








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
principal land use. In most of the province, the water supply needs of
these farms are met by individual wells located very close to the point of
use for the water. We have evaluated the potential for developing a
similar type of water supply following reclamation at both the Battle River

(Trudell, et al., in press,b) and Highvale sites (Trudell, in press,a;
Trudell and Faught, in press).

Mining in the Battle River area will remove the Paintearth and Battle River
Coal Beds, the two most productive aquifers currently supplying local water
supply demands (Trudell and Li, 1981: Trudell et al., in press,a). In the
eastern part of the mine area, approximately east of Highway 855, the !''Deep
Sandstone'', a sandstone bed located about 60 m beneath the Battle River

Bed, is capable of producing adequate amounts of water with sufficiently
high chemical quality to meet individual farm domestic and stock watering

needs. In the western part of the mine area, water in the ''Deep Sandstone!
is of degraded quality and is too saline for human consumption and only

marginally acceptible for stock watering. No groundwater supply that would
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existed prior to mining. The Canadian Land Inventory (CL!) system (Canada
Land Inventory, 1965) of rating capability for agriculture has been used to
provide a basis to evaluate existing capability in the pre-mining setting
from information obtained in a soil survey of the study area (Macyk and
MaclLean, 1983). A new classification for reclaimed landscapes has been

developed on a conceptual basis identical to the CLI (Macyk, 1984a; Macyk,
1984b).

Capability for agriculture has been chosen as the basis for evaluating the
product of reclamation rather than productivity primarily because capabil-
ity considers intrinsic properties of the landscape. Productivity, on the
other hand, addresses a parameter that is very much subject to alteration
by management practices. In simple terms, a given level of productivity
can be achieved from either good land with minimal management input or
poorer land with greater management input. The significance of this is
that in the 1latter case, removal of the management inputs results in

immediate deterioration of productivity. Therefore, using productivity as
a measure of performance of reclamation does not allow separation of the

relative contributions of the land itself and the manageﬁent inputs. Put
in economic terms, it is clearly the intent of reclamation legislation in
Alberta that the cost of assuring agricultural productivity in the post-
mining landscape is to be borne as a capital investment in the land rather

than as an operating cost by the farmer. Capability provides a superior

measure of adherence to that intent than does productivity.

Work is continuing to evaluate the productivity of reclaimed lands relative

to unmined lands within individual capability classes subjected to the same
management inputs.

Subob jective A-5

To assess and evaluate 1limitations to post-mining land use posed by

physical instability of cast overburden.

The settlement of the surface of reclaimed landscapes has been shown to be

a significant process affecting the utilization of the landscapes for agri-
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culture. Although current operational procedures at the mines under study
accommodates the early settlement by regrading of the surface approximately
one year after initial grading, our studies suggest that this practice is
unlikely to solve the problem. Resaturation of the spoil has been shown to
be a significant factor in producing compaction and therefore settlement
(Dusseault et al., 1984b). Further rise of the water-table in the spoil
after this second grading, which seems almost a certainty except in very
rare cases, would thus reinitiate differential subsiding of the surface.
Depressions produced by this type of settlement have the potential to alter
post-reclamation drainage patterns and increase infiltration and recharge
by increasing surface retention of water (Dusseault et al., 1984ka).
Periodic ponding in these depressions is a potential mechanism to transport
salts from subsoils to the soil surface. Other techniques, such as
regrading with scrapers rather than dozers are being attempted to minimize

subsidence. Our studies are continuing to evaluate the effectiveness of
these techniques.

OBJECTIVE B
To evaluate the 1long~term impact of mining and reclamation on water

quantity and quality.

Subob jective B-1

To assess and evaluate the long-term deterioration of quality of ground-
water in cast overburden and surface water fed from mine spoil as a result

of the generation of weathering products.

Evaluation of hydrologic impacts of salinized groundwater from mine spoil
have focused on potential degradation of surface water and groundwater
supplies. We have shown that potential for contamination of such surface
water bodies as the Battle River and Paintearth Creek is very low and no
further work is believed needed in this direction (Trudell, in prep.).

However, we have found significantly degraded water migrating laterally
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been sufficiently characterized to provide a basis for other related
studies (Trudell and Faught, in prep.). The only element of work that is

continuing is the periodic sampling of a small number of wells to evaluate

changes in chemistry over time.

Subob jective B-4

To assess and evaluate surface water hydrology, runoff, erosion, and

sediment yield from mined land.

No work has been undertaken to evaluate erosion and $ediment production of
reclaimed landscapes during the first phase of study. This will become a

component of evaluation of various landscape alternatives that are being
studied in the next phase of study.
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