CHARACTERIZATION AND VARIABILITY OF SOILS
RECONSTRUCTED AFTER SURFACE MINING 1IN

CENTRAL ALBERTA

By
TERRY M. MACYK
Terrain Sciences Department

Alberta Research Council

for
Reclamation Research Technical Advisory Committee

Alberta Land Conservation and Reclamation Council

March 1986

82 Lo |

ENVIRONMENTAL CENTRE

LIBRARY

d

) g

Report #
RRTAC 86-2

74-3

2125



ALBERTA'S RECLAMATION RESEARCH PROGRAM

The regulation of surface distrubances in Alberta 1is the
responsibility of the Land Conservation and Reclamation Council.
The Council executive consists of a chairman from the Department
of the Environment and two deputy chairmen from the Department of
Energy and Natural Resources. Among other functions, the Council
oversees programs for reclamation of abandoned disturbances and
reclamation research. The reclamation research program was
established to provide answers to the many practical questions which
arise in reclamation. Funds for implementing both the operational
and research programs are drawn from Alberta's Heritage Savings
Trust Fund.

To assist in technical matters related to the development and
administration of the research program the Council appointed the
Reclamation Research Technical Advisory Committee (RRTAC). The
Committee first met in March, 1978 and consists of eight members
representing the Alberta Departments of Agriculture, Energy and
Natural Resources, Environment and the Alberta Research Council.
The Committee meets regularly to update research priorities, review
solicited and wunsolicited research proposals, arrange workshops
and otherwise act as a referral and coordinating body for Reclamation
Research.

Additional information on the Reclamation Research Program
may be obtained by contacting:

Dr. P.F. Ziemkiewicz, Chairman

Reclamation Research Technical Advisory Committee
Alberta Energy and Natural Resources

2nd Floor, 10909 Jasper Avenue

EDMONTON, Alberta

T5J 3M8 (427-8042)

This Report may be cited as:

Macyk, T.M. 1986.
Characterization and Variability of Soils Reconstructed
After Surface Mining in Central Alberta. Alberta Land
Conservation and Reclamation Council
Report #RRTAC 86-2. 146 p.

Additional Copies may be obtained from:

Publication Services
Queen's Printer

11510 Kingsway Avenue
EDMONTON, Alberta

T5G 2Y5



ii

TABLE OF CONTENTS

LIST OF FIGURES evieriiirieneeeneenenecncnnnanas I R B
LIST OF TABLES oooooooo 0000000000000 @000 0000000000000 000000000 Vi
PREFACE...ccvvunnnn crececesesesssosans cesessesressersrsrsaanoe oo vii

ABSTRACT ....... ceseseesens Cecctsesssessceccrsrescsans cevevsees X

lo INTRODUCTION o0 0000000000000 @000 0000000000000 00000 0 1

2. CHARACTERIZATION OF RECONSTRUCTED SOILS ..... cesessess 2
2.1 The Study ceeeeeeseeeeesccesscsococncnnsns ceseccscessans 2
2.2 Supplementary Information .eeceeeeeee e |
2.3 Reconstructed So0il Characteristics ceeeeeeeceececes cees 4
2.3.1 Sample Site Distribution c.ieeeeceeecesceccnns cesesees 4
2.4 Data Synthesis eveeeaneee tesessssssesssenas cesesssssen 6
2.4.1 RCL ArBaS sevsseesssessceoscssossscosscsosssoscanscsnss 7
2.4.2 RC2 Areas ceeeeacscecees A 1
2.4.3 RC3 and RCA Areas ceeeseecesesesnvcsscscscoacssscsancs 35
2.4.4 RC5 Areas ceveesescessosssssscssssscscsssssssssssscsces 30
2.4.5 RCO ArEa3S seesesessscesessscsceasssscosccsssnnas ceeaees 37
2.4.6 RC7 Ar€aS ceceeeessescsscsscoscossesssssscssosssssnsnse 37
2.4.7 RC8 Areds seveceesscenscessccns S Y |
2.4.8 RCO Areads seveeecscescsoscsosscocscsssococsscscscncnecs 37
2.5 Summary of Reconstructed Soil Area Characteristics ... 38

VARIABILITY OF RECONSTRUCTED SOILS ceveveeecscecseesess 40
Inspection and Sampling Density .eeeeececcecececceesas 66

ww
e o
—

REFERENCES C[TED ® 00 e0000 0000000000000 0000000000000000 68

D
.

5. APPENDICES - CHEMICAL AND PHYSICAL PROPERTIES OF

RECONSTRUCTED SOILS AT PAINTEARTH MINE (1983)....ec... 69
5.1 Analytical Data for Reconstructed Soils

Sampled in 1982 ..iviieeeercesocsocecnccanss ssssessssss [0
5.2 Analytical Data for Reconstructed Soils

Sampled in 1983 ..uiueeeeecrsncscncsocscocosscsssncses 120



20.

21.
22.

Mean
Mean
Mean
Mean
Mean
Mean
Mean
Mean
Mean
Mean
Mean
Mean
Mean
Mean
Mean
Mean
Mean
Mean

Mean

Values
Values
Values
Values
Values
Values
Values
Values
Values
Values
Values
Values
Values
Values
Values
Values
Values
Values

Values

at Diplomat

Mean

Values

for
for
for
for
for
for
for
for
for
for
for
for
for
for
for
for
for
for

for

111

LIST OF FIGURES

pH at Diplomat Mine ..cececcececececees
pH at Vesta and Highvale Mines ........
SAR at Diplomat Mine .ceceeceecccenccecs
SAR at Vesta and Highvale Mines .......
PSAT at Diplomat Mine ..eeeececcenccns

PSAT at Vesta and Highvale Mines .....

EC at Diplomat Mine c.ceeeeeccocceccccss
EC at Vesta and Highvale Mines ........
Calcium at Diplomat Mine .eeeececccnnse
Calcium at Vesta and Highvale Mines ...
Magnesium at Diplomat Mine ccecececeses
Magnesium at Vesta and Highvale Mines .
Potassium at Diplomat Mine ceeeececesss
Potassium at Vesta and Highvale Mines .
Sodium at Vesta and Highvale Mines ....
Sodium at Diplomat Mine ceeeeeececoncce
Sulphate at Diplomat Mine «coveeeccceces
Sulphate at Vesta and Highvale Mines ..

Calcium Carbonate Equivalent

Mine © 0 0000000000000 00000000000000000000000

for

Calcium Carbonate Equivalent

at Vesta and Highvale Mines ..cceeceeccececceccnccnccce

Mean Values for Sand at Diplomat Mine ..eceeccceccccenne

Mean Values for Sand at Highvale and Vesta Mines ......

Page

10
11
12
13
14
15
16
17

18

26

27
28
29



29.

30.

31.

32.

33.
34,
35.
36.
37.
38.
39,
40.
41,
42.
43.
44,
45,

iv

LIST OF FIGURES (CONTINUED)

Mean Values for Silt at Diplomat Mine seeeeeeceeencnnes
Mean Values for Silt at Highvale and Vesta Mines ......
Mean Values for Clay at Diplomat Mine .e.eeeeereeenoens
Mean Values for Clay at Highvale and Vesta Mines ......

Electrical Conductivity Data for Reconstructed
S0ils at Diplomat Mine ceeeeeeeeeecescscoenecncannnones

Electrical Conductivity Data for Reconstructed
S0ils at Diplomat Mine ceeeeeecrosecececcocacenenononns

Electrical Conductivity Data for Reconstructed
Soils at Diplomat Mine seeeeeeeecececscencescoonensnnns

Electrical Conductivity Data for Reconstructed
SOi]S at Dip]omat Mine ® © 00 00060000000 00000000 0000000000

Electrical Conductivity Data for Undisturbed
Soils at Diplomat Mine ceeeeeeeeeeceeceeceeneoncsoenans

Electrical Conductivity Data for Undisturbed
SO‘i]S at Dip]omat Mine ® © 0000000 0500000000000 00000000000

SAR Data for Reconstructed Soils at Diplomat Mine .....
SAR Data for Reconstructed Soils at Diplomat Mine .....
SAR Data for Reconstructed Soils at Diplomat Mine .....
SAR Data for Reconstructed Soils at Diplomat Mine .....
SAR Data for Undisturbed Soils at Diplomat Mine .......
SAR Data for Undisturbed Soils at Diplomat Mine .......
PSAT Data for Reconstructed Soils at Diplomat Mine ....
PSAT Data for Reconstructed Soils at Diplomat Mine ....
PSAT Data for Reconstructed Soils at Diplomat Mine ....
PSAT Data for Reconstructed Soils at Diplomat Mine ....
PSAT Data for Undisturbed Soils at Diplomat Mine ......
PSAT Data for Undisturbed Soils at Diplomat Mine ......

pH Data for Reconstructed Soils at Diplomat Mine ......

30
31
32
33

42

43

44

45

46

47
48
49
50
51
52
53
54
55
56
57
58
59
60



46.
47.
48.
49,
50.

pH Data
pH Data
pH Data
pH Data

pH Data

v

LIST OF FIGURES (CONCLUDED)

for Reconstructed Soils at Diplomat Mine ......
for Reconstructed Soils at Diplomat Mine ......
for Reconstructed Soils at Diplomat Mine ......
for Undisturbed Soils at Diplomat Mine ........

for Undisturbed Soils at Diplomat Mine ........

61
62
63
64
65



PREFACE

This is one of a series of reports that presents the
findings of the Plains Hydrology and Reclamation Project (PHRP), an
interdisciplinary study that focuses primarily on hydrologic aspects
of reclamation of surface coal mines in the plains of Alberta. This
research has been conducted by the Alberta Research Council as part
of the Alberta Government's Reclamation Research Program. The
program is managed by the Land Conservation and Reclamation Council
and is supported by the Heritage Trust Fund.

The focus of PHRP is to develop a predictive framework that
will permit projection of success for reclamation and impact of
mining on water resources on a long-term basis. The predictive
framework is based on an understanding of processes acting within 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 soils, not only
in the proposed mining area but also in the adjoining unmined areas.
This approach permits the assessment of impacts and of long-term
performance, not only in reclaimed areas but also in the surrounding
area.

The research of PHRP has been directed toward the following

two major objectives and eight subobjectives:

OBJECTIVE A

To evaluate the potential for reclamation of lands to be
surface mined. The focus is on features of the 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 build up.
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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.

Subobjective A-3
To assess the availability of water supply in or beneath

cast overburden to support post-mining land use, including both
quanitity and quality considerations.

Subobjective A-4 .
To evaluate the productivity potential (capability) of
post-mining landscapes and the significance of changes in capability

as a result of mining.

Subobjective A-5
To assess and evaluate limitations to post-mining land use

posed by physical instability of cast overburden.

OBJECTIVE B
To evaluate the long-term impact of mining and reclamation

on water quantity and quality.

Subobjective B-1
To assess and evaluate the long-term alteration of quality
of groundwater in cast overburden and surface water fed from mine

spoil as a result of the generation of weathering products.

Subobjective B-2
To assess and evaluate infiltration, groundwater recharge

and groundwater-surface water interactions within cast overburden.

Subobjective B-3
To characterize the groundwater chemistry generated within

cast overburden



ix

Studies directed at these objectives began in 1979 at the
Battle River site in east-central Alberta. Work began in 1982 at a
second study area at Highvale Mine south of Lake Wabamun.
Significant progress had been made on all project objectives by the
end of the first phase of study in March of 1984, This present
series of reports summarizes the state of our knowledge at the end of
this first phase of study. Work is now continuing on the Phase II
objectives to gain an even greater understanding of the complex
physical and chemical processes in reclaimed landscapes.

This report presents a part of the results of
Subobjective A-4, to evaluate the productivity potential (capability)
of post-mining landscapes and the significance of changes in
capability as a result of mining. The first step in assessing the
capability of reconstructed soils is to describe and characterize the
physical and chemical properties of the soils. An important part of
this characterization is to identify the degree of spatial
variability in these properties. The report presents data and
conclusions derived from both the Battle River and Highvale study

sites.



ABSTRACT

Reconstructed soils representing different materials
handling and replacement techniques were characterized and
variability in chemical and physical properties was assessed. The
data obtained indicate that reconstructed soil properties are
determined largely by parent material characteristics and further
tempered by materials handling procedures. Mining tends to create a
relatively homogeneous soil landscape in contrast to the mixture of
diverse soils found before mining. On a landscape scale,
reconstructed soils are less variable than unmined soils. On a local
scale, reconstructed soils are more variable than natural soils. The
data suggest that one hole per sampling site provides adequate
representation of pH, sodium adsorption ratio, percent saturation and
clay content. An inspection density in the range of one inspection
per 1 to 5 ha is appropriate for the "mapping" of reconstructed
soils. The proposed sampling intensity for characterization of

reconstructed soils is one site per 5 to 10 ha.
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1. INTRODUCTION

During the proposal stage of the Plains Hydrology and
Reclamation Project it was felt that the concept of productivity
could be utilized in comparing pre- and post-mining situations. The
original approach to a meaningful assessment of productivity was to
obtain data from local farmers and the mine operators because it is
common practice for farmers to manage reclaimed areas through

arrangements with the mine operator(s).

Since the key to productivity is management, the control of
management inputs and maintenance of records could provide a valid
comparison of yield from reconstructed soil areas with that from
unmined areas. An advantage of utilizing this approach is that it
provides for large-scale testing or field size rather than plot size
results.,

The above-mentioned approach is feasible but it is perhaps
more appropriate to first characterize reconstructed soils and
determine their suitabilities and limitations relative to
agricultural production. Initially, therefore, emphasis is placed on
development of a system for rating reconstructed soil capability as
opposed to determining the kind and levels of inputs that may be
required to sustain desirable yields.

The intent of this aspect of the project is to develop a
rating system to assess the relative capability of reconstructed
soils in the reclaimed landscape. The details of the rating system
are presented in a separate report. Included in this report are
discussions concerning the characterization and variability of
reconstructed soils. The data obtained from the characterization
process are utilized in the development of the capability rating

system.




2. CHARACTERIZATION OF RECONSTRUCTED SOILS

2.1 THE STUDY

In order to determine the agricultural capability of an
area prior to disturbance and then be in a position to speculate on
the potential capability of the post-mining landscape, one must have
good, relatively detailed, s0ils information. As a result a soil
survey at a scale of 1:10 000 was conducted at the Battle River site
to provide detailed soils information for land adjacent to areas
already mined (Macyk and MaclLean 1983). This information provided a
basis for assessing the capability of the soils for agricultural
production prior to mining and will also be useful for future
reference when considering the effects of surface mining on adjacent
unmined areas.

The survey was conducted at the Battle River site because
the existing soil survey information presented at a scale of
1:190 000 was outdated and not adequate for the types of
interpretations that were to be made in this study. Detailed mapping
of areas destined to be mined was completed by the individual mine
operators (Forestburg Collieries Ltd. 1979; Manalta Coal Ltd. 1979).
A detailed soil survey was not conducted at the Highvale site because
the generalized reconnaissance information (Lindsay et al. 1968) is
relatively recent and more detailed work was done by TransAlta
Utilities Ltd. in the area.

In addition to mapping and evaluating the pre-mining soils,
the reconstructed soils of the post-mining landscape were "mapped"
and characterized. The mapping of reconstructed soils was done on
the basis of topography, drainage and materials handling procedures
or practices. This was followed by a relatively extensive sampling
program to characterize the soils in the areas representing different
materials handling/replacement techniques. The major techniques
assessed included untouched spoil piles, spoil piles levelled, spoil
piles levelled and covered with topsoil, and spoil piles levelled and
covered with subsoil and topsoil (topsoil/subsoil/spoil sequence).
Although all of the different materials handling procedures were
characterized, ranging from no levelling (untouched spoil piles) to




topsoil/subsoil/spoil sequences, emphasis was placed on the more
recently adopted procedures which are likely to remain in place for
some time in the future.

Sampling sites were selected randomly and total sampling
depth ranged from 30 cm to 5.0 m. This range was manifested by the
ease of collecting the samples - in the case of sites exemplifying
the shallow depths there was some form of hindrance to the coring
tube. As the sampling program was conducted over a three-year
period, techniques were modified on the basis of the results
obtained. For example, in 1983 it was deemed appropriate to sample
only the top 1.5 m of material and to have three holes drilled at
close proximity for each site selected to provide an indication of
the within-site variability as compared with between-site
variability. Virtually all sampling was done according to the
following depth (cm) intervals: 0 to 15, 15 to 30, 30 to 45, 45 to
60, 60 to 75, 75 to 90, 90 to 120, and 120 to 150 cm, and in 30 cm
increments thereafter to depth. A total of 1588 samples was
collected. Analyses conducted included pH (water and CaCly methods),
% saturation, electrical conductivity, sodium adsorption ratio,
extractable sodium, calcium, potassium and magnesium, sulphate,
calcium carbonate equivalent, and particle size distribution (% sand,
silt, clay).

The data are presented in the appendices and discussion
thereof is presented within the text of the report.

2.2 SUPPLEMENTARY INFORMATION

Additional information pertinent to reconstructed soils was
made available by the individual mine operators. Luscar Ltd. (1982)
provided data for the Diplomat Mine which was obtained through in-
house data collection relative to reconstructed soil characterization
as well as management thereof, including yield data. In addition,
Luscar Ltd. provided data collected by Alberta Environment at the
Diplomat site (personal communication). TransAlta Utilities provided
information on the reconstructed soils at the Highvale Mine (personal

communication).



The information provided was certainly useful but because
different sampling techniques were employed it was not possible to
incorporate this data with the data collected in association with
this project. Therefore, the supplementary data were not included in

summaries and statistical analysis.

2.3 RECONSTRUCTED SOIL CHARACTERISTICS
Minesoils or reconstructed soils are youthful soils whose
many characteristics are determined by man-controlled influences
rather than by natural processes. On natural landscapes or
undisturbed areas, soil boundaries follow geomorphic features like
slope position and drainage. On reclaimed land, soil delineations
correspond to differences in mining practice and/or soil
reconstruction techniques. For the purposes of this study, eight
units were defined for mapping and characterization of reconstructed
soils and one unit was designated to represent undisturbed soils.
RC1 - Spoil piles essentially untouched (basically retain
original configuration)
RC2 - Spoil piles levelled prior to revegetation
RC3 - Spoil piles levelled and topsoiled prior to
revegetation
RC4 - Spoil piles levelled, subsoiled and topsoiled prior
~to revegetation
RC5 - Spoil piles levelled and covered with ash prior to
revegetation
RC6 - Levelling of spoil piles completed or in progress
RC7 - Areas where seasonal ponding occurs
RC8 - Areas where the land surface was disturbed and
manipulated but actual mining likely did not occur
RC9 - Utilized for undisturbed soils

2.3.1 Sample Site Distribution
Of the areas designated (Table 1), units RC2, RC3 and RC4 are
dominant in terms of areal extent. Emphasis relative to number of

sampling sites, etc., was placed on units RC3 and RC4, mainly because they
are the dominant soil reconstruction procedures presently utilized.



Table 1. Sample site distribution.

Mat Handling Diplomat Vesta Highvale
RC1 5 - -
RC2 29 5 -
RC3 43 15 -
RC4 - 42 26
RC5 - 5 -
RC6 - - -
RC7 - - -
RC8 - - -
RC9 19 13 -

96 80 26

The relative distribution indicated in Table 1 reflects to
a large extent the areal distribution of the areas affected by the
various materials handling techniques. At the Diplomat Mine the most
advanced materials handling technique involves placement of topsoil/
spoil, mainly because the spoil is comprised of relatively good
quality till material. The most advanced procedure involving
placement of topsoil/subsoil/spoil represents the largest number of
sites evaluated at Vesta Mine. A relatively large number of samples
were obtained in RC3 areas as well. However, at many of the sites in
the RC3 areas it was impossible to penetrate much beyond the 50 cm
depth because of problems associated with the spoil material.

At Highvale Mine the sample sites were located in areas
characterized by the topsoil/subsoil/spoil sequence.



2.4 DATA SYNTHESIS

For purposes of interpretation, data synthesis was
conducted on an individual mine basis because the mines are located
in different settings and have different pre-mining characteristics.

The Diplomat and Vesta Mines at the Battle River site
differ considerably from the Highvale Mine in respect to climate,
vegetation, soils and geology. The Diplomat and Vesta Mines, which
are essentially adjacent to each other, are somewhat different in
terms of soils and surficial materials.

The complete data set is provided in the appendices.
Graphs representing mean values for the different materials handling
regimes, depths and the various parameters measured are utilized to
reduce the volume of data used for interpretation. Graphical
presentation of Highvale data is included with the Vesta data because
it did not appear necessary to prepare an additional set of graphs,
each representing only one curve.

It will be noted that the graphs presented relate to the
top 150 to 300 cm of the reconstructed profile. The reason for the
3 m maximum is that, although a number of holes were sampled in
excess of 3 m, the number was not large enough to develop statistical
inferences. Overall, the number of sites where sampling depth was in
excess of 150 cm are somewhat less in number, simply because the 1983
field sampling program did not involve sampling beyond 150 cm. The
reason for limiting the sampling depth is that it was felt more
useful to obtain samples from the top 1.5 to 2 m at a greater number
of sites as opposed to sampling fewer sites to greater depths. A
review of the literature pertinent to crop rooting depth and the
consideration that the depth to be evaluated for capability
classification purposes would not exceed 150 cm also had a bearing on
the sampling scheme utilized. Therefore, the mean values on the
curves are based on a larger population for the top 150 cm than for
depths below that.

The following sections describe the characteristics of the
reconstructed soils resulting from the different materials handling
procedures with emphasis placed on the Battle River site. Figures 1



to 26 present mean values for the various parameters. A few explana-
tory notes about the way the graphs are designed and the legend
utilized are in order.
1. The data point representing the sample acquired in the
0 to 15 cm depth range appears mid-way between the
0 and 15 cm designations on the depth scale. The same

is true for all other depth ranges.

2. D RC3 = Diplomat Mine, RC3 area (previously defined)
H RC4 = Highvale Mine, RC4 area
V RC9 = Vesta Mine, RC9 area
2.4.1 RC1 Areas

RC1 areas include locations where the spoil piles were
essentially untouched or basically retained their original
configuration. Only a limited number of sites were sampled in the
vicinity of Diplomat Mine where this type of landscape still exists.
Each site was sampled to a maximum depth of 1 m. At the time of the
sampling program the last of the old spoil piles that once existed at
Vesta Mine were in the process of being levelled.

The data indicate that the characteristics of the untouched
spoil piles, especially the surface materials, are superior to the
levelled (RC2) materials. Specifically pH, PSAT, EC, SAR and S04 are
lower, and in the case of EC and SAR are considerably lower for the
RC1 as compared with the RC2 materials.

This indicates that the levelling of spoil piles alone does
not alter or, more importantly, does not improve the quality of the
reconstructed material. The slopes associated with these areas
preclude the use of farm equipment and 1imit agricultural use to
improved pasture at best. However, these RC1l areas do provide
excellent sites for recreation and wildlife.
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Figure 13. Mean values for Potassium at Diplomat Mine
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2.4.2 RC2 Areas

RC2 areas include locations where the spoil piles were
levelled prior to revegetation. A relatively large number of sites
was sampled at Diplomat (2b) as compared with Vesta (5) because of
the respective areal distribution of this materials handling
procedure. At the time of sampling a significant portion of the
spoil materials at Vesta was in the process of being levelled,
thereby precluding any extensive sampling activity.

A significant portion of reclaimed land at Diplomat is
characterized or mapped as RC2. The extent of levelling varied,
resulting in topography ranging from level to gently undulating to
rolling.

The data and figures provided suggest that the RCZ areas in
general have the least desirable reconstructed soil characteristics
of all procedures used at Diplomat Mine. Comparisons with the RCl
materials were provided previously and there appear to be substantial
differences between the RC2 and RC3 areas. This is a bit puzzling in
the sense that the only real difference between an RC2 and RC3 area
is the presence or absence of topsoil. Otherwise, one would expect
relatively similar characteristics below the surface layers or
horizons. The reason for the difference observed likely relates to
the superiority of the pre-mining materials characteristic of the
present RC3 areas compared with the pre-mining materials
characteristic of the present RC2 areas.

The values for pH are 1.0 to 1.8 units higher for the RC2
as compared with RC3 sites. The largest difference occurs in the
surface (0 to 15 cm) horizon or layer which is most critical to plant
establishment and growth. Electrical conductivity is about 25% or
1 dS/m higher for the RC2 sites and, again, the largest difference
(1 dS/m vs 3.8 dS/m) occurs in the most critical layer - the surface
material. Sodium adsorption ratio is also consistently and
considerably higher for the RC2 than the RC3 sites. Similarly, PSAT
is lower at the RC3 sites than at RC2 sites.

At Vesta Mine, similar relationships are apparent only for
PSAT and SAR. Figures 4 and 6 provide interesting examples of how
utilization of the subsoil layer improves the chemistry of



35

reconstructed soils. The pH values are relatively similar to RC3 and
RC4 values, whereas EC levels for RC2 sites are lower except for the
surface (0 to 15 cm) layers.

Overall, it can be stated that the RC2 sites are not as
suitable as RC3 or RC4 sites for revegetation purposes. The obvious
reason relates to the presence or absence of the topsoil layer as
well as some differences evident in the materials below the topsoil.

2.4.3 RC3 and RC4 Areas
RC3 and RC4 areas include locations where the spoil piles

were levelled and topsoiled prior to revegetation (RC3) and areas
where a topsoil/ subsoil/spoil sequence (RC4) occurs. The largest
number of sites sampled at Diplomat was obtained in RC3 areas which
represent the most advanced materials handling procedure at that
mine. Several comments pertinent to RC3 areas were presented earlier
in discussion of other reconstructed soil types; however, additional
comments can be made.

At Diplomat Mine, the RC3 areas are characterized by level
to undulating topography which implies no or slight limitations due
to topography. For Diplomat, the major comparison of RC3 areas is to
undisturbed sites. In terms of pH there is a rather substantial
difference in the upper 75 cm of material where the undisturbed sites
have pH's of 0.5 to 1.2 units lower than RC3 sites. In fact, the pH
of the surface material or topsoil of the reconstructed material is
better for plant establishment and growth than is the natural soil
which tends to be more acid.

In terms of PSAT and SAR there is very little difference
between the RC3 sites and the undisturbed soils.

The electrical conductivity of the levels is very similar
for the surface (0 to 15 cm) material but differs somewhat beyond
that depth. The electrical conductivity for the RC3 materials
increases from approximately 1 dS/m in the topsoil layer to
approximately 3 dS/m for the remaining depth sequence to 1.5 m
(Figure 7). Clay content is very uniform with depth in the RC3 areas
and is lower than in the undisturbed soils except for the upper 30
cm. Sand content is also consistent with depth in the RC3 areas and
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is higher than sand content of the undisturbed soils. Silt content
is consistent with depth in the RC3 areas and is lower than in
undisturbed soils.

Sulphate content is consistently higher in the
reconstructed (RC3) soils. Carbonate content in the reconstructed
material is higher than the undisturbed soils down to 75 cm depth but
beyond that depth the reverse is true. This is what one would expect
since the parent material is likely to occur at approximately 75 cm
or greater in undisturbed soils.

Sodium content is similar in the topsoil of the
reconstructed (RC3) and undisturbed soils, and is higher in the
reconstructed soil with depth.

Comparisons can be made of the RC3 and RC4 areas and the
undisturbed soils at the Vesta Mine. The RC4 areas are characterized
by a topsoil/subsoil/spoil sequence of materials. References to the
RC3 and RC4 have already been made in discussion pertinent to RCZ
areas. The data (Figures 2, 4, and 6) indicate a definite
improvement in quality in terms of PSAT and SAR and, to some extent,
pH for RC3 and RC4 areas as compared with RC2 areas. Furthermore,
the RC4 values are similar to the undisturbed soils values for the
above-mentioned parameters. Calcium carbonate and clay content are
relatively similar for the various materials handling procedures at
Vesta Mine.

As mentioned previously, the data for Highvale Mine are
presented in the appendices and some are presented graphically in
Figures 1 to 26. Emphasis was placed on sampling RC4 areas, thereby
precluding any data comparisons with other areas.

2.4.4 RC5 Areas

RC5 areas include locations where ash was placed over
levelled spoil. A very limited number of samples were obtained from
RC5 areas simply because this treatment does not involve a
significantly large area in total, and trafficability problems
affected the sampling program. The comments presented herein relate
to observations made at Vesta Mine. Presence of the ash layer
resulted in considerably lower values at the 0 to 15 cm depth for EC,



37

SAR and PSAT in comparison with RC2 areas. Field observations
indicated that plant growth was better in the RC5 areas as compared
with RC2 areas. This can be attributed to the chemical properties
associated with the surface layer and also the fact that moisture
availability appeared better in tne RC5 areas. Erosion of the ash
layer was observed in areas of rolling topography; however, the
trafficability problem remains one of the major limitations to

agriculture in RC5 areas.

2.4.5 RC6 Areas

RC6 areas include locations where levelling of spoil piles
was very recently completed or still in progress. These areas were
not sampled because in some cases it was obvious that topsoiling
and/or subsoiling was yet to follow and, furthermore, that these
areas are similar to RC2 areas which were sampled to some extent.
This unit was recognized primarily to serve a cartographic need.

2.4.6 RC7 Areas
RC7 areas include locations where seasonal ponding occurs.
These areas were not sampled because of the limitation to access

imposed by wetness.

2.4.7 RC8 Areas

RC8 areas include locations where the land surface was
disturbed and manipulated but actual mining did not occur. Sampling
of these areas was not undertaken. Field observations indicate that
some mixing occurred in the surface layers but that these soil areas
would not differ significantly from unmined or natural soils. In
most instances the B horizons were unchanged.

2.4.8 RC9 Areas

RCY9 areas involve undisturbed soils. Sampling of a range
of undisturbed soils at each of the Vesta and Diplomat sites was
undertaken.,
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2.5 SUMMARY OF RECONSTRUCTED SOIL AREA CHARACTERISTICS
Based on the aforementioned observations and conclusions

some summary statements can be presented which are pertinent

primarily to the Battle River site.

1'

RC1 areas were evaluated only at the Diplomat site and,
furthermore, to a very limited extent. It is apparent
that "quality" of the materials in these areas is
similar to and, in some instances, superior to the
materials found in the RC2 or levelled areas. The
major concerns associated with these areas relate to
landscape features and associated processes. The
absence of a topsoil layer is a concern but the slope
characteristics are even more of a concern relative to
erosion.

RC2 areas were investigated most intensively at the
Diplomat site. In general, the data indicate that
reconstructed soils within the RC2 areas are inferior
to the other reconstructed soil areas when one
considers parameters such as PSAT, EC, SAR and pH. One
of the obvious differences relates to the presence or
absence of the replaced topsoil layer. The RC2 areas
do not have replaced topsoil layers; however, field
observations indicate that cropping (primarily forage
crops) is resulting in improved surface material
characteristics.

The data for RC3 areas at Diplomat Mine suggest that
the quality of the reconstructed soils is relatively
comparable to adjacent undisturbed soils. An obvious
conclusion is that the chemical properties of the Ah or
topsoil materials are not degraded by mining. In fact,
a positive result is indicated in that the topsoil of
reconstructed soils is less acid or nearer to neutral
than undisturbed soils. Below the topsoil layer some
differences occur in various parameters. There is very
little difference between the RC3 reconstructed soils
and undisturbed soils in critical parameters such as



39

PSAT and SAR. However, EC is definitely higher below
the topsoil layer in reconstructed soils.

At Vesta Mine, the importance of materials management
is demonstrated whereby subsoiling is required to re-
establish soil properties similar to the undisturbed
soils. This is a reflection of the surficial materials
indigenous to the area. As was evident at Diplomat,
there is very little difference between the RC4 recon-
structed soils and undisturbed soils in terms of PSAT
and SAR. It should be noted further that there is a
substantial difference in PSAT and SAR between the
subsoiled and not subsoiled areas.

The placement of ash on the levelled spoil surface (RC5
areas) at Vesta has positive effects on plant
establishment, etc. The major problem associated with
the procedure is the resultant difficulty with
trafficability or utilization of agricultural
equipment.
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3. VARIABILITY OF RECONSTRUCTED SOILS
It can be suggested that climate, organisms and relief have
had too little time to significantly influence soil development or

soil properties in reclaimed areas. Therefore, reconstructed soil
properties are determined largely by parent material characteristics
and are further tempered by materials handling procedures.

Regardless of the degree or extent of materials handling involved,
the operation tends to intimately mix materials within the various
parts of the "overburden column". For example, when topsoil is
removed mixing occurs some lateral distance. If it is stockpiled
rather than directly replaced there is the potential for even more
mixing to occur. Similarly, in the subsoiling process, mixing of the
solum vertically (from immediately below topsoil layer and above
parent material) as well as horizontally across the landscape occurs.
The end result is essentially a random mixture of what initially was
or would have been identified or mapped as a number of specific soil
units. Fach of these units (series or associations) would have had a
defined range of properties. One can therefore conclude or suggest
that locally, reconstructed soils are more variable than natural
soils (i.e., one soil series or association as compared to the random
mixture of a number of series or associations).

Conversely, over large distances reconstructed soils are
less variable than natural soils. In essence, one is comparing the
random mixture which characterizes the reconstructed soils to a
number of individual or different soil units that have specific
defined ranges of properties. For example, prior to mining, an area
may be characterized by a diverse range of soil types (i.e.,
Chernozemic and Solonetzic). If these soils are salvaged randomly
and replaced, then one would expect some level of "average" values in
the resulting reconstructed soil. Schafer (1982) suggests that
mining tends to create a very homogeneous soil landscape in contrast
to the mixture of diverse soils found before mining. He also
described differences in the pattern of soil variability between
mined and unmined landscapes (Schafer 1979).

The concern about the variability of reconstructed soils
relates to the needs associated with assessing properties adequately
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so that pertinent capability interpretations can be made and that
responsible use and management decisions can be effected.

During the initial stages of the sampling program
undertaken to characterize reconstructed soils, one hole per site was
sampled. This raised the concern about how representative one hole
is of the immediate (1 to 10 m) surrounding area. In other words,
would sampling a metre or two distant result in largely different
characteristics. To address this concern, three holes per site or
three holes along a transect ranging in length from 3 to 5 m were
sampled to provide an indication of the within-site variability as
compared with between-site variability.

Figures 27 to 50 graphically illustrate some of the results
for electrical conductivity, sodium adsorption ratio, % saturation
and pH pertinent to four reconstructed sites (1, 3, 9, and 10) and
two undisturbed sites (15 and 16) at Diplomat Mine. Sites 1 and 3
are located approximately 0.5 km distant, as are sites 9 and 10.
Furthermore, Sites 1 and 3 are approximately 2 km distant from Sites
9 and 10. Sites 15 and 16 are separated by a distance of approx-
imately 1.5 km.

Similar trends in the data appear relative to EC, SAR and
pH. For each parameter it is apparent that values are relatively
similar at Sites 1 and 3 and Sites 9 and 10, respectively. The
variability between sites 0.5 km distant is less than the variability
that occurs between sites 2.0 km distant. Furthermore, the
variability between individual digs at a particular site is greater
for reconstructed than undisturbed soils.

It is also apparent that the variability with depth for a
given parameter is greater in undisturbed than in reconstructed
soils. Excellent examples of this are the values shown for pH and
PSAT.

The trends for PSAT described above do not necessarily
apply. The overall variability in reconstructed soils, regardless of
distance involved, is small. It is also apparent that the level of
variability between digs at a particular site is similar for recon-
structed and undisturbed soils.
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Trends similar to those described above are also evident at
Vesta Mine. Within site variability at Highvale cannot be assessed
because only one dig per site was completed. The data obtained do
not tend to support the conclusion that variability increases with

increased distance between sites.

3.1 INSPECTION AND SAMPLING DENSITY

The results presented raise some points about sampling
techniques that might be employed in "mapping" of or characterization
of reclaimed land. It appears that in order to assess parameters
such as pH, SAR, PSAT and clay content one hole per site provides
adequate representation or characterization. The next question
relates to the number of sample sites that should be considered in
order to assess a given parcel of reconstructed soils. It is
reasonable to suggest that the variability of reconstructed soils
will be directly related to the variability of the pre-mining soils.
Therefore, some judgement or subjectivity is involved in determining
the appropriate number of inspection and sampling sites required to
adequately map a reconstructed soil area.

Inspection sites will provide information about the
presence or absence of topsoil and depth thereof, stoniness, and some
information about “subsoil" characteristics, rooting depth and
pattern if crops are present. Inspection sites are more pertinent
when one is separating areas where different materials handling
procedures were employed. However, in mapping areas characterized by
a specific materials handling type, one is likely to make separations
on features such as topography and drainage. Experience gained from
this project suggests that topsoil depths for RC3 and RC4 areas, as
an example, were relatively uniform and did not result in separable
units.

The scale of mapping presently utilized for mapping pre-
mining soils is 1:10 000 and it is suggested that the same scale be
used for mapping reconstructed soils. This implies an inspection
density in the range of 1 to 5 ha/inspection.

In the sampling of reconstructed soils one is concerned
with knowing what can be expected from knowing the properties of the
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material removed from a drill or sample site in terms of describing
the remainder of a given area. The data provided in this report
provided some insight into the matter.,

It is appropriate to recommend a range of sample density
requirements for reconstructed soils because pre-mining
characteristics will show differences in variability at different
locations. The proposed sampling density for characterization of
reconstructed soils is 5 to 10 ha/sample site., For this study the
average sampling density was 8 ha/sample site which appeared adequate
to characterize the areas involved. This sampling density is
recommended for initial characterization and assessment of capability
following reconstruction. Future sampling to reassess capability may
not require the type of density suggested.

Samples collected at each site should reflect the depth
(cm) sequence 0 to 15, 15 to 30, 30 to 45, 45 to 60, 60 to 75,

75 to 90, 90 to 120, and 120 to 150, or a reasonable facsimile
thereof. Sampling the range indicated provides a clear evaluation of
the parameters with depth. For purposes of determining capability
for agriculture it has been suggested that the physical and chemical
properties of the upper 1 metre be assessed in order that ratings can
be developed. However, it is very useful to have information about
the additional 50 cm suggested by the depth sequence proposed,
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5. APPENDICES - CHEMICAL AND PHYSICAL PROPERTIES OF
RECONSTRUCTED SOILS AT PAINTEARTH MINE (1983)

The following is an explanation of terminology used in
Appendices 5.1 and 5.2:

SITE = Site location

DIG = Dig number at each site

SDTH = Sample Depth
D15 represents sample obtained from 0 to 15 cm depth
D30 represents sample obtained from 15 to 30 cm depth

pHH = pH (water solution)

pHC = pH (CaClp solution)

PSAT = Percent Saturation

EC = Electrical Conductivity (dS/m)

SAR = Sodium Adsorption Ratio

Na = Sodium (meq/1)

K = Potassium (meq/1)

CA = Calcium (meq/1)

MG = Magnesium (meq/1)

S0q = Sulphate (meq/1)

CARB = Calcium Carbonate Equivalent (%)

SND = Sand (%)

SI = Silt (%)

CL = Clay (%)

PMOI = % Moisture

BD = Bulk density

ND = No data

MINE D = Diplomat Mine

MINE H = Highvale Mine

MINE V = Vesta Mine
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Analytical Data For Reconstructed Soils Sampled in 1982.

5.1
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5.2 Analytical Data For Reconstructed Soils Sampled in 1983.
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This material is provided under educational reproduction permissions
included in Alberta Environment"s Copyright and Disclosure Statement,
see terms at http://www.environment.alberta.ca/copyright_html. This
Statement requires the following identification:

"The source of the materials is Alberta Environment
http://www.environment.gov.ab.ca/. The use of these materials by the
end user is done without any affiliation with or endorsement by the
Government of Alberta. Reliance upon the end user®s use of these
materials is at the risk of the end user.
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