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PREFACE

Our gratitude is extended to the committee members that provided
the great effort and many hours of time required to generate, organize
and host the High Altitude Revegetation Workshop #7. Their program
aligned same of the most interesting and pertinent topics with the
exceptional and foremost practitioners and researchers. Certainly,
the many fine speakers in the Workshop provided the real measure of
program gquality and our appreciation is extended to each of them. The
Workshop attracted 231 participants representing 20 states (including
seven eastern states) and two foreign countries. The geographic

distribution and affiliations of the participants is shown below:

Total Participants 231
Foreign (Canada and Switzerland) 4
States 227
Colorado 150
Plains communities 80
Mountain communities 62
Western valley communities 8
Wyoming 28
Montana 11
Utah 8
California 6
Others 24

(Arizona, Arkansas, Indiana, Michigan, Nevada, New
Jersey, New Mexico, New York, North Carolina, Chio,
Oklahoma, Oregon, South Dakota, Texas and Washington)

Government Agencies 85
Federal 60
State 23
County 2

Industry , 38

University and College 36

Consultants 28

Reclamation Contractors 13

Seed and Plant Materials 11

Reclamation Products 10

Other 10
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THE BAD AND THE BEAUTIFUL
LO YEARS OF REVEGETATION

Lew Hammer
Revegetation Exchange, Inc.
760 S. 104th
Louisville, CO 80027

194C¢ ~ 1950

Northern Minnesota in the early 1940's was considered'by many to
be a vacation paradise - The Land of 10,000 Lakes - the ideal fishing.
spot - a wonderland abundant in deer and water foul.

A closer look would expose huge areas of mining scars on the Mesabi
Iron Range, large taconite piles on the north shore of Lake Superior,
vast acres of useless second growth timber where the lumber industry had
clear-cut the Norway Pine and White Pine Forests. Large numbers of
starving farm families were trying to make a living on rocky, sandy and
eroding soil that couldn't produce 25 bushels of corn per acre.

While working with the United States Forest Service in the Cook
National Forest (now known as the Boundry Waters Wildnerness) | was able
to participate in tree planting and other programs started by the
Civilian Conservation Corps. We were restoring the beauty of this winter
wonderland. Since that time large timber companies have purchased these
run down farms and woodlands and replanted thousands of acres to beauti-
ful production forests.

1950 - 1960

The United States Air Force and its strategic air command with
headquarters in Omaha, Nebraska has several large air bases in the mid-
west. Jets were the rage and Gen. Curtis Lamay couldn't seem to get
enough planes or train enough pilots to keep our strategic air defense
in the air. On the ground these jets were scorching the grasses at the
edge of runways and parking ramps - the grass would die, the soil would
erode, the Air Installaticns Squadron would hayl fill dirt, pour concrete,
lay down asphalt and dredge out drainage channels. The end cf the next
rainy season would see increased run off and erosion and the Air Installa-
tions Squadron would start over.

A. . Squadron Commander Col. Gail Young accepted a plan and within
one year all Strategic Command Bases had directives to jet pilots which
restricted their jet blasts to specific protected areas thus reducing the
damage to existing turf. Proper soil preparation, seeding and fertilizer
programs replaced the asphalt and concrete projects and resulted in
tremendous cost savings and limited erosion.

| am proud that in these 40 years | have continued to have a part in
solving or at least in helping to minimize the negative impact American
industry was having on the beauty of our great land.



1960 - 1970

Fortunately for all of us, organized groups of strong individuals
recognized that something must be done about our envioronmental problems.
Some of us were fortunate enough to be in the right place at the right
time and were able to assist in the development of controls and programs
and to get involved in the actual projects designed to put the industry
on the right track.

Erosion control contractors were hard to find with only Henry Giesman,
and Bert Clark established in the business in the Rocky Mountain area.
Jim Renolds, Ken Jeronimous, and myself were scrambling to bid on these
many projects so as to discourage the out of state. contractors and to prevent
government agencies from doing their own work. This was a new field.
Without a track record the banks did not want to work with us, bonds were
very difficult to obtain and experienced help was just not available.
General contractors assumed we would do their finish grading, pick the
rocks, clean up their construction debris and move on and off the job
several times at no additional charge. Project engineers didn't know any-
thing accept what was written in the specifications and they weren't
motivated to read that. Pure live seed, hydromulch, 20-20-10, crimping,
depth bands and erosion blanket were foreign terms to most of them.

I was very lucky in those years and the harder | worked the luckier
| got. | was lucky to have a wife that put up with me being gone all
the time and | was lucky to pick up some top rate people such as Gene
Eyerly, Rick Randall, Harry Nix and a little later Dick Brammer, Merril
Blake and Fred Schlott. To this day contracting and contractors are my
real enjoyment but | would like to pass on a few observations which might
make them a littlie luckier.

Hard work can make you luckier but occasionally you need to stand
back and view the total picture, to enjoy your family and to see the
country which you are beautifying. You need to separate the nuts from the
bolts and do a little long term planning. | realize its tough out there
in the real world meeting deadlines on the job and at the bank, when the
weather doesn't cooperate, the equipment breaks down and your help just
doesn't seem to give a hoot. | also am aware that you can't see the total
project with your head in a trench and that you can not make sound decisions
if you are tired and feel harassed. A good plan helps you make those right
decisions, helps you operate more efficiently, gives your bank and bonding
company something to hang their hats on and also gives your employees a
little direction and a feeling of security. Those of you who know me now
know how | always seemed to have time to hunt and fish - | was really
planning. | was planning so that | could work more efficiently, so that
I could have more time to plan , ie., hunt and fish.

Contractors need all the luck they can get. Who else must bid competi-
tively:

- Against unqualified competition that has no intention of completing
the job as designed.



- Subject to many conditions for which he has no control, i.e.,
other contractors on the job, weather, subsurface rock, etc.

- On a time schedule that is impractical

-~ For an owner who may not pay

- Supervised by an educated idiot

- Controlled by ambiguous specifications

- Using a plan that doesn't fit the property

- Guaranteeing plants that do not normally grow in the area

Contractors need to make money so that they can do the quality of
work that is expected.

Design specialists have a great responsibility to provide plans and
specifications which are meaningful to the contractor as well as cost
effective for the owner. Believe me when | say that the owner is the big
loser when plans and specs come out with a ''short fuse''. Contractors need
time to look at the job, make a material take off and shop for material
prices. In order to give his best shot he needs to know his job costs.
Two to three weeks does not seem like an unreasonable time to allow for
bidding a job. Six to eight weeks from award of the contract to move-in
can also be a big factor in getting the better contractors to give their
best. Adequate time for contractors to organize their best people and the
right equipment can quite often result in high quality, cost effective,
completed contracts.

As a contract administrator try to remember that if a contractor is
to do a good job he must make money. He must make money on a job that more
often than not is in the middle of nowhere, with limited living conditions,
no outside communication, no repair service, no fuel and no nothing. Most
job sites have a super abundance of rain, wind, equipment break downs, hang-
overs and lost sleep. Remember these conditions are not conducive to main-
taining a work force of highly trained, God fearing, milk drinking young
Americans. Mistakes will be made. Experience points out that the contractor
seldom makes over half of them but quite often is expected to be responsible
for 100%. Why must the contractor be responsible for all over sights,
changing conditions and design deficiencies?

It is gratifying to observe the positive, overall results we are
experiencing in this transformation of the bad to the beautiful. | am
pleased at what has taken place these past few years with the industry, with

academia as well as with governmental agencies., Industry in many instances
is. going beyond the guidelines set up by controlling agencies. Academia

has done a super joh of modifying existing curriculum and establishing new
courses of study to meet the demands of this new industry. Governmental
agencies have trained existing personnel and hired qualified specialists so
as to better administer the many. environmental programs.



The future of the revegetation industry is very very bright. The
momentum is there and if we are to continue to grow with the demands of
this dynamic industry we will need to become more effective through better
planning and better education.

The high altitude revegetation work shop is a prime example of
continuing education through the joint effort of government, academia,
suppliers and contractors. | can see a need in the near future to do a
great deal of consolidation of the many related seminars, societies,
work shops and conventions which presently tax the budgets of time and
money we in the industry must commit. Surely by combining some of those"
efforts we can reach more people and present them with more diversified,
quality information.

The bright future of the revegetation industry has a down side. More

acres will be seeded at a smaller unit price. This has been a trend over
the past 10 or more years. With cost escalating annually, how can the
price go down? | don't have all of the answers but indications are that

along with technological advancements we will see the following cost cutting
cultural practices being advanced.

Seed requirements per acre will be drastically reduced. This can be
accomplished by better seed bed preparation, proper seed placement and
distribution and more concern regarding soil moisture and soil temperature
factors as related to germination and seedling development. On the long
haul fewer healthy, mature plants will prove to be far better thain a dense
population of weaker plants fighting for limited moisture and nutrients.

Green mulch crops grown on the disturbed area will soon rec!:ce much
of the hay and straw mulches presently dominating the market. G&rain crops
planted in the spring, mowed in mid to late summer and over-seeded with
permanent grass crops in the fall seems to have many cultural as well as
definite monetary advantages.

- The equipment required is greatly reduced

- The man power requirement is leveled out and very limited

- The annual weed crop as well as the green mulch crop is mowed prior
to seed stage

- No competive species are introduced by incorporating hay or straw

- The remaining stubblie plus the vegetative mulch from mowing acts as
an ideal media for the fall seeding of desired species.

Soil stabilizers are going to play a large role in this cost reduction
program. Proper seed bed preparation and proper seed distribution will
always be prime requirements where possible. When budgets are limited or
where slope conditions make mulching impractical, seed and soil held in
place with stabilizers will produce an acceptable stand once moisture and
temperature requirements are met. These products also minimize evaporation
of soil moisture thus increasing the water available to the seedlings.

Mulch tackifiers are just starting to come on as a viable suonlement to




mulches. Tackifiers added to hydromulches not only make them more stable
but also greatly improve the performance of the mulching equipment. Tack-
ifier as an overspray for hay and straw presently is being used on steep
slopes and on rocky soils where crimping is not practical. Tackifiers
retain a higher percentage of mulch on the soil surface where it is needed
to prevent wind and water erosion. Tests presently indicate that much
smaller quantities of mulch in combination with tackifiers are producing
more cost effective results, i.e., more mature, healthy plants per acre.

Low cost, recycled news print and cardboard as a result of advanced
technology and increased quality control will soon be making strong in-
roads on the hydromulch market. Contractors and owners alike greatly
appreciate the recycling of our natural resources and this coupled with
cost savings and proven results can only lead to greater use and lower over
all costs.

We have come a long way in 40 years but ''you ain't seen nothin' yet''.
Special interest groups will continue to require the industry to clean up
its act. Research and development along with communications brought about
at meetings such as this will continue to promote the development of better
products and more efficient methods. Design“engineers and contractors will
work together to produce more cost effective products. The industry will
do more and more acres of revegetation at lower and lower costs per acre.

We are a very fortunate group. If we just continue to do “‘our thing"
we can always feel confident that our efforts have made this world a better,
safer, more beautiful place in which to live.



WESTERN REVEGETATION IN PERSPECTIVE:
PAST PROGRESS, PRESENT STATUS AND FUTURE NEEDS

Edward J. DePuit

Range Management Department
University of Wyoming

Box 3354, University Station
Laramie, Wyoming 82071

INTRODUCTION

"Disturbance" of some level, pattern and magnitude is common under
natural conditions, and plays a major role in the evolution or
maintenance of ecosystems (Pickett and White, 1985; Denslow, 1985). It
is reasonable to assume that ecosystems in the West have always been
subjected to and responded from periodic disturbance. However, the
massive influx of modern man in the mid-nineteenth century added
variety, frequency, extensiveness and, often, intensity to ecological
disturbance in our region. Many such disturbances have proved "drastic'
in the sense of completely destroying pre-existing ecosystems (Box,
1978). The environmental consequences of such drastic disturbances are
now considered ethically and ecologically unacceptable. Hence,
ecosystem reconstruction following disturbance (i.e., reclamation) is a
major, often legally mandated concern in the West.

Significance of Revegetation

Plants comprise the basic trophic level of ecosystems, and
consequently influence nearly every aspect of ecosystem function either
directly or indirectly. The nature of vegetation has direct bearing on
the utilitarian value and environmental quality of ecosystems. There-
fore, ecosystem reconstruction following a drastic disturbance is
strongly dependent upon revegetation. However, it must be recognized
that revegetation is only an important part of the overall recovery
process, which must be approached from a total ecosystem perspective
(Wali, 1975; Billings, 1978; Brisbin, 1982).

Nature, Concepts and Goals of Western Revegetation

Since revegetation of disturbed lands is often initiated using
agricultural practices, many people conceptualize it as an
"instantaneous" phenomenon--that is, plants are introduced, become
established, and revegetation with a permanent, static plant community
is rapidly achieved. This perception is invalid on western disturbed
lands, where revegetation usually strives to re-establish rangeland or
forest plant communities maintained under ambient conditions and
low-intensity management. Revegetation in such situations is
essentially a process of secondary or, sometimes, primary plant
community



succession (Moore et al., 1977), and therefore is a dynamic process of
change over time. The nature, rate and direction of succession are
governed by a complex, interrelated array of allogenic factors (e.g.,
environmental conditions, nature of disturbance, human inputs, etc.) and
the autogenic, plant-regulated processes such factors influence.
Revegetation of disturbed lands in the West therefore must be approached
and (to the extent possible) manipulated on an ecological basis.

Revegetation in the West is constrained, variably influenced and
complicated by the widely divergent environments within which distur-
bances occur, ranging from arid deserts (Wallace et al., 1980) to
alpine tundra (Brown et al., 1978). It is also directly affected by the
nature of disturbance, which sometimes may change the direction of
succession from that normal to an undisturbed ecosystem (Pickett and
White, 1985). Such directional change becomes more likely as the
intensity of disturbance increases. Drastic land disturbances, such as
surface mining, may permanently alter site conditions and, hence, the
type of plant community ultimately achievable through succession.

The dynamic nature of succession indicates that revegetation to a
relatively stable plant community will take time. Studies of natural
(i.e., non-induced by man) succession on western disturbed lands have
often indicated incomplete succession decades after disturbance (e.g.,
Mackey and DePuit, 1985), while other studies of induced succession have
shown that vegetation may remain in a developing state for extended
periods of time even when revegetation technology is applied (e.g.,
Sindelar, 1978).

These directional and temporal aspects of succession on western
disturbed lands have major implications for revegetation goals and
technology. Most current regulations imply rapid return to stable, pre-
disturbance vegetation conditions as the general goal of revegetatiom.
For reasons discussed above, such a goal may be at best technologically
difficult and at worst ecologically impossible to achieve (Sindelar and
Murdock, 1985; Harthill and McKell, 1978). More realistic short-term
revegetation goals may include (DePuit, 1985; Sindelar and Murdock,
1985; Harthill and McKell, 1978; and others):

1) Achievement of adequate environmental protection (e.g., vegeta-
tional soil stabilization, etc.)

2) Re-establishment of facets of ecosystem function influenced
by vegetation,

3) Establishment of desired utilitarian values influenced by
vegetation, and

4) Establishment of positive trends in succession toward ultimate-
ly desired vegetation conditions.

Rapid achievement of these revegetation goals on western disturbed
lands is often confounded by the slow rate and, to a point, unpredict-
able direction of natural succession. The application of ecologically
sound revegetation methods can address this problem, both at high eleva-
tions (Billings, 1978) and elsewhere (Moore et al., 1977) in the West.
The basic functions of initially applied revegetation methods are to
accelerate and properly direct succession. Proper site management



following plant establishment may further manipulate succession, such
that desired trends may develop and be maintained over time. However,
it must be realized that there are ecological and technological limits
to the degree of successional acceleration and direction possible.

This paper will first briefly review the past development of
revegetation theory and technology in the western United States. The
point to which this evolution has progressed will then be illustrated by
a general discussion of the present status of western revegetation, in
both theoretical and technological terms. The final portion of the
paper will discuss remaining problems in western revegetation that,
hopefully, will be resolved by future progress.

THE PAST:
THEORETICAL AND TECHNOLOGICAL EVOLUTION OF WESTERN REVEGETATION

John Marshall's 1848 gold discovery at Sutter's mill in California
had ecologic as well as historic significance. It and subsequent
precious metal discoveries in Nevada, Colorado and Montana stimulated
massive mineral development and immigration of modern man in the West.
Extensive drastic disturbances of western ecosystems by industrial and
agricultural activities of man began during this period, and have
continued unabated to the present.

Although occasional steps were taken to reduce drastic land
disturbance in the mid to late 1800's, the prevalent societal attitude
of unbridled environmental exploitation precluded any serious, general
effort to either control or mitigate impacts. Mining, for example, was
considered the "highest and best" use of public lands by the federal
mining law of 1872, a philosophy under which protection of the
environment and other land uses was frequently ignored (U.S. Gen.
Accounting Office, 1979). Although time and natural revegetation have
ameliorated many early environmental impacts, others are still apparent
today. For example, effects of extensive deforestation of pinyon-
juniper woodlands to support the Nevada mining boom of the 1860's and
70's (Budy and Young, 1979) are still evident on the present
distribution and structure of such woodlands (Tausch et al., 1981).

Conservation first emerged as a major societal concern in the early
1900's, as the consequences of past environmental degradation began to
be realized. Revegetation had its beginnings as a field of applied
science during this period. Early efforts in the West were directed
primarily toward renovation of depleted rangelands (Chapline, 1978;
Stoddart et al., 1975) and reforestation (Allen and Sharpe, 1960), an
emphasis that was maintained during the drought years of the 1930's.
Early revegetation technology was largely an outgrowth of conventional
agricultural principles and practices, although new or modified
approaches were developed as technology evolved. As reviewed by



Vallentine (1980) and others, this evolution has allowed great progress
in revegetation of non-drastically disturbed lands over the past 50
years.

Revegetation of drastically disturbed lands became a major concern
in the West only recently, despite earlier emphasis in other parts of
the U.S. (Bowling, 1978). Although some previous research and
application occurred, revegetation technology for drastic disturbances
developed markedly during the 1960's and 70's under the stimulus of the
first stringent state reclamation laws in the West and a variety of
federal laws directly or indirectly affecting reclamation (Imes and
Wali, 1978; Bowling, 1978).

Revegetation technology for drastic land disturbances in the West
was born of needs to rapidly address serious environmental problems.
Consequently, much early revegetation technology was of necessity
"borrowed" from existing range reseeding and reforestation technology;
was applied and evaluated largely on a site-specific, emperical basis;
concentrated primarily on immediate problems, such as soil stabilization
and plant establishment; and tended to view revegetation somewhat
independently of other aspects of ecosystem reconstruction. Revegeta-
tion technology thus initially developed antecedent to revegetation
science, and experienced the shortcomings that might be expected from
such an inverted developmental sequence. Such shortcomings were soon
recognized and addressed by progress in our theoretical understanding of
western revegetation. It is now realized, for example, that the
severity of drastic iand disturbance often necessitates technologies
over and above (and sometimes different than) those required for lesser
disturbances (Vallentine, 1980); that technologies must address the
dynamic, long-term nature of revegetation as well as short-term problem
resolution (Moore et al., 1977); that revegetation technology must be
integrated with that for all other aspects of ecosystem recovery
(Brisbin, 1982); and that revegetation technology must be soundly based
upon and directed toward functional ecological relationships (Sindelar
and Murdock, 1985).

Considerable early work was conducted in the 1960's on revegetation
of roadsides in the West (e.g., Cook et al., 1970; Hodder, 1970). Under
regulatory stimulus, revegetation technology expanded rapidly in the
early 1970's based upon mined land research conducted throughout the
West (Wali, 1975; Vories, 1976; Wright, 1978). Much of this research
has continued to the present, and has emphasized revegetation/reclama-
tion in the great plains (Munshower et al. 1982; Munshower and Fisher,
1984), Rocky Mountain (Sims, 1977; Redente et al., 1985), intermountain
(Van Epps and McKell, 1980) and southwestern (Thames, 1977; Aldon and
Oaks, 1982) regions of the U.S., and western Canada (Thirgood and
Ziemkiewicz, 1978). High altitude revegetation also became an important
concern in the 1970's (Brown et al., 1978), as evidenced by the first
High Altitude Revegetation Workshop in 1974 (Berg et al., 1974) and
subsequent biennial workshops thereafter.

Current understanding of and technology for revegetation of
drastically disturbed lands in the West are thus products of roughly
twenty years of intensive, specific evolution, preceded by over fifty
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years of related development on non-drastically disturbed lands. The
following section will generally summarize our current theoretical and
technological knowledge.

THE PRESENT STATUS OF WESTERN REVEGETATION

Theoretical

Soil stabilization was early recognized as a mandate for revegeta-
tion of drastically disturbed lands in the West. Hodder (1975), for
example, noted soil stability and erosion control to be essential
precursors to success in all other aspects of revegetation and overall
reclamation. Once achieved, soil stabilization allows the concurrent
processes of plant succession and soil genesis, however induced, to
proceed. Proper consideration of geomorphological principles during
site preparation is necessary to make ultimate stabilization possible
(Toy, 1984; Stiller et al., 1980). Much progress has been made in the
application of such principles on western disturbed lands, in conjunc-
tion with other approaches to temporary stabilization(Verma and Thames,
1978). However, ultimate stabilization also depends upon successful,
permanent revegetation.

The importance of basing revegetation technology on the ecological
principles of plant community succession was discussed earlier in this
paper. Our understanding of patterns, processes and causal factors of
succession on western drastically disturbed lands has improved consider-
ably during the past decade. Longer-term successional relationships
have been inferred from a number of static studies on disturbed sites of
varying ages or conditions (e.g., Sindelar, 1985; Wagner et al., 1978;
Mackey and DePuit, 1985), while other research has described shorter-
term succession by studying vegetation dynamics on individual sites over
time (e.g., Redente et al., 1984; DePuit et al., 1978). Results of
these and other studies have elucidated relationships important to the
design and application of technology. For example, the influence of
site conditions (topography and soils) and initial revegetation prac-
tices on succession is becoming better understood (e.g., Wollenhaupt,
1982; Redente et al., 1982, 1984; Stark and Redente, 1985; Doerr et al.,
1983; DePuit et al., 1980; DePuit and Coenenberg, 1979), with implica-
tions for site preparation and revegetation methods. The nature and
influence of competition among pioneer and later developing plant
species has become more clear (e.g., Allen and Knight, 1984; Iverson and
Wali, 1982a; Schuman et al., 1982; DePuit et al., 1978), with ramifica-
tions for plant materials selection and post-establishemnt management.

Research has also improved undeérstanding of the interrelationships
between plant succession, microbiological activity and soil genesis on
disturbed lands (e.g., Schafer, 1984; Schafer and Nielsen, 1978;
Cundell, 1977; Tate and Klein, 1985; Biondini et al., 1985), with
implications for nearly every aspect of revegetation technology. For
example, the importance of mycorrhizal fungi to disturbed land revege-
tation has become increasingly apparent (Williams and Allen, 1984; Call
and McKell, 1982); certain studies (e.g. Allen and Allen, 1984) have
suggested mycorrhizae to be major regulators of the rate and nature of
succession. Accordingly, technology is now being developed to properly
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manipulate these (and other) microorganisms during revegetation
(Lindemann et al., 1984; and others).

Our theoretical knowledge of western revegetation has greatly
increased not only at the ecosystem and plant community level, but at
the plant species level as well. As summarized during a recent
symposium (Carlson and McArthur, 1985), major advances have been made in
the development and understanding of improved plant materials for
western revegetation. This progress has resulted from efforts in both
selection and evaluation of existing plant materials (MacLauchlan,
1975), and breeding/genetic improvement of new plant materials (Asay,
1979). We consequently now have a wider array of plant species,
ecotypes, released cultivars and hybrids to draw upon than ever before.

Technological

Progress in our theoretical understanding of western revegetation
has allowed technology to develop rapidly. The current status of this
technology will now be briefly reviewed with respect to site prepara-
tion, plant materials, plant introduction and establishment, and
management,

.Site Preparation. Revegetation programs must begin with practices
that provide topographic and edaphic conditions conducive to both site
stabilization and the type of revegetation ultimately desired.

To the extent possible, macrotopography should usually be
constructed with slopes as gentle and short as possible to retard
erosion and runoff (Verma and Thames, 1978), although in some arid
situations increased runoff from properly designed slopes may be concen-
trated on flatter areas through water harvesting or spreading to enhance
revegetation (Verma and Thames, 1976). Microtopographic surface manipu-
lations have proved effective for both erosion control and water
conservation on disturbed lands in the West, including various types of
pitting, microimprinting, contour furrowing and trenching, terracing and
primary tillage practices (Verma and Thames, 1978; Dollhopf et al.,
1985; Dixon, 1980; Scholl and Pase, 1984; and others). In general, the
necessity, beneficiality and required severity of microtopographic
manipulation increase with aridity and slope of disturbed lands. Site
stabilization and water conservation may also be enhanced by various
mulching and chemical soil stabilization methods, as reviewed by Kay
(1978). Organic mulches such as hay, straw and wood residues have been
used most commonly on western disturbed lands, although pioneer crops
used either as stubble (Schuman et al., 1980) or soil-incorporated
mulches (Day et al., 1980) are sometimes effective alternatives.

Various types of amendments are often necessary to improve soil
physiochemical characteristics for plant growth and soil development.
Amendments such as gypsum and calcium chloride, organic materials and
supplemental water for leaching may be applied to treat salt-affected
soils (Sandoval and Gould, 1978), while various types of lime amendments
(Mays and Bengtson, 1978) are possible to treat acidic soils. However,
research has sometimes indicated such amendments to provide only
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partial or temporary alleviation of salt and acid soil problems (e.g.,
Dollhopf et al., 1985; Doll et al., 1984; Farmer et al., 1976). The
best approach - if feasible - may be to isolate problem material beneath
a sufficiently thick layer of non-inhibitory soil or subsoil.

Plant growth, microbiological activity and soil development have
sometimes been stimulated by various types of organic soil amendments,
such as hay/straw mulch, wood residues and sewage sludge (e.g., Fresquez
and Lindemann, 1983; Smith et al., 1985; Farmer et al., 1974), although
in other cases no benefits of organic amendments have been apparent
(e.g., Gould et al., 1982). Reasons for these conflicting results
probably relate to variations in site conditions; available research
suggests that benefits of organic amendments may be most expressed when
water availability and/or aggregate soil quality are lowest.

The salvage and application of topsoil is one of the most important
facets of site preparation for revegetation. Proper topsoiling nearly
always provides a superior growth medium for plants, as well as serving
other important functions such as isolation of problem material, intro-
duction of plant and microorganism propagules, and acceleration of soil
development. Specific information on topsoiling methods and management
on western disturbed lands has been compiled in several excellent,
recent reviews (Hargis and Redente, 1984; Schuman and Power, 1981;
McGinnies, 1980), and will not be reiterated here. As discussed by
DePuit (1984), the specific nature of topsoiling can have a major
influence on the nature and rate of revegetation. Studies in Colorado,
for example, have noted varied responses among plant species to
differences in topsoil thickness (Redente et al., 1982), and inverted
responses of vegetation productivity and diversity (positive and
negative, respectively) to increasing topsoil thickness (Stark and
Redente, 1985). The latter authors suggested that increasing
heterogeneity of topsoil reapplication and management may allow
diversity to be increased without sacrificing area-wide productivity.
Other authors have propounded separate salvage and reapplication of
different types of topsoil as a means of promoting development of
different plant communities over revegetated areas (e.g. Schafer, 1982).

Plant Materials. Revegetation success is strongly dependent upon
proper selection of plant materials for introduction to disturbed sites.
Selection of plants must consider ecological factors, the type of land
uses ultimately desired, and any pertinent regulatory requirements.
DePuit (1982) felt that proper selection of plant materials should be
based upon an integrated consideration of several factors. First,
autecological characteristics must be considered, since they influence
such attributes as adaptation, nature of initial establishment and
growth. Second, synecological relationships among plant species
(partially a function of autecological characteristics) must be
evaluated during selection, since such relationships will affect overall
plant community establishment, function, composition and dynamics over
time. Third, the utility of plant species must be considered, in terms
of both suitability for desired land uses and ecological role in
succession. Fourth, the availability and cost of obtaining propagules
of plant species must be ascertained. DePuit (1982) concluded that any
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species, ecotype or cultivar selected for revegetation must be
acceptable in terms of each of these criteria.

Several comprehensive reviews of plant materials for western
revegetation are available (Thornburg, 1982; Wasser, 1982; Brown and
Wiesner, 1984; Carlson and McArthur, 1985), as well as reviews of plant
materials for specific geographical areas, environments and types of
disturbance too numerous to list here. Plant materials for high
altitude revegetation, for example, have been reviewed by several
authors (Berg, 1974; Eamon, 1974; Plummer, 1976; Behan, 1983; and
others). Recent publications have also summarized information on
establishment and culture (Young et al., 1978; Eddleman, 1980; Vories,
1982; Fulbright et al., 1982; Redente et al., 1982; Wasser, 1982) and
commercial availability (Brown et al., 1980; Everett, 1981) of plant
materials for western revegetation. In short, a considerable volume of
information currently exists on availability, autecological/ adaptation-
al, establishment and utilitarian characteristics of plant species,
ecotypes and cultivars for western revegetation. Unfortunately,
knowledge of synecological relationships among species is not nearly as
abundant.

-Several authors have noted benefits, both ecologic and utilitarian,
from use of properly designed mixtures of plant species on disturbed
lands (e.g., Monsen, 1975; DePuit et al., 1980). Synecological rela-
tionships among species are of critical importance to proper mixture
design. For example, inclusion of rapidly establishing pioneer species
in mixtures has often been advocated to accelerate site stabilization,
vegetational site modification and, hence, successional development
(Moore et al., 1977). However, competitive relationships must also be
considered in the composition and proportion of species in mixtures.
Instances of competitive exclusion of less vigorous by more vigorous
species in improperly designed mixtures are common on western disturbed
lands (e.g., Schuman et al., 1982; DePuit et al., 1978). DePuit (1982)
suggested a number of ways to improve competitive compatibility among
species in mixtures, such as providing phenological and morphological
variety among species, varying seeding rates and dates among species
based upon competitive relationships, and excluding overly competitive
species from mixtures when vegetation diversity is a goal. It must be
recognized, however, that some change in vegetation composition over
time will always occur as succession progresses, despite the degree of
initial synecological compatibility achieved.

Current revegetation regulations strongly emphasize the use of
native over introduced plant species for disturbed land revegetation in
the West. Native species have in fact proved superior to introduced
species in certain situations, such as on alpine disturbances (Brown et
al., 1976). However, native species may not always prove readily
establishable or adapted under the radically altered conditions of
drastic disturbances (Moore et al., 1977; Brown et al., 1978), nor best
suited for maximization of certain post-mining land uses (Laycock, 1980;
Currie, 1981). Consequently, many now feel there to be a role for
both native and introduced species in western revegetation, if selected
and used properly (Monsen, 1975; Brown et al., 1978). The origin of a
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species was felt by DePuit (1982) to be irrelevant if it met all
important ecological and utilitarian criteria for selection.

Plant Introduction and Establishment. The third technological
mandate for successful revegetation, following site preparation and
plant materials selection, involves proper methods for introduction and
establishment of plants on disturbed sites. Several general reviews of
such methods for western disturbed lands are available (e.g., Cook et
al., 1974; Packer and Aldon, 1978; USDA Forest Service, 1979; Long et
al., 1984); Brown and Johnston (1979) summarized methods for high
altitude disturbances. Basically, propriety must be achieved both in
techniques for plant introduction and cultural practices to enhance
initial plant establishment. )

Plant introduction to disturbed lands may be accomplished by either
or both of two broad approaches: seed introduction and transplantation
of live plants or plant parts (other than seeds). Seeds may be
introduced in a number of ways during revegetation programs. Topsoiling
represents one means of introducing seeds (and other plant propagules)
to disturbed lands (e.g., Iverson and Wali, 1982b; Beauchamp et al.,
1975), particularly if topsoil is reapplied before extended storage.

The desirability of volunteer growth will depend upon species composi-
tion of the topsoil seed reservoir. Although diversity and other
vegetation attributes are sometimes enhanced by such seed introduction,
volunteer growth from seeds in topsoil is usually not adequate for
rapid, complete site recolonization (Howard and Samuel, 1979).
Consequently, other means of seed introduction are usually necessary.

The use of native hay as a seed source, as well as for mulching
benefits, was developed during the drought years of the 1930's (Wenger,
1941), and has been recently reinvestigated as a means of introducing
indigenous species on drastically disturbed lands in the West (Ries et
al., 1980; Darling and Young, 1984; Friedlander and Van Ryn, 1985).
Native hay mulch has been effective in introducing desirable, often
commercially unavailable indigenous species, but also carries the risk
of introducing unwanted species as well. The nature of plant
establishment from mulch may be controlled by selection of mulch harvest
sites with desired species composition, and proper seasonal timing of
harvest based upon the phenology of species desired.

The most common means of seed introduction on western disturbed
lands involve various types of direct seeding. Success with direct
seeding requires proper selection of seeding methods, seedbed
preparation for the method selected, seeding rates and scheduling of the
seeding operation. '

Selection of seeding methods must be based upon an integrated
consideration of site conditions and characteristics of plant species to
be seeded. Seeding methods may be broadly classified as either
broadcast or mechanical; DePuit (1982) reviewed general advantages,
disadvantages and seedbed requirements for each class of seeding.
Although historically viewed as inferior to mechanical seeding (Cook et
al., 1974), properly conducted broadcast seeding may have great utility
in certain situations (DePuit et al., 1980). For example, broadcasting
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is the only practical approach on sites too steep or rough for mechani-
cal seeding, and is especially well suited to sowing of diverse mixtures
of species with widely varying seed characteristics and seeding depth
requirements. Conversely, mechanical seeding may be more advantageous
in situations where equipment operation is possible, where monocultures
or mixtures of species with similar seed characteristics and require-
ments are to be sown, and/or when minimum-tillage interseeding is to be
accomplished. Many advances have been made in design and variety of
mechanical seeding equipment in recent years (e.g., Long et al., 1984;
Larsen, 1980), the review of which is beyond the scope of this paper.
DePuit (1982) suggested that in some cases joint use of both mechanical
and broadcast seeding methods may be profitable. Preliminary results of
industry research in Wyoming, for example, indicate excellent
establishment of both small-seeded shrubs and large-seeded grasses from
concurrent broadcasting of the former and drilling of the latter
species.

Proper seeding rates are also necessary for success in direct
seeding. Seeding rates should be derived through a combined considera-
tion of site conditions, plant species characteristics, desired
vegetation density and composition, and the type of seeding method to be
employed (DePuit, 1982). Seeding rates for drastically disturbed sites
must usually be higher than those for normal range or cropland seeding
(Packer and Aldon, 1978). However, overly high seeding rates should be
avoided for reasons both economic and ecologic. Excessive seeding rates
may result in overly dense establishment of low-vigor seedlings, or may
contribute to reduced vegetation diversity (DePuit et al., 1980). It
may not always be advantageous to sow all species in a mixture at equal
rates. For example, species desired for initial dominance should often
be seeded at higher rates. Conversely, if maximum initial evenness of
establishment among species in a mixture is desired, DePuit (1982)
suggested that slower establishing, less vigorous species should be sown
at higher rates than their more vigorous counterparts. However, recent
field application of this approach in Colorado (Doerr et al., 1983)
yielded only partial success. )

Scheduling of direct seeding should be based upon seasonal weather
patterns in conjunction with germination and growth characteristics of
species to be seeded. Cook et al. (1974) noted that seeding should be
accomplished immediately before or during seasons offering optimum
climatic conditions for plant establishment and growth. Problems are
frequently encountered when plant species are to be seeded whose
seasonal germination or growth requirements do not match ambient weather
patterns. The difficulties in warm-season grass establishment under the
dry-summer environment of the Northern Great Plains exemplify this
problem, and may sometimes necessitate additional cultural practices,
such as temporary irrigation, for adequate establishment of such species
(Ries, 1982).

Multiple seeding dates represent an aspect of direct seeding
scheduling that has gained increasing attention in recent years. The
previously discussed practice of stubble mulching in effect is a
multiple seeding date approach, whereby a temporary crop of pioneer
vegetation is established initially with minimum tillage interseeding of
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perennial species accomplished later. Manure cropping is a variant of
stubble mulching under which pioneer vegetation is tilled into the soil
while either green (DePuit et al., 1978) or cured (Day et al., 1980),
and may have value where soil organic matter enrichment prior to
permanent reseeding is desired.

A third multiple seeding date approach (sometimes termed multiple-
phase seeding) involves sowing different perennial plant species within
a given mixture at different times instead of sowing all species at a
single date. Under this approach, differences in seeding date or
sequence among species should be based upon interspecific differences in
seasonal climatic requirements for establishment and growth, and/or
differences in rapidity of establishment and competitive vigor. A
number of multiple seeding date strategies are possible based upon such
factors. For example, species within a mixture exhibiting different
seasonal germination or growth patterns may be seeded separately at
their respective optimum times. Another strategy involves sowing
slower-establishing, less vigorous species in a mixture first, allowing
at least one season for adequate establishment, and later interseeding
more rapidly establishing, vigorous species. This approach has been
noted to increase equity of initial establishment among species in
mixtures (Coenenberg, 1982).

Transplantation of live plants or plant parts comprises a means of
plant introduction alternative to or conjunctive with seeding. Although
more expensive, transplantation is usually a more reliable approach to
plant introduction than seeding. Consequently, transplantation is
usually employed as a primary method of plant introduction on sites
sufficiently harsh to reduce seeding success, or for plant species that
are difficult to establish from seed. Considerable progress has been
made in transplantation technology for western disturbed lands (e.g.,
Packer and Aldon, 1978; McKell et al., 1979; USDA Forest Service, 1979).
Methods can be segregated into one of three broad classes: transplanta-
tion of individual plants, groups of plants and parts of plants (other
than seeds). :

Transplantation of individual plants is most applicable to woody
species, although it has occasionally been used for herbaceous species
as well. Individual plants are commonly transplanted as seedlings,
either collected in the field as wildings for immediate transplanting or
cultured in nurseries for later field introduction. Success with seed-
ling transplantation depends upon methods to improve initial survival
under field conditions, such as proper hardening before planting,
planting during periods of dormancy or reduced climatic stress, initial
irrigation and/or planting into specially prepared microsites. Protec-
tion of transplants from herbivory may often be necessary through
fencing, application of chemical herbivore repellents or construction of
micro-exclosures. Mechanical or chemical reduction of competition may
also enhance transplant survival. While considerable debate has occurr-
ed over the relative merits of bare-root vs. containerized seedling
transplantation methods, both approaches have worked if properly applied
(USDA Forest Service, 1979).
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Field excavation and transplantation of mature plants is another
method of individual plant transplantation, and is usually accomplished
with equipment such as tree spades and modified front-end loaders
(Larsen, 1980; Jensen and Hoddder, 1979). Although costly, this
approach assures ecotypic adaptation and allows rapid establishment of
larger plants better able to cope with competition and herbivory.

Several methods have been developed for transplantation of groups
of plants on disturbed lands. These include sodding (McGinnies and
Wilson, 1982; Sindelar, 1973), shrub/tree pad transplantation (Carlson
et al., 1982) and plug transplantation (USDA Forest Service, 1979).
Such methods are costly. Consequently, they have been applied most
commonly on sites where rapid erosion control is a major problem, or on
scattered, localized sites where transplanted islands of plants will
increase immediate diversity and serve as epicenters for future spread
of plants and microorganisms.

Transplantation of plant parts is a possible approach for species
capable of vegetative establishment through suckering, layering or
sprouting. Various methods have been developed, such as culture and
planting of stem or root cuttings, and field collection of sprigs, roots
or rhizomes for planting (e.g., McKell et al., 1979; USDA Forest
Service, 1979; Jensen and Hodder, 1979).

Plant establishment may either depend upon or be strongly
influenced by cultural practices applied during and after plant
introduction. Low fertility status (Bauer et al., 1978) and limited
water availability (May, 1975) are often constraints to revegetation of
disturbed lands in the West. Therefore, fertilization and/or irrigation
are sometimes important cultural practices.

Although site preparation practices such as topsoiling may increase
fertility to a point, "new" soils on disturbed lands may still be
deficient in plant nutrients--particularly the macronutrients nitrogen
(N) and phosphorus (P). The efficacy and required manner of fertiliza-
tion in remedying this situation depend upon numerous factors, as
reviewed by Bauer et al. (1978). Many have questioned the value of
fertilization in promoting initial revegetation under extremely arid
conditions without supplemental irrigation (e.g., Aldon, 1977; Gould et
al., 1975), although longer-term benefits may ultimately be expressed
(Righetti, 1982). Conversely, fertilization has often proven beneficial
(although not always essential) to overall revegetation of nutrient-
deficient disturbed lands in semiarid to humid portions of the West
(e.g., Bauer et al., 1978; Brown and Johnston, 1979; Farmer et al.,
1976). Such initial benefits have been noted to both persist (e.g.,
DePuit and Coenenberg, 1979) and decline over time (e.g. Doerr and
Redente, 1983) under different environmental conditioms.

Individual plant species within mixtures have frequently been noted
to vary in response to types and rates of fertilization (Doerr et al.,
1983; DePuit and Coenenberg, 1979), raising the possibility of manipu-
lating vegetation composition with judicious variations in fertiliza-
tion. Fertilization rates or durations that produce maximum vegetation
productivity, for example, may not always be desirable due to concomi-
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tant negative effects on species composition (e.g., over-stimulation of
weeds) and diversity, and in some cases may produce a plant community
that cannot be sustained without refertilization.

The basic functions of fertilization on most disturbed lands in the
West should be to promote soil development and to temporarily enhance
revegetation until such soil development yields carbon and nutrient
cycling adequate for "self-sustenance" of plant-soil systems. Fertili-
zation programs therefore must be based upon soil developmental
relationships as well as plant responses. For example, higher N ferti-
lization rates are sometimes necessary on mulched sites both to
accelerate mulch decomposition by microbes and to compensate plants for
the pre-emptive use of N by microbes during decomposition (Berg, 1980).
However, risks of over-fertilization always exist. Visser (1985) noted
that decompositional processes may not be stimulated by fertilization to
the same degree as plant productivity, causing eventual accumulation of
a nutrient sink in undecomposed plant litter that may reduce subsequent
plant growth--a relationship under excessive fertilization reported by
other researchers as well (e.g., Schafer and Nielsen, 1978). Further,
some researchers have noted reductions in certain components of the
microbial community on disturbed lands, such as mycorrhizal fungi,
coincident with high levels of fertilization (e.g., Klein et al., 1984).

While water conservation practices applied during site preparation
may partially alleviate water deficiency, supplemental irrigation may
sometimes be an important cultural practice on semiarid to arid disturb-
ed lands in the West. Irrigation technology was reviewed by Ries and
Day (1978), who distinguished between sustained irrigation and temporary
irrigation for initial plant establishment. Sustained irrigation is
usually recommended only if necessary for soil modification (e.g., salt
leaching). Negative effects of over-long or heavy water application on
vegetation are possible, such as artificially high plant densities,
overly shallow root distribution or reduced diversity (DePuit et al.,
1982).

Supplemental irrigation may not always be feasible, and even if
feasible will always be an expensive cultural practice. Consequently,
its use should be contemplated only if anticipated benefits are
suficient to justify costs. Both sprinkler and drip irrigation methods
hav: been described and used on western disturbed lands (Ries and Day,
1678). Water harvesting or spreading comprise alternative means of
irrigation that may be feasible in situations where water availability
for conventional irrigation is low (Aldon and Springfield, 1977;
Ferraiuolo and Bokich, 1982). Although poor quality (e.g., salty) water
may sometimes have value for irrigation (Weiler, 1982, and others), such
water carries the risks of soil deterioration and direct retardation of
revegetation if improperly applied (e.g., Ferraiuolo and Bokich, 1982).

Temporary (one to two growing seasons) irrigation is often
essential for adequate initial plant establishment in especially arid
portions of the West (Aldon, 1978). Although usually not mandatory in
semiarid areas, irrigation nonetheless may be beneficial to revegetation
through increased reliability of plant establishment, enhanced growth,
improved fertilizer use efficiency and extension of seeding season.
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Studies in semiarid North Dakota (Ries et al., 1978) and Montana (DePuit
et al., 1982; Young and Rennick, 1982) demonstrated varied initial
responses to irrigation among species seeded, suggesting that irrigation
may be applied to manipulate species composition and to enhance
otherwise difficult to establish species. However, initial effects of
irrigation may not always persist (e.g., Doerr and Redente, 1983),
suggesting the major benefit of this cultural practice to be an
acceleration rather than a permanent modification of revegetation.

Management. Proper longer-term management following site prepara-
tion, plant introduction and establishment is essential for revegetation
success (Packer and Aldon, 1978); without it, benefits of even the
best-~applied initial technology may be lost. Broad goals of management
are to further accelerate and direct ecosystem and vegetation develop-
ment. Viewed in this context, management practices may be necessary to
protect (usually temporarily) sites from deleterious outside influences,
to correct any shortcomings of initial revegetation methods, and/or to
manipulate initially revegetated sites toward desired ultimate
conditions over time (DePuit, 1982).

Use of sites after initial revegetation should be minimized for a
sufficient period of time to allow development of plants and soils
capable of withstanding the impacts of use. Protection from excessive
herbivory and trampling effects of livestock has commonly been
recommended during early years of revegetation (Packer and Aldon, 1978;
Cook et al., 1974), and human impacts also must be controlled in certain
situations (Brown and Johnston, 1979). Livestock use may usually be
controlled by proper fencing and grazing management. Control of small
and large wild herbivores is usually more difficult, and may require
unusual management practices--such as application of chemical herbivore
repellants, specialized fencing or exclosure techniques, off-site
habitat improvements to relieve on-site herbivory, or introduction of
carnivores to control herbivores.

Various management practices are possible to correct persistent
revegetation problems or manipulate vegetation (and ecosystem) develop-
ment (Kleinman, 1983). For example, persistent weed infestations may be
treated by practices such as use of selective herbicides, prescribed
burning or mowing prior to seed set (Coenenburg, 1982). Partial
failures of initial revegetation, including poor establishment of
certain desired species, may be rectified by interseeding or interplant-
ing techniques (Brock, 1982). Reduction of excessive soil organic
matter accumulation, when such is a problem, may be accomplished by
haying or burning, while mowing may accelerate soil organic matter
accumulation if such is desired. These and other management practices,
if properly applied, may not only correct problems but also may direct
revegetation through effects on species composition and soils.,

Although initial protection from grazing often is necessary,
longer-term deferal may actually have negative effects on vegetation and
soils. Properly controlled grazing has been initiated on revegetated
disturbed lands in a number of cases in the West not only to demonstrate
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the capability of vegetation to withstand and support livestock, but
also to evaluate the role of grazing management in ecosystem recovery
(e.g., Jasmer et al., 1982; Hofmann et al., 1981l; DePuit and Coenenburg,
1978; Laycock and McGinnies, 1985; Schuman et al., 1984). As reviewed
by DePuit (1982), results of certain of these studies indicate that
varied and proper grazing programs may be used as management "tools" to
induce species compositional changes and influence diversity, to improve
vegetation vigor and productivity, and to accelerate soil development by
increasing litter incorporation, retarding excessive litter accumulation
and breaking up soil crusts.

THE FUTURE:
REMAINING NEEDS IN WESTERN REVEGETATION

As indicated by the above review, great progress has been made in
our theoretical understanding of western revegetation and the technolog-
ical application of such understanding. However, many shortcomings
still exist. Will Rogers once said that solutions have an exasperating
tendency to become new problems, a remark certainly relevant to the
current status of western revegetation. A recent workshop on western
reclamation research needs (Evans, 1982) well illustrated the breadth
and magnitude of remaining problems, and the need for maintained theo-
retical and technological evolution. The following paragraphs provide
some personal perceptions of current needs and future directions.

Our theoretical knowledge of western revegetation is still limited
by incomplete understanding of functional relationships duiing ecosystem
recovery, and how such relationships influence changes in reconstructed
ecosystems as they evolve over longer-periods of time. Related to this,
our understanding of the interactions among factors and processes
influencing ecosystem reconstruction is far from adequate. Conse-
quently, most current revegetation technology is still primarily based
upon research describing cause-effect relationships emperically, over
the short-term and in a non-holistic manmer. In short, while our
knowledge of what happens during ecosystem reconstruction is improving,
we usually have limited understanding of why or how phenomena occur, or
how long phenomena will be expressed. These shortcomings can be
resolved through long-term, ecosystem-level research on western
disturbed lands that emphasizes function (e.g., Redente et al., 1985),
and by conducting shorter-term, limited-scope research in a manner that
at least partially improves understanding of the functional
interrelationships involved in ecosystem recomstruction,

Many specific technological problems remain in western revegeta-
tion, including a number related to the edaphic and physiographic facets
of site preparation (e.g., Munshower, 1982; Williams et al., 1983). For
example, improved methods are still needed for stabilization of excep-
tionally erodable sites (steep slopes, drainages, etc.), as are
approaches for increasing topographic diversity on disturbed lands in a
hydrologically acceptable manner. Soil chemistry questions are still
manifold, such as proper evaluation of soil problems (e.g., acidity,
salts, trace elements) and development of mitigative measures that are
feasible and permanent; many of the soil improvement practices currently
available are often impractical or temporary in effectiveness. Despite
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the amount of past research, certain aspects of topsoiling require
further research, including thickness requirements for specific
vegetational conditions, appropriateness of multiple-lift procedures,
and feasibility of methods to promote edaphic diversity. Microbiologi-
cal relationships in revegetation and applied methods for their
manipulation are still very imperfectly understood.

Far more research is certainly warranted on a number of specific
aspects of plant materials and plant introduction/establishment
technology. Acquisition, evaluation and improvement of plant materials
for specific situations and purposes on western disturbed lands remain
important research areas. Further research on establishment require-
ments of "problem" species and applied methods to meet such requirements
is strongly needed. A critical remaining problem in revegetation
involves the proper design of species mixtures based upon synecological
factors (Power, 1978). Related to these concerns, more research is
necessary on the nature, value and feasibility of vegetation diversity
on disturbed lands, and on methods to foster such diversity (Laycock,
1980; DePuit, 1984).

It is essential that future research addresses the nature and
persistence of effects of initial revegetation practices over the long
term (Power, 1978; Munshower, 1982). Drawing conclusions on effective-
ness of varied site preparation, plant materials, plant introduction
methods and cultural practices from only short-term data is risky, to
say the least. Long-term research should include, if possible,
concurrent evaluation of management practices for revegetated lands.
Despite its recognized importance, management remains the least
researched and, consequently, least understood aspect of western revege-
tation technology. Kleinman (1983) described management scenarios and
a variety of management techniques developed elsewhere which potentially
could be employed to good effect on disturbed lands. It is important
that such techniques be implemented, evaluated and, if necessary, modi-
fied for use on disturbed lands.

A final problem area relates to perceptions and regulatory
evaluation of revegetation '"success", as evidenced by a plethora of
controversy in recent years (Redente et al., 1983; Sindelar and Murdock,
1985; Munshower and Fisher, 1984; Laycock, 1980; and others). The dif-
ficulties in achieving many current regulatory goals under the
ecological, temporal and technological constraints inherent to western
ecosystem reconstruction were discussed earlier in this paper. Hope~-
fully, perceptions, criteria and standards for determining revegetation
success will evolve concurrent with future advances in revegetation
theory and technology. ‘

CONCLUSIONS

Revegetation is a critically important part of the complex process
of ecosystem reconstruction on disturbed lands in the West. The theore-
tical and technological evolution of western revegetation has developed
exponentially over the past 50 years, roughly paralleling society's
concern over its impacts on the environment. Revegetation of disturbed
lands is now perceived as a major environmental responsibility, and
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considerable knowledge of the processes of revegetation and their
technological enhancement has accumulated.

Revegetation is presently recognized as a dynamic process directly
or indirectly interrelated to all other aspects of ecosystem reconstruc-
tion. Revegetation technology basically strives to accelerate and
direct this process, and must be soundly based upon theoretical under-
standing of ecological principles. The success of technology depends
upon propriety in site preparation, plant materials selection, plant
introduction and establishment practices, and subsequent longer-term
management. As reviewed, technology in most of these areas has improved
greatly in the West--particularly over the past 20 years.

Despite current progress, numerous general and specific problems
remain which must be addressed by properly directed research. Western
revegetation is still a relatively young field of basic and applied
science; further maturation can be expected only with continued emphasis
and support by the scientific and lay sectors of society. A recent and
unfortunate result of past progress, however, has been reduced emphasis
on further refinements of revegetation science. Unless reversed, this
trend will have major ramifications on resolution of remaining problems.
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MITIGATING THE VISUAL IMPACT CF MAJOR CONSTRUCTION
PROJECTS THROUGH COMPUTER SIMULATION

Kurt Culbertson
Design Workshop, Inc.
Aspen, Colorado

INTRODUCTION

For the last fourteen years, the "hows" of High
Altitude Revegetaticn has been discussed with an
emphasis on technical issues such as drainage, water
guality, plant selection and soil productivity. It is
probably worth a few moments, however, to examine some
of the very reasons for the conference itself, to ask
the question - why revegetate? A stated objective of
the conference is to "promote the understanding of
rehabilitation procedures and materials, and natural
resource values and potentials when fragile hLigh-
elevation ecosystems are to be modified by human
activities.,"”

More specifically, the issue of revegetation may
be important not only because of a technical need to
stabilize a ski slope or roadway embankment, but
because a revegetation plan or program is mandated by
some public approval process. A successful
revegetation program may be an important factor in
maintaining a favorable business climate and in
winning public support for a proposal.

VISUAL IMPACTS

A major element in the public's interest in
-revegetation is a major concern for visual quality.
This is particularly true in high altitude mountainous
environments which are extremely scenic, and when
disturbed are difficult to revegetate due to steep
slopes, poor soils, and arid climates.

Minimizing the negative impacts and maximizing the
potential of landscape modification can be dealt with
in two ways. At a minimum, revegetation efforts focus
upon recreating, to the greatest extent possible, the
pre-existing conditions. The primary emphasis here is
upon the establishment of indigenous plant material;
simply making the site green again. At its best,
revegetaticn experts utilize the condition of landscape
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modification to actually enhance the project by
creating wildlife and fish habitat, or perhaps even
art.

In the ideal situation, the revegetation expert
would work closely with the facilities operators and
planners to insure that proper conditions for plant
growth are provided, topsoil is stripped and
stockpiled, maintainable slopes provided and drainage
adequately addressed., As importantly, attention can be
given to create an aesthetically appealing scene by
shaping landforms, enhancing and preserving views, and
strategically placing plant material.

TRADITIONAL ILLUSTRATION TECHNIQUES

Critical to addressing this issue is the ability
to predict the final form of landscape modifications.
In order to do this, a means must be found to
accurately illustrate the proposed change or
development. One technique traditionally used is the
model. The three-dimensional quality of models is
extremely useful in providing a sense of the scale of a
facilities operation, contours can be easily
illustrated, and elements of the plan such as trucks
and plant material can be constructed in miniature.
Models, however, have limitations. For example, unless
you are extremely small, it is virtually impossible to
view the scene as if you were actually in the space.
Model scopes, periscope-like devices which allow the
viewer to see into a scene at proportional eye level,
are of value but are only of limited success. 1In
addition, because large facilities can at times be seen
from great distances, the ability to model the entire
affected area can be cost prohibitive.

In analyzing the impact of a proposed development,
it is usually necessary to view the development from
certain key points, such as frequently traveled
highways or mzjor public facilities. To accomplish
this objective, it is critical to know the viewers
position in relationship to the object such as a ski
slope, mine or utility corridor. Because a model
usually provides an aerial view, the exact location of
the viewer in space is unknown. Another visualization
technique is therefore necessary to address the
problem.
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Anyone who has tried their hand at drafting has
probably gone through the exercise of constructing a
perspective, By following a set of mathematical
procedures, a view can be created of an object from a
predetermined position and angle. In order to view the
object from a different position, one simply has to
repeat the process with a new set of variables. For
objects or scenes with discrete limits, such as a
building sited on a city block, this technique is very
useful.

Once the site expands to one of hundreds or
thousands of acres, has an irregular boundary, or
contains a great of deal of topography, the creation of
each view becomes enormously time consuming if not
practically impossible. Furthermore, the placement of
a structure or a cut and fill slope within the
perspective becomes extremely difficult to illustrate
with any degree of accuracy. The "artist
interpretation" and, in turn, the principal of artist
license becomes a factor,

Another technique, the photomontage, suffers from
similar accuracy problems. The degree of accuracy
inherent in the technique usually does not meet the
needs of the task. A public that finds that the
finished product does not resemble the artist rendering
quickly learns to mistrust such illustration
techniques. A landscape designer utilizing such
techniques may find that the finished procject only
remotely resembles the original design., It is because
of this very problem that landscape architects began to
search for a better way to visualize proposed
development,

INTRODUCTION OF COMPUTER ILLUSTRATIONS

Concerned with the visual impact of major
developments such as ski areas, utility installations
and mines on public lands, the United States Forest
Service in the early 1970's developed a computer
program called perspective plot. The program harnessed
the computing power of the machine to quickly perform
the mathematical exercises once performed in the
draftsman's head. Complicated perspective views could
thus be created with much greater speed, Furthermore,
by connecting the dots with a wire frame, some sense of
the shape of the land can be depicted.
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By previewing the proposed trail development,
designers could then make adjustments to their plans to
enhance the visual quality of the project., Tree lines
could be feathered, islands left in trails, or
landforms modified to create a more natural effect.

Perspective plot was clearly an important step in
providing accurate representations of major land form
modifications. Despite all its advantages, perspective
plot has several significant shortcomings. The first
is speed. In a world where time is money, a system
which requires several hours to generate an image is
very cumbersome. Secondly, perspective plot is not
interactive. One cannot effectively "preview" an image
before it is plotted and in turn, once a perspective is
generated, one must recycle throcugh the process if the
image is not the one you are after. Thirdly, these
systems use a series of stills to depict motion, thus
reducing the ability to analyze a project from the
user's viewpoint. In the case of a ski hill, this
would be the skiers perspective.

Advancements in recent years offer important
solutions to these problems. With the introduction of
the 32 bit computer, real time graphics became a
reality. Real time provides a continuous flow of
visual information, and in turn, speed. The computer
allows a user to quickly move from one viewing position
to the next, while at the same time following his
movement on the screen,

New computers also provide another advancement.
By removing hidden lines and the modeling of solid
forms, a more true to life picture can be created.

NEW COMPUTER TECHNOLOGY

Movie goers in recent years have been dazzled by
the special effects created by directors such as George
Lucas and Steven Spielberg in movies such as Star Wars,
Raiders of the Lost Ark and Tron. These are films that
stir the imagination and take us places we have never
been before. These films utilize the ultimate in
special effects are to create imaginary landscapes.
Many of these special effects are achieved through the
use of computer graphics to mathematically construct
images that are too complex and expensive to model
through conventional techniques, or to create



39

environments in locations too difficult to reach or
expensive to populate with a film crew {(such as ocuter
space).

These advancements have solved may of the
shortcomings found in perspective plots. This new
technology is often seen in traditional CADD systems to
model major urban developments and individual
structures, Different views can be chosen and
simulated more rapidly and various alternatives can be
examined,

The computers also solve the accuracy problem
inherent in artist sketches. Objects can be placed in
space with an accuracy of two decimal places. Thus,
one can predict the outcome of landform modification
with a high degree of accuracy.

The simulation of roadways, such as Vail Pass and
Glenwood Canyon, or utility corridors can also be
accomplished. As an example, a new interstate highway
interchange can be constructed with the computer to
analyze the impact of future plant schemes, grading and
retaining schemes, and then can be viewed from the
driver's level,

These advancements also solve an additional
problem. Unlike the world depicted in our models and
sketches, the world we live in is not static. While
some objects, such as mountains, stand still, others,
such as trucks, or more importantly people, move. If
the view of a proposed mining operation, ski area or
utility corridor from a highway is extremely important
to the local citizenry, it seems desirable to
illustrate that view as the driver of an automobile
might see it in motion. By developing a series of
sketches equal distances apart along a given path, and
then viewing these sketches at a given time interval,
the illustrator can create the sensation of motion.
This system works simply because distance divided by
time equals velocity or speed.

The introduction of time into a simulation might
also be used in another way. Lets assume for a moment
that the viewer stands still but the mine moves. Of
course the position of the mine horizontally does not
change, but what does change, however, is the
configuration of the operation. In the case of a mine,
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the alignment of conveyors and the position of crushing
or loadout equipment could change. Models and sketches
paint the view of a facility as static. The fact is
that the visual impact of a development changes over
time., A mining project will have one impact as a small
initial area is excavated, another as the limits of the
full excavation are reached, still another as plant
material is installed and begins to mature.

In an attempt to address the long term
implications of mining operations or ski areas,
sketches of the various phases of the development are
often included as part of the visual analysis found in
government zpproval applications. Sketches showing the
possible state of the project in five year intervals
are included. Such illustrations are useful but still
fall short of providing a sense of the dynamic quality
of the mining operation., Furthermore, because the
generation of multiple images can be time consuming and
costly, these series of sketches are often generated
assuming that the viewer occupies a static position.

As illustrated by the previous example of the view from
the road, this is clearly not the case.

CONCLUSION

The importance of predicting the extent and form
of landscape modification with an accurate illustration
is clear. Communicating a proposal to the public
and/or political entity requires the use of an
illustration to show intent. It is the accuracy of
these illustrations that builds a sense of trust and in
turn, a greater chance to achieve a consensus among
individuals,

With the use of a computer, the accuracy in
predicting visual alterations of a site are without
question, The computer allows a user to plot changes
or objects to a degree of accuracy of two decimal
places. Hence, the computer-generated sketch is
perceived as more accurate than the illustrator
constructed perspective.

In addition, new technology allows the accuracy of
the computer to be enhanced by the elements of time and
motion. This combination provides a powerful tool to
illustrate the future and create new importance for
high altitude revegetation.
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PASSIVE MINE DRAINAGE TREATMENT
USING ARTIFICIAL AND NATURAL WETLANDS

J. David Holm
Colorado Mined Land Reclamation Division
and
Thomas Elmore
Northwest Council of Governments

Introduction

Passive Mine Drainage Treatments (PMDT) Systems are designed to remove
metals from mine water and to neutralize mineral acidity using low cost
materials and construction techniques which do not require continual
electrical or chemical inputs or frequent maintenance operations. Such
systems have been developed in order to overcome the inherent
difficulties in addressing acid mine drainage problems. Most acid mine
drainage sources are in relatively remote areas with poor accessibility,
lack of electrical power and extreme winter weather conditions. PMDT
Systems must be designed on a site by site basis to compensate for
problems related to access, elevation, surface hydrology, concentrations
of specific pollutants and legal restrictions such as water rights, land
use restrictions, and property ownership considerations, !

The goal of PMDT systems is to focus "bio-geochemical" water treatment
mechanisms at or near the source of mine drainage, in order to accelerate
the pollution removal that would otherwise occur naturally, but over a
much longer reach of the receiving stream. PMDT systems provide
at-source treatment for Tleachates from mine waste and mine drainage.
Bio-geochemical treatment mechanisms include: bacterial oxidation and
reduction of metal cations and anions; metal removal through adsorption
or cation exchange using peat and other wetland substrates; plant uptake
of  pollutants; oxidation through  aeration and precipitation;
neutralization with alkalinity and precipitation; settling and
filtration. These mechanisms can be established in many ways depending
on the amenities and constraints of a particular site.

Applicability of PMDT Systems

PMDT Systems were devised to address situations where there is no clear
cut responsibility for the water pollution from inactive and abandoned
mines. Historically, it has been difficult to assign responsibility to
surface owners because of the high cost of water quality restoration work
and the small resultant land improvement benefits. Also, the ownership
of surface and mineral rights are often held by different parties in the
mining districts of the state. In many cases the water rights to a mine
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discharge have been severed from the mineral and surface estates. As a
result clean up work for many mine drainage pollution problems has been
left to 1local, state and federal agencies when funds have been
available. Since public funds for environmental clean up operations are
always limited, there 1is a need for low cost and low maintenance
treatment systems, which improve water quality without necessarily
providing complete poliution removal. PMDT Systems may also be
appropriate when 1legally and financially responsible parties can be
identified, and when beneficial uses can be restored to water resources
using this approach in concert with others, to achieve applicable
effluent and water quality standards.

Existing PMDT Systems in Colorado

The inspiration for developing PMDT Systems in Colorado was based on
observations of several natural mine drainage treatment systems. The
Shuster (Juniper) Mine near Oak Creek, Colorado, drains into a natural
bog and beaver pond system. This acidic mine drainage contains large
concentrations of iron and manganese along with significant
concentrations cadmium, lead and zinc. However, these elevated levels of
metals are not observed in Oak Creek which is the receiving stream. Mine
water is cascaded down the face of the exposed sandstone outcrop below
the mine adit which causes rapid oxygenation of the mine water. Beavers
in the area have constructed several ponds in an elaborate system of
canals and diversions below the mine adit. The net result is that the
heavily oxidized mine drainage filters through the bog-like beaver dams
and the effluent is gradually blended with stream water until it finally
joins the mainstem of Qak Creek. The impact of the mine water on Oak
Creek is insignificant.?

A second natural treatment system was observed below the Delaware Mine,
near Keystone above Dillon Reservoir. The drainage from the Delaware
Mine contains very high concentrations of copper, lead, zinc, iron,
manganese and cadmium. The effluent from the Delaware Mine is routed
into a small heavily sodded pond that was built long ago. The water
which seeps out of the pond impoundment contains lowered concentrations
of heavy metal pollutants. The pond and bog are responsible for settling
out and filtering the suspended solid metal fractions and much of the
dissolved metal appears to be absorbed onto the bog soil and organic
materials in the pond embankment.

The first actual PMDT System was installed in July of 1984, at the
Marshall No. 5 Coal Mine, near Boulder, Colorado. This was the prototype
system designed to test the concept of PMDT at a favorable site
(elevation 5500 ft) with low flows (6-12 gpm) of only moderate mine
drainage pollution. Three basic treatment facilities were incorporated
in the system: An artificial peat bog; a limestone filled drainage
channel; and several waterfalls. The artificial peat bog serves as an
organic ion exchange and filter medium for removal of heavy metals from
the mine drainage. The second stage of the treatment is a limestone
filled channel approximately 300 feet long. The limestone provides for



43

the neutralization of mineral acidity. The third component of the system
is a series of three small drop structures placed in the limestone
channel to provide aeration and carbon dioxide exsolution to drive the
neutralization reaction.

The second PMDT System designed and constructed in Colorado was at the
Thompson No. 2 Coal Mine located near Carbondale, Colorado. The Thompson
No. 2 PMDT System was constructed in early 1985. This system
incorporates the same basic components as the Marshall No. 5 PMDT
System. This system was designed to test the PMDT approach for low flows
(10-15 gpmg at a higher elevation (7300 ft) and for severe mine drainage
pollution,

The third PMDT System designed and constructed in Colorado was at the
Pennsylvania Mine. This mine is at an elevation of 11,000 ft, located
nearly adjacent to the Delaware Mine, described earlier. The
Pennsylvania Mine causes serious water quality degradation in Peru Creek,
which is a tributary feeding Dillon Reservoir (Denver's water supply).®

The system constructed at the Pennsylvania Mine is very different than
the the Marshall No. 5 and Thompson No. 2 PMDT systems. During the
initial site investigations, a 13 acre natural wetland was discovered
approximately 600 feet below the Pennsylvania Mine adit. This situation
presented a new possibility for treating mine drainage. In other areas,
natural wetlands perform mine drainage treatment functions with little
apparent adverse affect on the biological integrity of the wetland. The
near ideal location of the wetland and the opportunity to observe the
performance of a natural wetland for mine drainage treatment, favored
this approach at this site./” In addition, the large area of the
wetland offered the possibility of treating a much larger flow of mine
drainage than had been possible using the artificial peat bogs
constructed for the earlier PMDT Systems. The discharge from the mine
ranges from 30 to 100 gallons per minute containing very high
concentrations of heavy metals and acidity.

The system design involved a collection system, a conveyance pipe and a
leachfield system. The collection system intercepts the mine water
discharging from the Pennsylvania Mine adit. The conveyance system is a
buried 4" PVC pipe which delivers the mine water to the wetlands. A
Teachfield system was designed to allow exfiltration of mine water from a
perforated 4" PVC pipe into the wetland at a minimal rate of flow per
unit area.

General Design and Construction Considerations

The process of designing a passive treatment system is dictated by both
chemical and physical constraints. Understanding the chemical processes
involved in PMDT 1is vital to the design process. These chemical
processes determine the type and quantities of materials (peat, biomass,
limestone, aeration devices, etc..) necessary to achieve desirable
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treatment goals. Once the necessary chemical processes are known, they
must be adapted to the physical and the engineering constraints of the
site. The treatment system must be integrated in its location well
enough to function for long periods of time through extremes in weather,
flow and variations in water quality. The design process requires:

o site evaluation;

o detailed hydrologic investigations;

o selection of treatment materials and system components;

o appropriate siting of treatment structures;

o development of construction specifications and reclamation plans;
0 a system evaluation and monitoring plan.

Artificial bogs and wetlands are the cornerstone of PMDT. The sizing
requirements for bogs and artificial wetlands are based on laboratory and
field observations for cation change capacities and transmissivity
characteristics of peat and wetlands environments. Cation exchange
capacities for peat range from 100-400 meq/100 grams of peat (dry
weight).3 Rates of inflow must be held to less_than 1 gallon per
minute per 100-200 square foot of wetland area.10,11 Generally it is
desirable to place the ion exchange medium (i.e.. peat or wetlands)
upstream of a neutralization medium such as limestone. Removal of heavy
metals greatly reduces armoring of the limestone surfaces by metal oxides.

The plant species which are dominant in natural wetlands are often
adapted to the acid conditions and elevated heavy metal and salt
concentrations which are associated with acid mine drainage. Wetland
plant species and the organic peat substrate in bog areas remove metals
from acid water by adsorption or cation exchange, and filtration. The
wetlands also remove metals by plant uptake. Some wetland species are
able to concentrate high levels of metals above ambient conditions. In
addition, iron and manganese oxidizing bacteria are important in removing
metals from mine drainage. Iron and sulfur reducing bacteria may also be
involved.1?

Construction of wetlands requires careful attention: to geomorphic
considerations, vegetation requirements and hydrologic factors. The size
and shape of the artificial wetlands must accommodate the annual flow
regime of the mine drainage and yet be able to fit into the bottom land
area available. Bogs and wetlands must be located in flat locations. It
is desirable for the excavation to have an irregularly shaped shoreline
with variable depth. This configuration provides multiple vegetative
niches as well as a tortuous flow path for increasing residence time and
discharge control. The excavation should provide habitat for submergent
hydrophytes, floating hydrophytes, emergent rooted hydrophytes, and
mosses and shrubs.! Some provision for draining the wetland is
desirable.

Since the water level is the major factor influencing the development of
a wetland it is beneficial to install water handling devices which can
aid in the control of inflow and outflow from the bog system. A by-pass
system to route water around the wetlands is also desirable.
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Specific PMDT Design and Construction Considerations

The Marshall #5 PMDT system was constructed on a gently sloping surface.
The slope was reduced to approximately 20:1 h:v in order to reduce the
tendency for the mine water to channelize through the bog. A loose rock
dam was built to retain the peat in the artificial bog and to provide for
drainage. Mirafi Filter fabric was placed between the peat and the loose
rock to prevent clogging of the rock drain. Water handling devices were
designed to provide uniform inflow to the bog and the capability of
bypassing water around the system. Eventually, these devices were
disguised and buried in order to reduce tampering by vandals. The flow
bypass system was needed to prevent excess inflow to the bog. Flows
greater than 12 gpm simply washed across the bog surface with little or
no contact with the peat. Consequently, the limestone in the trench
below the bog became coated and was rendered useless on several
occasions. A “passive valve" was developed to bypass flows in excess of
12 gpm.

The Thompson #2 PMDT system was partially constructed on fill material.
A bentonite liner was placed below the peat in the bog area. This bog is
wider than the Marshall bog. An infiltration system consisting of buried
perforated PVC pipe was designed to insure uniform inflow of mine water
to the bog. This system is subject to very harsh winter operating
conditions. A number of wetlands species were introduced to the bog to
test their adaptability to the conditions in the PMDT system.

The Pennsylvania Mine PMDT is located in an extreme environment. The
entire system was placed underground to avoid freezing problems. The
conveyance system was buried beneath an avalanche chute in order to drop
the mine drainage 80' from the adit to the wetlands. Thrust blocks were
provided at each bend to minimize hydraulic ram effects on the pipeline.
A subsurface energy dissipator tank receives water from the conveyance
pipeline and delivers the drainage to the 1leachfield. The buried
exfiltration (mine water leachfield) system was insulated with outdoor
polystyrene to prevent freezing and ice damming. The mine water is split
into 5 sections, each 100' in length, to achieve a uniform wetting front
of 500' into the wet meadow.

Effectiveness of PMDT

The early results of the operation of the existing PMDT Systems have been
very encouraging. The Marshall No. 5 system efficiently removes iron and
neutralizes mineral acidity. Total iron concentrations are reduced by
99% through the system and consistent increases in pH from 5.1 (influent
to 7.4 effluent" have been observed.

It appears that the initial problems related to flow balancing which
beset the Thompson No. 2 PMDT System have now been. overcome and the
system is removing metals and acidity from the drainage. Current water
quality results are encouraging.
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The natural wetlands treatment system at the Pennsylvania Mine will not
be operational until this coming spring. The system was constructed in
late fall, 1985, but the onset of winter prevented completion of a series
of ground water monitoring wells, which will be installed and sampled
prior to discharging the mine water into the wetlands. This will permit
any changes in the wetlands to be related to water quality. Also, the
plants in the wetlands will be monitored and evaluated closely before and
after mine water is introduced. Given the large area of wetlands and the
smail discharge of mine water ( approximately 1 gallon per minute for
5,600 ft2 of wetlands) it s 1likely that high metal removal
efficiencies will be observed at this site.

PMDT Design and Construction Costs

Mine drainage treatment system costs are associated with design,
construction and operational expenses. Conventional treatment system
construction costs for a plant sized to treat flows in the range of the
existing PMDT systems were estimated at $150-200,000.00. Annual
maintenance costs of $18,000.00 were anticipated. Design work was
figured at 10% of construction costs.]

Design of the Marshall No. 5 PMDT System was accomplished for
$14,120.00. Construction costs at Marshall No. 5 PMDT were $17,535.00.
Higher than anticipated costs were incurred during construction of this
system because it was a "first attempt" and numerous field revisions of
the plans were needed. Annualized maintenance costs of $2,300.00 are
expected.

The Thompson No. 2 PMDT System was designed at a cost of $7,790.00 and
constructed at a cost of $17,170.00. Ongoing maintenance costs of
$3,900.00 per year are expected. Costs for building this system were
increased because construction took place in extremely cold winter
weather. Unprecedented high flows from the mine adit resulted in excess
inflow to the system and subsequent coating of the limestone in the
channel below the bog. A long delay for achieving treatment effects was
related to problems balancing flows through the system.!

The design cost for the Pennsylvania Mine Wetlands Treatment System
amounted to $10,500.00, Construction costs were $24,400.00. This
system, like the Marshall #5 PMDT was a prototype. Construction was
hampered by heavy snowfalls. Costs were increased because of the need to
accelerate construction to complete the project before the onset of
winter,

Every PMDT system will require maintenance work at some interval. The
frequency and intensity of required maintenance depends on the specific
constraints of a site which influence the design capabilities for each
system. Some provision for financing long term maintenance costs should
be included for each PMDT application.
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Regulatory Considerations

Construction of PMDT Systems requires careful consideration of applicable
permit requirements. In the eastern coal regions, regulatory agencies
often require that chemical treatment be available 1if needed to
suppiement wetland treatment since this approach 1is considered
experimental. N.P.D.E.S. discharge permits are routinely required for
systems constructed at active coal mines in the East. In Colorado,
N.P.D.E.S. discharge permits have not been required for the existing
treatment systems. These systems were allowed to be constructed by the
State, at inactive mines, in order to evaluate the feasibility of the
PMDT approach.

Section 404 (PL 92-500) dredge and fill permits may also be required for
construction work in bottom lands in order to enhance or develop wetlands
for mine drainage treatment. A 404 permit was not required for the
particular work done at the Pennsylvania Mine. An effort is currently
underway through the Northwest Council of Governments, to propose an
appropriate and comprehensive regulatory framework for future PMDT
applications.

Conclusion

Treatment of acid mine drainage using artificial and natural wetlands
appears to be a promising new approach to a longstanding and serious
environmental problem. The early results from the three existing systems
in Colorado indicate that this approach is effective and inexpensive
reletive to conventional mine drainage treatment system design,
construction and operation. Many wetlands type systems have been
installed in the last year and a half in the states of Pennsylvania,
Ohio, West Virginia, and Alabama. Most of these systems are removing
iron very effectively. _Manganese removal has been accomplished with
somewhat mixed success.’® Many other metals are being handied by
artificial bogs and wetlands, as well.

There is no long term monitoring data yet available for the PMDT approach
but the amount of performance data is increasing rapidly with each
passing year. Further research is needed on: microbial mechanisms for
metal remaval; development of wetlands plant materials specifically
adapted to acid mine drainage conditions; plant uptake of heavy metals;
financing mechanisms for 1long term maintenance costs; and, flexible
_regulatory approaches to allow further PMDT development work to proceed.
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IDENTIFICATION AND HANDLING OF1

ACID MATERIALS

David Y. Boon2

INTRODUCTION

Acid producing materials have been identified with
active and abandoned coal, uranium, bentonite and various
sulfide ore mines throughout the western United States.
Extensive research has shown that acid production results
from the oxidation of chalcophilic minerals such as pyrite,
marcasite, galena, sphalerite, arsenopyrite and
chalcopyrite.

Regardless of whether acid production occurs with coal,
uranium, bentonite, or various sulfide ore deposits proper
site characterization is critical for identifying acid
zones. If adequate site characterization is disregarded or
conducted sporadically the results are often costly
reclamation failures. Proper site characterization is
essential if reclamation is to be a long term success,

The most commonly used methods for mitigating acid
spoils involves liming to neutralize the acidity or
selective placement. Numerous methods are frequently used
to measure the lime requirement of acid mine spoils. Lime
requirements based on many of these methods are subject to
error and often result in reclamation failures. The most
common method of selective placement involves burial of acid
materials above the post-reclamation water table and below
the surface four feet.

IDENTIFYING ACID MATERIALS

Most, if not all, State and Federal regulations
concerned with surface mining require the identification and
handling or proper treatment of acid materials. Regardless
of the regulation, the objectives are to identify toxic

1 Paper presented at the Seventh High Altitude
Revegetation Workshop; Fort Collins, Colorado; March 6-7,
1986,

2 Soil Scientist; Wyoming Department of Environmental
Quality -~ Land Quality Division, 122 West 25th Street,
Cheyenne, Wyoming 82002
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and/or acid forming materials so mineral extraction can
occur without damage to the surface root zone, groundwater,
or surface water.

Occurrences

Acid producing materials have been identified with
coal, uranium, bentonite, and various sulfide ore mines
throughout the United States. Many of these sites involve
minor areas of disturbance (less than 5 acres) while others
may cover extensive areas (greater than 1000 acres) and
contain acid spoils and mine tailings.

Coal

Highly carbonaceous materials (rider coal, partings,
roof and floor shales) have been attributed with producing
acidity upon oxidation. Carbonaceous materials often
contain greater concentrations of pyrite than associated
coal and non-carbonaceous shales (Hinkley et al., 1978;
Miller et al., 1976). Sulfide minerals occur in
significantly higher concentrations in the finer grained
sedimentary rocks associated with coals such as roof shales,
partings, and floor shales (Arora et al., 1980; Valkovic,
1983; Boon and Smith, 1985).

The simultaneous oxidation of pyritic iron and sulfur
can be summarized as:

4FeS, + 150, + 14H,0 =——= 830,2" + 16H" + 4Fe(0H), (1)

2 2 2 4

If the pH of the system drops below 4.0 and the microbial
population of Thiobacillus ferroxidans is active then an
accelerated rate of oxidation can occur by the following
reaction:

3+ 2+

+ 8H20 =——= 15Fe
Although pyrite is the dominant sulfide mineral in coal and
carbonaceous materials other chalcophilic minerals have been
identified including: marcasite, sphalerite, galena,
chalcopyrite and arsenopyrite (Finkelman, 1981; Valkovic,
1983; Dreher et al., 1985). It should be mentioned that a
wide variety of textural materials other than carbonaceous
shales are capable of producing acidity in the western
United States (Fisher and Munshower, 1984)., Table 1
demonstrates acid production from both pyritic sandstones
(A) and carbonaceous shales (B).

FeS, + l4Fe + 23042‘ + 168V (2)
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Table 1

Acid Coal Mine Spoils
Powder River Basin and
Hanna Basin, Wyoming

Site A B
pH 2.8 3.8
ABP -0.3 -21.3
20C 3.9 12,2
804—8 mg/1 3024 2600
ABP = acid base potential in tons of calcium carbonate/1000
" tons of material.
#Z0C = percent organic carbon.
Uranium

The distribution of pyrite, marcasite, and arsenopyrite
in various uranium roll-front deposits throughout the
western United States and Canada has been extensively
described (Goldhaber and Reynolds, 1979; Reynolds and
Goldhaber, 1983). Pyrite concentrations greater than 20%
(200,000 ppm) have been reported for the Gas Hills uranium
district of Wyoming along with arsenic concentrations
exceeding 10,000 ppm (Harshman, 1974), A large portion of
the pyrite in the deposits is associated with arsenic as
arsenopyrite. The large concentration ,0f reactive sulfides
has resulted in extreme surface acidification (Table 2).

Bentonite

Approximately 75 million years ago the Black Hills
region of Wyoming was covered by a shallow sea. Volcanic
eruptions to the west deposited vast quantities of siliceous
ash into the sea. The volcanic ash settled to the sea floor
where it was chemically altered into bentonite (Davis,
1965). Since bentonite deposits are of marine environments
of high S content they can contain appreciably more pyrite
than freshwater deposits (Berner, 1984).
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Table 2

Reclaimed Uranium Spoils
Gas Hills, Wyoming

Sample depth (ft) pH ABP
CWw 0-1 2.0 -69.3
1-2 NA NA
2-3 6.1 -38.1
3+ 7.2 -67.8
CB 0-1 2.2 -16.5
1-2 NA NA
2-3 7.3 -150.7

NA = not analyzed

Abandoned bentonite spoils in Wyoming can contain pH
values ranging from above 9 to values below 4.0 (Smith,
1984)., Acidification resulting in pH values less than 4.0
are not common in bentonite spoils due to the large
absorption capacity of the clay materials. Lower pH values
could occur in sandstone materials associated with some
bentonite deposits (Newcastle sandstone). Table 3
demonstrates the tremendous chemical variability of
bentonite spoils. Bentonite spoils offer unique reclamation
challenges since they may be generic, acidic, saline-sodic,
or acid-saline-sodic.

Sulfide ore deposits

Acid production from sulfide ore deposits has occurred
throughout the western United States. In Wyoming, a large
portion of the sulfide ores are associated with copper-iron-
zinc mineralization. During 1899-1908, Wyoming was among
the leading copper producers in the United States. One of
the major sulfide minerals occurring in Wyoming copper
deposits is chalcopyrite. The oxidation reaction of
chalcopyrite is given by the following equation:

, + 106,0 ==1850,%" + 4cu’® + sn* (3)
+ 4Fe(OH)3

4CuFeS, + 170

2
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Chalcopyrite oxidation has contributed to acid production at
several abandoned mine land sites in Wyoming. The results
of chalcopyrite oxidation are typified by low pH and high
concentrations of water soluble copper and sulfate-sulfur as
demonstrated by Table 4.

Table 3

Range of Chemical Properties
Abandoned Bentonite Spoils
AML Project 11-2
Crook County, Wyoming

Site ID pH ABP SAR ESP
65A 3.7-5.2 -10 to -1 10.4-22.1 6.84-12,7
SP3
65B 3.9-6.7 -10 to 49 10,9-23.9 7.98-18.4
SP2
66A 6.3-7.8 -17 to -3 16.1-24.3 13.5-24.,1
SP1
61E 5,7-8.3 -3 to +3 22.3-28.9 20.7-47.2
SP1
Table 4

t

Laboratory Analysis of Spoil ‘Material
AML Site 4-2

Sample ID pH Al* Cu¥* 804*
1 @ surface 3.6 840 6330 18,300
1@ 12" 3.7 4.6 86.0 430
1 @ 24" 4.3 0.2 17.2 76
2@ 12" 4.1 0.4 17.1 263
2 @ 24" 3.6 6.0 25.1 714

* mg/l in saturation extract
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Site Characterization

Proper site characterization is essential regardless
of whether acid production occurs with coal, uranium,
bentonite, or various sulfide ore deposits. If adequate
site characterization is disregarded or conducted
sporadically the results are often costly reclamation
failures., Proper site characterization is essential if
reclamation is to be a long term success.

Pre-mining

Overburden characterization prior to mining is best
accomplished through a two phase drilling program (Dollhopf
et al., 1981; WDEQ, 1984). The initial sampling program
(Phase I) should include a drill hole intensity of 4-8 holes
per 640 acres. The exact intensity will depend on the
variability of the overburden material. Holes should be
relatively evenly spaced with at least two holes cored.
Each lithologic unit should be analyzed with composite
sampling of the same lithology not to exceed 10 feet with
cores or 5 foot interval with chip samples. Phase II
sampling is a progressive sampling scheme and consists of
utilizing developmental and exploratory drilling to further
delineate unsuitable zones discovered during Phase I.

The ability to characterize unsuitable overburden with
drill holes 600 to 1500 meters apart has an accuracy of only
45-60% (Dollhopf et al., 1981). The low probability of
accurately identifying all unsuitable material based on a
drill hole intensity of 4 holes per section may result in
toxic and/or acid materials being unknowingly placed either
in future groundwater zones or within. the surface four feet
(root zone). To obtain an accuracy of approximately 90%
would require a drilling intensity of approximately 100-200
foot centers. Sampling the overburden in a two phase
program provides a compromise between accuracy and increased
cost.

Once acid or potentially acidic zones have been
identified and mapped, they can be handled or treated to
prevent surface acidification and groundwater degradation.

Abandoned Mine Lands

Site characterization of abandoned mine lands differs
significantly from a pre-mining program. Abandoned mine
land sites can be extremely heterogeneous making adequate
characterization a difficult task. Reclamation efforts
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which include massive grading as the first project task
should be avoided or delayed until a thorough classification
of spoil type can be obtained. Massive regrading may expose
material with more potential acidity than the surface
weathered mantle.

The first step in conducting a pre-reclamation site
characterization should always include a determination of
the intended post-reclamation land use. The second step
involves identifying the existing vegetation and correlating
the vegetation with the spoil chemical properties. The
third step involves a detailed spoil sampling program which
adequately characterizes both the physical and chemical
properties of the exposed spoil and topsoil if present. The
physical analysis should at least include a particle size
analysis. The chemical properties warrant a detailed
investigation including: a measure of all forms of acidity
(solution, exchangeable, and potential), electrical
conductivity, trace metals (Fe, Al, Mn, Cu, etc.), macro and
micro nutrients, SAR-ESP relationships and any other
analyses required on a site specific basis (As, Mo, and Se
for uranium). From the information obtained in the first
three steps a spoil chemical map can be constructed for the
site. This will allow for specific regrading patterns to
salvage available topsoil, avoid existing vegetation,
preserve weathered non-acid spoil, and reduce the chances of
exposing large quantities of potentially acidic material.

By capitalizing on existing vegetation and previously
weathered spoil materials, preservation and enhancement
rather than grading and covering can be the basis for cost-
effective reclamation of problem spoils.

Once regrading has been completed all regraded areas
should be sampled through a regrading spoil sampling
program. This sampling should be on 100-200 foot centers to
a depth of 4 feet with samples taken from 0-12", 12-24", and
24-48"., The samples should be analyzed for those parameters
shown to be unsuitable during the initial spoil
characterization program. The final steps involve
amendments or burial of extremely acid materials.

Measuring Acidity

Three approaches are frequently used in measuring the
acidity for determining lime requirements of acid mine
spoils: 1) measurement of the spoil pH in a saturated paste
or salt solution; 2) measurement of the pH of a buffer-spoil
system; and 3) determination of the total potential acidity.
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Thomas (1967) noted that three pH ranges are
informative: a pH less than 4 indicates the presence of
free acids generally from oxidation of sulfides; a pH of
less than 5.5 suggests the likely occurrence of exchangeable
aluminum; and a pH from 7.8 to 8.2 indicates the presence of
calcium carbonate. Lime requirements based on pH values
will result in reclamation failures if the spoil material
contains unreacted sulfides.

Lime requirements based on buffer methods have been
extensively reviewed (McLean, 1982; Adams, 1984). These
methods are better for estimating current liming
requirements since a buffer method measures both solution
and exchangeable acidity (Barnhisel et al., 1982). However,
lime requirements based on buffer methods are also subject
to error and reclamation failures may result if unreactive
sulfides are present.

An excellent assessment of the methodologies for iron
sulfide determinations in coal mine spoils has been
published (Dacey and Colbourn, 1979). A number of problems
exist if lime requirements are based on pyrite
determinations utilizing a nitric acid digestion procedure
(Boon and Smith, 1985). First, the hydrochloric acid
predigestion step can remove iron sulfates which hydrolyze
water and produce additional acidity (Caruccio et al.,
1981). 1In addition, hydrochloric acid removes acid volatile
sulfides. Finally, pyritic sulfur determinations based on
nitric digests will underestimate the total potential
acidity of spoil material if other chalcophilic minerals are
present.

The traditional method utilized for predicting the
maximum acid potential in geological materials is defined as
acid-base accounting (Smith et al., 1974). Two alternative
procedures are outlined for determining the acid potential:
a wet chemistry method (peroxide oxidation) and a high
temperature induction furnace method. A recent modification
of the peroxide oxidation procedure has resulted in
increased reproducibility (O'Shay, 1982). However, problems
associated with the peroxide method has resulted in the
recommendation of the furnace procedure (WDEQ, 1984). The
acid potential determined from the furnace method is
balanced against any neutralization potential and the result
is expressed in tons of calcium carbonate per thousand tons
of material. This value is commonly called the acid-base
potential (ABP). Although this method measures the maximum
potential acidity it neglects to include acidity from
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solution and exchangeable sources. All forms of acidity
(solution, exchangeable and potential) must be accurately
measured and summed for predicting the total lime
requirement of acid mine spoils.

HANDLING ACID MATERIALS

The most commonly utilized methods for mitigating acid
materials include neutralization reactions (liming) and
selective placement to eliminate surface acidification and
groundwater contamination.

Liming

The purpose of liming is to raise the pH to an
acceptable level. Field liming reaction rates vary with pH,
lime particle size, and solubility of the liming agent. As
mentioned earlier, if lime requirements are based on pH
measurements or buffer systems the total lime requirement
will be underestimated if unreactive sulfides are present.
To maintain adequate pH values over an extended time period
Akin (1966) and Ebelhar (1977) recommend that the lime
requirement based on buffer solutions or potential acidity
be doubled. Sorenson et al. (1980) recommended that the
total lime requirement consists of the summation from all
forms of acidity (solution, exchangeable, and potential).

Lime requirements are difficult to make for spoils that
contain carbonates. The problem is due to the uncertainty
of the particle size distribution of the natural carbonates.
Native carbonates usually occur as large particles which are
inefficient in neutralizing acidity generated by the
oxidation of sulfides (Barnhisel, et al., 1982). Large lime
particles can become coated with iron oxides during the
neutralization reaction. Carbonates coated with iron oxides
will be effectively eliminated from neutralizing any acid
which is produced in the replaced spoil (Caruccio and
Geidel, 1981). Carbonates are often occluded within a shell
of geothite in the oxidized zone in lignite overburden from
Texas (Dixon et al., 1982). Carbonates coated with iron
oxides have been reported for sandstone spoils in Kentucky
(Barnhisel et al., 1982) and Wyoming coal and uranium
overburden and spoils (Boon and Smith, 1985).

The adequate mixing of lime is a serious limitation in
reclaiming acid mine spoils. Under the most optimum
conditions depths of only 15 to 20 cm may be obtained
(Barnhisel et al., 1982). Mitigation of acid spoils with
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lime may only be a temporary solution since most plants
require rooting depths of more than 15 to 20 cm and upward
acidification may occur. Two alternative solutions for
liming acid spoils when cover material is not available
include liming the acid materials in 1lifts or application of
high liming rates into cable trenches for the establishment
of trees.

The Montana Abandoned Mine Land program has recently
utilized a layering or sandwich approach to liming acid
materials when insufficient cover material is available
(Hagener, 1985). A layer of approximately 1 foot of acid
material is overlaid by an adequate amount of lime to
neutralize the underlying material. The lime is then
incorporated into the acid material. Additional layers of
acid material and lime are added with subsequent mixing
until an adequate root zone is established.

The adequate l1iming of extremely acid material can be
very difficult if not impossible to achieve. One approach
to deep (>25") lime amendment utilizes a tractor-drawn cable
trencher to prepare a 3-5" wide furrow without major
disturbance of spoil profile. Lime is directly applied into
the criss-cross cable trench pattern. This technique can
provide deep rooting sites which support tree seedling
survival at an 807 level compared to an adjacent untrenched
site which suffered over 707 mortality (Nawrot and Yaich,
1984).

In areas of high precipitation, the applied lime may be
leached from the surface horizon. Geidel (1979) has shown
that infiltrating soil water quickly becomes saturated with
respect to lime whereas the soil water system is continually
undersaturated with respect to sulfides. In a replaced
spoil situation it is quite possible to effectively leach
all the lime from the surface materials and leave behind
significant amounts of sulfides in an oxidizing environment.
In the long term, this process could produce significant pH
drops in the surface materials and create an unsuitable
reclaimed surface. This process would be significantly
reduced in the arid west but may be a major factor in higher
precipitation areas common to many of the high altitude
situations,.

Selective Placement

The most common method of selective placement involves
burial of acid materials above the post-reclamation water
table and below the surface four feet. Four feet of non-
acid spoil is recommended over acidic or potentially acidic
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spoil due to the upward movement of acid from the spoil.
Barth and Martin (1984) demonstrated that acidification of
topsoil placed over acid mine spoils can occur in arid
portions of the western United States. Five years after
plot construction acidification extended a maximum of 10 cm
into the overlying soil and pH values had decreased up to
1.8 units. A so0il depth of approximately 100 cm was
necessary over acid spoils to achieve a grass production
comparable to undisturbed rangelands.

If four feet of cover material is not available a
combination of liming and cover can be utilized to produce
an adequate root zone. When soil covering is necessary in
combination with liming it is imperative that adequate
neutralization of subsurface spoil is achieved to prevent
upward acidification into the cover material.

A second alternative to selective placement may involve
pneumatic transport of acid mine waste within dry abandoned
underground mine workings. This technique has been utilized
for disposal of large quantities of acid materials when no
other alternatives were available (Hagener, 1985).

The burial of acid producing materials within a
saturated zone should theoretically produce a pH of 6-8 for
the saturated material (Ponnamperuma, 1972). Perhaps the
best example of reclamation of acid mine spoils by
saturation involves the Mandy Mine tailings (Hamilton and
Fraser, 1978). Thirty two years after burial under a
shallow lake the highly pyritic tailings (15.4%Z) remained
unoxidized and the outlet water pH was 7.7. The ore
material consisted of 207%Z copper as chalcopyrite. The
outlet water contained only 0.02 mg/l copper and 21.7 mg/1l
sulfate demonstrating no acidification. Another example
involves the burial of acid uranium mill tailings in the
Elliot Lake District of Ontario (Cherry et al., 1980). The
upper unsaturated zone was extremely acidic (pH 1-3) while
the saturated zone exhibited pH values above 6. Nawrot and
Yaich (1982) found that saturated acid coal mine slurry
material in southern Illinois prevented pyrite oxidation.

The burial of acid materials within a saturated zone is
a risky undertaking if a detailed hydrogeological
understanding of the site is not known. If oxygen contacts
the submerged material either through decreased water levels
or air being purged through unsaturated spoil pore spaces,
acid mine drainage or acid seeps may result.

Pyrites have been tested for several agricultural
purposes in the past, mainly as an acidifier to improve soil
structure of sodic soils (Smith, 1930; McGeorge and
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Breazeale, 1955; Vlek and Lindsay, 1978). In addition,
pyrite mine tailings have been used as a source of iron in
calcareous, iron-deficient soils (Banath, 1969; Fuller and
Lanspa, 1975; Banath and Holland, 1976; Barrau and Berg,
1977; Vlek and Lindsay, 1977). These are very site specific
methods and require the close proximity of acid mine
tailings and sodic or iron deficient soils.

SUMMARY

Acid material and potentially acidic materials have
been identified with most segments of the mining industry.
These segments include coal, bentonite, uranium, and various
sulfide ore mines. Although acid production is most
commonly associated with pyrite, a variety of other
chalcophilic minerals (galena, sphalerite, arsenopyrite, and
chalcopyrite) can produce acidity upon oxidation.

Adequate site characterization is essential if
reclamation is to be a long term success, Overburden
characterization prior to mining is best accomplished
through a two phase drilling program. The initial sampling
program (Phase I) should include a drill hole intensity of
4-8 holes per 640 acres. Phase II sampling is a progressive
sampling scheme and consists of utilizing developmental and
exploratory drilling to further delineate unsuitable zones
discovered during Phase I. Once acid or potentially acidic
zones have been identified and mapped, they can be handled
or treated to prevent surface acidification and groundwater
degradation,

Abandoned mine land sites can be extremely
heterogeneous making adequate characterization a difficult
task. Reclamation efforts which include massive regrading
as the first project task should be avoided or delayed until
a thorough classification of spoil type can be obtained.
Massive regrading may expose material with more potential
acidity than the surface weathered mantle. Proper site
characterization of abandoned mine lands involves
development of vegetation, topsoil and spoil chemical maps
of the site. This will allow for specific regrading
patterns to salvage available topsoil, avoid existing
vegetation, preserve weathered non-acid spoil, and reduce
the chances of exposing large quantities of potentially
acidic materials. By capitalizing on existing vegetation
and previously weathered spoil materials preservation and
enhancement rather than grading and covering can be the
basis for cost-effective reclamation of problem spoils.
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Three approaches are used for determining the lime
requirement of acid mine spoil. These include measuring the
spoil pH, measuring the pH of a buffer-spoil system, and
measuring the total potential acidity. All forms of acidity
(solution, exchangeable, and potential) must be accurately
measured and summed for predicting the total lime
requirement of acid mine spoils.

The most commonly utilized methods for mitigating acid
materials include liming and selective placement.
Neutralizing acidity through liming may only be a temporary
solution due to difficulties of adequate incorporation,
coating of carbonates with iron oxides, leaching of
carbonates from the surface horizon or inadequate
predictions of the lime requirement. The preferable method
for selective placement involves burial of acid materials
above the post-reclamation water table and below the surface
four feet. However, acid materials have been adequately
reclaimed by flooding in a number of wetland areas. The
burial of acid materials within a saturated zone is a risky
undertaking and requires detailed hydrogeological
understanding of the site.

With proper pre-reclamation planning and adequate site
characterization even the most acidic of sites can be
reclaimed and returned to a productive land use.
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INTRODUCTION

The Colony Shale 0il Project site is located in the Piceance
Basin 1in northwestern Colorado. It is approximately 45 miles
northeast of Grand Junction and approximately 12 miles north of the
town of Parachute, The Colony site varies in elevation from
approximately 5800 to 8400 feet. Mean annual precipitation is 12-14
inches, which occurs mostly in the form of snowfall.

Since 1981, Exxon has been engaged 1in reclamation and
stabilization of approximatley 1100 acres of disturbed land at the
Colony site. This work is being conducted in accordance with the
terms of Colony's permit with the Colorado Mined Land Reclamation
pivision (MLRD). The permit requires reclamation of areas in which
construction and mining activities are complete, in order to return
these lands to their approved post-mining use. In other disturbed
areas which remain active, the permit requires stabilization by
various means to protect the environment while the wmining or
development activity is in progress. The reclamation and
stabilization program makes extensive use of revegetation to satisfy
the requirements of the MLRD permit.

Most of the disturbed areas were seeded in the Fall of 1982 and
Spring of 1983. 1In July 1983, the High Altitude Summer Tour visited
the Colony site. At that time, most of the reclaimed and stabilized
areas were in their first growing season. The purpose of this paper
is to present the results of revegetation evaluation studies that
have been conducted on the site during the 1984 and 1985 growing
seasons.

RECLAMATION TECHNIQUES

The reclamation designs for the disturbed areas on the Colony
Site consist of several different programs: 1) establishment of
grasses and forbs, 2) establishment of shrubs and 3) establishment of
rare plant species.
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Establishment of Grasses and Forbs. Most of the disturbed areas
have been reclaimed using relatively standard techniques. Drill
seeding was used on all areas where the topography was not too
severe. Steep slopes were hydroseeded or broadcast seeded by hand or
using a helicopter. When possible, areas were seeded in the Fall,
but Spring seedings have also been used when it was not possible to
complete the work in the Fall. All areas were fertilized at the time
of seeding with 400 1lbs/acre of 18-46-0 fertilizer. The areas were
fertilized at the beginning of the first and second growing seasons
using 300 1lbs/acre of 34-0-0 fertilizer. These applications were
broadcast using either a tractor or a helicopter. After seeding,
most reclaimed areas were mulched with a hay mulch at a rate of 4000
lbs/acre. On areas seeded in 1985, hay from certified seed fields
was used in an attempt to reduce establishment of undesirable grasses
or weeds which may be present in the mulch. Many steep slopes were
hydromulched with 2000 1lbs/acre of wood fiber mulch. Most areas have
been seeded with a seed mix consisting of native and introduced
grasses. The primary mix consists of streambank wheatgrass, western
wheatgrass, mountain brome, pubescent wheatgrass, green needlegrass,
Great Basin wildrye, cicer milkvetch, tufted hairgrass, and big
bluegrass. On some areas Indian ricegrass has been included. The
mix also includes winterfat, however, direct seeding of shrubs has
not been successful on the reclaimed sites. Seeding rates have been
between 15 and 20 pounds of pure live seed per acre. Hyroseeding and
broadcasting rates have been 2-3 times greater than the drill seeding
rates.

Shrub Establishment. Re-establishment of shrubs on reclaimed
areas has been approached in four ways: 1) inclusion of seed with
grass seed mix, 2) broadcast seeding along with forb seeds prior to
seeding grasses, 3) seeding in small cleared gardens, and 4) planting
tubeling stock derived from seed collected on site.

Inclusion with Grass Seed Mix. With this approach shrub seeds
are planted at the same time as the grass seed. Winterfat, big
sagebrush, and antelope bitterbrush have been seeded in this manner.

Broadcast Seeding Prior to Seeding Grasses. This approach was
tried at the beginning of the 1985 growing season in attempt to give
the shrubs a head start for establishment prior to seeding the
perennial grasses. The shrubs were broadcast seeded in the Spring;
the grasses were hand broadcast seeded in the Fall.

Seeding in Cleared Gardens. This approach has been used on
approximately 60 acres of reclaimed areas. With this approach, small
areas (4 feet by 4 feet) are cleared using a combination of herbicide
(Round-up) and physical tilling with a hoedad. Once the area has
been cleared and tilled, small amounts of shrub seed are spread on
the surface and then covered with soil. Each "garden" is planted
with only one species. Seven species have been planted in this
manner: antelope bitterbrush, mountain mahogany, Gambel's oak,
mountain snowberry, serviceberry, wood's rose, and rubber
rabbitbrush. Approximately 8000-10,000 gardens were planted in this
manner in the Fall of 1984. The planting was done by Mountain West
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Environments, Inc. of Steamboat Springs.

Planting Tubeling Stock. This approach has been wused on
approximately 60 acres of reclaimed areas. Seeds of shrub species
were collected from the Colony site by NPI, Inc. in the late Summer
and Fall of 1984, and were taken to Salt Lake City where they were
planted, innoculated with vescicular-arbuscular mycorrhizae and
allowed to develop. These tubelings were then planted on site in
October, 1985. No evaluations of these plantings have been conducted
yet, however, the success of this approach will be evaluated over the
next several growing seasons.

Planting Rare Species. Two rare plant species occur on the
Colony Project site : sedge fescue (Festuca dasyclada) and Barneby
columbine (Aquilegia barnebyi). Populations of these species were
disturbed as part of the construction activities at Colony. In order
to mitigate these losses, these rare species have been planted in
suitable habitats on reclaimed sites. The materials for use in this
planting program were propagated by the Environmental Plant Center in
Meeker from seeds collected from various places in the Piceance Basin
including the Colony Site. 1In 1985, 600 plants of Barneby columbine
were planted around seeps and waterfalls, and 1500 individuals of
sedge fescue were planted on rocky slopes and other exposed reclaimed
sites. The success of this planting program will be evaluated during
the 1986 growing season.

EVALUATION PROGRAM

Beginning in 1984 a revegetation evaluation program was
initiated on the Colony site. The program consisted of obtaining
cover and production data from selected reclaimed areas as well as
obtaining comparable data from the native vegetation types that
characterize the site. 1In all, 18 reclaimed areas or combinations of
areas and 4 native vegetation types were sampled in 1984 and 1985.
Cover data were collected using a quadrat method in which cover was
visually estimated. Production data were collected using a harvest
method. All grasses, forbs, and low-growing shrubs were clipped.
Larger shrubs and trees were not clipped.

RESULTS AND DISCUSSION

Establishment of Grasses and Forbs. After three growing
seasons, all of the reclaimed areas that were drill seeded or
hydroseeded have equalled or exceeded production of native vegetation
types (Table 1). It should be emphasized that the production values
for the mixed mountain shrublands and aspen woodlands do not include
values for trees or large shrubs. If these values were available,
the biomass production in the mixed mountain shrublands would be
greater than the values for the big sagebrush shrublands, and the
aspen woodlands would have the highest production values of all
types. Production in native vegetation types ranged from 64-208
grams per square meter in 1984 and from 82-209 grams per square meter
in 1985. Production in reclaimed areas ranged from 110-360 grams per
square meter in 1984 and from 138-407 grams per square meter in 1985.




Table 1. Mean total vegetation cover, mean total production, mean number of species per square
meter and total number of species observed for native vegetation types and reclaimed
areas on the Colony Project site. 1984 and 1985 data.

Total Vegetation Total Production Mean No. Of Total Number
Areas Cover (%) (g/8q. m) Species/sq. m of Observed
1984 1985 1984 1985 1984 1985 Species

Native Vegetation Types

Big Sagebrush Shrublands 40 33 208 176 10.8 12.0 94

Mixed Mountain Shrublands 52 42 183 209 14.6 12.0 83

Indian Ricegrass Communities 14 10 80 82 8.6 9.4 55

Aspen Woodlands 21 28 64 87 12.2 14.0 59
Reclaimed Roadsides

Area 3 26 18 175 238 8.2 6.6 61

Area 19A 23 23 110 163 6.8 5.3 45

Area 11 24 25 124 270 8.5 8.0 44

Area 13 34 17 227 138 8.1 7.4 37

Area 19D 25 29 144 140 8.7 7.0 40

Areas 11, 13, 19D Combined . 28 24 167 181 8.4 7.6 64

Area 8 - 8 - - - 5.8 41
Reclaimed Roads

Area 8A 35 24 278 184 9.9 9.4 50
Conveyor and Pipeline Routes

Area 16B 34 23 208 140 8.8 9.1 66

Area 17B 48 22 234 233 11.7 9.8 54

Area 17C 40 24 335 150 13.0 10.1 58

Area 18B 45 38 360 407 10.3 8.0 44

Area 17B, 17C, 18D Combined 44 27 312 252 11.8 9.4 84
Topsoil Stockpiles

Area 12 "34 26 219 291 7.9 9.6 60

Area 14 40 31 226 223 10.8 8.8 55
Other Areas

Area 5 31 15 300 193 8.3 6.6 59

Helicopter Seeded Slope 8 - 31 - 5.8 - 34

Base of Davis Gulch Falls 13 14 - - 7.6 8.1 61

69
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The high production values in the reclaimed areas may well be related
to the amounts of fertilizer that have been applied. Current plans
call for no more fertilizer to be applied to the reclaimed areas.
With no additional fertilizer, it is likely that total production
will stabilize at a lower level.

The results from the cover studies (Table 1) parallel those
obtained with the production studies. Cover values for the native
vegetation types tend to be somewhat higher than the cover values for
reclaimed areas. Total vegetation cover in native areas ranged from
14-52 percent in 1984 and from 10-42 percent in 1985. On reclaimed
areas, cover values ranged from 23-48 percent in 1984 and from 15-38
percent in 1985. The higher values in the native vegetation types
relate to the more complex structure associated with these
communities. The reclaimed areas tend to have only a single stratum
of plants (herb layer). The native shrublands on the other hand have
several strata within each type. 1In addition to the herb layer, the
shrublands have a low shrub layer as well as a tall shrub layer.
This greater complexity of vegetation structure increases the amount
of overlap of plants and also increases the total amount of coverage
by plants.

Species diversity on the reclaimed areas tends to be somewhat
less than that for the native vegetation types (Table 1). For the
native vegetation types the total number of observed species ranged
from 55-94 species. For reclaimed areas the number of observed
species ranged from 37-84 species. For native types the mean number
of species per square meter ranged from 8.6-14.6 in 1984 and from
9.4-14.0 in 1985. On reclaimed areas these values ranged from
6.8-13.0 in 1984 and from 5.3-10.1 in 1985. In general, the
reclaimed areas have fewer total species and fewer species per square
meter than the native area do. The species composition is also
different. Native vegetation types tend to have a greater number of
native perennial forbs than the reclaimed areas. Conversely, the
reclaimed areas tend to have more annual forb and introduced
perennial forbs than the native areas. Also, because of the nature
of the seed mixes and mulches, the reclaimed areas tend to have more
introduced grass species than the native vegetation types.

The major differences between the native vegetation types and
the reclaimed areas occur in the way in which cover and production
are distributed among the various 1life form groups. In the native
vegetation types, introduced perennial grasses account for only a
small percentage of the total cover (Table 2). On reclaimed areas,
introduced perennial grasses account for more than 70 percent of the
total cover. Also the cover attributable to all grasses is much
higher on the reclaimed areas. It is interesting to note that on 63
percent of the reclaimed areas the leading dominant species came from
seed present in the mulch rather than from the seed mix. The most
successful of the mulch species was timothy which occurred as the
dominant on eight of the reclaimed areas. Other successful mulch
species included orchard grass and smooth brome.

In the native big sagebrush and mixed mountain shrublands, most



Table 2. Percent of total cover attributable to cool season native perennial grasses and
introduced perennial grasses in native vegetation types and reclaimed areas on the
Colony Project site. 1984 and 1985 data.

Percent of Total Cover Percent of Total Cover
Attributable to Native Attributable to Introduced
Perennial Grasses ‘ Perennial Grasses
1984 1985 1984 1985

Native Vegetation Types

Big Sagebrush Shrublands 9.6 14.8 5.3 5.5

Mixed Mountain Shrublands 12.7 16.4 2.3 3.7

Indian Ricegrass Communities 43.2 37.5 0.0 0.9

Aspen Woodlands 39.1 29.0 0.8 0.3
Reclaimed Roadsides

Area 3 28.0 -13.5 56.0 78.7

Area 19A 15.9 3.9 73.3 90.9

Area 11 18.5 6.0 69.1 72.3

Area 13 27.1 12.3 67.5 77.7

Area 19D 27.6 14.0 49.8 76.2

Areas 11, 13, 19D Combined 25.0 11.3 62.3 75.0

Area 8 : ) - 44 .6 - 45.2
Reclaimed Roads

Area 8A 28.7 18.9 66.2 66.7
Conveyor and Pipeline Routes

Area 16B - 19.1 11.7 71.7 75.8

Area 17B 12.2 16.4 17.0 75.8

Area 17C ’ 20.4 9.5 62.3 79.0

Area 18B 32.4 12.1 63.6 74.9

Areas 17B, 17C, 18B Combined: 21.3 12.3 48 .4 67.3
Topsoil Stockpiles

Area 12 14.0 20.4 33.1 69.6

Area 14 7.9 8.1 69.7 76.4
Other Areas

Area S5 39.6 16.1 56.7 79.4

Helicopter Seeded Slope 58.4 - 35.2 -

Base of Davis Gulch Falls 56 .6 34.5 18.6 55.2
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of the total production is attributable to shrub species (Table 3).
Grasses account for 20-35 percent of the total production. In the
Indian ricegrass communtities and the understory of aspen woodlands
grasses are more abundant and account for 45-70 percent of the total
production. On reclaimed areas, introduced perennial grasses account
for approximately 80 percent of the total production. Most of the
remaining production is attributable to native perennial grasses.

These results are consistent with what would be expected in
early stage of secondary succession 1in shrubland vegetation types.
It will take a number of years before shrubs become well enough
established to assume the dominant roles that they currently play in
the native shrubland types. 1In the interim, the perennial grasses
provide adequate cover to protect the soils from eroding and also
provide herbaceous biomass for grazing species.

Shrub Establishment. The purpose of the shrub establishment
program is to enhance the process of secondary succession and shorten
the time required for shrubs to attain dominance on the reclaimed
areas. Most of the disturbance that has occurred on the Colony site
has been in the big sagebrush shrubland and mixed mountain shrubland
vegetation types. To date, the vegetation on the reclaimed areas has
reached a stage in which grasses occur as dominants. By planting
shrubs in these areas, the length of time required to develop
shrublands on these sites will be decreased.

The success of the shrub garden seeding program was evaluated
after one growing season. Of the species that were seeded, the best
results were obtained with antelope bitterbrush, mountain snowberry,
and Gambel's oak. Seedlings of these species were found in
approximately 50 percent of the plots in which they were planted.
Mean seedling density for these species was 4.3, 6.1 and 1.4
seedlings per plot, respectively. Intermediate success was obtained
with woods rose and serviceberry which occurred in approximately 30
percent of the plots in which they were planted. Mountain mahogany
occurred in about 20 percent of the plots in which it was planted.
The only species that was not observed in any of the planted plots
was rubber rabbitbrush. It is possible that the seeds that were
planted were no longer viable. Overall, seedlings were observed in
approximately 36 percent of the plots that were evaluated, and the
mean number of seedlings per plot was 2.3. Based on the number of
plots per acre, the mean seedling density translates to approximately
400 shrub seedlings per acre which is within the desired range of
density for the reclaimed areas.

One of the problems with the shrub seedling establishment during
1985 was that the reclaimed areas were grazed by cattle. When the
plots were planted in the Fall of 1984, approximately 10 percent of
the plots were marked with metal stakes. During the 1985 growing
season, the cattle wused these stakes as rubbing posts and
consequently many of the seedlings were trampled.

Seedling establishment was least successful on steep
south-facing slopes. Apparently these slopes were too dry and hot



Table 3. Percent of total biomass contributed by cool seasaon perennial grasses (CSPG),
introduced perennial grasses (INPG), and shrubs in native vegetation types and on
reclaimed areas on the Colony Project site. 1984 and 1985 data.

Percent of Total Biomass Percent of Total Biomass
1984 1985
CSPG INPG Shrubs CSPG INPG Shrubs

Native Vegetation Types

Big Sagebrush Shrublands 13.6 5.9 68.0 24.5 7.9 55.2

Mixed Mountain Shrublands 20.5 4.7 50.6 24.9 4.6 55.2

Indian Ricegrass Communities 52.9 0.0 1.6 44.8 0.7 9.2

Aspen Woodlands 66.1 0.2 15.7 44 .4 0.1 22.7
Reclaimed Roadsides

Area 3 25.4 67.9 - 7.9 83.8 -

Area 19A 27.3 65.5 - 3.8 91.3 -

Area 11 18.5 75.8 - 6.9 85.9 -

Area 13 28.8 68.4 - 14.8 83.9 -

Area 19D 28.4 59.9 - 23.3 76.7 -

Areas 11, 13, 19D Combined 26.4 67.5 = - 13.2 83.1 -
Reclaimed Roads

Area 8A v 31.2 67 .5 - 21.5 73.4 -
Conveyor and Pipeline Routes

Area 16B 15.6 78.7 - 13.4 83.5 -

Area 17B - 17.6 37.0 - 21.0 55.7 -

Area 17C . 17.6 73.5 - 11.7 84.0 -

Area 18B 20.0 78.2 - 19.0 76.3 -

Areas 17B, 17C, 18D Combined 19.0 66.3 - 17.9 72.8 -
Topsoil Stockpiles .

Area 12 _ 17 .4 41.5 - 20.4 77.1 -

Area 14 1109 80.1 - 11-1 79-8 -

Other Areas
ArEa 5 26.2 7304 - ].2-7 8507 -
Helicopter Seeded Slope 54.6 43.2 - - -

€L
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for the seedlings to survive. Seedling survival was also low on
areas with dark, fine textured soils that occurred in full sun.
While these soils apparently had excellent nutrient characteristics,
the dark color may have caused the temperature to exceed the range of
tolerance for the seedlings.

Some of the reclaimed areas show a considerable amount of native
shrub invasion. This is especially true on long narrow parcels of
reclaimed lands. Numerous big sagebrush seedlings have become
established in some of the reclaimed pipeline routes. Gambel's oak
and mountain snowberry have also spread into the reclaimed areas,
however these appear to have become established as root sprouts
rather than as seedlings.

Rare Plant Species. Preliminary results suggest that the
planting program for the rare plant specles was initially successful.
Some of the Barneby's columbine plants were eaten by grazers;
possibly insects or small rodents. The sedge fescue transplants,
were apparently doing well at least up until the time of snowfall.
The success of this program will be evaluated more fully during the
1986 growing season.

SUMMARY

In general, the overall revegetation programs at the Colony
Project site have been successful, Almost all of the reclaimed areas
have cover and production values that are comparable to the native
vegetation types that occur on the site. Species diversity on the
reclaimed areas is not as great as in the native areas, and the
species composition is somewhat different. The major differences
between the reclaimed areas and the native vegetation is that the
reclaimed areas have greater percentages of perennial grasses, while
the native areas tend to have more shrubs and forbs. The combination
of the shrub planting program and native invasion by shrubs will tend
to make the reclaimed areas more similar to the native vegetation
types as time progresses. '
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RECONSTRUCTION OF A POND, SPRING AND CREEK SYSTEM
FOR FISH AND WILDLIFE ENHANCEMENT

Dale E. Miller
INTER-FLUVE, Inc.
408 N. Bozeman
Bozeman, Montana 59715

ABSTRACT

A large-scale fish and wildlife habitat enhancement program in southwestern Montana was
designed and implemented to improve the recreational potential of a riparian environment.
The paper addresses the factors involved in the evaluation, design and reconstruction of a
complex pond and spring creek system. In particular, the constraints of an existing irrigation
system required special considerations in both design and construction. Enhancement involved
deepening several ponds, constructing spawning streams to connect these ponds and the
complete reconstruction of over 1200 meters of stream channel. The problems encountered,
and their eventual solutions, are discussed. The principal goals were to create ideal habitat
for rainbow trout (Salmo gairdneri ) and brown trout (Salmo ftrutta ), and to improve
waterfowl habitat.

NTRODUCTION

Reconstruction of fish and wildlife habitat has long been undertaken by state and federal
agencies in an attempt to improve these resources on public lands (U.S.D.C. Bureau of
Fisheries, 1935; U.S.D.A. Forest Service, 1936, 1952). Depending on the method of
application and the complexity of the system, early results were mixed between success and
failure (for example, Hunter, et.al., 1940; Ehlers, 1956). In the past, enhancement methods
were derived primarily from a biological perspective, with very little attention given to the
physical processes at work within streams. More recently, land managers have worked with
teams of specialists who combine their understanding of the many variables affecting the
creation and utilization of fish habitat in river systems (Keller, 1976; Tourbier and
Westmacott, 1981; Milhous, 1982). With these advances, reclamation has been utilized
successfully in mitigation for a variety of developments (for a review, see Wydoski and Duff,
1982). Furthermore, recognition of the economic benefits of enhancement (i.e., improved
recreational and aesthetic values) has led to the implementation of certain private-sector
developments focused around enhancement (O'Brien, 1985).

In this respect, the Big Spring Creek Project is a private-sector undertaking focused on the
recreational benefits of habitat improvement. The enhancement techniques utilized in this
case do not rely on placement of discrete habitat improvement structures, but rather, on the

application of physical principles to create and maintain fluvial features (c.f. Koonce and
Urbani, 1983).
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PROJECT SITE

The Big Spring Creek system arises within the 100-year floodplain of a major river in
southwestern Montana.” The site is 1.5 kilometers in length. The aquatic system can be
divided into three different reaches, which include: 1) a series of small springs that combine
to form an inlet stream; 2) a group of four shallow and interconnected ponds; and 3) Big
Spring Creek, which flows out of the lowermost pond and eventually discharges into the river.
Two irrigation diversions are associated with the Big Spring Creek system. The first, located
near the upper end of the Inlet Stream, brings water from another stream to irrigate land
north of the project site. Unused water is diverted back into the spring creek system. The
second diversion is parallel to Big Spring Creek; water is diverted from the lowermost pond to
irrigate land to the south. Refer to Figure 1 for the relative location of these features.

BACKGROUND

The principal goal in reconstructing the Big Spring Creek system was to enhance the fish and
wildlife resources, thereby improving the recreational potential of the property. Prior to
reconstruction, the system supported limited wildlife populations. Wild geese and other birds
utilized the open water during the winter. Moose used the upper portion of the system as
winter range, where thick willows undamaged by cattle offered food and cover. The ponds were
of limited depth and offered liitle fish habitat.

Many years of poor grazing practices (i.e., cattle allowed unlimited access throughout the
system) had left the stream channel with degraded banks, extreme sedimentation and a lack of
fish habitat. In many locations, the stream consisted of shallow, multiple channels.
Compounding matters, the springs were used as a source for irrigation water during late May,
all of June, July and August, thereby reducing flows during the warm summer months.

One goal for the reconstruction of the pond and spring creek system was to enhance the fishery
resource. Another goal for the reconstructed system was to provide a diversity of challenging
angling water. The landowners requested that, at a minimum, the enhanced stream be on the
order of 8 meters in width to offer sufficient surface area for fly casting. Instream habitat
was to be created to facilitate the establishment of a naturally sustaining resident trout
population. The ponds were to be reconstructed to provide fish habitat as well as waterfowl
habitat. Finally, additional species of vegetation (native to the region) were to be introduced
to increase the diversity of riparian habiat.

* The landowners have graciously allowed us to use the following information, with the
request that the specific location of the project not be identified in order to preserve their
privacy -- and the quality of the resource.
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FEASIBILITY STUDY

A feasibility study was conducted in March of 1985 to evaluate the potentials for enhancement.
Water rights, water quality, fish population dynamics, aquatic invertebrate community
diversity, hydrology, surface topography and present and future land use were investigated.

Following discussions with the landowner, it was decided that land use would be adjusted; cattie
would be grazed on only certain portions of the property and hay production would be reduced
somewhat. Therefore, only a limited amount of water would be withdrawn from the spring
creek system for irrigation. Sufficient water rights for the property existed so that additional
water could be diverted into the system between April 1 and October 1. This additional water
was instrumental in the creation of a wider, more fishable stream.

Water quality data indicated no factors which might potentially limit trout production, other
than water temperatures slightly colder than ideal for maximum growth rates.

Electrofishing sampling results showed a sizable population of brook trout (Salvelinus
frontinalis ) [1520 per kilometer] and a smaller population of brown (Salmo trutta ) [432
per kilometer] and rainbow trout (Salmo gairdneri ) [392 per kilometer]. Few large fish
were sampled, whereas numerous fish in the under-15 centimeter size classes were observed.
This population structure was reflective of the existing channel conditions, i.e., low to
moderate slope; extensive deposits of fine-grained sediment; poor pool development; and a
large quantity of instream organic debris. The presence of brown trout (a desirable species
for sport fishing) was considered very favorable, since sections of the adjacent river
supported very few browns. Enhancement would focus, in part, on providing optimal brown
trout habitat.

Evaluation of the macroinvertebrate community indicated a moderately stressed environment,
a result of extensive silt deposition in the stream. For example, two midge species and a
filter-feeding caddistly accounted for 51% of the fauna; furthermore, true flies (Dipterans)
and caddisflies (Trichoptera) accounted for 84% of the number of bugs and 83% of the total
biomass.

Discharge measurements of the spring creek showed low flow during March to be about 0.12
cubic meters per second (4 cubic feet per second). High flow during the summer months, due
to aquifer recharge through irrigation return, amounted to about 0.5 cubic meters per second
(18 cubic feet per second).

Topographic surveys, in addition to the above information, indicated the feasibility of creating
a Stilling Basin at the head of the system, from which a single stream would fiow into the
uppermost pond. This Stilling Basin would prevent sediment from entering the system
proper. The two larger ponds could be deepened, and a spawning stream created between these
ponds by filling the two smaller ponds. Finally, it was determined that the total
reconstruction of the spring creek system was feasible, despite a number of logistical
problems. The major obstacle for construction was the soft, wet ground which prevented
heavy equipment access along the entire length of the system. In order to excavate the ponds
and stream channel, as well as place gravels and cobbles in the stream, temporary haul roads
would need to be constructed. One idea was to use material excavated from the ponds to create
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access roads, thereby minimizing the amount of fill required.
DESIGNPROCESS

Reconstruction measures were applied to the three distinct reaches of the Big Spring Creek
system. To review, these reaches include: 1) the springs and Inlet Stream; 2) the group of
four interconnected ponds; and, 3) Big Spring Creek proper. Two diversions are associated
with the Big Spring Creek system. The first diversion, located near the uppermost spring of
the Inlet Stream, is considered part of the first reach. The second diversion, parallel to Big
Spring Creek proper, is considered part of the third reach. Table 1 summarizes the
pre-enhancement conditions and post-construction goals for each of these reaches.

Springs and Inlet Stream

Determination of the Stilling Basin location was based on the orientation of the diversion and .
shape of adjacent topography. A kidney shape was utilized to create a circular flow pattern in
the pond, which would encourage sediment deposition. Consequently, specific locations for the
Diversion Inlet, the headgates for the Diversion Outlet, and the Inlet Stream were chosen in
order to further reduce rates of sediment transport. It was also hoped that excavation of a
basin might stimulate spring flow activity, and thereby, increase available flow.

The rough plan of the Inlet Stream was meandered between the Stilling Basin and the existing
inlet to the upper pond to simulate natural conditions. A longitudinal profile of the ground
surface in the proposed location of the Inlet Stream provided both an indication of the available
slope and the difference in elevation between the channel bed and the ground surface. Combined
with knowledge of the range in flows expected to be supplimented through irrigation water (up
to 2.5 cubic meters per second, or10 cubic feet per second), proper channel morphology could
be determined. Elements in the design of the Inlet Stream included: 1) channel elevation; 2)
channel length; 3) cross-sectional areas at different discharges; 4) channel stability; and, 5)
creation of the proper flow conditions for spawning. Existing vegetation was also incorporated
into the design to provide habitat and bank stability.

The Pond System

The two larger ponds offered the most potential for enhancement due to their size and shoreline
morphology. Original water levels would be preserved to protect riparian vegetation.
Excavation depths would vary between 4 and 6 meters to provide a substantial increase in
usable area. Submerged trout habitat would be created with large trees and logs, anchored to
boulders with steel cable, and then placed in the pond bottoms as excavation proceeded.

The two smaller ponds would be filled, and a spawning and rearing stream constructed in their
place. This stream would follow an old pond margin to utilize exisitng vegetation. The
difference in water surface elevation between the two ponds dictated the average grade of the
channel. Actual pool and riffle locations were dependent on channel meanders and adjacent

topography.

Big Spring Creek

A preliminary longitudinal profile of the stream bed and the corresponding stream bank gave
an indication of the existing bed slope and the potential for raising water to an optimal level
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TABLE 1. Beginning at the upstream end of the project and proceeding downstream, the
following is a simplified description of the existing conditions before enhancement
and the desired conditions after construction.

fore Condition

After Conditions

The Inlet Stream

Partially functional diversion and headgate
providing irrigation water to north property
and overflow to the Big Spring Creek system.

A series of springs, with a large percentage
of water as subsurface flow through peat bog.

The final portion consists of a defined stream,

though lacking in habitat.

Improved diversion leads into a 12 meter
diameter Stilling Basin (average 2.7
meters in depth). Two adjustable head-
gates allow separate or simultaneous
diversion of water toward the north
property or the Inlet Stream.

A single channel (from Stilling Basin to
upper existing pond, 100 meters in
length) providing both increased
conveyance of water (for periods of water
suppliment) and spawning habitat.

Ponds

Group of four interconnected ponds--2 larger
ponds (0.3 hectares each) and 2 smaller ponds
(0.05 hectares each). All shallow (0.5 meter
in depth), with water maintained at relatively
constant levels by well established beaver

The two larger ponds deepened to 4 meters,
the original shorelines and water surface
elevations maintianed. The 2 smaller ponds
filled and landscaped similar to
immediately adjacent landforms. A stream

dams. (100 meters in length) connecting the
large upper and lower ponds; pools and
riffles incorporated to provide spawning
habitat for pond-dwelling trout.
Big Spring Creek Proper

Naturally meandering channel, 1200 meters
in length, bordered by willows. Numerous
locations where braiding and multiple channels
separate flow. Average width, 5 meters.

Little variation in water depth, average

0.3 meter with no areas deeper than 0.6
meter. No distinct pool-riffle formations.
Almost the entire length of channel covered
with fine silt and sand to a depth of as much

as 0.5 meter.

Single meandering channel, partially lined
by willows. Average width, 9 meters.
Pronounced pool-riffle sequences with
water depth varying 0.2 to 2.5 meters.
Submerged logs and rocks incorporated
into the channel provide instream cover.
Gravels in riffles and runs provide
spawning habitat.
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relative to the stream bank. Major breaks in slope were identified so that changes might be
made during rough excavation. In order to provide diversity, the average channel grades
(which varied from one end of the system to the other) were maintained. The existing spring
creek channel was used as a basis for the new, enlarged channel. Where possible, meander
patterns were preserved given the slight changes in angle required of a wider channel.

Following initial excavation of the channel, a second profile was surveyed. Flow
characteristics for various channel sections, such as width, depth and velocity, were estimated
through a series of hydraulic programs. The first program, based on the Manning roughness
coefficient, discharge and cross-sectional coordinates, computes water surface elevation,
cross-sectional area, wetted perimeter and average flow velocity. Selected sections were then
checked with another program that computes critical values of various hydraulic parameters.
Once typical cross-sections were delineated, the stability of these sections was checked by
using a well-known tractive force procedure (Lane, 1955). The results were used to
determine the morphology and elevation of riffle and run features relative to adjusted
conditions. Standardized profile and cross-section maps were constructed to be used as
guidelines during the next construction phase.

In order to replicate natural conditions, the bed morphology was manipulated to create
rhythmic pool-riffile sequences. Natural streams create and maintain pools and riffles in
accordance with the amount of water and sediment supplied to them. They do not rely on the
existence of artificial structures to create these features. Instead, natural streams tend to
create shear zones, within which energy is expended over a relatively discrete area. The
result is a self-maintaining, stable and aesthetically pleasing stream. Thus, in order to create
the best possible habitat, shear zones were created through excavation and fill. Figure 2is a
schematic representation of the morphometric components of a shear zone.

Although the dominant species in the system was brook trout, it was decided to develop habitat
more suited to rainbow and brown trout. Where feasible, channel morphology was designed to
provide the range of depths and velocities preferred by these fish (Bovee, 1978). In addition,
spawning gravels screened for placement were slightly larger (2 to 3.8 centimeters on the
intermediate axis) and more suited to rainbow and brown rather than brook trout.

CONSTRLCTIONSEQUENCE

Construction commenced in May, 1985 and continued into 1986; certain work has yet to be
completed at the time this paper was written. All construction was supervised and coordinated
by personnel from INTER-FLUVE, Inc. The activities in the construction phase are outlined in
Table 2. Refer to Figure 3 for an illustration of the temporary access road locations relative
to the Stilling Basin, Inlet Stream and ponds.

A rather complicated construction sequence was needed to build 1.5 kilometers of access road
from material excavated from the bottom of two ponds located midway in the system. Thus,
partial excavation of the ponds began first, with the construction of roads occurring at the
same time. Because the road was actually within the ponds, the upper pond excavation could not
occur until the Inlet Stream was entirely completed. Similarly, the lower pond could not be
excavated until the connecting stream was completed. Once the access road was completed,
work on Big Spring Creek could occur concurrently with pond excavation.
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TABLE 2. Generalized events in construction phase. Although not always indicated, some
activities occurred simultaneously and others sequentially.

Pre-Excavation
-Install filter screen and fabric assembly at confluence of spring creek and

river; maintain as necessary.

A Road cti

-Fill portion of lower diversion to create access road to lowermost pond.

-Place culvert at outflow of pond; continue with access road.

-Excavate pond material: unsuitable road material transported and stockpiled
for later use as topsoil, suitable road material used to construct road
within north edge of lower pond.

-Concurrently, excavate and construct road along southern edge of lower pond
in similar manner; place culvert midway to accommodate springflow.

-Continue road construction through 2 smaller ponds.

-Continue construction of 1 road through middie of upper pond; place culvert
midway to accommodate springflow.

-Terminate southern road at junction with upper pond; allow water to flow
parallel to southern edge of this road.

-Excavate southern road within lower pond as final excavation of this portion
of the pond; transport road material to along the spring creek and grade
as access road.

-Construct access road along north edge of proposed Inlet Stream; utilize
geotextile fabric and dry fill from off-site.

Ini ream and Stilling Basin Construction

-Excavate Stilling Basin; transport and stockpile material for later use as
topsoil.

-Excavate rough channel between Basin and upper pond with elevations below
design grade.

-Line channel with geotextile fabric; place sub-base of cobble.

-Install headgates in Basin, leading to Inlet Stream and upper diversion.

-Raise channel to grade with gravel and cobbles; introduce water and adjust
riffle elevations.

-Situate cobbles and boulders to provide habitat and direct flow.

-Remove access road adjacent to Inlet Stream; transport material for use as
road along spring creek.

-Grade and landscape area adjacent to Stilling Basin and Inlet Stream,
completing all construction in this area.

Upper Pond Excavation '

-Excavate road within middle of upper pond and all area within pond margins
as final excavation of this pond; transport material as fill between upper
and lower ponds.

-As excavation proceeds, submerge trees and log masses anchored to large
boulders as fish habitat.

-Raise elevation of upper pond outlet with cobbles to create desired pond
water surface elevation, completing all construction in this area.
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TABLE 2 (Continued) Generalized events in construction phase.

nnecting Stream Con: |

~Form rough connecting channel between upper and lower ponds.

-Raise channel to rough grade with fill.

-Adjust final grade with gravel and cobbles; introduce water and adjust riffle
elevations.

-Situate.logs, cobbles and boulders to provide habitat and direct flow.

-Grade filled area between ponds; transport and grade topsoil, completing
construction in this area.

Lower Pond Excavation

-Excavate road along northern edge of upper pond and all remaining area
within pond margins as final excavation of this pond; transport material
for use as road along spring creek.

-As excavation proceeds, submerge trees and log masses anchored to large
boulders as fish habitat.

-Raise elevation of lower pond outlet with cobbles to create desired pond
water surface elevation, completing all construction in this area.

ring Creek Constructi

-Excavate rough channel (equipment within channel) to design width and to
depth of old river cobble; place material on access road for later
removal.

-Push any material remaining in channel into piles for removal (equipment
within channel); excavate (equipment on road) and transport to disposal
site.

-Progressing downstream, dig pools and construct riffles with excavated
material (equipment within channel) according to meander pattern.
-Place Iggs and boulders at select locations in channel (from road) to create

habitat.

-Place cobbles and gravels at riffles in channel (using crane/hopper/
conveyor system from road) to create spawning habitat.

-Introduce water and adjust riffle elevations, adjust bar dimensions, and
complete fine-tuning of habitat.

Miscellaneous

-Place culvert in upper section of diversion off lower pond; construct
headgates; fill and landscape. ‘

-Grade all remaining access roads; transport topsoil and landscape.

-Construct wooden bridge across Big Spring Creek.

-Plant area with native trees, shrubs and grasses.
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CONSTRUCTIONFIGURESANDCOSTS

Although much of the project occurred simultaneously, records dept for each piece of heavy
equipment allowed a quantitative evaluation of separate portions of the work. At various
times, different heavy equipment used on the project included: 4 tracked excavators, 5 dozers,
5 front-end loaders, 6 tandem-whesled dumptrucks, a road grader, a gas-powered screening
plant, a track-mounted crane and a custom-built hopper/conveyor system for placing gravels
and cobbles in the stream. A careful record-keeping system accounted for all equipment time
expended and quantity of work accomplished. This system was particularly useful for
reviewing the rate of work for dumptrucks (loads of material per hour) and backhoes
(distance per hour).

Material removed from the upper and lower ponds totalled 5200 and 6500 cubic meters in
volume, respectively. Heavy equipment costs (exclusive of design and construction
supervision fees) totalled $5.35 and $6.09 per cubic meter removed for the upper and lower .
ponds, respectively.

Construction of a connecting spawning stream in the former location of the two smaller ponds
required extensive road building, filling and finish work. Heavy equipment costs for this
work amounted to roughly $100 per meter of stream. However, due to the associated work
involved, a cost-per-length reference does not necessarily yield a valid comparative figure.
Equipment costs associated with construction of the Stilling Basin, the Inlet Stream and the
upper portion of the access road could not be delineated separately.

Reconstruction of Big Spring Creek proper involved extensive excavation and subsequent
placement of gravel, cobble, boulders and logs. Extensive landscaping and revegetative
plantings were also required. Since some work remains to be completed at the time this paper
was written, exact costs are not available. However, based on approximately 1200 meters of
spring creek channel, total heavy equipment costs are expected to reach $75 per meter. This
figure does not reflect the cost for gravel and cobble, nor does it reflect the cost of road
building, as this was included under material disposal costs for pond excavation.

Additional project costs included screening of 1200 cubic meters of gravel and cobble at a total
cost of about $20 per cubic meter and placement of 120 meters of irrigation ditch culvert at
$100 per meter. Again, the aforementioned figures are limited to material and heavy
equipment fees; they do not include costs associated with the feasibility study, the design
process and construction supervision.

UNANTICIPATED PROBLEMS AND THEIR SOLUTIONS

MATERIAL EXCAVATED FROM PONDS

Haul road construction within the ponds and their subsequent excavation proceeded much
slower than estimated due to the discovery of a substrate composition different than expected.
During the design process, hand probes provided an estimate of the silt depth in the ponds.
However, since heavy equipment could not be brought in to test the character of the underlying
rock layer, factors such as particle size and compaction could not be estimated. Regardless,
costs would have been prohibitive to import fill to construct 1500 meters of access road and
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haul it out once again (in addition to pond excavation). Therefore, the rock layer of the pond
had to be utilized regardless of what was found.

A tracked backhoe constructed an access road within the pond systems from material it
excavated out of the ponds from one side of the road. The siit and sand layer was excavated and
trucked to disposal sites. Rock material was then excavated and placed in front of the backhoe
to construct a road. This process continued until over 500 meters of road were built within
the ponds. Problems arose when the tracked backhoes attempted to dig into the rock layer,
both during road construction and later during final excavation of the ponds. Rocks and
boulders were severely compacted, and some were as wide as 2.3 meters on the primary axis.
The backhoes had difficulty breaking into the rock material, and at times had problems picking
up the rocks themselves. Three moderate-sized tracked excavators were initially used, at
different times, with limited success. These machines, and their capacities, are listed below.

Poclain 115 bucket, 1.15 cubic meters
Bucyrus-Eire bucket, 1.15 cubic meters
Koehring 466 bucket, 0.75 cubic meters; boom extension, 8.3 meters

Two larger tracked excavators were required for final pond excavation, as the above equipment
simply did not have the necessary weight or power. These larger machines, listed below, had
almost double the weight and capacity of the smaller excavators.

Hein-Warner C-28  weight, 45 metric tons; bucket, 2 cubic meters;
boom extension, 12.2 meters

P & H 2500 weight, 57 metric tons; bucket, 2.3 cubic meters:
boom extension, 12.2 meters

The larger equipment performed well, yet all their power was needed to accomplish the work.
As an indication of the energy expended by these excavators, their hardened-steel bucket teeth
were replaced over a dozen times as they were womn to smooth stubs.

HEAVY EQUIPMENT ACCESSROADS

As previously stated, the initial evaluation of the pond substrate indicated that excavated
material would be suitable for construction of heavy equipment access roads. Design plans
called for access roads to be 5 meters wide and 0.7 meters deep. However, since many of the
boulders were quite large, the roads needed to be deeper in order to "bury" these bigger rocks.
Therefore, in many areas the roads ultimately exceeded 1.2 meters in depth. Such larger
dimensions required almost twice as much fill material per meter of road as originally
estimated. To reduce costs, designs were subsequently altered; roads would be landscaped when
no longer needed rather than removed and hauled off-site as originally planned.

HIGHFLOW PERIOD

In late May, approximately two weeks after the beginning of irrigation season in the valley,
flow from numerous springs began to increase dramatically. The 0.6 meter diameter culvert
placed at the outflow of the lower pond (beneath the access road) was of insufficient capacity to
carry the increased flow. A second culvert, 1 meter in diameter, was placed parallel to the
smaller pipe. Even with this additional culvert, the water level in the lower pond continued to
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rise above the access road. Consequently, an open channel was made in the road to relieve
pressure and prevent road failure, thereby preventing access above the lower pond.

Concurrently, numerous springs appeared at the base of the terrace along the access road. Ina
few days, additional springs appeared in the haul road itself, despite the fact that the road was
1.5 meters higher than the immediately adjacent stream. In time, the road was unable to
support loaded tandem-wheeled trucks, as the rising water created quick-like conditions. As a
result, the project was temporarily shut down due to high water--in what turned out to be one
of the driest summers in Montana hisiory.

CURRENT LAND USE AND RRIGATION REQUIREMENTS

Throughout the construction phase of the project, the property continued to be leased as a hay
and cattle operation. Although the spring creek system was to be given first priority in land .
use, the owners had not yet reached an agreement with the ranch lessee. In other words,
construction work proceeded with cattle having open range within the project site. Their
presence created some problems, mostly centered on potential destruction of finished work.
Damage was reduced by erecting temporary fences and by working with the lessee to rotate
herds out of more sensitive areas.

Another conflict ocurred regarding irrigation of land adjacent to the project. As much as 0.3
cubic meters per second (10 cubic feet per second) of flow was historically diverted from Big
Spring Creek to irrigate property to the south. When the irrigation season commenced in late
May, 500 meters of the lower diversion ditch had been filled to serve as an access road. By
agreement, irrigation water had to be made available to the lessee.

Initially, a large capacity diesel-powered pump was placed midway in the spring creek to
pump water to the ditch (over a distance and head of 30 and 3 meters, respectively). The
pump was a 15.2 centimeter (6 inch) Cornell, Model 6Y-2, driven by a D-880 Cat engine.
The capacity of this arrangement proved insufficient; a second pump to be operated
simultaneously was installed soon thereafter. The second outfit consisted of a 15.2 centimeter
(6 inch) electric Crisafulli driven by a diesel generator. After operating for a period of one
month, mechanical problems developed with the pumps and another method of supplying water
was needed.

Eventually, it was decided to re-excavate the lower irrigation ditch. Unfortunately, space was
limited in the upper 150 meters along the stream. Therefore, excavated material cast to one
side in some cases completely buried willows bordering the stream channel. In other places,
the ditch was so close to the base of tha adjacent terrace that unstable conditions caused minor
slope failure. However, these difficulties proved short-term, as re-opening the diversion
offered beneficial options when construction commenced in the fall.

After the spring flow declined and work began again in September, castings from the ditch
were graded to re-create an access road, with additional material supplemented where
necessary. With flows reduced and the ditch open, water could be diverted from the Lower
Pond into either the creek or the ditch. It was decided to install a headgate at the Lower Pond,
120 meters of culvert (1.22 meter diameter) along the initial course of the diversion, and to
keep the remaining ditchline open. The ability to divert water from the creek provided the
following benefits:
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1) excavation of the stream could proceed under minimal flow conditions;

2) sedimentation and turbidity contributed to the main river could be minimized;

3) habitat construction and fine-tuning of the channel could be observed under a
variety of flows, allowing adjustment as necessary; and,

4) potentially available irrigation water opened options for land use of the property
to the south.

Additionally, piping this section of the ditch facilitated landscaping the narrow 150
meter-long strip between the terrace and the stream, thereby providing a remedy to unsightly
slope failures.

REGULATORY PERMITS

A number of local, state and federal permits were required for work within the Big Spring
Creek system. These included:

1) An electrofishing permit through the Montana Department of Fish, Wildlife and
Parks (DFW&P);

2) a property easement from a group of adjacent landowners;

3) the Montana Natural Streambed and Land Preservation Act permit (310) through
the DFW&P and the County Conservation District;

4) a Water Right Change of Appropriation through the Montana Department of Natural
Resources and Conservation (DNRC);

5) a Short-Term Exemption from Surface Water Quality Turbidity Standards through
the Water Quality Bureau of the Montana Department of Health and
Environmental Standards; and,

6) the Federal 404 (Clean Water Act) permit through the U.S. Army Corps of
Engineers.

Permits were approved for the initial work. The major concern of regulatory agency
personnel was preventing sedimentation and turbidity from reaching the main river.
Therefore, a series of filter screens were installed in the spring creek just above the
confluence with the river. A metal screen attached to a hardwood frame was erected to catch
organic debris. The screen (4.3 meters long, 1 meter wide, with a 1 centimeter diameter
mesh) was inclined at a 45 degree angle to provide maximum surface area. A geotextile fabric
barrier (Supac®, SNP) was placed downstream, similarly mounted on a hardwood frame and
at an angle. This frame was 7.5 meters long, 1.2 meters wide; the fabric had a pore size of
40, EOS, U.S. Standard Sieve (for further specifications, see Phillips Petroleum Company,
1985).

During Pond excavation, this system worked relatively well since the Ponds themselves acted
as settling basins. The metal screen also tended to impound water for 40 meters upstream,
creating a small settling basin 1000 meters downstream of the Ponds. However, the filter
fabric clogged easily, and was not used on a continual basis. Initial problems arose when final
excavation of a portion of the Lower Pond reached below a depth of 4 meters. At this level, a
clay lens was encountered, and excavation resulted in a significant quantity of colloidal
suspension. No means of filtering could prevent passage of these clays into the river, with the
possible exception of a settling basin as large as the entire project itself.
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Additional permit difficulties arose prior to recommencement of construction following
irrigation season. Agency personnel were reluctant to extend the permits which allowed
exceedence of turbidity standards, especially since a summer-long drought had severely
reduced river levels. Furthermore, it was felt that turbidity could not be effectively reduced
by the present screening system, given the amount of sediment disturbed by construction
within the creek itself. This entire issue was eventually resolved with the diversion of spring
creek water into the irrigation ditch during construction which eliminated sediment input into
the river.

UNSTABLE GROUND CONDITIONS ADUACENT TONLET STREAM

A road was needed in order to provide heavy equipment access to the Inlet Stream area.
Designs called for excavation of 800 cubic meters of material to construct the Stilling Basin,
as well as excavation and subsequent gravel placement in 100 meters of Inlet Stream. .
Unfortunately, the ground in this area consisted of peat to a depth of 3 meters with water
flowing through subsurface channels. In addition, large willow clumps covered much of the
ground and a stable road base was nonexistent.

The following technique was used to construct this portion of the access road. A tracked
excavator and a dozer worked alternately as dumptrucks brought in dry fill material
(excavated from a source on the terrace). First, working from the end of the road, the
excavator would reach as far as possible and crush any willows in the road path until they
were relatively level. The same geotextile fabric used in the filter screen described above
(Supac®, 5NP) was then rolled out directly over the bushes and ground. The fabric was 4.5
meters wide in rolls almost 100 meters long. The dozer would then push fill out onto the
fabric, creating a road about 0.7 meters deep, until standing willows prevented further
progress. The excavator would again return to level bushes as far as its reach extended, and
the sequence would begin again. A culvert (46 centimeters in diameter, 6 meters in length)
was placed midway to allow free passage of water.

Obviously, alternating equipment to build the narrow road reduced efficiency and speed, but in
the end proved effective. Dry fill material was used so that it would set up too rapidly. The
road remained very stable, and was finally removed after completion of the Inlet Stream.
However, it is interesting to note the surrounding ground was so unstable that, as trucks drove
along the road, the adjacent willows would shake as if in a strong wind.

Similar problems with peat were confronted when the primary Inlet channel was excavated.
Cobbles for the stream channel would literally disappear into the peat. Furthermore, the fine
organic particles of the peat would certainly clog spawning gravels, rendering them unuseable
by fish. To solve this difficulty, the same filter fabric was laid in the roughly excavated
channel. A layer of cobbles (minimum of 0.5 meter depth) was then placed in this blanket and
compacted to establish a firm sub-base. Excess fabric was trimmed from the stream margins.
Smalier gravels and rocks were then placed at final design grade, and with the introduction of
flow, adjusted to create habitat. Since the fabric allows free passage of water while
preventing migration of soil particles, the channel should remain both clean and stable over
time.
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WEATHER

During a few evenings in early October and again in mid-November, temperatures dropped to
23 degrees below zero Centigrade (10 degrees below zero Fahrenheit). Aside from the usual
problems in starting desiel equipment in these temperatures, another difficulty was
encountered. During the night, the tracks on the large excavator working in the stream would
freeze solid. Despite the power of hydraulics, propane fires were needed to melt and loosen the
tracks.

CONCLUSION

Fish and wildlife enhancement offers an opportunity to improve recreational potentials within
riparian areas. In this case, a series of 4 ponds were rehabilitated and over 1200 meters of
spring creek were reconstructed to increase fishing and hunting opportunities. Complete
reconstruction of the spring creek was based on natural fluvial features rather than
traditional habitat improvement structures. Unfavorable ground conditions required the
construction of over 1500 meters of temporary access roads along the length of the system;
other difficulties required modification of design schemes as the project progressed. However,
the difficulties, delays and distractions encountered were more than overshadowed by the
realization that the work benefited not only the sportsman, but more importantly, fish and
wildlile resources.
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Water Quality Improvement and Erosion Control
at :
Heavenly Valley Ski Area,
Lake Tahoe Basin

JULIE ETRA, Botanist, WILLIAM N. JOHNSON, Watershed Staff Officer
USDA Forest Service, Lake Tahoe Basin Management Unit, CA

INTRODUCTION

Heavenly Valley is a heavily used ski area located in the Lake Tahoe
Basin. Twenty square miles of skiable terrain include acreage in
both Nevada and California. Heavenly Valley overlooks Lake Tahoe,
one of the largest alpine lakes in the world. Lake Tahoe's
uniqueness, however, is not in its size, but in its remarkable color,
clarity, and the purity of its waters. The factors of altitude,
geology, climate, topography, and hydrology all determine the unique
Tahoe environment, an environment in which the integrity of the land
directly determines the quality of the water. The exceptional
clarity and purity of Lake Tahoe's water are extremely sensitive to
sediments and nutrients carried into the lake by runoff. The soils
are of low fertility and exhibit a high erosion rate when disturbed.
This, ccupled with the short, dry growing season and high elevation
creates a unique restoration and erosion control challenge.

The development of Heavenly Valley Ski Area took place in the early
fifties, during a time when bulldozing with heavy equipment was a
common method of rum construction. The loss of soil created by these
techniques has resulted in a site condition in which it is impossible
to suppoort vegetation without major mitigating efforts to control
erosion. Revegetation of disturbed areas is a complex and difficult
problem at Heavenly Valley. Heavenly Valley Creek is a major
recipient of sediments derived from erosion on the mountain. This
creek 1s a tributary of Trout Creek which eventually drains into Lake
Tahoe. A circular problem exists as slopes must be stabilized long
enough to allow establishment of vegetation.

Native vegetation is typical of Sierra flora of this region.
Dominant conifers include Jefferey pine (Pipnus Jjeffrevi), Western
white pine (P. monticola), white and red firs (Abies concolor, A.
wagnifica) and lodgepole pine (Pinus contorta ssp. wurrayana).
Species of shrubs are numerous and include bitterbrush (Purshia
tridentata), whitethorn (Ceanotbus cordulatus), squaw carpet (C.
prostratus), pinemat and greenleaf manzanita (Argtostaphylos
pevadensis, A. patula), huckleberry oak (Quercus vaccinifolia) and
chinquapin (Castepnopsis sempervireps). Important sub-shrubs include
nountain pride Penstemon newberryi) and buckwheat flower (Eriozonum
SPPs) . '
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Grasses do not form a major part of the landscape except in drainages
where species of native bluegrass (Poa pevadensis, for example),
sedges (Carex spp.) and rushes (Jungus spp.) occur with introduced
pasture grasses. Exceptions exist, however, and robust stands of
squirreltail (Sitanion hystrix) and needlegrass (Stipa occidentalis),
both native bunchgrasses, occur on moderate to steep, sunny slopes
with poor to fair soils. Vegetative cover is not continuous and
large patches of unvegetated soil commonly occur between low-growing
stands of shrubs.

In summary before revegetation could begin the following problems had
to be addressed:

1. Drainages ranging from intermittent to perennial had been
drastically disturbed

2. Topsoil and vegatation had been removed from large areas.
3. D;ainage patterns had been changed.

4. Water had been diverted frém one drainage to another.

5. Lland stability problems.

6. Burning of stumps.

7. Debris in stream channels.

8. Increased runoff due to vegetative removal and impervious
surfaces.

9. Major unstable cuts from ski runs, road, and lift construction.
10. Lack of summer precipitation.
11. Short growing season.
12. Highly erodable and infertile soils.

Disturbances to the integrity of natural drainages posed the most
serious problem to be addressed. Early efforts at revegetation
failed in may cases because uncontained runoff washed away seed and
mulch. This prompted a drainage and runoff study to identify major
problem areas. This effort took place during the spring runoff and
during high intensity thunder showers, when drainage patterns were
quite evident. It was discovered that rilling of the highly erodable
decomposed granitic soils occurred in a shorter distance than
previous studies indicated.
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DRAINAGE CONSIDERATIONS

Several considerations must be taken into account in the design of
drainage facilities for ski areas. They include:

1. Exposure

2. Effects of snowpacking by grooming equipment

3. Dense snow created by snowmaking

4., 1Increased runoff from vegetative removal and snowmaking
5. Bulking factors from debris and increased erosion

6. Freezing problems

Cross Drains

The installation and maintenance of cross drains on ski trails is
essential to the control of runoff from ski slopes. Their primary
function is to slow the velocity of water, discharge it onto
undisturbed areas and to avoid large concentrations of runoff on bare
soil. There are several techniques for their comstruction. One
method is by use of a small dozer; another technique involves hand
labor, which is particularly effective for their construction on
steeper slopes.

The following guidelines should be followed when laying out and
constructing cross drains:

1. The overall grade should not exceed ten percent. It is
sometimes effective to start the grade at four percent and
increase it to ten percent, which helps the drainage be
self-cleaning.

2. Cross drains should discharge into undisturbed arezs,
preferably rocky ground or areas well protected with slash or
vegetative cover.

3. They should be located so they promptly intercept runoff that
may result in water concentrations. Terrain feature should
be considered when locating cross drains.

4. Cross drains should be constructed separately and not allowed
to discharge into other water bars.
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S5 Where possible, cross drains should discharge water
alternately to either side of the trail to avoid excessive
concentration of water in one srea.

6. All cross drains should be flagged or staked using as a
minimum a hand level.

Once the cross drains have been constructed, all vehicular traffic on
the ski run should be prohibited.

Drop Inlet Systems

A sophisticated system of drop inlets was designed to collect runoff
in areas where the integrity of natural drainages had been destroyed
and surface runoff increases were severe due to removal of vegetation
and topsoil (Figure 1). The inlet systems when properly installed
proved to be an effective way to control surface runoff and allow for
vegetative establishment. The following considerations were taken
into account in the design and placement of facilities:

1. Drop inlets shculd have adequate capacity for sediment storage.

2. Drop inlets should be located in an exposed area where they are
not subject to icing or freezing conditicns.

3. Proper design of inlets to eliminate skier hazard and blockage by
debris.

4, Fasy wethod cf clean out.
5. Easy to lccate.
6. Minimum diameter of 12 inch CMP connecting drop inlets.

Drop inlet systems should only be used as a last resort. They are
expensive and have a high susceptibility to failure if not adequately
installed znd maintained.

Rock Lined Ditches

In some locations drop inlets are combined with rock lined ditches to
convey runoff in areas which once carried intermittent drainages.
Rock lined ditches will not work in areas that are expected to carry
a high sediment locad. The size of rock used is dependent upon soil
type, and velocity of flows expected. The steeper areas may require
a lining with filter cloth, to prevent undercutting of the rock.

Rock is an excellent mulch. Ditches should be seeded prior to laying
down rock when not using filter cloth. The vegetation will reduce
the visual impact and further stabilize the channel. When properly
installed they will not create a snow retention problem or hazard to
skiers and grooming equipment.
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Drop Inlet System Discharing Into Sediment Pond
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Irrigation and Snowmaking Systems

In order to establish a quick stand of vegetation under the harsh
conditions found at Heavenly Valley it was necessary to provide an
artificial supply of nutrients and moisture. Snowmaking systems were
designed to provide both irrigation and snowmaking capabilities with
a minimum of maintenance and operating time. A small earthen dam
was utilized to provide water for the system. The existing system
provided snowmaking and irrigation to approximately 150 acres. This
system coupled with the controlled surface runoff helps improve the
chances for successful revegetation.

REVEGETATION

Revegetation has improved over the years as the ecology of the area
has become better understood and as techniques have been modified.
Grasses, the primary plant material used, have established on some
areas on the California side of the mountain. Since grasses do not
comprise a major part of the native plant community they wculd not be
expected to easily re-establish, especially in the absence of
topsoil. This is indeed the case and successful revegetation has
occurred only with intensive efforts to improve soil fertility and
the moisture regime. These efforts include applying heavy rates of
seed and fertilizer, mulching, crimping, tacking, and irrigating if
possible. Maintenance applications of fertilizer are necessary to
enhance and maintain growth. These are expensive operations that do
not necessarily guarantee the establishment of stable, vegetatiave
cover. In addition, grasses often fail to control surface runoff
that results from spring melt off, probably the greatest contribution
to erosion problems and sediment load in drainages. Shrubs would
better control these flows and would require little maintenance over
an extended period of time. '

1984 Plaotings

In 1984, the Forest Service began a careful review of past
revegetation efforts and assessed performance of previously used
species. Smooth brome (Bromus ipermis), timothy (Phleum pratense),
white dutch clover (TIrifolium repens), yellow sweet clover (Melilotus
officinalis), and intermediate wheatgrass (Agropyron intermedium)

were recommended to be removed from use because of their poor success
and new species were considered.

In order to improve the quality and lower the costs of revegetation,
development of a stable, persistent plant community is essential. A
return to native species would greatly reduce or even eliminate the
need for maintenence fertilization, supplementary watering, etc.
Since we were unable to acquire certain desirable species, growth
form became an important selection criteria. For example,
bunchgrasses, rather than sodformers, predominate the mixes. It was
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felt that these grasses are both morphologically and physiologically
better adapted to the xeric and nutrient-poor conditions of the

site. Bunchgrasses are also less likely to physically inhibit the
invasion of native shrubs species that form more advanced seral
stages. Other criteria used in species selection included
availabilty, cost, drought tolerance, phenology, seedling vigor,
natural occurence, rate of growth, diversity, past perfomance in test
plantings and aesthetics (Appendix Table 1).

Bropus marginatus (mountain brome) and Agropyron trachycaulum

(slender wheatgrass) are rapidly establishing but short-lived native
species that were expected to provide rapid cover but yield to
successional species while Poa canbyvi (Canby bluegrass) is found at
high elevations in the Great Basin and is one of the first grasses to
appear in the spring. Sitanion hystrix (squirreltail), which occurs
throughout the Lake Tahoe Basin, was used sparingly because of its
expense although successful establishment, would justify greater use
in the future. Two varieties of Dactylis glomerata (orchardgrass)
were -tested for perfomance under identical growing conditions.
Lupinus gravi (Gray's lupine) was selected for its ability to control
erosion via its matt-like growth form and for its ability to add
nitrogen to the soil through fixation. It is very common in the
Basin and is an alternative to pasture legumes, which have met with
little success in past erosion control plantings on harsh sites in
Tahoe. Linum lewisij (Lewis flax) is a beautiful and hardy ‘
wildflower added for aesthetic reasons. A total of eight mixes were
developed to test species and variety performance on 5 1/2 acres of
unvegetated disturbed land (Appendix Table 2).

Site Selection and Description

Sites were selected at several locations to test species performance
over a variety of conditions (Appendices B & C). Variables included
slope, aspect, elevation and soil. Soils were similar and consisted
primarily of decomposed granite, although some areas had more organic
matter. Waterfall was the only site that had access to irrigation
water and all other sites depended on natural precipitation for plant
growth. Total area seeded at each site was usually a function of
access, which was limited on steep ski runs.

Techniques

Standard procedures for revegetation were modified according to study
design and as site conditions dictated. Basic steps followed at all
sites were as follows: rip, seed, fertilize, harrow, mulch and
hydromulch. Revegetation efforts began on September 25 and were
completed by October 10. Fall seedings are in many cases more
successful than spring seedings in the Basin, especially wheve
irrigation is unavailable. Seeds lie dormant during the winter and
emerging seedlings make efficient use of the limited moisture from
spring snow melt.
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Most sites tested two seed mixes. These were planted side by side,
usually dividing the ski run longitudinally in half. Besides type of
seed, we also tested application rates of seed, mulch, and
hydromulch. Fertilizer rates did not vary (250 lbs./A). Seed and
fertilizer (16-20-0 + sulfur) were applied with hand-held cyclone
seeders.

Straw mulch was applied with a straw blower, usually at 2 tons/acre.
This rate varied slightly as wind often carried ejected straw. A D-3
catepiller was modified with a ball and penal hitch that enabled
attachment of the straw blower and crimper for use on steep slopes.
The cat was also used on these slopes to distribute bales of straw.
Crimping all but ‘gently sloping sites was abandoned after Dipper
since it did more harm than good. When crimping perpendicular on the
contour of the slope the cat tended to slide over the straw, making
turning difficult and greatly disturbing the freshly seeded area.
Crimping parallel to the slope creates runoff problems as water flows
down the furrows.

Conwed 2000, a hydromulch that includes a tackifier, was applied at
rates of 500-800 lbs of mulch/acre over the straw. Again, wind had a
tendency to carry the material. A 3800 gallon capacity water truck
provided an immediate source of water for the 1300 gallon capacity
hydromulcher. Dissolution rates were between 3 and 5:1 water
(gallons) to hydromulch. Although 3:1 ratios are usually
recommended, we were especialy concerned about clogging the equipment
as the water truck supplied the only readily available water source.

A description of procedures followed at each site is included in the
following section. Plot plans are included in Appendix C.

Test Plots
Nevada Flats

This small site was divided into 2 plots, the "native" plot (Flats
#1) covering approximately 1/20 acre and Flats #2 covering 1/10 acre.
The native seed mix was hand collected from local sources.
Needlegrass was collected at Heavenly in late July. - Although
approximately 2.5 lbs. of plant material were collected, a PLS of
only .44% resulted (germ = 60, purity = .73). To insure a seeding
rate of 25 lbs./acre we would have needed to seed the test plot with
280 lbs. of this material. Our rate was slightly more than 1/5
lb./acre. Approximately 3.5 lbs. of uncleaned squirreltail plant
material (PLS = 24%) was seeded at a rate of about 17 lbs./acre.
About 3000 seeds of Gray's lupine were also planted, half of which
were pre-treated with a boiling water bath. One hundred to 120 1bs.
of topsoil, removed from around plants that provided the seed, were
mixed into existing soil before planting. We hoped that the soil
included some species-specific bacteria that will infect young
seedlings and hasten growth.
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Nevada Flats #2 was seeded at about 100 lbs./acre (standard rate is
40~50 lbs./acre). Straw was applied at about 2.5 tons/acre and
crimped in. Hydromulch was applied at about 700-800 1bs. mulch/acre.

Olympic Run

Olympic run is an extremely harsh site. Several attempts by Heavenly
personnel to establish grasses had failed and the "soil" was
extremely compacted. Some natural invasion by conifers and mountain
pride seedlings (Penstemon newberrvi) had occurred. A new water bar
was cut, extending from the access road. After ripping, seed was
applied at abut 100 lbs./acre. Due to distribution problems arising
from hand application and windy conditions, it was felt that this was
better than standard rates. In addition, 1/4-1/2 oz. of mountain
pride seeds were planted on the upper part of the run. This site was
crimped, which was expected to result in poor stand establishment in
areas where the cat slipped. These disturbed areas were
re-fertilized and mulched. Six-hundred lbs. of hydromulch were
applied which required using three 50' lengths of fire hose to reach
the upper sections of the slope.

Perimeter

Soils on Perimeter run were perhaps the best for all areas planted as
they appeared to have the most organic matter. The slope was gentle
and this long strip probably provided the best site for plant

growth. Here we tested seed mixes and types and rates of mulch
application. One-half acre (in two 1/4 acre plots with mixes 5 and
6) was straw mulched at 4 tons/acre, twice the normal rate. This was
done in two applicaitions, crimping at each conclusion. The other
1/2 acre (including mixes 5 and 6) was only hydromulched, at 600
lbs./acre.

Dipper (Orion's Run)

Procedures followed at Dipper were similar to those for other sites.
Ripping began on October 4 and there was already some snow cover.
Only the bottom half of the run was crimped, providing a good test of
its effectiveness. Hydromulch was applied at about 5-600 lbs./acre.
One hundred feet of fire hose was needed to reach the lower slope.

Canyon

This site is on the California side of the mountzin. A total of 2
acres were seeded, in 1 acre plots separated by a strip of
vegetation. A road bisects both plots (Figure 5). The area was not
crimped but was hydromulched at 500-600 lbs. mulch/acre over the
straw.
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Waterfall

Also on the California side of Heavenly, two small areas totalling
slightly less than 1/2 acre near the charilift were revegetated. A
vegetated area separating the plots was left undisturbed. About

1 1/2 tons of straw was crimped and then hydromulched.

Cost Estimates

Cost estimates are included in Appendix Table 3 and 4. Cost of seed
is higher than usual due to the inclusion of several expensive
species (particularly squirreltail) and high seeding rates. Vehicles
were supplied by the Forest Service fleet and costs were calculated
on a monthly use and maintenance basis.

liminary Results 1984 Planti

The: 1985 growing season was very stressful as the Basin experienced a
drought. There was no measurable precipitation in either May or
August while June and July averaged 52% of normal (.51"). September
was wetter than normal, with .47"%.

No cover studies were conducted on 1984 test plots during the 1985
field season as many seedlings were immature and some species were
difficult to identify. Although sites will be discussed
individually, general trends will be addressed here.

Mulches and Tackifiers

Maximum application of straw should be between 2.5-3 tons/acre,
depending on the exposure and wind patterns for a given site.
Although moisture retention was good where mulches were especially
thick, straw prevented the soil from warming, and low soil
temperatures may have been the primary inhibitor of plant growth.
Seedling emergence was also probably physically inhibited.
Application of hydromulch without straw was also unsuccessful. A
concrete-like surface formed on Perimeter Run and the hydromulch did
little to retain soil moisture. It also did not penetrate into the
straw and frequently formed a crust or separate layer that was easily
eroded or carried away by wind.

Species

Seedling composition varied from site to site but only the following
species set seed: slender wheatgrass, mountain brome, pubescent
wheatgrass, needlegrass and squirreltail. Slender wheatgrass and
mountain brome appeared to be the most vigorous grasses and they
produced the most above-ground growth. No seedlings of Lewis flax
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were found. Birdsfoot trefoil produced many seedlings on the two
sites tested but growth was poor. The commercial source of
sqirreltail yielded few plants while local sources were highly
productive. Native seed, however, was not planted in a mix and the
commercial seed may have suffered from competition from other
species.

Test Plots
Nevada Flats

NATIVE PLOT (#1)-Spring and mid-summer growth for squirreltail and
needlegrass was slow but by the end of September both species had set
seed and many plants had achieved over a foot of growth. Lupine
plants began to emerge at the end of July and one excavated plant
with a 1/2" diameter had a 6 1/2" nodulated rootlet. A fall count
found 16 lupines in the treated and 13 plants in the untreated plot.
Birdsfoot trefoil seedlings were many but small.

NON-NATIVE PLOT (#2)- Growth was good for all establishing grasses
and mtn. brome and slender wheatgrass had set seed by the end of
September.

Olympic Run

Seedling density was high which was expected since the seeding rate
was 100 lbs. This may have led to seedling competition for moisture
and subsequent drought stress. Mix #4 did not establish as well as #5
probably because of wind erosion and loss of mulch and/or seed. Areas
disturbed by crimping had fewer seedlings. By early August the
effects of the drought were apparant, especially on the upper end of
the run, and many seedlings were brown. Few seedlings of
squirreltail (commercial source) were found. Snow depth was less
here than on other runs sampled (by taking snow cores), 'and patches
of straw were evident in early February. Both 'Paiute’' and 'Potomac’
orchardgrasses showed vigorous growth at this site. No seedlings of
mtn. pride were discovered. '

Perimeter

This plot is very shaded and seedling growth was slow until late
summer when soil temperatures finally began to rise. Results were
mixed. Pubescent wheatgrass was the only species identified in the
area recieving the 'hydromulch-only’ treatment. Many of these plants
produced seed and were as high as two feet. In contrast, by far the
dominant species in the 'straw mulch only’ plot was mtn. brome, which
also went to seed in late September. Effects of wind erosion were
obvious and areas lacking mulch had fewer seedlings. Seedling
density was lower where straw applications were exceptionally

heavy.
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Dipper

This highly exposed site which was also at the highest elevation
tested produced much better cover than expected. However, mix #2 was
very windblown and no seedlings of either ‘'Paiute' orchardgrass or
squirreltail were found. The fescues and bluegrasses dominated the
mix and had achieved as much as 3" of top growth by September. Mix
#3 appeared to be more vigorous although site conditions (less wind
and therefore less loss of moisture retaining mulches) rather than
species composition may have been responsible.

Canyon

Growth was exceptionally slow on Canyon. A NNW exposure and high
elevation (9600') contributed to the late warming of soils, which
were still cool in late August. No species were particularly
outstanding but mix #7 appeared to produce more cover than #6. This
could be attributed to the uneveness of the terrain on that run which
created pockets for water accumulation and provided protection from
dessicating forces.

Waterfall

Periodic irrigation from rainbirds began in mid-July. No records of
rates of application were kept. The mix was not dominated by a
particular species but 'Pajute' orchardgrass, mtn. brome and slender
wheatgrass showed excellent growth. Irrigation undoubtedly
alleviated droughty conditions and seedlings remained green
throughout the growing season. Over fifty seedlings of birdsfoot
trefoil were counted in mid-July but numbers decreased by late
August.

1985 Planti | Prelimi Resu!l

Plantings

Legume and shrub plantings on Olymic Run began in late May when snow
had melted enough to allow access. Soil moisture was good and
patches of snow were still evident.

Approximately 350 plugs of Gray's lupine were interplanted with
emerging grasses. These plugs, grown by the Nevada Division of
Forestry from Sierra germplasm in super cells, had been successfully
innoculated by lupine rhizobia strain 'H' (donated by the Nitragin
Co., Milwaukee, Wisconsin). A small test plot of 100 plants in 2°'
spacing (Appendix C) was established to test the effectiveness of a
starch polymer (trade name Aqualox) which was expected to reduce
moisture stress, and hence mortality, in the root zone. The
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remaining 250 plants were randomly planted between the upper two
water bars. A small amount of topsoil, collected from near seed
source plants, and about 1/4 tsp. of aqualox (except non-treated
plants in the test plot), were added to each planting hole. Plants
were lightly watered in and mulched with straw.

Mountain pride and pinemat manzanita were selected for on-site shrub
transplants. Mtn. pride is a beautiul low-growing sub=-shrub that
naturally invades unstable, gravelly slopes. It is easy to handle
and has successfully established in many Basin test plantings.
Pinemat manzanita is a prostrate shrub that literally forms extensive
and dense green mats. It is often found on dry, rocky slopes.
Although it is an excellent soil stabilizer, it is difficult to
propagate and is slow-growing. Both species occur adjacent to the
ski run.

A total of 18 mtn. pride and 38 pinemat manzanita plants, or parts
thereof , were carefully removed from adjoining slopes and randomly
transplanted to the slope between the lower two water bars. Plants
were hand watered and mulched with straw. Osmocote (18-6~12), a slow
release fertilizer, was applied several weeks later. Pinemat
manzanita was difficult to transplant as separate plats were
difficult to distinguish and woody roots bore few fibrous rootlets.

Preliminary Results

Lupine transplants initially appeared very successful. By early
August, many plants had more than quadrupled in size and six plants
flowered. However, by September numbers were greatly reduced.
Extensive grazing by small mammals was a major cause of mortality but
other factors, such as drought, may have contributed. Results from
the test plot were inconclusive and there were tco few replications
to allow for valid statistical analysis. Ten and twelve plants in
were counted in the treated and untreated plots, respectively. No
count was conducted for the remaining 250 plants.

Preliminary results for the shrub plantings were mixed. Mtn. pride
survived the transplanting better than the pinemat manzanita. By
early August six penstemon plants had flowered. By September, 72%
remained. In contrast, only 237 of the manzanita plants survived.
Both lupine and shrub plantings will be re-evaluated in the summer of
1986.

conclusi | R ati

Species recomrendations were not made after only one season of
growth. In the Lake Tahoe Basin grasses may require several years to
emerge. However, slender wheatgrass and mtn. brome generally showed
excellent vigor and rapid establishment. Locally collected germplasm
of squirreltail and needlegrass established very well but may be
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impractical on a large scale. Unless small mammal grazing is
controlled, lupine transplantings may also be uneconomical. Direct
seeding of lupine is less labor-intensive but more data is needed
before conclusions can be reached. 1Initial survival of on-site mtn.
pride transplants was very high and this may be a viable alternative
or addition to other revegetation techniques. Greenleaf manzanita
may be more successful from transplanted container-grown stock since
root systems would be intact when transplanted. We concluded that as
long as straw was tacked, crimping was either ineffective or
detrimental. As an alternative to applying hydromulch (with fiber)
we suggest spraying a tackifier directly over the straw. It
effectively penetrates and holds the fibers together.

Cover studies will be conducted on all plots during 1986 according to
the Daubenmire method (Daubenmire, R. 1959. A canopy-coverage method
of vegetational analysis. Northw. Sci. 33:43-64). Rectangular
quadrats measuring 20 cm X 50 cm will be placed one meter apart on
alternative sides of a randomly located 15 m transect yielding a
total of 30 sample quadrats. Two transects will be located on each
seed mix for each site. Percent survival will be determined for
transplanted lupines and shrubs.

Due to these and other tests, the Forest Service is encouraging the
increased use of shrub and sub-shrubs for erosion control. Promising
species are listed in Appendix Table 1 although Eriogonum marifolium.,
Chrysothamnus viscidiflorus, several species of man-.anita
(Arctostaphylos spp.) and buckthorn (Ceanothus spp.) are also being
considered. Additional plantings will take place at Heavenly in the
spring and fall of 1986. Two sites have been selected, with and
without water (Patsy's and the top of Dipper, respectively).
Selected species are being grown from Sierra germplasm. Availabilty
will determine plot design but species will be distributed randomly.
The largest individuals will be planted at the top of the slope for
most effective erosion control. Forest Service personnel will train
two Heavenly Valley employees in proper planting and revegetation
techniques. The ski area will ultimately assume full respomnsibility
for implementing Forest Service recommendations.

We are also in the process of revising our erosion control
specifications for the ski area. The most severely disturbed slopes
posing the greatest threat to water quality will be revegetated
firste We maintain the flexibilty to change prescriptions as species
availabilty and techniques change.
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APPENDIX A
Tables

Table 1.
Selected Species

1984 PLANTING 1985 PLANTING
Agropyron trach lu Arctostaphvlos nevadensis
slender wheatgrass pPinemat manzanita
Agropyron tricophorum Lupinus grayi
'Luna'’ pubescent wheatgrass Gray's lupine
Dromus marcinatus Pen ol wberrvi
‘Bromar’' mountain brome mountain pride

Deccy'is glogerata
'Potomac’' and 'Paiute' orchardgrass
Festucg oving
sheep fescue

Festuca oving ssp. duriuscula

'Durar' hard fescue RECOMMENDED SPECIES FOR 19836

Ligum lewisii PLANTIIG
Lewis flax

Logus corpniculatus Chrysothamnus naguseQsus
birdsfoot trefoil rabbitbrush

Lupinus gravi Eriozonum umbellatum

* Gray's lupine sulphur flower

Poa ampl Lupinus gravi
'Sherman' big bluegrass Gray's lupine

BQ.EL thmﬂ i Pgus;gmgn na wbg[:yi
'Canbar' Canby bluegrass fuiountain pride

S . Dvsiris

squirreltail
Stipa occidentalis

needlegrass
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Table 2.

Seed Mixes, Sites, and Rates

Sites Seeding
Mix Planted/# Percent Rate:
id Species of Acres lbs/Mix  of Mix  lbs/acre
1 Sitapion bystrix Nevada flats 3.5 1/5
squirreltail 1/20
Stipa occidentalis 2.5
needlegrass
Lupinus gravi approx. 3000 seeds
lupine
Lotus corniculatus 1/2
birdsfoot trefoil
2 Sitapnion hvstrix Dipper 15 10 100
squirreltail 1/2
Eestuca ovina 9 18
ssp. duriuscula
'Durar’ hard fescue
Festuca ovina 8 20
sheep fescue
Boa ampla 6 19
‘Sherman' big bluegrass
Poa canbyi 4 13
'Canbar' canby blugrass
Dactylis 8 20
'Paiute' orchardgrass
Lioum lewisii 1/72
Lewis Flax :
3 'Durar' hard fescue Dipper 8 21 100
sheep fescue 1/2 5 16
'Sherman' big bluegrass 5 20
'Canbar' Canby bluegrass 3 13
'Potomac ' orchardgrass 7 20
Agropvron trachvcaulum 22 10
slender wheatgrass
Linum lewisii 1/2

Lewis Flax
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Table 2. (con't.)
Sites Seeding
Mix Planted/# Percent Rate:
4 Species of Acres  1lbs/Mix  of Mix  1lba/acre
4 squirreltail Olympic Run 15 16 100
'Durar' hard fescue 1/2 6 18
sheep fescue 4 15
‘Sherman’ big bluegrass 3 14
'Canbar’' Canby bluegrass 3 15
'Paiute’ orchardgrass 4 14
Agropyron tricophorum 15 8
'Luna’ pubescent wheatgrass
Linum lewisii 1/2
Lewis Flax
5 'Durar’ hard fescue Olympic Run 8 21 100
sheep fescue -1/2 5 16
'Sherman' big bluegrass Perimeter 5 20 50
‘Canbar’ Canby bluegrass 1/2 3 13
'Potomac' orchardgrass 7 20
'Luna' pubescent wheatgrass 22 10
Linum lewisii 1/2
Lewis Flax
6 ‘Durar' hard fescue Perimeter 5 20 50
sheep fescue 1/2 p 2 10
'Sherman' big bluegrass Nevada Flats 2 2 13 50
'Canbar' Canby bluegrass 1/10 2 13
'Paiute’ orchardgrass Canyon 3 14 50
slender wheatgrass 1 13 15
Bromus wmarginatus Waterfall 23 15 50
'Bromar’' mountain brome 1/2
Linum lewisii 1/2
Lewis Flax
7 'Durar’' hard fescue Canyon 6 20 50
sheep fescue 1 5 20
'Sherman' big bluegrass 3 15
'Canbar' Canby bluegrass 2 11
'Potomac ' orchardgrass 4 15
'Luna’ pubescent wheatgrass 7 4
slender wheatgrass 15 7
'‘Bromar' mountain brome 8 8
Linum lewisii 1/2

Lewis Flax

1

1/4 1b. of birdsfoot trefoil was added
2 1bs. of birdsfoot trefoil were added

to the mix for this site.
to the mix.
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Table 3.

Cost Estimates of Supplies

Supply Unit

Hydromulch 60 1b bales

(conwed 2000)

Fertilizer 1b

(16-20~0 + sulphur)

Mulch (straw) 75 1b bales
( $70-00/ tOn)
Seed 1b
. 2
Vehicle 1-2 wk.
rental
Equipment Rental hr. reatal

(water truck)

Totals

2

includes delivery costs
six pack

lowboy

dump truck

cat

1 four wheel drive PU

1 two wheel drive PU
stakeside truck

Price/Uni

$ 20.00

$ .15

$ 2.50

$ 3.00

$145.00
(average)

$ 45.00

Cost Per
Acre Total
160.00 890.00
36.00 200.00
135.00 740.00
145.00 800.00
190.00 1030.00
400.00 2230.00
1070.00 5900.00
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Table 4.

Type L I Person hours
Per Acre

Ripping 2
Seeding amd Fertilizing 5
Marvowing (by catepiller) 1
fulchine 20
Crimping 1
ydromuleching 20
Miscellaneous 50

equipment maluntenance

travel

materials delivexry

rock removal

other
Totals 90/acre

based on an average labor

cest of $10.00/hr.

20
50
10
200
10
200
600

1090

Iotal

110.00
275.00
55.00
1100.00
55.00
1100.00
3300.00

600C.00
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APPENDIX B

Location of Test Plots
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APPENDIX C

Piot Designs

Flat, 3 degrees

Nevada

FLATS #2

Mix #8
(plus % 1b.
trefoil)

FLATS #1
Mix- #1

Nevada Flats

Upslope
Lo!
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Untreated
Seed
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Seed

30!



115

Plot Design 2. Olympic

Upslope

110"

Elevation: 7,800 Waterbar
Aspect: North,
northwest
Slope: 18 degrees
State: Nevada

\
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100!
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1985
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Hfix #5 Mix #b
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Perimeter
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Plot Design 4. Dipper (Orionms)
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Plot Design 5. Canyon
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Plot Design 6. Waterfall
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THE EROSION CONTROL
AND REVEGETATION MAT...PRODUCT & APPLICATION

James S. Martin
Mirafi, Inc.,

The erosion control and revegetation mat (ECRM) is a new concept
in erosion control products and technology that offers a cost
effective alternative to riprap and paved linings. ECRM can be
generically described as a flexible three dimensional web of
bonded synthetic monofilaments which provides ground armor to
resist erosion while allowing natural vegetation to establish.
Erosion control and revegetation mats have been developed especially
for use in areas where simple mulching techniques do not work
because of severe erosive forces, i.e., steep slopes, ditches,
and banks. The area to revegetate is simply seeded, fertilized,
and covered by the mat.

Erosion control and revegetation mats perform three basic functions:
temporary erosion control, mulching, and permanent erosion control.
The mat serves the temporary erosion control function by providing
adequate ground cover to shield the soil surface from the impact

of rainfall and the erosive force of overland flow. 1In addition,
the mat conforms closely to the ground surface to retain soil and
seed in place. ‘

Mulching is generally required to establish new vegetation on
freshly graded soil surfaces. Erosion control and revegetation
mats provide this vital function by retaining the moisture and heat
necessary to promote seed germination. In addition, the mats
retain sediment from runoff. This sediment provides a medium for
root growth. Most importantly, the mat provides adequate porosity
for uninhibited stem growth and maturation through the mat.

Once vegetation is established, the erosion control and revegetation
mat provides a permanent erosion control function as it becomes
imbeded in the new stem and root system. The mat reinforces and
anchors the vegetation in place as a cohesive unit, protecting
against scouring of the ground around the root system and subsequent
washout of the vegetation.

ECRM can be used in a variety of applications where revegetation
is desired but overland flow or minor wave action causes erosion
that prohibits the establishment of vegetation. The major end
use categories for ECRM are as follows:

. in ditches for roadway and parking lot runoff

. In storm and irrigation channels

. at outlets for pipes and culverts

. on banks of ponds and lakes

. on slopes of rocadway berms, bridge abutments and building
sites
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The following is a case history that illustrates the performance
and benefits of erosion control and revegetation mats over con-
ventional erosion control alternatives.

CASE HISTORY: Erosion protection of natural stream channels at
the Castle Pines Golf Course, Castle Pines, Colorado.

The development of the Castle Pines residential area and golf
course, a 4,000 acre project located south of Denver provided
engineers and architects with formidable erosion control challenges.
In particular, the stablization of the major stream channels

within the golf course reguired careful design in order to meet

the erosion protection and aesthetic requirements of the Castle
Pines development.

Within the stream channels at Castle Pines concrete and rip-rap
drop structures were constructed to help minimize the erosive
effect of the change in elevation of the stream as it flows
through the golf course. One of the major prerequisites established
by the golf course architects was that the slopes of the stream
banks where the drop structures were located be protected from
erosion up to the one hundred year flood level and also be
aesthetically pleasing. The natural stream flowed through a

very attractive steep pine forest terrain. It was important,
therefore, that a material be chosen that was visually attractive
and able to prevent erosion from occurring from the stream bank's
fifty year flood depth to its one hundred year flood depth,.
Rip-rap was rejected because it did not meet the aesthetics
requirement. The material chosen to meet this criteria was
Miramat Erosion Control and Revegetation Mat. Miramat was chosen
because it would allow for revegetation of the native grasses
along the stream banks yet provide stablization of the banks
during extreme water flows.

The Miramat installation and seeding operations began in the
early Fall of 1985. 1In Eastern Colorado the early fall planning
season is ideal for seed germination and root development prior
to winter dormancy. During the winter the Miramat provided
added protection by protecting the seed against rainfall and
storm water runoff. 1In the Spring of 1986 the grasses will
begin their optimum growth and the channel will be completely

vegetated and ready for the high water flows associated with the
Spring season.

Miramat is ideal for high altitude installations because of the

way it conforms to the contours of the terrain while promoting
rapid growth of mountain grasses through the mat. 1In addition,
Miramat does not degrade as a result of climatic change, but

rather provides a permanent root reinforcement of the grass

system. This benefit helps protect the roots against high velocity
storm water flows over the life of the erosion control project.
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NEW DEVELOPMENTS IN PLANT MATERIALS
FOR HIGH ELEVATIONS

Jack R. Carlson
USDA-Soil Conservation Service
West National Technical Center

Revegetation of high elevation disturbed sites is primarily accomplished
using introduced pasture grasses and legumes, or turf species. These species
are readily available on the commercial market and relatively low priced.
Species include tall fescue (Festuca arundinacea), smooth brome (Bromus
inermis), meadow foxtail (Alopecurus pratensis), perennial ryegrass
(Lolium perenne), timothy (Phleum pratense), orchardgrass (Dactylis
glomerata), intermediate wheatgrass (Thinopyrum intermedium), hard fescue
{Festuca longifolia), creeping red fescue (Festuca rubral, and Kentucky
bluegrass (Poa pratensis). Most cultivars of this introduced group were
developed for lower elevations and most have been available for several
years. New varieties have been either imports from Canada or Europe, or have
been the result of private breeding efforts to improve forage production or
turf quality. Very little work has been done to develop cultivars of
introduced species specifically for high-elevation revegetation in the western
United States. Emphasis in the past has been to evaluate existing cultivars
on these sites. Since many have performed well, they are used extensively.
Several papers at previous High-Altitude Revegetation conferences (Berg 1974,
Townsend 1974, Eamon 1974, Cuany 1974, Plummer 1976, Kenny and Cuany 1978, and
Hassell 1980) have reported experience with introduced species as well as
identified high potential native species and efforts to improve them.

Development of new plant materials for high-elevation sites has focused
on the collection, evaluation, selection, and increase of native germplasm.
During the seventies, projects were initiated by the Soil Conservation Service
(SCS), U.S. Forest Service (USFS), Colorado State University (CSU), and
others, which have resulted in the release of new cultivars. Emphasis has
been placed on native species that are prevalent in the upper forest to alpine
zones.

In general, native species are more tolerant of low fertility, soil
acidity, short growing seasons, and other site factors characteristic of high
elevations. The introduced species listed above require considerably more
nutrients to maintain adequate stands. They “evolved" under a high nutrient
environment. Also as a result of their domestication, introduced species have
better seedling vigor and produce vigorous growth, at least in the first few
years. Where managed correctly with adequate fertilizer, stands can be
maintained on high-elevation sites as one would manage a pasture or turf.
Where low maintenance is desired, however, cultivars selected under tougher
environments should be used instead. Some turf varieties are suited to harsh
conditions, such as certain cultivars of creeping red, hard, or sheep (F.
ovina) fescue. However, native species contain a vast source of germplasm to
develop for this use.
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High-elevation erosion control seed mixtures usually are designed to
include 3-4 components:

Component Type
1 Rapidly developing, usually short-lived grass with strong fibrous

root system; gives way to longer-lived components.

2 One or more persistent perennial grasses, each with special
tolerances that complement each other.

3 One or more forbs, preferably including at least one legume to
provide nitrogen; forbs also may be useful for initial cover.

4 One or more shrubs; usually an option, but sometimes a
requirement when other component species may be lacking; shrubs
usually use moisture deeper in the soil profile.

In the past decade superior accessions have been selected from
evaluations of several of the important high-elevation plant species. Some
have been released for commercial production. In the near future,
revegetation specialists will have several new native cultivars to recommend
for each of the components above. This paper summarizes these new
developments.

GRASSES FOR RAPID INITIAL COVER

Many introduced species, particularly perennial ryegrass, smooth brome,
and tall fescue, have excellent seedling vigor and provide rapid cover. They
also are very competitive and often must be specified at lower seeding rates
to permit slower developing species to establish. There are some native
alternatives that are increasingly being used.

Mountain Brome (Bromus carinatus). Mountain brome has been seeded
sporadically since the forties for rapid cover on mountain sites. ‘Bromar' a
selection from western Montana, was released in 1946 for grass-legume cover in
rotation with grain crops in eastern Washington. It also has performed well
in erosion control seedings in forest habitats, and recent testing on
high-elevation sites in the Rocky Mountains show this cultivar provides
adequate cover. However, the Meeker (Colo.) Environmental Plant Center (EPC)
selected five new strains of mountain brome in 1984 with superior
characteristics to 'Bromar' and are increasing seed for further field
testing. ‘'Bromar' will continue to be recommended until a new cultivar is
released, probably in the early nineties.

Slender wheatqrass (Elvmus trachvcaulus). 'San Luis' was released in
1984 by the Meeker EPC based on its performance at high elevations. Original

seed was collected from Rio Grande County, Colorado at 7,500 feet (2,280 m)
elevation. This cultivar establishes well and persists at high altitudes
compared to other varieties. Except for 'San Luis', available seed usually is
grown and harvested in the northern plains states and Canada.
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Slender wheatgrass encompasses a highly variable species complex.
Barkworth and Dewey (1985) includes bearded wheatgrass (Elymus trachycaulus
subsp. subsecundus) in this complex. In addition, there is subsp.
latiglume and trachycaulus. 'San Luis' belongs to the latter. As with
all Elymus, slender wheatgrass contains the S genome from bluebunch
wheatgrass (Pseudoroegneria spicata) and H genome from Critesion,
formerly Hordeum (Dewey 1984). These SH grasses tend to have excellent
seedling vigor and are relatively short-lived, characteristics contributed by
Critesion. Other native SH grasses adapted to high elevations include blue
wildrye (E. glaucus), squirreltail (E. elymoides), thickspike wheatgrass
(E. lanceolatus), and Scribner wheatgrass (E. scribneri). Of this
group, only thickspike wheatgrass, which is rhizomatous, has improved
varieties. However, both 'Critana', from north central Montana, and 'Sodar’,
from eastern Oregon, originate from collections at low elevations and are
marginally adapted to subalpine sites and higher.

All of these SH species have been evaluated, at least to a limited
degree. Most work currently is centered on squirreltail and blue wildrye.
However, the SH species have not been systematically examined as a whole for
high elevation sites. Scribner wheatgrass warrants an intensive evaluation
because of its adaptation to extreme altitudes. The thickspike wheatgrass
complex also needs to be reevaluated in light of the newly discovered
biological relationships.

GRASSES FOR LONG-TERM COVER

Smooth brome, tall fescue, red fescue, hard fescue, and intermediate
wheatgrass are introduced grasses that have persisted well with proper
manhagement on high elevation sites. The fine leaf fescues, such as red and
hard fescue, are well suited because they are relatively tolerant of harsh
sites, are low-growing, attractive, and often form tight stands. In a sense
they have native counterparts in Thurber fescue (Festuca thurberi), sheep
fescue (F. ovinal), Idaho fescue (F. idahoensis}), and Arizona fescue
(F. arizonical). These and other native species have potential for
long-term cover.

Fine-Leaf Fescues. The native fine-leafed fescues are commercially
available only in limited quantities. However, selection and breeding efforts
have produced four cultivars that are adapted to mountain sites.

‘Redondo’ Arizona fescue was selected and released in the mid-seventies
for revegetation of sites where this species occurs naturally. It originates
from the mountains in north central New Mexico. It was selected for overall
vigor and improved seed production. Currently, between 2,500 and 7,500 pounds
of seed are used annually, but this demand has been judged by revegetation
specialists to be less than the projected need for this grass. It should be
specified in more seeding mixes.

‘Covar' sheep fescue actually is an introduction from the mountains of
central Turkey, selected from PI109497 and released by the Pullman (Wash.)
Plant Materials Center (PMC) in 1977. However, it is the same species, very
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similar to native sheep fescue, and has performed very well on a variety of
sites in the western United States. ‘Covar' persists on droughty soils at
lower elevations especially where Idaho fescue and western fescue (F.
occidentalis) are native. In the Siskiyou Mountains in southwestern Oregon,
following the burning of chaparral vegetation, it has excluded the reinvasion
of Ceanothus and Arctostaphylos as well as introduced annual 8romus

and Festuca. 'Covar' also has performed well at higher elevations, where
higher elevation strains of Idaho fescue and sheep fescue grow naturally.
Although like other fine-leaf fescues in establishing slowly, ‘Covar' forms a
competitive, low-growing, blue-green cover with a wider amplitude of site
adaptation. After a slow start, it is starting to establish its reputation on
the commercial market.

Two new varieties of Idaho fescue, ‘Joseph‘’ and ‘Nezpurs', recently have
been released with improved seed production potential. Both cultivars are
synthetic varieties developed by the University of Idaho (Ensign 1984) to
overcome the low seed production characteristic of this species. Seed 1s just
beginning to appear in the retail seed trade. Idaho fescue grows from
sagebrush plant communities to subalpine sites in the northern intermountain
area of the western United States. At high elevations, it grades ecologically
into sheep and Thurber fescues and to the south into Arizona fescue. ‘'Joseph’
and 'Nezpurs' are adapted to the more mesic parts of the range of Idaho
fescue.

Thurber fescue is an important high-altitude fine leaf fescue. However,
efforts to domesticate it at the Meeker EPC have been frustrating. Direct
seedings on conventional seedbeds have been difficult to establish and,
therefore, no appreciable seed production has been achieved.

In 1983, the Bridger (Montana) PMC initiated work with rough fescue
(F. scabrella) evaluating 40 accessions collected in western Montana in a
uniform garden nursery at Missoula. The Corvallis (Oregon) PMC has evaluated
60 accessions of western fescue (F. occidentalis) identifying one accession
with superior attributes to ‘Covar' sheep fescue. The 60 accessions originate
from native stands in the Siskiyou Mountains of southern Oregon and northern
California. A systematic evaluation of native fine-leaf fescue germplasnm,
involving ovina, idahoensis, arizonica, occidentalis, thurberi, viridula,
scabrella, and californica, would be useful in helping to select strains for
high altitudes.

Tufted hairqrass (Deschampsia cespitosal. This widely adapted species
found on moist subalpine to alpine ridges and slopes in the mountains of the
western United States should be a standard in high altitude seed mixtures in
the near future. Research by Ray Brown with the U.S. Forest Service (USFS)
(sce Chambers et al. 1984) has culminated in the selection and initial seed
increase of superior accessions at the Meeker EPC. Selections originate from
populations in the North Park and Peru Creek areas of Colorado, and from the
Wallowa Mountains in northeastern Oregon. These strains show best overall
performance on several high altitude sites in the Rocky Mountains. Studies at
the Corvallis Plant Materials Center (PMC) show this species to be a prolific
seed producer in the Willamette Valley.




126

Beardless wildryve (leymus triticoides). This native grass is closely

related to basin wildrye (L. cinereus), which usually is associated with
sagebrush (Artemisia) plant communities, occupying bottomland, often

somewhat saline, sites. Certain beardless wildrye strains are much more salt
tolerant. 'Shoshone' was released by the Bridger (Montana) PMC in 1980 after
it performed well on saline seeps with salinities as high as 20 mmhos/cm.

According to Dewey (1984), beardless wildrye, a member of the Triticeae
tribe, contains a J and N genome, the J is contributed by Thinopyrum
(intermediate wheatgrass is a J species) and N is contributed by
Psathrostachys (Russian wildrye is a N species). Other JN grasses include
basin wildrye, giant wildrye (L. racemosus), American dunegrass (L.
mollis), Altai wildrye (L. angustus), and beach wildrye (L. arenarius).

With this generic evidence of adaptation to saline and sandy environments, it
is not surprising to find native strains of beardless wildrye on hard rock
mine tailings at high altitudes in the Rocky Mountains. A collection from
Cripple Creek, Colorado, has shown exceptional rhizome development at the
Meeker EPC. 'Volga' giant wildrye (a JN species) has performed well at the
Silverton mine tailings in Colorado. Beardless wildrye represents a native
alternative.

Needlegrasses. Although the taxonomic picture of the genus Stipa is
somewhat unclear, there are four species found at high elevations in the
western United States. Letterman (S. lettermanii) and pine (S.
pinetorum) needlegrasses both have a base chromosome number n=16 (Johnson
1972). Columbia (S. nelsonii, formerly columbiana) and western (S.
occidentalis) needlegrasses have a base number n=18. This suggests that
there are two germplasm pools to evaluate for high-altitude revegetation.
There is some evidence of natural hybrids between nelsonii and
occidentalis (Johnson 1972). The geographic ranges of pinetorum and
lettermanii overlap, suggesting in the abscence of crossing data, a common
origin and subsequent divergence to different habitats and reproductive
isolation.

Very little selection or evaluation of these species has been completed.
However, the Meeker EPC has selected three accessions of nelsonii and is
increasing seed for further trials. There is a need to collect more germplasm
of all four species for evaluation. A major obstacle to domestication is low
seed production. Nevertheless, the first commercial release may be ready
within five years. Future selection and breeding must take into account the
biological relationships among the species.

Other grasses. The Meeker EPC is evaluating several collections of
alpine timothy (Phleum alpinum), but preliminary results show this species
relatively difficult to handle agronomically, with low seed production a major
limitation. Little or no selection work is being conducted with alpine
bluegrass (Poa alpinal), trisetum (Trisetum spicatum), or sedges
(Carex spp.). ‘'Reubens' Canada bluegrass (Poa canadensis), although not
native to high elevation sites, has performed well with its low-growing,
sod-forming habit.
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FORBS

Past revegetation efforts at high elevations have included several
introduced forb species such as sweetclover (Melilotus spp.), alfalfa
(Medicago sativa), clover (Trifolium spp.), trefoil (Lotus spp.), and
cicer milkvetch (Astragalus cicer). ‘Monarch' cicer milkvetch, developed
by C¢. E. Townsend at CSU, has greatly improved seedling vigor and has
performed very well in high elevation revegetation projects. Evaluations are
underway for some of the native forbs.

Sweetvetch (Hedvsarum boreale). In the past several years, numerous
accessions of Utah sweetvetch (var. utahensis) have been evaluated by R.
L. Cuany at Corvallis State University, M. L. Rumbaugh (Agricultural Research
Service (ARS), Logan, Utah), the Meeker EPC, and the USFS Shrub Sciences
Laboratory. Selections from a population on the Orem Bench in central Utah
are being increased for further evaluation and possible release. This species
is adapted to mountain sites at moderate elevations. Breeding efforts are
attempting to improve establishment success. Germination and seedling
development are characteristically slow.

Penstemons. ‘Bandera' Rocky Mountain penstemon (Penstemon strictus)
was released by the Los Lunas PMC in 1973 for revegetation in the southern
Rocky Mountains. It has faired well on the commercial market, due in part to
its ornamental value. It has proven a useful component of seed mixtures at
elevations between 6,000 and 11,000 feet (1,830 and 3,355 m).

Although there are numerous penstemons that occur at high altitudes in
the western United States, and some have been included in evaluation nurseries
in the past decade, one species ready for immediate increase and use in
revegetation projects is mountain pride penstemon (P. newberryi). This
species occurs at moderate to high elevations in the Sierra Nevada Mountains.
It forms a low-growing mat with attractive rose-red flowers. It has been
extensively tested in the Lake Tahoe Basin (Edmunson 1976, Clary 1983) and
shown to establish, persist, and provide good cover on harsh sites. Limited
seed and plants are commercially available and an effort is needed to increase
and release the Lake Tahoe strain to encourage wider use,

SHRUBS

In the past 15 years, numerous native shrub species have been evaluated
in high elevation revegetation trials, resulting in new plant releases and
increased use in revegetation projects. ‘

Louisiana sage (Artemisia ludoviciana). 'Summit' Louisiana sage was
released in 1985 by the Meeker EPC and USFS Shrub Sciences Laboratory based on
its ability to stabilize disturbed sites at high elevations in the Rocky
Mountains. This cultivar originates from a population at Georgetown Summit in
southeastern Idaho. The species is highly variable and occurs on a variety of
sites from low elevations over much of the western United States. 'Summit' 1is
strongly rhizomatous and establishes quickly. It provides an environment that
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aids the establishment of grasses and plants of later successional stages. It
is recommended for plantings on critical areas between 6,000 and 10,500 feet
(1,800 and 3,500 m) elevation.

Bitterbrush (Purshia tridentata). The first cultivar of this species,
'Lassen', was released in 1984 by the USFS, SCS, Utah Department of Wildlife

Resources (DWR), and six other agencies. It originates from a large
population along the eastern foothills of the Sierra Nevada Mountains near
Susanville, California. ‘'Lassen' represents a tall upright ecotype, which has
been used in range seedings and critical area plantings since the

mid-fifties. It has established and provided good cover in the Lake Tahoe
Basin between 6,000 and 8,000 feet (1,950-2,600 m) and other moderate to high
elevation sites in the intermountain area. Seed and plants are available
commercially. :

Mountajin Mohogany (Cercocarpus montanus). ‘Montane' mountain mohogany
was released in 1978 by the Los Lunas (New Mexico) PMC, a selection from a
native population in the Santa Fe Mountains near Coyote, New Mexico. It has
proven well suited for revegetation of disturbed sites where the species
occurs naturally, between 3,500 and 9,500 feet (1,130 and 3,050 m) elevation.
Plants are available commercially.

Other Shrub Species. Several other shrub species are in final stages of
testing and are nearing release, which are proving adapted to high altitudes.
The 'Hobble Creek' strain of mountain big sagebrush (Artemisia tridentata
subsp. vaseyana) selected by the USFS from a population in central Utah is
planned for release in 1986. PI421013 sulfur buckwheat (Eriogonom
umbellatum), from the central Sierra Nevada Mountains, 1is being increased at
the Lockeford (California) PMC and will be released soon.

The Meeker EPC and USFS Shrub Sciences Laboratory have selected several woody
accessions for increase and further testing at high elevations, including the
following:

Accession Species Origin
T21438 Saskatoon serviceberry (Amelanchier alnifolia) Garfield Co, CO
T21471 Fringed sage (Artemisia frigida) Rio Blanco Co, CO
T24047 Shrubby cinquefoil (Potentilla fruticosa) Park Co, CO
T38528 Bitterbrush (Purshia tridentata) Fountain Green, UT
T24417 Bitterbrush (Purshia tridentata) Maybell, CO

Several shrubs have been evaluated by the Lockeford (Calif.) PMC at
moderate to high elevations in the Sierra Nevada Mountains. The following
accessions have performed the best and warrant further testing for possible
release:

Accession Species Origin
T6504 Greenleaf manzanita (Arctostaphylos patula) Tahoe Basin, NV
PL238-71 Squaw carpet (Ceanothus prostratus) Tahoe Basin, NV
PL139-72 Whitethorn (Ceanothus cordulatus) Tahoe Basin, NV

PL140-72 Snowbrush (Ceanothus velutinus) Tahoe Basin, NV
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SUMMARY

Considerable plant selection and development is underway by SCS, USFKS,
ARS, CSU, and others to support revegetation efforts at high elevations in the
western United States. This work is concentrating primarily on native
species. The work will not be complete until the major species representing
the primary and early seral stages of succession on disturbed sites are
commercially produced in sufficient quantities to meet the demand for
planting. Because the overall demand for seed for high elevations is limited
compared to agricultural crops, cultivars should be developed that are adapted
to all major mountain ranges in the western United States. Evaluations should
be coordinated so that selected strains are tested over a wide area. For
example, the Meeker EPC mountain brome selections should be evaluated in the
Cascades, Sierra Nevadas, Arizona mountains, and throughout the Rocky Mountain
system where the species occurs naturally.
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ABSTRACT

Limited information is available on species selection for
revegetation in the Rocky Mountain alpine zone. In this study, seed
was collected from 223 native species in the Colorado alpine zone and
then seeded as monocultures into topsoil on an alpine site having
continuous winter snow cover. Ten commercially available introduced
species were also seeded. Most of the species established readily.
Seven growing seasons after seeding, eight of 10 native graminoids
produced vegetation ground cover of 20% or more, and 5 of 13 native
forbs produced vegetation ground cover of 10% or more. Seed of 16 of
the native species was combined into a mixture and seeded into subsoil
and mine rock waste sites. After 7 growing seasons, four grasses,
Deschampsia caespitosa, Phleum alpinum, Poa alpina and Trisetum
spicatum were much more abundant than the other species planted in the
native mixture. The frequency of forbs was extremely Tow on plots
planted to the native mixture. Native forbs showing some promise for
alpine seeding included Achillea millefolium, Artcanaria rosea,
Polygonum bistortoides, and PotentilTa diversitolia. OF 10 introduced
species 1n the study Poa pratensis, Festuca ovina, and F. rubra were
the most persistent and vigorous. -

INTRODUCTIOM

The superiority of native species over introduced species for
revegetation of alpine disturbances has been documented by Brown and
Johnson (1979). In the study reported here, our major objective was
to evaluate an array of native and introduced species for seeding
into alpine disturbances on sites that have winter snow cover.
Monocultures of 22 native species seeded in topsoil and a mixture of
16 native species seeded in subsoil and mine rock waste were evaluated
after 2 and 7 growing seasons. Ten introduced species seeded in
monocultures and as a mixture were also evaluated.
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STUDY AREAS

The study was carried out at the Climax Mine, Climax, Colorado
on three different sites (Cuillaume, 1984). The topsoil and subsoil
sites are near the upper edge of a Deschampsia meadow on a west-facing
6% slope. These sites normally have continuous snow cover from
Movember to May. The altitude is 3630 m (11,900 ft), about 130 m
above treeline. The silty clay loam soil (Cryochrept) was about 1-m
deep developed in red micaceous sandstone. These sites were prepared
by removing 8 to 10 cm of sod from an area 40 x 90 m. An additional
15 cm of topsoil was then removed from three 9 x 90 m blocks to expose
the subsoil site. The excavated topsoil was placed in two 6 x 90 m
blocks to make the topsoil site. The topsoil contains 3.6% organic
matter and an estimated 15% coarse fragments. The subsoil contains
1.3% organic matter and an estimated 20% coarse fragments. The coarse
fragments are mostly less than 8 cm in diameter.

The 40 x 100 m rock waste site is located on a nearly Tlevel
bench formed by bulldozer leveling of truck deposited open-pit mine
waste. The site is bordered on the south and east by alpine fellfield
that slopes steeply upward creating a site that has winter snow cover
persisting later in the spring than on the disturbed soil sites. The
altitude of the rock waste site is 3840 m (12,600 feet), about 330 m
above treeline. The rock waste contains an estimated 75% coarse
fragments ranging upward to 1 m diameter and the texture of the soil
size material is sandy loam.

METHODS

Seed was collected from native stands around the Climax Mine and
in Rocky Mountain Mational Park in the late summer and early fall of
1978. The species collected were selected on the basis of
observations on pioneer species invading alpine disturbances
(Guillaume, 1984) and abundance of seed. Hand collection of seed took
about 60 man-days to collect 3.9 kg (8.6 1b) of pure live seed. The
collection and seeding were on a tight schedule that did not allow
time for germination tests prior to seeding in early October 1978.
Germination and seeds/unit mass were determined subsequently and are
reported elsewhere (Guillaume, 1984).

Individual species plots (Table 1) were seeded only on the
topsoil site. Individual species plots are 0.45 x 6 m with the seed
planted in 3 rows 15 cm apart. Each species is replicated 3 times.
Fertilizers were spread and then raked into the soil, the area was
then furrowed, seeded, and raked 1ightly. The species plots were
split, half of each plot was fertilized with 18-46-0 at the rate of
236 kg/ha (300 1b/acre). The other half of each plot received sewage
sludge at the rate of 22 Mg/ha (10 ton/acre). By 1985, no differences
due to these fertility treatments on the topsoil were evident and all
data were collected without regard to the fertility treatments. Straw
mulch at the rate of 4.5 Mg/ha (2 ton/a) was applied and covered with
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plastic netting. The plots were seeded and mulched on October 14,
1978. Vegetation ground cover on the individual species plots was
estimated in August 1980 in 10 randomly placed 40 cm square quadrats
in each plot. In August 1985, vegetation ground cover was estimated
by stretching a tape diagonally across each plot and determining the
presence or absence of vegetation cover (living vegetation) under each
of 100 inch marks. Frequency was estimated by determining species
present within each of eighty 10 x 10 cm quadrats within each plot.

A seed mixture of 16 native species (Table 2) was made up for
seeding on subsoil and rock waste plots. The mix was based on the
amount of seed available rather than what a desirable mixture might
include. This native mixture was seeded at the rate of 8.6 kg/ha (7.7
1b/a) pure live seed (pls). This is equivalent to 1350 pls/m2 (125
pls/fte).

In the late summer of 1979, Ron Zuck used a small combine to
harvest seed from the alpine meadow surrounding the topsoil and
subsoil site. The seed was planted in the fall of 1979 into 3x9 m
subsoil plots receiving 88 Mg sewage sludge/ha and mulched with
excelsior. The seeding rate is unknown. There were three blocks in
this study.

The seed mixtura of introduced species was based on the mixture
developed by the Climax Molybdenum Company for revegetation of
disturbances in the upper subalpine lifezone. A seeding rate of 45
kg/ha (40 1b/a) was used on the plots. Similar rates are common1¥
used in subalpine seedings. The rate is equivalent to 5060 pls/m
(470 p1s/ft2),

This paper presents data on species frequency trends over time
(5 years) as affected by site (subsoil or rock waste). Results from
the mulch and fertility treatments are presented in Berg et al.
(1986). Frecuency of native species was determined on straw + plastic
net and jute mulch treatments receiving 18-46-0 at 336 kg/ha (300
1b/a) or sewage sludge (dry) at 22 Mg/ha (10 ton/a) on subsoil or 66
Mg/ha on rock waste. Frequency of each species was determined in one
hundred twenty 10x10 cm quadrats on each of these plots on the
disturbed soil site for a total of 1440 observations (120 quadrats x 4
treatments x 3 blocks). Eighty 20x20 cm quadrats were used on each
plot on the rock waste for a total of 9A0 observations. Frequency of
the introduced species in the subsoil was determined in one hundred
twenty 10x10 cm quadrats in each plot mulched with straw + plastic net
and fertilized with sewage sludge at 22 Mg/ha (260 observations). On
the rock waste the frequency of the introduced species was determined,
in eighty 20x20 cm quadrats placed in each plot mulched with straw +
plastic net and fertilized with sewage sludge at 66 Mg/ha (240
observations).
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Vegetation cover was measured at 200 points on each 3x9 m plot
planted to the seed mixtures by determining if 1iving vegetation was
present in a vertical projection downward from the 10 cm marks on four
random placements of a 5 m tape stretched across each plot.

RESULTS AND DISCUSSION
Native Species Seeded as Monocultures in Topsoil

Establishment and persistence was good for most of the native
species seeded in 1978 as monocultures in the topsoil. This is
illustrated by the relatively high frequencies in 1980 and 1985 (Table
1). The seeding rates of Agropyron scribneri, Mertensia viridis, and
Trifolium dasyphyllum were Véry Tow and do not aTlow a good comparison

Table 1. Seeding rate, calculated plant density, vegetation ground
cover, and frequency of native species planted as monocultures in

topsoil.

ViabTe — Calcuflated Frequency

seed plant Yegetation within

planted density Ground 10x10 cm

in 1978 1985 Cover quadrats

-——- number/mz-- e} —ee Lt JE
Graminoids
Kgropyron latiglume 300 78 8 20 ns 66 54 ns
Agrapyron scribneri 7 1 2 0 38 11t
Carex atrata 1400 9 0 1 1 9
Carex ebenea 2900 63 1 22 * 40 47 ns
Deschampsia caespitosa 4700 147 9 56 ns 8l 77 ns
Festuca thurberi 2200 71 3 16 * 87 51+¢
Phleum alpinum 2900 161 10 41 * 78 80 ns
Poa alpina 10600 281 17 59 * 83 94 ns
Poa glauca 1500 117 8 39 *. 53 69t
Trisetum spicatum 3000 253 11 28 ns 83 92 ns
Forbs
Kndrosace

septentrionalis 12500 4 7 1 79 4+

Antennaria rosea 8300 143 8 28 * 57 76 ¢
Artemisia arctica 27500 53 4 12 ns 33 41 ns
Castilleja spp. 5700 1 0 1 1 1
Geum rossi 1600 65 1 10 ns 40 48 ns
Hymenoxys grandiflora 2600 34 1 8 52 29 t
Mertensia viridis 70 4 <1 1 8 4
Oxyria digyna 1500 67 10 9 ns 63 49 ns
Polemonium viscosum 800 37 1 4 39 31 ns
Polygonum bistortoides unknown . 62 3 11 * 23 46 t
Potentilla diversifolia 6900 ‘127 6 44 * 63 72 ns
Rumex spp. 1900 31 2 7 52 27 t
Trifolium dasyphyllum 70 2. 0 0 2 2

tfrequency is significantly different (P<0.05) between years by Chi-
square test; when frequency<10% for both values Chi-square not
calculated.

*Ground cover is significantly different (P=<0.05) between years by F
test; when ground cover <10% for both years F not calculated.
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of these species with the remainder of the species which were seeded
at moderate to high rates (Table 1). The frequencies of Agropyron
scribneri and Androsace septentrionalis showed a dramatiC decrease
from 1980 to 1985 and the frequencies of Festuca thurberi, Hymenoxys
grandiflora, and Rumex spp. decreased significantly (Table IJ.
Significant increases in frequency are shown for Poa glauca,
Antennaria rosea, and Polygonum bistortoides.

Calculation of plant density per m2 from the frequency data
(Grieg-Smith, 1964) shows that 8 of 10 graminoids had a density of 60
plants/m2 (5 plants/ft2) or greater in 1985. Five of 13 forb species
had densities of A0 plants/m¢ or greater (Table 1).

Vegetation ground cover in 1980, two growing seasons after
seeding, was 17% or less for all species (Table 1). By 1985, ground
cover had increased substantially for most of the graminoids (Table
1). Three of the forbs, Antennaria rosea, Polygonum bistortoides, and
Potentilla diversifolia, had significant™increases in ground cover
From 1980 to 1985.

Native Species Seeded as a Mizture in Subsoil or Rock Waste

In plots planted to the mixture of 16 native species, the
frequencies of four grasses were much greater than the frequencies of
the other species (Table 2). Among these four grasses, Deschampsia
caespitosa did not have a change in frequency from 1980 to 1985,
PhTeum alpinum and Poa alpina increased in frequency, and Trisetum
spicatum increased in frequency on the subsoil. We believe that the
increases in frequency are probably a reflection of both: 1) an
inability to identify very small seedlings in 1980, and 2) an increase
in number of plants due to natural seeding. In 1985 numerous small
grass seedlings were present in these plots.

Eight species not intentionally seeded, but present by invasion
or inadvertently included in the seeds collected, were found on the
plots (Table 2). Of these species, only Poa reflexa on the rock waste
was present in significant amounts. -

Within the plots seeded to the native mixture, the frequency of
forbs was extremely low in relation to the frequency of the graminoids
(Table 2). Some of the forbs performed relatively well in
monocultures on the topsoil (Table 1) but apparently could not compete
with graminoids when seeded in the mixture on subsoil or rock waste.
Among the forbs seeded in the mixture, dindividual Potentilla
diversifolia plants had outstanding vigor. In nearby upper subalpine
trials P. diversifolia was rated good in vigor and persistence
(HasselT, 19807J.

The native mixture seeding rate of 1350 pls/mZ (125 pls/ft2)
resulted in vegetation ground cover by 1985 of 65 and 76% on the
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subsoil when used with fertility treatments of 44 and 88 Mg/ha sewage
sludge, respectively (Berg et al., 1986). Thus, with adequate
fertility, site preparation, and mulching, this seeding rate appears
adequate. However, time is required for vegetation ground cover to
develop, these same high fertility plots had ground cover of only 8%
in 1980, two years after seeding.

Table 2. Native species frequency in 1980 and 1985 on subsoil and
rock waste sites seeded to a mixture of native species in 1978.

Frequency
Viable SubsoTT Rock Waste
Seed 10x10 cm 20x20 cm
Planted quadrats quadrats
in 1978 1980 1985 1980 1985
number/m2 b2
Graminoids
Agropyron latiglume 10 2 3 4 <1
Carex spp. 100 3 2 2 8
Deschampsia caespitosa 280 15 15 ns 23 23 ns
Festuca thurberi 60 <1 <1 0 4
Phleum alpinum 180 9 16 t 16 32+
Poa alpina 240 16 3+t 20 §3 +
Poa glauca 0 0 <1 0 6
Poa reflexa 0 0 1 0 38 ¢+
Trisetum spicatum 120 13 21 + 20 22 ns
Forbs
AchiTlea lanulosa 0 0 <1 0 0
Androsace septentrionalis 8 1 131 0 0
Artemisia arctica 30 1 <1 0 <1
Castilleja spp. 110 0 <1 0 <1
Geum rossi 12 0 <1 <l 0
Hymenoxys grandiflora 6 0 0 0 0
Lepidium spp. 0 <1l <l <1 0
Oxyria digyna 0 <1 <1 0 <1
Polemonium viscosum 30 . <l <1l 2 2
Polygonum bistortoides 0 <l - «l 1 <1
Potentilla diversifolia 110 <1 1 <l 1
Rumex spp. 50 3 1 1 <1
Taraxicum spp. 0 0 <1 0 0
0 0

Trifolium dasyphyllum 0 0 <1

tfrequency is sign. different (P<0.05) between years within a site by
Chi-square test; when frequency <10% for both years Chi-square was
not calculated.

Seed harvested with a combine in September 1979 from the
surrounding alpine meadow and seeded in 1979 into the subsoil resulted
in frequencies of greater than 10% for each of 8 species by 1985
(Table 3). Four of these species, Deschampsia caespitosa, Phleum
alpinum, Poa glpina, and Trisetum spicatum also performed well in the
T978 plantings of hand-harvested native seed mixtures (Table 2).
Other species from the combine seed harvest with a frequency of
greater than 10% were Agropyron latiglume, Carex spp., Poa glauca, and
Achillea millefolium. - -
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The performance of Achillea millefolium is of particular
interest. This forb was not seeded in other alpine plots, however, it
was seeded on rock waste in the upper subalpine zone (Guillaume, 1984)
where its frequency was high in 1985 (W. A. Berg, unpublished data).

Thus, the planting of the native seed mixture harvested with a
combine resulted in a considerably greater number of species
contributing to the bulk of the revegetation population (Table 3) than
did the seed mixture made up of hand-collected natives (Table 2). The
amount of vegetation ground cover (70%) in 1985 on the subsoil plots
planted with the combine-harvested seed was not significantly
different from the vegetation cover (76%) on plots planted to the
hand-collected native seed mixture on plots treated with comparable
sewage sludge rates (88 Mg/ha).

Table 3. Frequency of species in 1985 in subsoil site seeded in 1979
with seed combine harvested from adjacent native alpine meadow.

" Frequency within
10x10 cm quadrat
;4

Graminoids

Agropyron latiglume 20
Carex spp. 17
Deschampsia caespitosa 27
Festuca spp. 1
Phleum alpinum 23
Poa alpina 26
Poa glauca 23
Poa reflexa 6
Trisetum spicatum 15
Forbs

Achillea millefolium 13
Castilla spp. <1
Epilobium angustifolium <1
Geum rossi <1
Lepidium spp. <1
Polygonum bistortoides 1
Potentilla diversifolia 5
Rumex spp. 2

Overall, the grasses, Deschampsia caespitosa, Phleum alpinum,
Poa alpina, and Trisetum spicatum performed well in these alpine
seedings as they™did in trials reported by Brown and Johnson (1979).
Performance of the forbs in the grass-forb seed mixtures was
disappointing with the exception of Achillea millefolium which was
included in only one of the four alpine seedings Teported here. Among
the other forbs tested, Antennaria rosea, Polygonum bistortoides, and
Potentilla diversifolia may hold some promise for seeding into alpine
disturbances. The Tatter 3 species were found by Chambers et al.
(1984) to be ranked high as colonizers on alpine disturbances in
Montana.
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Introduced Species Seeded as Monoecultures in Topsotl

Nine of the 10 introduced species had high frequencies two-years
after seeding in monocultures in topsoil (Table 4). Five years later
the frequencies of Alopecurus arundinaceus, Festuca ovina, F. rubra,
and Poa pratensis had not changed. Over the same 5 years the
following species decreased in frequency; Agrostis alba, Bromus
inermis, Dactylis glomerata, Phleum pratense, and Irifolium repens.

Table 4. Seeding rate, calculated plant density, vegetation ground
cover, and frequency of fntroduced species planted as monocultures in

topsoil.
“Calcu- Vegeta-
viable lated tion Frequency
seed plant Ground within
planted density Cover 10x10 ¢m
in 1978 1985 quadrats
Grasses ----number/m2emm-  .ITTg.ToIT Too- ) =
Agrostis alba 17700 o 6 0 99 0+
Alopecurus arundinaceus 1630 190 8 34 * 88 85 ns
'Garrison’
Bromus inermis ‘Manchar' 360 16 4 0 80 15t
Dactylis glomerata 1200 31 5 11 ns 89 27t
'Potomac’
Festuca ovina 'Durar' 1490 204 16 37 ns 91 87 ns
Festuca rubra 'Pennlawn’ 2140 212 17 48 * 91 88 ns
Phleum pratense 'Climax' 3620 87 17 15 ns 88 58 t
Poa pratensis 'Newport' 7100 139 6 28 * 91 75 ns
Legumes
Astragalus cicer 'Lutana' 900 <1 0. 0 4 <«
Trifolium repens 4420 -0 6 0 73 ot

t frequency 1s signifiantly different (P<0.05) between years by Chi-
square test,

* ground cover is significantly different (P<0.05) between years by F
test.

Two growing seasons after seeding in monocultures a maximum of
17% vegetation ground cover was present on plots of the introduced
species (Table 4). After another 5 growing seasons vegetation ground
cover had increased significantly on plots of Alopecurus
arundinaceus, Festuca rubra and Poa pratensis (Table 4). “The amount
oT ground cover produced by thésé species was comparable to that
produced by the more vigorous of the native grasses (Table 1).

Introduced Species Seeded as a Mixture in Subsoil or Rock Waste

When the 10 introduced species were planted as a mixture, the
frequency of the Festuca spp. and Poa pratensis increased over the
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period 1980 to 1985 (Table 5). Over this same period, the frequency
of Phleum pratense remained the same, and the frequency of Alopecurus
arundinaceus, Bromus inermis, Dactylis glomerata and Trifolium repens
decreased. The only introduced species with good vigor in 1985 were
the Festuca spp. and Poa pratensis. Observations, particularly on the
rock”waste site, were that Poa pratensis was spreading by rhizomes on
the high fertility treatments. We were unable to differentiate
between Festuca ovina and F. rubra growing in plots seeded to the
mixture. "ATT fescue had a buUnch growth form with no evident tendency
to spread by rhizomes. The performance of Alopecurus arundinaceus was
not consistent among the studies - the Ffrequency of this species
remained the same in the monocultures on topsoil and decreased over
the 1980 to 1985 period in the subsoil and rock waste plots seeded to
the introduced mixture. In plots in the upper subalpine zone we have
observed that A. arundinaceus grows well and spreads by rhizomes on
moist fertile sites, but just survives on infertile drier sites
(unpublished data).

Table 5. Introduced species frequency in 1980 and 1985 on subsoil and
rock waste sites seeded to a mixture of the species in 1978.

Yiable Frequency
seed Subsoil Rock Waste
planted 10x10 cm 20x20 cm
in 1978 quadrats quadrats
980 1985 1980~ 1985
seeds/m? e A e T -
Species
Grasses
Agrostis alba 1670 4 15 + 0 0
Alopecurus arundinaceus 410 21 6 t 15 5t
Bromus inermis 150 31 <1t 8 9
Dactylis glomerata 200 24 7+ 23 7t
Festuca ovina + F. rubra 650 55 87 t 27 46t
Phleum pratense 540 18 22 ns 7 8
Poa pratensis 540 10 32t 15 52t
Legumes
‘Estragalus cicer 100 0 0 0 0
Trifolium repens 770 4 0 7 0

t Frequency is significantly different (P<0.05) between years within a
site by Chi-square test; when fregquency was <10% for both years Chi-
square was not calculated.

Thus, among the introduced species Poa pratensis and the small
fescues (F. ovina and F. rubra) were the outstanding species. Most of
the larger introduced grasses established well but did not persist. A
comparison of the amount of vegetation ground cover produced by
mixtures of native or introduced species as affected by fertility
treatments is in the second paper in this series (Berg et al. 1986).
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CONCLUSION

A number of species, both native and introduced, can be
initially established on alpine disturbances that have continuous
winter snow cover. However, seven years after seeding into drastic
disturbances (subsoil and rock waste), four native grasses and three
introduced grasses dominated in plots seeded to mixtures of native or
introduced species, respectively.

The dominant native grasses, Deschampsia caespitosa, Phleum
alpinum, Poa alpina and Trisetum spicatum have also performed well in
other alpine seedings (Brown and Jackson, 1979) and are common
colonizers on alpine and upper subalpine disturbed sites having winter
snow cover. Numerous grass seedlings were observed in 1985 in the
subsoil and rock waste plots seeded to natives. Since the utility of
these native grasses has been demonstrated, we suggest agencies or
companies anticipating reseeding alpine disturbances having winter-
Tong snow cover contract for seed of these species in advance of the
need. The supply might be by commercial seed production technigues,
or possibly, harvest of native stands by mechanical seed strippers
(Dewald and Beisel, 1983). The species diversity in plots seeded with
the combine-harvested natives adds interest to harvest of native
stands.

Poa pratensis was the only introduced species in the study that
reproduced readily on the subsoil and rock waste. This was by
rhizomes. The small introduced fescues established readily and
persisted over 7 years but did not produce heads or rhizomes.
Screening among Poa pratensis and rhizomatous Festuca rubra selections
may be of interest in future alpine revegetation reseéarch.

Users of information presented in this report are cautioned that
the species information will apply only to alpine disturbances with
winter snow cover.
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ABSTRACT

The effects of mulch and fertility treatments applied at or near
the time of seeding were determined seven years after seeding
disturbed alpine sites. The two sites were a silty clay loam subsoil
120 m_above treeline, and mine rock waste 330 m above treeline. Both
sites normally have snow cover from Movember into May. The seventh
growing season after seeding, vegetation ground cover was 1.5 to 2.5
times greater on 44 to 88 Mg/ha (20 to 40 ton/acre) sewage sludge
treatments than on treatments receiving 336 kg/ha 18-46-0, or 334
kg/ha 18-46-0 plus 11?2 kg M/ha. Low rate sewage sludge treatments (11
to 22 Mg/ha) produced vegetation ground cover similar to or slightly
greater than that produced on the chemical fertilizer treatments. The
frequency of native species was similar on low and high fertility
treatments., The type of mulch (straw, jute, excelsior, woodchips)
did not affect the amount of vegetation cover produced during the
seventh growing season. A no-mulch treatment was also used on the
rock waste since there was no erosion potential, here vegetation cover
and species frequency were similar on the no-mulch treatment as
compared to the straw mulch treatment.

INTRODUCTION

Disturbances by road and utility line construction, mineral
development, and recreation activities are continuing in alpine
ecosystems in the western United States. Appropriate plant species,
fertility, and cultural methods are requisites to successful
revegetation programs on drastic land disturbances in these severe
environments. This paper reports on the longer term (7 years) effects
of fertility treatments and mulches upon vegetation ground cover and
frequency of native species seeded into two infertile alpine sites.

STUDY AREAS

The study was carried out at the AMAX Inc. Climax Mine, Climax,
Colorado on two different sites (Cuillaume, 1984). The subsoil site
is near the upper edge of a Deschampsia meadow on a west-facing, 6%
slope. This site is usually snow covered from November into May. The
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altitude is 3630 m (11,900 ft), about 120 m above treeline. The silty
clay loam soil (Cryochrept) was about 1-m deep developed in red
micaceous sandstone. The site was prepared by removing 20 to 25 cm of
sod and topsoil from three 9 x 90 m blocks to expose the subsoil. The
subsoil contain an estimated 20% coarse fragments and tested low in

NO3-N, P and K (Table 1).

The 40 x 100 m rock waste site is located on a nearly level
bench formed by bulldozer leveling of truck deposited open-pit mine
waste. The site is bordered on the south and east by alpine fellfield
that slopes steeply upward creating a site that has winter snow cover
which persists later in the spring than on the subsoil site. The
altitude of the rock waste site is 3840 m (12,600 feet) which is about
330 m above treeline. The rock waste contains about 75% coarse
fragments ranging upward to 1 m diameter. The texture of the soil size
material is sandy loam which tested low in organic matter and NO3-N,
but adequate in P and K (Table 1).

Table 1. Chemical characteristics of subsoil, rock waste, cover soil, and
sewage studge used in fertility and mulch studies.

Material PH+ E.C. Oﬂ; NO3-N | A In Fe
mmhos/cm 2 ppm

Subsoil 5.0 0.1 1.3 1 | 11 35 1 83

Rock ¥aste 5.1 0.6 0.4 1 20 u3 4 124

Cover Soil 6.3 0.6 4.7 5 € 73 6 170

Sewage sludge 6.7 11.0 13 62 142 825 204 145

t all analysis by C3U soil testing 1aboratory- {Soitanpour and Workman, 1981J,
E. C. determined fn saturated extract; P, K, Zn, Fe in NH4HCO3-DTPA extract.

METHODS

A seed mixture of 16 native species (Guillaume, 1984; Guillaume
et al. 1986) was seeded on most of the plots. This mixture was based
on the amount of hand-collected seed available rather than what a
desirable mix might include. The native mix was seeded at the rate of
8.6 kg/ha (7.7 1b/a) pure live seed (pls). This is equivalent to 1350
pls/m¢ (125 pis/ft2).

Cn some plots a seed mixture of introduced species was used
(Guillaume et al. 1986). The species composition of this mixture was
developed by the Climax Molybdenum Company for revegetation of
disturbances in the upper subalpine zone. A seeding rate of 45 kq/ha
(40 1b/a) was used, which is equivalent to 5060 pls/m2 (470 pls/fte).
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The fertility treatments applied to individual 3 x 9 m plots
included chemical fertilizers and sewage sludge (Guillaume, 1984).
Two rates of chemical fertilizer were used: 1) diammonium phosphate
(18-46-0) applied at the rate of 336 kg/ha (300 1b/acre) prior to
seeding in Cctober 1978, 2) same as 1 above plus 112 kg N/ha (100 1b
N/acre) as NHy NO3 applied in June 1980. Sewage sludge rates ranged
from 11 Mg/ha (5 ton/acre) to 88 Mg/ha (40 ton/acre). The sewage
sludge was dry anaerobically digested primary sludge from the Denver
Metro northside plant. The sludge contained 13% organic matter (Table
1) which is low for this type of sludge (personal communication B. R.
Sabey). Woodchips at the rate of 44 Mg/ha were added to all sewage
sludge treatments applied to the rock waste.

Mulch treatments applied to the subsoil site after seeding in
October 1978 dincluded: 1) 4.4 Mg/ha (2 ton/acre) wheat straw held in
place wth plastic netting (Conwed), 2) jute, 3) excelsior erosion
blanket, 4) 44 Mg/ha woodchips (softwood), 5) 4.4 Mg/ha wheat straw +
plastic netting, net removed in 1979. Treatment 5 was applied to
simulate a straw mulch held in place with a tackifier. Mulch
treatments applied to the rock waste were the same as above except
treatment 5 where no-mulch was applied. A treatment of 7.5 cm (3 in)
of cover soil (Table 1) taken from a topsoil stockpile was also
applied to the rock waste. Nn the cover soil treatment the three
fertility treatments were: 1) none, 2) 336 kg/ha 18-46-0 applied in
1978, 2) same as 2 plus 112 kg N/ha applied in 1980. The cover soil
plots were mulched with straw and plastic net.

The subsoil site was chiseled to a depth of 10 cm, and the rock
waste site was ripped to a depth of 30 to 60 cm prior to applying
treatments. Inorganic fertilizer or sewage sludge (plus woodchips on
the rock waste) was broadcast on individual plots and worked into the
soil material with rakes and picks. The seed mix was then broadcast
by hand over the plot area and the surface raked 1lightly to cover the
seed. The mulches were then applied and held in place with staples
{subsoil) or rocks {rock waste). Three blocks (replications) were
used for all fertility and mulch treatments on each site.

Vegetation ground cover was estimated on the subsoil site in
August 1980 in 10 randomly placed 40 cm square quadrats in each plot.
In August 1985, vegetation ground cover was estimated at 200 points on
each 2 x 9 m plot by determining if 1iving vegetation was present in a
vertical projection downward from the 10 cm marks on four random
placements of a 5-m tape stretched across each plot on the subsoil and
rock waste sites. Species frequency was estimated by determining the
species present within each of one hundred twenty 10 x 10 cm quadrats
in August of 1980 and 1985. Frequency was estimated on the rock waste
within each of eighty 20 x 20 cm quadrats/plot. The standing crop of
native species was sampled by clipping plants in four &0 x 50 cnm
quadrats on each of 27 plots in August 1985. The quadrats were
randomly placed and the plants were cut as close as possible to the
ground with scissors.
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RESULTS

Fertility Treatments

The second growing season (1980) after seeding, vegetation
ground cover averaged only 5 to 8% on the subsoil site with no
significant differences among fertility treatments (Guillaume 1984,
Fig. 1). By the seventh growing season (1985) after seeding,
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o A anadhamm wmmendere = 4 4 -
None Since N2 kg N/ha 1122 4 88
1978 1980

Chemical Fertilizer
336 kg/ha 18-46-0 1978 Sewage sludge rate Mg/ha 1978

FERTILITY TREATMENT

Figure 1. Vegetation ground cover in 1980 and 1985 by native
species as affected by fertility treatments on subsoi! seeded
in 1978 and mulched with straw + net. B8ars represent one
standard error of the mean.

vegetation ground cover was 1.5 to 2.5 times greater on the high-rate
sewage sludge treatments than on the chemical fertilizer treatments
(Table 2, Fig. 1). Our 1985 observations were that the native grasses
were larger, had more heads, and a darker green clover on the high-
rate sewage sludge treatments than on the chemical fertilizer
treatments. The darker green color indicates that the major benefit
received from the high-rate sewage sludge is a greater supply of
plant-available nitrogen. No consistent difference in vegetation
cover was evident between the two chemical fertilizer treatments
(Table 2). The lower rates of sewage sludge generally produced
vegetation cover in amounts similar to or slightly greater than on the
chemical fertilizer treatments (Table 2).

The fertility treatment x mulch interaction was not
statistically significant (P = 0.05) on either site (Table 3). This
indicates that the increases in vegetation cover produced in response
to the fertility treatments were not affected by the type of mulch

used.
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Table 2. Effect of Fertility Treatments on Yegetation Cover on Subsoil or Rock
Waste Sites

Site
Muich
Species Fertility Treatment
336 kg/7ha 336 kg/ha "
18-46-0 18-46-0
1978 1978 Sewage Sludge Mg/ha 1978 +
100 kg N/ha
1980 11 22 44 66 88
........ | S g
Subsoil
Strawsnet . ]
Native 28 ¢ 29 ¢ B¢ B¢ 65 b - 76 a
Introduced 22 e 26 de 30d 37 ¢ 45 b - 53 a
A1l Muiches
Native 25 ¢ 32b - © 44 a - - -
Rock Waste
Strawtnet
Native 17 ¢ 21 bc - 22 bc 31 ab 42 2 -
Introduced - - - 21 a 31 a 19 a -
A1l Mulches ’
Native 18 b 19b - - - 33 a -

+ On rock waste all sewage sludge rates also received 44 Mg woodunips/ha

¥ Means within a row across the table followed by 2 common letter are not
significantly (P=0.05) different. Do not use for comparison of means within
a vertical column.

- Treatment not in study.

Table 3. Analysis of variance for fertility treatment and mulch effects on
vegetation ground cover of native species in 1985 on subsoil and rock waste

sites.

Subsoil ' Rock Waste
Source dar — Pean square ar Mean square
Fertility Treatment 2 1332 ** 2 951 *+
Mulch 4 76 ns 4 87 ns
Fertility x mulch 8 33 ns 8 15 ns
gError 28 47 28 62

The treatments of 7.5 cm (3 in) of stockpiled topsoil applied
over the rock waste in 1978 resulted in vegetation cover in 1985 of
15+2 (std error)%. With the topsoil treatment + 336 kg/ha of 18-46-0
applied in 1978 the vegetation cover in 1985 was 22+1%. With topsoil +
336 kg/ha of 18-46-0 in 1978 + 112 kg N/ha in 1980 the vegetation
cover in 1985 was 26+4%. Thus, treatment of rock waste with
approximately 1100 Mg/ha (500 ton/acre) of stockpiled soil appears to
be Tittle more effective than treatment with chemical fertilizers
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(Table 2) in production of vegetation ground cover after 7 growing
seasons. This result is surprising and may relate to the quality of
the cover soil (Table 1) which probably had a high C/N ratio.

The frequency of the dominant native grasses two and seven years
after seeding does not appear to be influenced by fertility treatment
(Table 4). The relationship between herbage produced as affected by
fertility or mulch treatments is also of interest. However, plot
clipping would probably bias future observations in the study. As a
compromise, a limited number of treatments were sampled (four 50 x 50
cm quadrats on each of 27 plots) for standing crop and the dry matter

Table 4. Effect of fertility treatments acpifed in 1978 on fregquency of native
species growing in 1980 and 1985 on subsecil or rock waste.

Frecuency +

Site
Species 1850 18==
- S350 kg/na Rign rate s 356 kg/ha Hi1Gn rate
18-26-0 sewage slucce 16-46-0 sewage siudge
SUBSOIL
Descnampsia caespitosa ral 18 12 22
Phiewm alpinum 1S5 15 20 k]
Poa alpina 20 16 42 £0
Trisetim spicatua 12 . 16 a1 25
ROCX WASTE
Deschamosia caespitosa 23 19 21 10
Phleum alpinum 13 20 28 21
Poa aloina 15 13 39 25
Poa refiexa 0 0 14 27
Trisetum spicatum 9 19 ' 11 21

t Frecuency on 10 x 10 cm quadrats subsail, 20 x 20 cm quadrats rock waste.
% 88 Mg/ha on subsoil, 66 Mg/ha on rock waste.

yields plotted against vegetation ground cover determined over each

plot (Fig. 2). The relationship shown below indicates that
Dry Matter (kg/ha)= -54 + 12 X vegetation cover (%), r2=0.81

vegetation ground cover can be used to predict standing crop on these

sites.

Muleches

Type of mulch applied on subsoil had no significant effect on
amount of vegetation cover produced during the seventh growing season
(Table 5). A no-mulch treatment was not attempted on the subsoil
because of the high potential for erosion of the silty clay loam soil
onto other treatments. Ril11 erosion was obvious in 1985 on subsoil
plots mulched with woodchips. Erosion was not evident in other mulch

treatments.
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Figure 2. The relationship between dry matter production
and vegetation ground cover by native species in early
August 1985 on subsoil or rock waste plots receiving
different fertility treatments.

Table 5. Vegetation cover of native specfes in 1985 on subsoil or rock waste as
affected by mulches appliied after seeding in 1978.

Mulch ‘ Site
- Subsoil ¢ Rock Waste #
Straw + net Mas ' 23 ab
Jute ' 37 a .28 a
Excelsior 33 a 23 ab
Woodchips 3 a 25 ab
Straw - net (1979) 37 a -
No mulch . - 19b
€an o @ two chemical fertilizer pius g/ha sewage sludge tertility
treatments.
#Mean of the two chemical fertilizer plus 66 Mg/ha sewage sludge fertility
treatments.

-Treatment not in study. :
§Means within a site followed by a common letter are not signiflcantly (P=0.05)
different.

A no-mulch treatment was included on the rock waste since there
was no erosion potential on this coarse material. Vegetation cover on
the rock waste in August of the seventh growing season was similar
among the mulches, and between all mulches and the no-mulch treatment
except for the jute (Table 5).
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The first growing season, more plants were found on plots
mulched with excelsior than on plots mulched with other materials, but
after two growing seasons this effect was not found (Guillaume, 1984).
Two years after the mulch application, Guillaume (1984) noted little
degradation of the jute, excelsior or woodchip mulches. Straw was more
clumped under the net in 1980 and ground cover by straw was reduced
from about 90% in 1978 to 75% in 1980.

Seven years after application most of the mulch materials had
decomposed. No straw remained, but the plastic net used to hold down
the straw was intact, although brittle. An estimated 10 to 20% of the
jute remained as jisolated strands, indicating variability in
decomposition rates among strands. No excelsior remained except under
rocks (20-30 cm diameter) placed to hold the mat down. The green
plastic net on the excelsior had disintegrated to pieces no larger
than 1 cm. A few woodchips were present, largely in clumps, and made
up no more than 5% ground cover.

Four or five grass species dominated the vegetation on plots
seeded to the mixture of native grasses and forbs (Guillaume et al.
1966). Frequencies of these grasses on the rock waste in either 1980
or 1985 appear to be similar on the straw mulch treatment and the no-
mulch treatment (Table 6). Forb frequency was extremely low on all
treatments.

Table 6. Effect of no mulch or straw mulch applied after seeding in 1978 on
frequency of native species growing on rock waste in 1980 or 1985.

1980 1985
Species : . Fo muTch  Straw + net Ko muich Straw + net
b4
Deschampsia caespitosa 23 21 18 22
Phleum alpinum 11 17 18 37
Poa alpina 17 14 51 49
Poa reflexa 0 0 29 18
Trisetum spicatum 12 10 16 20
DISCUSSIONM

The alpine sites revegetated in this study have continuous
winter snow cover, usually from November into May, and thus are more
amenable to revegetation than wind-swept sites. The information
presented in this paper on species or on mulch and no-mulch treatments
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may have limited application to windswept alpine sites. The fertility
information should be applicable to most infertile revegetation sites.

The high-rate sewage sludge treatments (44 to 88 Mg/ha) were the
only fertility treatments used in this study which appear to offer the
potential for a no or minimum maintenance approach to alpine
revegetation on infertile soil materials. At these sewage sludge
rates enough vegetation cover was produced to control erosion and
ameliorate the visual effect of disturbance. However, -even at the
highest sewage sludge rate, dry matter production on the exposed
subsoil in 1985 was estimated to be about half of that produced on the
adjacent native Deschampsia meadow. The increase in vegetation cover
of native species with increased rates of sewage sludge (Fig. 1, Table
2) indicates that fertility, probably plant-available nitrogen, is
limiting plant growth. Higher rates of sewage sludge than used in
this study in a one-time application may not be a solution to
increasing plant production on these infertile materials. This is
because salt in sludge applied at very high rates can have adverse
effects on plant establishment and growth (Topper and Sabey, 1986;
also see Sabey this publication).

Repeated chemical fertilizer additions over a number of years
(Berg and Barrau, 1978) would probably increase plant growth on the
low-rate sewage sludge and chemical fertilizer treatments. A minimum
nitrogen capitol of 1000 kg M/ha to develop a self-sustaining nitrogen
cycle was suggested by Marrs and Bradshaw (1982) for China clay waste.
However, Brown et al. (1984) reported no differences in plant growth
the fourth year between treatments receiving no fertilizer and those
receiving fertilizer every year in an alpine seeding where all
treatments received a total of 110 kg M/ha/yr in the four years before
the N rate study was started.

Woodchips were added to all sewage sludge treatments on the rock
waste. The purpose of the woodchips is to immobilize and thus
conserve some of the nitrogen in the sludge applied to the coarse rock
waste (Sabey et al., 1977, Jackson, 1982). The effectiveness of the
woodchip treatment was not evaluated in this study. Such a study
would be appropriate since hauling and spreading woodchips add greatly
to revegetation expenses.

Dry matter production on subsoil comparable to that of the
adjacent native Deschampsia meadow may be an unrealistic goal in view
of the abundancé of small stature grasses on the revegetated subsoil
and the overall reduction in soil depth and organic matter caused by
stripping off 20 to 25 cm of sod and topsoil. In the longer term
(100-1000 years), nitrogen inputs from the atmosphere (Woodmansee et
al. 1979) and plant succession may result in greater dry matter
production on the disturbed sites. '

Mulch is probably a necessity on many alpine ~evegetation sites
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because of the high erosion potential. Straw + net, Jute, or
excelsior performed equally in this study when evaluated on the basis
of vegetation cover of plants established after seven growing seasons.
On the rock waste site, which was very coarse textured, the advantage
of mulches in producing vegetation cover was not conclusively shown.
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MONITORING SCHEMES FOR EVALUATING RECLAMATION SUCCESS

Warren R. Keammerer

Stoecker-Keammerer & Associates
5858 Woodbourne Hollow Road
Boulder, Colorado 80301

INTRODUCTION

After a site has been mined and revegetation activities are
complete, one of the questions that remains unanswered 1is whether the
reclamation effort has been successful. Answers to this question can
be obtained by carefully monitoring changes in vegetation structure and
composition over time. There may be other important parameters which
are important for monitoring and determining reclamation success such
as characteristics of soil fertility and ground water, however this
paper focuses on monitoring schemes for evaluating changes in plant
communities on reclaimed surfaces.

Interest in monitoring and evaluating revegetation success has
increased over the last few years primarily as a result of state and
federal envirommental legislation. One of the primary reasons for
evaluating revegetation success is to demonstrate to state and federal
regulatory agencies that revegetation efforts have been successful.
Once it has been determined that the vegetation on a reclaimed site is
acceptable, it 1is then possible for a mining company to have
reclamation bonds released. Lengths of bonding periods are variable,
but may be as long a 10 years for coal mined lands in the West. A
second important reason for monitoring revegetation success, is that it
anables reclamation specialists to evaluate different revegetation
techniques. Through an iterative process of on site evaluations, it is
possible to ultimately develop optimal revegetation programs for any
particular site. 1In a more generic sense, vegetation monitoring may be
used to evaluate impacts of land uses, changes in grazing patterns, and
potential changes related to operation of industrial facilities.

MONITORING PARAMETERS

When monitoring vegetation, there are a variety of parameters that
can be selected for keeping track of changes. The most commonly used
parameters include cover, production, species diversity, and density.
Density measurements are usually restricted to woody plants, however,
it is possible, and in some case of great interest, to evaluate
seedling densities during the first growing season. Counting seedlings
of herbaceous species allows for a quick evaluation of germination
success and can provide insight into reasons for subsequent success or
failure of vegetation establishment on reclaimed areas. 1In addition to
these commonly studied parameters, other parameters such as root
biomass, plant height, 1leaf 1lengths and widths, and chemical
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characteristics of above ground biomass can also be monitored. The
selection of monitoring parameters for any particular site will depend
on the purposes for conducting the monitoring studies.

APPROACHES TO MONITORING

The actual methods used for obtaining monitoring data are not
critical as long as they are accepted approaches for obtaining
vegetation data, and they are used consistently. It does not matter
whether quadrat methods or transect methods are used to to obtain cover
data. It is important, however, to be consistent with these methods.
Do not use quadrats one year and transects the next. Inherent errors
associated with different sampling methods can make yearly evaluation
of results difficult. The problems are compounded if the year-to-year
sampling methods are changed. It is possible to change the sampling
methods if currently used techniques are judged to be inadequate. 1If
it is necessary to change methods, change the methods on new areas but
keep using the same methods on areas that have been previously sampled.
This approach will allow for flexibility im the choice of methods, but
will also provide consistency for data collection on any particular

area.
LEVELS OF DETAIL FOR MONITORING STUDIES

A comprehensive monitoring program for reclaimed areas can be
flexible regarding the level of intensity for any given year of data
collection. Four different levels of sampling detail could be
implemented during any growing season. Each increasing level of study
requires greater effort and provides increasing amounts of quantitative
data.

Visual Observations. The simplest approach to monitoring is to
walk through a reclaimed area, make observations on the current status
of the vegetation, and write down notes regarding the success of the
revegetation efforts. Photographs could be taken to provide a record
of the appearance of the vegetation. The advantages of this approach
are that data collection is rapid and it is possible to evaluate many
areas in a short time. The primary disadvantage is that this approach
is entirely qualitative. The evaluations are completely dependent on
the perceptions of the person conducting the evaluations.

Prepare Species Lists. The second level of investigation includes
the activities associated with the first 1level as well as the
preparation of a list of species observed growing within the area being
studied. The species list provides data on community composition, and
repeated observations over time provide insight into changes in
composition which may be related to invasion by native species. The
data to be recorded include the species name and the year it was first
observed. With a species list, it is also possible to compare the list
of seeded species with the species actually observed. The advantage of
this approach is that it provides actual data on species composition
and total species diversity. The major disadvantage is that this
approach provides no quantitative data on community structure.
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Cover and Density Data. The third level of investigation includes
all the activities associated with the first two levels and includes a
sampling program designed to obtain cover and shrub demnsity data. This
approach provides quantitative data on community structure as well as
composition. Also, it provides information on three of the most
commonly used parameters for judging reclamation success: cover, shrub
density and species diversity. The primary disadvantage of this
approach is that it takes more time than the previous two levels of
intensity which means that fewer areas can be evaluated using this
approach.

Production Data. The fourth level of monitoring includes all the
elements of the first three levels as well as collection of production
data. This approach is the most comprehensive and is also the most
time consuming. The major advantage of this approach is that it
provides data on all the key monitoring parameters. Also, meaningful
statistical evaluations can be conducted using the production data.
The major disadvantage of this approach is the length of time necessary
to obtain the data.

It is important to emphasize that the levels of intensity for
monitoring any reclaimed area can change from year to year. During the
first growing season, it may appropriate to simply prepare general
comments and descriptions on the current status of the vegetation.
More detailed investigations could be conducted in the second or third
growing seasons. The levels of investigation can be implemented in
whatever combination is deemed necessary.

SAMPLING INTERVALS

In a monitoring program designed to last for 10 years, it may be
desirable to sample as many as four or five times. It is not necessary
to sample every reclaimed area on a site every year, but it is
important to conduct some sampling every year. On reclaimed coal
lands, sampling in the ninth and tenth year is mandatory. Prudent
operators will most likely want to sample reclaimed areas prior to year
nine, since if remedial actions are necessary, the ten year bond period
will start all over from the date of remedial action. The question
arises regarding in which of the first eight years should sampling data
be collected. The first growing season may not provide very much
useful information on cover and production. Early successional stages
on reclaimed areas tend to be dominated by weedy species. It may take
two or three years for the perennial species to become well enough
established to evaluate whether a successful stand of vegetation will
become developed on a reclaimed site. If the sampling is conducted
during the second growing season, subsequent sampling could be
conducted in the fifth and seventh years. This would provide 5 years
of data and would enable meaningful evaluation of any observed trends
in community structure.

While it is important to develop a complete plan for monitoring a
site, the actual sampling schedule should not be rigid. Areas which
are marginally successful may need to be evaluated more frequently in
order to determine if some sort of management is necessary. Other
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areas that are obviously successful by the second or third growing
season may not need to be sampled until the ninth and tenth years.

SAMPLE ADEQUACY

Sampling intensity should be high enough to allow for meaningful
evaluation of results, but does not need to be as high as agencies may
require for baseline studies. For example, sampling at an intensity
sufficient to detect a 15 percent difference with 85 percent confidence
may be adequate for the purposes of evaluation of revegetation success
during the first eight years of monitoring. During years nine and ten,
when evaluations are required by agencies, sample adequacy requirements
will need to be more stringent.

SAMPLING REFERENCE OR CONTROL AREAS

One of the important aspects of evaluation of revegetation success
is comparison of reclaimed areas with native vegetation types. This
may be accomplished by sampling remnants of the original vegetation on
the site or by sampling established reference areas or control plots.
It may not be necessary to sample every reference area each year, but
rather .a more appropriate approach would be to sample only the major
native vegetation types. Actual sampling programs for the native
vegetation types would be dependent on the goals of the evaluation

program.
DATA ANALYSIS

Data from a revegetation monitoring program can be evaluated using
a variety of techniques. Statistical approaches can be used to compare
data from reclaimed areas to data from native vegetation types, to
compare data from areas reclaimed using different techniques, and to
evaluate year-to-year trends in levels of production. Trend analyses
can provide powerful insight into vegetation development and can be
used to provide a strong argument for successful revegetation.
Trends in cover, production, species diversity, and shrub density are
all important parameters to evaluate. More complex analyses, like
ordination and other multivariate techniques may also be used to
evaluate the relationships between reclaimed areas and native
vegetation types.

CREATION AND MAINTENANCE OF DATA BASES

One of the key elements of being able to successfully evaluate
revegetation success is maintaining complete and readily accessible
data bases for historical information as well as for vegetation
sampling data. If records on how an area has been reclaimed are not
accurately kept, then evaluations regarding which revegetation
techniques provide the best results are not possible. If careful
records are kept, thenm it is possible to duplicate those approaches
which provide the best results. Conversely, it reduces the chance for
repeating techniques which produce undesirable results.

The vegetation sampling data need to be organized and accessible.
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If the data are stored in file drawers or three-ring binders, they may
be organized but they are not very accessible. The best way to
accomplish both organization and accessibility is with a microcomputer.
Software designed to handle both historical and vegetation data is
currently available (Revegetation Information Monitoring and Analysis
Program by Warren Keammerer). The amount of data that needs to be kept
track of is staggering. TIf one assumes a 40 year mining project
reclaiming 200 acres per year (5-10 parcels), it is likely that at any
one time as many as 50 to 100 separate parcels of land will be in
various stages of revegetation. With five years of sampling data for
each of these parcels, it 1is easy to see the scope of the data
management problem. If only person is responsible for handling the
data, the problems of access and organization are not as severe as if
several people are involved. If the primary person responsible for
data management leaves the project, it would be very difficult for a
new person to step in unless the data have been computerized. Also,
once the data have been entered into a computer, the drudgery of data
summarization is eliminated and emphasis can be placed on data analysis
and interpretation.

If the data are well organized, it will be possible to prepare
detailed, well documented requests for bond release and complete
evaluations of revegetation techniques. When considering all the money
and effort that go into reclamation, it becomes clear why monitoring
the revegetation results becomes an important issue.

SUMMARY

When monitoring vegetation, the first step is to decide on the
parameters to be evaluated. The most common monitoring parameters
include cover, production, species diversity, and shrub density.

Methods of data collection should be consistent from year to year
on each parcel of land being evaluated. Keeping the same methods will
eliminate one of the sources of variability present in the data.

A schedule of monitoring frequency and intensity should be
developed. The schedule should be flexible, yet complete enough to
allow for yearly planning of monitoring efforts.

The vegetation data can be evaluated using a variety of analytical
techniques, 1including statistical testing, trend analysis, and
multivariate analyses.

Complete records should be kept regarding revegetation techniques
and sampling data for each site for each year of sampling. The only
realistic way to keep these records complete, organized and accessible
is with a microcomputer.
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USE OF SEWAGE SLUDGE FOR RECLAMATION OF COAL
MINE SPOILS

Burns R. Sabey, Karl Topper, and Gerard Voos
Colorado State University
Disturbed Lands Laboratory

Fort Collins, CO 80523

INTRODUCTION

Recycling of human treated aud untreated fecal wastes
on the land is as old as the history of mankind on the earth
and in some areas it has been a means of maintaining soil
productivity for long periods of times. However it has only
been in this century that we have become concerned about the
environmental and economic 1impact of this practice. The
concern has resulted from the excessive accumulation of
sewage sSludge due to the concentration of large Hhuman
populations in confined areas (cities) and from an increased
environmental conscience. Primary concerns are assocliated
with pathogen buildup and spread, entraunce of heavy metals
in the food chain, salt accumulation in soil and grouund
water, nitrate leaching into the ground water, and other
potentially toxic substance accumulation in the soil, plants
and other components of the food chain.

Waste water treatment facilities have been developed to
a high degree of technology which have helped to control
disease spread 1in our waters and 'foods, yet treatment
facilities do not render the product of the treatment
(sewage sludge) aseptic. Thus the concern, whether
warranted or unwarranted. Various disposal mechanisms of
the sludge have been used 1including incineration, land
filling, ocean dumping as well as recycling on the 1land.
All of these methods of disposal have the potential for
pollution of our environment. Land recycling, 1f well
managed and controlled has potential for beneficial use,
turning sewage sludge into a rvresource rather than a waste.
Applying sewage sludge to crop land as a soil amendment has
been shown to be beneficial in many instances and

detrimental in other instances. It depended on the sludge,
the soil properties, the crop grown, the climate, and the
management practices. Some soils do not respond to

fertilizer or any other soil amendment, because the
physical, biological and chemical properties may already be
near optimum. At other times this may not be the case and a
response may be evident.
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Drastically disturbing an area of land due to surface
mining or other activity destroys the natural soil profile
and removes the topsoil and vegetation (Box 1978). When the
disturbing activity is completed the spoils are graded and
are often left exposed to the atmosphere at the surface.
These spoils are often (usually) low or devoid of organic
matter, plant available nitrogen and phosphorus. Spoils
often have a poor physical condition for plant growth,
therefore without some amendments, promoting plant growth
may be difficult 1if not 1impossible. Problems of 1low
fertility status and poor physical properties of spoils can
usually be improved by the addition of some municipal sewage
sludges. This has been shown at many sites in the Midwest
and Eastern U.S.A. (Sopper and Seaker, 1983). Few studies
using sewage sludge on mine spoils have been performed 1in
the Intermountain West. We know that the climate, soils,
and plant species, along with other 1important factors
affecting plant growth are very different in the western
part. than that of eastern U.S.A., but the extent of the
benefit wunder western conditions, has not been fully
investigated. '

Western coal mining 1s expected to 1increase 1in the
future from 320 million toms in 1985 to about 500 million
tons by 1990 (Silverman, 1983). When the mining operation
occurs near a sludge source so that transportation is not
too costly, the use of municipal sewage sludge as a spoil
amendement for enhancing revegetation should be counsidered.

LITERATURE REVIEW

Several investigators in the East have shown an
increase 1ia availability of nitrogen and phosphorus along
with 1improved physical condition of the spoil, and a
decrease in the acidity of acid forming coal mine spoils
from sludge additions ( Barnhisel et al., 1980; Briebal et
al., 1979; Kerr and Sopper, 1982; Stucky and Bauer, 1979).
In some cases productive lands have been developed from
barren spoils previously unable to support vegetation growth
(Kardos et al., 1979; Sopper and Kerr, 1982; Stucky and
Bauer, 1979; Sutton and Vimmerstedt, 1973).

Sewage sludges contain 2 to 67 nitrogen (N) or more,
the majority of which is in the organic form (Sommers et
al., 1976) . The rate of mineralization of this organic N to
NH,-N and the subsequent nitrification to NO,-N is therefore
important in determining safe and beneficial loading rates.
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One of the major concerns and at the same time one of
the greatest benefits of the application of digested sewage
sludge to lands disturbed by surface mining and other
pertubations is the release of 1inorganic N into the
eavironment. Responsible for some of the cautious attitudes
towards the use of sewage sludge as a soil amendment on
disturbed 1lands 1is the potential 1leaching of NO4-N into
ground water and the surface runoff of inorganic P 1into
lakes and streams possibly resulting in eutrophication. The
levels of N needed if deficient to stimulate moderate
increases in biotic productivity in lakes and streams are at
least an order of magnitude lower than the levels thought to
pose a risk to human health which has been set at 10 mg L~
by the U.S. Public Health Service ( Brezomik, 1978).

Until receatly most laboratory incubation experiments
used to estimate N mineralization in soils have utilized a
procedure devised by Stanford aand Smith (1972) 1in which
columns of soil are leached with CaCl, and a N free nutrient

solution. Using this method Stanford and Smith originated
the concept of the N mineralization potential (No) of a
soil. Recently the 1leaching process has been shown to

underestimate the N mineralization potential of a soil by
leaching out not only the inorganic N but also the water
soluble organic compounds which may contain mineralizable N
(Sommers et al., 1980; Smith et al., 1980; Parker and
Sommers, 1983). A procedure used by Sommers et al. (1980)
employed nondestructive subsampling to minimize
underestimation of N mineralization potential of sewage
sludge. The non-leaching procedure is also less tedious and
time consuming than the leaching procedure of Stanford and
Smith (Sommers et al., 1980).

The 1literature suggests that mineralization of the
organic N contained in sewage sludge is a complex process
that 1s dependent on several factors. Laboratory analyses
indicate that the type of secondary treatment process,
anaerobic or aerobic, has a significant effect on the
mineralization rate. Factors having an influence on the
chemical composition of the sewage sludge include the extent
of industralization of the district producing the sewage and
the seasonal variability of sewage entering the treatment
facility (Sommers et al., 1976) .

Terry et al. (198l) tested the effects of soil pH,
moisture level, incubation temperature, and the addition of
a aitrification inhibitor on nitrogen wmineralization.
Temperature was the only factor evaluated which
significantly affected the mineralization of sludge organic
N.
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There 1s some disagreement among rescarchers concerning
the effect of the rate of sewage sludge addition on the
percentage of added organic N mineralized. Terry et al.
(1981), using sewage sludge application rates of 11.2, 22.4,
and 44.8 Mg ha™l found that the percent of added organic N
mineralized was significantly greater at the two higher
rates than the lower rate of sludge addition. Epstein et
al. (1978) and Magdoff and Chromec (1977) observed no rate
effect on the percent of added organic N mineralized. Premi
and Cornfield (1971) using sludge rates of 0.5%Z, 1.0%, and
2.0%, found 4.2% of the added organic N mineralized in the
0.5%4 treatment over a 6 week period. This decreased to 2.3%
where the 2.07 sludge treatment was used. Following this
trend Sabey et al. (1977) and Parker and Sommers (1983)
observed that the percent of added organic N mineralized
decreased as the amount of N added increased.

At low levels of sludge addition almost all of the
inorganic N measured after the incubation period is in the
form of NO;-N while at high rates of sewage sludge addition
there are considerable amounts of NH,-N still left in the
system (Premi and Cornfield, 19713 Ryan et al., 1973;
Magdoff and Chromec, 1977; Epstein et al., 1978; Terry et
al., 1981).

Mineralization of sewage sludge organic N has been
shown to be a rapid process with the majority of
mineralization occurring shortly after application for
aerobically digested sludges and remaining counstant from
weeks 4-16. Anaerobically digested sewage sludges exhibited
greatest mineralization between 4 to 8 weeks decreasing to a
constant wvalue after that (Parker and Sommers, 1983).
Epstein et al. (1978) observed varying lengths of time for
mineralization to stabilize with times of 5, 9, and 13 weeks
for tyeatments of 454 kg N ha !, 907 kg N ha !, and 1814 kg
N ha ~, respectively.

Studies by Hinesley et al. (1982) using anaerobically
digested sewage sludge at rates up to 896 Mg ha - from the
Chicago Metropolitan Sanitary District on coal mine spoil
showed that tall fescue, perennial ryegrass and western
wheatgrass responded more to sludge application rate of 224
Mg ha_1 than other grasses used in the study. The greateil
sludge application rates resulted in reduced yield,
presumably due to excess salt accumulations. Based on this
and other studies on the Fulton County coal mine spoils, a
program of reclamation was developed by shipping sewage
sludge from Chicago via the Illinois River to Fulton County
and applying the sludge to the spoils as an amendment for
promoting plant growth (Peterson et al., 1982).
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Subsequently corn, wheat and soybeans have been grown
successfully on the spoils. During a 5 year period, overall
increases in yields were reported by Peterson et al. (1982)
but the responses were variable among years, as would be
expected (Pietz et al., 1982). Hinesley et al. (1982) noted
improved physical conditions in proportion to sludge loading
rates. Among these were increased water holding capacity
and percent water stable aggregates. These results
indicated that in semi-arid climates sewage sludge could be
beneficial, yet little work has been done in this area.

Suhr (1982) indicated that revegetation benefits from

sewage sludge in semi-arid climates were not well
documented, but that a few studies have been performed.
Aldon (1982) reported 1increased plant growth in a
greenhouse study with increasing sludge addition. An

increase in number and variety of fungi and actinomycetes
were reported with sludge amended spoils.

Fresquez and Lindemann (1982) examined the soil and
rhizosphere microorganisms in a greenhouse study wherein
northwestern New Mexico mine spoils were treated with
fertilizers, topsoil inoculation, and sewage sludge. The
topsoil inoculant did not increase microbial parameters of
the spoil but the sewage sludge added at 89.6 Mg ha~! 4id.
They stated that a source of available carbon is critical
for development and growth of a varied soil miniflora. The
carbon supplied in sludge appears to fulfill this
requirement.

In a Wyoming greenhouse study Howard et al. (1977)
reported that the addition of sewage sludge, manure and
inorganic N and P increased growth of forage plants and
range shrubs, Our field plot studies on topsoil over
retorted Paraho oil shale also showed the benefit of sewage
sludge to native plant species growth (Sabey et al., 1980).

A 1978 study on mine spoils at Climax by Guillaume and

Berg included some sewage sludge treatments. Recent data
indicated a greater beneficial effect of the sludge treated
plots compared to other treatments { Berg, Personal

communication).

Finally, a practical demonstration of the use of sewage
sludge for revegation of molybdenum tailings and spoils was
carried out by AMAX corporation (Brown and Jackson, 1984).
Starting in 1974, 125 acres of rather infertile and uanstable
mine tailings were successfully revegetated and
stabilized. This may have been the first actual mine
reclamation project in the intermountain west using
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extensive quantities of sewage sludge as an amendment for
unproductive plant growth media.

These studies have indicated beneficial effects of
sludge addition to drastically disturbed lands but much more
detailed data are needed to help guide our management
practices leading to successful revegetation in the semi-
arid West.

Two problems have plagued us and have prohibited the
development of sound management of a sewage sludge recycling
program on mine spoils. They are: 1) The lack of definitive
data indicating the rate of mineralization of the organic N
in the sludge. Until we know this information we caannot
make a sound recommendation for the amount of sewage sludge
needed to supply the plant N requirements and 2) The lack of
data showing the N aad P equivalent of various application
rates of sewage sludge. Again, without this information we
don't know how much sludge is required to meet plant needs
without overapplication that could lead to potential
pollution from NO, and other salts. Our attempt to resolve
these two problems are outlined 1in the following brief
discussions of two studies done on coal mine spoils 1in
northwest Colorado.

LABORATORY MINERALIZATION STUDY

METHODS AND MATERIALS

The first study was a laboratory incubation experiment
designed to determine the rate of mineralization of the
sludge organic N to form NO, and NH, (the plant available
forms of N) in 6 plant growth materials as follows: 1)
Undisturbed topsoil, 2) Stockpiled topsoil, 3) Coal wmine
spoils, 4) 1:1 w/w mixture of coal mine spoil and
undisturbed topsoil, 5) 1:1 w/w mixture of coal mine spoil
and stockpiled topsoil, 6) pure quartz sand. The first five
materials were taken from the Colorado Yampa coal mine near
Oak Creek, Colorado. These materials were treated with the
equivalent of 0, 40, 80, and 120 Mg ha~l of sewage sludge

and there were 5 replications. The analyses of the plant
growth materials and the sewage sludge used in the study are
found in Tables 1 and 2, respectively. One hundred gram

samples of the above 6 materials were placed in plastic
lined soil testing bags and treated with appropriate amounts
of dried sewage sludge obtained from the Steamboat Springs
treatment plant. Sufficient water was added to bring the
materials to field capacity and the bags were closed. The
bags were opened each week for aeration and were brought to
field capacity if needed before reclosing. Subsamples of 5g



Table 1.

Soil and mine spoil characteristics.

Organic Organic Inorganichs$ C/N Organic ply SAR g Conductivityf Field ++ Texture¢I
Mattert c} N§ Capacity
NH, . NO, (e,)
g kg-l mg kg-l vt ut-l 4 kg-l ds m.l cuu:,cm-l

Stockpiled N
Topsoil jo 17.4 3.3 10.1 9.3 1.86 6.35 0.3 0.53 13.15 loam
Undisturbed
Topsoil 43 24.9 3.3 10.1 9.4 2.62 6.30 0.6 0.64 16.39 loam
Spoil 40 23.2 10.1 10.1 12.3 1.86 6.98 0.5 3.09 13.44 clay loam
Sand - - 3.3 3.3 - 0.09 5.99 0.8 0,42 8.19 sand

tBroadbent

¥Allison, 1954
SBremner, 1965a
§§Bremner,
¥ Sandoval and Pover,

1965b

? Bover and Wilcox, 1965

tt Danielson,

f vay,

1965

1982

1978

v91



Table 2. Characteristice of Steamboat Springs

sevage sludge.

Analysis Concentration Analysis Concentration Analysis Concentration
mg kg-l mg kg-l mp kg‘l

organie ¢ § 360,000 Total Mg¥ 4,700 Total Cd¥ 6

Total N § 40,800 Total Nal 1,800 Total Ti¥ 92

NH, *-ng§ 176.8 Total Fef 13,700 Total Crl 69

NO,T=N§§ 10.1 Total Alg 18,100 Total SV 181

Organic N 40,600 Total 2Znt 716 Total Bal 130

C/N 8.8 Total Mn{ 1,140 Total Pbl 166

Total PY 15,900 Total Cuf 1,660 pul 6.26 1

Total K9 5,700 Total Nif 30 Condv?tivity.ﬂ 2.19 ¢+

dS’m”
Total Ca 17,100 Total Mol 16 SAR tt jaet

TUnits - not mg kp~!
. ikllilon, 1965
Bremner, 1965a
§§Bremner, 1965b

ﬂ“NOJ‘HCloa digest, analyzed for metals using
975 Plasma Atom Cmp

fStreet, 1976

t{Sandoval and Power, 1978

Jarrell-Ash Model

991



166

were removed from each bag at 0, 1, 2, 4, 6, 8, and 16 weeks
for determination of NO, and NH, using the micro-kjeldahl
distillation procedure (gremner, ?963b).

RESULTS AND DISCUSSION

Table 3 shows the data for each of the 6 plant growth
materials, for each sludge treatment, and for each
incubation time period. The total amount of inorganic N
(NH,-N + NO;-N) that accumulated during the 16 week period
increased significantly with 1increasing rates of sewage
sludge 1in each of the materials tested. There were
significant differences among the different materials in the
amount of native organic N that was wmineralized. Six
hundred and thirty-six mg of N kg = of soil accumulated in
the unamended undisturbed topsoil (UTS). This wvalue and
subsequent total inorganic N values were derived from adding
the NH,-N and NO4;-N values in Table 3. The stockpiled
topsoil (STS) accumulated 392 mg N kg = of soil at the 0 Mg
ha™* treatment rate. This 38% difference between the two
topsoils in the amount of inorganic-N that accumulated was
most likely a result of the undisturbed topsoil having 43%
more organic matter and consequently a greater pool of
indigenous organic N, as well as favorable physical features
such as structure and aeration. The spoil, STS + spoil, UTS
+ spoil, and sand materials accumulated 274, 319, 359, and
40 mg N kg_l of soil, respectively at the 0 Mg ha"
t reatment rate. There were significant differences (P value
< 0.001) in the amount of inorganic N accumulated in 16
weeks, 1n each material due to sludge treatment level
tested., The wundisturbed topsoil had accumulated the
greatest amount of inorganic N after the 16 week period with
1023, 936, 731, and 636 mg N kg~ ! soil at the 120, 80, 40,
and 0 Mg ha " sludge treatments, respectively.

Although the spoil initially had zreater amounts of
orgaanic N. and inorganic N than the stockpiled topsoil, it
accumulated much less net inorgamic N at each sludge
treatment level. This may have been due, as Clark (1977)
suggested, to the organic N in the spoil being removed from
the fast cycling portion of the system and accumulating as a
very resistant humic fraction. N immobilization by the
heterotrophic microorganisms or fixation of NH,-N in the
lattice structure in the clay portion of the spoil may also
have occurred (Stevenson, 1962; Reeder et al., 1975).

The amount of NO,-N accumulated during the 16 week
incubation remained quilts coastaat among differeat sludge
treatments for the same soil material. Significant
differences occurred between the sludge treatment level of
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Table ). Mean creoults for inscgonicen (ll‘-l * NO.=N) acasured (o¢ esach sevege
eludge treatmeat level oC the eeven ssapling incervale.
® initial ascunte of inergamic=N have dDeem swbtrocted

....... ecereecrcc e ccaracscncnccssernsees WEER Trevcrccoccoarrstccccone s cc e na e
1 2 & [ | ] 11 15

Sludge
Trestment N0, [N nO, (LA TN CCP T [TV %0y (LR %0, WK . 20y Ny,
I

R R L L R it E L L LSS S ) (" et ermmemcs vt r e c e .-

sSTOCKPILED TOrFSOIL

Control 22 10t . 194 51 241 129 t9? 133 118 158 210 TINERIL
o ng na”t 12 117 53 336 ¥} 383 161 36) 142 313 1 T R TY 209 «o03
80 ng ha"l 22 IR2) 2 ses 32 302 s so2 s ets 151 633 210 o3
120 ng vl 12 “04 ¥ s22 12 374 10 110 10 107 747 196 734
UNMDISTURBEZD TOPSOIL
Control 40 19¢ 102 206 132 263 136 238 200 276 3Ie 230 366 290
0 ug na”l 3 276 1L 288 16 312 259 28 181 )67 321 333 369 362
00 ng wa=t e 338 ”"% 3 123 439 191 429 308 A9 333 so2 431 304
120 ng na=! 12 s38 53 sS4l ““ 382 281 390 320 624 3B 643 386 6)9
Hing sSroOltL
Control t 26 t 1) 1 128 ts 01 13 256 30 239 43 2
40 ng wa”! b 183 ] 1717 1 284 16 331 16 381 23 363 26 378
80 ng wa”l « 21 2 30 4 o1 4 as0 YY) 1 Y 1 30
120 g na~! 1 249 1 288 ) 31 1 s 1 359 ] 319 18 399
STOCCPILED TOPSOIL o MINE SPOIL
Concrel s 143 17 187 12 170 126 ”" 136 101 196 1 137! .8
40 xg na”! ’ 17 14 i 1 272 e 286 103 06 137 302 227 60
80 wg ha~! 4 182 8 330 s 366 33 434 IS Y I 3 s87 116 82
120 ng ha~! & 322 12 313 ' a6 13 634 18 6as 3 631 39 ess
UXDESTURBED TOPSOIL ARD KIEE SPOILL
Contrel s 146 51 181 . 204 16 72 239 &8 300 31 331 28
«o ng we”t 13 230 33 238 47 280 238 101 244 209 310 tey 387 162
s0 wg aa”l g6 305 28 3 3 318 153 280 266 312 359 276 388 247
120 mg na~t 13 338 11 337 16 <13 15y 4713 156 496 243 438 0. 428
SAND . -
Coacrol 2 . ] s 2 1y 0 s? ° 58 ° 33 ° s0
<o ng na”! 6 138 3 161 1 140 o 146 0 144 1 136 °o tio
80 ng wa”! % 113 H 160 H 245 o N c 223 o 222 o 191
120 me ha~! 12 320 s 343 . 30t o 336 s s T 21 o 273
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the stockpiled topsoil + spoil mixture only. There were,
however, significant differences at each sludge treatment
level due to each soil material. This lack of sludge rate
effect on the rate of nitrification followed what has been
reported in the literature (Premi and Cornfield, 1971; Ryan
et al., 1973; Magdoff and Chromec, 1977; Epstein et al.,
1978; Terry et al., 198l) and may be due either to the high
amounts of NH, -N introduced with the sludge, which when
transformed into NH, is toxic to the nitrifying organisms,
or immobilization o? inorganic N. The amount of NO,-N that
was produced in the spoil samples at all sludge treatment
levels was considerably less than that produced in most of
the other soil materials and essentially no NO,-N was
detected in any of the sand samples, The bacteria
responsible for the oxidation of NH4+ to NOZ_ and NOB- only
number in the thousands per gram of so0il under optimum
conditions and only in the ‘hundreds per gram of soil in poor
conditions { Mengel and Kirkby, 1979), Considering this, the
population of anitrifying organisms in the sand and spoil
materials may have been very low at the initiation of the
experiment, since the saad was almost entirely 1inorganic
quartz material with little moisture and nutrient holding

capacity. The spoil material originated below the soil
profile where aeration and moisture conditions were less
than optimum for microbial growth, Other possible reasons

for limited NO,-N production are the presence of substances
toxic to the nitrifying organisms in the sludge and/or soil
materials, NH, fixation by spoil materials, and a high NH, -N
content in t%e initial soil-sludge mixture combined with
high pH values. These may also explain the period inmn which
the rate of net nitrification declined between the two and
four week sampling periods (Premi aad Coranfield, 1971;
Reeder 1971; Hsieh et al., 1981).

The amouunt of NH, -N that accumulated increased
significantly as the rate of sewage sludge addition
increased., In all of the soil materials except the

undisturbed topsoil (UTS) plus spoil mixture the rate of
ammonification had stabilized after 8 weeks with only slight
increases or decreases during the remainder of the
incubation period. The UTS + spoil samples at the 0, 40,
and 80 Mg ha” sludge treatments exhibited a distinct
decrease in the amount of NH4—N at the same time the level
of NO;-N was increasing. This increase in NO3-N was much
greater than the decrease in the NH,-N, indicating rapid
nitrification of available NH,-N at that particular time in
the 1incubation period. The 0 Mg ha~ sludge treatment
samples for the STS + spoil combination also showed the same
pattern. This may have been caused by the establishment of
a sizable population of nitrifying organisms at the 4 week
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time period which would have greatly accelerated the
nitrification process. The reason that this only occurred
in the samples for these four sludge treatments 1is not

. known.

Sewage Sludge Organic Nitrogen

The quantities of inorganic N accumulated over 16 weeks
at the sludge treatment levels of 40, 80, and 120 Mg ha"
were statistically compared after subtracting the amount of

ﬁcumulated in the control treatments (0 Mg
ha . A significantly greater percent of the organic N
added with the sewage sludge in each of the three higher
treatment levels was mineralized in the stockpiled topsoil

samples than in the other materials (Table & . The
treatments were tested for equality within blocks and two
distinctive results were attained. When all blocks were

compared simultaneously, shadowing any inter-block effects,
all treatment levels were found to be different as to the
amount of added organic N mineralized, with a 1level of
significance of 1less than 0.003. When the blocks were
analyzed separately, the treatments for the sand and spoil
materials were not found to be significantly different,
while the four other materials were found to be
significantly different in the amount of added organic N
mineralized at each treatment level.

As noted in Table 4 the amount of organic N that was
mineralized in the 16 weeks ranged from about 10%Z on the
sand to over 30% in the stockpiled topsoil. Other materials
varied within these values.

In summary, the application of sewage sludge increased
the amount of inorganic N that would be available for plant
growth in coal miane spoil and topsoils. The use of sewage
sludge did not increase the amount of NO,-N in any of the
materials and therefore nitrate leaching may not be a rate
limiting factor for these topsoils and spoil.
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Table 4. Effect of application rate of sewage sludye on net N mineralization rates in coal
mine topsoils, spoil, a 1:1 mixture of each, and a silica quartz sand,
Sewage N recovered as
Sludyge Total net Ni NHq-N NO5-N I Predicted net Nt Sludge organic’ T
Treatment mineralized mineralized N mineralized Rate constant
Levels in 16 weeks in 16 weeks in 16 weeks (No) in 16 weeks (k)
.............. ———mea mgkg’l R Rt BT TP weeks™!

STOCKPILED_ TOPSOIL

0 Mg ha-! 392 211 181(46) ¥+ 356 .- 9.595
40 Mg ha-! 614 405 209(34) 549 31.3 0.573
80 Mg ha-l 864 654 210(24) 779 33.7 0.451
120 Mg ha-! 938 744 194(21) 8s8 26.5 0.457
UNDISTURBED TOPSOIL

0 Mg ha~ 636 290 346(54) 590 .-- 9.385
40 Mg ha-! 730 362 - 368(S1) 678 13.3 0.426
80 Mg ha~-l. 935 504 431(46) 872 21.4 0.350
120 Mg ha-l 1023 639 384(38) 991 18.7 0.401
MINE SPOIL

0 Mg ha-! 274 231 43(16) 270 --- 1.944
40 Mg ha-! 402 378 24( 6) 371 17.9 0.626
80 Mg ha-!l 505 504 1{<1) 471 16.3 0.429
120 Mg ha-!l 617 599 18(3) 621 16.5 0.286
STOCKPILED_ TOPSOIL AND MINE SPOIL

0 Mg ha-l 319 48 271(85) . 253 --- 9.721
40 Mg ha-l 487 260 227(47) 438 23.6 0.489
80 Mg ha-l 603 487 116(19) 55§ 20.3 0.446
120 Mg ha-! 684 6445,  36(6) 678 17.5 0.419
UNDISTURBED TOPSOIL AND MINE SPOIL

0 Mg ha~ 359 28 331(92) 335 --- 9.563
40 Mg ha-l 554 167 387(70) 494 27.4 0.409
80 Mg ha-l 635 247 388(61) 604 19.7 0.471
120 Mg ha-} 730 426 304(42) 700 18.0 0.375
SAND

0 Mg ha-! 37 37 0 51 - 0.249
40 Mg ha-! 110 110 0 -- : 10,2 ++

80 Mg ha-l 190 190 0 156 10.9 0.625
120 Mg ha-l 272 272 0 - 11.4 H

1'Mean results of S replications.

;Amount of N mineralfzed in control not subtracted from these values.

SInftfa) amounts of NH,*-N and NO,"N in sewage sludge and sofl subtracted from these values.
TNo and K obtained from non-linear least squares regressfon equation: AN s Noll - ‘exp (-kt)].
fL(N mineralized n treatment - N mineralized fn Control)/Sludge organic N added] x 100

+tData did not fit first-order equation.

;;1 N recovered .as NO,-N fn 16 weeks,
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FIELD STUDY

The next study was designed to evaluate the comparative
influence of sewage sludge and 1inorganic N and P on
revegetation of coal mine spoils,

METHODS AND MATERIALS

The test plots were established in the Fall of 1982 on
coal mine spoils at the Colorado Yampa Coal Mine. The
spoils were composed largely of sandstone and shale
overburden and were originally graded in 1976 with a 8-15%
slope facing a northwesterly direction., Treatments
consisted of the following:

1. o0, 14, 28, 55, and 83 Mg ha~l of dry sewage sludge

2. 0, 40, 80, 120, and 160 kg ha = of inorganic N
fertilizer (each rate had 160 kg ha ' of elemental
P)

3. 0, 40, 80, 120, and 160 kg ha~} of iporganic P
fertilizer (each rate had 160 kg ha =~ of elemental
I\D .

Each of the 15 treatments were replicated 5 times 1in a
completely randomized block design. Calculated amounts of
sludge, N, and P were hand spread on the plots after the
plots were chisel plowed along and across the contour to a
depth of about 25 cm. After treatment application, a single
passage of the <chisel plow partially 1incorporated the
material into the spoil. The anerobically digested sewage
sludge was obtained from the Steamboat Springs sewage
treatment plant and coantained 3.22% total N with 1500 ppopm of
NH4+—N and 43 ppm of NO,”N. Total P was 1.36% with 1,067
ppm of AB-DTPA extractable P (Soltanpour and Schwab,
197D . The grass seed mixture in Table 5 was broadcast on
the plots at a bulk rate of 28.19 kg ha”l,

Vegetation data were obtained during the first weeks in
August of 1983 1ead 1984, a time when a majority of the
grasses were recognizable by their inflorescence.
Vegetation measurements consisted of percent canopy cover,
above ground biomass, and total N and total P concentration
of grass tissue. Soil samples collected at a depth of 8 cm
during the month of August in 1983 were analyzed for organic
Cy, electrical conductivity (EC<, pH in a saturated paste and
saturation percentages. Spoil samples which were collected
from the top 15 cm during the first week of June 1984, were
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Table 5. Pasture grass mixture seeded

1982.

during November,

Species

Bulk

.f.

PLS PLS¢

Slender wheatgrass

-~- kg/ha --- no/m

2

(Agropyron trachycaulum) 5.12 3.69 78

Intermediate wheatgrass 'Amur'

(Agropyron intermedium) 4.82 3.47 55

Pubescent wheatgrass 'Lunar'’

(Agropyron trichophorum) 4.68 3.88 64

Crested wheatgrass 'Nordan'

(Agropyron desertorum) 3.89 3.25 119

Smooth brome

(Bromus inermis) 4.69 3.88 88

Meadow brome

(Bromus erectus) 2.69 1.98 20

Timothy ‘'Climax'

(Phleum pratense) 1.52 1.40 369

Orchardgrass 'Potomic'

(Dactylis glomerata) 1.49 1.14 103

TOTAL 28.90 22.69 788
t PLS = Pure Live Seed. Purity values were obtained

from Merkel and Herbel (1973).

Values for the no. seeds kg

were obtained from Heady

(1975) for all species except Agropyron trachycaulum

which was located in AOSA (1978).
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analyzed using AB-DTPA extract (Soltanpour and Schwab,
1977 .

RESULTS AND DISCUSSION

Figure 1 shows that in the first growing season
invading annual forbs dominated all the plots. The plots
with the sewage sludge additions had less than 5% seeded
grasses making up the above ground biomass, whereas on the
inorganic fertilizer plots (data not shown) the value was up
to 10%. Weedy forb invasion during the first growing season
is typical of revegetation efforts when fertilizer
amendments are added to spoils iam this region (Heikes,
1980) .

350004 _
2 1 invading forbs
b '////A seeded grasses
total = a
2800.04 g
- a
7 5%
o
2 .
2
< 2100.0
=
]
@
o
z
3 1400.0
<
(0]
]
w .
2
total = b
< 700.0
0.0

YEARS

Fig. 1. Mean dry weight of aboveground biomass comparing con-
secutive years based on pooling data from the control and sludge
amended plots. Means with different letters within life-forms are
significantly different (p = 0.01).

Total production of vegetation in 1983 on the sewage
sludge and N plots significantly increased compared to the
coatrol. A linear increase in total above ground biomass up
to 4300 kg ha * occurred with increasing sludge addition.
The N fertilizer additions resulted in a quadratic plant
growth response, leveling off at 1800 kg ha~l total
production. There were no significaat plant growth
responses due to P additions.

Similar responses occurred with the canopy cover of
total vegetation. The first level of sludge application
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increased total canopy cover from 5% for the control to
about 18% which was significantly greater than any of the
inorganic fertilizer treatments.

In the second growing season seeded grasses dominated
the stand composition with sludge treated plots ranging from
61 to 947% whereas the invading annual forbs ranged from 5 to
39% (Table 6). Similar results occurred in the inorganic
fertilizer plots., Invading grasses represented an
insignificant life form component in any of the plots.

Figure 1 indicates a difference in above ground biomass

between the first and second year. Total biomass was
greater in 1983 than in 1984 but seeded grass biomass in
1984 was greater than 1in 1983. Again, the same trends

occurred with canopy cover comparisons. A comparison of the
total ground cover between 1983 and 1984, which included a
litter component in 1984, revealed that there was no
significant difference between years. This 1implies that
cover for erosion control was maintained at approximately
comparable level both years.

All treatments in 1984 tencreased seeded grass
production in a quadratic manner when compared tq the
control. However with the exception of 83 mg ha~ tih e

sludge treated plots again produced significantly greater
grass biomass than the 1inorganic N and P treated plots
{ Figure 20 . There may be several reasons for this

SEWAGE SLUDGE RATE {Mg/ha)

0.00 20.75 41.50 62.25 83.00 .
le.c " 1 b i b Nl 1 e L

PRODUCTION OF SEEDED GRASSES (kg/ha)

o—p NitrogenTrt.; R?=95%,p = .008
s----¢ PhOSphorus Trt,; R? = 90%, p = .026
o—e Sludge Trt.; R? = 90%, p = .001

0.0 e,
00 400
INORGANIC FERTILIZER RATE (kg/ha)

Al v L] Ll ¥ R
80.0 120.0 160.0

Fig. 2. Relationship between biomass of seeded grasses and spoil
treatments, 1984. Regression lines and observed means are shown.
Each N level has 160 kg ha™ P and each P level has 160 kg ha™* N.
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Table 6. Relative life-form composition of sewage sludge
amended coal mine spoil from 1983-1984.

Life form compositiont

Life Form Level 1983 1984
Mg/ha = =  —-—c----- L e—m———

Seeded grasses ) 0 3.1 84.7

14 3.3 94.0

28 3.4 76.5

55 4.3 66.7

83 2.3 61.3

Invading Grasses 0 0 0.2

14 T i 1.2

28 T 1.1

55 0.2 0.1

83 T 0.0

Invading annual forbs -0 | 96.9 - 15.1

14 96.7 4.8

28 96.6 22,5

55 95.5 33.2

83 : 97.6 38.7

+ Aboveground biomass values were used to calculate
life-form composition.

¢ Trace amount: less than 0.1% of composition.
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greater response including: 1) improvemeant 1in physical
properties, i.e., water supply to plants, 1improved soil
structure and aeration, 2) continuous release of inorganic N
and P over the growing season, 3) enhanced supply of
micronutrients (though AB-DTPA analyses belie this) and 4)
more ideal biological properties. Note that for the highest

sludge rate a significant decrease in seeded grass
production was observed <compared to the other sludge
treatment levels, Information in Table 6 may provide a
possible explanation for this phenomenon. The seeded
grasses reached a peak in_ 1984 of 947 of the life-form
composition with 14 Mg ha - of sludge. The three higher
sludge levels followed a decreasing trend of seeded grass
composition with increasing sludge. Sludge applications >
14 Mg ha” may have provided surplus N which stimulated
invading annual forbs more than the seeded grasses. This

may have created greater competition to the grasses causing
a decline in seeded grass growth,

Seeded grasses were chemically analyzed for total N aund
total P concentrations. Linear increases in N concentration
with increasing levels of N fertilizer and sludge
application were measured in 1984 { Fig. 3) . The lowest
sludge level (14 Mg ha ") was the oanly sludge rate which
resulted in comparable N concentration in the seeded grass
tissue to the N fertilizer treatments. All the

SEWAGE SLUDGE RATE (Mg/ha)

10 0.00 2075 4150 6225  83.00

254
g
% 2.0
o
x
2
5
2 1.54
@
’_ -
»
@
£ 1.0
(]
z
z
054 o Nitrogen Trt.; R*=61%,p =.003
] »-—-—«Phosphorus Trt.; R? = 61%, p = .023
00 o—=e Sludge Trt.; R? = 88%, p < .001

00 400 800 1200  160.0
INORGANIC FERTILIZER RATE (kg/ha)

Fig. 3. Effect of spoil treatments on total N concentration of seeded
grasses, 1984. Regression lines and observed means are shown.
Each n level has 160 kg ha™* P and each P level has 160 kg ha™' N.
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higher sludge rates resulted 1in greater N concentrations
than the inorganic fertilizers. These trends also occurred
for samples analyzed in 1983. These results were consistent
with N availability calculations for sludge applicatious,
showing that sludge rates > 14 Mg ha"l had more N available
than the highest N fertilizer treatment (160 kg ha 5 .
Figure 3 1imdicates that 1increasing P 1levels produced a
significant decline in total N concentration for 1984. The
zero application level of P fertilizer is the only treatment
which had a significantly higher N concentration than the
other P treatments. The 1lower N concentration values
assocliated with higher P applications appears to be due to a
dilution effect caused by increased grass production.

A linear increase of total P concentration in the grass
tissue with increasing sludge levels occurred in the second
growing season - Fig. 4) . This same trend was measured for
samples analyzed in 1983. The concentrations of P in seeded
grass tissue in 1983 and 1984 were significantly iancreased
by inorganic P fertilizer additions, but a significant
decline in P content occurred for the highest P fertilizer

rate during the first year of growth. P availability
calculations suggested that P values for the sludge
applications would be similar to the inorganic P
treatments. The lowest level of sludge, however, was the
only comparable sludge rate to the inorganic P

fertilizers.
SEWAGE SLUDGE RATE (Mgha)

0.00 2075 4150  62.25 83.00

L

0.30.

P IN GRASS TISSUE (g/kg x 10)

0.05] o——c Nitrogen Trt,;, R? = 14%,p = .389
%-----% Phosphorus Trt.; R? = 66%, p = .010

&—* Siudge Trt.; R? = 86%, p < .00t
0.00

00 400 800 1200 1600

INORGANIC FERTILIZER RATE (kg/ha)

Fig. 4. Effect of spoil treatments on total P concentration of seeded

grasses, 1984. Regression lines and observed means are shown.
Each N level has 160 kg ha™* P and each P level has 160 kg ha* N.
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Based on the data presented it was not possible to
determine a N and P equivalency of each sewage sludge rate
since the responses were seldom similar. Apparently sewage
sludge application rates lower than 14 Mg ha °~ should have
been used to approach N and P equivalency.

AB-DTPA extractable NO, and P values for the untreated
spoil indicated that they were the only elements that were
present at levels limiting to dryland grasses. As sewage
sludge was added, there were significant 1increases 1in
extractable levels for all the elements tested except
zinc. The accumulated levels, however, were not high enough
to cause plant_%rowth problems with the possible exception
of the 83 Mg ha rate. Table 7 shows the pH, EC, organic C
and % water saturation changes with increases in sewage
sludge. The pH decreased, the EC increased, the organic C
increased and the percent water saturation increases with
increasing sludge additions. The greatest potential problem
to plant growth (of the 4 1listed) wmay be the high salt
content at 83 Mg ha~l, With an EC of 5.48 ds m = some
grasses might have been affected adversely aad caused the
decrease in grass production at that rate., Hinesley et al.
(1982) noted similar increases in EC with increasing sludge
addition but values comparable to ours were reached at much
higher sludge additions.

CONCLUSIONS

Based on the data of the first two growing seasons, it
is suggested that revegetation specialists consider the use
of sewage sludge as a spoil amendment in environmental
conditions similar to this study site if a sludge source is

close and is deemed economical. These results indigcated
that sewage sludge levels applied at rates <83 Mg ha ~ may
benefit seeded grass growth. The highest level of sewage
sludge was detrimental to revegetation efforts when compared
to the 1lower sludge rates. This may have been due to
increases in soluble salt concentration and/or increase 1in
invading annual forbs competition., Whether this was the
controlling influence was not rtresolved. It was speculated

that the invading annual forbs competition was one of the
main factor causing the decline in seeded grass growth.
Since seeded grasses performed best at 14 Mg ha—l, and
this sludge rate was superior to inorganic fertilizer
additions, it 1is tentatively concluded this was the most
benefigial sewage sludge level. Sludge levels of 28 and 55
Mg ha = had superior seeded grass growth but a lower life-
form dominance of seeded grasses when compared to the 14 Mg



Table 7. Effect of sludge additions on measured spoil
parameters.

Sludge application rate (Mg hal)

_—Measurement 0 1[} 28 55 83 F ratio
pH 7.10a 6.82b 6.56 6.32d 6.16d 110.6
EC (ds/m) 2.59a 3.16a 3.31ab 4.50bc 5.48¢c 37.7
Organic C (g kg~ !) 56.8a 66.2ab  72.2bc 80.0c 93.8d 67.5
% saturation 27.88 27.30a 35.62ab 41.94b 43.16b 18.9

Means on the same line followed by the same letter do
significantly (LSD,Q /2 = ,025
F ratio values are linearly significant at p < 0.001.

not differ

6L1
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ha™l s ludge rate. The stimulation of invading annual forbs
at the three highest sludge levels in 1984 was believed to
be due to the capacity of the forbs to utilize the extra
available N more efficiently. To accurately determine the
most beneficial sludge rate at this study site, several more
years of data collection must be evaluated.
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RECLAMATION ART

Paul Klite
1450 Logan St.
Denver, CO 80203

INTRODUCTION

This report demonstrates strategies of environmental
art that are compatible with land reclamation practices.
It will, hopefully, motivate you to confront the aes-
thetics of your earth repair projects.

Modern environmental art has its roots in the monu-
mental outdoor constructions of the past. This relation-
ship has been the subject of several excellent books and
reviews (1-4). Prehistoric stone works, Indian burial
mounds, amphitheaters, and elaborate terracings con-
structed centuries ago continue to inspire and fascinate
us.,

The reclamation and environmental laws of the '70s
have provided an opportunity for sculptors, landscape
architects, artists and designers to devise aesthetic
solutions to a variety of "low profile" landscapes in-
cluding mining waste, landfills and the like. These
efforts are a vivid testimony to the power of human
imagination.

ARTISTIC EXAMPLES

Robert Smithson pioneered the use of mine wastes as
an art medium. Before his untimely death in 1972, Smith-
son completed earthworks in a quarry in Holland, a lake
in Texas and the Great Salt Lake in Utah (Figure 1).

His ideas and writings have exerted great influence
in the art world (5).

Robert Morris. In 1979, the King County Arts Com-
mission, Seattle, WA, commissioned Morris to design and
oversee construction of a 3.5 acre abandoned gravel pit
into an earth sculpture. Morris's solution is a concave,

curving, terraced amphitheater, revegetated in rye grass
(Figures 2 & 3).
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(1) Robert Smithson - "Spiral Jetty," 1970,Great Salt Lake, Utah,
Length 1500°%, rock & earth, from Earthworks and Beyond.

The Morris earthwork was completed in 11 months at
a cost of $184,000. Estimates for "standard" reclamation
at the site ranged from $102,000 to $132,000. The project
was funded by a cross section of interested parties

(Table 1).
Table 1
Donors to the Seattle Project

Source Amount of Grant
Washington State Arts Commission $4,000°
Seattle Arts Commission 8,600
Port of Seattle 5,000
University of Washington 4,000
Lakeside Sand and Gravel 4,700
Buckeye Trust 48,900
Jewish Federation 5,000
National Endowment for the Arts 50,000
National Endowment for the Arts in Design 17,750
Bureau of Mines 35,000
Private contributors 3,110
King County Arts Commission 46,350
One-percent for Art (Public Works) 57,000

Total $289,410
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(2) Robert Morris - Reclamation Project, 1979, King County,
Washington, 3.5 acres. Courtesy King County Arts Comm.

Ly

Py *\'\\\\
RN .

h,
(T

AN

0

F
e
P\!\_

> T\;\\\ T
is
b

-y

\
Y
-
-
Al

(3) Robert Morris - Reclamation Project, 1979, site plan,
Courtesy King County Arts Commission.
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Herbert Bayer produced an ingenious landscape in
Kent, Washington, combining a park, sculpture and flood-
water retention basin (Figure 4 & 5). Completed in
eighteen monthe, the work was an instant and popular
success and has become a progressive symbol for the city.
The project was funded by the city of Kent, the National
Endowment for the Arts, the Washington State Arts Com-
mission, a Housing and Community Development block grant,
the King County Arts Commission and private contributions.

»

(4) Herbert Bayer - Mill Creek Canyon Project, 1982, site
model. Courtesy King County Arts Commission.

(5) Herbert Bayer - Mill Creek Canyon Project, 1982, Kent,
Washington, 2.5 acres. Courtesy City of Kent.
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John Roloff has developed a series of intriguing
ground contouring. proposals for waste land. "Land Sea,"
1980 (Figure 6) is designed to "resemb