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RESULTS AND DISCUSSION

Forest Productivity

The volume and density of the forest stands sampled are summarized in
Table 1. The yield data has been presented graphically with standard
deviations in Figure 2. The native white spruce stands are the most
productive of those sampled yielding 361 and 281 cubic metres per
hectare at Highvale and Whitewood, respectively. These two stands
also exhibit the lowest densities of the natural stands. The volume
is therefore distributed over a fewer number of stems than in the
other native stands. Spruce trees up to 23 m in height and 38 cm in
diameter are not uncommon while balsam poplars as large as 46 cm dbh
- and 22.m in height were also found in isolated areas in these stands.
Stand ages vary from 46 to 87 years with an average of 70 years.
These stands typically occupy gleyed profiles where they have been
protected from ground fires and have been allowed to develop to the

climax stage.

The yields of the three deciduous stands on undisturbed areas (aspen
and mixed deciduous stands at Highvale and mixed deciduous stands at
Whitewood) are all similar producing approximately 200 m3/ha.  The
naturally established deciduous stands on reclaimed areas have yields
similar but slightly less than their native counterparts at 158 m3/
ha. The stocking densities, however, are much higher in the deciduous

stands on reclaimed land than most stands on undisturbed sites. These






















































REVEGETATION PLANNING:

A plan was developed to ensure rapid, directed revegetation of areas
disturbed by dredging. The plan was designed to attain the following objec-
tives at this site:

® to hasten revegetation of pond basin and margin;

® to influence species present:

(a) to achieve a mix of aesthetic appeal in
terms of form and colour;
(b) to provide fish and wildlife food and cover;

@ to introduce "desirable" species so that weeds would
not become dominant;

® to introduce aquatic species which would compete with algae;

@ to stabilize pond margin soils.

Elemgnts of the revegetation plan included attention to:

® concerns and opinions of local residents;

@ involvement of a landscape architect to integrate the pond
revegetation efforts with that of upland portions of the
park;

e use of local wild plant stock;

® planting in locations where environmental requirements
of the species would be met;

e timing of revegetation -- late autumn when soils were moist,
temperatures cool, propagules were available and certain
plant structures were dormant;

® placing straw mulch on dredge spoil once it had dried and

was shaped;

e testing soil conditions prior to seeding upland areas.
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paths are broken to the pond margin by children attempting to catch frogs
and turtles. Willow saplings developed from wands, Burreed, Bidens and
Xanthium have been observed to suffer damage from trampling. Trampling has
not caused the elimination of any of the introduced species but may have
been responsible for loss of certain individuals.

Muskrats, Mallards, Fish: Muskrat food piles which we examined con-

tained Rush, Burreed, Spikerush and Cattail. Muskrat tunnels have been cut
into the west bank of the pond, this was not noticed prior to pond dredging.
It may be that an improvement in food availability since rehabilitation has
increased muskrat population size.

In July 1984, three broods of Mallards were present on the pond. The
young were observed feeding on pond margin vegetation. Mallards' diets are
known to include a major vegetation component (Bellrose 1976). Ducks feeding
in shallow wa£er create turbidity which may have negative’effects on plant
growth.

During the past three years fish have become a prominent element of
the pond ecosystem. Brown Bullheads grow large enough that they provide
recreation for young anglers. Schools of Bullheads feeding in shallow areas
create turbidity, just as ducks do. Since Bullheads are omnivorous (Scott
and Crossman 1973) they may consume roots and seeds of aquatic plants.

Creating food and cover for fish and wildlife was one of our objectives,
but we had not anticipated animals as a negative influence on the plants
which we introduced. Others have concluded that waterfowl usually do not
harm established stands although seedlings and newly invading shoots may
be destroyed (Kadlec and Wentz 1974)., We observed the loss of hundreds of
Giant Burreed and Broad-leaved Arrowhead seedlings in the south end of the
pond between 1980 and 1982. Krummes (1940) found that mﬂskrats may "clean-

out" established stands of favoured food plants.


















Abstract

Planning and Designing for Reclaimed Landscapes at Seton Lake, B.C.

Lawrence Diamond, B.C.S.L.A.

A recent program of recycling disturbed landscapes associated with
hydro-electric projects has been undertaken by the Reservoir Lands
Management Branch of B.C. Hydro. At Seton Lake, near Lillooet, sites
include a large quarry, a series of borrow pits and a cut over portion of
shoreline.

An overall masterplan includes phasing, trail and vehicular access and
specific designs for view points, campgrounds and entrances. In addition,
a planting strategy which emphasizes the use of leguminous and native
vegetation as well as a grading approach for water retention has beén
evolved. The project's first phase examplifies a cost effective and
compatable design for reclamation in a difficult terrain and climatic

environment despite financial cutbacks.
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Project Work at Seton Lake

A 5 ha site is located approximately 320 km north of Vancouver at the
east end of Seton Lake near Lillooet, B.C. A series of grassed and wooded
terraces are separated by steep gravel slopes. A beach and an abandoned
aggregate pit are also present. The interior dry belt climate is
characterized by hot summers and cold winters with some snowfall. The
property is associated with a dam (equipped with a fish ladder) a canal
diversion and a 42,000 kw powerhouse which form part of the Bridge/Seton
River generating system. The Duffy Lake Road which accesses the site is
becoming an increasingly popular summer tourist route. Cayoosh Creek forms
the southern property boundary. Benchlands above the stream are used by
local residents and visitors for camping and picnicking, although few built
facilities presently exist. The route to this area is through a former
Ministry of Highways Qrave1 operation.

The Corporation initiated a phased program of site planning for
recreational use in 1980. Its first priority has been renovation of three
specific areas within its parcel. Development at the beach site includes
parking, picnic tables and comfort facilities. Regrading, installation of
fencing and creation of a sloped and retained pathway from parking to the
beachfront has all been completed in addition to the planting of shade
trees related to a waterfront picnic area. A second stage of work entails
implementation of a longer term trail as well as the creation of a major
viewpoint and campground entrance accompanied by rehabilitation of the
abandoned gravel pits. The challenges of site improvement have included
coping with rough bare mineral soils, high summer temperatures with
dessicating winds and infrequent rainfall, archeological sites requiring

protection, plus an extemely limited budget. Therefore, careful grading
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facilities have been located in an adjacent grove of ponderosa pine trees.
The requirement for bus and automobile parking at the viewpoint has been
coupled with a new turnoff and entrance road to the beach below, enabling
B.C. Hydro to better control visitor flow and surveillance. Incidence of
vandalism has therefore been extremely low. Construction details for
fencing, trails, signage and retaining walls (where necessary) have
emphasized use of pressure treated timber plus locally available rock.
While regraded slopes will be freshly planted with a cover crop mix and
tolerant woody species, a developing meadow where most of the middens and
some of the best views occur has been allowed to naturally colonize.

2. The Gravel Pit and Campground Entry

This exposed site is visible from the Duffy Lake Road as well as from
the viewpoint on the upper terrace. A major problem at this {ocation is
the treatment of a very large steep gravel baﬁk, approximately 50 meters in
height. Partially the result of previous glacial activity, the slope has
become increasing]y‘barren and unstable as a result of undermining during
aggregate extraction. A major challenge therefore is to increase its
stability as well as its visual coherence with surrounding terrain,

An approach is being pursued which involves gradual rather than
radical recontouring and a planting strategy which incorporates
replenishment of the rough soil base as well as matchng ecosystems and
successional phases. Overplanting with small trees and shrubs has been
advised, as up to a 30% loss is possible. These trees and shrubs will be
thinned at a later date. Two fields are being formed through regrading.
One will accommodate informal play activities related to the picnicking and
day use area at Cayoosh Creek while another will provide for larger
recreation vehicle camping. The installation of shade trees related to

these locations is therefore essential. During regrading a series of


















RECLAMATION OF THE URAD MOLYBDENUM MINE

Empire, Colorado

Larry F. Brown and Charles L. Jackson
AMAX Inc.

(Abstract)
The Urad Mine, located at an elevation of 10,400 feet near the

Continental Divide in central Colorado, was operated from 1967-1974 by

AMAX Inc. Mine related activities disturbed approximately 234 acres, of

which two tailing deposition areas comprised 121 acres. Comprehensive

reclamation 'was initiated prior to mine closure in 1974 and was
completed in 1980.

Conventional revegetation techniques were implemented on typical
disturbances while the tailing areas were reclaimed -with the aid of
three waste products. Mine waste rock ‘was used to cap the tailing
areas, and sewage andAwood-wastes'we:e used to convert the rock into a
rudimentany soil. The rock was revegetated and the vegetation is now

permanent and selfsustaining.

INTRODUCTION
Mining has been the mainstay of the Woods Creek Valley for more
than a century. The head of the valley is at the Continental Divide,
about 50 miles west of Denver, Colorado. First, it was the quest for

gold and silver that drew people to the valley. Then, when molybdenum

‘was classified as a strategic metal by the U. S. Government during World

War I, it was the valley's molybdenum mineralization which attracted the
most attention. Molybdenum is used primarily as an alloying material in
superior grades of steel.

Circumstances responsible for providing the label "Urad" are un-
known, but Urad is variously reported to be an acronym for "Uranium
Research and Development" or "Uranium Research of America Division".
The search for uranium was fruitless as no ore grade uranium exists in

this area. The moly orebody was first developed and mined by the Primos
Exploration Company from 1914 to 1919. During World War II, the mine

was purchased by the government and turned over to the Molybdenum
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vegetation of the valley is the Englemann spruce (Picea engelmannii) -

subalpine fir (Abies lasiocarpa) forest common to the subalpine zone of

the Rocky Mountains.

DISTURBANCES IN THE VALLEY

The upper end of the valley -was strip-cut logged as recently as
1962, and major logging occurred during the 1920's. The lower northwest
facing side of the valley suffered a severe forest fire during the
1870's or 1880's. Some of the damage was reforested, but regrowth has
been extremely slow demonstrating the extreme harshness of the habitat.

Avalanches, a major problem in the valley during mining, are a
continuing source of natural disturbance. There are 17 avalanche runs,
12 of -which are classified as major, in the three-mile long valley.

BEach company that previously operated Urad did so in a manner
somewhat similar to AMAX; however, the scope of their operations-was not
as large as the AMAX operation. During World War I, tailing was
discharged directly into the creek. During World War II, tailing was
contained in a pond, however, there was no seep-water or settling pond
to contain discharge and erosion into the watershed. AMAX constructed a
mill water pond below all disturbances which allowed recycle of seep
‘water and a separation of natural runoff water from the industrial
circuit.

The following is a breakdown of the acreages of disturbance at
Urad.

Disturbance Acres

Upper Reservoir . . « « « o« o« o & 36
Lower Reservoir .« o o o o o o o = 20
Upper Tailing Area « « « « o =« o & 78
Lower Tailing Area . « « ¢« « « « & 43
Mine Yard and Refuse Area. . . . o 17
Borrow Areas .« ¢« ¢ ¢ ¢ o o o o o 22
Mine Waste on Red Mountain « « .« & 5
Glory Hole v o o o o ¢ o o o s o & 13
MEPAL =« # « @ # &« o « = s » SIh
(Plus 15 miles of road)






5t/aSS | 20t/aSS| 10t/aSS| 60#/aN
20t/aWC | 20t/awC | 20t/awC| 20t/awWC

5t/aSS | 20t/aSS| 10t/aSS| 60#/aN
(Control)

5t/aSS | 20t/aSS| 10t/asSS| 60#/aN
8t/aSD 8t/asSD 8t/asSD 8t/aSD

5t/aSS | 20t/aSS | 10t/aSS| 60#/aN
4t/aSD 4t/asSD 4t/asSD 4%/asSD

Figure 1l: Experimental design for testing the feasibility of utilizing
wood -waste and sewage sludge to aid revegetation of fragmented
rock and tailing growth media. SS=sewage sludge, SD=sawdust,

WC=wood chips, N=nitrogen, t/a=tons per acre, #/a=pounds per
acre. All values are dry -weights.

The test plots indicated that the fragmented rock is actually a
much better growth medium than tailing. The major attribute is that the
rock cap eliminates potential tailing acidification problems by slowing
the rate of oxidation and providing a capillary barrier to upward
migration of water. The rock also stabilizes the tailing and eliminates

the problems of blowing and drifting encountered when revegetating

tailing.

Plant/soil ‘water relations of tailing are actually good and one
would expect the rock to be too coarse to hold sufficient water +to
sustain plants. However, rock is the ideal mulch. Very little moisture
is lost by evaporation from the surfaces of rocks, thereby conserving
water in the root zone which encourages vegetative growth between rocks.
The rock also provides a stable (solid) root zone for trees. Trees
grown in tailing might be uprooted by high -winds after growing to a

height of five or six feet.

SO0IL BUILDING AMENDMENTS
Evaluation and extrapolation of the results of the test plots,
consultant advice, 1literature review, and experience 1led to the
conclusion that the most practical and beneficial combination of
amendments to be used on the fragmented rock was an application of 20
dry ‘weight tons per acre of wood chips and 30 dry weight tons per acre
of sewage sludge. Metropolitan Denver Sewage Disposal District No. 1

and the Forest Products Division of the Koppers Company, Inc. (Fraser,
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Colorado) cooperated in providing respectively 4,200 dry weight tons of
anaerobically digested sludge and 24,000 cubic yards of wood chips. The
wastes were provided free of charge, however, AMAX had to arrange and
pay for transportation. Haulage distances were 87 miles for sewage and
24 miles for wood chips.

Applying 50 tons of organics to the rock is a giant step toward the
construction of a mature soil :which is prerequisite to achieving
self-sustaining vegetation. It was 1initially hypothesized that the
application of organics, along with good vegetative growth maintained
through the years with inorganic fertilizers, should provide a soil of
sufficient maturity to sustain vegetation within 15 to 20 years (Brown
1974 and 1976).

The process has occurred much more rapidly than anticipated. The
vegetation has been maintenance fertilized only once, in 1979. In
retrospect, the vegetation was probably permanent and self-sustaining as
soon as 1t became established. Even so, the vegetation may receive one
or more additional applications of maintenance fertilizer to maintain
- 1ts vigor.

In addition to being a source of organic matter, the reason for
applying wood chips can be illustrated with a halflife analogy. In the
harsh climate at this elevation, the half-life of nitrogen in sewage
sludge might be from two to five years. Thirty tons of sewage contains
roughly 1,200 to 1,800 pounds of nitrogen. If half of that were +to
become available for plant use within two years, the result would be
similar to applying 300 to 450 pounds of nitrogen per acre per year to
vegetation requiring only about 60 pounds of nitrogen per acre per year.
This would be a gross overapplication of nitrogen except for the
presence of wood chips. Wood chips have a high carbon-to-nitrogen ratio
(about 90 to 1). Soil organic matter, the desired product, has a
carbon-to-nitrogen ratio of about 10 to 1. Microbial decomposition of
the -wood, therefore, requires relatively large quantities of nitrogen
and uses the excess nitrogen from the sewage to form humus. Thus, much
of the excess nitrogen is immobilized and retained in the soil for

future plant use.

The sewage and wood chips complement each other. Using the two

together allowed the efficient application of a significant quantity of


















Forbs

Various species and mixtures of wildflower seed were used. The
bulk of the seed was obtained from supply firms, but company personnel
gathered seed on occasion. Forbs supply an element of vegetative
diversity to the overall 1landscape. Although not dominant, the
frequency and diversity of forbs appear to be increasing with time.

Various aquatic species were also planted in shallow, water-filled
depressions on the tailing surfaces. Species tried were cattail roots,
sago pondweed tubers, wild celery tubers, and some wild-rice seed.

These trials appear to have been unsuccessful.

VEGETATION AND SOIL MONITORING
Vegetation and soil monitoring were conducted in 1979. Dr. M. J.
Trlica (CSU Range Science Department) was retained to investigate plant
species, frequency, cover, diversity, and production of revegetated
areas, the nutrient regime of the amended waste rock through time, and

heavy metal uptake by vegetation growing in the rock.

Vegetative Measures

Comparisons -were made between the vegetation on the rock capped
tailing surfaces, a revegetated borrow pit area, a revegetated road cut,
and a control spruce/fir complex that burned circa 1879. Results of the
studies indicate that stands are well established, productive, and
effectively controlling wind and -water erosion. Cover on the tailing
ponds equals or exceeds that of the native community. The frequency of
occurrence on the tailing had increased with each season By 1979, but
was not yet equal to that of the control. Production on the tailing
areas was more than double the production of the control.

Reclaimed areas -were more diverse than the control because of the
combined numbers of planted and invading species, and diversity was
increasing with time. Dominant species on the reclaimed areas are
smooth brome, hard fescue and timothy. If water and ample-to-excessive
nitrogen were available on a -continuous basis, these species would
continue to dominate. However, inorganic fertilizers have been
sparingly applied to encourage native invasion even though this results

in lower cover and production values.
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STRUCTURE DISMANTLE AND FLOOD CONTROL

Structures at the mine site included a mill, offices, warehouse,
conveyors, shops and pumphouses. Equipment was removed from the
structures and distributed as needed to other AMAX facilities. Removal
of most structures -was then contracted to a salvage company. The
foundations -were blasted, covered with waste rock and revegetated using
the same process as that used on the tailing ponds.

Flood protection -was a major aspect of the reclamation program. In
1978 and 1979, the company constructed a 12-foot by 12-foot box-culvert
bypass of the lower tailing pond and two water retention dams. This
flood storage/bypass system supplements the original water bypass system
constructed in the midl960's and provides protection for the tailing
areas against the "probable maximum flood". The level of the upper
reservoir, originally constructed to supply industrial mill water, was
also lowered to provide flood water storage. The new outlet structure
was situated to ensure sufficient -water in the reservoir to maintain it

as a public fishery.

COSTS

The cost to reclaim the mine was approximately $6.5 million, more
than three times the $2 million AMAX paid for the property in 1963. An
additional $0.5 million may be required for long-term maintenance of all
aspects, i.e., property, roads, water management, and vegetation.

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

Approximate costs for the Urad reclamation project are as follows:

Rock covering « « « o« o o o s o o o « $2,200,000

Flood control « « ¢« ¢ ¢ ¢ ¢ ¢ o o o & 2,900,000

Revegetation.: « o o o o o o o o o o & 600,000

Management, protection, research, -
taxes, insurance, etC. « ¢« ¢« o o . . 800,000

Long-term maintenance (contingency) # SOOZOOO
POTAL: v o o 2 o 9 2 # & » & & o 2 & & D715000,000

=1 4=
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would aggrevate existing terrain stability problems on the ski hill. A
study to ameliorate these problems produced a surface and groundwater
control system. This will stabilize slopes in areas where soil slumping

has occurred, or is probable.

The area of emphasis for the study was the lower elevations - below the
treeline - of Whitehore Mountain (Drawing 1) where snowmaking is proposed.
Some slope instability, both natural and man-induced, exists throughout
this area. Visible evidence of instability takes the form of surficial
slumps. These are typically 30 to 50 m long, 20 m wide and 2 m deep. The
instability of the glacial drift soil, which underlies the area, is related
to the soil moisture condition, with failures almost always occurring with-
in a saturated soil. The control of soil moisture content was achieved by
lowering the groundwater surface in localized areas and by restricting

groundwater recharge from water courses and springs.

TOPOGRAPHY AND SURFACE DRAINAGE

The gradient of the central ski runs varies from relatively gentle at the
Whitehorn Mountain base to comparatively steep near the top of the ski
runs. The terrain rises from an elevation of 1660 m at Whiskeyjack Lodge,
at an average gradient of 5° to the base of the ski runs. From elevation
1700 m to 1860 m, slopes are approximately 14°, leveling to 10° towards the
1900 m elevation. The final rise to the top of the ski runs averages a
slope of 20°. Some sections as steep as 30° are also encountered, particu-

larly midway along the Juniper and Men's Downhill runs.






GROUNDWATER CONDITIONS

The hydrogeological exploration indicates that the till varies significant-
ly in the relative proportions of fine and coarse grained material. There-
fore, the distribution of these variable permeability surficial deposits
will have an important bearing on groundwater movement within the slopes
(Drawing 2). Another important factor is the ability of the weathered
bedrock surface to transmit water. Jointed indurated shale bedrock with
iron staining on the joint surfaces indicates an appreciable groundwater
flow at the bedrock surface. During drilling, a discharge of about 0.4 L/s
(5 gpm) was air-lifted from the overburden-bedrock interface. Water moving
downslope in the weathered bedrock is confined by the less permeable till
deposits (high clay or silt content). However, where comparatively
pekmeab]e tills are present (low clay or silt content), groundwater can
selectively move under pressure up into the surficial deposits. This water

can reach the ground surface, forming local swampy seepage zones (Drawing
2)0

Groundwater is therefore moving downslope through two media. Firstly,
through the more permeable of the till units. Secondly, through the

bedrock, especially the weathered upper zone. Meltwater can recharge the

weathered bedrock surface via sandy to gravelly tills in the upper slopes.






depth of 6 m and the water surface at a depth of 4 m below the surface of
the slope, a safety factor of 1.0 would result. If the water surface was

any higher than this position, a failure would ensue at a depth of approxi-

mately 6 m, or less.

The stability analyses assumed a quasi-circular shaped failure surface. A
generalized method of slices was used. This is applicable to both circular
and non-circular slip surfaces. Utilizing an in-house computer program,
GEOSLP, the failure geometry was analysed on a slice-by-slice basis, calcu-
lating driving and resisting forces for each slice. The factor of safety

is proportional to the ratio of resisting to driving forces.

EFFECT OF DRAINAGE AND SNOWMAKING SYSTEMS ON STABILITY

Moisture Balance

Under current conditions, groundwater is recharged from higher elevations
in the Whitehorn slope, as well as from direct precipitation. With the
installation of the snowmaking system, additional moisture will be placed
on the slope. This will contribute to the amount of incoming moisture
during the spring melt period. On the other hand, it is possible to divert
water which is re-entering the slope from springs emerging on the hillside
at approximately elevation 2100 m and below. From a gauging measurement of
the spring emerging near the level of the Whitehorn lodge, it is estimated
that approximately 4.5 L/s (60 igpm) is flowing. By visual comparison, the
other stream has a flow of approximately 3 L/s (40 igpm). These streams

can be diverted away from the slope.
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1.0 INTRODUCTION

Areas of montane grassland are not extensive in Canada. Alberta's
montane grasslands are confined to the mountain parks. They provide
critical wildlife habitat and, because of their Tlimited extent, have
significant interpretive and educational values. However, development
pressures, such as those recently realized in Banff National Park, have
eliminated or disturbed some of these grasslands. It is important that
techniques be developed to encourage the re-establishment of these

grasslands after disturbance.

2.0 ECOLOGICAL DESCRIPTION

As the name implies, montane grasslands have a very open
physiognomy. Ground cover is variable and bare ground is not uncommon.
Vegetation tends to form Tlocalized communities in relation to subtle
microsite changes.

Montane grasslands are characteristically comprised of drought
tolerant bunch-grasses and other plants which increase in abundance under
heavy grazing. Research has shown that biomass production, seed quantity
and viability are all inherently low (Stringer, 1969; Walker et al.,
1977).

Montane grasslands have developed largely in response to prevailing

dry environments. Moisture deficiencies related to coarse, rapidly drained

soils characteristic of these grasslands are compounded by frequent



occurrence of warm foehn winds which result in marked snow ablation, rapid
snowmelt and runoff in spring and high rates of evapotranspiration in
summer. In normal years, the montane grasslands of Alberta's mountain
parks have moisture deficits from late June until late October totalling
110 mm and soil water potential is often below -15 bars (nominal permanent
wilting point) for at least one third of the growing season (Stringer,
1969; Hettinger, 1975).

Alberta's montane grasslands characteristically experience a short
growing season (less than 90 days). Soils are generally nutrient poor
(less than 5 ppm of available nitrogen and phosphorus), strongly alkaline
(pH 8.0 to 8.8) and highly calcareous (greater than 15 percent free lime).

The grasslands are also subject to the combined effects of heavy grazing,

browsing and trampling by native ungulates.

3.0 LITERATURE REVIEW

The site factors which ‘characterize Alberta's montane grasslands

make revegetation problematic. One obvious means of overcoming undesirable

characteristics of the soil medium is to topdress the site with a more
suitable material. The addition of peat to coarse-textured soils has been
shown to increase moisture holding capacity (Stevenson, 1974; Fedkenheuer,
1979). However, loamy sands such as those indigenous to montane grasslands
have also been successfully used as topdressing to improve revegetative

success on arid grasslands (Yamamoto, 1975; DePuit and Coenenberg, 1979).



Fertilization is a proven method of restoring fertility to nutrient
poor sites and in many cases revegetation has been completely unsuccessful
without addition of fertilizer at the time of seeding (Vogel, 1973; Curry,
1975). Furthermore, by adding an acid forming fertilizer such as ammonium
sulfate, it is possible to counteract the adverse effect of alkalinity.

The success of revegetation efforts can also be greatly influenced
by the method of seeding as demonstrated by Walquist et al. (1975) and
DePuit and Coenenberg (1979). Raking or packing the seed into the seedbed
or covering the seed with mulch reduces desiccation of germinating seeds
and thereby minimizes the effect of low soil moisture 1levels (Russell,

1973; Johnston and Smoliak, 1977).

4.0 METHODS

In order to test the effectiveness of topdressing, fertilizing and
seeding method techniques, field and greenhouse trials were conducted. A
pipeline right-of-way in Jasper National Park, adjacent to Jasper Lake, was
selected as the site for the revegetation trials. The pipeline was
constructed in 1952 and over the ensuing 25 years, the study site had
remained generally void of vegetation. No attempt had been made to
conserve topsoil during construction or to reclaim the right-of-way
afterwards. Wind erosion had left approximately half of the ground surface
covered with gravel size material. Mean plant cover was 9.5 percent

relative to 80.0 percent on adjacent undisturbed grasslands.









TABLE 1: Soil Test Results for Soils
and Topdressing Prior to Treatment1

MATERIAL SAMPLE AVAILABLE SULFUR? SOIL SOIL SULFATES SODIUM FREE ORGANIC TEXTURE®
DEPTH PLANT NUTRIENTS? REACTION CONDUC LIME? MATTER?
(cm) (ppm) (pH). -TIVITY
(N) (P) (K) (mmhos)
Study Site 0-15 1 0 113 M- 8.3 0.4 NIL L= H+ L SL
Soil 16-30 0.5 (o} 66 M- 8.8 0.4 NIL L~ H+ L SL
Ad jacent 0-15 2 o 137 M 8.2 0. NIL L- H+ L SL
Undisturbed 16-30 51 (0] 107 M 8.7 1.1 NIL L+ H+ L+ L
Soi 1l
Feathermoss & N/A 1.5 (o} 42 M+ 5.2 0.4 NIL L- L H+ 0

Sphagnum Peat
Topdressing

Loamy Sand N/A 0.5 (o] 59 L 8.0 0.3 NIL L- M+ L LS
Topdress ing

) Samples taken June 11, 1977
4 N = Nitrogen
P = Phosphorus
K = Potassium
' Ranges are those of Alberta Agriculture Soil and Feed Testing Laboratory

Sulfur: L=1.1-2ppm, M=5,1-8ppm, M+=8.1-12ppm
Sodfum: L=0-35ppm, L+=70.5-105ppm
Free lime: L=<1%, M+=6-8%, H+=>15%

Organic Matter: L=<1%, L+=1.1-2%, H+=>10%
4 SL=Sandy loam, L=Loam, 0=0Organic, LS=Loamy Sand
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nutrients become immobilized by microorganisms decomposing the organic
matter.

Covering the fertilizer by raking it into the seedbed or by mulching
produced a very pronounced increase in ground cover and plant biomass
relative to unfertilized plots of the same seeding methods. This effect is

1ikely due to an inhibition of volatization of ammonium fertilizer.

6.0 CONCLUSIONS

Simply broadcasting seed onto an unamended, rototilled surface
produced ground cover of 35 percent after two growing seasons which wa§
only 5 percent less than the best overall treatment, fertilizing and
packing the seed. Seven years after seeding, these unamended plots where
seed was broadcast still have excellent cover, which indicates that the
gravelly seedbed prior to tillage and a lack of sufficient seed cast from
adjacent grasslands were major 1limiting factors to natural secondary
succession.

The results obtained from these field trials indicate the
possibility of rapid establishment of a productive native plant community
in a harsh mountain environment. If weather conditions are favourable
while the plants become established, proper seedbed tillage and broadcast
seeding alone can be sufficient to successfully establish ground cover.
However, revegetation success can be enhanced by applying a suitable

fertilizer composition at the time of seeding.
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INTRODUCTION

The Alberta Research Council, Soils Department has been conducting a
reclamation research program in the Grande cache area on behalf of, and
funded by, Smoky River Coal (formerly Mclintyre Mines Ltd.) since May, 1972.
When the Alberta Research Council (ARC) undertook the project, reclamation
research was truly in its infancy in Alberta. Techniques developed else-
where, primarily in the United States, were not applicable to the Alberta
situation. Furthermore, the issue of reclamation in Alberta was not
formally addressed until the Land Surface Conservation and Reclamation Act
of 1973 and the Coal Policy of 1976. This paper provides a summary of the
work undertaken and an assessment of the results obtained. Results
obtained thus far in this study provide a basis for a reclamation technol-
ogy or the methodology for achieving reclamation success in the Foothills/
Mountains region. Details relating to the various aspects of the study are

documented in the progress reports prepared annually (see reference list).

Setting

The operations of Smoky River Coal Ltd. are located approximately 13 km
north of the town of Grande Cache in the Rocky Mountain Foothills. The two
major surface mining operations are the No. 8 and No. 9 Mine areas located
adjacent to the Smoky River and Sheep Creek respectively. Elevations range
from 1600 to 1800 m and the topography is steeply sloping. Climate can be
considered one of the major 1limiting factors to revegetation success.
Frost and/or snow can and do occur in any month of the year and wind is a

common phenomenon.
Ob jectives

The original objectives of the project were defined as follows. New ones
were added as additional needs were identified.

1) Characterize unmined and reconstructed soils and evaluate their suita-

bility for reclamation purposes;






Soil material is replaced on the spoil surface by scrapers or truck/
caterpillar operations following the removal of overburden and coal and
subsequent backfilling and grading. Scrapers tend to allow for a more
uniform depth of soil replacement but they are limited by slope angle and
they cause more severe compaction under moist conditions. Caterpillars

are not as versatile as scrapers, however their tracks provide excellent

seed germination sites.
Reconstructed (Post-Mining) Soils

The reconstructed soils that are developed do not duplicate the soils that
existed prior to disturbance. The physical properties of the soils are
the ones most drastically altered by the mining process. Soil structure
is completely destroyed. Compaction by heavy equipment reduces pore space
and makes the soils somewhat less pervious to water, roots and air. The

silt loam texture combined with very low levels of organic matter results

in a crusting problem which has a direct bearing on infiltration capacity.

and processes such as runoff and erosion. Infiltration tests indicated
that the undisturbed or virgin soils had considerably higher infiltration

rates than the reconstructed soils.

Overall, reconstructed soils are generally coarser textured, higher in pH
and lower in available nutrients than unmined soils. These soils have
some limitations, however, with proper management they are invaluable in

achieving reclamation success.

Vegetation Studies

As was stated previously in the list of objectives the overall goal of the
project was and is to establish long—term self sustaining cover that is in

harmony with the adjacent undisturbed area. Erosion control was one of

the initial considerations relative to establishment of a plant cover.

Therefore, a specific end land use(s) was not developed at the time the

project was initiated. Instead, the idea was to first establish an



erosion control cover and then get the area back to the original cover
which suggested a forest cover not necessarily merchantable along with

some capability for wildlife use.

The vegetation aspect of the study was initiated in May, 1972 with the
establishment of three plot areas, the first of many to be utilized during
the project term. The three locations involved 60 individual 6 x 9 m
plots to determine the suitability of 30 different agronomic grasses and

legumes. Slopes ranged from 0 to 40 degrees.

Fertilizer trials were included to determine the most appropriate ferti-
lizer types and analyses to be used, as well as timing and rate of

application.

A concern relative to utilization of native species was addressed early in

the study. It had been suggested that native species be utilized because
animals prefer them, that less maintenance is required after establishment
and that natives are more aesthetically pleasing. Realistically however
in 1972 there was very little "native" seed available. Consequently, seed

from loco—weed (Oxytropis spp.), Alpine hedysarum (Hedysarum alpinum),

lupine (Lupinus spp.) and Hairy wildrye (Elymus innovatus) was collected

in the undisturbed portions of the mine area and subsequently cleaned and
planted.

The native species issue was also approached from the standpoint of
introducing trees and shrubs relative to meeting the objective of esta-
blishing a long term cover that is in harmony with the surrounding area.
A major problem was encountered in that seedlings suitable for planting
above an elevation of 1100 m were unavailable. Consequently, a cone

collection program was undertaken and greenhouse space acquired to rear

lodgepole pine (Pinus contorta var. latifolia), engelmann spruce (Picea

engelmannii) and white spruce (Picea glauca). Different sizes and types

of containers were utilized to determine those most suitable for use in
reconstructed soils and to get an appreciation of the relative costs

associated with seedling production.









fertilized plots produced 10 to 20 times more dry matter than the

unfertilized plots.

A number of concerns surfaced relative to the use of fertilizers in
reclamation. Firstly, there was the concern that large applications of
fertilizer would be required annually to maintain the established cover.
Furthermore, the original cover established was relatively dense which it
was suggested would preclude invasion by natives and that resultant dead
plant material would create a fire hazard in spring. The dead plant
material probably does create a fire hazard but it is also useful from the

standpoint of improving the organic matter status of the reconstructed

soil.

On the basis of long term observations it can be stated that refertiliza-
tion is not required annually to maintain a viable vegetative cover.

Furthermore, a summary relative to timing of applications was developed
and follows:

1) fertilizers should be applied at the time of seeding (year 1) and the
following year (year 2);

2) for areas seeded to mixtures comprised of grass only, refertilization

should take place in year 3 and every three years thereafter;

3) for areas where legumes such as alfalfa are included in the mixture,
the vegetation cover can be left for five years and perhaps longer

without refertilization.

Native Species Trials

Results indicated that the seed of some of the native grasses and legumes
collected had relatively low germination rates. For example, the
germination rate for loco-weed was 70 percent, whereas that of alpine
hedysarum was 15 percent. |t was observed that establishment of a viable
erosion control cover utilizing natives only, took at least two years

longer than when agronomics were used. Despite some of the limitations



associated with utilizing natives, the species used in this study are
considered appropriate for large scale use. A major concern relates to

the acquisition of an adequate seed supply.

Relatively good success was achieved in terms of tree and shrub establish-
ment. It was demonstrated that trees and shrubs will thrive in areas
initially seeded to grasses and legumes. This practice was questioned
initially because of an anticipated competition for moisture. It became
apparent that the protection afforded the seedlings by the grass and
legume cover, especially in holding snow in the winter, far outweighed the

negative aspects of competition for moisture during the growing season.

Furthermore, it was noted that seedlings growing in association with
alfalfa appeared more healthy and vigorous than those growing in
association with grasses.

The following summary represents an assessment of results five years after
the initial planting of trees and shrubs.

1) engelmann spruce survival rate - 65%
2) lodgepole pine survival rate - 50%
3) rooted willow and balsam cutting survival rate - 65%
L) direct planted willow cutting survival rate - 40%

5) container grown conifer seedlings are superior to bare root stock in
terms of survival and growth rate

6) larger size containers promoted higher survival rates.

The issue of container vs bare root stock requires re-evaluation from the

standpoint of growth rate.

Some problems were encountered relative to seedling mortality. Upon
investigation of some of the seedlings that had expired, it became
apparent that the upper root mass surrounded by the peat from the original
container was exposed at the soil surface. This exposure is likely the

result of frost heaving.
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east of No. 8 Mine. The elevation of 1500 m is somewhat less than that of
the mine but it was the highest or best that could be readily accessed.

The data in Table 1 provide a comparison of results for the different

locations.

Table 1 Age and Growth Data for Conifers

Treatment/Location N Diameter (cm) Height (cm) Age (yrs)

Reclaimed-No. 8 Mine

Spruce 12 1.4 55 1
Pine 12 2.6 75 1
Reforested
Spruce 17 1.2 52 14
Pine 18 1.3 59 11
Natural Forest -
No. 8 Mine
Spruce 23 0.9 h2 17
Pine 26 3.1 108 28

N* -~ number of trees

The data presented suggest that the trees growing in the reclaimed area
are at least comparable to those in the reforested and the natural forest
settings. It should also be noted that climate is more severe at the No.

8 Mine than at the location from which the reforested trees were obtained.

Encroachment by Natives

Field observations indicate that encroachment by natives into the
disturbed areas will occur with time. Various lichens, mosses, lupine,
loco-weed, alpine hedysarum and Indian paintbrush are naturally invading
the areas initially seeded to agronomics. Willow, alder, balsam poplar

and the conifers, dominantly spruce, pine and subalpine fir are also found
in the area.



_‘]2_

The encroachment by natives is the result of seed spreading from adjacent
undisturbed areas and/or the result of incorporation of seed and vegeta—
tive material during soil salvage operations and the resultant germination

of seed or sprouting of vegetative material following soil replacement.

These observations suggest that revegetation can be planned and managed in
a manner such that natives can be included in the original seed mix and
they can be expected to encroach or invade on their own. In other words,
natives grasses, legumes, herbs, shrubs or trees will come in naturally if

not planted originally. However the appropriate seeding or planting of

natives speeds up the overall process.

Wildlife Utilization of Reclaimed Areas

During the initial stages of the study it was suggested that most wildlife
species would not utilize reclaimed areas especially those where agronomic
grasses and legumes were utilized. Bighorn sheep initially inhabited the
experimental areas only in spring because the plots greened up earlier
than their native range. Presently, they stay within the reclaimed area
throughout the growing season, selectively grazing particular species such

as alpine bluegrass, creeping foxtail, hard fescue and to some extent the
tender shoots of alfalfa.

Transfer of Research Results to Operational Scale

The results of the experimental work were applied on a large scale early
in the project; revegetation of major areas began in the fall of 1973, 16
months after the inception of experimental work. Seed mixtures and
fertilizer applications were based on results available at that time and
have been upgraded annually as more information became available. It was
determined that hand broadcast of seed and fertilizer was more effective
and had a higher cost-benefit than to hydroseeding and helicopter seeding.
One troublesome aspect of going to the large scale involved that of
incorporating the seed by roughening or scarifying the surface following
the broadcast application. On a plot scale this was accomplished by hand

raking, whereas for the large scale, several designs of a ''drag" were
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To date, the mining industry has not been required to
manage disturbed lands. Consequently, these areas have been left
for nature to stabilize and revegetate. Current vegetation
occuring on disturbed 1land represents a range of natural
recolonization and establishment. Variation, in both the amount
and type of vegetation on disturbed land in northern areas has
been observed by Hernandez (1973), Hardy and Associates (1978),
Naldrett (1982), Holmes (1982), and Durst (1982). Some mined
lands support vegetation communities with characteristics
similar to that of adjacent unmined areas, whereas other
disturbances maintain vegetation quite distinct from that of the
surrounding area.

Environmental features which have been disturbed by mining
activity are also components of other environmental resources
presently considered valuable by the people of Yukon and Canada
(Fox, Eyre and Mair 1983 ,Placer Guidelines Review Committee
1983). Specifically, three types of resources or resource uses
are being affected by mining: fishing, terrestrial wildlife, and
recreation, In order to maintain features of the environment in
a condition such that these other resource values may be
realized, mined-land management is necessary. Revegetation of
surface-mined land is perhaps one of the most critical
components of any land management procedure (Banks, Nickel, and
Blome 1981). In this respect vegetation helps:

1) Stabilize soil, thus slowing erosion and sediment discharge.

2) Enhance wildlife habitat, and

3) Improve the aesthetic quality of a site, thus making it more
attractive for recreation.

This study is concerned with identifying and describing
spatial and temporal factors which may influence the
successional - trends of naturally revegetating mining
disturbances. It will concentrate on describing the nature of
present regrowth in the Klondike, and provide an assessment of
factors which may have 1led to 1its present composition and
distribution. Specifically, the study will determine the extent
to which total vegetation cover, along a successional gradient,
is determined by site characteristics.

The analysis and results presented in this preliminary
report address relationships between vegetation cover and
environmental factors of mined land. The amount of vegetation
cover on disturbed land is generally considered to be a measure
of the ability of that land to resist soil erosion (Rutter
1967). Cover reduces the impact of rainfall on soil, increases
adsorption, checks the speed of flowing water, and binds the
soil (Agric. Canada 1961).



The results .of this study will aid in the prediction of
natural revegetation patterns on present day disturbances. 1In
addition, an wunderstanding of conditions amenable to natural
revegetation will aid 1in determining the extent to which
revegetation management is required in order that other resource
values may be recognized. This report will suggest environmental
management practices which 1involve the wuse of ecological
information pertaining to the sensitivity and/or the resiliency
of a disturbed ecosystem. This form of environmental management
has been recognized by others (Hollings 1978, Beanlands 1983).

Revegetation characteristics of individual species are
discussed in a Masters thesis by Brady (1984).

LITERATURE REVIEW

Considerable research has been completed in the field of
applied mined-land revegetation 1in the North ( Johnson and
VanCleve 1976; Peterson and Peterson 1977). However, few studies
are concerned with the natural revegetation of lands disturbed
by mining. Errington (1975) and Meidinger (1979) 1in British
Columbia, and Hernandez (1973) 1in the Northwest Territories,
have studied natural revegetation on abandoned roads and mining
disturbances. Hardy Associates (1980) in Yukon, and Rutherford
and Meyer (1981), Durst (1981) and Holmes (1982) in Alaska,
recently completed studies about natural revegetation on dredge
tailings and associated disturbances. These studies are
generally descriptive in nature. The variation in vegetation
composition and abundance (percent cover) between the disturbed
sites was not related to the combined effects of;

1) Site conditions (slope, texture, etc.),
2) Site age (revegetation period), and

3) Unexplained or residual factors (chance, seed source,
climate, etc. ).

An understanding of the proportion of influence that each
of these factors may have on disturbed land will aid in the
identification of optimal conditions for revegetation of
present-day mining sites. Specifically, the degree of
manipulation of site factors, such as slope angle, material
compaction, percentage of fine material, and water supply which
will promote vegetation, can be quantified.






FIELD METHODS

Soil, vegetation, and site conditions were examined at 67
sites disturbed by mining activity between 1898 and 1981. Field
work was completed during the summer of 1983. Sites were located
within the lower slopes and valley bottoms of the heavily
disturbed drainages near Dawson City, Yukon territory. They were
selected to illustrate a range of revegetation occuring over a
wide variety of environmental conditions and age since
disturbance. The locations and ages of mining areas sampled were
identified by wutilizing four sources of information. These
included the Dawson Mining Recorder ledgers, Yukon Archives,
various local publications and a heavy reliance on information
provided by a few of the more experienced miners in the area.
‘The estimated age since disturbance on sites older than 40 years

since abandonment, is considered to be accurate to within five
years.

Sample areas within the disturbed sites were selected to
represent the dominant revegetation pattern occuring over the
largest portion of the site. Approximately ten sample points
were randomly located within each sample area. Vegetation and
soil information was then recorded. Estimates of total
vegetation cover, tree density and dominance, cover by species
and strata, surface stoniness, litter cover, and exposed bare
areas are examples of data collected at each,site. The largest
trees in the sample areas were identified and increment cores
taken for age determination. In addition, observations were made
on the vigour of the major recolonizing species and comments
were recorded about microtopographical influence and species
propogation. A brief description was also made of vegetation on
adjacent unmined areas.

Estimates of soil texture and percentage by volume of fine
material (< 2 mm diam. ), coarse material (> 2 mm diam. ) and
macropore space were visually estimated from 10 small (15 cm in
depth) pits which were dug at each site. A major soil pit (up to
1 m in depth) was excavated at a point determined to be
representative of the general soil condition of each sample
area. The soil profile was described and comments pertaining to
soil development were recorded. Material samples from the top 15
cm of three of the small pits were taken for physical and
chemical analysis. A detailed description was then made of site
conditions. Slope angle and configuration, aspect, topographic
position, parent materials and modifying processes (washed
gravel) were recorded for each sample area.



RESULTS AND DISCUSSION

>

Soil drainage, % fine material, macropore void space, and
slope angle are environmental variables which best explain the
conditions of each of the 67 sample areas. Figure 1 illustrates
the scalar ranges of these environmental variables.

" GRADIENT OF PRINCIPAL ENVIRONMENTAL COMPONENT
0.0 1.0 2.0 3,0 4.0 5.0 5,5
!

i l 1
r T T T ™

SITE VARIABLES
1) DRAINAGE CLASS POOR IMPERFECTLY WELL RAPIDLY

DR. DRAINED fe | peaihem VERY RAPIDLY DRAINED
2) MACROPORE SPACE (% B 0-6% 6-13% 13-22% 53;
3) FINE MATERIAL(S%) 100-70% ;g; 50-16% —y g
4) SLOPE ANGLE(%) il L — P , e

8% | 124

RANGE OF SITE CONDITIONS

Figure 1. Scalar ranges of four environmental variables
representing the site environmental gradient.

The Environmental gradient presented in figure 1 summarizes
major trends in substrate composition and moisture supply.
Gradient boundaries were identified using an ordination
technique refered to as Principal Components Analysis (Pimentel
1979). The upper half of the gradient (92.8 - 5.50) represents
very well drained soil conditions, characterized by a range of 0
- 16 % fine material, 0 - 63 % slope angles and 8 - 27 % soil
macropore space. Soils in this drainage class have very low
available water storage capacity ( usually less than 2.5 cm)
within the control section, and are usually coarse textured, or
shallow, or both (CanSIS 1982). Water source 1is primarily
precipitation. The lowest portion of the gradient (0.0 - 2.5),
classed as poorly drained, is characterized by ranges of 70 -
100 % fine soil material, 0 - 8 % slope angles and 0 - 2 % soil
macropore spaces. Water 1is removed from the soil sufficiently
slowly, in relation to supply, such that the soil remains moist
for a significant part of the growing season (CanSIS 1982).



Subsurface flow or groundwater flow, or both, in addition to
precipitation, are the main water sources in poorly drained
areas. These soils may exhibit a wide range of available water
supply, texture and depth. Thus, the wide range of some of the
scalar values (eg. 0 - 63 % slope angles) may be a result of
variability in water supply to each sample area.

Partitioning Determinants of Vegetative Cover

Linear regression analysis was performed using total
vascular cover values, against age since disturbance of each
sample area. The regression coefficient indicates that 8.2 % of
- the total variation in vegetation cover is due to the 1influence
of site age. This low correlation appears reasonable,
considering the variability between sample areas. For example,
several mined areas, abandoned two years previous to the study
(1981), contain up to 80 % vegetation cover. Conversely, some
areas dredged up to 70 years ago were observed to have less than
5 % ground cover. The small variation related to site age, may
partially be explained by the extremely wide range of man made
conditions produced by mining activity. For example, settling
ponds often contain 100 % fine material (silt 1loam), whereas
dredge tailings may contain no fine material and up to 27 %
macropore void-space. Ninety one percent of the wvariation in
vegetation cover 1is accounted for by factors other than age of
site. Thus, site conditions and adjacent vegetated areas have a.
much greater influence on vegetation growth than does the time
period since abandonment.

A second regression was performed to further partition the
determinants of vegetation cover into effects due to site
conditions and those due to unmeasured residual variables on and
off the site. The second regression 1line, representing the
influence of site conditions, accounts for 48.8 % of the
variation in vegetation abundance. The remaining 43 % of
variation represents the influence of all factors affecting
vegetation growth that were not measured at each sample area. As
such, it represents that portion of the data that remains
unexplained following the identification of the influence of
site condition and age. Figure 2 illustrates the proportion of
influence of each of the three determinants on vegetation cover
over the disturbed sites.



Figure 2. The proportion of influence of spatial and temporal
factors on vegetation abundance is partitioned into: 1) site
age, 2) site conditions, 3) unidentified residual factors.
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Residual factors may represent variables such as climate,
soil nutrients, sampling error, and the effects of soil erosion.
In general, soil movement may inhibit plant propogation.
However, due to low rainfall in the Klondike (320 mm/year) and
the coarse textured soils exposed by mining, little evidence of
erosion was observed on uphill sites, except where dedrading
permafrost provides a continual source of water. However,
considerable bank erosion was observed in valley bottoms where
stream levels fluctuate continually. The resultant unstable
substrate conditions do not provide a medium for revegetation .

In addition to on-site conditions, the influence of
adjacent vegetated areas surrounding the disturbances must be
considered. These areas provide a source of seed for the
revegetating sites. However, there is some variability in the
capacity of adjacent areas to provide both quality and quantity
of seed. Wind direction, tree age and seed production, dispersal
periods of seed, and dispersal distance are factors influencing
seed availability from adjacent areas to disturbed sites (Zasada
1971). They reqguire consideration when assessing the
revegetation potential of any site.

Although aspects of seed source availability are factors to
be considered, it is important to note that as a result of the
frequent fire regime and extreme seasonal temperatures
characteristic to the North, many plant species have developded
wide tolerance ranges to environmental conditions and in
general, are capable of rapid recolonization in many disturbed
areas (Viereck, 1983). Preliminary field observations indicate
that the influence of adjacent vegetated areas are most
prominent on mesic-type sites and mainly evident in understory
species composition. Most tree species were found in any site
condition, and their cover and density values did not appear to
be affected by the proximity of adjacent stands.



Vegetation - Environment Relationships

Figure 3 1illustrates the relationship between vegetation
cover .and environmental conditions of mined 1land in the
Klondike. The 1influences of both site age and unidentified
residual factors (adjacent vegetated areas, soil nutrients,

climate, etc.) have been removed so as not to confound this
relationship.
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Figure 3. A graph illustrating the relationship between
vegetation cover and the range of site conditions (gradient of
principal environmental variables) found on 1land distubed by
mining in the Klondike. Hatched areas represent the range of
both vegetation cover and site conditions.
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The ranges of vegetation cover associated with portions of
the site condition gradient illustrate the variation 1in
vegatation response to the mined sites. For example,
comparatively narrow vranges of cover values are found at the
extremes of the gradient, while wider ranges occur in the
central portion. This suggests that vegetation response is more
predictable at extremes of the gradient of site conditions.

70-100 % cover values are most often found in moist areas
which are characterized by substrate conditions of; poor
drainage, 0-2 % macropore space, 70-100 % fine material and
slope angles of 1less than 8 %. Conversely, 0-5 % cover values
are found in dry areas characterized by; very rapidly drained
substrate conditions with 6-27 % macropore space, 0-16 % fine
material and slope angles of up to 63 %. Medium sites however,
contain a wider range of site conditions, and vegetation
response is highly variable. It 1is within these intermediate
areas where adjacent vegetated areas may have the most influence
on vegetative composition. Interactions between colonizing plant
species become increasingly complex as site age increases.
Eventually, vegetation begins to modify the site, producing a
more favorable medium for growth.

Very dry sites support few plant species. These include;
lichens ( Cladina , Stereocaulon ), mosses ( Polytrichum ),
small shrubs ( Rubus , Salix ), and trees ( Betula , Populus )..
The degree to which these species may alter their environment is
limited. Similarly, moist sites support a limited number of
species. These include plants capable of rapid colonization and
growth. Willows ( Salix sp.), alders ( Alnus sp.), grasses (
Calamagrostis sp.) and horsetails ( Equisetum sp.) are commonly
found in wetter areas. Detailed species - environment
descriptions are provided in a report by Brady (1984).

SUMMARY

Substrate conditions of the disturbed sites are best
characterized by differences in; soil drainage, the volume of
soil macropore space, and slope angle. These variables reflect a
gradient of both soil water holding capacity, and moisture
supply. The influence of site conditions accounts for 48.8 % of
the variation in vegetation cover on the mined sites. Another
8.2 % of this variation is a function of site age, and 43.0 % is
accounted for by other unmeasured factors. These may include; 1)
the ability of the adjacent vegetated areas to supply viable
seed, 2) the stability of substrate material as a result of wind
or water erosion, 3) the chemical composition of the substrate,
4) climate, and 5) chance.

Revegetation trends appear to be more predictable at the
extremes of the gradient representing mined site conditions
(figure 3). With site age partitioned, 70-100 % vegetative cover
was found over moist sites and 0-5 % cover over the driest
sites. Intermediate sites were observed to exhibit a wide range
of cover values: between 5 and 80 %.
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Both the planting design and shrub species performance trials were
hydroseeded with a grass-legume mixture and planted with sitka spruce

(Picea sitchensis) 1+0 PSB 211 stock at 2 x 2 m spacing (2500/ha). A

higher density than normally used in reforestation was chosen to allow for

anticipated seedling mortality.

Sampling Procedures

The trials will be monitored annually for five years. Success will be
measured in terms of seedling growth and survival on permanent sample
plots. Twenty 1 m2 plots will be established within each treatment unit to
measure percent coverage and survival of the grasses and legumes, and
percent bare mineral soil. A total of 150 trees will be measured for each
treatment in both trials, 25 trees in each of the two replicates (5 rows of
5 trees) in the upper, middle and lTower segments of the slope. Percent
survival, height growth (cm), vigor, deer browse evidence and shrub
competition will be observed. Shrubs will be measured using the same
system as the conifers. For the 10 plants of each species examined
annually, rooting depth and root zone diameter will be measured (as far as
possible) along with average foliage crown diameter. Five root systems of
each species will be collected, washed, oven dried and weighed at year 1, 3

and 5 of the sampling period as a comparison of root biomass.

Erosion Measurement

Twelve erosion measurement stations were established on the Sue Lake slide
to monitor surface erosion over the first 5 years of vegetation

establishment. The erosion bridge technique (Ranger and Frank 1978,

Blaney and Warrington 1983) was used. This simple procedure consists of






Roadside Hydroseeding in the Queen Charlotte Islands

The first hydroseeding on logging foads in the Queen Charlottes began in
1979. Two of the major forest companies with land tenures on the islands,
MacMillan Bloedel Limited and Crown Forest Industries, contracted with
Terrasol Revegetation and Erosion Control Services Ltd. to do 7 hectares of
roadside seeding. The following year both forest companies converted
existing fire tankers to hydroseeders. The third major forest licencee,
Western Forest Products, purchased a hydroseeder developed by the

B.C. Ministry of Forests (W.W. Carr) and Conair Aviation Ltd. From 1980
through 1983, 66 hectares of roadside seeding was completed. Labor and
material costs using company equipment and personnel ranged from $500 to
$850 per hectare. Costs for recent hydroseeding by MacMillan Bloedel on
Vancouver Island were $620 per hectare ($420 materials, $200 labor). The
length of roadside yielding 1 hectare varied from 1 to 2.5 km, depending

upon the exposed surface of cut and fill slopes.

Seed Coverage and Mixes

The seed mixes used by MB and others from 1979 through 1983 are given 1in
Table 1, along with the mix for the current project. All mixes have been
similar, with a grass/legume ratio of about 70:30 (by weight). The
proportion of legumes in the mixture of the current project was increased

to 40% (by weight) to provide additional N-fixation benefits to the

seedlings.

A11 of the roadside areas that we viewed in September of 1983 had good

coverage of grass and clover. They were dominated by Redtop, Creeping Red

Fescue and Perrenial Ryegrass. White and Alsike clover also maintained






Table 2. Seeding rates used or recommended by various
' sources for roadside erosion control.

Seed Fertilizer Binder Mulch
(kg/ha)  (kg/ha) (kg/ha)  (kg/ha)
Roadside Truck Seedling
0SU Extension (Berglund 1976)1 17- N 45-90 ns2 ns
35 P,K varies
MB/CF (QC1) 1979 (Terrasol Contract) 84 370° 45% 112°
MB/CF (QCI) 1979 - 1983 84 3706 45 -
WFP (QCI) 1980 - 84 370° 56 :
Terrasol 1976 (Carr and Ballard 1980) 100 4507 33 670
B.C. Ministry of Forests (Carr 1980) 50-100 N 50-80 ns ns
P 30-50
K 50-75
B.C. Ministry of Highways 84 2258 ns 1100°
(A.D. Planiden, pers. comm. 1984)
B.C. Hydro 6
(R. Roddick, pers. comm. 1984) 25 400 34-67 900-1000
Richardson Seed Company
(Newsletter, 1984) 56-84 ns ns ns
1 Based on an average 144 LPS/sq.ft. up to 300 LPS/sq.ft. maximum
recommendation for W. Oregon, using the MB 1981/1982 species mix.
2 ns = not specified.
3 19-19-19 (N-P-K)
4 M-1 Binder (Terrasol Revegetation Erosion Control Ltd.)
5 Cellulose fibre
6 20-24-15
7 10-30-10
8 14-10-28
9

“Spra" Mulch, "Fibramulch", or "Silva-Fiber" average rate.






along with a new suspension agent -- J-Tac A.S. (Carr 1982). This method
proved successful, without rotation or settling probiems,. and made use of

readily available equipment.

We assessed the success of the helicopter hydroseeding in the Queen
Charlottes in September 1983. The landslides on Spur 29 of Crown Forest
have established a dense grass cover after four growing seasons. Small |
sTumps continue to occur on the slope, but the soil eroded from these
exposed areas is readily caught in the dense mat of grasses below. The
vegetative cover appears to provide protection for tree seedlings planted
on the slide from the adverse impact of erosion and slope movement and
helps retain moisture on the site while its competitive influence has not
seriously affected the seedlings. Seedlings had healthy green foliage,
showing the benefit of fertilization and N-fixing legumes. Seedlings on

similar slopes and soil without seeding showed poor vigor and color.

The helicopter seeded landsiides near Haans Creek are steep-sided gullies,
in contrast to the open slope debris slides of Spur 29. There is also less
soil material and more exposed bedrock. The southerly exposure is more
susceptible to summer drought than the northerly exposure of Spur 29.
Consequently, grass cover is not as vigorous on the Haans slides, but the
coverage is still substantial. Some natural seed-in of red alder has

occurred.

Shrub Performance Trials

Six species of shrubs were planted on the Spur 29 slides in November 1980

with a total of 680 plants. Survival for large willow rooted cuttings,
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seeded as the operation progressed was found to be essential for keeping
track of the areas covered. It also served as a record of areas that

either received a double pass or were missed.

The actual application rate for the Sue Lake slide was somewhat greater
than planned because only 1.5 ha of the 2.0 ha slide were covered. Seeding
rates for the three trials in Table 3 range from 30 to 50 kg/ha. The
actual amount of slurry applied per hectare, however, has varied
substantially. The 1981 and 1982 trials used approximately one-third to
one-fifth of the amount of slurry in the Sue Lake operation; consequently,

this trial was a much "wetter" application than previously.

Seed Coverage

The seedling rate, based on the planned 40 kg/ha yields 638 seeds/sq.ft. or
over 4 seeds per square inch. Actual seed counts were made from eight

50 x 50 cm screens placed from the base to top of the Sue Lake slide. The
range in coverage was from 90 seeds/sq.ft. to 1300 seeds/sq.ft. The
heavier coverage occurred on areas that received two passes. The Squamish

J-Tac trial yielded about 144 seeds/sq.ft. (Carr 1982).

Foresters from MacMillan Bloedel's Queen Charlotte Division viewed the
slide in July and observed the uneven coverage that the sampling screens
had indicated. Some patches were missed entirely during the seeding.
These should seed-in from the surrounding area with time. Coverage could
be improved in future operations by including a dye in the slurry that

would enable the helicopter pilot to see coverage more easily. A

fluorescent orange dye used in chemical fire retardant aerial application















THE USE OF CEMENT KILN BY-PASS DUST AS A LIMING MATERIAL IN THE
REVEGETATION OF ACID, METAL-CONTAMINATED LAND.

Keith Winterhalder
Department of Biology, Laurentian University

SUDBURY, Ontario P3E 2C6

ABSTRACT

Cement kiln by-pass dusts from Canada Cement Lafarge Ltd. plants at
Woodstock and Bath, Ontario, respectively, were tested as limestone
substitutes in reclaiming acid, metal-contaminated soils from the Sudbury
area. Laboratory, growth chamber and field trials showed that both dusts
constituted effective 1iming materials at an application rate of
'apprbximately 10 t/ha. Toxic effects were found only in the case of Bath
dust, at an application rate of 50 t/ha. In sandy .soil, Bath dust at 50
t/ha also inhibited seed germination. This inhibition disappeared after a
few days, presumably due to the leaching of soluble alkaline materials and
chlorides. In pots, the addition of N-P-K fertilizer lessened the toxic
effect of Bath dust, while in the field it converted the effect of the dust
from inhibition to stimulation. These by-pass dusts have good potential as
1iming materials in reclaiming Sudbury's industrial barrens, but their
caustic nature precludes their use at this time, in view of the

predominantly manual application technigues that prevail.

INTRODUCTION

One hundred years of logging, fire, acidification by sulphur

dioxide, particulate metal deposition and erosion have created extensive






material, as an ameliorant and 1imestone substitute.

MATERIALS AND METHODS - POT TRIALS

Soils.

Four soils were chosen to represent different sand, clay and organic
matter contents. Each was both acid and metal-contaminated, and was taken
from a barren or semi-barren site. The sample was taken from what might be

considered as the "rooting zone" of most herbaceous plants (0-15 cm).

The soils were as follows:

Soil 1. A silty fine sand from the valley of Coniston Creek, 2
miles northeast of the Coniston smelter (Barren ground,
pH 4.5).

Soil 2. A clay soil from Coniston, 1 mile south-of the smelter-
(Barren ground: pH 4.5).

Soil 3. A sandy soil containing some organic matter, from near
Wahnapitae, 3% miles northeast of the Coniston smelter
(semi-barren, pH 4.1).

Soil 4. A sandy soil containing some organic matter from the Skead
area, 4 miles north-northeast of the Falconbridge smelter
(semi-barren, pH 4.5).

Each soil was passed through a coarse sieve in order to remove large

stones. A small sample of each soil was kept for later analysis if

necessary.

Neutralizing Materials.

Two samples of by-pass dust were provided by Canada Cement Lafarge

Ltd.. Chemical data on the materials, as provided by the company, are given












TABLE 2c. FINAL pH OF SANDY, HUMIC SOIL FROM SOUTH OF SKEAD (n = 1)

g of Equivalent Woodstock Bath
dust in t/ha dust dust
0 0 4.5 4.7
0.1 1.0 4.7 4.7
0.25 2.5 5.1 B.l
0.5 5.0 5.7 5.4
1.0 10.0 6.3 6.0
1.5 15.0 6.6 6.2
2.0 20.0 6.8 6.7
5.0 50.0 7.4 8.1

TABLE 2d. FINAL pH OF SANDY, HUMIC SOIL FROM NORTH OF WAHNAPITAE (n

0 0 4.1 4.2
0.1 1.0 4.6 4.6
0.25 2.5 (4.1)* 4.6
0.5 5.0 5.1 5.0
1.0 10.0 5.9 BT
I=5 15.0 6.8 6.2
2.0 20.0 7.0 6.3
5.0 50.0 7.3 8.0

* These highly inconsistent values are almost certainly due to

experimental error.






TABLE 3a. FINAL pH OF CLAY SOIL FROM SOUTH OF CONISTON AFTER INCUBATING
WITH VARIED AMOUNTS OF BATH DUST AND CaC0, (n=1)

g of Equivalent Bath dust CaCO3
dust in t/ha

1.0 10.0 5.6 | 6.3

1.5 15.0 6.5 7.1

sl 20.0 6.1 7.2

2.5 25.0 6.8 6.8

TABLE 3b. FINAL pH OF SANDY SOIL FROM CONISTON-GARSON ROAD AFTER
INCUBATING WITH VARIED AMOUNTS OF BATH DUST AND CaCo, (n=1)

g of Equivalent Bath dust CaCo

dust t/ha 3
1.0 10.0 6.5 7.3
1.5 15.0 7.0 7.3
2.0 20.0 7.5 7.5

2.5 25.0 ' 745 158
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under all treatments and no definite trends emerged, suggesting that by-pass
dust and calcium carbonate are equally effective 1iming materials when

application rates are kept within the by-product's non-toxic range.

GROWTH EXPERIMENT AT OPTIMAL AMELIORANT LEVELS

Each soil was mixed with calcium carbonate, Woodstock dust and Bath
dust equivalent to 5, 10 and 20 t/ha, respectively and sown with Redtop seed.
Each treatment was replicated five times. Final soil pH values and dry

weight production of tops are given in Tables 4a to 4d.

In all cases, the cement kiln dusts were effective in promoting
plant growth at the levels used. Woodstock dust was approximately equal to

calcium carbonate in its effectiveness, Bath dust slightly less so.

GROWTH EXPERIMENT AT POTENTIALLY TOXIC AMELIORANT LEVELS

This experiment was designed to explore the relative toxicities of
the by-products at high application rates. Each soil was treated with
calcium carbonate, Woodstock dust and Bath dust at levels equivalent to 30,
40 and 50 t/ha, respectively, and sown with Redtop seed. Final soil pH

values and dry weight of tops are shown in Tables 5a to 5d.

In all soils growth enhancement was found in all treatments except

Bath dust at 40 and 50 t/ha, which depressed growth. In the sandy Coniston

soil, 50 t/ha of Bath dust even inhibited germination.

GROWTH EXPERIMENT AT POTENTIALLY TOXIC AMELIORANT LEVELS,
WITH VARIED LEACHING REGIMES AND INCUBATION TIMES

This experiment was designed to test two hypotheses. It has been
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GROWTH EXPERIMENT IN FERTILIZED SOIL =

Previous experiments have been carried out on unfertilized soil,
since 1iming alone is sufficient to overcome the single overriding factor
limiting plant establishment and growth - soil toxicity. The normal
practice in reclaiming these soils, however, is to apply an N-P-K fertilizer
in addition to the 1imestone, phosphorus deficiency being a secondary
1imiting factor (Winterhalder, 1975). Since a number of interactions are
possible between 1iming material and fertilizer, it seemed desirable to
determine whether the effects of the ameliorants on plant growth were any

different in a fertilized soil from those in an unfertilized soil.

Each soil was treated with calcium carbonate, Bath dust and
Woodstock dust, respectively, at levels equivalent to 0, 20 and 50 t/ha, and
sown with Redtop seed. 0.1 g pulverized C.I.L. "Gardenite" was mixed into
each pot, which was then seeded to Redtop. Mean final soil pH values. are

shown in Table 8 and mean dry weights of tops in Table 9.

Once again, pH figures show Bath dust to be the most effective
neutralizer. At high levels, however, it is clearly deleterious to plant
growth, particularly in sandy soils that lack humus or clay. The moderating
effect of fertilizer on Bath dust toxicity can be seen, however, if we
compare dry weight reduction from 20 t/ha to 50 t/ha in the first incubation
experiment (no fertilizer) with the dry weight reduction from 20 to 50 t/ha

in the fertilizer experiment (Table 10).
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TABLE 8. MEAN pH OF FOUR FERTILIZED SUDBURY AREA SOILS AFTER INCUBATION
WITH THREE LEVELS OF CALCIUM CARBONATE, WOODSTOCK KILN DUST
AND BATH KILN DUST, RESPECTIVELY. (MEAN OF THREE REPLICATES).

NEUTRALIZER
SOIL CaCO3 Woods tock Bath
TYPE LOCATION RATE dust dust
Clay Coniston 0 t/ha 3.6 4.2 3.7
20 t/ha 6.5 5.9 6.1
50 t/ha 6.8 7.0 7.2
Sand Coniston- 0 t/ha 5.3 4.8 5.4
Garson
20 t/ha 7.3 7.1 7.1
50 t/ha 7.5 7.5 7.7
sand Skead 0 t/ha 4.6 4.6 5.2
with ’
Humus 20 t/ha 7.4 7.0 6.9
50 t/ha 7.4 7.6 8.0
Sand Wahnapi tae 0 t/ha 4.8 4.6 4.5
with
Humus 20 t/ha 7.5 6.7 6.2
50 t/ha 7.6 7.4 7.7

In an Analysis of Variance, soil and level effects, as well as soil-
level, soil-neutralizer, neutralizer-level and soil-neutralizer-level
interactions are highly significant (p < .01), while neutralizer alone is
only significant at the p < .05 Tlevel.












= % =

R.D.W. and C/W Factor are all percentages.

Experimental Design.

The experiment was set up using 1 m2 plots in a randomized block
design, and 5 replicates of each treatment combination at Coniston, 2
replicates at Garson (due to lack of space).

1 species x 2 fertilizer regimes x 4 neutralizer regimes

X 5 replicates = 40 plots (Coniston) |
1 species x 2 fertilizer regimes x 4 neutralizer regimes

x 2 replicates = 16 plots (Garson)

The experiments were set up and seeded in late August, 1980. This
has been found to be the best season for establishing herbaceous plants in
the Sudbury area. Percent cover was determined in each plot, and above-

ground parts harvested for biomass (standing crop) determination in July,

1981.

Results.

Percent cover, biomass and cover/weight factors are shown in Tables

11 & 12.

In Coniston soil, the importance of low nutrient status is obvious
from the great differential in response to neutralization between
unfertilized and fertilized soils. In both unfertilized and fertilized soil,

the best response is to Woodstock dust.

In Garson soil, the response differential between unfertilized and
fertilized soil is not so great, but it still exists. It is interesting to
note, however, that in the case of Bath dust, the effect seems to be

transformed from an inhibitory one to a stimulatory one by the addition of
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TABLE 12. MEAN PERCENT COVER AND MEAN ABOVE-GROUND DRY WEIGHT OF PLANTS
FROM GARSON FIELD EXPERIMENT (BASED ON TWO REPLICATES).

FERTILIZER _ X DRY WEIGHT
REGIME NEUTRALI ZER x % COVER (g) C/W FACTOR
Control 0.5 0 0.1
Not Limestone 30 34 12.9
Fertilized |, 04stock 44 12 13.2
Bath 8 14 4.3
Control 2 5 1.3
Limestone 20 50 13.4
Fertilized
Woods tock 45 94 26.2
. Bath 50 102 28.8
DISCUSSION

Both growth chamber and field trials suggest that cement kiln by-pass
dusts have good potential as 1imestone substitutes in the revegetation of
acid, metal-contaminated land. There are, however, several aspects of the
kiln dusts' properties that necessitate somewhat more care in their use than
that required in the case of ground limestone. For example:

a. Because of ‘the potential for inhibiting germination and growth
that some dusts (e.g. Bath) possess, the application level should be kept
within the non-toxic 1limits (below 50 t/ha) or application should be
carried out several weeks before seeding or both of the above. Purdy (1980),
in growth chamber trials on sand and tailings at Falconbridge Nickel Mines

Ltd., reached a similar conclusion. Indeed, he found that the germination
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available without cost from the cement manufacturer, although the transporta-
tion costs would probably 1imit the economic feasibility of their use in the
Sudbury area. Perhaps more important is the fact that the use of these dusts
to counteract smelter-emitted pollution would be a fine example of appropriate
technology, in which one waste product is used to counteract the harmful
effects of another waste product, thereby achieving two waste disposal
objectives in a single act. Such procedures, while desirable, are rare in
waste disposal practice, except in the case of sewage sludge, either in raw
or in composted form (e.g. Murray, Townsend & Sopper, 1981; Stucky, Bauer &
Lindsey, 1980; Sutton & Vimmerstedt, 1973). In fact, in 1973 a consultant's
report (Dillon, 1973) recommended the installation of a garbage grinding
facility and ground garbage/sewage sludge composting plant for Sudbury, the
resulting compost to be used in land reclamation. Although the project was
never funded, preliminary work by the present author (w1nterha1der,_g§'gl.,
1976 and unﬁub]ished data) iﬁdicate that such a compost would be highly
beneficial in reclaiming Sudbury's acid, metal-contaminated soils. With
respect to the use of cement kiln dusts in land reclamation, however, no
previously published reports on this subject exist, to the knowledge of the
present author. The closest parallel can be drawn with the work of Gemmell
(1981), who used two types of industrial lime waste ("dried calcareous slurry"
and Leblanc wastes, respectively) in reclamation experiments on colliery spoil
in the U.K. The success of their experiments was later confirmed by large-
scale reclamation. Their wastes lacked the potentially toxic alkalies and
chlorides present in cement kiln wastes, and they found that particle size,
a factor not considered in the present report, was the largest single arbiter
of short-term effectivity.

In conclusion, it appears that the possibility of utilizing

industrial 1ime wastes, particularly those from the cement industry, has not















THEORY OF SOIL DEVELOPMENT

The first formal theory of soil development was developed by
Jenny (1941,1980), although factors of soil formation were
identified by the earliest workers in the emerging field of soil
science in the 1880°s. As stated by Jenny, the properties of
soil and the kinds, thickness, and arrangement of horizoms is
determined by five soil-forming factors.

S = f(el,o,p,r,t)
where
S = soil
¢l = climate
= organisms, or biola
= parent material
relief
= time

O O

Many workers assumed that each factor had a separate
influence on soil and devised studies to evaluate the influence
of variations in a single factor with all others held constant
(Birkeland, 1974). The terms climosequence, lithosequence, topo-
sequence or catena, and chronosequence refer to a group of soils
varying in climate, parent material, topography, and age respec-
tively.

Other workers have proposed differeat approaches to the
study of soil development. The independent influence of a single
soil-forming factor is often difficult to isolate in nature.
Hole and Nielsen (1970) suggest that the "factors” combine and
interact to produce general "processes” of soil formation
(Simonson, 1:959). These processes acting through time on a
newly-forming soil produce distinct properties. For example, the
process of "melanization” produces a thick, dark "A" horizon
high in organic matter content. Likewise, the processes of
eluviation and illuviation tend to remove soluble salts and CaCO
from the upper profile and produce distinct layers of these
materials deep in the profile.

A generalized model of soil development is shown (Fig. 1).
This model incorporates concepts of the five soil-forming factors
but also recognizes the interactions between factors and the
unique influence of time. Without passage of time other soil-
forming factors except parent material would not have an
opportunity to act. Time in the model presented can be
envisioned as the number of cycles the system has undergone.









EXAMPLES OF SOIL DEVELOPMENT

CLASSICAL STUDIES

Initial stages of soil development have been studied on dune
deposits (Salisbury, 1925; Jenny and others, 1969; Olson, 1958),
Mt. Shasta mud flows (Dickson and Crocker, 1953a, 1953b, 1954)
and glacial till (Crocker and Major, 1955). All workers found
that vegetation strongly influences initial soil development.
Yaalon (1975) emphasized the importance of parent material in
determining the properties and genesis of young soils.

Dickson and Crocker (1953a, 1953b, 1954) studied soil
development and vegetation succession on Mt. Shasta mudflows from
27 to 1200 years old. Organic carbon, total nitrogen, pH, and
bulk density changed rapidly during initial soil development and
were strongly influenced by vegetation. Total organic carbon and
nitrogen in the soil and litter increased to a maximum in 200
years. A gradual flux of total C and N progressed from litter to
soil for 500 years. Bulk density, pH, organic carbon, and N
approached “"steady state” (Birkeland, 1974) levels in the soil in
200 to 500 years. A similar pattern of soil development was
found in recent glacial till in Alaska (Crocker and Major, 1955),
and in northern California sand dunes (Crocker, 1967).

Olson (1958) studied soil development on a sequence of Lake
Michigan sand dunes 0 - 12,000 years old. Organic carbon and
nitrogen in the upper 10 cm rose quickly in the first 300 years,
and more slowly until steady state was approached in 1,000 years.
CaC03 was leached to 2 m in depth after 6,000 years. Silt and
clay content rose from near zero initially to an equilibrium
level in 1,000 years.

Parsons and others (1962) investigated soils on Indian
mounds of known age in Iowa. He compared relative profile devel-
opment of 1,000 to 2,000-year-0ld mound soils to undisturbed
soils on 14,000 year old loess. Horizonation developed most
rapidly in the first 1,000 years of soil development. "Al" hori-
zons reached maximum expression in 1,000 years, while 2,500 years
were required for pronounced soil structure to form and clay
translocation to become evident. Bilzi and Ciolkosz (1977) found
cambic horizoms in 200-year-old alluvium and 40-year-old mine-
soils (Ciolkosz and others, 1977) in Pennsylvania. They reported
that 2,000 years were required for argillic horizon formation in
Oregon while more than 5,000 years were required in New Mexico.

The general pattern of soil development is for levels of
properties to change quickly during initial stages then change
less rapidly as equilibrium is approached. The amount of time
required to reach equilibrium is different for each property.

Organic matter, pH, and total nitrogen can change quickly in
soils (100-500 years). Carbonate movement requires more time
(1,000 years), while clay movement may require 2,000 to 10,000.
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Figure 2. Changes in soil properties and development over time
(from Birkeland, 1974).

MINESOIL GENESIS

Smith and others (1971) studied soil genesis in iron-mine
spolls in West Virginia. Spoils had deeper rooting, higher cation
exchange capacity, and higher exchangeable nutrients than natural
soils. Natural soils had lower bulk density, higher porosity,
stronger soil structure, and higher nitrogen and organic carbon
contents. Water regimes in the top two feet were similar in
spoils but natural soils had higher infiltratiomn rates. The
authors concluded that minesoils were superior to natural soils
in some respects while inferior in others. The minesoils were

expected to support woodland and pasture as productive as on
unmined soils. :

Wali and Freeman (1973) studied species composition and soil
characteristics of North Dakota mine spoils compared to adjacent
undisturbed areas. Spoils had higher pH; electrical
conductivity; exchangeable magnesium, and sodium; total
phosphorus, and sulfur; and silt, and clay coatent. Unmined
sites had more organic carbon; exchangeable potassium; species
diversity, abundance, and density. Some mined sites did not
support "desirable" plant species 53 years after mining.

Caspall (1975) found that organic matter content increases
rapidly with surface material and decreased from topsoil to spoil
to compacted spoil.

Anderson (1977) conducted a study of 28-to-40-year old
minesoils in Saskatchewan derived from glacial till. Soluble
salts were leached below 50 cm where large amounts of carbon and
nitrogen had accumulated. Humus composition im 28-year old
minesoils was similar to that in natural soils.

Schafer and others (1980) compared minesoils from 1 to 50
years old in southeastern Montana to adjacent natural soils (Fig.

3). Organic C content from 0-10 cm soil depth reached levels
found in natural soils within 30 years, but would not reach
equilibrium at 20-50 cm for 400 years or more. Litter accumula-
tion was common under pioneer vegetation on minesoils resulting






MANAGING MINESOIL DEVELOPMENT

A review of minesoil development studies indicates that most
soils on mined land become more similar to natural soils with
increasing age. Despite these trends, however, minesoils can be
either more or less productive than natural soils.

In some disturbed lands, soil development may progress along
a different pathway than for natural soils, often leading to non-
productive extremes. This is especially true where chemically
inimical parent materials are used such as those high in soluble
salts, sodium, or sulfides.

It follows that the reclamation specialist should be aware
of the influence of soil development factors on minesoils and
should so manage those factors to achieve desired goals. The
concept of managing soil forming factors is especially foreign
because the opportunity to change soil relief, or parent material
is seldom afforded except in disturbed land reclamation.

PARENT MATERIAL

As has been discussed, the parent material factor is very
important in early stages of soil development. At least three
techniques are available for managing the parent material used to
construct minesoils. They are soil reconstruction, selective
overburden placement, and addition of soil amendments.

Soil reconstruction involves selection, handling, mixing,
and placement of soil and overburden materials in the optimum
sequence and location so that reclamation objectives are met.
Guides have been published for ranking cover-soil quality
(Schafer,1979), but soil reconstruction in fact entails more art
than science.

Selective overburden placement uses pre-mine overburden data
and selective overburden handling techniques such as mixing,
burial, or capping, to insure that unsuitable materials are
isolated from the reclaimed minesoil by six feet or more of
better quality material. Dollhopf and others (1981) have dis-
cussed the data requirements, costs, and logistics of selective
overburden placement.

Soil amendments can be used to modify the chemical charac-
teristics of minesoil parent material. Gypsum or sulfur can be
added to counteract a sodium problem; lime can correct for poten-
tial acid production; and fertilizer, manure, or sludge can
supplement the plant nutrient status of the minesoil. Soil
amendments should be seen as an integral rather than a supplemen-
tal part of the reclamation process, as they can have long-term
effects on soil chemistry, soil physical properties, erosion,

vegetative productivity, and plant community development.
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Reclamation monitoring: The critical elements of a reclamation
monitoring program in western North America. R.L. Johnson, Alberta
Environmental Centre, P.d. Burton, University of I1linois, V. Klaassen,
Monenco Consultants Limited, P.D. Lulman, TransAlta Utilities
Corporation, D. Doram, TransAlta Utilities Corporation.

The potential for serious environmental impacts resulting from large
scale surface mining is proportional to the difficulty of reclaiming the
disturbed area. Reclamation monitoring programs are designed to measure
the extent of environmental disturbance and the rate of recovery. This
paper lays out a methodology for selecting, measuring, and interpreting
critical elements of a reclamation monitoring program. The end land use
is employed as a decision making key to identify the major factors
affecting reclamation monitoring and to select the biophysical and
economic characteristics requiring measurement. The latter portion of
the paper explores the ways of optimizing the efficiency of monitoring
programs. It outlines the relative advantages and weaknesses of several
sampling designs commonly used in reclamaticn monitoring.

INTRODUCTICN

Surface mine reclamation monitoring attempts to measure the extent
of environmental change due to mining activities and the rate of
recovery. More specifically, monitoring programs have one or more of
the following objectives (Wilkey et al. 1980):

- to provide an cverall assessment of the reclamation effort in

order to determine its operational effectiveness;

- to develop, demenstrate, and evaluate the needed technologies for

future reclamation efforts;

- to address the potential environmental problems that may develop

at the mining site; and

- to provide economic assessment necessary to transfer the most

cost effective reclamation techniques to future projects.

The achievement of all of these objectives depends on the selection
of parameters to be monitored. Common difficulties in the selection of

monitoring variables are (1) choosing the most environmentally






affecting the choice of land use, and the properties and processes which
should be monitored to guage the success of the reclamation program.
Although it is not made explicit in Table 1, a well structured program
of reclamation monitoring starts prior to mining, and therefore prior to
reclamation, in order to establish the baseline conditions of land

productivity and stability.

Agriculture Land Use

The factors affecting the planning and use of agricultural land are
soils, crops, climate, and economics. The collection of information
prior to disturbance should follow standard procedures for soil and crop
surveys. Materials handling for reclamation may mean that more detailed
scales of surveys need be conducted than those presently available.
Also the components of crop productivity (interrelationship of yield,
quality, and management) can often be assessed only when site specific
information is available. Econcmic information is often available from
published sources 1ike the Alberta Agriculture Consensus of Costs and
Return data. Climatic data is important because reclamation conditions
may offer new crop production possibilities which must be evaluated for

their climatic adaptation.

The objectives of reclamation monitoring follow from the overall
goal of establishing land capabilities, crop productivities, and
reasonable management costs, similar to those that existed tefore

mining.
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is the most logical basis for achieving an acceptable level of
productivity and minimizing long-term inputs. Since the measurement of
site index, prior to disturbance, results in the identification of the
critical environmental factors governing forest productivity,
operational reclamation can design a landscape which optimizes site

quality.

Reclamation programs and post reclamation monitoring will then use
standard reforestation strategies to make optimal use of reclaimed
areas. The choice of tree species, the density of tree establishment,
and the eventual measurement of site index on reclaimed lands are the

three components of value to the commercial forestry monitoring program.

Recreation Land Use

The designation of a reclaimed area to recreation land use means
that topography, vegetation, soils, and water will be primary factors
under consideration. Recreation is a broad term encompassing a wide
range of possible activities, and the choice of monitoring variables can
only be made after specific decisions are made about the recreaticnal
priorities. However, the mixture of trees, shrubs, forbs, and grasses
should provide for a variety of uses. Soil properties of specific
interest to recreation planning and implementation are compactibility
and drainage. The quantity and quality of surface and groundwater are
also attributes which will be influenced directly by recreational

activities.
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potential; the successional status of native plant communities is
critical to the establishment of wildlife habitat and recreational
areas. The success of planted species, the long-term processes of
invasion by other plants, turnover in species composition, and community
succession must be evaluated in terms of survivial, cover, and

productivity.

Land reclamation programs generally include revegetaticn activities
designed to establish a specific plant cover. Seeding and transplanting
methods are used to establish monocultures or species mixtures for the
purposes of erosion control, to assist in soil development, and to
return the land surface to a productive use. The success exhibited by
the introduced plants is an item of primary interest ir assessing the
reclamation status of a management area anrd hence in recesigning and
improving future revegetation programs. The processes‘and conditions
critical to defining the success of vegetation managed for production
purposes are: germination and emergence, bicmass productivity, plant

vigour and survival, and longevity.

It is just as important to consider the lorng-term dynamics of a
newly planted vegetative community as it is to determine the success
achieved in establishing and growing introduced plants. These are some
of the gquestions relevant to reclamation planning that the monitoring of
plant community dynamics can address:

- How long can a seeded plant cover remain viable and productive?

- Which species of native plants invade a revegetated area of

minespoil over time?
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salt and water flow are the primary determinants of the severity of
deteriorating soil quality and should form the basis for prescribing
remedial action. The most commonly monitored variables which can be
interpreted for diagnostic or remedial purposes are: hydraulic
conductivity, scluble cations and anions, saturation percent,
exchangeable cations, cation exchange capacity, pH, and electrical
conductivity. Calculations of sodium adsorption ratio (SAR) and
exchangeable sodium percentage (ESP) are valuable indices of cation

relationships.

Soil Nutrient Accumulation and Supply

Soil fertility is of major importance in regulating plant growth on
mined lands. The two primary components of soil fertility are organic
matter content and cation exchange capacity. Reclamation can-begin from
a premise that soil science has shown to be valid: any practfce which
increases the production and protection of stable soil organic matter
(humus) will enhance the quality of the soil envirorment. The humus
acts as the reservoir of nutrient elements in soils; most of the soil
nitrogen, phosphorus, and sulphur are contained in the organo-mineral
complexes (Witkamp 1971). Furthermore, humus provides the soil with an
increased surface area which enhances the exchange capacity; it acts as
a glue in soil structure affecting both micro- and macrostructures; it
decreases bulk density, thereby aiding infiltration and water

percolation; and it increases water holding capacity (Allison 1973).

Cation exchange capacity is the capacity of the soil to hold

cations and to exchange species of these ions in reversible chemical






- 15 -

TABLE 3

Critical Components and Related Properties of a Reclamation
Monitoring Program in Western North America

Component

Properties

Plant Growth and Succession

Effect of Vegetation on Soil Genesis

Water Balance

Seil Tilth and Compaction

Salinity and Sodicity

Soil Nutrient Accumulation
and Supply

Bicmass productivity
Cover
Longevity

Organic matter accumulation
Rooting depths

Infiltration

Runoff

Water holding capacity
Hydraulic conductivity

Soil strength
Bulk density

Saturation percent

Soluble cations and anicns
Electrical conductivity
Exchangeable cations and cation
exchange capacity

pH

texture

pH

total and available nitrogen
carben-nitrcgen ratio
Available phosphorus
Available potassium
Available sulphur




























Field studies were essentially completed to define hydrologic conditions at
the Battle River site. Unanticipated complexities in flow patterns in
spoil at Diplomat Mine, combined with problems with experimental techniques
used to measure infiltration in spoil required further work on spoil
hydrology at that site. Sighificant progress'was made in the computer
modeling of mine affected groundwater-flow systems (Schwartz et al., 1982).
Study of post-mining groundwater supply potential was nearly completed and
generalizable conclusions began. Preliminary synthesis of project data
into a two component predictive model was possible. A group of hydrologic
parameters that will permit projection of post-mining water-table
configuration was identified and evaluation of their interactions had
advanced well. The chemical component of the model had not advanced as far

but the basic elements were identified.

During 1982-83, evaluation of a second site, the Highvale site (Figure 1),
began with the installation of hydrologic monitoring instrumentation.
Major effort focused on evaluation of hydrogeology and chemistry of mine
spoil at both. the Highvale and the Whitewood Mine. In addition, the
existing network of wells installed by TransAlta Utilities to monitor
groundwater in the unmined area adjacent to the Highvale Mine was expanded.
A series of sites to monitor water movement in the unsaturated zone was

installed. Initial study of the weathering characteristics of overburden
was begun.

At the Battle River site new instrumentation was installed to refine our
understanding of spoil hydrology and the flow of groundwater from the spoil
into adjacent aquifers. Infiltration tests were successfully completed in
the spoil and improved techniques of analysis greatly increased the amount
of data that was derived from these and preceding tests. These data
combined with groundwater data improved our understanding of groundwater
recharge in the area. Overburden weathering studies were completed and a
preliminary procedure to relate weathering data to groundwater chemistry in
spoil was developed. Groundwater-flow modeling provided some significant
insight into the spoil resaturation process (Schwartz and Crowe, 1984).
Settlement of interridge areas following grading appears to facilitate

infiltration of surface water, which promotes further settlement.
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process and from salts already present in the overburden, especially in the
lower part of the original soil zone, the release of this salt is limited
by physical factors such as access to water and hydraulic conductivity of
the spoil and by chemical saturation constraints. Regardless of the source
of the salt, we find that groundwater in mine spoil is saturated with
respect to calcite, dolomite, and gypsum (Trudell et al., .1983; Trudell and
Moran, 1983). The factor that appears most critical in limiting salinity

of spoil water is the availability of calcium over and above the level that

can be consumed by ion exchange reactions.

We have found that the salt yielding properties of unmined overburden
materials can be used as the basis for predicting the chemical makeup of
groundwater in reclaimed mine spoil (Trudell et al. 1983; Trudell et al,
1984a; Trudell et al., 1984b). The predictive model allows the soluble
salts in hypothetical 'spoil! material to dissolve in water based on a
water: sediment ratio corresponding to field conditions. The aqueous
geochemical model PHREEQE (Parkhurst et al., 1980) is utilized to account
for mineral solubility limits particularly of calcite, dolomite and gypsum,
partial pressures of GO2 that are elevated relafive to atmospheric levels,
as well as ion exchange. The predictive model has been calibrated against
observed spoil groundwater chemistry at Diplomat and Vesta Mines in the
Battle River Mining area, Highvale Mine in The Lake Wabamun mining area,
and has been used to predict groundwater chemistry at Paintearth mine in
the Battle River Mining area. In another similar part of the study, an
increase in spoil groundwater total dissolved solids from 4400 to 5400 mg/1
as a result of flyash disposal was found to be predictable using an aqueous
geochemical model (Cheel and Trudell, in press). Work is continuing to

refine the methods developed for predicting quantitatively the chemistry of
groundwater in mine spoil.

We have found no evidence of salt being transported to the spoil surface by
groundwater discharge (Trudell and Moran, 1982), nor have we found any
evidence of perching of water at the interface between replaced soil and
spoil (Howard and Moran, 1983). The main mechanisms of potential soil
salinization appears to be upward transport of water and salt by capillary

rise from the water-table where it is sufficiently close to the surface. A



second potentially significant factor in soil salinization is the formation

of water holding depressions by differential subsidence of spoil (Dusseault
and Soderberg, 1982; Dusseault et al., 1983).

On the basis of the preceeding discussion we conclude that significant
progress has been made toward resolving subobjective A-1 but considerable
work remains to be done. Weathering of spoil has been shown not to be a
critical process and groundwater discharge has been shown not to be a major
factor in soil salinization in mine spoil. It should be noted that
discharge of more saline groundwater in favourable topographic settings
adjacent to reclaimed areas can be enhanced and lead to increased soil
salinization outside the area that has been mined (Trudell and Moran,
1984). Although work during the final year of phase 1 began study of
capillary transport of salt, further work is needed to quantify those
factors governing upward transport of salt as well as the factors deter-

mining the transient and final position of the water-table.

Subob jective A-2

To assess and evaluate the effectiveness of topographic modification and
selective placement of materials to mitigate deleterious impacts on

chemical quality of groundwater.

Study of potential selective placement of overburden was predicated on the
assumption that significant differences would be found between overburden
materials in terms of their susceptibility to weathering release of high
levels of salt. Although the salt production potential of overburden
material has been found to vary by a factor of more than 10, even at the
low end of the range sufficient salt is available to produce severely
degraded chemical quality in the groundwater that resaturates the spoil.
For this reason, our concern has focused more strongly on using topographic
configuration to control post-mining hydrology and thereby control the

impact of the degraded groundwater on the landscape.

Progress toward the second aspect of this subobjective has focused on the

role of ponds in the post-mining landscape. Ponds appear to influence the



rate at which spoil resaturates. In areas of approximately the same age,
the resaturation of spoil is significantly more advanced where ponds are
present than where they are absent. The height of the water table in spoil
appears to be strongly controlled by the presence of ponds. Where ponds
are present in spoil at Vesta mine, the water table in the spoil is several
metres above the pre-mining level. It is not yet clear whether this is
solely a result of the ponds or whether the elevated topography of the
spoil alone would produce a steady-state water table at the same level.
Considerably greater work is required to quantify the various aspects of
ponds and other landscape features as they influence final water—table

configuration in reclaimed landscapes.

Subob jective A-3

To assess the availability of water supply in or beneath cast overburden to

support post-mining land use. Includes both quantity and quality consider—
ations.

In most potential mine areas in the plains area of Alberta, farming is the
princ