faced with a 1large number of
considerations which .did not exist prior to the surgery. In neither
case would such "surgery" on either an-ecosystem or an individual
human being be wisely undertaken without good reason and without
adequate forethought and planning.

Extending this analogy to the revegetation of high altitude
ecosystems, it may be useful to consider high altitude ecosystems as
"patients" for whom certain surgical actions are being'contemplated.
By this analogy the revegetation of disturbed high altitude ecosystems
may be comparable to skin grafting and the regeneration of the body

integument of an individual who was badly burned in an accident. It



is important to realize that whether at the level of the individual
organism or the ecosystem, this '"skin grafting" is only -one portion of
the concern for the total welfare of the "patient" as a whole. Skin
grafting on a human patient must be considered in the context of the
cardiovascular, nutritional and psychic state of the person being
treated. Ecosystem revegetation similarly must be consideredvin the
context of the welfare of the total integration of producers (green
plants), consumers (animals), decomposers and abiotic factors found in
naturally occurring "healthy" high-altitude ecosystems. The process
of revegetation of such an ecosystem should not take place without
concern for the state of health of the other portions of the ecosystem
any more than skin-graft surgery should take place on a patient whose
general state of health is not continuously being monitored by means
of determinations of body temperature, blood pressure, red blood cell
count and other such indicators of general health. At the ecosystem
level, unfortunately, our familiarity with indicators of the normal
status of our total "patient" is much less complete than in the case
of a human presented for skin graft surgery in a hospital.

Basic to an understanding of the hierarchy of 1levels of
complexity of organization, is the fact that each of the levels
consists of systems which may be considered as entities comprised of a
series of interacting component parts. A description of these
component parts at the ecosystem level is frequently best undertaken
by the means of a systems-modelling approach. In these approaéhes,
the component parts of the ecosystem are represented in. terms of
"boxes" which are storage compartments of either energy and/or matter

within the ecosystem and "arrows" which indicate the directions and



flux rates of matter and/or energy between the storage compartments
within the system.v A greatly simplified "boxes and arrows" diagram of
an ecosystem is presented in Fig. 1. In this figure, energy, flowing
in a one-way path from sunlight through the producers to the consumers
and/or decomposers and eventually out of the ecosystem as lost
respiratory heat, is used as the tool to describe the way in which the
ecosystem components are interrelated. Matter, to the extent that it
is interchangeable with energy, may alsoc be used as the basis of
describing the '"boxes and arrows" of a specific ecosystem's
organization.

In order to adequately understand the role and potential impact
of revegetation on a given ecosystem therefore, it is neéessary to
understand how such revegetation procedures will effect not only the
primary producer plant component but also the other ecosystem
components which are interrelated to the producer group. These latter
components include animals which may act as consumers in the system
and decomposers which perform vital functions in the recycling of
nutrients between the plants, animals and the abiotic portions of the
ecosystem. Thus far however, the general approach to ecosystem
revegetation seems to have centered mainly on the mechanics and
details related to the green plant producer component and soils. If
indeed, a total ecosystem approach is to be realized, it will be
necessary to increase the attention which is given to the consumers
and decomposers of these same ecosystems. The titles of papers
presented in past symposia in this series suggest that this has not
yet been done. While it may not actually be necessary to give equal
treatment in terms of time and effort to consumers and decomposers of

high altitude ecosystems which are being revegetated, it would seem
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that a greater emphasis than has been given in the past, might be in
order in the futufe. Such a reordering of priorities to include
concern for all ecosystem components in the high altitude environment
wbuld provide a more balanced and integrated picture of the way in
which these ecosystems were functioning before revegetation and may
provide more useful predictions of how they might function after
revegetation procedures have been undertaken.

Finally, it is important, at all hierarchical 1levels of
organization, to distinguish between what may be defined as natural
systems from those which may be alternatively described as developed
systems. As indicated by Odum and Odum (1977), natural systems,
including those at the ecosystem level, are those capable of
maintaining themselves on sunlight energy alone. Developed systems on
the other hand, cannot exist in a steady-state on sunlight energy
alone and are dependent upon supplementary energy overhead payments in
order to continue to exist in a steady state. The interrelationships
between natural and developed systems, as illustrated in Fig. 2, is
basic to many forms of environmental impact study. In an earlier
presentation (Brisbin, 1975) the basic interaction between natural
and developed systems, as illustrated in ;‘ig. 2, was used to address
environmental problems associated with the production and utilization
of energy. This same scheme however, could equally well be used in
addressing problems of the disturbance of high altitude environments
by any form of developed system found in these regions. These
developed systems may include mining operations, ski resorts, or any

of a number of similar types of activities. The important point is
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that the ski resorts or mining operations represent developed.systems
since they are aependent on fossil fuel or some other form of
supplemental energy overhead payment in order to maintain a steady
state. Their impacts on nearby natural systems, as indicated by the
double arrow in the center of Fig.l 2, are the crux of many
environmental issues and are therefore important subjects for concern
by this symposium and future meetings in this series.

Concerns for the interactions between natural and developed
systems, as indicated in Fig. 2, have led to the development of a
system of National Environmental Research Parks (NERPS) . These
areas, as designated by the United States Depatment of Energy, are
sites with programs specifically aimed at studying the interactions
between natural and developed systems as illustrated by the double
arrow in the center of Fig. 2. A number of examples may be cited in
which the NERP philosophy of environmental study has been most useful
in helping to provide perspective for environmental impact analysis,
assessment and public demonstration. Extant NERP sites and their
concommitant programs have not only provided information of interest
to those concerned with environmental quality but have also provided,
on the other hand, equally valuable information to those who are
charged with the management of developed systems (such as mining
operations or ski resorts) by providing them with the facts and
perspectives mneeded to better undertake their activities while
minimizing and/or mitigating unavoidable environmental impacts upon
neighboring natural systems.

It is interesting to note that to date, although several of the

major biome systems of our nation are currently represented within the
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Department of Energyfs national NERP network, there is as .yet, no
specifically-designated NERP program or site within the major high
altitude environments of North America. The experiences with NERP
programs at such sites as the Department of Energy's Savannah River
Plant, Hanford Reservation, Los Alamos National Laboratory, Idaho
National Engineering Laboratory and Oak Ridge National Laboratory,
have proven the ability of the NERP concept to enhance both the public'
image and acceptability of potentially environmentally disruptive
activities (see for example, Brisbin, 1975). This suggests that the
designation of a NERP program within a high altitude environment might
be a useful idea to consider in the case of a proposal to develop a
mining operation and/or a ski resort in some as yet undisturbed alpine
region.

In summary then, it is the basic principles of modern ecology,
their extension to both natural and developed systems and the mutual
interactions of these two types of systems with one another, which

provide a framework for a total ecosystem approach which can combine

high altitude revegetation activities with other aspects of concern
for environmental quality in such regions. The philosophy of the
National Environmental Resarch Park programs, embodying the
interaction between natural and developed ecos&stems, as well as
component sub-systems at all levels of complexity'of organization of
the natural world, provides just such a framework for study. Such a
framework considers revegetation as a component but not the totality
of environmental work in such an area and would require the close
coordination of those involved in revegetation work with those

concerned with other aspects of ecosystem structure and function such
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as consumer population welfare (e.g. wildlife management) or studies
related to the decomposer portions of high altitude food weds; When
these approaches are used, it is likely that productive\avenues will
be found to integrate high altitude revegetation research with compli-

mentary studies of all components of high altitude ecosystems.
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THE HIGH ALTITUDE REVEGETATION
COMMITTEE - WHO WE ARE AND WHAT WE DO

Robin L. Cuany (Chairman)l/
THE COMMITTEE

The committee is made up of representatives of industry, federal
and state agencies, and universities and colleges (Table 1) who have an
interest in revegetation of disturbed lands at high altitudes. This
has been nominally defined as anything above 9,000' (2740 m) in the
Central Rocky Mountains, or ecologically, the subalpine and alpine
zones. The disturbances needing repair are those caused by mining, ski-
slope construction, highway building or other types of transportation
corridors, condominium landscaping, and presumably also those scars
left by nature, such as landslides.

Our role is to bring people together to talk about, study, and see
techniques of revegetation applicable to our problems, and in some cases
appropriate for lower elevations also. To do this we have held work-
shops like this one, summer field tours where we visit sites in the
mountains, and the Committee has sponsored research programs at Colorado
State University in the testing of plant materials and the improvement
of plants for subalpine and alpine revegetation use. Committee members
representing industry have provided encouragement, and their industries
have donated financial aid toward accomplishing the stated goals. We
acknowledge this help gratefully.

The Committee supports an appointed secretary through a Graduate
Research Assistantship at CSU, for High Altitude research and committee
functions. The present secretary is Miss Julie Etra. Her predecessor
was Stephen Kenny whose Ph.D. degree was attained in May, 1981.

THE WORKSHOPS

As one of the original triumvirate of 1974 explained in the 4th
Workshop (Brown, 1980) we have Jim Ludwig of Climax Molybdenum to thank
for encouraging Berg, Brown, and Cuany to call the first Workshop and
edit its proceedings. We expected about 50 people and were surprised
with a crowd of 110. Since then each workshop (Table 2) has drawn more
people and until we "purged" our mailing list last fall we had over 900
names on it. Including duplicating and envelopes, that takes over $200
to send a notice by first class mail. Bulk mail is undependably slow
and can't be forwarded. We add names from each workshop and tour as we
wish to keep communication open, and we add names of inquirers at any
time.

1/

=" Department of Agronomy, Colorado State University, Fort Collins, CO
80523.



Table 1. High Altitude

Affiliation

Mining

Ski Areas

Seed

Landscape Architects
Ecological Cons.
Federal/State
Academia

Chairman:

13

Revegetation Committee Members

AMAX, EXXON, Homestake

Aspen, Steamboat, Winter Park
Mile-High

Gibbs & Hill

Stoecker-Keammerer & Associates
SCS, RMNP, Wildlife

CSM, CSU, CMC

Total Members (1982)

Robin L. Cuany (CSU)

Vice Chairman: Larry F. Brown (AMAX)

Secretary:

Julie Etra (CSU)

Table 2. High Altitude Revegetation Workshops

Workshop and Location No. papers+
lst Feb, 1974 Fort Collins 13 + 4
2nd April, 1976 Fort Collins 13+ 3
3rd March, 1978 Fort Collins 20+ 1
4th Feb, 1980 Golden 19 + 1
5th March, 1982 Fort Collins 21 + 2

second figure indicates panel

* gome additional attendance at some talks

%% added in publication

People

W NN oY

23

Attendance

110
184%
174%
263
243%%

or small-group discussions
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The second and third workshops were, like the first, held here at
CSU, and we developed a pattern of having some ecology or other scienti-
fic background, some nuts-and-bolts of reclamation on the job, some
case histories, some reports of advances in plant materials or mulches
or machinery, and some philosophy or argumentation about laws and
regulations affecting our attempts to protect or restore the environ-
ment. The committee collectively decides on topics and speakers to
invite, and individual committee members chair a morning or an after-
noon session or a panel, being responsible for liaison with their
speakers. Members of the committee have also taken on the task of edit-
ing the manuscripts into the published proceedings. Each volume of
proceedings is sent to all registrants at that workshop, and can be
ordered by others from the Bulletin Room, Aylesworth Hall, Colorado
State University, Fort Collins, Colorado, 80523. We try to get them out
within six months following the workshop.

The Fourth High Altitude Revegetation Workshop was held by the
invitation . of committee member Professor Bettie Willard, at the Colo-
rado School of Mines, and the turnout was the largest yet, perhaps
helped by its proximity to Denver. This year we discovered some schedule
conflicts but we still have a great crowd. We have taken a slight
departure from previous practice in having about 40 minutes for general
discussion and short 3 - 4 minute voluntary contributions on Tuesday
afternoon. We hope everybody will learn a lot from one another in this
Fifth Workshop.

THE SUMMER FIELD TOURS

Every year starting in 1974 we have held a meeting at a combination
of field sites of revegetation in action and in research, trying to
sample the proper mix of mine reclamation, ski-slope reseeding and re-
pair, natural area ecology, including the alpine of Trail Ridge Road
in 1978. 1In that same year on a previous afternoon we co-sponsored an
equipment display in Denver (Table 3). In some cases our hosts have
provided transportation up their steep mountain roads, partly to cut
down on the number of vehicles involved. In the past we have charged
nothing for these summer tours (you are on your own for lodging and
meals) but think we may need to collect a nominal $5 registration in
future. After Tuesday's noon meeting of the Committee we hope to
announce some more detail on this year's tour.

In closing this part of my description of Committee - organized
educational activities, I cannot do better than quote from Jim Brown's
(1980) statement of philosophy "It is imperative that the spirit of
cooperation and the free exchange of problems, solutions, and techniques
should continue to be the spirit of these workshops and field trips.”
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High Altitude Revegetation Field Tours

Urad+, Winter Park*, Rollins Pass

Snowmass*, Aspen, Ashcroft+, Redstone+

Durango*, Silverton+, Bayfield

Vail Pass, Copper Mountain*, Ten Mile Cr.

Table 3.
Year Places visited
1974  Climax', Vailk
1975
1976 Idaho Springs, Keystone*
19772
1978 Denver (equipment)
Trail Ridge Road (alpine)
19792
19802
and Climaxt
19812

2 Two-day tour

Crested Butte+, Gunnison, Hamestaké+
and Monarch Quarry'

+
Mine

*Ski Area

Attendance

100

120

130

85

110

140

133
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RESEARCH ACTIVITIES

In that spirit, and as a progress report ofthe work under my care
and sponsored by the Committee through donations of funds, sites, and
some field help, I want to present the areas of Species and Strain )
Testing, Grass Breeding, Lupine Domestication Studies, and Alpine Seed
Production Research.

SPECIES AND STRAIN TESTS IN THE SUBALPINE

The 1974 plantings

Since many of the disturbances, and therefore the revegetation
needs, fall in the subalpine zone, our testing program has mainly been
between the elevations of 9,000' and 11,500' (2740 to 3500 m). Although
this zone is forested, the immediate needs of stabilization of a recon-
structed slope, and in many cases the end-use of the land, will call
for a herbaceous cover of grasses and forbs. The testing of available
plant materials, especially cultivars of grasses and legumes that are
now on the market, seemed an essential first task. Their trial in a
variety of locations on mined areas, ski slopes and other disturbances
was started in 1974 with Committee assistance and encouragement, advice
from Dr. William A. Berg, who provided some initial data at the First
Workshop (Berg, 1974), and an initial set of about 35 materials. Pro-
gress on these plantings and some more made in 1976 was described by
Kenny and Cuany (1978).

Planting was done by hand in furrows about % - 1" deep and about
1' apart, about 10 - 15' long, usually made with a corner of a hoe.
Prior to making rows, the ground was worked over to incorporate 100 1b.
per acre of P05, and in the season following germination, 50 1b. per
acre of N was added as a top dressing. Two replications of all strains
were seeded, using 25 seeds per foot of row, at each site listed in
Table 4. Observations were made in late summer or fall for the first
few years to assess the vigor and survival. Where the original stand
was poor, the surviving plants have been watched and rated without
regard to the density of the row, because there was only one opportunity
for the original stand to be established, seedlings could have failed
for several reasons, and persistence of older plants is a useful trait.

The preliminary conclusions of Kenny and Cuany (1978) have been
borne out in the 1978 to 1981 observations of these 1974 and 1976 plots.
Among '"large" grasses the ones with most promise were meadow foxtail,
smooth brome, orchardgrass, reed canary grass and timothy (Table 5).
The best small grasses are the fine leaved fescues - hard fescue, red
fescue and Chewing's fescue, and the bluegrasses - Kentucky and Canada
bluegrass. All these grasses have been incorporated in one or another
seed mix sold for high altitude use, or made up for the larger indus-
trial users according to specification. Qur data confirm that these
introduced species are better able to do a job in this reclamation
situation than those native grasses tried (not many in 1974 tests).
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Table 4. Location of Tests 1974 - 1976

Sumner Summer/Fall
Ski Areas 1974 1976
Snowmass - 9,500
10,500
Steamboat - 9,700'
Winter Park 10,600" 9,400'
10,600
Mining Areas, etc.
Climax 11,200' 11,400°"
Urad 10,600 -
Eisenhower West Portal - 11,200'

Plots seeded at Breckenridge (Peak 8) and Vail in 1974 had to be
abandoned by 1979 because of invasion.

Table 5. The Best Performers in 1974 and 1976 Tests.

Good Large Grasses

meadow foxtail timothy

smooth brome mountain brome
orchardgrass slender wheatgrass
reed canary grass thickspike wheatgrass

Good Small Grasses

red fescue, including Chewings fescue
hard fescue
Canada bluegrass, and some Kentucky blue

Good Legumes

alfalfa
zigzag clover
cicer milkvetch
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The only comparable natives in performance were 'Bromar' mountain brome
and 'Primar' slender wheatgrass.,

Among legumes tested, beginning in 1974, best were alfalfa, zigzag
clover (on the coarse wet gravelly Urad site) and cicer milkvetch,
'"Lutana' and Size 12 experimental strains. Although the value of cicer
milkvetch was not noticed in 1978, there has been an increased survival
and growth vigor on all plots of this species in the 1978-81 period.
Moreover, some plots planted in 1969 by Berg at Climax have shown plants
whose growth is thigh-~high, so this non-bloating grazeable legume de-
serves more use in reclamation. It starts slowly but is good for the
long haul. The variety 'Monarch' has been released (Townsend, 1980).

The 1976 plantings

The 1976 plantings were intended to test additional places and
materials: two more ski areas were Steamboat and Snowmass (only legumes
at two elevations 9,500' and 10,500' at Snowmass), and a plot above the
West Portal of the Eisenhower Tunnel was provided by the Colorado
Department of Highways. At Climax an attempt was made to compare late
spring planting 6-30-76 with fall planting 10-2-76. At Winter Park one
plot was planted at a base lot (9,400') in July, and one on the saddle
at the top of Mary Jane (10,500') in October. The former did very well,
and the latter rather poorly owing to the very dry winter of 1976-77
and the rather windswept site on this saddle. Nevertheless the general
impression is of the same successes and failures as from the 1974
plots, with meadow foxtail, several lines of smooth brome, 'Latar'
orchardgrass, reed canary grass and 'Climax' timothy leading the 28
large grasses tested. The red and Chewings fescues again excelled among
14 small grasses, with 'C-26' hard fescue, and there was some evidence
of value in the natives Canada bluegrass, 'Sodar' streambank wheatgrass
and 'Critana' thickspike wheatgrass. Western wheatgrass and green
needlegrass, along with Kentucky bluegrass, were very disappointing in
their survival and vigor.

Among the legumes, alfalfa was poor except at Snowmass, alsike
clover and white clover were fair, and 'Empire' birdsfoot trefoil was
the only one with a good rating at the Eisenhower Tunnel plot. Also
that plot showed a strong growth of the native variety'Bandera' Rocky
Mountain Penstemon. At the lower elevation sites (Snowmass and Mary
Jane base) in forest clearings with a more moderate climate, it is
possible to get a number of things to grow well, and the rating scale
had to be modified from that used higher up.

There was no clear difference between the June and October 1976
plantings at Climax except in the first two years, when it was obvious
that one plot had a one growing season head-start. For this reason
the 1978 trials were designed to be planted in October and the succeed-
ing June so that both would make use of the 1979 growing season, as
their first season.
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The 1978-79 plantings -

The rationale of planting in fall is that in a "frost-seeding",
if one waits till there is a negligible chance of germination that fall,
the seed will be ready to come up as the snow melts in spring, two or
three weeks before it would be possible (mid-June is usually the earliest)
to get in and prepare a plot for (late) spring seeding. One might
expect the fall seeding to do a little better than the spring seeding
when they have the same first growing season.

We tried to find a range of sites that would be near our previous
tests yet (if possible) less subject to future disturbances, and
settled on six locations that included three ski areas, two mining areas
and one which is the edge of a gravel quarry in Dry Gulch, not far from
the East Portal of the Eisenhower Tunnel (and nowunder jurisdiction of
the Arapahoe National Forest). Table 6 shows the elevations and plant-
ing dates of the two replications planted in October 1978 and two in
June - July, 1979. Unfortunately, the Steamboat plot, on very dry soil
with a westerly exposure, produced negligible emergence of seeded rows
in a rather thick stand of volunteer smooth brome (washed down from
higher slopes?). The other five have given interesting results in their
first three seasons of growth.

There were 88 materials in the Fall, 90 in the Spring which were
almost entirely the same as in the Fall, but totalling 94 different
strains of 22 different grass species and 10 legume species (no non-
leguminous forbs this time, Table 7). In 1979 we also tested coated
and uncoated seed of smooth brome, tall fescue, Kentucky bluegrass,
alfalfa and white clover, but did not find significant differences due
to the coating. These 10 entries made the Spring total 100, These 88
or 100 strains included some new strains of previously tested introduced
species, and over 20 strains of native grasses, some of which came from
Bill Mitchell's program in Alaska, reported in a previous workshop
(Mitchell, 1978). The only released cultivars, as far as I know, among
the natives were 'Primar' and 'Revenue' slender wheatgrass (Agropyrom
trachycaulum) and 'Sourdough' bluejoint reedgrass (Calamagrostis
canadensis) . We did not have any native legumes in these tests, although
we will refer to alpine clovers later.

Because we have incomplete results from one of the sites and have
not visited another since mid-summer of 1980, we will not attempt an
exhaustive final report now. In any case, the characteristics of recent
summers and winters have been so "abnormal" that we would rather wait to
make a complete survey in late summer of 1982, all in the same week, and
publish those results, which will evaluate persistence and vigor after
four growing seasons. For now, I will limit comment to mentioning the
apparent best items and their early behavior.
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Table 6. Location of Tests 1978 - 1979

1978 1979

Location Alt,(ft) Fall Spring
Ski Areas

Breckenridge (Peak 9) 10,700 10-5 6-22

Steamboat (Five Points) 9,700 10-10 6-22

Winter Park (Dormouse) 10,600 10-9 7-10
Mine Areas

Climax (Observatory) 11,160 10-7 7-9

Urad (above upper tailings) 10,600 10-8 6-21
Highway

Eisenhower Tunnel (East Appr) 11,100 10-6 6-21

" Dry Gulch

Planted by Stephen T. Kenny and Robin L. Cuany, Department of
Agronomy, Colorado State University, Fort Collins, CO 80523.
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Table 7. Grasses and Legumes Tested in 1978/79

Grass genus Common Name Species Strains
Agropyron wheatgrass 5 12
Arctagrostis polargrass 1 1
Bromus bromegrasses 2 5
Calamagrostis reedgrass 1 1
Dactylis orchardgrass 1 3
Deschampsia hairgrass 2 4
Elymus wildrye 1 1
Festuca fescue 3 20
Phleum timothy 2 5
Poa bluegrass 2 8
Trisetum spike trigetum 1 2
22 66
Legume genus Common Name Species Strains
Astragalus cicer milkvetch 1 7
Coronilla crownvetch 1 3
Lathyrus flatpea 1 1
Lotus trefoil 2 5
Medicago alfalfa 1 1
Onobrychis sainfoin 1 3
Trifolium clover 3 8
10 28
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The introduced grasses and the cultivars of native slender wheat-
grass were the first visible in July 1979 from the Fall 1978 seeding,
and they have continued to be successful and prominent in most of the
10 date/site combinations. In 1980, 'fall' grasses were a little better
than spring-sown grasses at Eisenhower, but the same at Winter Park.
In 1981 they had equalized. On the other hand, legumes at Eisenhower
(Dry Gulch) were better in the spring plots, both years. At Climax,
alfalfa, white clover and cicer were good from fall planting, not from
spring, whereas crownvetch, flatpea, sainfoin and trefoil were good
performers only from spring. These cannot be taken as general truths,
and no doubt depend on very localized variability of ground moisture
and pH.

Among large grasses (Table 8), meadow brome, orchardgrass and
timothy have been most generally successful with smooth brome a close
runner-up. Intermediate wheatgrass and slender wheatgrass are showing
some vigor, but there was concern (Berg, 1974) about their possible
lack of persistence - we shall follow that closely.

The smaller grasses in the 1978-79 tests are interesting; the red
fescues (including Chewings and creeping red) continue best, especially
at Eisenhower, Breckenridge, and Winter Park. Possibly they are a little
less outstanding on the mine sites (different substrate) and a similar
comment can be made about hard fescue and perennial ryegrass. Sheep
fescue and Canada bluegrass did fairly well at Eisenhower, Breckrenridge
and Winter Park, but not at the mines. Kentucky bluegrass was poor
everywhere, at least in these tests 7 strains were; there are over 50
strains in the trade. Among native grasses we had little success
with those from Alaska, but tufted hairgrass and alpine timothy have
done fairly well at the ski areas.

GRASS BREEDING

Little will be said here as we have incomplete test information on
77 best-surviving smooth brome parent plants from the 1970 nursery at
Climax, which were moved to Fort Collins at various dates for seed
production. All available progenies must be tested before we can define
the 25 best parents to put into a synthetic variety (Cuany, 1974;
Kenny and Cuany, 1978). The other grass we have made progress in select-
ing is an orchardgrass type found to set gseed at the 10,600' altitude
of the Urad plots. Seedlings of this source were planted at Fort Collins
and allowed to pollinate. We have a pound or two of seed but it has not
yet been in any high altitude test plantings.

"LUPINE DOMESTICATION

The topic that was chosen for Steve Kenny's Ph.D. thesis was a
consideration of the variability found in native Rocky Mountain lupines
of Colorado and their potential usefulness from the point of view of
revegetation in the 6,000' - 11,500' zone. He collected 22 different



Table 8.

Good

Large Grasses

Good

meadow brome
orchardgrass

timothy

Small Grasses

Good
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The Best Performers in 1978/79 Tests.

smooth brome
intermediate wheatgrass

slender wheatgrass

red fescue (including Chewing's and creeping)

hard fescue
perennial ryegrass

Canada bluegrass

Legumes

red clover

white clover

crownvetch (some sites)
cicer milkvetch

sainfoin (low persistence)

birdsfoot trefoil

alpine timothy

tufted hairgrass
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populations of Lupinus argenteus and 14 of five other species and worked
out methods for self and cross pollination, as well as germinating the
seed and growing the plants in nursery conditions. The Fort Collins
environment was unfavorable for populations collected above 10,500',
while the Environmental Plant Center at Meeker was generally favorable
for all populations. Three revegetation test plots, at Climax, near
Frisco, and in the Piceance Basin, showed that lupine establishment is
often low, but once established these plants persist (Kenny, 1981).

Two reclamation-related characters were studied: dinitrogen fixa-
tion and alkaloid concentration. The capacity for the former is import-
ant in supplying nitrogen in infertile places to the revegetation mixture,
without the need for periodic fertilization. It was proved that soil
near lupine plants had more NH,-N and NO -N, and certainly more total
N (66 ppm more) than soil furtﬁer away from plants. This suggests that
fixation was going on. Greenhouse screening of the populations as
two-month o0ld seedlings, after inoculation with eight different strains
of Rhizobium (nodule-bacteria), showed threefold differences among the
lupines for plant dry weight, nodule weight and nodule number, and in
the acetylene reduction which is a measure of dinitrogen fixation. Some
of the Rhizobium strains were as much as 5 or 6 times as effective as
others, the best derived from locally gathered nodules sent by Steve
Kenny to the Nitragin Company.

The seedling tops were used to screen for the alkaloids in lupines
which are poisonous and can cause abnormalities in livestock (wildlife
may be smarter and keep away). In the greenhouse, with a good correla-
tion with field samples, the populations were found to differ seven-fold
in total alkaloid concentration. When grown with added N, there was a
fifteen-fold difference in alkaloids. The relative presence of anagy-
rine, the alkaloid causing crooked-calf disease, also varied, and some
of the collections were below the threshold level for this chemical
(Kenny, 1981).

It seems possible to identify strains which are good in nitrogen
fixation and low in alkaloids, so as to make lupines available for re-
vegetation use. At present we are working (in another project) on the
problem of low seed multiplication, which hampers use of this native
plant.

ALPINE SEED PRODUCTION RESEARCH

With the addition of Julie Etra, we have speeded our attack on the
problem of getting enough seed from native alpine grasses and forbs to
be useable for revegetation in the tundra zone where only a few intro-
duced plants could be used even if this is justifiable or allowable.
Red fescue is one of the species which is really a circumpolar native
growing in Arctic and Subarctic North America as well as Iceland and
Europe, so perhaps it should not be thought of as introduced.



25

As was stated in the Third Workshop (Kenny and Cuany, 1978) we
have cooperated in two directions with industry. One aspect - the
establishment method - has been tried out with hand-gathered seed from
the alpine zone, planted at three sites at Climax and reported by
Mike Guillaume (1980). The other aspect is the testing of seed production
potential of several plants outside their alpine enviromment. We want
to see if it is possible to raise seed in a lower-elevation 'garden"
type plot and reduce the cost and product variability associated with
hand~collection from native stands - the commonest present method. We
selected three test sites for transplanted young plants (and these three
plus a fourth for direct-seeded rows). They are at Fruita (4,700"),
above Collbran (7,400'), the top of Grand Mesa near Land's End (10,000")
and a site near the Henderson Mill in Williams Fork Valley (about 9,000').

For a choice of materials we have consulted several sources. The
best items identified in several years of research in Montana have been
reported by Brown and Johnston (1978, 1979). Natural succession in
Rocky Mountain National Park is known to take a very long time (Willard
and Marr, 1971) and in our 1978 Field Tour we saw species resulting from
42 years of succession on 0ld Fall River Road, west of Trail Ridge Road.
With Bettie Willard's encouragement we have collected there and in the
Climax region. Regarding forage use by domestic sheep, their choice in
diets for several alpine species was noted by Thilenius (1979). The most
important forb species were Trifolium dasyphyllum (14% of total herbage
consumed) , Polyponum bistortoides (11%), Geum rossii (10%), Trifolium
nanum (10%); the two fescue grasses Festuca rubra and ovina were 13%
of the diet. Only Trifolium species were utilized heavier than 7% of
their available biomass, but nevertheless the Trifolium spp. decreased
in the vegetation cover when prevented from being grazed, and appear to
be well adapted to such grazing pressure.

There are June 1981 transplanted seedlings of nine species, raised
in the CSU greenhouse, in our experimental sites. Six grasses and three
alpine clovers (Table 9) are each represented by ten seedlings at each
site, in five-plant plots spaced 1.5' apart. In order to compare several
accessions of these species we had to wait on August and September 1981
collection of seeds for Kokomo Ridge, 0ld Fall River Road (by permit!)
and elsewhere. We are grateful to David Buckner for some seeds. In
October 1981, 10' rows were direct-seeded in two replications at the
four sites, for the nine species (6 grasses and 3 clovers) plus the forbs
Geum rossii, Oxyria digyna, Potentilla diversifolia, Dryas, and Sibbaldia
procumbens. Many of these were represented by more than one collection.
One important species that we do not have in our plots is Descham251a
caespitosa, which is being studied by Ray Brown.

Growth in the summer of 1981 was fair to good for the transplants.
One or two plants of alpine timothy produced immature heads by October,
but we don't expect information on seed production until 1982 fall, or
even 1983 for the October 1981 seeded rows. Julie will also compare
the feasibility of collecting seed with the garden production method.



‘Table 9.

Selected Alpine Grasses and Forbs in Experimental Plots,

Spring Transplant, 1981, and Fall Seeding, 1981.

Scientific names

Grasses transplanted

Agropyron latiglume

Agropyron scribneri

Festuca thurberi

Phleum commutatum

Poa fendleriana

Trisetum spicatum

Forbs transplanted

Trifolium dasyphyllum

Trifolium nanum

Trifolium parryi

Grasses seeded

Common names

subalpine wheatgrass
Scribner wheatgrass
Thurber fescue
alpine timothy
mutton-grass

spike trisetum

whiproot clover
dwarf clover

Parry's clover

Five of above (except Ag. scribmeri), plus

Poa alpina

Forbs seeded

All three alpine clovers, plus

Dryas octopetala

Geum rossii

Oxyria digyna .

Potentilla diversifolia

Sibbaldia procumbens

alpine bluegrass

mountain dryad
alpine avens

alpine sorrel
varileaf cinquefoil
sibbaldia
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- Seeds from both the native tundra and the garden plots will be
., harvested, cleaned, weighed, and tested for viability. Experiments
have already been done to find the best way of checking viability in
these plants, such as the Dryas octopetala that we were unable to rate
satisfactorily by standard test.
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MANAGEMENT'S ROLE IN DEVELOPING RECLAMATION PROGRAMS

James J. Ludwig
CLIMAX MOLYBDENUM COMPANY
1707 Cole Blvd.
Golden, Colorado 80401

It is indeed an honor to be a speaker at this 5th High Altitude
Revegetation Workshop. I have had an association with the program since
the beginning in 1974, never in an active, but always a supportive sense.
Jim Brown, who was the Climax Mine's first envirommental engineer, along
with Robin Cuany and Bill Berg of C.S.U. perceived the need for such a
seminar and organized the Committee which has served us so well.

The subject of high altitude horticulture has always fascinated me,
both from a personal and a business standpoint. My early efforts in 1958
to raise a vegetable garden in Buena Vista expanded into flower gardening
and then native species horticulture about 1970. Our early efforts to
reclaim disturbed land at Climax prompted me to personally purchase land
at Buena Vista dedicated to the propagation of native species for
reclamation and landscaping. This nursery continues today under the able
direction of my son, Gary, and the goal has not changed.

In retrospect, this has been an interesting time during which I have
been involved personally in not only "hands on" reclamation, but more
importantly, as a mining executive, deeply involved in planning,
regulation, political and public policy, administration, analysis of
results, and financial aspects of mined land reclamation. I have
listened to many experts, proponents and opponents alike on reclamation
and revegetation issues. Right or wrong, decisions were made because
they had to be made.

Management must make decisions because it is faced with the
never-ending task of maintaining an economically viable business. There
is no other reason for its existence. Reclamation is a cost of doing
business, and must be considered as such.

Prior to the environmental awakening of the late 1960's there was
generally little concern for reclamation. At times, reclamation became
an issue only if a costly liability was feared or if the obvious residual
value of mined land could be enhanced.

Initial regulations begrudgingly were accepted if the public safety
was improved, but the general attitude was that a business could not
afford to be concerned with esthetics.
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The passage of the National Environmental Policy Act, and later
various regulatory acts concerning mined land reclamation, brought
management to attention. Management had to accept the costs of
reclamation. Reclamation became a definite factor in the evaluation of
any proposed project and reclamation costs became an important factor at
any mining operation.

Company managers had to consider various ways of implementing a
reclamation program. Some companies chose to establish a new staff
department, others chose to hire a consultant or assigned responsibility
to the engineering group. Legal advice had to be arranged.

Whichever method of organization was selected, immediate questions
of policy had to be considered. Let me examine a range of possible
policy options that might be considered and I will discuss each in some
depth later on

‘Option 1: The law is so costly and illogical that it must be
changed. We will attempt to do so.

Option 2: The law is acceptable; however, the regulations under the
law are incorrectly written. We will adopt a minimum
program and contest the regulations in court.

Option 3: Neither the law nor the regulations will be changed;
therefore, we must conduct an extensive public relations
program which will change the will of the public and
changes of the law or the regulation will follow.

Option 4: The law, the regulations and the public will are set. We
will cooperate, innovate and lead the industry in
compliance and beyond.

Option 5: We will accept the law and its regulations with
reservation. We will attempt to minimize costs through
research and experimentation on methods and materials.

The executive policy makers must fashion a combination of the above
options that is most cost—effective and contains the least risk.

A typical large mining company has a diversified management group.
The Chief Executive officer may be an engineer, lawyer, salesman,
metallurgist or M.B.A. His assistants may be any of the above or other.
Mine managers come from a variety of backgrounds. Seldom will any of
them be horticulturists, agronomists, foresters, or have education in the
biological sciences. However, management does understand the importance
of policy in an important area and it understands the need to rely on the
company's experts on the subject.
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A basic corporate policy will be formed. It may specifically
address the issue or be very general. Responsibility for reclamation is
fragmented because it is site specific. Implementation of policy will be
imperfect and continued administration of policy even less perfect. The
executive understands these problems.

A statement of reclamation policy means little to a mine manager who
knows his mine will be shut down if operating costs exceed income over a
period of time. A least cost program may be mandatory — not withstanding
company policy, regulatory requirements and the desires of his
reclamation staff. A manager will assess the costs and the risks and
chose the most cost effective approach containing the lowest risk.v The
law will not allow him to ignore the question.

Keep in mind that the reclamation question is only one of many .a
manager must consider. His decision will be affected by the reports of"
his various staff groups, each of which will express its owm particular
concerns. Each will be biased in its own direction and a manager expects
this. A reclamation program could be a minor matter compared to
production problems, financing or labor relations. A manager “must
remember the results of past reclamation related programs. He must be
acutely aware of costs, of successfully managed risks and the competence
of his staff.

It is important that a manager be aware of trends in public policy
that will determine the legal and regulatory framework under which he
will be required to operate in the future. It is possible his past
actions have helped establish these very trends which he is now trying to
understand.

Let me restate the five policy options I mentioned previously and
examine how they fit into the manager's decision—making process:

Option 1: The law is costly and illogical and must be changed. We will
attempt to do so.

This statement appears to be adverse to the public, the
politicians and the regulators. A small company cannot afford
to take this position on an individual basis. It may express
its opinion through membership in a trade organization where
the overall costs are minimal and so are the results.

A large, strong company may be very active in the political
arena and the cost may be substantial. The intent of this
expenditure is to change the politicians' view of reclamation
and thereby change the law under which a company must operate.

This approach takes a long-term concerted effort and results
are not easily discernable or predictable. I would venture,
however, that some changes that have recently occurred in
apparent public policy, law and regulation are a result of
such effort.
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The law is acceptable; however, the regulations under the law
are incorrectly written. We will adopt a minimal reclamation
program and contest the regulations written under the law in
court.

This is also an adverse position, specifically against the
regulators. A minimal program, staying within the company's
interpretation of the law may be less costly in the near term.
Some major companies and many smaller, less financially secure
companies have adopted this position.

Unfortunately, some weak companies have no other choice
because they are fighting to exist. Money simply is not
available. If found in violation, they may be unable to
contest the regulatory agency so they adjust their program in
a least costly manner and comply as best they can, or they go
out of business.

A financially secure company electing this position may find
near term costs low, but time lost may be valuable and
lengthy. A legal contest can be costly.

The long range effect is questionable. There are instances
where the legal contest clarified the intent of the law to the
benefit of both the regulatory and business interests. One
negative result is that the company and the agency establish a
determined adversary position.

The risks of this approach are reasonable.

Neither the law nor the regulations will be changed;
therefore, we must conduct an extensive public relations
program which will eventually change the will of the public,
and changes of the law and the regulations will follow.

This need not be an adversary position. It is costly, not
easily accomplished and has rather high risk. A small company
will do little in this area.

Most large companies wage a continuous campaign to influence
the public's perception of the company. Many natural resource
companies do not retail directly ‘to the public, so direct
advertising is unnecessary. However, anyone who watches
television will see prime time ads extolling the virtues of
various major natural resource companies. Many of the ads
directly address the company's performance in the
environmental area, including revegetation and reclamation.
Believe me, this is a costly program, but is usually funded by
corporate rather than local operations.
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It is hard to judge the cost effectiveness of such a P. R.
effort. If current political power is an indication, the
public has been influenced to elect more moderate
envirommentalists.

The law, the regulations and the public will are set.

Therefore, we will cooperate, innovate and lead the industry

in compliance and beyond.

This is definitely a cooperative or supportive position. It
will be costly in both the short term and long term and is not
without risk. A small company may not be able to support this
position. It calls for a large, well paid staff that will
find many places to spend money.

A large company supporting this position may intend to use the
results for public relations effort, supporting the political
status quo or it may be sincerely interested in doing the job
as well as it can be done.

The risks are that the cost may make an operation uneconomic,
that you may alienate fellow companies who cannot afford this
position, and that political fortunes may change, and your
effort was unnecessary. It is also probable that the first
set of regulations for a particular law really are illogical
and that specified programs are a waste of money.

Accept the law and its regulations with reservation and

attempt to minimize costs through research and

experimentation.

This is a cooperative position that attempts to remain neutral
to the political situation. Costs can be substantial and
results can be sporadic and inconclusive. Small companies
can, at best, only hope that they are informed of latest
developments. They must rely on public institutions,
consultants, and those companies strong enough to lend
individual support.

The results of research are accumulative and are not lost by a
change in regulation, law or public opinion. Agricultural
research has accumulated to the point that our nation is bread
basket to the world. Revegetation for revegetation's sake is
a relatively new field, particularly when it concerns
locations not normally used for agriculture.
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In 1974 this conference decided that the first requirement was
to assemble a bibliography of publications helpful to high
altitude revegetation. I also recall this conference a few
years later deciding to continue as a methods and materials
seminar and not to become a political pressure group. These
directions are compatible with the cooperative spirit of
Option 5.

The risks of this option are only financial, the returns can
be good over the long term.

What is management to do?

The chances are that a large company will adopt from each of these
options in preparing policy recommendations. Top executives will set a
general policy. Operations management will greatly influence the
specific implementation of that policy.

The specific economic and political climate of the time will have
great influence. Certainly, business will always test unreasonable
regulation and attempt to have a favorable political climate. Business
will always put is best face forward to the public.

One problem I have observed is that not all management realizes the
long term benefits of research and experimentation on revegetation
methods and materials. Many managers in the mineral industry will
quickly fund metallurgic or geologic research and ignore revegetation
research.

Most of you here today are professionals concerned with reclamation
and revegetation. Many of you work for a business that must be involved
in reclamation and revegetation by law and has a management which accepts
those activities as an unwelcome cost.

Another observation stemming from my continuous contact with
management is that you are not keeping them informed about your efforts
in these areas. It is my advice to you that you improve your
communications with decision-making management. Management needs to know
the effects of its decisions on your programs. You must be realistic in
the analysis of your situation. Do not put yourself in the position of
being an adversary or hiding behind the excuse that "it's the law". A
request for §10,000 to study "“The effects of high altitude cosmic
radiation on sagebrush growth” is foolish when the business is barely
breaking even and will convince the manager you have no concern for his
financial problems. '
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By the same token, a well-conceived plan to delay the cost of
topsoil removal will be welcomed. An awareness of economic conditions
will strengthen your influence in the future.

Reconsider, then, a manager's viewpoint, Reclamation and
revegetation are a cost of doing business. Management must minimize cost
through various options. The results of some options are short range and
well understood. Other options have longer range effects and are less
well understood. Management must assess the costs and the risks and make
decisions., The ability to make correct decisions is based on the
timeliness and reliability of {nformation that only you, as
reclamation/revegetation professionals can give to management.
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DRASTICALLY DISTURBED LANDS

R. L. Brammer
Reclamation Division Manager
R.B.I. Littleton, Colorado 80122

Conservation Needs,'Technology, and Policy Alternatives

Drastic land disturbances by mining, mineral-waste
disposal, and earth construction greatly alter soil,
water, 1land use, and aesthetics. These alterations, 1in .
turn, affect a much larger off-site area. Adverse
effects of drastic disturbances on the environment and

land use can be reduced, and in some cases, nullified by
timely, well-planned reclamation based on experience and
research . In certain situations, reclamation <can even

enhance the environment and land use

About 200,000 acres in the United States are disturbed
each year by surface mining. Waste disposal from mineral
processing, along with earth movement involved in roads,
subdivisions, dams, canals, dredging, pipelines, mineral
exploration, and well sites, disturbs several +times as
much area as does mining.

Earth disturbances are often so spectacular that the off
site effects, both positive and negative, are over-
shadowed. Then, disturbance and reclamation become the
center of controversy rather than the more basic issues
such as product need, economics, and social impacts.
Assurance is needed that drastically disturbed 1land can
be reclaimed or at least rehabilitated to avoid 1long-term
pollution or aesthetic problems., We must also be able to
predict which sites cannot be satisfactorily reclaimed
and forecast the impact if they are disturbed.

Agriculture and mining supply basic resources to our
economic system. As wWwe as a nation strive for energy
independence, it 1is apparent that we must rely on coal
to supply more of our energy. Coal production will be
increased through surface mining. In faect surface mining
now accounts for about 60% of the .coal produced., Also,
more phosphate, more iron, and more sand and gravel are
being mined by surface methods. To meet these needs we
must strike a balance between protection of the
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environment and the nation's need for <coal and other
minerals

Disturbed-land research must find ways to reduce reclama-
tion costs, optimize productivity of reclaimed areas, and
validate performance requirements. To accomplish these
objectives we must:

1. Integrate Reclamation with Mining and Earth Con-
struction

We need to devise methods to integrate reclamation
practices with earth construction and mining in ways that
minimize aquifer damage during mining and protect water
supplies from adverse effects of drastic 1land disturb-
ances. Technology 1is needed to achieve the following
goals:

a. Restore the recharge capacity of affected aquifers.

b. Identify <e¢ritical environmental factors and
develop standardized monitoring procedures.

c. Evaluate processing techniques to make mineral
waste more suitable for alternative uses or
disposal. Problem materials are acid-producing
substances, uranium tailings, coal ash, spent oil
shales, and others.

2. Balance Land Disturbances and Environmental Quality

We need to devise reclamation practices that optimize
productivity and aesthetics and enhance or intensify 1land
use throuh development of more productive soils,
reservoirs, recreation and building sites, wildlife
habitat, or 1landscapes shaped for water harvesting. To
meet these objectives we must:

a. Predict and achieve visual acceptability,
site productivity, and stability based on re-
source inventory and reclamation planning.

3. Plan Reclamation for Long-Term Site Stability

We need to devise practices for use 1in planning and
reclamation that optimize site stability and minimize
problems of subsidence, slumping, piping, and wind and
water erosion tha may become apparent during and 1long
after reclamation, as follows:

a. Develop improved technigques to minimize e-
rosion and stream sedimentation.
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b. Reduce costs and fuel requirements of
contouring and topsoiling disturbed sites.

An overview of the basic research needs which are
primarily related to drastically disturbed soils sites
and the surface reclamation of the vegetative cover
should involve the following points from a practical
sense.

I. Preliminary, multidiscipline integration of re-
clamation planning 1into the +total mining/construction
plan and the phasing of the reclamation work into the
construction sequence 1is <c¢ritical. The design of the
features within the project require consideration to
enhance the capabilities of plant materials instead of
stretching their capabilities in favor of false economics
by using vegetation alone as a cure-all.

Slope repose, soil texture, slope aspect, soil color,
drainage and equipment access or safety capabilities
require preliminary consideration in 1lieu of laminated
after the fact planning which postpones the revegetation
sequence until the end of the project due to its phasing
and not necessarily its importance. '

How do we develop this process into reality? From the
same standpoint, how do we develop research data/findings
into a usable format for field personnel-technology
transfer?

II. Materials Development
Mulching materials:

Hay/straw with changes in agricultural practices (i.e.,
minimum tillage or stubble return, fluctuations in
weather which cause shortages result in fluctuations in
cost and supply. A need 1is a cost effective material
other than hydromulches which provide the results
comparable to hay or straw.

Hydromulch fibers that provide equal results to hay or
straw in more xeric sites should also be investigated
for steeper slopes in lieu of labor intensive nettings.

Plant Materials:

Drought tolerant, sterile, annuals which have varied
s0oil toxicity tolerance and extremely active seedling
vigor through which to build biomass and retard soil
movement. This could be used as interim covers or
develop as an in-place mulch for interseeding of
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perennial species in a sequence of revegetation develop-
ment .

Specific ecotypes which may be palatable within a
normally non - palatable species or a non-palatable
individual within a normally palatable species should be
looked at. This could be used as a management tool in
increasing productivity while maintaining the preserva-
tion or integrity of a plant community. Tissue culture
may be a very viable alternative in specific selection
of ecotypes.

Equipment:

Minimum tillage seed planter which will handle fluffy
seed, dispense fertilizer below seed and hold together
upon harsh sites.

Equipment that is developed should be low in maintenance
requirements and rugged, with varied applications in
ability to maneuver rough terrain.,

Cost Benefit from Watering

What duration and frequency is most effective in
establishing warm season species upon large sites
considering root development for drought tolerance,
population density and their crowding when the irrigation
is removed and the plants are stressed? What are the
cost advantages of bonding time versus no irrigation and
utilizing time, c¢climate, biomass development and inter-~
seeding? It is realized that laws mandate times or
sequence of treatment but results and economics should be
considered.

ITJI. Testing or Proofing of Regulations As To Their
Validity

Determination of best land use is essential when the 1law
mandates the return of the surface vegetation to equal
diversity, density and vigor while equaling productivity.
Many areas ~ due to past management are not very
productive. With the expense of the land conversion
process a higher 1level of production 1is possible but
that possibility is over - shadowed by the theme of
returning the site to 1its pre-mining condition. Why
should the private land manager be mandated by the 1law
to establish sage and other 1low production species when
within the same area the tax supported land manager is
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practicing eradication of the same species? The same is
true in the original contour theory; why duplicate an
erodin gulley when engineered terraces could more
effec%ively utilize run-off for forage production and
reduce sedimentation and improve aquifer recharge.

The use of irrigation in areas of low water resource 1is
not relative to water management when ¢time and mother
nature could be equally as productive and save the water
resource for a higher level of agricultural use.

Many points need validation in proofing of regulations as
to the application of management for the future 1land
use.

These are some points that industry has asked daily in
relation to costs and returns which researches or simple
initiative upon active people need additional thought.

Reference

Berg, William A., and Charles M.Smith, (1981)

and others."Drastically Disturbed Lands:

Conservation Needs, Technology and Policy Alternatives",
Soil and Water Resources: Research Priorities for the
Nation,

Soil Science Society of America, Inc., Madison, WI.
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SIX EQUIPMENT ITEMS FOR
REVEGETATING SURFACE-MINED LANDS

RICHARD G. HALLMAN
EQUIPMENT DEVELOPMENT CENTER
MISSOULA, MT 59801

ABSTRACT

Surface mining for coal in the Western United States is expected to
increase dramatically before the end of the century. Land managers
find themselves caught between the demands of the new mining laws,
which require complete restoration of vegetation, and the difficulty
of establishing plant growth in the arid and semiarid West where the
mining is occurring. To help the land manager, the Bureau of Land
Management has funded the Forest Service Missoula Equipment Development
Center to develop new equipment and techniques for revegetating mined
lands. $ix equipment systems accomplishing six specific revegetation
tasks have been developed at the Center and are currently being
evaluated. This paper describes these systems.

When surface mining for coal in the West began in earnest, about 10
years ago, it became apparent that many techniques developed over the
years for improving range habitat were unsuited to revegetating mined
land. Surface mining mixes soil profiles, alters surface and ground
hydrology, and removes all vegetation. Clearly, new equipment and
techniques were needed to restore this land.

The Bureau of Land Management (BLM) of the Department of the Interior
(USDI) was the logical Government agency to tackle the problem.

About 80 percent of strippable coal in the West is Federally owned,
and the BLM manages most of the land where the coal is found. The
BLM, along with the Office of Surface Mining, another USDI agency, is
responsible for determining the revegetation potential of these
lands.

Federal and State mining laws require that restored vegetation equal
what existed before mining. Fortunately, coal seams in the West
often are thick; seams of 20 feet and more are not unusual. So
revenue from mining deposits of that magnitude make it economically
feasible for operators to do the revegetation job that is required.

As part of its effort to develop new revegetation techniques, the BLM
turned to the USDA Forest Service Missoula Equipment Development
Center (MEDC). MEDC and its sister Center at San Dimas, Calif., were
the only equipment development organizations involved in rangeland
improvement activities.,
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In 1975 MEDC personnel began working with the BLM to develop equipment
and techniques to revegetate lands under arid and semiarid conditions
where establishing vegetation is difficult and expensive. Six pieces
of equipment were eventually built to accomplish six specific revegeta-
tion tasks. Each piece of equipment is described in the following
pages. The six equipment systems currently are being evaluated in
various locations in the West to perfect the techniques and to estab-
lish cost data. For additional information, write USDA Forest Service,
Missoula Equipment Development Center, Fort Missoula, Missoula, MT
59801.

DRYLAND PLUG PLANTER
Function

The dryland plug planter is designed to automatically plant container-
ized trees and shrub stock on surface-mined reclamation sites. To
insure survival on semiarid sites, the root systems must stay in
contact with soil moisture. To help accomplish this, the planter is
able to plant containerized stock seedlings that are up to 6l cm

long.

Description

The dryland planter is designed to be mounted on the rear of a tractor.
It features hydraulic leveling devices, hydraulic auger with a scarifier,
rotating carousel mounted on a movable carriage and two packing

spades. The machine plants containerized shrubs or trees quickly and
effectively. The leveling devices and high clearance enable operation
on rough ground or moderate slopes, while insuring adequate place-

ment. The containerized root system and auger holes allow sufficient
moisture uptake and unrestricted root growth for better survival.

The planting is automatic and controlled from the tractor. When the
planter is positioned, the platform is leveled with hydraulic cylinders.
The auger digs a hole; the scarifier auger then removes any competing
vegetation from around the hole. The carousel containing the seedlings
rotates and the carriage moves forward on the platform, dropping a
seedling into the hole. The packing spades firm the soil around the
seedling. Planting rate is estimated at more than one per minute.
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Specifications

Carousel capacity: 24 seedlings
Auger diameter: 7.6 to 12.7 cm
46 cm scarifier
Depth: 61 to 76 cm
Power requirements (drawbar): 52 to 75 kW

TREE TRANSPLANTER
Function

The tree transplanter system was designed to transplant small trees
and large shrubs that grow naturally around the mining site to the
revegetation area. The trailer is an important part of the system
because it greatly reduces overall transplanting costs by reducing
the transport time required for each tree. Up to 24 trees per day
can be transplanted with the tree transport trailer system. The
front-end loader-mounted tree spade is very maneuverable and can
negotiate slopes up to 20 percent.
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Description

The system consists of a Vermeer Model TS-44A Tree Spade mounted on
an Owatonna 880 articulated front-end loader and a specially built
trailer consisting of two rows of four cone-shaped pods. The pods
are 112 cm in diameter and 108 cm deep.

Eight soil plugs are removed from the transplant site, loaded into
the trailer, and transported to the transplant supply area. They are
then replaced in the trailer with selected trees and shrubs that are
transported back to the transplant site and planted. The front-end
loader-mounted tree spade digs the trees or plugs, places them in the
trailer pods, and tows the trailer between the transplant site and
transplant supply area.

- B o

Tree transplanter.

Specifications--Trailer

Overall width: 2.4 m with walkway removed
Height: 2.1 m

Weight: 2,722 kg

Capacity: 8 trees or plugs or 3,922 kg
Cone size: 112 cm diameter, 109 cm deep
Power requirements: 60 kW recommended

Specifications—-Tree Spade

Ball (cone) diameter: 51 to 198 cm

Ball (cone) depth: 46 to 152 cm

Tree size:* to 25 cm diameter

Mounting: tractors, trailers, truck, or front-end loaders

*Maximum tree size may vary with the type of root structure.



45

DRYLAND SODDER
Function

The dryland sodder transfers native topsoil from the mine area to the
reclamation area with its structure, profile, and vegetation intact.
Reclamation is greatly enhanced because the soil horizons are not
mixed, so soil development does not have to be repeated.

The dryland sodder strips the top layer of soil and vegetation (sod,
forbs, shrubs, and small trees) from areas to be surface mined and
places it intact over reshaped areas. The soil layer is scooped into
the sodder and transported to the reclamation area. It is removed by
tilting and shaking the bucket while slowly moving the loader backward.
The conveyor system will feature hydraulic control of the conveyor
rollers, allowing the sod to be removed without tilting the bucket.

Description

The dryland sodder is a modified frontend loader bucket. The side
walls and back wall are vertical to minimize damage to shrubs and
tree seedlings that are stripped along with the soil and sod. The
wide, flat bottom of this bucket is sprayed with plastic to reduce
friction. A conveyor system is being developed for the bottom of the
dryland sodder to aid loading and unloading of the sod strips and to
prevent excess soil separation during the transfer.

Dryland sodder.

Specifications

Width: 4.3 m

Length: 2.4 m

Depth: to 30 cm

Power requirements (flywheel) 80 to 391 kW
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SPRIGGER
Function

The sprigger undercuts and gathers sprigs, or portions of rhizomatous
stems, that can produce roots and shoots. The harvested sprigs are
then spread out on the area to be revegetated and covered with soil.

Description

The sprigger is a modified potato harvester. It consists of an
undercutting blade and a pair of wide, inclined conveyors. The
conveyors are long rods attached between two chains and spaced 3.8 cm
apart. A third conveyor across the top of the machine moves the
harvested material to the side where it is dumped into a truck or
piled in windrows. The sprigger is towed and powered by a tractor.

After the shrubs are mowed, the sprigger is pulled through the stand,
cutting the roots well below the ground surface. The cutting action
lifts the so0il and shrubs onto the conveyors. The soil is shaken
loose and falls through the spaces in the conveyors to the ground.

The bareroot rhizomatous shrubs, or sprigs, are gathered and carefully
planted on the reclamation area.

Sprigger.

Specifications

Width: 1.5 m
Depth: 30 cm
Power requirements (drawbar): 60 to 75 kW
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BASIN BLADE
Function

The basin blade scoops out large basins or depressions along slopes.
Moisture accumulates in these basins to provide a favorable microsite
for plant growth. The large basins reduce wind erosion. They also
provide the advantages of terracing with fewer hazards and less
expense, They collect runoff and trap snow and blowing topsoil. The
furrows formed by the scarifying teeth help retain broadcast seed and
fertilizer and promote increased infiltrationm.

DescriEtion

The basin blade is a large, crescent-shaped, heavy steel blade mounted
on the rear of a crawler tractor. The blade is mounted on a parallel-
ogram multiple-ripper shank. It is raised, lowered, and tilted
hydraulically. Several replaceable scarifying teeth are located

along the bottom edge of the blade.

The tractor is driven along the contour of a slope and the blade is
periodically raised and lowered to form large depressions. Seed is
then broadcast along the slope.

Basin blade.

Specifications

Width: 3 m
Depth: to 91 cm
Power requirements (flywheel) 216 to 276 kW
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HODDER GOUGER

Function

The gouger creates numerous depressions in the soil surface. These
depressions provide a suitable microclimate for plant establishment
by increasing moisture availability, preventing wind and water erosion,
and providing shade. :

Description

The gouger consists of three to five semicircular heavy steel blades
attached to solid arms. Each blade has three scarifying teeth along
the bottom edge. The arms are attached to a heavy-duty frame with
spring-loading mechanisms. They may be mounted in either one~ or
two-row configurations, The frame is supported with side wheels that
are periodically raised and lowered to allow the blades to scoop out
depressions. The unit is operated hydraulically and features positive
depth control and automatic up and down cycling. A seedbox spreader
is mounted on the rear of the machine to broadcast seed into the
depressions.

Hodder gouger.
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The gouger is towed behind a tractor. The hydraulically powered
automatic cycling system moves the frame up and down in relation to
the wheels to create depressions. The depth of the depressions,
cycle rate, and blade configuration can be varied to suit the site
conditions. Average production rates have varied from 1 to 1.1 ha
per hour.

The gouger creates more and larger depressions than similar equipment.
The automatic cycling and hydraulic depth control make it easier to
operate and the adjustable cycle rate and variable blade configura-
tions contribute to its versatility. The spring-loaded blade arms
enable it to operate in fairly rocky ground.

Specifications

Implement width: 3.4 m

Depression width: 38 to 56 cm

Depression length: 0.9 to 1.2 m

Depth: 15 to 25 cm recommended

Power requirements (drawbar): 37 kW minimum
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NEW EQUIPMENT DEVELOPMENTS
FOR
STEEP SLOPE/HIGH ALTITUDE
REVEGETATION
Raymond V. Adolphson, P.E.
USDA-Forest Service, Rocky Mountain Region
Phillip R. Schulz, Engineering Technician
and

Kenneth K. Dykeman, Staff Forester
USDA-Forest Service, San Dimas Equipment Development Center
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INTRODUCTION

The increasing cost of hand labor, difficult working conditions, and the
unavailability of commercially manufactured machines, designed specifically
for revegetation on steep slopes, have resulted in the assignment of
several projects to develop such machines at the USDA-Forest Service
Equipment Development Center, San Dimas, California.

These projects are:
1. A steep slope containerized tree/shrub planter,
2., A steep slope seeder,
3. A liquid fertilizer spray system, and

4. The testing, evaluation, and development of attachments for the
commercially manufactured hill-climbing machines.

EQUIPMENT DEVELOPMENT
Steep Slope Containerized Tree/Shrub Planter

A project to develop and test a planter for containerized trees and schrubs
. was undertaken to reduce the costs and improve the efficiency of stabi-
lizing soil on slopes newly created during road construction in mountainous
terrain, and on disturbed lands resulting from strip mining operations.
Other goals were to maximize the esthetic impact of hillside revegetation,
increase the effectiveness of replanting on roadside slopes, protect hill-
side watersheds, and reduce lake and stream siltation.

Planter Operation

The planter can be carried and positioned by a hydraulic crane or a cable
crane if a second cable drum is available to keep the planter properly
oriented. Some of the cranes can reach over 100 feet (30.5 m) from the
road with the planter attached. After the tree or shrub seedlings are
removed from their containers and are loaded into the carousel tubes, the
crane operator places the planter on the slope. The planting cycle, once
initiated by the operator is fully automatic (electric over hydraulic).
First, debris is scalped or scraped off the ground where the seedling is to
be inserted. Next, a hole is augered and the carousel rotates; a rachet
mechanism lines up a carousel tube with the augered hole. As alignment
occurs, a high-velocity blast of water propels a seedling down the carousel
tube, through a drop tube into the hole in the ground. Finally, a packing
foot compacts the soil around the root system, while forming a small de-
pression for water.
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Field Test

A test site on the Willamette National Forest, Oreg., was divided into five
areas to cover a wide range of conditions and plant varieties. Area 1 was
in a campground, nearly flat, shaded and well stocked with grasses. The
soil was gravelly sandy loam, river alluvium that was moist and contained a
good amount of plant nutritive material., A total of 400 mixed noble and
Douglas-fir seedlings were machine planted.

Area 2 was a long cutbank of predominately southern aspects. The cutbank
had raveled so that the lower half had a shallower slope, near 1lk%:1, while
the upper half was steeper, about 1:1. The soil was gravelly loam less
than 3-feet (9.1-m) deep over massive red breccia. A total of 600 mixed
noble and Douglas-fir seedlings was machine planted. At the time of
planting, the surface soil was loose and dry (10 percent moisture or less)
with very little plant nutritive material; while 2 inches (5.08 cm) or so
below the surface, the soil was moist and much firmer.

Areas 3 and 4 were south aspects with cutbanks and slopes just steeper than
1:1. The soil was shallow gravelly loam with bedrock of anthracite,
basalt, and breccia outcroppings. Very little soil moisture could be
detected (less than 5 percent). Each area was divided into two planting
sites--one for machine planting, the other by hand for comparison. Three
species of native shrubs were planted -Mahonia repecus (oregon grape),
Prunus virginiana (choke cherry), and Rosa woodsii (woods rose).

Area 5 was divided into two sections. Half was identical to areas 3 and 4.
_ The other half was north facing aspect with a slope just steeper than 1:1,

but with more moist soils and an established groundcover of grass. Again,
the three species of native shrubs were planted both by machine and by
hand. '

Production Rates

The only production data obtained were that the planter planted 24 tree
seedlings (full carousel) in 21 minutes. This equates to 53.5 seconds to
plant 1 tree seedling, which includes time for setting the planter in
"place, initiating the planting cycle, and moving to the next planting spot.
The planter is designed to insert a seedling into the ground in 15 seconds.
If this time were actual, then the time for setting in place, initiating
the planting cycle, and moving took 38.5 seconds. Assuming 30 minutes for
loading/reloading the carousel, moving the prime mover, and planting the
full carousel, then the production rate would be 48 tree seedlings per
hour. The production rate for shrubs was much lower and not very realistic
because of their poor condition and the problems with the roots and broken
root balls. :

Planting Costs

Planting costs from 25 to 33 cents per plant were calculated using the
planter. Cost of hand planting data was obtained from several agencies and
one contractor. These costs range from 17.6 to plus 50 cents per plant
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depending somewhat randomly on location and contract specifications and
more linearly on the size of containerized stock being transplanted. The
size/cost relationship is not known, but is assumed to normally be a func-

tion of the number of plants one person can carry. Stock grown in
4-in3 containers cost 18 to 21 cents per plant when planting 200 to 500
plants per acre on slopes less than 60 percent, Stock grown 1in

7-in3 containers cost 18 to 24 cents per plant when planting 400 to 800
plants per acre on slopes less than 60 percent. There are very little data
available for planting on slopes from 60 to 100 percent. Large potted
plants have been planted for over 50 cents per plant on 100 percent slopes
where at times the planters used ropes for safety and stability. So the
best that can be concluded is that the cost of using the planter (25 to 33
cents per plant for planting 24-in3 containers on 60 to 100 percent slopes)
is within the range of data for planting container-grown nursery stock by
hand.

Plant Survival

The time between planting and plant examination was approximately 14 weeks.
During the interim, an unusually long drought for the area occurred with no
rain for more than 30 days.

A random.survey of area 1 indicated a survival of more than 95 percent of
the 400 machine planted noble and Douglas-fir seedlings. In area 2, of the
600 machine planted seedlings, there was no survival of the approximately
300 planted on the upper bank; however, on the lower bank, approximately 95
percent of the remaining 300 survived where sluff had accumulated.

" In areas 3, 4, and 5, only 3 of the 1,000 machine planted shrubs survived,
and only 67 of the 1,500 hand planted shrubs survived.

The unsuccessful survival rate in areas 2 through 5 can be attributed to
several factors. At the time of planting, thunderstorms had been predicted
for the area to occur within the next few days; therefore, the drought that
did occur was not expected. The soil moisture content was not measured,
but was estimated to be 10 percent or less. Soil scientists state that
ideal moisture content is at field capacity (20 to 30 percent) and the
"minimum for plant survival is near the wilting point (10 to 15 percent).

The upper cutbanks and slopes were nearly barren with no top soil and very
little moisture, vegetation, or plant nutritive material. The lower half
was mostly sluff with some moisture and plant nutritive material.

The most contributing factor to the survival failure was probably the poor
condition of the plants when received. Therefore, the results indicate
that survival is neither a function of machine nor. human, but that of the
condition of the plant and soil where planted. '

Results

The planter successfully planted 24-in3 containerized tree and shrub
seedlings on 60 to 100 percent cutbanks and slopes.
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The failure of the shrubs to survive was due to the poor condition in which
received and to soil conditions that were nearly void of moisture and plant
nutritive material and not because of machine or hand planting methods.

More data are needed to realistically rate the planter's production and
planting costs against that of hand planting. The data that are available
indicate that the planter compares favorably with the cost of hand
planting.

The planter's compactor foot angle needs to be changed and the stroke
length made adjustable because in loose dry soil, the compactor forced dirt
under the seedling causing the seedling to be pushed out of the ground.
Root ball breakup may have been a contributing factor because of the lack
of weight to hold the seedling in place.

Steep~Slope Seeder

The steep-slope seeder is an implement that can simultaneously scarify,
seed, and fertilize steep slopes. The SDEDC seeder is designed to be
attached to the telescoping boom of a hydraulic crane. for operation on
steep slopes. It has also been adapted to being towed by a small tractor
on moderate slopes such as ski runs.

Effectiveness Tests

The first prototype seeder was tested in 1976 on the Boise National Forest,
Idaho (Intermountain Region). Germination, survival, and growth rates for
the seed planted by the seeder were very high. The table compares, after
l-year's growth, effectiveness data for seed planted, using four different
approaches, on slopes in the Idaho City, Idaho area.

Plant germination and
survival rate Plant growth
No. of plants ger 10.8 Percent ground cover
Seeding Method sq £t (1lm<) plot attained
Hydroseed with Silva fibe
mulch 4 30 20
Broadcast (hand scattered) 42 37
Broadcast with straw mulch 7
and jute netting 60 31

SDEDC steep-slope seeder 80 43
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Operational Tests and Results

In 1978, the seeder was evaluated for mechanical reliability on the
Willamette National Forst, Oreg. Just under 25 acres (10 hectares) of
roadside slopes were seeded in 5 days; additional time was spent seeding a
recreation site. '

The seeder was operated on both cutbanks (some as steep as 3/4:1) and fill
slopes (most were mild). Both cuts and fills were littered with rocks,
stumps, limbs, etc. The seeder adapted well to the terrain and its opera-
tion was not seriously affected by the litter. The seeder/crane combin-
ation was capable of seeding 2 acres/hour (0.8 hectare/hr). This
production rate does not consider long travel times between sites, perfor-
mance of preventative equipment maintenance, etc. The seeder showed that
it can function well in coarse-textured granitic sand; clay; and highly
organic, decomposed granite soil types, both wet and dry.

Cost Comparisons

The table presents cost data from the Willamette National Forest tests plus
average costs reported to SDEDC by the Pacific Northwest Region for other
currently used seeding methods.

The $100 per acre ($250 per hectare) for the seeder includes 40 1b (18.1
kg) of seed, 160 1b (72.6 kg) of fertilizer, and expenses incurred for a
Gradall boom crane, a pickup truck, two equipment operators, and a swamper.
The estimated cost of the SDEDC seeder is approximately $9,000.

Cost Data
Approximate cost Approximate cost
per acre per acre
Seeding method ($) ($)
Hydro-seed with Silva fiber mulch 400 to 600 1,000 to 1,500
Broadcast 40 100
Broadcast with straw mulch and
jute netting 3,200 7,900
SDEDC steep-slope seeder 100 (180 when large 250 (450 when
' amounts of slash) large amounts of

slash)

Seeder Fabrication

A set of drawings (RM 33-01 through 33-18) for fabricating the seeder can
be obtained from the San Dimas Equipment Development Center, 444 East
Bonita Avenue, San Dimas, CA 91773; commercial telephone numbers
213/332-6231 or 714/599-1267; FTS 793-8000.
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Liquid Fertilizer Spray System

The liquid fertilizer spray system is designed to fit on a pickup truck and
provide a low-cost means of applying fertilizer along roadside cuts and
fills to promote plant growth and revegetation.

The system consists of a fiberglass slip-on tank, such as is used for fire
trucks of 100- to 200-gallon capacity, a Briggs and Straton-Eco pump, and
an adjustable spray boom with three nozzles. The nozzle angle and spray
pattern are adjustable also. Shutoff valves for each nozzle and an engine
throttle control are located on a panel on the left side of the vehicle
above the door and within reach of the driver.

This system allows one person to drive the pickup truck and operate the
spray system and still maintain control of the spray so that it does not
pollute streams or waste the fertilizer.

The system was developed by SDEDC for the Willamette National Forest. No
formal tests have been conducted on the system, however, the equipment is
used on the Lowell Ranger District of the Willamette. The liquid fer-
tilizer system has evolved from the 100-gallon tank system to a 200-gallon
system because of excellent results. The system now consists of a
200-gallon tank on a l-ton stakeside truck with a 300-gallon trailer to
resupple the truck system.

A volume type centrifugal pump capable of 60 psi and larger nozzles are
used to increase the distance covered.

" Last year, 15,000 gallons of fertilizer were applied along approximately
300 miles of roadsides. Bare areas are broadcast seeded and then sprayed
with the spray system. -

Native plants are sometime burned by the liquid fertilizer but come back
readily with more lush foliage :

Hill-Climbing Machine

The hill-climbing machine is a unique new answer to the problem of using
mechanical equipment effectively and efficiently on rugged, steep, rocky,
and inaccessible work sites. The key to the machine's ability is a unique
design that allows individual control of each leg and wheel. Each leg or
wheel may be raised or lowered, extended or retracted, or moved in and
spread out to adjust the working base of the machine to 1ncredlble changes
in the angles of the terrain and surface.

SDEDC has conducted limited tests on the machine over the past 2 years to
determine its adaptability for Forest Service work. The Center has tested
the machines in the following kinds of work:



57

1. Mountain road maintenance where landslides have destroyed the
road--working on 100 percent slopes

2. Test pit digging to determine subsurface materials in inaccessible
areas prior to road, binwall, and bridge design

3. Fish habitat improvement, accelerators, pools in environmentally
fragile inaccessible canyon bottoms

4. Timber slash piling and windrowing on steep slopes

5. Water bars on fire and fuelbreaks

6. Harvesting with the feller buncher attachment

7. Pipeline installation on 100 percent slopes

8. Water tank installations for wildlife drinkers in remote areas

9. Site preparation for planting on steep slopes.
The Center purchased a machine and is evaluating the machine and its
various attachments (various shaped buckets, grapples, grading blades,
feller buncher) on several National Forests. Next year, the Center will
develop new attachments as a result of the evaluation and modify existing
attachments for use in Forest Service work.
. At this time there are two manufacturers of hill-climbing machines. They

are the Menzi Muck climbing hoe, which is manufactured in Switzerland, and
the Kaiser Walking Excavator, which is manufactured in Liechtenstein.
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TRANSPLANTING TECHNIQUES USED IN THE
ESTABLISHMENT OF NATIVE VEGETATION

Kent A. Crofts and Kenneth E. Carlson
Colorado Yampa Coal Company
P.0. Box 772129
Steamboat Springs, Colorado 80477

INTRODUCTION

A great deal of political and ecological emphasis is being placed on the
reestablishment of native vegetation on disturbed sites. The purpose of
this paper is not to address the desirability of reestablishing native
vegetation but to compare various techniques that have been proposed in
terms of their economic and operational feasibility. Our experience has
been that many widely advocated reclamation concepts and equipment ideas
have been accepted by reclamation specialists, not because of field data
supporting their use, but due to extensive advertising the product has
received. One of our major reasons for presenting this paper is to
compare the long term survival data with thearguments originally used
to advance that technique. Our objective is to bridge some of the gaps
between the political and ecological ideas advanced by regulators and
researchers, and put them into a form that the reclamation specialist
who has responsibility for the revegetation effort can understand and
hopefully apply. We recognize that no new ideas are contained herein,
but ask the reader to consider the discussions relative to different
- transplanting techniques and see if perhaps this information can be
utilized.

SEEDLING TRANSPLANTS

For the sake of simplicity, we have segregated transplanting into two
general categories: seedling transplants and mature transplants. The
most common transplanting technique involves the planting of seedlings
obtained from a nursery or from a natural source wherein native seed-
lings or wildings are collected on or adjacent to the disturbed sites.
Almost all wildlings are planted as bareroot stock and artifically
propagated seedlings are planted either as bareroot or containerized
nursery stock.

There is currently a great deal of confusion as to whether bareroot
stock is superior to container grown stock and vice versa. The user is
usually confronted with a :commercial supplier who specializes either in
bareroot or else containerized material, and it 1is not often that a
choice is available as to what kind of material he can supply.

The merits of bareroot and containerized planting stock have been sum-
marized by several authors, USDA Forest Service (1979), McKell et al,
(1979), Stevens (1981) and McKell and Van Epps (1981). The relative
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advantages and disadvantages of these types of planting stock as taken
from these references are summarized below:

CONTAINERIZED STOCK

Advantages Disadvantages
Can be grown quicker, has better Some species are difficult to
protected root system, usually grow, heavier weight, increased
has higher survival, available shipping and handling cost,
any time, has gained wide pop- higher acquisition cost,
ularity, can be planted with more difficult to maintain in
intact soil core, can be field, hardening off is a
planted over longer period, problem, forced growth produces
more suitable for planting on weak plants, more costly to plant,
harsh sites. potting medium must be covered

by soil, interface problems be-
tween growth medium and spoil.

BAREROOT STOCK

Advantages Disadvantages
Acquisition cost is lower, Takes longer to cultivate,
plants are usually more hardened must be lifted and planted when
off, easier to ship and handle, dormant, roots more susceptible
usually has proper mycorrhizal to drying.

fungi, higher survival, establishes
quicker, better developed root
system, easier and cheaper to
plant, no interface problems.

Due to the various and often conflicting claims made to support the
advantages of these two types of planting stock, we have adapted sur-
vival percentages for bareroot and containerized transplants as they
have been reported 1in the scientific literature. In the 17 studies
presented in Table 1, bareroot and containerized seedlings have been
compared, and there is no direct evidence in terms of survival or growth
that either method is superior to the other. Averaging all plantings,
there 1s a consistent trend for bareroot survival to be higher than
containerized survival. This phenomenon has been noted previously and
has been explained by the fact that most of these studies do not actual-
ly 1involve a comparison of transplanting methods because comparisons
were being made between different sources of genetic stock. These data
however, do contain 7 plantings made with identical genetic stock, which
also confirm the trend for higher survival to be expected with bareroot
nursery stock.

Another argument commonly heard in the defense of the reported superior-
ity of containerized planted plants deals with the question of container
size and that poor performance of container material in the past can be
attributed to improper container size and shape. To ameliorate this
problem, a machine capable of planting 24 inch deep containers has been
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developed (Warren and Karsky 1982). A plant possessing a deeper root
system should have more available moisture and hence, will have greater
survival. Available field survival data however, do not support this
logic. Jensen and Hodder (1979), at their Pompey's Pillar Study II site
compared survival and growth between 12 and 24 inch containers. Average
third year survival and height were greater for the 12 inch container.
On the Federal 0il Shale Tracts in eastern Utah, McKell et al. (1979)
found that first year survival and growth in the field were directly
correlated with container volume and not container depth. In this
study, root system length, spread and biomass could not be correlated
with depth of the container. There are no current standards for con-
tainer size (USDA Forest Service, 1979) and until additional research is
conducted in this area, the reclamation specialist will be confronted
with an assortment of containegs ranging in volume from as small as 120
cm™, to as large as 37,850 cm™. It is our recommendation, based upon
our own experience and the data of McKell et al. (1979) and Jensen and
Hodder (1979) that if containers are used, the optimum cogtainer size
should be about the size of a quart milk carton (1176 cm™). Nowhere
have we seen sufficient documentation for planting contai%ers smaller
than this size, nor any larger than the 12" X 2.5" (3763 cm”) container
tested by Jensen. Under most conditions, we would recommend caution in
using container volumes outside this range.

PLANTING METHODS FOR SEEDLING TRANSPLANTS

Most seedlings transplanted in the reclamation process are planted by
using hand planting methods. These methods include using a shovel or
specialized reforestation tools. Recently there has been a trend toward
the usage of hand operated gasoline powered augers. It must be em-
phasized that planting rates are dependent upon the terrain, soil con-
ditions, type of planting tool used, degree of site preparation and
experience of the planting crew (Shaw, 1981 and Penrose and Hansen,
1981). Working on disturbed sites in the Intermountain Region, Shaw
reported that bareroot stock can be hand planted at rates of between 400
to 600 plants per person per day. Our experience indicates that plant-
ing rates of between 1,000 and 1,200 bareroot seedlings per person per
day 1s common for experienced planters. Hand planting of containerized
plants 1is considerably slower and usually averages approximately 480
plants per person per day. Gasoline powered auger planters usually
require a crew of three to four people. A three man auger crew can plant
approximately 480 plants per person per day and a four man auger crew
can plant approximately 800 plants per person per day.

To the industry reclamation specialist who has a bonded liability to
return a specific shrub density to his reclaimed site, or to an agency
person responsible for 1living within his. budget, percent survival,
growth rates, aquisition costs, shipping costs and planting costs are
not the primary concern. The real issue involved here is how much is it
going to cost him to achieve his required reclamation standard? It is
within this context that any ecological argument advanced in favor of
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TABLE 1
Shrub Survival as Affected by Method of Transplanting

Percent Survival by Year

Reference Method 1 2 3 4 5 10
Dietz et. al. (1980) BR 64 47 - - 36 26
co 49 23 - - 11 9

Van Epps and McKell (1980) BR 71 56 49 44 - -
v Cco 79 65 61 55 - -

Draves and Berg (1979) BR 54 12 5 - - -
1976 Planting co 66 6 2 -~ - -

1977 Planting BR 33 28 27 - - -

co 27 25 25 - - -

1978 Planting BR 3 14 - -~ - -

co 38 42 - - - -

Howard et. al. (1979) BR - 77 - - - -
Topsoiled Oak Creek Site co - 69 - - - -
Butterfield & Tueller (1980) BR 72 - - 62 - -
co 79 ~ - 49 - -

Bjugstad (1979) BR* - 36 - - - -
Planting Stock Trial CO* - 29 - - - -
Stevens et. al. (1981) BR 33 -~ - - - -
Forestland Planter Cco 10 - - - - -
Modified Whitfield BR 95 - - - - -
Cco 37 - - - - -

Jensen and Hodder (1979) BR* 61 58 54 54 53 -
Pinehills 24" Cco* 70 62 60 57 56 -
- BR* 87 74 60 59 - -
Colstrip 24" CO* 64 45 43 43 - -
Pompey III BR#* 65 55 52 - - -

. 24"  CO* 73 60 55 - - -
Pompey IV BR* 78 62 59 - - -
24" Co* 80 54 51 - - -

Orr (1977) BR* 88 - - - - -
Fall Planting Co* 86 - - - - -
Spring Planting BR* 60 - - - - -

CO* 52 - - - - -

Bjugstad et. al. (1981) BR - - - 46 - -
Irrigation Study co - - - 46 - -

*Plantings made using identical gemetic stock.

AVERAGE ALL PLANTINGS BR 62 48 43 53 45 26
co 58 44 42 S50 34 9
AVERAGE PLANTINGS BR 73 57 56 57 53 -

With Same Genetic Stock co 71 50 52 50 56 -
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any specific reclamation technique must be considered. The issue at
stake then becomes one of selecting the reclamation methodology that
will allow him to achieve the best results for the least amount of
money. Let's ignore the differences in weight, handling ease, and sur-
vival assuming for the sake of simplicity that the shipping and planting
costs of bareroot and containerized nursery stock are equal and assume
also that the only difference between them is the acquisition cost.
Using current prices, an average bareroot seedling costs approximately
20 cents each, and the average cost of a popular size containerized
plant is approximatley 80 cents per plant. The assumptions used in this
example are that a particular species is purchased in quantities of
1,000, that the reclamation shrub density standard is 1,000 stems per
acre, and that a survival percentage of 50 percent is expected. Trans-
lating this standard into dollars, it would cost $400 to achieve this
standard using bareroot stock and $1,600 using containerized stock.
Within the context of this example, bareroot stock is 400 percent more
cost effective than is containerized stock. Upon applying only the
acquisitioncosts involved to the field data in Table 1, and using as
examples the data sets of Van Epps and McKell (1980) and Draves and Berg
(1979), where containerized survival was statistically higher, the cost
per established seedling is in every instance lower for bareroot: $.45
versus $1.45 using the figures of Van Epps and McKell (1980) and $1.43
versus $1.90 per established seedling, using the data of Draves and Berg
(1979). In other words based upon the 17 studies cited in Table 1, no
instance can be found which would Justlfy the planting of containerlzed
stock in lieu of bareroot stock.

The differences to be expected under field conditions where competition
is uncontrolled and grazing may be greater are even more alarming. The
results presented in Table 1 probably present an overly optimistic
picture and 1if containerized stock is not more cost effective under
tightly controlled research conditions, how can it be more cost effect-
ive under the real world conditions of drought and constant herbivory?
Our experience in northwest Colorado has been that it isn't. For
example, in the Fall of 1976, the Bureau of Land Management - Energy
Mineral Rehabilitation Inventory and Analysis staff transplanted 1761
containerized plants on the Energy Mine. After 18 months of monitoring
the 2 percent survival was deemed so poor that monitoring of these plots
was terminated. Between 1977 and 1979 we planted under favorable con-
ditions 16,560 containerized seedlings at the Energy Mine without being
able to locate one surviving seedling. Recognizing that the plants were
planted under favorable conditions we suspected that the forced growth
of the seedlings resulting in a low root/shoot ratio and plant dormancy
problems could have been responsible for their poor performance. To
avoid this problem, we took the containerized seedlings ordered in the
Spring of 1980 and kept them for harding-off until they were planted in
the Spring of 198l. After approximately one year of harding-off the
plants have done about as well as our bareroot planted stock, but the
time and effort required to harden the plants increased costs consider-
ably. In summary, we believe based upon examination of the literature
and our own experience that the recommendation to plant containerized
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stock is over recommended and not economically justifiable.

MECHANIZED SEEDLING TRANSPLANTERS

Mechanized seedling transplanters have been used extensively for re-
forestation work and only recently has their utility been tested for
mining reclamation purposes. To date several systems have been used but
only three appear to have any value for this application. They are the
Modified Whitfield*, the Forestland Transplanter and the newly developed
Dryland Plug Planter.

Modified Whitfield Transplanter

Since the Modified Whitfield Transplanter machine was initially tested
in 1977, the Utah Division of Wildlife Resources has planted approxi-
mately one million seedlings with this machine. When tested against
three other commercial tree planters this machine was found to be
superior (Stevens et al. 1981 and McKenzie et al. 1980). Transplanting
rate is dependent upon the species planted, the size, type, surface
condition and degree of site preparation. Actual transplanting rates
using this machine range between 4,800 and 8,640 per day (Stevens,
1981). If costs are calculated using the 1982 Rental Rate Blue Book and
production averages 6,720 plants per day, the cost of transplanting one
plant with this system is 7 cents per plant (Table 3). Using the sur-
vival data reported by Stevens et al. (1981), the cost per surviving
seedling using this technique is calculated to be approximately 28 cents
per plant (Table 3). ‘

Forestland Transplanter

The Forestland Transplanter is similar to the Modified Whitfield Trans-
planter in that it is pulled by a prime mover and is operated by two
operators. This machine has been recommended by Shaw (1981) for usage
on mine sites and she reported that under favorable conditions approxi-
mately 8,000 seedlings per day could be planted. Using this planting
rate and the assumptions used for the Modified Whitfield Transplanter,
the average transplanting cost was 8 cents per plant (Table 3). Al-
though tested by Stevens et al. (1981) and McKenzie et al. (1980) they
could not recommend this machine for use on the harsher sites they
worked. They felt that when compared to the Modified Whitfield Trans-
planter, the Forestland Transplanter was too small and light, was not a-
dapted to rocky or heavy textured soils, and that the depth of the
cutter bar at 6 to 8 inches was too shallow for their planting con-
ditions. They did conclude, however, that this machine was well suited
for sandy soils and this could partially explain why Shaw (1981) working

*Use of a trade name in this paper is solely for theconvenience of
the reader and does not consitute an endorsement for that product by
the authors or by Colorado Yampa Coal Company.
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in southern Idaho had such good success with this machine. Using the
survival data reported by Stevens et al. (1981l), the cost per surviving
seedling using this technique is calculated to be approximately 47 cents
per plant (Table 3).

TABLE 3

A Comparison of Cost Per Established Transplant
by Transplanting Method

Reported Cost Per
Equipment/ Seedling Percent Survival Surviving
Labor Cost Cost Survival Year Plant
Hand Planted $ .32 $ . 20% 26 10 $ 2.00
Backpack Auger $§ 1.02 $ .20% 26 10 $ 4.69
Modified

Whitfield $ .07 $ .20% 95 1 $ .28
Forestland

Planter $ .08 $ .20% 59 1 $ A7
Dryland Plug .

Planter $ 1.30 $ 1.98 69 1 $ 5.10
Tree Spade $ 36.83 $ - 26 5 $ 141.65
Modifed

Tree Spade § 40.94 $ - 35 2 $ 116.97
Backhoe $ 11.20 $ - 56 5 $ 19.77
Front End

Loader $ 6.84 $ - 79 5 $ 8.66

*Bareroot Seedling Cost

Dryland Plug Planter

The Dryland Plug Planter is a relatively new transplanting system devel-
oped with a carousel assembly that can be mounted on the three point
hook up assembly of an agricultural type farm tractor in the 100 horse-
power class. This machine is designed to handle specially built 24 inch
containers and was developed on the premise that increased survival can
be expected by placing the roots of the transplant into the subsoil
where moisture and nutrients should be more available (USDA Forest
Service 1980a). This system requires two operators for optimum pro-
duction and under favorable conditions can plant between 300 and 400
plants per day. Equipment and labor planting costs for this system were
$1.30 per planted seedling (Table 3).

Several serious problems exist before this system will gain acceptance
by the reclamation specialists. Aside from the low production rates,
the high planting costs, this system utilizes a specialized container
that costs $1.98 in addition to the equipment cost when ordered in
quantities over 10,000 plants (Warren and Karsky 1982). First year
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survival data collected from the Western Energy Mine yielded a survival
percentage of 69 percent, which when compared to first year survival
percentages for containerized plants summarized in Table 1, 1is not
superior to those of the more commonly used containers or to bareroot
stock. Since documentation by Jensen and Hodder (1979) and McKell et
al. (1979) have shown field survival of containerized plants to be
unrelated to container depth, we must await additional testing to deter—
mine whether or not this system will prove to be practical. Using the
survival data reported by Warren and Karsky (1982), the cost per sur-
viving seedling using this technique 1is calculated to be approximately
$5.10 per plant (Table 3).

MATURE TRANSPLANTING

The concept of mature transplanting was initiated to take advantage of
indigenous plant material at a site prior to disturbance. Methods and
equipment had to be developed which could efficiently remove and plant
this vegetation and still wmaintain a high survival. This equipment
included equipment commonly found on most mines such as backhoes and
front loaders as well as the tree spade, a common piece of equipment
used in commercial nurseries.

Placement of clumps of mature vegetation on disturbed sites provide
excellent food and cover for wildlife, and seed islands for dispersal of
seed either by wind or wildlife. The clumps can also be utilized as a
means of instant reclamation for severe site stabilization and can
provide a certain degree of aesthetic modification to the site.

Vermeer Tree Spade

The Vermeer Tree Spade is a transplanting system that has been widely
used for landscaping purposes and has been recently widely tested for
its utility in the reclamation of highway and mining sites. During the
fall of 1975 Dressler and Knudson (1976) tested a trailer mounted Ver-
meer Model TS-44A tree spade at the Western Energy Mine in Montana and
the Edna Mine in Colorado. 1In 16 days of transplanting they were able
to plant 137 trees and shrubs with an average daily rate of 8.6 plants
per day. Assuming this system can plant an average of 8 plants per day,
the labor and equipment costs involved in transplanting one seedling
averages approximately $36.82 per plant (Table 3). They concluded that
this wmachine was a versatile, reliable, sturdy machine that was very
well suited for used in the revegetation of disturbed lands. Jensen and
Hodder (1979) tested this same machine in eastern Montana and concluded
that this system was a successful and practical means of transplanting
large trees. Williamson and Wangerud (1980) tested this system on the
Glen Harold Mine in North Dakota and had mixed results as compared to
bareroot and potted greenhouse stock. A front end loader mounted wver-
sion of this system was tested by Larsen and Knudson (1978) at the
Trapper Mine in Colorado during the fall of 1977 to see if the pre-
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viously identified problems of mobility could be overcome using this
system. The popularity of this machine is based upon its success
achieved for landscaping and little longterm data have been collected
for sites revegetated using this system. The purpose of this discussion
is to present long term survival data.

Edna Mine Tree Spade Plantings

First year survival data collected from this planting were presented by
Dressler and Knudson (1976). Seven species totalling 72 plants were
transplanted in this 9 day planting study set out on mine spoil. Ap-
proximately half received 25 gallons of supplemental water when trans-
planted and all were subjected to three levels of pruning: control,
lightly pruned to remove half of the previous years growth and mod-
erately pruned which 1left only the main stems. The planting was in
September 1975 and the pruning operation was conducted the following
February. Third year survival figures from this planting are found in
Table 4.

Irrigation at the time of transplanting appeared to lower overall plant
survival. Third year non-jirrigated survival averaged 76 percent while

TABLE 4

Third Year Edna Mine Tree Spade Survival Data as Influenced by
Irrigation and Pruning

Non-Irrigated Irrigated

Moderate Light Moderate Light

Pruning Pruning Unpruned Pruning Pruning Unpruned
Aspen 100 67 50 100 50 40
Chokecherry 0 33 25 - 0 0
Wildrose 50 100 100 100 100 100
Serviceberry 100 100 100 - - -
Gambel Oak 50 100 0 - - -
Snowberry 100 100 100 - - -
Sagebrush - 100 50 - - -
Average 80 86 61 100 50 47

1 Unpublished data BLM-EMRIA staff in Craig
-Species was not planted

irrigated survival averaged only 66 percent. Survival of aspen and
chokecherry seemed to be depressed by supplemental irrigation, but
survival of rose was slightly enhanced by irrigation. Pruning seemed to
improve survival, and when averaged across treatments, unpruned plants
yielded 54 percent survival, lightly pruned plants yielded 68 percent
survival and moderately pruned plants yielded 90 percent survival.
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Energy Mine Tree Spade Plantings

In the Spring of 1976, the BLM-EMRIA from Craig and Energy Fuels person~
nel planted 48 plants of 7 different species using the trailer mounted
Vermeer Model TS-44A tree spade. Treatments involved in this planting
involved spring versus summer transplanting and irrigated versus non-
irrigated treatments for the spring transplants. All the transplants
were planted on respread topsoil and lightly pruned. All initially
received 10 gallons of supplemental water and approximately half were
watered on 6 additional occasions through the summer and into the fall.

Third year survival as shown in Table 5 indicate that the addition of
supplemental water did not increase overall survival. Overall sixth year
survival was about the same as in the third year survival, but root
sprouting of chokecherry and serviceberry increased overall survival of
these species. Season of transplanting did not affect survival. Overall
third year survival of spring transplants was 28 percent while survival
of summer transplants was 25 percent.

TABLE 5

Survival of Energy Mine Tree Spade Plantings

1978 Survival % ! 1981 Survival

Species Irrigated Non-Irrigated Percent
Aspen 25 14 18
Chokecherry 0 20 33
Serviceberry 25 40 44
Snowberry 100 80 33
Gambel Oak 0 0 0

Average 30 .31 26

! Unpublished data BLM-EMRIA staff in Craig

Modified Tree Spade

In 1977 engineers at the Missoula Equipment Development Center redesign-
ed the trailer mounted Vermeer Model TS-44A Tree Spade by mounting it om
a one yard Owatonna 880 articulating front-end loader and designing a
trailer mounted transport system capable of hauling 8 transplants
(Larsen and Knudson 1978). This system increased daily production rates
from 8 plants per day with the trailer mounted tree spade to 24 plants
per day for a front-end loader mounted tree spade. Based upon this
average daily production rate, the labor and equipment costs involved in
transplanting one mature trasplant averaged  $40.98 per plant (Table 3).
Although no survival data were presented, these authors were of the
opinion that this system would prove to be an effective way to establish
woody vegetation on surface mined lands because it is the only practical
way to move trees without seriously damaging their roots.
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Trapper Mine Modified Tree Spade Plantings

This system was field tested in October 1977 at the Trapper Mine near
Craig. Treatments employed in this study consisted of transplanting
three species onto topsoiled spoil and bare spoil and treating half of
the holes with an absorbent polymer called SGP which is reported to have
the ability to absorb water at between 500 to 1000 times its own volume
then release this water during the growing season. Each transplant
received approximately 100 gallons of water at the time of <trans-
planting.

Survival data collected in the fall of 1979 (Table 6) indicate that
transplants made into raw mine spoil had a slightly higher survival than
those planted into 20 inches of topsoil. Under control conditions
topsoil survival was 26 percent and spoil survival was 42 percent.
Averaging all treatments, spoil survival was 40 percent as compared to
35 percent for topsoil. The addition of the water holding polymer
almost doubled overall second year survival, Control plantings had a
survival rate of 34 percent while the survival rate of the polymer
treatment averaged 63 percent. Given this result it appears that ad-
ditional testing of water holding polymers is warranted.

TABLE 6

Second Year Survival of Trapper Mine Site Modified Tree
Spade Plantings as Affected by Planting ?edium and Usage
of an Absorbent Polymer

% Survival % Survival
Topsoil Spoil
Species Control Polymer Control Polymer
Gambel Oak 0 50 | 0 25
Serviceberry 77 100 100 100
Chokecherry 0 0 25 0
Average 26 50 42 42

1 Unpublished data BLM-EMRIA staff in Craig

Comparison Of Survival Data Obtained Using The Standard and Modified
Tree Spades

It has been suggested by the designers of the modified tree spade
(Larsen and Knudson 1978) that due to the increased mobility of the
front-end loader, increased plant survival can be expected. 1In order to
test this assumption, we compared second yéar survival from the Edna,
Energy and Trapper mines to see if any differences in survival could be
detected between the trailer mounted tree spade and the front—end loader
mounted tree spade. We recognize that this is only a relative compari-
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son but we believe it is meaningful due to the common species used and
general similarity of these sites.

As can be seen in Table 7, overall second year survival of species
transplanted onto mine spoil did not differ between the trailer and
front-end loader mounted tree spades. The same relationship holds true
for topsoiled sites. These comparisons seem to indicate that the in-~
creased mobility of the front-end loader mounted tree spade does not
increase transplant survival.

TABLE 7

Second Year Transplant Survival Comparing the Front End Loader
and Trailer Mounted Tree Spades

Spoil Sites Topsoiled Sites
Edna Mine Trapper Mine  Trapper Mine Energy Mine
Species (Trailer) (Loader) (Loader) (Trailer)
Gambel Oak 33 0 0 0
Serviceberry 86 100 77 40
Chokecherry 0 25 0 20
Average 40 42 26 20

1 Unpublished data BLM-EMRIA staff in Craig

Backhoe Transplants

Mature transplanting utilizing a backhoe having a 30 inch bucket was
initiated at the ColoWyo Mine near Meeker, Colorado. Transplants of
oak, serviceberry, chokecherry, and snowberry were made in October,
1975. Each of these shrubs were lifted with a root ball approximately 24
inches in diameter and 20 inches deep. Additional transplants of ser-
viceberry were completed in May, 1976 and a final transplanting of
serviceberry and oak was made in November, 1976; a total of 134 plants
were moved (Draves and Berg, 1979).

The initial transplanting consisted of eight shrubs of each species
planted dry and seven shrubs of each species planted and then watered
with 15 gallons of water. Fifteen additional serviceberry were trans-
planted and fertilized with MgAmp slow release fertilizer at a rate of
one pound per shrub. Eight serviceberry were transplanted dry and seven
were watered. All of the 1975 transplants were severely pruned to six
inches prior to transplanting.

Survival data for oak, serviceberry, chokecherry, and snowberry were
collected in August 1981 and resulted in 0%, 79.7%, 6.7% and 100% re-
spectively (Table 8). Percent survival by species transplanted without
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cultural modification in the Fall of 1975 compared to transplants with
the addition of water and/or fertilizer indicated that water and fert-
ilizer did not increase survival. Serviceberry survival was higher,
1007 versus 71.4%, without the addition of water. Dry planted service-
berry with fertilizer had higher survival, 71.4%7 versus 25.07%, than
wet-planted serviceberry with fertilizer. Chokecherry survival was
slightly higher, 14,37 versus 0%, without the addition of water. Oak
and snowberry were not affected by cultural modification.

The backhoe was able to move 30 plants per 8 hour day with the distance
from the source area being less than 100 yards. Ninety-five square feet
of soil and vegetation could be moved each day under optimum conditions.
Based upon this average daily production rate, the labor and equipment
costs involved in transplanting one mature transplant averaged $3.54 per
square foot and $11.20 per plant (Table 3). Utilizing an overall fifth
year survival value of 567, a cost per surviving plant of $19.77 is
calculated. This figure would be much higher if the distance traveled
was more representative of the usual field situation.

TABLE 8

Fifth Year ColoWyo Mine Backhoe Transplant Survival

Species
Serviceberry Chokecherry ‘Oak Snowberry
Number of plants 74 15 30 15
Number alive 59 1 0 15
% Survival 79.7 6.7 0 100.0

The primary disadvantage with the backhoe method of mature tramnsplanting
is the small number of plants that can be moved in a day under normal
mining conditions. A distance of a mile between the source area and the
transplant site is common and a piece of equipment that can only move
one plant at a time is not time efficient or cost effective.

Front Loader Transplants

The use of large front loaders for mature transplanting enables large
areas of soil material containing many plants to be moved at one time.
A Hough-Pay-Loader H-120C was used at Montana's Rosebud Mine in 1972 to
transplant pads of shrubs and ponderosa pines. (Sindelar et al. 1973).
In December of 1975, Energy Fuels Mine near Steamboat Springs, Colorado
initiated transplants with a Terex 72-71A .-front loader equipped with
normal 12 yard coal bucket. (Crofts and Parkin, 1979). The buckets
mounted on these loaders were designed for volume and not for large
surface area capacity. Two attachments were subsequently designed to
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accomodate larger surface areas enabling more plants to be moved at one
time. The USDA Forest Service Equipment Development Center in Missoula
fabricated a bucket 14 feet wide by 8 feet deep which we field tested in
June of 1979 (USDA Forest Service, 1981).

In July 1980, Energy Fuels mounted an attachment on the Terex 72-71A
loader that was designed at Colorado State University. The attachment
was 15 feet wide and 5 feet deep with an area of 75 square feet.
(Workman et al, 1980; Carlson and Crofts, 1982). The five foot depth
on the CSU bucket alleviated the observed problem of loader stability
and excessive pad breakage which were associated with the Forest Service
bucket (USDA Forest Service 1980b).

In 1980, a study was initiated at Energy Fuels to evaluate the trans-
plant attachment and to collect survival data relative to clump place-
ment, season of transplanting and pad thickness on the transplants
placed since 1975. The trees and shrubs studied were aspen, oak, service-
berry and chokecherry with 1975-1980 transplant survival of 23.1%,
37.4%, B84.8%7 and 87.7% respectively. (Carlson, 1982). (Table 9).

TABLE 9

Percent Survival by Species Utilizing Front Loader,
1976-1980, Colorado Yampa Coal.

——

Number of Number A
Species Individuals Alive Survival
Aspen 8,438 1,948 23,1
Oak 821 307 37.4
Serviceberry 1,259 1,068 84.8
Chokecherry 1,929 1,692 87.7

The clumps were placed to approximately their natural distribution when
possible. The aspen were placed at the bottoms of swales in large clumps
of 10 or more pads. By locating a clump in a swale, soil moisture by
volume increased from 22% at spring recharge at a flat site to 40% in
the swale site. The other shrubs were placed in clumps consisting of
three to five pads iIn swales and areas that were dryer such as slopes
and flatter, non.water-collection sites.

Survival and sprouting of aspen, oak, serviceberry, and chokecherry were
compared to the season of transplanting: December-March, April-June,
July-August and September-November. The results indicate significantly
higher survival and sprouting of aspen transplanted during July and
August. Oak survival and sprouting were significantly higher during the
September~November transplants. Serviceberry and chokecherry survival
were lower during July and August, and sprouting was lower during the
September~November, (Figures 1 and 2), (Carlson, 1982). Based upon
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these data, it would appear that movement of mature transplants during
the summer increases the likelihood of establishment for some taller
species.

Survival of chokecherry and serviceberry are tied directly to the depth
of the soil and roots retrieved in the transplanting process. Survival
of serviceberry was lowest, (40%), with a 30-35 cm thick pad and
highest, (82.4%) at a pad thickness of 60-65 cm. Chokecherry survival
was lowest, (54.6%), with a 30-35 cm thick pad and highest, (89.5%), at
a pad thickness of 40-45 cm (Figures 3 & 4), (Carlson, 1982). The
potential to increase survival with increased pad thickness is believed
to be related to the amount of root biomass, carbohydrate levels and
moisture inherently associated with these thicker pads.

The productivity of the front loader is dependent on the disturbance and
the type of terrain over which the pads must be moved. Moving 160 pads
approximately 1 mile, travel time averages 82 percent of the total round
trip transplanting time of 18.2 minutes. The total area of soil and
vegetation moved in 1980 was 57,000 square feet with 1981 area estimated
at 100,000 square feet. Twentyesix pads with an average of 9 trees and
shrubs on each 75 square foot pad, could be moved during a normal eight
hour day. This resulted in 234 trees and shrubs being moved per day.
Using the above information, the cost of transplanting on a square foot
basis is $.82 and for each tree or shrub, $6.84. Utilizing the overall
survival rate of 79%, a cost of $8.66 per surviving plant is calculated
(Table 3).

A few very important advantages to mature transplanting with a fromt
loader are the large amount of material moved on a daily basis and the
resulting high percentage of survival. The clumps established in the
transplant process can be used to stabilize critical areas in addition
to providing immediate wildlife cover. This method can never replace
other revegeation practices due to cost, the small area covered, and the
distance from the source area to the transplant site, but can be an
effective addition to accepted reclamation practices.

CONCLUSTIONS

The various methods of establishing native vegetation on disturbed sites
are most often site specific. The decision as to which method or
methods used should be made at the site by a person familiar with the
area.

Each method of establishment 1listed has its advantages and disadvant-
ages. The principal disadvantages with containerized material are that
often root development is sacrificed for 1lush top growth, the poor
interface formed between the rooting medium.and the receiving site, and
high cost. With bareroot stock the primary disadvantages are the short
period of time during which planting is ideal, and the sometimes limited
material available.
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Equipment developed for reclamation use in the past has generally been
poorly tested in actual field situations. Much of this equipment was
designed without adequate input by the people who eventually will be
required by the regulations to use it. Some new equipment, such as the
modified Whitfield Transplanter, has proven to be quite acceptable.
Equipment like the Dryland Plug Planter appear to be of questionable
adaptability under our field conditions due to its low production rate
and high cost per surviving plant.

Both aspen tramsplanted during July and August show increased sprouting
when compared to material moved from September through November. The
addition of cultural inputs in the form of irrigation and fertilization
appear to negatively affect field survival and growth of transplants.
Pruning appears to increase the 1likelihood of survival, but is not
economically justifiable.

Transplanting of wmature vegetation onto a disturbed site will never
replace other methods of shrub and tree establishment but can be an
important addition. Often the methods of shrub and tree establishment
used are very site specific and any reclamation decision must encompass
such concerns as the importance of an area for wildlife habitat and the
amount of time available to mitigate the loss of that habitat. Mature
transplants do provide areas of immediate reclamation and warrant the
increased costs of this method in areas of critical wildlife habitat.
Establishment of seedlings is less costly, but the time frame involved
for that seedling to withstand drought, grazing and eventually provide
wildlife cover, may be prohibitive in these critical areas.

Mature transplanting must be done with a piece of equipment which can
move large amounts of material efficiently and with high survival. The
limited testing of the modified tree spade system indicates that pro-
duction is too low and survival is inadequate.. The front loader sur-
vival and production values taken over a period of 5 years show high
overall survival and production. The backhoe method of transplanting,
like the tree spade, appears to be of limited effectiveness for use in
an actual mining operation due to its low productivity.

During the design of new reclamation equipment, input from the reclama-
tion specialist is a must. Any new equipment should be thoroughly
tested at actual reclamation sites before it can be placed on the
market.
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AN UPDATE OF
URAD MINE RECLAMATION

Charles L. Jackson
AMAX Inc.
Henderson Mine
Empire, Co. 80438

Mining has been the mainstay of the Woods Creek valley for more
than a century. The head of the valley is at the Continental Divide
about 50 miles west of Denver, Colorado. (Figure 1). First, it was the
quest for gold ard silver that drew people to the valley. Then, when
molybdenum became a high-priority item with the U.S. govermment during
World War I, it was the valley's moly-rich orebody that attracted the
most attention,

The moly orebody was first developed and mined by the Primos
Exploration Company from 1914 to 1919, Later, the Urad Mine - as it
has always been known - was worked intermittently by the Molybdenum
Corporation of America during World War II. 1In 1963, AMAX Inc.
ourchased the property for $2 million. 3After spending nearly $30
million for exploration and development, AMAX put the mine into
production again in 1947,

A modified block-caving system of underground mining was used to
renmove the ore from the deposit located inside Red Mountain. The Urad
orebody contained approximately 14 million tons of ore at an average
grade of about 0.33 percent MoS,. The mining and milling rate was about
5,000 tons of ore per day, which represented about five percent of the
free-world production of molybdenum during the years AMAX operated the
mine. At the time of shutdown in 1974, the mine had produced about 48.5
million pounds of pure moly.

Conventional crushing and flotation milling circuits were utilized
to process the ore: 1less than four pounds of molybdenum were produced
from each ton of ore mined. The remaining approximately 99.7 percent of
the 14 million tons of ore was predaminately composed of silica and was
transported by water slurry to two tailing deposition areas. The water
then decanted from the surface of the tailing areas and recycled back
through an industrial mill water circuit.

CLIMATE

Climatological data for the past 16 years (1965-~1981) shows the
mean annual temperature to be 33° F with maximum and minimum temper-
atures of 80° F (August 1979) -35° (January 1979) respectively. Ap-
proximately 45 to 60 consecutive frost-free days occur each summer.
Total annual precipitation has varied from 17.5 to 36.6 inches, averag-
ing 24.3 inches, most of it occurring in the form of snow. No wind
velocity data is avallable; however, it is estimated that maximum gusts
might reach as high as 70 to 80 miles per hour.
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Figure 1. Aerial photograph of Urad Valley in 1973.
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VEGETATION (1)

The bottom of the valley, which is that portion most affected by
mining activities, falls in the subalpine zone of vegetation. The
uppermost portions of Red Mountain fall in the alpine zone of vegeta-
tion.

The naturally occurring climatic vegetation of the valley is the
Engelmann spruce (Picea engelmannii) -~ subalpine fir (Abies lasiocarpa)
forest common to the subalpine zone of the Rocky Mountains. This stand
type presently dominates most of the valley in spite of past disturb-
ances such as logging and fire.

Other vegetation associated with the dominate stand type are listed
below:

° Trees. aspen (Populus tremuloides), lodgepole pine (Pinus
contorta), bristlecore pine (Pinus aristata)

© Shrubs. dwarf blueberry (Vaccinium caespitosum), dwarf juniper
(Juniperus communis), shrubby cinquefoil (Potentilla fruit-
icosa), leafy cinquefoil (Potentilla fissa), creeping
holly-grape (Berberis repens), currant (Ribes spp.), willow
(Salix spp.)

° Grasses and Sedges. smooth brome (Bromus inermis), alpine
timothy (Phleum alpinum), Idaho fescue (Festuca idahoensis),
tufted hairgrass (Deschampsia caespitosa), ebony sedge (Carex
ebenea)

DISTURBANCE OF THE LANDSCAPE

The upper end of the valley was extensively strip-cut logged as
recently as 1960 through 1962. Most of the valley shows signs of
logging at some time in the past. Mining generally went hand-in-hand
with logging in the 1800's. 1In addition, much of the logging in the
valley was done during the 1920's.

The south side of the lower portion of the valley suffered a severe
forest fire during the 1880's. Some of the damage was reforested, but
regrowth has been extremely slow demonstrating the extreme harshness of
the habitat. The lower end of the valley also shows signs of fire, but
lodgepole has produced new forest growth relatively quickly in that
area.

Avalanches were a major problem in the valley during mining and are
a continuing source of natural disturbance. There are 17 avalanche
runs, 12 of which are classified as major, in the approximately three
miles of the valley.

Each previous mining operation left its mark on the valley. The
road systems up from the bottom of the valley were present, along with
the o0ld mill and tailing area. There were other, less-significant
mining disturbances up and down the valley.

*
numbers in parenthesis refer to Literature Cited
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Each of the companies that obtained molybdenum from the Urad Mine
operated in a manner somewhat similar to AMAX, however, the scope of
their operations was not as large as the AMAX operation. Tailing and
mine-waste-deposition areas became progressively larger as the years
passed. Prior to AMAX ownership, tailing disposal resulted in a
significant amount of water pollution as there was no seep-water or
settling pond to contain pollution and erosion into the watershed.

In the summer of 1980, 60,000 to 75,000 cubic yards of a rocky soil
were borrowed to fill an old road cut. The cut slope of part of the
access road was reduced from near vertical to 1-1/2 to 1 (horizontal to
vertical) to facilitate the revegetation effort. Unnecessary roads have
been and are being ripped/scarified, revegetated, and blocked.

The following is a breakdown of the types of acreages of
disturbances at Urad at the initiation of reclamation:

Disturbance Acreage
UJpper RESEIVOLL v v v 4 v« o o o o o o o o« o o &« 36
Lower ReSEIVOLIL &+ v 4 v v o o o o o o o o o o = 20
Upper Talling Area .« v « v o o o o« o o o o o & 78
Lower Tailing Area . . v « « o o « o o o o o & 43
Mine Yardand Refuse 3rea . « « « v ¢ ¢ &« o« o & 17
BOLIOW AI€AS .« ¢ v o o s o o s o o o o o o o 22
Mine Waste on Red Mountain . . . . . . . . . . 5
Glory Hole . . ¢ ¢ & v 4 v 4 o 4 ¢ o o o o o » 13

TOTAL & & v ¢ o o o o o o o o o « o o o o « 234

Plus 15 miles of road
TEST PLOT (1)

Research in establishing vegetation directly on tailing at the
Climax Mine indicated various problems such as blowing and drifting,
excessive evaporative moisture loss, and physical instability in the
root zone for trees during high winds. For these reasons, a test plot
was designed to utilize various waste products (rock, sewage sludge,
wood waste) to amend the tailing to provide a more suitable growth
medium, :

Development Rock
Since the origin of the rock is 2,000 to 3,000 feet below ground,

it is very poor growth medium for plants. The major problem to be
overcome is the lack of organic matter and nitrogen.
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As poor as it is, the test plots indicate that the fragmenteg rock

is actually a much better growth medium than tailing. Besides
stabilizing the tailing, the rock eliminates the problems of blowing and
drifting encountered when revegetating tailing. Rock is also an ideal
mulch., Very little moisture is lost by evaporation from the surfaces of
rocks, thereby conserving water in the root zone which encourages vege—
tative growth between rocks. The rock also provides a stable (solid)
root zone for trees. Trees grown in tailing might be uprooted by high
winds after growing to a height of five or six feet. Another advantage
over tailing is the slightly darker color of the rock. The darker color
absorbs more energy from the sun, which increases the temperature of the
"s0il" surface. Higher soil temperatures at this elevation increase’
both the growing-day length and the growing season. With the very short
growing seasons ard cold summer nights, every growing day is important.

Sewage and Wood Waste

Soil tests were performed and vegetation test plots established to
campare the rock amd tailing as growth media. A 4 X 4 factorial experi-
mental design using various application rates of sawmill wastes and sew-
age sludge (with two replications) was implemented in the spring of 1974
(Figure 2). The design crossed three application rates of sewage (5,
10, and 20 tons per acre) and one rate of nitrogen (60 pounds per acre)
with two rates of sawdust (4 and 8 tons per acre), one rate of wood
chips (20 tons per acre), and a control. All plots were uniformly
treated with 300 pounds of P?2§ per acre and received light daily

Figure 2.

irrigation the first season Only.
5t/aSS | 20t/aSS 10t/aSS { 60+/aN
20t/aWC | 20t/aWC 20t/aWC | 20t/aWC
5t/aSS | 20t/aSS 10t/aSS | 604#/aN
(Control)
5t/aSS | 20t /aSSs 10t/aSS | 604/aN
8t/aSD 8t/asSDh 8t/asSD 8t/aSD
5t/aSS { 20t/aSS 10t/aSS | 604#/aN
4t/ aSD 4t/aSD 4t /aSh 4t/aSD

Revegetation test plots for testing the feasibility of utili-

zing wood waste and sewage sludge to aid revegetation of fragmented rock
and tailing growth media. SS = sewage sludge, SD = sawdust, WC = wood
chips, N = nitrogen, t/a = tons per acre, #/a = pounds per acre, All

plots received 300 pounds of P20: and light daily irrigation for germ-

ination ard establishment during the first season. All values are dry
weights (one replication shown).
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TAILING RECLAMATION SEQUENCE (1)

Results from the test plots indicated that the elements considered for
tailing reclamation would be appropriate for a more widespread appli-
cation. Various items or steps in the process are described in more
detail after this section but the sequence of :evegetating the tailing
areas was:

1. Cover with development rock.
2. Landscape with rock (small hills to break the flat contour).

3. Spread P and wood chips.

205
4. Rip wood chips and P205 into the surface (by dozer).

5. Spread sewage sludge (manure spreader).
6. Seed with grass.

7. Scatter dead timber onto the surface.
8. Irrigate (lst growing season only).

9. Plant trees and shrubs (transplants and seedlings) during
second growing season.

10. Maintenance fertilize with inorganic fertilizers.

Early in the project trees and shrubs were planted in an area at
the same time as grass was planted. Beglnning in 1977, trees and shrubs
were planted during the second growing season. It was felt that trees
required protection from the sun and wind to increase the survival rate.

Another deviation from the reclamation sequence occurred in 1979
when the last 18 acres of unvegetated tailing surface were to be
treated. This patch was at the upper (slimes) erd of the upper tailing
pond and was still not adequately dewatered to support heavy equipment
in the summer. Rock was placed on these "slimes" areas in the winter
when they were frozen and could support the weight. Because heavy
equipment could not be supported, it was necessary to distribute the
wood chips and sludge manually. Consequently, the coverage of organics
was lighter, and they were not ripped into the rocks. The grass cover
on the 18-acre patch is doing well despite the lack of ripping.

ROCK COVER (1)

Hauling of the fragmented rock from the Henderson Mine began in
July 1974, The purchase of seven trucks and a D-8 dozer was necessary
to initiate the program. Approximately 1.5 million tons of rock were
hauled and spread on the tailing dam faces and surfaces to ensure
permanent stability. '
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Drainage of water in the tailing was assured by the placement of
coarse-rock drain courses on the faces of the dams as shown in Figure 3.
Coarse-rock (greater than 2-inch) benches 10 feet deep were built across
the faces of the dams about one-half of the way up each face. 1In
addition, coarse-rock benches were constructed at the bottom of each dam
(Figure 3). Coarse-rock water drain courses were constructed down the
face of each dam and connect the lateral benches. Aany subsurface water
reaching the face of the tail dams is removed by these rock drains.

10' DEPTH

. 120

. 60’

\
. O

Figure 3. The placement of the coarse (segregated) and unsegregated
mine rock was engineered to insure stabilization of the tailing dam faces.

To complete the stabilization of the dams, ungraded fragmented rock
was benched up the faces of the dams at a minimum depth of 10 feet
(Figure 3). The surfaces of the tailing areas were covered with three
feet of rock.

Piezometer wells have been drilled in the crests and faces of the
tailing dams to monitor the water level which is stable (Figure 4).

b 10, 140’ \ — |— | — //
' \\ /! WATER TABLE
/
i (ol IDO \ ..../ ELEVAT'ON
1% D R A 2
\:./- —— ._f.-"‘..y N l975
s \\ Y

Figure 4. Water table elevation measured from piezometer holes for
1975 and 1981 for the lower tailing dam show that the level is stable.
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Attempts were made to utilize the rock covering to break the flat
contour of the tailing areas. Hillocks and ridges were constructed with
the rock while keeping in mind the importance of cold-air drainage to
plant growth. The amount of this type of landscaping possible was
dependent on the stability of the tailing. Hillocks and ridges 10 to 12
feet high were expected and that is approximately what was attained
given the stability of the underlying tailing.

SOTL AMENDMENTS (1)

An evaluation of the research test plots, consultant advice, liter-
ature review, and experience led to the conclusion that the most prac-
tical and beneficial combination of amendments to be used on the frag-
mented rock was an application of 20 tons per acre soil of wood chips
and 30 tons per acre of sewage sludge. Metropolitan Denver Sewage
Disposal District No. 1 and the Forest Products Division of the Koppers
Company, Inc. cooperated in providing respectively 4,200 dry weight tons
of anaerobically digested sludge and 24,000 cubic yards of wood chips
for use on the tailing areas.

Applying 50 tons of organics to the rock is a giant step toward
building & mature soil which is prerequisite to achieving
self-sustaining vegetation. Tt was initially hypothesized that the
application of organics, along with good vegetative growth maintained
through the years with inorganic fertilizers, should provide a soil of
sufficient maturity to sustain vegetation within 15 to 20 years.

The process has occurred more rapidly than anticipated. The
vegetation has been maintenance fertilized only once, in 1979. The
vegetation now appears to be permanent and self-sustaining only 6 years
since the initial planting. Even so, the vegetation may receive one or
more additional applications of maintenance fertilizer to maintain its
vigor.

The reason for inorganic fertilization can be illustrated with a
half life analogy. 1In the harsh climate at this elevation, the
half-life of nitrogen in sewage sludge might be from two to five years.
Twenty tons of sewage contains roughly 1,200 to 1,600 pounds of
nitrogen. If half of that were to become available for plant use within
two years, the result would be similar to applying 300 to 400 pounds of
nitrogen per acre per year of vegetation requiring only about 40 pounds
of nitrogen per acre per year. This would be a gross overapplication of
nitrogen except for the presence of wood chips. Wood chips have a high
carbon-to-nitrogen ratio (about 90 to 1). Soil organic matter, the de-
sired product, has a carbon-to-nitrogen ratio of about 10 to 1.
Microbial decomposition of the wood, therefore, requires relatively
large quantities of nitrogen and uses the excess nitrogen from the
sewage to form humus. Thus, much of the excess nitrogen is immobilized
and retained in the soil for future plant use. The sewage and wood
chips camplement each other. The process allowed a significant quantity
of nutrients and organic matter to be applied at one time. The
potential for severe nitrogen immobilization was monitored, but never
materialized. It is expected that severe nitrogen immobilization has
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not occurred because of the low rate of microbial decomposition
controlled by the cold climate.

REVEGETATION

Grasses are the backbone of the revegetation program, but 44,000
tree and shrub seedlings have also been planted at Urad. Table 1 lists
the reclamation species used at Urad.

Grasses

Research on the revegetation of the tailing material has been an
ongoing program since 1965 at the Climax Mine near Leadville, Colorado.
In 1967, research at Climax was begun in cooperation with Dr. William
Berg of Colorado State University amd his graduate student, Henry
Barrau. ‘

Initially, a grass-seed mixture was chosen for use as a result of
the high-altitude species adaptation research done at the Climax Mine in
conjunction with Dr. Berg. There were eight herbaceous species in the
initial seed mixture. Aadditions of species and changes in the pro-
portions have occurred as a result of research and seed availability in
appropriate quantity from suppliers (Table 2).

Additional research was initiated in 1974 to expand the effort of
finding which of the commercially available seed species and varieties
are best adapted to high altitudes. The objectives of the project are
to eventually select varieties of species for their adaptability,
possibly cross them, and produce seed sources for high-altitude
vegetation programs. Native species have been included when possible.
Approximately 80 different species and varieties have been planted in
each of five different high-altitude sites in the central mountains of
Colorado. The Climax and Urad mines are two of the sites.

The principal investigator is Dr. Robin Cuany of the Colorado State
University Agronomy Department. The project is being funded by AMAX and
a few other institutions such as ski areas, seed companies, and govern—
ment agencies. Dr. Cuany has been conducting similar research on smooth
brome since 1970 in an effort to produce a seed source of an improved
high-altitude synthetic of the species.
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Table 1. URAD RECLAMATION SPECIES LIST

TREES

Engelmann spruce (Picea engelmanni)

Lodgepole pine (Pinus contorta)

Limber pine (Pinus flexilis)

Bristlecone pine (Pinus aristata)

Subalpine fir (Abies lasiocarpa) - transplants

Aspen (Populus tremuloides)

SHRUBS

Dwarf juniper (Juniperus cOmmunis)

Clematis (Clematis ligusticifolia)

Red elderberry (Sambucus racemosa)

Creeping holly grape (Mahonia repens)

Wild rose (Rosa woodsii)

Mountain mahogany (Cercocarpus montanus)

Shrubby cinquefoil (Potentilla fruticosa)

Leafy cinquefoil (Potentilla fissa)

Wild strawberry (Fragaria ovalis)

Wild raspberry (Rubus strigosus)

Willow (Salix spp.)

Rocky Mountain gooseberry (Ribes inerme)

Colorado currant (Ribes coloradense)

Squaw currant (Ribes cereum)

Golden currant (Ribes aureum)
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Table 1. (continued)

Snowberry (Symphoricarpos oreophilus)

Kinnikinnic (Arctostaphylos uva-ursi)

Blueberry/huckleberry (Vaccinum scoparium)

FORBS

Firewood (Epilobium angustifolium)

Purple fringe (Phacelia sericea)

Yarrow (Achillea lanulosa)

Miner candie (Cryptantha virgata)

Monument plant (Frasera speciosa)

Little red elephant (Pedicularis groenlandica)

Indian paintbrush (Castilleja spp.)

Tall chiming bells (Mertensia ciliata)

Columbine (Aquilegia caerulea)

Collected ard purchased wildflower mixes

AQUATIC VEGETATION

Cattail roots (Typha latifolia)

Sago pordweed tubers (Potamogeton pectinatus)

Wild celery tubers (Vallisheria spiralis)

Wild rice seed (Zizania aquatica)

GRASSES (See Table 2)
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Table 2. CLIMAX SEED MIX

Percent by Weight

-in Mixture

Scientific Name Common Name - Variety 1976~
1975 1981 1981,

Agrostis alba Redtop 15 3 3
Alopecurus arundinaceus Creeping foxtail 5 5
Alopecurus pratensis Meadow foxtail 10 5 5
Astragalus cicer Cicer Milkvetch - Cicer 8 4
Bromus inermis Smooth brome - Manchar 20 17 15
Dactylis glomerata Orchard grass 10 5 5
Festuca arizonica Arizona Fescue 4
Festuca ovina Hard fescue - Durar 10 8 8
Festuca rubra Red fescue - Pennlawn 10 8 8
Phleum pratense Timothy - Climax 15 5 5
Poa ampla Big bluegrass - Sherman 3
Poa compressa Canada bluegras - Reubens 2
Poa pratensis Kentucky bluegfass - Troy 3 3
Secale cereale Rve - Balbo 3 23 20
Trifolium repens White Dutch clover 1 10 10 10

TUTAI‘ L] . L] L] L] L] - L] - L] L L] . L L] . L] L] L] * L] .. L] 100 100 100
Notes: 1. Legumes are innoculated using the Rhizo-cote method.

2. New mix conposed as a result of the Mt. Emmons reclamation
plan was used at Urad in 1981.

3. This mixture was seeded at the rate of 30 to 40 pounds per
acre, depending upon the severity of the habltat An
addltlonal five to 10 pounds per acre of 'balbo’ rye (Secale
cereale) is applied to provide fast cover and serve as a
nurse crop for the establishment of the eight perennials.
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Trees and Shrubs

Potted evergreens, shrubs, and aspen seedlings purchased from
various nurseries are used in the tree/shrub revegetation. These
materials are native to the area. Evergreen seedling survival rates
have been estimated to range from 50 to 60 percent. Survival plots of
100 seedlings have been installed in recent years (1980, 1981) to pro-
vide a long-range measurement, and they substantiate earlier estimates.

. The holes for trees and shrubs are dug by pick and shovel, the tree
and shingle are implaced, the hole is backfilled, the ground is com-
pacted by foot, and a gallon of water is poured on the ground around the
tree to further compact the soil and eliminate air spaces. The shingle
slats serve to protect the evergreen seedlings from the sun and wind.
Aspen are not provided with this protection. No further maintenance is
provided to materials except for fertilizer which is applied jointly to
plant materials and grass in subsequent years.

The most unigue biological phenomenon observed todate. was the em-
ergence in 1979, of aspen seedlings on the waste rock growth media.
This observation prompted the broadcasting of aspen seed. 1In the spring
of 1980, small aspen trees ard branches fram larger aspen with appar—
ently ripe seed were cut and the seed scattered by sharing the branches
on the ponds on a windy day. The procedure was repeated over a two-week
period to increase the chances that the seeds were ripe. It may be
years before the results of this trial are evident.

Fertilizer tablets (21 grams each, 20-10-5, NPK) were planted with
150 lodgepole pine on the lower pond and 150 Engelmann spruce on the
upper pond in 1981. Control evergreen seedlings were planted adjacent
for points of reference.

For scenic purposes fifty three~foot-tall blue spruce (Picea
pungens) in 20-gallon tubs were planted in piles of topsoil on the upper
and lower tailing surfaces in 1981. Two to three cubic yards of topsoil
were placed on the leeward side of the small hills on the tailing sur-
faces for wind protection. Trees were planted in groups of four with
four-foot spacing among them. They were planted close to guarantee that
at least one tree of the four will survive the harsh conditions and pro-
vide scenic variety. Water (1-2 gallons) was poured on the ground
surrounding each tree after planting to pack the loose backfill. A
one-foot-deep cover of wood chips was spread over all the two to three
cubic yards of topsoil and around the trees to reduce evaporative
losses. Two trees in each of the 12 groups of four trees were sprayed
with an antitranspirant latex-base spray to reduce moisture losses.
Moistness of the soil under the wood chips was checked periodically
throughout the summer. No mortalities were apparent by the end of the
first summer season. Survival after the first winter will, however, be
a better indication of success/failure.



92

Several pounds of lodgepole pine seeds (at 90,000 seeds per pound)
have been distributed at Urad during the past three years. A handful of
pine seeds are mixed with grass seed or fertilizer when.maintenance is
performed on unresponsive or established areas respectively. Results
of these efforts are thus far inconclusive.

It may take two to three years for the seed to break dormancy and then
the seedlings are barely discernible for a season or so.

Willows have been planted in suitable wet spots at Urad. Besides
the purchase of potted materials, willow transplants are utilized.
Willow cuttings are also potted by summer temporary personnel in spring
and/or fall, held over a growing season in a protected area, watered
occasionally, and outplanted when adequately rooted.

Forbs

Various wildflower seeds separately and in mixtures have been
broadcast along with the grass seed mixture or with the maintenance
fertilizer applications. The bulk of the seeds have been obtained from
seed supply firms, but summer revegetation personnel also gather seeds
at the end of the summer. Collected seed is either hand-scattered on a
windy day or mixed with a load of hydromulch. Forbs supply an element
of vegetative diversity to the overall landscape. Showy, colorful wild-
flowers are used as focal points in the foreground at highly visible
locations in the reclamation area.

Water~filled, shallow (less than three feet deep) depressions on
the tailing surfaces were planted with various aquatic vegetation types
in addition to willows which have been previously planted. Aquatic
types tried in 1981 were cattail roots, sago pondweed tubers, wild
celery tubers, and some wild-rice seed. The degree of success achieved
by these species is presently unknown.

FLOOD CONTROL

Flood protection was a major aspect of the reclamation program. 1In
1978 and 1979, the company constructed a 12-foot by 12-foot box-culvert
bypass of the lower tailing pond and two water retention dams. This
flood bypass system - in addition to an original water bypass system
built in the mid-1960's - was constructed to provide maintenance-free
protection for the tailing areas against a "probable maximum f£lood."

MYCORRHIZAL FUNGI RESEARCH (4)

AMAX funded a research project through Colorado State University to
inoculate evergreen seedlings planted on the mine wastes at Urad with
mycorrhizal fungi. The fungi were cultivated separately and then added
to the potting medium. Mycorrhizal fungi, when effective, serve to
increase the surface areas of roots to allow a tree greater intake of
nutrients and water. Early research (1976-1978) could not conclusively
support a statement that seedling growth or survival was increased as a
direct result of mycorrhizal-fungi inoculation. Further field investi-
gation in 1980-81 is being analyzed now. Preliminarily, the research
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indicates that fungal inoculation alone is not the panacea for increased
seedling growth and survival. There are envirommental extremes of
temperature and moisture stress that may be so limiting as to
effectively nullify any possible positive effects from the fungal
inoculation.

VEGETATION AND SOIL MONITORING

Vegetation and soil monitoring was first conducted in 1979 and will
be repeated in 1983. A private oconsultant has been retained to investi-—
gate plant species cover, diversity, ard production on the Urad tailing
surfaces, the nutrient regime of the waste rock plus amendments that were
placed on the Urad talllnq, and materials uptake by vegetation growing on
the tailing.

Plant Species Cover, Diversity, and Production (5)

Conparisons were made between the vegetation on the tailing
surfaces, a borrow pit area, a road cut, and a very diverse spruce/fir
complex that was burned circa 1879. Table 3 lists native species which
are invading reclamation areas at Urad. Tailing seeded areas in 1976 had
a greater total cover than the burn. Forbs were more prevalent on the
burn (13 percent) than on the tailing-pond surface (one percent). Seeded
areas were dominated by smooth brome, hard fescue, and timothy. If water
and ample-to-excessive nitrogen were to be available on a continuous
basis, these species could be expected to continue to dominate.

Vegetative cover on the tailing ponds equals or exceeds that of the
native community. Stands are well established, productive, and effec-
tively controlling wind and water erosion.

Reclaimed areas are not as diverse as the native communities, but
diversity is increasing with time. A few species of grass dominate the
reclaimed areas and forbs occur infrequently.

Seeded grasses have become well established and are producing more
herbage than is produced by a nearby burned-over spruce-fir community.

It was recommended that inorganic fertilizers be sparingly applied
even though this may result in a reduction in cover and production. The
benefit would be that native invasion and thus diversity would increase.

Nutrient Regime of Waste Rock Plus Amendments (6)

An attempt is being made to monitor the soil building process.
Measurements were made of the nutrient regime to determine if chemical
constituents of the waste rock have increased or decreased.

Samples were taken fram tailing areas covered with waste rock and
amendments and seeded from 1975 to 1979 and compared to a native soil
from a spruce/fir community above Urad lake (Table 4). Seven elements
were concentrated two times more in the soil than in waste rock, but of
these molybdenum (Mo) amd boron (B) are essential for plant growth and
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Table 3. Species invading seeded areas on upper and lower tailing ponds,

a borrow pit, and a roadcut.

Scientific name (common name)

Comments

1975 Seeding ~ Urad Tailing

Grasses
1. Agropyron trachycaulum (slender wheatgrass)

2. Bromus marginatus (mountain brome)

3. Bromus tectorum (cheatgrass)

4. Hordeum jubatum (foxtail)

Forbs and Shrubs

1. Achillea lanulosa (western yarrow)

2. Arctostaphylos uva-ursi (bearberry manzanita

3. Aster bigelovii (Biglow tansy aster)

4. Campanula parryi (Parry bellflower)

5. Chaenactis alpina (alpine dusty maiden)

6. Descurainia richardsonii (Richardson tansy
mustard)

7. Epilobium angustifolium (fireweed willowherb)

8. Geranium viscosissimum (sticky geranium)

9. Penstemon whippeleanus (Whipple penstemon)

10. Rumex acetosella'(sheep sorrel)

11. Rumex crispus (curly dock)

12. Senecio ambrosioides (ragweed groundsel)

13. Senecio soldanella (soldanella groundsel)

14, Taraxacum officinale {(common dandelion)

15. Trifolium pratense (red clover)

Probably included
in seed mixtures.

Brought in with
aspen transplant.

Probably brought in
with a transplant.
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Table 3 (continued)

1976 Seeding - Urad Tailing

Forbs and Shrubs

1.

No

Achillea lanulosa (western yarrow)

Arctostaphylos uva-ursi (bearberry manzanita) Possibly brought in
with a transplant.

Populus tremuloides (aspen)

Aster bigelovii (Biglow tansy aster)

Epilobium angustifolium (fireweed willowherb)

Fragaria americana (strawberry) Possibly brought in
with a transplant.

Potentilla glandulosa (gland cinguefoil)

Rumex crispus (curly dock)

1977 Seeding - Urad Tailing

evidence of outside invasions

1974 Seeding -~ Borrowpit Area

Grasses and Sedges

l.

Carex geyeri (elk sedge)

Carex sp. (sedge)

Hordeum jubatum (foxtail)

Juncus drummondii (Drummond rush)

Muhlenbergia sp. (muhly)

Forbs and Shrubs

Achillea lanulosa (western yarrow)

Antennaria rosea (rose pussytoes)

Arctostaphylos uva-ursi (bearberry manzanita)

Aster bigelovii (Bigelow tansy aster)

Chrysopsis villosa (hairy goldenaster)

Epilobium angustifolium (fireweed willowherb)
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Table 3. (continued)

7. Fragaria americana (strawberry)

8. Penstemon sp. (penstemon)

9, Potentilla glandulosa (gland cinquefoil)

10. Rumex acetosella (sheep sorrel)

11. Rumex crispus (curly dock)

12. Senecio sp. (groundsel)

13. Taraxacum officinale (common dandelion)

14, Trifolium pratense (red clover) Possibly included
: in seed mixture.

1972 Seeding - Roadcut

Grasses and Sedges

1. Bromus sp. (brome grass)

2. Carex nebraskensis (Nebraska sedge)

3. Deschampsia caespitosa (tufted hairgrass)

4. Equisetum sp. (horsetail)

5. Festuca parviflora (millet woodrush)

6. Luzula parviflora (millet woodrush)

Forbs and Shrubs

1. Aster sp. (aster)

2. Epilobium angustifolium (fireweed willowherb)

3. Melilotus officinalis (yellow sweetclover)

4, Taraxacum officinale (common dandelion)

Control - Spruce - Fir Burn Area

Grasses and Sedges

1. Agrostis humilus (snow bent)

2, Carex sp. (sedge)

3. Festuca ovina (sheep fescue)




97

Table 3. (continued)

4, Hesperochloa Kingii (King spikefescue)

5. Poa interior (inland bluegrass)

Forbs and Shrubs

1. Achillea lanulosa (western yarrow)

2. Antennaria rosea (rose pussytoes)

3. Arctostaphylos uva-ursi (bearberry manzanita)

4. Arnica cordifolia (heartleaf arnica)

5. Aster sp. (aster)
6. Cerastium sp. (chickweed)

7. Clementsia rhodantha (rose crown)

8. Epilobium angustifolium (fireweed willowherb)

9. Fragarla americana (strawberry)

10. Castilleja miniata (scarlet paintbrush)

11. Castilleja sulphurea (yellow paintbrush)

12. Juniperus communis (common juniper)

13. Potentilla fruticosa (shrubby cinquefoil)

14, Potentilla glandulosa (gland cinguefoil)

15. Populus tremuloides (quaking aspen)

16. Pseudocymopterus montanus (false spring parsley)

17. Rosa woodsi (woods rose)
18. Sambucus sp. (elderberry)

19. Saxifraga bronchialis (spotted Saxifraga.)

20. Shepherdia canadensis (buffaloberry)

21. Vaccinium myrtillus (Myrtle blueberry)

Source: Trlica (5).
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Table 4. Elemental concentrations (ppm wt.) of native soil and waste

rock as determined by spark source mass spectrometry.

Element Native Soil Waste Rock
Aluminum (Al) > 1% > 1%
Antimony (Sb) 0.58 0.69
Arsenic (As) 1.4 4.7%
Barium (Ba) ~ 4200 ~ 4600
Beryllium (Be) < 0.33 7.0%*
Bismuth (B8i) 0.35 8.2%%
Boron (B) 29+ 6.7
Bromine (Br) 1.2 5.0%
Cadmium (CA) 0.68 1.4%
Calcium (Ca) ~ 4700 1%
Cerium (Ce) 340 190
Cesium (Cs) 4.9 8.6
Chlorine (C1) 15 15
Chromium (Cr) 130 280*
Cobalt (Co) 2.2 5.1*
Copper (Cu) 24 24
Dysprosium (Dy) 4.0 2.7
Erbium (Er) 2.3 1.9
Europium (Eu) 0.66 0.66
Fluorine (F) 450 e 1900%*
Gadolinium (GA4) 1.7 4.0%
Gallium (Ga) 8.4 15
Germanium (Ge) 0.70 1.4%
Hafnium (HE) 18+ 7.9
Holmium (Ho) 1.1 0.65
Iodine (1) 0.29+ 0.10
Iron (Fe) > 1% > 1%
Lanthanum (La) 100 68
Lead (Pb) 35 120*
Lithium (Li) 43 43
Lutetium (Lu) 0.44+ 0.22
Magnesium (Mg) > 0.5% > 1%*
Manganese (Mn) 18 66%
Molybdenum (Mo) 1.5 69**
Neodymium (Nd) 51 51
Nickel (Ni) 10 56*
Niobium (Nb) 43 43
Phosphorus (P) ~ 1600 ~ 2400
Potassium (K) 1% > 13
Praseodymium (Pr) 4.9 9.9*
Rubidium (Rb) 560 420
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Table 4. (continued)

Element : Native Soil Waste Rock
Samarium (Sm) 6.2 12
Scandium (Sc) 5.4+ 2.7
Selenium (Se) 0.16 0.94*
Silicon (Si) < 1% < 1%
Silver (Ag) 0.2 0.43*
Sodium (Na) < 0.5% ~ 3200
Strontium (Sr) 230 240
Sulfur (S) 51 o 2400%*
Tantalum (Ta) 3.6+ 1.5
Terbium (Th) 0.41 0.81
Thallium (T1) 0.60 4.0%
Thorium (Th) 24 24
Thulium (Tm) 0.26 0.43
Tin (Sn) 3.1 13*
Titanium (Ti) & 4200 ~ 4200
Tungsten (W) 0.46 4,6%*
Uranium (U) 2.7 5.4%
Vanadium (V) 50 50
Ytterbium (Yb) 1.8 0.92
Yttrium (Y) 29 43
Zinc (7Zn) 38 160*
Zirconium (Z%r) 600+ 230

+ indicates concentration of element in soil exceeds that in waste rock
by at least 2 x.

* indicates concentration of element in waste rock exceeds that in soil
by at least 2 x.

** jndicates concentration of element in waste rock exceeds that in soil
by at least 10 x.

Source: Trlica (8).
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their availability to plants is unknown. Beryllium (Be), bismuth (Bi),
molybdenum (Mo), sulfur (S), and tungsten (W) were at least 10 times more
concentrated in the waste rock than in soil. Be as an ion is very toxic
to plants. Mo and W as ions are moderately toxic to plants. The form of
these five elements in the waste rock is unknown as well as the avail-
ability amd rate of uptake by plants. Twenty other elements were two
times more concentrated in the waste rock as in the control soil but
again the unknown of availability and rate of uptake prevail.

Two to three years after addition of amendments, there has been
some declire in corductivity, nitrate nitrogen, potassium, and zinc due
to plant uptake (Table 5). Nitrogen is limiting as would be expected.
There is a need for 150 to 200 pourds per acre per year if grass is to
flourish or 100 pounds per acre per year if native invasion is to be
encouraged. Phosphorous levels are moderately high. Iron, copper, and
manganese are all high. Calcium and magnesium are marginally low in the
growth medium but in the waste rock, so it is expected that these will
become available to plants (Table 6). Beryllium, cobalt, lead, nickel,
and tin are more concentrated in waste rock than in the native soil
(Table 4). They are very toxic and could become a problem if the pH
becomes more acidic. Microorganisms may be adversely affected in the
future which affect decomposition of dead materials, nutrient cycling,
and humus production.

Materials Uptake by Vegetation (7)

Vegetation was sampled to determine if potentially toxic
conpourds, elements, and heavy metals are being concentrated in
established vegetation on waste rock on the Urad tailing. A secondary
question asked was whether older, deeper~rooted plants are concentrating
more toxic materials than younger, shallower-rooted plants.

Compared with soil, as reported in the literature, arsenic, copper,
fluoride, and manganese concentrations in the waste-rock growth medium
are lower while lead and molybdenum are higher (Table 6). Lead and
molybdenum are primary constituents in the ore so this higher concen-
tration would be expected. The 1975 stards of vegetation contain lower
concentrations of arsenic and molybdenum than the 1977 stands sampled
(Table 7).

Although there is a higher concentration of some elements in the
growth medium compared to concentrations reported for soil, no plant
toxicity has been observed. It is not expected that occasional grazing
by wild ruminants on the revegetated pords will present a toxic uptake
problem.

The investigator surmised that older plants may uptake less of the
elements or that maybe the element is less available as the growth medium
ages. For whatever reason, the hypothesis that older plants with a
developed root system would uptake more elements is not supported by the
finds.
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White Dutch clover had significantly higher concentrations of
aluminum, zinc, iron, molybdenum, arsenic, and fluoride than smooth
brome. '

COSTS

The total cost to reclaim the Woods Creek valley areas disturbed by
molybdenum mining was approximately $7 million, more than three times the
$2 million AMAX paid for the property in 1963.

One way to calculate the cost per acre for reclamation would be to -
divide the $7,000,000 by the 234 acres with a resultant cost of about
$30,000/acre. However, as is indicated by the cost breakdown presented
below, Urad was a unique situation to reclaim. For example, the expen—
ditures of approximately $3 million on flood control and $2 million to
put waste rock from an adjacent mine to beneficial use at Urad are
unusual. Actual costs for revegetation were only about $2,500/acre.

Approximate costs to AMAX for the Urad reclamation project are as
follows:

Rock covering $2,200,000

Flood control ~ 2,900,000
Revegetation 600,000
Management, protection, research, : 800,000

taxes, insurance, etc.
long-term potential maintenance 500,000

TOTAL ESTIMATED COST $7,000,000
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METHODS USED TO REVEGETATE THE
COEUR d'ALENE MINE DISTRICT OF IDAHO

Ed Pommerening
Forester
Bunker Hill Mining Co.
P.0. Box 29, Kellogg, ID 83837

A major revegetation program was begun in 1974 by The Bunker Hill
Company in the mine-affected area of the Coeur d'Alene Mining District
in Northern Idaho. Research work was initiated in 1972 by the College
of Forestry at the University of Idaho. The grant which initiated the
research work was awarded to the University by the mining companies
located within the Coeur d'Alene District. The initial grant created a
great deal of interest, since little research had been done on heavy
metal mine and smelter disturbances in the West. This research was ex-~
panded by grants from the U.S. Bureau of Mines and U.S. Forest Service's
Surface Environment and Mining (S.E.A.M.) Organization.

For background, the Coeur d'Alene Mining District has been produc-—
ing ore since 1885. Numerous mines have operated throughout the
District's history, producing values estimated at approximately three
billion dollars, based on metal prices in the year of production.

The ore produced is generally concentrated on site, and then trans-
ported to a smelter for processing. It often takes 10 - 20 mines to
support one smelter.

The Bunker Hill Smelter has been in operation since 1918. From
1918 until 1954, SO2 emissions from the Smelter prevented natural re-
vegetation of mountain slopes which had been previously denuded by
forest fires. Beginning in 1954 with the construction of the first of
three sulfuric acid plants, Bunker Hill began to reduce SO emmissions.
Today, in addition to virtually eliminating SO emissions that inhibit
natural reforestation, The Bunker Hill Company has embarked on an ag-
gressive campaign to re—establish vegetation on disturbed areas.

The major disturbance around Kellogg is the mountainous slopes.
Vegetation is completely lacking on the slopes adjacent to the lead
smelter and electrolytic zinc plant. As distance is increased from the
processing activities, vegetative cover is increased in different de-
grees. Shrubs are the first to appear, followed by conifer trees.

When The Bunker Hill Company's revegetation program was developed, care-
ful planning had to be carried out in order to take into account dif-
ferent envirommental conditions. Major considerations were: degree of
slope, aspect, depth of soil, temperature, vegetative cover present and
pH of the soil.

Aspect is one of the more important considerations in any reforesta-~
tion plan in the Northern Rockies because of the different species of
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trees and shrubs found on a north slope, compared to a south-facing
slope. Another consideration is elevation differences on the same slope
(2200 - 6000 ft.).

Shrub cover observations were utilized together with soil pH to
determine the harshness of the site. Little or no native vegetation
was present where the pH was lowest on the slopes adjacent to the lead
smelter and zinc plant. Initial plantings showed that the traditional
bare root type trees had no chance of survival on the completely barren
slopes. Mortality on these areas was 80 - 100%.

After the initial failures with bare root plantings, a more
thorough soil sampling was taken. The results indicated that the soils
had a very low pH in the upper levels of the stratum. Below fourteen
inches, the pH rose to 6.0 -~ 6.5 from 3.7 in the upper levels. With
the low pH concentrated in the upper 14 inches, bare root type trees
had little chance of surviving since their root systems would be plant-
ed within the upper 14 inches of soil. Trees which had been grown in
containers where the roots could be planted with the same soil in which
they had been grown showed promise. The container . soil was located in
the upper stratum, and root growth occurred in the lower and better
soils. The major problem with container-grown tree stock is availa-
bility since this technique is relatively new, and only a small number
of nurseries can supply these trees.

Initial containerized trees were obtained from the University of
Idaho greenhouse and at the U.S.F.S. greenhouse in Coeur d'Alene, Idaho.
The trees were planted on all sites within the District. Survival of
the conifer trees was very encouraging, ranging from 80% to 100% in the
plots compared with 50% survival of bare root trees on the favorable
sites and no survival on the harsh sites. The better survival of con-
tainerized trees on the more favorable sites permitted the planting of
fewer trees per acre,

Since containerized trees are grown under greenhouse conditions,
their initial growth involves high operating and capital costs. Hence,
containerized trees are expensive and difficult to obtain.

The Bunker Hill Company's revegetation plan called for an accele-
rated program. Taking into consideration the superiority of the con-~
tainerized trees and the lack of their availability, it was apparent
that a greenhouse capable of growing 200,000 trees annually should be
put into operation if the Company's objectives were to be achieved.
Since the Coeur d‘*Alene Mining District is located in steep, mountain-
ous terrain, several problems for operating a greenhouse in the narrow
valleys were naturally present,

At the time the greenhouse program was found to be necessary, a
newspaper story was released on miners growing plants underground.
The idea of raising trees in an underground greenhouse was considered
and investigated. This underground investigation located a ventilation



108

drift where the temperature was a constant 74°F, and the CO2 content in
the air was 0.3% which is ideal for plant growth.

The major problem encountered was raising large numbers of trees
in the complete absence of sunlight. A search was made for a lighting
system which would emit a large amount of light with wavelengths of
429-453 and 630-660 nanometers.

This effort was successful, and a pilot project was initiated in
July, 1975. Eight high intensity, 1000 watt, mercury-vapor discharge
lamps were purchased. The lights were initially installed in the
ventilated drift in such a way as to utilize the greatest amount of
available light as possible. A roof was built in order to support the
lamps and shield the trees from dripping acid mine water.

Ponderosa pine seeds were planted in 4,000 containers and taken
underground on September 1, 1975, Simultaneously with the pine tree
planting, 250 containers of .crown vetch were planted. The initial con-
cern was that with the acid mine water present in the drift, air en-
trainment of the dripping water would cause damage to the young seedl-
ings. Crown vetch, which is susceptible to sulfuric acid mist, acted
as an indicator, in that spots on the leaves or death of the plants would
occur. After four months of growth with the plants growing out of their
30-cubic-inch containers, no spots or death had occurred.

The pine seeds began to germinate within 10 days. Elongation of
the stem began within 7 days after germination. At this point, it was
realized that one important factor had been overlooked. Fungus and
insect problems usually kill several plants in each tray of 200 in a
normal greenhouse; however, there are no insects or fungus typical of
plant life that exist underground. All that seemed necessary was care
in not introducing any of the undesirable species distinctively harmful
to the delicate young plants. Fungicide treatments were continued,
however, to prevent an outbreak from spores being carried in on the
clothes of workers and visitors. Insecticide treatment was eliminated
because of the complete lack of insects.

After 12 weeks of growing, 3-needled fascicles typical of Ponderosa
pine species started to replace the juvenile needles.’ At 18 weeks, the
young trees had filled the 30-cubic-inch container with roots and aver-
aged 7 inches in height. ’

The medium used to grow the seedlings was a 60-40 mixture of peat
moss and vermiculite. Fertilizer is a major factor in that young seed-
lings are very susceptible to too much fertilizer. We have tried
several methods ranging from slow-release capsules to very dilute
solutions applied at each watering. The method we use now is fertiliz-
ing weekly with a Peters mix, at a rate of 8 ounces to 15 gallons of
water.

With the underground greenhouse, The Bunker Hill Company can now
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grow seeds not only of conifers, but also native shrubs. Native shrubs
are difficult to obtain from a nursery, and when they can be purchased,
the seed will most likely not have been collected from a like ecotype
where they will be planted. This ecotype factor has been found to be
very important in conifers and seems to be carried over in any native
type tramsplanting. A major advantage for a greenhouse operation is
that trees can be grown and transplanted at the proper time of out-
planting rather than when commercial nurseries are able to make seed-
lings available.

Cost-wise we have not found the expense of containers that has been
reported. We can grow our own for 8-10 cents per tree. Planting costs
vary with the terrain, but range from 8 cents to 14 cents. We essen- -
tially plant an acre of 400 trees for 80-100 dollars. With our survival
and growth rates, we are very pleased. Over 5,000 acres have been re-
planted with 80-957 success rates and now have trees 8-10 feet tall on
slopes originally planted in 1976 from our first crop of seedlings.

The surface disturbance present today in Coeur d'Alene District is
a remnant of past practices and technology. This disturbance within the
Silver Valley is especially noticeable due to its proximity to a major
interstate highway. But the acreage disturbed along I-90 can now be
included in an even-age forest management program due to Bunker Hill's
reforestation campaign. This even-age management is similar to manage-
ment of clear-cut areas used by the Forest Service in our National
Forests.

Although this is an expensive program, The Bunker Hill Company has
taken a responsible and encouraging position. Credit must also be
given to the University of Idaho College of Forestry and Agriculture,
and the U.S. Forest Service.
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SOIL DISTURBANCE & STABILIZATION
ON HIGH ALTITUDE SKI SLOPES

Duke Hall
Beaver Creek Associates, Inc.

The Beaver Creek Development is Tocated in Eagle County, 10
miles west of Vail and approximately 100 miles west of Denver. The
ski mountain includes 2,775 acres under a U.S. Forest Service Special
Use Permit. Future plans on the mountain will include numerous ac-
tivities from summer hiking and horseback riding to winter cross
country skiing. The primary activity now to which construction
activity on the mountain has been directed for the last four years
is alpine skiing. At total build-out the mountain will include
fourteen chairlifts and designed to ski 9,000 to 10,000 people daily.
As of now the mountain has seven chairlifts and the peak skier day
of 4,700 skiers on an area of approximately 500 acres of cleared
ski trails.

Construction activities on the mountain occur from elevations
of 7,500 feet to 11,400 feet. There are seven basic ecosystem
classifications which are: aspen, alpine, meadow, mixed evergreen,
mountain shrub, riparian and spruce fir. There are seven major soil
types which range generally from sandy to gravelly clays and very
clayey sand and gravels. Slope percentages associated with soil
disturbance vary from 5% to 10% to as high as 65%. Normal annual
precipitation is 32.5 inches, 21.1 inches of which occur from October
through April. Snow depths are above normal this year with present
depth of 70 inches to 80 inches at the top of the mountain to 30
inches in the base area. Soil disturbances on the mountain are
primarily associated with construction of roads, buildings, chair-
Tifts and ski trails. The majority of soil disturbances on the
mountain, however, are related to ski trail construct1on and is the
subject of this case study.

Prior to any trail construction, an in-depth Master Plan must
be submitted to the U.S. Forest Service for their approval. Once
this is accomplished the designated trails to be constructed during
any given summer must be laid out on the ground and flagged. This
includes designating trail edges, islands, drainages, areas to be
dozed, etc. After walk-throughs by U.S. Forest Service and mountain
company personnel, in which any potential problems are addressed
and the final layout approved by all parties, constructionbegins.

Historically, the majority of the personnel involved with trail
construction at Beaver Creek came down from Vail Mountain and use
the knowledge gained there, with certain modifications applicable
"to unique situations regarding soils, slopes, trail design, etc.
Initially the sawyers clear cut all the trees within the approved
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trail limits, leaving the designated islands. After all the
merchantable trees are skidded and decked the slash is piled and
burned. Once this is accomplished, heavy equipment such as TD-25's
or D-8's destump and doze designated areas. Even though it is in
general agreement among mountain company personnel that destumping
and dozing the ski runs provides a much better surface for skiing,
there are critical areas that the U.S. Forest Service will not allow
any major earthwork. A1l of this is subject to prior approval, in-
cluding areas to be destumped, burial areas for the stumps and areas
to have major dozing. During this sequence any drainage problems
are dealt with, whether it be culvert, french drain or water bar.

Upon completion of clearing, destumping and dozing, the Slopes
and Trails Department initiates its revegetation activities. There
are two relative documents that qualify all work regarding trail
construction on the mountain. One is the Environmental Analysis
Report (E.A.R.) which was approved and signed prior to the issuance
of the Beaver Creek Special Use Permit. The second is an annual
Summer Operating Plan which is submitted to the U.S. Forest Service
for their approval prior to each summer's activity. This Summer
Operating Plan addresses all aspects of summer activity including
specifications of summer trail construction, from destumping, brush
raking, slash removal, water control, blasting, revegetation, to
vehicle policy. According to the Summer Operating Plan all revege-
tation of any soil disturbance must occur within ten days of distur-
bance and no soil disturbance is allowed after August 20th, except
on a case-by-case approval basis by the U.S. Forest Service.
Revegetation efforts are accomplished by a summer trail crew which
varies in size depending on the workload. The trail crew not only
handles revegetation, but also culvert installation, drainage control
and various other utility projects as designated.

Revegetation techniques include seed bed preparation, seeding,
fertilizing, mulching and subsequent follow-up seeding and fertilizing
as needed. All areas of soil disturbance are left in a rough surface
condition as in a disced field. Any compacted areas are scarified
by a disc or harrow. Seeding is done by hand broadcasters at a rate
of 50 pounds/acre, then the seed is lightly raked into the soil.
There are two sets of seed mixtures, developed for Beaver Creek by
Colorado State University, in use on the mountain. One mixture is
for land above 9,500 feet and is referred to as High Altitude Mix.
The other is for land below 9,500 feet and is referred to as Low
Altitude Mix. These two mixes are listed below.
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High Altitude Mix - Above elevation 9,500 feet

Rate

Type Variety Percent by Weight (pounds/acre)
Smooth Brome Manchar 27 13.5
Timothy Common 13 6.5
Clover White Dutch 7 3.5
Fescue Red Creeping 13 6.5
Meadow Foxtail Garrison 13 6.5
Winter Wheat _27 13.5
100 50.0

Low Altitude Mix - Below elevation 9,500 feet

Rate

Type Variety Percent by Weight (pounds/acre)
Orchard Potomac 13 . 6.5
Perennial Rye 20 10.0
Winter Wheat 20 10.0
Smooth Brome Manchar 27 13.5
Timothy Common 13 6.5
Clover White Dutch 7 3.5

100 50.0

Fertilization requirements, as indicated by soil tests, are also
accomplished by the trail crew and are met in two applications. The
first application of 320 pounds/acre of commercial 25-25-0 fertilizer
is spread by hand and raked into the soil with the seed. The second
fertilizer application of urea (152 pounds/acre) or ammonia nitrate
(205 pounds/acre) will be done the following spring as soon as the
snow melts.

Mulching, also accomplished by the trail crew, is conducted by
applying straw to the seeded and fertilized soil at a rate of two
to three tons per acre, taking care to avoid “a greater thickness
than three inches. Even though straw is by far our most common-
mulch on everything from ski trails to road cutbanks, there are a
few occasions when jute, excelsior, etc. is used in probiem areas.

Also incorporated into the annual Summer Operating Plan is a
_maintenance fertilizer using ammonia nitrate (34-0-0) at a rate of
205 pounds/acre. This application is for all areas revegetated the
preceding construction season and other areas where vigorous growth
has not occurred. This plan is submitted each year to the U.S. Forest
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Service for approval and is completed early in the summer after the
snow melts.

As indicated in this case study, all revegetation practices
are carried out by hand. This same procedure has been in applica-
tion on Vail Ski Mountain for several years. Various other techni-
ques to minimize the time and cost per acre have been tried, but
the end result of quality and amount of revegetation has been impacted.
In addition, there are many areas of extreme slope percentage and
inaccessibility that make it impractical to use any methods other
than by hand. Particular slopes revegetated last summer (1981) fall
into this category. These areas were found to be excessively steep
and almost inaccessible by any equipment. To expedite revegetation
efforts, the Slopes and Trails Department incorporated the operation
of a helicopter to sling load approximately 1,200 bales of straw to
the faces of these slopes. This helicopter support practice was
found to be very cost effective and will be used again in revegetation
of inaccessible areas.

The Slopes and Trails Department feels that the revegetation
techniques incorporated at Beaver Creek result in a high success
ratein regard to soil stabilization on ski trails. There have been
. unique problems in the past to overcome and will be more to face in
the future as the mountain expands. The mountain company works
closely with other ski areas and technical people such as the High
Altitude Revegetation Committee here at Colorado State University
and the U.S. Forest Service in addressing these potential problems.
This close working relationship within the industry is regarded highly
by the Slopes and Trails Department of the Beaver Creek Mountain
Company.
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OIL SHALE RECLAMATION: REVIEW AND OBSERVATIONS

Ed B. Baker, Environmental Manager
Cathedral Bluffs Shale 0i1 Company
Star Route, Rifle, Colorado 81650

ABSTRACT

Vegetative establishment studies on processed oil shale from 1965 to
the present indicate methods using both native and introduced plant
species are available to establish and maintain adequate cover. Re-
sults of early research (1965-1970) in laboratories and greenhouses
provided chemical analysis, recommendations, and substantiated theo-
ries with small scale demonstration studies. In the early 1970's,
field demonstration plots were initiated utilizing information ob-
tained in earlier climate controlled studies. Early 1970 demonstra-
tion studies further defined species adaptability, fertilizer rates,
mulching techniques, and results of leaching. The final phase from
the mid 1970's to the present concentrated on soil depths, species
mixtures, and fertility-toxicity studies. Although continued studies
will improve and refine the methodology, present knowledge is ade-
quate to restore processed shale embankments to similar appearance,
use, and soil stability as present native rangelands.

BACKGROUND

In the mid 1960's private industry initiated detailed studies of the
feasibility of establishing a useful vegetative cover on processed
shale disposal embankments which would result from large scale pro-
duction of shale o0il in northwestern Colorado, eastern Utah, and
southwestern Wyoming. During 16 years of tests it has been demon-
strated that processed shale not only is capable of supporting
growth, but capable of supporting a plant cover that is varied, pro-
ductive, and self-sustaining. This paper summarizes data gathered
from 1965 to 1981 on several aspects of private industry's studies.
Cost/benefit methods of implementing a reclamation program for pro-
cessed shale embankments resulting from commercial-size operations
have been projected. The goal of the program is the establishment
of a natural functioning ecosystem that does not eliminate future
use.
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There are as many varieties of processed shale (also called retorted
shale, cooked shale or spent shale) as there are types of o0il shale
retorting processes. The characteristics of the retorted shales vary
with the type of retorting process, the temperature of the retorting
process, the degree of crushing of the raw shale prior to retorting,
and the richness of the raw shale.

In-situ methods retort and leave 0il shale in place underground.

Above ground retorts such as Paraho Indirect and Union B processes,
produce a gravelly silt loam material, which is black in color. The
TOSCO II and Lurgi material differs appreciably from the other pro-
cessed shales in its particle size. The charcoal colored processed
shale has a uniform silt loam texture. An entirely different process-
ed shale is produced by Union's Steam Gas Recirculation (SAR) process.
This material is light tan in color, similar to natural soils, due to
removal of organic carbon. Texture is gravelly similar to native
talus soil, however, alkalinity is quite high. Chemical characteris-
tics include high p.H. - 8.5-12.3, high electrical conductivity -
6.3-17.7 MMHOS/CM on saturated extract, high sodium adsorption ratio
7.8-29.0, and low nitrogen and phosphorus.

0i1 shale development is concentrated in the Piceance Basin of N.W.
Colorado and the Uinta Basin of N.E. Utah. Climatic conditions differ
substantially between these two basins. In the Piceance Basin, mean
annual precipitation at the lower elevations (5700') is approximately
12 inches and at the higher elevations (8200') is 16-20 inches. In

the Uinta Basin average precipitation ranges from 6 inches at the lower
elevation to 12 inches at the higher elevations. The evapotranspira-
tion rate usually exceeds precipitation even at higher elevations. The
seasonal nature of the precipitation results in Teaching problems at
the higher elevations.

Native vegetation ranges from a sagebrush/pinyon/juniper type adapted

to the semi-arid conditions of the Piceance Creek and part of the Uinta
Basins to salt-desert species in the drier parts of the Uinta Basin.
Almost as much variation may be found at a given locale due to different
aspect and slope of that area.

The aspect of slopes has a significant effect on type and densijty of
vegetation. For example, in the canyon country of the south portion of
the Piceance Creek Basin, south and west-facing slopes are very sparsely
vegetated with sagebrush and grasses, whereas the east-facing slopes are
more completely covered and the north-facing slopes may even have small
areas of Douglas fir and aspen forests.
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SUMMARY OF REVEGETATION STUDIES

A large number of revegetation studies are being carried out in the
Piceance and Uinta Basins. The following projects have continuing
revegetation research:

Rio Blanco 0i1 Shale Project (Federal Lease Tract C-a)
0i1 Shale Tract C-b (Occidental and Tenneco)

Colony Development Operation (Parachute Creek area)
TOSCO Corporation (Uinta Basin)

Vegetative Stabilization of Spent 0i1 Shales by Colorado
State University/Colorado Department of Natural Resources/
EPA (Anvil Points and Black Sulfur Creek plateau area)

Intensive Study Site by Colorado State University/DOE
(ERDA), near Tract C-a

Anvil Points Lysimeters'by Colorado State University/EPA
Upper Colorado Environmental Plant Center (Meeker, Colorado)
Union 0il Company (Parachute Creek, CO and Brea, California)

STATUS

Generally, all inclusive conclusions must be carefully qualified be-
cause of different sources of processed shale, and site or climate
variables.

The fact that vegetation is difficult to establish on processed shale
without "input amendments" is well known. The following research pro-
jects noted that fact over ten years ago: In the early 1970's

W.R. Schmehl” concluded that "chemical analysis of spent shale from
the processing of o0il shale revealed the material was highly saline,
highly alkaline, and Tew in available P (phosphorus) and N (nitrogen)."
But, he also found, "....when one of the spent shale materials was re-
claimed by leaching with low-salt water to remove excess salts, good
growth of tall wheatgrass was obtained if both N and P fertilizers
were applied." In 1968 through 1970 Dr. Lawrence Schaal found,
"....germination will take place in processed shale, but subsequent
growth is markedly reduced and plants eventually die before reaching
maturity."
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But, concluded with, "....complete fertilizer, when added weekly and
in sufficient amounts, promotes excellent growth. Growth is equal to
that of plants in normal soil." In 1973 Daniel L. Merkel, Soil Con-
servation Service, concluded, "It does not appear practical to plant
seed directly into fresh processed shale without special treatment,
such as leaching, irrigation, or covering with topsoil.”

Studies from 1965 to 1971 have shown conclusively that with careful
management of fertilization, mulching and irrigation, a satisfactory
vege?ative cover can be grown on processed shale (Bloch and Kilburn,
1973).

Lack of fertility is essentially a management problem which can be
corrected with fertilizer. Nutrient deficiencies of processed shale
in both nitrogen and phosphorus are so marked that satisfactory plant
growth cannot be obtained without the application of a nitrogen-
phosphorus fertilizer combination. The addition of potassium or
micro-nutrients yield little, if any, additional response (Schmehl
and McCaslin, 1973).

Recently, researchers have noted the potential for accumulation of
molybdenum to levels that could cause molybdenosis in herbivores
grazing on plnats. This potential may indicate the benefits of pH
reduction (which reduces Mo solubility) and proper copper levels
(the ratio of Cu:Mo influences toxicity). Therefore, molybdenum is
also a management problem.

Placing a mulch cover atop processed shale has been found to be very
important for seedling survival and for erosion control. Schmehl and
McCaslin (1973) reported surface temperatures of 140° - 150°F from
processed shale exposed to solar heating. Since temperatures of this
magnitude would inhibit germination and seeding establishment, it is
necessary initially to use a light-colored material as a mulch for
protection from the sun. Excelsior matting, chemical binder, jute
netting, hydro-fiber and manure/sawdust combinations have been tested
in revegetation studies with varying degrees of success. To date,
straw has proven to be the most satisfactory material and has been
used extensively because of its availability and low cost. The feas-
ibility of using sewage sludge and coarsely ground garbage as mulches
or substrate additives is under investigation.
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Other studies indicate that a minimal six-inch cover of native soil
or talus provides additional benefits not found with the mulching
treatments. In addition to reducing the problems of high surface
temperatures, and high run-off rates, a soil cover serves to hold
moisture at the processed shale/soil interface. This increases

the availability of water for infiltration and percolation, and
thus, helps both the downward movement of soluble salts and the
lowering of pH. Berg (1973) indicated leaching reduced levels of
boron and sodium adsorption ratio of processed shale. A soil cover
also aids in blending the disposal embankment visually into the
surrounding areas.

Irrigation is a tool which may influence species mixture, depth of
soil cover, and ultimate success. Klein (1981) found that irrigation
during plant community establishment appears to exert a major effect
on subsequent plant growth and related microbial activity. The in-
creases in ATP levels, dehydrogenase, phosphatase, nitrogen fixation
processes and on the percent organic matter which has been observed,
support this concept. Water applications also had long-term effects,
as irrigation-related changes were noted in the plots which had been
irrigated from the previous year. This was believed to largely be a
result of increased organic matter in the upper soil profile.

RESEARCH RESULTS:

In C.S.U. Experimental Station Technical Bulletin 135, revegetation
success on Union 07l Process B retorted shale was reported. The study
consisted of the following four treatments: ,

1) Process B shale to the surface (leached).

2) 15 cm, or approximately 6 inches, soil cover over Process B
shale (leached).

3) 30 cm, or approximately 12 inches, soil cover over Process B
shale (unleached).

4) Soil control (1eached).

The leached plots were sprinkled with 36 cm of water from June 19th to
23rd, 1975. After leaching, the plots were fertilized with N and.P.
Following leaching and fertilization, the plots were broadcast seeded
with a mixture of native grasses, forbs, and shrubs. "Within years,
vegetative ground cover was similar for all treatments,over the 1976-
1978 observation period."
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At the Colony project in 1973, Baker and Duffield (1973) reported,
"The various studies undertaken in the revegetation program have
shown that the detrimental effects of the dark color of processed
shale can be compensated for by the use of a light colored mulch

or soil cover. The problem of the high pH and high soluble salt
content can be handled through leaching, and the nutrient defi-
ciencies can be readily corrected through the addition of specially
formulated fertilizers."

Redente (1981), indicated cover and production was highest on spent
shale treatments with capillary barrier and 91 cm or nearly three
feet of topsoil; however, no differences were observed between the
other two topsoil treatments (30 cm or one foot, and 61 cm or two
feet) and the control (no spent shale). Diversity, in fact, de-
clined as soil depth increased. Dr. Redente concluded that "Paraho
retorted shale cannot be directly revegetated after three years of
na%ura] weathering without great inputs of water, fertilizer, and
mulch." .

Early 1965-1975 research confirms the need for inputs of water,
fertilizer, and mulch. Future research must carefully weigh the
benefits of inputs, i.e. water, fertilizer, mulch and soil cover,
for site specific requirements and cost effective reclamation plans.
For example, a six inch soil cover with 18 inches of irrigation may
be as successful and more cost effective than three foot of soil
cover and no irrigation.

SUMMARY AND CONCLUSIONS

The ability to grow plants on processed shale and have them prosper
has been successfully demonstrated. But, where does industry go from
here? First, a careful evaluation of extensive, existing data must be
reviewed. Second, methodology must be evaluated. This site specific
evaluation must review input parameters such as fertilizer, water,
mulch and soil cover. .Heley (1973) reported cost of soil cover per
acre to be:

Depth of Cover Cost Per Acre*
2" $327
6" 980
12" 1960
24" 3920

* Based on $1/ton hauling cost and 90 1b§. per cu.ft. density.



120

At that rate, 36" of soil cover would cost $5880 per acre if avail-
able on the site. Haulage from off-site areas would greatly increase
this cost and would indeed be folly to reclaim one area at the ex-
pense of another. Therefore, at C-bwith use of 12" of soil cover and
intensive use of inputs (including sufficient irrigation to insure
germination and establishment), reclamation costs are estimated to
cost $4000-$5000 per acre. A cost evaluation with 3 foot of soil
cover, if it was available, and no irrigation (approximately $7000
per acre) vs. C-b plan would indicate less soil cover plus intensive
inputs is the best method. This cost evaluation is based on equal
reclamation success of the two alternatives.

A similar cost/benefit evaluation should be analyzed for each oil
shale site. Although this paper has not dealt with engineering
questions concerning the size, slope, and final configuration of the
processed shale disposal embankment, these should be considered in
detail by private industry. Engineering aspects such as the design
of the final surface, location and design of a system of benching
contours and micro-terraces, placement and construction of catchment
dams, etc., must be planned to maximize the embankment's overall
stability, and to minimize the erosion potential of the exposed sur-
faces while a vegetative cover is being established.

Post reclamation management is very important for all types of recla-
mation, but especially for o0il shale reclamation. High numbers of
1ivestock and wildlife seasonally inhabit oil shale areas. They must
be temporarily excluded from the areas being reclaimed during the
initial plant establishment phase in order to reduce damage to the
new vegetation. Following vegetation.establishment, proper stocking
numbers are important, just as for all rangelands.

Reclamation programs must be kept flexible so that specific plans or
methods can be revised in order to incorporate new and better ideas
which are inevitable for this relatively new industry. For example,
above ground disposal is the most feasible, proven, and economical
method available to handle large quantities of processed shale.
However, methods of disposing of the processed shale (by placement
in areas where work has been completed), have been evaluated and may
12 the future be practical for at least a portion of the processed
shale.
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REVEGETATION PROGRESS IN ALASKA
1

William F. MitchellZ/
Agronomist, Alaska Agricultural Experiment Station

Areas of Development

First, I'd like to talk a little bit about developments in Alaska
that require or will require revegetation. Of course the one that has
probably received the most national attention is the proposed natural
gas pipeline that will originate in the Prudhoe Bay oilfield in the
Arctic coast and is scheduled to parallel the o0il pipeline from the Arc-
tic down past the river by Fairbanks to Delta Junction. From there the
oil pipeline heads south to its coastal rendezvous at Valdez where the
natural gas pipeline will continue to follow the Alaska highway, the
Alcan, through Canada and finally into the United States. That project
is on hold, the current problem involves financing. I don't know what
they perceive there, but they do have their plans underway for revege-
tation efforts. We have some people here in the pipeline office in
Alaska that know more about that than I do but they've based their
plans pretty much on the assessment of the results Alyeska obtained in
their revegetation efforts along the oil pipeline on native plants that
are successful.

Other developments that are taking place there of course are oil;
that is receiving national attention and they're having extensions of
the Prudhoe Bay oil field, and a new field has been opened up that is on
the Western edge of the Prudhoe Bay oilfield. 1In the future there will
be most definitely increased activity in the Naval Petroleum Reserve
which is even further away. In the past, all of the activity in the
Naval Petroleum Reserve has been under government auspices but in the
future, private companies will hold leases there. They are conducting
their first lease sale so expect increased activity in that area.

Actually, the way the oil companies operate in the Arctic or at
least the way they are here (with sufficient sources of gravel), it
turns out there is very little disturbance. They can't travel across
the tundra except in the winter when it is frozen or snow-covered and
there is very little destruction to the tundra at that time. Where they
are going to require summer travel, they build roads and these are
gravel roads and they also build gravel paths. Most of the disturbance
involves gravel recovery. Actually they have learned to operate so they
disturb as little as possible.

1/

=' Transcript of a talk given on March 8 by Dr. Mitchell. His postal
address is Box AE, Palmer AK 99645.
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Actually some of the developments for which we have received a lot
of requests are road activities and small construction projects. There
is talk of extending the railroad; we do have a railroad in Alaska and
the railroad is federally owned. It is likely to be turned over to the
state shortly. There is some hard-~rock mining and one of the recent finds
in southeastern Alaska is molybdenum. It is thought to be the world's
biggest deposit and there are developmental activities taking place with
regard to that.

A development that is receiving increasing attention involves
Alaska's coal deposits. We don't hear too much about Alaskan coal
because Alaska isn't supplying coal to anybody else but itself but it
is supplying oil; but Alaska's coal reserves are tremendous, with a fuel
value equivalent to many Prudhoe Bays.

Currently, we only have one active mine of any commercial signifi-
cance and this mine is in the interior portion of Alaska located on the
railroad. It recently signed a contract with a corporation of South
Korea; I think, although I could be wrong, it will deliver one million
tons per year. The port facilities are being developed at Seward where
the coal will be delivered by rail from the Usibelli coal mine and then
be shipped to South Korea. Our oriental neighbors have apparently made
a decision to become less dependent on 0il from the Middle East and to
rely more upon coal for their emergy needs. Of course they're looking
to any source to obtain coal at an economic advantage. They're importing
coal already from the United States and from Australia. The oriental
people are interested in Alaska in a lot of ways because of the resources
there and because of the proximity of Alaska to their nation.

In particular, there is high interest in the Beluga coal field which
is an undeveloped field at this time with exploration taking place there.
This field is near tidewater, which makes it attractive because they don't
have far to go before they can put it aboard ship, and located in south
central Alaska. 1In fact, it is a very interesting situation because the
coal fields extend all the way from tidewater up into the alpine region
for many miles. Alaskan coal, most of it, is of low grade sub- sub-
bituminous quality, but a lot of it has shallow overburden; this is
true of the Beluga coal field and it is low in S content, so it does have
that attraction. Our one active mine in Alaska 1s located at about 1500
feet elevation and at this latitude that places it at just below, right
at, or a little above timberline. We have an interesting situation
there given that we're operating both below and above timberline. The
Usibelli mine voluntarily started a reclamation program about ten years
ago. We do have this natural field laboratory to look at as a result
of their reclamation efforts.

Plants
Dr., Cuany this morning mentioned some species that showed promise

at Colorado high altitudes and common among them were smooth bromegrass
and red fescue. These have been the most successful species in the coal
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mine reclamation efforts. Actually, I imagine some of the very same
varieties are being used at the high altitudes in Colorado that have been
used in this mine effort at a much higher latitude. The variety Boreal
red fescue out of Canada and the variety Manchar bromegrass, which must

be an introduction from Manchuria, have been used up there to a consider-
able extent. They were also important components in the oil pipeline
revegetation mixes. However, the bromegrass was dropped out of the Arctic
revegetation mix because bromegrass is unsuccessful in the Arctic. The
Manchar smooth bromegrass is an introduction, and a variety that was
released in Alaska (Polar) does include some native germplasm. Actually
it is a complex species because it is a hybrid of native germplasm and
smooth brome introduction. Neither one of them has succeeded in the Arctic
in Alaska.

A real concern of the mining folk engaged in this revegetation
effort is the need to establish a cover that will be self-sustaining
after 5 years or so. That is, it will not require periodic rejuvenation
through fertilization. This represents an expenditure of energy and
also an economic expense that they want to get away from. Also there is
the legal requirement of bonding, and in order for them to obtain their
bond back there is a requirement for these communities to be self-
sustaining. Now we just got into the research on mine site reclamation
about 2 years ago on a project funded by DOE and this is one of my chief
interests, to determine what species can provide an enduring cover without
much management input.

I work a lot with native grasses but I'm concerned with what works.
Whenever I put out tests I put them out to include native grasses and
legumes and introduced species and if an introduction works I'll recommend
it. I have released 4 varieties of native grasses so far that are (at
leastthree of them) being used to some extent in Alaska today.

Our coal spoil work is situated in 3 different coal fields. One
of the sites is in the Beluga coal field and is as yet undeveloped and
in the exploration stage. The site that we're operating at is an alpine
site. At that latitude, in this south central coastal region, the alpine
is at 2000 feet. You can see this is quite different than timberline in
Colorado. We are working on this site at a pit opened up by Placer Amax
in order to extract some coal samples for test purposes in Japan. This
site is tucked in right next to a glacier that comes off the Alaska range,
which is the main mountain range that extends all the way to the Aleutian
islands and around to the interior and is part of the Rocky Mountain
system. This is the site that has the characteristics of a high altitude
site - a short growing season, snow often doesn't disappear till late
June or early July. We start getting increasing weather in late September.”
It does get relatively warm there at times, though when it clouds up and
rains it can get quite cool and remain cool for several days. There are
warm periods interrupted by quite cool periods.
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Dr. Cuany mentioned some grasses from Alaska that he tried in some
of his trials and some didn't do very well. One of them was polar grass,
Arctagrostis latifolia and the other was Calamaprostis canadensis
(bluejoint). It didn't surprise me that these grasses didn't do well in
his trials. Polargrass is one that is restricted to the northern latitude,
It doesn't occur any farther south than the northern boreal regions so
its whole district has been in these north latitudes. Moving it this
far south and dealing with the changes in daylength is something to con-
tend with. Also, even though it is high altitude, you in Colorado get
some very warm days, certainly much warmer than we do on these slopes,
particularly south facing slopes where it gets quite dry. The evapora-
tive stress is quite high relative to that generally found in Alaska.

This is of great significance to these prasses. Bluejoint (Calamagrostis)
does have a distribution that extends south into the Rocky Mountains

and all the way into Iowa, but its major distribution is in the boreal
and northern latitudes,

Hairgrass (Deschampsia) is one we've tried from Alaska and did have
some success with. It is, of course, a species that occurs all along
the Rocky Mountain chain and is more important as a species in the Rocky
Mountain chain than is bluejoint. There are a lot of affinities of the
Rocky Mountain flora, the high altitude flora, here in Colorado, Wyoming,
and Montana with the north latitude flora. There has been some chance
in the past for gene exchange in the movement of these things along the
Cordillaran chain.

Grasses that I am working with and have a lot of interest in besides
the polargrass, bluejoint, and the hairgrass, are in the red fescue, a
species native to Alaska and all along the Rocky Mountain chain, and blue-
grass. These are species that I think are more plastic and more widely
adapted. They have the ability of being moved around more and have a
better chance of adapting to a greater variety of sites than some of
the others. We have difficulty in Alaska in moving some of our collections
up there from one place to another. Even in our work near Palmer, we
have alpine and mountain regions. Bringing materials in from these
local alpine regions to our lower elevations doesn't amount to more than
3000-4500' change. A number of these simply don't do well and won't
even succeed at our lower altitudes. Often they'll winterkill. Often
you think you'll take plants from a severe alpine site and they'll really
do well down here at this milder climate site, but some of them will winter-
kill at this lower elevation site and probably for various reasons. One
reason is that at our particular location we get high and frequent winds
in the winter that wipe out the snow cover. This is a situation that
some of these alpine species don't encounter. They only occur in situa-
tions where they have a lot of snow cover. Another is your changing their
fall regime going into the winter.

I had some interesting experiences working with hairgrass. Some of
my first efforts with it involved tests with it at Amchitka Island. The
species hairgrass is native to this Amchitka Island. The Aleutians extend
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way out into the Pacific. In fact, a flight from Anchorage to Amchitka
is just as far as a flight from Anchorage to Seattle. Our hairgrass,
which is a native to the Palmer area, was quite successful out in
Amchitka.

We have been dealing with some research work in Iceland and I
thought this hairgrass would do well in Iceland (hairgrass is a native
to Iceland as well). It has indeed done quite well there. If you think
about reclamation and the seriousness of reclamation and its significance,
you ought to go to Iceland. Iceland is a nation which to begin with was
estimated to be about 507 vegetated. The other half of the island was
unvegetated, partly because of the higher altitudes and winds that are
too strong, partly because of glaciation, partly because of volcanic
action. Half of that vegetated area has been lost to erosion as a
result of overgrazing by sheep, and then the wind action, as it is in
Amchitka. So they are very seriously engaged in testing and research
attempting to reclaim some of this denuded land. The Soil Conservation
Service of Iceland is actively working with the farmers in this respect.
I saw some of their data and some of their trials and this hairgrass
is the most successful one they have had. We have sent a few tons of
hairgrass seed from our SCS plant materials center at Palmer, and they
are very interested in obtaining more seed.

Iceland occurs at about 64-66° north latitude which is probably more
comparable to Fairbanks. Amchitka occurs at about 520 north latitude.
Actually Amchitka is the southernmost point in Alaska of any significant
size. Iceland is not only working with the hairgrass seed from Alaska
but they also have looked at lupine (L. nootkatensis) and Sitka spruce.
They import a lot of Sitka spruce and grow it in the nurseries and the
people are using it for landscaping purposes. Sitka spruce, from Alaska,
on Iceland grows to 40 feet tall or more.

During World War II, when Amchitka was occupied by our troops and
the Air Force, they also introduced Sitka spruce on Amchitka Island.
After 30 years or more of growth, the Sitka spruce introduced in the
Amchitka Island's sheltered areas is still only about 3 feet tall. This
tells me that Amchitka is really a more severe environment than Iceland
even though it occurs in a more southern latitude. Part of the reason
for this is that the Gulf Stream passes near Tceland.

Red fescue is one of the species I am working with. I think it
is one that has wide adaptability and I am working with some collections
that may merit testing under these conditions down here.

One of the varieties developed in Alaska that has been quite success-
ful is Nugget bluegrass. It was developed as a turfgrass. It's really
a fine turfgrass, the best we have for Alaska, and it is also used in
northern states. This grass was collected at an o0ld mining camp. I'm
convinced that it was an introduction into this mining camp. It persis-
ted there for a number of years and probably underwent natural selection,
and of course became better adapted - it probably was adapted to begin
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with ~ through natural selection.

I think a good source of germpldsm for testing purposes is in
some of these old settlements or mining camps where plants possibly
were introduced and have persisted and undergone natural selection.
This could be a good source of germplasm for research; don't just look
at the native things occurring in native communities but look at those
things that have been introduced and have persisted. There's been some
good work at our experiment station on a physiological basis showing
how adaptive modifications have taken place over relatively short periods
of time.
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OVERVIEW OF SOILS CONSIDERATIONS IN
HIGH ALTITUDE REVEGETATION

J. J. Jurinak
Department of Soil Science and Biometeorology
- Utah State University UMC 48
Logan, Utah 84322

Soil reclamation can be viewed as the alteration of the chemical
and physical properties of the matrix to provide a more desirable medium
for plant growth. The theory and techniques employed in reclaiming dis-
turbed lands have originated mainly in the context of agricultural
production and management. In some instances this approach has not been
totally successful. One reason is that the spoil material being re-
claimed may not, pedologically speaking, be a soil but instead be
unweathered geologic material. This means that established concepts of
soil science may require modification prior to their use. The intent of
this presentation is to discuss certain aspects of soil chemistry which
will have a direct bearing on the reclamation of disturbed soil and/or
spoil material.

For our purpose, soil is defined as a 3-phase, non-rigid, aniso-
tropic natural body formed from the weathering of native rock.

Weathering is divided into (1) physical weathering, associated with
mechanical disintegration, and (2) chemical weathering, which alters the
chemical composition of the mineral constituents of rock. Chemical
weathering ultimately determines the soil properties which affect recla-
mation strategy. Simplified examples of chemical weathering (incongru-
ent dissolution) involving K-feldspar (orthoclase) in the presence of
CO2 and water are

[1] 2KALS1,05 + H,CO, + 4H,0 = K+ 21{003 + 2H,510, + KA1,Si,0,,(0H),
orthoclase soluble illite clay

[2] 2KA151308 + 7H 0= 4H48104 + 2K + 20 + Al Si 0 (OH)4
orthoclase soluble kaollnlte clay

It is noted that the weathering process results in soluble products
plus an insoluble secondary phase. In reaction 1, the product formed is
the secondary aluminosilicate clay called illite, whereas in reaction 2,
the product formed is the clay, kaolinite. If reaction 2 is allowed to
proceed further, i.e., .

Si0

[3] Al Sl 0 (OH)4 + 5H 0 = H4 4 + 2Al(OH)

kaollnlte glbb31te
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Then the relatively stable kaolinite clay is altered to form the mineral
gibbsite, which can also be represented as Al,0_.*3H,0. Illite and kao-
linite are representative of the silicate mineral clay group, whereas
gibbsite belongs to the oxide clay group. Silicate clays include min-
erals as illite, montmorillonite, vermiculite, kaolinite, etc., whereas
oxide clays are primarily aluminum and iron oxides. Silicate clays are
formed by the chemical weathering of minerals that include: mica, feld-
spars, and ferromagnesian minerals. Which clay is formed is a function
of the weathering environment and its intensity. Illite, a non-swelling
clay, forms where weathering is not intense. Montmorillonite, a swelling
clay, requires the presence of magnesium and a neutral or slightly acid
pH. 1Illite can be weathered to form montmorillonite. Under acid condi-
tions, montmorillonite can be altered to form kaolinite, a non-swelling
clay. However, kaolinite can be formed directly from primary minerals

by weathering as given above in reaction 2. Weathering of non-
crystalline, amorphous minerals can also lead to silicate and oxide

clay formation as shown in Figure 1 where mineral weathering is summarized.
Clay minerals can also form from the reaction of soluble constituents
present in the soil solution. This process called diagenesis occurs
primarily in concentrated solutions.

It is a matter of record (Grim, 1962) that each clay mineral has
properties with a wide range of values which reflect the conditions

that existed during its formation. Soils represent a complex mixture
of primary and secondary minerals in various stages of weathering
together with the presence of organic matter (humus). The organic
component in soils is essential for profile development and has a pro-
found effect on the physical and chemical properties of the soil system.
A major objective of reclamation should be the establishment and main-
tenance of the organic matter content of the reclaimed matrix.

For reclamation purposes, our interest in clays and humus is based
on the fact that they constitute the colloidal fraction of the soil
which acts as the center of chemical activity. Table 1 gives the general
formulations, the range of specific surface areas and cation exchange
capacities (CEC) of representative major clay types and humus.

Clay minerals are negatively charged and the magnitude of this
charge is determined by the measurement of CEC. The CEC is obtained by
standard laboratory procedures but the value obtained is a function of
the method used. This complicating factor is due, in part, to the fact
that 2 types of charges exist at the clay surface. They are (1) permanent
charge, and (2) pH dependent charge. The permanent charge results from
the isomorphous substitution of A13% for Si4t and Mg2+ for A13* in the
tetrahedral and octahedral positions, respectively, of the crystal
lattice (see Table 1) of silicate clays during formation. The pH
dependent charge results from the dissociation of protons from the
surface hydroxyl groups associated with Si or Al ions existing on edges
of clay particles. Schematically this is represented as

[4] M-OH + OH = M-0 + H20 (negative charge)
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Schematic summary of the weathering sequence resulting in silicate
and oxide clay mineral formation.

Table 1. Characteristics of major clay types and humus

Mineral _ Surface area CEC

_ m</g meq/100 g
Illite KZ(SiéAlz)Al4020(OH)4 70-120 15-40
Montmorillonite - 818(‘A13 . 33Mg0 ) 7‘) OZO(OH)4 600-800 80-100
Kaolin 814A140100H8 5-20 2-15
Humus 600-850 150-300
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5] M~-OH + H+ = MrOH; (positive charge)

where M represents constituent Al or Si ions of the clay. Note both

~ and + sites can be formed on the clay surface depending on whether a
proton is desorbed (reaction 4) or adsorbed (reaction 5). All charge
(+ and -) on oxide clays is pH dependent. All charge on humus is nega-
tive and pH dependent which results from the dissociation of functional
groups, e.g., carboxylic and phenolic groups. Figure 2 shows the rela-
tion between the pH and CEC for montmorillonite and humus. Note that
any reclamation treatment which alters significantly the matrix pH can
affect the CEC.

The CEC of spoil material has a great impact on the response to
reclamation treatment because it serves to buffer the matrix against
any sudden drastic change in its chemical properties. For example, a
nonsaline silty clay loam from central Utah has a CEC of 15 meq/100 g,
a bulk density, p,, of 1.4 g em~3, a "field capacity" (FC) of about 22%
(weight basis) and at this moisture content the soil solution concentra-
tion is 30 meq/L. Assuming a calcium saturated system, calculation 9
shows that at '"field capacity" the soil water contains 248 1bs of Ca“ /
acre-6" (277 kg/ha-15 cm) while the exchange complex contains 6000 lbs
of Ca2*/acre-6" (6,700 kg/ha-15 cm) or about 24 times more ions exist
on the exchange complex than are present in the soil solution. These
data show the capacity of the colloidal fraction to retain cations
against leaching in addition to its role as the buffering agent in soils.

Soil pH

The pH of the soil is one of the more informative measurements
that can be made on soil material to be reclaimed. The soil reaction
has a marked effect on the availability of plant nutrients (Brady, 1974)
and microorganism activity, e.g., nitrifying organisms are inhibited
below pH 5.5. Soils with pH £ 4.0 contain free acid which can arise
from the oxidation of sulfide which is often associated with mine land
reclamation. TFor example, the chemical oxidation of iron pyrite is a
complex process but for our purpose it can be represented by

2~ +

[6] 2FeS, + 7 1/2 0 + 8H

2 +_4H20 = Fe 0, + 480

2 273 4
where the oxidation of 1 mole of iron pyrite ultimately yields four
equivalents of acidity: 2 eq from the oxidation of Fe(II) and 2 eq from
the oxidation of S,(-II) (Stumm and Morgan, 1981). Equation 6 can also
be mediated by autOtrophic bacteria such as Thiobacillus and Ferro-
bacillus which act as catalyst to the oxidatiom process but do not
change the ultimate end products. The low pH generated by pyrite oxi-
dation can result in the dissolution of both aluminum and heavy metal
compounds producing soluble metal ion concentrations that can reach
phytotoxic levels. This is shown in Table 2 where selected acid solu-
ble heavy metal data of pyritic spoil material from the Blackbird mine
(copper-cobalt) near Salmon, Idaho, indicates the potential magnitude
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Figure 2. The permanent and pH dependent charge contribution to the
CEC as a function of pH for humus and montmorillonite
(Brady, 1974).

Table 2. Selected pyritic spoil analyses*-Blackbird Mine

Sample No. 3 4 5 6

pH 3.8 - 3.9 4.0 4.5
EC (mmhos/cm) - 20.0 . 10.5 3.25 7.26
Al (ppm) 18,690 24,500 29,980 29,060
Cr ’ 50 20 30 30
Co _ 70 500 520 1,110
Cu 37,400 16,590 7,890 25,510
Fe 68,110 71,590 69,000 94,270
Pb 20 30 40 30
Mn 250 250 140 210
Hg — 10 25 50
SO4 64,970 41,900 . 1,650 31,500

#pH and EC determination on saturated paste and saturation extract,
respectively.
Cation analysis (acid soluble) in ppm (from Farmer et al., 1976).
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of the problem (Farmer et al., 1976). Table 2 also shows that the
salinity level (EC) can also present a problem to establishing vege-
tation.

The total amount of acidity due to pyrite oxidation and the amount
of lime (CaCO,) required to neutralize it can be readily calculated from
equation [6].” Assuming the spoil material has a pp of 1.75 g cm~3, then
the calculated mass of the material is 2.36 x 100 1bs/acre-6" (2.62 x
106 kg/ha-15 cm). Calculations show that for each percent of FeSo
oxidized it will require 39.4 tons of pure CaC03/acre—ft (87 m tons/
ha-30 cm) to neutralize the acidity produced. This is based on the total
oxidation and dissolution of FeS;. It must be noted that sulfides of
other heavy metals, e.g., ZnS, will also produce protons upon oxidation.
The acidity produced will depend on the stoichimetry of the reaction
formulated and whether both the sulfide and metal ion are oxidized.

The total amount of lime needed depends on the purity of material avail-
able, thus the calculated values represent minimum tonnage per unit
percentage of oxidized iron pyrite. Any lime material naturally present
in the spoil material will serve to reduce the amount of amendment
needed. Also to be considered is the fact that kinetics of pyrite oxi-
dation may preclude the need to consider the total potential acidity
produced. 1In the oxidation example given, no account was taken of the
acidity associated with the protons and aluminum adsorbed by the exchange
complex which became of major importance in the absence of pyrite oxida-
tion.

Considerable data have shown that commonly aluminum (and manganese)
toxicity appears when the pH of a soil is lower than about 5.5. Figure 3
shows the fraction of the CEC satisfied by Al3+, Al(OH)2+ and Al(OH)E
ions between pH 4.0 to 5.5 for a large number of soils from Virginia
(Thomas, 1967). Above pH 5.5 only a small amount of exchangeable Al
exists because the precipitation of insoluble (A1(OH)3 (gibbsite) is
almost complete at this pH. In agronomic management, the primary purpose
of adding lime to an acid soil is not to neutralize the '"proton acidity"
of the soil solution per se but to precipitate toxic aluminum ions which
are associated with soil pH by the hydrolytic reactions represented as

[7] a3t 4 H,0 = ar(om 2t + vt
Al(OH)2+‘H20 - Al(ou)‘; +u’
Al(OH); + 1,0 = AL(OH) , + ut

As shown by equation [7], an acid spoil material or soil in reality
is an Al-H system. To emphasize the importance of the buffering capacity
of the exchange complex to the acid-base chemistry of the matrix, an
example is given. Our previously discussed soil (CEC = 15 meq/100 g,

Or = 1.4 g cm™3, FC = 22%) now has a pH of 4,0. The calculated amount
p? lime (CaC03) required to neutralize the solution acidity at field
capacity is only 4.1 lbs/acre-ft (4.6 kg/ha-30 cm). This minute amount
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Figure 3. Relation between exchangeable Al and soil pH (Thomas, 1967).
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Blackbird minespoils.
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of lime needed indicates the "exchange" acidity (adsorbed Al + H) of the
matrix is of maximum importance when determinining the lime requirement.
This is shown by the fact that to completely neutralize the "exchange
capacity" of our example soil would require 12 tons of CaCO,/acre-ft

(26 m tons of CaC03/ha—30 cm) to account for the Al-H on thé exchange
complex, assuming 20 percent base saturation.

To determine how much lime is needed to change the pH of spoil
material requires that the relationship between the percent base satura-—
tion and the pH is known. The percent base saturation = (exchangeable
[Ca + Mg + Na + K]) 100/CEC. The percent base saturation-pH relation
varies with soil texture, nature of clay minerals and organic matter
content and must be determined for each material. Using limited data
from the Blackbird mine study (Farmer et al., 1976), the relation
between pH and percent base saturation is plotted in Figure 4. The CEC
of the spoil material varied from 2.1 to 5.8 meq/100 g and had a textural
grade of gravely silt loam. The linear regression equation is:

pH = 0.0455 percent base saturation + 2.6

2

T 0.967

Assuming linearity over the pH range of interest, the amount of lime
needed to alter the base saturation to produce a given pH can be calcu-
lated. 1If a final pH of 6.0 is desired, percent base solution =

(6.0 - 2.6)/0.0455 = 74.7. 1If the average CEC is taken as 4.0 meq/100 g
and Pp = 1.75 g em~3, the calculated minimum amount of pure CaCO3 needed
to raise the pH to 6.0 is about 3.5 tons/acre-ft (7.8 m tons/ha- 30 cm).
This relatively small amount of lime to raise the pH is a reflection of
the coarse texture of the spoil material (low CEC) and does not include
any consideration of pyrite present which becomes the dominant acid
source as oxidation commences.
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EROSION CONTROL ON LOGGING ROADS

Alfred Darrach
USDA Forest Service
P.0. Box 3623, Portland OR 97208

INTRODUCTION

Forests have small erosion and sediment problems compared to other
land uses. This fact must not deter us from finding the sources of
erosion and reducing this loss. 1In addition, any associated water
pollution that occurs within these lands must also be reduced. It
remains for us to pinpoint the problems and react intelligently to

lower the pollution risk associated with forest activity.

Roadways have been and still are a major source of erosion within our
forested lands., Where a road is located has much to do with its po-
tential to cause a problem. The amount of raw earth exposed over

time also is important. These items we will consider in more detail

later.

Let's first define erosion and sediment on forest roads. Basically,
erosion is the wearing away of a surface. For us and our concern
with roads, this is'most often the displacement of soil, rock, and
organic pafticles caused by the external force of rain and flowing

water, gravity or both.

Sediment is material which has been in transit and has settled out
of suspension. For roadways, it is the main pollutant of water and

the risk we are committed to lower.
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The basic sequence of events leading to water-polluting sediment
begins with the displacement of mineral and organic particles by the
force of water or gravity. These disturbed particles travel from
the point of displacement in the air or water or both until the
energy necessary for the materials' transport drops. At this point,
the particles settle out which cannot be supported, and come to rest

as sediment.

Water pollution resulting from erosion and sediment activity on road-
ways is part of a continuous process. Whenever erosion exists, sedi-
mentation also is present. If pollution occurs, it results from one

or both of the former two processes.

Water pollution for our discussion is reserved for the particles dis-
turbed on roadways which find their way into water and violate set

legal requirements for this water's quality.

For successful forest road erosion and pollution control, the se-
quence of events just described must be interrupted. The level of
success depends upon understanding, concern, commitment, execution

of plans, and follow through.

A word about the bounds for this logging road discussion. Only the
accelerated erosion and sediment caused directly or indirectly by
the actions of people is being considered. Natural levels of activ-
ity are not affected by man's actions and are not within our realm

of concern today.

The goal of this endeavor is to encourage those who build and main-
tain forest roads to limit erosion and sediment along with any re-
sulting pollution to tolerable social and practically acceptable

levels,

In the next few moments, we will delve into some of the main points
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in the development of a forest road and how erosion and\sediment con-
trol fit into the process. We will discuss, in brief, the causes of
pollution, the philosophy, and principles of control associated with
the basic phases of road development. Some examples will be given

of various erosion control measures.

ROAD BUILDING

When you think about erosion and sediment production from roads in
conjunction with pollution, most often the attention is focused on
the physical process of particles moving due to raw earth exposed to
rain, slides, and mass earth movement associated directly with the
road right-of-way. This is obviously important, but I would like you
to think about the road's planning and location. If the road is
built in the wrong place-—-erosion, sedimenf, and pollution problems
can be greatly magnified. Along with this--construction and main-

tenance costs can explode.

The process of erosion, sedimentation, and possible pollution starts
with the planning of the road then progresses through location, con-
struction, and maintenance. Since the road building process is inte-
grated, each step depends on the other. A poor move in plamning will
show up later. To control erosion, sediment, and any associated pol-
lution, start at the beginning of the road process——the planning

phase-~and follow through each step along the way.

All this sounds very complicated and confusing. In reality, many
planning steps are not complicated. Some planning does require data
and analysis before a choice is made. 1In all cases, you<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>