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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
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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
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