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ABSTRACT 

The Plains Hydrology and Reclamation Project , an i nterdisciplinary study of 

rock-water interactions in reclaimed landscapes, completed five years of 

research in 1984 . The geology , soils, hydrology, and hydrogeochemistry of 

two sites in the plains region of Alberta have been intensively studied 

both in unmir:,ed and reclaimed settings. Although project studies are 

continuing, several significant findings have emerged. 

Large amounts of soluble salt are liberated in mined landscapes, primarily 

from pre-existing secondary salt in the soil zone but to a lesser extend 

from weathering of fresh overburden . Solution of this salt results in 

spoil water 3 to 7 times more saline than premining groundwater . Chemical 

equilibrium constraints related 

solution of all the available 

to the abundance of calcium preclude 

salt thereby preventing extremely high 

salinity but extending the period of time over which water of elevated 

salinity is present . Prediction of salinity and chemical composition of 

post-mining groundwater has become possible with considerable accuracy 

using aqueous extract data from overburden in conjunction with the chemical 

equilibrium model PHREEQE . 
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Spoil contaminated groundwater has been found in aquifers as much as 1.5 km 

from reclaimed areas. The only other s ignificant offsite effect 

anticipated is the potential for soil sal in ization or saline seep develop­

ment in favourable settings. 

No evidence of soil sal inization as a result of groundwater discharge has 

been found in reclaimed areas. Studies are continuing to assess the 

potential for sa l inization from surface ponding in depressions created by 

d i fferent i a 1 subsidence of the spoil and from sha l low water table 

conditions . Management of post reclamation surface hydrology to minimize 

groundwater recharge appears the most promising approach to long-term 

prevention of sal inization . 

INTRODUCTION 

As Alberta confronts the need for expanded development of coal resources in 

the coming decades, major concerns about the environmental impacts of 

mining and reclamation of mined areas remain unanswered , Most of the land 

that is underlain by minable coal in the plains area of the province is in 

agricultural production. Groundwater, which is commonly derived from coal 

beds , supplies nearly all the water needs of the region. 

Reclamation research in Alberta and other parts of North America has 

concentrated l argely on establishing soils and vegetation on graded over­

burden materials . Little work has focused on the long-term productivity of 

these reclaimed landscapes or on the long-term impacts of mining on water 

resources. Existing research and field experience in working mines suggest 

that in most places revegetation of graded, topsoil covered mine spoil is 

feasible . It is not clear whether salts liberated within the mine spo i l 

will migrate into the replaced soil and degrade it or whether these salts 

will produce seriously degraded groundwater quality. 

The object ive of the Plains Hydrology and Reclamation Project is to develop 

a predictive framework that will permit projection of success for 
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reclamation and impact of mining on water resources on a long term basis . 

Differences in physical and chemical properties of the pre-mining soils, 

overburden , and subsurface water will be used as keys to project postmining 

conditions . The predictive framework is to be based on an understanding of 

processes acting with in the landscape so that in the future, mine sites 

that are not totally analogous to those that have been studied can be 

evaluated as well . 

The project involves a holistic approach to reclamation by integration of 

studies of geology , hydrogeology , and so i ls , not only in a proposed mining 

area, but a l so in the adjoining unmined areas. Th i s approach will permit 

the assessment of impacts and long term performance, not only in the mined 

areas , but also in the surrounding area. 

During the first year of the proposed five year study, instrunentation to 

collect basic data on the geology, subsurface water , and soils of the 

Battle River mining area (Figure 1) was installed . Mapping of the soil and 

geology and a program of testhole drilling were also included in the 

init i al phase of pre-mining site characterization . In spite of a late 

start during the first year, most of the instrunentation that was planned 

was installed but v irtually no data could be collected . 

During the second year (1980-81) approximately 90 percent of the 

instrunentation needed to characterize the Battle River site was completed . 

Monitoring programs that were begun in the very l ate stages of 1979-80 were 

continued throughout 1980-81 . A considerable body of data on properties of 

overburden mater i a 1 s and chemistry and movement of subsurface water was 

accumulated by the end of 1980-81. In add i tion, exper imental studies were 

initiated to describe the total salt yield i ng properties of various types 

of overburden mater i a 1 s under a range of conditions of water content and 

oxygen access . 

During 1981-82, experimental studies on physical and chemical weathering of 

overburden materials at the Battle River site were carried out . Var ious 

physical and chemical properties of the overburden, such as grain size and 

mi neralogy , were determined and were related to weathering characteristics . 
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Field studies were essentially completed to define hydrologic conditions at 

the Battle River site. Unanticipated complexities in flow patterns in 

spoil at Diplomat Hine, combined with problems with experimental techniques 

used to measure infiltration in spoil required further work on spoil 

hydrology at that site. Significant progress was made in the computer 

model ing 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 instrunentation. 

Major effort focused on evaluation of hydrogeology and chemistry of mine 

spoil at both . the Highvale and the Whitewood Hine. 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 man i tor water movement in the unsaturated zone was 

installed. 

was begun. 

Initial study of the weathering characteristics of overburden 

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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The fifth year of the study (1983-84) served as a period of ref inement of 

the predictive framework developed at the Battle River site . At the High­

vale Mine site instrumentation was completed and field scale experiments 

i nstal l ed at both sites to test the validity of the overall predictive 

framework on salt yield of the overburden . 

SUMMARY OF PROJECT RESULTS AND STATUS 

The project i s subdivided into two major objectives , which contain 5 and 3 
subobjectives respectively . The following discussion is organized on the 

basis of these subobjectives . 

OBJECTIVE A 

To evaluate potential for reclamation of lands to be surface mined. The 

focus here is on features of landscape that make it productive in a broad 

sense not restricted to revegetation. 

SUBOBJECTIVE A- 1 

To assess and evaluate the potential for long-term degradation of reclaimed 

"soils" through salt buildup . 

The evaluation of long-term potential for sal inization of reclaimed soils 

has involved (1) studies of the production of salt and (2) the transport of 

salt by groundwater. One of the 

initiation of the study was that 

major concerns that we had at the 

weather ing of overburden mater ials , 

especia l ly minerals containing su l fur in a reduced form, would lead to the 

long-term production of sulfate salts . Our research has established that , 

although considerable new salt can be r eleased as a result of weathering of 

overburden materials, the processes are rapid and essentially complete soon 

after final regrading of the spoil surface (\Jallick , 1983; Wallick et al.. 
1983) . Although large amounts of salt are available from this weather ing 



- 7 -

process and from salts already present in the overburden, especia l ly i n the 

lower par t of the original soi l zone, the release of this salt is 1 imited 

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 calciun over and above the level that 

can be consumed by ion exchange reactions . 

We have found that the salt yielding properties of unmined overburden 

mater ials 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 ; Trudel l 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 1 imits particularly of c_alcite, dolomit_e and gypsum , . 

partial pr essures of G02 that are elevated relat i ve 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 i n 

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 , i n 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 inter face between replaced soil and 

spoil (Howard and Moran, 1983). The main mechanisms of potential soil 

sal in i zation 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 
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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 soi 1 

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 we l l as the factors deter­

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

Subobjective 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 spoi l. 

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 
~ole of ponds in the post-mining landscape . Ponds appear to influence the 
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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 l evel . 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. 

Subobjective 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 A1berta, 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; 

Trudel 1 and Faught , in press) . 

Mining in the Battle River area will remove the Paintearth and Battle River 

Coal Beds , the two most productive aquifer s currently supplying local water 

supply demands (Trudell and Li. 1981; Trudell et al. . i n press .a) . In the 

eastern part of the mine area. approximately east of Highway SSS. the 11 0eep 

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 11 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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not require t reatment was found in the western part of the proposed 'min ing 

area although four sandstone units beneath the Batt l e River Bed wer e 

evaluated . No coarse-grained sediment that could be developed to suppor t a 

distribution system was found in the fill of the Battle River or Paintearth 

Creek . The mine spoil itself is too impermeable to produce enough water 

and the chemical quality of the water in the spoil 

human or livestock consumption (Trudell and Moran, 

Faught , in prep . ) . 

is . unacceptab 1 e for 

1983; Trudell and 

Domestic water supply r equirements in the Highvale Project Area are 

currently met by production from aquifers in or above the Ar dley Coal zone . 

These aquifers will be disrupted by mining, and the resulting groundwater 

within spo i l is not suitable for exploitation because of both low yield and 

poor water quality. The only potential post-mining groundwater source in 

the Highvale Area is from sandstone bodies that form an aquifer within the 

upper Horseshoe Canyon Formation, situated stratigraphically below the 

Ardley Coal Zone. These sandstone bodies are laterally very discontinous , 

and wher.e present, generally of inadequate transm issivity to meet domestic 

water supply needs. On the basis of 14 test sites , this aquifer i s suit­

able for exploitation only in the area of Section 21-52-5-WS. Over the 

rest of the site it is not 1 ikely that significant zones of adequate 

transmissivity will be found , although smal l , local sandstone bodies might 

be identified by additional test drilling . 

Subobjective A-4 

To evaluate productivity potential of post-mining landscapes and the 

significance of changes in product ivity as a result of mining . 

The original subobject ive of determ ining the effect of surface mining on 

soil productivity was modified to focus on capability for agriculture 

rather than productivity . 

The objective of reclamation of surface mines in the plains region of 

Alberta in almost all cases is to produce a landscape that has a capability 
for agricultural production that is at least equivalent to that which 
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existed prior to mining. The Canadian Land Inventory (CLI) system (Canada 

Land Inventory, 1965) of rating capabil i ty 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 

Maclean, 1983) . A new classification for reclaimed landscapes has been 

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

1 984b). 

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 latter 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 management 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 i s 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 cont inuing to evaluate the productivity of reclaimed lands relative 

to unmined lands within individual capability classes subjected to the same 

management inputs . 

Subobjective A-5 

To assess and evaluate limitations 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 

acco11111odates 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 compact ion and therefore settlement 

(Dusseault et a 1 . , 1984b) . Further rise of the water-tab 1 e in the spo i 1 

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 . , 1984a) . 

Periodic ponding in these depressions is a potential mechanism to transport 

salts from subsoils to the soil surface . Other techniques, such as 

r egrading 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 long-term impact of mining and reclamation on water 

quantity and quality . 

Subob ject i ve 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 Batt 1 e River and Pai ntearth Creek is very 1 ow and no 

further work is believed needed in this direction (Trudell , in prep . ) . 

However, we have found significantly degraded water migrating laterall y 
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from reclaimed mine areas at Vesta Mine into two adjacent unmined aquifers 

(Trudell and Moran, 1984 ; Trudell , in press,b) . 

The groundwater in the reclaimed mine spoil at Vesta Mine is of Na+-s04= 

composition with a mean TDS of 7000 mg/1, and individual values ranging 

from 4 , 000 to 14,000 mg/1. In the unmined coal adjacent to the mine the 

spoi 1-affected groundwater has a TDS of 2500 to 3200 mg/1 , compared to 

natural values of 900 to 1700 mg/1. Sulfate concentrations increase from 

less than 50 mg/1 in the natural groundwater to more than 1000 mg/1 in the 

p 1 ume. 

There is a corresponding shift in composition from Na+-Hco
3

- (natural) to 

Na+-s04= , HC03- (contaminated) . The plume of contaminated water is 

approximately 2 km long and 1 km wide, and is driven by hydraulic head 

within the reclaimed spoil that is three to five metres higher than that in 

the unmined coal. 

This head is associated with deep ponds in the reclaimed landscape that 

recharge the base of the spoil. . The direction of spoil groundwater 

migration is opposite to the pre-mining flow direction , and is controlled 

by the major axis of horizontal permeability in the coal. There is little 

or no migration in the di r ection of the minor axis of permeability in the 

coal, despite the presence of a regional groundwater drain, a major 

meltwater channel , in that direction. 

The plume of spoil groundwater in a thin (1 to 4 m) surficial sand aquifer 

adjacent to the mine has a salinity as high as 15,000 mg/1 TDS, compared to 

the natural ranges of from 600 to 2,600 mg/1. Sul fate concentrations in 

the plume, at 2000 to 10 , 000 mg/1 , are well above natural levels of less 

than 1200 mg/ 1 • There i s a corresponding compos it i ona 1 sh i ft from the 

natural Ca2+ , Mg2+ -Hco3- or ca2+, Mg2+ -Hco3- , s04= to the contaminated 

Na+, ca2+-s04= or ca2+, Na+-s04= . The plume of contaminated water is 

approximately 2 km long and 2 km wide. The direction of migration i s to 

the southwest , toward an ephemeral stream channel that is underlain by 

glacio-fluvial sand . The hydraulic potential for the migration of this 

plume i s provided by a water table within the spoil that is 2 to 3 m above 
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that in the sand. The high water table in the spoil is related to a 

reclaimed land surface that is in places 10 metres above the undisturbed 

level, and to shallow ponds located high in the reclaimed landscape. 

Further work is required to assess the geologic and hydrologic controls on 

such contamination of aquifers adjacent to mining operations . This process 

has the potential to generate saline seep type salinity in stratigraphi­

cal ly and topographically favourable sites adjacent to mined areas. 

Subobjective B-2 

To assess and evaluate infiltration , groundwater recharge, and groundwater­

surface water interactions within cast overburden . 

The purpose of this portion of the study is to measure and compare 

infiltration characteristics, soil water movement patterns , and recharge in 

mined and unmined settings. This was accomplished primarily through the 

installation of instrunents to measure soil moisture and groundwater levels 

at selected sites in two study areas of different geologic and hydrologic 

setting (Howard, et al . , in prep . ) . 

Infiltration into soils in the reclaimed settings was higher than that 

observed in bedrock- der ived soils in the unmined setting , but lower than 

that observed for till-derived soils in the unmined setting . Upslope 

depressional areas allowed larger quantities of infiltration than 

non-depressional areas. In reclaimed landscapes, small depressions tend to 

become ponded during snownelt , and subsequent infiltration can move several 

metres into the soil. In the Battle Ri ver Study Area infiltration rates 

were higher at the Diplomat Mine than those observed at the Vesta Mine . In 

the Highvale Study Area, the rate of inf i ltration appears to be related to 

the sodiun adsorption ratio . 

Recharge occurs primarily in response to snownelt and precipitation in the 

late spring and summer, especially to heavy rainfall periods such as those 

of June, 1983; a lesser response to snowmelt is observed. Infiltration 

into non-ponded areas accounts for a larger proportion of the total 

---------
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recharge than had previously been recognized; our data suggest that 

approximately half to three-quarters of the· total recharge comes from 

upland areas , however further work is required to verify this conclusion. 

The remaining contribution is from leakage below permanently-ponded areas . 

In the Battle River area, recharge is occurring at a greater rate on 

reclaimed land than on unmined land; in the Highvale area, however , higher 

rates are observed in unmined land than in mined land. Recharge rates at 

Diplomat Mine are 1.85 time those at Vesta, 2. 26 times those in the unmined 

areas, and 8.97 times those at Pit 01 at Highvale. 

The major difference in infiltration and groundwater recharge processes in 

reclaimed landscapes relative to unmined landscapes appears to be deeper 

penetration of infiltrating water in reclaimed landscapes as a consequence 

of removal of natural stratification. A major enigma remains however. All 

three study sites have been resaturated and an apparently stable ground­

water regime has been established far more quickly than should be the case 

given the rate at which recharge processes are currently operating. It is 

our suspicion that the combination of fracturing of the spoil mass and 

ponding of water in low areas and in subsidence depressions allows for 

extremely rapid influx of water into the spoil mass at rates perhaps 10 to 

100 times as fast as in the unmined landscape . The presence of the water 

then causes the spa i 1 to slake and compact sealing off the cracks and 

fissures and slowing the rate of influx of water to the value that we 

currently observe . If this is an important process in resaturation of 

spoil , it has significant implications for many aspects of stabilizing of 

reclaimed landscapes , ranging from surface subsidence, to cessation of 

overburden weathering, to the establishment of a stable post-mining 

groundwater regime in the spoil. Further work is required to assess this 

early resaturation process and its relationship to the ultimate hydrologic 

regime in reclaimed lands. 

Subobjective 8-3 

To character i ze the groundwater chemistry generated within cast overburden . 

The chemistry of groundwater in mine spoil at the three study sites has 
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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 we l ls to evaluate 

changes in chemistry over time . 

Subobjective 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 sediment 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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