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CANADIAN LAND RECLAMATION ASSOCIATION NINTH ANNUAL MEETING 
OPENING REMARKS 

J.M. KING 
CHAIRMAN, ALBERTA LAND CONSERVATION AND RECLAMATION COUNCIL 

Ladies and Gentlemen, it is my pleasure and privilege to welcome you to 
this, the Ninth Annual Meeting of the Canadian Land Reclamation Association 
and to those of you from outside our province, a warm welcome to Alberta. 
This is the second Annual Meeting of your association to be held in Alberta. 
We consider this a recognition of the numerous people involved in 

reclamation within the province and are honored to be your host for the next 

few days. As a means of setting the stage for the technical presentations I 
would like to introduce you to the province, our app~oach to reclamation, 

and some of our activities. 

The Alberta landscape is extremely varied from plains, to foothills, to 
mountains and all the transitional zones in between resulting in a land base . 
that supports agriculture, forestry and wildlife as well as specific 

developments built by man. Additionally, we have been blessed with numerous 
petroleum, mineral and aggregate resources beneath the 1 and surf ace whi eh 
provide the base for extensive industrial activity. This multi-varied 
demand placed on the land base has resulted in Alberta recognizing the need 
to reclaim disturbed lands so that the long-term potential for varied land 
utilization is maintained. 

At present we have: 11 operating major coal mines with over 19,000 acres 
disturbed, two oil sands mining operations with over 21,000 acres disturbed, 
one commercial in-situ oil sands operation under construction, over 65,000 

acres affected by sand and gravel operations, an operating total of over 

17,000 oil and gas wells with another 5,000 being drilled annually over 

200,000 miles of pipelines of one size or another. 

There is, therefore, a need for interaction between the developer, govern­

ment, present and future land users and the general public to ensure that 
the views of each are considered. Within the province this has been 
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accomplished through the public hearings process, the establishment of 

community based steering committees for major plains coal developments, 

constant dial ague with resource industry committees and ongoing discussion 

with specific companies. 

An organization such as the Canadian Land Reclamation Association is valu­
able because if fosters better communications and understandings between the 
concerned individuals, and provides a window through which information can 

be exchanged. This communication exchange crosses provincial boundaries as 

well as those of different industries, all happening in an informal setting. 

I believe this goes a long way towards keeping people .abreast of the 
concerns of others, and the latest technology and helps to establish a sense 

. of commonality regarding the objectives of reclamation. 

The approach to reclamation in Alberta has tended to follow ten year cycles 
with respect to requirements and procedures. 

Before 1963, there was no requirement for the reclamation of disturbed lands 
in Alberta. The only consideration was in the Mines and Minerals Act which 

required that mined areas be left in a non-hazardous condition based on 
safety . 

In June of 1963, the Surface Reclamation Act was enacted to cover specified 
activities occurring on what are classified as surveyed lands . This Act 

created the Surface Reclamation Council and the reclamation certification 
process. The standards of the day could be called "Remedial" in that recla­
mation was a post-development activity with the return of the topographic 
land surface being the requirement. Soil conservation was not required. 

In 1973, the Land Surface Conservation and Reclamation Act was passed. The 

concept of the Council was continued. The changes in reclamation require­

ments included the need for soil conservation, the need for revegetation and 

a requirement that industry plan reclamation as part of the development 

planning. Not only was integrated planning required but the government 
responded with the integrated committee review system. Research support and 

cooperation was initiated as was a flexible approach with respect to 
procedural system. 
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From 1983 and on in to the future, the approach has been and will continue 
to be to review and evaluate existing procedures and legislation in light of 
new found knowledge, and technical and economic change. This effort 
includes the ongoing review of the Land Surface Conservation and Reclamation 

Act , the evaluation of different approval procedures and their overlap and 
the development of updated information packages for industry. The intention 

is to simplify the systems and reduce the duplication while still maintain­
ing a level of flexibility that permits a response to changed conditions and 
maintains a balance between environmental protection and the development of 
our resources . 

The reclamation activities of the Land Conservation and Reclamation Council 
occur on three fronts: Administration of the Act and regulations; recla­

mation operations; and research . 

- The administration of the Act and the regulations for designated 
surface operations is the major activity and involves the review 
of applications , issuing of approvals, enforcement, and certifica­
tion . 

- Since 1976, the Council has been conducting the actual reclamation 
of areas mined prior to 1963 on lands owned by the province . This 
program has included reclamation of such sites as municipally 
owned landfill sites and sewage la goons. In a 11 , more than 800 

projects have been completed resulting in more than 8,000 acres of 
reclaimed land being made available for other useful activities . . 

- Finally, the Council is the funding authority for reclamation 
research in Alberta . The Reclamation Research Technical Advisory 
Committee recommends and monitors studies which must meet a 

specific 

agencies. 

need identified by either industry or the review 

Most of the projects result from industry initiation 
with some being jointly funded. 
review process . 

Industry is involved in the 
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Research Project, and Plains Hydrology Research Project and a major effort 
wi th the Oil Sands En vironmental Study Group . You wi 11 be hearing about 
these efforts in the presentations tomorrow morning . 

Also , a major planning venture related to the development of the Villeneuve 
gravel deposits near Edmonton has been initiated where the local munici­

pality , the Department of the Environment and the aggregate industry are 

cooperating in the development of plans for the long-term reclamation of the 
area . 

These practices , we are aware are similarly happening between government , 

industry and the public in other provinces , and in the United States as 
evidenced by the number and variety of presentations to be made at this 

conference . 

This effort must be continued so that industry is able to develop the 
resources while still ensuring the return of the land base for future users . 
Flextbility must also be integral to any system : 

1. to permit adjustments by industry to economic changes ; 

2. to permit the introduction of new development technology into opera­

tions; and 

3. to encourage the development and use of updated reclamation information. 

With so much happening in so many industries and at so many levels, there is 

an overriding need to maintain support for active interaction . This 
includes groups such as the Canadi an Land Reclamation Association. These 
groups have an important role to play in the dissemination of information to 
all sectors as well as providing a forum for the personal exchange of views 

and ideas. With continued and improved dialogue as provided by conferences 
such as this one we will all improve our level of knowledge and recognition 

of the other persons' concerns . The benefits will accrue for our mutual 

betterment now and into the future. 



I am sure the many technical presentations will be enlightening and thought­

provoking. I encourage all of you to get to know your counterparts , 
exchange some ideas, and gain a better understanding of each others' 

concerns . 

Once again , welcome to Alberta and enjoy your stay . 

-----



WILDLAND RECLAMATION AND 

REFORESTATION OF TWO COAL STRIP 

MINES IN CENTRAL ALBERTA 

J .C. BATEMAN AND H.J . QUAN 

MONENCO CONSULTANTS LIMITED, TRANSALTA UTILITIES CORPORATION 



ABSTRACT 

The productivity and capab i lity of forested areas at TransAlta 

Utilities Corporation's Whitewood and Highvale mines have been 

quantified. This infonnation has been used to evaluate the success 

with which mined areas supporting forest stands have been restored to 

their original capability . Spruce stands planted on mined land at 

Whitewood in 1959 have yields and densities far below that of 

undisturbed sites . The capability of these areas to support spruce 

forests is, however, comparable to undisturbed sites. The yield of 

naturally established deciduous stands on mined lands is similar to 

undisturbed sites , however the densities are far greater . This is a 

function of stand age and has little to do with the productive 

potential of th.e area . The capability of mined land to support 

deciduous stands at the Whitewood mine is equal to and even slightly 

greater than undisturbed areas . 
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INTRODUCTION 

TransAlta Utilities Corporation operates two coal strip mines in 

Central Alberta (Figure 1) . The production of the two mines totals 

roughly 10,500,000 tonnes of thermal grade coal . The combined mine 

permit areas encompass 16,962 hectares (ha) of which approximately 150 

ha are mined annually . By the end of 1982, 1307 ha had been mined and 

646 ha had been reel aimed . The objective of reel amation is to return 

mined land to capabilities equal to or better than those that existed 

before mining (TransAlta Utilities Corporation 1983) . 

Before mining proceeds, surveys and inventories of existing resources 

• are undertaken to provide infonnation on the land use capabiliti~s of 

undisturbed land . This information is then used for the development 

of long-term reclamation goals and land use objectives for areas 

affected by mining . Present 1 and use in the area of the Wh i tewood 

Mine north of Wabamun Lake is split roughly in half between agricul­

tural areas and wildland areas which include peatlands, upland forest 

and water bodies (Monenco Limited 1983a) . At the Highvale Mine south 

of Wabamun Lake, agricultural land uses account for two-thirds of the 

mine pennit area and wil dl and 1 and uses account for approximately 

one-third of the mine permit area (Monenco Limited 1983b) . Land use 

plans for the two mines propose a variety of end 1 and uses i ncl udi ng 

agricultural, industrial and recreational land with the development of 

2 
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wildland habitat as a specific goal (EPEC Consulting Western Ltd . and 

Earthscape Consultants 1983, Montreal Engineering Limited 1980). 

This paper is a sunnnary of the techniques used to quantify the capa­

bility of wildland and forested areas to support productive forest 

growth within the Hi ghval e and Whi tewood mine pennit areas and the 

means of comparing this to areas affected by mining. 

METHODS 

Background 

The growth of fprests is the result of_ many complex and interacting 

factors which collectively control the growth of individual trees 

(Kozlowski 1971) . The major components are soil depth, soil texture, 

profile characteristics, mineral composition, steepness of slope, 

aspect , microcl imate and species. To compare the productivity of 

different forest sites, an index that best represents the sum total or 

combined effect of all these factors on individual tree growth is 

required . The most direct approach would be to measure the volume of 

wood or biomass produced per unit of time , just as agronomists measure 

crop yield per hectare per year. The actual yield of forests , how­

ever , is not only influenced by site factors, but also by stand age 

and density, genetic factors and the biotic history of the stand . The 

actual volume increment measured in any one year, therefore , may not 

4 



necessarily reflect the true capability of a given forest site. The 

traditional approach to predicting the productivity or capability of a 

given site would be to use a regression equation or model that 

combines all the measurable parameters that affect tree growth into an 

estimate of productivity based on thousands of sample sites in and 

around the area of study. However , since the number of growth 

patterns resulting from such a complex matrix are virtually infinite 

(Bickerstaff et al. 1981) and because reclaimed environments rarely 

resemble the original environment, the estimation of whole forest 

productivity on reclaimed areas could not be determined accurately or 

economically without a model that would combine hundreds of measurable 

and non measurable environmental parameters . 

To overcome the problems of the effect of stand condition on produc­

tivity and the complexity of predicting site capability using count-

1 ess environmental parameters, the height of free-grown trees of a 

given species at a particular reference age (generally 50 years) is 

commonly used as an index of site quality (Baker 1950, Curtis et al. 

1973, Spurr and Barnes 1980, Stage 1963). The height growth of a 

dominant tree is less affected by stand density than other measures of 

tree dimensions (i.e. , diameter); it is also a sensitive measure of 

differences in site and is easily determined in relation to age (Baker 

1950, Carmean 1968). By using a free-grown or dominant tree, the 

effects of stand density and competition on tree growth are removed. 

Height may thus be used as an index of site quality in stands of vary­

ing density, age and silvicultural history (Spurr and Barnes 1980) . 

5 



For the Whitewood and Highvale mine permit areas, both for-est stand 

productivity (in tenns of wood volume and biomass) and U!~ heigh"l': of 

dominant free grown trees at a particular reference age (site ind~x) 

have been used to evaluate the site capability of natural :mdist urb@d 

forest stands . These have been compared to reforested areas on mi rigd 

land. The sampling methodology for each method is detailed below. 

Forest Productivity Assessment 

Native , undisturbed forest stands in the Whitewood and Highvale mine 

pennit areas were sampled using a traditional timber cn.ri s~ &flpr oach. 

Vegetation types were first grouped together on the bash of sp~ci es 

composition. A total of 176 sample sites were then distritrnte.d a.mong 

five forest cover types on a random grid. Point sampl i ng or varh,b1e 

plot radius techniques using wedge prisms were used tr) d~f"itH:! the 

sample size at each site . All trees regardless of species w~~re t a11i~ct 

if stem overlap was evident when the tree was viewed thrcwgh t h$ prism 

from a temporary sampling point that served as a plot centre. For 

each tree within the plot , the species , total height, age ;:rnci di ameter 

at breast height (dbh) were recorded. Heights were detennined us·!ng a 

clinometer, dbh by a diameter tape and ages using an increment bcrrere 

Total timber yield in cubic meters per hectare for each stratum by 

diameter class and species were determined using volume~ eqi.mth)n$ 

developed by the Alberta Forest Service (Alberta Fore~t. Serv'ice 

1979) . The biomass of each plot was calculated with biomass equations 

published by the Northern Forest Research Centre (Singh 1982) using 
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total height and dbh . Stand density was calculated using the stem 

frequency constant for each prism used (Husch et al. 1982) . The mean 

annual increment of each sample site was determined by dividing the 

total yield by the age of the stand. 

Site Capability Assessment 

Single dominant trees of white spruce , balsam poplar , aspen, black 

spruce and jack pine were felled at 61 locations throughout the 

Highvale and Whitewood mine permit areas . Sample sites were selected 

to provide a complete range from best to poorest growing conditions as 

evidenced by height in relation to age, soil , slope and exposure 

factors . The tall est dominant tree was fe 11 ed and sectioned at one 

metre intervals at each plot· 1 ocation . Discs were then labelled and 

taken to the Wood Technology Laboratory at the University of Alberta 

for analysis using a Swedish tree ring measuring instrument (Addo-X) . 

The age associated with a given section at a known height was then 

determined by subtracting the number of annual rings in that section 

from the total age of the tree . The pattern of height growth for each 

tree over its entire course of development was then plotted. The 

results for each s pee i es at each mine were then combined to give an 

average growth curve. Growth curves from spruce stands planted on 

mined areas in 1959, and from naturally established aspen stands on 

abandoned mine areas were then compared to their native counterparts 

on undisturbed sites at the exact same stage of development . 

7 
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RESULTS AND DISCUSSION 

Forest Productivity 

The volume and density of the forest stands sampled are summarized in 

Table 1. The yield data has been presented graphically with standard 

deviations in Figure 2. The native white spruce stands are the most 

productive of those sampled yielding 361 and 281 cubic metres per 

hectare at Highvale and Whitewood, respectively. These two stands 

also exhibit the lowest densities of the natural stands. The volume 

is therefore distributed over a fewer number of stems than in the 

other native stands. Spruce trees up to 23 m in height and 38 cm in 

diameter are not uncommon while balsam poplars as large as 46 cm dbh 

• and 22 m in height were also found in iiolated areas in these stands. 

Stand ages vary from 46 to 87 years with an average of 70 years. 

These stands typi ea l ly occupy gl eyed profiles where they have been 

protected from ground fires and have been all owed to develop to the 

climax stage. 

The yields of the three deciduous stands on undisturbed areas (aspen 

and mixed deciduous stands at Highvale and mixed deciduous stands at 

Whitewood) are all similar producing approximately 200 m3/ha. The 

naturally established deciduous stands on reclaimed areas have yields 

similar but slightly less than their native counterparts at 158 m3 / 

ha. The stocking densities, however, are much higher in the deciduous 

stands on reclaimed land than most stands on undisturbed sites. These 
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Table 1 

Summary of Yields and Densities of Native and Reclaimed 
Forest Stands at Whitewood and Highvale 

Stand Type 

Highvale (native) 

Aspen 
Mixed Deciduous 
White Spruce 
Jack Pine 
81 ack Spruce 

Whitewood (native) 

Mixed Deciduous 
White Spruce/Poplar 
81 ack Spruce 

Whitewood (reclaimed) 

White Spruce {planted) 
Deciduous (naturally invaded) 

* 0.0 cm stump height to 0.0 cm top diameter 

) 

Ave~age Yield* 
(m /ha± SO) 

185 ± 125 
208 ± 108 
361 ± 42 
106 ± 17 
204 ± 75 

171 ± 114 
281 ·± 281 
158 ± 109 

25 ± 7 
158 ± 97 

) 

Average Density 
Stems/ha 

1784 t 1084 
1684 ± 1486 
1131 t 213 
2354 :t 1540 
2802 t 2069 

2135 t 2514 
1447 :t 725 
2418 ± 1023 

1087 ± 323 
7233 :1- 5736 

) 



. ..--.... 

r------------ g MONENCO CONSULTANTS LIMITED -------------+ + 

400 

- 30 
c::i 
(/) 

+I 
Cl 
.c 
.;,-
E 

0 20 
..J 
11.1 
>-
11.1 
(?) 

et 
a:: 
ILi 

~ 100 

Aspen Mixed White Jack Black 
Deciduous Spruce Pine Spruce 

HIGHVAL.£ 

Mixed White Black 
Deciduous Spruce/ Spruce 

Poplar 

WHIT£WOOO 

FIGURE 2 

White Aspen 
Spruce 

{Planted) {Invaded) 

RECLAIMED 

TOTAL YIELD OF NATIVE AND 
RECLAIMED STANDS 

-:-



higher densities on disturbed sites are not unexpected and are typical 

of young deciduous stands in the Whitewood area and elsewhere. The 

older deciduous stands on undisturbed areas have lower densities due 

to the high sapling mortality rates that typically occur at canopy 

closure. High mortality rates are also expected to occur in the young 

deciduous stands on mined areas as they mature. Although the present 

yield of the deciduous stands on mined areas are comparable to the 

yields on undisturbed areas at a much younger age, they are not 

expected to increase much beyond their present yield due to the 

associated increase in tree mortality . Instead, the same yield is 

1 ikely to be distributed over a fewer number of stems as competition 

increases . 

The yield bf the white spruce plantation on the reclaimed area is much -

1 ower than spruce stands on undisturbed sites. The average stocking 

density is 1087 stems/ha which is the lowest density of the stands 

sampled. Tree heights average 5 m and range from 2.7 m to 6.5 m and 

the average dbh is 7 cm with a range from 3. 4 cm to 12. 3 cm. The 

stand is properly spaced and is typical of a fully stocked stand with­

out any competition. Mortality rates in this stand will be minimal 

and the total yield will continue to increase without competition 

until the stand matures. 
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Site Capability 

Growth curves for all major tree species have been prepared as a 

baseline to compare the growth achieved on mined areas . For the 

purposes of this paper, however, growth curves are only presented for 

species of which there is data from trees growing on mined land. At 

present, there exists no data for the height growth of trees growing 

on reclaimed portions of the Highvale mine . However, as this 

information becomes available from planting trials, it will be 

compared to the baseline information . 

Growth curves for aspen on undisturbed sites in the Whitewood Mine 

permit area and on mined 1 ands in the same area are presented in 

Figure 3. These curves represent the "best fit 11 lines for all the 

data collected and are therefore an average of all the trees sampled. 

The curve for mined areas is only accurate to 30 years. The dotted 

portion of this curve over 30 years is predicted based on the 

regression equation . The growth rate beyond this point is, however , 

expected to decrease and follow the same shape as the curve for 

undisturbed areas . 

From the curves , it is evident that the growth of aspen on mined land 

is equal to and even slightly greater than the growth achieved on 

undisturbed soils . At 25 years, undisturbed soils in the Whitewood 

area produce free-grown aspen 11 m in height whereas free-grown aspen 

on mined areas are 12 m high. It should be noted that the curve for 

12 
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.,,..---... undisturbed areas is influenced strongly by five points, all coming 

from one tree on the underside portion of the curve . It is possible 

that this tree was not a dominant and suffered some degree of 

competition through its life. If this is true , it should not be 

included in the sample . The curve would then follow more closely to 

that of mined areas . Since there is no data to suggest that this tree 

is not a dominant , it was kept in the sample . 

Growth curves for white spruce growing on undisturbed soils and on 

mined lands in the Whitewood area are presented in Figure 4. The 

white spruce on the mined areas were planted in raw minespoil in 

1959. The growth rates of these trees was initially slower than those 

on undisturbed sites but once successfully established , they have 

released and now more closely resemble the rates of native stands . 

This is most likely a result of optimal spacing . The individual trees 

in this stand are growing at the maximum possible rate due to the lack 

of competition from understory species and adjacent trees. This stand 

will continue to produce at higher growth rates until some growth 

factor becomes limiting . 

14 
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CONCLUSION 

From the previous analysis , it is evident that mined lands at 

Whitewood have at least the same and even slightly greater capability 

to support deciduous and coniferous forests . 

Deciduous stands that have invaded naturally on mined areas at 

Whitewood have the same yields as thei r off-mine counterpart at a much 

younger age . As a result, they have a mean annual increment that is 

approximately three times that of native deciduous stands. This is 

solely a function of stocking density which is also roughly three 

times greater in the young stands on mined land than in the older 

native stands and has little to do with site capability . When site 

index or height growth is used as a measure of site quality, it is 

found that growth rates achieved on mined areas are at least equal to 

and even slightly greater than those on undisturbed soils. 

The yield and mean annua 1 increment of spruce stands planted in 

minespoil are far below that of spruce stands on undisturbed soils due 

to much lower stocking densities . The growth rates of spruce on mine­

spoil are , however , similar to those on undisturbed soils . 

The minespoil supporting these stands has received a minimum of man­

agement input. No selective materials handling or topsoil salvage was 

practised at the time and little effort was spent on re-contouring. 

16 



The fact that the capability of this area to support productive forest 

growth is equal to or better than that of undisturbed areas suggests 

that mined areas can be reclaimed to meet present regulatory 

requirements at minimum cost by adopting forests or wil dl and land 

uses . 

17 

,,.--...,_ 



Acknowledgements 

Preparation of this review was supported by TransAlta Utilities 

Corporation . The original projects and reports that were synthesized 

in this review were also funded by TransAlta Utilities Corporation. 

Field work, data analysis and report preparation were undertaken by 

several members of Monenco Consultants Limited environmental staff 

including Chris Wenzel (Technologist) Marie Boehm (Intermediate Soil 

Scientist) Peter Guy (Senior Plant Ecologist) and Cam Bateman 

(Forester). Project managers were Leslie Panek (Senior Supervisory 

Reclamation Specialist - Monenco) and Holly J . Quan (Environmental 

Planner - TransAlta) . 

We wish to record our thanks to Dr. M. Micko, Department of 

Agricultural Engineering, University of Alberta for technical advise 

and use of stem analysis equipment at the Wood Science Laboratory , and 

to Dr . John Railton and Leslie Panek for continued support, guidance 

and enthusiasm. 

18 



References 

Alberta Forest Service 1979. Volume Tables. Circular No . 1M24. Energy 

and Natural Resources. June 1979. 

Baker , F.S. 1950. Principles of Silviculture. McGraw-Hill, New York. 

Bickerstaff , A., W.L. Wallace and F. Evert. 1981. Growth of Forests in 

Canada - Part 2. A Quantitative Description of the Land Base and the 

Mean Annual Increment. Environment Canada , Canadian Forestry 

Service. Information Report PI-X- 1. 

Carmean, W. H. 1968. Tree height-growth patterns in relation to soil and 

site . In: Tree Growth and Forest Soils. Oregon State University 

Press, Corvallis. 

Curtis , R.O. , D.J. DeMars and F. R. Herman. 1973. Which dependent variable 

in site index-height-age regressions? Forest Science 20:74-87. 

EPEC Consulting Western Ltd . and Earthscope Consultants 

Whitewood Future Land Use Study. Vols. I and II . 

1983. The 

Prepared for 

TransAlta Utilities Corporation, Calgary and the County of Parkland. 

July 1983. 

Husch B., C.I. Miller and T. W. Beers 1982. Forest Mensuration 3rded. 

John Wiley and Sons , New York. 

19 



Kozlowski , T.T. 1971. Growth and Development of Trees. I. Seed 
Gennination, Ontogeny, and Shoot Growth, 443 pp . II. Cambial Growth , 
Root Growth, and Reproductive Growth . Academic Press , Inc ., New York . 
520 pp. 

Monenco Limited 1983a . Whitewood West Extension Baseline Data 1983. 
Prepared for TransAlta Utilities Corporation, Calgary, Alberta 

Monenco Limited 1983b . Highvale Wildland Reclamation 1982. Prepared for 
TransAlta Utilities Corporation . 

Montreal Engineering Company , Limited. 1980. Highvale Mine 38 Year 
Development and Reclamation Plan. Prepared for Calgary Power Ltd. 

Singh , T. 1982. Weight Tables for Important Tree Species in the Prairie 
Provinces . Environment Canada, Canadian Forest Service, Northern 
Forest Research Centre , Edmonton, Alberta . Forest Management Note 
No . 14, 4 pp . 

Spurr, S.H. and B.V. Barnes . 1980. Forest Ecology . John Wiley and Sons , 
New York. 

Stage, A. R. 1963. A mathematical approach to polymorphic site index 
curves for grand fir. Forest Science 9(2):167 -180. 

TransAlta Utilities Corporation . 1983. Annual Report Whitewood Mine 
March 1983. 

20 

,,,,.---..___ 

,,,,.---..___ 



,,. SUCCESSFUL INTRODUCTION OF 

VEGETATION ON DREDGE SPOIL 

by 

K. W. DANCE, SENIOR BIOLOGIST 
GARTNER LEE ASSOCIATES LIMITED 

and 

A. P. SANDILANDS, BIOLOGIST 
ECOLOGISTICS LIMITED 

Presented at: Ninth Annual Meeting of the 

Canadian Land Reclamation Association, 

Calgary , Alberta, 

August 22 , 1984 . 



• - 2 -

SUCCESSFUL INTRODUCTION OF VEGETATION 

ON DREDGE SPOIL 

K.W. DANCE, GARTNER LEE ASSOCIATES LIMITED 

MARKHAM, ONTARIO 

and 

A.P. SANDILANDS , ECOLOGISTICS LIMITED 

WATERLOO , ONTARIO 

ABSTRACT 

A programme designed to enhance plant colonization of pond dredge spoil 

is described . Objectives were: to document results of direct introduction 

of selected plant species on dredge spo~l and a newly created pond margin , ~ 

to document species succession over a five-year period, and to document 

factors which influenced succession . Wetland and aquatic plants were 

i ntroduced from local , wild stock sources . Introduction methods included : 

transplanting , planting wands , broadcasting seed and planting seed . Taxa 

which flourished include: Giant Burreed, Common Cattail , Broad-leaved 

Arrowhead, Purple Loosestrife, Bidens cernua, Cocklebur and Willow species . 

Factors affecting success of marshland plant introductions are discussed . 
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INTRODUCTION: 

Basic principles of wild marshland vegetation introduction have been 

known for several decades (Lamoureux 1957, Kadlec and Wentz 1974). Some use 

has been made of this knowledge by waterfowl marsh managers and in efforts 

to reclaim dredge material (Newling 1981) and slurry impoundments (S. Ya~ch 

pers . comm. 1984). Much of the dredge spoil work has been in estuarine 

and marine situations. 

Kadlec and Wentz (1974) indicated that well documented case studies 

of both experimental and operational marsh planting efforts were required 

to develop guidelines which would improve future planting success,. • 

Natural invasion of a full variety of wild species on disturbed lands 

may be slow (Bradshaw and Chadwick 1980), although exceptions have been 

reported in certain freshwater marshes e.g. Smith (1978). Also , since 

natural succession may not result in vegetation patterns and species most 

desirable from fish and wildlife habitat, aesthetic and recreation points of 

view, human intervention is recommended in some instances (Eleuterius and 

McClellan, 1976) . 

This paper describes results of freshwater marsh plant introduction 

in an urban park setting. The programme was designed to reclaim lands which 

were visible from yards of several dozen expensive homes. Thus, there was 

a need to hasten and direct vegetation succession . 

STUDY .OBJECTIVES: 

The three objectives were: 

• to document results of direct introduction of selected plant 

species on dredge spoil and a newly created pond margin, 

• to document species succession over a five-year period, and 
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e to document factors which influenced succession. 

SETTING: 

This study was conducted in West Heights Park, located on the western 

margin of Kitchener, which is situated in Southwestern Ontario. The mean 

annual growing season here is 200 days (Brown et al.1980). 

Figure 1 shows the park, pond and adjacent houses in 1983. The 0.70 

ha pond is somewhat pear-shaped, with the stem end pointing north. A small 

temporary pond is located 30 m to the south of the main pond. 

HISTORY OF MANAGEMENT: 

The study area was developed as a residential subdivision during the 

last ten years. 

The pond and lands immediately adjacent were an open space dedication 

but underwent little development· as they constitute a passive recreation 

area . The park is administered by the Department of Parks and Recreation, 

City of Kitchener . 

Environmental investigations of the pond begun in 1978, were designed 

to determine the magnitude of water quality problems in the large pond and to 

recommend remedial measures (Dance 1979, Dance 1981) . Dredging of the 

pond, rehabilitation of the newly created basin , and reclamation of dredge 

spoil were three major components of the plan to improve the pond environment. 

The pond was dredged using a drag line and spoil was placed on the banks 

behind straw bale dikes, see Figure 2. Dredging occurred in September 1979 

and revegetation of the pond margin began in late October of that year. 
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FIGURE l: THE STUDY AREA , SEPTEMBER 1983 . 

FIGURE 2: THE DRAG LINE AND SPOIL PILES , 1979 
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REVEGETATION PLANNING: 

A plan was developed to ensure rapid, directed revegetation of areas 

disturbed by dredging. The plan was designed to attain the following objec­

tives at this site: 

• to hasten revegetation of pond basin and margin; 

• to influence species present: 

(a) to achieve a mix of aesthetic appeal in 

terms of form and colour; 

(b) to provide fish and wildlife food and cover; 

• to introduce "desirable" species so that weeds would 

not become dominant; 

• to introduce aquatic species which would compete with algae; 

• to stabilize pond margin soils. 

Ele~ents of the reyegetation plan included attention to: 

• concerns and opinions of local residents; 

~ involvement of a landscape architect to integrate the pond 

revegetation efforts with that of upland portions of the 

park; 

• use of local wild plant stock; 

• planting in locations where environmental requirements 

of the species would be met; 

• timing of revegetation -- late autumn when soils were moist, 

temperatures cool, propagules were available and certain 

plant structures were dormant; 

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

was shaped; 

• testing soil conditions prior to seeding upland areas. 

~ 
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VEGETATION INTRODUCTIONS : 

Most of the plant introductions were made in October 1979, shortly 

after dredging had been completed. A few additional introductions were made 

during the growing season of 1980. 

Table 1 summarizes the methods used to encourage establishment of 

each introduced taxon. Plants are listed in taxonomic order according to 

Fernald (1950). Several taxa were transplanted as whole plants, others 

were introduced by planting or broadcasting seed and others such as the 

Willow and Red-osier Dogwood were introduced as wands . 

All stock was gathered from the wild in locales within 40 km of West 

Heights Pond. Whole plants and wands were transported in moist soil and 

were reintroduced immediately at West Heights. Seed which was planted was 

introduced within a few days of being collected. Seed for broadcasting was 

collected up to three weeks ahead of application by hand. None of 

the seed was treated. Dead stalks of fµrple Loosestrife and Narrow-Leaved 

Cattail which contained seed were pushed vertically into the soil in several 

locations around the pond margin. It was reasoned that seed would be re­

leased to the pond environment through natural processes. 

• The basic principle of the seed broadcasting technique was to make 

wild seed of desirable species, for which suitable conditions would exist, 

available immediately. 

Numbers of plants or pr;opagules were recorded for the transplanting and 

planting activities. The amount of seed for broadcasting was not measured 

but was described qualitatively . 

Intentional introduction of marshland vegetation was confined to a band 

approximately 4 m wide around the pond, although wind may have spread seed 

a greater distance. 



TABLE 1: INTRODUCTION METHODS BY SPECIES 

PLANT SPECIES 

Common Cattail 

Narrow-leaved Cattail 

Giant Burreed 

Water Plantain* 

Broad-leaved Arrowhead 

Common Reed Grass 

Larger Blue Flag* 

Sandbar Willow 

Shining Willow 

Bullhead Lily 

Purple Loosestrife 

Red-osier Dogwood * 

Swamp Milkweed * 

Blue Vervain 

Clotbur 

Bur Marigold* 

INTRODUCTION METHOD(S) 

Transplant 

Seed 

Transplant, seed broadcast 

Seed broadcast 

Seed broadcast (1979), 
transplant (1980) 

Transplant 

Transplant, seed planted 

Wands 

Wands 

Transplant ( 1979 and 1980) , 

Seed broadcast 

Wands 

Seed planted & broadcast 

Seed broadcast 

Seed broadcast 

Seed broadcast 

* Species present on the treated. area prior to dredging. 

Species arranged in taxonomic order according to Fernald (1950) . 

----------

~ 
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MONITORING METHODS: 

Maps were prepared in the field which showed the location and number 

of plants or propagules introduced. Areas treated by broadcasting were 

also mapped. Thus, there was a basis for monitoring the success or failure 

of the 1979 introductions. 

In September 1980, another mapping was completed which documented the 

numbers and variety of marshland and aquatic species which had become es­

tablished. Brief visits to the study area were made during 1981 and 1982, 

at which time descriptive notes were recorded. In September 1983, another 

major mapping and counting effort was completed using methods similar to 

those employed in 1980. In June and July 1984 the site was visited to de­

termine if any major changes in the vegetation complex had occurred since the 

previous year. 

"The 1983 inventory also involved preparation of species lists for the 

pond and littoral area, the backshore and the . small pond to the south. The 

density of species within seven 0.25 m2 quadrats was also determined along 

the SW margin of the pond where the greatest effort had been expended on 

introducing vegetation. 

Numbers of study plants were ·determined only for the area where we 

introduced plant material. Numbers of species such as Cattail, Burreed 

and Bullhead Lily were determined by counting main stems or clumps. 

The present analysis is a qualitative assessment of the fate of intro­

duced taxa. Other data and observations (not presented in this paper) are 

cited to aid in interpretation. 

As noted in Table 2, for species which were introduced using t~o or 

more methods, one of which was broadcast seed, it was often not possible to 

attribute numbers present to a specific introduction technique. 
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RESULTS AND DISCUSSION: 

In September 1983 West Heights pond and littoral area supported 47 

species and 66 species were found on the backshore area. Both of these 

areas had been extensively disturbed by dredging and by piling of dredge 

spoil, see Figure 2 . Fifty-seven plant species were found growing in and 

around a small pond 30 m south of the study pond. Of these, 19 species 

were not present around the large pond. 

Table 2 indicates changes in relative abundance of 16 pond and marsh­

land species which we intentionally introduced following dredging. Six 

of these species (marked with an asterisk in Table 1) occurred prior to 

dredging or were growing around the small pond in 1983. None of the re-

maining ten species which were new to the area, dispersed from the north 

pond to the south pond during the last 5 years. 

Discussion of plant introduction results is organized by technique. 

FIGURE 3: INTRODUCED BURREED AND WATER PLANTAIN, 1980. 

~ 
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Transplant: The 22 Common Reed Grass plants which were transplanted 

appeared to have died in 1980 . But in 1983 and 1984 four stalks of the 

species were found. 

Survival of transplanted Common Cattail and Giant Burreed whole plants 

was excellent. Table 2 indicates that the 89 Burreed stems tripled in abun­

dance by September 1980 and multiplied more,three years later. Figure 3 

shows a Burreed stand in 1980. The Cattail stems more than doubled in number 

between 1980 and 1983. For both species vegetative propogation has been 

responsible for the increased stem group number. 

Burreed and Cattail beds have assisted in stabilizing the shoreline 

and have provided food and cover for wildlife • Lamoureux (1957) and Yaich 

(pers. comm.) also report that these taxa perform these functions. 

Arrowhe.ad propagates by tubers and seed. Tuber or whole plant trans­

plants are the recommended· introduction methods for Arrowhead (Lamoureux 

1957, Yaich pers. comm.). Experiments in 1978 proved that whole plants could 

be successfully transplanted to West Heights Pond. These plants were presumed 

buried during dredging . Seed was scattered in autumn 1979 and resulted in the 

Arrowhead patches present in July 1980 . Extensive patches of Arrowhead 

present in 1981 along the southern end of the dredge area are thought to have 

become established from seed. 

Bullhead Lily was also introduced as a whole plant . Introductions in 1979 

failed because. the bouyant roots floated free from the bottom. During 1980 

fourteen more were planted into heavy clay soils . These plants have flourished 

and spread vegetatively. 

Wands: Three species: Red-osier Dogwood, Sandbar and Shining Willow 

were introduced as wands which were stuck in moist soil around the pond margin . 

Approximately one-third of the Willow wands were flourishing in 1983. Many 

which did not survive had been broken by children . The Dogwood wand 
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TABLE 2: SPECIES ABUNDANCE AT INTRODUCTION, IN 1980 AND 1983 ~ 

Amount Introduced Total Number Present 
Method and Species 

Transplant 
Common Cattail 
Giant Burreed 
Broad-leaved Arrowhead 
Common Reed Grass 
Larger Blue Flag 
Bullhead Lily 

Wands 
Sandbar Willow 
Shining Willow 
Red-osier Dogwood 

Seed 
Narrow-leaved Cattail 
Giant Burreed 
Water Plantain 
Broad-leaved Arrowhead 
Larger Blue Flag 
Purple Loosestrife 
Swamp Milkweed 
Blue Vervain 
Clotbur 
Bur Marigold 

Nov . 1979 Sept. 1980 Sept . 1980 

39 0 42 
89 0 323 

0 2 29* 
22 0 0 
12 0 10* 
15 14 14 

75 

90 

Thousands 
Hundreds 
Thousands 
Hundreds 
Dozens 
Thousands 
Hundreds 
Hundreds 

100± 
Hundreds 

0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

33 

6 

0 
hundreds 

100+ 
29* 
10* 

p 

p. 

1 
7 

84 

NOTE : * Total number present results from transplant plus seed 
introductions. 

P Present but no precise count . 

Sept . 1983 

91 
583* 
300+* 

4 
3* 

23 

28 

0 

0 
P .. 

33 
300+* ~ 

3* 
46 

3 

17 
25 

204 
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introduction faired poorly, probably because the locations where they were 

placed became flooded once pond levels had stabilized. Bradshaw and Chadwick 

(1980) recommend hammering stakes of young Willow into damp soil, in spring, 

as a means of restoring quarries. 

Seed: Narrow-leaved Cattail is the only species which failed to estab­

lish itself. Although Kadlec and Wentz (1974) indicate that wind-dispersed 

Typha seeds are responsible for quick establishment on newly exposed wet 

substrates, the seed introduction method was probably a poor choice for this 

species. Transplanting of root stock would probably have been more successful. 

Burreed and Arrowhead seed was applied in 1979. Extensive beds of small 

individuals of both of these species were observed in 1981 along the east and 

west shores of the pond, south of the area which had been actively revegetated. 

Most of these patches had disappeared by September 1983. Muskrats and Mallards 

are suspected to have consumed these plants. Both plant -species are valuable 

waterfowl and muskrat foods (Lamoureux 1957). Along the northern two-thirds 

of the pond Arrowhead abundance increased an order of magnitude between 1980 

and 1983. 

The remaining seven species were introduced using seed only . All of 

these species except Purple Loosestrife and Clotbur were present in the 

study area prior to dredging. 

Water Plantain: Thousands of seeds were scattered on the soil surface . 

In 1980 over 100 plants were present. The mass of tiny white flowers on the 

left side of Figure 3 are those of Water Plantain. This species was partic­

ularly obvious along the northwest corner of the pond in 1980. Water Plantain 

persisted but it was not as obvious or abundant in 1983. 

Water Plantain seed apparently must be submerged to induce germination 

and seed of this species is able to remain viable under water for years 

(Croker and Davis 1914). This species may become more abundant in future 
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years if some of the original seed still remains in the seed bank . 

Larger Blue Flag: This species was re-established in small numbers . 

Whether seed or transplanting was responsible is not clear. In 1983 , it 

was difficult to locate among the tall grasses but at least three clumps 

were present . Since these plants require direct sunlight it may suffer 

from shading by grasses . 

Lamoureux (1957) recommends propagation by rootstalk. Elsewhere we 

have been successful in establishing Iris versicolor by planting wild seed 

in the springtime . 

Purple Loosestrife: This large colourful plant has become established_ 

from seed . In 1983 46 individuals of this species were present . I t was 

growing in at least three locations around the pond in 1980 but a precise 

count was not made . 

Swamp Milkweed: Although it was present in the seeded area in 1980 and 

1983 the data available do not allow a precise determination of population 

trends . 

Blue Vervain: One plant was observed in 1980, but 17 were present in 

1983 . 

Clotbur: Approximately 100 seeds of this annual were collected and 

scattered on the dredge spoil in 1979. Seven plants were present in 1980 and 

25 were present in 1983 . This plant appears to tolerate trampling . 

Bur Marigold (Bidens cernua): This colourful annual has more than 

doubled in abundance between 1980 and 1983 . It was present in considerable 

quantities on the mud ring surrounding the pond prior to dredging . 

~able 2 and quadrat data (not presented here) indicate that many of 

the species which were introduced by broadcasting seed are not numerically 

abundant. These species do , however, add diversity and colour to the pond 

margin vegetation complex . 

~ 
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SPECIES SUCCESSION: 

Succession is used here in a broad sense to mean changes in plant species 

composition and abundance in the treated area. 

The present discussion briefly addresses factors which are thought to 

have influenced succession of the marshland vegetation community at West 

Heights Pond during the past five years . 

Seed Bank: Undoubtedly , the dredge spoil contained seed . The more 

widespread occurrence of certain rush and bulrush species after dredging may 

have resulted from germination of seed contained in the dredge spoil . Spread­

ing of soil from wetlands has been recommended as a method for establishing 

vegetation on slurry impoundments (Yaich pers. comm). 

Moist soil conditions trigger germination of seeds of several species 

of freshwater marsh plants present in seed banks (Smith and Kadlec 1983). 

Dormancy and after ripening in ce.rtain species will influence "recruitment" 

of those species into the West Heights plant community . 

Seed Dispersal: A plant list for the small pond 30 m south of the 

treated pond has revealed that numerous wetland species have not spread 

from there to the large pond. Similarly, none of the ten species absent 

from both ponds before direct introduction to the large pond have spread to 

the south pond. 

Brief inventories of wetland vegetation composition of four ponds within 

2 km of West Heights have revealed that species such as Common Cattail, Sand­

bar Willow and Purple Loosestrife have existed within 1.5 km of West Heights 

but did not arrive there naturally. The literature indicates that wind, water, 

animals and man ' s activities play roles in dispersal of marsh plant seeds 

(Kadlec and Wentz , 1974). 

Competition: We have no hard data on this factor but competition is 

expected among species arriving on the scene from various sources : human 
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introduction , seed bank, weeds with effective dispersal mechanisms and so 

on. By 1984 Reed Canary Grass had become dense and undoubtedly choked out 

certain other species growing in upland sections of the west bank. 

Kadlec and Wentz (1974) indicate that many annuals are adapted for wide­

spread seed dispersal but that perennials will exclude annuals and subse­

quent competition among perennials will eliminate some species (pp. 196-197) . 

Shoreline Erosion. Wave action was responsible for local erosion 

along the pond margin early in the 1980s, before extensive vegetation growth 

became established . This caused several of the willow wand plantings to be 

washed away. Planting had been designed to minimize shoreline erosion and 

succeeded in this aim, in time. Perennial members of the followng families 

have dense and spreading root systems which stabilize substrates: 

Gramineae, Cyperaceae, and Typhaceae (Kadlec and Wentz 1974) . 

Soil Moisture/Water Levels: Since runoff and precipitation falling 

directly on the pond are the only sources of water for the pond , evaporation 

causes fluctuation in water levels. Consequently, shoreline soil moisture 

may vary from year to year and during a particular growing season. 

Differences in soil moisture may be responsible for differences in 

plant communities on the spit during the last two years. For example 

Xanthium which was numerous on the spit in 1983 , was absent in 1984 and 

Juncus balticus which dominated several quadrats was replaced by Soft Rush . 

Water Plantain appeared to be more numerous along the damp margins of the 

pond this July than it was during 1983 when conditions were drier and a nar­

row band of dry soil separated dense marginal vegetation from the water's 

edge . Receding water exposes moist soil which provides conditions conducive 

to seed germination in several freshwater marsh species (Smith and Kadlec 

1983) . 

Trampling: The spit receives heavy foot traffic during dry years and 
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paths are broken to the pond margin by children attempting to catch frogs 

and turtles . Willow saplings developed from wands , Burreed , Bidens and 

xanthium have been observed to suffer damage from trampling. Trampling has 

not caused the elimination of any of the introduced species but may have 

been responsible for loss of certain individuals. 

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

tained Rush, Burreed, Spikerush and Cattail. Muskrat tunnels have been cut 

into the west bank of the pond, this was not noticed prior to pond dredging. 

It may be that an improvement in food availability since rehabilitation has 

increased muskrat population size. 

In July 1984 , three broods of Mallards were present on the pond . The 

young were observed feeding on pond margin vegetation. Mallards' diets are 

known to include a major vegetation component (Bellrose 1976). Ducks feeding 

in shallow water create turbidity which may have negative effects on plant 

growth . 

During the past three years fish have become a prominent element of 

the pond ecosystem. Brown Bullheads grow large enough that they provide 

recreation for young anglers . Schools of Bullheads feeding in shallow areas 

create turbidity, just as ducks do. Since Bullheads are omnivorous (Scott 

and Crossman 1973) they may consume roots and seeds of aquatic plants . 

Creating food and cover for fish and wildlife was one of our objectives, 

but we had not anticipated animals as a negative influence on the plants 

which we introduced . Others have concluded that waterfowl usually do not 

ha·rm established stands although seedlings and newly invading shoots may 

be destroyed (Kadlec and Wentz 1974) . We observed the loss of hundreds of 

Giant Burreed and Broad-.leaved Arrowhead seedlings in the south end of the 

pond between 1980 and 1982 . Krummes (1940) found that muskrats may "clean-

out" established stands of favoured food plants ~ 
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In other settings the following factors may affect the success of marsh-

land plant introductions: physical/chemical characteristics of the substrate, 

water quality and turbidity. 

SUMMARY: 

As noted by Bradshaw (1983) reconstruction of ecosystems is an environ­

mental problem for which solutions are available and one to which ecologists 

have an important contribution to make . 

Key findings of this study follow: 

• Species selection is a key element of any revegetation plan. 

We were able to create an appealing vegetation complex in an 

urban residential setting by introducing certain showy species . 

Other more practical objectives such as shoreline and dredge 

spoil stabilization and provision of fish and wildlife cover 

were also achieved by introducing selected species. 

• Revegetation under cool, moist late autumn conditions· using 

local wild plant and seed stock was successful . 

• Kadlec and Wentz (1974) and Wentz et al. (1974) should be referred 

to for details of marshland plant introduction techniques . 

• Year to year variation in pond margin vegetation composition 

appears to be considerable . Water level fluctuation and 

shoreline soil moisture regimes are suspected of being 

responsible for these differences in plant communities. 

• Introduction of Broad-leaved Arrowhead , Purple Loosestrife 

and Water Plantain by seed succeeded . This may be one of 

few locations where this has been attempted. 

• Factors which we presume affected plant succession at 

West Heights. include : seed ·bank; se~d dispersal; 

competition; soil moisture/water levels; trampling ; muskratSi; 

mallards and fish. 

~ 



- 19 -

• Ten plant species absent before dredging did not spread from the 

actively revegetated area to a small pond 30 m away, during the 

5-year study period. 

• Where marshland species which spread rapidly are required, 

perennials should be introduced in preference to annuals since 

the former will spread both vegetatively and by seed. Often 

seed production is unpredictable and unreliable and seeds may 

remain dormant for a time. 
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APPENDIX l: COMMON AND SCIENTIFIC NAMES OF INTRODUCED SPECIES 

COMMON NAME 

Common Cattail 

Narrow-leaved Cattail 

Giant Burreed 

Water Plantain 

Broad-leaved Arrowhead 

Common Reed Grass 

Larger Blue Flag 

Shining Willow 

Bullhead Lily 

Purple Loosestrife 

Red-osier Dogwood 

Swamp Milkweed 

Blue Vervain 

Clo:tbur 

Bur Marigold 

Nomenclature after Fernald (1950). 

SCIENTIFIC NAME 

Typha latifolia 

Typha angustifolia 

Sparganium eurycarpum 

Alisma triviale 

Sagittaria latifolia 

Phragmites communis 

Ii:is versicolor 

Salix lucida 

Nuphar variegatum 

Lythrum salicaria 

Cornus stolonifera 

Asclepias incarnata 

Verbena hastata 

Xanthium chinense 

Bidens cernua 



Abstract 

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

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

A recent program of recycling disturbed landscapes associated with 

hydro-electric projects has been undertaken by the Reservoir Lands 

Management Branch of B.C. Hydro. At Seton Lake , near Lillooet, sites 

include a large quarry, a series of borrow pits and a cut over portion of 

shoreline. 

An overall masterplan includes phasing, trail and vehicular access and 

specific designs for view points, campgrounds and entrances. In addition, 

a planting strategy which emphasizes the use of leguminous and native 

vegetation as well as a grading approach for water retention has been 

evolved . The project's first phase examplifies a cost effective and 

compatable design for reclamation in a difficult terrain and climatic 

environment despite financial cutbacks . 
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Planning and Designing for Reclaimed Landscape: 

Seton Lake, British Columbia 

Background 

In 1971, B.C. Hydro and Power Corporation initiated a program of 

multiple-land use incorporating a range of public and private activities 

with energy generation and transmission. One result of this policy is the 

provision of public recreation at specific sites coupled with appropriate 

environmental protection and safety measures . In part, this mandate for 

public access is an attempt to alleviate an earlier perception of the 

Corporation as an aggressive consumer of land and water resources with 

consequential ecological and scenic disruption. During the last several 

years of financial exigency, B.C. Hydro has attempted to balance its 

·engineering requirements with those of conservation and public benefit. 

Project cost effectiveness has become a paramount management 

consideartion . 

In this context, the Corporation's Reservoir Lands Management Branch 

has developed several recreation areas on disturbed sites related to hydro 

power dams and impoundments . Its planning and implementation process 

includes identification of potentials and user requirements, master 

planning and design , construction and oper ation . Recreation areas at 

Shushwap Falls , Hayward Lake, Daisy Lake , Buntzen Lake and Seton Lake have 

been designated , and have received attention from this branch and its 

consultants . Site enhancement and rehabilitation have sometimes been 

necessary to assure human safety as well as to create recreational 

amenity . A design approach which emphasizes ski11ful regrading, careful 

plant selection , simple construction, inexpensive maintenance and the 

ability to tolerate intensive seasonal use is therefore required . 
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Project Work at Seton Lake 

A 5 ha site is located approximately 320 km north of Vancouver at the 

east end of Seton Lake near Lillooet, B.C. A series of grassed and wooded 

terraces are separated by steep gravel slopes. A beach and an abandoned 

aggregate pit are also present. The interior dry belt climate is 

characterized by hot summers and cold winters with some snowfall. The 

property is associated with a dam (equipped with a fish ladder) a canal 

diversion and a 42,000 kw powerhouse which form part of the Bridge/Seton 

River generating system. The Duffy Lake Road which accesses the site is 

becoming an increasingly popular summer tourist route. Cayoosh Creek forms 

the southern property boundary. Benchlands above the stream are used by 

local residents and visitors for camping and picnicking, although few built 

facilities presently exist . The rou~e to this area is through a former 

Ministry of Highways gravel operation. 

The Corporation initiated a phased program of site planning for 

recreational use in 1980 . Its first priority has been renovation of three 

specific areas within its parcel. Development at the beach site includes 

parking, picnic tables and comfort facilities. Regrading, installation of 

fencing and creation of a sloped and retained pathway from parking to the 

beachfront has all been completed in addition to the planting of shade 

trees related to a waterfront picnic area . A second stage of work entails 

implementation of a longer term trail as well as the creation of a major 

viewpoint and campground entrance accompanied by rehabilitation of the 

abandoned gravel pits. The challenges of site improvement have included 

coping with rough bare mineral soils, high summer temperatures with 

dessicating winds and infrequent rainfall, archeological sites requiring 

protection, plus an exteme1y limited budget. Therefore, careful grading 
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has been combined with procedures for water retention , judicious use of 

topsoil, planting with nutrient enhancing leguminous cover crops and the 

introduction of tolerant native trees and shrubs. Impervious areas are 

limi ted to intersections with the Duffy Lake Road. 

1. The Seton Lake Viewpoint 

Located on the south side of Seton Lake above its confluence with the 

Seton River , the viewpoint provides extensive vistas toward Lillooet and 

the Fraser Valley as well as of the lake. The problems have been those of 

improving a rough gravel edge between the Duffy Lake Road and the site, 

providing increased slope stability between the viewpoint and the beach 

below, encouraging pedestrian access and circulation while protecting 

archeological middens and accommodating parking for tour busses and 

automobiles . As this site also allows direct views of the dam -and the 

canal diversion , there i's an additional opportunity to provide interpretive 

information about B.C. Hydro's overall use of the landscape. 

The rough edge has been regraded to a 1:3 sloped facilitating planting 

and increasing its stability . Gravel from the pit (campground entrance 

area) below has been transported and utilized to provide a parking area and 

turnaround with proper cross-slopes provided for drainage. This material 

has also been used for pathways linking the parking area with viewpoints 

along the bluff edge. Barrier plantings are being installed below the 

perimeter pathway to discourage trespass and to increase stability . A new 

trail will link the upper viewpoint with the beach . An additional 

challenge has been protection and recognition of the important Indian 

Middens at this site. Both parking and foot paths have been routed to 

avoid these archeological locations and where feasible, the soil has been 

sculpted to better reveal their forms . Comfort stations and picnic 
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facilities have been located in an adjacent grove of ponderosa pine trees. 

The requirement for bus and automobile parking at the viewpoint has been 

coupled with a new turnoff and entrance road to the b~ach below, enabling 

B.C. Hydro to better control visitor flow and surveillance. Incidence of 

vandalism has therefore been extremely low. Construction details for 

fencing, trails, signage and retaining walls (where necessary) have 

emphasized use of pressure treated timber plus locally available rock. 

While regraded slopes will be freshly planted with a cover crop mix and 

tolerant woody species, a developing meadow where most of the middens and 

some of the best views occur has been allowed to naturally colonize. 

2. The Gravel Pit and Campground Entry 

This exposed site is visible from the Duffy Lake Road as well as from 

the viewpoint on the upper terrace . A major problem at this ~ocation is 

the treatment of a very large steep gravel bank, approximately 50 meters in 

height. Partially the result of previous glacial activity, the slope has 

become increasingly barren and unstable as a result of undermining during 

aggregate extraction. A major challenge therefore is to increase its 

stability as well as its visual coherence with surrounding terrain. 

An approach is being pursued which involves gradual rather than 

radical recontouring and a planting strategy which incorporates 

replenishment of the rough soil base as well as matchng ecosystems and 

successional phases. Overplanting with small trees and shrubs has been 

advised, as up to a 30% loss is possible. These trees and shrubs will be 

thinned at a later date. Two fields are being formed through regrading. 

One will accommodate informal play activities related to the picnicking and 

day use area at Cayoosh Creek while another will provide for larger 

recreation vehicle camping. The installation of shade trees related to 

these locations is therefore essential. During regrading a series of 
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pockets to accumulate and retain moisture are being created on the shady 

side of recontoured slopes and berms . Topsoil and straw mulch are being 

utilized in conjunction with an early spring planting program. 

A custom seed mixture of legumes and grasses is scheduled for 

application on the bare slopes . Nitrogen fixing plants which have been 

recommended include white alsike clover, birdsfoot trefoil (a good slope 

performer) and perennial lupine . Recommended grasses are annual rye grass, 

alka1ai grass and prairie velvet as well as aster. The herbacious 

perennial crown vetch provides vigorourous slope ground cover and chokes 

out undesirable weeds. The mix wi ll vary with terrain and with proximity 

to tree and shrub plantings . For example, the grass content will be 

reduced adjacent to woody species . The steep exposed slope previously 

described will be hydroseeded, with additional planting installed once 

stabil i zed . 

Research has been conducted into compatiable tree and shrub species 

for rocky, gravelly soils in this interior biogeoclimatic zone . Both 

ponderosa and lodgepole pine as well as douglas fir can, with a suitable 

mulching and early irrigation program be established. Trembling aspen , 

black cottonwood and Virginia cherry are among trees which will be 

considered, while ceanothus species , snow bush, soapberry and mahonia 

species will provide a shrub understory . 

Since many decisions are being made on site by B.C. Hydro field 

personnel (with consultation with head office in Vancouver), a series of 

simple plans, sections and working details have been developed in addition 

to perspective sketches from various vantage points at both sites to guide 

layout crews. The extremely limited budget has not permitted an ongoing 

role for the outside consultant. Since startup in 1981 , $350,000 has been 
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Reclamation plan for part of gravel pit which includes campground entry road . 
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Construction activity at viewpoint during 1983: grading. 



Vista toward Lillooet and Fraser Valley from viewpoint above Seton Lake off the Duffy 
Lake Road. 

Conceptual Development plan including trail network. Both gravel pit and viewpoint 
are rehabilitation sites. 
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spent on rehabilitation and construction at both the viewpoint and 

campground entry, with an additional budget allowance for this fiscal year. 

Conclusions 

The Seton Lake project demonstrates the willingness of one large 

resource extractor to initiate the rehabilitation of a difficult landscape 

with resulting public benefit. It also illustrates the dichotomy between 

an optomistic long range plan executed during a time of more generous 

budgets and the reality of constraint. However, in a recent article for 

"Landscape", Robert Dorney (April, 1984) speaks out strongly against over 

reclamation. He argues that disturbed landscapes often serve as 

educational benchmarks and that in time, some of these can become important 

places ecologically. There is a tendancy, he adds, to manicure and 

sterilize such sites. Perhaps at Seton Lake the present condition of 

economic restraint will encourage a cautious approach with assessment of 

the success of each phase before subsequent expenditures. 

This modest design project represents an important role for the 

landscape architect. It is ironic that in British Columbia, where the 

provincial economy is mostly dependent upon its natural resources, most 

professional work is concerned with urban developments many of which are in 

the Lower Mainland. Hopefully, the profession will find future 

opportunities to liase with both governments and the private sector to 

recycle and manage used landscapes for human enjoyment and new economic 

opportunities. 
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RECLAMATION OF THE URAD MOLYBDENUM MINE 

Empire, Colorado 

Larry F. Brown and Charles L. Jackson 

AMAX Inc. 

(Abstract) 

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

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

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

·which two tailing deposition areas comprised 121 acres. Comprehensive 

reclamation ·was initiated prior to mine closure in 1974 and -was 

completed in 1980. 

Conventional revegetation techniques were implemented on typical 

disturbances -while the tailing areas -were reclaimed ·with the aid of 

three waste products. Mine ·waste rock ·was used to cap the tailing 

areas, and sewage and -wood wastes ·were used to convert the rock into a 

rudimentary soil. The rock •was revegetated and the vegetation is now 

permanent and selfsustaining. 

INTRODUCTION 

Mining has been the mainstay of the Woods Creek Valley for more 

than a century . The head of the valley is at the Continental Divide, 

about 50 miles ·west of Denver, Colorado. First, it -was the quest for 

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

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

War I, it ·was the valley's molybdenum mineralization ,which attracted the 

most attention . Molybdenum is used primarily as an alloying material in 

superior grades of steel. 

Circumstances responsible for providing the label "Urad" are un­

known, but Urad is variously reported to be an acronym for "Uranium 

Research and Development" or "Uranium Research of America Division". 

The search for uranium -was fruitless as no ore grade uranium exists in 

this area. The moly orebody •was first developed and mined by the Primos 

Exploration Company from 1914 to 1919. During World War II, the mine 

was purchased by the government and turned over to the Molybdenum 
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Corporation of America to operate. In 1963 AMAX Inc. purchased the 

property for $2 million. After spending nearly $30 million for 

exploration and development, AMAX put the mine into production again in 

1967. 

A modified block-cave system of underground mining ·was used to 

remove the ore from the deposit located inside Red Mountain. The Urad 

orebody contained approximately 14 million tons of ore at an average 

grade of about 0.33 percent Mos2 . The mining and milling rate was about 

5,000 tons of ore per day, ·which represented about five percent of the 

free world production of molybdenum during the years AMAX operated the 

mine. The orebody ·was depleted and the mine closed in 1974 after 

producing about 48 . 5 million pounds of molybdenum in Mos2 concentrate. 

Conventional crushing and flotation milling circuits ,were utilized 

to process the ore. Nearly six pounds of MoS2 , containing approximately 

three pounds of molybdenum, -were recovered from each ton of ore mined. 

The remaining 99.7 percent •was predominantly composed of silica and ·was 

transported by ,water slurry to two tailing deposition areas. The ,water 

·was then decanted from the • surface of the tailing ponds and recycled 

back through the industrial mill ,water circuit. 

CLIMATE 

The elevation of mine property varies from 10,000 to 12,300 feet. 

Climatological data for the 16 years from 1965 through 1980 indicates 

the mean annual temperature to be 33° F with maximum and minimum 

temperatures of 80° F (August 1979) and -35° F (January 1979) 

respectively. Approximately 45 to 60 consecutive frost-free days occur 

each summer. Total annual precipitation varied from 17.5 to 36.6 

inches, averaging 24.3 inches. An average annual snowfall of about 200 

inches provides most of the precipitation. No wind velocity data is 

available; however, it is estimated that maximum gusts might reach as 

high as 70 to 80 miles per hour. 

VEGETATION 
The bottom of the valley, ·which is that portion most affected by 

mining activities, is in the subalpine zone of vegetation. The 

uppermost part of Red Mountain is alpine. Naturally occurring climatic 
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vegetation of the valley is the Englemann spruce (Picea engelmannii) -

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

the Rocky Mountains. 

DISTURBANCES IN THE VALLEY 

The upper end of the valley -was strip-cut logged as recently as 

1962, and major logging occurred during the 1920's. The lower northwest 

facing side of the valley suffered a severe forest fire during the 

1870's or 1880 ' s. Some of the damage ,was reforested, but regrowth has 

been extremely slow demonstrating the extreme harshness of the habitat. 

Avalanches , a major problem in the valley during mining, are a 

continuing source of natural disturbance . There are 17 avalanche runs , 

12 of •which are classified as major, in the three-mile long valley . 

Each company that previously operated Urad did so in a manner 

somewhat similar to AMAX; however , the scope of their operations ,was not 

as large as the AMAX operation . During World War I, tailing was 

discharged directly into the creek . During World War II , tailing -was 

contained in a pond , however, there ·was no seep-water or settling .pond 

to contain discharge and er~sion into the -watershed. AMAX constructed a 

mill ·water pond below all disturbances which allowed recycle of seep 

·water and a separation of natural runoff -water from the industrial 

circuit. 

The following is a breakdown of the acreages of disturbance at 

Urad . 

Disturbance 

Upper Reservoir .. . .. . . 
Lower Reservoir . , . , . , . 
Upper Tailing Area . . . .. 
Lower Tailing Area ..... 
Mine Yard and Refuse Area . 
Borrow Areas . . . . 
Mine Waste 
Glory Hole 

TOTAL 
(Plus 

on Red Mountain 

15 miles of road) 
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Acres 

36 
20 
78 
43 
17 
22 

5 
13 

234 



The overall goal in reclaiming disturbances was to initiate and 

accelerate the natural continuous trend toward recovery by stabilizing 

and revegetating. Conventional revegetation techniques were implanted 

on the more typical disturbances such as borrow pits and roads. The two 

tail i ng ponds presented the most difficult and interesting set o f 

reclamation problems , and the problems ,were compounded by the high 

altitude. Therefore, most discussion is limited to reclamation of the 

tailing areas only. 

TEST PLOTS 

Sulfide tailing have been successfully revegetated (Peters 1970, 

1974 , 1978; Michelutti 1974; Young 1969) but require many years of 

maintenance. Research in establishing vegetation directly on ta i ling a t 

the Climax Mine (Berg and Barrau , 1975) indicated various problems such 

as acidification, blowing and drifting of tailing , and physical 

instability in the root zone for trees during high winds. 

A 4 X 4 factorial experimental design using various application 

rates of sawmill •wastes and sewage sludge (with two replications) was 

implemented in the spring of 1974 on both bare tailing and ·waste rock 

capped tailing (Figure 1). The design crossed three application rates 

of sewage (5, 10, and 20 tons per acre) and one rate of NH
4

No
3 

(60 

pounds of nitrogen per acre) ,with two rates of sawdust (4 and 8 tons per 

acre), one rate of wood chips (20 tons per acre), and a control. All 

plots ·were uniformly treated -with 300 pounds of P2o5 per acre and 

received light daily irrigation the first season only. 

Development Waste Rock vs. Tailing Growth Media 

Since the source of the rock ·was 4 , 000 to 5,000 feet underground, 

it was essentially a sterile growth medium. The major problems to be 

overcome ,with the rock were the lack of organic matter and nitrogen. 

Acidification ·was not a potential problem ·with the rock because of its 

coarseness. Sterility and acidification are both problems ·when using 

tailing as a growth medium . 
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5t/aSS 20t/aSS lOt/aSS 60#/aN 
20t/aWC 20t/aWC 20t/aWC 20t/aWC 

5t/aSS 20t/aSS lOt/aSS 60#/aN 
(Control) 

5t/aSS 20t/aSS lOt/aSS 60#/aN 
8t/aSD 8t/aSD 8t/aSD 8t/aSD 

5t/aSS 20t/aSS lOt/aSS 60#/aN 
4t/aSD 4t/aSD 4t/aSD 4t/aSD 

Figure 1: Experimental design for testing the feasibility of utilizing 
wood -waste and sewage sludge to aid revegetation of fragmented 
rock and tailing growth media. SS=sewage sludge, SD=sawdust, 
WC=wood chips, N=nitrogen, t/a=tons per acre, #/a=pounds per 
acre. All values are dry-weights. 

The test plots indicated that the fragmented rock is actually a 

much better growth medium than tailing. The major attribute is that the 

rock cap eliminates potential tailing acidification problems by slowing 

the rate of oxidation and providing a capillary barrier to upward 

migration of ·water. The rock also stabilizes the tailing and eliminates 

the problems of· blowing and drifting encountered ·when revegetating 

tailing. 

Plant/soil -water relations of tailing are actually good and one 

would expect the rock to be too coarse to hold sufficient ,water to 

sustain plants. However, rock is the ideal mulch. Very little moisture 

is lost by evaporation from the surfaces of rocks, thereby conserving 

water in the root zone -which encourages vegetative growth between rocks. 

The rock also provides a stable (solid) root zone for trees. Trees 

grown in tailing might be uprooted by high ·winds after growing to a 

height of five or six feet. 

SOIL BUILDING AMENDMENTS 

Evaluation and extrapolation of the results of the test plots, 

consultant advice, literature review, and experience led to the 

conclusion that the most practical and beneficial combination of 

amendments to be used on the fragmented rock was an application of 20 

dry ·weight tons per acre of •wood chips and 30 dry -weight tons per acre 

of sewage sludge. Metropolitan Denver Sewage Disposal District No. 1 

and the Forest Products Division of the Koppers Company, Inc. (Fraser, 
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Colorado) cooperated in providing respectively 4,200 dry weight tons of 

anaerobically digested sludge and 24,000 cubic yards of ,wood chips. The 

wastes were provided free of charge, however, AMAX had to arrange and 

pay for transportation. Haulage distances were 87 miles for sewage and 

24 miles for wood chips. 

Applying 50 tons of organics to the rock is a giant step toward the 

construction of a mature soil which is prerequisite to achieving 

self-sustaining vegetation. It -was initially hypothesized that the 

application of organics, along -with good vegetative growth maintained 

through the years •with inorganic fertilizers, should provide a soil of 

sufficient maturity to sustain vegetation ,within 15 to 20 years (Brown 

1974 e.nd 1976). 

The process has occurred much more rapidly than anticipated. The 

vegetation has been maintenance fertilized only once, in 1979. In 

retrospect, the vegetation -was probably permanent and self-sustaining as 

soon as it became established. Even so, the vegetation may receive one 

or more additional applications of maintenance fertilizer to maintain 

its vigor. 

In addition to being a source of organic matter, the reason for 

applying -wood chips can be illustrated with a halflife analogy. In the 

harsh climate at this elevation, the half-life of nitrogen in sewage 

sludge might be from two to five years. Thirty tons of sewage contains 

roughly 1,200 to 1,800 pounds of nitrogen. If half of that ,were to 

become available for plant use •within two years, the result would be 

similar to applying 300 to 450 pounds of nitrogen per acre per year to 

vegetation requiring only about 60 pounds of nitrogen per acre per year. 

This would be a gross overapplication of nitrogen except for the 

presence of wood chips. Wood chips have a high carbon-to-nitrogen ratio 

(about 90 to 1). Soil organic matter, the desired product, has a 

carbon-to-nitrogen ratio of about 10 to 1. Microbial decomposition of 

the -wood, therefore, requires relatively large quantities of nitrogen 

and uses the excess nitrogen from the sewage to form humus. Thus, much 

of the excess nitrogen is immobilized and retained in the soil for 

future plant use. 

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

together allowed the efficient application of a significant quantity of 
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nutrients and organic matter at one time. The potential for severe 

nitrogen immobilization ,was monitored, but never materialized probably 

because of the 10w rate of microbial decomposition controlled by the 

cold climate. 

ROCK COVER 

Haulage of the fragmented rock from the Henderson Mine began in 

July, 1974. The purchase of seven trucks and a D-8 dozer -was necessary 

to initiate the program. Approximately 1.5 million tons of rock •were 

hauled and spread on the tailing dam faces and surfaces to ensure 

stability. 

Water is the most significant destabilizing threat to tailing dams. 

Drainage of •water in the tailing dam faces ·was assured by the placement 

of a five-foot depth of graded coarse rock contiguous •with the face to 

provide a drain blanket. Subsurface -water reaching the face of the dams 

is removed by these rock drains. To complete the stabilization of the 

dams, ungraded fragmented rock -was benched up the faces at a minimum 

.depth of ten feet. Piezometer -wells -wete installed in the crests and 

faces of the tailing dams to monitor the phreatic line. 

The surfaces of the tailing areas -were covered with three feet of 

rock. Attempts were made to utilize the rock covering to break the flat 

contour of the tailing areas. Hillocks and ridges were constructed -with 

the rock ·while keeping in mind the importance of cold-air drainage to 

plant growth. The amount of this type of landscaping possible -was 

dependent on the stability of the tailing. The stability of the 

underlying tailing -would not allow construction of hillocks in excess of 

10 to 12 feet high . 

TAILING RECLAMATION SEQUENCE 

The sequence of revegetating the tailing areas ·was: 

1. Cover ·with waste rock. 

2. Landscape ~ith rock (small hills to break the flat contour). 

Spread P2o
5 

and -wood chips. 

Rip ,wood chips and P2o5 into the surface (by dozer). 

5. Spread sewage sludge (manure spreader). 

6. Seed with grasses. 
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7. Scatter dead timber onto the surface. 

8. Irrigate (1st growing season only). 

9. Plant trees and shrubs (seeds, transplants and seedlings) 

during second growing season. 

10. Maintenance fertilize •with inorganic fertilizers. 

Dead timber ·was cleared from areas adjacent to the tailing ponds. 

The trees ·were scattered on an area after seeding to provide small 

mammal habitat, shelter vegetation from the ·wind, and improve the 

aesthetics. 

Early in the project, trees and shrubs ,were planted in an area at 

the same time grass was plantei. Beginning in 1977, trees and shrubs 

·were not planted in an area until the grass ,was one year old. It ,was 

felt that protection from the sun and ·wind, provided by the grasses, 

would increase the survival rate of trees and shrubs. 

Another deviation from the reclamation sequence occurred in 1979 

when the last 18 acres of unvegetated tailing surface were to be 

treated. This patch was at the upper (fines) end of the upper tailing 

pond and •was still not adequately dewatered to support heavy equipment 

in the summer. (Rock ,was placed on these areas in the winter -when they 

were frozen and could support the -weight.) Because heavy equipment 

could not be supported, it •was necessary to distribute the ,wood chips 

and sludge manually. Consequently, the cove rage of organics ,was 

lighter, and they were not ripped into the rock. The grass cover on the 

18-acre patch is doing well despite the lack of ripping. 

REVEGETATION 

Grasses are the foundation of the revegetation program, however, 

44,000 tree and shrub seedlings have also been planted at Urad. 

Grasses 

Revegetation research has been ongoing at the Climax Mine near 

Leadville, Colorado since 1965. Initially, a grass-seed mixture was 

chosen for use as a result of the high-altitude species adaptation 

research done at the Climax Mine by Dr. w. A. Berg of the c.s.u. 
Agronomy Department. The initial seed mixture contained eight 
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herbaceous species. Additional species and changes in the proportions 

have occurred as a result of research and seed availability (in 

quantity) from suppliers. The present seed mix is listed in Table 1. 

Additional species adaptation research has been ongoing since 1974. 

The objectives of the project are to select varieties of species for 

their adaptability, possibly cross them, and produce seed sources for 

high-altitude revegetation programs. Native species have been included 

-when possible. Approximately 62 species represented by 136 accessions 

have been planted at 22 different high-altitude sites in the central 

mountains of Colorado (Cuany 1982). The Climax and Urad mines are two 

of the sites. The project is being funded through the High Altitude 

Revegetation Committee by donations from government and industry (Cuany 

1982). 

Table 1: Climax Seed :Mix 

Scientific Name 

Agrostis alba 
Alopecurus arundinaceus 
Alopecurus pratensis 
Astragalus cicer 
Bromopsis inermis 
Dactylis glomerata 
Festuca arizonica 
Festuca ovina 
Festuca rub ra 
Phleum pratense 
Poa ampla 

Common Name-Variety Percent by Weight 

redtop 
creeping foxtail 
meadow foxtail 
cicer milkvetch - Cicer 
smooth brome - Manchar 
orchard grass 
Arizona fescue 
hard fescue - Durar 
red fescue - Pennlawn 
timothy - Climax 
big bluegrass - Sherman 
Canada bluegrass - Reubens 
Kentucky bluegrass - Troy 
rye - Balboa 

3 
5 
5 
4 

15 
5 
4 
8 
8 
5 
3 
2 
3 

Poa compressa 
Poa pratensis 
Secale cereale 
Trifo lium re pens ·white Dutch clover 

20 
10 

TOTAL. . 

Notes: 1. 

2. 

3. 

100 

Legumes -were inoculated using the Rhizo-kote method. 

This mixture -was seeded at the rate of 50 to 60 pounds 
per acre, depending upon the severity of the habitat. 

Secale cereale was included to provide fast cover and 
serve as a nurse crop for the establishment of the 
perennials. 
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Trees and Shrubs 

Potted evergreens, shrubs, and aspen seedlings purchased from 

various nurseries ,were used in the tree/shrub revegetation. Six species 

of trees were used. They were Engelmann spruce , lodgepole pine, bristle 

cone pine, limber pine, subalpine fir, and aspen . Eighteen species of 

shrubs native to the area were used. Survival plots of 100 seedlings 

were installed to determine survival rates . Evergreen seedling survival 

rates ranged from 50 to 60 percent. 

Holes for trees and shrubs -were dug by pick and shovel, the tree 

and shingle •were implaced, the hole was backfilled, the ground ·was 

compacted by foot, and a gallon of -water was poured on the ground around 

the tree to further compact the soil and eliminate air spaces. It ·was 

not possible to use mechanical equipment to dig the holes . The shingle 

slats serve to protect evergreen seedlings from the sun and wind. Aspen 

were not provided -with this protection. The only mai~tenance is 

inorganic fertilizer applied jointly to plant materials and grass . 

A biological paradox ,was first observed in 1979. Numerous 

volun_teer aspen and willow seedlings began emerging on a po rt ion of bare 

(unripped , unamended) waste rock capping the upper tailing pond . Aspen 

seedlings are extremely rare in nature, and germination conditions on 

this bare, exposed, and sterile surface ,would appear to be prohibitive . 

The fact that anything but the most drought hardy species ,will germinate 

under such conditions indicates we have a lot to learn about the 

process. The habitat is the antithesis of ·what is normally considered 

good aspen habitat , yet the seedlings are thriving -with each successive 

year . 

This obseI'ITation prompted the broadcasting of aspen seed. In the 

spring of 1980 , small aspen trees and branches from larger aspen -with 

apparently ripe seed -were cut and the seed distributed by shaking and 

scattering the branches on the ponds on a windy day. The procedure ,was 

repeated over a two-week period to increase the probability of using 

ripe seed. 

evident . 

It may be years before the results of this trial are 

A ' tree fertilization test was initiated in 1981 by planting 

fertilizer tablets (21 grams each, 20-10-5, NPK) ,with lodgepole pine and 

Enge l mann spruce . Again , because of the ve ry low growth rates at this 
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elevation , the results of tests such as this may not be evident for 

years. 

To add aesthetic variety to the vegetation, fifty threefoot-tall 

blue spruce (Picea pungens) in 20-gallon tubs ·were planted in topsoil on 

the tailing surfaces. The trees ,were placed on the leeward side of the 

small hills on the tailing surfaces for ·wind protection. Trees ·were 

planted in groups of four to provide mutual protection in the harsh 

conditions. Water ( 1-2 gallons) -was poured on the ground surrounding 

each tree after planting to pack the loose backfill . A one-foot 

deep cover of wood chips -was spread around the trees to reduce 

evaporative loss . To date , approximately 50 percent of the trees are 

surviving . 

Several pounds of lodgepole pine seed (at 90 , 000 seeds per pound) 

-were distributed at Urad through the years . Results of these efforts 

are also thus far inconclusive. It may take years for the seed to 

germinate, and then seedlings are barely discernible for an additional 

one to four years . 

• Willows ·were planted in . suitable ·wet spots at Urad . Besides the 

purchase of potted materials, -willow transplants ·were utilized . Willow 

cuttings also -were produced in-house by potting in spring and/or fall , 

nurtured for a growing season, and outplanted. Willows have been 

particularly successful in the harsh environment. Successful in this 

context means they survive and thrive, but remain decumbent in the harsh 

windblown environment . 

Mycorrhizal Fungi Research 

AMAX funded a research project through Colorado State University 

(Grossnickle 1978 and 1983) to test mycorrhizal fungi inoculated 

Fungi ,were cultivated evergreen seedlings for use on the ·waste rock. 

separately and added to the potting medium. Mycorrhizal fungi 

area of roots thereby effectively serve to increase the surface 

increasing the capacity for intake of nutrients and -water. The research 

indicated that fungal inoculation alone is not the hoped for panacea for 

increased seedling growth and survival on mine ,waste . Environmental 

extremes of temperatuI'e and moisture stress may be so limiting as to 

effectively nullify possible positive effects from fungal inoculation . 
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Forbs 

Various species and mixtures of ·wildflower seed were used. The 

bulk of the seed •was obtained from supply firms, but company personnel 

gathered seed on occasion. Forbs supply an element of vegetative 

diversity to the overall landscape. Although not dominant, the 

frequency and diversity of forbs appear to be increasing -with time. 

Various aquatic species were also planted in shallow, •water-filled 

depressions on the tailing surfaces. 

sago pondweed tubers, ·wild celery 

Species tried -were cattail roots, 

tubers, and some wild-rice seed. 

These trials appear to have been unsuccessful. 

VEGETATION AND SOIL MONITORING 

Vegetation and soil monitoring ·were conducted in 1979. Dr. M. J. 

Trlica (CSU Range Science Department) ,was retained to investigate plant 

species, frequency, cover , diversity, and production of revegetated 

areas, the nutrient regime of the amended ·waste rock through time, and 

heavy metal uptake by vegetation growing in the rock. 

Vegetative Measures 

Comparisons ·were made between the vegetation on the rock capped 

tailing surfaces, a revegetated borrow pit area, a revegetated road cut, 

and a control spruce/fir complex that burned circa 1879. Results of the 

studies indicate that stands are -well established, productive , and 

effectively controlling ·wind and -water erosion. Cover on the tailing 

ponds equals or exceeds that of the native community. The frequency of 

occurrence on the tailing had increased -with each season by 1979, but 

·was not yet equal to that of the control. Production on the tailing 

areas -was more than double the production of the control. 

Reclaimed areas ·were more diverse than the control because of the 

combined numbers of planted and invading species, and diversity was 

increasing ·with time. Dominant species on the reclaimed areas are 

smooth brome, hard fescue and timothy . If water and ample-to-excessive 

nitrogen were available on a , continuous basis, these species ·would 

continue to dominate. However, inorganic fertilizers have been 

sparingly applied to encourage native invasion even though this results 

in lower cover and production values. 
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Nutrient Regime of Amended Waste Rock 

An attempt is being made to monitor the soil building process. 

Periodically, the nutrient regime of the revegetated rock is measured to 

determine trends of chemical constituents through time. In 1979, 
samples •were taken from portions of the rock capped tailing areas ,which 

had been seeded from 1975 to 1979 and compared to each other and to 

literature values of natural soil. ~wo to three years after the 

addition of amendments and the establishment of vegetation, there ,was 

some decline in conductivity, nitrate nitrogen, potassium, and zinc, 

probably due to leaching and plant uptake. Nitrogen is limiting as 

·would be expected. Potassium levels are moderately high; iron, copper, 

zinc, phosphate, and manganese are high; and calcium and magnesium are 

marginally low in the growth medium. The pH is slightly alkaline and 

salts are not excessive. By 1979, it appeared that growth and 

development of plants on the crushed rock had only minor effects on the 

characteristics of the growth medium. 

Heavy Metal Uptake by Vegetation 

Smooth brome and ,white Dutch clover were sampled to determine if 

heavy metals ,were being concentrated by vegetation on waste rock 

covering the Urad tailing. In addition, it ,was felt that older, 

deeper-rooted plants might concentrate more heavy metals than younger, 

shallower-rooted plants. However, stands of vegetation planted in 1975 

contained lower concentrations of arsenic and molybdenum than stands 

planted in 1977. The remainder of the elements tested showed no 

significant change ·with time. It is not known -whether older plants are 

more selective in uptake of molybdenum and arsenic or that perhaps the 

elements became less available as the growth medium aged. White Dutch 

clover had significantly higher concentrations of aluminum, zinc, iron, 

molybdenum, cyanide, and fluoride than smooth brome. 

Although there ·were higher concentrations of some elements in the 

growth medium compared to concentrations reported for soil, no pla.nt 

toxicity has been observed. Normal grazing by ·wild ruminants on the 

revegetated ponds should not present a toxic uptake problem. 
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STRUCTURE DISMANTLE AND FLOOD CONTROL 

Structures at the mine site included a mill, offices, -warehouse , 

conveyors , shops and pumphouses. Equipment ,was removed from the 

structures and distributed as needed to other AMAX facilities . Removal 

of most structures -was then contracted to a salv age company . The 

foundations ,were blasted, covered -with waste rock and revegetated using 

the same process as that used on the tailing ponds . 

Flood protection -was a major aspect of the reclamation program. In 

1978 and 1979 , the company constructed a 12- foot by 12-foot box-culvert 

bypass of the lower tailing pond and two •water retention dams. This 

flood storage/bypass system supplements the original -water bypass system 

constructed in the midl960' s and provides protection for the tailing 

areas against the "probable maximum flood" . The level of the upper 

reservoir, originally constructed to supply industrial mill •wate r , ·was 

also lowered to provide flood ·water storage. The new outlet structure 

·was situated to ensure sufficient -water in the reservoir to maintain it 

as a public fishery . 

COSTS 

The cost to reclaim the mine -was approximately $6.5 million, more 

than three times the $2 million AMAX paid for the property in 1963 . An 

additional $0.5 million may be required for long-term maintenance of all 

aspects, i.e., property , roads , •water management , and vegetation. 

One -way to calculate the cost per acre for reclamation -would be to 

divide $7,000 , 000 by the 234 acres with a resultant cost of about 

$30,000 pe r acre . However, as is indicated by the cost breakdown 

presented below, Urad ·was unique . For example, there were unusual 

expenditures of approximately $3 million on flood control and $2 million 

to put waste rock from an adjacent mine to beneficial use at Urad. 

Actual costs for revegetaton were about $2 , 500 per acre . 

Appro ximate costs for the Urad reclamation project are as follows : 

Rock covering . ... ... . 
Flood control ..... . 
Revegetation. . . . . . . 
Management, protection, research, 

taxes, insurance, etc ....... . 
Long-term maintenance (contingency) . 
TOTAL . . . . . . . . . . . . . o • • 
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EVALUATION 

Reclamation of the Urad Mine was initiated in 1974 and essentially 

completed in 1980. The approach toward reclamation of the tailing 

deposition areas ,was unique and somewhat experimental . The result ·was a 

better quality vegetation than originally anticipated ,which reached a 

permanent and selfsustaining status sooner than expected . The overall 

cost ·was high because of unique circumstances, mainly involving flood 

protection. The cost per acre for revegetation -was -within the normal 

range of costs. The key ingredient in the overall reclamation process 

·was the mine ·waste rock . The key ingredient to rapidly established good 

quality vegetation ,was sewage sludge; and , the use of sewage •was very 

cost effective . Hauling sewage 87 miles (one-way) cost less than 

purchasing equivalent quantities of inorganic fertilizer. 

No statistical analysis have been performed on the plots; however, 

thirty tons of sewage and twenty tons of ·wood ·wastes per acre may have 

been excessive . Thirty tons of sewage ·was not one of the tested rates 

on the plots. Thirty tons per acre ·were used because, in the early 

stages, vegetation in the 20 ton plots looked better than the vegetation 

in the 10 ton plots , and vegetation in the 20 ton plots appeared sparse 

in itself. Thirty tons may be better in the very long term . However , 

current observations of the original test plots indicate little or no 

difference between the 10 and 20 ton treaments . It has long since been 

obvious that , at high altitude, three "normal" growing seasons are 

required for a stand of grass to mature. 

Present observations of original test plots also do not indicate 

significant differences between -wood ·wastes vs . no ,wood -wastes . The 

rationale ·was e xplained in detail earlier, i . e., that ,wood ·wastes 

provided additional organic matter and a storage mechanism for excess 

nitrogen from the sewage . That rationale cannot be detrimental in the 

long term, but the cost effectiveness is questioned . 

As indicated earlier , the revegetation procedure on the tailing 

ponds cost approximately $2,500 per acre. If similar results could have 

been attained with no -wood -wastes and only 10 tons of sewage per acre , 

the cost per acre for revegetating -would have been cut in half, 

providing an overall savings of about $150,000. However, ano t her few 
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years of observation is necessary before definite conclusions can be 

drawn. 

AWARDS 

AMAX has received several awards for its environmental efforts. 

Those specifically related to the Urad Mine are: 

National Gold Medal Award, presented by the Sports Foundation Inc. 

in 1969 for outstanding achievement in the fight against ,water 

pollution. 

First Annual Business Citizenship Award, presented by Business Week 

Magazine in 1969 for preservation of the natural environment. 

Citation presented by Colorado State Water Pollution Control 

Commission in 1970 for prevention of pollution to the -waters of the 

State. 

Certificate of Appreciation, presented by the Colorado Wildlife 

Commission in 1981 for opening lands at Urad Reservoir to public 

fishing. 

National Environmental Industry Award for Excellence, presented by 

the President's Council on Environmental Quality in 1981 for 

outstanding leadership in the application of advanced environmental 

technology for reclamation of the Urad Mine. 
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EFFECTS OF REPLACED SURFACE SOIL DEPTH ON RECLA~~TION SUCCESS AT THE 

JUDY CREEK TEST MINE 

Alan J . Kennedy 

Esso Resources Canada LTD ; Oil Sands, and Coal Dept . , 237 - 4 AVE S. W., 

Calgary, Alberta T2P OH6 

ABSTRACT 

The effects of replaced surface soil depth on establishment of seeded 

grass/legume vegetation and lodgepole pine (Pinus contorta) was investigated 

on study plots at the Judy Creek Test Mine from 1979 to 1983 . Nine plots 

representing replicates of three treatments of soil depth (O cm, 30 cm and 
. 

70 cm) were established in a randomized block design . A grey luvisol surface 

soil with mixed A and B horizons was placed over a till subsoil . The till 

material , based on pre-study analysis , showed no inhibitory properties to 

plant growth. 

Results of five years of study indicate that vegetation cover was 

continually higher on the O cm treatment than on either the 30 cm or 70 cm 

treatments . Differences in total cover were most pronounced during the first 

three years of study and decreased with succeeding years . The Alfalfa 

component of the revegetation seed mixture was the major contributor to total 

cover on the O cm plots due to the slightly alkaline soil conditions on this 

treatment . 
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An opposite relationship between soil depth and reforestation success was 

observed. The 0 cm treatment afforded lower survival and reduced growth than 

either the 30 cm or 70 cm treatments . Reduced survival of pine on the 0 cm 

treatment is attributed to the greater herbaceous cover which resulted in 

competition between tree seedings and vegetal species and increased the 

potential for small rodent-caused mortality . Reduced tree growth on the 0 cm 

plots is related to lower soil moisture and pH and a tendency for compaction 

of the ti 11 . 
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INTRODUCTION 

Considerable attention has been placed on the topic of optimal soil depth 

replacement for adequate reclamation. For example, the United States Bureau 

of Mines recently supported a large scale research study to determine optimal 

soil depth replacement on mined lands within the Northern Great Plains. 

(Colorado School of Mines, 1983). Results from this study indicate that soil 

depth requirements appear to depend primarily on the quality of the spoil to 

be covered. 

Spoil materials may be unsuitable for adequate plant growth for a variety 

of reasons including low fertility, droughtyness, and high salt levels. Sadie 

spoil materials are particularily difficult to revegetate due to physjcal 

instability and undesirable properties related to water infiltration, movement 

and retention . (Doering and Willis, 1975). 

Several research studies have evaluated the effectiveness of applications 

of various thicknesses of "topsoil" possessing characteristics suitable for 

plant growth to sodic mine spoil. Pole et al. (1979) grew Spring wheat and 

corn on sodic spoils covered with 5 to 61 cm of suitable "topsoil". These 

authors concluded that "topsoil" 61 cm in depth provides the greatest yields 

but 30 cm is often as good . Sandoval and Gould (1978) reported that 

productivity of Crested wheatgrass grown on 30 cm of good quality surface soil 

progressively decreased during four years of study. This decline in 

productivity suggests that a deterioration in surface soil quality may be 

expected through time. 
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In Alberta, quidelines provided in Alberta Agriculture (1981a) indicate 

that soil material suitable for plant growth should be stockpiled and respread 

on the surface following disturbance. Various depths of soil replacement are 

suggested depending on the soil region in which the reclamation is carried 

out . For Northern forest soils two lifts of soil are suggested; an upper lift 

(30cm) of surface material (organic and A horizons), and a lower lift (170 cm) 

of subsurface material (lower horizons and parent material) . 

During the winter of 1978 Esso Resources Canada Ltd. constructed a test 

mine on the Judy Creek North Coal Reserve . The test mine was designed to 

secure a 10,000 tonne bulk coal sample for a test burn (Essa Minerals Canada, 

1979) . Constructon and subsequent reclamation procedures provided a site ,.,...----__, 

suitable to examine effects of various soil depth replacements on reclamation 

success . The present paper describes the soil depth study methodology and 

discusses the results of five years of study . 

STUDY AREA 

The Judy Creek Test Mine is located within the Judy Creek North Coal 

Reserve approximately 56 kilometers (km) south of Swan Hills, Alberta and 2 km 

east of Highway 32. The test mine is located in the NW 1/4, Section 14, 

Township 64 , Range 10, west of the 5th meridian (Figure 1) . 

An area of 17.3 hectares (ha) was cleared for test mine operations in 

December, 1978; of which the test pit itself comprised 1. 5 ha. An additional 

2 ha area (2 km in length) was cleared as an access road to highway 32 . 

~ 
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FIGURE 1. LOCATION MAP FOR JUDY CREEK TEST MINE 
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The test mine area is regionally characterized by warm summers and cold 

winters. Mean daily temperatures vary from a low of -17 degrees C (in 

January) to a high of 20 degrees C ( in July) . Average annual total 

precipitation is about 53 centimeters (cm) of which approximately 33% is 

received as snowfall . The prevailing wind directions are west and northwest . 

The test mine lies at the western edge of the western plains 

physiogeographic region, in what is termed the Rocky Mountain Foothills area 

of Alberta. Elevations in the area range from 600 m on the Freeman River to 

over 1400 m in the Swan Hills . The hydrography of the area is dominated by 

the Freeman River, the Judy Creek, and the Christmas Creek; all tributaries 

of the Athabasca River . 

Forest cover in the test mine area is dominated by stands of white spruce 

(Picea glauca) and the lodgepole pine. Pine and spruce occur 

as a mosaic of even-aged pure stands, depending on slope, or as stands of 

various mixtures of pine and spruce mixed-wood forests of either pine or 

spruce and aspen (Populus tremuloides) or balsam poplar (Populus 

balsamifera) . Shrublands occur as clumps of mainly willow (Salix sp.) along 

the riparian sites or, to a minor extent on roadways and access clearings . 

METHODS 

The soil depth study consisted of nine 20 m X 40 m plots numbered 1. l 

through 1.9 (Figure 2) . Different depths of surface soil were placed over 

till overburaen in spring 1979. Surface soil included all material in the A 
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and B horizons and was collected in two lifts and stockpiled prior to 

placement on study plots in 1979. Analysis of the till overburden indicated 

no parameters limiting growth (Table 1; Esso Minerals Canada, 1979). Study 

plots 1. 1, 1.2 and 1.3 received 70 cm (27.5 inches) of surface soil; plots 

1.7, 1.8, and 1.9 were topsoiled with 30 cm (11 . 8 inches) of surface soil; the 

remaining plots (1 . 4, 1. 5 and 1.6) had no surface soil replacement . 

Each plot was planted with a complete grass/legume seed mixture by hand 

broadcast seeding. A description of the seed mix and broadcast rate is given 

in Table 2. Based on previous soil sampling (Essa Minerals Canada, 1979), 

fertilizer (23-N , 23-P, 0-K) was applied to each plot at a rate of 160 Kg/ha. 

No further ammendments or fertilizers have been applied. In addition to the 

application of an agronomic seed mixture · ninety--eight lodge-pole pine 

seedlings were planted within each of the study plots . Twenty-four of these 

trees were randomly selected as study trees and permanently marked with wooden 

stakes equipped with metal identification tags. Planting occurred on June l 

and 2, 1979 using both V-bar and shovel mattock techniques . All trees were 

one-year old at planting and were spaced at 2. 4 to 2. 7 intervals within each 

plot . 

Revegetation success for each soil depth treatment was evaluated through 

the measurement of plant cover. During August of 1979, and June and August of 

1980, 1981 and 1983 vegetation cover estimates were made in each plot . 

Vegetation cover in each plot was determined through the observation of the 

proportion of ground covered by seeded revegetation species in forty evenly 

spaced 20 cm by 50 cm quadrats. Cover within each quadrat was estimated using 

the Braun Blauquet method (Kershaw 1973) . 
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FIGURE 2. PLOT PLAN FOR SOIL DEPTH STUDY 
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Table l. Chemical Analysis Of Till Overburden Material 

PARAMETER Samele Number 
l 2 3 4 Average Value 

pH (aqueous) 6.7 6.4 8.0 7.5 7. 15 
pH (CaClz) 6.2 6.4 7.2 7.4 6.80 

S.A.R. 0 0.08 0 0 0.02 

Exchangeable Cations 
(Meq/lOOg) 

NA o. 15 0.25 0.25 0.30 0.24 
,.,---..._ K 0.55 0.55 0.30 0.60 0.50 

CA 17.50 21.20 14. l 13.20 16. 50 • 
Mg 5.90 5.50 2.7 5.80 4.90 
C.E.C. 23.20 27.70 13.4 27.70 23.00 

Available P ( ug/ g) 7.50 19.00 -* 12.00 12.80 

Available N ( ug/ g) 0.80 2. 55 0.85 0.45 l. 16 

Avail able K (ug/g) 260.00 260.00 140.00 285.00 236.30 

Organic Matter(%) l. 4 2.2 0.90 2.00 l. 60 

CaC03 Equivalent(%) 21.90 25.70 23 .80 

* Dash indicates data not available. 

----------.. 
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Table 2. Description Of Seed Mixture Applied To Soil Depth Treatment Plots 

Percent Broadcast 
of Mix Seeding 

Species Variety ( by wt.) (kg/ha) Features and Tolerances 

Grasses 

Canada bluegrass Common 20 6.0 Low maintenance, tolerance to 
(Poa compressa) grazing, aggressive, drought 

tolerant 

Creeping red fescue Bore al 15 4. 5 Tolerant to grazing, good 
(Festuca rubra) seedling vigor, sod forming 

Slender wheatgrass Revenue 10 3.0 Strong root system for erosion 
(Agropyron trachycaulum) contra 1 

Crested wheatgrass Fairway 15 4.5 Good seedling vigor, can ~ 

(Agropyron ( cr.i sta_tum) withstand traffic 

Timothy Climax 10 3.0 Rapid establishment, fibrous 
(Phleum pratense) roots 

Smooth brome Carlton 10 
(Bromas inermis) 

3.0 Long-lived, sod forming 

Legumes 

Alfalfa Oryl ander 10 3.0 Superior winter hardiness, 
(Medicago sati va) drought resistant 

Red clover Altaswede 10 3.0 Short-lived, winter hardy, acid 
(Trifolium pratense) tolerant 

100 30.0 
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Reforestation success for each soil depth treatment was determined 

through evaluation of the survival and growth of each permanently marked 

tree. Estimation of tree survival and growth was conducted during August , 

1979 and June and August of 1980, 1981 and 1983 . Only tree survival was 

evaluated during June, 1982 . Tree survival was determined through evaluation 

of the survival status of each marked tree (ie. living or dead) . As a method 

of data reduction a mean total survival value was calculated for each 

treatment based on the equation; TL/TM x 100; where TL equals total living 

marked trees per plot, and TM equals the total marked trees per plot . Growth 

was recorded by measuring the height of each marked tree with a graduated 

meter stick. Height is considered a true indicator of growth, and therefore 

basal diameter was not measured . Incremental growth was determined through 

measurement of the new vertical leader growth for each year . 

Soil samples were taken from each study plot in 1979, 1980, 1981 and 

1983. Four subsamples were taken at randomly spaced locations within each 

study plot and combined by treatment for analysis. Samples were taken from 

the Oto 15 cm soil layer . Analysis of soil samples followed procedures 

reported in McKeague (1978) . During 1979, 1980 and 1981 the level of 

available macronutrients including Nitrogen (N03-N), phosphorous (P) , 

potassium (K), and sulphur (S04-s), pH, electrical conductivity, and 

percentage organic matter, were recorded for each treatment . During 1983 the 

pH, conductivity, available macronutrients, calcium carbonate equivalent, 

extractable and soluble cations, cation exchange capacity, percentage 

saturation, sodium absorption ratio, particle size distribution, moisture 

content (percentage) and bulk density were determined for each treatment. 
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Statistical analyses were conducted using the SAS Proc Anova Statistical 

test (SAS 1982). 

RESULTS 

SOIL CONDITIONS 

The chemical and physical parameters of the soils for each soil depth 

treatment by year are given in Table 3. Soil pH during the study ranged from 

5.3 to 7.5 with the 30 cm and 70 cm plots consistently having lower values . 

,.,---..___ 

Values of calcium carbonate equivalence recorded in 1983 indicated that all ~ 

treatments have no capability problem with respect to alkalinity but the O cm 

plots were more alkaline than the 30 cm or 70 cm plots . All study plots had 

sodium absorption ratio values tin 1983) corresponding to a 1 good 1 soil 

capability rating (Alberta Agriculture 1981a) indicating no sodicity problems. 

Levels of all macronutrients (N03-N , P, K) on each treatment were well 

above those reported values required to support graminoid growth (Williamson 

et _tl. , 1982) . Very little between plot variability was recorded and nutrient 

availability was consistent within any one treatment. 

The organic matter content was found to be consistently higher (for years 

1979-1981) for the 70 cm study plots than the 30 cm and O cm plots . An 

inverse relationship between bulk density on the 70 cm and 30 cm plots was 

observed . The cation exchange capacity (CEC) in each study treatment was very 

,,--...._ 
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similar, possibly due to the higher clay component of the 0 cm plots which 

would offset the cation exchange ability of the organic material in the 70 cm 

and 30 cm plots. All CEC values recorded were well above those recorded for 

typical natural forest soil types of similar chemical and physical make-up 

(Williamson et~-, 1982). 

Based on the particle size distribution conducted in 1983 the surface 

soil on the study plots can be characterized as follows. The 70 cm and 0 cm 

treatments are considered a clay loam and the 30 cm treatment a loam. 

REVEGETATI0N 

Percentage cover data for grasses, legumes and total living cover are 

shown in Figure 3. Cover increased dramatically from 1979 to 1980 on all 

plots and tended to level off from 1981 to 1983. Legume cover was 

consistently higher than graminoid cover throughout the study period. 

The 0 cm soil depth treatment provided highest cover estimates in terms 

of total living cover for each year of study. This difference was 

statisticaly significant (F = 3.44, probability less than or equal to 0.05). 

Graminoid cover was also more apparent on the 0 cm plots for all years with 

the exception of 1983. Cover values for graminoids were statistically 

different for each treatment (F = 3.67, probability less than 0.05). Legume 

cover was also recorded at higher levels on the 0 cm plots than the 30 and 70 

cm treatments (F = 6. 16, probability less than or equal to 0.05). 
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able 3. Results of Soil Sampling Analyses for Soil Depth Study, 1979-1983 

1epth 

of Conduct- Organic N03-N p K S04-S Bulk 
;oil Year pH ivity Matter Density 
cm) (mmhos/cm) % (ppm) (ppm) (ppm) ( ppm) (g/cc) 

1979* 
'O 6.0 0. 1 3. 1 1. 7 9.0 126.7 3.0 *** 

lO 6.4 0.2 l. 7 2.0 8. 3 93.3 4.0 

0 7.5 0.4 1.7 2.0 5.3 123 . 3 9.0 

1980* 
10 5.5 0.2 2.5 1.0 11.0 162 .0 2.0 1.2 

30 5 . 9 0.3 2.0 1.0 11.0 160 .o 7.0 1.3 

0 7.4 0.6 1.4 1.0 9.0 188 .o 8.0 1.5 

1981* 

70 5.3 O. l 2.9 2.0 10.0 152.0 3.0 

0 5.8 0. 2 1.6 2.0 10 .0 137 .0 3. 0 

0 7. 3 0.5 1.4 3.0 7.0 173.0 9.0 

1983** 

0 7. 1 0.2 0.9 8.0 135.0 5.0 1.2 

0 5.5 0.3 0.9 7.0 110.0 12.5 1.2 

0 7.0 0.4 1.4 3.5 140 .o 14.0 1.4 

easurements bas ea on mean vaTue~s f or three plots 
** Measurement-s based on composite sample for 3 plots per treatl"'~1)t 
** Blank ina ) es measurement not available 

Moisture CaC03 CEC Satura-
Content Equiv. tion SAR 

% % (Meq/lOOq) % 

32.8 

26.3 
23.7 

32 . 9 0.21 24. 1 46 1.2 
27. 1 0. 12 20 . 2 38 o. 5 

23.8 l.94 22.8 50 0.4 

Particle Size(%) 
Sand Si 1t Clay -- --

29. 1 40.9 29.9 

36.9 37 .l 25.9 

33.6 32.2 34.2 

) 
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Cover estimates for each planted species by soil depth treatment are 

given in Table 4. Timothy and Creeping red fescue were consistantly the most 

abundant seeded graminoid species on all of the soil depth plots . Other 

seeded species such as Canada blue grass and Crested wheatgrass were recorded 

at low cover values, and other species such as Slender wheatgrass and Smooth 

brome were recorded at only marginal abundances . Red clover had consistently 

high cover estimates on all treatments during each year of study . Alfalfa, 

the only other seeded legume, was recorded at low cover on all treatments with 

the exception of the O cm treatment . The increased cover of Alfalfa on these 

plots is due to the more alkaline soil conditions making the O cm plots more 

condusive to Alfalfa growth (Alberta Agriculture , 1981b) 

REF ORE ST A TI ON 

Data on the mean percentage survival of lodgepole pine outplanted in 1979 

for soil depth treatments are shown in Figure 4. The O cm soil depth 

treatment consistently showed lower mean survival than the 70 cm or 30 cm soil 

depth treatments. Further, the difference in survival became more pronounced 

in subsequent years of study. Differences in total mean percent survival 

between the 70 cm and 30 cm soil depth treatments were negligible for all 

years of study. 

The total yearly growth and total incremental growth as indicated by 

height measurements, is shown in Figure 5 and Figure 6 respectively . Growth, 

in terms of total height was significantly reduced on the O cm treatment from 
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FIGURE 3. PERCENTAGE COVER OF GRASSES, LEGUMES AND TOTAL 
LIVING COVER FOR SOIL DEPTH TREATMENTS 
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Table 4 Average Percentage Cover Values By Species Recorded Fo~ Soil Depth Treatments 

Seeded Species MEAN PERCENTAGE COVER* 
70 cm TREATMENT 30 cm TREATMENT OCM TREATMENT 

1980 1981 1983 1980 1981 1983 1980 1981 1983 

Canada Bluegrass o. 80 1.56 3.35 0.37 1. 70 3.08 0.63 1. 70 2.08 
Crested Wheatgrass 0. 13 0. 10 0.00 0.20 0.23 0. 10 1.60 0.60 0. 19 
S 1 ender Wheatgr ass 0.43 0.43 0.48 0.57 1. 13 2.49 3.26 2. 10 1.26 
Smooth Brome 0.40 0.00 0. 11 0.00 0.00 1.00 0.80 0.00 2.23 
Creeping Red Fescue 3. 77 7 .83 21.37 6.97 9.67 15. 16 7.90 9. 80 11.69 
Timothy 4.66 9.03 6. 12 5.23 10.23 7. 72 10.03 12 . 16 3.69 

Red Clover 10 . 83 32. 13 43.83 52.30 53.90 48.25 44 .80 35.47 26.53 
Alfalfa 0 . 10 0. 10 0.34 o. 10 0.00 0.00 6.03 12.67 34 . 08 

* Based on average of 120 quadrats per treatment for each year . 



- 18 -

that observed on the 70 and 30 cm treatments (F = 7. 15, probability less than 

or equal to 0.05) . Pine growth was similar between the 70 cm and 30 cm 

treatments (F = 1. 34, probability greater than or equal to 0. 05). 

DISCUSSION 

Previous research by Pole et~- (1979); Sandoval and Gould (1978); 

Huntington et~- (1980) has shown that soil depth replacement over mine spoil 

can affect revegetation success. Power et _!l. (1976) further report that 

yield (tons/ha) of spring wheat will increase with depth of topsoil up to 

about 71 cm, with greater thicknesses resulting in no further yield 

increases . Power et al (1981) reported that vegetal yield increases with soil ~ 
I 

depth to a maximum of approximately 9_0 cm. , Additional soil replacemen_t does 

not appear t o provide increases in yield. Logan (1983) concurred with the 

results of Power et al (1981) and stated that reduced soil thickness may 

relate to a reduced productivity but not to no productivity at all . 

Data from the Judy Creek study indicate that soil depth replacement on 

suitable till subsoil does not have a pronounced effect on revegetation 

success . In the present study reduced soil depth replacement over till did 

not appear to limit vegetal growth as has been observed i n other sodic spoil 

soil replacement studies . 
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FIGURE 4. SURVIVAL OF LODGEPOLE PINE BY SOIL 
DEPTH TREATMENT 
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FIGURE 5. LODGEPOLE PINE HEIGHT 
MEASUREMENTS FOR SOIL DEPTH 
STUDY 
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FIGURE 6 . LODGEPOLE PINE INCREMENTAL HEIGHT 
MOVEMENTS FOR SOIL DEPTH STUDY 

LEGEND 

- - - 70 cm SOIL DEPTH 

---- 30 cm SOIL DEPTH 

0 cm SOIL DEPTH 

I , 

// 

// 
// 

/ 

/// I 
/ /// I 

/ 
/ 

~ / 
/ 

/ 
/ / 

-,.. 
; 

~ 
.,,,. 

1979 1980 1981 1983 

YEAR 



- 22 -

Research on the topic of appropriate soil depth replacement for 

reforestation has not been forthcoming . However, Krumlik (1980), in a study 

designed to examine soil and tree rooting depth relationships in Alberta, 

reported that the relationship between soil depth and tree growth appears to 

be poorly correlated. Other soil parameters such as pH, moisture, texture and 

temperature appear to more strongly influence tree growth. Further, tree 

growth on reclamation sites has been shown to be influenced by competiton from 

herbaceous vegetation and by small mammal damage (Green, 1982) . 

Results from the Judy Creek study concur with these previous studies. 

Reduced lodgepole pine servival and growth on the O cm soil depth treatment is 

most likely due to the combined effects of .lower soil moisture, lower pH, ,------. 

compaction of the till material and ·competition by dense herbaceous ·~over . 

Further, the more dense herbaceous cover on the O cm plot increased the 

potential for small rodent caused pine seedling mortality (Essa Resouces 

Canada Ltd. , 1984) . 

CONCLUSIONS 

Results from this study have implications related to materials handling 

in reclamation programs in boreal regions of Alberta. Addition of forest 

soils as "topsoil" over suitable till subsoil may not be required to provide 

improved revegetation cover. However, on sites where little or no "topsoil" 

is added, monitoring of reforestation success is recommended . 
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PREPARATION OF MINE SPOILS FOR TREE COLONIZATION OR PLANTING 
D.F . FOURT 

UNITED KINGDOM, FORESTRY COMMISSION 

An inevitable consequence of most m1n1ng operations is the disturbance and 

removal of soil horizons developed over the mineral deposit or its over ­
burden . 

If previous site investigations have indicated the presence of physical or 
chemical factors likely to cause problems when re-assembling the components 
of the future soil , measures should then be taken to quantify them , and 
decide on their disposal or amelioration , or the sequence required to 

minimize their influence. 

This is the time to examine the geological column or borehole log, and 
decide which strata are better replaced low down, and which could improve 
the soil, if used to correct defects of texture, or porosity , especially in 

the subsoil . 

When the future land use is to be planted or naturally regenerated woodland , 

it can be useful to put together a prescription containing certain criteria 
essential for that purpose. Compared with grass swards , woodlands , 
especially newly planted trees, need a much greater rooting volume , with a 

larger moisture store, related to summer soil water deficits calculated from 
Penman-Monteith type evapotranspiration equations. To store arount 15-20 cm 

of rainfall equivalent requires at least 75 cm depth of porous rootable 
soil , and this large volume is usually able to supply the needs of the young 
trees for the mineral nutrients P, K, Ca and Mg . The demands for nitrogen 
are much lower than are required for grasses and herbs , and can usually be 

satisfied from the replaced topsoil. Nitrogen deficiency reduces growth, 
but rarely proves fatal - this is usually due to moisture stress . 

It is our experience that soil analysis by assay with various extracting 

solutions designed to simulate root activity, has little to offer the 

forester in deciding on nutrient element requirements and amendments . They 



,.---.._ have found that analyses of foliage taken from about the third season , 

onwards, at a standard time, and pbsition , best enables any requirements to 

be decided. These criteria . have been reviewed by I.K. Morison of the 

Canadian Forest Service in a useful publication entitled 11 Mineral Nutrition 

of Conifers 11 (1974 ref.). 

We have also used pot trials to assess the nutrients in overburden , or other 
spoils, by using a convenient leguminous herb - in our case a lupin - which 

is grown from seed for 15 weeks in a coffee-cup sized container of media, 

with a P, K factorial , and suitable replication . In addition to the 
comparisons of height, or oven-dry weight , the tissue can be ana lyzed and 
compared with standards . The use of nodulated legume avoids the complica­
tion of nitrogen as a limiting factor , enabling the researcher to concen­

trate on those nutrients contained in the mineral part of the new soil . 

Once the available reserve of water has been assured, the supply of nitrogen 
is likely to be the next factor limiting growth. If present in even modest 

amount, the fine root system of sown or native grasses will mop it up and 

reduce or threaten the growth of the young trees, and in the process dry out 

the surface layers. Some relief from moisture stress by local grass control 
(Sale et al . 1983) or mulching is usually beneficial, but can be expensive 
and interfere with erosion control measures. 

In the absence of conserved topsails and their store of nitrogen held in the 

organic fraction , the components of the pioneer tree cover should simulate 

the natural sequence on the tail of a glacier and consist of, or be in 
matrix with , nitrogen fixing tree species or herbs such as alders or 
legumes. The forest is characteristically designed to accumulate and 

conserve nitrogen , as litter or live tissue , and even the small amounts in 
rainfall, or brought into cycle from ground water are likely to be 

accumulated over the 1 i fe of the trees , rather than 1 ost by 1 eachi ng or 

grazing, once the tree canopy is closed . 

However , many reclamation practitioners have learnt from field experience, 
that some fossil nitrogen in the form of amino-acids, is present and 

sparingly available in a range of dark coloured sedimentary rocks such as 



occur as coal overburden (Aldag et al. 1980) boulder till, or in ----

carbonaceous silts or shales or in brick clays . In northern climates, or in 

high rainfall areas , peat covers may also be present , and their valuable 

nitrogen store should be conserved for subsequent use during revegetat ion 

(Fourt 1984) . 

Fertilizer nitrogen is sometimes considered, and specified in factorial 

experiments designed to compare the benefits to tree growth of matrices of 

Frankia inoculated alders, Rhizobium inoculated legumes or organic mulches. 

The results vary , but low retention , insufficient uptake , and expense , all 

count against their use in forestry - a very low intensity land use where 

cash returns are typically long-delayed. 

It is sometimes argued that the nitrogen is best retained in the cycle by 

grasses and herbs before the tree canopy shades them out. But adding 

nitrogen increases their competitive ability and operates against easy 

establishment and growth of the trees . 

As previously mentioned , the - prov1s1on of a substantial volume (0 . 75 -

1.0 m thick) of easily rootable aerated mineral spoil is the best way to get 

newly planted trees established. Shallower root zones , limited by 

compaction, or texture class reduce growth by restricting stomatal opening 

and, through this, photosynthesis. The cause of this growth reduction can 

be misleading . Grasses on thin root-zones may respond to added nitrogen , 

but at the cost of superficial root habit. Trees do not obtain long-term 

benefit , because the limiting factor is water (Binns and Crowther 1983) . 

A brief hi story of open pit mining records the early days of the big 

machines with the jagged spoil heaps from dragline overburden removal called 

"Hill and Dale". Several other excavators also produce such patterns , such 

as face shovels, and hydraulic buckets . Although alien to the landscape 

these loose heaps grow good trees - often as good as the forests present 

previously. All efforts at grading these heaps resulted in poorer growth, 

due to compaction, waterlogging or drought due to constriction of rooting 

volumes. ,.,.- , 



The recognition that some form of loosening was required following dozer­

grading of hill and dale , or box-scraper laid overburden or topsoil, 

resulted in a range of ripping, ploughing or other treatments designed to 

open or replace the coarse pores squeezed out by the machine passes . In the 

UK we have a range of equipment , especially winged tine sets , attached to or 

trailed behind the Caterpillar 08 class of prime mover (Binns and Fourt 

1981) . 

Sites intended for forestry are easy to plant following treatment with 3 

winged tine sets , but on heavier clay-loam to clay spoils , an additional 

treatment with angled discs elevates the planting position on a small ridge, 

enhancing early growth and establishment . 

Our agriculatural colleagues use multi-tine sets , with plain tines ahead of 

winged tines followed by heavy disc sets to break clods before seedbed 

preparation. 

Most practitioners now recognize the importance of season, and soil 

conditions in earth moving, and we now insist or persuade operators to do so 

only during the reclamationn "window" from May or early June, to late August 

or early September (Binns 1983) when conditions are dry . 

Ground preparation treatments for forestry generally require the provision 

of gradients for drainage, as either ridge and furrow below 5° , or open 

contour ditches above 5° . In agriculture backfilled pipe drains followed by 

annual secondary treatments with moles or cultivators are possible, but the 

forester does not have this option once the trees are planted , making it 

essential that the physical constraints are ameliorated first time, and when 

the machines are available . During the last few years, a noticeable shift 
in technology seems to have provided another system for the forester, and 

possibly for the agriculturist carrying out reclamation. On many sites , 

electric or diesel hydraulic bucket excavators of all sizes are backed up by 

a wide range of dump trucks, for overburden removal . Sizes range from 

frame-steered 6 x 4 or 6 x 6 vehicles from 10 - 30 cu.m., to the giant 50 , 

75 and 100+ sizes . 



Instead of the liner heaps of the dragline, loose tipped spoil can be laid -------

to a pattern of overlapping hummocks to produce 1. 0 3. 0 m layers of mineral 
debris, each butting onto those placed before and giving a micro-topography 
rather like the natural forests with their relics of windthrown or fallen 

trees. These minor declivities trap seeds , litter , snow , etc. and provide a 

range of micro-habitats for seeding germination of varied aspect and 

shelter. The material does not need any ripping - in fact great effort 

should be made to keep machines off the surface at a 11 costs, especially 

those dozer drivers with a passion for back-blading . 

For forestry, less segregation of topsoil , felling debris , and leaf-litter 
is necessary compared with sites intended as grassland or other agricultural 
uses . These valuable organic materials can be mixed with the loose spoil 

provided aeration and drainage are good , and mineralization will be 

aerobic. 

This system has been used in agriculture on market-garden soils , the loose 
tipped surface being graded using a side-acting bucket on a long-jib excava­
tor working from the adjacent quarry floor . The same bucket can be used to 
spread topsoil, where conserved separately , all without machine traverse of 
the surface (Bransden 1980). 

The system is cheap, where no grading or ripping is needed . What it does 

need is some training of dumper drivers , but we find that they soon get the 
idea, and take pride in forming the required pattern . As in all reclama­
tion, unless the machine drivers are enlisted into the process , each with 

their own instructions, and contact with the end-user, they will fail to 
distinguish between unnecessary elaboration or interference with established 
practice and their own interest - where good reclamation and return to 
beneficial land use have influence on new mining permissions . 

To sum up, for good tree establishment , large volumes of loose mining 

material are required to provide moisture storage over the summer deficit 
period, and to supply adequate amounts of the mineral nutrients P, K, Ca and 

Mg, without amendment . 
,,.-..,_ 



·-----------

Nitrogen , the most vulnerable plant nutrient element in reclamation 

operations, needs either organic matter conservation and replacement, 
N-fixing plant or tree matrices, or may be present in fossil forms in 

carbonaceous shales and sandstones . Fertilizers are expensive , poorly 

utilized and can accentuate competition especially with sown swards intended 
for erosion control . 

Although the loose spoil from dragline stripping affords good rooting 
conditions, hill and dale is environmentally unacceptable. Unfortunately 
grading operations produce compaction, needing alleviation by deep-ripping . 

Instead, patterns of l oose-t i ppi ng from dump trucks are suggested where 

trees are to be grown. The large rootable volume, and the range of 

micro-climates which trap seeds, litter and snow , are cheap to form, need no 
further treatment, once the work force appreciates their purpose . 
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CONTROL OF SURFACE WATER AND GROUNDWATER 

FOR TERRAIN STABILIZATION - LAKE LOUISE SKI AREA 
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1. Komex Consultants Ltd. , Calgary 

2. D. R. Piteau & Associates (Alberta) Limited, Calgary 

3. Nanuk Engineering & Development, Cochrane 

ABSTRACT 

Skiing conditions at the Lake Louise Sk-i Area may be improved by the 

application of artificial snow. Concern has been expressed that artificial 

snow may contribute to the development of slope failures. Geotechnical and 

hydrological investigations indicate that the proposed surface water and 

groundwater control systems will reduce groundwater recharge. This will 

result in 1 oweri ng the groundwater surface,. contributing to an overall 

improvement in slope stability . 

INTRODUCTION 

In 1981 , the Lake Louise Ski Area produced a Development Plan . This plan 

contained various components which were designed to improve the overall 

quality of skiing at Lake Louise. The principal component of the plan is 

artificial snowmaking. Parks Canada expressed concern that snowmaking 
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would aggrevate existing terrain stability problems on the ski hill . A 

study to ameliorate these problems produced a surface and groundwater 

control system. This will stabilize slopes in areas where soil slumping 

has occurred, or is probable. 

The area of emphasis for the study was the lower elevations - below the 

treeline - of Whitehore Mountain (Drawing 1) where snowmaking is proposed . 

Some slope instability, both natural and man-induced, exists throughout 

this area. Visible evidence of instability takes the form of surficial 

slumps. These are typically 30 to 50 m long, 20 m wide and 2 m deep . The 

instability of the glacial drift soil, which underlies the area, is related 

to the soil moisture condition, with failures almost always occurring with­

in a saturated soil. The control of soil moisture content was achieved by 

1 oweri ng the groundwater surface in 1 ocal i zed are.as and by restr-i cti ng 

groundwater recharge from water courses and springs . 

TOPOGRAPHY AND SURFACE DRAINAGE 

The gradient of the central ski runs varies from relatively gentle at the 

Whitehorn Mountain base to comparatively steep near the top of the ski 

runs. The terrain rises from an elevation of 1660 mat Whiskeyjack Lodge, 

at an average gradient of 5° to the base of the ski runs . From elevation 

1700 m to 1860 m, slopes are approximately 14° , leveling to 10° towards the 

1900 m elevation . The final rise to the top of the ski runs averages a 

slope of 20°. Some sections as steep as 30° are also encountered, particu­

larly midway along the Juniper and Men's Downhill runs . 
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The primary contributors to surface flows on the Whitehorn face are two 

springs. One is located under , and the other just above the upper terminus 

of the Glacier chair. The precise location of these water sources, Triple 

Creek and Glacier Seep , are shown on Drawing 1. The streams originate at 

the 2100 m level and flow generally in the area of the ski runs . The two 

streams join in a swampy area located at the 1900 m level . The stream then 

flows to the 1700 m level where a portion enters a cistern or sump which 

eventually supplies water to Whiskeyjack Lodge. The remaining flow joins 

Fish Creek. 

GENERAL GEOLOGICAL CONDITIONS 

Bedrock Geology 

Bedrock in the Whitehorn face consists of a· number ·of sedimentary rock 

types belonging to the Corral Creek Formation. The major rock types are 

slate, sandstone , siltstone and conglomerate. In the upper slopes, where 

rock exposures have been mapped, bedding dips at between 30° and 70° toward 

the southwest. (Geological Survey of Canada, 1975) . 

Overburden Geology 

Soil overburden consists of glacial till deposited during the Pleistocene 

Period. Although there is little subsurface information available to per­

mit an interpretation of overburden thicknesses along the Whitehorn face , 

in general, the till deposit is thin (less than 5 m) near the 2135 m eleva­

tion and is relatively thick towards the bottom of the slope and the loca­

tion of the Whiskeyjack Lodge. 
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GROUNDWATER CONDITIONS 

The hydrogeological exploration indicates that the till varies significant­

ly in the relative proportions of fine and coarse grained material . There­

fore , the distribution of these variable permeability surficial deposits 

will have an important bearing on groundwater movement within the slopes 

(Drawing 2). Another important factor is the ability of the weathered 

bedrock surface to transmit water. Jointed indurated shale bedrock with 

iron staining on the joint surfaces indicates an appreciable groundwater 

flow at the bedrock surface. During drilling, a discharge of about 0.4 L/s 

(5 gpm) was air-lifted from the overburden-bedrock interface. Water moving 

downslope in the weathered bedrock is confined by the less permeable till 

deposits (high clay or silt content) . However, where comparatively / --------._ 

permeable tills are present (low clay or silt content), groundwater can .. 

selectively move under pressure up into the surficial deposits . This water 

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

2). 

Groundwater is therefore moving downslope through two media. Firstly, 

through the more permeable of the till units. Secondly, through the 

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

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

Parameters Used in Analysis 

The primary soil properties required in the analysis of stability are the 

material density and drained strength parameters. The following parameters 

were used for the till: 

a) Saturated density of 220 kg/m3. This corresponds to a moisture 

content of 12%. 

b) Effective stress strength parameters: 

cohesion (c) = 19 kPa 

friction angle (0) = 27 ° 

Groundwater Assumptions 

The level of the groundwater surface is expected to fluctuate within the 

upper 7. 5 m of the soil overburden during the course of the year. Water 

levels are generally near their lowest point in the cycle during the month 

of March. Hence, higher levels are anticipated in late spring and early 

summer. To assist in understanding the importance of groundwater levels on 

the stability of critical slopes, a sensitivity analysis was conducted of 

stability as described in the following paragraphs. 

Results 

A series of calculations were made for the staility of a range of failure 

surfaces. The results are shown on Drawing 3. The analysis is generated 

for the steepest ski slope on Whitehorn (30°) . For example, considering a 
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depth of 6 m and the water surface at a depth of 4 m below the surface of 

the slope, a safety factor of 1. 0 would result. If the water surface was 

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

mately 6 m, or less. 

The stability analyses assumed a quasi-circular shaped failure surface. A 

generalized method of slices was used. This is applicable to both circular 

and non-circular slip surfaces. Utilizing an in-house computer program, 

GEOSLP , the failure geometry was analysed on a slice-by-slice basis, calcu­

lating driving and resisting forces for each slice. The factor of safety 

is proportional to the ratio of resisting to driving forces. 

EFFECT OF DRAINAGE AND SNOWMAKING SYSTEMS 0~ STABILITY 

Moisture Balance 

Under current conditions, groundwater is recharged from higher elevations 

in the Whitehorn slope, as well as from direct precipitation. With the 

installation of the snowmaking system, additional moisture will be placed 

on the slope. This will contribute to the amount of incoming moisture 

during the spring melt period. On the other hand, it is possible to divert 

water which is re-entering the slope from springs emerging on the hillside 

at approximately elevation 2100 m and below. From a gauging measurement of 

the spring emerging near the level of the Whitehorn lodge, it is estimated 

that approximately 4.5 L/s (60 igpm) is flowing. By visual comparison, the 

other stream has a flow of approximately 3 L/s (40 igpm). These streams 

can be diverted away from the slope. 
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The balance between moisture which will be added from the snowmaking sys­

tem, and which can be diverted, is shown conceptually on Drawing 4. The 

surface area considered is approximately 2 km x 0.5 km (106 m2). The 

ski runs where additional snow will be placed are, in reality, only a small 
' fraction of this surface area. The hydrological system is shown for two 

conditions . Firstly , under existing natural conditions. Secondly, with 

additional precipitation (artificial snow) over the whole area and with the 

new drainage system installed. The percentage figures for infiltration , 

evapotranspiration and runoff, and the amount of added snow cover, are 

selected to be highly conservative. A worst case scenario is therefore 

represented. As the potential groundwater drainage and surface water 

diversion (containment) exceed increased infiltration , the moisture condi­

tion of the slope will be improved. 

Under natural conditions, the moisture input to the area per annum is 32 

L/s (422 igpm, Drawing 4) . This comprises 8 L/s (105 igpm) stream inflow 

and 24 L/s (317 igpm) precipitation. A conservative infiltration figure of 

20% is assumed. This gives an infiltration rate of 6.4 L/s (84 igpm) on a 

yearly basis . An infiltration factor of 20% is highly conservative 

considering the local topography, geology, and potential evapotranspira­

tion. The relatively steep slopes will enhance runoff. The presence of 

clay till as indicated by drilling, will also inhibit infiltration. 

Potential evaporation figures for the area actually exceed the 

precipitation figures (Hydrological Atlas of Canada , 1978) . This gives an 

infiltration rate of 6.4 L/s (84 igpm) on a yearly basis . 
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With an added artificial snow cover , the moisture input is increased to 

37.6 L/s (496 igpm, Drawing 4) . The infiltration effectiveness of the 

stream inflow is conservatively reduced by 50% in response to diversion and 

containment. The moisture input is therefore made up of 3. 7 L/s (49 igpm) 

stream inflows and 33.9 L/s (447 igpm) combined natural and artificial 

precipitation. At 20% infiltration , this gives the amount of water 

recharging the slope as 7.5 L/s (100 igpm). This represents an increase of 

1. 1 L/s (15 igpm) over natural conditions . However, improved drainage is 

calculated to reduce overall infiltration by 3.0 L/s (40 igpm) . The result 

is a net improvement in the moisture balance of 1.9 L/s (25 igpm) on a 

yearly basis . 

With the addition of an effective system of surface and subsurface drain­

age , it is anticipated that the water table can be depressed under most 

circumstances envisaged. 

The proposed drainage system is relatively shallow compared with the de­

pression in the water level required to assure slope stability in the cri­

tical areas . Lowering of the groundwater surface within the slope area 

will be a result of a reduction of groundwater recharge by interception of 

groundwater flow by the drains. Further reduction of groundwater recharge 

will be achieved by the diversion and containment of surface water . 
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Effect on Stability 

If water levels are maintained at no higher than 6 m from the ground sur­

face in the steepest portion of the Whitehorn slopes, the slopes will 

retain a minimum safety factor of 1. 1, thereby ensuring stability . 

PROPOSED DRAINAGE SYSTEM 

Interception of Surface Drainage 

The interception of surface water before it can recharge the groundwater is 

essential to stabilization of the steeper pitches on the Whitehorn face. 

There are three possible methods of preventing the surface water from 

contributing to the groundwater flow: 

1. Intercept an.cl divert the two streams at their highest elevation to 

a channel completely outside the ski runs; 

2. Collect and contai n the water from the two streams in a pipeline 

and convey it to cistern storage below the control/compressor 

building near Whitehorn Lodge; 

3. Channelize the two streams in their existing courses and improve 

the culverts and streambeds to reduce infiltration into the sub­

surface soil . 

All of the above measures will reduce icing areas on the slopes and will 

improve the quality of skiing on the Whitehorn face. 
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Subsurface Drainage System 

French drains should be installed in steep , critical slopes where instabil­

ity has occurred in the past, or there is evidence of incipient slumping 

(Drawing 1) . 

The design of a typical French drain is shown on Drawing 5. The design 

consists of filter gravel placed into a trench with dimensions 0.75 m wide 

by approximately 2-3 m deep. Filter cloth should be installed in the 

trench walls to prevent migration of silt fines from the native till into 

the filter gravel. 

Supplementary Drainage Measures 

The subsurface drainage system discussed above is anticipated to produce a ~ 

significant impact on existing groundwater conditions. However, the system 

may require extension as indicated by the relative success achieved during 

its first year of operation . 

Also, due to the presence of low permeability fine-grained tills locally , 

it may be unavoidable that some sections of the system may be less effec­

tive than elsewhere. In these circumstances, it may be necessary to drill 

sub-horizontal drainage holes to increase the effectiveness of the system 

in critical areas . 
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SUMMARY OF FINDINGS 

The geological conditions underlying the Whitehorn slope and preventative 

measures being proposed for ensuring that slope stability is maintained 

after the introduction of snowmaking are summarized in the following : 

1. The Whitehorn slopes are underlain by a relatively thin deposit of 

glacial till . This rests directly on shale bedrock . In the past, 

slumps have occurred within the till in steeper portions of Juniper 

run. 

2. The till is markedly heterogeneous with the proportions of clay, silt, 

sand , gravel and boulders varying appreciably . The deposits are moder­

ately dense , with relatively low natural moisture contents. This 

material has a relatively high undrained shear strength. However, the 

till is susceptible to failures in the steeper slopes if the ground­

water surface should rise to certain levels. Susceptibility to failure. 

in these critical slopes is examined in detail in the report. 

3. Because of previous slumping in the Whitehorn face , a program of drain­

age interception is recommended. The small creek which is fed by a 

spring emerging from bedrock west of the Whitehorn Lodge should be 

diverted or contained. This creek is considered to be responsible to a 

large degree for the high water levels experienced in the slope local ­

ly . In addition to intercepting surface flows , subsurface drains 

should be installed in critical sections of the slopes to ensure that 

the water surface is depressed. \~ater levels should then be monitored 
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in the piezometers installed in the slope. If levels are not depressed 

sufficiently after the subdrains have been installed, it may be neces­

sary to drill sub horizontal drainage holes in critical sections of the 

slope. 

The necessity of providing supplementary drainage holes should be 

established after the performance of the recommended drainage system 

has been monitored during the first year of operation. 

4. The additional amount of water i nfiltrating the slopes due to the pro­

posed artificial snow-making is estimated at 1. 1 L/s (15 igpm). How­

ever, the recommended surface and groundwater drainage system is esti­

mated to reduce overall infiltration by 3. 0 L/s (40 igpm) . Hence , the 

drainage system will more than compensate for the effect that the snow­

making system may have in raising water levels in the slope. 

5. The surface and subsurface drainage systems should be installed in 

advance of constructing the water pipeline system. Trench excavation 

should proceed upwards from the toe of the slopes to assist in drain-
\ 

age. Trenching equipment should not be brought onto the slopes until 

satisfactory drainage has been achieved. 

6. Flexibility should be exercised in determining the depth of the pipe­

line trench to be excavated. In dry ground, no difficulty is antici­

pated for conventional backhoes reaching the design depth. However , in 

wet ground, it may be difficult to excavate a stable trench. A shallow 

trench design is required in wet areas, whereby the trench depth would 
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be limited to approximately 1 m. Continuous water circulation and/or 

insulation would be necessary to prevent freezing . A further alterna­

tive would be to have the pipe heat traced through these areas. 

7. Following construction, the work area should be levelled and re-vegeta­

ted, using established reclamation practices for the ski area . 
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MONTANE GRASSLAND REVEGETATION TRIALS 

by 

Donald M. Wishart, M.Sc ., P.Ag. 

Mutrie-Wishart Environmental Consultants 

Calgary, Alberta 

ABSTRACT 

Revegetatfon tri a 1 s were estab 1 i shed in· 1977 on a 
di-sturbed montane grassland in Jasper National Park, 
A 1 berta . The trials were designed to test the 
effectiveness of topdressing, fertilizer and seeding 
method treatments to estab 1 i sh native vegetation 
cover. 

Ground cover and yield responded negatively to 
topdressing with either peat or with loamy sand similar 
to the native soil. Positive results were achieved by 
fertilizing at the time of seeding. These improvements 
have persisted, indicating that the nutrients are being 
cycled. Method of seeding did not significantly affect 
ground cover. 

The results indicate that, if weather conditions are 
suitable, seedbed tillage and broadcast seeding alone 
can be sufficient to establish a productive native 
community in a montane environment . 
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1.0 INTRODUCTION 

Areas of montane grassland are not extensive in Canada. Alberta's 

montane grasslands are confined to the mountain parks. They provide 

critical wildlife habitat and, because of their limited extent, have 

significant interpretive and educational values. However, development 

pressures, such as those recently realized in Banff National Park , have 

eliminated or disturbed some of these grasslands. It is important that 

techniques be developed to encourage the re-establishment of these 

grasslands after disturbance. 

2.0 ECOLOGICAL DESCRIPTION 

As the name implies, montane grasslands have a very open 

physiognomy . Ground cover is variable and bare ground is not uncommon. 

Vegetation tends to form localized communities in relation to subtle 

microsite changes. 

Montane grasslands are characteristically comprised of drought 

tolerant bunch-grasses and other plants which increase in abundance under 

heavy grazing. Research has shown that bi amass production, seed quantity 

and viability are all inherently low (Stringer , 1969; Walker et al ., 

1977). 

Montane grasslands have developed largely in response to prevailing 

dry environments. Moisture deficiencies related to coarse, rapidly drained 

soils characteristic of these grasslands are compounded by frequent 
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occurrence of warm foehn winds which result in marked snow ablation, rapid 

snowmelt and runoff in spring and high rates of evapotranspiration in 

summer. In normal years, the montane grasslands of Alberta's mountain 

parks have moisture deficits from late June until late October totalling 

110 mm and soil water potential is often below -15 bars (nominal permanent 

wilting point) for at least one third of the growing season (Stringer , 

1969; Hettinger, 1975). 

Alberta's montane grasslands characteristically experience a short 

growing season (less than 90 days). Soils are generally nutrient poor 

(less than 5 ppm of avai 1 ab 1 e nitrogen and phosphorus) , strongly alkaline 

(pH 8.0 to 8.8) and highly calcareous (greater than 15 percent free lime). 

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

browsing and trampling by native ungulates. 

3.0 LITERATURE REVIEW 

The site factors whi eh ·characterize Alberta I s montane grass 1 ands 

make revegetation problematic. One obvious means of overcoming undesirable 

characteristics of the soil medium is to topdress the site with a more 

suitable material. The addition of peat to coarse-textured soils has been 

shown to increase moisture holding capacity (Stevenson, 1974; Fedkenheuer, 

1979) . However , loamy sands such as those indigenous to montane grasslands 

have also been successfully used as topdressing to improve revegetative 

success on arid grasslands (Yamamoto, 1975; DePuit and Coenenberg, 1979). 
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Ferti 1 i zati on is a proven method of restoring ferti 1 i ty to nutrient 

poor sites and in many cases revegetation has been completely unsuccessful 

without addition of fertilizer at the time of seeding (Vogel , 1973; Curry, 

1975). Furthermore, by adding an acid forming fertilizer such as ammonium 

sulfate , it is possible to counteract the adverse effect of alkalinity. 

The success of revegetation efforts can also be greatly influenced 

by the method of seeding as demonstrated by Walquist et al . ( 1975) and 

DePuit and Coenenberg (1979) . Raking or packing the seed into the seedbed 

or covering the seed with mul eh reduces desiccation of germinating seeds 

and thereby minimizes the effect of low soil moisture levels (Russell, 

1973; Johnston and Smoliak, 1977) . 

4.0 METHODS 

In order to test the effectiveness of topdressing, fertilizing and 

seeding method techniques, field and greenhouse trials were conducted . A 

pipeline right-of-way in Jasper National Park , adjacent to Jasper Lake , was 

selected as the site for the revegetation trials. The pipeline was 

constructed in 1952 and over the ensuing 25 years, the study site had 

remained generally void of vegetation . No attempt had been made to 

conserve topsoil during construction or to reclaim the right-of-way 

afterwards . Wind erosion had left approximately half of the ground surface 

covered with gravel size materi a 1 . Mean p 1 ant cover was 9. 5 percent 

relative to 80 .0 percent on adjacent undisturbed grasslands . 

------, 
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The logistics involved in applying four independent variables 

(topdressing, fertilizer, seeding methods and plant materials) necessitated 

the use of a split-plot experimental design . In the spring of 1977 , the 

site was divided into four replications (rows) and then further subdivided 

into four levels of plot units which represented the four independent 

variables (Figure 1) . The plots were rototilled and hand raked to create a 

level seedbed . 

Fibric to mesic peat derived from feather mosses and sphagnum mosses 

was applied to one third of the plots to a 10.0 cm depth. One third of the 

plots were topdressed with 7.5 cm of loamy sand textured , strongly 

calcareous , aeolian material . The loamy sand had properties very similar 

• to those of the undisturbed soils adjacent to the study site (Table 1) . 

The remaining plots were not topdressed . 

One half of the topdressing plots were fertilized with 16-20-0 + 

14%S while the other half were not fertilized . The fertilizer was 

broadcast at 785 kg/ha . 

The fertilizer treatments were further divided into four seeding 

method units . The seeding methods tested were: 

1. broadcast seeding; 

2. hand raking the seed into the seedbed; 

3. packing the seed into the seedbed; and 

4. covering the seed with a cellulose fibre hydromulch at 1675 

kg/ha . 



FIGURE 1: Schematic Field Experiment Plot Design 
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TABLE 1: Soil Test Results for Soils 
and Topdressing Prior to Treatment 1 

MATERIAL SAMPLE AVAILABLE 
DEPTH PLANT NUTRIENTS• 
(cm) 

(N) 

Study Sfte 0 - 15 1 
Sof I 16 - 30 0 . 5 

Adjacent 0-15 2 
Undisturbed 16-30 5 t 
So I 1 

Feathermoss & N/A 1. 5 
Sphagnum Peat 
Topdressing 

Loamy Sand N/A 0.5 
Topdress Ing 

Samp I es taken ,June 1 t , 1977 
N " NI trogen 
P • Phosphorus 
K = Potassium 

(ppm) 
(P) (K) 

0 113 
0 66 

0 137 
0 107 

0 42 

0 59 

SULFUR' SOIL SOIL SULFATES SODIUM 
REACTION CONOUC 

(pH). -TIVITY 
(mmhos) 

M- 8.3 0 . 4 NIL L-
M- 8 . 8 0 . 4 NIL L-

M 8 . 2 0 . 4 NIL L-
M 8 . 7 t . t NIL L+ 

M+ 5 . 2 0 . 4 NIL L-

L 8 .o 0 . 3 NIL L-

Ranges are those of Alberta Agriculture Soll and Feed Tes t ing Laboratory 
Sulfur : L•t.t-2ppm, Mz5,t-8ppm, M+=8 . t - t2ppm 
Sodium : L=0-35ppm, L+•70 . 5-t05ppm 
Free lime : L=<tY,, M+=6-B¼, H+•>t5¼ 
Organic Matter : L"<1¼, L+z1 . t-2¼, H+=>fO¼ 

SL =Sandy loam, L=Loam , O=Organtc, LS=Loamy Sand 

) 

FREE ORGANIC TEXTURE ' 
LIME' MATTER ' 

H+ L SL 
H+ L SL 

H+ L SL 
H+ L+ L 

-.....J 

I 

L H+ 0 

M+ L LS 
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The seeding method units were ultimately divided into one square 

metre plots to which three seed mixtures comprised of 16 nati ve plant 

species were applied at a rate of 20 kg/ha (Table 2). 

Research was designed to assess the response of plant species to the 

various treatments . However, these complex relationships are beyond the 

scope of this paper. For further information , see Wishart (1983) . 

In 1977 and 1978 , data regarding percent ground cover, average plant 

height, vigor, soil fertility and grazing at the trial sites were collected 

by the author (Wishart, 1983) . Ground cover data were analyzed using 

multiple analysis of. variance . Treatments that were statistically 

significant using F table values at one percent level were compared using 

Duncan's Multi ple Range Tests (P ~ 0.01) . 

The field trial studies were supplemented by greenhouse trials to 

detennine the effect of temperature and moisture on topdressing and 

fert ilizer treatments . Plant height and biomass data were analyzed using 

the same methods as those of the field trials . 

In 1979 and 1980, Parks Canada collected similar field data but did 

not conduct statistical analyses (Harrison , 1979 , Parks Canada, 1981, ed.) . 

The author revisited the site in 1984 and the results of these qualitative 

assessments are included in the results. 
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TABLE 2: Plant Materials Used in Field Experiments 

Species Origin of Seed Stock Natt ve to Study Drought Alkal tne Nf trogen 

SI te Area Tolerant Tolerant flKer 

Jun tperus hortzont a 1ts Kooteney Plains , Alberta Yes• Ye s Yes No 

Moench . 

Agropyrcn rtpartum Oregon (cv . Sodar) Yes 1 Yes Yes No 

Scrtbn . & Smith . 

Agropyron trachycaulum Beaverlodge, Alberta Yes• Yes Yes No 

(Link) Malte 

Agropyron sp . Beaverlodge, Alberta No 

Agrostts stolontfera L . Poland No No No 

Etymus lnnovatus Beal . Ft . St . John, B . C . Yes' ,, No No 

Festuca saxtmontana Rydb . Kootenay Plains . Alberta Yes' Yes No 

Koelerta crtstat a (L . ) Pers . Peace River. Alberta Yes I I Yes No 

Poa alplna NI L . Pine Pass , B . C . No Yes Yes No 

Paa alptna #2 L . Unknown No Yes Yes No 

Poa pratensls L . Palmer , Alaska Yes ' Yes Yes No 

Rosa aclcularts Llndl . Cypress Hill s , Alberta Yes Yes No 

Astragalus SJ) . Kootenay Plains , Alberta Yes 

Hedysarum alplnum L . Peers. Alberta Yes•' Yes Yes Yes 

Hedysarum m~ckenztt Haines Jct . . Yukon Yf!S' Yes Yes Y4!S 

Rt chards . 

Elaeagnus com111t.1tata High Level, Alber ta Yes• Yes Yes 

Bernh , 

Identified by Stringer (1969) . 

I dent t f ted by Hett Inger ( 1975) . 

!dent If led Oy Wei IS ... r al . ( 1978) 
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5.0 RESULTS AND DISCUSSION 

5.1 General 

Weather conditions for the first two growing seasons were more 

favourable to the establishment of vegetation than the 1 ong tenn average . 

Precipitation was 57 percent above the 30 year mean for the 1977 and 1978 

growing seasons while temperatures were 2.1°c below average. These factors 

produced a more favourable soil moisture regime during the critical 

establishment period than normally exists and likely influenced the 

effectiveness of the various treatments. 

Emerged seedlings were· observed ·at the field trial ·site four weeks 

after seeding and had produced approximately 20 percent ground cover by the 

end of the first growing season . Ground cover reached 30 percent by the 

end of the second growing season and 65 percent seven years after seeding. 

5.2 Topdressing 

Topdressing the seedbed was not beneficial (Figure 2) . While soil 

analyses were unable to detect significant differences, greenhouse 

experiments demonstrated that both peat and 1 oamy sand topdressings were 

less fertile than the original soils . Lower fertility was likely the major 

cause of the negative results from both topdressings. 

The peat topdressing was probably too shallow to have significantly 

improved soil moisture levels . Research by Logan (1978) and Simard (1968) 

~ 

~ 
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indicates that somewhere between 25 and 66 cm may be a minimum depth at 

which peat must be applied to improve soil moisture and plant growth in the 

1 ong term. Above-average preci pi tati on probably overcame whatever 

beneficial effects on moisture-holding capability that the peat may have 

produced while plants became established. A delay in plant development was 

also noted on soils topdressed with peat . The delay was attributed to 

cooler spring soil temperatures which result from greater moisture levels . 

Significant winter kill was recorded in 1980 (Parks Canada, 1981, ed.) and 

may have been a result of this delayed plant maturity. 

Applying loamy sand topdressing did little to improve the physical 

characteristics of the soil surface since simply rototilling the site had 

buried much of the surficial gravel that had · inhibited natural 

revegetati on. Consequently, the net effect of the 1 oamy sand topdressing 

was to decrease ferti 1 i ty . 

5. 3 Fertilizer 

Applying fertilizer significantly improved seed production, plant 

maturity rates, ground cover and plant biomass . Fertilizing increased 

ground cover 7 percent overall in the second year and increases in ground 

cover from fertilization did not diminish with time. Although soil tests 

indicated that the applied nutrients had become almost completely 

unavailable (Table 3) it is probable that fertilization encouraged the 

development of a more productive plant-nutrient cycle, whereby increases in 

~ 

--------, 
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TABLE 3: Soil Test Results for Topdressing and Fertilizer Treatment Plots 1 

MATERIAL SAMPLE AVAILABLE SULFUR' SOIL SOIL SULFATES SODIUM FREE ORGANIC TEXTURE• 
DEPTH PLANT NUTRIENTS' REACTION CONDUC LIME MATTER' 
(cm) (ppm) (pH) -TIVITY 

(N) (P) (K) (mmhos) 

No 0-15 1. 5 0 . 5 109 L+ 8 . 2 0 . 4 NIL L- H+ L+ SL 
Topdress Ing 16-30 0 . 5 0 62 L+ 8 . 1 0 . 4 NIL L- H+ L+ SL 
No Ferti 1 izer 

No 0-15 1 0 . 5 141 L+ 8 . 2 0 . 4 NIL L- H+ L+ SL 
Topdress tng 16-30 4 . 5 0.5 67 M- 8 . 4 0 . 4 NIL L- H+ L+ SL 
Fert 11 ized 

Peat 0 -1 5 1 . 5 0 108 M 8 . 0 0 .4 NIL L- H- H 0 
Topdressing 16-30 1 0 85 M 8 . 1 0.4 NIL L- H+ L+ SL 
No Fertilizer 

1 

Peat 0 - 15 1 . 5 1 . 5 24 M+ 7 . 8 0 . 4 NIL L- M+ H 0 ........ 
w 

Topdressing 16 - 30 0 . 5 0 . 5 52 M+ 8 . 2 0 . 3 NIL L- H+ L+ SL 
Fertilized 

Loamy Sand 0-15 0 . 5 0 . 5 57 L 8 . 5 0 . 3 NIL L- H+ L LS 
Topdress tng 16-30 0.5 0 72 L 8 . 4 0. 2 NIL L- H+ L SL 
No Fert i 1 izer 

Loamy Sand 0-15 0.5 0 64 L+ 8.3 0 . 3 NIL L- H+ L LS 
Topdressing 16-30 0 . 5 0 65 M- 8 . 4 0 . 3 NIL L- H+ L SL 
Fer t 1 11 zed 

Samples taken September 4, 1978 
N = Nitrogen 
P = Phosphorus 
K = Potassium 

' Ranges are those of Alberta Agriculture Soil and Feed Testing Laboratory 
Sul fur : L = 1 . 1 -2ppm, L+=2 . 1-3ppm, M-•3 . 1-5ppm, 

M=5 . 1 -Bppm, M+=8 . 1-12ppm 
Sodium : L-=0-35ppm 
Free Lime : M+=6-B¼ , H-=8-l0%,H+=>15% 
Organic Matter: L,.<1%, L+= 1. 1-2%, H:8-10% . SL•Sandy Loam , L=Loam, O=Organic , LS•Loamy Sand 
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detrital input equaled increases in mineralization or organic matter. All 

plant species showed a positive response to fertilization, including 

legumes . 

Some of the fertilizer was absorbed by the growing plants . However, 

a significant amount of ammonium nitrogen was likely lost by volatization 

of ammonia which occurs as ammonium salts contact aqueous alkaline media . 

Much of the app 1 i ed phosphorus probab 1 y formed calcium compounds 

with low sol ubil iti es , a common fate of phosphorus in alkaline soil . 

Banding the phosphorus may have been a more appropriate method of 

application . 

Within two years of application of a large quantity of acid-forming 

fertilizer , no decrease in soil pH could be detected. This is likely 

attributable to a loss of acid-forming material from volatization and 

leaching of fertilizer in conjunction with the large soil reservoir of free 

lime. 

5 .4 Seeding Methods 

The method of seeding did not affect overall percent ground cover . 

Differences in plant establishment in the first growing season and in the 

early part of the second were noted . However, encroachment of established 

vegetation overcame the differences in a relatively short period of time . 

Mulching was the poorest overall seeding method, probably because 

the mulch retards the rate of soil warming in spring and available 

~ 
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nutrients become immobilized by microorganisms decomposing the organic 

matter . 

Covering the fertilizer by raking it into the seedbed or by mulching 

produced a very pronounced increase in ground cover and plant biomass 

relative to unfertilized plots of the same seeding methods . This effect is 

likely due to an inhibition of volatization of ammonium fertilizer. 

6.0 CONCLUSIONS 

Simply broadcasting seed onto an unamended , rototilled surface 

produced ground cover of 35 percent after two growing seasons whi eh was 

only 5 percent less than the best overall treatment, fertilizing and 

packing the seed. Seven years after seeding, these unamended plots where 

seed was broadcast still have excellent cover , which indicates that the 

gravelly seedbed prior to tillage and a lack of sufficient seed cast from 

adjacent grasslands were major limiting factors to natural secondary 

succession. 

The results obtained from these field trials indicate the 

possibility of rapid establishment of a productive native plant community 

in a harsh mountain environment . If weather conditions are favourable 

whi 1 e the plants become estab 1 i shed, proper seedbed ti 11 age and broadcast 

seeding alone can be sufficient to successfully establish ground cover . 

However , revegetation success can be enhanced by applying a suitable 

fertilizer composition at the time of seeding . 
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DEVELOPMENT OF A RECLAMATION TECHNOLOGY 

FOR THE 

FOOTHILLS/MOUNTAINS REGION OF ALBERTA 

Terry M. Macyk , ALBERTA RESEARCH COUNC IL 

ABSTRACT 

Initiated in 1972, an on-going reclamation study has b~en conducted by the 

Soils Department of the Alberta Research Council on behalf of Smoky Coal 

Ltd. at their open-pit mine operations near Grande Cache, Alberta . The 

main objective of the project is to determine methods of establishing long­

term cover that is in harmony with adjacent , undisturbed areas . During the 

study the unm i ned and reconstructed soi 1 s were characterized . Results of 

plot studies to determine the suitability and adaptability of various 

agronomic and native grasses and 1 egunes suggest recommended species for 

use in the region. Methods for the establishment of trees and shrubs are 

presented . Encroachment by native species into the reclaimed areas and the 

use of these areas by wildlife are described . The results obtained to date 

from the research effort have been successfully transferred to the 

operational scale . 
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INTRODUCTION 

The Alberta Research Council , Soils Department has been conducting a 

reclamation research program in the Grande cache area on behalf of, and 

funded by , Smoky River Coal (formerly McIntyre Mines Ltd . ) since May, 1972. 

When the Alberta Research Council (ARC) undertook the project , reclamation 

research was truly in its infancy i n Alberta. Techniques developed else­

where, primar i ly in the United States, were not applicable to the Alberta 

situation. Furthermore, the issue of reclamation in Alberta was not 

formally addressed until the Land Surface Conservation and Reclamation Act 

of 1973 and the Coal Pol icy of 1976. This paper provides a summary of the 

work undertaken and an assessment of the results obtained . Results 

obtained thus far in th i s study provide a basis for a reclamation techno l ­

ogy or the methodology for achieving reclamation success in the Foothills/ 

Mountains region. Details relating to the various aspects of the study are 

documented in the progress reports prepared annually (see reference 1 ist) . 

Setting 

The operations of Smoky River Coal Ltd . are located approximately 13 km 

north of the town of Grande Cache in the Rocky Mountain Foothills . The two 

major surface mining operations are the No. 8 and No . 9 Mine areas located 

adjacent to the Smoky River and Sheep Creek respectively . Elevations range 

from 1600 t o 1800 m and the topography i s steeply sloping . Climate can be 

considered one of the major 1 imiting factors to revegetation success . 

Frost and/or snow can and do occur in any month of the year and wind is a 

common phenomenon . 

Objectives 

The original objectives of the project were defined as follows . New ones 

were added as additional needs were identified. 

1) Characterize unmined and reconstructed soils and evaluate their suita­

b i l i ty for reclamation purposes; 
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2) Determine, by field testing, suitable grasses and legunes for 

establishment of a protective vegetation cover on reclaimed areas to 

minimize erosion; 

3) Determine, by field and laboratory testing, the nutrient requirements 

for maintaining a viable vegetative cover; 

4) Determine methods of establishing a long-term vegetative cover that is 

in harmony with adjacent, undisturbed areas. 

MATERIALS AND METHODS 

Coal production from the No. 8 Mine commenced in June, 1971. The research 

program that placed emphasis on soils and vegetation concerns began in May, 

1972. 

Pre-Mining Soils 

A soil survey of that portion of the No. 8 Mine area that had not yet been 

disturbed by mining and the No. 9 Mine area indicated that the soils were 

dominantly Luvisol ic and Brunisol ic (CSSC 1978). The depth of salvageable 

material over lying bedrock ranged from less than 10 cm to in excess of 1 m 

with an overall average of approximately 50 cm. Analytical data indicated 

that these soils were moderately to slightly acid , medil.111 textured and had 

low levels of available plant nutrients, especially nitrogen and phosphorus 

Materials Handling Procedures 

Soil salvage is an integral part of the materials handling program 

associated with the overall mining operation. Following the removal of 

merchantable timber, the soil overlying consolidated bedrock is removed in 

one lift in a manner such that a minimum amount of coarse fragments are 

incorporated. The soil materials are stockpiled for future use. Because 

the surface or organo-mineral horizons are minimal or, nonexistent and the 

sola are quite variable in thickness, segregation or selective handling of 
soil materials is not considered. 
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Soil material is replaced on the spoil surface by scrapers or truck/ 

caterpillar operations following the removal of overburden and coal and 

subsequent backfilling and grading. Scrapers tend to allow for a more 

uniform depth of soil replacement but they are limited by slope angle and 

they cause more severe compaction under moist conditions. Caterpillars 

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

seed germination sites . 

Reconstructed (Post-Mining) Soils 

The reconstructed soils that are developed do not duplicate the soils that 

existed prior to disturbance. The physical properties of the soils are 

the ones most drastically altered by the mining process. Soil structure 

is completely destroyed . Compaction by heavy equipment reduces pore space 

and makes the soils somewhat less pervious to water, roots and air . The 

s i lt loam texture combined with very low levels of organic matter results 

in a crusting_ problem which has a direct bearing on infiltration capa~ity . 

and processes such as runoff and erosion. Infiltration tests indicated 

that the undisturbed or virgin soils had considerably higher infiltration 

rates than the reconstructed soils. 

Overall , reconstructed soils are generally coarser textured , higher in pH 

and lowe r in available nutrients than unmined soils . These soils have 

some limitations, however, with proper management they are invaluable in 

ach ieving reclamation success . 

Vegetation Studies 

As was stated previously i n the 1 ist of objectives the overall goal of the 

projec t was and is to estab li sh long-term self sustaining cover that is in 

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

the initial considerations relative to estab l ishment of a plant cover . 

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

project was in i tiated . In stead , the idea was to first estab l i sh an 
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eras ion contra l cover and then get the area back to the orig i na 1 cover 

which suggested a forest cover not necessarily merchantable along with 

some capability for wildlife use. 

The vegetation aspect of the study was initiated in May . 1972 with the 

establishment of three plot areas, the first of many to be utilized during 

the project term. The three locations involved 60 individual 6 x 9 m 

plots to determine the suitability of 30 different agronomic grasses and 

legumes. Slopes ranged from Oto 40 degrees. 

Fertilizer trials were included to determine the most appropriate ferti-

1 izer types and analyses to be used , as well as timing and rate of 

a pp 1 i cat ion . 

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

the study . It had been suggested that native species be ut i 1 i zed because 

animals prefer them, that less maintenance is required after establishment 

and that natives are more aesthetically pleasing . Realistically however 

in 1972 there was very little 11 native11 seed available . Consequently , seed 

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

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

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

planted . 

The native species issue was also approached from the standpoint of 

introducing trees and shrubs relative to meeting the objective of esta­

blishing a long term cover that is in harmony with the surrounding area. 

A major problem was encountered in that seedlings suitable for planting 

above an elevation of 1100 m were unavailable. Consequently , a cone 

collection program was undertaken and greenhouse space acquired to rear 

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

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

of containers were utilized to determine those most suitable for use in 

reconstructed soils and to get an appreciation of the relative costs 

associated with seedling production. 



- 6 -

Cuttings of willow (Salix spp . ) , balsam poplar (Populus balsamifera) and 

root cuttings of aspen (Populus tremuloides) were rooted in the green-

house. Direct planting methods were also utilized for the cuttings of 

willow. fust of the materials produced were then planted within areas 

having an established grass and/or grass/legune cover . 

During the 1983 growing season a limited amount of work was done with 

direct seeding of pine and spruce seed to determine whether this procedure 

might be useful to consider on an operational scale . A more extensive 

field program was undertaken during the 1984 growing season. 
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RESULTS AND DISCUSSION 

Suitability of Agronomic Grasses and Legumes 

Most of the agronomics that were planted initially , survived and continue 

to thrive . Many of the species produced and dropped viable seed . There 

was some concern at the outset that legumes, and in particular alfalfa , 

would not adapt or sur v ive at the elevations involved in this study . 

Time and annual mon i toring of growth resulted in the development of an 

appreciation of species suitability (desirability) , stand composition and 

fertilizer requirement . For exanple. with time and the withholding of 

fertilizers , alfalfa increased its share of the ground cover while the 

grasses, which tended to comprise a major portion of the initial cover in 

a mixed stand, declined in vigor . A number of recommended seed mixtures 

and seeding rates appropriate for different slope aspects (moisture 

regimes) were developed and are documented in the annual reports prepared 
(Macyk 1975 , 1976, 1977) . In terms of the most suitable time of year for 

planting, it was determined that spring seeding is superior to fall 

seeding for a number of reasons . The major reason i s that legumes , which 

should be included in the cover established, perform much better when 

seeded in the spring . 

To summarize , one might suggest that legumes such as alfalfa and clover 

along with the fescues, wheatgrasses, and wildryes are the most appropri­

ate for revegetation use . Bromegrass and timothy provide good init i al 

cover but tend to be highly competitive in mixtures and have relatively 

high nutrient requirements. Furthermore , the relatively large amounts of 

vegetati ve material produced by these species tends to support and promote 

the mouse population through late fall and winter . 

Fert i 1 i zer Requirements 

As indicated previously, the available nutrient levels of the undisturbed 

and reconstructed soils was quite low. The grasses and legumes showed a 

marked response to the application of fertil i zers to the extent that 
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fertilized plots produced 10 to 20 times more dry matter than the 

unfertil ized plots. 

A number of concerns surfaced relative to the use of fertilizers in 

rec l amation. Firstly , there was the concern that large applications of 

fertilizer would be required annually to maintain the established cover. 

Furthermore , the original cover established was relatively dense which it 

was suggested would preclude invasion by natives and that resultant dead 

plant material would create a fi r e hazard in spring. The dead plant 

material probably does create a fire hazard but i t is also useful from the 

standpoint of improving the organic matter status of the reconstructed 

so i 1 . 

On the basis of long term observations it can be stated that refertil iza-

t ion is not 

Furthermore, 

and fo 11 ows: 

required annual l y to maintain a viable vegetative cover. 

a summary relative to timing of applications was developed 

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

following year (year 2); 

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

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

3) for areas where legumes such as alfalfa are included in the mixture , 

the veg et at ion cover can be 1 eft for five years and perhaps 1 onger 

wi t hout refertil ization. 

Native Species Trials 

Results indicated that the seed of some of the native grasses and legumes 

collected had relatively low germination rates . For exc1T1ple, the 

germination rate for loco-weed was 70 percent , whereas that of alpine 

hedysarum was 15 percent . It was observed that establishment of a viable 

erosion control cover utilizing natives only, took at least two years 

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

~ 

~ 
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associated with utilizing natives , the species used in this study are 

considered appropriate for large scale use . 

the acquisition of an adequate seed supply . 

A major concern relates to 

Relatively good success was achieved in terms of tree and shrub establish-

ment . It was demonstrated that trees and shrubs will thrive in areas 

initial l y seeded to grasses and legunes . This practice was questioned 

initially because of an anticipated competition for moisture . It became 

apparent that the protection afforded the seedlings by the grass and 

legume cover, especially in holding snow i n the winter , far outweighed the 

negative aspects of competition for moisture during the growing season. 

Furthermore, it was noted that seedlings growing in association with 

alfa l fa appeared more healthy and vigorous than those growing in 

association with grasses . 

The 
the 

1 ) 

2) 

3) 

4) 

5) 

following summary represents an assessment of results five years after 
init_ial pl anting of trees and shrubs . 

engelmann spruce survival rate 

lodgepole pine survival rate 

rooted willow and balsam cutting survival rate 

d i rect planted willow cutting survival r ate 

- 65% 
- 50% 
- 65% 
- 40% 

container grown conifer seedlings are super ior to bare root stock in 

terms of survival and growth rate 

6) larger size containers promoted higher survival rates . 

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

standpoint of growth rate . 

Some prob 1 ems were encountered re 1 at i ve to seed 1 i ng morta 1 it y . Upon 

investigation of some of the seedlings that had expired, it became 

apparent that the upper root mass surrounded by the peat from the origina l 

container was exposed at the soil surface. This exposure is likely the 

result of frost heaving. 
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Direct seeding of spruce and pine seed has shown some promise , however 

assessment of the results of the 1984 field program will be required 

before any conclusions can be reached or recommendations made. 

Recently, emphasis was placed on assessing some of the characteristics of 

trees planted in the reclaimed area and relating this to trees found in 

the adjacent forest and in areas reforested after harvesting operations . 

In 1983 , an assessment of the characteristics of trees planted in the 

reclaimed area relative to trees present in the adjacent forest was under­

taken. Trees selected for examination or comparison were chosen on the 

basis of obtaining a similar species and sizes from both the natural and 

reclaimed areas. Trees were excavated to allow for examination of rooting 

habit and depth . Stem diameter at the base, age and height of each 

individua l tree were determined. 

Roots were concentrated in the upper 30 cm of the soil with only minor ~ 

rooting bel_ow 50 cm for both spruce and pine within the reclaimed and 

undisturbed areas . Rooting hab i t or pattern was quite similar for trees 

excavated from the undisturbed and reclaimed areas . 

The data obta i ned indicated that the growth rate for trees in the 

reclaimed area was considerably greater than that of trees grow i ng in the 

natural forest . These results might be explained by the fact that the 

trees in the reclaimed setting may have benefitted to an extent from the 

fertilizers applied to the accompanying grass cover . Furthermore , the 

trees in the reclaimed area likely receive more direct sunlight than the 

trees in the natural forest setting . However , it should be pointed out 

that the trees in the reclaimed area are more exposed to climatic extremes 

such as wind . 

In 1984 , an attempt was made to compare the growth of trees in the 

reclaimed area with those growing in reforested areas that had previously 

been logged for pulp industry purposes . It was felt that this might 

provide a more valid comparison of growth since the reforested areas are 

more open to 1 ight etc. A site was selected approximately 40 km south-



- 11 -

east of fib . 8 Mine . The elevation of 1500 m is somewhat less than that of 

the mine but it was the highest or best that could be readily accessed. 

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

locations . 

Table 1 Age and Growth Data for Conifers 

Treatment/Location N* Diameter (cm) Height (cm) Age ( yr s) 

Ree l aimed-No . 8 Mine 

Spruce 12 1. 4 55 11 
Pine 12 2. 6 75 11 

Reforested 

Spruce 17 1. 2 52 14 
Pine 18 1. 3 59 11 

Natural Forest -
No. 8 Mine 

Spruce 23 0. 9 42 17 
Pine 26 3. 1 108 28 

N* - number of trees 

The data presented suggest that the trees growing in the reclaimed area 

are at least comparable to those i n the reforested and the natural forest 

settings. It should also be noted that climate is more severe at the fib. 

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

Encroachment by Natives 

Field observations indicate that encroachment by natives into the 

disturbed areas wil l occur with time. Various lichens, mosses, lupine, 

loco-weed, alpine hedysarun and Indian paintbrush are naturally invading 

the areas initially seeded to agronomics. Willow , alder , balsam poplar 

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

in the area . 
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The encroachment by natives is the result of seed spreading from adjacent 

undisturbed areas and/or the result of i ncorporation of seed and vegeta­

tive material during soil salvage operations and the resultant germination 

of seed or sprouting of vegetative material following soil replacement . 

These observations suggest that revegetation can be planned and managed in 

a manner such that natives can be included in the original seed mix and 

they can be expected to encroach or invade on their own . In other words , 

natives grasses, legumes , herbs , shrubs or trees will come in naturally if 

not planted originally. However the appropriate seeding or planting of 

natives speeds up the overall process . 

Wildlife Utilization of Reclaimed Areas 

During the initial stages of the study it was suggested that most wildlife 

species would not utilize reclaimed areas especia l ly those where agronomic 

gra~ses and l egumes were utilized . Bighorn sheep init i ally i nhabited the 

expe·rimental areas only in spring !)ecause the plots greened up earlier 

than the ir native r ange . Presently, they stay within the reclaimed area 

throughout the growing season, selectively grazing particular species such 

as alpine bluegrass , creeping foxtail , hard fescue and to some extent the 

tender shoots of alfalfa. 

Transfer of Research Results t o Operational Scale 

The results of the experimental work were applied on a large scale early 

in the project ; r evegetation of major areas began in the fall of 1973 , 16 

months after the inception of experimental work . Seed mixtures and 

fertilizer applications were based on results availab l e at that time and 

have been upgraded annually as more information became available . It was 

determined that hand broadcast of seed and fertilizer was more effective 

and had a higher cost-benefit than to hydroseeding and helicopter seeding . 

One troublesome aspect of going to the large scale involved that of 

incorporating the seed by roughening or scarifying the surface following 

the broadcast application . On a plot scale th i s was accomplished by hand 

r aking, whereas for the large scale , several designs of a 11 drag 11 were 

,---...___ 
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prepared before one was built which was both suitable and adequately 

sturdy . 

CONCLUSIONS 

The results of the research project described suggest that reclamation in 

the Foothills/Mountains region of Alberta can be successful provided that 

certain techniques are utilized and specific procedures followed . The key 

requirements follow : 

1) Soil salvage and replacement is practiced . 

2) Appropriate agronomic grasses and legumes are selected to provide 

initial cover . Native sper.ies can be included in the mixtures . 

3) Fertilization i s practiced in a manner that allows for stand mainte­

nance but also allows for desirable species competition and for 

encroachment by natives . 

4) Appropriate seedling stock , cuttings, etc. are used for establishment 

of trees and shrubs . Some of the species will come in naturally but 

perhaps not in the density and certainly not as quickly as compared to 

plantings . More research is required to determine the merits of 

direct seeding of conifer seed to establish acceptable stands. 
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ABSTRACT 

The purpose of this study is to identify and describe those 
spatial and temporal factors which influence successional trends 
of naturally revegetating mining disturbances . Vegetation 
communities ranging from 2 to 80 years in age are described on 
67 sites disturbed by placer mining . Principal components 
analysis, a gradient analysis technique , is used to transform 
site environment variables into single component scores. 
Regression analysis is then used to isolate the determinants of 
vegetation patterns . The influence of site e·nvironmental 
conditions account for 48.8 % of the variation in total 
vegetation cover , 8.2 % of the variation is explained by site 
age, and 43.0 % by other residual factors. These residuals may 
include the influence of adjacent vegetated areas, soil movement 
as a result of erosion, climatic variability, sampling error, 
and chance. Once confounding effects of site age and residual 
factors are partitioned, vegetation cover and site conditions 
are significantly correllated. Soil moisture , soil macropore 
space and slope angle comprise the major environmental 
influences. This information is used to identify the condition 
present mine sites may be left in when abandoned, in order to 
promote optimal natural revegetation . 

INTRODUCTION 

Placer mining has taken place in the Klondike continously 
since 1896. Excavation of lower slopes and creek bottoms for 
m1n1ng purposes has resulted in extensive areas of disturbed 
land. Different mining techniques used in particular situations 
are reflected in the wide range of site conditions contained 
within these disturbed lands. In addition, despite the fact that 
mining equipment and methods have changed, site conditions 
produced today are similar to those produced by mining in the 
past. 
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To date, the m1n1n9 industry has not been required to 
manage disturbed lands. Consequently, these areas have been left 
for nature to stabilize and revegetate . Current vegetation 
occuring on disturbed land represents a range of natural 
recolonization and establishment . Variation , in both the amount 
and type of vegetation on disturbed land in northern areas has 
been observed by Hernandez (1973), Hardy and Associates (1978), 
Naldrett (1982) , Holmes (1982), and Durst (1982). Some mined 
lands support vegetation communities with characteristics 
similar to that of adjacent unmined areas , whereas other 
disturbances maintain vegetation quite distinct from that of the 
surrounding area . 

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

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

2·) Enhance wildlife habitat, and 

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

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

The analysis and results presented in this preliminary 
report address relationships between vegetation cover and 
environmental factors of mined land. The amount of vegetation 
cover on disturbed land is generally considered to be a measure 
of the ability of that land to resist soil erosion (Rutter 
1967) . Cover reduces the impact of rainfall on soil, increases 
adsorption, checks the speed of flowing water, and binds the 
soil (Agric . Canada 1961) . 
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The results . of this study will aid in the prediction of 
natural revegetation patterns on present day disturbances. In 
addition , an understanding of conditions amenable to natural 
revegetation will aid in determining the extent to which 
revegetation management is required in order that other resource 
values may be recognized. This report will suggest environmental 
management practices which involve the use of ecological 
information pertaining to the sensitivity and/or the resiliency 
of a disturbed ecosystem. This form of environmental management 
has been recognized by others (Hollings 1978, Beanlands 1983) . 

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

LITERATURE REVIEW 

Considerable research has been completed in the field of 
applied mined- land revegetation in the North ( Johnson and 
Vancleve 1976; Peterson and Peterson 1977) . However , few studies 
are concerned with the natural revegetation of lands disturbed 
by mining . Errington (1975) and Meidinger (1979) in British 
Columbia, and Hernandez (1973) in the Northwest Territories , 
have studied natural revegetation on abandoned roads and mining 
disturbances. Hardy Associates (1980) in Yukon, and Rutherford 
and Meyer ( 1981 ) , Durst ( ·1 981) and Holmes ( 1 982) in Alaska, 
recently completed studies about natural revegetation on dredge 
tailings and associated disturbances. These studies are 
generally descriptive in nature . The variation in vegetation 
composition and abundance (percent cover) between the disturbed 
sites was not related to the combined effects of ; 

1) Site conditions (slope, texture, etc . ) , 

2) Site age (revegetation period) , and 

3) Unexplained or residual factors (chance, seed source, 
c 1 i mate ~ et c . ) . 

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

The study area is located within the Klondike Plateau 
portion of the Western Yukon Plateau (Bostock 1948) . This reg i on 
is characterized by narrow, deeply disected "V" shaped valleys 
often associ a ted with unglaciated terrain . The plateau i s 
developed ma i nly on Paleozoic metamorphic rocks with extensive 
areas of Tertiary age basalts , shales and sandstones. Some 
valleys contain high leve l gravel benches over bedrock terraces 
and varying depths of creek gravels over the valley floors 
(Mcconnel 1906). Most of the area lies below 1000 m in elevation 
and the study sites range between 400-600 m above sea level. The 
disturbed areas are located within the Bonanza, Klondike, 
Hunker, Sulphur and Gold Run drainage basins, on alluvial pl ains 
and terraces . 

The climate of the Klondike is subarctic continental, 
characterized by long cold winters and short hot summers. Mean 
annual temperature is -5 C, with extremes of -28 C in January 
and . 15 C in July (Environment Canada 1982) . Temperatur es a r e 
extreme, and frost may occur in any month. The average frost­
free period is 92 days with 910 degree-days over 9 C (1941-70) . 
Mean annual precipitation ranges from 306 to 350 mm over much of 
the low elevation terrain which includes the mined areas of 
interest. Average · rainfall between June and August is 141 . mm, 
wi_th maximum rainfall occuring in late summer · _(Env. · Can . 1982) . 

The study area · lies with i n the discontinuous permafrost 
zone. In general , vegetated valley flats and north facing slopes 
have permafrost . Frozen ground is usually lacking on south 
facing slopes, under valley floors of large streams, and in 
recent alluvium. Most mining activity has occured in permafrost 
areas. 

The Klondike Plateau is covered by Boreal forest . 
Commonly, lower slopes contain black spruce ( Picea mariana ) 
and white spruce ( Picea glauca) in pure stands or mixed with 
aspen ( Populus tremuloides ), balsam poplar ( Populus 
balsamifera ) , and paper birch ( Betula papyrifera ssp. Humils 
) . In areas of permafrost and/or poor drainage the primary 
association consi$tS of black spruce, with a shrub layer of 
labrador tea ( Ledum palustre ) , and a t -hick mat of feather 
moss, sphagnum and lichen. Willows (Salix sp. ) and ericaceous 
shrubs are commonly abundant in the understory on most sites . 
Within the Klondike , it is important to note that during the 
extensive mining activities of the early 1900 ' s , nearly all the 
forests were cut for lumber and fuel. The present vegetation is 
a result of regrowth from that period. 

,,,--...._ 
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FIELD METHODS 

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

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

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

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

GRADIENT OF PRINCIPAL ENVIRONMENTAL COMPONENT 
0.0 1,0 2.0 3,0 4 .0 5 .0 

SITE VARIABLES 

1) DRAINAGE CLASS POOR I IMPERFECTLY WELL I RAPIDLY 
DR. DRAINED DR. DRAINED VERY RAPIDLY DRJ\INED 

5,5 

2) MACROPORE SPACE:(% 0-2, 0-6, 6-13\ I 13-22% 
1

22-
27% 

3) FINE MATERIAL(%} 100-70% I 70-
SQ'IJ 50-16% 16-5% I 5-0'IJ 

4) SLOPE ANGLE(%} o- 10- I s, 12, 0-30% 0-95% 0-63% 

---------------------------RANGE OF SITE CONDITIONS---------------------------

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

The Environmental gradient presented in figure 1 summarizes 
major trends in substrate composition and moisture supply. 
Gradient boundaries were identified using an ordination 
technique refered to as Principal Components Analysis (Pimentel 
1979) . The upper half of the gradient (92.8 - 5.50) represents 
very well drained soil conditions , characterized by a range of 0 

16 % fine material, 0 - 63 % slope angles and 8 - 27 % soil 
macropore space . Soils in this drainage class have very low 
available water storage capacity ( usually less than 2 . 5 cm) 
within the control section, and are usually coarse textured, or 
shallow, or both (CanSIS 1982) . Water source is primarily 
precipitation . The lowest portion of the gradient (0 . 0 2.5), 
classed as poorly drained, is characterized by ranges of 70 -
100 % fine soil material, 0 - 8 % slope angles and 0 - 2 % soil 
macropore spaces . Water is removed from the soil sufficiently 
slowly , in relation to supply, such that the soil remains moist 
for a significant part of the growing season (CanSIS 1982) . 

~ 

. ~ 

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

Partitioning Determinants of Vegetative Cover 

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

A second regression was performed to further partition the 
determinants of vegetation cover into effects due to site 
conditions and those due to unmeasured residual variables on and 
off the site. The second regression line, representing the 
influence of site conditions, accounts for 48.8 % of the 
variation in vegetation abundance. The remaining 43 % of 
variation represents the influence of all factors affecting 
vegetation growth that were not measured at each sample area. As 
such, it represents that portion of the data that remains 
unexplained following the identification of the influence of 
site condition and age. Figure 2 illustrates the proportion of 
influence of each of the three determinants on vegetation cover 
over the disturbed sites. 
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Figure 2. The proportion of influence of spatial and temporal 
factors on vegetation abundance is partitioned into: 1) site 
age, 2) site conditions, 3) unidentified residual factors . 

INFLUENCE OF 
OTHER FACTORS: 

43.0% 

OF 
AGE : B. 2% 

INFLUENCE OF 
ENVIRONMENT 
VARIABLES:48.8% 

Residual factors may represe11t variables such as climate , 
soil nutrients, sampling error, and the effects of soil erosion . 
In general , soil movement may inhibit plant propagation . 
However, due to low rainfall in the Klondike (320 mm/year) and ~ 
the coarse textured soils exposed by mining, little evidence of 
erosion was observed on uphi l l sites , except where degrading 
permafrost provides a continual source of water . However, 
considerable bank erosion was observed in valley bottoms where 
stream levels fluctuate continually . The resultant unstable 
substrate conditions do not provide a medium for revegetation . 

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

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

Figure 3 illustrates the relationship between vegetation 
cover . and environmental conditions of mined land in the 
Klondike . The influences of both site age and unidentified 
residual factors (adjacent vegetated areas, soil nutrients, 
climate, etc . ) have been removed so as not to confound this 
relationship. 

PERCENT 

90 

80 

VASCULAR COVER 6 

ON DISTURBED 

AREAS 

40 

3 

SITE VARil\BLES 

l) DRAINAGE CLASS 

2) MACROPORE SPACE(\ 

3) FINE MATERIAL(\) 

4) SLOPE ANGLE(\) 

1,0 2,0 3,0 4,0 5,0 5,5 
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Figure 3 . A graph illustrating the relationship between 
vegetation cover and the range of site conditions (gradient of 
principal environmental variables) found on land distubed by 
mining in the Klondike . Hatched areas represent the range of 
both vegetation cover and site conditions . 
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The ranges of vegetation cover associated with portions of 
the site condition gradient illustrate the variation in 
vegatation response to the mined sites . For example, 
comparatively narrow ranges of cover values are found at the 
extremes of the gradient, while wider ranges occur in the 
central portion . This suggests that vegetation response is more 
predictable at extremes of the gradient of site conditions. 

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

Very dry sites support few plant species. These include: 
lichens ( Cladina , Stereocaulon ), mosses ( P~lytrichum ), 
small shrubs ( Rubus , Salix ) , and tree~ ( Betula , Populus ) . _ 
The degree to which these species may alter their environment is 
limited. Similarly, n1oist sites support a limited number of 
species . These include plants capable of rapid colonization and 
growth. Willows ( Salix sp.) , alders ( Alnus sp . ) , grasses { 
Calamagrostis sp.) and horsetails ( Egu1setum sp . ) are commonly 
found in wetter areas. Detailed species environment 
descriptions are provided in a report by Brady {1984). 

SUMMARY 

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

~ 

Revegetation trends appear to be more predictable at the 
extremes of the gradient representing mined site conditions ~ 
(figure 3) . With site age partitioned , 70-100 % vegetative cover 
was found over moist sites and 0-5 % cover over the driest 
sites . Intermediate sites were observed to exhibit a wide range 
of cover values: between 5 and 80 %. 
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The study area includes all major streams in the Klondike, 
extending south to the Indian River. Observations were also made 
in the Clear Creek area east of Dawson . Revegetation conditions 
here appeared similar to those found in the Klondike. However, 
further east towards Mayo, an increase in precipitation rates 
may alter the natural revegetation potential from that of the 
Klondike. Further observations are required to determine the 
geographical extent to which the results of this study may be 
extrapolated . -

MANAGEMENT INTERPRETATIONS 

Based on the information derived from the preceeding 
analysis, the following management considerations are suggested. 
These refer to the conditions which present mining operations 
should be left in, to promote optimal natural revegetation . 

A) SITE AGE CONSIDERATIONS 

1) Site age has little influence on the amount of 
vegetation on disturbed land in the Klondike. However, older 
sites with little vegetative cover are generally coarse 
textured . They do not appear to contribute to soil loss and 
water quality . problems . Revegetation of these coarse textured 
sites will require specific treatment to meet desired land~use 
goals. 

B) SITE CONDITION CONSIDERATIONS 

1) Improvement in substrate moisture holding capacity 
may increase the revegetation potential of placer mined land. 
This can be accomplished by compacting coarse material, reducing 
macropore void-space to 5 % , preferably lower. Also, slope 
surfaces should be kept to a minimum angle, preferably less than 
30 %, and fine material content (% fine sand, silt and clay) 
should be 50 %, or greater. 

2) Revegetation of disturbed land is also dependent upon 
the amount of moisture supplied by precipitation, or more 
-importantly (due to low rainfall rates), subsurface seepage and 
groundwater. Improved moisture supply may be promoted by 
controlled flooding of coarse textured material in valley 
bottoms . This procedure promotes siltation and accumulation of 
fine material, which will improve substrate moisture holding 
capacity . In addition , mounds of coarse material may be levelled 
and recontoured to reduce the depth to water supply for plant 
roots . 
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C) OTHER CONSIDERATIONS 

1) Generally, adjacent vegetated areas are capable of 
providing seed to mined land in the Klondike . Thus, active 
seeding and fertilizing programs are not necessarily required 
for revegetation of these areas . This study has illust r ated that 
mined land can be abandoned in conditions that promote high 
levels of natural revegetation. This degree of vegetation 
resiliency is unique to northern areas and cannot be · related to 
that of southern Canada. It is believed that the increse in fire 
frequency associated with northern areas is the reason for this 
phenomenon . Carleton and Maycock (1978), in a study on the 
effects of fire, observed that deforested sites in northern 
regions become reforested more rapidly and extensively than than 
those in southern forest regions . Shafi and Yarranton (1973) 
suggest that evolutionary pressures in a repeatedly disturbed 
environment have resulted in species adapted for rapid growth 
and reproduction. Considering these diffe r ences in na t ural 
revegetation potential, vegetation management of mi ned l and in 
the Klondike should not necessarily be based on criteria used 
for southern mining situations . 

2) Soil movement may reduce revegetation potential of 
disturbed sites. Two types of soil instability problems were 
observed to inhib i t plant propagation and growth: . 
I) Degrading permafrost in excavations can provide excessive 
moisture on slopes, and promote sliding of soil material . Where 
permanetly frozen ground has been disturbed, slope angles should 
be reduced to enable moisture to penetrate the surface. Adequate 
drainage pathways may also be required to drain water from the 
thawed material . 
II) Fluctuating stream levels appear to contribute to 
instability problems in valley bottoms where spoil material has 
not been recontoured and sufficient channel stabilization 
established . Stream bank erosion often inhibits vegetation 
establishment and may contribute sediment to the stream. In 
contrast , on uphill sites sheet and gully erosion does not 
appear to cause significant substrate instab i lity problems . Low 
precipitation rates, in combination with the well drained 
alluvial material associated with the mining areas little 
surface overland flow of water . 
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LANDSLIDE REFORESTATION AND EROSION CONTROL 

IN THE QUEEN CHARLOTTE ISLANDS, B. C. 

William J. Beese, MacMillan Bloedel Limited, Nanaimo, B.C. 

Abstract 

Control of sedimentation in anadromous fish bearing waters from surface 
erosion of landslides, and reforestation of large debris slide tracks, are 
two major concerns of land managers in the mountainous, high rainfall 
forest lands of the Queen Charlotte Islands. Results of the initial phases 
of a project designed to test several methods of landslide rehabilitation 
are presented. Helicopter hydroseeding of grasses, legumes and fertilizer, 
followed by planting of several native shrub species and container-grown 
tree seedlings in several combinations and planting designs, are being 
tested as methods for controlling surface erosion and establishing a forest 
crop. Linear versus grid shrub planting designs, and development of 
stabilizing root networks by various species, are being tested with regard 
to their effect upon tree growth. Trials will be monitored for five years. 
Previous erosion control activities in the Queen Charlottes are also 
reviewed. 

INTRODUCTION 

Forest harvesting and roadbuilding activities in steep, mountainous terrain 

can cause an increase in soil mass movements, particularly in high rainfall 

areas of coastal British Columbia. Large debris slides or avalanches on 

productive forest land are of concern for at least two reasons: 1) soil 

loss through erosion and subsequent sedimentation in streams, and 

2) temporary or permanent loss of sites from the productive forest land 

base. Studies have also quantified a decline in productivity compared to 

logged sites of the same age due to loss of soil material (Miles et al. 

1984, Smith et al. 1984) . 

This project investigates the use of bioengineering techniques for 

artificially accelerating natural succession on landslides. Hydroseeding 

-- applying seed in a water slurry that usually contains fertilizer and a 

tactifier or mulching agent -- is an effective way to check surface erosion 
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on steep slopes . Combining shrubs with grass-legume cover will provide a 

better stabilizing root network than grass-legume cover alone . The value 

of shrubs in slope stabilization methods is well-documented (Schiechtl 

1980). Questions as to the positive or negative effects (e.g . , shading, 

competition) of shrub plantings on conifer establishment, and whether 

planting designs or shrub species differ in these effects remain to be 

answered . 

• OBJECTIVES 

The objective of this project is to evaluate methods for early 

reestablishment of conifers on debris slide tracks . Specifically, 

. to compare con i fer plantation success when combined with hydroseeding 
alone versus hydroseeding plus shrub planting; 

. to evaluate the effect of shrub planting design (row vs . grid) on 
conifer establishment; 

to test the suitability of several shrub species for mixed 
conifer/shrub plantings. 

In addition, further testing of an aerial hydroseeding technique designed 

for revegetating steep landslides that are inaccessible to conventional 

truck-mounted hydroseeders will be done. 

METHODS 

Study Area 

The Queen Charlotte Islands lie off the north coast of the B. C. mainland . 

The study area is a 2 ha slide near Sue Lake , about 20 km north of Queen 

Charlotte City . The slide occurred 10 years ago as a road-induced failure 

resulting from an overloaded fill slope. Since the initial slide, its size 

has increased and only small islands of vegetation have become established. 

There is over a meter of glacial till on most of the slide . Some portions 



have a surface layer of angular, gravel-sized rock fragments (colluvium) 

over the till. 

Experimental Design 
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I set up the project as two separate trials: planting design and shrub 

species performance. The planting design trial tests conifer plantation 

success with grid versus row plantings of the same shrub species . I used a 

randomized incomplete block design, in which two replicates each of the two 

treatments and a control (no shrubs) were allocated randomly to three 

portions of the slide (blocks) that were divided vertically in half 

(Figure 1) . Two year old sitka alder (Alnus sinuata), grown as plugs and 

transplanted , were planted either in a 1 x 1 m grid spacing or in rows 4 m 

apart with plants every 25 cm within rows . Both planting patterns give the 

same density. 

The shrub species performance trial tests the suitability of six native 

shrub species for mixed plantings with conifers . I used a randomized 

complete block design, in which two replicates of 50 plants of each species 

were allocated randomly within each of three portions of the slide (blocks) 

representing the upper , middle and lower slope positions (Figure 2) . The 

shrub species being tested are: sitka alder , willow (Salix spp.) , hardhack 

(Spirea douglasii), thimbleberry (Rubus parviflorus), salmonberry (Rubus 

spectabilis) and honeysuckle (lonicera involucrata) . As part of th i s 

trial , 40-60 shrubs of each species were planted on a roadcut near the 

slide . Ten plants of each species will be excavated each fall to observe 

and measure root system development. 



,,,--- Figure 1. Experimental layout for planting design . 
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0 = control - hydroseeding only 
1 = treatment 1 - hydroseeding plus shrubs in grid 
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Figure 2. Experimental layout for shrub performance . 
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Both the planting design and shrub species performance trials were 

hydroseeded with a grass-legume mixture and planted with sitka spruce 

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

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

anticipated seedling mortality . 

Sampling Procedures 

The trials will be monitored annually for five years . Success will be 

measured in terms of seedling growth and survival on permanent sample 

plots . Twenty 1 m2 plots will be established within each treatment unit to 

measure percent coverage and survival of the grasses and legumes, and 

percent bare mineral soil. A total of 150 trees will be measured for each 

treatment in both trials , 25 trees in each of the two replicates (5 rows of 

5 trees) in the upper , middle and lower segments of the slope . Percent 

survival , height growth (cm) , vigor , deer browse evidence and shrub 

competition will be observed. Shrubs will be measured using the same 

system as the conifers. For the 10 plants of each species examined 

annually, rooting depth and root zone diameter will be measured (as far as 

possible) along with average foliage crown diameter . Five root systems of 

each species will be collected , washed , oven dried and weighed at year 1, 3 

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

Erosion Measurement 

Twelve erosion measurement stations were established on the Sue Lake slide 

to monitor surface erosion over the first 5 years of vegetation 

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

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



driving three lengths of steel reinforcement bar approximately 1. 2 m 

apart in a line perpendicular to the slope, levelling the tops of the 

three bars , and measuring the distance between the ground surface and a 

modified masonry level placed on the bars . One station was instailed in 

the upper , middle and lower portions of the slide in each of the three 

shrub/hydroseeding treatment areas . An additional three stations were 

placed in an unseeded portion of the slide as a control . 

Data Analysis 
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Analysis of variance will be performed to determine if there are 

significant differences between the means for percent survival, height 

growth, browse , surface erosion , shrub competition, and percent of 

seedlings affected by slope disturbance for the various combinations of 

treatments . Subsequent to analysis of variance, students t-tests will be 

erformed on the means. 

REVIEW OF PREVIOUS WORK 

Thi s project is an extension of work begun in the Queen Charlotte Islands 

in 1980 by Carr and Marchant and reported at the Canadian Land Reclamation 

Association (CLRA) Annual Meeting in 1981 at Cranbrook, B. C. Several 

landslides were hydroseeded with grasses and legumes , and planted with 

several native shrub species. This work concentrated on erosion control 

and soil stabilization without specific regard to conifer establishment on 

landslides . It also focused on propagation techniques for numerous shrub 

species. I visited these earlier trials with Bill Carr in the Fall of 1983 

to evaluate their performance . We also reviewed several roadside 

hydroseeding applications . 
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Roadside Hydroseeding in the Queen Charlotte Islands 

The first hydroseeding on logging roads in the Queen Charlottes began in 

1979. Two of the major forest companies with land tenures on the islands, 

MacMillan Bloedel Limited and Crown Forest Industries, contracted with 

Terrasol Revegetation and Erosion Control Services Ltd . to do 7 hectares of 

roadside seeding. The following year both forest companies converted 

existing fire tankers to hydroseeders. The third major forest licencee, 

Western Forest Products, purchased a hydroseeder developed by the 

B. C. Ministry of Forests (W.W. Carr) and Conair Aviation Ltd . From 1980 

through 1983, 66 hectares of roadside seeding was completed . Labor and 

material costs using company equipment and personnel ranged from $500 to 

$850 per hectare . Costs for recent hydroseeding by MacMillan Bloedel on 

Vancouver Island were $620 per hectare ($420 materials, $200 labor) . The 

length of roadside yielding 1 hectare varied from 1 to 2. 5 km, depending 

upon the exposed surface of cut and fill slopes . 

Seed Coverage and Mixes 

The seed mixes used by MB and others from 1979 through 1983 are given in 

Table 1, along with the mix for the current project. All mixes have been 

similar, with a grass/legume ratio of about 70:30 (by weight) . The 

proportion of legumes in the mixture •Of the current project was increased 

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

seedlings. 

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

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

Fescue and Perrenial Ryegrass . White and Alsike clover also maintained 
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Table 1. Seed mixes used by forest licencees in the 
Queen Charlottes for hydroseeding. 

% (Wt.) of Mix by Year 

MB WFP MB CF MB 
SPECIES 79/80 80 81/82 82/83 84 (Sue L.) 

Grasses 

Perennial Rye 10 20 20 5 ' 30 
Annual Rye 10 20 
Creeping Red Fescue 20 20 20 20 20 
Red Top 5 5 5 5 10 
Orchardgrass 5 20 15 
Meadow Fbxta il 10 5 5 5 
Timothy 10 
Kentucky Bluegrass 15 

Grass Sub-Total 65 70 70 70 60 

Legumes 

White Clover 5 10 15 10 10 
Alsike Clover 10 10 15 20 20 
Subterranean Clover 5 
Birdsfoot Trefoil 10 
Sainfoil 15 
Red Clover 10 

Legume Sub-Total 35 30 30 30 40 

good coverage in most areas. Personal observations during 1980-82 showed 

that these roadsides become a preferred grazing spot for deer. 

I compared the seeding rate used in the Charlottes (84 kg/ha), with 

recommendations from other sources (Table 2) . The rate falls within the 

range suggested by Carr (1980) for wet coastal B.C. of 50-100 kg/ha . 

Rates, of course. vary according to the composition of species in the mix 

with different size seed. These rates, however, are significantly greater 

than the maximum rates (35 kg/ha) suggested for roadside erosion contro1 in 

coastal Oregon (Berg1und 1976) . The rationale given by Carr (1980) for 



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

Roadside Truck Seedling 

OSU Extension (Berglund 1976) 1 

MB/CF (QCI) 1979 (Terrasol Contract) 

MB/CF (QC!) 1979 - 1983 

WFP (QC!) 1980 -

Seed 
(kg/ha) 

17-
35 

84 

84 

84 

Terrasol 1976 (Carr and Ballard 1980) 100 

B.C. Ministry of Forests (Carr 1980) 50-100 

B.C . Ministry of Highways 84 
(A.O. Planiden, pers . corrm. 1984) 

B.C. Hydro 
(R. Roddick , pers . comm. 1984) 

Richardson Seed Company 
(Newsletter, 1984) 

25 

56-84 

Fertilizer 
(kg/ha) 

N 45-90 
P,K varies 

3703 

3706 

3706 

4507 

N 50-80 
P 30-50 
K 50-75 

2258 

ns 

Binder 
(kg/ha) 

ns 2 

56 

33 

ns 

ns 

34-67 

ns 

1 Based on an average 144 LPS/sq.ft . up to 300 LPS/sq . ft . maximum 
recommendation for W. Oregon, using the MB 1981/1982 species mix. 

2 ns = not specified. 
3 19-19-19 (N-P-K) 
4 M-1 Binder (Terrasol Revegetation Erosion Control Ltd.) 
5 Cellulose fibre 
6 20-24-15 
7 10-30-10 
8 14-10-28 

9 11 Spra 11 Mul eh, 11 Fibramul ch 11
, or 11 S il va-Fi ber 11 average rate. 

9 

Mulch 
(kg/ha) 

ns 

670 

ns 

11009 

900-1000 

ns 
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these high rates was: 1) seed is a small portion of the total cost of the 

operation so add plenty to ensure good coverage, 2) some seed is wasted as 

residue in the hydroseeder tank, and 3) some seed is damaged in agitation 

1-------------0.-nd-p-ump i ng. 

Fertilizer and binder rates used in the Charlottes were quite liberal . 

I have found 300 kg/ha of 20-24-15 to be adequate for roadcuts through 

gravelly , loamy textured glacial till. Binder rates of 25-40 kg/ha 

(10-15 kg per 500 gal . of slurry) proved adequate for steep roadcut 

applications this spring on Vancouver Island. Because binder is the most 

expensive component of the mixture , keeping rates as low as possible while 

still maintaining good tactifying and suspension qualities is an important 

economic consideration . 

Helicopter Applications 

The first helicopter seeding done in the Queen Charlottes was in June 1979 

using a Hughes 500 helicopter and a monsoon bucket with a motorized 

propeller at the opening for spreading the slurry . This system was tried 

on several landslides near Haans Creek within MacMillan Bloedel 1 s Hecate 

Division. Following this trial, Bill Marson of Queen Charlotte Helicopters 

and Bill Carr , contractor to the B. C. Ministry of Forests, modified the 

bucket to provide internal agitation and prevent settling of seed . This 

equipment was tested in May 1980 on Spur 29 of Crown Forest's Sandspit 

Operations and proved successful except for a problem with rotation of the 

bucket from the internal agitator (Carr and Marchant 1981) . In April 1982 , 

some different equipment was tried by Bill Carr and others near Squamish on 

the B. C. Mainland . A Simplex conventional dry-seeding bucket was used 
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along with a new suspension agent -- J-Tac A.S . (Carr 1982). This method 

proved successful, without rotation or settling problems, , and made use of 

readily available equipment. 

We assessed the success of the helicopter hydroseeding in the Queen 

Charlottes in September 1983 . The landslides on Spur 29 of Crown Forest 

have established a dense grass cover after four growing seasons . Smal 1 

slumps continue to occur on the s l ape, but the soil eroded from these 

exposed areas is readily caught in the dense mat of grasses below. The 

vegetative cover appears to provide protection for tree seedlings planted 

on the slide from the adverse impact of erosion and slope movement and 

helps retain moisture on the site while its competitive influence has not 

seriously affected the seedlings . Seedlings had healthy green foliage, 

showing the benefit of fertilization and N-fixing legumes. Seedlings on 

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

The helicopter seeded landslides near Haans Creek are steep-sided gullies , 

in contrast to the open slope debris slides of Spur 29. There is also less 

soil material and more exposed bedrock . The southerly exposure is more 

susceptible to summer drought than the northerly exposure of Spur 29. 

Consequently , grass cover is not as vigorous on the Haans slides, but the 

coverage is still substantial. Some natural seed-in of red alder has 

occurred. 

Shrub Performance Trials 

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

with a total of 680 plants . Survival for large willow rooted cuttings, 
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snowberry (Symphoricarpos albus) , hardhack, dogwood (Cornus stolonifera) , 

and salmonberry was 99-100% in June 1981 . Willow sticks (55% survival) and 

thimbleberry (60% survival) did not do as well (Carr and Marchant 1981) . 

All of the shrubs observed in September 1983 had been browsed heavily by 

deer. A drier than normal summer in 1982 probably caused additional 

mortality and dieback (W .W. Carr , pers. comm.) . Based on the performance 

of the species observed , willow and salmonberry show the most promise for 

future trials. Hardhack is a promising species for the bottom of gullies 

or lower portion of slides. 

RESULTS AND DISCUSSION 

Helicopter Hydroseeding 

The hydroseeding operation at the Sue Lake slide was attempted in September 

1983. Mechanical problems with the seeding bucket and poor weather 

conditions delayed the operation until early March 1984. A Bell 

206 helicopter operated by Queen Charlotte Helicopters and a Chadwick 

seeding bucket rented from Okanagan Helicopters were used for the 

operation . The seeding bucket was filled from a pre-mixed 800 gallon 

capacity hydroseeder truck located on a road just below the slide. Table 3 

gives details on the helicopter application , with data from two previous 

trials as a comparison. The average turn time of 5.7 minutes is quite 

close to that of previous trials . The first seven turns of the second 

tankful of slurry averaged 4.8 minutes per turn . Later turns were 

slower because the ground crew was directing the helicopter pilot to 

unseeded areas using radio contact. This was only partially successful due 

to the vantage point of the ground crew . A sketch map recording the area 



seeded as the operation progressed was found to be essential for keeping 

track of the areas covered . It al so ,~erved as a record of areas that 

either received a double pass or were missed. 

The actual application rate for the Sue Lake slide was somewhat greater 
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than planned because only 1. 5 ha of the 2.0 ha slide were covered . Seeding 

rates for the three trials in Table 3 range from 30 to 50 kg/ha. The 

actual amount of slurry applied per hectare, however, has varied 

substantially . The 1981 and 1982 trials used approximately one-third to 

one-fifth of the amount of slurry in the Sue Lake operation; consequently, 

this trial was a much 11wetter 11 application than previously. 

Seed Coverage 

The seedling rate , based on the planned 40 kg/ha yields 638 seeds/sq.ft. or 

over 4 seeds per square inch . Actual seed counts were made from eight 

50 x 50 cm screens placed from the base to top of the Sue Lake slide . The 

range in coverage was from 90 seeds/sq . ft . to 1300 seeds/sq . ft. The 

heavier coverage occurred on areas that received two passes . The Squamish 

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

Foresters f rom MacMillan Bloedel ' s Queen Charlotte Division viewed the 

slide in July and observed the uneven coverage that the sampling screens 

had indicated . Some patches were missed entirely during the seeding. 

These should seed-in from the surrounding area with time . Coverage could 

be improved in future operations by including a dye in the slurry that 

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

fluorescent orange dye used in chemical fire retardant aerial application 
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Table 3. Comparison of Sue Lake Helicopter Seeding 
with other trials . 

Area seeded 
Slurry applied 
Slurry per hectare 

Materials* 

Fertilizer 
Rate (kg/ha) 

Seed-grass : Legume 
Rate (kg/ha) 

Binder 
Rate (kg/ha) 

(by wt . ) 

% (by weight) of mix 

Application 

Total Flight Time 
Average Payload 
Number of Turns 

Sue Lake Squamish (J-TAC) 1 
March 1984 April 1982 

1. 5 ha 
1500 gal . 
1000 gal. 

20-24-15 
416 (312) 

60:40 
53 (40) 

ECOLOGY M-1 
40 (30) 
0. 9% 

2.0 hrs 
70 gal. 

21 

1.6 ha 
320 gal. 
200 gal . 

19-19-19 
312 (320) 

70:30 
29 (38) 

J-TAC 
15.6 
1.5% 

0.8 hrs 
40 gal . 

Average Time Returns (minutes) : 5.7 
2.0 
3. 3 
0.4 

8 
6.0 
2. 0 
3.5 
0.5 

Filling of Bucket 
Flight To/From site 
Spreading Slurry 

Equipment 

Helicopter 
Bucket 
Hydroseeder Truck 

BELL 206 BELL 47-G3B2 
CHADWICK SIMPLEX 

MB 800 gal. AEROCON 800 gal . 

* Rates given are actual and (plan). 
1 Carr 1982. 
2 Carr and Marchant 1981 . 

SPUR 292 

May 1981 

3.0 ha 
1000 gal. 

333 gal . 

20-24-15 
150 

70:30 
33 

ECOLOGY M-1 
18.3 
1. 2% 

1.0 hrs 
85 gal . 

12 
5.0 
1.0 
3.0 
1.0 

HUGHES 500 
QCH PROTOTYPE 
CF 1000 gal. 
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has been suggested . A co-pilot might also improve the operation , although 

this might necessitate a reduction in payload for some sites where lift is 

critical. 

Tree and Shrub Planting 

Planting occurred in April 1984. A 5 person contract crew was .employed to 

plant the 3500 shrubs and 8500 sitka spruce seedlings. The overall 

productivity rate was 650 plants per manday . The patchwork of 50 plant 

blocks for the species performance trial , the large root systems on some 

shrub species , and the difficult footing on most of the slide lowered the 

productivity rate . Some damage occurred to the newly seeded grass and 

clover during planting. It would have been preferable to plant after the 

grass cover had been well established, but the availability of shrubs and 

trees made it impossible to postpone planting until the Fall . Had the 

original plan been successful, the seeding would have overwintered before 

planting. The weather during and after planting was cool and moist , making 

chances for survival favorable . 

Appl i cation to Other Areas 

Results from this project will be used to develop operational guidelines 

for our logging divisions for landslide reforestation and erosion control 

activities . Because of the high cost of helicopter seeding, its use will 

likely be confined to areas inaccessible to truck-mounted seeders where 

manual dry seeding is deemed unsuitable and where there are special 

aesthetic , productivity or fisheries concerns . The value of sitka alder 

and clover for biological nitrogen fertilization of disturbed or low 

fertility sites will also have application to our forestry operations on 

areas other than landslides. 
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THE USE OF CEMENT KILN BY-PASS DUST AS A LIMING MATERIAL IN THE 

REVEGETATION OF ACID, METAL-CONTAMINATED LAND . 

Keith Winterhalder 

Department of Biology, Laurentian Universi-ty 

SUDBURY, Ontario P3E 2C6 

ABSTRACT 

Cement kiln by-pass dusts from Canada Cement Lafarge Ltd . plants at 

Woodstock and Bath , Ontario , respectively , were tested as limestone 

substitutes in reclaiming acid , metal-contaminated soils from the Sudbury 

area. Laboratory, growth chamber and field trials showed that both dusts 

constituted effective liming materials at an application rate of 

approximately 10 t/ha . Toxic effects were found only in the case of $ath 

dust , at an application rate of 50 t/ha . In sandy .soil, Bath dust at 50 

t/ha also inhibited seed germination . This inhibition disappeared after a 

few days, presumably due to the leaching of soluble alkaline materials and 

chlorides. In pots , the addition of N-P-K fertilizer lessened the toxic 

effect of Bath dust , while in the field it converted the effect of the dust 

from inhibition to stimulation. These by-pass dusts have good potential as 

liming materials in reclaiming Sudbury's industrial barrens, but their 

caustic nature precludes their use at this time, in view of the 

predominantly manual applilcaJti.on techniques .that prevail . 

INTRODUCTION 

One hundred years of logging , fire, acidification by sulphur 

dioxide , particulate metal deposition and erosion have created extensive 
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tracts of barren land surrounding the Sudbury nickel and copper smelters 

(Winterhalder, 1984) . Following recent improvement in atmospheric quality, 

the principal factors limiting colonization now reside in the soil, mainly 

in the form of copper , nickel and aluminum toxicity . The soil can be 

detoxified by limestone application (Winterhalder, 1974) ~ and since 1978 

approximately lCOO hectares (2500 acres) have been revegetated by manual 

liming, fertilization and seeding (Winterhalder, 1983a) . It has been shown 

(Winterhalder, 1983b) that both the calcium ions and the neutralization 

component of limestone are operative in the detoxification of Sudbury 1 s 

toxic soils. 

Fortunately , Sudbury 1 s mining and smelting industry has been able to . 

minimize the emission of toxic particulate wastes by the use of efficient 

electrostatic precipitators, making the soil toxici ty problem a residual one 

that can be dealt with by the measures outlined above. Mill tailings , 

another major solid waste product , can also be rendered innocuous by 

revegetation (Peters, 1984) , while slag is utilized as road building 

material . In the case of the cement industry, the major solid waste, highly 

alkaline by-pass dust, creates its own disposal problem. In Derbyshire, 

England , an effective solution has been to cover the lime waste with spent 

mushroom compost (Bradshaw & Chadwick, 1980). A 10 cm layer increases the 

carbonation rate of the underlying lime waste, allowing plants to root into 

it and producing excellent agricultural land . 

In Ontario, it seemed appropriate to explore the possibility of 

another type of 11 recycling 11
, once again using one waste product to 

counteract the effects of another one . Since the Sudbury barrens are in 

need of a material that provides both calcium ions and hydroxyl ions , it 

seemed logical to test cement kiln by-pass dust, an alkaline, calcium-rich 
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material, as an ameliorant and limestone substitute. 

MATERIALS AND METHODS - POT TRIALS 

Soils. 

Four soils were chosen to represent different sand, clay and organic 

matter contents. Each was both acid and metal-contaminated, and was taken 

from a barren or semi-barren site. The sample was taken from what might be 

considered as the 11 rooting zone 11 of most herbaceous plants (0-15 cm). 

The soils were as follows: 

Soil 1. A silty fine sand from the valley of Coniston Creek, 2 

miles northeast of the Coniston smelter (Barren ground, 

pH 4. 5) . 

Soil 2. A clay soil from Coniston , l mile south · of the smelter · 

(Barren ground, pH 4.5). 

Soil 3. A sandy soil containing some organic matter, from near 

Wahnapitae, 3½ miles northeast of the Coniston smelter 

(semi-barren, pH 4.1). 

Soil 4. A sandy soil containing some organic matter from the Skead 

area, 4 miles north-northeast of the Falconbridge smelter 

(semi-barren, pH 4.5). 

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

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

necessary. 

Neutralizing Materials. 

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

Ltd .. Chemical data on the materials, as provided by the company, are given 
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in Table 1. In addition to the two dust samples , analytical grade calcium 

carbonate was used as a control l iming material . 

TABLE 1. Partial Chemical Analysis of By-pass Dust Samples 

Component Bath Dust Woodstock Dust 

Si0 2 11.3 16.0 

Al 2o3 2.5 2.3 

Fe2o3 1.3 1.4 

cao 36.5 39.6 

MgO 1.4 2. 1 

K20 5.0 7. 7 

Na 2o 1.2 0.8 

S0 4 8.6 12. 7 

Cl 9. 7 not determined 

Co 2 10.4 not determined 

pH 12 . 6 not determined 

(pH determinations carried out at Laurenti an un1versity gave values _ of 
11 . 2:!;: 0. 2 for both dusts) 

The above data are not complete enough to predict the relative 

neutralizing power and toxicity of the two by-products. 

Pots. 

Three-inch plastic plant pots (soil capacity 160 ml) were used, the 

three drainage holes being covered by filter paper . 

Incorporation of neutralizing materials . 

ihe neutralizing material was thoroughly mixed into the dry soil by 

shaking them together in a plastic bag before replacing the soil in its pot . 
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Soil pH Determination. 

Soil was wetted to the saturation percentage point (Jackson, 1958) , 

and the pH determined on the paste with a glass electrode pH meter. 

Plants . 

Redtop (Agrostis gigantea) , a grass species widely used in land 

reclamation , was grown from commercially available seed. A standard measure 

of seeds (0.2 ml) was sprinkled onto the soil surface. 

Incubation ard Growth Conditions. 

Incubation without seed and initial germination of seed were carried 

out on a laboratory bench at approximately 25°C, the pots being covered by 

dark plastic sheeting . 

Growth was carried out in a growth chamber set for a 16 hours of 

daylight/8 hours of darkness cycle , the day temperature being 25°C , the 

night temperature 15°C . 

Criteria of Plant Growth. 

At the end of six weeks , plants were observed for average height, 

maximum leaf width , purpling, chlorosis, and chlorotic banding . The tops 

were clipped as close as possible to the soil surface, dried in an oven at 

80°C and weighed. 

INCUBATION EXPERIMENTS 

In the first experiment , each of the four soils was incubated with 

eight levels of by-product , varying from zero to an equivalent of 50 t/ha , 

for a period of five days . Final soil pH values are given in Tables 2a -

2d. 



g of 
dust 

0 

o. 1 

0.25 

0.5 

1.0 

1.5 

2.0 

5.0 

g of 
dust 

0 

0. l 

0.25 

0.5 

1.0 

1. 5 

2.0 

5.0 
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TABLE 2a . FINAL pH OF CLAY SOIL FROM SOUTH OF CONISTON 

AFTER INCUBATING WITH VARIED AMOUNTS OF DUST . (n=l) 

Equivalent 
in t/ha 

0 

1.0 

2.5 

5.0 

1 o. 0 

15. 0 

20.0 

so.a 

Woodstock 
dust 

(5.4)* 

4.5 

5.3 

5.5 

6.0 

6.2 

7. 1 

7. 4 

Bath 
dust 

4.5 

4.4 

4.8 

5.5 

6. 1 

7.0 

(6 .2)* 

7.7 

TABLE 2b . FINAL pH OF SANDY SOIL FROM CONISTON-GARSON ROAD 

AFTER INCUBATING WITH VARIED AMOUNTS OF DUST . (n=l) 

Equivalent Woodstock Bath 
in t/ha dust dust 

0 4.8 5.0 

1.0 5. 6 5.2 

2.5 5.8 5.6 

5.0 6.3 6.2 

l O. 0 6. 6 6.6 

15 . 0 6.9 7. 1 

20 . 0 6. 9 7.3 

50 . 0 7.7 8.6 
~ 
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TABLE 2c. FINAL pH OF SANDY , HUMIC SOIL FROM SOUTH OF SKEAD (n = 1) 

g of Equivalent Woodstock Bath 
dust in t/ha dust dust 

0 0 4.5 4.7 

0. l 1.0 4.7 4. 7 

0.25 2.5 5. l 5. l 

0. 5 5.0 5.7 5.4 

l. 0 l 0. 0 6.3 6.0 

l. 5 15.0 6.6 6.2 

2. 0 20.0 6.8 6. 7 

5. 0 50 . 0 7.4 8. l 

TABLE 2d. FINAL pH OF SANDY , HUMIC SOIL FROM NORTH OF WAHNAPITAE ( n = 1) 

0 0 4. 1 4. 2 

0. 1 1.0 4.6 4.6 

0.25 2. 5 (4.1)* 4. 6 

0. 5 5.0 5. 1 5.0 

1. 0 1 o. 0 5.9 5. 7 

1. 5 15.0 6.8 6.2 

2.0 20.0 7.0 6.3 

5.0 50 . 0 7.3 8. 0 

* These highly inconsistent values are almost certainly due to 

experimental error. 
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A desirable pH of around 6.5 was obtained at between 5 and 10 t/ha ,----...._ 

in the sandy soil , between 10 and 20 t/ha in the clay soil and between 15 

and 20 t/ha in the soil with high organic content. At 50 t/ha , excessively 

high pHs for plant growth (pH 8 and above) were obtained with the Bath 

product. 

At the termination of this trial, it was converted into a 

preliminary growth trial by applying Redtop seeds and growing the plants for 

30 days . Since the experiment was not replicated , results are not tabulated 

in this report, but some definite trends were evident. In general, 

Woodstock dust gave increased plant growth up to at least 10 t/ha , with no 

significant growth depression even at a 50 t/ha application rate. The Bath 

product gave a similar growth increase up to 10 t/ha, but at 50 t/ha showed 

a highly toxic reaction, with plant growth reduced below the control level . 

In the second incubation experiment , calcium carbonate was included 

as a control ameliorant, and was compared with the Bath dust only . Each of 

the four soils was incubated with four levels of additive, representing the 

equivalent of 10 t/ha to 25 t/ha. This experiment was designed to work 

within the non-toxic range, s:o that the effectiveness of the by-product 

could be compared with that of calcium carbonate. After five days, pH was 

measured in each pot . Final soil pH levels are shown in Tables 3a to 3d . . 

Calcium carbonate appeared to be somewhat more effective than Bath 

dust in neutralizing the soil, e.g . in the clay soil, 15 t/ha of Bath dust 

were required to achieve a desirable pH of 6.5 , whereas only 10 t/ha of 

Caco3 were required to achieve an almost equivalent pH of 6.3 . 

Once again, seeds were sown and the plants grown for 30 days . 

Within the limits of this unreplicated experiment, growth was quite good 
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TABLE 3a. FINAL pH OF CLAY SOIL FROM SOUTH OF CONISTON AFTER INCUBATING 

WITH VARIED AMOUNTS OF BATH DUST AND CaC03 ( n = l) 

g of Equivalent Bath dust CaC03 dust in t/ha 

l.O l 0. 0 5.6 6.3 

1. 5 15.0 6.5 7. l 

2.0 20.0 6. l 7. 2 

2.5 25.0 6.8 6.8 

TABLE 3b. FINAL pH OF SANDY SOIL FROM CONISTON-GARSON ROAD AFTER 

INCUBATING WITH VARIED AMOUNTS OF BATH DUST AND CaC03 (n = l) 

g of 
dust 

1.0 

l. 5 

2.0 

2.5 

Equivalent 
t/ha 

10. 0 

15 .o 

20.0 

25. 0 

Bath dust 

6.5 

7.0 

7.5 

7.5 

7.3 

7.3 

7.5 

7.5 
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TABLE 3c. FINAL pH OF SANDY , HUMIC SOIL FROM SOUTH OF SKEA□ AFTER 

INCUBATING WITH VARYING AMOUNTS OF BATH DUST AND CaC03 (n = 1) 

g of Equivalent Bath dust Caco3 dust in t/ha 

1.0 l 0. 0 6.2 7.2 

1.5 15 . 0 6.8 7.4 

2.0 20.0 7.0 7.5 

2.5 25.0 7.3 7.5 

TABLE 3d. FINAL pH OF SANDY, HUMIC SOIL .FROM NORTH OF WAHNAPITAE AFTER 

INCUBATING WITH VARYING AMOUNTS OF BATH DUST AND CaC03 (n = 1) 

g of Equivalent Bath dust CaC03 dust in t/ha 

1.0 l 0. 0 5.9 6.8 

1.5 15.0 6.3 7.3 

2.0 20.0 6.8 7.6 

2. 5 25 .0 7.2 7.6 
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under all treatments and no definite trends emerged, suggesting that by-pass 

dust and calcium carbonate are equally effective liming materials when 

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

GROWTH EXPERIMENT AT OPTIMAL AMELIORANT LEVELS 

Each soil was mixed with calcium carbonate, Woodstock dust and Bath 

dust equivalent to 5, 10 and 20 t/ha , respectively and sown with Redtop seed . 

Each treatment was replicated five times . Final soil pH values and dry 

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

In all cases, the cement kiln dusts were effective in promoting 

plant growth at the levels used . Woodstock dust was approximately equal to 

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

GROWTH EXPERIMENT AT POTENTIALLY TOXIC AMELIORANT LEVELS 

This experiment was designed to explore the relative toxicities of 

the by-products at high application rates . Each soil was treated with 

calcium carbonate, Woodstock dust and Bath dust at levels equivalent to 30 , • 

40 and 50 t/ha , respectively , and sown with Redtop seed . Final soil pH 

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

In all soils growth enhancement was found in all treatments except 

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

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

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

This experiment was designed to test two hypotheses . It has been 
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TABLE 4a. MEAN SOIL pH AND MEAN BIOMASS OF TOPS (DRY WEIGHT IN GRAMS) ON CLAY SOIL FROM SOUTH OF CONISTON 

AFTER TREATMENT WITH VARYING AMOUNT OF CALCIUM CARBONATE, BATH DUST AND WOODSTOCK DUST. (n = 5) 

g of Equivalent CaC03 Bath Woodstock 
material in t/ha pH Weight± S.E. pH Weight± S.E. pH Weight± S.E. 

0.5 5'..Q 5.4 0.514 ± 0.025 4.7 0.400 ± 0.045 4.9 0.484 ± o. 035 

1.0 10;. 0 6.6 o. 538 ± o. 039 • 5.3 0.408 ± 0.032 5.4 0.500 ± 0.013 

2.0 2 0. 0 7.5 0. 632 ± 0.027 6.4 0.404 ± 0.029 6.5 0.548 ± 0.021 

TABLE 4b. MEAN SOIL pH AND MEAN BIOMASS OF TOPS (DRY WEIGHT IN GRAMS) ON SANDY SOIL FROM THE CONISTON­
GARSON ROAD AFTER TREATMENT WITH VARYING AMOUNTS OF CALCIUM CARBONATE, BATH DUST AND WOODSTOCK 
DUST. {n = 5) 

g of Equivalent Caco3 Bath Woodstock 
material in t/ha pH Weight ± S. E. pH Weight ± S.E. pH Weight± S.E. 

0.5 .6. :. 0 6.6 0.072 ± 0.006 6. l o. 110 ± 0. 003 6.2 0.066 ± 0.007 

1.0 l D. O 7.5 0.068 ± 0.007 6.7 0.088 ± 0.002 6.8 0. 074 ± 0. 011 

2.0 20.0 7.6 0. 048 ± o. 004 7. 2 0.054 ± 0.007 7.2 0. 092 ± 0. 009 
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TABLE 4c. MEAN SOIL pH AND MEAN BIOMASS OF TOPS (DRY WEIGHT IN GRAMS) ON SANDY, HUMIC SOIL FROM SOUTH OF 
SKEAD AFTER TREATMENT WITH VARYING AMOUNTS OF CALCIUM CARBONATE, BATH DUST AND WOODSTOCK DUST.(n=5} 

g of Equivalent Caco3 Bath Woodstock 

material in t/ha pH Weight ± S. E. pH Weight± S.E. pH Weight ± S. E. 

0 . .5 5.0 6.0 o. 378 ± 0. 023 5.2 0.268 ± 0.011 5.3 0.310 ± o. 009 

1.0 l 0.0 6.9 0.316 ± 0.012 6. 1 0.286 ± 0.025 6.0 0.360 ± 0.016 

2.0 20.0 7.5 o. 308 ± o. 01 1 6.8 0.300 ± 0.023 6.7 0.356 ± 0.017 

TABLE 4d. MEAN SOIL pH AND MEAN BIOMASS OF TOPS (DRY WEIGHT IN GRAMS} ON SANDY, HUMIC SOIL FRON NORTH OF 
WAHNAPITAE AFTER TREATMENT WITH VARYING AMOUNTS OF CALCIUM CARBONATE' BATH DUST AND WOODSTOCK 
DUST (n=5) 

g of Equivalent Caco3 Bath Woodstock 

material in t/ha pH Weight± S.E .. pH Weight ± S.E. pH Weight± S.E. 

0.5 5., 0 5.3 0.304 ± 0.026 5.0 0.378 ± 0.060 4.8 0.600 ± 0.023 

1.0 l 0.0 6.2 0.540± 0.017 5.4 0 . 544 ± 0. 058 5. 2 0.642 ± 0.01 l 

2.0 20.0 7.3 0.492 ± 0.023 6.2 0.632 ± 0.032 6.4 0.750 ± 0.044 

In an Analysis of Variance, soil, neutralizer type and application rate effects were highly significant 
with respect to biomass production, as were soil-neutralizer and soil-application rate interactions. 
Although the neutralizer type-application rate interaction was non-significant, the soil-neutralizer type-
application rate interaction was highly significant.* ; *(p < 0.0)) 

( ( 
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TABLE 5a . • MEAN SOIL pH AND MEAN BIOMASS OF TOPS (DRY WEIGHT IN GRAMS) ON CLAY SOIL FROM SOUTH OF CONISTON 
AFTER TREATMENT WITH VARYING HIGH LEVELS OF CALCIUM CARBONATE AND KILN DUST. REPLICATED THREE 
TIMES. • 

g of Equivalent Caco3 Woodstock ' Bath . 
material in t/ha pH Weight± S.E. pH Weight± S.E. pH Weight ± S. E. 

3.0 30 7.4 0.777 ± 0.015 7.0 • 0 . 68 0 ± 0. 04 9 7.0 0. 570 ± o. 006 

4.0 40 7.5 0. 7 4 0 ± 0 . 02 6 7.2 0.647 ± 0.032 7. 0 0. 320 ± 0. 058 

5.0 50 7.5 0. 727 ± o. 048 7.0 o. 733 ± 0.086 7.0 0.190 ± 0.059 

TABLE 5b. MEAN SOIL pH AND MEAN BIOMASS OF TOPS (DRY WEIGHT IN GRPMS) ON SANDY SOIL FROM THE CONISTON­
GARSON ROAD AFTER TREATMENT WITH VARYING HIGH LEVELS OF CALCIUM CARBONATE AND KILN DUST . 
REPLICATED THREE TIMES. 

g of Equivalent CaC03 Woodstock Bath 

material in t/ha pH Weight± S.E. pH Weight ± S.E. pH Wei g h t ± S. E . 

3.0 30 7.5 0.050 ± 0.006 7.2 0.097 ± 0.007 7.3 0 . 080 ± 0. 0 1 2 

4.0 40 7.5 0.040 ± 0.006 7.2 0.100±0.006 7.4 0. 023 ± 0. 003 

5.0 50 7.3 0. 067 ± 0. 012 7.3 0.087 ± 0.003 7.5 o. 003 ± o. 003 

-
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TABLE 5c. MEAN SOIL pH AND MEAN BIOMASS OF TOPS (DRY WEIGHT IN GRAMS) ON SANDY, HUMIC SOIL FROM SOUTH OF 
SKEAD AFTER TREATMENT WITH VARYING HIGH LEVELS OF CALCIUM CARBONATE AND KILN DUST. REPLICATED 
THREE TIMES. 

g of Equivalent CaC03 Woodstock Bath 
material in t/ha pH Weight ± S. E. pH Wei g ht ± S . E . pH Weight± S. E. 

3.0 15 6.2 0.313 ± o.ooz 6.7 0 .513 ± o. 037 6.5 0.317 ± 0.015 

4.0 20 6 .6- 0.330 ± o. 023 6.8 0.437 ± 0. 026 6.7 o. 113 ± o. 020 

5.0 25 6.9 0.320 ± o. 000 6.9 o. 460 ± 0. 030 7. ,,, 0. 053 ± o. 039 

TABLE 5d. MEAN SOIL pH AND MEAN BIOMASS OF TOPS (DRY WEIGHT IN GRAMS) ON SANDY SOIL FROM THE CONISTON­
GARSON ROAD AFTER TREATMENT WITH VARYING HIGH LEVELS OF CALCIUM CARBONATE AND KILN DUST . 
REPLICATED THREE TIMES . 

g of I Equiva t ent I CaC03 I Woodstock I Bath 
material in t ha I pH Weight± S.E. pH Weight± S. E. pH Weight± S. E. 

3.0 I 1 5 I I 7.6 0. 580 ± 0. 026 7.0 o. 937 ± o. 045 7.0 0 . 45 3 ± 0. 05 9 

4.0 I 201 I 7.6 I 0.527 ± 0.038 7.0 0.803 ± 0.030 7.0 0.177± 0.032 

5.0 I 25 1 I 7.5 I 0. 507 ± 0. 032 7. l 0. 84 0 ± 0. 02 5 7.0 0. l 07 ± 0. 03 7 

In an Analysi l of Variance, soil, neutralizer and level were highly significant effects (p < .01) with 
respect to biomass as were the soil-neutralizer and neutralizer-level interactions,while the soil­
neutralizer-level nteraction· was significant at the 0.1 probability level. With respect to pH, soil, 
neutralizer, level soil-neutralizer, soil-level, neutralizer-level and soil-neutralizer-level effects 
were all highly si nificant (p < .Ol) 

( ( 
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observed that germination is delayed at high levels of Bath dust 

application , but that it does finally occur . There are two possible 

explanations for this: 

1. That the free alkali initial ly inhibiting germination reacts 

with the acid soil over a period of time . Once neutralized , 

the alkali is no longer inhibitory. 

2. That the toxic principle, which may be alkali , chloride or 

both, is leached out of the soil after a period of time. 

Bath and Woodstock dusts were separately mixed with Skead soil at a 

rate equivalent to 50 t/ha . Two leaching regimes were used, one with free 

drainage, the other with recycling of leachate . Furthermore, the incubation 

period prior to sowing seeds was varied from zero to 12 days . 

Mean soil pH values at the end of the experiment are shown in Table 

6, while Table 7 depicts dry weights of tops . In terms of soil pH , leaching 

regime appears to have no effect in the case of Woodstock dust. In the case 

of Bath dust , however, it seem~ rather surprisingly, that the recycling 

treatment produces a slightly lower pH than does the free drainage treatment. 

This suggests that chloride , rather than alkali, is being leached . 

Dry weight data shown in Table 7 indicate a very different response 

to leaching regime in the two dust treatments. In the case of the Woodstock 

dust treatment, recycling is consistently beneficial to dry weight 

production, whereas in the case of the Bath dust treatment it is consistently 

deleterious. This is consistent with the idea that the leaching out of 

soluble materi als, probably chlorides, is the most important explanation of 

~ 

delayed germination . Incubation time, in itself, does not appear to ~ 

influence dry weight production . 
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TABLE 6. MEAN pH OF SKEAD SOIL AFTER TREATMENT WITH FIVE GRAMS PER POT(= 50 t/ha) OF WOODSTOCK KILN 
DUST AND BATH KILN DUST, RESPECTIVELY, UNDER TWO LEACHING REGIMES. 

DUST LEACHING INCUBATION TIME BEFORE SOWING SEEDS IN DAYS -
X 

TYPE REGIME 
0 3 6 9 12 

Free 7.3 7.4 7.6 7.5 7.3 7.5 
Woodstock 

Recycled 7.3 7.4 7.6 7.4 7.3 7.4 

Free 7.9 8.0 7.8 7.- 6.8 7.6 
Bath 

Recycled 7.5 7.7 7.5 7.1 7.0 7. 4 

In an Analysis of Variance, dust type, leaching regime and incubation time all had a highly 
significant effect on pH (p <.01), as did all two and three-way interactions. 

TABLE 7. MEAN DRY WEIGHT IN GRAMS PER POT OF REDTOP ·PLANTS GROWN IN SKEAD SOIL UNDER TWO LEACHING REGIMES 
AND FIVE INCUBATION'. PERIODS BEFORE SOWING (MEAN OF FIVE REPLICATES± STANDARD ERROR) . 

DUST LEACHING INCUBATION TIME BEFORE SOWING (DAYS) 

TYPE REGIME 0 ' 3 6 9 l '. 2 

Free . 518 ± . 022 .434 ± .029 .474 ± .025 . 548 ± .032 .512 ± .028 
Woodstock 

Recycled . 534 ± . 048 .460 ± . 027 . 604 ± . 027 . 652 ± .027 .642 ± .055 

Free .132 ± .022 . 162 ± . 028 .226 ± . 025 .184 ± . 004 .168 ± .028 
Bath 

Recycled .104±.015 . 080 ± .024 . 210 ± . 038 .106 ± .016 .060 ± .027 
I 

In an Analysis lof Variance, dust type and incubation time both had a highly significant effect on 
biomass (p < . 01), a . did dust type/incubation time and dust type/leaching regime interactions. 

( ( 
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GROWTH EXPERIMENT IN FERTILIZED SOIL 

Previous ~xperiments have been carried out on unfertilized soil , 

since liming alone is sufficient to overcome the single overriding factor 

limiting plant establishment and growth - soil toxicity . The normal 

practice in reclaiming these soils , however, is to apply an N-P-K fertilizer 

in addition to the limestone, phosphorus deficiency being a secondary 

limiting factor (Winterhalder, 1975) . Since a number of interactions are 

possible between liming material and fertilizer , it seemed desirable to 

determine whether the effects of the ameliorants on plant growth were any 

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

Each soil was treated with calcium carbonate , Bath dust and 

Woodstock dust , respectively, at levels equivalent to 0, 20 and 50 t/ha, and 

sown with Redtop se~d. 0. 1 g pulverized C.I.L. "Gardenite" was mixed into 

each pot , which was then seeded to Redtop . Mean final soil pH values are 

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

Once again, pH figures show Bath dust to be the most effective 

neutralizer. At high levels, however, it is clearly deleterious to plant 

growth, particularly in sandy soils that lack humus or clay . The moderating 

effect of fertilizer on Bath dust toxicity can be seen , however , if we 

compare dry weight reduction from 20 t/ha to 50 t/ha in the first incubation 

experiment (no fertilizer) with the dry weight reduction from 20 to 50 t/ha 

in the fertilizer experiment (Table 10). 
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TABLE 8. MEAN pH OF FOUR FERTILIZED SUDBURY AREA SOILS AFTER INCUBATION 

WITH THREE LEVELS OF CALCIUM CARBONATE, WOODSTOCK KILN DUST 

AND BATH KILN DUST, RESPECTIVELY. (MEAN OF THREE REPLICATES). 

NEUTRAL! ZER 

SOIL Caco3 Woodstock Bath 
TYPE LOCATION RATE dust dust 

Clay Coniston 0 t/ha 3.6 4. 2 3.7 

20 t/ha 6.5 5.9 6. l 

50 t/ha 6.8 7.0 7.2 

Sand Coniston- 0 t/ha 5.3 4.8 5.4 
Garson 

20 t/ha 7.3 7. l 7. l 

50 t/ha 7. 5 7.5 7.7 

Sand Skead 0 t/ha 4.6 4.6 5.2 
with 
Humus 20 t/ha 7.4 7.0 6.9 

50 t/ha 7. 4 7.6 8.0 

Sand Wahnapi tae 0 t/ha 4.8 4.6 4.5 
with 
Humus 20 t/ha 7.5 6.7 6.2 

50 t/ha 7.6 7.4 7.7 

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



- 20 -

TABLE 9. MEAN DRY WEIGHTS IN GRAMS OF REDTOP PLANTS GROWN IN FOUR 

FERTILIZED SUDBURY AREA SOILS TREATED WITH THREE LEVELS OF 

CALCIUM CARBONATE, WOODSTOCK KILN DUST AND BATH KILN DUST, 

RESPECTIVELY. MEANS ARE OF THREE REPLICATES{± STANDARD 

ERROR). 

NEUTRAL! ZER 

SOIL CaC03 Woodstock Bath 
TYPE LOCATION RATE dust dust 

Clay Coni ston 0 t/ha 0. 240±. 036 o. 267±. 052 0.210±.032 
20 t/ha 1. 080±.232 1.033±.137 0.840±.106 

50 t/ha 1 . 127+. 11:9 0.877±.201 0.623±.145 
,__ 

Sand Coniston- 0 t/ha o. 207±.024 0.153±. 003 0. 187±.041 
Garson 

20 t/ha 0. 237±.023 0. 207±. 063 0. 203±. 049 

50 t/ha 0.230±.020 0.170±.012 0. 133±. 020 

Sand Skead 0 t/ha o. 207±. 052 o. 237±. 035 0. 237±. 066 
with 
Humus 20 t/ha 0.403±. 072 0.380±.042 o. 300±. 031 

50 t/ha 0.430±. 075 0. 380±. 069 0. 323±. 052 

Sand Wahnapitae 0 t/ha 0.170±. 015 0 .147±. 047 0. 127±. 023 
with 
Humus 20 t/ha 1. 020 ±.147 0. 967±.145 0.497±. 027 

• 50 t/ha 1.063±-167 0 .. 910±.123 o. 410±. 096 

In .an Analysis of \J\ariance, soil, neutralizer and level effects ·, as well 
as soil-neutralizer, soil-level and neutralizer-level interactions are 
highly significant (p < .01), while the soil-neutralizer- level interaction is 
significant at the p < .05 level . 
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TABLE 10. DRY WEIGHT PRODUCTION BY REDTOP SHOOTS AT 50 t/ha BATH DUST 

APPLICATION RATE EXPRESSED AS A PERCENTAGE OF DRY WEIGHT 

PRODUCTION AT 20 t/ha BATH DUST APPLICATION RATE 

Unfertilized Fertilized 

Clay Soi 1 5.2 74.0 

Sandy Soi 1 20.0 65.0 

Sandy, Humic Soil 22 . 0 1().1.Q 

Sandy, Humic Soil 5.9 84.0 

Mean 13 . 3 80 .1 

It seems clear from this rather crude comparison that the depressive 

effect of fresh Bath dust on growth is much less severe when fertilizer is 

also used. -

FIELD EXPERIMENTS 

Materials and Methods . 

Sites . 

Two field sites were chosen, one being a level sandy area in the 

Coniston Creek valley , four km northeast of Coniston (called the 11 Coniston 

site") . The second site , also barren , was a stony hilltop 7 km northeast 

of Coniston (called the "Garson site 11
). 

Neutralizing materials. 

The two kiln dusts used were from Woodstock and Bath, as described in 

the section on Pot Trials. The calcium carbonate was in this case 

pulverized limestone as used in -the Sudbury Regional Land Reclamation 
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Programme. All three neutralizing materials were applied at a rate of 4.94 

t/ha (2 tons/acre) at the Coniston site and 12 . 35 t/ha (5 tons/acre) at the 

more colloid-rich Garson site (i . e. , .49 & 1. 24 kg/m2 respectively). 

Fertilizer. 

F. I.L. "Seeder-Sadder" (.5-20-0) at a rate of 560 kg/ha (i .e. , 56 g/m2). 

Incorporation of fertilizer and neutralizing materials . 

In the case of the stone-free Coniston site, the soil was roughened 

by raking to a depth of 10 - 15 cm, then the ameliorant was raked in. In the 

case of the stony Garson si te , however, the ameliorant was applied to the 

surface . 

Plants . 

As in the case of Pot Trials, Redtop was used . Seed was applied at 

45 kgiha (i .e ., 4.5 g/m2). At the Coniston site they were raked in to a 

depth of 2.5 cm, while at the Garson site they were applied to the surface . 

C/W Factor . 

Since percent cover and dry weight production represent two different 

and equally important criteria of revegetational success. a factor was 

devised in which each criterion was represented at equal weight. This 

Cover/Dry Weight (C/W) factor was derived as follows : 

Relativ.e % cover + Relative Dry Weight 
C/W Factor = 

2 

The Relative Percent Cover was obtained as follows: 

Mean % cover for one treatment 
R.P.C. = X 100 

Total of all mean percent covers 

Relative Dry Weight was calculated in the same way . Note that R.P.C . . 

~ 

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

Experimental Design. 

The experiment was s:et up us:ing 1 m2 plots tn a randomized block. 

design , and 5 replicates of each treatment combination at Coniston, 2 

replicates at Garson (due to lack of space}. 

1 species X 2 fertilizer regimes x 4 neutralizer regimes 

X 5 replicates: = 40 plots (Coniston) 

1 species x 2 fertilizer regimes x 4 neutrali:zer regimes 

X 2 replicates = 16 plots (Garson) 

The experiments were set up and seeded in late August, 1980 . This 

has been found to be the best season for establishing herbaceous plants in 

the Sudbury area . Percent cover was determined in each plot, and above­

gr:ound parts harvested for bi.amass (.standing crop) determination in ·July , · 

1981 . 

Results . 

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

11 & 12. 

In Coniston soil , the importance of low nutrient status is obvious 

from the great differential in response. to neutralization between 

unfertilized and fertilized soils . In both unfertilized and fertilized soil, 

the bes.t response is to Woodstock dust . 

In Garson soil, the response differential between unfertilized and 

fert i lized soil is not so great, but it still exists . It is interesting to 

note, however, that in the case of Bath dust, the effect seems to be. 

transformed from an inhibitory one to a stimulatory one by the addi.tion of 
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fertilizer. In fact, the best growth of all treatments is obtained on ,,,,-~ 

fertilized soil treated with Bath dust . Although only based on two 

replicates , the difference between unfertilized/Bath and fertilized/Bath 

treatments is striking and, as far as it goes, consistent . 

The results of this trial point to the value of using the kiln 

dusts along with fertilizer , not only for the sake of increased yields, but 

because the ferlitizer appears to have a modifying effect on the potentially 

toxic properties of the Bath dust . 

TABLE 11 . MEAN PERCENT COVER AND MEAN ABOVE GROUND DRY WEIGHT OF PLANTS 

FROM CONISTON FIELD EXPERIMENT (BASED ON FIVE REPLICATES) 

FERTILIZER x % COVER x DRY WEIGHT 
REGIME NEUTRALIZER AND S. E. {g) AND S.E. C/W FACTOR 

Control 1.4 ± 0.4 0. 6 ± 0.3 0.3 

Not Limestone l 0.8 ± 3. l 6.8 ± 2. 0 2.6 
Fertilized 

Woodstock 13 .8 ± 5.8 9.3 ± 3.7 3.3 

Bath 8. 2 ± 3.4 6.4 ± 1.8 2.0 

Control 39 ± 7.8 62 . 6 ± 9.7 12 . 3 

Limestone 69 ± 7.0 133 .6 ± 25.9 25 . 2 
Fertilized 

Woodstock 72 ± 3.7 206 . 0 ± 16.6 30.3 

Bath 58 ± l 0.1 162 . 6 ± 32 . 5 24.2 

In an analysis of variance, fertilizer and neutralizer effects, as 
well as fertilizer-neutralizer interaction, were significant (p > .012) in 
the case of biomass, while only fertilizer and neutralizer were significant 
(p > . 012) in the case of percent cover . Using Duncan's Multiple Range Test 

~ 

(p > . l), on unfertilized and fertilized plots, mean biomass values fall ,,.------, 
into two subsets, indicating that the effects of the three neutralizers on 
biomass do not differ significantly from one another , whereas they all difer 
significantly from that of the control . 
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TABLE 12 . 

FERTILIZER 
REGIME 

Not 
Ferti 1 i zed 

Ferti 1 i zed 
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MEAN PERCENT COVER AND MEAN ABOVE-GROUND DRY WEIGHT OF PLANTS 

FROM GARSON FI ELD EXPERIMENT 

NEUTRALI ZER 

Control 

Limestone 

Woodstock 

Bath 

Control 

Limestone 

Woodstock 

. Bath 

-X % COVER 

0.5 

30 

44 

8 

2 

20 

45 

50 

(BASED ON TWO REPLICATES) . 

-
X DRY WEIGHT 

(g) 

0 

34 

14 

14 

5 

50 

94 

l 02 

C/W FACTOR 

o. 1 

12 . 9 

13 . 2 

4.3 

1.3 

13 . 4 

26.2 

28.8 

DISCUSSION 

Both growth chamber and field trials suggest that cement kiln by-pass 

dusts have 990d potential as limestone substitutes in the revegetation of 

acid , metal-contaminated land . There are, however, several aspects of the 

kiln dusts' properties that necessitate somewhat more care in their use than 

that required in the case of ground limestone . For example: 

a. Because of'the potential for inhibiting germination and growth 

that some dusts (e .g. Bath) possess, the application level should be kept 

within the non-toxic limits (below 50 t/ha) or application should be 

carried out several weeks before seeding or both of the above . Purdy ( 1980), 

in growth chamber trials on sand and tailings at Falconbridge Nickel Mines 

Ltd . , reached a similar conclusion. Indeed , he found that . the germination 
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and survival rates of Fall Rye (Secale cereale) were reduced at or about an 

application rate as low as 10 t/ha . 

b. The crusting on the -surface of the soil that occurs on contact 

with moisture has the potential to create a barrier to germination and 

growth , which may mean that the dusts do not lend themselves to surface 

application at high application rates. In the Garson field trial, which 

employed surface application , cru.sti ng did occur , but the crust soon 

cracked and seedlings were able to emerge . Allowing several weeks to elapse 

between dust application and seeding , as suggested above, might ensure that 

some breakup of the crust haG occurred by this time . In non-stony areas , 

where the neutralizing agent is worked into the soil, the crusting problem 

does not arise . As pointed out by Purdy, however, the tendency of the dust 

to crust on contact with moisture might create serious problems in machine 

spreading. He suggests that the dust might be pelletized for spreading , but 

such a process would probably be technically difficult and ther.efore 

expensive. 

C. Because of its caustic nature, the material could not be used in 

the current Sudbury Regional Land Reclamation Programme, in which limestone 

is spread by hand . Even loading and spreading such a material would be a 

potential health hazard to operators because of its dusty consistency. 

d. As pointed out by Purdy , the by- pass dust possesses one third 

the density of ground limestone , increasing spreading costs . 

e. In view of the significant alkali and chloride content of the 

waste, there is some potential for a salinity problem, but this is unlikely 

to be a serious consideration in a climate in which precipitation exceeds 

evapotranspiration such as th?t of the Sudbury area. 

On the positive side , it should be noted that the dusts would be 
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available without cost from the cement manufacturer, although the transporta­

tion costs would probably limit the economic feasibility of their use in the 

Sudbury area . Perhaps more important is the fact that the use of these dusts 

to counteract smelter-emitted pollution would be a fine example of appropriate 

technology , in which one waste product is used to counteract the harmful 

effects of another waste product. thereby achieving two waste disposal 

objectives in a single act . Such procedures, while desirable, ~re rare in 

waste disposal practice, except in the case of sewage sludge , either in raw 

or in composted form (e .g. Murray , Townsend & Sapper, 1981; Stucky, Bauer & 

Lindsey, 1980; Sutton & Vimmerstedt , 1973).. In fact, in 1973 a consultant's 

report (Dillon , 1973) recommended the installation of a garbage grinding 

facility and ground garbage/sewage sludge composting plant for Sudbury, the 

resulting compost . to be used in land reclamation. Although the project was 

never funded , preliminary work by the present author (Winterhalder , et~-, 

1976 and unpublished data) indicate that such a compost would be highly 

beneficial in reclaiming Sudbury's acid, metal-contaminated so i ls . With 

respect to the use of cement kiln dusts in land reclamation, however, no 

previously published reports on this subject exist, to the knowledge of the 

present author . . The closest parallel can be drawn with the work of Gemmell 

(1981) , who used two types of industrial lime waste {"dried calcareous slurry" 

and Leblanc wastes, respectively) in reclamation experiments on colliery spoil 

in the U.K. The success of their experiments was later confirmed by large­

scale reclamation . Their wastes lacked the potentially toxic alkalies and 

chlorides present in cement kiln wastes , and they found that particle size , 

a factor not considered in the present report , was the largest single arbiter 

of short-term effectivity . 

In conclusion , it appears that the possibility of utilizing 

industrial lime wastes, particularly those from the cement industry, has not 
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received the attention that it deserves. This preliminary investigation 

strongly supports the feasibility of using cement kiln by-pass dust as a 

limestone substitute~ but draws attention to certain economic and 

technological problems that would have to be overcome before its use would 

be appropriate in the Sudbury Regional Land Reclamation Programme. 
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MANAGING MINESOIL DEVELOPMENT 
FOR PRODUCTIVE RECLAIMED LANDS 

by 

WILLIAM SCHAFER l 

ABSTRACT 

Fears that disturbance of the soil system through mining 
could result in an overall decline in productivity have been 
common. To understand the nature and properties of minesoils it 
is essential to be aware of and manage early soil development 
processes. 

Traditionally soil development was understood to result from 
five factors including climate, organisms, parent material, 
relief, and time . . The influence of each of these factors on 
initial soil development of minesoils is discussed. Techniques 
for managing minesoil development are reviewed. 

INTRODUCTION 

Strippable coal deposits underlay more than 3 million 
hectares of land in the Northern Great Plains of the u.s. and 
Canada. Mining for precious metals; uranium; sand and gravel; and 
bentonite, disturbs more acreage than for coal mining. The 
cumulative effect of mining could significantly alter our nations 
soil resources, as has occurred in many parts of Appalachia. 

Soils throughout the Northern Tier of the United States and 
Prairie Provinces have "evolved" or developed in response to a 
complex interaction of factors over the last 10 to 15 thousand 
years {post-Wisconsin time). Mining interrupts these soil 
forming processes and resets the pedologic clock to zero. Two 
legitimate concerns arise as a result: 1) soil properties which 
have taken thousands of years to develop will be destroyed­
resulting in permanent reduction in soil productivity for 
thousands of years or 2) soil development after mining may 
progress in a different direction than in the past resulting in 
less productive soils than those found before mining. 

1 Soil Scientist, Cooperative Extension Service 
Montana State University, Bozeman, Montana 59717-0003 



The first concern can be quickly dispelled in that few 
studies have documented a direct relationship between increasing 
soil age and increased productivity. Often, in fact, the inverse 
is true. The second premise, that soil development may progress 
differently than before mining, is the subject of this paper. 
Previous studies have found that minesoils can develop along 
different pathways than those followed by natural soils. The 
result can be minesoils either more or less productive than those 
found before mining. Basic concepts of soil development will be 
outlined, and a framework for managing post-mine soil development 
will be discussed. 
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THEORY OF SOIL DEVELOPMENT 

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

S = f(cl,o,p , r , t) 
where 

S .. soil 
cl= climate 
o = organisms, or biola 
p • parent material 
r • relief 
t ,. time 

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

Other workers have prop-osed different approaches to the 
study of soil development. The independent influence of a single 
soil-forming factor is often difficult to isolate in nature . 
Hole and Nielsen (1970) suggest that the "factors" combine and 
interact to produce general "processes" of soil formation 
(Simonson, 1959). These processes acting through time on a 
newly-forming soil produce distinct properties. For example, the 
process of "melanization" produces a thick, dark "A" horizon 
high in organic matter content . Likewise , the processes of 
eluviation and illuviation tend to remove soluble salts and Caco3 
from the upper profile and produce distinct layers of these 
materials deep in the profile. 

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

ORGANISMS 

time 

processes 

RELIEF 

CLIMATE 

Figure 1. Conceptual model of soil development including soil­
forming factors and processes of soil formation. 

PARENT MATERIAL 

Yaalon (1975) pointed out that the influence of parent ,-------------
material is diminished with the passage of time. However, parent 
material exerts a strong, in fact overriding, influence on soil 
properties in the early stages of soil development. As such, 
the parent material factor in minesoils, which is ultimately 
controlled by the reclamation process, plays an important role in 
controlling minesoil development processes. 

RELIEF 

The relief factor is very different in concept than the 
remaining factors of climate and organisms which control the 
input and flux of energy within the soil system (Huggett, 1975). 
The relief factor serves only to redistribute energy within the 
landscape. 

The unique and perplexing role of relief in soil develop­
ment is illustrated by both the 1938 soil classification as well 
as the Soil Taxonomy. Soils in footslope landscape positions 
which receive an inordinate influx of material are termed pachic 
or cumulic. Soils in particularly erodible positions (crest, 
shoulder) are azonal. 

Huggett (1975) proposed that the basic unit of soil study 
should be the soil-landscape rather than the pedon, thus removing 
the relief factor from the soil-forming model and incorporating 
it as a characteristic of the soil-landscape unit. 
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CLIMATE 

Climate is perhaps the only truly independent variable in 
the soil development model . The climate factor governs the 
quantity and timing of water input as well as the thermal energy 
of the soil system. Climate exerts a strong influence on soil 
development; one that cannot be altered by man. 

ORGANISMS 

The soil-vegetation system has many complex interrelation­
ships causing some workers (Crocker, 1967) to defy separating 
them. As such, an opportunity to manage or alter soil develop­
ment is afforded reclamation specialists through their selection 
of vegetation. In addition, floristic diversity and productivity 
can be readily influenced by soil reconstruction. 
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EXAMPLES OF SOIL DEVELOPMENT 

CLASSICAL STUDIES 

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

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

. 
Olson . (1958) studied soil development on a sequence of Lake 

Michigan sand dunes O - 12,000 years old. Organic carbon and 
nitrogen in the upper 10 cm rose quickly in the first 300 years, 
and more slowly until steady state was approached in 1,000 years. 
Caco 3 was leached to 2 m in depth after 6,000 years. Silt and 
clay content rose from near zero initially to an equilibrium 
level in 1,000 years. 

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

The general pattern of soil development is for levels of 
properties to change quickly during initial stages then change 
less rapidly as equilibrium is approached. The amount of time 
required to reach equilibrium is different for each property. 
Organic matter, pH, and total nitrogen can change quickly in 
soils (100-500 years). Carbonate movement requires more time 
(1,000 years), while clay movement may require 2,000 to 10,000. 
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Figure 2. Changes in soil properties and development over time 
(from Birkeland, 1974). 

MINESOIL GENESIS 

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

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

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

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

Schafer and others (1980) compared minesoils from 1 to 50 
years old in southeastern Montana to adjacent natural soils (Fig. 
3) . Organic C content from 0-10 cm soil depth reached levels 
found in natural soils within 30 years , but would not reach 
equilibrium at 20-50 cm for 400 years or more. Litter accumula­
tion was common under pioneer vegetation on minesoils resulting 
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in wide C/N ratios; reduction in available N; successional stag­
nation; and reduced plant community production. Soluble salts 
were leached downward in minesoils in tens of years , but 
thousands of years would be required for carbonate removal to 
occur in the upper 50 cm. Soil structure developed more quickly 
near the soil surface (10-50 years) than below 10 cm (50-200 
years), and was attained sooner in clayey than in sandy mine­
soils. Many characteristics of minesoils were expected to always 
be different from natural soils . Well-designed minesoils were 
highly productive , in a few cases exceeding the potential of 
natural soils. 
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Figure 3. Soil properties of natural soils, five, and 50-year 
old minesoils (from Schafer and others, 1980.) 

In most of the studies discussed above soil genesis in 
minesoils followed a pathway similar to that followed by natural 
soils so that minesoil properties would become similar to natural 
soils in 100 to 10,000 years . Nielson and Peterson (1972) 
discussed the soil development of minesoils in Utah tailings. 
Oxidation of pyrite caused pH to decline from eight after deposi­
tion to a pH of four after four years and pH less than two in 20 
years. Thus, the presence of sulfides caused these minesoils to 
become far different than natural soils. 

Merrill and others (1980) discussed the chemistry of North 
Dakota minesoils high in subsoil sodium. Working with smectite­
rich clay and clay loam spoils, they found that sodium migrated 
upward into topsoil layers after three to six years, thus 
reducing hydraulic conductivity and making the effective rooting 
depth shallower. Dollhopf and others (1980) found no upward flux 
of sodium in illitic clay loam materials suggesting that subsoil 
texture and clay mineralogy influence sodium migration. Results 
from these studies illustrate the importance of parent material 
chemical and physical properties on influencing post-mine soil 
development. 
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MANAGING MINESOIL DEVELOPMENT 

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

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

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

PARENT MATERIAL 

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

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

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

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

Soil and the vegetation it supports are closely related and 
as such the design of post-mine vegetation and soil systems 
should go hand in hand. Under ideal conditions. complimentary 
soil and vegetation are mutually beneficial. When soils are 
capable of supporting productive stands of vegetation . soil 
organic matter can accumulate quickly which in turn promotes even 
greater production . 

Vegetation and microorganisms play a major role in soil 
organic matter accumulation and nutrient cycling. They can also 
influence the water regime of soils which can in turn affect soil 
chemistry. There is evidence for example, that revegetation of 
sulfide-rich tailings in arid regimes may slow acid production in 
the root zone by removing water during the periods of peak 
microbial activity (summer). 

RELIEF 

The final contour of a mine is often controlled solely by 
the mine engineering staff and is not influenced by the reclama­
tion staff. The soil development model suggests the critical 
role of relief in the minesoil formation process. Moran and 
others (1978) suggest that post-mine geomorphology affects not 
only soil development but also erosion; surface water. and ground 
water quality and quantity. Design of post-mine geomorphology 
must take into account soil stability, the hydrologic system, the 
unconsolidated nature of the spoil. overburden swell factor , 
overburden to coal ratio , and relationship to the surrounding 
landscape. Clearly, the reclamation staff must have input into 
post-mine contour considerations. 

Design of the post-mine geomorphology is one of the most 
challenging aspects of disturbed land reclamation and can also 
influence cost more than other facet of reclamation. Many 
recent developments in reclamation technology have come about as 
a result of increasing attention being focused on geomorphology 
(Stiller and others , 1980) . 

Many mines now design complex slopes where convex or flat 
slopes were once common due to their lower costs. Drainages in 
reclaimed areas are designed with smooth , concave profiles 
because the erosive influence of knickpoints is recognized . 
Highwall reduction remains an important issue because when 
highwall slope is reduced to control erosion. slope length 
increases which adds to erosion . 

CHECKLIST 

The framework proposed for soil management in reclaimed 
systems has five steps which should incorporate many of the 
principles outlined in this paper (Figure 4. ). 
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Figure 4. Framework. for soil reclamation and management in a 
mining operation. 

The first step is to set appropriate land use goals. A 
suitable soil for range forage production would be different than 
one for shrub and tree reestablishment or irrigated agriculture. 
Next an inven~ory of sQil _and overburden materials should be 
made. Potentially unsuitable soil parent materials which could 
lead to acidification, upward sodium movement or other 
undesirable soil development processes should be identified. 

A landscape plan must be developed which simultaneously 
meets constraints of soil and hydrologic stability, water quality 
and quantity, and mining production costs. Next a complimentary 
soil and vegetation plan should be designed within the context of 
the landscape plan. If at this point in the planning process it 
appears that land use or other goals cannot be met, then revision 
of the landscape and soil plan using a different set of 
constraints may be necessary. 

Finally, after completion of mine and reclamation plans 
(and approval by regulatory agencies), minesoils must be properly 
managed to insure continued fulfillment of planning goals. Post­
mine management may include grazing, harvest, fertilization, 
liming, controlled burning, supplemental irrigation and a host of 
other measures . 

Application of these principles though complex, will assure 
that the best possible job has been done in building productive, 
and stable post-mine landscape-soil-vegetative ecosystems. 
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Reclamation monitorina: The critical elements of a reclamation 
monitoring program in"western North America. R. L. Johnson, Alberta 
Environmental Centre, P.J. Burton, University of Illinois, V. Klaassen , 
Monenco Consultants Limited, P.D. Lulman, TransAlta Utilities 
Corporation, D. Doram, TransAlta Utilities Corporation. 

The potential for seri ous 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 reclamatiGn monitoring . 

INTRODUCTION 

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 overall assessment of the reclamation effort in 

order to determine its operational effectiveness ; 

- to develop , demonstrate, 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 environmental ly 
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'critical' properties and (2) choosing properties which have little 

natural fluctuation and yet are ecologically or economically 

interpretable (Ward 1978). For terrestial systems there are few 

guidelines for parameter selection and no format for the design of 

monitoring programs. 

This paper employs end land use to define the context of 

reclamation objectives and thereby lay out the precepts of monitoring 

programs. The selection of specific monitoring variables is predicated 

on understanding the underlying principles of soil and vegetation 

development in relation to the post-mining landscape. Finally, we 

concern ourselves with the design and implementation of a sampling 

program for reclamation monitoring and the interpretation of the 

collected results. 

LANO USE CONSIDERATIONS IN RECLAMATION MONITORING 

Land uses prior to disturbance in proposed mining areas are 

agriculture, wildlife habitat, forestry and recreation. Potential uses, 

after mining, are determined by the biophysical environment - soils, 

climate, water and vegetation - and by the effect of mining and 

reclamation on the environment. Economic factors, especially when 

agriculture or forestry is the designated land use, can also be 

important. Ideally, the end result of reclamation is a landscape where 

all potential uses, limited only by the environ~ental and economical 

restraints, are possible. 

Table 1 outlines the major land uses, the dominant factors 

~ 
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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 productivi~y (interrelationship of yield, 

quality, and management) can often be assessed only when site specific 

information is available. Economic information is often availabl.e from 

published sources like 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 fer 

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 before 

mining . 



End Land Use 

Agriculture 

Wildlife 

Forestry 

Recreation 

) 

TABLF 1 

End Land Use Considerations tor Recla111dtio11 Mor, . ,ring 

----·- ----- - · 

!Jominant 
Influenciny 

Fae tors 

Factors and Processes Monitored 

-------------------·-·-·--- - - --- ···- • -·--··--------------- ---- ----

Vegetation 
Soils 
Climate 
Cost-l3enefi t 

Species 
Vegetation 
Soils 
Water 

Vegetation 
Soils 
Water 
Cost-Benefit 

Vegetation 
Soils 
Water 

Cropping pattern, productivity, % cover. 
Soil fertility, chemistry, water, structure. 
Precipitation, evapotranspiration, temperature. 
Capital ·invest,ucnt , capi tell returns. 

Species diversity, numbers, area required for habitat. 
Diversity, % cover , palatability, succession. 
Landscape, toxic elements. 
Quantity, quality of surface reserves. 

Establishment, productivity. 
Soil quality and site index. 
Surface water. 
Capital investments, C<lpilal returns. 

Species diversity,% cover. 
Landscape, soil mechanics . 
Type (rivers, lakes , etc.) quantity and quality of surface 
reserves. 

) ) 

.p. 
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Wildlife Land Use 

There are no government guidelines in Alberta dealing with areas to 

be returned to wildlife use, but two logical objectives follow from any 

consideration of wildlife habitat: 

1. Successful habitation of a reclaimed area by the same or 

similar wildlife species present on pre-mined lands . 

2. Development of a diverse, self-sustaining ecosystem which 

favours the proliferation of the desired wildlife species and 

does not require maintenance. 

The components required in a monitoring program for wildlife 

habitat reclamation are conveniently broken into one pre-disturbance and 

three post-disturbance stages (Table 2). The need for information 

collected prior to disturbance is often met in formulating an 

environmental impact assessment, but reclamation monitoring after mining 

must concentrate on the interrelationship of wildlife species, 

vegetative production and diversity, and the availability and the 

quality of water. It is evident that topography and soils will affect 

these relationships directly but are secondary in a monitoring program 

to considerations of food, water , and shelter to the wildlife 

populations. 

Forestry Land Use 

The decision to use disturbed land for purposes of commercial 

forestry implies two objectives: (1) maximizing sustained yield of 

timber and (2) minimizing cost and time of timber production. The 

maximization of forest site quality - a concept translate into 

topographical, soil and vegetation variables by means of "site index" -



Pre-Mine 
Environmental 

Conditions 

- on area to be mined 
and ,a control area 

- wildlife 

- vegetation & climate 

- topography & landscape 

- soils 

- water 

) 

TABLE 2 

Monitoring Reclamation Progress of Wildlife ll,1 t1itat 

Phase of Reclamation Program 
Initiation Evaluation Stabilization 

re-construct topography 
and landscape 

- soil replacement with 
possible ameliorations 

- revegetation (erosion 
control, productivity, 
diversity) 

- water (location, quality) 

) 

wildlife - species and 
number using reclaimed 
area in comparison to 
a control area (spatial 
and diversity basis) 

- vegetation - growth rate 
analysis, community 
diversity by quantity 
index, turnover of plant 
communities (succession), 
use by wildlife as food 
and cover, etc . 

- use of reclaimed 
area by similar 
species and numbers 
of wildlife as 
found on control 
area 

- diversity and prod­
uctivity of plant 
community comparible 
to original community 

- similar to original 
or control vegetation 
with the ability to 
maintain itself 
(ecological stabil­
ity) 

) 

O"I 
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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 recreational 

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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BIOPHYSICAL COMPONENTS OF RECLAMATION MONITORING 

The most important and most difficult step in the design of 

monitoring programs is the selection of parameters, because reclamation 

progress is judged successful or unsuccessful by the quantity and rate 

of change which is measured. The difficulty lies in the selection of 

the best indicators of ecological recovery and ensuring that the 

measurements are practical and interpretable. 

This paper limits itself to a consideration of two components of a 

terrestial monitoring program - vegetation and soil - and uses the 

underlying principles of vegetation and soil development in post-mining 

landscapes to identify the critical parameters of reclamation 

monitoring. The processes most important to the evaluation of stable 

plant and soil systems on western North America are: 

- plant growth and succession; 

- effects of vegetation on soil genesis; 

- water balance; 

- soil tilth and compaction; 

- soil salinity and sodicity; and 

- soil nutrient accumulation and supply . 

Plant Growth and Succession 

The status of the vegetation is indicative of and often determines 

the status of reclamation as a whole. The methods used for monitoring 

must be designed such that they are responsive to the processes of plant 

establishment, plant growth, and community stability . The productivity 

of planted species is important for assessing agriculture and forestry 

~ 
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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 succ~ss exhibited by 

the introduced plants is an item of primary interest in assessing the 

reclamation status of a management area and 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, biomass productivity, plant 

vigour and survival, and longevity. 

It is just as important to consider the lorg-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 questions 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 pl ants invade a revegetated area of 

minespoil over time? 
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Are invading species noxious weeds or are they amenable to future 

land uses and the improvement of soil quality? 

- At what stage do plant community changes decelerate or become 

unimportant, and how long does it take to reach such a stage? 

- How can natural community changes be managed or enhanced to 

achieve a deiired land use at least expense? 

The mechanisms of succession as first interpreted by Clements 

(1916) still provide a useful framework for the analysis and discussion 

of successional phenomena and the factors which are thought to govern 

such phenomena: 

- exposure or deposition of a new substrate; 

- invasion, either by sprouting of plant parts already present, or 

by the immigration of disseminules· from surrounding areas; 

- excesis, or stand development, referring to the germination, 

establishment, growth, and reproduction of the biota; 

- competition among the plant individuals and populations, thereby 

modifying the development process; 

site or habitat modification resulting from the presence of 

plants and animals, further influencing the success of existing 

populations and the establishment of future species; and 

- final stabilization of species composition. 

The study of plant community dynamics and long-term succession can 

be difficult. The key aspect of the successional process is the change 

in plant populations. Vegetational changes are often so slow that they 

are very difficult to detect and measure, especially in later stages of 

succession. 

~ 
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Effects of Vegetation on Soil Genesis 

The manipulation of vegetation types in relation to different 

parent material is critical to achieving full reclamation potential 

(Curry 1978) . In a comparison of minesoil development in Montana 

covering 50 years of reclamation, Schafer et al. (1979) show that modern 

techniques of overburden and soil classification coupled with 

contemporary practices of vegetation management are more effective in 

re-establishing productive grassland communities in five years than 50 

years of natural succession on poor quality mine soil . 

Water Balance 

The most important physical property of soils governing the 

successful re-establishment of vegetation on surface mined land in 

Western Canada is water balance . Reclamation 6f semi-arid (250 to 500 

mm precipitation per year) envircnments depends on the conservation and 

efficient utilization of a limited precipitation . Under these 

conditions infiltration, runoff, leaching, and evaporation must be 

controlled to maximize the root absorption of soil water and the dry 

matter production per unit of soil water used. The soil properties 

which have been shown to affect runoff erosion on mined lands are: 

texture , rock fragmentation, exchangeable sodium, bulk density, and clay 

type (Power et al . 1978) . 

Soil Tilth and Compaction 

Surface mining and reclamation involve the use of heavy machinery 

for the excavaticn and replacement of large quantities of overburden and 

soil. Machine traffic can cause soil compation to a desree at which 
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growth is impeded. Even though frost action and wetting and drying 

cycles (pedoturbation) will loosen most compacted zones near the 

surface, compacted layers below 50 centimeters can persist indefinitely. 

The soil properties that are measured to assess the extent and effect of 

compaction are: strength, structure, consistence, plasticity, 

aggregrate size and stability. and bulk density. 

Soil Salinity and Sodicity 

In surveying the problems of salt-affected soils in mined areas, 

Sandoval and Gould (1978) summarize their observations about the 

interactions of soil quality and soluble salts in these points: 

- salinization is reversible and frequently controllable. 

- sodic soils often show a lack of structural stability and a 

severely restricted infiltration rate, and therefore need special 

treatment for improvement and management. 

chloride(Cl-) and sodium (Na+) are most often the specific ions 

causing direct plant toxicity. 

- when chloride or sodium is toxic boron (B) can accumulate in 

toxic amounts. 

calcium (Ca 2 +) uptake by plants is often reduced in scdic salts 

as a result of sodium induced deficiencies. 

- phosphorus solubilities increases with sodium domination of the 

soil exchange complex, but plant assimilation of phosphorus at 

high pH values is less than at neutral soil pH levels. 

In the assessment of processes affecting mined lands which involve 

salinization and/or an increases in exchangeab1~ sodium, the dynamics of 

,-------, 
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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, soluble cations and anions, saturation percent , 

exchangeable cations·, catiori 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 practice which 

increases the production and protection of stable soil organic matter 

(humus) will enhance the quality of the soil environment. 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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reactions. The two components of total cation exchange capacity in the 

soils - the mineral and organic colloids - are often imbalanced in 

developing soil profiles. The contribution of the mineral fraction is 

fixed by the kinds and amounts of clay minerals, and only intense 

weathering processes can affect it. The organic fraction, on the other 

hand, is a result of biological activity, in soil, and although it may 

make a negligible contribution in the beginning, the organic colloids 

can increase rapidly after initial vegetative colonization (Olson 1958, 

Chandler 1942). 

Essential nutrients are divided somewhat arbitrarily into those 

required by the plant in large or small quantities. Nitrogen, 

phosphorus, potassium, sulphur, calcium, and magnesium, are used in tens 

or hundreds of kilogram~ _per hectare per year; and the micro-nutrients 

or trace elements may be used in kilograms or grams per hectare per 

year. The difference between total nutrient content and available 

nutrient levels in soil is great for nearly all elements. Therefore, it 

is often important to measure both pools in order to relate present 

availability to future demands and increases in pool size. 

Overall, a reclaGation monitoring program must reflect the 

vegetation and soil interactions expected under the environmental 

conditions prevalent in the plains and mountain areas of western North 

America . The critical measurements will depend upon land use, geology, 

and climate, but in nearly all cases some aspect of plant growth, plant 

community succession, water balance, soil tilth, salinity or sodicity, 

and soil fertility will be included (Table 3). The specific properties 

~ 
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TABLE 3 

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

Component 

Plant Growth and Succession 

Effect of Vegetation on Soil Genesis 

Water Balance 

Seil Tilth and Compaction 

Salinity and Sodicity 

Soil Nutrient Accumulation 
and Supply 

Properties 

Biomass productivity 
Cover 
Longevity 

Organic matter accumulation 
Rooting depths 

Infiltration 
Runoff 
Water holding capacity 
Hydraulic conductivity 

Soil strength 
Bulk density 

Sataration percent 
Soluble cations and anions 
Electrical conductivity 
Exchangeable cations and cation 
exchange capacity 
pH 

texture 
pH 
total and available nitrogen 
carbcn-nitrcgen ratio 
Available phosphorus 
Available potassium 
Available sulphur 
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included in a monitoring program will reflect the special problems of 

soil, geology, and climate, the rate of plant community and soil 

development, and the level of understanding of undisturbed ecosystem 

interactions. 

SAMPLING DESIGN AND STATISTICAL ANALYSIS 

The evaluation of reclamation progress and success must be 

quantitative. A visual or subjective assessment of large areas of 

reclaimed land my be important to aesthetics and public acceptance of 

reclamation success, but qualitative assessments cannot answer many of 

the most important question which a monitoring program must address: 

- Is productivity the same as it was before mining? 

- Is productivity increasing and at what values will it level off? 

- What soil nutrients are limiting and how much fertilizer should 

be applied? 

- Is the ecosystem stable and self-maintaining? 

Questions of this kind require numerical analytical data in order 

to be answered. 

A consistent sampling program must be developed and followed which 

will give a representative description of the population or area unaer 

study. The first step is to define the population ana choose a sampling 

design . The next step is to decide on the size of sample; in general, 

the larger the size, the more closely a sample is expected to represent 

a population . The choice of an appropriate sample size depends on the 
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level of reliability de?ired , the variability of the population, and the 

cost of sampling. 

Sample selection can be subjective, random or systematic. 

Subjective sampling ·requires that an individual, who is well acquainted 

with the material, choose samples which are considered representative . 

Such a procedure may be carried out where only a very few samples can be 

analyzed, and is completely dependent on the knowledge and skill of the 

sampler . Random sampling is usuallly superior to subjective methods of 

sample selection, because each unit of a population or an area has an 

equal probability of being chosen and there is a theoretical basis for 

the quantitative evaluation of a sample ' s quality or error. Probability 

theory can be applied and · objective conclusions can be drawn. 

Systematic samples can be successfully representative if the even-spaced 

interval over which samples are selected has no relationship to any 

periodicity of the response being measured . 

If a major objective of a st~dy is to compare different subsets of 

a population , as well as to document the status of the whole population , 

or if the population or study area is very heterogeneous, stratified 

random sampling may be desireable. If separate random samples are 

selected from each natural or otherwise predetermined stratum (subset) 

of the population , population variance is decreased. Variance could 

alternatively be decreased by increasing the sample number in an 

unstrat i fied random sample . 
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Although a number of different formulae can be used to detennine 

the appropriate number of samples needed to represent a populati on, they 

reduce to a common form: 

where n 
z 
s2 

and e 

= 
= 
= 
= 

e2 

the number of samples required 
standard normal deviate, 
variance, the square of standard deviatior., 
tolerable error or conficence limits, expressed 
in the units being measure. 

If the original calculation of variance (S 2 ) is based on less than 

60 samples, it is adviseable to substitute t 2 (from Student's tabulated 

t values) for Z2 • 

Other statistical considerations which are important to reclamation 

monitoring are (1) the use of permanent plots in place of successive 

random sampling, (2) the methods of evaluating statistical significance 

of differences, and (3) the use of time series analysis or simulation 

~cdelling for predictive purposes . The advantages and disadvantages of 

permanent plot sampling have not been tabulated to date . Orloci (1978) 

and Wester (1977) have discussed the use of simple and mult ivariate 

analysis for evaluating changes in biophysical variables over space and 

times . The use of time series analysis and modelling has been fully 

reviewed by Pielou (1981) and Kessel (1980) . 

~ 
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In summary, a reclamation monitoring program in western North 

America can be made most efficient and effective by considering a 

minimum of three stages: 

1. A decision of land use to which the reclamation effort is 

directed. 

2. An evaluation of biophysical components, including vegetation, 

soils, and climate, which influence the reestablishment of a 

stable plant community. The choice of specific monitoring 

variables , such as plant productivity, organic matter 

accumulation or exchangeable sodium percentage, will follow 

from the selection of critical components . 

3. The design and implementation of an adequate sampling program 

to quantitatively measure the rate of change and degree of 

stability in -vegetation. and soils . 
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PLAINS HYDROLOGY AND RECLAMATION PROJECT: 

RESULTS OF 5-YEAR 15 OF STUDY 
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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 . 

1 Alberta Research Council , Terrain Sciences Department 
2 Alberta Research Council, Geological Survey Department 
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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 
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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 



,,,,--.._ 

---.... 

- 11 -

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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ABSTRACT 

Experimental plots were established in 1982 at Highvale Mine to test 

several hypotheses relative to reclamation of sodic mi nespoil and to 

provide interpretive data for reclamation planning and post-mining 

land management. 

Data collected during the first monitoring program in 1983 showed that 

soil moisture, bulk density, chemistry and crop productivity were 

significantly affected by the various treatment components for both 

the subsoil depth and slope drainage experiments. 

As this is the first year of monitoring on these plots, the conclu­

sions presented should be regarded as interim conclusions only. 
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INTRODUCTION 

Experimental plots were established in 1982 at Highvale Mine to test 

several hypotheses relative to reclamation of sodic mine spoil and to 

provide interpretive data for reel amation planning and post-mining 

land management . TransAlta Utilities Corporation provided construc­

tion funding for the research plots located in Section 7, Township 52, 

Range 4 west of the 5th Meridian {Plate 1). Monenco Consultants 

Limited superv i sed the construction as well as selection , sampling and 

analyses of topsoil, subsoil and minespoil . 

The subsequent monitoring programs i ncl ud i ng those discussed in this 

paper are funded from the Alberta Heritage Savings Trust Fund t.hrough 

the Land Conservation and Reclamation Council . Project management is 

the res ponsi bi'l ity of Alberta Environment I s Research Management Di vi­

sion . 

The primary objectives of the program are: 

1. To determine an optimum depth of subsoil replacement over mine­

spoil to ensure adequate vegetative productivity, especially in 

the Highvale Mine Pennit area . 

2. To establish productive agricultural soil on reclaimed land . 

This involves assessing the sustainability of re-established 

2 
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productivity; at the Highvale Mine emphasis is placed on 

minimizing salt migration from mine spoil into the root zone. 

Salt movement will be monitored. 

3 . To examine treatments which could minimize soi1 quantities needed 

to restore the original productivity of the lands . Slope confi­

gurations are evaluated as methods of minimizing the quantities 

of subsoil material required to maintain adequate plant producti­

vity . 

Two separate experimental plots, the Subsoil Depth Experiment, and the 

Slope Drainage Experiment, were constructed to provide data relative 

to the objectives discussed above . Each experiment was designed to 

t~st ce~tain null hypotheses . 

Subsoil Depth Experiment - Null Hypothesei 

1. Crop productivity on reclaimed sodic spoil is not a function of 

subsoil depth (subsoil is defined as non-sodic soil material 

placed between spoil and replaced topsoil) . If rejected, iden­

tify optimal subsoil depth . 

2. Forage and grain crops will not respond differently to varying 

subsoil depths . If rejected , identify optimal subsoil depth for 

each crop . 

4 
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3. The subsoil/sodic minespoil interface will not i nterfere with 

vertical movement of water . If rejected , quantify the effect . 

4. Salts will not migrate from sodic minespoil into subsoil . If 

rejected , quantify the effect . 

Slope Drainage Experiment - Null Hypotheses 

1. Downslope salt transport is independent of slope and aspect. If 

rejected , quantify effect of slope and aspect . 

2. Crop productivity is not a function of slope position , slope 

steepness or aspect in the reclaimed landscape . If rejected , 

quantify effect of slope steepness, slope position and aspect . . 

PROJECT DESIGN 

Experimental designs and the assumptions made for each experiment in 

the study are described below. 

Subsoil Depth Experiment - Treatments and Experimental Design 

Treatments 

1. Subsoil depths: 0, 0.25 , 0.50, 1.00, 1. 50 and 3.00 m. 
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2. Crops: 

oats) . 

forage/bromegrass and small grain rotation (barley, 

This crop combination was chosen from those grown 

successfully in the area. 

Experimental Design 

The experimental design used for this experiment is a split plot with 

the six subsoil depths randomized in the main plots and the two crops 

(a forage and a cereal) randomized in the subplots . The total number 

of replications is three. The layout of the subsoil depth experiment, 

showing the randomized treatments, is illustrated in Figure 1. 

Slope Drainage Experiment - Treatments and Experimental Design 

Treatments 

1. Slope Type - North facing at 5° slope; 

- North facing at 10° slope ; 

- South facing at 5° slope; and 

- South facing at 10° slope. 

2. Position on Slope: Top half of slope; 

Bottom half of slope; and 

Pad at base of slope. 

6 
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Experimental Design 

Since slope steepness, slope aspect and position are treatments 

applied in strips rather than randomly, the precision for testing 

these main effects is sacrificed for increased sensiti vity to inter­

action effects (Cochran and Cox 1957 , page 307). Since interaction 

between slope aspect and slope steepness is internal to the experi­

mental design, these two treatments may be combined to form a "sl ape 

type" treatment which can be randomly applied in three complete 

blocks. Across these whole plots or main treatments, the testing of 

three different slope positions introduces a "factor" again applied in 

strips and which can then be analyzed as a "strip-plot" or "split­

bl ock " design (Little and Hills 1978, page 115) . 

The layout of the slope drainage experiment is illustrated in Figure 

2. 

METHODOLOGY 

FIELD PROGRAM 

A baseline soil/spoil inventory was conducted in the fall of 1982, and 

neutron probe access tubes were installed . 
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The 1983 field program consisted of soil moisture monitoring, soil 

density monitoring, gravimetric sampling , soil sampling for fertilizer 

requirements, weed control , site preparation , selection of seed , 

seeding, harvesting, crop observation , plot maintenance and soil/spoil 

sampling . 

1. Soil Moisture and Density Monitoring 

Neutron probe monitoring was conducted monthly from April through 

October except in June due to continuous excessive rain. A total 

of 108 neutron access tube locations were monitored throughout 

the reconstructed profiles . Neutron probe density measurements 

were taken concurrent with the April and October soi 1 moisture ,,,----, 

mon i toring program. 

The method of neutron probe calibration as discussed by Nakayama 

and Reginato (1982) was used to calibrate the probe . 

2 . Soi 1 / Spo i l Sam p l i ng 

Soil samples were collected from the sampling intervals suggested 

by the PCRRP Steering Committee at two sites randomly selected in 

each subsoil subpl ot. Additional samples were taken where ano­

malies in soil depth occurred . Two locations from each of the 

slope positions on the slope experiment were also sampled . 

10 



A truck mounted B24 auger rig equipped with a 60 cm long by 5 cm 

diameter split tube sampler with a modified cutting head was used 

to penetrate the plots. The experiment necessitated sampling 

immediate above and below topsoil/subsoil and subsoil/spoil con­

tacts. 

STATISTICAL ANALYSES 

Collected data were entered onto a computer data storage file. Since 

the subsoil/minespoil interface was variable within treatments, a 

coding system was used to identify each sample as to its position 

relative to the measured interface for ease of statistical analyses. 

Statistical analyses of the stored data were performed utilizing the 

PROC MEANS, PROC GLM, PROC AN OVA and PROC CORR procedures of the SAS 

package (SAS 1979). 

Calculated statistics included means, standard deviations, coeffi­

cients of variability, analysis of variance, and linear and step-wise 

regressions. 

11 



RESULTS AND DISCUSSION 

SUBSOIL EXPERIMENT 

Soil Moisture 

Table 1 shows the mean values and standard deviations of moisture in 

the topsoil, subsoil and minespoil of the forage and cereal subplots 

for each treatment during the period from April through October 1983 . 

The reported July results are a combination of two sets of readings 

taken in July . 

~ 

ANOVA and the wal ler-Duncan K-ratio t-test performed on the data show ,,--------...._ 

the following results : 

mean topsoil moisture was generally significantly lower than mean 

subsoil and minespoil moisture (at the 95% level, Pr>F = 0. 0001) . 

mean monthly moisture through the profile is significantly 

different across the treatments for each month . 

the forage subpl ots were generally moister than the cereal sub­

plots . 

Soil moisture profiles for the 1.0 m treatment are shown in Figure 3. 

A general increase in moisture at the subsoil/minespoil interface in 

12 
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all plots may indicate that the interface is affecting the downward 

vertical movement of moisture . If the trend continues and develops 

further, a more conclusive statement can be made about the effect of 

the interface on moisture movement. 

Soil Bulk Density 

Table 2 shows mean values and standard deviations of bulk density in 

the topsoil , subsoil and minespoil for the forage and cereal subplots 

of each treatment. 

Analysis of variance and the Waller-Duncan K-ratio t-test performed on 

the data indicate the following results: 

bul k density increased significantly with depth . Topsoil, sub­

soil and minespoil bulk densities were significantly different at 

the 95% level (Pr > F = 0.0001) . 

Individual bulk density values ranged from a low of 0. 90 g/cc to 

a high of 2.12 g/cc . Mean values for topsoil ranged from 1.20 -

l.Sg/cc, for subsoil from 1.59 - 1.83 g/cc and for minespoil from 

1. 69 to 1. 87 g/cc . 

A bulk density profile for the 1.0 m treatment is illustrated in 

Figure 4. The bulk density profile is the result of constructon and 

one year's settling and can be expected to change with time. Changes 

15 
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TABLE 2 

SOIL BULK DENSITY BY TREATMENT FOR EACH SUBPLOT 

BUU< DENSITY glee 
TREATMENTN- MATERIAL- ALFALFA SUBPLOT BARLEY SUBPLOT 

CTS, SS, MS) x sd x sd 

o.oo m TS 1 . 40 0.16 1.36 0.22 
a SS 

MS 1.76 o. 13 1. 71 o. 10 
0.25 m TS 1.53 0.21 1.46 0.18 

ab SS 1.76 0.11 1.78 0.11 
MS 1.86 0.13 1.87 0.20 

o.so m TS 1 .30 0.13 1 .33 0.12 
C SS 1. 73 0.19 1 .83 o.oa 

MS 1. 74 0.20 1.69 0.30 
1.00 m TS 1 .41 o. 18 1.34 0.25 

C SS 1.68 0.11 1.64 0.13 
MS 1.87 0.09 1. 74 0.14 

1 .50 m TS 1.49 o. 14 1 .20 0.1 5 
C 5? 1.1a o. 13 1.59 0.23 

MS 1.83 0.12 1 . so o. 12 
3.00 m 'TS 1 .31 o. 13 1 .29 0.26 

b SS 1.65 0.13 1.1a 0.16 
MS 1.85 o. 18 1.79 0.12 

Letters indicate results of Wal fer-Duncan K-ratio t-test. 
* Pr > F = 0.0001 at the 95% level. Treatments having the same letter are not significantly different . 

** Pr > F = 0.0001 at the 95% level. Topsoil, subsoil and minespoil are always slgnlficantly different. 

N.B. The coefficient of varlablllty was general I y _:: 1 0% for al l statistical tests performed . 

~ 
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will be due largely to compaction and subsidence. Some changes due to 

crop rooting may be expected, especially in the forage subplots. The 

general trends seem to indicate that compaction may already be 

occurring beneath the topsoil as the plots settle . 

Soil Chemistry 

Samples were analysed for pH, EC, soluble cations , soluble sulphate 

and soluble chloride . Only pH, EC , soluble sodium and SAR measure-

ments were statistically analysed. The other parameters will be 

statistically analysed after a longer time interval (i .e., 5 years) . 

Results of soil chemical analysis for pH, EC , soluble sodium and SAR 

are prese!'}ted in Table 3 , and chemistry profiles for the 1.0 m treat­

ment are shown in Figure 5. 

There were no significant differences between replicates or subpl ots 

for pH, EC, soluble sodiLDTI or SAR at any of the depth intervals. This 

indicates that each of the topsoil, subsoil and spoil materials used 

in plot construction were relatively homogeneous across the experimen­

tal area and with depth. Significant differences between treatments 

by depth interval reflect increases of soluble sodium, EC and SAR at 

the subsoil/spoil depth interval for each treatment . This is further 

confirmed by results of the Waller-Duncan K-ratio t-test . Both top­

soil and subsoil material are significantly different from the spoil 

material . 
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Treatment 

(ml 

o.oo 

0.25 

0.50 

I .oo 

I .50 

:s.oo 

Depth 

0-15 
15-40 
40-55 

105-120 

0-15 
15-40 
55-70 

105-120 

0-15 
15-:SO 
55-70 

100-llO 
130-145 
145-165 

0-15 
15-lO 
50-65 
85-100 

I lo-150 
150-180 
180-215 

0-15 
15-lO 
50-65 
85-100 

120-135 
150-165 
180-200 
200-2l0 
245-260 

0-15 
15-lO 
50-65 
85-100 

120-135 
155-170 
190-205 
225-240 
285-:SOO 
330-350 
350-365 
395-410 

Moterl al 

Top sol I 
Spoil 
Spoil 
Spoil 

Top sol I 
Sub sol I 
Sub sol I 
Spoil 

Top so II 
Subsol I 
Subsol I 
Subsoil 
Spoil 
Spoil 

Top so II 
Subsoil 
Subsol I 
Sub sol I 
Subsol I 
Spoil 
Spoil 

Topsol I 
Sub so II 
Sub so II 
Subso 11 
Subsol I 
Subso 11 
Subsol I 
Spoil 
Spoil 

Top so II 
Subso 11 
Subsol I 
Subso II 
Subsol I 
Subsol I 
Subsol I 
Sub so 11 
Subsol I 
Subsol I 
Spoil 
Spoil 

) 
TABLE :S 

Ch ... lcal Analysis of Depth Intervals - Subsoil Depth Experiment 

pH 

X so 

7.2d" 0.2 
8.50 0.1 
8-5• o.:s 
8.4c 0.2 

7.2c 0.1 
7.8b O.I 
7.8b O.I 
8.50 0.1 

7.2d O.I 
7.9c 0.2 
8.5b 0.1 
7.9c 0.2 
8.5b O.O 
a.1. 0.1 

7.2e o.:s 
1.ac 0.2 
7.7d 0.4 
1.ac 0.1 
8.0b 0.2 
8.5a 0.2 
8.5. 0.2 

7.49 0.5 
7.9c 0.1 
7.9c 0.2 
7.8d 0.2 
7.Bd 0.3 
7.9c o.:s 
7.9c 0.2 
8.3b 0.6 
8.5. 0.2 

7.6g 0.5 
7.99 0.1 
7.9e 0.2 
7.9& 0.1 
1.at 0.1 
e.od 0.1 
7.9e 0.1 
8.0d o. I 
7.9e o.o 
a.le 0.2 
8.5b 0.3 
8.6. o., 

CEREAL 
EC lmS/c,al Naln1e/l I 

X so 

3.40 0.2 
1.6c 0.2 
1.6c 0.3 
1.9b 0.5 

0.5b O.I 
o.:sc o.o 
0.5b 0.2 
1.4., 0.2 

0.59 0.1 
o.Jt o.o 
1.4b 0.2 
o.ad 0.1 
2.1.. 1.2 
1.2c 0.1 

0.9b 0.4 
0.4d O.O 
0.4d 0.0 
0.4d O.O 
0.1c 0.2 
1. 7a 0.5 
I .6a 1.:s 

0.5d 0.2 
0.4e o.o 
o.Jf 0.1 
O.Jf O.O 
0.3f 0.1 
O.Jf 0.1 

X 

J.4d 
14.7c 
15.lb 
18.Jo 

0.4b 
0.7c 
2.4b 

13.5a 

O.Jf 
o.5e 

13.:sc 
4.9d 

20.211 
11.7b 

1 .od 
0.7e 
0.6f 
0.6f 
4.5c 

16.lb 
11.111 

o.,t 
0.5d 
0.4e 
0.4e 
0.5d 
0.4e 

so 

2.1 
2.1 
J.:s 
4 . 5 

0.1 
o.:s 
1.:s 
1 .2 

0.1 
0.2 
2,0 
1 .4 

11.1 
I .2 

1.1 
0.2 
0.1 
0.2 
1.5 
4.7 
9.7 

0.1 
0.2 
0.2 
0.1 
0.2 
o.o 

o. 7c o.:, J.9c 2.e 
2.2b I .5 20.Jb 14.9 
3.Je 1.2 :SI .9a 11.5 

1.2c 
0.4d 
0.4d 
0.4d 
0.4d 
0.4d 
0.4d 
0.4d 
0.4d 
I.le 
2.0. 
1 .6b 

1.5 6.1c 
0.1 0.4e 
0.1 0.4e 
o.o 0.4e 
0.1 0.4e 
O.O 0.5d 
o.o 0.5d 
O.O 0.6d 
o.o 0.4e 
1.1 7.5c 
1.2 17.Bb 
I .1 14.8• 

13.9 
0.1 
0.1 
o.o 
0.1 
0,2 
0.2 
0,2 
o.o 
9,7 

10.8 
10.1 

SAR 

X 

2.Jd 
21.oc 
22.2b 
24.4a 

0.2d 
o.5c 
1.90b 

23.Ja 

o.2e 
0.4d 

2,.111 
4.0c 

25.Je 
25.2a 

0.5d 
0.5d 
0,5d 
0.4e 
:s.ac 

24.0b 
26.0e 

0,2f 
0.4d 
o.Je 
o.:Je 
0.4d 
0.4d 

so 

1 .6 
2.5 
2.5 
3.3 

0.1 
o.:s 
1.0 
1 .9 

0.1 
0.1 
2d 

IJ 
2d 

2~ 

OJ 
0.1 
0~ 
LI 
1d 
:s~ 
Jd 

0~ 
Od 
0,1 
0~ 
0.1 
0~ 

:S.2c 2.0 
22.4b 10.9 
29.la J.I 

' 5.0b 
0.39 
o.Je 
o.:Je 
o.3e 
0.4d 
0.4d 
0.5c 
0.3e 
6.0b 

21.9a 
22.0 .. 

11 .5 
0.1 
o.o 
o.o 
0.1 
0.1 
0.2 
0.2 
o.o 
e.1 

10.0 
9.1 

pH 

X so 

7.3c 0.4 
8,5a 0.1 
8.3b 0.4 
8.3b 0.3 

7.Jd 0.5 
7.7c 0.2 
7.9b O.I 
8-5• 0.1 

7.5e 0.2 
1.ac 0.1 
8.2b 0.4 
7.7d 8.1 
8.5a 0.2 

8-5• 0.2 

7.4f 0.1 
7 .9d 0.1 
7.9d 0.1 
1.ae 0.2 
a.oc 0.4 
8.7b 0.2 
a.ea 0.2 

7.6f o.:, 
7.9c 0.1 
7.7e 0.4 
1.1a o.3 
7.Bd 0.3 
7.6f o.:, 
7.8d 0.5 
8.7b 0,1 
8.60 o. I 

1.59 o.5 
7.9d O.I 
7.8e 0.1 
1.11 0.2 
7.Be O.O 
1.ee 0.1 
7.Be 0.1 
7.9d O.I 
7.9d O.I 
a.oc 0.1 
8.50 0.2 
8,4b Od 

EC lmS/cml 

X so 

o.ec 0.2 
1.16 0.5 
2.50 2.6 
2.5., 1.1 

o.eb 
0.4d 
0.5c 
I .6a 

0.5e 
0.4f 
I .le 
0.6d 
1 .5b 
1.ao 

0.7c 
0.4d 
0.4d 
0.4d 
0.7c 
1.311 
I.lb 

0.4 
o.o 
0.2 
0.4 

0.1 
0.1 
0.6 
0.9 
0.4 
0.1 

0.2 
o.o 
o.o 
0.1 
0.4 
0.1 
0.1 

0.66 0.1 
0.4d o.o 
o.Je 0.1 
0.3e O.I 
0.3e 0.1 
o.:se 0.1 
0.5c O.J 
1.6b 0.4 
2,lo I .o 

0.5b 
0.4c 
o.4c 
O.:sd 
0.4c 
0.4c 
0.4c 
0.4c 
0.4c 
0.7b 
2.Jo 
2.311 

OJ 
OJ 
OJ 
0.1 
0.1 
LO 
0.1 
OJ 
OJ 
OJ 
2J 
2d 

FOOAGE 
Na (me/II 

X so 

3.6c 2,5 
16.lb 4.5 
24.711 26.5 
2J.9a 16.9 

I .9c 
0.6d 
J.1b 

15.411 

O,Jf 
0.5e 

10.1c 
J.Od 

14.7b 
17.611 

0.6f 
o.ad 
0.7c 
0.6f 
4.Jc 

13.lb 
11.211 

0.4e 
0.5d 
0.5d 
0.4e 
0.4e 
o.4e 
2.2c 

14.9b 
19.0a 

Jd 

0.3 
2~ 
4d 

LI 
0.1 
7d 
6d 

4J 
7d 

o.3 
0.2 
0.3 
0.1 
4.9 
6.5 
6.9 

0.1 
0.2 
0.2 
0.1 
0.1 
o.o 
2.1 
J.9 
8.9 

o.:Jt o.9 
0.4e 0.1 
0.4e 0.1 
0.4e 0.0 
0.5d 0.2 
0.4e o.o 
0.5d O.I 
0.6c 0.2 
0.4e 0.1 
3.8b 1 .5 

20.5a 17.1 
21.6• 23.9 

SAA 

X 

2.7d 
23.la 
22.lb 
21.2c 

0.7c 
0.5d 
2.8b 

24.6a 

0,29 
O.Jd 

16.0b 
2.5c 

24.9a 
26.5a 

0.4e 
0.6c 
0.5d 
0.55 
J.2b 

24.2• 
22.,. 

0.21 
0.4d 
0.4d 
o.:Je 
o.:Je 
0.39 
1.1c 

29.2b 
25.3• 

o.2e 
O.Jd 
0.3d 
0.3d 
0.4c 
O.Jd 
0.4c 
0.4c 
0.3d 
2,9b 

21.0• 
21-3• 

s 

2.0 
J.2 
9.6 

10.4 

o.a 
0.2 
1 .9 
2.6 

0-1 
0.1 

12.2 
5.7 
2.0 
2.1 

0.2 
0.2 
0.2 
0.1 
9.9 
J.2 
7.1 

0.1 
0.1 
0.1 
o.o 
0.1 
0.1 
1-6 
1-6 
I .6 

o.a 
0.1 
0.1 
o.o 
0.1 
o.o 
0.1 
0.2 
0.1 
1.0 
3.6 
4.1 

* Results of Wei ler·Duncan K·rotlo 1- tes t. Nunbers for treot111&nt end eoch soil property by depth Increment followed by different letters ore slgnlflcontly 
different ot the95% level. 
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ANOVA results indicate that upward movement of salts from the mine­

spoil into the subsoil has occurred since construction, and is occur­

ring more quickly in the shallow treatments . This may be explained by 

the effect of crop growth on the shallower treatments . The ut i1 i za­

tion of soil moisture by plants occurs within the upper soil zone and 

creates a decreasing moisture gradient toward the surface. Soil mois­

ture content decreased throughout the subsoil and topsoil materials as 

depth decreased. The potential moisture gradient resulted in a net 

upward movement of water carrying soluble salts from the spoil into 

the subsoil in the shallow subsoil treatments. 

Crop Productivity 

Both forage and cereal crop productivity were significantly different 

by treatment. Figure 6 illustrates crop productivity by treatment . 

On the forage subplots, highest yield was measured on the 0.50 m 

treatment. Highest yield for the cereal subplots was associated with 

the 1.0 m treatment. The 0.0 m treatment had the lowest yields for 

both crops. 

SLOPE DRAINAGE EXPERIMENT 

Soil Moisture 

Analysis of variance and the Waller-Duncan K-ratio t-test show that 

the 10°N and 5°N treatments were not significantly different fran each 

21 
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other, but v.ere significantly moister than the 10°S and 5°S treat­

ments. Soil moisture increased significantly with depth in the top­

soil, subsoil and minespoil . Material*subplot*treatment interactions 

are also significant at the 95% level (Pr > F = 0. 0004). 

A linear trend analysis was performed on the slope drainage experiment 

data to determine whether a slope effect (deviation from the linear 

trend) could be detected . The linear deviation was calculated by sum­

ming soil property values of upper and lower slope positions and 

subtracting twice the middle slope posit ion value . The theoretical 

value of the calculation would be zero .if there was no slope effect . 

Linear deviation values significantly greater or less than zero 

therefore represent a sl ape effect or change in soi 1 property values 

relative to sl ape position . The analysis was performed on July, 

August, and October moisture data. The results indicate a strong 

trend of increasing moisture down the slope in all of the treatments 

during these months. The Waller-Duncan K-ratio t-test al so showed 

that upper, middle, and lower slope positions were significantly 

different (Pr · > F = 0. 0001 at the 95% level). 

In general , al 1 the treatments exhibited the same soil moisture pro­

file trends . Moisture was constant down the profile early in the sea­

son then drier in the topsoil and subsoil as the summer progressed . 

The upper slope positions tended to be drier than the lower slope 

positions . The south-facing plots were al so drier overall than the 

north-facing plots. There were no apparent trends at the subsoil/ 

minespoil interface . 

23 



Soil Bulk Density 

Table 4 shows means and standard deviations of bulk density in the 

topsoil, subsoil and minespoil at lower (Subplot A), middle (Subplot 

B) and upper (Subpl ot C) slope positions for each treatment. 

Analysis of variance, linear trend analysis, and the Waller-Duncan 

K-ratio t-test performed on the data al so show that mean bulk density 

on the upper slope is significantly lower than that at middle and 

lower slope positions (Pr > F = 0.0048 at the 95% 1 evel). Mean bulk 

densities at middle and lower slope positions were not significantly 

different fr001 each ot.her. 

Bulk density increased significantly with depth (Pr> F = 0.0001 at · 

the 95% level). 

Soil Chemistry 

Results of chemical analysis for all treatments and positions are pre­

sented in Table 5 which shows means and standard deviations of soil 

chemical data by aspect, slope, position and depth increment. Chem­

ical profiles for the 5°N treatment are shown in Figure 7. Results of 

a paired comparison t-test are al so given for each depth increment 

within the treatment effects. The pH, EC, soluble sodium and SAR were 

generally significantly different between depths, and tended to in­

crease with the depth and were significantly higher immediately above 

24 
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TABLE 4 

SOIL BULK DENSITY Cg/cc) BY TREATMENT FOR EAa-1 SLOPE POSITION 

TREATMENT** MATERIAL*** LOWER* MIDDLE UPPER 
a a b 

X sd x sd x sd 

10°Nx TS 1.44 0.17 1.47 0.19 1 .52 0.26 
SS 1 .82 0.08 1.10 0.08 1. 12 0.17 
MS 1.92 0.05 1.82 0.12 1.75 o.os 

10°Sy TS 1 .55 0.24 1.47 0.26 1 .34 0.22 
SS 1.66 o. 18 1. 71 0.11 1.56 0.20 
MS 1 .81 0.11 1.79 o.os 1.63 0.13 

5°Nx TS 1 .32 0.23 1.49 0.29 1.42 0.26 
SS 1.79 o. 10 1.69 1.10 0.03 
MS 1.86 0.12 1.91 0.04 1.84 0.06 

~ 
5°Sy TS t.31 0.11 1.37 0.26 1.35 0.31 

SS 1.59 0.12 1.56 0.01 1 .78 o.oa 
MS 1 .81 0.06 1.78 0.18 1.83 0.01 

Letters Indicate results of Wal !er-Duncan K-ratlo t-test 
* Pr > F = 0.0048 at the 95% level. Slope positions having the same letter are not 

significantly different. 
** Pr > F = 0.0031 at the 95% level. Treatments having the same letter are not 

slgnlflcantly different. 
*** Pr > F = 0.0001 at the 95% level. Topsoil, subsoil and mlnespoll are i:ilways 

slgnlflcantly different. 

N.B. The coeff I c I en+ of var I ab 111 ty was generally < 10% for al I statistical tests 
performed. 
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TA81..E 5 

OEMICN.. ANN.¥SIS CF CEPlli INfERVALS - 9..CPE mAlw.G:: ElfERIM:NT - 1983 

TRfAn.fNT (E>1tt M'ITER 1ft. LO\ER 9..Cf£ MllllLE 9..Cf£ LPFER fl..CJE 

pH EC Na SM pH EC Na SAA pH EC Na SAA 
lmS/aal (ne/1) (mS/aa) lne/1) lmS/an) Inell) 

x sd x sd x sd x sd x sd x sd x sd x sd x sd x sd x sd x sd 

10°N 0-15 Topsol I 7.3<1" 0.2 0.5d 0.2 0.4e 0.1 0.3e o.o 7.4d 0.3 0.5c 0.1 o.5c 0,2 0.k 0.1 7.2c 0.3 0.7e 0.2 0.4e o., 0.2a 0.1 
15-40 Subsoil 7.7c 0.2 0.4e o.o 0.5d 0.1 0. 4d 0.1 7.7c 0.1 0.5c 0.1 0.4c 0.1 0.k 0.1 7.7d 0.2 0.4d 0.1 0.6d 0,4 0,5d 0.3 

50-65 Slbsoll 7.llb 0. 1 0.6c 0,1 2,4c 1.0 1,9c o.e 7.7c 0.2 0.91> 0.3 3.lb t.9 I.Sb 1.0 7.9c 0.3 I.le 1.2 6.Bc 1.06 4.7c 7,1 

65-00 Spoll 8.3a 0.1 1.9b 0,2 16.lb 1,7 14.5b 1.1 8.2b o.o 3.2a 1,5 25. 211 10.6 15.211 3,4 8.2b 0.2 2,4b 0,5 20.2b 4,6 15.6b 2,8 

IJ0-145 Spoil 8.311 0. 1 2,5a 1.6 21.111 11.4 18.611 1.0 8.311 0,2 3.111 1.5 24.111 9,3 17.911 7.9 8.311 0.2 3.5a 1.7 V.4a 9.1 16.4a 1 .5 

10°s 0-15 Topsoil 7.4e 0,3 0.7e 0.2 0.4c 0.1 02.2e 0.0 7.4d 0,3 0.7c 0.2 0.4d 0,2 0.2d 0.1 7.3d 0.4 0.6c 0.2 0.4d 0.2 0.2d 0.1 
15-40 Subsoil 7.Bd 0,1 0.4d o.o 0,4c o., 0.3d 0.1 7.9c 0,1 0,4d 0.1 O.Bc 0.8 0. 6c 0.6 7. 7c 0.2 0.4d o.o 0.6c 0.3 0.5c 0. 2 

50-65 Subsoll 1.9c 0.1 0.6c 0,1 2.5b 0.5 1.9c 0.4 7.Bb 0.1 0.5b 0.1 t.2b o.8 0.9b 0,6 7.9b 0.5 0,9b 1.0 6.lb 8.8 5.3b 0.0 
I\.) 

65-00 Spoil 8 . 4a 0.1 2.11> 0.2 23,111 1.4 19.71> o.9 8.311 0.2 2.Ba 0.2 22,Ba 0.9 18.611 1,4 8.311 0.1 3.0a ,.o 24.Ba 7.5 18, 7a 4,0 CJ'\ 
130-145 Spol I 8.3b 0.1 3,2a 0,6 27.9a 4,6 22.Ba 2.1 8.311 0,2 2.Ba 0.4 23.2a 2,6 17.9a 4,5 8.3a 0,3 3.la 0.9 a;,oa 7,5 ,a.ta 3.9 

5°N 0-15 Topsoll 7.ld 0.2 0.7c o.o 1.0e o.e 0.6d 0.5 7.ld 0.2 0.7b 0.1 0.3d 0.1 o.2e o.o 7. 2d 0,4 0.7c o., 0.4d 0.2 0,2d 0.1 
15-40 Slbsoll 1.1c 0.2 0,(b 0.4 0,7d 0.3 0.5d 0.2 7.6c 0.2 0.4c 0.7 0.4c 0.1 0.3d 0.1 76 C 0.2 0.4d o., 0,5d 0.3 0,4c 0.2 
5o-65 Slbsoll 7,7c 0.1 0.1c o., 2.ec 0.1 2.0c 0.5 7.6c 0.2 0.6b 0.2 2,2b 1.e 1,5c 1.2 7.6c 0.1 0,7c 0.3 2,6c 1.a I .7b 1 .0 
65-00 Spol I 8.2b 0.1 1,9b 0.1 16.0b 2,4 14,2b 1,3 8.lb 0.3 2.111 0.8 17,3a 8.2 13,411 6,5 8.2b 0,2 2,lb 0.6 24,3b 5.6 18,7a 3,1 

130-145 Spol I 8,311 0,1 2,311 0,4 20,111 5.6 17,411 3,6 8.311 0.1 2.011 o.e 11.111 6,1 18.3a 6.1 8,311 o., 2,411 0.8 20.111 6,3 17,9a 5.5 

5•s 0-15 Topsol I 7,3d 0.3 0.6c o. , 0,3e 0.1 0,2e 0,1 7,48 0.6 0,9d o.9 4,4c 10.0 3,9 C 9.1 7,4d 0,3 0,6d 0,1 0,4d 0.2 0,3d 0,1 
15--40 Subsoil 7,8c 0.1 0.4a o.o 0,5d 0.1 0,4d 0.1 7.6d 0.1 0,4e 0,1 0,4e 0.1 0.3 e 0,1 7,9c 0.1 0.4e 0,1 0,4d o.o 0,3d o.o 
50-65 Subsoll 7,7b 0.2 0.6c 0.2 2,6c 1,5 2.0c 1.1 7.Bc 0.2 0.1c 0.2 2,7d 1.0 2,0 d 0.6 7,9c 0.2 O.Bc 0.3 3.6c 2,3 2,6c I .6 
65-BO Spol I 8,311 0.1 2,Bb 0.5 23,lb 3.5 19,7b 4.0 8,4b 0.2 3,lb 0,3 2l,7b 2.6 19,4 b 4,1 8,2b 0.2 2,6b 1.0 20.9b 8.7 17,lb 1.1 

13CH45 Spoil 8,111 0.5 2. 111 0.0 17,411 8.6 15.Ba 8.1 8,0a 0,3 2.6a o.e 20.Ba 7.2 15,4 II 4,5 7.0a 3.4 3.0a 0.5 26.la 4.6 22,4a 4,6 

*Results of Wal !er-Duncan K-ratlo 1--test io-oss depth Interval, Nuntiers for depth lniervals followed by different letters are slg,lflcantly different 11t the 95% level , 
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the spoil interface {50 to 65 cm) than at 15 to 40 cm . AN0VA results 

showed that subsoil/spoil interface values were generally signi fi ­

cantly higher in 1983. This indicates that upward movement of sodium 

has occurred since 1982 across all treatments and slope positions. 

The magnitude of increase in soluble sodium, EC ang SAR at the sub­

soil/spoil interface was greatest in the upper slope position and for 

the 10° slope treatments. The upper slope positions were significant­

ly higher in EC, soluble sodium and SAR than lower slope positions. 

There were no significant differences in soil properties between 

treatments or aspects and slope analyzed separately. 

Figure. 8 is a schematic representation of the re·sults of the linear 

trend analysis showing sodium and water movement. Deviations from the 

linear trend are governed by the same general dynamics for both 

aspects of the 10° slope treatments. The 5° slope treatment linear 

trends are al so similar for both aspects but they are different than 

the 10° slope treatments . 

Significant l i near deviations at the subsoil/spoil interface occurred 

for both aspects of the 10° slope treatments. Soluble sodium and SAR 

increased significantly from the spoil into the subsoil material (50 

to 65 cm and 15 to 40 cm) in the upper slope position . These upper 

sl ape plots tended to be relatively drier at the soi l surface than 

~ 

lower slope and 5° plots, indicating that soluble sodium is migrating ~ 
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upward from the spoil, either with capillary or diffusive movement of 

soil water in response to a potential moisture gradient at the soil 

surface . Review of the productivity data shows that yields were 

significantly higher on upper slope than lower slope positions. Thus , 

high evapotranspiration rates due to crop growth ~uld enhance devel ­

opment of a potential gradient near the surface. It is unlikely that 

net downward movement of soil water occurs even periodically at the 

crest positions of the 10° slopes, due to high runoff and low infil ­

tration rates . 

Although the largest increases of soluble sodium and SAR from spoil 

into the subsoil have occurred in upper and mid-slope (10°N) posi­

tions, the net movement of soil moisture and sodium has been upward 

·from spoil into subsoil at each position for the 10° plots . Soluble 

sodium, SAR and EC are all significantly higher at the interface than 

in the shallower subsoil intervals, and significant increases have 

occurred at the interfaces since 1982 . 

On the 10°S treatment, 1 i near trend results for the 15-40 cm subsoil 

interval and for topsoil indicate significant increases of EC, soluble 

sodium and SAR at the midslope position. Increases in soluble sodium 

and SAR were also significant in topsoil at the midslope position of 

the 10°N treatment. This indicates a stronger net upward trend (from 

spoil to subsoil) on the south aspect than the north aspect slopes , 

whi eh is expected si nee the moisture data showed that south aspect 

slopes were relatively dry compared to north aspect slopes. 
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The increased soluble sodium and SAR in the topsoil at the midslope 

position of the 10°N treatment probably represents accumulation and 

discharge of laterally moving subsurface water from upslope . Although 

some upward movement of salts frcm spoil to subsoil occurred at the 

interface, it did not extend into the upper subsoil, and additions of 

soluble salts to the topsoil in the middle position had to come by 

lateral movement from above. This suggests that soi 1 water may be 

moving downslope along the topsoil/subsoil interface as well as the 

subsoil/spoil interface. The difference in bulk density between the 

topsoil (relatively low) and the subsoil (relatively high) may be 

sufficient to result in movement along the interface . 

On the drier 10°S treatment, both upward migration of salts from the 

spoil along a potential moisture gradient and some lateral subsurface 

movement are probably occurring at the mid- slope position in the 15-

40 cm subsoil interval . 

It is interesting to note the differences between the north and south 

aspects on the 10° slope treatments . The higher evapotranspiration 

rate on the south aspect slopes results in more upward movement and 

less lateral movement than on north slopes where crop productivity was 

less and soil moisture greater throughout the profile . Thus, on 

south-facing slopes, sodium has increased at the interface, throughout 

the subsoil and somewhat in topsoil materials, while on north-facing 

slopes accumulation of soluble sodium is associated with only the 

interface and topsoil intervals . 
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The 5° slopes show less upward movement of sodium from the spoil into 

the upper zone (15-40 cm) of the subsoil and a greater accumulation of 

sodium in the lower slope position. Comparison of the interface sub­

soil sample (50-65 cm) and the 15-40 cm subsoil sample for each posi­

tion by AN0VA also show that the soluble sodium has increased at the 

interface. The linear trend analysis did not show a significant slope 

effect related to upward movement of soluble sodium from the spoil at 

the interface because it occurred to the same extent at every slope 

position . 

The upper slope positions of both north and south aspects of the 5° 

slope treatments are moister than their 10° slope counterparts. This 

results in a reduced potential moisture gradient toward th~ soil sur- ,.----.___ 

face and less upward movement of sodium. It is al so l i-kely that the 

infiltration rate is higher on these more subtle slopes resulting in a 

greater potential for subsurface lateral flow at the spoil interface . 

The linear trends indicating accumulation of soluble sodium and higher 

SARs in the 15-40 cm subsoil interval and topsoil/spoil interface show 

that most of the increase is due to lateral (downslope) subsurface 

flow and not to upward movement . 

Crop Productivity 

Table 6 shows the means and standard deviations calculated for forage 

productivity by position , slope, aspect and combinations of those 

treatment factors . The table al so shows the results of analysis of 
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TABLE 6 

Productivity by Pos ition, Aspect and Slope - Slope Drainage Experiment 

TREATI-1ENTS 
(Subsol I Depthl 

(cm) 

POSITION 

Lower 
Middle 
Upper 

ASPECT 

North 
South 

SLOPE 

X 

734c-
1440b 
1783a 

1158b 
1494a 

10° 1209b 
5° 1442a 

~ POSITION 

North 

South 

Lower 
Middle 
Upper 
Lower 
Middle 
Upper 

ASPECT SLOPE 

North 10° 
5• 

South 10• 

10· 

ASPECT 

North 

South 

5• 

POSITION 

Lower 
Middle 
Upper 
Lower 
Middle 
Upper 

SLOPE 

10• 

5• 

10• 

5• 

<TREA ™ENT> 

POSITION 

Lower 
Mfddle 
Upper 
Lower 
Middle 
Upper 
Lower 
Middle 
Upper 
Lower 
Middle 
Upper 

669f 
1214d 
1589c 
838e 

1667b 
1976a 

1045d 
1270c 
1374b 
1613a 

675f 
1245e 
1709d 
832c 

1636b 
1857a 

655f 
990e 

1490d 

683f 
1438c 
1688b 
695f 

1500d 
1927a 
982e 

183311 
202511 

*Results of ANOVA - Probeblllty > F of model et 95J level. 

PRODUCTIVITY - DRY BICMASS 

sd 

305 
409 
408 

464 
619 

559 
562 

305 
306 
179 
294 
380 
480 

219 
226 
321 
367 

181 
243 
425 
362 
337 
253 

273 
191 
194 

360 
221 

97 
94 

214 
655 
363 
453 
285 

Pr > F (MODEL)* 

0.0001 

0.01 

NS 

0.0001 

0.01 

0.0001 

0.0001 

*"Results of Wal ler-Duncon K-rotto t-test - Numbers followed by different letters are slgnlflcontly 
different at the 95% level. 
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variance (PR> F) and the wa1 ler-Duncan K-ratio t-test, both at 95% 

confidence . Results are al so presented graphically for analysis by 

aspect, slope and position (Figure 9) . 

Significant differences in forage productivity were measured for all 

treatments and combinations except slope across all plots {PR> F = 

0.0834) . However, t-test results did show a significant difference 

across sl ape at the 95% 1 evel. Figure 9 shows the results of the 

paired comparison t-test by treatment ( aspect and slope) and posi­

tion. Lowest yields were measured on 10°s , 10°N and 5°N treatments 

all in the lower position . This indicates that lower position, 

regardless of degree of slope. is the worst case situation within the 

north aspect plots and that within the south aspect, both 10° sl ape /------.._, 

and lower position result in reduced yields. Highest yields were 

measured within the south aspect plots . These results show that the 

strongest plant growth response is to upper slope positions in the 

south aspect. 

CONCLUSIONS 

Data fran the first year ' s monitoring program indicates the following 

interim conclusions in the regard to the Subsoil Depth Experiment: 

1. The null hypothesis that the subsoil/minespoil interface will not 

interfere with vertical water movement should be rejected . 
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2. The null hypothesis that no sodium migration will occur should be 

rejected . 

3. The null hypothesis regarding the lack of response of crop pro­

ductivity to depth treatment and the similarity of the cereal and 

forage crop response should both be rejected . Maximum cereal 

yield occurred on the the 1.0 m treatment and maximum forage 

yield on the 0.5 m treatment, indicating that these are the 

optimal depths of subsoil for growth of these crops . 

With regard to the Slope Drainage Experiment; the following interim 

conclusions can be made: 

1. The null hypothesis r.egardi ng no sl ape effect on salt transport 

can be r ejected . 

2. The null hypothesis that crop productivity is not a function of 

slope treatments should be rejected . 

3. Maximum yields were associated with upper slope positions and 

south aspects on the 5° slope plots . 

It must be stressed that these conclusions are tentative , based only 

on one year's data , and may change as time goes on . Final conclusions 

and quantification of treatment effects wi 11 be reached after 5 years 

data has been collected and analysed . 
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BATTLE RIVER SOIL RECONSTRUCTION PROJECT: 
RESULTS THREE YEARS AFTER CONSTRUCTION 

By 

L. A. Leskiw1 

ABSTRACT 

The Battle River Reconstruction Project involves four (4) experi­
ments designed to assess methods of reconstructing soil profiles in order 
to ameliorate the problems caused by the saline/sodic nature of the subsoils 
and bedrock. 

The experiments assess soil reconstruction methods in terms of 
(a) varying subsoil depths; (b) separating and mixing subsoil horizons; 
(c) the use of bottom ash as a capillary barrier to salt movement; 
(d) altering the surface configuration (slope and aspect) of the reclaimed 
land; and (e) the use of gypsum and bottom ash as surface amendments. Yields 
from cereal and forage plots and soil salt and moisture movement have been 
monitored for 3 years. This paper discusses the results from the third 
growing season of the project. 

This year's yields indicate that (a) forage production is more 
successful than cereal production; (b) topsoil is essential for reclamation; 
(c) increased subsoil depth results in higher yields and more favorable 
salinity and sodicity in the upper rooting zone; (d) bottom ash applied 
on the surface or above spoil increases forage production; and (e) gypsum 
applied at 20 T/ha helps to ameliorate the sodium problems that occur in 
reclamation of Torlea soils. 

In 1983, a drought stressed season, it seems that crop yields were 
mainly determined by soil moisture supplying capability of the soils rather than 
soil chemical properties . Nevertheless, there is ample evidence of salt 
migration and continued monitoring will allow confirmation of trends. 

1 Pedology Consultants, Edmonton, Alberta. 
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INTRODUCTION 

The Battle River Soil Reconstruction Project (BRSRP) was esta­

blished in 1979 to determine the most effective methods of reclaiming lands 

disturbed by surface mining of coal in the Battle River Coal Fields . The 

Soi.1-Plant Subcommittee of the Plains Coal Reclamation Research Program 

defined the objectives , designed the experiments , and is supervising the 

on-going project. Funding for research activities is provided from the 

Alberta Heritage Savings Trust fund through the Alberta Land Conservation 

and Reclamation Council (Plains Coal Reclamation Research Program, PCRRP). 

Industry participants, namely , Alberta Power Ltd ., Luscar Ltd ., and Manalta 

Coal Ltd. , funded initial construction activities , and continue to jointly 

manage the project through their membership on the Soil/Crop Subcommittee. 

The project objectives are: 

1. To determine the required depth of soil replacement over sodic mine 

spoil to ensure that mined land , particularly in the Battle River 

Coal Field, meets reclamation objectives. In this area , the recla­

mation objective is to return mined land to former levels of agri­

cultural productivity . 

2. To develop methods of sustaining re-established productivity , with 

emphasis on controlling salt movement from mine spoil into the 

reconstructed root zone . 

3. To develop treatments which wi ll minimize soil quantities needed to 

restore the original land productivity . 
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This project is located about 20 km north of Halkirk on lands 

transferred from Manalta Coal Ltd . to the County of Paintearth. The Pro­

ject is comprised of four experiments situated within a fenced compound 

(Figure 1). The experiments are: 

1. Subsoil Depth 

2. Torlea Soil 

3. Bottom Ash 

4. Slope Drainage 

The findings and opinions expressed in this paper are those of 

the author, and not of the Ministry of Alberta Environment or any of its 

representatives . 

BACKGROUND 

The dominant soils of the area before mining ranged from Dark 

Brown Solonetz to Orthic Dark Brown Chernozems developed on till deposits 

overlying the Horseshoe Canyon Fonnation . The topsoil and subsoil materials 

for the Subsoil Depth , Bottom Ash and Slope Drainage experiments were 

obtained locally from an area of Orthic Dark Brown Chernozemic and Dark 

Brown Solod soils. The soil materials used for the Torlea Soil Experiment 

originated from Dark Brown Solonetz soils which have significantly poorer 

chemical characteristics (Table 1). 

Climate is continental with a frost-free period of approximately 

100 days and an average annual precipitation of approximately 400 mm, 60 

percent of which falls as rain during May through August. 
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Figure 1. Location and Layout of Experiments . 
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Table 1. Chemical Analyses of Materials used in Plot Construction (Baseline conditions). 

pH EC(mS/cm) SAR 
RECLAMATION 

Standard Standard Standard SUITABILIP 
EXPERIMENT MATERIAL Mean Deviation Mean Deviation Mean Deviation RATING 

Subsoil Topsoil 6.8 0.18 3.6 0.48 3.5 o. 77 F(EC) 
Depth Subsoil 7.8 o. 10 5.8 0.67 8.4 1.60 F-P(EC;SAR) 

Spoil 8.0 o. 14 2.9 1.00 23.9 2.73 u 

Torlea Soil Topsoil 7. 7 o. 10 2.4 1.00 13.5 1.25 U(SAR) 
Subsoil 7.4 0.28 5. 7 1 .33 14.2 1.65 U(SAR) 
Spoil 7.7 0 . 21 2.7 o. 72 20.2 4.64 UCSAR) 

Ash 7.8 0.23 1.2 0.23 24.5 3.71 -

Bottom Ash Topsoil 6.8 0.19 3.4 0.72 4 . 5 2.42 F(EC;SAR) 
Subsoil 7. 6 0.12 5.5 0.86 8.5 2.86 F-P(EC;SAR) 
Spoil 7.7 0.25 2.7 0.63 22.7 3.60 u 

Slope Topsoil 6.8 0.39 3.5 1.49 5.9 4.16 F(EC) 
Drainage Subsoil 7.4 0.33 5.8 1.45 12.6 6.61 F-P(SAR) 

Spoil 7.9 0.18 2.8 0.30 24.0 1 .67 UCSAR) 

Proposed Alberta Soil Quality Criteria (A.S.A.C., 1981) 

Ratings 

F - Fair 
P - Poor 
U - Unsuitable 

Constraints 

EC - high electrical conductivity (salinity) 
SAR - high sodium adsorption ratio (sodicity) 

Topsoil: Topsoil is loam to clay loam textured A horizon removed from the native soils 
before mining. 

Subsoil: Subsoil includes the 8 and C horizons plus underlying material that has chemi­
cal and physical properties suitable tor sustaining vegetative growth. 

Spoil: Spoil consists of sodic bedrock materials of the Horseshoe Canyon Formation. 

Bottom Ash: Bottom Ash is the waste product of coal burnt at the Battle River Thermal 
Power Station. It is a sandy textured, pumice-like material characterized 
by relatively high calcium content and often toxic concentrations of boron. 
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Experimental plots were constructed in 1980 using mine machinery 

(dozers and scrapers) simulating the "take and put" system of mine recla­

mation (Parker , 1981) . 

On the plots , forage and cereal cropping practices are those 

commonly used by farmers in the area. Forage on the Slope Drainage plots 

was successfully established in 1981 and yields have been measured twice 

annually since . Forages on all other experiments were established in 1982 

and yields were measured in the fall of 1982 and in the summer and fall 

of 1983 . Wheat yields were measured in 1982 and 1983 on cereal plots within 

the Subsoil Depth and Bottom Ash experiments. 

MONITORING ACTIVITIES AND METHODS 

Crop and soil monitoring activities are conducted annually as 

part of the on-going study . The following procedures used in 1983 are 

similar or identical to those used in 1982 , 1984 and planned for the future. 

Further details are given in the project quarterly and annual reports 

(Pedology Consultants, 1982, 1983 , 1984). 

CROP HUSBANDRY ANO YIELD DETERMINATIONS 

Agronomic activities on the cereal plots . during 1983. included 

preparing the seedbed (two cultivations and harrowing) , broadcasting ferti­

lizer (23- 24-0) at a rate of 150 kg/ha, seeding Neepawa wheat at a rate 

of 100 kg/ha on April 30, hand spraying the plots with Hoegrass II and 

Torch , and harvesting on August 18 . 
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Forage was established on the Slope Drainage Experiment in 1981 

{Charlton bromegrass at 4 kg/ha and Beaver alfalfa at 16 kg/ha). The 

three other experiments were established in 1982 with Charlton bromegrass 

at 8 kg/ha and Rambler alfalfa at 15 kg/ha. In 1983, 150 kg/ha of 23-24-0 

was broadcast on April 30. The first harvest was completed on July 20 

and the second on September 21. 

Forage yields are expressed on a dry weight basis {kg/ha) calcu­

lated from entire plot fresh weights measured in the field and subsamples 

dried to constant weight. Wheat yields in kg/ha were calculated from plot 

moist grain yields and subsamples dried for 24 hours at 60 degrees c. 

SOIL MOISTURE MONITORING 

Neutron probe access tubes were installed in all plots in 1982 . 

A Campbell Scientific Subsoil Moisture Gauge, Model #503 was and is con­

tinuing to be used for monitoring soil moisture. Measurements are taken 

monthly, May through September . 

SOIL BULK DENSITY MEASUREMENTS 

A Campbell Scientific Model #501 moisture/density probe was used 

to measure soil bulk densities in all access tubes at various depths within 

the reconstruction materials . These measurements, conducted in May 1983, 

provide the first records of soil bulk density following construction of 

these plots. 

SOIL FERTILITY 

Soil samples were taken in early spring from forage and cereal 

plots to determine fertilizer requirements . Norwest Labs conducted the 

-6-
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analyses and provided recommendations as for farmers . The recommendations 

serve as a guide to ensure that fertilizer applications meet minimum crop 

requirements for average yields . 

SOIL SALINITY 

The soils in each plot were sampled, in October, at 15 cm inter­

vals to at least 50 cm into the underlying spoil . Chemical analyses included 

pH, EC (electrical conducti vity, saturated paste), SAR (sodium adsorption 

ratio), saturation percent, soluble cations (Ca, Mg , Na , K) and soluble 

anions (S04, Cl), using standard analytical procedures (MacKeague, 1978) . 

Results of 1983 soil analyses are summarized in the appended Tables (Al-4) . 

CLIMATE 

A rainfall gauge was installed on the compound in 1983 and is 

being monitored by the Alberta Research Council . Figure 2 shows the weekly 

rainfall and corresponding crop calendar . 

STATISTICAL ANALYSIS 

Crop yields , soil electrical conductivities and sodium adsorption 

ratios were analyzed in detail for each experiment. In 1983, the Subsoil 

Depth and Slope Drainage experiments were analyzed as a randomized block 

design; Torlea and Bottom Ash experiments as split-plot designs. 

For crop yield analysis, treatments and repl icates were treated 

as fixed effects , and for soil analysis, treatments , replicates and crop 

type were assumed to be fixed . The treatment effects of primary interest 

for which there were a priori hypotheses were decomposed into orthogonal 

planned comparisons . For the Subsoil Depth and Bottom Ash experiments, 
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.--
the planned comparisons consisted of linear and quadratic trends over sub­

soil depth and deviations from those trends. For the other experiments , 

contrasts were also based on a priori hypotheses about treatment effects. 

Where trend analyses were conducted only , linear effects were found to be 

significant. For all analyses, the assumption of homogeneity of variance 

was tested with Bartlett 1 s test and Hartley 1 s test at p = 0.05 (Winer, pp . 

200-210). All post-hoe tests were done with Tukey 1 s HSD test at p = 0.05. 

(For specific statistical procedures concerning each experiment, the reader 

is referred to the 1983-84 Annual Report, Leskiw et.al., 1984 . ) 

RESEARCH FINDINGS 

A comprehensive analysis of yields, soil chemical and physical 

properties, and soil moisture levels revealed several important. fi n_di ngs 

(Leskiw et.al. , 1984) . The major statistically significant (p = 0.05) 

results and important trends with respect to crop yields and soil EC and 

SAR are summarized for each experiment in the following sections . Soil 

moisture patterns and bulk density data are compared for all experiments . 

SUBSOIL DEPTH EXPERIMENT 

This experiment is designed to determine the optimum depth of 

replaced subsoil over sodic mine spoil required to sustain agricultural 

production . The following treatments are being assessed in relation to 

cereal and forage (2 cuts) production . 

Treatment 

1 
2 
3 
4 
5 
6 

O cm subsoil over spoil 
25 cm subsoil over spoil 
50 cm subsoil over spoil 

100 cm subsoil 01er spoil 
150 cm subsoil over spoil 
300 cm subsoil over spoil 
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Yields 

First and second cut forage crop yields , Figure 3, each increase 

linearly (statistically significant, p = 0.05) with increasing subsoil 

depth. This relationship probably reflects improving soil chemistry 

in the upper root zone, greater rooting depth and better moisture 

supply to the plants with increasing subsoil thickness . Roots are 

likely not penetrating the spoil due to physical or chemical constraints . 

Wheat yields ranged from about 375 to 500 kg/ha and showed no 

response to treatments . These very low yields are attributed to clima­

tic stress which was an over-riding factor in relation to soil 

1 imitations. 

Soil Chemistry 

.Topsoil EC and SAR are higher under .wheat t.han under forage 

crops (EC 3.2 > 2.5; SAR 3.2 > 2.2) but ~11 values are below critical 

limits . These differences may be attributed to mechanical mixing 

by cultivation or to differences in moisture movement under different 

crops . 

Upper subsoils are less saline (EC 5.5) than lower subsoils (EC 

7.0) . SAR in the upper subsoil decreases from 9.4 to 7.3 (significant 

trend) as subsoil depth increases from 25 to 300 cm. These findings 

may indicate that leaching is occurring in the upper subsoils or that 

sodium is moving upward from the spoil . The former implies that 

deeper subsoils enhance leaching; the latter suggests that shallower 

subsoils favor a rise of salts . 

Spoil EC is higher under wheat (EC 6.1) than under forage (EC 

4.8) but there are no significant differences or trends in SAR . 

-10-
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Treatment 1 (topsoil over spoil) is inferior to all other treat­

ments (with subsoil). There is a clear trend of improving soil quality 

in the upper profile with increasing subsoil thickness and this is 

reflected in increasing crop yields. On the contrary, treatments 

with shallower subsoils may be degrading due to upward salt migration 

from the spoil. A qualitative (not tested statistically) comparison 

with original conditions following construction (Table 1) indicates 

that both processes may be occurring. For example, EC and SAR in 

topsails and EC in upper subsoils have improved slightly over time. 

SAR in upper subsoils of the shallowest subsoil treatments have 

degraded while in treatments with deeper subsoil, the upper subsoils 

have improved. 

TORLEA SOIL EXPERIMENT 

This experiment assesses four methods of reclaiming lands mined 

from areas of Torlea Soil Series. The treatments tested in relation to 

forage (2 cuts) yields are: 

Treatment 

1 spoil 
2 10 cm A/spoil 
3 10 cm A/20 cm B+C/spoil 
4 10 cm A/45 cm B+C/spoil 
5 10 cm A/75 cm C/spoil 
6 10 cm A/100 cm B+C/spoil 
7 10 cm A/45 cm C/20 cm ash/spoil 

Surface Amendment 

Each reconstruction treatment has surface treatments 
as follows: 

A - Bottom ash (15 cm of bottom ash contains exchangeable calcium 
approximately equivalent to a 20 T/ha application of gypsum 

B - Gypsum (applied at 20 T/ha) 
C - Control 

Yield data are given in Figure 4. 
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Ff gure 3. Subsoi 1 Depth Experiment - 19B3 forage yields . 
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Treatment 
1 
2 
3 
4 
5 
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Soil Reconstruction 
15 cm topsoil/spoil 
15 cm topsoil/25 cm subsoil/spoil 
15 cm topsofl/50 cm subsoil/spoil 
15 cm topsoil/100 cm subsoil/spoil 
15 cm topsoil/150 cm subsoil/spoil 
15 cm topsoil/300 cm subsoil/spoil 
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Figure 4. Torlea Soil Experiment - 1983 forage yields . A, B, and C 
respectively signify surface amendments of 15 cm of Ash, 
20 T/ha gypsum and a control . 

Treatment 
1 
2 
3 
4 
5 
6 
7 

Soil Reconstruction 

sgofl 
1 cm topsoil/spoil 
10 cm topsoil/20 cm Band upper C horizons/spoil 
10 cm topsoil/45 cm Band upper C horizons/spoil 
10 cm topsoil/75 cm C horizon/spoil 
10 cm topsoil/100 cm C horizon/spoil 
10 cm topsoil/45 cm C horizon/20 cm Ash/spoil 
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Yields 

Treatment 1 had a crop failure on gypsum and control plots and 

Treatment 2 yielded significantly less than Treatments 3 to 7. With 

respect to surface amendments, bottom ash yielded higher than gypsum 

which yielded higher than the control . These findings are applicable 

to both the first and second cuts even though yields of the latter 

are very low . 

Soil Chemistry 

Topsoil EC values are: ash (2.0) < control (3.5) < gypsum (5.0). 

Also Treatments 2 and 6 have higher EC than Treatment 3 (EC 4.4 and 4.6 

> 2.0, respectively) . SAR 1 s in topsails in the ash (10.2) and gypsum 

(9.7) treatments are lower than in the control (13.3). The foregoing 

findings are expected, except for the high topsoil EC _ in Treatment 6. 

Upper subsoil EC in Treatment 7 (4.4) is less than in Treatment 3 

(8.3) otherwise there are no significant differences even though the 

rankings produce an expected sequence. The low EC values in Treatment 

7 indicate a positive effect of the subsurface ash layer . There is a 

significant trend relating subsoil depth to EC gradient within the sub­

soil layer. That is, there are greater differences between upper and 

lower EC values in deeper subsoil treatments regardless of composition 

of subsoil (C or B+C material). SAR in the upper subsoil is higher in 

the gypsum treatments (21.4) than in the ash (16.7) and control (17.0), 

and gypsum (20 .7) is higher than control (17.0) in the lower subsoil . 

In spoils there are considerable variances in both EC and SAR 

values but neither significant differences nor trends occur. 

-13-



BOTTOM ASH EXPERIMENT 

This experiment assesses the potential of bottom ash as a capil ­

lary barrier to upward movement of sodium salts from the underlying spoil . 

Forage (2 cuts) and wheat yields are tested on these treatments: 

Treatment 

1 15 cm topsoi 1 - 25 cm subsoil - spoil 
2 15 cm topsoi 1 - 25 cm subsoil - gypsum1 - spoil 
3 15 cm topsoi 1 - 25 cm subsoil - 5 cm ash - spoi 1 
4 15 cm topsoil - 25 cm subsoil - 15 cm ash2- spoil 
5 15 cm topsoi 1 - 25 cm subsoil - 45 cm ash - spoil 

Notes: 

gypsum applied at 20 T/ha 

2 15 cm of bottom ash contai ns exchangeable calcium approximately 
equivalent to a 20 T/ha application of gypsum 

Yields are given in Figure 5. 

Yields 

Both forage harvests indicate a very significant (p = 0.005) yield 

increase corresponding to increasing thickness of ash. There is no 

difference in forage yields between gypsum and no-ash plots . As in 

the Subsoil Depth Experiment, wheat yields were very low and showed 

no significant variation with treatment . 

Soi 1 Chemistry 

There are no differences among treatments in topsoil, subsoil 

and spoil EC levels . SAR's in topsoils are higher under wheat (5 . 1) 

than under forage (3 .3) , p = 0.1 , but no significant differences occur 

at greater depths . 
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SLOPE DRAINAGE EXPERIMENT 

This experiment is designed to determine the effect of landform 

(slope and aspect) on productivity through its influence on salt movement 

and accumulation. Forage yields (2 cuts) are determined for the upper, 

middle , and lower slope positions on the treatments (Figure 6) as follows: 

Treatment 

1 5° - north aspect 
2 10° - north aspect 
3 5° - south aspect 
4 10° - south aspect 

Yields 

First cut yields on 10° slopes south aspects were better than 

10° slopes north aspects. No statistically significant differences 

occurred among other treatments in the first cut , a~d among all treat­

ments in the second cut, even though yields were consistently higher 

in lower than in upper positions . 

Soil Chemistry 

Topsoil EC and SAR are higher in the lower position than in the 

middle and upper positions (EC lower, 3.1 > middle , 1.1 and upper, 

1.0 ; SAR lower , 6.2 > middle, 3.7 and upper , 3.0) . 

Upper subsoil EC and SAR patterns correspond to those in the 

topsoil (EC lower, 8.4 > middle, 6.4 and upper, 6.1; SAR lower, 15.6 

> middle, 12.9 and upper, 11 . 3) . 

Spoils have lower EC levels in the lower positions (EC lower , 

4.8 < middle , 6.7 and upper , 7.0). EC and SAR values are greater 

on north than on south aspects . 
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Figure 5. Bottom Ash Experiment - 1983 forage yields . 

Treatment 
1 
2 
3 
4 
5 
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Soil Reconstruction 
15 cm topsoil/25 cm subsoil/spoil 
15 cm topsoil/25 cm subsoil/gypsum (20 T/ha)/spoil 
15 cm topsoil/25 cm subsoil 5 cm bottom ash/spoil 
15 cm topsoil/25 cm subsoil/15 cm bottom ash/spoil 
15 cm topsoil/25 cm subsoil/45 cm bottom ash/spoil 
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ALL EXPERIMENTS 

Soil Moisture 

Soil moisture contents measured monthly with the neutron probe 

were converted to mm of water per specified depth of soil . Because 

of different reading levels among treatments and experiments, it is 

not possible to make direct comparisons, nevertheless, generalizations 

have been made for the 0-50 cm and 50-100 cm soil intervals. The 

fo l lowing patterns apply to all experiments unless otherwise specified. 

Soil moisture levels relate to rainfall distribution as shown 

i n Figure 2. The sequence is: 

May - June, moisture depletion - dry weather; 

June - July, moisture recharge heavy rains ; and 

July - September, moisture deplet.ion - · dry weather . 

The greatest monthly changes in soil moisture occur in the 0-50 

cm zone and slight changes occur in the 50-100 cm zone . Little fluc ­

tuation occurs at greater depths . 

In comparing forage and wheat plots, the 11 slopes 11 of the deple­

tion and recharge curves are generally steeper for forages than for 

wheat. "Steeper 11 depletion for forages relates to greater consump­

tive use . 11 Steeper 11 recharge suggests more rapid infiltration, less 

runoff , more moisture added to replace moisture withdrawn , or a com­

bination of these . At all depths , forage plots tended to be drier 

throughout the season than wheat plots and the differences were 

magnified in the shallower zone (0-50 cm) . 

In the Torlea Soil Experiment, the ash treatments were usually 

driest followed by gypsum in Treatments 1 and 2 (no subsoil) , and 
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followed by control in Treatments 3 to 7 (varying depths of subsoil) . 

Note that ash plots yielded highest. 

In the Slope Drainage Experiment the upper positions are 

comparatively dry and the lower positions are moist, as expected. 

During the moisture depletion months, south aspects were drier than 

the north. The July moisture level peaks were similar in all treat­

ments, however, the differences between upper, middle, and lower 

positions remained. This probably means that full recharge (satura­

tion) did not occur, at least at the time of measurement. 

The overall impression is that moisture availability in the 

rooting zone was more significant this drought stricken year than 

soil chemical properties. Spoil seems to prevent root and moisture 

penetration, as indicated by lack of fluctuation in moisture levels, 

hence, deeper subsoils with a larger .rooting zone resulted in better 

yields. 

Bulk Density 

Topsoil, subsoil, and spoil materials each have similar densi-

ties for the Subsoil Depth, Bottom Ash and Slope Drainage experiments, 

Table 2. By comparison, Torlea soils have much lower densities in 

topsoil and subsoil and slightly lower densities in spoil . One possi ­

ble reason for these differences is related to construction procedures: 

Torlea plots were completed in winter while others were completed 

in summer. If the materials were frozen or partially frozen, compac­

tion could have been reduced. Differences in texture, moisture content 

during construction and soil structure of the source materials, and 

different handling procedures could also contribute to these differences 

-18-
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Table 2. Mean Bulk Densities of Materials for Different Experiments . 

EXPERIMENT 
Subsoil Tor lea Bottom Slope 

Depth Soil Ash Drainage 

-----------------------gm/cc*--------------------

Topsoil 1.69 1.01 1.68 1.64 

Subsoil 1.84 1.42 1.89 1.80 

Spoil 1.56 1.37 1.55 1.56 

* Measured with density probe in access tubes used for monitoring soil 

moisture . 

-19-



since topsails and subsoils for the Torlea plots were taken from a 

different place than for the other experiments. 

SUMMARY AND CONCLUSIONS 

The 1983 results represent the third cropping year for cereals 

after soil reconstruction. Forages were established on the Slope Drainage 

Experiment in 1981 and on the other experiments in 1982 . The 1983 agricul­

tural climate was characterized by a dry spring, a wet late June through 

mid-July , and a dry, hot fall . Crops suffered in early June and August 

resulting in average first cut forage yields but very low grain and second 

forage cut yields . 

Plot construction was completed in the fall and early winter 

of 1980 , therefore , soil moisture and s~lt movement had continued through 

three growing seasons at the time of soil sampling . 

The following points represent the main findings to date , focus ­

sing on the 1983 growing season. Longer term monitoring is essential to 

confirm present findings and trends. 

1. Subsoil Depth Experiment 

- There are no significant differences in forage or cereal yields 

between treatments , however, there is a significant linear trend 

indicating increasing forage yiel ds (both cuts) with increasing 

subsoil thickness to 300 cm . 

- While salinity and sodicity remain below critical levels in the 

topsails , the cereal plots are inferi or to the forage plots. This 

is likely due to mechanical mixing of A horizon and subsoil material 
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with cultivation , upward salt migration or less leaching in the 

cereal plots . 

- Upper subsoils tend to improve with increasing subsoil thickness . 

- Upper spoils are inferior , with respect to salinity , under cereals 

as compared to forages. 

2. Torlea Soil Experiment 

A lack of topsoil results in complete crop failure and topsoil 

over spoil results in very low crop yields -- both are unsatisfac­

tory reclamation techniques . 

- Application of 20 cm or more of subsoil , regardless of composition 

(C, B+C or C+ash) , resulted in significantly higher yields . 

- In terms of surface amendments , yields on ash are best, followed 

by gypsum, ·and control . Note that crop establishment on ash 

treatments was most difficult due to poor traction . 

- Upper profile soil quality is unacceptable on Treatment 1, spoil 

only . Other treatments indicate that increasing subsoil thickness 

results in more leaching/less rise of salts in the upper subsoil. 

- Ash surface treatments have superior quality with respect to EC 

and SAR in the topsoil and upper subsoil. 

3. Bottom Ash Experiment 

- There is a very significant relationship between forage yields 

and subsurface ash thickness: yields increase as ash thickness 

increases . Gypsum and control plot yields were similar . 

- Soil salinity and sodicity in the upper profiles of gypsum and 

control plots are slightly more favorable than in the ash treatments . 
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- The higher yields on ash treatments are attributed mainly to higher 

root zone moisture supply . 

4. Slope Drainage Experiment 

- The first cut, south aspects yielded better thaffnorth _aspects on 

10° slopes , otherwise there were no significant differences in 

yields. This is attributed to more favorable soil temperature 

conditions early in the season . 

As expected , upper and middle slope positions have superior top­

soil and upper subsoil quality as measured by EC and SAR. 

- There is a tendency for north aspects to have higher EC and SAR 

values than south aspects . This suggests that higher yields on 

south aspects may also be attributed to more favorable soil chemis ­

try·. Lower positions would be expected to yield best but these 

generally have highest EC and SAR values . 

5. All Experiments 

Topsoil and at least some subsoil (20 cm+) is essential to rea­

sonable crop growth . Yields tend to increase with increasing subsoil 

thickness but threshold or critical limits cannot be established on 

the basis of yields this year . 

Moisture supplying capacity of the soils (with topsoil and sub­

soil) seems to be the over-riding factor in determining forage crop 

yields in 1983 . 

The application of bottom ash on the surface or between subsoil 

and spoil has very positive effects as reflected by crop yields. 
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Major fluctuations in soil moisture levels occur in the upper 

50 cm or so of subsoil with minor fluctuations below . There is very 

little moisture change measured in the spoil. 

6. Yearly Comparisons 

To date, it is clear that salt migration is occurring . Also , 

it seems that a salt 11 bulge 11 (equivalent of Csa horizon) is beginning 

to form in many profiles . It tends to be more pronounced and shallower 

in shallower (<l m) subsoil treatments than in deeper (>l m) subsoil 

treatments. 

Although this paper focuses on 1983 results, the objectives of 

this soil reconstruction study include comparing annual results to 

baseline conditions and monitoring changes over time . Plans are to 

present such preliminary results as part of the 1984/85 annual report. 
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Table Al. Chemical Analyses of Depth Intervals - Subsoil Depth Experiment. 

Cereal Plots Forage Plots 

EC SAT Ne EC SAT. Na 

Racons true t ion (mS/cml SAR s (meq/ll (1115/tlll) SAR I (meq/ll 

Treatment Depth Matarie ; sd ;. sd x sd x sd x sd x sd " sd x sd 

1. 0 cm 0-15 topsoil 3 . 3 0.8 3. 7 1. 6 ,2 2';7 17.1 6.0 2.8 1.1 2.0 1.1 34 2.2 9.J 6.; 

1'-40 •spoil 5.9 1 '7 18 . 6 5. 7 76 27.0 56.3 15.2 7.3 2 . ; 16.0 3 . 5 68 9.2 66 1' . 0 

40-55 spoil 9.0 4 . 6 37 .6 9.6 152 10.4 103.9 "· 7 
8.0 4.9 39.0 9.6 144 24 . 7 92 . 6 80.0 

105-120 spoil 6.6 1 .9 39.4 4.3 159 8.4 69.8 2'.4 4.4 1.0 33.0 6.6 173 23.3 4'.0 13.9 

2. 25 cm 0-15 topsoil 4.8 3. 1 4.8 2.2 35 2 • .l 17.9 12.1 3.0 1.4 3.0 I. 7 33 4.3 10.5 9.6 

15 -40 subsoil 5.6 t.6 10.0 2 . 5 42 2.6 42.9 15.3 5. 7 1 .8 9 . 8 4.0 45 17.0 41 . 5 20 . 6 

40-55 •spoil 6.9 0.9 11.8 2.4 51 12.8 90. 7 81 . 3 7 .2 0.2 12. 0 2.5 49 3.3 ,,_9 9.4 

105-120 spoil ,.o 0.6 32.3 4.4 168 6.5 48.4 12.0 ,. 7 2.0 31.6 10.2 146 33.9 56 26.4 

3. 50 cm 0-1, topsoil 3.3 1.4 3.4 1.4 33 1.9 12.3 8.8 2.9 1.2 2 . 1 0 . 9 36 4 . 0 6,3 4 . 7 

15-40 subsoil 7.0 1 .o 10.1 2 . 4 41 2.0 49.7 12. 7 6 . .3 0.9 8.4 1.4 41 1.4 40 . .3 9.7 

50-65 subsoil 7.3 0.6 10.0 1.3 43 1. 5 50.1 6 . 8 7.5 1.9 10 . 8 2.7 44 1. 7 54 .o 19.8 

65-80 •spoil 8.0 0 . 7 12.9 1.4 4/i 5.2 62.l 8.1 8.2 1.5 12.6 2.5 48 3.6 61.9 14.4 

130-145 spoil 5.5 1.6 37 . .3 14.5 162 6.6 59,0 25. 7 4.5 1,4 28.9 7 ,4 190 14.6 40.3 16 , 4 

4, 100 Cll 0-15 topsoil 3.5 1 .2 3.1 0.6 34 3. 5 12.4 4, 7 3.6 1,1 3.1 0.5 ,34 1.4 11.4 5,4 

15-30 subsoil 5. 7 1, 2 7,2 1. 8 41 .. , }2, 7 9. 7 6.0 o., 8.7 1.8 40 2. 7 40.5 8.5 

50-65 subsoil 6,9 1.3 9.1 1. 6 42 5.0 44,7 11,8 7.2 0.8 10.5 o. 7 42 2.0 52.1 3.1 

85-100 subsoil 7 . 3 0.4 10 , 9 2.0 47 2.6 52.6 7 . .l 8 . .l 1. 7 12.9 2.1 45 0.8 65 . 0 15 . 2 

100-115 subsoil 7 .5 o. 7 11.0 2,4 49 11.3 53. l 7. 7 7 .5 0.5 12.0 1 .o 44 1.9 56.9 4.2 

115-170 •spoi I 7 • .3 0.8 10.6 1.6 44 2.1 52,5 8. 7 8.4 0.9 14.9 2.7 51 7 .1 73.5 13.2 

180-195 spoil 6.8 1.2 '3.8 4.5 145 5.5 67.9 13.6 5.0 1.4 29.6 7 .5 160 19, 2 47;2 16. 7 

5, 150 Cll 0-15 topsoil 3.6 1,4 4,0 1,1 35 1, 0 15.0 a.a 2.8 1.3 2.7 1,4 36 3.6 8.9 8.2 

15-30 subsoil 5 . 9 0.4 8.2 0.7 44 6.6 37.6 4.8 5. 6 0.7 6.8 2.2 41 4,0 31. 7 10. 7 

50-65 subsoil 6 . 5 o. 7 9.5 1.8 45 2. 1 44.5 ,. 7 7.0 0.9 10. 0 1.4 45 1. 7 49. 7 9 . 7 

85-100 subsoil 7 . .3 o. 7 10.4 1.9 44 3. 7 ".9 7 .2 7.2 0.6 9.6 0.1 46 2.0 49.6 6,9 

120-D5 subsoil 7 .o 0.4 10.5 1.5 44 2.6 51.6 7.0 7 .2 1 .2 10.6 1.5 50 9.4 54 14 .8 

135-150 subsoil 7 .1 o. 7 10.4 1.1 44 3.9 52.8 10.2 6.6 1.4 10.6 1. 7 46 3.3 48.7 14 .4 

150-165 subsoil 7 . 5 1.0 10.9 1.2 45 1.2 "·' 11. 7 7.2 0.9 12.6 4.5 47 2.0 '5.6 12.9 

165- 180 *spol l 7 .4 0.9 11.2 2.6 47 6.0 55.7 14.9 8.0 2. I 14 . 5 6.2 47 1 .9 66,2 28.6 

230-245 spoil 6.9 1.9 26.8 8.9 129 44.6 145 21 .2 6.0 3.0 35.6 20. 7 147 23.4 6.3 41 .2 

6. 300 cm o-r, topsoil 3.3 1,3 2., 0.6 n 2 8.7 4.0 2. 7 1,4 2.6 0.8 38 5 . 3 1.9 4.9 

15-30 subsoil 6.5 1.2 8.1 2.2 43 1.9 37.J 14,0 5.5 I. 7 7 .5 2.5 38 5.6 33.9 5.8 

50-65 subsol 1 7.2 o., 10., 0.7 44 2.1 49,0 5.6 6. 8 0.9 9.1 1,4 43 1.6 44,J 9.2 

85-100 subsoil 6.5 1.0 9.1 2.2 42 2. 1 "·' 17 .o 7. l 1.0 10., 2.8 42 0.8 50 12.4 

120-135 subsoil 6 . 1 1.9 8.3 2.8 42 1. 3 38.3 18.1 8.0 1. 4 11.8 2.2 44 2.2 58.2 14.4 

155-170 subsoil 6.6 o., 9.4 o. 7 43 2.4 44.4 7.3 7.3 0.6 10.2 1.8 43 1.6 51. I 7.6 

190-205 subsoil 6.9 0.3 10.4 o. 7 44 1, 6 48.6 3.8 7.4 1.1 11.0 2.4 43 1.0 53.8 13 . 2 

225-240 subsoil 7.1 0.6 10.6 1.8 42 1.8 49. 7 7.2 7.0 1.0 10.0 2 . 4 43 2.2 49,0 12.8 

260-275 subsoil 7,3 0.8 10.5 1.0 44 2.0 51 7 . 9 6.5 1.4 8.9 2.9 45 2.9 42.5 15. 7 

285-300 subsoil 7. 2 1.0 10.3 1.8 44 1.9 50.6 9.6 6.8 0.9 10 . 0 2. 3 44 2.0 48 . 3 11.9 

300-315 subsoil 7 , 6 1.1 11,4 2.4 47 11.4 54.9 10 . 5 7.5 1.5 11.3 3 , 3 46 2.3 54.6 18.1 

315-330 •spoil 7. 7 1.4 11. 7 1.9 44 3.5 55.5 7. 7 7,0 1.9 15.3 9.5 46 3.5 57, 7 21.2 

380-395 spoil 8.4 2.1 21 . 2 6.9 102 41.0 73.6 14 . 9 4.9 1. 7 29.2 14.2 172 40. 7 43 16.1 
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Table A2. 

Reconstruct ion 
Treataent 

I. Spoil 

2. 10 ea A/ 
spoil 

l. 10 ea A/ 

20 c• B + C/ 
spoil 

4, 10 ea A/ 

45 CII B + C/ 
s poil 

5, 10 c■ A/ 

75 CIO C/ 
spoil 

6 . 10 CIO A/ 
100 CII 8 ♦ C/ 
spoil 

7, 10 c;aA/ 

45 c• C/ 
20 c• Ash/ 
spoil 

) 

Chemical Analyses of Depth Intervals - Torlea Soil Experiment. 

Ash Plots Gyp•u• Plots 
EC Na SAT. EC Na SAT. 

Depth (aS/c11l (11&q/ll SAA s C..S/cm) (meq/11 SAR s 
Cea) Material X sd X sd i sd i sd '·i sd ic sd i sd 5i sd 

0-15 spoil }. 7 I. 74 41.6 25,} ll 11.8 118 55 10 4,Q8 116.4 50. 7 }6 }. 7 1}9 I} 

15-40 spol 1 4.} 2.9} 47.2 }6 , 5 }5 9.6 194 22 4. I .11 44.9 11.9 n 5.5 175 II 
60-95 spoil 5,1 2.24 57.6 26. 7 }8 I .9 168 19 } . 0 ,79 }2.9 5.4 29 4.} 200 II 

0 -1 5 topsoil }.} 1.27 }}, 9 15.6 19 5.6 8} 24 6 , 5 ,69 60 16, 4 14 4.7 79 17 
15-40 spoil },5 1.4J }2.6 17 .4 25 4. I 162 25 }. 7 1,05 40 , 8 I}, 7 }0 4.2 179 12 
80-95 spol I 6 ,0 4.n 61 . 6 40. 7 }I 4.4 168 }7 4 ,6 1.29 52,4 18, I 42 6.6 162 5 

0-15 topsoil .9 .16 6.4 4 .2 4 l. I 51 } },5 1,62 24,6 12 . 9 6 1. 9 62 2 
15-40 B+upper C 5 .9 2 . 07 56.5 19. 7 15 1.2 78 5 9.3 2.19 96. 7 27.} 24 6. } 95 14 
40-55 spoil 5,5 1.10 60.4 5.5 25 6.5 142 26 },9 1.66 42 . 2 21.2 }I 6. 8 166 }5 

105-120 spoil 5,} }.}5 59, I 40. 7 }6 17.1 18} }} 4.5 }.8} 46.1 4}, 7 }7 20.5 199 JI 

0-15 topsoil 1.2 ·" 9 , 7 5,} 6 2.8 55 6 },6 1.64 26.6 17 . 1 7 }.9 62 6 
15·}0 B+upper C 4.5 1.57 46. I 16.7 15 }.5 72 } 7.6 2.44 n.4 22.6 15 1.9 72 I 

}0-50 B+upp&r C 5.8 2.00 61. 7 2},0 19 5,7 79 7 9 . 6 • .n 92.9 7.2 20 8 . 7 61 20 
50-65 spoil 9,1 ,85 67. 7 9,2 19 5.0 92 25 4,} } , 49 45,5 l4.2 2} 4.5 157 8} 

115-1}0 spoil 4 .} ,54 46.6 8.1 }6 }.6 160 22 5,9 }.94 65.} 44.} }8 16.5 209 64 

0-15 topsoil 1.9 1.26 21,7 16.} II 7.} 56 5 4.0 ,59 21.6 10. 11 4 2.5 60 .5 
15-}0 C horizon 5,5 2.85 55.9 22.6 18 5.1 92 21 6,8 1, 97 68.1 13.6 16 1.5 97 10 
}0-45 C 7,} 4 .}7 68 . 5 }8.9 17 .5 115 45 6 . 9 .56 89.7 7.0 19 . 7 106 17 
45-60 C 7.4 2.99 76.0 25.5 20 }. 7 10} 20 7,6 1.04 60. 1 13.8 22 I.I 102 18 
60- 75 C 6.4 4.06 6},0 }8.9 17 1.7 110 }9 10 1.22 100.5 15.1 19 .7 87 II 
75 -90 C 5,6 2.11 62.9 ll.l 25 9.} 140 22 6.9 ,61 89.5 7.9 16 1.6 95 I} 

140- 155 spoil 4.6 }.02 50.6 }6. 7 41 14.5 189 45 5.8 }.77 66.6 43.0 }6 18. 9 179 61 

• 0-15 topsoil 2.7 1.87 26 19. 7 12 }.6 69 14 6.6 ,55 61.4 10.0 13 1.7 71 } 

15·}0 8 • C 6.} .99 65, I }.9 21 7.8 10} 25 10 I.}} 112.} 19.6 21 }.6 66 2 
}0-45 8 + C 7,4 1.56 76.5 10,6 21 5.6 102 16 6 . 9 2,5} 68.2 24.} 19 }.5 108 2} 
45-60 8 + C 6.9 2. 70 71,2 26.6 21 5.8 109 }2 6,1 2,01 81 .9 20.9 16 .4 9} 10 
60-75 8 + C 8.2 .90 8}.6 II. I 17 2.2 79 15 7, 9 1.22 76.8 12.0 17 2.1 66 } 

75-100 8 + C 9 . 5 .69 9},0 12.1 17 2.7 80 I} 6 . 1 1.22 60 . 5 9.7 16 1.5 79 7 
100-115 spoil 6 , 4 I. 75 74.8 19,5 40 2.6 144 8 6.6 1,85 77.5 25.0 }2 }.5 1}9 }I 
165-160 spoil 6.5 4,4} 101 54. I 41 5,7 15} 50 },4 ,}7 }5.} 2.8 }0 },4 164 19 

0-15 topsoi I 1.4 ,}5 11,0 2.1 6 2.0 56 2 5 , 0 2.48 45.4 26 . 0 12 5.6 70 9 
15-}0 C horizon },0 l.}6 }1,0 15.} 16 4 ,4 97 21 5.l 1.06 58.2 13 . 6 24 },O 121 15 
}0-50 C ho'rizon 7.} ,44 74,5 2.1 21 4,6 10} 16 7,9 2.25 67.6 26.6 24 6 , 6 10} 21 
~-65 ash 7.5 1.01 70.5 4.1 17 2.l 90 12 6.6 I.I} 69 . 2 19.8 19 4. I 65 9 

115-130 spoil 5,5 2.84 55.6 27.} 28 9.4 147 ~ 5 . 4 2 . 09 60.} 22.6 J4 7. 7 161 2} 

) 

Control Plots 
TC Ha :>Al . 

C..S/c11) , .... q/1) SAR s 
i sd • sd x sd i sd 

5 .1 2.55 57.9 }2. 7 }} 12.4 160 17 
}.4 .5} 36. I 5 , 9 }O },9 177 2 
4,} },0 48 .2 J4,0 }5 14.0 202 60 

},I .57 }I•} 7,0 16 7,0 9} }6 
5,0 2.}6 56.9 26.0 }} 7.5 179 25 
} , I 1.09 }5,4 14.} ll 6.1 201 27 

1.6 . II 16.0 1,9 9 I.} 70 4 
6,0 l.9} 76.2 11.} 15 I.I 76 I 
10 2.41 }0.1 }8. 1 44 9.5 141 1' 
4,9 2,5} 50.4 28.1 }I 4.} 179 11 

1.6 .JO 17 .5 2.2 9 1.7 69 } 

5,0 I. 79 49.1 18 , } 14 1.0 74 2 
6 , 9 .21 8}. 7 6.5 1' 1.5 76 ,• 7 
8.1 1.97 8}. I 10.4 26 12.1 1}2 }I 
4.9 2 . 6} 54 .5 }2.2 J4 10.0 179 }2 

6.} 2.}6 60.9 21.1 17 2.9 61 15 
5,6 5 , 06 59.8 47.4 17 5,9 86 21 
8.4 2. 75 6}.8 16.4 21 } . 6 95 17 
7.9 1.39 78.5 6.2 19 6 . 1 85 20 
7.1 2.05 70.6 16.0 18 4.4 95 10 
6.5 2. 71 60.2 27,0 18 6 . } 118 45 
4 . 1 I. 74 44 . 6 2},0 }} 7 . 7 204 28 

4.0 2, 10 }8 . 2 18.4 12 1.6 72 } 

7.4 1.28 72 10 17 I.} 9} 14 
8.} .92 85.1 7,2 22 5,4 102 15 
7.2 2.1} n.1 20;4 19 2,4 98 4 
7 .5 2.29 74 .o 16,0 18 },9 85 21 
7.6 .26 74 .o 7 .2 15 2.4 67 5 
9,} 4,05 04,} 42,} }5 } . } 1}2 }} 

6.8 } . 07 74 .8 }4,9 }2 10, I 139 }2 

4,2 2.06 42 21.2 15 } . 6 60 16 
4,7 2.09 48.6 24. 7 18 6, 7 121 21 
5,4 2 . 79 5l.l 2}.4 16 2. I 112 }9 
6,9 ,48 67.8 4,4 17 ·} . 5 9} 18 
,.6 2,84 61.2 }0.5 }2 7 . 2 170 19 

) 



I 
N ...._., 
I 

) ) 

Table A3. Chemical Analyses of Depth Intervals - Bottom Ash Experiment. 

CEREAL PLOTS 

EC SAT. Na EC 
RECONSTRUCTION DEPTH (mS/cm) SAR I lmeq/1) (mS/cm) 

TREATMENT 1cm) MATERIAL x sd x sd x • sd i sd x sd 

I. Control 0-15 topsoil 2.9 1.6 3.7 I . 3 36 2.6 14.2 9.5 2.6 2.2 
15-40 subsoil 6.2 0.6 9.1 1.8 41 ·2.0 43.6 7.3 6.4 2.9 
40-55 spoil 5.3 0.1 27.9 3.3 135 31.0 58.7 1.3 7.4 0.6 

2. Gypsum 0-15 topsoil 4.2 1.8 6.6 3. 1 34 3.5 27.4 15.7 2.0 1.9 
15-40 subsoil 8.9 1.9 16.5 3.8 51 6. l 77.4 19.6 5.8 2.5 
40-55 spoil 6.5 1.8 29.6 11.8 78 15.6 88.5 38.7 6.9 3.5 

3. 5 cm of Ash ·0-15 topsoil 3.8 2.9 5.7 4. 1 37 4.9 23.8 23.8 3.2 1.5 
15-40 subsoil 7.6 2.4 12.2 4.3 43 2.6 33.2 31.8 8.2 1.2 
40-55 spoil 12.6 - 55.2 - 159 . - 149 - 6.2 1.0 

4. 15 cm of Ash 0-15 topsoil 4.4 1.8 4.8 5.2 36 4.2 21.9 23.2 3 . 3 1.0 
15-40 ·subsoil 7.3 1.4 12.1 3.3 45 5.0 57.6 14.5 8.3 1.6 
40-55 ash 1.9 0.1 8.0 5.4 61 18.3 13.0 5. 1 3.2 1.5 

5. 45 cm of Ash 
: 

0-15 topsoil 3.6 2.3 4.5 4.7 38 4.5 19.8 22.1 2.7 0.8 
15-40 subsoil 4.4 1.5 7.5 1.7 43 6.6 28.5 9.8 8 . 7 4.1 
40-55 ash 1. 7 0.8 7.3 o. 7 58 13.0 12.1 4.0 5.0 2.7 
60-85 spoil 5. 8 - 39. l - 150 - 59.6 - 7.4 -

) 

FORAGE PLOTS 

SAT. Na 
SAR I lmeq/1) 

i sd x sd x sd 

2.9 2.9 35 3.6 12.2 15.1 
9.8 7.2 46 19.5 46.5 34.3 
40.5 6.8 155 43.8 79.8 4.6 

2.9 2.2 36 4.6 10.2 11.4 
10.0 4.3 43 8.9 44.9 24.8 
17.4 2 .4 105 76 60.7 26.8 

4.2 1.2 35 3.2 16.5 8.5 
13.4 3.3 44 0.6 66.7 13.9 
33.7 7.6 127 3.0 67 . 9 14.8 

4.1 1.8 36 6.4· 14.6 0.6 
12.9 3 .7 46 6.2 66.3 18.6 
12.0 5, l 59 12.7 27.5 5.2 

2.3 1.2 35 0,6 8.4 2.9 
16.2 10.4 41 6.5 83.4 61.8 
12 . 8 10.9 53 15,4 40.5 41. 7 
37.3 - 94 - 82.6 -
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Table A4. Chemical Analyses of Depth Intervals Slope Drainage Experiment. 

Uppu Slope .. Middle Slope 

EC Ma SAT. EC Na SAT. EC 

Recon1truction Depth I.S/cal laeq/ll SAR ' (.S/cal ,_,11 SAR I l.S/cal 

Treat .. nt Cc■ > Moterhl i 14 ii sd i sd i sd i sd i sd • sd i sd i ad 

1. ,• • N o-u topsoil I.I . ,9 ,.1 ,.2 2 2 . , ,2 I ., .26 ,., .9 2 ., 
'' ' 2. l 1.4' 

.,.,o ,ubsoll 6.6 ,.22 "• I ,1.11 12 7 . l ,o l ' ·' ,. ,a )6.1 ,,.a II 6.6 )6 8 a. I 2 .98 
,o-65 subsoil 8.11 2.56 86. l 31.I 21 11.6 74 '' 7.6 2.26 7'.) 17.11 21 ,.a 61 11 5., 2.10 
65-80 •Poll 10;0 1.70 116 2, . 1 '7 10. , '" 39 1., 2.,, 111., 22.0 )6 6.2 151 14 1 . 5 2.61 

1)0-145 •Poll l. I 1.21 711.11 1).8 ,o ,., l'8 )9 5.5 1.,2 61.5 14.l )6 ,.1 166 )I 5.1 ).17 

2. 10" • N 0-15 topsoil 2.11 2.15 16.11 2,.11 2 1., )l 9 1.5 .211 9.4 1.2 4 1.0 )2 4 4.2 ,.,1 
15-40 subsoil 6. 7 ). I) 55.) )0.9 12· 6.l " 19 a., 2.62 12., 20.6 16 .9 411 2 8., 2. ll 
50-65 subsoil II . I ) . 16 85.8 42.1 18 6.6 80 6) 7.8 1.2' 60.11 11.11 I) 4.2 " 

2, 5.5 4.52 

65·80 SPoll l.2 4.21 62.6 ,1 . , 2' 6.8 68 48 5.0 1.01 52.4 14.6 ,0 8.1 16) Ill 6.11 1.58 
l)0-14' IPoll l.8 1.9) 75.8 1).4 " 6.2 1'4 57 l.2 2.21 74.1 17.11 ,0 4.5 160 " 6.2 1.61 . 

,. ,. - s o-i, topsoil .II .51 ,.8 , .o 4 ,.2 )2 I .II .18 6.8 ,.6 4 1.6 ,2 2 2 . 2 2.511 
15-40 subsoil 5.8 2.10 411.1 22.5 12 4.4 40 1 6.0 ,.,1 5'.6 )2.1 1) ,.1 40 12 8.1 1.05 
,o-6, oub•oll 1., 4.11 67 .II 41 . 5 15 ,., ,o 6 8.5 ,.12 80.2 ,1., 17 4 .2 47 8 6.7 2.)6 
65-80 apoll 8.0 2.88 78.) 21.6 26 8.6 Ill 7) 10.7 2.,0 1.06.7 22.) )0 

'· 7 1011 45 5.6 2.'5 
1)()-14' spoil 6.11 1.11 11 .5 20.6 )9 ,.5 156 8 6.7 1.86 n . . 11 2).0 ,a 10 16, 

" II. I 2. 75 

4. 10· • S 0-1' topsoil .6 .2) 3.11 2.0 2 1., ,0 .II I.) .66 6.-3 4. 7 ' 2.2 " ' ,.2 1.711 
15•40 subsoil 4.6 ,.o, )2.8 10. 0 8 2.7 )4 2 6.4 1. 54 48.6 18. 7 12 6 . 0 50 16 8 .8 2.10 
50·65 &ubsoll 6.6 2.'6 58.6 20 . 5 18 6.4 84 ,11 4.11 ).D2 ,a.a 2, .8 10 2 .8 4) ' ,.6 ).14 
65-80 •Poll ,.2 .87 ,1 . 2 8.4 27 1., 1,1 17 ,., I. 70 )8.1 19.0 26 8.0 159 2) 2.8 .110 

1)0· 145 -spoil 5 . , 2 . 011 56.1 25.1 )6 10.6 181 22 ).II .72 )11.5 6.4 28 ).2 1511 18 ,.8 .72 

Note• -t•ri•l at the ~-6S ea depth interval. in the lover alo~ position is ectuall)' 1po1l, 

) ) 

lower Slope I 
Ma 

_ s:T· \ laeq/11 SAR 

ii 14 i Sd " ld 

Ill.I 12.9 6 '·' ,1 12 
116. I 72.2 15 l .11 " 17 
,11.6 2,.2 ,a a., 1'8 28 
81.) 26 .4 ,a 6 . 2 1'1 " ,2 ,2.11 ,0 , .o 156 28 

,2 . , ::11.a 8 1 .6 41 1 

73.2 24.11 15 5.) " 4 
51 .4 )6 . 8 22 4 .4 162 711 
611.5 11 . 8 24 5.1 148 18 
64.) ll.11 28 4. 6 141 1 

15.0 20.7 4 , . 8 " 4 
67.2 10.1 14 2.2 42 ' 64.7 18.11 26 6.1 .572 ,0, 

56.0 2).11 28 5.2 40) 510 
11,.1 29.5 '4 11.6 412 4116 

18.l 1'.4 4 2.5 ,2 8 
n.5 17. 8 16 ,.8 48 ' '3.2 211.0 24 ,.o 141 " 27. I II . ) 25 2. 7 164 " '8 . 11 11.6 26 , . 1 152 " 

) 
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GAS RESEARCH INSTITUTE PIPELINE RIGHT-OF-WAY RESEARCH ACTIVITIES 

Cindy A. Cahill , Gas Research Institute 

Ralph P. Carter, Argonne National Laboratory 

ABSTRACT 

A research program was initiated in early 1983 to conduct selected field 

and laboratory research activities which will provide the natural gas 

transmission industry with cost-effective options with which to mitigate 

ecological impacts and minimize restoration costs of pipeline 

installation and maintenance . The program is based upon the results of a 

survey of 20 gas transmission companies to define needed environmental 

research associated with construction and maintenance of gas transmission 

pipelines. The assessment study identified five areas in which research 

could benefit the industry: 1) evaluating soil erosion control 

techniques ; 2) monitoring recovery of streams following pipeline 

installation; 3) monitoring recovery of agricultural lands ; 4) 

documentation of successful reclamation; and 5) development of a 

selective bibliography of literature relative to disturbance caused by 

pipeline installation. To date , two field research projects have begun 

in conjunction with gas transmission line construction, and the 

bibliography completed. A project has been initiated to monitor 

construction impacts of a pipeline stream crossing in central Ohio . A 

second project to monitor crop yields and edaphic changes following 

pipeline construction is underway in northern Oklahoma . Finally, a 

project to investigate methods to reduce erosion and improve soil/slope 

stability along pipeline rights-of-way is in the planning stages . 



INTRODUCTION 

The Gas Research Institute* (GRI) Pipeline Right-of-Way Research Program 

was established in response to needs voiced by the natural gas 

transmission industry for quantitative data on the restoration of 

pipeline rights-of-way . The objectives of this program are to develop 

cost-effective options which will mitigate ecological impacts and 

minimize costs associated with pipeline installation and maintenance by 

conducting selected laboratory and field research projects. The program 

is being conducted by Argonne National Laboratory . 

Typical large diameter gas transmission pipeline construction begins with 

the clearing of a right-of-way between 75 to 100 feet wide . Ditching 

machines dig a trench and the pipe sections are placed next -to it. 

Welders connect the pipe into a continuous length; the outside surface of 

the pipe is then cleaned, coated, and wrapped to prevent corrosion . 

Finally, the pipe is lowered into the trench, and the trench is 

backfilled. Rivers can be crossed using one of five techniques , 

depending upon stream width, depth, and flow: l) wet ditch or open 

trench; 2) aerial or bridge crossings; 3) flume or bypass technique; 4) 

directional drilling beneath the river; and 5) plow or sled technique. 

These construction practices have the potential to result in a myriad of 

*GRI is an independent, not-for-profit scientific research organization 

which plans , funds, and manages research for the benefit of the natural 

gas industry and the consumer. 

- 2 -

,,--..._ ' 



----------

,------.._ 

environmental impacts. Terrestrial plant and animal habitats may be 

temporarily disturbed or permanently altered. The trenching operation , 

heavy machinery, and lack of vegetation cover may cause increased soil 

erosion and sedimentation into rivers and streams. Heavy machinery may 

also cause soil compaction, making it difficult for vegetation to become 

reestablished. Finally, river crossings may result in river bank and 

bottom erosion , significant downstream impacts such as increased 

sedimentation, and temporary disruption of invertebrate and fish 

populations. 

The research program is based upon results of a survey of twenty gas 

transmission companies to define common environmental research needs 

related to construction and maintenance of gas transmission pipelines . 

The assessment study· identified the need . for more data in the following 

research areas: 

1) Improved soil erosion control techniques; 

2) Monitor effects of pipeline construction on river aquatic systems; 

3) Monitor recovery of agricultural lands following pipeline 

construction; 

4) Documentation of successful right-of-way (ROW) reclamation; and 

5) Selective bibliography of literature related to disturbance caused by 

pipeline installation. 

To date , the computerized literature review has been completed and two of 

the field research projects have begun in conjunction with gas 

transmission line construction. The third field project , soil erosion 

control , is in the planning stages . 

- 3 -
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A. Soil Erosion Control 

The primary objective of this research area is to identify and evaluate 

alternative nonvegetative methods to reduce erosion and improve 

soil/slope stability along pipeline ROWs. The investigations will also 

determine the magnitude of change in erosion rates resulting from 

pipeline installation, relate observed changes to site conditions, and 

quantitatively evaluate the effectiveness of selected mitigative measures 

in reducing erosion losses. More specifically, field projects will be 

designed to: identify and review available engineered control structures 

for reducing runoff and erosion; identify and review available chemical 

agents (soil conditioners) which alter soil-water relationships for 

reduced runoff and erosion and increased soil stability; evaluate the 

applicability of alternative erosion control strategies in terms of 

specific site conditions known to be related to erosion phenomena (e.g., 

soil characteristics, slope, precipitation); and demonstrate the relative 

effectiveness of selected erosion control techniques under laboratory and 

field conditions. 

A tentative research site has been identified on a 24 11 diameter gas 

transmission pipeline that will be constructed in southwestern 

Pennsylvania by Consolidated Gas Supply Corporation. A wide range of new 

erosion control methods, including both vegetative {Beatty, 1982) and 

nonvegetative will be evaluated to detennine which can be tested on the 

steep (22%) right-of-way slope. Construction of the pipeline is 

scheduled for September 1984 and it is expected that field test plots 

will be in place during October. Preliminary results will be available 

in the first quarter of 1986. 

- 4 -
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B. Effects on Pipeline Construction on River Aquatic Systems 

The goal of this research area is to obtain quantitative information on 

the nature and magnitude of impacts to aquatic ecosystems caused by 

disturbances from pipeline construction and the rate at which various 

ecosystem components recover after construction is completed. A field 

project is being conducted at a crossing of the Little Miami River in the 

Glen Helen Nature preserve near Yellow Springs, Ohio . The Little Miami 

River is one of 32 scenic rivers designated by the Federal Government and 

the first scenic ri•ver in Ohio. Columbia Gas System Service Corporation 

completed the crossing during October, 1983. To provide quantitative 

information , GRI is monitoring water quality (e .g. , specific conductance , 

suspended sediment, temperature, dissolved oxygen) in addition to 

biol ogi ea 1 communities ·(fish and benthos) before and after pipeline 

construction at several stations upstream and downstream of the 

construction site to determine cause-effect relationships , if impacts to 

aquatic organisms are observed. 

Monitoring from October , 1983 through April , 1984 show that silt and sand 

were found to accumulate on the streambed within 100 m downstream of the 

crossing site . Concentrations of suspended solids, generally less than 

20 mg/L prior to construction, increased to a maximum of 843 mg/L during 

construction . Suspended solids generally decreased to below 50 mg/L 

within 2 hours following trenching activities (Figure 1 ). No detrimental 

alterations of water chemistry as a result of pipeline construction were 

observed. Benthic invertebrate densities and species composition were 

typical of stream pools with low densities compared to riffles . 

Post-construction collections indicated that benthic recolonization of 
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the affected areas occurred within two months. In addition, a productive 

riffle which is located approximately one mile downstream showed no 

decreases in densities following construction. Habitat conditions also 

limited the fish community in the area , with the silver shiner being the 

predominant species . Post-construction collections revealed that the 

silver shiner had recolonized the affected stream reach. However, 

densities and size distributions both decreased at, and below, the 

crossing . Seasonal effects, especially those related to food-resource 

availability, were deemed largely accountable for the variations observed 

in fish distributions . Overall, construction-associated impacts on 

benthos and fish were minimal . Final results will be available in the 

spring of 1985. 

C. Recovery of Agri cu} tural Lands Following Pipeline Construction 

The goal of this research area is to develop data that can be used by the 

gas transmission industry to accurately predict the time required for 

ecosystems to recover from the disturbances caused by pipeline 

construction . The influence of typical pipeline construction methods and 

ROW reclamation techniques on the rate and success of the reclamation 

process will be evaluated by monitoring the establishment, persistence, 

and productivity of naturally colonized, as well as seeded , vegetative 

communities, together with related edaphic changes in typical 

agro-ecosystems . 

A field project was initiated in Beaver County Oklahoma where Panhandle 

Eastern Pipe Line Company installed a new transmission line using the 

single-ditch method typical of pipeline installation operations in the 

- 6 -
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region . Four study sites were selected representing four major land uses 

in Beaver County; wheat, both dry land and irrigated, grain sorghum and 

pasture . An experimental design was developed for each site by 

establishing a linear sampling pattern to monitor soil parameters and 

crop production after construction. Three separate parallel sampling 

transects were established directly over the pipe (P), intennediate (I) 

area where construction traffic has occurred and a control (C) transect 

at the edge of the right-of-way that is unaffected by construction 

activities . At five points on each of the three transects, soil samples 

are being collected and neutron probe access tubes have been installed to 

monitor soil moisture and bulk density at several elevations. In 

addition , vegetation samples are being collected at 10 locations on each 

transect using the circular quadrat method (Kennedy , 1972). 

Preliminary results of six months field sampling show that soil bulk 

density of samples from the pi~e ditch was significantly lower than that 

of samples from the other transects . No significant differences were 

found between the trafficked-transect ( I} and the control-transect (C) 

samples . Soil bases (i . e., ea , Mg , Na , K), pH , total phosphorus, and 

electrical conductance of the pipe-ditch (P) samples reflect the inherent 

characteristics of the subsoils of the adjacent transects [i .e., 

trafficked (I) and control (C)] with all sample values being within the 

accepted range for crop production. Monitoring is expected to continue 

on this project for 1-2 additional years. 

- 7 -
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D. Documentation of Successful Reclamation 

It is well known within the gas transmission industry that successful 

reclamation of pipeline ROWs following construction can be accomplished. 

However, quantitative document~tion is not available to provide evidence 

to regulatory personnel that successful reclamation can be accomplished. 

The objective of this project is to identify and collect field data from 

existing pipeline rights-of-way in a singular sampling event, and 

document specific cases of successful reclamation activities accomplished 

by transmission companies. 

GRI and Argonne are working closely with seven transmission companies to 

sample vegetation on ROWs in various parts of the country. For each site 

selected, a systematic sampling· procedure is used. Three transects are 

set up on the right-of-way: (P) over the pipe or where maximum soil 

disturbance occurred caused by the trenching operation; (I) the 

intermediate area or working side of the pipeline where construction 

traffic occurred, but soil was not removed; and (C) the control transect 

just off the ROW unaffected by construction activities. Five vegetation 

samples are collected along each of the transects using the same method 

described in the revegetation/edaphic study. The samples are dried and 

weighed to determine differences in productivity between the transects. 

Biomass productivity from the disturbed sites is compared to undisturbed 

areas to determine the success of the reclamation techniques used. 

Information is also collected on climate, soil type, vegetation, and 

rehabilitation methods to reclaim the ROW. This information will provide 

semi-quantitative data in a relatively short period of time for 

- 8 -
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transmission companies to use with permit applications as supporting 

evidence that successful reclamation is achievable . 

E. Selective Bibliography 

A comprehensive review of the literature relevant to the reclamation of 

disturbed lands has been compiled into a computerized database (Bluth, 

1984). The contents of the database includes information on aquatic and 

terrestrial impacts and mitigative strategies for pipeline corridors, as 

well as electric transmission line, railroad , and highway rights-of-way . 

The computerized literature review was compiled by searching a total of 

twenty existing databases for 66 key words related to reclamation of 

disturbed lands , especially pipeline rights-of-way. The information· from 

each database search was screened as received to determine the 

applicability to the overall program. Only the data of direct value to 

the projects in the Pipeline Right-of-Way (ROW) Program were entered into 

the database . Each entry contains the complete information for locating 

a reference , in addition to an abstract. 

The transmission industry is utilizing the database when writing soil 

erosion control plans and environmental assessments , and in preparing 

permit applications for a construction project, and as supporting 

evidence when responding to questions posed by permitting agencies 

related to revegetation, impacts on streams, or soil compaction. 

Information from this database is also being utilized by the ROW Program 

to ensure that no duplication of work is conducted. and as supporting 

work for results from this program. 

- 9 -



SUMMARY 

GRI is pleased with the support and participation exhibited by the 

transmission industry on this program. A steering committee has been 

established to assist with selection, site evaluation, and review of 

research projects to assure relevance to industry needs. The companies 

are benefi tting from the development of a database of ROW reclamation 

research information which is being utilized by the industry to respond 

to questions raised by permitting agencies . An additional direct benefit 

is that disturbed lands will be returned to full productivity in a 

minimum of time. 

- 10 -
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Abstract 

In 1982, TransCanada Pipelines Limited constructed a 426 km, 914 mm 

diameter natural gas pipeline in new right-of-way between North Bay and 

Morrisburg, Ontario. The pipe installation was complete by December 1982, 

but clean-up of approximately two-thirds of the route was postponed until 

the spring of 1983. During construction, compaction of subsoil along the 

working side of the right-of-way was recognized as a serious concern and 

subsoiling was recommended as a mitigative measure. This paper explains 

how the extent of the compaction problem was determined, describes the type 

of tillage equipment used and evaluates the degree of success achieved. 

Introduction 

In returning lands disturbed by construction to productive agricultural 

use, it is necessary to deal with -the problem of soil compaction . 

Compacted soils exhibit impaired soil structure (decreasing aeration) 

slower infiltration (leading to ponding or surface erosion), and restricted 

rooting volumes (increasing susceptibility of plants to nutrient or 

moisture stress). All of these factors may contribute to reduced crop 

yields, particularly in abnormally wet or dry years. 

Compaction resulting from pipeline construction is a recognized 

environmental concern (e.g. Sheilds et tl 1979) especially in fine-textured 

soils or where construction is allowed to proceed under wet conditions. 

Only recently, though, have concerted efforts been made to evaluate the 

extent and degree of compaction on particular projects and soil types. 

Environmental inspection of construction, coupled with post-construction 

monitoring has helped to focus attention on subsoil compaction at depths 

greater than 40 cm and has resulted in efforts to mitigate this compaction 

(e.g. TransCanada 1982) . Moncrieff et !l_ (1983) have reported on research 
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to evaluate deep subsoiling as a restoration measure some years after 

construction in a very severe - and fortunately atypical - situation. The 

present paper describes the efforts of TransCanada to integrate subsoiling 

into its conventional clean-up activities on the North Bay Shortcut 

project, and comments on the results achieved. 

The Project 

In 1982, TransCanada constructed a 426 km, 914 mm diameter pipeline in new 

right-of-way between North Bay and Morrisburg, Ontario. Though nearly half 

of the route was in rocky Canadian Shield terrain and though efforts were 

made to avoid agricultural land during route selection (Hare et~ 1984), 

about 170 km of farmland was crossed, most of it on Spread 3, between 

Pembroke and Morrisburg. While pipe installation was complete by December 

1982, most clean-up in agricultural land was postponed until 1983. Despite 

favorable weather and soil conditions ·for construction and clean-up, 

subsoil compaction on this project went from a predicted impact, to a 

demonstrable phenomenon, to an equipment problem, to a logistical 

challenge. Solving the problems and meeting the challenge resulted in an 

excellent clean-up job and hopefully a minimum of compaction-related crop 

losses in 1984 . 

Demonstrating Compaction 

The environmental assessment report for this project (TransCanada 1980) 

identified compaction of the right-of-way as a serious concern and 

suggested that specialized heavy cultivation equipment might be necessary 

to loosen compacted soils. 

As clean-up commenced in 1982, it became apparent that the conventional 

equipment being used - a chisel cultivator - could not satisfactorily 

loosen compacted subsoil without overworking it and further degrading the 

structure (TransCanada 1983a) . But when the cultivator was replaced with a 
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road grader carrying five ripper teeth on a hydraulic tool bar, it became 

necessary to seriously investigate the degree of mitigation being achieved . 

On coarser textured pasture or forest soils, the grader/ripper turned out 

to be quite satisfactory, but on finer-textured, cultivated soils, its 

average working depth (25cm) was found to be insufficient and the design 

and arrangement of its teeth were unable to provide the lifting action 

desirable for shattering compacted layers. Moreover, the weight of the 

grader combined with wheel-slip to re-compact the subsoil as stock-piled 

topsoil was re-spread. Thus, probing the soil with a core sampler on 

transects across the right-of-way yielded the result shown in Table 1, and 

bulk density measurements confirmed that the degree of compaction was a 

potential problem for root penetration. Residual compaction was thus 

demonstrably present on the right-of-way. 

In the fall of 1982· and again in the spring of 1983, penetrometer , bulk 

density and infiltration measurements were taken at several depths in test 

pits on and off the right-of-way to see whether frost action would 

alleviate compaction . It was found to have little effect, supporting the 

recommendation for deep tillage. 

Subsoiling Equipment 

In order to select suitable tillage equipment, however, it was necessary to 

know the average and maximum depths of compaction and the areal extent of 

the problem. 

It was possible to rule out subsoiling on some sections of the right-of-way 

for obvious reasons, where the land was forested or abandoned roughland 

pasture; where the water table was within subsoiling depth year round; 

where the land was excessively stony; or where shallow, systematic tile 

drainage was an unavoidable obstacle. 
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TABLE 1: Depth of Compaction (maximum penetration of core sampler) in Fall 
1982 

Location+ Average depth of penetration* 

Off right-of-way 45 a 

Topsoil Stockpile 34 b 

Spoil Stockpile 31 b 

Workspace 25 C 

Workspace 24 C 

Off right-of-way 45 a 

+ 
* 

samples taken in transects of 6 points across right-of-way 
average over 8 properties sampled; means followed by same letter are 
not significantly different at the 1% level by Duncan's New Multiple 
Range Test 
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On remaining portions of the right-of-way, probing could establish the 

relative ease of penetration and the depth to the compacted layer, but this 

would not tell how deep the compaction went or how penetration by the probe 

correlated with penetration by plant roots. A preliminary survey was 

therefore undertaken to establish the correlation of bulk density with cone 

penetrometer readings (soil strength) over the range of soil textures 

encountered. Given the reasonably good correlation (r2=0.71), 

penetrometer readings were taken as an acceptable indicator of compaction 

and the right-of-way was systematically sampled, taking readings at four 

depths up to 60 cm. In addition, bulk density measurements were taken at 

representative locations in each of six soil series. The results (see 

Figures 2 and 3 for examples) suggested a fairly universal zone of 

compaction on the working side of the right-of-way, extending to a depth of 

40 .or 50 cm, and often in a fairly distinct layer at 40 to 45 cm. 

The contractor was asked to provide an appropriate implement and obtained 

one (the Kello-Bilt Series 11 5000 11 Subsoiler) which was rugged and capable 

of working depths up to 65 cm. In addition, its five parabolic shanks were 

mounted on a V-frame and spaced at 50 cm intervals to reduce draft and to 

shatter pans without inverting the profile. 

Flexible Specifications 

Given the pseudo-experimental nature of what we were attempting, 

flexibility was necessarily a key component of the subsoiling 

specifications developed for this job. To make the field adjustments 

required by flexible specifications, TransCanada relied on the cooperation 

of its contractors and on the collective skills of equipment operators, 

construction inspectors and consultants. From the outset, there were three 

practical objections to the subsoiling recommendation, the first being 

stone. Because a significant proportion of the right-of-way was underlain 
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by an undulating plain of stony, clay till, there was a legitimate concern 

that subsoiling would directly introduce stone into plough depth or 

dislodge it and allow it to migrate upward through frost action. It was 

feared that this would mean extra stone-picking and re-compaction of the 

soil, leading to a vicious clean-up cycle. Efforts were made to determine 

depth of the till layer by examining the trench walls and trench spoil and 

by selectively test-pitting prior to clean-up . Nevertheless, the 

specification for subsoiling depth had to remain flexible so that stony 

patches could be avoided; in fact , subsoiling depth was frequently reduced 

by field decision from 60 cm to 45 cm for this reason . Even so , 

considerable stone-picking was necessary in some cases . 

A second concern related to subsoiling was the possib l e inversion of the 

soil profile and consequent topsoil/subsoil mixing . While the equipment 

used is designed to minimize this problem , dry subsoil is necessary for its 

proper action to be achieved. Where wet , plastic clay subsoil was 

encountered, a sliver of subsoil sometimes slid up the shank, to be 

deposited on the surface. While mixing from this source was relatively 

unimportant, subsoiling depth was reduced in parts of some fields to help 

control it. 

Another source of mixing was encountered where soil was greatly compacted 

at the surface as well as at depth. The strength of the compacted layers 

caused them to slide up the shanks in a sheet before cracking into clods. 

In tumbling to the surface, the soil clods tended to become inverted . This 

problem was largely corrected by making two passes with the subsoiler, the 

first to a depth of 25 or 30 cm, the second to the recommended depth . 

Other implements, with straight shanks and lifting wings or shallower 

leading shanks might have had the same effect with only one pass . 
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The third concern about subsoiling is that i t can only be done properly if 

the subsoil is dry enough to shatter and if the topsoil is dry enough for a 

tractor to maintain traction while handling the extra load . Weather and 

soils stayed sufficiently dry for both years of the North Bay Shortcut 

work , but there was a measure of luck involved; in most places in eastern 

Canada there are more unsuitable days for subsoiling each growing season 

than suitable. The extra working depth possible with the equipment 

selected by our contractor allowed subsoiling to be placed at the end of 

the clean-up sequence , even where topsoil had been removed over the working 

side of the right-of-way. Thus , there was flexibility to reschedule 

subsoiling for favorable weather conditions, if necessary, without delaying 

other clean-up operations . Moreover, there were essentially no compaction 

causing operations to be carried out after subsoiling. 

Pre 1 imi na·ry Resu·lts 

In al l, 85 properties were systematically probed with penetrometers and/or 

sampled for bulk density at two or three depths on and off the 

right-of-way . Of these, 77 were subsoiled , mostly to a depth of 45 cm. 

The total distance subsoiled was about 42 km and the production was roughly 

3 km (4.8 ha) per day . 

While TransCanada and its consultants are still in the process of 

evaluating the first-year results~ a number of general observations are 

possible at this time . First, probing has demonstrated a reduction in 

resistance to penetration relative to control sites in adjacent fields 

(Table 4) . Bulk density measurements indicate that this reduction should 

be beneficial to crop performance (TransCanada 1983b). Second, airborne 

colour infra-red data collected in June through cooperation of the Ontario 

Centre for Remote Sensing suggest no obvious , compaction-related 

infiltration or internal drainage problems on any of the subsoiled 
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TABLE 4: Depth of Compaction (maximum penetration of core sampler) in 
Summer 1983 

Location+ Average depth of penetration* 

Off right-of-way 32 a 

Spoil Stockpile 43 b 

Trench 48 C 

Workspace 41 b 

Off right-of-way 33 a 

+ 
* 

samples taken in transects of 5 points across right-of-way . 
averag~ over 37 properties sampled; means follow~d by same letter are 
not significantly different at the 1% level, by Duncan's New Multiple 
Range Test 
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properties . This observation is confirmed by a thorough ground-based 

survey which found only isolated cases of ponded water , usually calling for 

minor corrections of tile drainage repairs, micro- topography or previously 

undetectable seepage. In addition , an overview inspection of crop 

performance in early July showed normal crops over subsoiled properties . 

These preliminary observations are now being followed up with aerial colour 

infra-red crop data and quantified by means of soil sampling and sampling 

of mature crops. It should be recognized, though , that further monitoring 

(perhaps through a complete rotation) might be necessary to verify success. 

For best results , subsoiling should probably be followed by seeding down to 

a deep-rooted legume crop . Many farmers find this inconvenient, however, 

and return their fields to corn or grain production immediately following 

construction . Hopefully , this will not result in re-compaction and 

formation of a 11 plough-pan 11 on the right-of-way. 

Conclusion 

It should be clear from the foregoing discussion that subsoiling is 

potentially a very useful mitigative measure which can successfully be 

integrated into the pipeline construction and clean-up sequence. It should 

be equally obvious, however, that "DOING IT RIGHT'' requires proper 

equipment , suitable soil conditions , skilled operators, on-going inspection 

and frequent field adjustments. A considerable amount of research remains 

to be done before subsoiling can be considered a standard or universal 

technique for inclusion in regulatory guidelines . 

Regulators will always press industry for more detailed and precise 

specifications and for more objective criteria on which to base their 

regulations. To a degree, this is useful because it causes all concerned 

to study problems more carefully, to develop more information on which to 
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base decisions and to place more information on the public record for the 

benefit of others. But to the extent that reliance on objective criteria 

reduces flexibility, and to the extent that it prevents qualified, 

experienced practitioners from making considered, professional judgements, 

it should be avoided . 
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ABSTRACT 

Successful revegetation after pipeline construction in native rangeland requires an 

effective range management program to expedite a self-sustaining, erosion reducing ground 

cover. 

·The study area was located 50 km northeast of Brooks, Alberta. Two early season 

grazed sites and two late season grazed sites were selected in a pipeline corridor containing 

pipelines that were installed 3, 12, 16. 21 and 27 years ago. 

Even after 26 years, species composition and ground cover over the rights-of-way were 

significantly different from the undisturbed areas. Grazing regime had a profound effect on all 

vegetative characteristics evaluated. 
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INTRODUCTION 

Activities associated with transport of Alberta's petroleum resources necessitate 

pipeline construction. In 1981, there were 180,208 km of pipelines in the province of Alberta 

(Webb 1982) . 

Installation of a pipeline disrupts both the soil and the hydrology of an area as well as 

the flora and fauna associated with it. Each ecosystem reacts differently , thereby varying 

environmental impacts of pipeline installation and complicating quantification of cause and 

effect links between pipeline disturbances and such impacts. 

Suitable pipeline installation techniques and reclamation procedures for a given 

ecosystem can be determined only if both the short and long term effects of pipeline 

construction are understood. Data demonstrating the mechanisms causing these effects have 

not been adequately documented . Most investigations in agricultural areas have concentrated on 

arable crop production, but provide inadequate information on ecosystem reconstruction and 

stabilization in natural uncultivated grasslands. 

Optimum productivity on Solonetzic native range will only be attained if pipeline 

installation and revegetation procedures are based on firm knowledge of and are compatible 

with that ecosystem's functioning . The need to document and assess the impact of pipeline 

disturbances on Solonetzic native range ecosystems formed the basis for this study. It had two 

overall objectives: 

1. To document and assess selected ecosystem responses to pipeline installation in native 

Mixed Prairie rangeland on Solonetzic soils in Southern Alberta . 

2. To study the longevity of these selected ecosystem responses. 

This presentation deals with two specific objectives : 

1. To examine the effects of early and late season grazing on revegetation of pipeline 

disturbances. 

2. To examine the above effects within different zones of construction activity and on 

different aged pipeline rights-of -way . 
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METHODOLOGY 

Four study sites were located within a natural gas pipeline corridor approximately 10 

km east of Princess, Alberta. Sites 1 and 4 were located in NE 15-20-11-4 and NE 16-20-11-4 

respectively; and sites 2 and 3 in NW and ~'E 15-20-11-4 respectively. Ail four study sites were 

located within a 4 km distance . Studies were confined to the rights-of-way leased by NOVA, 

An Alberta Corporation, and to control areas immediately adjacent to the right-of-way 

(r-o-w) . These control areas were utilized for extensively managed beef cattle production by 

the Eastern Irrigation District (EID). 

Each of the four study sites was 100 m by 135 m, spanning five r-o-w with an 

undisturbed (control) area on either side. These sites were divided into 17 east-west transects 

representing different areas of pipeline construction activity and different ages of pipelines. 

Pipelines ranged in diameter from 86 to 107 cm and were installed in 1957, 1963, 1968, 1972 and 

1981. Transects included the undisturbed prairie on either side of the pipeline r-o-w , the area 

' 
directly above each trench, and the work, pipelay and stockpile areas. The area corresponding 

to the work, pipelay and stockpile transects of the older r-o-w was referred to as the between 

trenches transects. 

The study sites had slopes of less than 2% . Soils were Solodized Solonetz or Brown 

Solod with prominent blowout patches . Vegetation was of the Bouteloua-Stipa (Blue 

grama-Spear grass) fades of the Stipa-Bouteloua-Agropyron (Spear grass-Blue 

grama-Wheatgrass) faciation. The 1981, 1972 and 1968 r-o-w were seeded to similar mixtures 

of introduced species including: Agropyron cristatum, Elymus junceus, Agropyron riparium, 

Agropyron trachycaulum, Agropyron elongatum, Agropyron trichophorum, Elymus angustus, 

Medicago species, Onobrychis vicaefolia and Astragalus cicer (crested wheatgrass. Russian 

wildrye, streambank wheatgrass, slender wheatgrass, tall wheatgrass, pubescent wheatgrass, 

Altai wildrye, alfalfa. sainfoin and cicer milk-vetch) . The 1957 and 1963 r-o-w were not 

seeded. Sites 2 and 3 were in an early season grazed section of the range (grazed from May 

through July) and sites 1 and 4 were in a late season grazed section (grazed from August 
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through November). 

In 1982, transects were subdivided into four subtransects each 25 m in length and 

spanning the width of the transect. Twelve m2 quadrats were randomly established in each 

transect. In 1983, individual trafisects were uivided into 1 m by 1 m subtransects. At each site 

one hundred 0.10 m2 (20 cm x 50 cm) quadrats were read in each transect. 

In each quadrat ocular estimates of basal area were determined for individual species 

total live vegetation, total dead vegetation , and bare ground. Frequencies of each species in a 

quadrat were recorded. 

Plant densities over the 1981 r-o-w were determined to quantify the establishment of 

introduced species and invasion by native species. In each site, four seeded rows were randomly 

selected in each of the following transects: 1981 trench, pipelay, work and stockpile. 

Twenty-five 1.0 m ::;egments were randomly selected along each seeded row, and the number of 

introduced and native plants were counted in each row segment. 

Chi square was used to test departure _from expected- values and to determine the 

homogeneity of two species with respect to frequency and cover . 

RESULTS 

The ground cover of the undisturbed prairie consisted of approximately 50% live 

vegetation, 30% dead vegetation (litter) and 20% bare ground. Selaginella densa (little club 

moss) was the dominant species , often comprising over 50% of the live vegetation. Dominant 

grasses included Bouteloua gracilis, Koeleria cristata and Stipa species (predominantly Stipa 

comata with small amounts of Stipa spartea var . curtiseta) . Together these three grasses 

represented up to 12% of the total ground cover, occurring with a mean frequency of 64%. 

Forbs were abundant, predominantly Artemisia frigida (a half-shrub), Opuntia polyacantha, 

Phlox hoodii and Sphaeralcea coccinea (pasture sage, prickly-pear cactus, moss phlox and 

scarlet mallow) . Over 99% of the species were native. 

,-----.__, 
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Season of grazing had a substantial effect on vegetative composition. With early season 

grazing there was a decrease in live vegetation and an increase in litter and bare ground. In 

general, late season grazing resulted in increased basal area of many grasses and forbs . 

With pipeline dis~urbancc , botanical composition and gwund cover changeJ 

significantly. The trenching disturbance was the most destructive compared to the grading and 

stockpiling operations of the other r-o-w transects. 

Immediately following pipeline construction, vegetation declined to nearly 0.0% of the 

ground cover over the trench transect (Figure 1), and near 5% over the other disturbed 

transects. Species in all transects of the 1981 r-o-w had very low covers and frequencies. Over 

95% of the species present had mean basal areas of less than 1 % and approximately 60% had 

frequencies of less than 10%. 

During the first year, vegetative cover over the trench had increased to approximately 

5% of the ground cover (Figure 2). The 1972 trench had approximately 10% vegetative cover 

and approximately 90% bare ground. Over time vegetative cover increased on disturbed areas. 

Vegetative cover of the 1957, 1963 and 1968 r-o-w was approximately 40%. This compares with 

20% bare ground from the undisturbed native rangeland. 

Other disturbed transects of the 1981 r-o-w had less bare ground than did the trench 

transect in some sites. The work and stockpile transects in both years of the study often had 

nearly twice as much vegetative ground cover as the trench area did. The pipelay transect 

tended to have values between the trench and the other disturbed transects. The between 

trenches transect near the 1972 r-o-w had more vegetation than did the 1972 trench. Areas 

between the 1957, 1963 and 1968 trenches had basal areas similar to those of the adjacent 

trenches. 

Over time the effect of grazing had a compounding effect with that of the pipeline 

disturbance . Older r-o-w under late season grazing tended to have less bare ground and more 

live vegetation and litter than did early season grazed sites (Figure 2). 
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Late season grazed sites had approximately four times as many native species over the ~ 

1981 r-o-w as did early season grazed .sites. Although introduced species numbers were higher in 

late season grazed sites as well, the variability was high making the differences non-significant . 

The effect of grazing regime on revegetation is most obvious when compariug the 

frequency and basal area of Agropyron cristatum (crested wheatgrass) and Descuraini~ sophia 

(flixweed) . Agropyron cristatum dominated the 1968 and 1972 r-o-w under a late season 

grazing regime (Figure 3), but was only a minor component of the vegetative composition 

under early season grazing. No other introduced species had persisted and native species 

invasion had been accomplished only by a few ruderals. Agropyron cristatum was a dominant 

species under both grazing regimes immediately afi.er a disturbance but within a year , frequency 

and basal area were decreasing under early season grazing . 

Similar data were collected for Descurain.ia sophia. In 1982 Descurainia sophia 

dominated the 1981 r-o-w under a late season grazing regime, but under early season grazing 

the species was a relatively minor component of the vegetation (Figure 4). Similar patterns 

were observed for Koeleria cristata. Bouteloua gracilis and Hordeum jubatum (wild barley) 

tended to increase significantly under an early season grazing regime. 

Few introduced species were present on the 1957 r-o -w, but large numbers of native 

species, particularly forbs, were present with both high covers and frequencies . The 1963, 1968 

and 1972 r-o-w were similar in native species composition to that of the 1957 r-o-w. However, 

the number of introduced species dramatically increased in these trench areas. 

In all sites, species composition of the 1957 r-o-w was not significantly different from 

that of the undisturbed transects . The 1981 trench transect was most similar to the 1981 pipelay 

transect. Under an early season grazing regime, the 1963. 1968 and 1972 r-o-w were more 

similar in botanical composition to the 1957 r-o-w than to the 1981 r-o -w or the undisturbed 

prairie. Under a late season grazing regime, these transects were significantly different from all 

other transects . 
~ 
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DISCUSSION 

The trench area had more introduced species and generally had more species with lower 

basal area and frequency compared to those of the other transects . These other transects were 

not trencheci., but only graded, and therefore more hospitable for regrowth from species with 

their roots still intact, or partially buried. This was particularly true for the forbs. 

The higher basal area and frequency for many species and the large number of native 

species under late season grazing reflect the susceptibility of some species to early season 

grazing. 

The majority of the species present are cool season forms. They begin growth in late 

March or early April, are heading or flowering in June , and have completed seed maturation by 

July. By August, most vegetation will be dormant or cured. These cool season species will be 

most affected by early season grazing. Severe defoliation during early stages of phenological 

development is often detrimental to seed production and even to the survival of some species, 

whose only means -of reproduction is through seed. Species that can reproduce vegetatively are 

also stunted after severe defoliation because energy must be put into rebuilding photosynthetic 

parts and carbohydrate reserves necessary for winter survival. 

Early maturing species that are late season grazed have a distinct advantage for survival 

over those that are grazed early in the season. By July and August, most early maturing species 

are entering summer dormancy and thus are usually more resistant to grazing. Some species , 

such as those of the Stipa genus , have very prickly seeds which are unpalatable to cattle. 

Species such as Agropyron cristatum are also coarse and unpalatable . Many of the forbs are 

declining in vigour, maturing seeds , or have already cured by the time late season grazing 

begins. Thus only later maturing species and those that experience autumn regrowth will be 

sensitive to grazing at this time. Grazing in late autumn will detrimentally affect these species 

which have not built sufficient carbohydrate reserves for winter survival, and those reproducing 

from seed, whose seed matures late in the season. With late season grazing, the native species 

on the work and stockpile areas could partially recuperate from the disturbance. Species in the 
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early season grazed sites would be defoliated and trampled at a time when they were most 

vulnerable because of their low energy reserves. Thus many weedy species if early season grazed 

would not survive whereas those that were late season grazed would have time to recover from 

the pipeiine disturbance before being subjected to the pressures of grazing. The trench area wa~ 

the most severely disturbed, and would likely take longer to recover. Plant roots and Native 

seeds were not on the trench and only introduced seeds were present. These seeds are often 

planted late in the season and would not likely germinate as readily as the plants that were 

already present on the other transects would recuperate, thus accounting for the smaller 

number of plants over the trench transect. 

Descurainia sophia is palatable in early spring but unpalatable by summer. Koeleria 

cristata (June grass) is a vigorous native invader as its prominence in the disturbed transects 

indicates. Koeleria reseeds bared areas readily, and because it begins growing early in the 

spring, can take advantage of the early spring moisture reserves ( Coupland 1950). 

The 1968 and 1972 r-o-w were seeded to a mixture containing Agropyron cristatum 

during the final stages of pipeline construction. Agropyron cristatum generally does not suffer 

frost damage nor winter kills and is highly drought resistant due to its extensive root system. It 

is also an excellent weed competitor. These characteristics make Agropyron cristatum a species 

well suited to eventual dominance of a disturbed area. Studies involving Agropyron cristatum on 

Mixed Prairie indicated that when Agropyron cristatum was grazed early in the spring native 

dominants expanded and competed successfully (Hubbard 1949). 

The 1981 disturbance transects were dominated by introduced and native invaders, or 

weedy species. The older pipeline disturbances had many more native species, with loss of 

dominance by the introduced species. With time, the disturbed areas appear to be approaching 

the vegetative character of the undisturbed transects, but even after 26 years, there are still 

significant differences in botanical composition. 

The large number of forbs present indicate the efficiency of these species in secondary 

succession. Forbs are generally more efficient than grasses in using environmental resources, 

~ 

,,,......._____ 
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such as wind, for the dissemination of seeds, and soil moisture and nutrients for germination 

and growth. 

Data such as those presented in Figure 1 can be somewhat misrepresentative. If the 

basal area of Selagineila deusa is taken into consideration, then t.ii.e undisturbed iive vegetation 

provided by other species is similar to those for older disturbed transects. Since Selaginella 

densa is unpalatable, the productivity of the area may not be dramatically reduced by pipeline 

disturbance, except over the 1981 r-o-w. Within 15 years the amount of live vegetation over the 

trenches has returned to near predisturbed conditions. Other transects of the r-o-w appear to 

approach these conditions within 10 years. Thus it appears that there is a fairly rapid return to 

predisturbed levels of palatable forage under the proper grazing regime. From a soil 

conservation point of view, this is not so. Although Selaginella densa is an unpalatable species, 

it does provide protection from erosion. The time required for Selaginella densa to invade these 

areas is not known. If many years are required, perhaps the protection against erosion would be 

provided by increased cover from the more palatable species that could increase in basal area 

• under proper range management, making the presence of Selaginella densa unnecessary from a 

conservation view point and undesirable from a livestock grazier's point of view. 

The r-o-w is attractive to the cattle because it often offers fresh palatable species. 

Cattle grazing the same range over a period of years tend to be attracted to the r-o-w each 

spring and often use it as a camping ground. Dugouts near the r-o-w also increase activity near 

the r-o-w long after the area has been grazed. 

CONCLUSIONS AND RECOMMENDATIONS 

Pipeline construction activities and subsequent operation-of the line have a profound 

effect on the rangeland ecosystem. The most obvious effect is the reduction or removal of the 

vegetative cover over the r-o-w. The grazing regime imposed on the rangeland affects 

vegetative characteristics and thus affects reclamation efforts. 
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Although grazing slows revegetation progress, if properly managed it can be used to aid 

in weed control and enhance revegetative efforts without the detrimental economical 

implications that no grazing might have. 

Based on the findings in th.is research the ronowing recommendations arc put forth: 

Although fencing and weed control would be the most desirable way of establishing a 

ready ground cover, the high. cost of this type of reclamation imposes more practical 

considerations. 

The most economical alternative appears to be a properly managed grazing regime to 

return the land back to its inital use. It is important to know what the end land use will be and 

what grazing management is likely to be employed. Early season grazing eliminates or reduces 

weeds such as Descurainia sophia that readily colonize disturbed areas. It also reduces the 

dominating influence of Agropyron cristatum. However, this grazing regime decreases vegetative 

cover and increases the amount of bare ground which has serious consequences in soil erosion. 

Agropyron cristatum has been considered a desirable species capable of increasing native range 

productivity. If so , then it must be grazed earlier in the season to ensure its palatability yet not 

grazed for so long at a high intensity that it is eliminated. Reducing both the stocking rate and 

the period of grazing for the first few years following revegetation would be beneficial . 

Rangeland should not be only autumn or spring grazed, but these regimes should be rotated 

periodically. 

Dugouts must not be constructed near the r-o-w and other forms of passive control 

such as locating salt licks away from the r-o-w should be employed. 

..-------._, 
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ABSTRACT 

REVEGETATION MONITORING OF THE ALASKA 

HIGHWAY GAS PIPELINE PREBUILD 

Reinhard Hermesh* 

Techman Engineers Ltd. 

Vegetation monitoring of the Alaska Highway Gas Pipeline Southern B.C. 

Prebuild was undertaken in 1982 and again in 1983. The study was unique in 

that the same quadrats were re-examined in the second year. This permitted 

an evaluation of the year-to-year changes in vegetative cover on both the 

2- to 3-year old Foothills Pipeline (FHPL) right-of-way and also on an 

adjacent 22-year old Alberta Gas Trunk Line (AGTL) right-of-way. The data 

suggests that considerable vegetative perturbations are occurring on both. 

INTRODUCTION 

In 1982 and again in 1983 the Northern Pipeline Agency let a contract 

to monitor the state of revegetation on the Foothills Pipe Lines (South 

B.C.) Ltd right-of-way (R.0.W.) following Phase I (Prebuild) construction , 

* Presently Head, Vegetation Group 

Alberta Environmental Centre, Vegreville 



in southern British Columbia . Monitoring of this revegetation is required 

by the Environmental Guidelines issued in 1980 under the Northern Pipeline 

Act (1978). 

A major consideration when undertaking a monitoring program of this 

nature relates to the processes of plant succession . Odum in 1969 

redefined what has become the classical concept of plant succession: 

1. It is an orderly process of community development that is 

reasonably directional and therefore predictable . 

2. It results from the modification of the physical environment by 

the community . 

3. It culminates in a stabilized ecosystem. 

In a reclamation monitoring program based on this classical concept we 

can theoretically determine the stage of the vegetative development and , 

knowing the time since abandonment, we can predict to some extent the rate 

and direction of community development. We can therefore determine whether 

plant succession is proceeding along a desired line and at a desired rate . 

If this is not the case we can suggest management practices which would 

manipulate the revegetation processes . However , can we make such 

deductions based on only one year's observation of the vegetative cover? 

It should be noted that much of the data on which the concept of 

succession has been built comes from 'static-approach' stud i es which 

examined different vegetation types within simi l iar vegetation zones and 

then related them to hypothetical successional sequences (Maarel and Werger , 

1978) . Recently , data is being obtained on the results of the vegetation 
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changes monitored at one site over a period of many years. The results of 

some of these studies are now casting doubt upon the classical 

interpretation of successional processes (Connell and Slayter 1977, 

Glenn-Lewin 1980, Collins and Adams 1983, Peet and Christensen 1980, 

Beetink 1979). These authors suggest that succession may be 

individualistic in that plant community development is site specific and a 

relatively unpredictable stochastic process. Successional sequences in 

this model relate to factors such as the initial seed densities in the soil 

(Moore and Wein 1977, Egler 1954, Archibold 1980), the plant populations 

existing in the vicinity (Glenn-Lewin 1980) and the vegetative and seed 

dynamics of the initial species to become established (Peet and Christensen 

1980). 

The implications of the individualistic theory on a revegetation 

monitoring program are that: 

- A one-time survey of the plant cover can not be used to establish 

the place in a successional sequence which would lead to a 

climax vegetation. 

There is no apriori reason why a disturbed site would reach a climax 

cover similiar to that in the surrounding area and the final cover 

may in fact remain quite different. 

- Certain vegetation types such as shrub or grass cover within a 

forested region need not necessarily be unstable or transitional . 

- Elements influencing plant community such as site and initial 

seed populations can be controlled or manipulated. 
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Since site condition and seed content are factors that greatly 

influence the type of vegetative cover in the establishing community , the 

manipulation of these factors can be used to influence the development of 

the desired type of cover . For example , the type and quantity of seeds 

present as well as the soil conditions will influence cover development . 

If the quantity of agronomic seed on a pipeline is very high, native 

species may be excluded and a strictly agronomic grass-legume cover formed . 

This may be desirable or undesirable depending upon the requirements . 

STUDY OBJECTIVES 

Objectives of this study were: 

- To assess the establishment success of seeded agronomic species . 

- To compare the year-to-year variation in vegetative cover on two 

right-of-ways of different ages. 

LOCATION 

The study area is located in the East Kootenay Mountains and the 

adjoining lowlands of southern British Columbia. The area is divided into 

four sections which comprise Phase I looping of the existing 36-inch (914 

~m) pipeline of Alberta Natural Gas Company Ltd built in 1961. Very little 

new R.O.W. required clearing of vegetation . Distances and elevation of the 

four sections studied are shown in Figure 1 and listed in Table 1. 

Regional climate is largely determined by local topographic and wind 

conditions . Along the pipeline R.O.W. climatic zones range from semi-arid 
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------- to cool alpine . Despite these diverse climatic conditions, three 

biogeoclimatic zones can be identified along the route (Table 1) . 

Table 1 

ELEVATION (METRES A.S.L . ) OF PIPELINE SECTIONS MONITORED 

Section 

1 

2 

3 

4 

Length (km) 

4.6 

33 .4 

24.5 

26 .7 

Elevation Range (m) 

1341-1615 

1212-2134 

762-1381 

800-1052 

CONSTRUCTION AND RECLAMATION 

Biogeoclimatic Zones 

Engelmann Spruce/Subalpine Fir 

Engelmann Spruce/Subalpine Fir 

Interior Douglas Fir 

Interior Western Hemlock 

Construction of the South British Columb ia Phase I sections began in 

mid-August 1980, when permission to proceed with clearing on Section 2 was 

granted , and was completed by late winter. The cleanup and revegation • 

program was carried out in late summer of 1982 . The revegetation sequence 

was by Sections in numerical order . Topsoil was salvaged at only on lands • 

designated as agricultural . On non-agricultural lands compacted soil was 

loosened by dragging a heavy harrow over the graded surface with a skidder. 

This procedure was not always effective on hard packed or baked surfaces . 



Seed and fertilizer were broadcasted by two John Deere 1840 4-wheel-drive 

tractors equipped with front and back cyclone seeders. A chain harrow was 

then used to incorporate the seed and fertilizer into the soil. 

In addition to this general procedure, hydroseeding and mulching of 

approximately 6 ha of terrain with a slope greater than 18 degrees was 

carried out on parts of Sections 2 and 4. 

Seed mixes of agronomic grasses and legumes were applied at the rate 

of 20 kg/ha. Fertilizer (16 -20-0) was applied at a rate of 300 kg/ha. 

METHODOLOGY 

In August 1982 a total of 82 vegetative monitoring sites were 

established in the 4 zones. Sites consisted of 3 one-half square metre 

permanently marked quadrats placed on both the 2-year old (FHPL) and on the 

adjacent 22-year old (AGTL) R.O.W. The bottom right and top left corner of 

each quadrat was permanently marked. The location of the first quadrat in 

each site was a point near the centre of the R.O.W. The corner pin of this 

initial quadrat was randomly located, the second quadrat was located 5 

metres down the R.O.W. from the first. The third quadrat was 3 metres to 

the right of the initial marker . The sites within each sample zone were 

selected to cover the area of concern, thus on a hill, sites were placed at 

3 to 5 slope positions depending upon the length of the slope, its 

steepness, and the extent of erosion. 

-----------
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In 1982 and again in 1983 the species in each quadrat were recorded 

and the percentage cover in each quadrat estimated. A list also was made 

of all species found in the 10 m x 5 m area surrounding the nest of 

quadrats. A 35 mm slide photograph was made of each quadrat and of the 

general site. These slides are on file at the Northern Pipeline Agency . 

The plant nomenclature in this report largely follows that of Taylor and 

McBride (1977). 

RESULTS 

A comparison of the 1982 and 1983 plant covers on the untravelled 2-

year old FHPL R.O.W. is presented in Table 2 and on the 22-year old AGTL 

R.O.W. in Table 3. On both R.O.W.'s the vegetation cover of the sites 

monitored on Sections 1 and 2 had significantly increased. 

Section 3 was of some interest since the overall vegetation cover on 

the untravelled R.O.W. sites had increased 50% over 1982 even though, on 

four of the 17 sites the cover had decreased. At the same time on the 

22-year old AGTL R.O.W. there was a significant decline (13 .5%) in the 

cover from that of 1982. 

The mean cover values of the plots on Section 4 nearly doubled from 

1982 to 1983(Table 2) . The highly significant increase from 32% to 61% 

cover suggests that plant establishment is being achieved at a rapid pace .. 

The mean increase in cover on all plots on the untravelled portions of 

the FHPL R.O.W . was 14.2% (Table 3). Such an increase would be expected of 
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Table 2 

CHANGES IN VEGETATION COVER ON THE 2-YEAR OLD FHPL RIGHT-OF-WAY 

Section 1982 1983 Change Significance 

1 Mean Cover 17.7% 29.5% +11.8% ** 

2 Mean Cover 8 .1% 16.6% + 8.5% ** 

3 Mean Cover 18.2% 27.9% + 9.7% ** 

4 Mean Cover 31 .8% 61.1% +29.3% ** 

** Significant at the 99% confidence level. 

Section 

1 + 2 

3 

4 

Table 3 

CHANGES IN VEGETATION COVER ON THE 22-YEAR OLD 
AGTL RIGHT-OF-WAY 

1982 1983 Change Signficance 

Mean Cover 

Mean Cover 

72.8% 

56.7% 

92.8% 

43.2% 

+20 .0% 

-13.5% 

No old R.0.W. in this Section. 

** 

** 

** Significant at the 99% confidence level. 



Table 4 

DIFFERENCES BETWEEN 1982 AND 1983 VEGETATION COVERS 

Mean of Differences 
in Cover 

Range of Changes 
in Cover 

Mean Overall 
Change in Cover 

FHPL 
R.O.W. 

2 Years Old 

14 . 7% ± 15 . 3 

-5% to +63% 

+14 . 2% 

AGTL 
R.0.W. 

22 Years Old 

17 . 2% ± 10.0 

-34% to +23% 

-5 . 9% 



a vegetation cover which is still in the establishment stage . However, 

over the same year the cover on the 22-year old R. O.W . showed a decline of 

5.9% (Table 3) . This decline occurred mainly on the lower elevation 

Section 3 of the line, an area which may have been suffering because of a 

very dry year . 

In comparing the cover on the two R.O.W . 's it should be noted that 

there was no difference in the mean variation of the covers (14 . 7% vs 

17.2%) or in the magnitude of the ranges of variation of covers (68% vs 

53%). Only the overall direction of change (fluctuations from 0) is 

positive on the FHPL R.O.W. (+14 .2%) and is negative on the 22-year old 

AGTL line (-5.9%) (Table 4) . 

It must be remembered in an overall comparison of sections that the 

sites are not randomly located within the sections but were located at 

critical, or potential -problem areas. The overall fig ures for the 

vegetation covers therefore do not represent the more favorable conditions 

found along much of the R.0.W. They can be used to give more insight into 

what is happening along the 'worst case' portions of the route . Areas not 

monitored were frequently observed to have a much greater vegetation cover 

than the monitored portions . 

DISCUSSION 

The year-to-year changes in plant cover result from two factors, a 

stochastic one which operates on both the 2- and 22-year old R.O.W.'s and 



an establishment component operating mainly on the 2-year old R.O .W .. The 

latter represents the natural year-to-year increase as the cover becomes 

established . 

Although the data from this study cannot be used to lend any weight to 

either the individualistic or classical theories of plant successsion , 

they do point out several factors: 

1. The year-to-year variability in plant cover was large . 

2. The amount of fluctuation in plant cover was not different on the 

2- and 22-year old pipeline R.O.W. 1 s. 

3. Variation in cover has a stochastic component and in the early 

years a plant establishment component . 

The implications of the results for pipeline monitoring programs are : 

1. A one-time evaluation of the R. O.W . is not sufficient to make 

definitive statements about the adequacy of long-term vegetation 

cover. This would be the case no matter which theory of plant 

succession is correct. 

2. Permanently-installed quadrats are a good method of monitoring 

year- to-year vegetative changes as they permit objective 

evaluation of the vegetation dynamics along the R. O.W . 

3. Comparison among R.O.W. 1 s of different ages and with adjacent 

vegetation are important in determining the overall vegetation 

dynamics of a reclaimed site. 
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POST-MINING GROUNDWATER CHEM ISTRY 

AND THE EFFECTS OF IN-PIT COAL ASH DISPOSAL: 

PREDICTIVE GEOCHEMICAL MODELING BASED ON 

LABORATORY LEACH ING EXPERIMENTS 

by 

M. R. Trudell , D. Cheel , S. R. tbran 1 

ABSTRACT 

Laboratory leaching tests including 10:1 and 40:1 water to sediment ratios 

and saturated-paste extracts , have been used to determine the salt yielding 

properties of overburden materials as well as coal ash . This salt yield 

data, expressed as soluble salt in the appropriate water to sol ids ratio 

for field conditions, can be used to predict the salinity and composition 

of spoil groundwater , and the effects of coal ash disposal on spoil ground­

water chemistry. The concentration of ionic species at varying sediment to 

water ratios is computed using the aqueous geochemical model PHREEQE, which 

allows consideration of mineral solubility constraints (particularly 

calcite, dolomite and gypsum) , various partial pressures of carbon dioxide, 

and ion exchange. 

The predictive model has been tested at three mine sites in central 

Alberta, with ash disposal considered at two sites. There is good agree­

ment between the predicted and observed spoil groundwater chemistry at 

Diplomat Mine (mainly glacial drift overburden) , Vesta Mine (mixed Horse­

shoe Canyon Formation bedrock and drift overburden) and Highvale Mine 

(mixed Paskapoo Formation bedrock and drift overburden) . Disposal of coal 

ash in mine pits at Diplomat and Vesta Mines is predicted to increase the 

total dissolved sol ids in the spoil groundwater to 10,300 mg/1 above a 

background of 5000 mg/1 at Diplomat Mine and to 10 , 500 mg/1 above a back­

ground of 6500 mg/1 at Vesta Mine. The predicted groundwater composition 

and salinity for ash in spoil at Vesta Mine is in excellent agreement with 

the composition and TDS of 10,383 mg/1 observed in a well installed in an 

ash site at Vesta Mine . 

Alberta Research Counc i l, Terrain Sciences Department , Edmonton , Alberta 
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INTRODUCTION 

The surface mining of coal has a s i gnificant impact on the quality of 

groundwater in and adjacent to mined areas . In almost all cases ground­

water in reclaimed areas is more sa 1 i ne than the pre-mining groundwater, 

and i s of different composition (Trudell and Faught, in prep . ; Van Voast , 

1982; Williams et al. , 1983) . In order to make planning decisions , 

particularly in terms of groundwater r esource potential and long-term soil 

salinization in reclaimed areas, it is desireable to predict post-mining 

groundwater chemistry based on parameters from the pre-mining setting. 

METHODOLOGY 

The model for predicting post-mining groundwater chemistry presented in 

this paper has three components : (1) Quantification of soluble salts in 

overburden materials by laboratory leaching experiments ; (2) Production of 

hypothetical 'spoil' material based on overburden characteristics; (3) 

Consideration of geochemical processes within resaturated 'spoil' material 

by means of the aqueous geochemical model PHREEQE (Parkhurst et al . , 1980) . 

Overburden Characterization 

The soluble salt producing characteristics of overburden materials were 

determined by tw0 types of leaching tests; a 10:1 (water:sediment) extract , 

and a saturated paste extract. For each type of test, the cumulative 

frequency distribution of electrical conductance (EC) in the extract was 

used as the basis for characterizing the salinity of overburden mater i a l s. 

Small groups of samples corresponding to various EC percentiles were 

selected to represent the observed range of overburden sal in i ty . The 

average salt yield , expressed i n grams of salt per kg of sample was deter­

mined for each EC percentile group . This analytical treatment was carried 

out separately for glacial drift overburden and bedrock overburden , which 

have been identified as the two principal geochemical units t hat make up 

m i ne s po i l ( T r ud e 1 l et a 1. , 1 98 3 ) . 
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Hypothetical I Spo i 11 

Hypothetical 'spoil' is made by combining the salt yield characteristics of 

drift and bedrock on the basi s of the average relative thickness of drift 

and bedrock in the v icinity of a mine site . In producing this spoil, the 

po r osity is assuned to be 30%, and the density of sol id particles 2 . 65 

g/cm3. Upon saturation with water all of the pore space will be occup i ed 

with water, and therefore, 1 L of water will be in contact with 6.2 kg of 

sol id spoil material. Consequently , the so l uble salt from 6 . 2 kg of 

hypothetical spoil wi ll be available to dissolve in 1 L of water. 

Aqueous Geochemical Model 

The dissolution of salts in spoil groundwater is subject to the constraints 

of mineral solub i lity (mainly calcite , dolomite and gypsum) , partial 

pressure of carbon dioxide (Pc 02 , higher than atmospheric) as well as ion 

exchange . The salts from 6 . 2 kg of 'spoil' are d i ssolved (nunerically) in 

1 L of water , using the aqueous geochem i ea l mode 1 PHREEQE to account for 

these processes. An y soluble salt in excess of the solubility 1 imit of the 

minerals calcite , dolomite and gypsum is precipitated and the amount 

precipitated i s determined . The part i a 1 pressure of co2 is fi x ed at a 

level characteristic of reclaimed spoil, which has been reported as 

typically .02 to .06 atm (Wallick, 1983) . Ion exchange, primarily Ca2+ -

Na+, is approximated based on a modified selectivity coefficient (K I ) as 

defined by Parkhurst et al . , (1980) where 

K ' = [Na+J2 

[ca2+] 

the square brackets indicating thermodynam i c activity. This approximation 

is reasonable under conditions in which the reservoir of ions on the 

exchanger is very large (and therefore approximately constant) relative to 

the amount of exchanging ions in the solution . K' values were determined 

for drift and bedrock overburden on the basis of calcium and sodiun 

acti v ities in groundwater samples from unmined sites . To represent the 

range of obse r ved K1 v alues in overburden materials a · log mean K' value was 

determined, plus a •minimum' K' (log mean -2 standard deviations) and a 

'maximum' K ' (log mean +2 standard deviations) were det ermined. The ion 

exchange characteristics of the spoil were then approximated by thickness­

weighted average K' values , for each pair (drift and bedrock) of minimum , 

mean and maximlJll K' values . 
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RESULTS 

Spoil groundwater chemistry predicted using the geochemical model has been 

compared with observed groundwater chemistry in rec 1 aimed spo i 1 at three 

mi ne sites in central Alberta (Figure 1): Vesta and Diplomat Mines in the 

Battle River Mining Area (200 km southeast of Edmonton) and Highvale Mine 

in the Lake Wabamun Mining Area (100 km west of Edmonton). In addition, a 

predicted range of spoil groundwater chemistry was determined for Paint­

earth Mine, in the Battle River area. 

Vesta Mine 

At Vesta Mine the overburden consists of calcareous clay till (drift) and 

fine-grained near-shore , elastic sedimentary rock of the lower Horseshoe 

Canyon Formation (Late Cretaceous) in average relative proportions of 

0 . 3733 drift: 0 . 6267 bedrock. The salt yielding characteristics of the 

overburden materials are summarized in Table 1, and the parameters used in 

conducting the model ing are listed in Table 2. 

The predicted spoil groundwater chemistry from various EC percentile groups 

is shown in Figure 2 and summarized in Table 3, compared with the observed 

spoil groundwater chemistry at Vesta Mine . Of predictions developed from 

the 10:1 dilution data , an acceptable match was obtained mainly for sample 

groups corresponding to the 0.1 and 0.5 EC percentiles . Mean and maximum 

K 1 values were used in obtaining a match with the observed spoil 

groundwater chemistry . The predicted total dissolved solids (TDS) 

concentrations from three samples of this group ranged from 7100 to 7700 

mg/L, which corresponds well to the mean TDS of 7443 mg/L observed i n the 

spoil groundwater. Two other 10:1 dilution sanples fell in the TDS range 

from 12700 mg/L to 15500 which compares well with the upper limit of 

observed spoil groundwater salinity (maximum TDS = 13800 mg/L) . The 

predicted composition, 1 ike the predicted salinity , also corresponds well 

with the mean spoil groundwater composition as well as the high sulfate 

composition. 
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Table 1. S1.111111ary of Overburden Sollble Salt-Yielding Characteristics 

,............,_ Overburden EC Average Salt Yield ( g/k~) 
Type Method Percent i 1 e # Samples Na+ K+ ca2+ 11g2+ so4- HC03- c1- TDS 

Battle River Area Overburden - Diplomat, Vesta and Paintearth Mines 

Drift S.E. .1 4 0.004 0.005 0,006 0.002 0.010 0.024 0,004 0 . 055 
. 5 4 0.029 0.008 0.068 0.026 0.232 0.117 0.008 0.487 
.9 4 1.119 0.040 o.430 0.151 3, 726 0,345 0.011 5,821 

Bedrock S.E. .1 14 0,496 0,036 0.004 0. 001 0.233 0.944 0.027 1. 740 
. 5 12 0.144 0.009 0.014 0.002 0.225 0.287 0.025 0.705 
,9 4 0.964 0.032 0.068 0.011 1. 211 0,942 0.120 3,348 

Drift 10: 1 .1 2 0.295 . 0.047 0.069 0.052 0.585 o.661 0.027 1. 736 
. 5 4 1.390 0.163 0.157 0.089 2. 953 0.585 0.029 5,366 
. 7 5 1,394 0.140 0,274 0,368 3,492 0,569 0.027 6.264 
,9 2 1. 570 0.063 0,762 0,561 7.200 0.381 0.019 10,556 

Bedrock 10, 1 .1 5 0.708 0.040 0.062 0.121 0.262 0,554 0.025 1. 772 
. 5 6 0.821 0.052 0.038 0. 163 0.375 1,292 0.045 2.786 
. 7 8 1. 144 0.090 0,046 0.100 0,551 1. 162 0.022 3, 115 
,9 4 1. 338 0.093 0.041 0.110 0,952 1. 306 0.018 3.858 

Highvale Mine Overburden 

Drift S.E. , 5 4 0.302 0.013 0 . 010 0.002 0.244 0,540 0.006 1. 117 
. 7 4 0.111 0.009 0.032 0.007 0.064 0.333 0. 016 0.572 
,9 4 0.197 0.008 0.020 0.004 0.743 o. 311 0.021 1. 304 

Bedrock S, E, ,5 6 0.194 0.018 0 ,011 0.003 0.095 0.439 0.020 o. 780 
• 7 6 o . 183 0.005 0.003 0.008 0.015 0. 292 0,044 0.550 
. 9 4 0.230 0.008 0,005 0.002 0.087 0,476 0. 037 o.845 

,,,---.__ 
Drift 10: 1 . 1 4 0.248 0.089 0.080 0.017 0, 276 0 , 496 0.059 1.265 

. 5 5 0,637 0.084 0.047 0.012 0,595 0.803 0 . 060 2.238 

. 7 3 0,773 0.054 0.031 0.016 0,769 0.763 0.038 2.444 

. 9 3 0,652 0,054 0.609 0 . 161 4. 163 0.768 0.136 6,543 

Bedrock 10, 1 .1 3 0.354 0.049 0.041 0.005 0.197 0.813 0.038 1. 497 
• 5 3 0 , 542 0.044 0.034 0.004 0.289 1.208 0.042 2. 163 
. 7 4 0,695 0.053 0.031 0.002 0.221 1. 322 0.057 2.381 
.9 3 0.685 0. 075 0,034 0.003 o. 171 1. 136 0.071 2. 175 

Note, s. E. • saturat ion extract 
10: 1 • 10:1 Dilution test 

Table 2 , Summary of parameters used in the geochemical model for the 
prediction of post-mining groundwater chemistr y. 

Relative Thickness p Ion Exchange ( K 1 ) 

Mine Or i ft, Bedrock (i~) min mean max 

Diplomat 1.000 0.000 o. 14 3,006x10-3 0.151 7,621 (Ca-Na) 
0,036 0,832 (Mg-Na) 

Vesta 0.3733 0.6267 0.04 o.4 24 1. 148 8,433 

Paintearth 0.000 1.000 0.03 3 .837 8.954 

Highvale 0.2381 0,7619 0.02 2,928x10-3 0.3042 31 .412 

Note: ' -' indicates value not used 
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eSaturation Extract Data 
■ 10:1 Dilution Data 
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Na + + K+ co;+ Hco; 

Figure 2 . (a) Piper tril inear diagram of calculated spoil groundwater 
chemistry at Vesta Mine 

(b) Observed composition of spoil groundwate r samples from 
Vesta Mine 

(a) 

• 
~ . 

• 

e.Saturation Extract Data 
■ 10:1 Dilution Data 

KEY 
0.1 , 5400,mean, max 
A A A A 

EC TOS Ca-Na Mg-Na 
percentile mg K' K' 

L 

. .,. ~_...,, Ca * ,._....1....__,___,__.__...___.____,___..___.__.........____,___..___.___.___.___,,_,.___.__......._~ Cl 

Na•+ K+ co~+ Hco; 
Figure 3. (a) Piper tril inear diagram of calculated spoil groundwater chemi s try 

at Diplomat Mine . Single value for K' refers to Ca-Na K'; two 
values refer to Ca - Na, Mg-Na K1

, respectively . (b) Observed 
composition of spoil groundwater samples from Diplomat Mine 
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Groundwater chemistry predictions for Vesta Mine spoil based on saturation 

extract data tend to bracket the observed spoil groundwater composition and 

salinity . An acceptable match is obtained with sample groups corresponding 

to the 0 . 5, 0.7 and 0 . 9 EC percentiles, and predicted salin i ties include a 

lower range (3200 to 4000 mg/L TDS) and upper range (8000 to 14000 mg/L 

TDS) that correspond to the minimun (4500 mg/L) and maximun (13800 mg/L) 

observed spo i 1 groundwater TDS concentrations , respectively. Simi 1 ar 1 y , 

the predicted composition includes the low-sulfate and high-sulfate range 

of observed composition. As with the 10:1 dilution , mean and maximum K 1 

values were associated with the best-fit predictions. 

TABLE 3 

COMPARISON BETWEEN PREDICTED AND ACTUAL SPOIL GROUNDWATER COMPOSITIONS 

PREDICTED RANGE PREDICTED MEAN ACTUAL RANGE ACTUAL MEAN 
MINE TDS {mg/L) TDS {mg/L) TDS ( mg/L) TDS {mg/L) 

Diplomat 3 , 400 - 14 , 600 5,840 2 , 038 - 12,766 5,708 

Vesta 3,200 - 15,500 7 , 425 4 , 508 - 13,805 7,443 

Paintearth 4,000 - 9,800 7,400 

Hi ghval e 2 , 000 - 6 , 900 4, 740 1, 219 - 6 , 855 3,668 

Diplomat Mine 

At Diplomat Mine the overburden is almost entirely made up of calcareous 

clay till that is typical of the Battle River mining area . Consequently , 

only the salt yielding characteristics of the drift leach-test samples were 

considered for the prediction of spoil groundwater chemistry at Diplomat 

Mine . The overburden salt-yield characteristics for Diplomat Mine are 

sunmarized in Table 1, and the parameters used for the geochemical model 

are 1 isted in Table 2, 

Predictions of groundwater chemistry based on 10:1 dilution data match the 

observed mean composition of spoil groundwater at Diplomat Mine , and as at 

Vesta Mine include the mean to upper range of observed salinity (Table 3 
and Figure 3) . The 0 . 1 and 0.5 percentile groups of the 10:1 dilution 
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samples best match the observed concentrations, and predicted TDS values of 

5400 to 6400 mg/L and 9500 to 14900 mg/L correspond to actual mean (5708 

mg/L) and maximum (12766 mg/L) TDS concentrations, respectively, in 

groundwater at Diplomat Mine. Because of the relatively large amount of 

soluble magnesium in the leach test extracts of drift materials, in several 

cases it was necessary to consider Mg2+ - Na+ exchange in addition to ca2+ 

- Na+ exchange to best match the observed composition and salinity. The 

procedure for considering Mg2+ - Na+ exchange was identical to that used 

for Ca2+ - Na+ exchange , i.e. based on K' values determined from unmined 

drift groundwater samples. Mean and maximun Ca2+ - Na+ K' values, together 

with maximun values of K1 for Mg 2+ - Na+ exchange, were used in arriving at 

the predicted groundwater chemistry. 

The pattern of predicted spo i 1 groundwater chemistry based on saturation 

extract data is essentially the same at Diplomat Mine as was found at Vesta 

Mine; that is, the predicted values bracket the observed composition and 

salinity as illustrated in Figure 3, and saturation extract sample groups 

corresponding to 0.5, 0.7 and 0.9 EC percentiles match the uppe'r and lower ·- ~ 

range of sulfate composition in the observed groundwater composition . 

Also , the predicted salinity ranges, from 3400 mg/L to 5600 mg/L TDS and 

from 14300 to 14600 mg/L TDS correspond reasonably well to the minimun 

( 2000 mg/L) and max imun ( 1 2766) observed TDS concentrations. As with the 

10:1 dilution, mean and maximum ca2+ - Na+ K 1 values and maximum Mg2+ - Na+ 

K 1 values were used in the predicted groundwater chemistries . 

H i g hv a 1 e Mi ne 

The overburden at Highvale Mine in the Lake Wabamun mining area consists of 

glacial drift (silt , clay and till) and continental , elastic sedimentary 

rock of the Paskapoo Formation (Upper Cretaceous-Paleocene) in relative 

proportions of 0.2381 drift:0 . 7619 bedrock . The salt yielding properties 

of overburden materials at Highvale Mine are sunmarized in Table 1 , and the 

parameters utilized in the geochemical model are 1 isted in Table 2 . 

A comparison of predicted versus observed spo i 1 groundwater chemistry is 

illustrated in Figure 4 and sunmarized in Table 3. As at the Battle River 
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eSaturation Extract Data 
■ 10:1 Dilution Data 
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Figure 4. (a) Piper tril inear diagram of calculated spoil groundwater 

chemistry at Highvale Mine 
(b) Observed composition of spoil groundwater samples from 

Highvale Mine 
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Figure 5. Piper tril inear diagram of predicted spoil groundwater chemistry 
at Paintearth Mine 
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mining area the ion exchange characteristics of the overburden materials 

were based on pre-mining groundwater sanples, however, very 1 ittle data 

from undisturbed sites are available close to the instrumented spoil area 

at Pit 01 of the mine. Consequently , the quantification of overburden ion 

exchange characteristics at this site may not be a reliable basis for 

estimating spoil ion exchange/properties . 

The predicted groundwater chemistry at Highvale Mine differs from those at 

Battle River area mines in that saturation extract-based predictions 

correspond to the minimum and mean of observed chemistry ( as opposed to 

minimum and maximum) , and 10 : 1 dilution-based predictions correspond to the 

upper range of observed spoil groundwater chemistry. Predict ions based on 

10:1 dilution data groups from 0 . 1, 0.5 and 0.7 EC Percentiles , with 

maximum or minimum K' values , yielded groundwater TDS concentrations of 

5500 to 6950 mg/L , compared to the observed salinity of spoil groundwater 

which has a mean TDS concentration of 3668 mg/L , a standard deviation of 

1461, and a maximum of 6855 mg/L. The salinity predicted from saturation 

extract data ranges from 2000 mg/L to 5000 mg/L, and is in reasonable -----. 

agreement with the minimum (1220 mg/L) to mean (3668 mg/L) observed TDS 

concentrations , as well as the observed spoil groundwater composition . The 

data groups corresponding 

provided the best match, 

to 0 . 5, 0.7, and 0 . 9 EC percentiles again 

and mean and · maximun K 1 values, or no 

consideration at all of ion exchange, 

observed spoil groundwater chemistry. 

provided the best match for the 

The agreement obtained without 

considering ion exchange may reflect (1) low ion exchange capacities of the 

overburden materials, or (2) poor representation of local ion exchange 

properties from regional overburden data. Further investigation of the 

role of ion exchange as a predictive parameter is required to resolve this 

apparent inconsistency . 

Paintearth Mine 

Paintearth Mine in the Battle River mining area was opened in late 1981. 

In the area first mined the glacial drift cover was very thin (on the order 

of 30 cm) and salvaged as subsoil. Consequently, the spoil at Paintearth 

Mine is made up almost entirely of bedrock from the Horseshoe Canyon 

Format ion . 
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The pred i cted groundwater chemistry for spoil at Paintearth Mine is 

illustrated in Fi gure 5 and sunmarized in Table 3 . Since wells in the 

spoil at Paintearth Mine are stil 1 dry , the predicted groundwater chemistry 

is truly a prediction, an evaluation of which will be undertaken when the 

spoil resaturates . The essential feature of spoi l groundwater at 

Paintearth Mine, based on the predictive model , are expected to be : TDS 

range from 4000 to 10000 mg/L ; mean TDS approximately 7100 to 7500 mg/L; 

composition Na+ - s04=, with ca2+ + Mg+ comprising as much as 30% of the 

cation fraction, and HC03- generally as much as 20% of the anion fraction . 

Sulfate Reservoir 

An i mportant feature of the geochemical model 

the amount of undissolved sulfate remaining 

is its ability to quantify 

in the spoil after one 

pore-volume of flushing . This sulfate , probably in the form of gypsum, 

will be available for re-dissolution as fresh water recharges the spoil, 

thereby acting to maintain relatively high salinity groundwater in the 

spoil for an extended period of time. 

The amount of undissolved sulfate in the spoil (the sulfate •reservoir•) 

for Diplomat and Vesta mines is sunmarized in Table 4 . At Highvale Mine , 

all of the predicted water chemistry examples, from both 10 : 1 dilution and 

saturation extract data, showed no remaining sulfate. At Paintearth Mine , 

only one sample out of 10 indicated undissolved sulfate, and from that 

sample (10:1 dilution, EC 0.7 group, mean K1 value) only 2.8% of the 

original sulfate remained undissolved. 

Data from Diplomat and Vesta Mine , on the other hand , indicate that a 

significant amount of sulfate can remain undissolved. At Vesta Mine, as 

much as 76% of the orig i na 1 sul fate remained undissolved , with saturation 

extract and 10:1 dilution tests yielding comparable results . At Diplomat 

Mine, as much as 94 percent of the original sulfate remains in the sol id 

phase, with the 10:1 dilution data better quantify i ng the total available 

sulfate and therefore probab l y prov i ding a better estimate of the sulfate 

reservoir . This 1 ikely results from the solubility 1 imits of gypsum 

reached during the saturation extrac t test, thereby under estimat i ng the 

total soluble sulfate in the sample . 
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Table 4. Sulfate Reservoir in Spoil After One Po re-Vo lune Leaching 

Sample Group Moles/Kg %Original S04 = 

Mine Method1 EC Percentile ;',K I S04 == Reserve Reserve 

Vesta SE 0.5 mean o. 0 
0.5 max o. 0 
0.7 mean 0 . 013 76 
0.7 max 0.008 46 
0.9 max 0.009 39 

1 0 : 1 0 . 1 mean o. 0 
0 . 1 max 0. 0 
0.5 mean 0.009 63 
0.5 max 0 . 0035 25 
0.9 max 0 . 0194 57 

Di plomat SE 0.5 mean ,max o. 0 
0 . 7 mean o. 0 
0.7 max ,max o. 0 
0 . 7 mean ,max 0.011 82 .5 
0.9 mean ,max 0.035 90 . 4 

1 0: 1 0. 1 mean ,max 0.0016 25.5 
0.5 mi n ,max 0.029 93.7 
0.5 mean,max 0.028 89.8 
0 . 9 mean ,max 0 . 070 93.7 

Hi g hval e SE , 10: 1 a 11 classes o. 0 

SE = saturation extract; 10:1 = 10:1 Dilution test 

1, single value refers to Ca-Na K0
; two values are Ca-Na, Mg-Na K0 values, 

respectively 

.-----.._ 
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From these results it is clear that the presence of high-sa l inity , calcar­

eous till in spoil material can have a significant impact on the gypsum 

saturation characteristics of the spoil groundwater , and on the bu i ldup of 

a sulfate reservoir in the spoil material. These results suggest that at 

Highvale and Paintearth Mines spoil groundwater salinity should decrease 

sign i ficantly after the first pore-volume of spoil resaturation, whereas at 

Diplomat and Vesta Mine the salin i ty of spoil groundwater will remain high 

during flushing by additional pore-volumes . 

Effects of Coal Ash Disposal 

The disposal of coa l ash in pits at surface coal mines has the potential to 

significantly alter the chemistry of the spoil groundwater . To evaluate 

the magnitude of this alteration , the salt-yielding characteristics of fly 

ash and bottom ash from the Battle River Generating Station (Alberta Power 

Ltd . ) in the Battle River mining area were determined from a 40:1 (water : 

sediment) leaching experiment. A procedure very similar to the one 

described above for predicting post-mining groundwater chemistry was used 

- to evaluate the interaction between ash and spoil groundwater . The 

geochemical model PHREEQE was used to numerically dissolve the soluble 

constituents of fly ash and bottom ash in spoil groundwater. The model ing 

procedure was calibrated against two sets of laboratory experiments (one at 

atmospheric Pco
2

, the other at o. 25 atm Pco
2
), then used to predict the 

results of interaction of spoil groundwater and ash under in-pit disposal 

conditions . 

The r esults of ash disposal on groundwater from Diplomat and Vesta Mines 

are illustrated in Figures 6 and 7. Significant increases in almost all 

species are expected , with increases in total dissolved so l ids from 690 to 

4355 mg/L for bottom ash and fly ash respectively, at Vesta Mine, and from 

1877 to 5408 mg/L for bottom ash and fly ash respectively, at Diplomat 

Mine. At both mines there is 1 ittle change in spoil groundwater composi­

t ion due to bottom ash disposal , but a significant increase in the 

percentage of sodium as a result of fly ash disposal , as illustrated in 

Figure 6. 
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Bottom Ash- Diplomat Groundwater (6754) 

Diplomat Groundwater,Well 40 - 2 (4877) 

/ / Bottom ~sh-Vesta Groundwater (7012) 

/ ~ Vesta Groundwater, Well 53·2 I 63221 

Fly Ash- Diplomat Groundwater (10285) 

Fly Ash-Vesta Groundwater l 10677) 

Ash Well (90-1) in Vesta Spoil (10383) 

KEY 

• Predicted Results, 
ash type-groundwater 

• Groundwater Sample 

Na++ K+ co;+ Hco; 
Figure 6. Piper tril inear diagram of geochemical model ing results for 

combinations of coal ash and spoil groundwater . Groundwater 
compositions are included for Vesta spoil groundwater, Diplomat 
spoi 1 groundwater and well in an ash disposal area of Vesta Mine . 
Included in brackets a re TDS values in mg/L . 

LfGENO 

BOTTOM ASH 

-- FLY ASH 

-- GROUNDWATER 

) 100 
:Ii 

10000 

~ 
:E 

I ~ 
:11 
;:111 ,1 

) 000 
:E 

Co ... K Cl No TDS Ca Na TOS 
0IPLOMAl 

Figure 7 . Graphical representation of the predicted effect s of fly and 
bottom ash disposal on spoil groundwa t er chemistry at Diplomat and 
Vesta Mines. 
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A sample of groundwater has been collected from a wel 1 (90-1) in an ash 

disposal site at Vesta Mine. As shown i n Figure 6, the predicted 

composition and salinity (10,677 m/L) based on Vesta spoil groundwater -

fly ash in very good agreement with the actual composition and salinity of 

groundwater (10,383 mg/L) at the disposal site. 

CONCLUSIONS 

Pre-mining overburden characteristics can be used to successfully predict 

post-mining spoil groundwater chemistry . Leach test extracts , including 

both 10:1 dilution and saturated pastes are suitable for characterizing 

overburden salt-yielding characteristics, but in calcareous materials the 

10:1 dilution provides a better estimate of total salt yield. 

Overburden salt yielding characteristics used in conjunction with the 

geochemical model PHREEQE provide a reasonable estimate of the range of 

spoil groundwater composition and salinities that have been observed at 

several mine sites. Ion exchange, based on a modified selectivity 

coeffic i ent determined from pre-min i ng groundwater samples, is an important 

process in most spoil groundwater settings, but further study is required 

to fully evaluate the role of ion exchange and to examine other techniques 

for quantifying this parameter. 

For predicting post-mining groundwater chemistry , data groups corresponding 

to the 0.5 and 0 . 7 EC percentiles from saturation extract tests , and 0.1 

and 0.5 EC percentiles from 10:1 dilution tests, provided the best match 

with observed spoil groundwater chemistry . Also, in most cases, mean and 

maximum K 1 values were used to provide good agreement with observed spoil 

groundwater chemistry . 

In spoil where sal i ne calcareous drift is a significant component, a large 

percentage of the available sulfate remains undissolved after one po.re­

volume of flushing , allowing for significant salinity to develop in subse­

quent pore-volumes of spoil groundwater . 
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Abstract 

ASSESSMENT OF HORIZONTAL AND VERTICAL 
PERMEABILITIES FOR THE ROSEBUD-MCKAY INTERBURDEN 

ROSEBUD MINE, COLSTRIP , MONTANA 

Peter M. Norbeck 
Western Energy Company 

Colstrip, Montana 

At the Rosebud Mine near Colstrip, Montana, the Rosebud Coal seam is 

mined but not the underlying McKay coal . Although existing data suggest 

no cause for concern, the possibiility that post mine spoils water could 

move downward through 3 to 30m of interburden and degrade Mckay water 

quality has had to be addressed. The question of vertical flow was 

addressed by means of permeameter tests on core samples of the interburden 

as well as aquifer test data from observation wells installed at the core­

hole sites . ~n average horizontal to vertical permeability ratio of about 

1000 was determined . 

Introduction 

Western Energy Company's Rosebud Mine is located at Colstrip, Montana, 

approximately 50 km south of Forsyth and 200 km southeast of Billings . 

Figure 1 shows the location of past , current and future mine areas rela­

tive to Colstrip . The Rosebud coal seam of the Fort Union Formation is 

mined for use at Montana Power Company's mine mouth generation facilities 

and for export to mid-western customers . Material overlying the Rosebud 

coal, overburden, is stripped by means of 45 and 55 cubic meter coal sho­

vels. Regrading is done by dozers with the help of graders for final 

smoothing. Sub-soil and topsoil are laid down by scrapers and the 

regraded and topsoiled surface is then seeded using standard farming 

techniques. 

1 
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The Rosebud coal seam is approximately 7.3 meters thick near Colstrip 

and is separated from the underlying McKay coal seam (2.4 meters thick) by 

3 to 30 meters of interburden material consisting of shale , siltstone and 

lesser amounts of sandstone. The McKay coal seam is not mined at the 

Rosebud Mine because of ash , sulfur content , and BTU values. 

BACKGROUND: 

The Rosebud overburden consists generally of shales and siltstones and 

lesser amounts of sandstone. The Rosebud interburden , (generalized litho­

logic coiumn shown in Figure 2) typically consists of shale and siltstone 

immediately below the Rosebud coal and immediately above the McKay coal. 

Carbonaceous shales are common at or near the contacts . Interburden may 

contain one or more very fine to fine grained sandstone layers . The 

Rosebud coal and McKay coal are both considered aquifers near Colstrip by 

virtue of their lateral continuity and aerial extent. Transmissivities 

and permeabilities for the Rosebud coal , McKay coal and post-mine spoils 

aquifer are given in Table 1. Typical well yields range from less than 3 

to about 40 liters per minute for the Rosebud coal and from less than 3 to 

about 20 liters per minute for the McKay coal. Higher yields are encoun­

tered at isolated locations, although at many locations near Colstrip one 

or both coal seams may be dry . The potentiometric surface of the Rosebud 

coal is higher than that of the McKay coal by an average of four meters 

everywhere except very near the outcrop or active pits. 

When the Rosebud coal is mined , overburden material from the next pass 

is placed or "spoiled" back into the preceeding pit. During this process, 

the overburden material is mixed thoroughly and the larger more competent 

3 



Transmi ss ivity 
Lithologic Range sq cm 

Unit sec 

Rosebud Coal o. 005-1. 7 

McKay Coa 1 0.001-0.2 

Spoils 0.04-4 

Tab le 1. Aquifer test data. 

Aquifer 

Rosebud Coal * 

McKay Coa 1 * 
Spoils 

Lognorma 1 Mean 
Transmissivity 

(sq cm/sec) 

0.04 

0.05 

0.4 

TDS Range (mg/1) 

270-5900 

340-5100 

1100-6700 

Permeability Lognormal Mea·~ 
Range Permeability 

(cm/sec) (cm/sec) 

0.000007-0.002 0.00006 

0.000006-0.001 0.0002 

0.00009-0.006 0.0007 

Average 

1500 

1800 

2900 

•• * Includes only we.lls up-gradient of mining . • 

Table 2. Water Quality Data 

PN/jm 
DATAl . 1 4 
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blocks roll down the spoil pile to form a "rubble" zone at the base of 

the spoils. This zone becomes the postmine aquifer. Water quality data 

for the Rosebud coal, McKay coal and spoils are summarized in Table 2. 

Concern has been expressed in the past that as the spoils aquifer re­

establishes the McKay might be impacted by downward leakage of spoils 

water through the interburden. This concern was based, in part, on ver­

tical flow rates calculated using aquifer test data available at the time 

and Darcy•s Law. These data were collected from wells which could be 

easily pumped (wells with significant thickness of sandstone) and repre­

sent primarily sand lenses within the interburden. In the mined-out 

portion of Western Energy Company•s mine Area 11 A11 immediately west of 

Colstrip, approximately 5 to 9 liters per minute may have moved horizon­

tally through the overburden, the Rosebud and McKay prior to mining. 

Calculated postmine vertical flow throu.gh the interburden using aquifer 

test data, without accounting for shale and clay at the coal contacts is 

1,000,000 1 iters per minute ( K=O. 006 cm/sec, A=400 hectares, I=O. 7 cm/cm). 

This is not possible for an area recharged by direct infiltration from 

approximately 40 cm average annual precipitation. 

It is well documented that horizontal permeabilities of sedimentary 

deposits are usually higher than vertical permeabilities. Published data 

suggest ranges of 10 to 1,000 for horizontal to vertical permeability 

ratios (Fetter, 1981; Freeze, 1969), but no specific information has been 

available for the Fort Union Formation. To assess ratios at the Rosebud 

Mine, laboratory permeameter studies and aquifer tests were conducted and 

methods of calculating vertical flows were examined. 
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Permeameter Studies 

During the 1982 drilling season , 5 cm diameter cores were collected 

from several sites throughout the mine area. Coring started at the base 

of the Rosebud coal except for 3 sites , S-33 where coring started approxi­

mately 3 meters below the base of the Rosebud coal, S-29 where the core 

was collected from immediately above the McKay coal and 579 where a core 

was collected from below the McKay coal (Figure 4). In every case , except 

S-33, the cores consisted of primarily of siltstones and shales . The core 

collected at S-33 consisted entirely of fine to very fine grained 

sandstone. Core samples were cut to approximately 1. 35 cm cubes which 

were encased in fiberglass resin, as shown in Figure 3. A porous membrane 

consisting of three layers of fiberglass screen was placed against the 

inflow and outflow faces of the core over which was placed plexiglass 

with a piece of 6 cm ID tubin~ inserted in a hole drilled through the 

plexiglass. Two samples from each core were prepared; one to measure ver­

tical flow and one to measure horizontal flow. 

Originally , it was planned to use a constant head permeameter with a 

head of between 80 and 90 cm of water . This translates to a gradient of 

approximately 20 to 25 cm/cm as opposed to natural hydraulic gradients of 

about . 7 cm/cm across the interburden . However , when i t was found that 

the samples were not saturated after 24 hours , a vacuum pump was used to 

add 60 cm of mercury at the bottom of the permeameters in addition to the 

80 to 90 cm of water on the top . This arrangement gave a final total head 

of about 990 cm of water across the permeameters or a gradient of approxi­

mately 265 cm/cm. Flow rates were still so low that the evaporation rate, 
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under vacuum , at the outflow end of the permeameters was higher than the 

flow rates. In order to measure flow, therefore, the amount of water 

going into the permeameter had to be measured . This was accomplished by 

measuring the time for the water level in the clear plastic intake tube to 

drop over a short distance . A burette was used to measure the precise 

volume of water that is represented. Flow rates ranged from approximately 

0.000014 to 0.015 ml/sec. In every case, the permeameter was completely 

saturated before starting the test . S-29 was the only permeameter that 

was tested without the vacuum pump . Under a gradient of approximately 23 

cm/cm, a full week ~as required to pass 3 ml of water through the per­

meameter with the vertical orientation . By contrast , the permeameter with 

a horizontal orientation passed 400 ml in approximately 3 days. 

Permeameter results are tabulated in Table 3. For Rosebud-McKay 

Interburden, the laboratory data suggest a horizontal to vertical per­

meability ratio of approximately 8 using lognormal mean permeabilities . 

Horizontal permeability values ranged from 0.000000008 to 0.00001 cm/sec 

and vertical permeabilities ranged from 0.000000008 to 0.000003 cm/sec . 

Horizontal to vertical permeability ratios for lab data range from 0.4 to 

127 . 

Aquifer Testing 

Because cores were obtained almost exclusively from shales immediately 

below the Rosebud coal, they do not account for the sand lenses within the 

interburden . Aquifer tests, (constant drawdown or slug tests) were used 

to evaluate the horizontal permeabilities of sandstones . Interburden per­

meabilities measured by the aquifer tests ranged from 0.0000011 to 0. 0035 

cm/sec with a lognormal mean value of 0.00003 cm/sec (Table 3). Using the 
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PERMEAMETER DATA AQUIFER TEST DATA 

Horizontal Vertical 
permeabi 1 ity permeabi 1 i ty Permeability 

cm/sec cm/sec Ratio cm/sec Ratio 
Site K(PH) K(V) K(PH)/K(V) K(H) K(H)/K(V) 

S-29-I 4.7E-06 2. BE-08 170 

S-33 9. 7E-06 2. 7E-06 4 

WI-159 3. SE-07 1. 2E-08 28 1. 7E-06 141 

WI-161 5. 0E-08 7.6E-09 7 5.SE-05 6148 

WI-162 3.6E-07 8.lE-09 45 3. SE-03 402000 

WI-167 8.2E-09 2. 2E-08 0. 4 l. lE-04 5023 

WI-170 2. lE-08 2.0E-08 1 5.SE-06 279 

WI-172 1. 4E-07 3.4E-08 4 2.BE-05 839 

WI-173 1. 2E-07 1. 2E-08 10 1. lE-06 95 

WI-174 3. 3E-07 1. 4E-08 24 2. BE-05 2016 

WI-175 1. 7E-08 9. SE-09 2 

Lognormal 
Mean K 1. BE-07 2. 4E-u8 8 2.5E-05 1042 

579 7.SE-08 6.SE-09 11 2.lE-05 3210 

Table 3. Permeameter results and aquifer test data. 

PN/jm 
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----aquifer test data along with vertical permeabilities from permeameter tests ' 

yielded horizontal to vertical permeability ratios of between 95 and 402 ,000. 

A value of 1042 is obtained using lognormal mean horizontal and vertical per ­

meabilities. Evaluation of aquifer test data by the Hantush modified tech­

nique (Lohman , 1972) suggested non-leaky conditions for three McKay coal wells 

and two interburden wells which could be pumped for sufficient time to apply 

the method. Evaluation of one additional interburden well suggested that the 

permeability of the interburden is several million times lower than that of 

the coal beds. 

The interburden near Colstrip is not considered an aquifer because the 

sands are usually thin and discontinuous. Pumping rates for the aquifer 

tests were low, often less than 3 liters/minute and most test wells can 

not be pumped at all . In the case of S-29-1, where the zone tested is 

shale , recovery from a slug which raised the w~ter level about one meter 

was so slow that the data could not be evaluated . Site S-33 is dry and 

cannot be tested but WI-175 will be tested and S-29-I will be retested . 

Flow Estimates 

Using the lognormal mean permeability from aquifer tests to compute 

the horizontal flow through Area A interburden yields a value of approxi ­

mately 1.0 liter/min (T=0 . 013 sq cm/sec, W-2000 meters. I=0. 007) . Vertical 

flow through the interburden, using permeameter data, is calculated to be 

40 liters/minute (K=0.0000000024 cm/sec , A=400 hectares , I=0.7) . With an 

estimated horizontal flow of 1.0 liter/min, a vertical flow of 40 
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liters/minute is too high to maintain the observed mean water level dif­

ference across the interburden of 4 meters. 

A method described by Fetter (1981) is being evaluated in an effort to 

provide a better solution. This method involves construction of per­

meability ellipses with horizontal and vertical axes proportional to the 

inverse of the square roots of the horizontal and vertical permeabilities 

respectively. A permeability ellipse for the Rosebud Mine based on data 

in Table 3, and the geometric construction to estimate the direction of a 

flowline is shown on figure 5. Fetter (1981) describes a method for com­

puting the magnitude and direction of the hydraulic gradient vector using 

an L shaped array of wells or piezometers about 30 meters apart. Efforts 

to date, at the Rosebud Mine, have involved preliminary calculations with 

larger well spacings. The results suggest that the method cannot be 

appl)ed unless the potentiometric surface under the array can be approxi­

mated by a smooth plane. Preliminary results for an array with a well 

spacing of about 1000 m, and an undulating potentiometric surface suggest 

a total flux through the interburden under 400 hectares in Area A of 1.0 

liter/min and a vertical flow of a few milliliters/min. Further investi­

gations are underway to try to determine if better estimates can be made 

from existing data, or if additional wells might be required. 

Conclusion 

Based on permeameter data and aquifer testing, the horizontal to ver­

tical permeability ratio for the Rosebud McKay Interburden at the Rosebud 

Mine is 1042. Flow calculations for mine Area "A" suggest that the ver­

tical permeability derived in this study cannot be directly applied using 

11 
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Darcy's Law . A method proposed by Fetter (1981) shows promise although 

ava i lable data may not be amenable to the method . 
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Accumulation of Metals and Radium-226 by Water Sedge Growing on 
Uranium Mill Tailings in Northern Saskatchewan 

F.T. Frankling and R.E. Redmann, Department of Crop Science and 
Plant Ecology, University of Saskatchewan , Saskatoon S7N OWO 

ABSTRACT 

The Lorado uranium mill tailings, near Uranium City, saskatchewan are 

characterized by low pH, high salinity and high concentrations of elements 

such as copper, nickel, lead, uranium, vanadium and zinc. In 1982, we 

measured the concentrations of 30 elanents in plant tissues of water sedge 

( Carex aquatilis Wahl . ) , a natural invader of wet tailings. Concentrations 

of oopper, lead, uranium and vanadium in plants on the tailings were higher 

than in plants fran background sites off the tailings . More detailed 

analyses of these elements in 1983 showed that relative concentrations in 

plant parts for all four metals were: roots > rhizanes > green leaves . 

Radium-226 and uranium were elevated in aboveground tissue (leaves) canpared 

to sarrples fran background sites off the tailings . 
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INTRODUCTION 

The first uranium claims in the Uranium City area, staked in 1945 at 

Fish Hook Bay on the northern shore of Lake Athabasca, led to intensive 

exploration in the region. Mills at Lorado, Gunnar and Eldorado operated 

from 1957-60 , 1955-63 and 1953-82 respectively, before abandonment (vbods 

1981, Kupsch 1978) . 

The Lorado mill was designed to process 635 tonnes of ore per day 

fran the Lorado mine and several other small mines, h0t1ever this capacity 

was never fully realized. While in operation the mill processed a total 

of 545,000 tonnes of ore with an average grading of 0 . 24% U30g . Ore 

ccmposition varied greatly because of the diversity of sources . Ore was 

crushed to 60% minus 200 mesh and leached with sulphuric acid to dissolve 

the uranium minerals . Sulphuric acid was initially produced at the 1:<>rado 

mill site using pyrite mined at the Lorado mine site, and later fran 

sulphur shipped fran Alberta (Whiting et al. 1982) . 

After rercoval of most of the uranium, the waste materials were pumped 

in a sluny to the waste disposal pond adjacent to Nero Lake. There were 

no presite disposal preparations and the tailing sluny (pH of 1.7-2 . 0) 

received no treatment prior to disposal . The tailings are acidic , saline 

and have elevated levels of several heavy metals including lead, uranium 

and vanadium (Kalin 1981) . No stabilization of the tailings area (14 . 2 ha) 

has been attempted since the tenn:i.nation of the operation and exposed 

tailings material is subject to transport by air, surface and ground water 

(Swanson and Abouguendia 1981) . 
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An additional problem associated with uranium mill tailings is the 

presence of radionuclides . Of particular concern are radium-226, radon, 

thorium-230 and lead- · 210 . Some uranium and rrost of the radionuclides pass 

fran the mill to the tailings area (Merritt 1971). Ripley and Redmann 

(1978) estimate that 14% of the total radioactivity is contained in the 

final processed concentrate, and SO to 86% in the tailings , depending on 

the proportion of radon lost. 

The entry of radionuclides into food chains is of particular concern 

in the case of uranium mining. Abouguendia et al . (1979) recorded elevated 

levels of u238 , Pb210 and Ra226 in rreadow voles collected fran a stand of 

sedges (carex rostrata and g_. aquatilis) and grasses over a uranium ore 

body in the Cluff Lake area of Saskatchewan. Meadow voles feed on insects, 

seeds and the vegetative parts of sedges , which daninate the site. Analysis 

of the sedges indicated elevated levels of u238 , · Pb210 and Ra226 , which may 

have contributed to the elevated level of these elements in the meadow 

voles. Thus, tailings revegetation, although providing an effective means 

of reducing wind and water erosion, can create additional pathways for 

the :rrovement of radionuclides and heavy metals into the biosphere. 

Natural revegetation of the I.orado tailings site is sparce, and 

restricted to areas along the tailings edges. The main species include 

bluejoint (calamagrostis canadensis), water sedge (Carex aquatilis); 

carnon cattail (Typha latifolia) and birch (Betula papyifera} ; secondary 

species are: Betula neoalaskana, Calarnagrostis inexpansa, Equisetum spp., 

Festuca rubra and Salix planifolia (Swanson and Abouguendia 1981} . 

C. aquatilis is also a natural invader of uranium tailings in other 

regions of Saskatchewan and Canada (Hanns 1982 , Kalin and Caza .1982} . 
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Densely tufted, with long creeping rhizomes, it occurs throughout canaaa, 

corruronly graving in slough margins, river flats, marshes and wet meadows 

(Moss 1983, Porsild and Cody 1980). 

The objectives of this study were twofold: (1) to determine if C. 

aquatilis graving at the tailings site accumulated elevated levels of 

heavy iretals and radionuclides; and (2) to detennine if metals and 

radionuclides were concentrated in particular plant parts . 

MATERIALS AND .MEI'HODS 

Sampling Procedure 

Samples of c. aqua.tills were collected fran the Lorado mill tailings 

site and the Uranium City area .in August 1982 and June 1983 . Tailings and 

soils were collected from the root regions of sample plants . Plant samples 

collected in August 1982 were separated into leaves and a carq_x)site of 

roots and rhizanes. Samples oollected in June 1983 were separated into 

three fractions: leaves, rCX)ts and rhizares . 

Sarrq;,le Analysis 

Oven dry (los0 c) plant material, tailings and soils collected in 19 82 

were analyzed for 30 elements using plasma emission spectroscopy. Sarrples 

collected in 1983 were analyzed for copper, lead and vanadimn using atomic 

absorption spectroscopy, for uranium using delayed neutron counting and 

for radium-226 using alpha counting. 

Tailings and soils were air dried and sieved to renove particles 

greater than 2nm. Hydrogen ion activity (pH) and conductivity were 

detennined in a 1: 1 mixture of 20 g of air dry material and 20 ml of 
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deionized distilled water agitated for 1 h . M:>isture content was detennined 

after a fresh weight sarrple was oven dried at 1os0 c for 24 h. Available 

sulphate was extracted by agitating 25 g of sarrple with 50 ml of 0 . 001M 

eac12 for 0.5 h . The extract was analyzed for sulphate using atomic 

absorption spectroscopy. Particle size analysis was perfonned using the 

hydraneter method (Boyoucos 1951) . 

An unpaired t-test ( 0. 05 level, population variances assumed unequal) 

was used to ccmpare element concentrations in tailings, soils and vegetation 

samples fran on and off the site. This test was also used to canpare 

concentrations in different plant parts. 

RESULTS 

Sane of the ores milled at I.orado contained pyrite which wh;en exposed 

to the environment is oxidized producing sulphuric acid . This and the use 

of sulphuric acid in the milling process has resulted in acidic conditions 

and extranely high available sulphate levels throughout the tailings site 

(Table 1). According to Richards' (1954) classification of saline soils, 

the tailings site is rroderatel y saline. Tailings contained less sand and 

m::>re silt and clay than local soils. Available nitrogen , phosphorus and 

:p::>tassium levels were very la.., while copper and zinc levels were elevated 

in tailings carpared to soils vegetated with c. aquatilis (Frankli.ng 1984) . 

Tailings and soils fran the rcot regions of C. aquatilis were analyzed 

for 30 elements in 1982 . Tailings had significantly higher concentrations 

of several elerrents including copper and lead, canpared to soils in the 

Uranium City region (Table 2) . In 1983, elevated concentrations of copper, 

lead, radium-226, uranium and vanadium were observed in tailings, canpared 
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Table 1. Chemical and physical characteristics of tailings and soils fran the root regions 
of c. ~tilis. 

.MJisture -2 
pH Conductivi;ty Content S . - S04 Sand Silt 

(m.S an-1) -1 (%) (µg g ) (%) 
Clay 

Tailings 3.6(4.0)* 3.4(1.2)* 27 . 6(7.5) 2400(1860)* 56.1(22 . 1)* 37. 7 (21.6) * 6.0(2.4)* 

Soils 5.6(5.7) 1.5(1.5) 48 . ll38.3) 420 ( 260) 91.0( 2.5)!:I 6 .o ( 2.1) !:I 2.9(0.5) 6 

* Significant difference ( 0. 05 level) between ta.il:i,ngs and soil 

t, 
6 n = 

) ) 

°' 

• 

) 
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Table 2 . Concentrations of elements in tailings and soils fran the 

root regions of S:_. aquatilis collected in 1982. 

Tailings Soils Significance Elerrent (n2 = 4) (n = 4) 
-1 level 

( µg g oven. dry wt) 

Al 56500 ( 7593) 14550(6681) . 0004* 

B 12 . 6(47} 77 (16 . 4) . 00!:>4* 

Ba 502 ( 69} 100 ( 41) . 0006* 

Ca 17600 (19675) 30650 (1837) . 2783 

Cr 116 ( 28) 21.5(8 . 8) .0083* 

Cu 645( 256) 12.5(6 . 4) . 0161* 

Fe 43750 (11176) 12517 ( 8711) . 0126* 

K 5925 (1654) 3625(1406} . 0876* 

Mg 9725(1105) 6550 (2693) . 1172 

. Mn 235 ( . 73) 87 ( 30) .0334* 

Na 26250 (6291) 5312 ( 332) .0069* 

Ni 239 ( 141} 14 . 5(2 . 3} .0839 • 

Pb 330( 121) 12.9 (3 . 4) . 0458* 

Ti 2875 ( 512) 438 ( 180) . 0029* 

Zn 465( 210) 100 (53 . 6) . 048 ~ 

Zr 260( 84) NA3 

~ folla.-ri.ng elercents were below detection limits in tailings: Ag , 
As, Au, Be, Cd, Co, M:J, P , Sb, Se, Th, U, V and W. 

2sample size 
3 Not analyzed 
* Indicates significant difference (0 . 05 level) between tailings and soil. 
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to soils vegetated with C. aguatilis (Table 3) . 

Several elements including lead, uranium and vanadium appear to be 

elevated in roots/rhizanes fran the tailings site canpared to the background 

sample (Table 4) . Leaves of C. aquatilis collected from the tailings site 

had higher concentrations of several elerrents including nickel , lead and 

uranium canpared to background samples, havever, manganese was the only 

elerrent to be significantly elevated in leaves fran the tailings site based 

on statistical tests . After entering c. aquatilis plants, elements appeared 

to accumulate in belowground tissue. Aluminum and iron were significantly 

higher in roots/rhizcmes than leaves collected at the tailings site, . and 

several other metals, including copper, lead, uranium and vanadium displayed 

a similar trend, although not statistically significant (Tables 4 and 5) . 

Roots and rhizanes of C. aquatilis fran the tailings site had 

relatively higher concentrations· of copper, lead, vanadium and particularly 

uranium canpared to samples col lected in the Uranium City area (Table 6). 

A canparison of copper and lead concentrations in c. aquatilis leaves 

collected on and off site indicated no significant differences (Table 6) 0 

Uranium and radium-226 concentrations -were elevated in leaves collected at 

the tailings site (significant at the 0. 05 and 0.08 levels respectively). 

A carparison of roots , rhizomes and leaves· was performed to detennine 

where in plants elements were accumulating. Vanadium was statistically 

higher at the O. 05 level in aboveground tissue (leaves} canpared to below­

ground tissue (roots) (Table 7) . However, lead and uranium also appear to 

accumulate in roots canpared to leaves . Differences in metal levels between 

roots and rhizares and rhizares and leaves are less evident (Table 7) . The 

general trend is for elenent concentrations to decrease in the order: 

rCXJts > rhizomes > leaves. 
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Table 3. Concentrations of elements in tailings and soils collected in 
1983 . 

Tailings (n1=4} 

Soils (n=4) 

Significance 
level 

1sample size 

* 

Cu Pb u V Ra-226 

l µg g -l oven dry weight) 
(Pq g-~ Oven 

c1ry wt.) 

71 (18} 

22(4.3) 

.0146* 

307(145) 112(43) 430(158) 26.5 (12.0) 

11.5(5.8} 6.6{2 . 5) 55(17.3) .24(.17) 

.0266* .0167* . 0183* .0224* 

Significant difference (0. 05 level) between tailings and soil. 
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T?lble 4. Concentrations of ele.ments1 in roots and rhizomes of C. 
aquatilis collected in 1982 . 

Element Tailings site (n2=4) Background area (n=l) 

( µg g-1 oven &.y weight) 

Ag .6(.2) .1 

Al 667 (122) 900 

B 7.2(3 . 7) 7 

Ba 10.6(2.2) 28 

Be . 4 ( - ) o7 

Ca 860 (157) 1900 

Co 3 (1. 8) 2.3 

Cr 3. 1 (1.3) 3 

CU 21(9.8) 10 

Fe 1500 ( 522) 3000 

K 6875( 573) 5800 

Mg 1675 ( 573) 930 

Mn 182( 43) 190 

Na 355( 189) 340 

Ni 8. 6 ( 5) 5 

p 1087 ( 154) 970 

Pb 21( 10) 6 

Se 40 ( - ) 1 

Ti 6.9(2.2) 52 

u 63( 65) 3 

V 12.5(2.8) 4 

Zn :l4 ( 29) 29 

Zr 1.3 ( .4) J..4 
. . . . . . 

-4rhe follCMing elements were belCM detection limits in tailings: As, Au, 
r,:i M'"' C'h IT'h ::,-nn T.7 

~ 
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Table 5. Concentrations of elanentsl in leaves of C. aquatilis collected 
in 1982 . 

Tailings Background Significance values 

Element site area Roots/rhizanes 
(n2=4) (n = 4) Leaves - leaves 

( µg g-loven &:y wt.) on site-off site on site .. 

Ag 1.6 (2.3) < .1( - ) .4858 

Al 247 ( 92) 132( 50) .0931 .0031* 
B 17(7.4) 31.2 (3.5) .0261* .0796 
Ba 6.1(2.8) 15.2 (2.2) . 0038* .0563 
Be .5 ( - ) .2 ( - ) 

Ca 2325 (464) 4400 (374) .0009* .0094* 
Co 1.4(0.8) .48 l - ) 

er 1.1(0.4) 2. 4 (l} .1059 

CU 12. 7 (3. 8) 8.4(2.3} .4926 .1945 
Fe 305 ( 86) 205 ( 57) .1131 .0204* 

~ K 10175 (2275) 10800(1036) .6433 .0587 
I - . Mg 2765 (1602) 1475 ( 95) .2319 .3248 

I Mn 710 { 200) 77 { 22) . 0082* .0143* 

Na 267 ( 167) 350 ( 21) .4009 .5203 

N;i 5.9 (3.4} 1.6 (1.2) .1017 .4714 
p 1067( 47) 1227 (400) .4854 .8207 

Pb 6. 8 (4. 3) 1.6 (1.1) .1061 .0617 
Ti 1.4 (0 .1) 2.8(1.1) .8060 .0159* 
u 19.6 ( 22) 0.3 ( .08) .2813 .3044 

V 2 ( - } < 2 ( - ) .5443 .5188 

Zn 29 ( 24) 37 . 5(2.6) 

~e following elerrents were belcw detection limits in tailings: 'As, Au, ea., 
.r-b, Sb, Se, Th, W and Zr. 

2sarnple size. 
* Indicates significant difference (0.05 level) between on and off site samples. 
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Table 6 . Concentrations of elements in roots , rhizc:mes an ·. leaves of 
C. aquatilis collected. in 1983 . 

location Plant 
Cu Pb u V 

part 
-1 

(µ9: 9: Oven dcy wt. ) 

Tailings roots 61 (24) • 19 . 3(5.6) 252 (138) 19. 6(4 . 0) 
site (n1-= 3) 

Backgrotmd roots 11 (8. 4) 7.0(4.2} 0.6(0 . l) <5.0 
area (n = 2) 

Ra-226 
(Bq g-1 
Oven dry wt) 

NA2 

NA 

Tailings rhizanes 34 . 5(8.8) 13 . 7(7 . 0) 148(106) 15.7(8.7) " NA 
site (n = 4) 

Backgrotmd rhizanes 4. 4(3 . 0) 7 (0) 0. 5(0.07) <5 . 0 NA 
area (n = 2) 

Tailings leaves 26.5(13) 9 (5. 3) 61 ( 39) 6.2(1.5) 0.13(0 e07} 
site (n = 4) 

Backgrotmd leaves 14.5(2.5) 5.1(2 .1) 0.26 (0 .. 05) <5.0 o . 03(0 . 
~ 

area (n = 4) 

Significance leaves 0.1750 0.4863 0.0518 0.0749 level 

1sample size, except U: n = 4. 

~ot analyzed. 
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Table 7. Accumulation ratios (ARs) for roots, rhizomes and leaves of C. 
aquatilis grc:wing at the Lorado tailings site, collected in 1983. 

AR 
Cu 

Element 
Pb U V 

Rhizanes 0.56 0.70 0.58 0.80 roots 

I.eaves 0.76 0.65 0.41 0.39 rhizanes 

I.eaves 0.43 0. 46* 0.24* 0.31** roots 

*Significant difference between levels in roots and leaves 
at the 0.10 level. 

** Significant difference between levels in roots and leaves 
at the 0.05 level. 
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DISaJSSICT~ AND CCNCLUSICNS 

A number of trace elenents, including arsenic and vanadium, are 

frequently enriched in uranium ore deposits . Other trace rretals, including 

copper, nickel and zinc are also often enriched due to the presence of 

base metal sulphides associated with pyrite (Dressen et al . 1982) . Tailings 

beneath C. aquatilis growing at the site had elevated concentrations of 

several metals, including copper, lead, uranium and vanadium. The 

radionuclide radium-226 was also elevated in tailings. 

Belowground tissue of f.. aquatilis growmg .at the tailings site had 

elevated levels of oopper, lead, vanadium and particularly uranium carcpared 

to background samples. Copper, uranium and vanadium values were also higher 

than values considered no:rroa.l for land plants , as reported in Baven (1979) . 

Lead concentrations were similar to values for land plants. 

Al:x:>veground tissue·of c. aquatilis growing at the tailings site had 

elevated levels of uranium and radium-226 canpared to background samples . 

Uranium levels also were elevated ccmpared _to reported values for Carex 

spp. ( <3 . Oig g-l ash weight) growing near uranium ananalies on the Precambrian 

Shield (Sheppard et al. 1981) , and in c. aquatilis and c. rostrata (0.04-

1.2 and 0. 04-7. 0 µg g-l ash weight -respectively) grcwing adjacent to Cluff 

Lake, Saskatchewan in the vicinity of the Cluff Lake uranium mine 

(Abouguendia et al . 1979) . Radium-226 values in leaves were similar to 

values for aboveground tissue of c. aquatilis (O . OOl-0.921 Bq g-l ash -weight) 

and C. rostrata (0.004-0.307 Ilg g-l ash weight) growing in the Cl.uff Lake 

. area (Abouguendia et al. 1979) . Concentrations of copper, lead, uranium 

and vanadium in plants growing at 'the tailings site tended to decrease in 

the order: roots > rhizomes > leaves o This is in agreatelt with the behaviour 

------------
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of lead in ryegrass and uranium in barley (Jones et al. 1972, Van Netten 

and Morley 1983) . 

In conclusion, cop:r;ier , lead, uranium, vanadium and radium-226 levels 

were elevated in c. aquatilis growing at the tailings site. Belo.vground 

tissue provides an effective barrier to _the :rrovement of elements _to 

aboveground plant parts, and only uranium and radium-226 appeared to be 

elevated in abovegi:ound tissue . The presence of these two elements in 

leaves of c. aquatilis suggests that further study on their fate is 

appropriate in tailings areas in Canada where this species is grc:Ming. 
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ABSTRACT 

Current requirements set out by the Alberta Government state that 

the goal of reclamation is to return mined land to a capability that 

is equivalent or better than that which existed prior to mining. In 

preparation for coal strip-mine activity in the Lake Wabamun area, 

Monenco Ltd. has been conducting agricultural field studies for 

TransAlta Utilities Corporation since 1977 . These studies are 

conducted to quantify land productivity as a general indicator of land 

capability prior to mining for comparison to productivity on reclaimed 

land. A close association with rural community groups and land 

holders is maintained to ensure success and reduce interference with 

local farm activities. 

Agricultural land is generally differentiated into major crop and soil 

types with the use of maps, aeri a 1 photographs and field surveys. 

Field sites are selected for monitoring in relative proportion to the 

occurance of the major crop and soi 1 types within the study area. 

Potential field sites are assessed on the basis of land use, uniformi­

ty of soil type and slope, and accessability. 

Sampling methodologies for major crop types such as pasture, hay and 

grain have been adapted over time to reduce vari abi 1 i ty encountered 

during field programs. A review of past research has been undertaken 

to develop a statistically valid methodology for , measuring 

productivity, with specific emphasis on pastureland monitoring. 
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INTRODUCTION 

Coal strip-mine activity by TransAlta Ut i 1 it i es Corporation in the 

Lake Wabamun , Alberta area has been conducted for the production of 

electrical power since 1962 . The mine area is located approximately 

80 km west of Edmonton, with mine activity occurring both north and 

south of Wabamun Lake. The area north of the 1 ake includes the 

Whitewood Mine permit area and Wabamun thermal power plant, encompas­

sing 4700 ha of land {TransAlta Utilities Corporation, 1983) . The 

area south of the 1 ake includes the Hi ghval e-north mine permit area 

and Sundance thermal power plant, encompassing 6475 ha, and the 

Highvale-south mine permit area and Keephills thermal power plant, 

encompassing 5787 .·ha of land (Montreal Engineering Company Limited , 

1979b). 

Mining is currently in progress within both the Whitewood and 

Hi ghva 1 e-north mine areas and is expected to beg in in the Hi ghva 1 e-

south mine area within the next ten to twenty years . Current 

government Development and Reclamation requirements state that the 

goal of reclamation is to return mined land to a capability that is 

equivalent or better than that which existed prior to mining. Monenco 

Limited has been conducting agricultural field studies for TransAlta 

Utilities Corporation since 1977 in order to quantify productivity of 

land used for agriculture. These measurements of pre-mine land 

productivity, which are a general indicator of land capability , are 

part of the approach that TransAl ta uses to document the success of 

its reclamation efforts . 
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METHODOLOGY 

BACKGROUND 

The methodology presently used for the determination of agricultural 

productivity is the result of a continuous review of related research 

in conjunction with an adaptable field program to help reduce 

variability encountered in the area. This adaptation occurred over 

the years to develop a statistically valid methodology for measuring 

agricultural productivity without creating unnecessary interference 

with current farming activities. Additionally, the methodo,ogy is 

designed to be as cost effective as possible . A cooperative 

asso"ciation has been maintained with the local landholders and rural 

community groups to ensure that the project objectives were well 

understood . Results of soil analysis and crop yields have also been 

made available to the local land holders to assist in their field 

management activities . The yearly field management activities of each 

field involved in the study are documented on questionnaire handouts 

delivered in the spring of each year . The farmers are requested to 

supply information regarding seeding , fertilizing , crop rotation and 

other field related activities . Since the inputs of farm management 

have an affect on productivity, it is important to qualitatively 

monitor the influence of this factor . 
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LAND EVALUATION 

Agricultural land within each mine permit area was assessed by review­

ing available information from previous soil and vegetation surveys, 

soil maps , and aerial photographs . The crop type and soil characte­

ristics were considered to be major factors in the determination of 

1 and productivity, so the dominant crop and soi 1 types were 

differentiated from this information. This differentiation was 

completed so that similar crop and soil conditions could be identified 

on reel aimed 1 and and compared to pre-mine agricultural 

productivities . 

The relative proportion of each soil subgroup was determined by plani­

metering the area covered by each subgroup in the study area on a soil 

survey map. The proportion of major crop types found in the area was 

determined in a similar manner, using recent color aerial photographs 

from the study area. Vegetation observed in the study area was easily 

differentiated into agricultural land and wildland, but a field survey 

was often required to di ff erenti ate the area into more specific crop 

types such as coarse grains, hay , tame pasture and wild pasture . In 

order to ground-truth these unidentifiable crop types within the study 

area , observations were made from municipal roadways and crop types 

were noted on color mosaic maps of aerial photographs . The relative 

proportion of each major crop type was then determined. 

SAMPLE SIZE ESTIMATION 

The number of field sites selected to mon i tor the study area was in-
4 
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fl uenced by the number of major soi 1 and crop types noted in the 

area . In the Highval e-south mine permit area, for example , the pro­

portion of major crop types were determined to be 50% tame pasture, 

25% hay and 25% coarse grains, while the major soil types were deter­

mined to be 60% Luvisol , 20% Gleyed Luvisol and 20% Gleysol . With 

this in mind, it was concluded that the field sites selected for 

monitoring the study area should represent a sampling range of similar 

proportion. A total of ten field sites were considered a suitable 

number to study the area , including five field sites on pasture and 

five field sites on hay or grain . The field sites located on hay or 

grain rotate as crop rotations progress. Similarily, of the ten field 

sites selected to study the area , six field sites were located on 

Luvisol soils , two field sites on Gleyed Luvisol soils and two field 

sites on Gleysol soils . 

An analysis of data collected in a similar program was completed to 

determine the number of samples required to monitor each individual 

field site, as well as determine if field sites with similar crop and 

soil types could be considered replicates of each other (Monenco 

1983a) . 

The analysis indicated that ten samples collected from each individual 

field site could be used to accurately monitor productivity with a 

confidence limit of at least 90% and an allowable error of ±20%. 
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FIELD SITE SELECTION 

Potential field sites were identified during a late fall and early 

spring field survey. The survey was conducted from municipal roadways 

to identify potential sites on the basis of land use, uniformity of 

soil type and slope, and accessibility. Municiple roadways were used 

to locate most of the field sites to ensure access throughout the 

growing season and to help reduce crop disturbance created by repeated 

trips to the field sites. The determination of specific crop type was 

completed in the fall when hay and grain harvests were in progress. 

Consideration was also given to the consistency of slope position to 

help reduce variability encountered between north-facing slopes 

south-facing slopes and relatively flat areas. The spring field sur­

vey was used to confirm soil types , dent ifi ed on soil maps or in pre­

vious soil surveys . Since fields were still either un-seeded or crops 

very small at this time, access was not difficult to arrange. Soil 

samples were col 1 ected from random locations across each potential 

field site with a Dutch soil auger . Relevant soil characteristics 

from the major horizons, such as color, texture, mottling and gleying, 

were used to confirm the identity of the soils . 

From the overall list of potential field sites, ten final selections 

were made. Land holders were contacted to relay the objectives of the 

program, to determine their interest in participating in the program 

and to inquire about their long term land use plans. Alternate field 

sites were selected when farmers declined participation in the 
monitoring program. 
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VEGETATION SAMPLING PROGRAM 

The sampling methodology is based on sampling procedures previously 

completed in the Lake Wabamun area {Montreal Engineering Company, 

Limited 1979b, Monenco Limited 1982a, 1983b, 1983c, 1984). The 

methodology was finalized after a review of literature on statistical 

sample size estimation (Webster 1979, Little and Hills 1978, Payandeh 

and Beil hartz 1979, Freese 1967), sampling procedures for measuring 

productivity {Nevens and Khulman 1935, Mott et 2.!_. 1962, Cooke 1969, 

Bjorge 1976, Mueggler 1976, Agriculture Canada 1981, Ahmed et _tl. 

1983, Kondra 1983, Lopi ti nsky 1983, Waddington 1983), experimental 

variability factors {Van Dyne et ~- 1963, Harren and Mendez 1982, 

Deshmukh and Baig 1983), the effect, use and design of pastureland 

monitoring cages {Williams 1,951, Cowlishaw 1951, Green et 2.!_. 1952, 

Linehan 1952, Campbell and Lodge 1955) and the effects of grazing on 

pasture fields Pitt and Heady 1979, Hofmann et _tl. 1981). 

PASTURELAND MONITORING 

Estimates of productivity on pasturel and are determined by measuring 

plant matter produced on selected field sites over each growing 

season. Small prismatic wire cages, each measuring 2 meters long, 1.5 

meters wide at the base, and 1 meter high, are ut i1 i zed to protect 

small areas of pasture grass within each field so that measurements of 

plant growth can be made. The cages are constructed of 5 x 5 cm, 9 

gauge galvanized wire mesh, strong enough to withstand cattle activi­

ties, and are secured to the ground with metal pegs. A total of 10 
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cages are randomly placed to sample within the boundaries of each 1 ha 

field site . Pasture grass under each cage is cut three times during 

the growing season with a sickle-bar mower . The first harvest date 

coincides with the entry of cattle onto the pastures, the second 

occurres before the grass heads out in July, and the final cut occurs 

by mid-September. 

A bulk sample from a 1 x 2 m area is cut at approximately 5 cm from 

the ground and collected from the cages during each harvest. Borders 

of 0.25 m along the sloped sides of each cage are not included in the 

sample to reduce an1 effects created by cattle grazing along the 

edges. Each sample is raked, placed in a paper bag, and weighed to 

the nearest gram on a triple-beam balance. A small grab sample is 

collected from every second bulk sample , weighed to the nearest gram 

and sent to the laboratory for drying and dry weight measurement . The 

fresh weight/dry weight ratio from these selected grab samples is used 

to determine the dry weights for all the bulk samples . Measurements 

obtained during the three harvests at each cage are combined, and an 

average measurement for each field determined and reported in g/m2 and 

tons/ acre . 

In the earlier years of pasture 1 and monitoring , a permanent fenced 

exclosure was used to monitor each field site . This system, however , 

did not have the advantage of mobility that the present cage monitor­

ing system has . Over time, changes in the plant community within the 

permanent exclosure were occurring. The lack of normal grazing 

pressure by cattle was affecting productivity . In addition, the 
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permanent exclosures were more susceptible to cattle damage than the 

cages. Therefore, the cage monitoring system applies a more reliable 

and consistant sampling technique, and allows replicated sampling 

across the entire field site. A 11 direct 11 sampling method, which 

measures the grass produced under each cage for the entire growing 

season, is utilized for this monitoring program. A "difference" 

sampling method, which measures growth, both inside and outside of 

each cage, would be required if measurements of grass consumption by 

cattle were be1ng monitored. 

HAYLAND MONITORING 

Estimates of productivity on hayland are determined by me~suring plant 

matter produced on selected field s~_tes over each , growing season, 

prior to the summer ( 1st cut) and fall (2nd cut) harvest. Ten hay 

samples are collected from each field site, with a 25 m interval 

between each sample and a total field site area measuring 50 m wide x 

125 m long. A pre-determined sampling interval, rather than a 

completely random selection of sample locations, is used in an effort 

to minimize crop disturbance and assist in re-locating sample sites. 

A hay sample from a 1 m2 area is cut from each sample 1 ocati on at 

approximately 5 cm from the ground with hand-operated hedge clippers 

and is forwarded to the laboratory for determination of fresh 

weight/dry weight ratios. 

In the spring, when hay growth is short, each of the ten sample loca­

tions are identified with a 1 m high white stake. After the first 
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sampling program is completed, the stakes are removed and each sample 

location is marked with a small amount of colored flagging tape. 

After the field is swathed and baled, the sample locations are 

reidentified, and the flagging is replaced by 1 m high white stakes . 

This process allows the same locations to be easily identified for the 

second sampling program. Measurements obtained during the first and 

second sampling program from each sample location are combined. An 

average measurement for each field is determined and reported in g/m2 

and ton/acre. The plant composition of each hayfield is determined by 

estimating the occurrence of different plant species at each of the 10 

sample locations using the point-intercept method (Mueller-Dombois and 

Ellenberg, 1974). 

An attempt ,at an alternative samplin~ method was conducted for one 

season , but it proved highly variable and inconvenient . Fresh weight 

samples were collected directly from farmer swaths as soon as possible 

after the hay was cut . The coordination of this sampling method was 

made difficult by the fluctuating schedules of both the researcher and 

the farmer . There was also a problem with accuracy of the measure­

ment, considering all hay crops are not cut at a consistent height, 

width, or time . The present sampling methodology allows for much more 

control by the researcher, thereby eliminating a large percentage of 

the variability. 

10 
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GRAINLAND MONITORING 

Estimates of productivity on grai nl and are determined by measuring 

plant matter produced on selected field sites over each growing 

season, prior to fall swathing and combining. The sampling procedure 

is the same as the Hayl and sampling program discussed previously. 

When dry, each sample is weighed to determine total weight of grain 

and straw, threshed on a portable threshing machine and the grain 

collected in a paper bag and weighed. This provides a dry weight 

measurement for both grain and straw at each sample location. 

In the spring, after seeding is complete, each of the ten sample 

locations are identified with a 1 m high white stake. This allows 

quick and easily identification of sample locations without unneces­

sary disturbance of the mature crop. 

An average measurement for grain and straw is determined for each 

field. Grain samples are sent to the laboratory for determination of 

moisture content. Field conditions, such as grain lodging and weed 

problems, are noted when samples are collected. 

Large 15 m x 15 m permanent plots had previously been used to monitor 

coarse grains, but these were found extremely inconvenient for the 

farmer to identify and cut around • 
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SOIL SAMPLING PROGRAM 

The identification of individual field site soil characteristics plays 

an important role in the assessment of baseline conditions associated 

with each crop and soil type. Where no previous soil survey 

informati on is available , a soil pit is dug in a central location 

within each field site after the fall harvest. The timing helps 

minimize any effects on that years crop, yet provides time to re-seed 

the surface for next seasons growth . The soil from each major horizon 

( ~ 5 cm) is identified , described and sampled {McKeague 1978) . 

Samples are sent to the laboratory for chemical and physical analysis. 

When more in-depth sampling is required, composite hand auger samples 

are collected in the s.pring in addition to the fall soil pit. · Samples 

from ten random locations at three depths in each field site (0-15 cm , 

15-30 cm and below 30 cm) are collected , placed in labelled plastic 

bags and sent to the laboratory for chemical analysis . Information 

regarding available nutrients from the spring and fall soil analysis 

are made available to the farmer associated with each field site . 

12 
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CONCLUSION 

Al though methods for sampling soi 1 and vegetation can be quite speci -

fie , a certain degree of flexibility was maintained to develop this 

monitoring program. A mixture of recognized sampling techniques , 

practicality, and field experience are used to adapt the program with­

in a variety of conditions. The program utilizes crop yield to 

measure productivity on the dominant soil types in the area. This 

information is supplemented by farm management data provided by 

farmers . The process of undertaking the surveys includes land evalua­

tion, sample size estimation, site selection combined with public 

participation, soil sampling and vegetation sampling . The information 

collected will provide an accurate measurement of pre-mine land 

productivity and a useful indication of land capability . 
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AN AGRICULTURAL CAPABILITY RATING SYSTEM 

FOR 

RECONSTRUCTED SOILS 

Terry M. Macyk, ALBERTA RESEARCH COUNCIL 

ABSTRACT 

This paper provides the rationale and a system for assessing the agricul­

tural capability of reconstructed soils. The concept of capability rather 

than productivity is used in formulating comparisons between pre- and post­

disturbance situations. The system developed parallels the Canada Land 

Inventory soil capability for agriculture rating system which is presently 

used to rate soil capability in Alberta. Seven classes and a nunber of 

subclasses based on climate, soil and landscape characteristics character­

ize the system. The degree of c-1 imatic 1 imitation is used to establish the 

base level or starting point in developing and applying the reconstructed 

soil capability rating system. Other criteria include topography, absence 

or presence/thickness of topsoil, texture, stoniness, drainage, pH, 

electrical conductivity, sodiun adsorption ratio and erosion. 
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INTRODUCTION 

The pre- and post-mining use of land and land's productive capacity are of 

vital concern to the landowner . miner and regulatory authority. The 

concept of or at least the term 11 productivity11 is one that has been used 

for a number of years when considering the impact of mining on agricultural 

1 and . Therefore. it may appear somewhat unusua 1 to be considering the 

concept of soil capability rather than productivity in this context . 

Productivity can be described as the measure of output per unit of input as 

affected by technology and the mix of available resources . It can be sug­

gested that soil productivity is not itself an inherent quality of the 

soil . Any precise statement about soil productivity must be in terms of a 

specific kind of soil , a specific kind of crop or combination of crops and 

a specific set of management practices. 

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. For example . a ·given level of productivity can be 

achieved from either good land with minimal management input or poorer land 

with greater management input . 

Capability for agriculture was chosen as the basis for evaluating the 

product of reclamation rather than productivity because capability 

considers intrinsic properties of the landscape . 

MATERIALS AND METHODS 

Developing the System 

The basis for developing a capability rating system for reconstructed soils 

is based largely upon evaluating various soil parameters or properties of 

reconstructed soils and comparing the results to similar parameters or 

properties of unmined soils. This allows one to attempt to predict how the 

reconstructed soils will respond in terms of use . 

~ 
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Any system that is developed must have a "common thread" with a system that 

is utilized to rate the capability of natural or unmined soils so that 

meaningful concepts can be developed and r elevant comparisons made . 

A system that is presently used to rate soil capability .in Alberta is the 

Canada Land Inventory (CLI) soil capability for agriculture rating system 

(Canada Land Inventory 1965) . The system that is proposed for reconstruc­

ted soils essentially parallels the CLI system . 

The CLI soil capability for agriculture rating system is an interpretive 

grouping that can be made from soil survey information wherein mineral 

soils are grouped into seven classes according to their potential and 

limitations for agricultural use . The first three classes are capable of 

sustained production of common cultivated crops , the fourth class is 

considered marginal , the fifth is capable for use in terms of permanent 

pasture and hay , the sixth is capable of use for native grazing, and the 

seventh class has no capability or potential for agricultural use. 

Therefore , if there is to pe any thread of continuity between the existing 

CL I which is suitable for assessing suitability for a given use prior to 

disturbance then the system or component c 1 asses associated with 

reconstructed soils must reflect respectively similar capability. For 

example, a CLI Class 1 and a Reconstructed Class 1 should reflect similar 

C apab i l it y. 

It must be stressed that the CLI rating system is based on soil survey data 

which is a reflection of relatively stable soils that are generally not 

undergoing major change in a short time frame . In contrast to this, the 

data obtained in characterizing reconstructed soils represents a point 

source in time for any given parameter . Some of these parameters are 

1 ikely to change some more rapidly than others. Therefore , when a 

particular rating is applied it is done so based on the properties of the 

reconstructed soils determined or assuned at a specific time. 

It is of paramount importance that all concerned users understand and 

accept the concept that change is l ikely to . and certainly wil l occur. in 



-4-

these reconstructed soils and the appropriate capability rating associated 

therewith may also change. Also, the capability system and therefore any 

particular rating assigned is based on existing conditions and not on what 

the conditions are perceived or predicted to be some time hence. Further 

research that involves the assessment or quantification of change in 

reconstructed soils wi 11 al low for improvement of the proposed rating 

scheme and perhaps allow it to be somewhat predictive. 

The system is applicable to all mines (disturbances) in the plains region 

or in any region for that matter in the context of SU it ab i 1 it y for 

agricultural crops. This is indeed a "stand alone" system which is not 

based on pre-mining capability of a particular site . However, it can be 

suggested that if pre-mining capability is relatively low or poor then it 

is likely that post-mining capability will also be relatively low. Some 

exceptions to this will undoubtedly occur . For exanple, if capability 

prior to disturbance is low primarily because of topographic or drainage 

1 imitations then there is a strong possibility that resultant post-mining 

topography and d.rainage will result in a better or higher rating. 

Adapting the CLI System 

The CLI system of rating soils is based upon climate, landscape and soil 

factors. It follows therefore, that reconstructed soils should be rated on 

the basis of similar factors . The description of class and subclass as 

defined by CLI (Brocke 1977) follow. 

The class indicates the general suitability of the soils for agricultural 

use . 

Soil Capability Classes 

Class 1 - these soils have no significant limitations to use for crops . 

Class 2 - these soils have moderate limitations that restrict the range of 

crops or require moderate conservation practices. 
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Class 3 - these soils have moderately severe limitations that restrict the 

range of crops or require special conservation practices . 

Class 4 - these soils have severe limitations that restrict the range of 

crops that can be grown or require special conservation pr ac­

t ices to overcome or both . 

Class 5 - these soils have very severe limitations that restrict their 

capability to producing perennial forage crops and improvement 

practices are feasible . 

Class 6 - these ~oils are capable only of producing perennial forage crops 

and improvement practices are not feasible. 

Class 7 - these so11s or land types have no capability for arable culture 

or permanent pasture . 

It must be emphasized that soils with a capability class are similar only 

with respect to the degree or intensity of limitation and not the kind of 

limitation . Each class includes many different kinds of soils and many of 

the soils within any one class may require different management practices . 

Soil Capability Subc l asses 

The subclass is a grouping of soils with the same kind of limitation . It 

provides information on the kind of conservation problem or limitation. 

When used together , the class and subclass provide information about the 

degree and kind of limitation. Fourteen different kinds of limitations are 

recognized as a result of adverse climate , soil , or landscape characteris­

tics . The l imiting effects of the climate are consider ed first since they 

affect the initial capability class or degree of limitation on a broad sub­

regional basis. Next the soil and l andscape limitations are considered . 

The subclass limitations are as follows: 

Climatic Limitations - expressed on the basis of adverse 
climate where there are no other 
1 imitations . 

sub-regional 
significant 



Subclass A 

Subclass B 

Soil Limitations 

Subclass D 

Subclass F 

Subclass M 

Subclass N 

Subclass S 

Landscape Limitations 

Subclass E 

Subclass 

Subclass P 

Subclass R 

Subclass T 

Subclass W 

Subclass X 
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- moisture deficiency due to insufficient precipita­
tion . 

- heat deficiency expressed in terms of length of the 
growing season and cunul at ive degree days over 
42°F . 

- caused by unfavourable inherent soil characteris-
tics. 

- undesirable soil structure and/or slow permeability 

- low inherent fertility status . 

- low available moisture holding capacity. 

- excessive so i l salinity. 

- unfavourab 1 e soil characteristics; used in a 
collective sense where two or more of the above are 
present and/or in addition to some other 1 imitation 

erosion damage 

- inundation 

- excessive stoniness 

- shallowness to consolidated bedrock 

- adverse topography; both steepness and pattern 

- excessive moisture 

- cL.mulative effect of two or more of the above which 
singly are not severe enough to affect the rating . 

Application of the existing CLI system requires the ability to recognize 

kind of limitation and evaluate the degree or intensity of limitation . It 

should be noted that there is a lack of specificity associated with the 

system, and that in many i nstances subjective evaluations must be made. 

The system outlines criteria for 14 kinds of limitations , some defined more 

quantitatively than others . For example , climate is based on precipita­

tion , frost-free period, etc. which is defined to some extent , whereas 

fertility is generally based on parent material type. 



As is done in the CLI system, the degree of climatic 1 imitation is used to 

establish the base level or starting point in developing and applying the 

reconstructed soil capability rating system. The logic , simply stated , is 

that the climate which applies for the pre-disturbance also applies for the 

post-disturbance situation . The primary climatic factors include the 

amount and distribution of precipitation , the length of the growing season 

and frost-free period, and the quantity of heat units available for plant 

growth. The definition of the climatic classes and the criteria used to 

characterize these are as follows: 

Cl ass 

2 

3 

5 

Description 

Sufficent precipi­
tation and length of 
growing season to 
adequately mature 
wheat 

Moderate climatic 
lin:titations due 

· either to a lack of 
precipitation or a 
shortened growing 
season or both. 

Pree ip i tat ion 

40 to 45 cm 
( 16 to 1811 ) 

Frost-free 
Period 

90 days 

adequate only 75-90 days 
50% of the time 

Moderately severe 30cm (12 11 ) 60-75 days 
1 imitation due to a or less 
1 ack of precipitation 
or shortened growing 
season or both . 

Very severe 1 imita­
tions due to a very 
short growing 
season . 

60 days 

Degree days 
above 42° F 

2200 

1900-2200 

1750-1900 

1750 

It should be emphasized that the above is a general guide that was origi­

nally developed to characterize climate over relati vely large areas. 

Utilizing this general guide to climatic characteristics the initial or 

base level capability of an area can be established . For example in 

Climate Area 1, the highest capability rating would be Class 1 with favour­

able soils and landscape conditions. Class 1 represents the starting point 
and any area within Climate Area 1 with adverse so i l and/or landscape 
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characteristics is downgraded accordingly . Sim i larly, in Climatic Area 3, 

the highest capability rating that could be assigned is Class 3 even though 

there are not 1 imitations relative to soil and landscape characteristics. 

After establishing the base leve l capability of an area as determined by 

climate , the next step is to evaluate the properties of the reconstructed 

soils and the landscape which affect agricultural use . Assessment of 

topographic 1 imitation includes evaluation of the hazards imparted to 

cultivation by the degree of slope as we l l as those due to irregularity of 

field patterns and lack of soil uniformity as a result of complex landform 

patterns . This is a limiting factor especially in those areas where no 

s~oil levelling has occurred and to a lesser extent limiting in those areas 

where partial level I ing was undertaken . In the level and gently undulating 

areas a limitation due to pattern may result from the occurrence of small 

poorly drained areas which are often the result of levelling procedure or 

differential settlement . These small areas affect the efficiency and 

effectiveness of cultivation , harvesting procedures , etc . The criteria 
used for evaluating topographic limitations for CLI can be utilized in this 

system and are as fol lows:-· 



Slope Class and 
Percentage 

Aa and Bb i, 
0 to 2% 

Cc 
2 to 5% 

Dd 
5 to 9% 

Ee 
9 to 15% 

Ff 
15 to 30% 

Gg and Hh 

Climatic 
Area 

1 
2 
3 
5 

2 

3 
5 

2 

3 
5 

1 
2 

3 
5 

1 
2 
3 
5 

greater than 30% 
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Degree of Limitation 
Simple Slopes 

1 
2 
3 
5 

1 
2 
3 
5 

2 
2 
3 
5 

3 or 4** 
3 or 4*-lc 

4 
5 

5 
5 
5 
6 

6-7*** 

(Capability Class) 
Comp 1 ex Slopes 

1 

2 
3 
5 

2 
2 
3 
5 

3 
3 
3 
s 

4 
4 
4 
5 

5 
s 
5 
6 

6-7*** 

* Uppercase letter - simple slopes; lower case letter - complex slopes 
** depending on nature of material and susceptibility to erosion 
*** depending on natural grazing potential for domestic animals 

Additional landscape features or limitations can be broadly defined . 

Excessive moisture may be the result of poor soil drainage, a high water 

table , seepage or the collection of runoff from surrounding areas . In 

reconstructed soil areas poorly drained features are often the direct 

result of differential settlement. The degree of 1 imitation is dependent 

on the duration of the period that these soils remain wet as it affects the 

timing of cultivation , seeding and harvest. 



The CLI system does not formally define the soil factors or 1 imitations to 

the extent that topography and c 1 imate are defined . The approach adopted 

in developing criteria relative to determining the suitability or limita­

tion of various soil properties was to consider general guidelines already 

established (Agriculture Canada 1978, Schafer 1979) and to review the 

characteristics of undisturbed soils that have specific class and subclass 

designations . 

The following discussion describes the subclass 1 imitations as defined by 

CLI along with remarks pertinent to applicability to reconstructed soils. 

Undesirable soil structure.and/or low permeability is a 1 imitation for some 

of the reconstructed soils. In terms of undisturbed soils, this limitation 

is most convnonly ut i lized for soils prone to crusting which tends to 

inhibit seedling emergence and may restrict soil aeration. Similarly the 

illuvial horizons or subsoil of some soils (generally fine textured) also 

present structural limitations that are restrictive to internal drainage 

and root penetration . The reconstruction process al t ers 11 normal 11 or 

pedological ly developed structure . The effects ·of this alteration vary 

depending upon the soils invol ved . In terms of orthic soi l s, the resultant 

effect is 1 ikely to be negative or a diminution of the pre-disturbance 

characteristics . On the other hand , Solonetzic soils and others character­

ized by a dense subsoil are likely improved by the reconstruction process . 

Reconstructed soils that have not been topsoiled are certainly prone to 

crusting which tends to inhibit seedling emergence . Research conducted by 

other investigators within the Plains Hydrology and Reclamation Project 

suggests that infiltration is not necessarily restricted in reconstructed 

soils (A . Howard, personal communication) . 

Low inherent fertility status i s a limitation that has been applied to 

Alberta soils on a very 1 imited basis . This 1 imitation is difficult to 

assess without laboratory data to evaluate fertil i ty status and generally 

the application of this subclass has been confined to soi l s developed on 

very sandy parent materials . In terms of reconstructed soils , those areas 

where topsoil was applied 1 ikely will not have any major deficiencies . In 
those areas where topso i 1 was not app 1 i ed the soils are l i ke 1 y to show 
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deficiencies, however, other subclasses or factors are 1 ikely to become 

1 imiting before fertility. Furthermore , nutrient deficiencies are rela­

tively easily corrected. 

Low available moisture holding capacity is generally associated with sandy 

soils. This limitation would likely be applicable to areas of reconstruc­

ted soils that are characterized by sandy or coarse textured materials. 

The excessive soil salinity l imitation applies to soils in which the 

content of soluble salts is sufficient to adversely affect crop growth or 

to restrict the range of crops that can be grown (salt tolerance). This 

subclass is freq!:Jently used in combination with the landscape 1 imitation 

for excessive wetness , and in areas of Solonetzic soils where the salts 

occur very near the surface. This subclass has also been used in combina­

tion with the undesirable soil structure and/or low permeability 1 imita­

tion . In terms of reconstructed soils some quantification of levels of 

salinity is presented in order that the 1 imitation can be appropriately 

assessed or applied. Th i s was done on the basis of reviewing the litera­

ture and assessing the salinity and sodicity levels of uridisturbed soils to 

which the limitation has been applied . 

The erosion damage limitation has been applied in evaluating soils where 

actual damage by erosion (wind or water) has resulted in a 1 imitation to 

agricultural use . Damage is assessed on both the restriction to the range 

of crops that can be grown , and the mechanical difficulties presented to 

farming. Presently erosion does not appear to be a significant problem in 

the areas of reconstructed soils except for the unlevelled spoil piles . 

The steeply sloping areas in existence have been relatively successfully 

revegetated. If these areas were not revegetated ther e is a strong possi­

b i lity of severe erosion occurring . However, these areas represent to a 

large extent, closed systems meaning that material moving down any of the 

slopes is trapped or contained within the "between pile" depressions . 

The inundation limitation has been applied to areas subject to inundation 

by lakes or streams but not to depressional areas subject to ponding. Th is 
limitation is not likely to be a major concern in ar eas of reconstructed 

soi 1 s. 
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The excessive stoniness 1 imitation has been applied to soils that are 

sufficiently stony so as to hinder agricultural activities . Soils with 

surface stoniness ratings of S3, S4 and S5 as defined in the Canadian 

System of Soil Class i fication (Canada Soil Survey Committee 1978) have 

1 imitations to agricultural use . In terms of reconstructed soils , this 

subclass would rarely apply as the dominant 1 imitation since stone removal 

is one of the procedures employed in preparing the landscape for cropping . 

The shallowness to consolidated bedrock 1 imitation applies in areas where 

consolidated bedrock restricts the depth of the rooting zone . This 1 imita­

tion does not often apply within the agricultural areas , however the 

concern associated with reconstructed soils relates to the presence of an 

adequate root zone 1 ayer . An adequate root zone could be clef i ned as a 

layer approximately 1. 5 m thick which does not have restrictive zones or 

layers characterized by high bulk densities . One concern that surfaces 

relative to a similar problem is that of the 11 traffic pan 11 which occurs in 

reconstruc;ted soils . The "traffic pan11 is a layer which occurs approxi­

mately in the 25 to 75 cm depth range and where bulk density is greater 

than that of the material above or below this 11 layer 11
• 

Field observations indicate that ripping does not have an appreciable 

effect on the density in the traffic pan zone . The effects of the traffic 

pan are diminished rapidly (2 or 3 years) by freeze-thaw processes and 

cropping. The traffic pan does not hinder infi l tration/percolation because 

there are adequate macropores present to allow for the orderly movement of 

water through and away from this zone . 
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RESULTS AND DISCUSSION 

Criteria for Placing Reconstructed Soils into Capability Classes 

The soil and soil/landscape 1 imitations defined as part of the CLI system 

along with their implications for reconstructed soils have been defined. 

Suitability rating tables that provide good, fair and poor ratings relative 

to various physical and chemical properties already exist and are provided 

in a nunber of publications (Alberta Soils Advisory Committee 1981, Schafer 

1 979). 

Table 1 presents criteria for placing reconstructed soils into soil capa­

bility classes for dryland agricultural uses. Included along with the soil 

parameters are the topography and climate considerations. To determine 

capability class the top one metre of the reconstructed soil is evaluated 

on the basis of the parameters included in the table. One metre was chosen 

in part because the literature indicates that the major portion of plant 

roots occur in the upper 25 to 60 cm of soil (Russell 1973, Wilhelm et al . . 

1982). Annual crops such as cereals do not grow actively in the soil long 

enough for them to develop a really deep root system and in temperate 

countries rooting does not normally exceed 1 to 1.5 m (Russell 1973). 

Furthermore, it is generally the top one metre of unmined soils that is 

considered in developing CLI ratings. 

The properties of the top metre of reconstructed soil are considered as one 

unit. For example, to determine the E.C. value that is applied against the 

rating table one would calculate a mean value of the results obtained for 

various samples obtained within the one metre depth. The same approach is 

taken to consider pH, texture , and SAR in terms of developing or determin­

ing ratings. There is the concern that an unusually high or unusually low 

value will distort the overall mean. In these instances it is up to the 

rater's discretion whether or not these values are considered in developing 

mean values and thereby the ultimate rating of suitability or limitation of 

a specific parameter. 



Table 1, Criteria f~r Placing Reconstructed Solis into Capability Classes for Dryland Agricultural U~es 

TOPSOIL 1 

STONINESS2 DRAINAGE3 CLIMATE TOPOGRAPHY THICKNESS SOIL TEXTURE REACTION E.C. 
EROSIONlt CLASS (CLASS) (SLOPE%) (cm) (upper I metre) (CLASS) CLASS (pH) (mS/cm) SAR 

Rl 1 0-2 ~•5 L, VFSL 50-51 HW-W 6 .0-7,5 <2 <It WI 

R2 2 2-5 5-15 FSL , SCL, 50-51 HW-W 5,5-6.o 2-lt lt-8 WI 
Sil 7,5-8.0 

k3 3 5-9 o+-5 SC,CL 52 I 5.0-5,5 2-lt 8-12 W2 
' 8.0-8.5 

Rlt 3 9-15 0 SICL 53 l ,R 8.5-9.0 lt-8 12-20 W2 

R5 5 15-30 0 LS ,SI C,C Sit P,VR 8 .5-9.0 lt-8 12-20 W3 

R6 30-60 S,HC S5 VP 1t.5-5.o 8-12 20-50 Wit 
' · 

R7 >60 any Water <lt.5, >12 >50 
>9 ,0 

Topsoil Thickness - Amount of Ah (Ap) organo-mlneral material replaced on surface . 

2 Stoniness Class - SO• Nonstony, SI • Slightly stony, S2 • Moderately stony, SJ : Very stony, Sit a Exceedingly stony , · S5 = Excessively stony 
(Further definition of classes provided In CanSIS Manual for describing soils in the field (1982)). 

3 Drainage Class - VR • Very rapid, R a Rapid, W = Well , HW = Moderately well, I• Imperfect, P: Poor , VP• Very poor 

" Erosion - WI• Slightly eroded, W2 • Moderately eroded, W3 • Severely eroded, Wit• Gullied 
(Further definition of classes provided In CanSIS Manual for describing sol ls In the field (1982)) . 

Note : 1) Chemical properties in the 0-100 cm control section are considered In applying rating. 

2) A combination of more than 2 limiting factors will drop soil by at least one capabil i ty class. 

) ) 
I 

) 

.... 

.f:" 
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A better approach might have allowed for the splitting of the one metre 

into two units whereby the upper 40 to 50 cm are considered and weighed 

more heavily than the lower 50 cm in developing a capability rating. This 

would undoubtedly result in a relatively complex system that i s perhaps not 

warranted at this stage. 

The proposed system recognizes the presence or absence of topsoil and some 

considerations pertinent to depth thereof . Topsoil refers to the organo-

mineral A horizon type of mater i al . It can be argued that in some areas 

topsoil cannot be replaced because it does not occur in the pre-disturbance 

setting . An example might be areas characterized dominantly by Luvisolic 

soils . A reconstructed soil in this context would likely be rated. a Class 

R3 or R4 on the basis of climate and other characteristics rather than a 

lack of topsoil or the presence of poor quality topsoil . 

One of the properties that is not considered in the rating scheme relates 

to the 11 structure11 or relative density of the reconstructed soil. Existing 

methods of determining bulk density are not particularly useful for 

characterizing r econstructed soils. The twin probe method is appropriate 

but it can only be practically utilized in a 1 imited fashion because of the 

nature of the equipment installations required. 

It is apparent that the chemical properties of reconstructed soils are 

addressed to a greater extent than physical properties and this is largely 

due to exist i ng knowledge and measurement capabilities. Further research 

and the development of appropriate equipment will positively impact the 

situation. 

Development of Reconstructed Soil Ratings 

Capability ratings are formulated on the basis of relating the reconstruc­

ted soil properties to the criter ia presented in Table 1. 

The class indicates the general suitability of the reconstructed so i ls for 

agricultural use. Class symbol is preceded by 11 R11 to designate recon­

structed . 
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Reconstructed Soil Capability Cl asses 

Class R1 - these soils have no significant limitations to use for crops. 

Class R2 - these soils have moderate limitations that restrict the range 

of crops or require moderate conservation practices . 

Class R3 - these soils have moderately severe limitations that restrict 

the range of crops or require specia l conservation practices. 

Class R4 - these soils h~ve severe limitations that restrict the range of 

crops that can be grown or require specia l conservation 

practices to overcome or both . 

Class R5 - these soils have very severe limitations that restrict their 

capability to producing perennial forage crops and improvement 
practices are feasible. 

Class R6 - these soils are capable only of producing perennial forage 

crops and improvement practices are not feasible. 

Class R7 - these soils or land types have no capability for arable culture 

or permanent pasture. 

Reconstructed So i l Capability Subclasses 

The subclass represents a grouping of soils with the same kind of limita­

tion . The criteria associated with each of the subclasses in relation to 

cl ass are provided in Tab 1 e 1. 

classes designated follows: 

Topsoil (Absence) 
Climate 
Erosion 
Reaction (pH) 
Soil Texture 
Sa 1 in it y (E . C. ) 

The symbology associated with the sub-

- A 
- C 
- E 
- H 
- K 
- N 
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Sodicity (SAR) - Q 
Stoniness - P 
Topography and Field Pattern - T 
Drainage - W 
Adverse Soil Characteristics 
(cumulati ve effect) - S 

Applying The Reconstructed Soil Capability Rating System 

It was noted previously that there is an element of subjectiveness and to 

an extent a certain l ack of specificity relative to the 11 definitions 11 

associated with the CLI rating system . Furthermore, there is a certain 

element of subjectiveness associated with the designation of ratings for 

specific parcels of land . 

In terms of the reconst r ucted soil rating system the class and subclass 

criteria are defined more fully but there is still an element of subjec­

tiveness involved in developing the final rating des ignation for a specific 

parcel of land . The most 1 ikely time for confusion occurs ~hen a combina-

• tion of 2 or more limiting factors occur . A 11 rule of thumb" that can be 

applied suggests that a combination of 2 1 imiting factors does not drop 

c apab i 1 it y by one c 1 ass . 

rating by one class or more. 

A combination of 3 limiting factors will drop 

Various scoring techniques were attempted to resolve the problem associated 

with the element of subjectiveness , however they did not prove entirely 

workable or represent an improvement over the proposed techn i que. 

Final ratings for the reconstructed soil areas designated at each of the 

mines are presented in Table 2. Examples are provided to demonstrate how 

the system should be utilized . 

Example 1: The field characterization data and Table 1 provide the 

following summary: 

Climate 
Topography 
Topsoil Depth 

- Cl ass 1 

- Cl ass 1 
- Class 1 
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Texture - Class 
Stoniness - Class 
Drainage - Class 1 
React ion (pH) - Class 1 
Sa 1 in it y - Class 2 
Sodicity - Cl ass 1 
Erosion - Class 1 

Rating = R2N 

Because salinity is the most limiting factor and the criteria fit Class 2 

the rating is Class R2 with the N (salinity) limitation. 

Example 2: The field characterization data and Table 1 provide the 

following summary: 

Climate - Cl ass 1 
Topography - Cl ass 1 
Topso i 1 Depth - Class 1 
Texture - Class 2 
Stoniness - Class 1 
Drainage - Cl ass 1 
React ion (pH) - Class 2 
Salinity - Class 2 
Sod icity - Cl ass 3 
Erosion - Class 

Rating = R3Q 

Because sodicity is the most limiting factor and the cr i teria fit Class 3 
the rating is Class R3 with the Q (sodicity) limitation. 

CONCLUSIONS 

The capab i 1 ity system developed allows for an ordered ranking of relative 

capability of reconstructed soil areas . however the ratings do not provide 

for quantification or allow for the detailed assessment of production 

capacities and the effects of different management techniques . This can 

only be accomplished through the measurement of yield. 
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RECLAMATION OF GRAVEL PITS - PROVINCE OF ALBERTA 
N.J . HERTZ 

PAST PRESIDENT, ALBERTA SAND AND GRAVEL PRODUCERS ASSOCIATION 

In the province of Alberia the Department of Environment is responsible for 

the development and reclamation of gravel pits under the Land Surface 

Conservation and Reclamation Act of 1973 and the Land Conservation 
Regulations as filed Alberta Regulation 125-75 . There have been various 
amendments to the Act but generally the intent is the same. 

Under the Act , the regulations are specific but still allow the applicant to 
detail the contents of an application. It is the responsibility of the 

applicant to design the method of extraction as well as provide for reclama­

tion that wi 11, in the eyes of the Department of Environment, return the 

land to its best use. 

The sand and gravel industry, prior to the introduction of reclamation 
standards and policies , certainly did not have a very good public image in 

the province of Alberta. One only needs to travel in the province to see 

the many scars that were left prior to the enactment of legislation. The 
unreclaimed pits are still a serious problem which has to be faced by the 
Municipal Districts , Counties, and/or the Provincial Government . Many of 

the operators who were responsible for the untidy operations are no longer 
in business and therefore the pits remain looking like a bombed-out area . 

It is interesting to note that the sand and gravel industry in the province 

formed a closely knit association and approached the provincial government 
with a view of having some type of standard introduced in order to upgrade 

the public image of the sand and gravel industry . 

At that time, the Department of Environment responded and drafted regul a­
t ions which were reviewed both by government and industry members and 
eventually were accepted by the government and whi eh st i 11 form the basic 

concepts in the reclamation regulations . 



In the last decade we have had increasing concerns regarding the land use 

after the conclusion of the actual sand and gravel operations. 

Alberta Environment defines reclamation as including all desirable and 

practical methods for : 

a) designing and conducting a surface disturbance in a manner that mini­
mizes the effect of the disturbance and enhances the reclamation 
potential of the disturbed land ; 

b) handling surficial material in a manner that ensures a root zone that is 
conducive to the support of plant growth required for future uses ; 

c) contouring the surface to minimize hazardous conditions to ensure 
stability and to protect the surface against wind and water erosion; and 

d) that allowed the loss and re-establishment of the ground water aquifers 

is a major consideration in reclamation technology, present knowledge 
does not permit specific guidelines other than stating the objective of 
replenishing the ground water source for beneficial use. 

Having said all that, it still leaves us with the problem of having to come 
up with a plan and a method of operation that will enable us to get the best 
land use both during and after the sand and gravel operations are complete . 

In most counties and municipal districts, a sand and gravel operation now 

requires a development permit. One of the conditions of this development 
permit normally is that the Department of Environment approve the plan of 
operation which includes reclamation . 

The applicant or the sand and gravel operator is responsible to draw up a 
set of plans which outline the method of operation, the sequence in which he 
will operate his deposit , and the contour to which the property will be 
reclaimed . There are cetain criteria in the regulations which control this 

type of operation and some of them are: 

a) topsoil or blackdirt as it ' s referred to , is removed and stockpiled 

separately. We have in some instances just spread it over an area that 

is being cropped. We just increase the depth of black dirt and in this 
way , it is simple to control weeds . 



b) The next layer, the root zone, which could be anywhere from 12 11 to 3', 

is removed and stockpiled separately, and then the clay or whatever sand 
overburden which overlays the gravel deposit is removed and stockpiled 

which then exposes the pitrun gravel . Pitrun ·gravel meaning the gravel 

in its raw state in the deposit . 

The operations of the sand and gravel pit differ immensely in certain parts 

of the province . In some areas where the overburden , the topsoil and root 
layer might only be 611

, and then you're into the gravel deposit . In other 

areas of the province, we strip as high as 35 to 40' of overburden to reach 
the gravel deposit . This , of course, presents a much more serious problem, 
both in operations and reclamation. In most rural areas , gravel pits are 
reclaimed to where the land use will be agricultural. However, we now have 

many gravel pits inside City limits and very close to urban areas and these 

present various alternatives to the pit owner . 

One of the major uses of worked out gravel pits in urban areas has been a 
sanitary landfill and in Edmonton, in particular, we have the City of 

Edmonton active sanitary landfill on the site or worked out gravel pits . 

There are many end land uses for worked out sand and gravel pits. In most 

cases, particularly in rural areas , the site will be reclaimed to agricul­
tural use. The final land use will revert back to the use prior to the 
aggregate removal operation. 

In urban areas such as the City of Emdonton, which is one I'm most familiar 

with , there are other land uses. 

With proper planning , a gravel pit can have multiple uses . With the correct 
zoning, the land can have three economical uses: 

1) as a sand and gravel operation; 

2) as a sanitary land fill ; and 
3) as a park/recreation facility . 



----- The City of Edmonton uses approximatly 20-25 acres of 1 and per year for 

sanitary land fills. This doesn 1 t sound like a lot of land in one year but 

taken over a twenty year peri ad, we I re 1 ook i ng at 400 acres . This area 

represents more than on depleted gravel pit . 

Some of the same cost savings are common to all land uses . Transportation 

short haul for the gravel operation makes the operation more competitive , 

simi 1 arly, the short haul for waste cuts down the cost to the city . And 

finally, a park close to the city allows more use of the facilities. 

In smaller centres where there is not as large a land requirement for 

sanitary land fills , the depleted gravel pit can be reclaimed direct to a 

park. We should also not overlook the fact that depleted gravel pits in 

urban areas are developed into residential or industrial subdivisions. 

The single most important item when planning to open a gravel pit is what 

will the land use be when the pit is depleted . 



PUT IT BACK THE WAY YOU FOUND IT 
G. DeSORCY 

VICE CHAIRMAN, ALBERTA ENERGY RESOURCES CONSERVATION BOARD 

Thank you Mr. Chairman. It 1 s a pleasure for me to address this annual 

meeting of the Canadian Land Reclamation Association. 

Turning now to reclamation, the topic of the day, I, probably like a lot of 

you, initially learned about reclamation from my parents. My mother would 

say "you kids leave that room the way you found it", or my father would hand 

me a shovel and say "put that garden back into shape". However you people, 

unlike myself, have gone on to develop a special expertise in reclamation. 

This is evidenced by the impressive list of papers being presented at this 

meeting. 

Not being an expert in the area, I am no going to waste your time attempting 

to deal with the technical aspects of reclamation. Rather what I am going 

to do is briefly outline for you the role of the ERCB in reclamation, relay 

to you our perceptions of the landowners• reactions to reclamation, and 

suggest a few ways in which all of us might better inform these landowners, 

and the general public, as to what is being accomplished in the field of 

reclamation. 

ROLE OF THE ERCB 

As many of you are aware, the ERCB is a provincial agency which regulates 

most aspects of energy resource development in Alberta. It does not have a 

lead role in reclamation . The ultimate responsibility for that important 

aspect of the energy business rests with A 1 berta Environment. However, 

there are two exceptions: The Board does have some direct involvement in 

that it is represented on two committees which are part of Alberta Environ­

ment 1 s Land Conservation and Reclamation Council, specifically the 

Exploration Review Committee and the Development and Reclamation Review 

Committee. And secondly, with respect to certain accidental occurrences in 
energy operations, the Board has first line involvement in reclamation and 

rehabilitation, with a prime example being the clean-up of oil spills. 
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In addition there are two other activities of the Board which are very 
significant. First , because the Board has an approving responsibility with 
respect to essentially all energy resource developments , and because its 

legislation requires a hearing process when potentially affected parties 

object to a development , this means that the Board frequently hears from 

landowners at publ i c hearings who often raise issues of reclamation, and 
request that the manner of creating the disturbance be regulated, such as to 
make the ultimate successful reclamation more easily attainable. 

The second activity of importance occurs because the Board has field offices 

and inspection staff l ocat.ed throughout the provi nee. In this manner it 
hears from landowners when they have complaints about industry operations or 
developments, including problems which are related to reclamation. 

As a result of these two sources of information , either comments at public 
hearings or complaints registered at our field offices , the Board has a 
unique opportunity to hear from landowners . 

RECLAMATION ISSUES AS PERCEIVED BY THE ERCB 

I have reduced the general comments heard from landowners by the Board and 
its staff into a list of questions , and conclusions or issues , which seem to 
represent a consensus position of those landowners that we hear from. In 
doing so, and in passing them on to you, I have to acknowledge that they are 
based on reactions from a limited sample of landowners. Nevertheless , it is 
a large enough sample that I believe the results do have meaning . 

The messages that we are hearing and that I want to pass on to you are as 

follows : 

1. An increasing number of landowners are aware of and seem to 1 i ke the 
attention being paid to reclamation , particularly , in the project 
planning stage . But concerns do remain and many landowners appear to be 

unaware of or unconvinced that lands will be successfully reclaimed . 



2. The rural agricultural community has a deep-rooted concern that too much 
prime land is being taken out of agricultural production or is having 

its productivity reduced . 

3. There are sufficient examples of less than perfect reclamation in the 
past to provide landowners with an arsenal of reel amat ion issues with 
which to oppose proposed projects . This is particularly the case 
because the agricultural community has become increasingly organized and 
there is an on-going exchange of i nf ormat ion f ram one region of the 

province to another. 

4. There are some concerns that the agency which approves disturbances is 
not responsible for the reel amat ion . Landowners thus contend that 
insufficient care is being exercised at the approval stage to ensure 
that reclamation can be accomplished . 

5. A number of landowners are concernd that there are hidden chemicals or 

other pollutants in the soil whi eh may be a long-term problem. A 
problem that they will be left with after reclamation has been approved 
and the resource development company has departed . 

6. Many landowners feel that they don 1 t receive sufficient compensation to 
cover the risk of reclamation. They worry that reclamation will not be 
successful and there will be a long-term negative impact on the soil . 

7. The landowners and the general public do not appear to realize how much 
knowledge and techni ea l expertise exists in regard to reel amat ion and 
the rate at which it is being improved. For example, I doubt that many 
of them know this association exists or that meetings such as this one 
are held to discuss the highly technical aspects of reclamation . 

8. I am pleased to report that an increasing number of landowners are 
noting and commenting on improvements in lease construction and sump 
disposal methods and other aspects of land disturbance. The message 

that these improvements are being made however , , is not being widely 
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distributed. Many opinions being expressed by landowners are not based 

on what is happening today but rather on problems that occurred in the 

past . 

9. There is confusion among landowners as to which government department is 

responsible for reclamation . Since the ERCB holds public hearings and 
investigates complaints , many landowners assume it has final responsi­
bility for reclamation. I expect there are some in the industry itself 
that are confused as to where government responsibilities lie in this 
regard. 

NECESSARY ACTIONS 

Assuming that the matters I have just reviewed to to some extent reflect the 
consensus of landowners, the next question is what should be done about it . 
It is necessary to deal with the negative comments of landowners who are 
being affected by energy developments in such a way that we can ensure that 

the positive messages we are beginning to hear will become more prevalent in 
future . Obviously continued development of reclamation tecnology, which you 
people are so involved in , must continue . Also those interfacing with land­

owners must treat them in an open , honest and fair way as well as being 
businesslike. Additionally however , all of us must work to ensure that the 
landowners know that reclamation is being considered in the project planning 
stage , that satisfactory reclamation is going to occur , that much research 
is taking place regarding reclamation and that organizations like this one 

exist . We in the public sector must take steps to minimize the overlapping 

of jurisdictions among government departments and to make certain that the 
landowners and the industry understand whi eh government departments carry 
specific reclamation responsibilities. 

How can we do these things? The most important way in my view is to get out 

into the rural community and tell the people what is going on in reclama­
tion . This can be done through local fairs and expositions and also by 
being available to attend meetings of agricultural groups and by making it 

known that experts are available for that role. 



Initiatives should be taken by reclamation groups in i ndustry and government 

to set up seminars in rura 1 areas . Attendance of opinion 1 eaders from the 
agricultural communities at conferences such as this one should be 

encouraged . 

It is important to have available brochures or pamphlets describing what is 
taking place in reclamation and what the various government departments' 

responsibilities are , but these must be relatively brief and written in 

down-to-earth language. 

I know that all of these things I have mentioned are occurring to some 
extent now . What I am suggesting is that we should be going further. 
Reclamation technology is improving steadily . The reclamation work that we 
see taking place is genera l ly good and it is improving . What we must do is 
increase efforts to make the 1 an downers and the genera 1 pub 1 i c aware of 

these accomplishments and that the industry and government are serious about 
reclamation . Whether we like it or not , a message commonly heard on 
hearings is that the industry and government lack credibility . 

Through greater efforts in the areas I ' ve outlined, I believe there will 
come a day when the landowner can ask "Are you going to put it back the way 
you found it?" and we will be able to answer "yes, sir" , with confidence 

that all of us will understand what the other means . 

--- -
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