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EDITOR'S NOTE 

These proceedings present the papers in chronological order. Papers 
have been b r i e f l y edited and re-typed. Time constraints p r o h i b i t e d 
f i n a l text proofreading by i n d i v i d u a l authors, consequently, the editor 
accepts r e s p o n s i b i l i t y for any e r r o r s . 
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OPENING REMARKS 

As chairman of the Technical and Research Committee on Reclamation i t i s 
my pleasure to welcome you to the Sixth Annual Meeting of the Canadian 
Land Reclamation Association and the F i f t h Annual B.C. Mine Reclamation 
Symposium. 

When the Technical and Research Committee on Reclamation agreed to act 
as the organizing committee for t h i s meeting i t did so with some degree 
of t r e p i d a t i o n . We were concerned that an August meeting might not 
at t r a c t as wide an audience as our normal March venue. 

I am pleased to see that these fears were unfounded and i t i s g r a t i f y i n g 
to see such a large turn-out. 

The primary purpose for t h i s symposium i s to provide a forum for ex­
change of ideas on land reclamation, an objective that i s shared by both 
the Canadian Land Reclamation Association and the Technical and Research 
Committee on Reclamation. For those of you who have re g u l a r l y attended 
the B.C. Mine Reclamation Symposium I hope that t h i s meeting w i l l expose 
you to a wider perspective on reclamation matters. I also hope that you 
w i l l enjoy seeing, f i r s t hand, the work of Cominco, Fording and B.C. 
Coal that you have heard mentioned so frequently during past meetings. 

For those of you from out of Province, I welcome you to B r i t i s h Columbia 
and hope you w i l l be able to appreciate some of our reclamation problems 
and attempts at t h e i r s o l u t i o n . 

I would l i k e to take t h i s opportunity to thank the committee members for 
t h e i r contribution i n making t h i s symposium a r e a l i t y . In p a r t i c u l a r , I 
would l i k e to thank the r e g i s t r a t i o n coordinator, Art 0'Bryan; the 
papers chairman, Roger Berdusco, who was as s i s t e d by Jack Thirgood; and 
the f i e l d t r i p coordinators, Bob Gardiner, Roger Berdusco and Tony 
M i l l i g a n . 

We are also indebted to support and sponsorship from the Mining Associ­
ation of B r i t i s h Columbia, Mi n i s t r y of Energy, Mines and Petroleum 
Resources, Canadian Land Reclamation Association, Cominco Ltd., Crows-
nest Resources Ltd., Fording Coal Ltd. and B.C. Coal. 
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And l a s t I would l i k e to extend the appreciation of the Committee to the 
speakers, chairpersons and the many students who have helped make t h i s 
symposium a success. 
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KEYNOTE ADDRESS 

by 

E.N. Doyle 
Cominco Ltd. 





KEYNOTE ADDRESS 

Some months ago, Roger Berdusco of Fording Coal approached me with the 
request that I give a somewhat informal speech at the Canadian Land 
Reclamation Association's meeting to be held i n Cranbrook. In a moment 
of weakness, without too much thought as to the enormity of the re­
s p o n s i b i l i t y which was being vested i n me by Roger, I agreed. On 
r e f l e c t i o n , I would probably have been better o f f to decline g r a c e f u l l y 
since there are obviously a great number of people, many of them present 
here today, who could have spoken much more adequately about land 
reclamation and i t s implications i n the Canadian scene. 

However, having given my commitment, I w i l l proceed to do what Roger has 
asked me to do and address myself to some items which could be construed 
as i n t e r e s t i n g to s p e c i a l i s t s i n the art and science of reclaiming 
disturbed land. 

For the past two days you have been regaled with sundry advice con­
cerning the regulatory aspects of land reclamation, you have observed 
the process of natural revegetation of exploration trenches i n Montana, 
you have c o n t r o l l e d erosion i n the Queen Charlottes and have l i s t e n e d , 
with bated breath, to various speakers who have itemized the mysteries 
of s o i l c u l t i v a t i o n and seed s e l e c t i o n for returning disturbed land to, 
at l e a s t , minimal productive capacity. 

A d d i t i o n a l l y , many of you have got claustrophobia, sore feet and sunburn 
as a consequence of the f i e l d t r i p to Cominco's S u l l i v a n mine and 
concentrator yesterday afternoon. Presumably, with representatives from 
so many parts of the country, t h i s event w i l l figure i n the next Canada 
summer games. 

According to information published recently by the Mining Association of 
Canada, the t o t a l land area occupied by mining operations i n Canada, 
approximates 130,000 acres. This represents about 0.006 per cent of the 
t o t a l land area of Canada and compares with 30 m i l l i o n acres occupied by 
highways and 172 m i l l i o n acres devoted to farming. I t i s somewhat 
s u r p r i s i n g to me that given t h i s rather small area that outcries can 
a r i s e from what we can only presume i s an uninformed p u b l i c . One does 
not hear a great deal of concern with respect to a g r i c u l t u r a l and 
i n d u s t r i a l endeavours and p a r t i c u l a r l y when these are i n rather remote 
areas. Presumably, the mining industry has not done i t s homework with 
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respect to public r e l a t i o n s and i t i s hoped that t h i s deficiency w i l l be 
remedied through the various mining associations and mining companies 
throughout the country in the future. It i s a known fact that some 
s i g n i f i c a n t e f f o r t s i n t h i s information exchange f i e l d are being under­
taken i n more recent times. 

There i s one item which has been of consuming i n t e r e s t to me personally 
even though i t i s only remotely concerned with land reclamation. This 
issue has become one of the most emotionally charged environmental 
topics of our time. I r e f e r , of course, to the Love Canal and to the 
problems which t h i s p a r t i c u l a r disposal s i t e has caused for a l l persons 
who have been i n contact with i t since the f i r s t placement of t o x i c 
wastes took place i n 1942. 

The saga of the Love Canal began many years ago. In the late 1800*s, 
William Love had a dream about the u t i l i z a t i o n of the energy from 
Niagara F a l l s . He began work on the Canal i n 1894 on the excavation of 
a canal which was designed as the primary source of power which, i n 
conjunction with plans made by Elon Hooker of the Hooker Electrochemical 
Company, would bring unparalleled prosperity to a region which was 
i d e a l l y situated with respect to markets for the manufactured chemicals 
which were to be made by the company. 

Because of the money s i t u a t i o n at the time and compounded by the f a c t 
that the economic transmission of power over long distances was 
achieved, the project died i n 1910. For the next 30 years, the com­
plet e d portion of Love's Canal, located i n an undeveloped area several 
miles from downtown Niagara F a l l s , served as a monument to William 
Love's dream. 

In September 1941, Hooker i n i t i a t e d f e a s i b i l i t y studies to determine the 
s u i t a b i l i t y of using the unfinished canal because i t s bottom and sides 
were of impermeable clay. It was determined that the canal was suitable 
as a disposal s i t e for wastes from Hooker's Niagara F a l l s manufacturing 
operation. Since the canal had been dug out of clay i t assured that the 
chemical waste would remain i n place i n d e f i n i t e l y . Through a series of 
le g a l problems involving t i t l e descriptions, the consumation of the sale 
of the property to Hooker was delayed u n t i l 1947. 

From 1942 u n t i l 1953, the company used the s i t e for disposal of waste 
materials from i t s Niagara F a l l s operation. I t s use was superior to 
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many methods of disposal used by industry at that time. Progressively, 
as Hooker disposed of wastes, the p a r t i c u l a r p o r t i o n of the canal 
a f f e c t e d by the disposal was covered with a layer of the same clay 
material which formed the bottom and sides of the canal. I t i s of 
in t e r e s t to note that the use of clay to contain chemical wastes meets, 
i n every respect, pending Federal RCRA standards. 

In 1952, the Niagara F a l l s Board of Education came to the conclusion 
that the general area around the Love Canal was going to continue to 
develop and i t announced i t s in t e n t i o n to b u i l d a school i n that neigh­
bourhood. The School Board indicated that the canal property was the 
only area which was suitable for the school. The Board indicated that 
i t was so desirous of acquiring the property that condemnation might be 
resorted to. 

In March 1952, a Hooker executive v i s i t e d the s i t e with the Board 
Superintendent and President. Hooker had a map prepared showing where 
the wastes were deposited, how they were covered, and the r e s u l t s of 
t e s t i n g which had recently been completed. On the map provided to the 
Board, i t was stated that there was: "no evidence of chemicals any 
place digging down to ten feet r i g h t up to within one foot of the 
excavations. In places where we have dumped chemicals, the chemicals 
are almost unchanged in form and found four feet below top surface." 

In October 1952, Hooker sent a l e t t e r to the Board confirming the 
company's understanding with the Board that the Love Canal property was 
to be used for a school: 

... and the balance of the property to be maintained as a park. 

... as explained to you at our conferences i n view of the nature of the 
property and the purposes f or which i t has been i n use, i t w i l l be 
necessary for us to have sp e c i a l provisions incorporated into the 
deed with respect to the use of the property and other pertinent 
matters. 

Acknowledgement of the warning given by Hooker to the Board was made by 
the President of the School Board who s p e c i f i e d that future members of 
the Board and other l a t e r owners of the Love Canal property would know 
that i t was not suitable for construction because chemical wastes had 
been deposited there. 
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The deed from Hooker to the Board states, i n part: 

"Prior to the delivery of t h i s instrument of conveyance (deed), the 
Grantee (Niagara F a l l s Board of Education) herein has been advised by 
the Grantor (Hooker Electrochemical Company) that the premises above 
described have been f i l l e d , i n whole or i n part, to the present grade 
l e v e l thereof with waste products r e s u l t i n g from the manufacturing of 
chemicals by the Grantor at i t s plant i n the c i t y of Niagara F a l l s , 
N.Y. and the Grantee assumes a l l r i s k s and l i a b i l i t y incident to the use 
thereof." 

During the next few years, the Board allowed thousands of cubic yards of 
the canal cover to be removed; t h i s i s documented by the Board records. 

In 1957, the Board was considering the transfer of unused sections of 
the canal property to private developers. At that time, a representa­
t i v e of Hooker appeared before the Board's regular meeting to remind the 
members of the possible dangers of using the Love Canal for construction 
because of the chemicals buried there. At that meeting, the Board 
direc t e d that a l e t t e r be forwarded to Hooker "...expressing appreci­
ation for sending t h e i r representative here tonight to explain the 
conditions of the s o i l near the 99th Street School when there was no 
lega l o b l i g a t i o n on t h e i r part to do so." A l l of t h i s was reported to 
the p u b l i c i n the following day's issue of l o c a l and area newspapers. 

A s i m i l a r representation was made to the Board two weeks l a t e r by the 
Vice-President and General Counsel of Hooker Electrochemicals. They 
opposed the sale of the property and amplified the remarks made to the 
Board at the p r i o r meeting. This second representation was acknowledged 
i n the minutes of the School Board meeting at the appropriate time. 

During the next few years, the c i t y constructed two streets through the 
canal and, i n 1968, the state of New York began construction of the La 
Sa l l e expressway, which resulted i n the re l o c a t i o n of another street 
through the southern portion of the canal. 

I t wasn't u n t i l 1976 that Hooker learned that chemicals were seeping out 
of the canal and into basements of some homes on the periphery of the 
Love Canal property. This was the f i r s t evidence that chemicals had 
migrated from the canal into adjacent properties. 
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A task force, formed in 1977, comprised of the c i t y of Niagara F a l l s , 
the Niagara County Health Department and Hooker Engineers began to study 
the s i t u a t i o n . The c i t y , acting as lead, commissioned Calspan Corpora­
t i o n of Cheektowaga, N.Y. to prepare an abatement plan. Subsequently, 
the c i t y commissioned Conestoga-Rovers of Waterloo, Ontario, Canada to 
prepare a remedial program. Three months l a t e r , Conestoga-Rovers 
presented i t s recommendations for a system to contain the wastes 
migrating from the canal. Hooker also p a r t i c i p a t e d i n the study and 
o f f e r e d to pay one t h i r d of the expected costs of remedial work to the 
southern section of the canal which i s estimated at $840,000. 

The recommended remedial engineering program was designed to c o l l e c t and 
tr e a t leachate formed when the canal cover was disturbed allowing r a i n 
and melted snow to f i l l the c l a y - l i n e d canal and overflow much l i k e a 
bathtub. 

Testing has shown that even today the lower sidewalls and bottom of the 
canal are containing the waste materials as o r i g i n a l l y intended. 
Commencing August 2, 1978, the New York State Health Commissioner 
ordered the temporary c l o s i n g of the 99th Street School (adjacent to the 
canal) and recommended the temporary evacuation of pregnant women and 
c h i l d r e n under two years of age l i v i n g i n the f i r s t two rings of homes 
around the canal property (no homes were constructed on the canal). 

One week l a t e r , Governor Carey v i s i t e d the area and announced that 236 
f a m i l i e s i n the f i r s t two rings of homes bordering the canal would be 
evacuated and t h e i r homes purchased. 

There have been a number of studies since that date with respect to the 
health impact of the consequences of seepage from t h i s storage area but, 
as appears to be common i n these studies, there have been accusations of 
poor design and unwarranted conclusions from various studies on the 
basis of lack of s c i e n t i f i c evidence. 

I t i s paradoxical that, on June 30, 1980, William Sanjour, Chief of the 
E.P.A. Hazardous Wastes Implementation Branch, i n discussing Hooker's 
use of the Love Canal reported i n the New York Times that "Hooker would 
have no trouble complying with these (Federal RCRA re g u l a t i o n s ) . They 
may have had a l i t t l e extra paper work but they wouldn't have had to 
change the way they disposed of the waste." 
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In May 1980, President Carter declared a state of national emergency i n 
the Love Canal area, paving the way for the temporary evacuation of up 
to 710 f a m i l i e s . The same day, the U.S. Department of Health and Human 
Services released a sp e c i a l panel's assessment of the E.P.A. report and 
i t s conclusion was that the study: 

... provides inadequate basis for any s c i e n t i f i c or medical inferences 
from the data (even of a tentative or preliminary nature) concerning 
exposure to mutagenic substances because of residence i n the Love 
Canal area. 

... we do not believe that on the basis of t h i s report i t could be 
concluded that "chemical exposures at Love Canal may be responsible 
for much of the apparent increase" nor can we concur with the 
reports implication of cytogenic observations suggest that the 
residents are at increased r i s k of neoplastic disease, of having 
spontaneous abortions, and i n having children with b i r t h defects 
based on the evidence presented. 

A s i m i l a r report on the s i t u a t i o n from the epidemiological viewpoint was 
announced by the New York Department of Health. This indicated that 
rates of miscarriage and b i r t h defects f or the e n t i r e Love Canal area 
were normal. The study also concluded that there was no evidence 
l i n k i n g any health problems which do e x i s t to the migration of chemicals 
from the Love Canal. 

The New York Department of Health report concluded: 

... F i n a l l y , and most importantly, we have not yet been able to cor­
r e l a t e the geographic d i s t r i b u t i o n of adverse pregnancy outcomes 
with chemical evidence of exposure. At present, there i s no di r e c t 
evidence of a cause-effect r e l a t i o n s h i p with chemicals from the 
canal. 

This p o s i t i o n was reaffirmed i n October 1980, when a spe c i a l panel of 
prominent physicians appointed by New York Governor Carey reviewed 
previous Love Canal health studies. The panel was p a r t i c u l a r l y c r i t i c a l 
of two studies which had been e a r l i e r used as the basis for the evacu­
ation of Love Canal residents. 

These then are some of the f a c t s , as I see them, with respect to the 
Love Canal. What conclusions can be reached? 
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The o r i g i n a l containment was good; the migration of chemicals from the 
canal occurred because of a f a i l u r e of others to properly maintain the 
s i t e a f t e r the company no longer owned the property and despite repeated 
warnings by the company. In a l l respects, i t would appear the company 
acted properly and responsibly. 

Many of the comments which I have used are taken from an a r t i c l e 
published i n Chemteck of December 1980. The a r t i c l e was provided by 
Mr. T.L. Baeder who was, u n t i l September 1980, President and Chief 
Operating O f f i c e r of Hooker Chemical. 

There i s of course, a tendency, as i s evident when you read Mr. Baeder's 
a r t i c l e , f o r any corporation or any i n d i v i d u a l to over-react i n terms of 
self-defense. This i s understandable and sometimes commendable. I t 
does, however, i l l u s t r a t e that each of us has a serious r e s p o n s i b i l i t y 
with respect to the future as i t r e l a t e s to land reclamation and, 
furthermore, technology and professionalism used today may well be i n ­
adequate f o r the demands and expectations of future generations. 

In conclusion, I wish to thank you f o r your kind attention, and to wish 
you a very pleasant day tomorrow on your f i e l d t r i p to Fording Coal and 
B.C. Coal. I am sure you w i l l f i n d that both of these corporations have 
done a great deal, i n terms of p r a c t i c a l , applied land reclamation 
technology to j u s t i f y t h i s day which you w i l l spend at these two 
pr o p e r t i e s . Thank you. 
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PRESENTATION OF THE ANNUAL 
B.C. MINE RECLAMATION AWARDS 





MINE RECLAMATION AWARDS 

TERMS OF REFERENCE 

Under the auspices of the B r i t i s h Columbia Ministry of Energy, Mines and 
Petroleum Resources, and the Mining Association of B r i t i s h Columbia, a 
Reclamation Award has been established to recognize outstanding achieve­
ment i n mine reclamation i n B r i t i s h Columbia. In addition to t h i s 
award, three c i t a t i o n s are given to recognize merit i n mining reclama­
t i o n . The guidelines for these awards are as follows: 

1. Nominations w i l l be s o l i c i t e d from Ministry of Energy, Mines 
and Petroleum Resources' Inspectors. In addition, nominations 
may be made by companies with respect to t h e i r own work, or 
work done by in d i v i d u a l s or organizations f a m i l i a r with the 
goals of reclamation. 

Nominations should be submitted i n w r i t i n g to: 

Chairman, Awards Subcommittee 
c/o Technical and Research Committee 
Ministry of Energy, Mines and Petroleum Resources 
Inspection and Engineering Branch 
525 Superior Street 
V i c t o r i a , B.C. 
V8V 1T7 

In the nomination, documentation of the reclamation achieve­
ment must be outlined and reasons proposed why the project or 
program merits recognition. 

2. The reclamation project may be major or minor i n extent and 
may be the res u l t of one person's a c t i v i t i e s . 

3. The Technical and Research Committee w i l l decide the winner of 
the Reclamation Award and the three C i t a t i o n s . 

4. The Reclamation Award and C i t a t i o n s w i l l be awarded each year 
at the annual Mine Reclamation Symposium. 
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5. The Reclamation Award cannot be won by a mining company two 
years i n succession. C i t a t i o n s may be won i n successive 
years. 

6. Deadline for receipt of nominations for the awards i s January 
31 of the year the award w i l l be given. 

REPORT OF THE AWARDS SUBCOMMITTEE 
TECHNICAL AND RESEARCH COMMITTEE ON RECLAMATION 

The Awards Subcommittee has reviewed a l l nominations for the Reclamation 
Award and Ci t a t i o n s and, as i n past years, many of the choices were 
d i f f i c u l t . 

CITATIONS 

C i t a t i o n s w i l l be presented t h i s year i n the categories of Exploration, 
Metal Mining and Coal Mining. 

Exploration 
The 1980 C i t a t i o n i s presented to SAGE CREEK COAL 

Sage Creek Coal Ltd. with t h e i r reclamation s p e c i a l i s t , Mr. Alan Lamb, 
have conducted an excellent reclamation program on t h e i r Sage Creek 
property. They have demonstrated that with the a p p l i c a t i o n of appropri­
ate technology disturbed exploration areas can be e f f e c t i v e l y revege-
tated. A l l 77 ha of disturbance have now been reclaimed. 

Metal Mining 
The 1980 C i t a t i o n for Metal Mining i s presented to NEWMONT MINES LTD. -
Similkameen D i v i s i o n 

Newmont has c a r r i e d out extensive reclamation programs for the past f i v e 
years on t h e i r Similkameen property and now have revegetated 121 ha of 
disturbance. In addition, they accepted r e s p o n s i b i l i t y for reclaiming 
one of Granby's 29 ha t a i l i n g s pond which has now been s u c c e s s f u l l y 
revegetated. 

Their reclamation program has involved top dressing the faces of waste 
rock dumps with fine-textured g l a c i a l t i l l and a e r i a l l y applying seed 
and f e r t i l i z e r by fixed-wing a i r c r a f t . 
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They have obtained excellent growth and are well on t h e i r way to 
achieving t h e i r goal of e s t a b l i s h i n g grazing land. 

Coal Mining 
The 1980 C i t a t i o n for Coal Mining i s presented to B.C. COAL 

The reclamation program at B.C. Coal has been ongoing for a decade and 
during t h i s period a t o t a l of 1,000 ha of land has been revegetated. 

They have recently made a concentrated e f f o r t to revegetate a l l explora­
t i o n disturbances made since the f i r s t years of exploration. 

B.C. Coal i s continuing t h e i r excellent research program u t i l i z i n g the 
expertise of the academic world and have endeavoured to tr a n s l a t e t h i s 
knowledge to a p r a c t i c a l l e v e l . The research studies presently being 
c a r r i e d out attempt a " t o t a l ecosystem" approach and w i l l hopefully 
answer questions of ecosystem structure, function, dynamics, s t a b i l i t y 
and succession. 

Honourable mention i s given to FORDING COAL 

RECLAMATION AWARD 

The 1980 Reclamation Award i s presented to ISLAND COPPER 

The Island Copper Mine, situ a t e d near Port Hardy, has i n s t i t u t e d and are 
undertaking a progressive reclamation program. 

The success they have had can be a t t r i b u t e d p r i m a r i l y to t h e i r program 
of recontouring t h e i r waste dumps and covering the waste rock with 
g l a c i a l t i l l and t o p s o i l . A program of seeding and f e r t i l i z i n g with 
agronomic species followed by p l a n t i n g alder and conifer seedlings has 
resul t e d i n excellent growth and, to date, a t o t a l of 67 ha have been 
reclaimed. 

Revegetated s i t e s help to support a population of up to twenty b l a c k t a i l 
deer which are frequently seen grazing on the reclaimed areas. 

They are currently s t o c k p i l i n g 2.2 m i l l i o n tons of g l a c i a l t i l l , t o p s o i l 
and peat for use i n reclamation programs. 
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A small section of the beach dump was resloped; grasses, legumes and 
trees were planted. This test demonstrated that the beach dump could be 
reclaimed and a complete marine environment could be established. 

Their progress toward the re-establishment of forest land w i l l serve as 
a model for other mines i n B r i t i s h Columbia. 
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BRITISH COLUMBIA MINE RECLAMATION, AN OVERVIEW 

INTRODUCTION 

The Province of B r i t i s h Columbia encompasses 948,569 square kilometers 
and contains a great d i v e r s i t y of physiographic regions (Figure 1). 

The climate varies from the Mediterranean-like Juan de Fuca S t r a i t on 
the southwest coast where temperatures seldom go below freezing and 
r a i n f a l l i s less than 75 cm per year, to the extreme cold of the north­
east where winter temperatures drop to minus 50°C. Figure 1 i l l u s t r a t e s 
the d i f f e r e n t physiographic and c l i m a t i c c h a r a c t e r i s t i c s of the 
province. 

There are areas of ra i n forest on the P a c i f i c Coast where the annual 
p r e c i p i t a t i o n can exceed 350 cm. In contrast, the southern i n t e r i o r 
plateau east of the coastal mountains receives less than 30 cm (Figure 
2). The province's vegetation r e f l e c t s these extremes of climate, from 
the coastal r a i n f o r e s t s to the northern alpine tundra with sporadic 
permafrost, and the southern i n t e r i o r dry bunchgrass areas which i n 
summer resemble deserts. 

The population of B r i t i s h Columbia i s as diverse as i t s t e r r a i n . The 
population i s heavily concentrated i n the southern coastal p l a i n : of 
the 2.5 m i l l i o n inhabitants i n the province, nearly three quarters l i v e 
i n the southwest corner. The largest c i t y of the province, Vancouver, 
contains an e t h n i c a l l y diverse population, i n which most minority groups 
are represented. In addition, there are large c l u s t e r s of settlement 
along v a l l e y - o r i e n t e d l i n e s i n the southern and central i n t e r i o r . The 
Kelowna region and the Okanagan, i n general, are p r i m a r i l y fruit-growing 
d i s t r i c t s , and resort and retirement areas. The major metal smelting 
industry i s located i n the southeast corner of the province: here the 
population i s f a m i l i a r with heavy industry and i t s a c t i v i t i e s . Figure 3 
shows the d i s t r i b u t i o n of the population i n the province. 

LAND-USE 

Land-use i n the province i s r e f l e c t e d i n population d i s t r i b u t i o n and the 
producing c a p a b i l i t y of the various biogeoclimatic zones. The following 
i s a b r i e f discussion of the important land-use aspects of B r i t i s h 
Columbia's i n d u s t r i a l base. 
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F igure 2 
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FORESTRY 

B r i t i s h Columbia's vast fo r e s t s provide the natural resources for the 
province's largest industry. F i f t y - f i v e per cent of the p r o v i n c i a l land 
area i s forested, mostly with stands of coniferous trees. The coastal 
f o r e s t s from Prince Rupert south to the Washington border, because of 
t h e i r large stands of timber, milder climate and p l e n t i f u l r a i n f a l l are 
the most productive. However, the i n t e r i o r forests are becoming more 
important, to the point that i n 1976 the p r o v i n c i a l harvest was nearly 
evenly d i s t r i b u t e d between the coast and the i n t e r i o r (Figure 4). 

MINING 

Mining ranks second a f t e r f o r e s t r y as a generator of p r o v i n c i a l wealth. 
It has grown i n annual value from $30 m i l l i o n i n 1910 to a value of $1.4 
b i l l i o n i n 1979. Because i t i s a non-renewable resource, the pattern of 
mining land-use has tended to vary over the decades as deposits are 
brought i n t o production, mined and abandoned. Open-pit production of 
base metals and coal has characterized the industry in B r i t i s h Columbia 
over the past two decades. During t h i s period i r o n and copper deposits 
have been developed on the south coast. In the Kootenays, lead and zinc 
production has declined while coal has increased, and the vast L i a r d 
Mining D i v i s i o n i n the northeast section of the province has come into 
prominence. In addition, there i s asbestos at Cassiar, accounting for 
eight per cent of Canadian production and precious and base metal mines 
i n the Portland Canal area. The o i l and gas f i e l d s i n the Peace River 
region of northeastern B r i t i s h Columbia are of enormous importance to 
the province. 

The Mining Association described the present status of the mining 
industry i n B r i t i s h Columbia as follows: 

"Mining i n B r i t i s h Columbia received i t s i n i t i a l impetus from 
coal deposits on Vancouver Island and a l l u v i a l gold d i s ­
coveries on the Fraser River and i t s t r i b u t a r i e s , i n the mid 
1800's. The mining industry has grown from these beginnings 
to the second largest industry i n B r i t i s h Columbia with a 
gross value of production of $1.34 b i l l i o n i n 1978 with d i r e c t 
employment of 15,587 people and estimated a d d i t i o n a l i n d i r e c t 
employment of 40,000 people i n associated businesses i n the 
province, and i n Canada as a whole another 110,000 people." 
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AGRICULTURE 

Arable land i n s i d e the boundaries of B r i t i s h Columbia's a g r i c u l t u r a l 
land reserves i s only 4.6 m i l l i o n hectares of the t o t a l 95 m i l l i o n 
hectare p r o v i n c i a l t o t a l . Most of t h i s productive land i s located i n 
r i v e r deltas, inter-mountain v a l l e y s , the i n t e r i o r plateau and the 
northeastern p l a i n . A further 10 m i l l i o n hectares are rangelands used 
for domestic and wild animal grazing, much of which i s forested (Figure 
5). 

GEOLOGY 

The plate tectonics model for the western c o r d i l l e r a i s of considerable 
importance i n understanding the evolution of t h i s region. This model 
e s s e n t i a l l y proposes that the d i f f e r e n t b e l t s or t e r r a i n s of t h i s region 
were not derived i n s i t u , but were ra f t e d into t h e i r present p o s i t i o n by 
pla t e tectonics and eventually docked and fused together to form a part 
of the province. Thus a l l or part of the d i f f e r e n t b e l t s may have 
orig i n a t e d hundreds of kilometers away and brought very diverse geology 
and mineral deposits into contact with each other. 

The eastern marginal belt consists of a continuation of the westward 
thickening sedimentary wedge which underlies the great p l a i n s of western 
Canada but with increasingly greater amounts of shales to the west. 
Volcanic rocks are rare, the area i s strongly deformed but not meta­
morphosed. 

The Omineca belt i s composed of very strongly deformed and commonly 
highly metamorphosed volcanic and sedimentary rocks of Precambrian to 
early Mesozoic age. Granite instrusions are very common i n t h i s b e l t . 
Major regional u p l i f t and erosion a f f e c t e d t h i s t e r r a i n during the l a t e 
Mesozoic period. In the t e r t i a r y , continental sedimentation and v o l ­
canoes were widespread i n the western part of t h i s region. 

The Intermontane belt contains a serie s of lat e Paleozoic to mid-
Mesozoic marine volcanic and sedimentary rocks. Many geologists 
consider the sequence to be an ancient volcanic i s l a n d t e r r a i n which i s 
ove r l a i n by continental sedimentary and volcanic rocks of mid-Mesozoic 
to mid-Tertiary age. These l a t e r continental rocks were deposited i n 
what i s known as "successor basins". 
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The Coast C r y s t a l l i n e Belt i s an enormous batholi t h of g r a n i t i c rock of 
mid-Mesozoic to early t e r t i a r y age. Remnants of Mesozoic volcanic rocks 
have been found within t h i s b a t h o l i t h . 

The Insular Belt i s composed p r i n c i p a l l y of late Paleozoic to mid-
Mesozoic volcanic i s l a n d assemblages. Successor basins s t a r t e d to form 
i n the late cretaceous. In addition, early Paleozoic rocks and mid-
Paleozoic intrusions and metamorphic rocks are known. The main i n ­
tr u s i v e rocks of the region are much less widespread than i n the 
neighbouring coast c r y s t a l l i n e b e l t . A c i d i c and basic volcanic rocks 
are also present. 

MINE RECLAMATION 

P r i o r to 1960 most mines i n B r i t i s h Columbia were small underground 
operations creating very l i t t l e impact on the land. Following the 
development of large open p i t metal mining i n the early 1960's and open 
p i t coal mining i n 1968, the Government of B r i t i s h Columbia introduced 
mine reclamation l e g i s l a t i o n i n 1969. B r i t i s h Columbia was the f i r s t 
Province i n Canada to introduce mine reclamation l e g i s l a t i o n and i s the 
only Province where mine reclamation remains under the j u r i s d i c t i o n of 
the Ministry of Energy, Mines and Petroleum Resources. 

Because of the extreme v a r i a t i o n i n topography, climate and elevation, 
d e t a i l e d regulations or l e g i s l a t i o n have not been established i n B r i t i s h 
Columbia. We have mines i n l e v e l topography i n the i n t e r i o r plateau and 
on the steep slopes of the Rocky Mountains. Mining occurs i n the dry 
bel t of the Okanagan (30 cm of r a i n f a l l a year) and the r a i n forest of 
the coast (350 cm of r a i n f a l l a year). Mines operate from sea l e v e l up 
to elevations of 7,000 feet . For t h i s reason the Min i s t r y of Energy, 
Mines and Petroleum Resources has dealt with each minesite on a s i t e -
s p e c i f i c basis. Figure 4 out l i n e s the lo c a t i o n of the producing mines 
i n B r i t i s h Columbia. 

RECLAMATION LEGISLATION 

Section 10 of the Mining Regulation Act and Section 9 of the Coal Mine 
Regulation Act set out the requirements of l e g i s l a t i o n for reclamation 
i n B r i t i s h Columbia and are administered by the Ministry of Energy, 
Mines and Petroleum Resources, Inspection and Engineering D i v i s i o n , 
Reclamation Section. L e g i s l a t i o n covers mineral exploration, coal 
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exploration, placer mining, quarries, gravel p i t s , metal mines and coal 
mines. 

As a basic statement of p o l i c y , both Acts begin: 

" I t i s the duty of every owner, agent, or manager of a mine to 
i n s t i t u t e and carry out a programme for the protection and 
reclamation of the surface of the land and watercourses 
a f f e c t e d thereby, and, on the discontinuance or abandonment of 
a mine, to undertake and complete the programme to leave the 
land and watercourses i n a condition s a t i s f a c t o r y to the 
Minister..." 

B r i e f l y , both Acts provide for the following: 

1. A report to be submitted to the Minister of Energy, Mines and 
Petroleum Resources p r i o r to the commencement of operations 
containing: 

a. A map showing the l o c a t i o n and extent of the mine, and 
the location of lakes, streams and inhabited places i n 
the v i c i n i t y . 

b. P a r t i c u l a r s on the nature of the mining operation i n ­
cluding the a n t i c i p a t e d area to be occupied during the 
l i f e t i m e of the mine. 

c. P a r t i c u l a r s on the nature and present uses of the land to 
be used. 

d. A programme for land reclamation and conservation with 
p a r t i c u l a r reference to: 

i . the l o c a t i o n of the land. 

i i . the e f f e c t of the programme on l i v e s t o c k , w i l d ­
l i f e , watercourses, farms and inhabited places i n 
the v i c i n i t y of the mine, and the appearance of 
the mine s i t e . 
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i i i . the p o t e n t i a l use of the land, having regard to 
i t s best and f u l l e s t use, and i t s importance for 
e x i s t i n g and future timber, grazing, water, 
recreation, w i l d l i f e and mining. 

2. Review of the report by a standing committee composed of other 
resource agencies i n the case of producing mines and coal 
exploration, and a r e f e r r a l system to those agencies i n the 
case of mineral exploration. 

3. A bond not exceeding $2,500 per hectare of disturbance. 

4. Issuance of a surface work permit with such s p e c i a l terms and 
conditions as the Minister sees f i t to prescribe. 

5. Continual and progressive reclamation over the l i f e of the 
mine, and the annual submission of a report on the progress of 
reclamation research and operations. 

6. Closure of the mine and f o r f e i t u r e of the bond i n the case of 
non-compliance with any sections of the Act or permit. 

Table 1 and Table 2 ou t l i n e the process of the permit system. 

In essence, the approach taken i n formulating the l e g i s l a t i o n was to 
avoid s e t t i n g any f i r m regulations u n t i l i n v e s t i g a t i o n and research had 
been c a r r i e d out by each mining company to determine what could and must 
be done to adequately reclaim the disturbed land. In recognition of the 
varied geographic and environmental conditions that p r e v a i l across the 
province, the onus was placed on the industry to develop reclamation 
technology i n cooperation with the Ministry of Energy, Mines and 
Petroleum Resources. 

Closely associated with reclamation of disturbed lands i s the con­
s t r u c t i o n of t a i l i n g s impoundments and mine dumps, because i n the f i n a l 
stage of these structures, revegetation w i l l be necessary. In these 
pr o j e c t s , where t h e i r size can place them amongst some of the largest 
man-made structures, i t i s incumbent on the Inspection and Engineering 
Branch to ensure that these structures are being designed and con­
structed i n accordance with acceptable engineering p r a c t i c e s . An 
example i s the construction of the L - L s t a r t e r dams for Lornex Mining 
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TABLE 1 

PERMIT PROCESSING FOR COAL EXPLORATION, COAL AND METAL MINES 

APPLICATION FOR PERMIT SUBMITTED 

TO MINISTER OF ENERGY, MINES AND PETROLEUM RESOURCES 

REVIEW BY RECLAMATION SECTION 

REVIEW BY ADVISORY COMMITTEE 

ON RECLAMATION 

+ 

RECOMMENDATIONS ON APPLICATION SUBMITTED 

TO THE MINISTER FOR APPROVAL 

APPROVED APPLICATION RETURNED TO 

RECLAMATION SECTION FOR PROCESSING 

+ 

ORDER - IN - COUNCIL 

RECLAMATION SECTION ADVISES COMPANY 

OF APPROVAL AND REQUESTS REQUIRED BONDING 

+ 

PERMIT ISSUED ON RECEIPT OF BONDING 

ANNUAL REPORTS REQUIRED TO DETERMINE 

PROGRESS OF RECLAMATION. BONDING MAY 

BE INCREASED OR DECREASED. 



TABLE 2 

PERMIT PROCESSING FOR MINERAL EXPLORATION, QUARRIES, GRAVEL PITS, PLACER MINING 

APPLICATION FOR PERMIT SUBMITTED 

TO CHIEF INSPECTOR OF MINES 

REVIEWED BY RECLAMATION SECTION 

TERMS, CONDITIONS AND BONDING SET 

RECOMMENDATIONS TO THE CHIEF INSPECTOR 

FOR APPROVAL OF PERMIT 

RECLAMATION SECTION ADVISES COMPANY OF 

APPROVAL AND REQUESTS REQUIRED BONDING 

+ 

PERMIT ISSUED ON RECEIPT OF BONDING 

UNDER THE AUTHORITY OF THE CHIEF INSPECTOR 

Note: 

1. Permits are only requ i red when there Is more than minimal d i s turbances and 

mechanical equipment i s used, 

2. For large mining companies with a number of exp lo ra t i on p r o j e c t s a General 

Reclamation Exp lo ra t i on Permit i s issued cover ing a l l p r o j e c t s , A $5,000.00 bond Is 

r e q u i r e d . 
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Corporation Ltd., which when completed in the f i n a l mining phase, w i l l 
be 320 meters long, 160 meters high and w i l l impound 1.8 b i l l i o n tonnes 
of t a i l i n g s . 

GUIDELINES FOR COAL DEVELOPMENT 

Large-scale coal mine developments w i l l have considerable impact on the 
natural, s o c i a l , and economic conditions i n the region of development. 
In recognition of t h i s f a c t , a comprehensive set of guidelines has been 
prepared to a s s i s t coal companies i n the preparation of environmental 
impact assessments of th e i r proposed developments. 

I t should be noted from the outset that the guidelines for environmental 
impact studies are broad i n scope, covering the major economic, s o c i a l , 
and natural environmental implications of coal development. Coal 
developments should conform to the p r i n c i p l e s of integrated resource 
planning, p r i n c i p l e s which seek a balance between economic, s o c i a l , and 
environmental goals. Thus, net economic benefits of coal development 
must be c a r e f u l l y weighed against the environmental and s o c i a l costs 
before f i n a l decisions are made. 

It should also be noted that the guidelines cover a l l r e l a t e d components 
of the coal development program, not just the coal mine, waste dump 
areas, processing plants, etc., but also o f f - s i t e a c t i v i t i e s such as new 
transportation networks, shipping terminals, community development, 
power and power supply c o r r i d o r s , and any a n c i l l a r y i n d u s t r i a l a c t i v i t y 
generated i n the region as a r e s u l t of the coal development impetus. 

Thus, the environmental impact assessment should not be received as a 
set of narrowly based studies on the impacts of coal development on the 
natural environment, prepared la t e i n the engineering f e a s i b i l i t y study 
process. Rather, i t should be thought of as a planning t o o l that shapes 
the whole development program from i t s inception to be responsive to the 
economic, s o c i a l , and environmental goals of the region of development. 

The environmental guidelines for coal development are produced under the 
authority of the Environment and Land Use Committee, a Cabinet Committee 
of the Government of B r i t i s h Columbia. The Environment and Land Use 
Committee comprises seven ministers representing nine departments that 
are responsible for resource use and economic development, as well as 
matters dealing with major pu b l i c f a c i l i t i e s such as highways, s e t t l e -
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ment, and p u b l i c health services. Under the Environment and Land Use 
Act, the Committee i s responsible for integrated land and resource use 
planning i n the Province and ensuring that the environmental impacts of 
a l l major resource developments are f u l l y assessed. 

Although the Environment and Land Use Act supersedes a l l other Pro­
v i n c i a l l e g i s l a t i o n , various departments are responsible for Statutes 
r e l a t i n g to s p e c i f i c aspects of coal development. Coal companies are 
required to apply for permits and licences for both exploration (under 
the Coal Act) and for development and reclamation (under the Coal Mine 
Regulation A c t ) . 

PROCEDURES FOR OBTAINING APPROVAL OF METAL MINE DEVELOPMENT 

A guidelines procedure was i n s t i t u t e d by the Ministry of Energy, Mines 
and Petroleum Resources i n 1979 for proposed metal mine p r o j e c t s . The 
procedure c a l l s for a preliminary f e a s i b i l i t y (Stage I) and the f i n a l 
p roject design (Stage II) and i s s i m i l a r i n many respects to the Guide­
l i n e s for Coal Development. Because metal mining projects may vary 
widely i n t h e i r s i z e and i n the magnitude of environmental impact, the 
procedure was designed to be f l e x i b l e . Projects of low environmental 
and s o c i a l impact are able to by-pass the Stage II review and apply 
d i r e c t l y for permits. 

GUIDELINES FOR COAL AND MINERAL EXPLORATION 

In order to accommodate the requirements of other M i n i s t r i e s , and to 
provide general guidance to companies, procedures of administration and 
good pr a c t i c e were summarized i n a booklet e n t i t l e d , "Guidelines for 
Coal and Mineral Exploration." These guidelines w i l l be replaced by 
separate guidelines for coal exploration and for mineral exploration. 
These guidelines must be inte r p r e t e d i n the l i g h t of s i t e - s p e c i f i c 
conditions. In general they recommend that the following points must be 
considered i n the construction of roads, d r i l l s i t e s , a d i t s and 
trenches: 

Minimization of the extent of land disturbance through geo­
l o g i c a l mapping, pre-planning and engineering of layout, and 
close supervision of work. 
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U t i l i z a t i o n of the least d i s t u r b i n g means av a i l a b l e when 
working i n areas with s e n s i t i v e resource c o n f l i c t s , such as 
w i l d l i f e and f i s h e r i e s . 

Drainage control by provision of ditching, c u l v e r t s , and water 
bars where necessary. 

Minimization of disturbance i n alpine areas. 

The necessity f o r s i t e preparation p r i o r to seeding and 
f e r t i l i z i n g . 

New exploration techniques are now available for the minimization of 
land disturbance and i n the p r o v i s i o n of access i n t o remote areas. 
Helicopter supported d r i l l i n g costs i n c l u d i n g crew transportation vary 
from $50 to $100 per foot d r i l l e d and may go as high as $200 per foot 
d r i l l e d . This procedure eliminates the cost of road construction and 
the necessity for reclamation and protective measures. Helicopter 
supported d r i l l i n g i s not f e a s i b l e where concentrated d r i l l i n g i s 
required. 

The reclamation section encouraged and i n some cases requested hand 
trenching as opposed to trenching by mechanized means. Where mechanical 
trenching i s required, the use of a back-hoe i s required, as t h i s 
machine reduces the area disturbed, and i t can be more s e l e c t i v e i n the 
excavation and replacement of rock, overburden and top s o i l s . 

With respect to a d i t s i t e s , proposed locations were inspected and 
approved p r i o r to s t a r t of work. Directions were given for adequate 
disposal of rock s p o i l and oxidized coal waste. Adits on steep t e r r a i n 
sometimes require waste rock or coal to be hauled to f l a t t e r t e r r a i n for 
b u r i a l . 

D r i l l s i t e s have proved to be easier to reclaim than a d i t s i t e s . Except 
for the need to create a f l a t work space, they have not generated large 
amounts of disturbed earth. Only on steep slopes have problems been 
encountered. 

Reclamation inspection i s now more rigorous, r e s u l t i n g i n more stringent 
requirements than i n past years. Instructions are r o u t i n e l y given f o r 
s i t e preparation and methods for the revegetation on s e n s i t i v e areas, i n 
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p a r t i c u l a r , alpine regions. These i n s t r u c t i o n s have included resloping 
and recontouring of roads, trenches and adi t s i t e s . Companies are 
required to return t o p s o i l where poss i b l e , harrow and apply s i t e -
s p e c i f i c seed mixtures and f e r t i l i z e r s where necessary. 

RECLAMATION ACHIEVEMENT IN BRITISH COLUMBIA 

The Ministry of Energy, Mines and Petroleum Resources has di r e c t e d most 
of i t s a c t i v i t y toward enforcement of reclamation of coal mines. The 
many proposed coal projects have necessitated that a strong emphasis be 
placed on coal mine reclamation. 

There are many examples of excellent progress i n reclamation within the 
B r i t i s h Columbia mining industry. For the past four years a mine 
reclamation award and two to three c i t a t i o n s have been presented each 
year f or outstanding achievement. 
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RECLAMATION IN THE MOUNTAINS OF NORTHEASTERN NEW MEXICO 

ABSTRACT 

I n i t i a l reclamation e f f o r t s i n the mountainous area of northeastern New 
Mexico have proven successful at Kaiser Steel Corporation's York Canyon 
Coal Mines. The use of a l l native plant species f o r revegetation and a 
s p e c i a l mulching technique have minimized erosion problems. P a r t i a l 
highwall retention i s being used to blend mined areas into the rugged 
physiognomy of the surrounding country. In addition to the placement of 
rock highwall and outcrop, rock p i l e s have been located to create 
a d d i t i o n a l edge e f f e c t f o r the primary postmine land uses of w i l d l i f e 
h abitat and native rangeland f o r c a t t l e grazing. 

INTRODUCTION 

The York Canyon Surface and Underground Coal Mines, owned and operated 
by Kaiser Steel Corporation/ are located i n the Southern Rocky Mountains 
about 40 miles (64 km) west of Raton, New Mexico (Figure 1). The region 
i s generally rugged and mountainous, highly dissected by many 
ephemeral/intermittent streams and arroyos. Elevations of the mine 
permit area range from 7,300 feet (2224 m) i n the v a l l e y bottoms to 
8,600 fee t (2620 m) on the highest ridges. 

The mine permit areas are found within the ponderosa pine vegetation 
zone. This zone i s economically important because of i t s wide v a r i e t y 
of resources and uses. Concomitantly i t i s one of the most d i f f i c u l t 
zones to manage because of the numerous in t e r a c t i o n s among users and 
user e f f e c t s on the ecosystem as a whole. The h i s t o r i c a l l y important 
land uses of t h i s zone are native c a t t l e range and mining (Maker et a l 
1972). Other l o c a l and adjacent land uses encompass f o r e s t r y , water­
shed, recreation, and w i l d l i f e , i n c l u d i n g hunting and f i s h i n g (Wolfe 
1977). 

Kaiser Steel Corporation owns coal reserves on over 160,000 acres 
(64,800 ha) i n northeastern New Mexico. Thus, there i s the p o t e n t i a l 
f o r a number of ad d i t i o n a l underground mines as well as several more 
surface mines. With the enactment of recent l e g i s l a t i o n and bonding 
requirements, i t has become imperative that mining companies determine 
the best, economical method of e s t a b l i s h i n g a diverse, e f f e c t i v e vegeta­
t i v e cover capable of succession. 
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FIGURE 1 

THE YORK CANYON MINES ARE LOCATED IN THE RATON COAL FIELD 
ABOUT 40 MILES (64 KM) WEST OF RATON, NEW MEXICO 

P| - SUB-BITUMINOUS 
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Use of introduced plant v a r i e t i e s i n early reclamation e f f o r t s resulted 
i n marginal success prompting a change to the u t i l i z a t i o n of p r i m a r i l y 
native species for revegetation. I n i t i a l p o s i t i v e r e s u l t s have been 
obtained i n reclamation with an i n t e n s i f i c a t i o n of study, research, and 
planning. 

CLIMATE 

A cool, mountain climate predominates over the region. The average 
annual p r e c i p i t a t i o n at the York Canyon Mine, based on a 5 year record, 
i s 10.4 inches (26.4 cm). A study of monthly and seasonal p r e c i p i t a t i o n 
records i l l u s t r a t e s the primary season to be the summer months of June 
through August (Figure 2). P r e c i p i t a t i o n during t h i s season f a l l s 
p r i m a r i l y as high-intensity r a i n storms and comprises almost half of the 
average annual p r e c i p i t a t i o n . Only 2.4% of the p r e c i p i t a t i o n f a l l s as 
l i g h t snow i n winter. These dry snowfalls frequently sublimate. How­
ever, d r i f t s may remain a l l winter on north facing slopes and i n narrow 
v a l l e y s and canyons. The balance of the p r e c i p i t a t i o n comes as r a i n 
which i s nearly equally divided between the spring and f a l l seasons. 
Additional long term weather data i s currently unavailable from the York 
Canyon area, but a complete weather s t a t i o n was recently i n s t a l l e d at 
the mine s i t e . V a l i d i t y of i n t e r p o l a t i o n from the closest long term 
records from Raton, New Mexico, i s l i m i t e d because of the mountainous 
t e r r a i n and l o c a l i z e d weather patterns. 

Wind records for one year at York Canyon indicate the average wind speed 
ranges from 6 mph to 8 mph, with the stronger average winds occurring i n 
the spring and most of the gusty weather occurring i n the f a l l . 

The monthly average temperatures f o r 1980 are presented i n Figure 3. 
The average maximum i s 76.4°F (24.7°C) and the average minimum i s 12°F 
(-11.1°C). The days are generally warm during the growing season but 
are countered by cool evenings; for example, i n June 1980, the d a i l y 
minimum i s frequently less than half of the d a i l y maximum. Evapotrans-
p i r a t i o n of the region i s generally unknown. The Eagle Nest weather 
s t a t i o n 30 miles (48 km) to the southwest records 25 inches (63.5 cm) 
evaporation for the months of June, J u l y and August. 

GEOLOGY AND MINING 

The mineable coals of the Raton coal f i e l d are found i n the Upper 
Cretaceous Vermejo formation and i n the Raton formation. The coal i s a 
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FIGURE 2 

AVERAGE MONTHLY PRECIPITATION AT THE YORK CANYON MINES, 
BASED ON A FIVE YEAR PERIOD 
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FIGURE 3 

AVERAGE MONTHLY TEMPERATURE AT THE YORK CANYON MINES, NEW MEXICO, 
FROM A SINGLE YEAR'S DATA 
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high q u a l i t y , low s u l f u r , bituminous product. The primary stratum being 
mined at York Canyon i s the York Canyon seam which i s found i n the Raton 
formation of Late Cretaceous-Early Paleocene Age. I t i s located i n the 
coal bearing s t r a t a approximately 1,100 feet (335 m) s t r a t a g r a p h i c a l l y 
above the base of the Raton formation (Figure 4). The sediments exposed 
or found near the surface of the Raton Basin are shallow sea and con­
t i n e n t a l a l l u v i a l deposits of Late Cretaceous and T e r t i a r y Age. P i e r r e 
Shale forms the foundation of the p l a i n s east of the mines and i s 
exposed to the west of the mines. I t i s found beneath the T r i n i d a d 
Sandstone with which i t i s interbedded. T r i n i d a d Sandstone i s comprised 
of shallow water beach deposits of a Late Cretaceous Sea ( G i l l and 
Cobban 1969). 

Coal mining began i n York Canyon with the opening of the underground 
mine. About 800,000 tons (725,760 metric tons) of coal per year are 
produced by longwall and continuous miner. Coal from the underground 
mine i s washed and used for m e t a l l u r g i c a l purposes. Surface coal mining 
began i n 1972, with f u l l production not beginning u n t i l 1978. Approxi­
mately 700,000 tons (680,400 metric tons) of coal per year are crushed 
and used for steam co a l . The surface mine i s a combination dragline/ 
shovel/truck operation. Coal i s removed p r i m a r i l y with the use of 
loaders and trucks or an Easi-miner. 

GOVERNMENT REGULATIONS 

Since the adoption of the Surface Mining Control and Reclamation Act i n 
1977, the State of New Mexico has updated i t s State regulations to equal 
those of the federal government. This process has taken about three 
years. However, at the present time the federal regulations are being 
revised under the d i r e c t i o n of President Reagan and most state govern­
ments intend to follow s u i t . This process w i l l undoubtedly take several 
a d d i t i o n a l years, meanwhile creating uncertainty and complications f o r 
many mining companies. As some of the regulations p e r t a i n i n g to re­
clamation and revegetation are e c o l o g i c a l l y unsound, i t i s appropriate 
they are being rewritten. However, constant change i n regulation 
presents problems i n reclamation and permit planning, but that i s a 
t o p i c outside the realm of t h i s discussion. 

The general revegetation requirements for the State of New Mexico are as 
follows: 
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FIGURE 4 
GENERALIZED LITHOLOGICAL SECTION ON THE RATON COAL PROPERTY 
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70-111 Revegetation: General Requirements (B16.111 and 
B17.111) 

a. Each person who conducts surface coal mining operations 
s h a l l e s t a b l i s h on a l l af f e c t e d land a diverse, ef­
f e c t i v e , and permanent vegetative cover of the same 
aspection native to the area of disturbed land or species 
that supports the approved postmining land use. For 
areas designated as prime farmland, the requirements of 
Part 24 s h a l l apply. 

b. A l l revegetation s h a l l be i n compliance with the plans 
submitted under Sections 9-18 and 9-23, as approved by 
the Director i n the permit and c a r r i e d out i n a manner 
that encourages a prompt vegetative cover and recovery of 
pro d u c t i v i t y l e v e l s compatible with the approved post-
mining land use. 

1. A l l disturbed land, except water areas and surface 
areas of roads that are approved as part of the 
postmining land use, s h a l l be seeded or planted to 
achieve a permanent vegetative cover of the same 
aspection native to the area of disturbed land. 

2. The vegetative cover s h a l l be capable of s t a b i l i z i n g 
the s o i l surface from erosion. 

3. Vegetative cover s h a l l be considered of the same 
aspection when i t consists of a mixture of species 
of equal or superior u t i l i t y for the approved post-
mining land use, when compared with the u t i l i t y of 
na t u r a l l y occurring vegetation during each season of 
the year. 

4. I f both the premining and postmining land uses are 
crop land, the reclaimed land s h a l l have the 
c a p a b i l i t y of meeting or exceeding the premining 
crop production. 

RECLAMATION AND REVEGETATION PLANNING 

The major problems and challenges Kaiser Steel Corporation has en­
countered i n reclaiming mountainous t e r r a i n i n the Southwest are: a 
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complex postmine land use; steep slopes; t h i n , rocky, discontinuous 
t o p s o i l ; low annual p r e c i p i t a t i o n ; high i n t e n s i t y r a i n f a l l ; uncertainty 
of a v a i l a b l e i r r i g a t i o n water; lack of .published studies concerning 
plant succession (Wagner et a l 1978); and the natural ecosystems i n 
northeastern New Mexico. Kaiser Steel Corporation i s attempting to 
eliminate these problems through planning, study of baseline data, 
monitoring of the environment, implementation of new reclamation tech­
niques, record maintenance, and research. 

There are four general phases of reclamation planning and management 
(Murdock 1980): 

1. designation of postmine land use goals 
2. baseline data accumulation 
3. reclamation/revegetation 
4. postmine management 

POSTMINE LAND USE 

One of the f i r s t decisions to be determined i s that of a goal f or post-
mine land use. In many instances t h i s goal w i l l determine how and what 
type of baseline data i s c o l l e c t e d . Land use i s also of primary im­
portance i n determining the d i r e c t i o n of reclamation and revegetation 
planning. 

The proposed postmine land uses of the mines at York Canyon are f i s h and 
w i l d l i f e habitat and native rangeland as defined by the New Mexico State 
Surface Mining Regulations.* These uses constitute the h i s t o r i c a l and 
current land uses as well as being the primary land uses of the sur­
rounding properties owned by Santa Fe Mining, Inc., Vermejo Park 
Corporation, and Kaiser Steel Corporation. Vermejo Park Corporation 
conducts hunting, f i s h i n g , and recreation on a commercial basis on over 
479,000 acres (201,285 ha) surrounding the York Canyon Mines (Wolfe 
1977). 

* F i s h and W i l d l i f e Habitat: Means land dedicated wholly or p a r t i a l l y to 
the production, protection or management of species of f i s h or w i l d ­
l i f e . 
Rangeland: Means land on which the natural p o t e n t i a l (climax) plant 
cover i s p r i n c i p a l l y native grasses, forbs and shrubs valuable for 
forage. Except for brush c o n t r o l , management i s p r i m a r i l y achieved by 
regulating the i n t e n s i t y of grazing and season of use. 
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As the York Canyon Mines are a comparatively small property within the 
Vermejo Park Ranch and elk have large home ranges, the ranch w i l d l i f e 
management practices a f f e c t the b i g game animals which range throughout 
the mine properties (Jansen 1980). 

P r a c t i c a l i t y and u t i l i t y l i m i t the p o s s i b i l i t y of a l t e r n a t i v e postmine 
land uses. Physiographically the reclaimed land would not be suited as 
crop or pastureland. The area i s not accessible to f l o o d i r r i g a t i o n and 
the general s c a r c i t y of water l i m i t s both the po t e n t i a l of a developed 
water resource and a r e s i d e n t i a l development which i s not compatible 
with surrounding land uses. Non-consumptive recreation i s a possible 
a l t e r n a t i v e land use. 

An analysis of postmine land use a l t e r n a t i v e s indicates that w i l d l i f e 
habitat and native rangeland are the most appropriate postmine land 
uses. But i n terms of reclamation, land use should be even more 
c r i t i c a l l y evaluated. For example, as i t i s impractical and d i f f i c u l t 
to address a l l types of w i l d l i f e habitat i n reclamation and revegeta­
t i o n , s p e c i f i c w i l d l i f e use should be postulated. Therefore, because of 
t h e i r economic importance (Wolfe 1980) elk and deer have been selected 
as the game species for which reclamation e f f o r t s are directed. The 
area i s used by w i l d l i f e year-round and also serves as winter c a t t l e 
range. This use pattern increases the necessity of revegetating with 
plants which can supply protein during the winter. 

M u l t i p l e uses complicate planning. It must be r e a l i z e d that although 
c a t t l e (Stoddart et a l 1975) and elk (Murie 1951) are p r i m a r i l y grazers, 
they also consume many forbs and shrubs. For elk, however, forbs are 
only important i n the summer. Gates (1967) reported a year-round diet 
fo r elk was comprised of 85% grass. Deer are p r i m a r i l y browzers (Taylor 
1956), although they use grasses frequently i n the spring and summer. 
Recent studies have found high q u a l i t y summer range important f or deer 
(Urness et a l 1975). Protein and d i g e s t i b l e energy are important for 
c a t t l e (Cook et a l 1977) as well as for deer and elk (Welch and Andrus 
1977; Wallmo et a l 1977). Others (Lay 1969, Zeedyk 1969) imply forage 
d i v e r s i t y to be the key to habitat q u a l i t y while Clary and Larson (1971) 
found deer use patterns i n the ponderosa pine habitat type to be 
random. Clary and Larson (1971) also found elk showed preference f o r 
areas with low timber basal area and high herbage y i e l d s . But use 
cannot be defined only i n terms of forage. Habitat value i s al s o 
important and i s a function of food, cover, water, land form, and i n t e r -
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spersion (WELAT 1978). I t i s apparent, then, that designing a plan to 
f u l f i l l postmine land uses becomes very complex. 

BASELINE DATA ACCUMULATION 

After a postmining land use has been chosen, baseline studies should be 
addressed. The following discussion pertains only to studies pertinent 
to reclamation and revegetation planning. Reclamation requires s i t e -
s p e c i f i c knowledge of the structure and function of the surrounding 
ecosystems (Wali 1980). Baseline information i s necessary for planning 
revegetation, p r e d i c t i n g p o t e n t i a l reclamation success, and monitoring 
plant and animal succession. Baseline data i n some format i s also used 
for comparison to reclaimed s i t e s or to set up a system for the deter­
mination of reclamation success. 

The vegetation survey, normally one of the f i r s t studies to be i n ­
stigated, was conducted at York Canyon during 1980. Each community was 
mapped; then s t a t i s t i c a l l y v a l i d intensive sampling was completed. 
Slope and aspect were measured and each sampling s i t e was correlated 
with s o i l s . The plant cover i n each community was measured. Density of 
trees and shrubs was determined as well as height, age and diameter of 
timber species. This information was used to determine timber volumes. 
A l l plant species were i d e n t i f i e d to characterize each community and to 
assure the presence or absence of any rare or endangered species. The 
vegetation data was analyzed to study the structure and development of 
each community. Community structure aids i n the determination and 
mapping of habitat types. A habitat type (Daubenmire 1968) represents 
a l l the land areas which support, or are capable of supporting the same 
vegetation or plant association. This concept proves extremely useful 
i n reclamation planning. 

About 19 d i f f e r e n t plant communities have been delineated at the York 
Canyon Mines (Table 1). No doubt some represent se r a i communities. The 
species components and successional status become very important when 
considering what to include i n the revegetation seed mixes. 

The s o i l s were also mapped and studied i n conjunction with vegetation. 
The s o i l s at York Canyon were formed from interbedded shales and sand­
stones as described by Pillmore (1976). As a r e s u l t , the s o i l s r e f l e c t 
very complex development (Sellnow 1979). Most of the mapping units of 
the f i r s t order survey consist of s o i l complexes. The s o i l series units 
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TABLE 1 

VEGETATION TYPES AT THE YORK CANYON MINES, NEW MEXICO 

Grassy bottoms, main v a l l e y 

Grassy bottoms, s ide v a l l e y 

Grassy top 

G r a s s / w l n t e r f a t 

R ipa r i an sedge meadow 

R ipa r i an cottonwood grove 

R ipa r i an wi l low patch 

PInyon/junI per 

PInyon-junI per/grass 

P Inyon-j unI per/oak 

Ponderosa pine 

Ponderosa pine/oak 

Ponderosa pine/Douglas f i r 

MI xed con I f er 

Ponderosa pIne/pInyon-junI per /grass 

Ponderosa pIne/pInyon-junI per/oak 

Agropyron sm i th ! I /A t r i p lex canescens 

Agropyron smith I l /Bouteloua g r a c i l i s 

Bouteloua g rac l11s /Fes tuca a r l z o n i c a 

Bouteloua g r ac l 11 s /Eu ro t l a lanata 

Carex spp. 

Populus a n g u s t i f o l i a 

Sal ix spp. 

PInus edu l I s / Jun iperus scopulorum, Jun iperus 

monosperma 

Pinus edul I s /JunIperus scopulorum, Bouteloua 

g rac l11s 

PInus edul I s /Jun Iperus scopulorum/Quercus 

undulata 

PInus ponderosa 

PInus ponderosa/Quercus undulata 

PInus ponderosa/Pseudostuga menz les l l 

PInus ponderosa/Pseudostuga m e n z l e s l l / P l n u s 

edul Is 

PInus ponderosa/P. e d u l I s / J • scopulorum/ 

Bouteloua g r a c i l i s 

PInus ponderosa/P. e d u l I s / J . scopulorum/Quercus 

undulata 

60 



are so i n t r i c a t e l y mixed or small i n area that they cannot p r a c t i c a l l y 
be shown separately on a map. The s o i l s t y p i c a l l y contain numerous 
incl u s i o n s and rock outcrops (Table 2) which increase the d i f f i c u l t y of 
planning. A d d i t i o n a l l y , these i n t r i c a t e and rocky s o i l s often occur on 
steep slopes, which makes complete removal d i f f i c u l t and unsafe. 

A l l s o i l s to be disturbed were sampled and chemically analyzed (Appendix 
1) and no t o x i c i t i e s were found to occur. The s o i l s generally tend 
toward textures of sandy clay or sandy clay loams with medium perme­
a b i l i t i e s . Similar analyses have been completed on overburden cores. 
No t o x i c i t i e s of heavy metals were noted, but some shales showed high 
SAR values. However, d i l u t i o n of the overburden i s expected to e l i m i ­
nate any s a l t problem. 

Weather records are being developed and studied. Because of the 
v a r i a b i l i t y i n l o c a l and regional weather patterns, several remote 
p r e c i p i t a t i o n gauges were also located within the permit area to deter­
mine the range of v a r i a b i l i t y i n the p r e c i p i t a t i o n . 

Surface water and ground water systems are also studied. Numerous 
monitoring wells or piezometers have been i n s t a l l e d as well as crest 
stage gauges and surface water q u a l i t y sample locations have been 
established above and below the mine s i t e s on the major drainages. 
Study of the groundwater has f a i l e d to i d e n t i f y any groundwater aquifers 
as defined by the Surface Coal Mining Regulations; however, a l l u v i a l 
aquifers are present. Water monitoring i s to continue throughout the 
l i f e of the mine, to assure mining does not deteriorate water q u a l i t y 
and to show reclamation maintains sediment from reclaimed s i t e s i n 
quan t i t i e s s i m i l a r to those from unmined areas. 

A f t e r consultation with the New Mexico State Game and F i s h Department 
w i l d l i f e studies were i n s t i g a t e d . In 1979, a study of the movements of 
deer and elk i n r e l a t i o n to mining a c t i v i t y was begun i n cooperation 
with the research established at the Vermejo Park Ranch (Wolfe 1980). 
Kaiser Steel Corporation personnel have placed a number of cl o t h 
i d e n t i f i c a t i o n c o l l a r s and radio transmitting c o l l a r s on both deer and 
elk and trace t h e i r movements with the use of radio telemetry. Pre­
liminary data ind i c a t e that elk have such large home ranges that t h e i r 
movements are unaffected by the present mining operation; however, other 
types of impact may occur. Deer have also apparently acclimatized to 
the disturbance. C o l l a r e d animals of both sexes spend t h e i r l i f e year-
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TABLE 2 

CHARACTERISTICS OF SOILS OVER THE COAL SEAM AT THE YORK CANYON SURFACE MINE 

SOIL MAPPING UNIT 

TOTAL 

ACRES/ 

SOILS 

UNIT 

INCLUDED 

SOILS KNOWN ROCK OUTCROP 

SCATTERED 

ROCK 

OUTCROP 

PRESENT SYMBOL NAME 

TOTAL 

ACRES/ 

SOILS 

UNIT $ ACRES $ *CRES 

SCATTERED 

ROCK 

OUTCROP 

PRESENT 

7 Bryean loam 5.96 20 1.19 

8 Brycan loam 27.12 20 5.42 

9 Brycan loam 50.55 25 12.64 

18 Fuera complex 62.84 20 12.56 50$ of Inc lus ions 6.28 

27 Midn ight -Stout 45.13 25 11.28 YES 

28 Midn ight -Pon i l 38.09 25 9.52 YES 

30 Pon11 comp1 ex 16.55 15 2.48 YES 

31 Pon11-Rombo comp1 ex 18.95 20 3.79 50% of Inc lus ions 1.89 

32 Pon11 -Rombo comp1 ex 46.75 20 9.35 50% of Inc lus ions 4.67 

33 Pon i l complex 26.97 20 5.39 YES 

35 Rombo complex 7.65 15 1.14 YES 

37 Rombo-Pon11 comp1 ex 69.51 20 13.90 50% of Inc lus ions 6.95 

38 Rombo-Rock outcrop 245.13 20 49.026 35% of U n i t 85.79 

39 Rombo-Rock outcrop 24.57 20 4.9 40$ of U n i t 9.82 

40 Stout-Rock outcrop 2.03 15 0.3 30$ of U n i t 0.61 

41 Stout-Rock outcrop 38.59 15 5.78 30$ of U n i t 11.57 

42 Stout-Rock outcrop 34.72 15 5.2 40$ of U n i t 13.88 

43 Stout-Rock outcrop 52.16 20 10.43 40$ of U n i t 20.86 

48 Vamei—Stout complex 36.17 20 7.23 YES 

50 Sandstone-Rock complex 1.16 10 0.11 90$ of Un i t 1.05 Sandstone-Rock complex 

171.63 163.37 

The acreages shown are as planimetered and are be l ieved accurate to+_ 5$. 

62 



round within the permit areas (Jansen 1981). C o l l a r e d does have been 
producing healthy twin fawns which indicates they are not under a 
n u t r i t i o n a l (Robinette 1956) or reproductive s t r e s s . A d d i t i o n a l l y , 
seasonal b i r d surveys are conducted and d a i l y w i l d l i f e c h e c k l i s t s are 
maintained of a l l w i l d l i f e observations. 

RECLAMATION/REVEGETATION 

Our methods and knowledge of reclamation and revegetation are curr e n t l y 
i n the evolutionary process. Information gleaned from baseline studies 
of the adjacent ecosystems and research i s integrated i n the formulation 
of the reclamation plan. Study of these ecosystems can be the key to 
successful reclamation. 

Reclamation should be considered as an i n t e g r a l part of the mining 
operation, both i n planning and during production, but t h i s i s not 
always an easy s i t u a t i o n to e s t a b l i s h . In attempts to f i n d answers to 
reclamation problems many researchers and b i o l o g i s t s have f a i l e d to 
develop solutions p r a c t i c a b l e to the everyday mining s i t u a t i o n . This 
f a i l u r e has created skepticism concerning some reclamation methods among 
many engineers and mine managements. 

Reclamation must work within the framework of the mine plan. The com­
bination shovel/truck/dragline operation at York Canyon dictates a 
delayed revegetation procedure as shovel/truck overburden i s placed upon 
graded dragline s p o i l s . I n i t i a l l y , the land i s cleared and t o p s o i l 
which has been removed after c l e a r i n g must be stockpiled. Nevertheless, 
reclamation i s contemporaneous to t h i s p a r t i c u l a r method of mining. 

The f i r s t major step i n reclamation a f t e r overburden placement i s back­
f i l l i n g and grading. Because of the rugged mountainous nature of the 
landscape at York Canyon, grading recreated some steep slopes. Study of 
the natural physiognomy was used as a guideline for slope reconstruction 
and problem solving. 

Of the 20 s o i l types o v e r l y i n g the coal outcrop at the York Canyon 
Surface Mine, s i x contain scattered rock outcrop, four contain 10% rock 
outcrop, two contain 30% rock outcrop, three contain 40% rock outcrop, 
and one contains 90% rock outcrop (Sellnow 1979). Topographic v a r i a t i o n 
can be a p o s i t i v e by-product of surface mining i n that s p e c i f i c habitat 
types can be recreated. 
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Reconnaissance surveys of premined areas indicate that the following 
plant communities are c h a r a c t e r i s t i c of rocky habitats: oak, mixed 
shrub, pinyon-juniper, pinyon-juniper/oak, pinyon-juniper/grass. In 
f a c t , many of the species found within these communities grow exclusive­
l y i n rock outcrop areas or on t h i n rocky s o i l s at York Canyon. These 
plants are apparently unable to compete i n deep s o i l e d areas (Wolfe et 
a l 1980) (Table 3). 

Outcrops and escarpments created by leaving sections of highwall i n t a c t 
are often the only areas where some raptors can nest and rear young 
without frequent harassment (Klimstra et a l 1979). Such raptors endemic 
to the York Canyon Mine area include the p r a i r i e f a l c o n (Falco 
mexicanus), American K e s t r e l (Falco sparverius), pigeon hawk (Falco 
columbarius), and the great horned owl (Bubo virginianus)• The red-
t a i l e d hawk (Buteo jamaicensis), and the marsh hawk (Circus cyaneus) 
u t i l i z e outcrops around the mine s i t e as hunting perches (Wolfe 1978 
personal observation). Rocky areas also provide nest and cover s i t e s 
f o r the following avian species common to the area: c l i f f swallow 
(Petrochelidon pyrrhonota), violet-green swallow (Tachycineta 

thalassina), common raven (Corvus corax), pinyon jay (Gymnorhinus 
cyanocephala), rock wren (Calpinctes obsoletus), canyon wren (Catherpes 
mexicanus), common bushtit (Psaltriparus minimus), and Townsend's 
s o l i t a i r e (Myadestes townsendi) (Peterson 1961). 

The shrub species most important to b i g game f o r browse and cover are 
among those plants t y p i c a l of rocky areas. I t i s of concern that with­
out s u f f i c i e n t shrubs f o r cover and browse, the postmine land w i l l be 
unable to continue support of present mule deer (Odocoileus hemionus) 
and elk (Cervus elaphus nelsoni) populations. 

Other w i l d l i f e species endemic to the mine s i t e which u t i l i z e habitat 
types found e x c l u s i v e l y i n rocky areas include: gray fox (Urocyon 
cineroargenteus), bobcat (Lynx rufus), coyote (Canis latrans), weasel 
(Mustela erminea, M. frenata), skunks (Mephitis mephitis, Conepatus 
leuconotus), badger (Taxidea taxus), rock s q u i r r e l (Citellus v a r i e -
gatus), Mexican woodrat (Neotoma mexicana), deer mouse (Peromyscus 
maniculatus), rock mouse (Peromyscus d i f f i c i l i s ) , Colorado chipmunk 
(Eutamias quadrivittatus), mountain l i o n (Felis concolor), black bear 
(Ursus americanus), (Patton, 1978), and Merriam's turkey (Meleagris 
gallopavo). Frischtenecht (1975) summarized l i t e r a t u r e i n d i c a t i n g the 
use of rock areas by numerous insectivorus and c a n n i b a l i s t i c l i z a r d s , 
horned l i z a r d s , and snakes, i n c l u d i n g the p r a i r i e r a t t l e r (Crotalus 
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TABLE 3 

PLANT SPECIES CHARACTERISTIC OF ROCKY AREAS 

Common Name 

B ig bluestem 

L i t t l e bluestem 

Fourwlng sa l tbush 

S ldeoats grama 

Mountain mahogany 

Hedgehog cactus 

Erlogonom 

C l i f f jamesla 

One-seeded j un ipe r 

Rocky Mountain j un ipe r 

Colorado f o u r - o - c l o c k 

Penstemon 

PInyon 

Gambel oak 

Wavey leaf oak 

Skunkbush sumac 

S c r i b n e r ' s needlegrass 

Yucca 

S c i e n t i f i c Name 

Andropogon gerard l 

A. scopar lus 

A t r i p lex canescens 

Bouteloua curtependula 

Cercocarpus montanus 

Echlnocereus spp. 

Erlogonum spp. 

JamesIa americana 

Juniperus monosperma 

Jun iperus scopulorum 

M i r a b l l i s m u l t i f l o r a 

Penstemon barbatus t o r r e y i 

P inus e d u l i s 

Quercus gambelII 

Quercus undulata 

Rhus t r i l o b a t a 

S t ipa s c r i b n e r i 

Yucca glauca/Yucca baccata 

3 
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viridis viridis) and western diamondback (Crotalus atrox), a l l common 
at the mine s i t e . 

Leaving rock outcrops within portions of the highwall and at other 
locations i s not only e s s e n t i a l for the re-establishment of the many 
plant communities which occur n a t u r a l l y on the mine s i t e as well as for 
the w i l d l i f e which depend on them, but also reduces reclamation cost 
through a reduction of regrading requirements. 

To these ends a highwall plan was considered e c o l o g i c a l l y appropriate 
and economically f e a s i b l e . Figure 5 i l l u s t r a t e s a previously e x i s t i n g 
portion of the highwall. A plan was designed to simulate pre-mine land­
scape and habitat types by allowing portions of the upper parts of the 
highwall comprised of horizontal sandstone bedding to remain as rock 
outcrops and t a l u s areas. The highwall retention plan was i n s t i g a t e d 
where i t appeared appropriate. 

Figure 6 shows a diagrammatic sketch of the f i n a l configuration of a 
portion of the s i t e . The v e r t i c a l bedrock blends well with the rocky 
t e r r a i n of the h i l l s i d e . Bedrock i s exposed i n numerous areas above the 
highwall and the rock outcrop blends i n t o the bedrock i n two l o c a t i o n s . 
The approximate height of the outcrop varies from 2 feet to 23 f e e t . 
The outcrop i s almost continuous and i s approximately 220 feet long. I t 
has a v e r t i c a l face, but the rock surfaces tend to be rounded, although 
there are also a few angular surfaces. 

The ground surface at the base of the outcrop i s rocky. This increases 
i n f i l t r a t i o n , lessens raindrop impact and slows the v e l o c i t y of runoff. 
Talus was used to blend the highwall with the surrounding landscape. 

The outcrops are not expected to become unstable outside of a long term 
geological sense. When the geologic structure consists of horizontal 
bedding with v e r t i c a l to s u b v e r t i c a l j o i n t i n g , the p o s s i b i l i t y of a 
f a i l u r e i s e s s e n t i a l l y eliminated, therefore the s t a t i c safety factor 
would be far greater than 1.5 (Dames and Moore 1978). The bedrock out­
crop, therefore, would be very stable. 

Those areas which are l e f t as talus slopes or simulated rock outcrops 
also r e f l e c t a s t a t i c safety factor much greater than 1.5. In f a c t , an 
analysis of a t y p i c a l s i t u a t i o n p r e d i c t s that the rocks would have a 
s t a t i c safety factor of 8 (see c a l c u l a t i o n s i n Appendix 2). This number 

66 



FIGURE 5 
PART OF THE CENTRAL AREA HIGHWALL AFTER MINING AND PRIOR TO RECLAMATION 

Drawn: KJK 11/6/80 SRPA-18 



FIGURE 6 
SKETCH OF THE COMPLETED RECLAMATION OF THE CENTRAL AREA HIGHWALL 

Highwall Retention Plan 

Drawn: KJK 11/6/80 SRP A-18 



i n d i c a t e s that the talus i s extremely stable. Therefore, these rocky 
slopes do not represent any greater p o t e n t i a l danger to humans or w i l d ­
l i f e than do natural outcrop areas. 

Rock p i l e s have also been s e l e c t i v e l y placed on portions of the re­
claimed s i t e for habitat d i v e r s i t y and w i l d l i f e cover, as i t would take 
trees years to provide s i m i l a r h i d i ng areas. These rock p i l e s also act 
as windbreaks and ameliorate the immediate environment i n terms of 
temperature and moisture (Harju 1980). The rock p i l e s are large i n size 
because elk and deer require cover capable of blocking 90% of the 
animals from human view at a distance equal to or less than 200 feet 
(61 m) (Thomas et a l 1979). 

Reclamation plans also include placement of f a l l e n logs on reclaimed 
s i t e s . Pinyon jays prefer to stash seeds next to rocks and f a l l e n logs 
(Ligon 1978). Downed logs are excellent hiding cover for smaller forms 
of w i l d l i f e . Again they may act as snow harvesting devices and further 
ameliorate the immediate environment. After the second year of es­
tablishment i t i s also planned to i n s t a l l posts as perches for birds 
which hunt rodents. 

A c e r t a i n amount of landscaping i s necessary to design steep slopes to 
blend with the surrounding undisturbed area. A d d i t i o n a l l y , except for 
s p e c i a l l y designed drainages, the h i l l s i d e s should be sloped such that 
water w i l l not accumulate at any one point. Thus, natural water 
spreading i s created, b e n e f i t t i n g vegetation establishment and minimiz­
ing erosion. 

Rough bed channels s i m i l a r to those invented by Lorenz (Schiechtl 1980) 
are planned for drainages. These drainages c l o s e l y simulate those I 
have observed i n the forested slopes of the mine permit area. In these 
channels water flows over large sandstone rocks wedged t i g h t l y against 
each other, which minimizes s o i l erosion. 

A f t e r grading, stockpiled t o p s o i l i s r e d i s t r i b u t e d on the slopes. At 
York Canyon, the s o i l s removed p r i o r to mining usually represented the A 
and B horizons. The rocky character of the t o p s o i l (Table 2) proved to 
be serendipitous, helping to minimize a number of reclamation problems. 
A one inch (2.5 cm) layer of rock can act as a mulch and i s an excellent 
method of erosion control (Kay 1978). The baseline vegetation data a l s o 
in d i c a t e d ground covers of rock on undisturbed s i t e s ranged from 5% to 
30% (Wolfe et a l 1980). 
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I n t u i t i v e l y , the rock present i n the s o i l also acts as a water harvest­
ing mechanism. Evans and Young (1972) found conditions i n s o i l de­
pressions more conducive to seed germination. Thus, by r e d i s t r i b u t i n g 
rocky t o p s o i l on steep slopes, erosion can be minimized and germination 
enhanced when p r e c i p i t a t i o n i s low and i r r i g a t i o n water a v a i l a b i l i t y 
uncertain ( H a r t h i l l and McKell 1979). This procedure appears to be 
successful at York Canyon. 

Because the t o p s o i l i s t h i n , d i s c i n g p r i o r to seeding i s used to improve 
i n f i l t r a t i o n and plant growth. Ripping would gouge large boulders of 
overburden to the surface. 

The goal of the revegetation plan i s to plant once and s u c c e s s f u l l y 
e s t a b l i s h a s e r a i plant community capable of s e l f - r e p l i c a t i o n , succes­
sion and able to support the postmine land uses. 

U n t i l an i r r i g a t i o n regime for plant establishment can be developed, 
major plantings are done i n May and June, p r i o r to the months of major 
p r e c i p i t a t i o n . The general schedule for revegetation i s shown i n Table 
4. June i s a r e l a t i v e l y dry month which could k i l l young seedlings 
planted i n A p r i l or May. The l a s t f r o s t can also occur during these 
months, as l a t e as the f i r s t week i n June. 

Experimentation with f a l l seeding has f a i l e d . Less than 3% of the 
annual p r e c i p i t a t i o n comes i n winter and there i s l i t t l e , i f any, 
pr o t e c t i v e snow cover. Apparently, seed predation and seed m o r t a l i t y 
are too high for s u f f i c i e n t germination to produce an e f f e c t i v e vegeta­
t i o n cover capable of erosion c o n t r o l . 

P r i o r to planting, and a f t e r s o i l analyses, the postmine contours are 
mapped according to p o t e n t i a l habitat type. This f a c i l i t a t e s s e l e c t i o n 
of seed mixes to be planted for a s p e c i f i c area and the l o c a t i o n of 
future tree and shrub plantings. 

I t i s v i r t u a l l y impossible to replace a l l plant species because of lack 
of seed a v a i l a b i l i t y , economics, p r a c t i c a l i t y , and e f f i c i e n c y . Seed 
mixtures used have been designed to include large proportions of some 
species, p r i m a r i l y grasses which are r e l a t i v e l y economical and capable 
of providing quick, e f f e c t i v e vegetative cover to control erosion and 
provide a base for i n i t i a t i n g succession. Small amounts of forb and 
shrub seeds have been added to the mixtures to provide a d d i t i o n a l 
d i v e r s i t y . 
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TABLE 4 

GENERAL REVEGETATION SCHEDULE 

Weeks In Month* 

Procedure 

T ransp l an t 

Replace 

Topsol I 

D i sc 

F e r t l l I z e 

Seed 

Mulch 

Tack 

I r r Igate 

F e r t i I I z e 

March Apr!I Mas June Ju ly August Sept. Oc t . 

3,4 1,2,3,4 1,2 

1,2,3,4 1,2,3,4 1,2,3,4 1,2 

2,3,4 1,2,3,4 1,2,3,4 

3,4 1,2 

4 1,2,3,4 1,2,3,4 1,2 

1,2,3,4 1,2,3,4 1,2 

1,2,3,4 1,2,3,4 1,2 

2,3,4,4 1,2,3,4 1,2,3,4 

1,2,3,4 1,2 

*1 des ignates f i r s t week of the month; 

2 des ignates second week of the month, e t c . 
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A l l seed species selected for revegetation presently occur at the mine 
s i t e and most are found to be valuable for supporting the postmine land 
use of native rangeland for deer, elk, and c a t t l e . They have been 
derived from e x i s t i n g plant communities and various l i t e r a t u r e sources. 
Commercial sources have been obtained from the Cross Reference Nursery 
Index of Native Plant Species (Wolfe 1979). They consist of both warm 
and cool season perennials. 

Presently the seed mixtures contain only two "introduced" species, 
Kentucky bluegrass (Poa pratensis) and redtop (Agrostis alba). These 
species are widely naturalized i n the United States (USFS 1937) and are 
components of the present vegetation i n York Canyon. They are good 
forage for horses, c a t t l e , sheep, and elk. Kentucky bluegrass i s one of 
the better forages for deer (USFS 1937), as i t withstands heavy grazing 
pressure well and i s valuable as a s o i l s t a b i l i z e r (Gay and Dywer 
1970). Although A, alba i s probably an introduced species (Hitchcock et 
a l 1969), Boivin and Love (in Hitchcock 1969) contend P. pratensis i s 
native to the United States. 

Undisturbed vegetation at high elevations s i m i l a r to the mine s i t e 
normally contain very few annuals. The majority of annuals that are 
present i n the pre-mine vegetation are weedy increaser species. These 
w i l l not be seeded, since they are amply self-perpetuating. Further­
more, most of these native annuals are commercially unavailable. 

Choosing forage species compatible for b i g game use may be of greater 
importance than formerly thought. Although mining regulations stress 
importance of creating high p r o d u c t i v i t y , Devlin and George (1979) found 
elk forage u t i l i z a t i o n was not constantly proportional to plant pro­
d u c t i v i t y , but was r e l a t e d to p h y s i o l o g i c a l need and succulence of the 
vegetation. Nearly every species of tree, shrub, grass, or forb 
provides some type of nesting, escape, cover, or food value to wild­
l i f e . Known forage values of major revegetation species used are 
presented i n Appendix 3 (Gay and Dywer 1970, Kufeld et a l 1973, and USDA 
1937). 

Three d i f f e r e n t seed mixtures have been developed to e s t a b l i s h a 
diverse, e f f e c t i v e cover of vegetation (Tables 5 and 6). These seed 
mixtures form the basis for seeding several d i f f e r e n t habitat types. 
The bottomland mix was designed for a l l mesic v a l l e y f l o o r s . The slopes 
mix was selected for a l l h i l l s i d e s , regardless of aspect, and the f l a t s 
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TABLE 5 

SEED MIXTURES - GRASSES 

P l a n t Spec ies 

A g r o s t l s a lba 

Andropogon gerardl 

Andropogon scopar ius 

Agropyron smith11 

Agropyron trachycaulum 

Bouteloua cur t lpendu la 

BouteIoua g r a c I l l s 

Bouteloua h l r su t a 

Bromus marglnatus 

Festuca a r l z o n l c a 

H i l a r i a jamesiI 

K o e l e r i a c r i s t a t a 

Muhlenberg!a w r i g h t i ! 

Pan!cum obtusum 

Poa p ra tens i s 

Sporobolus a t r o i d e s 

Sporobolus cryptandrus 

S t ipa comata 

Percent in 

Bottoms Mix 

T 

T 

T 

25 

5 

10 

40 

T* 

T 

T 

5 

T 

T 

15 

Percent in 

S lopes Mix 

4 

25 

5 

1 

24 

30 

1 

2 

T 

1 

T 

2 

2 

Percent 

F l a t s Ml 

5 

20 

5 

4/24 

1 

5 

25/5 

10 

*T = Trace Amount 
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TABLE 6 

SEED MIXTURES - FORBS AND SHRUBS 

P l a n t Spec ies 

A c h i l l e a lanulosa 

Ar temis i a f r l g l d a 

A r temi s i a ludov lc iana 

A t r l p l e x canescens 

Chrysothamnus nauseosus 

C lemat i s h i r s u t l s s l m a 

Euro t l a lanata 

L l a t r l s punctata 

Llmon l e w i s i l 

M l raba l I s m u l t l f l o r a 

Penstemon barbatus 

Penstemon s t r i c t u s 

Penstemon whippleanus 

Petalostemon purpureum 

Ra t ib lda column I fera 

Rhus tr11obata 

Sphaeralcea cocc inea 

Yucca baccata 

Percent In 

Bottoms Mix 

Percent In 

S lopes Mix 

T* 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

Percent in 

F l a t s Mix 

T 

T 

T 

*T = Trace Amount 
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mix was developed for f l a t to gently r o l l i n g areas on h i l l t o p s and 
mesas. The percent of Arizona fescue (F. arizonica) and blue grama 
(B. gracilis) was appropriately a l t e r e d to make one dominant, depending 
on the elevation and whether the habitat type to be planted was as­
sociated with ponderosa pine or pinyon/juniper. Experience i n recent 
revegetation at York Canyon has indicated employment of three d i f f e r e n t 
mixtures to be successful. Species i n the mixes best sui t e d to the 
various microenvironments within each s i t e are those which i n i t i a l l y 
dominate the habitat type. 

The seed mixtures w i l l vary from year to year depending upon seed a v a i l ­
a b i l i t y and the development of new species. Research concerning the 
a d a p t a b i l i t y of native species i s currently ongoing at the mine s i t e i n 
cooperation with the U.S. S o i l Conservation Service Plant Material 
Center i n Los Lunas, New Mexico (Oaks 1980) and the U.S. Forest Service 
Rocky Mountain Forest and Range Experiment Station i n Albuquerque, New 
Mexico (Aldon et a l 1979). Kaiser Steel Corporation has also begun i t s 
own work i n the c o l l e c t i n g and development of seed sources for w o l f t a i l 
(Lycurus phleoides), mountain muhly (Muhlenbergia montana), and white 
p r a i r i e clover (Petalostemon candidum) and i n p l a n t i n g trees and shrubs. 

S i t e - s p e c i f i c s o i l t e s t s i n d i c a t e small amounts of phosphorous need to 
be added to a l l areas at York Canyon p r i o r to planting. Phosphorous i s 
frequently important for germination and establishment (Berg 1978). 
This nutrient i s spread during s i t e preparation and i s disced into the 
s o i l when possible. Heretofore, phosphorous has been applied at a rate 
of 30 lbs./acre P 2Os (34 kg/ha). 

Any nitrogen f e r t i l i z a t i o n i s delayed u n t i l the beginning of the second 
growing season following seeding. This minimizes the establishment of 
annual weeds. Between 80 to 100 lbs./acre of NH4NO3 (90 to 112 kg/ha) 
i s applied according to recommendations in d i c a t e d by s o i l t e s t s . 
Nitrogen maintenance w i l l be applied only for establishment and a p p l i c a ­
t i o n amounts w i l l be kept to a minimum whenever possible as Sindelar 
(1980) has found nitrogen reduces species v a r i e t y . Considering the 
current controversy concerning f e r t i l i z i n g , study concerning the use of 
f e r t i l i z e r s i s planned. Studies have shown f e r t i l i z i n g of native range 
to increase p r o d u c t i v i t y (Dwyer and Schickendanz 1971). Abbott (1981) 
has found phosphorous and nitrogen improved germination of native 
species on t a i l i n g s i n southern Colorado. 
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The following three methods are used i n revegetation: d r i l l i n g , broad­
casting, and transplanting. When d r i l l i n g , two times the normal rate i s 
used. Three times the normal rate i s used when broadcasting. These 
rates are based upon those recommended for c r i t i c a l areas (Merkle and 
Herbel 1973, EPA 1975). I t i s best to d r i l l seed because of the proven 
higher rate of success i n southwestern climates (Vallentine 1977, Merkle 
and Herbel 1973), even though r e s u l t s are often considered less 
a e s t h e t i c . Interseeding l i g h t l y with the hydroseeder can improve that 
aspect. A Truax Native Seed D r i l l i s used for seeding f l a t areas and 
gentle slopes. This d r i l l i s e s p e c i a l l y designed for p l a n t i n g native 
species. For that purpose i t has two d i f f e r e n t sized seed boxes with 
a g i t a t o r s . A hydroseeder i s used on slopes too small or too steep f o r 
the d r i l l . The seed i s dispensed only with water as ground contact i s 
e s s e n t i a l for establishment i n a r i d regions. 

Establishment of trees and shrubs from seed takes many years i n the a r i d 
southwest. Transplanting tree and shrub seedlings as well as larger 
trees provides a more immediate seed source to the area ( F r i z z e l l et 
a l 1980). Transplanting also hastens succession by ameliorating the 
l o c a l environment and draws birds and animals to the s i t e , thus aug­
menting seed d i s p e r s a l . 

Transplanting may either be of containerized nursery stock or clumps of 
native materials acquired on s i t e by front end loaders or other means. 
Transplanting has proven d i f f i c u l t at York Canyon. Transplanting i s 
normally completed during the early spring or l a t e f a l l when trees and 
shrubs are dormant. Because of the long dry period a f t e r f a l l p l a n t i n g 
i n t h i s area, spring p l a n t i n g has shown the highest s u r v i v a l rates. 

To date, best success has been obtained by transplanting native stock 
with a front end loader. Experimentation with p l a n t i n g tree seedlings 
i n the summer and using a drip i r r i g a t i o n system i s c u r r e n t l y being 
conducted under the d i r e c t i o n of Dr. James Fischer of New Mexico State 
U n i v e r s i t y . In 1980, Kaiser Steel Corporation i n i t i a t e d f i e l d t r i a l s 
t e s t i n g i r r i g a t i o n and a b i g game repellent on transplanted tree and 
shrub seedlings, but evaluation i s not complete. I n i t i a l observations 
i n d i c a t e success with conifers to be poor. Additional research on t h i s 
subject i s planned for the immediate future. 
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As w i l d l i f e i s also a land use of t h i s native range, placement and 
int e r s p e r s i o n of various lifeforms must also be considered. Deer 
apparently have four preferred habitat types at York Canyon: pinyon-
juniper, ponderosa pine, ponderosa pine/pinyon-juniper, and pinyon-
juniper/oak. These communities a l l represent s t r u c t u r a l complexities, 
created by layers of forbs, grasses, shrubs, and trees (Jansen 1981). 
I t i s best to plant trees and shrubs i n such a manner as to create a 
good edge e f f e c t by p l a c i n g groups with i r r e g u l a r boundaries (Thomas et 
a l 1979). 

A l l seeded areas were mulched to reduce erosion, increase germination, 
improve ground moisture and reduce surface s o i l temperatures. The 
primary method used was an a p p l i c a t i o n of native hay, normally applied 
with a blower at the rate of about two tons/acre (4.8 metric tons/ha). 
The hay was either crimped or sprayed with wood f i b e r and Terra Tac I I * 
or both. Terra Tac II i s a semi-refined seaweed extract. The rates 
used are those recommended by Terra Tac: a s l u r r y of 2,500 gallons of 
water, three cases of Terra Tac and 9 bales of wood f i b e r f or three 
acres. For slopes greater than 3:1 the mixture can be increased. 

Terra Tac was found by Kay (1968) to be one of the best t a c k i f i e r s on 
straw when compared to 11 other treatments and i t also increased seed 
germination. Wood f i b e r or straw alone has not been s u f f i c i e n t at York 
Canyon to both enhance germination and control erosion. Studies at the 
mine s i t e by the U.S. Forest Service indicated a l l methods of seeding 
were enhanced when a straw mulch was used (Aldon et a l 1979). Furrows 
were also tested on slopes. Although seed establishment along furrows 
was improved compared to a control s i t e (Aldon et a l 1979), the furrows 
have caused serious erosion problems. Intense summer rains f i l l the 
furrows, causing them to burst, creating g u l l i e s . Rodent burrows also 
may cause the banks to f a i l . Furrowing also created contamination of 
the t o p s o i l with overburden. 

In the spring of 1981, an area mulched with two tons hay per acre was 
compared to one rec e i v i n g a complete treatment of two tons hay, wood 

•Registered Trademark of Grass Growers, 424 Cottage Place, P l a i n f i e l d , 
N.J. 07060. 
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f i b e r , and Terra Tac I I . The areas were both characterized by southeast 
f a c i n g slopes and gentle sloping ridgetops. The s i t e s were judged to be 
p o t e n t i a l pinyon-juniper/oak habitat types which have an average herba­
ceous ground cover of about 12%. The complete mulch treatment estab­
l i s h e d a 10 times greater vegetation cover, had 800% l e s s bare ground 
and 2.6 times greater l i t t e r cover. Rock cover was s i m i l a r i n both 
cases (Table 7). 

The hay/wood/fiber Terra Tac I I mulch has proven capable of eliminating 
r i l l and g u l l y formation on slopes up to 37% and e s t a b l i s h i n g an i n i t i a l 
vegetation cover without i r r i g a t i o n . Although r e l a t i v e l y expensive, the 
intensive treatment enhanced vegetation growth and ultimately r e s u l t e d 
i n cost savings from reduction i n erosion re p a i r . 

Observations over two years of s i t e s planted with the techniques de­
s c r i b e d herein indicate the methods to be successful. Cover of three 
s i t e s planted i n 1979 were randomly sampled by b e l t transects i n the 
f a l l of 1980. Of the grasses seeded (Table 5), a l l the major species 
were established. Two seeded forbs were also established as well as 
fourwing saltbush. S u r p r i s i n g l y 22 other forbs and a half-shrub were 
also established. Of these, 25% were perennials. The many annuals were 
p r i m a r i l y native pioneer species, although Kochia scoparia was abund­
ant. In terms of species number, species d i v e r s i t y r i v a l e d that of most 
adjacent unmined habitat types. Species d i v e r s i t y of areas seeded with 
native plants was twice that of areas formerly seeded with introduced 
species. Ground cover s u f f i c i e n t to prevent the formation of r i l l s and 
g u l l i e s was also established (Table 8) and was greater than that found 
i n unmined pinyon-juniper/oak habitat types. 

Conclusive evidence concerning the success of reclamation methods must 
be developed from long term data. However, preliminary conclusions 
drawn from observations over two years ind i c a t e these reclamation 
methods to be successful at York Canyon. 

The need for applied research i s apparent. Problems s t i l l e x i s t i n the 
establishment of trees and shrubs. Reclamation techniques f o r vegeta­
t i o n establishment on the coal refuse and t a i l i n g s from the underground 
mine preparation plant need to be developed. I r r i g a t i o n f o r plan t 
establishment should also be tested as i t could become necessary to 
i r r i g a t e should p r e c i p i t a t i o n f a l l below the annual average. 
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TABLE 7 

COMPARISON OF MULCH TREATMENTS 

1. HAY ONLY II. HAY WITH TERRA TAC AND WOOD FIBER 

22$ Slope F l a t Average 22$ S lope F l a t Average 

Vegetat ive Cover .72 .33 .5 

Rock 4.4 2.9 3.63 

Bare Ground 66.1 62.3 64.2 

L i t t e r 28.7 34.6 31.66 

Vegetat ive Cover 4.15 5.8 4.98 

Rock 3.7 .55 2.10 

Bare Ground 8.18 7.15 7.7 

L i t t e r 83.87 84.2 8.40 

TABLE 8 

INITIAL GROUNDWATER OF THREE RECLAIMED SITES 

79-1 79-2 79-3 

Bare Ground 5.8 6.0 15.5 

Rock 2.0 3.25 3.0 

L i t t e r 69.7 69.3 52.5 

Vegeta t i ve Cover 22.6 21.4 29.9 
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I 

POSTMINE MANAGEMENT 

A record i s maintained of each s i t e which i s planted. This record 
delineates the seed mix used, date seeded, planting methods, f e r t i l i z e r 
used, r e s u l t s of s o i l analyses etc. and any other treatment a s i t e has 
received. I f a f a i l u r e occurs, an analysis of the record may reveal 
p o t e n t i a l reasons, and adjustments to future reclamation plans can be 
designed. 

At t h i s point neither small mammals nor weeds have developed into a 
management problem. Rabbit and other rodent signs on the reclaimed 
s i t e s are recorded. Personal observation has also shown these areas are 
frequented and hunted by such predators as the coyote, red t a i l e d hawks, 
marsh hawks, and the American K e s t r e l . 

No live s t o c k grazing w i l l be allowed on the reclaimed s i t e s u n t i l bond 
release, unless i t i s used experimentally at a l a t e r date. There i s 
some evidence that the Savory short duration grazing method enhances 
plant succession (Allen Savory, personal communication). A method such 
as t h i s may prove useful for future reclamation management. 

P e l l e t transects have been i n s t a l l e d on the reclaimed areas to monitor 
seasonal trends of deer and elk use. P e l l e t group counting i s the 
process of estimating by f e c a l p e l l e t group counts and the actual or 
r e l a t i v e numbers of b i g game animals or t h e i r number of days use i n a 
given area. Although various d i f f i c u l t i e s are involved with p e l l e t 
group counts, t h i s method has the d i s t i n c t advantage of having an i n e r t 
kind of evidence which can be subjected to f i e l d p l o t sampling and 
s t a t i s t i c a l analysis (Neff 1968). 

Big game movement studies are ongoing during the mining operation and 
data review i s on a bie n n i a l basis. Monitoring i s necessary to deter­
mine i f deer and elk e s t a b l i s h use patterns on the reclaimed s i t e s to be 
expected of areas i n a s i m i l a r state of succession. Some small mammal 
trapping i s planned to trace succession and development of species 
d i v e r s i t y . Population trends w i l l be monitored to avoid detrimental 
impact on the reclaimed areas. 

Annual vegetation sampling i s conducted on each reclaimed s i t e . Compre­
hensive species l i s t s are accumulated i n addition to ground cover data. 
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Permanent photo points have been set up around the mine s i t e . S o i l 
samples are also taken on each s i t e to document successive changes i n 
the chemical constituents. 

A f t e r reclamation e f f o r t s have been suc c e s s f u l l y completed and bond i s 
released, i t w i l l be up to the i n d i v i d u a l land owners to implement and 
maintain good management pra c t i c e s on the reclaimed lands. 

CONCLUSION 

I n i t i a l reclamation e f f o r t s by Kaiser Steel Corporation i n the mountains 
of northeastern New Mexico have been successful. Achieving reclamation 
goals for the postmine land uses of w i l d l i f e habitat and c a t t l e grazing 
on native rangeland i s a complex and challenging process. Study of 
surrounding ecosystems and t h e i r components can provide clues for 
so l v i n g many reclamation problems and can a i d i n creating a landscape 
better suited for the postmining land uses, such as the use of p a r t i a l 
highwalls, t a l u s , rock p i l e s and b i r d perches. 

U t i l i z a t i o n of rocky s o i l on steep slopes and a high p r o f i l e mulch used 
with t a c k i f i e r s can prevent erosion and enhance germination of native 
species under an average p r e c i p i t a t i o n regime of 10 inches (26.4 cm). 
Continued analyses of adjacent ecosystems, w i l d l i f e monitoring, and 
ca r e f u l record of succession on reclaimed s i t e s are being used to 
evaluate and improve reclamation technology i n the mountains of the 
southwest. 
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APPENDIX 1 
CHEMICAL CHARACTERISTICS OF PRE-MINE SOILS 

ppn ppn ppn ppn ppn ppn ppn ppn ppn ppn ppn ppn ppn ppn 
Soil Depth " pH ec OH N P K Zn Pa Line Hn Cu SAD Se JLa HO Cd Pb Ni Cr Texturea 

Brycan loan 

Brycan loan 

Brycan loan 

Brycan loan 

Ponil-rombo 

Pont1-rombo 

Ponil-rombo 

Ponil-rombo 

Brycan loan 

Brycan loan 

Stout-rock 
outcrop 

Hanzano loan 

Hanzano loan 

Rombo-rock 
outcrop 

Rombo-rock 
outcrop 

Hldnlght-atout 

Stout-rock 
outcrop 

Stout-rock 
outcrop 

Rombo complex 

Rombo complex 

Vainer-stout 

Vamer-atout 

Rombo-rock 
outcrop 

Rombo-rock 
outcrop 

Hanzano loan 

Hanzano loam 

Hanzano loam 

Hanzano loam 

Dargol-Tamer 

Dargol-vaner 

Ponil complex 

Ponil complex 

Ponil complex 

Ponil complex 

Rombo-ponil 
complex 

Ronbo-ponil 
complex 

Puera complex 

Fuera complex 

Midnight ponil 

0-4 

4-66 

0-4 

4-60 

0-10 

10-40 

0-10 

10-40 

0-4 

4-60 

0-4 

0-18 

18-40 

0-3 

3-23 

0-4 

0-4 

0-3 

0-3 

3-23 

0-3 

3-14 

0-3 

0-18 

18-40 

0-18 

18-40 

0-4 

4-26 

0-10 

10-40 

0-10 

10-40 

0-3 

0-12 

12-51 

0-4 

7.5 .6 3.0 

7.5 .9 3.3 

6.3 .4 4.6 

6.8 .3 3.0 

6.0 .3 5.0 

7.6 .9 1.4 

7.5 .6 2.0 

7.5 .5 2.8 

7.1 .6 4.5 

7.4 .S 2.6 

7.3 .3 2.0 

7.0 .6 6.3 

7.9 2.7 2.3 

7.3 .4 3.0 

7.5 .4 1.7 

6.8 .3 3.0 

6.2 .2 3.6 

6.7 .4 3.0 

6.5 .6 3.2 

7.5 .5 1.7 

7.4 .4 2.8 

7.1 .4 4.6 

6.5 .4 4.8 

3-23 6.7 .4 2.8 

6.8 .4 4.3 

7.7 .7 4.6 

6.8 .4 3.2 

7.6 .5 3.5 

6.8 .3 4.5 

7.2 .5 2.5 

6.3 .4 5.0 

6.7 .5 1.7 

6.5 .3 4.1 

7.0 .4 5.8 

7.1 .4 4.6 

3-23 7.7 .5 2.2 

6.4 .5 5.9 

6.2 .3 3.1 

7.4 .5 3.6 

1 322 

1 181 

2 302 

1 198 

2 219 

1 134 

1 142 

1 167 

1 430 

1 131 

94 

581 

282 

188 

204 

162 

234 

157 

231 

156 

431 

627 

246 

262 

170 

179 

178 

328 

210 

275 

185 

370 

22S 

165 

2 166 

.66 8.7 

1.19 9.8 

2.09 23.5 

.65 13.0 

2.66 39.5 

.15 13.1 

.45 8.0 

.36 10.9 

1.74 14.4 

.37 9.7 

.41 23.9 

2.29 17.7 

1.1 11.5 

1.81 1.78 

2.97 2.62 

2.37 1.47 

2.15 1.35 

3.55 1.21 

4.77 1.43 

1.54 1.95 

4.47 2.22 

3.98 1.87 

3.57 1.59 

1.43 .66 

3.39 2.41 

3.06 2.83 

1.4 14.9 LO 5.17 1.66 

121 .26 14.8 LO 1.98 1.35 

1.78 20.7 

2.41 33 

183 1.04 10 

1.34 11.9 

.77 12.9 

.93 11.0 

.94 8.1 

3.38 21.5 

.66 14 LO 

3.48 28.9 LO 

1.48 13.1 LO 

1.38 18 LO 

.72 10 LO 

1.31 19.3 LO 

.73 17.3 LO 

3.86 39.5 LO 

.69 17.8 LO 

2.35 18.5 LO 

1.67 12.8 LO 

1.98 13.5 LO 

LO 7.34 1.14 

LO 5.92 2.19 

LO 4.19 2.49 

LO 1.43 1.72 

LO 5.79 3.23 

LO 3. 58 1.96 

LO 1.85 2.29 

LO 9.99 1.58 

LO 3.21 2.19 

LO 4.01 1.6 

LO 4.21 2.19 1 

LO 2.97 1.63 

LO 3.60 1.96 

LO 5.98 1.7 

LO 7.38 2.31 

LO 3.03 1.92 

LO 2.82 2.19 

LO 8.39 2.16 

LO 2.71 2.35 

6.18 2.4 

153 1.5 14.3 LO 1.4S 4.25 

2.8 39.9 

1.15 34 

6.66 2.61 

3.05 1.98 

1.55 23.3 LO 7.22 1.44 

7 .45 3.1 L3 L2 

7 .32 3.4 L3 L2 

4 .23 3.1 L3 L2 

7 .24 3.3 L3 L2 

4 .25 3.6 L3 L2 

8 .22 3.4 L3 L2 

5 .24 3.2 L3 L2 

.24 4.1 L3 L2 

.26 3.9 L3 L2 

.20 4.5 L3 L2 

.24 3.6 L3 L2 

.22 3.4 L3 L2 

.24 3.4 L3 1.2 

38 15 

35 16 

29 13 

28 14 

26 12 

34 14 

39 15 

39 16 

30 15 

30 12 

.18 5.4 L3 L2 42 18 

30 Sandy clay 

35 Loam 

24 Sandy loam 

28 Sandy loan 

21 Sandy loam 

27 Sandy clay 

33 Sandy clay 

31 Clay loan 

31 Sandy clay 

32 Clay loan 

32 Sandy loan 

34 Loan 

27 Sandy loan 

34 Sandy clay 

.22 3.7 L3 L2 23 13 32 Sandy clay 

.23 4.0 L3 L2 

.23 3.6 L3 L2 

23 13 

27 13 

23 Sandy loan 

23 Sandy loan 

.21 3.6 L3 L2 37 12 26 Sandy clay 

4.3 

3.9 

3.7 

3.3 

3.7 

L3 L2 

L3 L2 

L3 L2 

L3 L2 

32 16 

46 23 

35 18 

33 18 

L3 L2 33 16 

30 Sandy clay 

43 Sandy loan 

36 Sandy clay 

44 Clay 

29 Sandy loan 

.18 3.4 L3 L2 36 21 40 Sandy clay 

3.4 

3. 1 

3.3 

3.5 

3.7 

3.8 

3.9 

3.3 

4.4 

4.5 

6.3 

L3 L2 

L3 L2 

L3 L2 

L3 L2 

L3 L2 

L3 L2 

L3 L2 

L3 L2 

L3 L2 

L3 L2 

24 17 

25 20 

32 16 

27 19 

24 20 

32 22 

26 17 

26 23 

30 19 

37 22 

L3 L2 30 19 

28 Sandy loan 

34 Loan 

30 Sandy clay loan 

31 Sandy clay loan 

34 Sandy clay loan 

44 Sandy clay loan 

29 Sandy loan 

41 Sandy clay loan 

32 Sandy loan 

41 Sandy clay loan 

35 Sandy clay loan 

.10 4.2 L3 L2 38 17 43 Sandy clay loam 

4.3 L3 L2 

3.6 L3 L2 

3.0 L3 L2 

28 17 

28 15 

34 Sandy loan 

29 Sandy clay loan 

40 Sandy loan 
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APPENDIX 2 
DETERMINATION OF STABILITY OF TALUS ON THE HIGHWALL 

Assume: W = 110 l b / f t 3 , p = 35° for sandstone t a l u s . 

Take the geometry as sketched below. Determine the factor of safety f o r 
the t a l u s overlying the highwall top. The talus bed i s approximately 
800 f t . long x 50 f t . wide. It tapers from 15 f t . deep at the top of 
the talus to 0 f t . at the highwall c r e s t . 

The basal area of the talus p i l e i s 50 x 300 = 15,000 f t 2 . The normal 
stress on t h i s base plane i s : 

6 = W cos Y /A = 12,375,000 l b . cos 5 V 1 5 , 0 0 0 f t 2 = 821.86 l b / f t 2 

The shear across t h i s plane i s : 

x = W s i n ¥ /A = 12,375,000 l b . s i n /15,000 f t 2 = 71.90 l b / f t 2 

L i m i t i n g equilibrium i s defined by: 

W s i n y /A = W cos ¥ /A (tan ji) 

F = 821.86 l b / f t 2
 ( t a n 35..) 

71.90 l b / f t 2 

F = 8.0 - r e f l e c t i n g the behaviour of the talus p i l e as a mass 
moving across the highwall top. That i s , the tal u s p i l e 
i s extremely stable. 

Sandstone Talus (Surface at 30°) 

W = 1/2 WHL = 1/2 
(SO'-IS'-SOO*) 

W = 112 500 f t 3 at 
110 l b / f t 3 

W = 12 375,000 l b s . 

So that: 

F (Factor of Safety) = W cos ¥ tan 0 
W s i n 
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APPENDIX 2 (Continued) 

As a check on the above, we know (Smith, Elements of S o i l Mechanics f o r  
C i v i l and Mining Engineers, Gordon and Breach 1969) f o r Granular 
Material i n the Geometry described that the Material (Talus) i t s e l f w i l l 
behave according to: 

F = tan 0 
tan 9 

Where 8 i s the angle at which the talus surface reposes. 

Thus: F = tan 35°/tan 30° 
F = 1 .21 

This r e f l e c t s the behaviour of i n d i v i d u a l talus p a r t i c l e s . That i s , 
slope r a v e l l i n g may occur but the tal u s p i l e i s s t i l l shown to be 
stable. 

With a less conservative f r i c t i o n angle (greater than 35°), the safety 
factor would increase accordingly. 
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APPENDIX 3 

KNOWN FORAGE VALUE OF MAJOR SPECIES USED FOR REVEGETATION 

P l a n t Spec ies Animal Spec ies 

T rees 

Juniperus spp* E lk 

Mule Deer 

PInus e d u l i s Mule Deer 

B i rd s 

Deer and E lk 

PInus ponderosa Turkey 

E lk 

Pseudostuga menzles i l E lk 

Populus a n g u s t i f o l l a Mule Deer 

Shrubs 

A t r i p lex canescens L i ves tock 

Mule Deer 

Cercocarpus montanus Mule Deer 

Pinyon Mouse 

LIvestock 

Value t o W i l d l i f e and L i ve s tock 

4$ of summer d i e t , 4$ of winter 

d i e t , 8$ of spr ing d i e t 

19$ t o 38$ of summer d i e t 

Can be an Important winter food 

source 

Important food and cover for 

pinyon j a y . A l so important for 

songbirds and turkey 

Browsed some; used for cover 

P re fe r red roos t ing cover . A l s o 

Important fo r many songbirds and 

s q u i r r e l s 

Cover 

Up t o 34$ of winter d i e t and 

cover fo r deer and e l k 

L i s t ed as a food Item 

One of the most p re fe r red shrubs 

Browsed moderately during the 

summer 

26$ of the summer d i e t , 5$ t o 

45$ of faII d i e t , 6$ t o 16$ of 

winter d i e t , 10$ of spr ing d i e t 

Important food source 

Good to very good browse; w i t h ­

stands graz ing wel l 
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APPENDIX 3 (Continued) 

P l a n t Spec ies  

Shrubs (Continued) 

Chrysothamnus nauseosus 

E r o t l a lanata 

Quercus spp. 

Rhus t r I lobata 

Yucca spp. 

Grasses 

Agropyron smith 11 

Animal Species 

L ives tock 

Wh i te -Ta i l ed Jackrabb l t 

E lk 

Mule Deer 

Songbirds 

LIvestock 

Turkey 

Mule Deer 

E l k 

Sma I I MammaIs 

C a t t l e 

Mule Deer 

Sma11 Mamma Is 

Mute Deer 

L i ve s tock 

E lk 

L i ve s tock 

Value to W i l d l i f e and L i ve s tock 

Flowers and new growth pa l a t ab le 

Important food source 

A food source 

An Important food source 

Used some 

Valuable winter forage. H igh ly 

pa la tab le and n u t r i t i o u s . High 

In crude prote in 

P r i n c i p a l winter food source 

12$ t o 27$ summer d i e t , 24$ of 

f a l l d i e t , 27$ of spr ing d i e t 

4$ of yea r l y d i e t 

Acorns provide an Important food 

source 

Browse oak leaves to a l im i ted 

extent 

15$ of summer d i e t . Browsed 

moderately throughout the year 

Young shoots h igh ly p re fe r red 

20$ of winter d i e t , 7$ of sp r ing 

d i e t 

Succulent f lowers h igh ly p a l a t ­

a b l e . E s p e c i a l l y important 

during drought 

Up to 34$ of summer dTet , 1$ t o 

67$ of f a l l d i e t , 27$ of winter 

d i e t 

P a l a t a b l e ; produces moderately 

targe amounts of forage and 

cures wet I 59 



APPENDIX 3 (Continued) 

P l an t Spec ies  

Grasses (Continued) 

A. trachycaulum 

Andropogon gerard l 

Bouteloua cur t tpendula 

Bouteloua grac l I Is 

Bromus marglnatus 

H I l a r l a jameslI 

Festuca a r l z o n l c a 

Muhlenberg la rI chardson Is 

Pan I cum obtusum 

Poa p ra tens i s 

90 

Animal Spec ies 

LIvestock 

L i ves tock 

Turkey 

L ives tock 

Kangaroo Rat 

Northern Grasshopper Mouse 

L i ve s tock , Mule Deer, E lk 

Northern Grasshopper Mouse, 

P l a i n s Pocket Gopher, 

O r d ' s Kangaroo Rat 

L i ves tock 

L i ves tock 

L ives tock and W i l d l i f e 

L i ves tock 

L ives tock 

Turkey 

Songbirds 

Muskrat 

L i ves tock and W i l d l i f e 

Chipmunk, Pocket Gopher 

and Mule Deer 

Value to W i l d l i f e and L i ves tock 

One of the most p a l a t a b l e 

wheatgrasses. Re l i shed by a l l 

11vestock 

Highly pa l a tab le during the 

spr ing and summer 

Eat seeds 

Pa l a t ab l e and p roduc t i ve . High 

value year round 

Important food source 

Important food source 

Highly p a l a t a b l e . Cures w e l l . 

May maintain 50% of n u t r i t i v e 

value while dormant 

Important food source 

Re l i shed by a l l c l a s s e s 

Moderately good food value fo r 

c a t t l e 

P a l a t a b l e ; Important because of 

abundance 

P a l a t a b l e 

F a i r to good forage for a I I 

11vestock 

Important food source 

Seeds important fo r many spec ies 

Important food source 

Extremely pa l a t ab le for a l l 

l i v e s t o c k . E s p e c i a l l y Important 

t o seed eat ing b i rd s 

Important food source 



APPENDIX 3 (Continued) 

P l an t Spec ies  

Grasses (Continued) 

SI tan Ion h y s t r l x 

Sporobolus cryptandrus 

StI pa comata 

Forbs 

AchlI lea lanulosa 

A r temi s i a f r l g l d a 

Penstemon s t r I c t u s 

Animal Spec ies 

LIvestock 

L ives tock and W l l d l I f e 

Turkey 

J unco 

L ives tock 

LIvestock 

L Ivestock 

Mule Deer 

Mule Deer 

Pinyon Mouse 

Northern Pocket Gopher 

Value t o W i l d l i f e and L i ve s tock 

Moderate p a l a t a b l l l t y for c a t t l e 

Pa l a tab le to c a t t l e , cures well 

A food source 

Important food source 

Highly pa la tab le before seed 

product ion 

Grazed moderately 

F a i r to good forage, e s p e c i a l l y 

f a l l through spr ing 

18$ of winter d i e t , 9$ of spr ing 

d i e t 

26$ to 38$ of winter d i e t 

Important food source 

Important food source 

9 1 



LITERATURE CITED 

Abbott, John P. 1981. Revegetation of three disturbed s i t e s i n 
Colorado. Unpublished Masters t h e s i s . Colorado State U n i v e r s i t y . 
Fort C o l l i n s , Colorado. 

Aldon, E a r l F., David G. Scho l l and Charles P. Pase. 1979. E s t a b l i s h ­
ing cool-season grasses on coal mine s p o i l i n northeastern New 
Mexico. To be published i n Reclamation Review. 

Berg, W.A. 1978. Limitations i n use of s o i l tests on d r a s t i c a l l y d i s ­
turbed lands. In: Reclamation of d r a s t i c a l l y disturbed lands. 
Eds: Schaller, Frank W. and Paul Sutton. ASA. CSSA. SSSA. 
Madison, Wisconsin. 

Clary, William P. and Frederic R. Larson. 1971. Elk and deer use are 
r e l a t e d to food sources i n Arizona Ponderosa Pine. USDA Forest 
Service Research Note RM-202. Rocky Mountain Forest and Range 
Experiment Station. Fort C o l l i n s , Colorado. 

Cook, C. Wayne, R. Dennis C h i l d and Harry Larson. 1977. D i g e s t i b l e 
protein i n range forages as an index to nutrient content and animal 
response. Colorado State U n i v e r s i t y Range Science Department 
Science Series No. 29. 

Dames and Moore. 1974. Highwall and s p o i l p i l e s t a b i l i t y studies, York 
Canyon Mine, New Mexico. For Kaiser Steel Corporation. 

Daubenmire, Rexford. 1968. Plant Communities. Harper and Row, Ne.w 
York. 

Devlin, Daniel A. and John L. George. 1979. Forage u t i l i z a t i o n by elk 
and white t a i l e d deer on two clearcuts i n Elk County, Penn. In: 
North American Elk: Ecology behavior and management. Eds: Mark 
S. Boyce and Larry D. Hayden-Wing. Uni v e r s i t y of Wyoming. 
Laramie, Wyoming. 

Dwyer, Don D. and J.G. Schickendanz. 1971. Vegetation and c a t t l e 
response to nitrogen f e r t i l i z e d rangeland i n south c e n t r a l New 
Mexico. New Mexico Agr. Exp. Sta. Research Report 215. 

92 



Evans, R.A. and J.A. Young. 1972. M i c r o s i t e requirments f o r e s t a b l i s h ­
ment of annual rangeland weeds. Weed S c i . 20: 350-356. 

Frischknecht, N.C. 1975. Native faunal r e l a t i o n s h i p s within the 
pinyon-juniper ecosystem. In: The pinyon-juniper ecosystem: a 
symposium. May 1975. Utah State U n i v e r s i t y . Logan, Utah. 

F r i z z e l l , E a r l M., James L. Smith and Kent A. C r o f t s . 1980. Trans­
p l a n t i n g native vegetation. Surface coal mining reclamation equip­
ment and techniques. Proceedings: Bureau of Mines Technology 
Transfer seminar. Denver, Colorado. June 5, 1980. Information 
C i r c u l a r 8823. 

Gates, G.H. 1967. Elk. Pages 31-41. In: New Mexico w i l d l i f e manage­
ment. New Mexico Department of Game and F i s h , Santa Fe, New 
Mexico. 

Gay, C.W. and D.D. Dywer. 1970. New Mexico range p l a n t s . Cooperative 
Extension Service C i r c u l a r 374. New Mexico State U n i v e r s i t y . 

G i l l , J.R. and W.A. Cobban. 1967. Paleogeographic maps of Telgraph 
Creek, Eagle, Claggett, Judity River, Bearpaw, and Fox H i l l s . 
Times of Late Cretaceous Epoch i n the Western I n t e r i o r Region, USGS 
open f i l e report, 6 sheets. 1969. 

Harju, Harry. 1980. Reclamation f o r w i l d l i f e : The Wyoming viewpoint. 
In: Adequate reclamation of mined lands, a symposium. March 26 -
27, 1980. B i l l i n g s , Montana. 

H a r t h i l l , M. and CM. M c K i l l . 1979. E c o l o g i c a l s t a b i l i t y - i s t h i s a 
r e a l i s t i c goal for a r i d land r e h a b i l i t a t i o n ? In: Ecology and coal 
resource development. V o l . I I . Ed. Mohan K. Wali. Pergamon 
Press, New York. 

Hitchcock, Leo C , Arthur Cronquist, Marion Ownbey and J.W. Thompson. 
1961. Vascular plants of the P a c i f i c Northwest. Un i v e r s i t y of 
Washington Press. Seattle, Washington. 

Jansen, Curt. 1980. Revised f i n a l report. V o l . I and I I . November, 
1978 W i l d l i f e Contract. York Canyon Mines, Kaiser Steel Corpo­
r a t i o n . Raton, New Mexico. 

93 



Jansen, Curt. 1981. The e f f e c t s of coal mining on deer and elk move­
ment. Paper presented at the 26th annual summer conference of the 
Central Mountains and P l a i n s section of the W i l d l i f e Society. 
August, 1981. Laramie, Wyoming. 

Kay, Burgess L. 1978. Mulch and chemical s t a b i l i z e r s f o r land 
reclamation i n dry regions. In: Reclamation of d r a s t i c a l l y d i s ­
turbed lands. Eds: Scha l l e r , Frank W. and Paul Sutton. ASA. 
CSSA. SSSA. Madison, Wisconsin. 

Klimstra, W.D., S.G. Martin, et a l . 1979. Energy mining impacts and 
w i l d l i f e mangement: which way to turn. North American w i l d l i f e 
and natural resources conference. March 1979. Toronto, Ontario. 

Kufeld, R., O.C. Wallmo and C. Feddema. 1973. Foods of the Rocky 
Mountain mule deer. USDA Forest Service Research Paper RM-111. 

Lay, Daniel W. 1969. Foods and feeding habits of white t a i l e d deer. 
White t a i l e d deer i n southern f o r e s t habitat symposium. Proc. 
1969: 8-13 S. Forest Exp. Sta., Nacagdoches, Texas. 

Ligon, David. 1978. Reproductive interdependence of pinyon jays and 
pinyon pine. E c o l . Monographs 48(2):111-1261. 

Maker, J . J . , G.W. Anderson and J.U. Anderson. 1972. S o i l Associations 
and land c l a s s i f i c a t i o n f o r i r r i g a t i o n , Colfax County. USDA A g r i ­
c u l t u r a l Expt. Research Report 239. 

Maser, Chris and Jon E. Rodiek. 1979. Edges. In: W i l d l i f e habitats 
i n managed fore s t s of the Blue Mountains of Oregon and Washington. 
USDA Forest Service Agriculture Handbook No. 553. 

Merkel, Daniel L. and Carlton H. Herbel. 1973. Seeding nonirrigated 
lands i n New Mexico. A g r i c u l t u r a l Research Service. USDA Report 
No. 10. 

Murdock, Strat. 1980. Land use goals versus reference areas for deter­
mining reclamation management plans. In: Adequate reclamation of 
mined lands? A symposium. March 26-27, 1980. B i l l i n g s , Montana. 

94 



Murie, Olaus J . 1951. The Elk of North America. The Stockpole 
Company, Harrisburg, Pennsylvania and the W i l d l i f e Management 
I n s t i t u t e , Washington, D.C. 

Neff, Don J . 1960. The p e l l e t group count technique f or b i g game 
trend, census and d i s t r i b u t i o n : a review. Journal of W i l d l i f e 
Management 32(3). 

Oaks, Wendall R. 1981. Revegetation of areas disturbed by surface 
mining of coal i n the southern Rocky Mountain resource area. 
1979 - 1980 progress report. K. S. f i e l d evaluation planting. 
Raton, New Mexico. USDA. SCS. Los Lunas, New Mexico. 

Patton, David R. 1978. Vertebrate c h e c k l i s t f o r Arizona and New 
Mexico. W i l d l i f e Habitat Tech. B u l l . No. 5. USDA Forest 
Service, S.W. Region. 

Peterson, Roger Tory. 1961. A f i e l d guide to western b i r d s . Houghton-
M i f f l i n Co., Boston. 

Pillmore, Charles L. 1976. Guidebook of Vermejo Park, northeastern New 
Mexico. New Mexico Geological Society. 

Robinette, L e s l i e W. 1956. P r o d u c t i v i t y - the annual crop of mule 
deer. In: The deer of North America. Ed: Walter P. Taylor. The 
Stockpole Co., Harrisburg, Pennsylvania. 

S c h i e c h t l , Hugo. 1980. Bioengineering f o r land reclamation and conser­
vation. The Univ e r s i t y of Alberta Press. Edmonton, Alberta, 
Canada. 

Sellnow, Steve. 1979. S o i l survey of Kaiser Steel coal lease area, 
York Canyon, Colfax County, New Mexico. USDA, SCS. 

Sellnow, Steve. 1980. S o i l survey of Kaiser Steel coal lease areas, 
Colfax County, New Mexico. USDA, SCS. 

Sindelar, Brian W. 1980. Achieving revegetation standards on surface 
mined lands. In: Adequate reclamation of mined lands, a Sym­
posium. S o i l Conservation Society of America. 

95 



I 

Stoddart, Laurence A., Arthur D. Smith, and Thadis W. Box. 1975. Range 
Management, T h i r d E d i t i o n . McGraw-Hill Book Company. New York. 

Taylor, Walter P., Ed. 1956. The Deer of North America. The Stockpole 
Co., Harrisburg, Pennsylvania and the W i l d l i f e Management 
I n s t i t u t e , Washington, D.C. 

Thomas, Jack Ward, Hugh Black, J r . , Richard J . Scherzinger and Richard 
J . Pederson. 1979. Deer and Elk. In: W i l d l i f e habitats i n 
managed for e s t s i n the Blue Mountains of Oregon and Washington. 
USDA Forest Service A g r i c u l t u r e Handbook No. 553. 

Urness, P.J., D.J. Neff and R.K. Watkins. 1975. N u t r i t i v e value of 
mule deer forages on ponderosa pine summer range i n Arizona. USDA 
Forest Service Res. Note RM 304. Rocky Mountain Forest and Range 
Experiment Station. Fort C o l l i n s , Colorado. 

USDA. 1937. Range Plant Handbook. National Technical Information 
Service. US Department of Commerce. S p r i n g f i e l d , V i r g i n i a . 

V a l l e n t i n e , John F. 1977. Range development and improvement. Brigham 
Young Uni v e r s i t y Press, Provo, Utah. 

Wagner, Warren L., William C. Martin and E a r l F. Aldon. 1978. Natural 
succession on s t r i p mined lands i n northwestern New Mexico. 
Reclamation Review 1:67-73. 

Wallmo, O.C., L.H. Carpenter, W.L. Regelin, R.B. G i l l and D.L. Baker. 
1977. Evaluation of deer habitat on a n u t r i t i o n a l basis* Jour. 
Range Mgt. 30(2):122-127. 

Wali, Mohan. 1980. Succession on mined lands. In: Adequate 
reclamation of mined lands. A symposium. March 26-27, 1980. 
B i l l i n g s , Montana. 

WELAT. 1978. R e h a b i l i t a t i o n of western w i l d l i f e habitat: a review. 
Ed: O f f i c e of b i o l o g i c a l s e rvices. USDI. Fort C o l l i n s , Colorado. 

Welch, Bruce L. and Dean Andrus. 1977. Rose hips - a possible high 
energy food f o r wintering mule deer? USDA research note INT-221. 
Intermountain forest and range experiment s t a t i o n , Ogden, Utah. 

96 



Wolfe, Marcia Hamann. 1979. Cross reference nursery index of native 
plant species. Unpublished report. 

Wolfe, Marcia J . , K. Scheuer and P. Cotton. 1980. Unpublished. York 
Canyon vegetation survey progress report. Kaiser Steel Corpora­
t i o n , Raton, New Mexico. 

Wolfe, Gary J . 1977. Goals and procedures of w i l d l i f e management on a 
large western ranch. Transactions of the 42nd North American Wild­
l i f e and Natural Resources Conference. W i l d l i f e Management 
I n s t i t u t e , Washington, D.C. 

Wolfe, Gary J . 1980. Elk management on a New Mexico ranch. In; 
Proceedings of the western states elk workshop. Cranbrook, B.C. 
February 27-28, 1980. Min i s t r y of environment, Province of B.C. 

Zeedyk, William D. 1969. C r i t i c a l factors i n habitat a p p r a i s a l . White 
t a i l e d deer i n southern f o r e s t habitat symposium. Proc. 1969: 
37-41. S. forest exp. stn. Nacogdoches, Texas. 

4 97 





ENVIRONMENTAL REGULATION -
HOW EFFECTIVE? 

by 

D.M. Galbraith 
Ministry of Energy, Mines and Petroleum Resources 





ENVIRONMENTAL REGULATION - HOW EFFECTIVE? 

This paper presents one view of the world of environmental regulation. 
It i s a world made up of the elements of L e g i s l a t i o n , Administration, 
I n d u s t r i a l and Environmentally r e l a t e d Economies, the Media and the 
P u b l i c . How these elements tend to r e l a t e bears considerable influence 
on the effectiveness of environmental regulation; and much land reclama­
t i o n i s done i n conformity with regulations. 

Regulations bring d i f f e r e n t associations to d i f f e r e n t people. To the 
fr e e - e n t e r p r i s e r they weave a rope by which he i s strangled; to the 
bureaucrat they weave a f a b r i c which often f a i l s to cover the c r i t i c a l 
p arts. Both would agree they absorb a great deal of energy. Because 
regulations are becoming more and more a fact of l i f e i n land reclama­
t i o n i t i s useful to speculate on t h e i r impact, t h e i r effectiveness and 
on the environment within which they are written. We can s t a r t with an 
h i s t o r i c a l look at mine regulation i n B r i t i s h Columbia. 

In the past the exercise of regulations involved an inspector, the 
industry, and the authorizing l e g i s l a t i o n (Figure 1). The e f f o r t re­
quired to be invested i n communications was minimal. 

This p i c t u r e changed, however, a f t e r the Second World War. The Govern­
ment was reminded at t h i s time by the new generation that past a c t i v i t y 
had l e f t obvious gaps i n the landscape and a renewal was due. The 
response was the creation of new l e g i s l a t i o n and administrative 
machinery. The s i t u a t i o n s t a r t e d to become complicated (Figure 2 ) . 

On the minesite the new standards increased both the cost of work under­
taken and the cost of management. By t r i a l and error mine managers 
discovered that i n t e r n a l environmentally influenced decisions could be 
made as indicated i n Figure 3 . Certain functions were assigned to given 
sections, while some decision making was shared. I t was determined that 
i n balancing environmental r i s k against cost, decision making was most 
e f f e c t i v e i f advice came d i r e c t l y from the environmental authors rather 
than through engineering (Figure 4). Decision making took more energy 
than i t used to, but i t was s t i l l p o s s i ble. 

Within government, however, two systems of communication developed. 
They could be c a l l e d the Mine Development System, and the Environmental 
System. System i n t h i s context does not i n f e r an organized hierarchy 
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structured to deal systematically with issues. It i s the one suggested 
by the s o c i a l s c i e n t i s t , and i s based on a tendency to communicate i n a 
given pattern (Figure 5 ) . Communication along the l i n e s shown must be 
conceded to be much greater than that which e x i s t s between the systems 
shown, not that that makes for better decisions, but that more c l e a r l y 
r e f l e c t s how bureaucracies tend to i n t e r f a c e . 

Each of the systems noted has a p a r t i c u l a r philosophy. Mine development 
i s coal-oriented i n keeping with i n d u s t r i e s ' requirements, and regula­
t i o n i s achieved through approval of work method. The philosophy of the 
environmental system on the other hand i s p r o t e c t i v e . I t responds, or 
reacts, i n part to the f i r s t system, and regulation i s oriented to 
d e f i n i t i o n of p o l l u t i o n l i m i t s and enactment of reserve areas. 

These two systems consume a great deal of each other's energy. They do 
however, avoid much confrontation because the a p p l i c a t i o n of t h e i r 
e f f o r t s and respective l e g i s l a t i o n s i s to two d i f f e r e n t aspects, as 
noted. In considering effectiveness then i t should be remembered that 
there are these two viewpoints from which to judge. 

There i s also a t h i r d , that of the i n d u s t r i e s . Their concern i s for 
cost and schedule, most c r i t i c a l l y during the pre-construction phase of 
a new development proposal. 

When such a proposal i s made which w i l l increase mining a c t i v i t y , and 
therefore also that of the a f f e c t e d environment, both systems previously 
suggested place a manpower demand on not only the project, but on each 
other. 

On a time scale, t h i s occurs at the project's period of maximum d e f i c i t 
(Figure 6 ) . The environmental scale has been magnified i n the i l l u s t r a ­
t i o n , as i n a c t u a l i t y environmental costs may only be i n the order of 5% 

of operating cost. This cost i s bearable during operation, but i t i s 
c r i t i c a l when front-end money, and the p o s s i b i l i t y of a "No", and time 
delay i s also faced. Several factors w i l l influence just how large the 
introductory d e f i c i t w i l l be: 

A the extent of environmental resources a f f e c t e d . 

B the effectiveness of the environmental planning done by the 
company. 
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C the effectiveness with which the two systems previously de­
scribed can work together. 

D the attention focussed by the media. 

An engineer would be i n c l i n e d to write an energy conservation equation 
to describe the work required of the company to s a t i s f y the demands of 
the regulatory machinery: 

E = EFFORT = A x D 
B x C 

He might have trouble with the un i t s , however. 

To j u s t i f y i n c l u s i o n of the role of the media i n the above equation, we 
have to go back to the two-system diagram and add to i t , not only the 
media element but that also of the pub l i c (Figure 7). 

The media survives by merchandising the news to the p u b l i c . The 
public ' s desire (and that includes you and me) i s to be 
sensationalized. The i n c l u s i o n of a heavy i n t e r p r e t a t i o n toward 
disa s t e r serves both groups. 

By focussing generally on the environmental side and more p a r t i c u l a r l y 
on the project proposal phase, the media, as a system, survives. In the 
process, however, much pub l i c energy i s dire c t e d not only toward the 
project but toward the administrations and l e g i s l a t i o n . 

The r e s u l t of t h i s concentration i s f e l t i n two ways: i n the short run 
by the p a r t i c u l a r project, i n the form of an increased requirement f o r 
environmental design; and i n the long run by an increase i n the amount 
of regulation required, and i n the number of regulatory bodies created. 
Although the media's attention i s f i c k l e , and our current favour may 
simply be a f i l l - i n between World War II and the energy c r i s i s of the 
next millenium, i t i s s t i l l c r i t i c a l . 

The more far-reaching of the two r e s u l t s i s the long-run one. This i s 
depicted i n Figure 8 by an addition i n the number of regulatory loops 
created i n the environmental c i r c u i t . This changes the equation which 
was proposed to describe the work requirement exacted from industry. 
There are now more people to "get around to". I f we assume that there 
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i s no overlap i n j u r i s d i c t i o n there may be no problem. But unfortunate­
l y many of the environmental sections of various acts do overlap, and 
fac t o r "B" - the effectiveness of environmental planning done by 
industry - can be reduced. Further with respect to factor "C" - the 
a b i l i t y of the two basic systems to work together - i t was suggested 
that e f f o r t undertaken by one system induces an energy requirement from 
the other. More regulatory loops mean a greater work commitment, but 
unless considerable care i s taken, no greater e f f i c i e n c y w i l l r e s u l t . I 
would l i k e to argue, for reasons that are as o l d as the f i r s t bureau­
cracy, that growth i s more predictable than e f f i c i e n c y , and future 
projects w i l l tend to be forced deeper into a preliminary d e f i c i t . 

The m u l t i p l i c a t i o n i n loops includes not only the P r o v i n c i a l but the 
three other l e v e l s of Government. Being somewhat insulated from each 
other the j u r i s d i c t i o n a l overlap expands without too much mutual con­
fr o n t a t i o n , but with progressively higher demand on the p r o j e c t . One 
r e s u l t of t h i s i s that over a period of time the development dice become 
loaded i n favour of larger companies, as they are the ones that can 
better a f f o r d the introductory costs. They may f e e l that they are being 
penalized the heaviest, but there i s an argument that i n comparison i t 
i s the smaller companies who are f a r i n g worse. The status of the sand 
and gravel industry provides evidence to support t h i s . 

In summary of the above, there are three viewpoints from which the 
effectiveness of environmental regulations can be judged: the mine 
agencies'; the environmental agencies'; and the i n d u s t r i e s ' . It may be 
u n r e a l i s t i c to speculate on absolute numbers i n t h i s regard, however, i t 
can be productive to consider ways and means of improvement. 

We can s t a r t by searching our experience for examples of procedures that 
work (better) - and then speculate on the reasons "Why". Some do come 
to mind, for instance, the Regional Advisory Committee on Reclamation, 
which recommends preliminary approval to coal exploration proposals. 
This Committee resolves t e c h n i c a l questions and problems i n the region, 
and r e f e r s the ones that cannot be agreed upon, and p o l i c y c o n f l i c t s , to 
V i c t o r i a (Figure 9). In 1980 i n t o t a l 81 projects were reviewed without 
a single need for r e f e r r a l . This exercise has e f f e c t i v e l y brought the 
a p p l i c a t i o n of each P r o v i n c i a l M i n i s t r y ' s Regulations into alignment i n 
t e c h n i c a l terms, on the s i t e , where they can be discussed with the 
companies. 
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The Regional Resource Management Committee i s another example of the 
attempt to bring regulations i n t o agreement. Two other examples of 
experimentation could be noted the ELUC Secretariat; and the Ministry of 
Deregulation. 

Two things might be s a i d of a l l of the above noted experience. F i r s t l y , 
i t would be s u r p r i s i n g i f the objective of more e f f e c t i v e regulation 
could be reached through u n i l a t e r a l e f f o r t by one l e v e l of Government, 
when a l l four are involved, plus industry. I t i s a s t a r t but we are 
looking at only one of the dimensions of the problem. 

Secondly, we may be ignoring sources of assistance which could be 
u t i l i z e d i n the development of more workable systems. That of the 
u n i v e r s i t i e s i s suggested. Not p a r t i c u l a r l y i n the environmental f i e l d , 
but more generally i n the administrative and s o c i a l sciences areas, for 
i t should not be forgotten that we are as much t r y i n g to make the 
machinery of Government function as to improve environmental p r a c t i c e . 
If I read my mail c o r r e c t l y the Banff School of Environment i s working 
toward t h i s view. 

Research w i l l play a key ro l e i n any attempt to improve administrative/ 
environmental p r a c t i c e . For example, i t benefits the Mineral Resources 
Branch, the environmental agencies and the industry to have functioning 
such a workable arrangement as the Regional Advisory Committee on 
Reclamation, but i t would be even more b e n e f i c i a l to have an analysis 
undertaken to document why such arrangements work and the nature of 
t h e i r l i m i t a t i o n s . 

Questions for research might be considered i n four areas: 

1. The costs of environmental regulation: 

- to the environmental agencies. 
- to the mines regulation agency. 
- to the industry, both d i r e c t and i n d i r e c t . 

2 . The benefits of environmental regulation: 

- i n economic terms ( i f t h i s i s possible - which I doubt -
with apologies to the economists). 
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- i n comparative terms, i . e . on s p e c i f i c a l l y determined s i t e s , 
what i s the s i g n i f i c a n c e of the resources that have been 
salvaged? 

3 . The e f f e c t on cost and benefit of making given changes i n the 
systems described. 

4. The resources that Government, industry and higher education 
can contribute to experimentation with change. 

The above are types of questions which have been posed predominantly by 
engineers and b i o l o g i s t s f o r decades. The answers which have been 
supplied have not been e n t i r e l y s a t i s f a c t o r y , and part of the reason for 
t h i s i s that they are usually provided by other engineers and b i o l o ­
g i s t s . The missing response has been that of the organizational 
analyst. He i s usually found on campus at t r a c t e d by the academic 
climate. Although r a r e l y seen, t h i s s p e c i a l i s t i n the s o c i a l sciences 
has a contribution to make, a d d i t i o n a l to those of the p h y s i c a l and 
natural. His toys are not the trucks of the engineer or the species of 
the b i o l o g i s t ; they include such things as organizations, goals, com­
munication, decision making and change. 

Before the f i e l d of environmental regulation develops further either 
through design, or by lack of design, t h i s view could p r o f i t a b l y be 
consulted, and the research previously r e f e r r e d to undertaken. 

A further question i s prompted then: Who would consult t h i s view, and 
who would oversee the research? 

The success of the Technical and Research Committee on Reclamation 
suggests that a panel or representative group from Government, industry 
and u n i v e r s i t y might provide the balance necessary to support objective 
work. Considerable thought would be required to determine i t s f e a s i ­
b i l i t y , but i t would seem to be worth the e f f o r t of t r y i n g . 

This suggestion may appear to you to be wandering too f a r from the 
pragmatics of regulation. The a l t e r n a t i v e to doing things i n a planned 
way, however, i s to have events thrust upon you. B.C. has had i t s 
uranium inquiry and Ontario i t s sand and gravel review, to give only two 
recent examples of t h i s . If a p o r t i o n of the cost of i n q u i r i e s such as 
these were invested i n ongoing administrative research, I f e e l t h e i r 
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cost would go down, t h e i r benefit would go up, and t h e i r frequency would 
reduce. 

In conclusion i t i s argued that: 

- There i s a tendency for environmental regulation to become less 
rather than more e f f e c t i v e . 

- The workings and problems of the regulatory systems which are 
involved are more complex than we are usually prepared to give 
c r e d i t . 

- The best bet for improvement i n effectiveness l i e s i n the ap­
p l i c a t i o n of s o c i a l and more p a r t i c u l a r l y organizational science 
to understandings developed to date by the physical and b i o l o g i c ­
a l sciences. 

- This exercise should be conducted within a forum which includes 
the viewpoints of Government, industry and u n i v e r s i t y . 

Further speculation should await c r i t i c i s m . Yours would be appreciated. 
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THE AFFORESTATION OF OPEN-CAST MINING SPOILS IN THE UNITED KINGDOM -
SOME TECHNIQUES AND OBSERVATIONS 

The decision as to whether to a f f o r e s t former open-cast mineral workings 
i s mainly determined by economic considerations. On the better s o i l s , 
and where the t o p s o i l has been conserved, a return to a g r i c u l t u r e i s to 
be expected. Where there i s a high water table, on r i v e r floodplains, 
lakes and ponds are the r e s u l t , valuable f or recreation and amenity. On 
poor s o i l s , under heath or moorland vegetation, and on former woodlands, 
the s i t e s are usually afforested. 

When car r y i n g out reclamation we usually have the benefit of a survey, 
where slopes and other features can be considered. Our studies have 
emphasized the need for land-forming to provide gradients of around 4° 
to 5°. Where the area concerned i s l e v e l , or le£?« than t h i s , we specify 
r i d g i n g , 30 m x 1.5 m (Figures 1 and 2). The s i t e i s then deep-ripped 
to 75 cm, with a C a t e r p i l l a r D8, with 3 winged tines i n a multi-shank 
ripper parallelogram frame (Figure 3). The 75 cm of rooting depth 
(Figure 4) provides around 15 cm of r a i n f a l l equivalent, e s s e n t i a l for 
trees, but not always for grass or herb cover. 

Where the surface has been ridged, the land i s cross-ripped to lead 
excess r a i n f a l l to the g u l l i e s and on to a permanent watercourse. On 
heavy-textured s p o i l s , a set of heavy discs i s used to r a i s e the 
pla n t i n g p o s i t i o n . 

Many of the s i t e s returning to fo r e s t r y have no t o p s o i l , or else i t has 
been l o s t during mining, p a r t i c u l a r l y i n the uplands of South Wales. On 
such s i t e s , and also on some t o p s o i l e d areas, d e f i c i e n c i e s i n the plant 
nutrients, nitrogen, and occasionally phosphorus, can be i d e n t i f i e d by 
fo l i a g e analysis of the young tree. We have found that i n several 
geological s t r a t a - coal measure shales, brick clays, and sometimes i n 
overburden materials - that there i s some f o s s i l nitrogen, which i s 
released during the f i r s t 5 t o 6 years a f t e r mining, a f t e r which the 
trees become severely d e f i c i e n t . 

Our recent p r a c t i c e , when p l a n t i n g trees on shale s p o i l s , has been to 
sow seeds of the unpalatable Lupinus and Lathyrus species between the 
rows to b u i l d up nitrogen c a p i t a l to the 700 kg/ha needed to achieve 
canopy closure. 
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FIGURE 1 

LAND FORM FOR RESTORATION OVER POROUS SANDS. RIDGES RIPPED ACROSS BY D8 
WITH MULTI-SHANK RIPPER, TOOL POINTS AT 75 cm. VERTICAL SCALE 2 TIMES 
HORIZONTAL. 
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FIGURE 2 

LAND FORM FOR RESTORATION OVER IMPERVIOUS MATERIALS. RIDGES RIPPED 
ACROSS BY D8 WITH MULTI-SHANK RIPPER, TOOL POINTS AT 50 cm. DRAIN PUT 
IN BY SIDE-ACTING DIGGER. VERTICAL SCALE 2 TIMES HORIZONTAL. 
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FIGURE 3 

DIAGRAM OF WINGED TINE SET AT 30°, 
PATTERN OF SOIL DISTURBANCE IS SHOWN IN FIGURE 4 

FIGURE 4 

DEGREE OF SOIL DISTURBANCE RESULTING FROM PLAIN AND WINGED TINES 
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Older, slow-growing tree stands, on mining s p o i l s are much more d i f f i ­
c u l t to t r e a t . Foliage analysis - a standard system among fore s t e r s i n 
most countries - has shown that nitrogen i s usually the l i m i t i n g 
nutrient element. We have to either spray sewage l i q u i d s or other cheap 
organic wastes, or t r y to introduce nitrogen-fixers such as alders. The 
w i l d l i f e , mainly deer, hares and r a b b i t s , plus free-ranging sheep 
trespassing on the s i t e s , r a p i d l y remove a l l seedlings of 
n i t r o g e n - f i x i n g species which seed i n n a t u r a l l y , or the palatable 
species, where sown, and prevent the natural build-up. In consequence, 
fencing as well as a choice of unpalatable or even t o x i c legumes are 
e s s e n t i a l . 

Among the commercial tree species being planted, we f i n d the larches 
p a r t i c u l a r l y successful at obtaining mineral nutrients from s p o i l s , and 
are tolerant of low nitrogen supply. Corsican and Muricata pines are 
a l s o very suitable, p a r t i c u l a r l y i n the lowlands. Lodgepole pine has 
been found to be s u r p r i s i n g l y i n e f f i c i e n t at taking up phosphorus from 
the high pH coal s p o i l s , and also s u f f e r s severe bud damage from the 
moth Rhyacionia buoliana. Among the broadleaves, the maples and birches 
are valuable, e s p e c i a l l y i n mixture with one of the alder species, to 
f i x nitrogen. Alnus l i t t e r seems p a r t i c u l a r l y palatable to worms, on 
base-rich s p o i l s . 

Regarding mycorrhiza, we have found that nursery stock i s usually well 
furnished and there i s l i t t l e i n d i c a t i o n that the trees lack s u i t a b l e 
organisms. With nitrogen as the main l i m i t i n g f a c t o r , the a b i l i t y to 
f i x atmospheric supplies i s the most useful a t t r i b u t e . 

We consider that f o l i a g e analysis and r e p l i c a t e d t r i a l s o f f e r the best 
system to enable the experimenter to concentrate on those n u t r i t i o n a l 
factors l i m i t i n g tree-growth, e s p e c i a l l y at a time when economic 
pressures are pressing. 
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NATURAL REVEGETATION OF EXPLORATION TRENCHES IN THE 
STILLWATER COMPLEX OF THE BEARTOOTH MOUNTAINS, MONTANA 

ABSTRACT 

In 1971 and 1972 Anaconda Copper Company reclaimed a s e r i e s of mineral 
exploration trenches located i n the Beartooth Mountains of Montana, 
Custer National Forest. The work was done fo l l o w i n g U.S. Forest Service 
p r e s c r i p t i o n s and resulted i n b a c k f i l l i n g the trenches and extensive 
seeding of exotic species of three grasses and one clover. From an 
examination of photographs taken 1971 to 1975 and subsequent s i t e 
inspections, i t i s apparent that the i n i t i a l l y high cover of exotic 
species has declined, and native plants from surrounding areas have 
begun to colonzie the reclaimed trenches. A study was conducted during 
1979 to 1980 to i d e n t i f y those native species. 

The trenches are located i n the basal zones of the S t i l l w a t e r Minera­
l i z e d Complex at elevations ranging from 2,500 meters to 2,835 meters. 
Surrounding vegetation types include Abies lasiocarpa-Pinus albi-
caulis/Vaccinium scoparium, Pinus albicaulis-Abies lasiocarpa, Pinus 
albicaulis, and dry alpine. 

Colonization on the trenches was found to be p o s i t i v e l y c o r r e l a t e d with 
the surrounding undisturbed vegetation types. There was an assemblage 
of native species that were mainly r e s t r i c t e d to c o l o n i z i n g trenches 
that extend i n t o or through the dry alpine and timberline habitat 
types. There was another aggregate of species that were associated with 
the Abies lasiocarpa-Pinus albicaulis/Vaccinium scoparium habitat type. 
Successful colonizers which are l o c a l l y abundant should be used as seed 
sources for subsequent reclamation of disturbances i n the Complex and i n 
other areas of s i m i l a r habitat type. Further studies should be con­
ducted to develop seeding recommendations for other habitat types 
throughout Montana. 

INTRODUCTION 

Disturbances due to mining can be environmentally damaging i n any area, 
but i n mountains the disruption i s greatly increased. Mountainous areas 
with steep, unstable slopes, shallow s o i l s , and high winds and p r e c i p i ­
t a t i o n are not only very susceptible to erosion, but the erosion rates 
a f t e r comparable disturbance are greater than i n lowlands (Ives 1979). 
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Not just the aesthetic, r e c r e a t i o n a l , w i l d l i f e habitat, grazing, and 
watershed values of the mountains s u f f e r , but also areas of erosional 
deposition, far from the o r i g i n a l disturbance, are affe c t e d (Brown et 
a l 1976, Ives 1979). Some means of reclaiming these mining disturbances 
should be found to mitigate the loss of the inherent values of 
mountainous areas. In most cases, the establishment of plant cover i s 
the primary means of reclaiming these disturbed areas (Brown and 
Johnston 1978). 

When revegetating mining disturbances, the primary concern i s plant 
establishment and su r v i v a l with minimal maintenance (Kenny and Cuany 
1978). This goal i s already d i f f i c u l t to a t t a i n i n the harsh environ­
ment of mining s p o i l s , but the problem i s compounded at high elevations 
where most of the commonly used, commercially a v a i l a b l e , non-native 
plants are close to, or beyond, the l i m i t s of t h e i r environmental 
tolerance. I t has been shown that using adapted, native plants i s the 
most e f f e c t i v e way to meet t h i s challenge (Monsen 1975, Brown et a l 
1976, B i l l i n g s 1978, Brown and Johnston 1978, Wagner et a l 1978). 
Native plants that are best adapted for revegetation, are those pioneer 
species that are most active i n c o l o n i z i n g the disturbed areas (Brown et 
a l 1976, B i l l i n g s 1978, Brown and Johnston 1978). Planting these 
pioneer species should then increase the rate of subsequent natural 
succession by a process r e f e r r e d to as "nucleation" (Yarranton and 
Morrison 1974). These pioneer, or " n u c l e i " , species act as centres of 
propagule dispersion, and succession proceeds as an increase i n size of 
these patches of per s i s t e n t species u n t i l they coalesce to form a more 
continuous vegetative cover. Environmental modification r e s u l t i n g from 
t h i s cover then promotes further succession toward a climax vegetation. 
This i s e s s e n t i a l l y what i s meant by the term "natural revegetation". 
Revegetating an area consistent with, and thereby speeding up, natural 
succession. 

Gates (1962) conducted one of the early studies on high a l t i t u d e 
revegetation i n Idaho. His f i r s t seeding attempts were made using 
commercially a v a i l a b l e , non-native grasses, and mulches of sawdust and 
conifer boughs. Despite an excellent i n i t i a l establishment, nearly a l l 
seedlings had succumbed to the rigorous environment by the middle of the 
second growing season. Further seeding attempts were made using a mulch 
made from native hay, containing vi a b l e seed, that was cut from sur­
rounding areas. Again, i n i t i a l establishment of grasses was good, but 
by the end of the growing season, nearly a l l introduced grasses were 
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dead and only native grasses from the seed i n the mulch had survived. 
These native grasses not only survived, but "...appeared to be well 
established and t h r i v i n g . " In addition, other native plants from the 
surrounding v i c i n i t y had begun to colonize the mulched p l o t s . Gates 
concluded that "...the native species appear to be much better adapted 
to the environmental extremes of the s i t e and become established where 
exotic species f a i l . " 

Brown et a l (1976) conducted revegetation studies at the McClaren mine 
on the Beartooth Plateau, using both native colonizers and commercial 
seed mixtures. At the end of the f i r s t growing season introduced 
grasses were t a l l e r , had higher production l e v e l s , and generally were 
more vigorous than native grasses. However, by the end of the t h i r d 
growing season the p r o d u c t i v i t y and vigor of the introduced grasses had 
declined. The native grasses were much more vigorous, had greater 
p r o d u c t i v i t y , and had even begun to invade plantings of introduced 
grasses. When transplanting native and introduced grasses i n the same 
area, Brown and Johnston (1978) found that the native plants had an 
average f i r s t year s u r v i v a l rate of 75%, whereas the introduced species 
had only 39%. Also the native species had a higher l e v e l of p r o d u c t i ­
v i t y . 

In February of 1971, representatives of the Custer and G a l l a t i n National 
Forests met with o f f i c i a l s of the Anaconda Copper Company to discuss 
ways to minimize environmental impacts due to mineral exploration. A 
d i r e c t r e s u l t of t h i s meeting was that Anaconda v o l u n t a r i l y agreed to 
reclaim disturbances i n the Beartooth Mountains (Anaconda Copper Company 
1975). The disturbed s i t e s were surveyed and mapped i n the summer of 
1971. The following summer, the s i t e s were graded to approximate 
o r i g i n a l contour, and subsequently seeded using U.S. Forest Service 
t e c h n i c a l assistance and advice. The seeding recommendation used 
consisted of commercially a v a i l a b l e , non-native grasses and a c l o v e r . 

As a part of t h e i r reclamation procedures, Anaconda produced a p i c t o r i ­
a l review of the revegetation work s t a r t i n g i n the summer of 1971 and 
continuing through September of 1975 (Anaconda Copper Company 1975). 
From these pictures and a current inspection of the trenches, i t i s 
r e a d i l y apparent that the r e s u l t s are s i m i l a r to the findings of Brown 
et a l (1976) when using seed mixtures of introduced grasses. At the end 
of the f i r s t growing season, most of the trenches supported a lush 
growth of grasses. Since then, the vigor and p r o d u c t i v i t y of the seeded 
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vegetation has declined. Native grasses, herbs, and trees are now 
c o l o n i z i n g the trenches from the surrounding undisturbed areas. 

The purpose of t h i s study was to i d e n t i f y those native plants that are 
best adapted for revegetating high elevation exploration trenches i n the 
S t i l l w a t e r Complex of the Beartooth Mountains, Montana. Successful 
adaptation of a species to the disturbed environment of the trenches 
would be indicated by that species having high c o l o n i z i n g frequency. 
I d e n t i f i c a t i o n of colonizers that are l o c a l l y abundant could then be 
used as the basis for recommending seed sources to be used i n subsequent 
reclamation, thereby improving the chances of e f f e c t i v e revegetation of 
these and other mining r e l a t e d disturbances ( B e l l and B l i s s 1973, 
G r e l l e r 1974, Brown et a l 1976, Wali and Kollman 1977, B i l l i n g s 1978, 
Brown and Johnston 1978). 

STUDY SITE 

The Beartooth Mountains, a front range of the Rocky Mountains, are 
located i n southern Montana and northwest Wyoming. The range i s about 
130 km long and 50 km wide. The mountains extend southeasterly from the 
Yellowstone V a l l e y near Livingston, Montana to the canyon of the Clark 
Fork of the Yellowstone River, 50 km northeast of Cody, Wyoming. They 
r i s e from the Great Plai n s at 1550 m to almost 3960 m, with a major 
plateau about 3050 m. The range consists p r i m a r i l y of an u p l i f t e d 
pre-Cambrian g r a n i t i c block, with numerous basic intrusions and diabase 
and pegmatitic dykes (Bevan 1923, L o v e r l i n g 1929). 

C l i m a t i c a l l y , the Beartooth Mountains are s i m i l a r to other high a l t i t u d e 
regions i n the Rocky Mountains (Baker 1944, Johnson and B i l l i n g s 1962, 
Th i l e n i u s 1975, Brown et a l 1976). There i s a short growing season of 
60 to 70 days with high solar r a d i a t i o n loads and cool summer tempera­
tures, with the p o s s i b i l i t y of f r o s t at any time during the year (U.S. 
Forest Service 1978). Average maximum and minimum temperatures range 
from 0°C to -13°C i n January, and from 24°C to 9°C i n J u l y (National 
Oceanic and Atmospheric Administration 1971). Annual p r e c i p i t a t i o n i s 
estimated between 115 cm and 152 cm, with most f a l l i n g as snow i n the 
winter months, September through June (Brown et a l 1976, NOAA 1971). 

The S t i l l w a t e r Complex i s a highly mineralized zone about 50 km long 
that l i e s i n a band along the northeast face of the Beartooth Mountains 
(Figure 1). The Complex i s of igneous o r i g i n and i s separated into a 
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FIGURE 1 
REGIONAL SETTING OF THE STILLWATER COMPLEX, INCLUDING THE STUDY SITE 

to 

110* 



succession of extensive sheets l y i n g one on top of the other. This 
l a y e r i n g can be divided i n t o four basic zones: a) the Basal Zone 
(approximately 70 m thick) of medium grained n o r i t i c rocks; b) the 
Ultramafic Zone (1200 m to 1800 m thick) repeating layers of b r o n z i t i t e , 
granular harzburgite, p o i k i l i t i c harzburgite, and chromitite; c) and d) 
the Banded and Upper Zones (in aggregate approximately 4200 m thick) 
layers of n o r i t e , anorthosite, t r o c t o l i t e , and gabbro (Jones et a l 1960, 
S u l l i v a n and Workentine 1964). 

The exploration trenches i n t h i s study were dug i n the basal zone of the 
S t i l l w a t e r Complex by U.S. Steel i n the late 1950's and early 1960's. 
The claims containing these trenches were l a t e r t r a n s f e r r e d to Anaconda 
Copper Company. The trenches are located just to the south of the 
Benbow chromite mine i n Custer National Forest. There i s a t o t a l of 20 
reclaimed trenches following, and usually dug perpendicular to, the 
basal zone. The trenches are between 6 m and 12 m wide, and up to 120 m 
long. The trenches begin at 2500 m elevation and progress up the side 
of a mountain and across a plateau with an elevation of 2835 m. Slope 
aspect i s generally southeast. 

METHODS 

A reconnaissance was made i n the summer of 1979, to gain f a m i l i a r i t y 
with the f l o r a and vegetation types of the study s i t e . This reconnais­
sance indicated several vegetational variables to be considered during 
the course of the study. Undisturbed vegetation surrounding the 
trenches could e a s i l y be divided into two obvious categories: an un-
forested alpine area and a subalpine f o r e s t . Further v a r i a t i o n of the 
subalpine forest was shown by the change i n dominance from Pinus 
contorta at lower elevations, to Abies lasiocarpa and Pinus albicaulis 
at higher elevations, to dominance s o l e l y by Pinus albicaulis at the 
highest elevations. 

Vegetation on disturbed trenches showed s i m i l a r v a r i a t i o n . There were 
several plants that were common on trenches i n the alpine area and rare 
i n the subalpine f o r e s t . Conversely, there were other plants common on 
trenches i n the forest that were infrequent i n the alpine. Also, Pinus 
contorta was r e s t r i c t e d to the lower elevation trenches. A sampling 
plan was devised to elucidate t h i s vegetational pattern, and also to 
demonstrate any possible c o r r e l a t i o n between the species composition of 
a p a r t i c u l a r trench and the species composition of undisturbed vegeta­
t i o n surrounding that trench. 
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Sample p l o t s i n the undisturbed vegetation were evenly d i s t r i b u t e d 
around and between the trenches (Figure 2). P l o t s were therefore 
s i t u a t e d so as to demonstrate the vegetation types that may be i n ­
f l u e n c i n g c o l o n i z a t i o n . The sampling method used was the releve method 
of the Zurich-Montpelier school of phytosociology (Becking 1957, 
Meuller-Dumbois and Ellenberg 1974). This method uses sample p l o t s that 
require the following: 1) P l o t s are variable i n s i z e , but large enough 
to contain most species belonging to the plant community as defined by 
the minimal species/area c r i t e r i o n ; 2) The habitat i s uniform within the 
p l o t ; and 3) The plant cover i s homogeneous within the p l o t . After the 
releve was established, species were l i s t e d by tree, shrub, and herb 
layers. Categorical v i s u a l estimates of cover-abundance were then made 
for each taxon. These estimates have not only been proven e f f e c t i v e 
through u t i l i z a t i o n by the releve method (Whittaker 1962), but also by 
Lyon (1968) who tested various methods of sampling shrub density 
(roughly analogous to cover-abundance) on a p l o t with a known number of 
shrubs. He concluded that: 

"...the most r e l i a b l e density methods tested require a v i r ­
t u a l l y p r o h i b i t i v e sample to a t t a i n barely acceptable pre­
c i s i o n for a s t a t i s t i c a l t e s t which may f a i l to detect density 
differences that are probably obvious on v i s u a l inspection... 
i t appears that categorical v i s u a l estimates or ranking might 
be just as r e l i a b l e as more objective samples." 

Trenches were sampled with a s l i g h t modification of the releve method. 
Each trench was considered as a single sample pl o t since i t s area was 
small and e a s i l y defined. 

The cover-abundance scale used during releve sampling was modified from 
the Braun-Blanquet (1965) scale. Reconnaissance of the trenches 
indicated that more discrimination was needed i n the lower end of the 
scale where plants were abundant but had low cover. The r e s u l t i n g scale 
i s : 

7 - Any number of plants, 75 to 100% cover 
6 - Any number of plants, 50 to 75% cover 
5 - Any number of plants, 25 to 50% cover 
4 - Any number of plants, 10 to 25% cover 
3 - Any number of plants, 5 to 10% cover 
2 - Any number of plants, 1 to 5% cover 
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1 - Abundant, but with low cover 
+ - Scattered 
r - S o l i t a r y or rare 

Trees were aged on two of the lower trenches to determine whether 
c o l o n i z a t i o n was episodic or an ongoing process. Pinus contorta was 
used since i t i s the dominant colonizer of the lower trenches, and the 
age of each tree was easy to determine. Trees were aged by counting the 
number of internodes on the main stem. To substantiate t h i s method, 
trees of varying ages were cut and growth rings were counted. If a tree 
was damaged and i t s age was not e a s i l y determined, i t was not sampled. 

Voucher specimens were c o l l e c t e d of a l l taxa found on sample p l o t s . 
I d e n t i f i c a t i o n s were made using l o c a l and regional f l o r a s (Hitchcock and 
Chase 1950, Hitchcock et a l 1964, Booth and Wright 1966, Hahn 1977, 
Hermann 1970). I d e n t i f i c a t i o n s were v e r i f i e d , and specimens deposited 
at Humboldt State U n i v e r s i t y Herbarium (HSC). 

RESULTS 

Tabular analysis (Meuller-Dumbois and Ellenberg 1974) of the data from 
sampling the undisturbed vegetation indicated that there are four 
d i s t i n c t habitat types i n t h i s study, a dry alpine habitat type and 
three f o r e s t habitat types. This conclusion agrees with c l a s s i f i c a t i o n s 
developed by P f i s t e r et a l (1977) and South et a l (1971). 

P f i s t e r compiled a comprehensive c l a s s i f i c a t i o n of the f o r e s t habitat 
types i n Montana. Application of t h i s c l a s s i f i c a t i o n to the study area 
was quite e f f e c t i v e . The f o r e s t habitats were r e a d i l y i d e n t i f i e d using 
the keys and descriptions. According to t h i s system, the forested 
areas i n t h i s study represent three of the upper subalpine habitat types 
of the Abies lasiocarpa s e r i e s . The most abundant habitat type i s 
the Abies lasiocarpa-Pinus albicaulis/Vaccinium scoparium ( A b l a - P i a l / 
Vase) habitat type, which surrounds a majority of the trenches. 

The Abla-Pial/Vasc habitat type i s characterized by Abies lasiocarpa as 
the indicated climax dominant; Pinus albicaulis as a l o n g - l i v e d s e r a i 
dominant; Picea engelmannii as a codominant on more moist s i t e s ; Pinus 
contorta as a major s e r a i species at lower elevations; and Vaccinium 
scoparium as a dominant i n the undergrowth. Once disturbed, regenera­
t i o n i s expected to be d i f f i c u l t , and growth w i l l be slow for t h i s 
habitat type ( P f i s t e r et a l 1977). 
5 
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The other two forest habitats are both timberline types, the Pinus 
albicaulis ( P i a l ) , and the Pinus albicaulis-Abies lasiocarpa (Pial-Abla) 
habitat types. Both of these habitat types are c l a s s i f i e d by the 
dominant tree species only, since the understory vegetation can be quite 
v a r i a b l e . Common trees, i n order of importance, are Pinus albicaulis, 
Picea engelmannii, and Abies lasiocarpa. The P i a l - A b l a habitat type 
d i f f e r s from the P i a l i n that i t more often assumes the krummholz shape, 
and has greater accumulations of snow. Regeneration of t h i s habitat 
type i s also considered to be very slow, and i n some cases disturbances 
may be permanent i f they are not r e h a b i l i t a t e d (Willard and Marr 1971, 
Habeck 1972, Klock 1973, P f i s t e r et a l 1977). 

South et a l (1971) describe two s i m i l a r f o r e s t s , c l a s s i f i e d as a 
"subalpine forest ecosystem" and a "krummholz ecosystem." The subalpine 
f o r e s t ecosystem i s equivalent to the Abla-Pial/Vasc habitat type. The 
krummholz ecosystem best coincides with the P i a l - A b l a habitat type. 
South describes the timberline habitats as having an understory s i m i l a r 
to that of the nearby alpine vegetation. This contention i s supported 
by my data. 

Unforested alpine areas are not covered by P f i s t e r ' s c l a s s i f i c a t i o n . 
The alpine area i n t h i s study i s s i m i l a r to South's de s c r i p t i o n of a 
"dry alpine ecosystem." C h a r a c t e r i s t i c vegetation i s composed of low 
growing cushion and turf-forming plants. Again, re-establishment of 
vegetative cover after disturbance i s expected to be very slow (Brown et 
a l 1976, Brown et a l 1978, Brown and Johnston 1978, B i l l i n g s 1979). 

Data c o l l e c t e d while sampling the trenches indicates a d e f i n i t e c o r r e l a ­
t i o n between the c o l o n i z i n g species and the surrounding habitat type. 
There are a few plants that are found c o l o n i z i n g nearly every trench 
regardless of the surrounding vegetation, there are some plants that are 
mostly confined to c o l o n i z i n g trenches surrounded by Abla-Pial/Vasc 
habitat type, and there are several other plants that mainly colonize 
the trenches surrounded by the alpine and timberline habitat types. 
There i s some v a r i a t i o n i n c o l o n i z a t i o n among the P i a l , P i a l - A b l a , and 
the dry alpine habitat types, but i t i s s l i g h t i n comparison to the 
difference between the Abla-Pial/Vasc and the other habitat types. 

The sampling method used worked very well for the determination of plant 
cover found on the trenches. The modified cover-abundance scale gave 
needed emphasis to small herbs that were abundant but had low cover. 
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Using each trench as a single sample plot provided some assurance that 
scattered and/or rare plants were con s i s t e n t l y found and reported. 

Both of the trenches sampled for tree c o l o n i z a t i o n showed that trees 
began e s t a b l i s h i n g themselves immediately following disturbance. The 
number of trees i n each age class decreases with increasing age since 
reclamation. The maximum number of trees were i n the one year age 
c l a s s . Colonization has occurred each year, and presumably w i l l con­
tinue to do so (Figure 3). 

DISCUSSION 

Colonization of Pinus contorta on the lower trenches suggests that there 
i s no problem e s t a b l i s h i n g native vegetation. Environmental conditions 
have been suitable for the establishment of trees each year for the past 
nine years since disturbance. From the number and abundance of species 
present on the trenches, i t i s safe to asume that environmental con­
d i t i o n s have not been l i m i t i n g the establishment of herbs e i t h e r . 
Therefore, the l i m i t i n g factor to c o l o n i z a t i o n appears to have been the 
a v a i l a b i l i t y and dispersal of seed from the surrounding vegetation. 
Sowing adapted native seed during reclamation should mitigate the e f f e c t 
of t h i s l i m i t i n g f a c t o r . 

The best adapted species for p l a n t i n g on the trenches are the most 
active colonizers on the disturbed areas. Seeding recommendations f o r 
revegetating the trenches should involve two d i f f e r e n t mixtures. There 
should be one mixture for use on the trenches surrounded by the Abla-
Pial/Vasc habitat type, and another mixture for use on the trenches 
surrounded by the t r e e l i n e and dry alpine habitat types. There are 
differences i n colonization between the P i a l , the P i a l - A b l a , and the dry 
alpine habitat types, but the differences are s l i g h t . The areas to be 
seeded are also small enough, so that using d i f f e r e n t seed mixtures 
would not be p r a c t i c a l . 

The species selected for revegetating the exploration trenches were 
chosen for t h e i r high frequency and high cover-abundance values on the 
trenches. Ease of c o l l e c t i o n was also taken into consideration when 
making the recommendations l i s t e d i n Table 1. Planting these n a t u r a l l y 
occurring pioneer species should e s t a b l i s h a s e l f - s u s t a i n i n g vegetative 
cover that i s successional to the surrounding vegetation types. 
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The undisturbed vegetation on the area of study i s t y p i c a l of the 
regional pattern of vegetation. The same habitat types are found i n 
other mountainous areas of Montana, and perhaps throughout the northern 
Rocky Mountains according to P f i s t e r (1977) who developed a compre­
hensive c l a s s i f i c a t i o n scheme for the forest habitat types found i n 
Montana. These reoccurring habitat types are based on the climax 
vegetation type, and are e a s i l y recognizable and i d e n t i f i a b l e , even 
s e r a i stages. Colonization of disturbances i n the for e s t by native 
plants i s d i r e c t l y correlated to the surrounding habitat type. 
Therefore i t should be possible to conduct s i m i l a r studies i n other 
habitat types to a r r i v e at a l i s t of native species that are adapted for 
revegetating disturbed areas i n any of the habitat types found i n the 
State of Montana. Once these l i s t s have been compiled, work can begin 
toward making these adapted native plants more r e a d i l y a v a i l a b l e on the 
commercial market. Then reclamation work can get away from the use of 
i n e f f e c t i v e exotic species, and turn toward a more e f f e c t i v e program of 
natural revegetation. 
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TABLE 1 

SPECIES RECOMMENDED FOR REVEGETATING THE BENBOW TRENCHES BASED ON 

HIGH FREQUENCY AND COVER-ABUNDANCE VALUES FOR COLONIZERS 

ALPINE MIXTURE 

( P i a l , P i a l - A b l a , dry a lp ine ) 

SUBALPINE MIXTURE 

(Ab l a -P i a l /Va sc ) 

Grasses GraminoIds 

X Agros l tan lon s ax l co l a 

Ca lamagrost i s purpuraseens 

Poa In ter io r 

Carex phaeocephala 

Phleum alplnum 

SI tan Ion h y s t r l x 

Herbs 

Antennar la umbr lnel la 

Campanula r o t u n d ! f o l i a 

Geum ross l I 

LupInus Ieucophy11 us 

PoIygonum b l s to r to Ides 

Seneclo canus 

So11 dago m u l t l r a d l a t a 

Herbs 

AchII lea mi I l e fo l i um 

Aster f o l i a c e u s 

Campanula rotund I f o l l a 

EpII obi urn angus t i fo l ium 

LupInus Ieucophy11 us 

M Ic rocer l s n l g rescens 

Polygonum b l s t o r t o i d e s 

Seneclo canus 

Seneclo pauperculus 

S o l i dago m u l t l r a d l a t a 

Shrubs 

A r tem i s i a campestr i s ssp. boreal i s 

Potent! I la f r u t i c o s a 

Shrubs and Trees 

Pinus a l b i c a u l i s 

Pinus con to r t a 

Potent! I la f r u t i c o s a 
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NORTHEASTERN BRITISH COLUMBIA -
PREPLANNING AND RECLAMATION OF EXPLORATION ACTIVITIES 

ABSTRACT 

The prime areas f o r coal exploration are usually alpine or subalpine 
environments, although some p o t e n t i a l mine areas and access are i n 
boreal, coniferous f o r e s t s . To minimize environmental damage, pre­
planning of access and exploration investigations i s a requirement. 

Road locations are i n i t i a l l y located using a i r photographs, topographic 
maps and geologic maps. P o t e n t i a l problem areas are delineated and 
sources for road f i l l determined. In the f i e l d the planned road 
l o c a t i o n i s traversed and on s i t e changes made. During road construc­
t i o n a concurrent reclamation program i s maintained. 

Once a preferred adit location i s determined, access and exact seam 
loc a t i o n must be defined. Rotary d r i l l i n g and geologic mapping along 
access t r a i l s a i d i n the seam d e f i n i t i o n . Use of e x i s t i n g access 
minimizes new environmental damage. Using a small backhoe can a i d i n 
seam exposure while lessening surface disturbance. 

Following completion of the exploration program, a l l disturbed areas are 
reclaimed and access closed. 

BACKGROUND AUTHORS 

Dave Johnson, B.Sc, Mount A l l i s o n , has been involved i n northeast coal 
exploration for the past three years and i s presently the Project 
Geologist f o r Quintette. 

Roger Shields, C.E.T., i s a graduate of BCIT and has been involved i n 
northeast coal exploration since 1970. He i s presently the F i e l d 
Manager for the Quintette p r o j e c t . 

INTRODUCTION 

The alpine, subalpine and boreal, coniferous f o r e s t s that cover the coal 
measures of northeast B r i t i s h Columbia are undeniably one of the most 
scenic areas of t h i s province. The alpine i s reasonably accessible, the 
r i v e r s have an abundance of f i s h and w i l d l i f e abounds. This may seem a 
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b i t flowery but the point i s made. We appreciate t h i s countryside. I t 
i s also our l i v e l i h o o d . We are concerned for both. 

When planning an exploration program the objective i s to produce the 
most amount of information for the least amount of d o l l a r s . This, 
however, must be balanced against environmental damage. By c a r e f u l 
pre-planning and c l o s e l y supervising i t s implementation, both of these 
objectives can be achieved. 

LOCATION 

The areas to be discussed i n t h i s paper are the inner f o o t h i l l s of 
northeast B r i t i s h Columbia. 

S p e c i f i c a l l y , the discussion covers Quintette, Belcourt and Saxon 
pr o j e c t s . These properties range from the Alberta border to within 
60 km of Chetwynd, B.C. The license area i s i n excess of 80,000 ha 
covering estimated coal reserves of over 4 b i l l i o n tonnes. 

ENVIRONMENT 

The dominant s u r f i c i a l materials i n high elevation areas are weathered 
and c o l l u v i a t e d bedrock, and highly weathered t i l l s deposited p r i o r to 
the l a s t g l a c i a t i o n . At lower elevations, the slopes of major v a l l e y s 
i n western regions of the inner f o o t h i l l s region are covered by recent 
deposits of ground moraine which often extend to the v a l l e y f l o o r . In 
the eastern portions of v a l l e y s , outwash deposits commonly replace or 
o v e r l i e the t i l l . Other s u r f i c i a l materials present include small 
pockets of l a c u s t r i n e materials overlying outwash, a l l u v i a l deposits i n 
major v a l l e y s , and small organic deposits, mainly bogs. 

The most common vegetation types are boreal and subalpine coniferous 
f o r e s t s with alpine vegetation types at high elevations. 

PLANNING 

Pre-planning of roads, adits or even cat t r a i l s that may cause s i g n i ­
f i c a n t environmental damage i s e s s e n t i a l . 

I n i t i a l l y topographic and geologic maps are examined. The geology and 
topography t e l l s the planner the most l i k e l y l o c a t i o n for a possible 
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a d i t . This gives us an end point for our road l o c a t i o n . S i m i l a r l y , 
these maps w i l l also help locate recessive and r e s i s t a n t formations. 
The recessive units tend to be wet and require excessive f i l l which i n 
turn can r e s u l t i n slumping. The r e s i s t a n t units may require d r i l l i n g 
and b l a s t i n g or excessive f i l l to get around them. Knowing where the 
various problem l i t h o l o g i e s are allows pre-planning around them while 
maintaining optimum grade. 

The geologic knowledge of the area i s also useful when searching for 
suitabl e road b u i l d i n g material. For example, we knew that the Hulcross 
Formation, a marine s i l t s t o n e / v e r y f i n e sandstone, made a very good road 
bed f o r the r e l a t i v e l y l i g h t equipment that would be t r a v e l l i n g on i t . 
Therefore, when planning we could pre-determine where possible borrow 
p i t s could be excavated without excessive surface disturbance. The road 
was planned to in t e r s e c t t h i s formation at several locations. 

A f t e r examining the geologic/topographic maps, a more d e t a i l e d examina­
t i o n i s conducted with a i r photographs. This enabled us to locate 
prominent ridges, excessively wet areas, and s l i d e s . I t i s on the a i r 
photos that the preliminary road route and adit locations are indicated. 

One of the most obvious reasons for planning i s to use e x i s t i n g access. 
It makes sense both economically and environmentally. We have been 
fortunate i n some of our exploration to have large, cleared seismic 
l i n e s accessing some areas. Obviously, the seismic l i n e s w i l l not 
follow the best ground, but 90% of the time they are usable. Using 
tracked vehicles and wide pad c a t e r p i l l a r t r a c t o r s , use of most of the 
t r a i l i s p o s s i b l e . And where i t i s n ' t , the seismic crews have usually 
constructed a bypass! However, i t was necessary to corduroy i n 
p a r t i c u l a r l y wet areas. 

In addition to seismic l i n e s , we have used f i r e l i n e s which have created 
access to recent burn areas. Keeping i n mind the possible erosion 
problems, road locations i n burn areas are preferable to those located 
i n mature growth. 

F i n a l l y , a f t e r determining as many routing options as pos s i b l e , and 
comprising our d r i l l and ad i t locations to expedite the program and 
minimizing environmental damage, we go to the f i e l d . 
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CONSTRUCTION AND CONCURRENT RECLAMATION 

The f i r s t work to be performed i s to cruise the proposed route. And to 
check the ad i t locations to ensure there r e a l l y i s coal there! 

C r u i s i n g of seismic l i n e s and e x i s t i n g t r a i l s i s r e l a t i v e l y easy. The 
problem areas are again noted on the a i r photos and we determine whether 
the route can be used, corduroying i s necessary, or a bypass must be 
constructed. 

C r u i s i n g v i r g i n forest and undisturbed alpine areas i s necessary to 
confirm the route chosen i n the o f f i c e . When checking the proposed 
route i n the f i e l d , the target area, whether i t be an adit l o c a t i o n or 
d r i l l hole s i t e , i s located f i r s t . This gives the i n d i v i d u a l l o c a t i n g 
the road a cursory examination of the p o t e n t i a l road l o c a t i o n . Then, 
working back from the objective along the a v a i l a b l e access, the road 
l o c a t i o n i s flagged. 

Following t h i s methodology, the road i s located with an excellent know­
ledge of the t e r r a i n , r e s u l t i n g i n the best possible routing. 

Areas that are low l y i n g , or crossing possible s l i d e areas, are noted so 
that slashers and tr a c t o r operators can be advised. These people are 
shown the route and pre-slashing begins. 

Pre-slashing of roadways through undisturbed mature for e s t minimizes 
hanging trees and allows them to be immediately brought to ground 
l e v e l . In t h i s way, a minimum amount of damage i s done to trees on 
either side of the roadway. 

To reduce f i r e hazard and improve the aesthetic q u a l i t y of the work, 
f a l l e n trees are bucked i n t o short lengths as well as buried once the 
t r a c t o r begins actual road making. Excessive slash along major roadways 
i s p i l e d and burned. 

In areas of excessive cover, whether i t be f o l i a g e or overburden, exact 
adi t locations are d i f f i c u l t to f i n d . For t h i s reason, rotary d r i l l i n g 
aids i n d r i l l hole l o c a t i o n . Using the d r i l l hole information to i n t e r ­
pret the geology, and by c a r e f u l examination of the topography, the 
suspected l o c a t i o n of coal outcrop can be determined. The actual 
excavation of the coal seam i s enhanced by the use of a small backhoe. 
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By cleaning the face of an a d i t i n low r e l i e f areas with the backhoe, 
only a small area i s required to clean the seam outcrop face. This 
d e f i n i t e l y reduces the area damaged compared with that caused by a D-6 
c a t e r p i l l a r . 

In t h i s way, the "search and destroy" method of seam outcrop i s e l i m i ­
nated and environmental damage minimized. 

Adit s i t e s are located with drainage i n mind, inc l u d i n g proximity to 
major watercourses. Every attempt i s made to ensure that water from the 
ad i t i s r e s t r i c t e d i n i t s flow toward the drainage. This i s often 
s i m p l i f i e d by the distance. However, berms or ditches at a l e v e l below 
the p o r t a l a r e often used. 

During construction the t o p s o i l i s set aside and a berm i s placed around 
the a d i t platform to prevent coal s p i l l a g e during the mining phase. The 
waste dump i s located on a dry platform with berms and water diversion 
channels. Often, the adit platform i s suitable for s t o c k p i l i n g the 
waste coal. 

During a l l phases of construction close supervision i s necessary to 
achieve the objectives of the pre-planning. This, of course, also 
applies to the reclamation. 

RECLAMATION 

Once adit construction i s complete and the coal sample i s taken, re­
clamation can begin. 

The a d i t platform and drainage di t c h are contoured to prevent erosion. 
The platform i s used to p i l e waste coal and the coal i s contoured 
against the highwall. The area i s then covered by the s o i l set aside 
during construction. The area i s seeded and f e r t i l i z e d with the 
appropriate mixtures as set down i n the reclamation guidelines. The 
waste dump i s treated i n the same manner, ensuring water diversion 
channels are maintained to prevent erosion. 

Since roads are often used from year to year i n an exploration program, 
often only the ditches and embankments are seeded. Water b a r r i e r s are 
used extensively to hinder erosion. Upon completion of a program, a l l 
roads are completely reclaimed by b a r r i e r s , contouring where necessary, 
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f e r t i l i z i n g , and seeding. Alpine areas i n our Saxon property have had 
excellent success i n road and d r i l l s i t e reclamation a f t e r several 
seasons of monitoring. 

D r i l l s i t e s along roads are recontoured and seeded. Generally l i t t l e 
damage i s done by the actual d r i l l i n g process although the d r i l l return 
i s d i rected away from major watercourses and artesian holes are sealed 
by cementing. Since most diamond d r i l l s i t e s are hel i c o p t e r supported, 
l i t t l e environmental damage r e s u l t s . The areas cleared for these d r i l l 
s i t e s are slashed and bucked i n a s i m i l a r fashion to road construction. 
Reseeding i s not usually required. 

Trenches that have been dug on the property range from natural r i v e r 
cuts to hand trenches, to road cuts to deep backhoe trenches. Trenches 
that are dug are f i l l e d i n and the larger backhoe trenches seeded. The 
amount of environmental damage by trenching i s minimal, amounting to a 
t o t a l of 0.6 ha on Belcourt property over the past four years. 

A l l work areas, whether trenches, d r i l l s i t e s or adit s i t e s , are cleared 
of refuse during construction. This ongoing process, where a he l i c o p t e r 
brings supplies and then removes the waste on the return t r i p maintains 
clean work areas. When necessary, we get the accountant out from behind 
his desk for garbage d e t a i l when large items such as empty f u e l drums 
accumulate i n the f i e l d . 

The f i n a l reclamation i s the refuse dump area, which i s recontoured and 
seeded l i k e any other excavation and, on program completion, the camp­
s i t e i s s i m i l a r l y treated. 

FOLLOW-UP 

In the i n i t i a l years following reclamation, the s i t e i s r e v i s i t e d to 
monitor the progress of the reclamation. Reseeding may be c a l l e d f o r . 
For example, Belcourt property which underwent i t s f i n a l year of ex­
p l o r a t i o n i n 1980, w i l l require seeding of the road crowns and reseeding 
of the areas that did not take because of an unusually dry spring and 
summer. 

CONCLUSION 

We consider that our methods of pre-planning, construction and reclama­
t i o n have been successful i n causing minimal disturbance, as well as 
speeding up the natural reclamation process. 
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EROSION CONTROL IN THE QUEEN CHARLOTTE ISLANDS 

INTRODUCTION 

The Queen Charlotte Islands consist of approximately 150 i s l a n d s , 
grouped i n t o a t r i a n g u l a r shape, that l i e o f f the northwest coast of 
B r i t i s h Columbia (Calder and Taylor 1968). The Charlottes are approxi­
mately 250 km long and have a maximum width of 85 km. The two major 
islands are Graham and Moresby. The mountains of the Queen Charlotte 
Range form the backbone of the Islands with most peaks between 800 m and 
1,100 m and a few above 1,300 m. 

The climate of the Charlottes can be summarized by t h i s statement from 
Calder and Taylor's F l o r a of the Queen Charlotte Islands (1968): 

"The main d i s t i n g u i s h i n g features of the climate of the Queen 
Charlotte Islands are the very cool summers, the very mild 
winters, the prevalence of cloudy skies and strong winds, and 
the excessive late f a l l and early winter p r e c i p i t a t i o n . " 

The p r e c i p i t a t i o n ranges from 1,550 mm per year on the east side of the 
Islands to i n excess of 7,500 mm on the west coast. The average number 
of days per year with measurable p r e c i p i t a t i o n ranges from 205 to 249. 
The 24-hour r a i n f a l l may be as high as 12 cm or 15 cm (Toews and W i l f o r d 
1978). I t i s t h i s type of event that causes much of the problems 
associated with land i n s t a b i l i t y . 

VEGETATION 

The Queen Charlotte Islands are within the Coastal Western Hemlock Bio-
geoclimatic Zone and the lower elevations are for the most part forested 
with commercial stands (Toews and W i l f o r d 1978). These stands are 
composed of western hemlock, Sitka spi^uce, western red cedar, and yellow 

high percentage of large old-growth timber. Forestry i s only one of the 
main ind u s t r i e s i n the Charlottes, f i s h i n g i s another. 

CLIMATE 

cedar. The forested lands are productive and s t i l l contain a 
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FISHERY RESOURCE 

A l l f i v e species of P a c i f i c salmonids and the steelhead trout occur i n 
the Queen Charlottes. Approximate average annual escapements of the 
anadromous salmonids (the number of adult f i s h returning to spawning 
streams) are indicated i n Table 1 f o r four watersheds on the south­
eastern quarter of Graham Island (Toews and Wilford 1978). The Yakoun 
i s the largest r i v e r i n the Queen Charlottes and has an extremely high 
even year pink salmon run as well as providing spawning habitat for the 
only s i g n i f i c a n t l o c a l Chinook salmon stock. 

It has been noted that escapements of pink salmon were h i s t o r i c a l l y much 
higher than current l e v e l s (Toews and W i l f o r d 1978). A decline i n the 
q u a l i t y and extent of spawning habitat due to f o r e s t harvesting 
p r a c t i c e s i s thought to be p a r t i a l l y responsible for t h i s decline (Toews 
and W i l f o r d 1978). 

THE PROBLEM 

This decline i n spawning habitat q u a l i t y can be p a r t i a l l y a t t r i b u t e d to 
f o r e s t harvesting and road construction which can lead to an increased 
incidence of s o i l mass wasting i n steep t e r r a i n (Rice et a l 1972). 
Although there are numerous incidences of natural slope i n s t a b i l i t y i n 
the Charlottes, windthrow along clearcut boundaries, debris accumulation 
i n g u l l i e s , and changes i n drainage as a r e s u l t of gouging during 
yarding have a l l been shown to contribute to accelerated mass wasting i n 
c l e a r c u t s . 

Forest roads have been recognized as a major source of sediment through 
both surface erosion and mass wasting. Road caused mass wasting i s most 
often associated with inadequate or poorly maintained road drainage 
structures and overloaded f i l l / s i d e c a s t material. Surface erosion 
associated with forest roads may not be as spectacular as mass wasting 
but i t can move large volumes of s o i l f o r up to 5 years a f t e r road 
construction (Rice et a l 1972). In addition, a l l mass wasted s i t e s are 
surface erosion s i t e s following the i n i t i a l s o i l movement. 

THE CONFLICT 

In August 1979, c u t t i n g permit #144 of Queen Charlotte Timber became the 
f o c a l point of a clash between the f i s h e r i e s and f o r e s t r y i n d u s t r i e s . 
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TABLE 1 

AVERAGE SALMON ID ESCAPEMENT FROM 1966-1976 

RIVERS 

Chum 

Coho 

P inks (even year) 

P inks (odd year) 

Sockeye 

Chinook 

Steel head 

Honna 

4,800 

1,600 

18,700 

500 

Mamin T l e l I 

2,300 13,000 

40,000 6,200 

4,000 

200 

450 

Yakoun 

7,400 

348,000 

800 

11,000 

1,700 

5,800 
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Federal F i s h e r i e s revoked t h e i r approval for logging i n the R i l e y Creek 
watershed i n Rennell Sound a f t e r the scale of mass s o i l movement was 
greater than anticipated. They issued a closure to further logging i n 
an e f f o r t to prevent further damage to the spawning areas. However, the 
B.C. Ministry of Forests ordered the company to continue logging based 
on the i n i t i a l approval from Federal F i s h e r i e s and the fact that over $2 
m i l l i o n d o l l a r s had been invested i n road development. The company 
followed the orders of the Ministry of Forests and the f a l l e r s were 
arrested by RCMP on charges l a i d by Federal F i s h e r i e s . 

The resource c o n f l i c t here and i n other parts of the province i s far 
from resolved, but i t did serve to focus attention on the negative 
impact of some forest harvesting a c t i v i t i e s on the f i s h e r y resource. I t 
also pointed out the lack of cooperation between the resource agencies 
involved. 

THE EROSION CONTROL PROGRAM 

In 1978, the B.C. Fish and W i l d l i f e Branch requested the Ministry of 
Forests Research Branch to begin i n v e s t i g a t i n g methods of c o n t r o l l i n g 
erosion i n the Charlottes. I t was recognized that c o n t r o l l i n g surface 
erosion from roads and mass wasted areas would be an important step i n 
a l l e v i a t i n g the sediment problem. The re-establishment of vegetation on 
denuded slopes was chosen as the most e f f e c t i v e and e f f i c i e n t method of 
achieving t h i s goal. 

Thus 
E.P. 834: The R e h a b i l i t a t i o n of Severely Disturbed Forest 
Land 

and 
E.P. 863: The Propagation of Native Shrub and Tree Species 
for C o n t r o l l i n g Erosion 

became involved i n the Queen Charlotte Islands. E.P. 834 deals primari­
l y with grass-legume establishment on denuded s o i l to control surface 
erosion and to a i d i n the return of t h i s land to productive f o r e s t . 
E.P. 863 i s concerned with the establishment of woody shrubs on d i s ­
turbed s i t e s to a i d i n surface erosion c o n t r o l , as well as enhancing 
slope s t a b i l i t y through the development of a root network. 
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OBJECTIVES 

1. Control of surface erosion from f o r e s t road slopes; 

2. Control of surface erosion from mass wasted areas; 

3. Enhancement of slope s t a b i l i t y on mass wasted areas (or 
p o t e n t i a l l y unstable slopes) to prevent further slope de­
gradation. 

Objective 1: 

Surface erosion control from forest road slopes can be accomplished 
through revegetation with grasses and legumes. Since most of the forest 
road slopes i n the Charlottes are greater than 2:1 and receive rather 
high i n t e n s i t y r a i n f a l l , hydroseeding was deemed as the most p r a c t i c a l 
method of slope revegetation. 

I n i t i a l roadside seeding by the Research Branch i n the Charlottes was 
very successful, even on some very steep cut and f i l l / s i d e c a s t slopes. 
Since these early e f f o r t s , the Research Branch has a s s i s t e d MacMillan 
Bloedel, Crown Zellerbach, and Western Forest Products i n the conversion 
of f o r e s t f i r e tankers int o hydroseeders through the a d d i t i o n of a 
r e c y c l i n g a g i t a t i o n system. A l l three multi-purpose units w i l l be i n 
f u l l operation i n 1981. 

Objective 2: 

Once again, grass-legume establishment was chosen as the best method to 
h a l t surface erosion on these denuded slopes. However conventional 
a p p l i c a t i o n equipment could not begin to cover the types of slopes 
encountered. Dry-seed a p p l i c a t i o n by helicopter was disregarded due to 
i t s questionable success on steep slopes with high r a i n f a l l and strong 
winds. A better solution would be the a p p l i c a t i o n of a hydroseed 
s l u r r y , containing seed, f e r t i l i z e r , and a s o i l binder. The s o i l binder 
would hold the seed and f e r t i l i z e r i n place on the steep slopes u n t i l 
germination. 

The f i r s t e f f o r t s at applying a hydroseed s l u r r y to the slopes were with 
a Hughes 500 helicopter and a monsoon bucket. Although there was no 
a g i t a t i o n or gradual dispersion of the s l u r r y to the slopes, these 
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e f f o r t s were somewhat successful i n e s t a b l i s h i n g grass-legume cover on a 
portion of the slopes. 

Over the winter 1980-81, B i l l Marson (then Chief Engineer with Queen 
Charlotte Helicopters Ltd.) and B i l l Carr (contractor with the B.C. 
Ministry of Forests) designed another method of spreading the s l u r r y 
over the slope. B i l l Marson b u i l t the new helicopter hydroseeder i n the 
early spring of 1981 and t h i s unit was operationally tested i n May 1981. 

The new seeder was a h e l i c o p t e r pod that could keep the s l u r r y agitated 
and also apply i t evenly over the slope. A 3 hp engine drives a central 
shaft which has an impellor i n s i d e the bucket for a g i t a t i o n , and a 
spreading disc underneath. Opening and c l o s i n g of the drain port can be 
done e l e c t r i c a l l y by the p i l o t . Although there are s t i l l some torque 
problems to be worked out, the unit was f a i r l y easy to manoeuver and 
highly e f f e c t i v e i n covering the slope with the hydroseed s l u r r y . The 
r e s u l t s so far have been very promising, with good vegetative e s t a b l i s h ­
ment on some extremely steep sidewalls i n the seeded g u l l i e s . The u n i t 
also proved to be very cost e f f i c i e n t . Tables 2, 3, and 4 provide a 
breakdown of the materials used and the costs incurred i n the seeding of 
Crown Zellerbach Spur 29. 

Future operations of t h i s bucket are somewhat tenuous due to a change i n 
the personnel and management of Queen Charlotte Helicopters Ltd., but we 
have devised a methodology for the seeding of previously inaccessible 
areas. The unit has proven to be f a s t and e f f e c t i v e i n the hydroseeding 
of steep slopes, as well as very cost e f f i c i e n t . 

Objective 3: 

Mass wasted slopes not only pose a serious surface erosion problem, but 
also remain unstable and are often subject to further s o i l movements 
u n t i l there i s nothing l e f t but bedrock. In t h i s s i t u a t i o n , the use of 
shrubs becomes an i n t e g r a l part of a revegetation program. The shrubs 
not only add d i v e r s i t y to the erosion control vegetation, but more 
importantly, they add a deep, strong root network. This root network 
has been shown to s i g n i f i c a n t l y increase the shear strength of s o i l 
(Endo and Tsuruta 1969, O'Loughlin 1972) as well as anchoring the s o i l 
mantle to more stable bedrock. 
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TABLE 2 

HELICOPTER HYDROSEEDING: C-Z SPUR 29 

General Information 

Tota l Area Seeded 3 hectares (approximately) 

Tota l S lu r ry App l ied 1,000 ga l l on s 

Tota l Mater ia I s A p p l i e d : 

F e r t i l i z e r (20-24-15) 450 kg 

Seed Mix 100 kg 

So i l Binder (Ecology M-1) 55 kg 

TABLE 3 

HELICOPTER HYDROSEEDING: C-Z SPUR 29 

Tota l F l i g h t Time 

Average Pay load 

Number of Turns 

Average Time Per Turn: 

FiI Iing of Bucket 

F l i g h t Time t o S i t e 

Spreading of S l u r r y 

Return F l i g h t 

F l i g h t Information 

1 hour 

85 gal Ions 

12 

1.0 minute 

1.5 minutes 

1.0 minute 

1.5 minutes 

Tota l 5.0 minutes 
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TABLE 4 

HELICOPTER HYDROSEEDING: C-Z SPUR 29 

Cost Breakdown 

Per Hour Per Hectare 

He11copter Rental - Hughes 500 ( i nc lud ing bucket) $ 450 $150 

Truck Hydroseeder ( Inc luding labour) 300 100 

M a t e r i a l s A p p l i e d : 

Seed Mix 275 92 

F e r t i l i z e r 145 48 

S o i l Binder 290 97_ 

Tota l $1,460 $487 
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For the Queen Charlotte Islands, only native shrubs such as Vaccinium 
ovatum, Rubus parviflorus, and Salix sp. were considered for use be­
cause: 

1. These native species are adapted to the l o c a l climate and 
s o i l s ; 

2. There was great concern over the possible escape of an i n t r o ­
duced species and the creation of a weed problem. 

Table 5 provides a complete l i s t i n g of the shrub species c o l l e c t e d on 
the Charlottes f o r propagation. Hardwood cuttings, softwood cuttings, 
and seed were c o l l e c t e d l o c a l l y and transported to UBC for propagation. 
Shrub propagation methods and strategy are outlined i n Appendix A. 

As an example of our propagation methods, the following procedure f o r 
hardwood (dormant) cuttings i s used. The cuttings are taken during the 
dormant season and shipped back to UBC. Upon a r r i v a l , they are trimmed 
to size (leaving 3 or 4 buds), dipped i n root hormone, bundled i n groups 
of 15, and placed i n a cold-frame over winter. In the spring, rooted 
cuttings are l i n e d out i n the nursery f i e l d for "growing on." 

The rooting r e s u l t s for the Queen Charlotte shrubs are given i n Table 
6. Both hardwood and softwood cuttings were for the most part very 
successful. If possible, hardwood c u t t i n g i s the preferred method due 
to i t s s i m p l i c i t y and ease of handling. Softwood cuttings require much 
more attention and handling, i n c l u d i n g greenhouse f a c i l i t i e s with a mist 
system. Our seed program i s just getting under way and we have no 
tabulated data at t h i s time. However, when dormancy and other technical 
problems are ironed out, seed propagation i s l i k e l y to be the most 
operationally and cost e f f i c i e n t method for most species. 

Last November, shrubs from 6 species were l i f t e d from the nursery bed, 
transported back to the Charlottes, and planted at 4 te s t s i t e s . For 
the most part we selected large rooted stock grown i n beds, but did 
include some rooted willow s t i c k s (Salix sp.) that were s t i l l i n the 
cold-frame. Table 7 includes a l i s t of the chosen species and the 
numbers planted. 

Three of the te s t s i t e s were V-notch g u l l i e s that had been hydroseeded 
i n May 1980. The other s i t e was a recent road f a i l u r e that resulted 
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TABLE 5 

SHRUBS COLLECTED FOR THE QUEEN CHARLOTTE ISLANDS 

Seed C u t t i n g s 
Spec ies 

Hardwood Softwood 

X 
X 

Sambucus racemosa 

Symphoricarpos a lbus 

Sp l rea doug la s i i 

Rubus spectab i I i s 

Rubus p a r v i f l o r u s 

Cornus s to lon i f e r a 

Sal ix sp. 

Rosa sp. 

Vaccinium p a r v i f l o r u s 
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TABLE 6 

ROOTING SUCCESS OF COLLECTED SHRUBS 

Species Cu t t i n g s  

Hardwood Softwood 

Sambucus racemosa 9B% 

Symphoricarpos aI bus 90% 11% 

Spirea doug l a s i i 96% 95% 

Rubus s p e c t a b i l i s 61$ QQ% 

Rubus p a r v i f l o r u s 21 % 

Cor nus s to lon i f e ra 65% 

S a l i x sp. 99% 99% 

Rosa sp. )9% 19% 

Vaccinium p a r v i f l o r u s 61 % 

TABLE 7 

QUEEN CHARLOTTE FIELD TRIALS: NOVEMBER 20-21, 1980 

Spec ies P lanted Numbers 

Symphoricarpos a I bus 96 

Rubus p a r v i f l o r u s 73 

Rubus s p e c t a b i l i s 118 

Cornus s to lon I fera 50 

Spirea doug la s i i 30 

S a l i x spp. 

- Big stock 55 

- Rooted s t i c k 258 

680 
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from the overloading of the f i l l slope. Planting on the steeper slopes 
was much easier when there was a well established grass-legume cover. 
These areas were also subject to far less surface erosion, which on some 
non-grassed slopes exposed some of the shrubs' root systems. In one 
instance, at least 5 cm of s o i l eroded from a portion of an uncolonized 
part of a slope which t o t a l l y uncovered some of the planned shrubs. 

As of June 1981, the majority of the planted shrubs were growing well 
(Table 8). Although the numbers of some species are small, these pre­
liminary r e s u l t s are very promising. Most shrubs were subjected to some 
degree of deer browse, but so far i t has been a problem only with 
willow (Salix sp.). The large rooted stock appears to be able to 
t o l e r a t e low lev e l s of browse a c t i v i t y . 
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TABLE 8 

QUEEN CHARLOTTE FIELD TRIALS: SPECIES ESTABLISHMENT AS OF JUNE 3, 1981 

Spec ies P lanted Surv iva l Percent 

Symphoricarpos a I bus 99 

Rubus p a r v i f l o r u s 50 

Rubus s p e c t a b i I i s 100 

^Cornus s to lon i f e r a 100 

Sp i rea douglas i i 100 

S a l i x sp. 

- B ig stock 100 

- Rooted s t i c k 55 

6 
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APPENDIX A 

SHRUB PROPAGATION METHODOLOGY AND STRATEGY 
B.C. MINISTRY OF FORESTS #EP 863 - CHRIS MARCHANT 

Objective; To control mass movement, s o i l creep, minor sheer f a i l u r e , 
r a v e l l i n g and to r e h a b i l i t a t e slopes through the use of l i v e root 
systems of smaller woody plants. 

Method depends on mechanical strength and on water absorptive capacity 
of the roots. Probably also depends on the development of ramifying 
subsurface water movement channels along these root systems. 

Species Selection and Choice of Method f o r Each 

There are about 50 p o t e n t i a l l y suitable native or naturalized species i n 
B.C. (Table 9). Total studied to date i n EP 863 i s 30 species (Table 
10). To each of these can be applied a set of considerations and para­
meters before outplanting on a s i t e as follows: 

1. Choice of Propagule Type (bare root or containerized) 
Depends on: 

Sit e conditions ( a c c e s s i b i l i t y , etc.) 
S o i l conditions (degree of moisture) 
Ravelling or slumping on slope. 
Aspect (wind, sun, f r o s t , etc.) 
Steepness 
Elevation 
Regional occurrence 
A v a i l a b i l i t y at time of c o l l e c t i o n (e.g. seed source, loca­
t i o n , c o l l e c t i o n and cleaning has to be timed f o r each species 
and elevation) 

2. Size of propagule 
Similar consideration as i n 1. above: 

Economics of production, transportation 
Speed of outplanting growth vs. percent s u r v i v a l 
Relative a b i l i t y to e s t a b l i s h i n a given s i t e 
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3. Time of Outplanting i n F i e l d P l o t s 
Dependent on: 

Season (snow melt date) 
Elevation 
Occurrence of highest and most destructive r a i n f a l l 
Periods and f r o s t s (heaving) 
A v a i l a b i l i t y of material 
Allowance of enough time for good root establishment before 
winter or before summer heat 

4. Block Patterns and Spacing Arrangement 

T r i a l and Error: Some l o g i c a l a p p l i c a t i o n to slope mechanics or 
run-off c h a r a c t e r i s t i c s . Spacing approximately 1 m but dependent 
on the species. 

5. Monoculture Vs. Mixtures of Species 

Attempt to predict the successional c h a r a c t e r i s t i c s of the s i t e . 
Assess the s o i l l e v e l s of a given s i t e i n which root development i s 
required. 

6. Engineering Influences 

Road construction timing and cooperative e f f o r t (e.g. Rover Creek). 
Road maintenance timing ( c l e a r i n g ditches, sidecasting e t c . ) . 
Log hauling ( i n t e r f e r i n g with access to s i t e or work on a roadside 
s i t e ) . 

7. Animal Browse 

Determining the s u s c e p t i b i l i t y of species to browse damage where 
game p l e n t i f u l or overstocked (QCI). 

Summary 

Selection of best shrub species depends not only on f i e l d s i t e per­
formance but on ease of propagation and subsequent growth response + 
s p e c i f i c r e h a b i l i t a t i o n value. 

e.g. Symphoricarpos vs. Ceanothus 
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Propagation Methods 

Softwood cuttings 
Hardwood cuttings 

Lonicera involucrata 

e.g. Cornus ceriseus 

Offsets and layering 
Seed Philadelphus lewisii 

Corylus cornuta 

Great v a r i a t i o n i n response and ease of a p p l i c a t i o n between species* 

1. Methods - Hardwoods 

Gathering strong dormant current year shoots, c u t t i n g , dipping, 
bundling, st o r i n g (sawdust, fridge) line-out next spring. 

a. Advantages 

Rapid growth once rooted (compared to some seed) 
Avoids problems of seedling propagation (timing of s t r a t i f i c a ­
t i o n , etc. ) 

b. Drawbacks 

Slow and unr e l i a b l e with many species 
Needs c a r e f u l storage 
Bulky c o l l e c t i o n and storage 
D i f f i c u l t to control water content during storage 
Often d i f f i c u l t to f i n d healthy and suitable material 

2. Methods - Softwoods 

Gathering from plump current year shoots without disease damage. 
Transfer to propagation f a c i l i t y . Cutting, dipping and i n s e r t i n g 
i n medium under mist i r r i g a t i o n . To be done i n summer when shrubs 
s u f f i c i e n t l y grown and matured. 

a. Advantages 

Fast rooting (e.g. Lonicera involucrata) 
Easy to monitor progress 
Usually easy to f i n d s u i t a b l e f i e l d material (e.g. Shepherdia 
canadensis) 
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b. Disadvantages 

Often short growth season (July to September) 
Resulting young plants tend to have poor root development by 
the onset of winter - poor s u r v i v a l 
Plants not large enough to outplant by the f i r s t f a l l (e.g. 
Salix from higher elevations) 
Often deteriorates during transport from f i e l d material 
c o l l e c t i o n s i t e to f a c i l i t y i n summer 

3. Methods - Offsets and Layering 

Only usable for a few suitable species (e.g. Corylus). 

a. Disadvantages 

Need to b u i l d stock plants at a nursery f a c i l i t y (layering) 
F a i r l y slow process r e q u i r i n g f i e l d space 

4. Root Cuttings 

Labourious f i e l d c o l l e c t i o n 
Slow r e s u l t s 
Suitable for very few species (e.g. Shepherdia)• 

5. Seed Propagation 

a. Advantages 

Generally most e f f i c i e n t process 
Large stocks can be held i n storage 
Germination can be timed 
Even-aged progeny develop with good form 

b. P i s advanta ge s 

Location of abundant wild sources of wide range of provenances 
not easy 
S t r a t i f i c a t i o n needed to break dormancy often complex and 
pre c i s e . Sometimes unknown (e.g. Symphoricarpos). 
Seedlings of some susceptible to damping off or "shock" 
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Sometimes seed almost impossible to c o l l e c t (e.g. Salix, Ceano-
thus) 
Sometimes large q u a n t i t i e s of f r u i t y i e l d few seeds (Shep­
herd ia) 

In conclusion, before there can be adequate f i e l d p l a n t i n g t r i a l s there 
must be successful propagation methods established. This i s the key to 
a native shrub program and one upon which every applied e f f o r t i s worth­
while. 

Results at the end of t h i s second year are very promising. Upwards of 
7,000 propa gules of 30 species are under development t h i s f a l l . 
P l a nting t r i a l s w i l l be expanded i n QCI, the Fraser Canyon and West 
Kootenays. 

The end product of the study w i l l be p u b l i c a t i o n of an established set 
of guidelines f o r shrub propagation methodology and f o r f i e l d u t i l i z a ­
t i o n of native shrubs i n s o i l r e h a b i l i t a t i o n . 
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TABLE 9 

SPECIES RECOMMENDED FOR EROSION CONTROL AND THEIR SUCCESSFUL METHODS OF PROPAGATION 

SPECIES SEED HARDWOOD SOFTWOOD 

ROOT OR 

OTHER 

Acer glabrum va r . doug l a s i i / - / -
Alnus v i r i d i s ssp. s inuata / -
Alnus incana ssp, t e n u i f o l i a / +? 
Amelanchier a l n i f o l i a / -
Arc tos taphy los uva-urs i / -
Berber ! s aqu l fo l ium / + 
Betu la lenta / + 
Betu la papy r i f e r a / + 
Betu la pendula / + 
Betu la sp. / -
Ceanothus sanguineus / +? / / -
Ceanothus ve lu t l nu s 

Cornus se r i ceus / + / -
Cory 1 us cornuta / -
Crataegus doug l a s i i / 
G a u l t h e r i a shalIon 

Ho lod i scus d i s c o l o r / + / P- / -
JunIperus hor izonta l Is / -
Lon icera Involucrata / - / + 
Pachlst lma myrs in i te s / - / + 
Phi ladetphus l e w i s i i / - / P- / + 
Populus t r i choca rpa / -
Physocarpus c ap i t a tu s / -? 
Prunus v l r g l n i a n a var , demissa / + 
Prunus sp. / -
Ribes l ax i f l o rum / -
Ribes sp. / -
Shepherdia canadensis / + / 
Sambucus cerutea / P+ / +? 
Sambucus racemosa var , arborescens 

S, racemosa var , melanocarpa / / + 
Sal Ix sp. / + / + 
Symphoricarpos a lbus / / + 
Spiraea douglas!I / + / + 
Rubus p a r v i f l o r u s / + / -
Rubus spectab l1 I s / + / -
Rubus leucodermis / / + 
Robin la pseudoacacia / + 

Method T r i e d ; / = yes 

Successfu I ; + = yes; - = no; p = poor; +? = unsure; ? = unknown await ing r e s u l t s . 
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TABLE 10 

SHRUB AND TREE SPECIES TESTED, METHODS AND SITE PREFERENCES - SUMMARY - TENTATIVE 

Reg Ion: 
Coast/ Type of 

Methc 
Propa< 

>d of 
jat i on Ease of Su i t ab le 

C u l t i v a t i o n 
Method Su i ted 

Species Name I n te r i o r Root i ng Cu t t i ng Seed Propagat ion Outp lant ing S i t e to Outp lant ing 

Sal ix ssp. Both Deep S H X Moderate Mois t to Wet Conta iner or 
S t i c k 

Populus t r l choca rpa Both Deep H X Good Moist to Wet Conta iner or 
S t i c k 

Betu la papy r i f e r a I n te r i o r Moderate 
to Deep 

X X S Good Dry to Moist Conta iner or 
Bare Root 

Alnus incana ssp. I n te r i o r Deep X X S Moderate Mois t to Wet Conta iner 

Alnus v i r i d i s 
ssp, s inuata 

I n te r i o r Deep X X S Moist to Wet Conta iner 

Cornus se r i ceus Both F ib rous H S Easy Moist to Wet Bare Root 

Amelanchier a l n i f o l . Both Moderate 
to Deep 

XXX S F a i r Dry, Rocky Conta iner 

Acer glabrum 
va r , douglas i i 

I n te r i o r 
to Coastal 

Deep L S F a i r Dry to Moist 
Rocky 

ContaIner 

A, c i r c inna tum C o a s t a l , 
southern 

Moderate XXX S F a i r Mois t Conta iner 

Sambucus racemosa 
va r , arborescens 

Coastal Moderate S. S. F a i r Mois t Conta iner 

Sambucus racemosa 
va r , melanocarpa 

I n te r i o r Moderate S Mois t Conta iner 

Sambucus ce ru lea I n te r i o r Moderate S F a i r Moist Conta iner 

Physocarpus c a p l t a t a Both S Good Dry to Mois t 

Prunus v i r g i n i a n a Both Moderate XXX S Moderate Dry-Moi s t Conta iner or 
Bare Root 

Prunus emarglnata Both Moderate XXX S Moderate Dry-Mois t Conta iner or 
Bare Root 

Crataegus doug l a s i i I n te r i o r 
and Coast 

XX S Good Dry Conta iner 

Crataegus columbiana I n te r i o r S Dry Conta iner 

Ceanothus sanguineus Both Deep XXX S Poor Dfy Conta iner 

C. v e l l u t i n u s I n te r i o r Deep XXX S Poor Dry Conta iner 

Sp i raea douglasi i Coast Shal low, 
rh i zomes 

SLH S Easy Mois t to Wet Conta iner or 
Bare Root 
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TABLE 10 (Continued) 

Region: 
Coast / Type of 

Methc 
Propaj 

>d of 
rat I on Ease of Su i t ab le 

C u l t i v a t i o n 
Method Su i ted 

Species Name I n te r i o r Root i ng Cut t ing Seed Propagation Outp lant ing S i t e t o Outp lant ing 

S. b e t u i i f o l i a I n te r i o r Shallow+ 
rh!zomes 

H S Dry Conta i ner 

S. d e n s i f l o r a I n te r i o r 
Montane 

Mahonia aqu l fo l i um Coast to 
I n te r i o r 

Shal low, 
rhizomes 

S Moderate Dry, Rocky Conta iner 

M« nervosa Both Shal low, 
rh i zomes 

S Moderate Mo i s t , Shady Conta iner 

M. repens 

Lon icera i nvo luc ra ta Both Moderate S H S Easy Dry to Moist Conta iner or 
Bare 

Symphoricarpos a lbus Both Shallow+ 
rhizomes 

S H S Easy, Seed 
Slow 

Dry to Moist Conta iner or 
Bare 

S. mo!1i s 

Viburnum edule 

Ribes l acus t re Both F ibrous S S Moist to Wet 

Ribes sanguineum Both F ibrous S Dry i sh to Moist 
or Shade 

Ribes i obb i i Coast 

Ribes cereum In te r i o r S Dry i sh 

Ribes v iscos iss imum In te r io r S Dry-Molst 

Rubus spectab l1 i s Coast Moderate 
and 
rhizomes 

X X A Good Moist to Wet Conta iner or 
Bare Root 

Rubus p a r v i f l o r u s Coast and 
I n te r i o r 

Moderate X X S Mois t 

Rubus leucodermis Both Moderate L S Good Moist Conta iner or 
Bare Root 

Vaccinium membranaceum Both Shallow S F a i r Dry to Moist Conta iner 

Vaccinium o v a l ! f o l i u m Coast Moderate S H S F a i r Moist ContaIner 

Vaccinium p a r v i f o l i u m Coast Moderate S H S F a i r Moist Conta iner 

Arc tos taphy los uva-urs l Both Shallow S F a i r Dry Conta iner 



TABLE 10 (Continued) 

Reg 1on: 
Coast / Type of 

Methc 
Propa< 

>d of 
jjat i on Ease of Su i t ab le 

C u l t i v a t i o n 
Method Su i ted 

Species Name I n te r i o r Root i ng Cu t t ing Seed Propagation Outp lant ing S i t e to Outp lant ing 

Gau I ther ia shalIon Coast Moderate S Easy Moist to Wet Conta iner 

Shepherdia canadensis I n te r i o r Deep S X S D i f f i c u l t Dry to Mois t Conta iner 

Ho lod i scus d i s c o l o r Both Moderate X H S Moderate Dry to Mois t Conta iner 

Ph i l ade lphus l e w i s i i I n te r i o r Moderate H S Good Dry Conta iner 

Robin ia pseudoacacia* Both Deep X X S Good Dry to Mois t Conta iner 

Eleagnus commutata I n te r i o r Deep S Dry Conta iner 

T o t a l : 47 

Note: 

U 29 t r i e d to date; these marked -

2. * = n a t u r a l i z e d 
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EVALUATION AND SELECTION OF NATIVE WOODY PLANTS 
FOR RECLAMATION IN THE EASTERN SLOPES OF ALBERTA 

ABSTRACT 

Native trees and shrubs o f f e r advantages f o r use i n reclaiming to land 
uses such as timber production, w i l d l i f e habitat, slope s t a b i l i z a t i o n , 
and r e c r e a t i o n a l use. However, lack of s p e c i f i c information on t h e i r 
e c o l o g i c a l requirements, propagation, and outplanting performance has 
r e s t r i c t e d t h e i r use i n reclamation to date i n the Eastern Slopes of 
Alberta. 

This program i s designed to address such r e s t r i c t i o n s to operational 
woody plant use. I t i s to examine s i t e requirements f o r the twenty-four 
candidate woody plant species, i d e n t i f y and t e s t t h e i r required germina­
t i o n pre-treatments (for seed propagation), f i e l d t e s t the species i n 
the Eastern Slopes region, and formulate p r e s c r i p t i o n s for t h e i r estab­
lishment and maintenance. 

For the candidate species the r e s u l t s of the program to date are pre­
sented. These include the summary of an e c o l o g i c a l f i e l d survey and 
review, a land use matrix, seed c o l l e c t i o n guidelines, summary of a seed 
pre-treatment review, and the findings which have been completed to date 
of a seed t e s t i n g project f o r d i f f i c u l t - t o - g e r m i n a t e candidate species. 

The general objectives of future work i n the program are also discussed. 

INTRODUCTION 

To date native woody plant species have been u n d e r u t i l i z e d i n the 
reclamation of disturbed s i t e s on the Eastern Slopes of Alberta. We 
presently lack both a coherent experimental data base on many species 
and d i r e c t experience i n t h e i r use for reclamation. A programme was 
established to address these d e f i c i e n c i e s f o r a number of native trees 
and shrubs. 

DESCRIPTION OF THE STUDY AREA 

The Eastern Slopes region of Alberta, i l l u s t r a t e d i n Figure 1, occupies 
approximately 90,650 km^ of the Rocky Mountains and Rocky Mountain 
F o o t h i l l s . The c l i m a t i c regimes of the area are characterized variously 
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FIGURE 1 
THE ALBERTA EASTERN SLOPES 

O GRANDE PRAIRIE 

• EDMONTON 

O RED DEER 

• CALGARY 

O LETHBRIDGE 

WATERTON LAKES3 
NAT PARK 
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as C o r d i l l e r a n and Boreal. Vegetation regions include the fescue grass; 
aspen parkland, subalpine, montane alpine, boreal f o o t h i l l s , and boreal 
uplands associations. Important land uses involve both renewable 
(water, timber, range, w i l d l i f e , recreation) and non-renewable (coal, 
o i l and natural gas) resources. 

The primary objective i n land reclamation i n the area i s to ensure that 
a l l disturbed land w i l l be returned to a state which w i l l be as produc­
t i v e or useful to man at least to the degree i t was p r i o r to being 
disturbed. 

THE NATIVE WOODY PLANT PROGRAMME 

The programme's candidate native tree and shrub species are l i s t e d 
below: 

Table 1 
L i s t of Candidate Woody Plant Species f o r Reclamation 

on the Eastern Slopes of Alberta 

SCIENTIFIC NAME 

Alnus crispa (Ait.) Pursh. 
Alnus tenuifolia Nutt. 
Amelanchier alnifolia Nutt. 
Arctostaphylos uva-ursi (L.) Spreng 
Cornus stolonifera Michx. 
Elaeagnus commutata Bernh. 
Juniperus communis L. 
Larix l y a l l i i P a r i . 
Pinus f l e x i l i s James 
Populus balsamifera L. 
Populus tremuloides Michx. 
Potentilla fruticosa L. 
Rosa acicularis L i n d l . 
Rosa woodsii Fendl. 
Rubus parviflorus Nutt. 
Rubus strigosus Michx. 
Salix barrattiana Hook. 
Salix bebbiana Sarg. 
Salix glauca L. 
Salix pianifolia Pursh. 
Salix scouleriana Barratt. 
Shepherdia canadensis (L.) Nutt. 
Sorbus scopulina Greene 
Sorbus sitchensis Roemer 

green alder 
t h i n leaf alder 
Saskatoon 
bearberry 
red o s i e r , dogwood 
s i l v e r b e r r y 
ground juniper 
alpine larch 
limber pine 
balsam poplar 
trembling aspen 
shrubby c i n q u e f o i l 
p r i c k l y rose 
Fendler woods rose 
salmonberry 
w i l d red raspberry 
willow 
beaked willow, bebb willow 
grey willow 
willow 
scouler willow, black willow 
russet buffaloberry 
Green's mountain ash 
si t k a mountain ash 



The o v e r a l l scope of the evaluation and s e l e c t i o n programme i s given i n 
Figure 2. 

The evaluation phase u t i l i z e s the following c r i t e r i a to reduce the 
number of candidate species into a short l i s t : 

1. Value i n r e s t o r i n g mined or disturbed land to a productive, 
renewable land use. 

2. Ada p t a b i l i t y to s i t e s which have been disturbed. 

3. A b i l i t y to ameliorate disturbed land. 

4. A b i l i t y to n a t u r a l l y increase or maintain i t s e l f . 

5. F e a s i b i l i t y of large scale nursery or greenhouse propagation 
from seed. 

The secondary objective of the evaluation phase i s d e f i n i t i o n of s i t e 
requirements f o r the various species and determination of the major 
l i m i t a t i o n s to t h e i r use i n reclamation. Evaluation i s based on review 
of currently a v a i l a b l e information and o r i g i n a l research. 

After the short l i s t has been completed the process of e s t a b l i s h i n g 
f i e l d t r i a l s w i l l begin. The short l i s t w i l l be f i n i s h e d l a t e i n 1981 
with the f i e l d t r i a l s being scheduled f o r p l a n t i n g i n the spring of 
1983. 

Programme completion i s expected i n 1993. 

EXAMPLES OF THE EVALUATION PROCESS 

To i l l u s t r a t e the evaluation procedure being used, two of the candidate 
species are discussed. The f i r s t example demonstrates how the role of 
one candidate species i n land reclamation was defined. The second 
example shows how a p o t e n t i a l d i f f i c u l t y with an otherwise promising 
candidate species was addressed. 
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FIGURE 2 

SCHEMATIC OF THE EASTERN SLOPE NATIVE WOODY PLANT PROGRAM 

CANDIDATE LIST 

i 

EVALUATION 

1. E c o l o g i c a l Survey and Review 
2. Land Use Review 
3. Propagation Review and Testing 

SHORT LIST 

ADAPTABILITY TESTING 

SELECTION PRESCRIPTION 
FORMULATION 
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EXAMPLE I: LIMBER PINE (Pinus f l e x i l i s James) 

Limber pine i s a small-to-medium s i z e d tree (7.0 m to 15.0 m) of v a r i ­
able form. On sheltered s i t e s i t may be well formed while i n exposed 
s i t u a t i o n s i t i s often multiple-stemmed and stunted. 

It i s p r i m a r i l y a montane species but may occur i n the subalpine. 
L a t i t u d i n a l l i m i t s i n Alberta are 49 to 52°N while i t s a l t i t u d i n a l range 
extends from 925 m to 1,825 m a s l ( e l . ) . 

Land Use 

The value of limber pine f o r various land uses i s summarized i n Table 
2. Those uses of greatest value include erosion control and watershed 
pr o t e c t i o n and w i l d l i f e management f o r mountain goat and f o r various 
species of small game. 

Ad a p t a b i l i t y of Disturbance 

Limber pine i s adapted to disturbance. In a f i e l d survey c a r r i e d out by 
the Alberta Forest Service i t was found on 10% of the disturbed s i t e s 
examined i n the southern portion of the study area (Russell 1979). I t 
i s often the primary tree species to e s t a b l i s h i n grassed, montane s i t e s 
(Woodmansee 1972). Throughout i t s range i n the United States i t i s 
c h a r a c t e r i s t i c of erosively disturbed s i t e s where there i s a low density 
of grasses and herbs (Lepper 1974). Establishment may also be 
successful on burned areas (King 1967). 

Amelioration Value 

The species has r e l a t i v e l y l i t t l e a b i l i t y to ameliorate disturbed land. 
However, i t i s considered to be a c r i t i c a l protection species on steep 
slopes endangered by erosion (Steinhoff 1972) and thus may prevent 
extreme s i t e degradation due to t h i s source. 

A b i l i t y to Maintain/Increase 

The a b i l i t y of a species to n a t u r a l l y maintain i t s e l f or increase i n 
abundance i s a function of i t s competitive a b i l i t y , mechanisms of 
natural reproduction, and longevity. 
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TABLE 2 

SUMMARY OF INFORMATION ON LIMBER PINE LAND USE VALUE/POTENTIAL 

WILDLIFE 

Eros ion Water­ L i ves tock White- Bighorn Mountain 

Contro l shed Fores t ry Range T a i l e d Deer Mule Deer E l k Moose Sheep Goat Other 

very very low va lue ; low va lue no low p a l a t a - low p a l a t a - no low p a l a t a - h igh ly porcupine, 

va luab le va luab le some use Information b l l l t y ; b l l l t y ; Informa­ b i l l t y ; pa l a t ab l e ; grouse, 

fo r posts winter use; some fal1 t i o n some use winter use; s q u i r r e l 

and timber some use use some spr ing 

during and summer 

rema1nder use 

of year 



Limber pine has a moderate competitive a b i l i t y . On mesic s i t e s i t 
cannot compete with other tree species. However, i n more x e r i c s i t u ­
ations i t may form the physiographic climax (Booth 1950, Kojima 1980). 

Natural reproduction i s by seed. Birds and rodents are c r i t i c a l d i s ­
p e r s a l vectors (King 1967, Woodmansee 1977). 

Limber pine i s very long l i v e d . Tree ages 150 to 250 years are not un­
common (King 1967, Lepper 1974). Ages of 422 to 1,200 years have been 
recorded (I b i d ) . 

In summary, the species can be expected to maintain i t s e l f on s i t e s with 
low s o i l moisture. However, on other areas i t l i k e l y would be replaced 
eventually by other woody vegetation. The rate of limber pine increase 
would not be expected to be rapid. 

Propagation from Seed 

Limber pine can f e a s i b l y be grown i n large quantities from seed. Table 
3 summarizes the information on the species' need f o r germination 
pretreatments. The species i s mildly dormant and requires co l d 
s t r a t i f i c a t i o n f o r 20 to 60 days. 

Species' Requirements and L i m i t a t i o n s : A summary of the a u t e c o l o g i c a l 
information a v a i l a b l e for t h i s species i s presented i n Table 4. Limber 
pine has p o t e n t i a l f o r use i n reclamation of extremely harsh s i t e s and 
f o r extension i n range beyond those areas where i t occurs n a t u r a l l y . 
Major l i m i t a t i o n s to i t s use would include excessive s o i l moisture, high 
t o t a l soluble s o i l s a l t s , white pine b l i s t e r rust, and mountain pine 
b e t t l e . 

EXAMPLE II: SILVERBERRY (Elaeagnus commutata Bernh.) 

Si l v e r b e r r y i s an intermediate si z e d shrub of up to 4 m i n height. I t 
i s found throughout the Eastern Slopes study area to an elevation of 
approximately 1,525 m a s l . 

Land Use 

The land use information on s i l v e r b e r r y i s presented i n Table 5. I t s 
major p o t e n t i a l uses include erosion control and watershed protection 
and w i l d l i f e management f o r elk, moose, mountain goat, and small game. 
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TABLE 3 

SUMMARY OF REVIEW ON GERMINATION PRETREATMENTS FOR LIMBER PINE (FROM: KING, 1980) 

Reference Germination Pretreatment(s ) 

Anon,, 

1966 

co ld s t r a t i f i c a t i o n a t 3°C 

to 5°C for 21 days 

% Germ 

Obta i ned Locat ion 

not 

a p p l i c a b l e 

Resea rcher ' s Comments 

Anon, , 

1978 

Babb, 

1957 

Chadwick, 

1935 

co ld s t r a t i f i c a t i o n a t 3°C 

t o 5°C for 21 days 

co ld s t r a t i f i c a t i o n a t 41°F 

(5°C) f o r 30 days 

co ld s t r a t i f i c a t i o n a t 41°F 

(5°C) fo r 30 t o 60 days ( in 

moist ac id peat) 

not 

a p p l i c a b l e 

not 

a p p l i c a b l e 

none given 

optimum germinat ion 

cond i t i on s are an a l ­

t e rna t i n g 20-30°C tem­

perature (8 and 16 hour 

c y c l e s r e s p e c t i v e l y ) 

without l i g h t 

DenHeyer, co ld s t r a t i f i c a t i o n a t 5°C 

per , com, fo r 2 months 

A Iberta 

He i t , 

1968a; 

H e l t , 

1973 

co ld s t r a t i f i c a t i o n a t 36°F 

to 40°F (2 .2°C to 4 .4°C) f o r 

20 t o 30 days 

Wyoming, 

Co lorado, 

New Mexico 

spec ies e x h i b i t s a mi ld 

embryonic dormancy 

Lepper, 

1974 

Lohmi I le r , 

per , com. 

co ld s t r a t i f i c a t i o n at 5°C 95, 43, 

t o 7°C fo r 14 days 15, 40 

(4 lo t s ) 

co ld s t r a t i f i c a t i o n at 33°F 

t o 38°F (0.6°C to 3.3°C) for 

20 days 

C a l i f o r n i a , optimum germinat ion 

Wyoming 

Montana 

c o n d i t i o n s are an a l ­

t e rna t i ng 5-13°C 

temperature (12 hour 

c y c l e s ) without l i g h t 

S ta rk , b r i e f period of co ld 

1966 s t r a t i f i c a t i o n requ i red 

Nevada 

Swingle, co ld s t r a t i f i c a t i o n a t 32°F 

1935 to 50°F (0°C to 10°C) f o r 30 

t o 60 days 

80 none given 
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TABLE 4 

SUMMARY OF AUTECOLOGICAL INFORMATION ON LIMBER PINE 

Eastern Slope 

D i s t r i b u t i o n 

" E c o -

r e g i o n " 

A l t i -

tud lna l 

Range 

(m as l ) 

L a t i ­

tud ina l 

Range 

S o i l s 

Parent 

MaterI a I 

S o i l s 

Order 

Depth 

(cm) Texture PH 

Organic 

Mat ter / 

Nu t r i en t s Moi s ture Dra i nage Other 

Drought 

To lerance Slope Aspect Insects Di seases 

montane; 

r a re 

o c c u r ­

rence 

in sub­

a l p i n e 

925¬

1825 

49-52 N wide range 

of parent 

mater i a I s 

inc lud ing 

sandstone, 

I imestone, 

do lomite, 

a l luv ium 

regosoIs 0-75 CL, L, 

LS, SL, 

sol Is 

o f ten 

very 

stony 

5.9¬

7.7 

t o l e r a n t 

of s o i l s 

with low 

organ ic 

matter 

and low 

n i t rogen 

very 

d r y -

mo! s t 

exce s ­

s i v e l y 

we 11 

drained 

to we 11 

drained 

low 

t o l e r ­

ance 

to 

s a l t s 

very 

to Ierant 

f l a t -

very 

steep 

a l l ; in 

A l b e r t a 

forms 

c I i max 

on 

south 

aspects 

19 on 

spec ie s ; 

t h a t of 

major 

concern 

i s Den-

droctonus 

9 on 

spec ies in 

A Iber ta ; 

t h a t of 

major 

concern i s 

Cronart ium 

ponderosae r i b i c o l a 

(mountain 

p ine 

b e t t l e ) 

(white 

pine 

b l i s t e r 

r u s t ) ; 

Ii mber 

pine i s 

moderateIy 

suscep­

t i b l e to 

t h i s r u s t 



TABLE 5 

SUMMARY OF INFORMATION ON SILVERBERRY LAND USE VALUE/POTENTIAL 

Eros ion 

Contro l 

Water­

shed Fores t ry 

L ives tock 

Range 

WILDLIFE 

Eros ion 

Contro l 

Water­

shed Fores t ry 

L ives tock 

Range 

White-

Ta11ed Deer Mule Deer E l k Moose 

Bighorn 

Sheep 

Mountain 

Goat Other 

very very no d i r e c t low va lue; low p a l a t a - low p a l a t a - moderate- moderate low p a l a t a - h igh ly snows hoe 

va luab le va luab le va lue; may f r u i t may be b l l l t y ; b l l l t y ; high p a l a - p a l a t a - b l l l t y ; pa l a t ab l e ; hare; 

be of use eaten by 11ve­ l i t t l e use 1ight use t a b l l l t y ; b l l I t y ; l i t t l e use winter use; r lngnecked 

f o r s i t e stock; use on p r i n c i p a l l y wInter some spr ing pheasant; 

amel1ora­ 11vestock range winter use; use use grouse 

t i o n In may c rea te a may get 

Fores t ry b a r r i e r to some use 

graz ing during 

other 

per iods of 

year 

00 



A d a p t a b i l i t y to Disturbance 

The species i s highly adapted to disturbance. In Alberta i t i s primari­
l y a species of disturbed habitats (Moore 1964). It i s frequently found 
on such disturbances as erosion g u l l i e s and slopes, r i v e r edges and 
c l i f f s , land s l i d e s , and roadcuts. The A.F.S. f i e l d survey found i t on 
8% of the disturbed s i t e s examined i n the study area (Russell 1979). 

Ameliorative Value 

S i l v e r b e r r y i s valuable for the amelioration of disturbed s i t e s . I t i s 
an important grassland nitrogen-fixer (Vlassak 1973). In one study, the 
annual nitrogen contribution from s i l v e r b e r r y leaves was estimated to be 
38 kg/ha N (Whysong and Bailey 1975). Innoculation of s i l v e r b e r r y 
plants was found to have a b e n e f i c i a l e f f e c t on the growth performance 
of both s i l v e r b e r r y and associated herbage (Bailey 1973). 

A b i l i t y to Maintain/Increase 

The competitive a b i l i t y of s i l v e r b e r r y i s moderate. On the fescue 
grassland association of Alberta i t was uncommon p r i o r to intensive 
l i v e s t o c k grazing (Moss and Campbell 1947). One of the reasons f o r i t s 
lack of aggressiveness may be i t s r e l a t i v e l y slow rate of cover spread 
(Freeman et a l 1977). 

Natural reproduction i s by rhizomes and seed. 

The species i s f a i r l y long l i v e d . In one study, the oldest stems i n the 
stands surveyed were 6 to 19 years (Whysong and Bailey 1975). However, 
no information was given on the c l o n a l age which was l i k e l y much older. 

Therefore, i n areas where i n t e r s p e c i f i c competition i s not excessive, a 
s i l v e r b e r r y stand may both maintain i t s e l f and increase i n area or stem 
frequency. The species o f f e r s an advantage i n reproducing vegetatively 
as well as by sexual means. 

Propagation from Seed 

Table 6 summarizes the information on methods of seed propagation. The 
l i t e r a t u r e was inconsistent on the need f o r germination pre-treatment 
and also pointed out the species' slow germination response and the 
existence of a germination i n h i b i t o r i n i t s seed's endocarp. 
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TABLE 6 

SUMMARY OF REVIEW ON GERMINATION PRETREATMENTS FOR SILVERBERRY (FROM: KING, 1980) 

Reference Germination Pretreatment(s ) 

Anon,, co ld s t r a t i f i c a t i o n a t 41°F 
1979 (5°C) f o r 60 to 90 days 

Babb, co ld s t r a t i f i c a t i o n a t 41°F 
1959 (5°C) f o r 75 days 

Benson, co ld s t r a t i f i c a t i o n a t 38°F 
pe r . com. to 41°F (3 .3°C to 5°C) f o r 

30 t o 90 days 

Corns and co ld s t r a t i f i c a t i o n a t 5°C 
Schraa, fo r 110 days 
1962 

Cram, co ld s t r a t i f i c a t i o n a t 6°C 
1972 for 45 days 

DenHeyer, co ld s t r a t i f i c a t i o n at 5°C 
per . com. for 2 months 

D ick, co ld s t r a t i f i c a t i o n a t 5°C 
1979 for 60 days 

H e i t , none necessary 
1968b 

% Germ 
Obtained Locat ion Re sea rche r 1 s Comments 

L o h m i l l e r , co ld s t r a t i f i c a t i o n at 33°F 
per . com. to 38°F (0 .6°C t o 3 .3°C) for 

30 t o 60 days 

O l son , co ld s t r a t i f i c a t i o n at 34°F 
1974 t o 50°F (1 .1°C to 10°C) for 

10 to 90 days 

Shoemaker co ld s t r a t i f i c a t i o n a t 33°F 
& Hargrave, t o 40°F (0.6°C to 4 .4°C ) for 
1936 one year 

Simonson, none necessary (two lots ) 
1976 

80 t o 90 Montana 

Alaska 

Idaho 

75 ( a f t e r 
20 days) 

71 

AIberta in other t e s t i n g endo­
carp removal gave 85 to 
100$ germ; endocarp 
conta ins a germinat ion 
i n h i b i t i n g substance 

Saskatchewan 

AIberta 

B r i t i s h 
Columbia 

none given because of seed coal 
t e x t u r e , germination 
response i s slow but 
ac id treatment Is not 
necessary; the spec ies 
does not e x h i b i t a dor ­
mant embryo ( to ta l 
germination was near ly 
the same with or w i t h ­
out co ld s t r a t i f i c a ­
t i o n ) 

42, 57 

Montana 

none given 

A l b e r t a 

A Iberta 

germinat ion response i s 
slow due to hard seed 

187 



In an e f f o r t to resolve these questions, a f a c t o r i a l experiment was set 
up using cold s t r a t i f i c a t i o n ( in a c i d peat moss at 5°C f o r 0, 15, 30, 
45, and 60 days) and cold running water leaching treatments (for 0, 24, 
48 and 96 hours) as main e f f e c t s - The seedlot used i n the test was 
c o l l e c t e d at l a t i t u d e 49°30'N and longitude 114°20' and at an elevation 
of 1448 m a s l . 

The germination t e s t i n g conditions used were: constant 20°C tempera­
ture, no l i g h t , germination paper subtrate, and a t e s t duration of 21 
days (with germination counts being done every seven days)* 

Water leaching s i g n i f i c a n t l y enhanced germination (Figure 3). Maximum 
cumulative germination of 50% was obtained with the 96 hour water 
leaching treatment. The e f f e c t of leaching became more exaggerated as 
germination time increased (Figure 4). In comparison cold s t r a t i f i c a ­
t i o n had l i t t l e influence on germination. The p o s i t i v e e f f e c t of 
leaching p a r a l l e l s s i m i l a r studies with Astragalus lentiginosus Dougl. 
(Zeimkiewicz and Cronin 1981) and suggests the presence of a water 
soluble germination i n h i b i t o r i n the seed. 

Species Requirements and Limitations 

The autecological information f o r the species i s summarized i n Table 7. 
S i l v e r b e r r y i s adapted to a wide range of s i t e conditions. The major 
l i m i t a t i o n s on i t s use would include a l t i t u d e , s o i l pH, and a p o t e n t i a l 
disease problem. 

SUMMARY 

The Alberta Forest Service, Alberta Energy and Natural Resources has 
i n i t i a t e d a programme to evaluate and s e l e c t native woody plants f o r 
reclamation i n the Eastern Slopes of Alberta. The scope of the pro­
gramme has been presented. 

The evaluation process i s a combination of currently a v a i l a b l e informa­
t i o n and research. I t i s presently underway. Limber pine and s i l v e r ­
berry are presented as examples of the process. 

The seed of s i l v e r b e r r y does not require cold s t r a t i f i c a t i o n p r i o r to 
germination. Rather, a cold running water leach would appear to be an 
optimum germination pre-treatment. Leaching f o r 96 hours gave the 
maximum r e a l cumulative germination and most rapid germination rate (in 
the second and t h i r d weeks of the testing) i n the species' seed t e s t i n g . 
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FIGURE 3 
GERMINATION OF SILVERBERRY SEED 

COLD STRATIFICATION (DAYS AT 5'C ) confidence level. 



FIGURE 4 
SILVERBERRY GERMINATION DURING EACH SEED TESTING COUNT PERIOD 
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TABLE 7 

SUMMARY OF AUTEOCOLOGICAL INFORMATION ON SILVERBERRY 

Eastern Slope 

D i s t r i b u t i o n 

" E c o -

reg l on " 

A l t i -

tud ina l 

Range 

(m a s l ) 

L a t i ­

tud ina l 

Range 

S o i l s 

Parent 

MaterI a I 

S o i l s 

Order 

Depth 

(cm) Texture PH 

Organ Ic 

Mat ter / 

Nu t r i en t s MoIsture Drainage Other 

Drought 

To lerance Slope Aspect Insects Di seases 

fescue 

g rass , 

aspen 

parkland 

to 1550 49-54 N 

(through­

out) 

f i n e 

textured 

sediments, 

sand, 

porous 

g r a v e l , 

shattered 

rock 

cherno­

zems, 

brun 1 -

sol s, 

regoso l s 

s h a l ­

low 

« 1 5 ) 

S i l , 

SL, S 

6.0¬

7.5 

low 

organic 

matter, 

low 

n Itrogen 

d r y -

mo I s t 

exces ­

s i v e l y 

drained 

to 

Imper­

f e c t I y 

drained 

t o l e r ­

ant of 

high 

sodium 

IeveIs 

moderate-

high 

f l a t 

t o 

very 

steep 

at I 1 on 

spec ies 

11 on 

spec ies ; 

t ha t of 

major 

concern 

Is 

Pucc ln i a 

coronata 

(crown 

r u s t ) ; 

can 

cause 

ser ious 

damage 

in s e c ­

ondary 

host 

Graminae 
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INFLUENCE OF CULTIVATED GRASSES AND LEGUMES ON THE ESTABLISHMENT 
SUCCESS OF NATIVE GRASS MIXTURES AT TWO ABANDONED COAL MINES 

IN THE SUBALPINE REGION OF ALBERTA 

ABSTRACT 

F i e l d experiments on land disturbances i n the subalpine region of 
Alberta have indicated that, with a great majority of the native grass 
species tested, plant cover development necessary for rapid erosion 
c o n t r o l i s generally slower than with the c u l t i v a t e d v a r i e t i e s . The 
objective of the present study i s to define seed mixtures that w i l l 
produce e r o s i o n - c o n t r o l l i n g cover and ultimately evolve into mature 
native plant communities. 

I d e n t i c a l t r i a l s were established on both raw overburden and overburden 
topdressed with mineral s o i l on two abandoned subalpine coal mines to 
assess the influence of c u l t i v a t e d grasses and legumes on the e s t a b l i s h ­
ment and performance of native grass mixtures. This report covers 
assessment r e s u l t s a f t e r the second growing season. Parameters d i s ­
cussed include percent plant cover, and a general assessment of species 
frequency. 

INTRODUCTION 

Reclamation of coal-mines disturbances i n high elevation alpine or sub­
alpine environments represent unique and often d i f f i c u l t challenges i n 
land management. The high value of these areas for watershed, w i l d l i f e 
range and recreation serve to emphasize the need f o r successful reclama­
t i o n . Unfortunately, there i s a paucity of information with respect to 
r e h a b i l i t a t i o n of disturbed alpine or subalpine s i t e s . Expertise 
developed f o r more temperate zones cannot always be applied to high 
elevation s i t u a t i o n s where a d i f f e r e n t and/or more c r i t i c a l set of 
environmental constraints are encountered. Of p a r t i c u l a r importance i s 
the low heat budget under which plant species must complete t h e i r l i f e 
cycle (Brown and Johnston 1979, Root 1976). Brown and Johnston (1979) 
suggest that three important and i n t e r r e l a t e d variables must be con­
sidered for successful high elevation r e h a b i l i t a t i o n : 1) o v e r a l l 
c l i m a t i c f a c t o r s ; 2) p h y s i o l o g i c a l adaptations of the plant; and 3) 
factors of the disturbed environment. 
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One phase of the Alberta Forest Service research program i s directed at 
evaluating the p h y s i o l o g i c a l adaptations of native grasses f o r reclama­
t i o n purposes. Emphasis has been placed on species a d a p t a b i l i t y t r i a l s 
i n subalpine regions. Experience gained has indicated that despite the 
adaptations of high elevation native species, t h e i r c u l t i v a t e d counter­
parts are often more adept at producing an early e r o s i o n - c o n t r o l l i n g 
vegetative cover (Russell and Takyi 1979, Takyi and R u s s e l l 1980). 
Ziemkiewicz (1979) noted that t h i s paradox i s p l a u s i b l e because of the 
genetically-enhanced capacity of most agronomic species to produce shoot 
biomass. Conversely, adapted native species avoid the nutrient c y c l i n g 
"bottleneck" of slow decomposition of dead plant material i n high eleva­
t i o n environments by maintaining r e l a t i v e l y high proportions of root to 
shoot biomass. Thus, under favourable moisture and s o i l f e r t i l i t y 
conditions, c u l t i v a t e d species may i n i t i a l l y be f a r more productive. 

The designated end land use objective of reclamation often requires the 
establishment of a self-perpetuating native plant community. However, 
measures implemented to meet t h i s objective w i l l not necessarily ensure 
the simultaneous production of an e r o s i o n - c o n t r o l l i n g cover i n the early 
stages of reclamation. 

The present study was i n i t i a t e d i n an attempt to define seed mixtures 
which w i l l achieve both short- and long-term reclamation objectives. 

S p e c i f i c objectives of the study are as follows: 

1. to evaluate and compare the main e f f e c t s and i n t e r a c t i o n s of 
f i v e companion crop treatments and four native grass seed 
mixtures on the establishment of a vegetative cover on raw 
overburden and overburden topdressed with mineral s o i l at two 
subalpine locations, and 

2. to evaluate and compare the performance of three c u l t i v a t e d 
grass-legume control mixtures and four native grass mixtures 
on the establishment of a vegetative cover on raw overburden 
and overburden topdressed with mineral s o i l at two subalpine 
locations. 

Assessment r e s u l t s a f t e r the second growing season are presented. 
Because of the r e l a t i v e l y short time span since the study was i n i t i a t e d , 
conclusions pertain only to the establishment of an early erosion-
c o n t r o l l i n g ground cover. 
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DESCRIPTION OF STUDY AREAS 

The experiments were established on two abandoned surface coal mines i n 
the Eastern Slopes of the Rocky Mountains. The s i t e s are near Cadomin 
(elev. 1,695 m) i n west central Alberta, and at Adanac (elev. 1,895 m) 
i n the southwest corner of the province. The study areas f a l l i nto i n 
the subalpine forest region (SA.1) as defined by Rowe (1972). The same 
c l i m a t i c c l a s s i f i c a t i o n , subarctic snow f o r e s t (Dfc) according to 
Koppens' systems, describes both areas (Longley 1970). Abandoned i n the 
ea r l y 1950' s, the mine s i t e s are now characterized by s p o i l and over­
burden materials that are almost completely devoid of vegetation. 

Further description of the Cadomin area can be found i n Root (1976) and 
Russell and Takyi (1979). Tomm and Russell (1981) give a d e s c r i p t i o n of 
the Adanac mine s i t e , as well as a summary of s o i l and overburden 
analyses f o r both s i t e s . 

MATERIALS AND METHODS 

EXPERIMENTAL DESIGN AND TREATMENTS 

Two separate but i d e n t i c a l f i e l d t r i a l s were established at each study 
s i t e ; on raw overburden and overburden topdressed with mineral s o i l . 
The purpose of topdressing was to evaluate species establishment and 
performance on d i f f e r e n t seedbed types. 

Each t r i a l consists of three r e p l i c a t e s employing a completely ran­
domized design. Seed mixtures f o r the f a c t o r i a l native grass-companion 
treatments are given i n Table 1. The c u l t i v a t e d grass-legume control 
mixtures are summarized i n Table 2. 

ESTABLISHMENT OF FIELD TRIALS 

F i e l d t r i a l s were established i n the spring of 1979. For the topdressed 
t r i a l s , mineral s o i l was stripped from nearby undisturbed s i t e s , hauled 
to the mine s i t e s , and spread to an average depth of 20 cm. 

T r i a l s were fenced to minimize outside influences. A l l p l o t s measure 
2 m x 2 m (.0004 ha). Seedbed uniformity was achieved by hand raking 
each p l o t before and a f t e r broadcast seeding and f e r t i l i z i n g . Estab­
lishment f e r t i l i z a t i o n was c a r r i e d out at a rate of 80 kg N/ha, 60 kg 
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TABLE 1 

TREATMENT DESIGNATIONS OF THE NATIVE GRASS SEED MIXTURES AND CULTIVATED COMPANION CROPS 

Nat ive Grass Mixtures^ 

1. Slender wheatgrass (Agropyron trachycauI urn), a l p i n e sheep fescue (Festuca 

saximontana), a l p ine b luegrass (Poa a lp ina ) and i n t e r i o r b luegrass (P. i n t e r i o r ) , 

2. Northern wheatgrass (Agropyron dasystachyum), bearded wheatgrass (A. subsecundum), 

s lender wheatgrass and June grass (Koe le r i a c r i s t a t a ) . 

3. Northern wheatgrass, tu f ted ha i r grass (Deschampsia cae sp i t o sa ) , a l p i n e bluegrass 

and spike t r i se tum (Trisetum spicatum). 

4. A lp ine sheep fescue, June grass, i n t e r i o r b luegrass and spike t r i s e t u m . 

C u l t i v a t e d Companion Crops^ 

A. Meadow f o x t a i l (Alopecurus p ra tens i s , Canada No, 1 seed) . 

B. Timothy (Phleum pratense cv. Cl imax, c e r t i f i e d seed) and white c l ove r ( T r i f o l i u m 

repens, Canada No, 1 seed), 

C . Creeping red fescue (Festuca rubra cv. Bo rea l , c e r t i f i e d seed) and a l s i k e c l over 

( T r i f o l i u m hybridum cv, Aurora , c e r t i f i e d seed), 

D. Perennia l ryegrass (LoMum perenne cv, Nor lea , c e r t i f i e d seed) , 

E. Contro l (no companion c r o p ) . 

Each mixture was seeded at a rate of 4,000 seeds/nrr. The number of seeds per spec ies i s 

approximately equal in each mixture. 

Each treatment was seeded at a r a te of 5 kg/ha. 
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TABLE 2 

TREATMENT DESIGNATIONS OF THE CULTIVATED GRASS-LEGUME SEED MIXTURES 

M ix tu re 1 S p e c i e s 2 

a . Creeping red fescue (Festuca rubra cv . B o r e a l , c e r t i f i e d seed) (40$), 

white c lover ( T r i f o l i u m repens, Canada No. 1 seed) (20$), t imothy 

(Phleum pratense cv . Cl imax, c e r t i f i e d seed) (20$) and crested 

wheatgrass (Agropyron c r l s ta tum cv. Fairway, c e r t i f i e d seed) (20$) 

b. Creeping red fescue (40$), white c l over (12$), t imothy (24$) and 

Canada bluegrass (Poa compressa, Canada No. 1 seed) (24$) 

c . Creeping red fescue (32$), timothy (20$), c res ted wheatgrass (32$) and 

a l s i k e c l over ( T r i f o l i u m hybridum cv . Aurora , c e r t i f i e d seed) (16$) 

Each mixture was seeded a t a r a te of 40 kg/ha. 

P e r c e n t f i gu re s In brackets fo l lowing each spec ies Indicate proport ion of seed mixture 

by weight. 
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P/ha, and 60 kg K/ha. The sources of f e r t i l i z e r nutrients were 46-0-0, 
10-30-10 and 0-0-60. Subsequent maintenance f e r t i l i z a t i o n (spring, 
1980) was applied at one-half the above rate using the same f e r t i l i z e r 
forms. 

ASSESSMENT OF FIELD TRIALS 

I n i t i a l assessments ( f a l l , 1980) included percent plant cover and 
species frequency. A general assessment of the l a t t e r index was ob­
tained by ocular appraisal f o r the dominant species i n each p l o t . Plant 
cover was measured i n a 0.5 m by 0.5 m quadrat with g r i d of 100 sub­
p l o t s . Percent cover values were estimated on the basis of the per­
pendicular pr o j e c t i o n of a l l l i v i n g above-ground plant parts. Plant 
cover percent was expressed as the mean of four quadrat readings per 
p l o t . 

RESULTS AND DISCUSSION 

NATIVE GRASS-COMPANION CROP TREATMENTS 

Results summarized i n Tables 3 and 4 show s i g n i f i c a n t differences i n 
percent plant cover among native grass seed mixtures i n a l l t r i a l s 
except the topdressed overburden at Adanac (Table 4). Highest average 
percent plant cover i n a l l t r i a l s was achieved by the native mixture 
composed p r i m a r i l y of wheatgrasses (northern wheatgrass, bearded wheat-
grass, slender wheatgrass and June grass). Lowest percent cover re­
sulted from the seed mixture l a c k i n g a wheatgrass representative: 
alpine sheep fescue, June grass, i n t e r i o r bluegrass and spike trisetum. 

The robust performance of the wheatgrasses suggest that these species 
are s u i t a b l e f o r i n i t i a l revegetation. I t remains to be determined i f 
the wheatgrasses w i l l continue to be a s i g n i f i c a n t component of plant 
cover beyond the maintenance ( f e r t i l i z a t i o n ) stage or be replaced by 
other species i n the seed mixtures. For example, both the fescues and 
the bluegrasses approached the wheatgrasses i n frequency of occurrence 
although contributing l i t t l e to the present plant cover. Spike t r i s e ­
tum, June grass and tu f t e d h a i r grass occurred much less frequently than 
the above species. 

The companion crop treatments were not s i g n i f i c a n t i n any of the 
t r i a l s . Furthermore, the i n t e r a c t i o n s between native grass mixtures and 
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TABLE 3 

PERCENT PLANT COVER OF THE NATIVE GRASS-CULTIVATED COMPANION CROP TREATMENTS AT CADOMIN 

(MEANS OF THREE REPLICATIONS) 

Nat ive Grass M ix tures 1 Companion Crop Treatments 1 Means 2 

A B C D E (Nat ive Mixtures) 

Topdressed T r i a l 

1 31.92 21.17 22.25 29.00 22.42 25.35b 

2 38.08 31.92 29.50 25.42 22.42 29.47b 

3 26.92 26.83 31.00 26.83 21.00 26.52b 

4 17.67 17.92 13.42 12.58 10.00 14.32a 

Means 28.65 24.46 24.04 23.46 18.96 

(Companion Crops) 

Raw Overburden T r i a l 

1 7.25 12.00 5.58 14.58 12.75 10.43b 

2 15.58 20.00 24.75 27.58 21.17 21.82c 

3 8.83 16.75 13.67 12.75 11.25 12.65b 

4 5.17 3.58 5.50 3.58 1.08 3.78a 

Means 9.21 13.08 12.38 14.62 11.56 

(Companion Crops) 

Treatment des ignat ions : 

Nat ive Grass Mixtures 

1. Slender wheatgrass, a l p i n e sheep fescue, a l p i n e b luegrass and i n t e r i o r 

b luegrass . 

2. Northern wheatgrass, bearded wheatgrass, s lender wheatgrass and June g ras s . 

3. Northern wheatgrass, tu f ted ha i r grass , a l p i n e bluegrass and spike t r i s e t u m . 

4. A lp ine sheep fescue, June grass, i n t e r i o r b luegrass and spike t r i s e t u m . 

C u l t i v a t e d Companion Crops 

A. Meadow f o x t a i l 

B. "C l imax" timothy and white c l o v e r 

C. " B o r e a l " creeping red fescue and "Aurora " a l s i k e c l over 

D. "No r l ea " perennial ryegrass 

E. Contro l 

For s i g n i f i c a n t main e f f e c t s , means fol lowed by a common l e t t e r are not s i g n i f i c a n t l y 

d i f f e r e n t at the f i v e (5) percent level according t o Duncan's M u l t i p l e Range T e s t . 
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TABLE 4 

PERCENT PLANT COVER OF THE NATIVE GRASS-CULTIVATED COMPANION CROP TREATMENTS AT ADANAC 

(MEANS OF THREE REPLICATIONS) 

Nat ive Grass M ix tures 1 Companion Crop Treatments 1 Means 

A B C D E (Nat ive Mixtures) 

Topdressed T r i a l 

1 38.83 20.50 15.67 24.42 16.92 23.27 

2 34.92 34.24 29.42 32.92 24.50 31.20 

3 42.08 21.33 28.67 28.58 17.58 27.65 

4 29.25 31.75 17.42 10.17 21.92 22.10 

Means 36.27 26.96 22.79 24.02 20.23 

(Companion Crops) 

Raw Overburden T r i a l 

1 28.92 20.33 26.00 32.25 23.42 26 .18a 2 

2 36.92 51.58 26.00 35.75 35.17 37.08b 

3 39.17 38.42 34.33 24.17 20.08 31.23ab 

4 29.75 32.50 33.58 28.92 22.17 29.38ab 

Means 33.69 35.71 29.98 30.27 25.21 

(Companion Crops) 

'Treatment des ignat ions : 

Nat ive Grass Mixtures 

1. Slender wheatgrass, a l p i n e sheep fescue, a l p i n e b luegrass and i n t e r i o r 

b luegrass . 

2. Northern wheatgrass, bearded wheatgrass, s lender wheatgrass and June g ra s s . 

3. Northern wheatgrass, tu f ted ha i r g rass , a l p i n e b luegrass and spike t r i s e t u m . 

4. A lp ine sheep fescue, June grass, i n t e r i o r b luegrass and spike t r i s e t u m . 

C u l t i v a t e d Companion Crops 

A• Meadow foxta11 

B. "C l imax" timothy and white c l o v e r 

C . " B o r e a l " creeping red fescue and "Auro ra " a l s i k e c l ove r 

D. "No r l ea " perennial ryegrass 

E. Contro l 

2 F o r s i g n i f i c a n t main e f f e c t s , means fol lowed by a common l e t t e r are not s i g n i f i c a n t l y 

d i f f e r e n t at the f i v e (5) percent level according t o Duncan f s M u l t i p l e Range T e s t . 
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companion crops were not s i g n i f i c a n t , implying that these factors have 
independent e f f e c t s on plant cover. Possible explanations are that 1) 
the e f f e c t of the companion crop treatments were s i m i l a r on each native 
grass mixture or 2) the companion crops did not achieve s u f f i c i e n t cover 
to a f f e c t the establishment and growth of native species. 

These preliminary r e s u l t s suggest that good plant cover production can 
be achieved through the use of native wheatgrasses. At the seeding rate 
tested i n t h i s study, the companion crop treatments were not e s s e n t i a l 
f o r e s t a b l i s h i n g an early e r o s i o n - c o n t r o l l i n g cover. The more success­
f u l of the companion crops i n frequency of occurrence were meadow 
f o x t a i l , timothy and creeping red fescue. These species may yet i n ­
fluence the performance of native grasses i n subsequent seasons. 
Russell and Takyi (1979) found timothy to be one of the most promising 
species for erosion control at Cadomin. King (1980) and Mihajlovich and 
Russell (1980) noted that creeping red fescue was a successful colonizer 
of high elevation s i t e s i n southern Alberta. Brown and Johnston (1978) 
recommended meadow f o x t a i l as one the few commercially a v a i l a b l e i n t r o ­
duced species adaptable for high elevation reclamation. 

Comparisons of average percent cover among a l l t r i a l s suggest contra­
di c t o r y r e s u l t s . Average percent cover f o r the t r i a l s at Cadomin were 
23.9 (mineral s o i l ) and 12.2 (raw overburden). Percent values for the 
respective t r i a l s at Adanac were 26.1 and 30.1. Despite t h i s v a r i a t i o n , 
the r e l a t i o n s h i p of percent cover to species composition was r e l a t i v e l y 
consistent, p a r t i c u l a r l y f o r the native grass treatments. 

NATIVE GRASS AND AGRONOMIC GRASS-LEGUME TREATMENTS 

The preceding discussion intimated that the native wheatgrasses are 
suit a b l e species for producing an early plant cover. Comparisons of the 
pure native grass mixtures with the c u l t i v a t e d grass-legume mixtures 
(Table 5) tend to support t h i s claim. 

Differences i n plant cover a t t r i b u t a b l e to seed mixture e f f e c t s were not 
s i g n i f i c a n t f o r the t r i a l s at Adanac. The summarized r e s u l t s (Table 5) 
suggest that the lower cover produced by the native seed mixture lacking 
a wheatgrass i s responsible f o r the s i g n i f i c a n t treatment e f f e c t s f o r 
the t r i a l s at Cadomin. Native mixtures which included wheatgrasses 
generally compared favourably with the c u l t i v a t e d mixtures. 
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TABLE 5 

PERCENT PLANT COVER OF THE CULTIVATED GRASS-LEGUME MIXTURES AND 

PURE NATIVE GRASS MIXTURES (MEANS OF THREE REPLICATIONS) 

Cadomin Adanac 

Treatment 

a 

b 

c 

Topdressed 

38.33b 2 

35.08b 

33.17b 

Raw Overburden 

23.50d z 

8.17ab 

13.25bc 

Topdressed Raw Overburden 

22.33 

27.58 

29.17 

35.50 

38.42 

38.83 

IE 

2E 

3E 

4E 

22.42ab 

22.42ab 

21 .OOab 

10.00a 

12.75b 

21.17cd 

11.25b 

1.08a 

16.92 

24.50 

17.58 

21.92 

23.42 

35.17 

20.08 

22.17 

t r e a t m e n t des i gnat ions : 

Nat ive Grass Mixtures 

1. Slender wheatgrass, a l p i n e sheep fescue, a l p i n e b luegrass and i n t e r i o r 

b luegrass . 

2. Northern wheatgrass, bearded wheatgrass, s lender wheatgrass and June g ras s . 

3. Northern wheatgrass, tu f ted ha i r grass , a l p i n e bluegrass and spike t r i s e t u m . 

4 . A l p i ne sheep fescue, June grass , i n t e r i o r b luegrass and spike t r i s e t u m . 

C u l t i v a t e d Companion Crops 

E. Control (no companion c r o p s ) . 

C u l t i v a t e d Grass-Legume Mixtures 

a . " B o r e a l " creeping red fescue, white c l o v e r , "C l imax" timothy and "Fa i rway" 

cres ted wheatgrass. 

b. " B o r e a l " creeping red fescue, white c l o v e r , "C l imax" timothy and Canada 

bIuegrass. 

c . " B o r e a l " creeping red fescue, "C l imax" t imothy, "Fa i rway" wheatgrass and 

"Aurora " a l s i k e c l o v e r . 

2 F o r s i g n i f i c a n t main e f f e c t s , means fo l lowed by a common l e t t e r are not s i g n i f i c a n t l y 

d i f f e r e n t a t the f i v e (5) percent level according to Duncan's M u l t i p l e Range T e s t . 
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CONCLUSIONS 

Results to date suggest that the native wheatgrasses are suitab l e 
species f o r i n i t i a l revegetation of high elevation disturbances. The 
more successful of the native grass seed mixtures compared favourably 
with the c u l t i v a t e d grass-legume control mixtures. 

The companion crops tested were not an e s s e n t i a l ingredient f o r pro­
ducing plant cover. These c u l t i v a t e d species did not s i g n i f i c a n t l y 
a f f e c t the establishment or growth of the native grasses up to the end 
of the second growing season a f t e r seeding. 
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THE UTILIZATION OF NATIVE GRASS SPECIES 
FOR RECLAMATION OF DISTURBED LAND IN THE ALPINE 

AND SUBALPINE REGIONS OF ALBERTA 

INTRODUCTION 

Asay, i n a recent paper dealing with the revegetation of surface mining 
s p o i l s i n the western United States (1978), states that surface mining 
disturbed approximately four m i l l i o n acres and i f a l l the coal i n the 
United States now considered to be recoverable by s t r i p mining were 
removed, 46 m i l l i o n acres would eventually be disturbed. I quote these 
estimates f o r the United States since they i l l u s t r a t e the immense task 
of revegetation facin g t h i s continent. Estimates reveal that nearly 
ha l f the land area i n Alberta, more than 100,000 square miles, i s under­
l a i n by coal, of which some 400 b i l l i o n tons i s expected to be ultimate­
ly recoverable. While most of Alberta's coal reserves are too deep f o r 
surface mining, the sheer s i z e of the resource and the pressures to 
develop i t , portend a steady increase i n the numbers of new mines, which 
s i g n i f i e s a steady increase i n the amount of land to be disturbed and to 
be reclaimed so that "these lands afterwards become at l e a s t as produc­
t i v e , i f not more so, than i t was before", as stated i n the Government 
of Alberta p o l i c y f or coal development i n the Province (June 1976). 
Some of our large mining s p o i l s i n the Province of Alberta are located 
i n the subalpine and alpine regions and i t can be expected that more 
w i l l be created i n the future, regardless of the l e g i s l a t i v e concern for 
environmentally s e n s i t i v e areas. 

The revegetation of subalpine and alpine regions i s somewhat of a mis­
nomer, i n that the s p e c i f i c a t i o n of subalpine and alpine regions would 
ind i c a t e that we deal with a problem which requires a revegetation 
technique s u f f i c i e n t l y d i f f e r e n t from techniques i n use for mountain and 
lower a l t i t u d e areas. In p r i n c i p a l however t h i s i s not the case; 
revegetation of alpine areas follows the same b i o l o g i c a l procedures and 
there i s very l i t t l e reason any more to deal with these disturbances 
under a s p e c i a l heading. As Soward and Leroy Balzer point out, "there 
i s much p o t e n t i a l f o r reclamation programs to s u f f e r because of poor 
q u a l i t y , i n s u f f i c i e n t q u antities and l i m i t e d v a r i t i e s of commercially 
a v a i l a b l e plant materials." Consequently, what has l i m i t e d us i n the 
reclamation of environmentally s e n s i t i v e areas, such as subalpine and 
alpine regions, has been the a v a i l a b i l i t y of s u i t a b l e b i o l o g i c a l 
material f o r reclamation purposes. U n t i l 8 years ago very l i t t l e 
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breeding work had been done to develop improved v a r i t i e s s p e c i f i c a l l y 
f o r mine land revegetation, yet i t has been evident from the many 
f a i l u r e s i n revegetation e f f o r t s , that no single species or va r i e t y w i l l 
be adapted to the diverse environmental conditions encountered and i t 
has become obvious that new genetic combinations with rather s p e c i f i c 
adaptive c h a r a c t e r i s t i c s have to be incorporated into the material to be 
used i n revegetation, be i t grasses or other flowering elements. Cuany 
and co-workers at Colorado State University i n i t i a t e d a breeding and 
species evaluation program i n 1974 to develop improved plant materials 
f o r reclamation of o i l shale disturbed lands and revegetation of high 
a l t i t u d e problem s i t e s . Several native and introduced species were 
evaluated. Breeding e f f o r t s f o r the o i l shale areas were centered 
around western wheatgrass (Agropyron smithii), Indian r i c e grass 
(Oryzopsis hymenoides), Lupines (Lupinus spp.) and Utah sweetvetch 
(Hedysarum boreale)• In the high a l t i t u d e program emphasis was on 
smooth bromegrass (Bromus inermis) and to a lesser extent western wheat-
grass and thickspike wheatgrass (A. dasystachyum)• S i m i l a r l y , i n 1974, 
the United States Department of A g r i c u l t u r e and the Forest Service 
i n i t i a t e d a grass breeding program to complement the e x i s t i n g cyto­
genetics and plant exploration program. In cooperation with Utah State 
U n i v e r s i t y an attempt was made by Dr. Dewey to develop new grass 
v a r i e t i e s f o r a r i d range and for reclamation of lands disturbed by 
surface mining. This project emphasizes crested wheatgrass (A. crista-
turn and A. desertorium), and Russian wildrye (Elymus junceus). In ad­
d i t i o n , over 150 i n t e r s p e c i f i c and intergeneric hybrids have been 
developed from crosses among these species. Several of these hybrids 
have excellent p o t e n t i a l f o r use on rangeland and f o r revegetating 
surface mining s p o i l s . 

THE ALBERTA PROGRAM 

Independently, s i m i l a r e f f o r t s have been made i n Alberta. In 1974 
contracts with Alberta Environment, Alberta Fish and W i l d l i f e , Alberta 
Forestry and Parks Canada, made i t possible to s t a r t an evaluation 
program of native grasses o r i g i n a t i n g on the eastern slopes of the Rocky 
Mountains f o r eventual use i n reclamation e f f o r t s i n the Province. Dr. 
Walker and co-workers assembled a large c o l l e c t i o n of native grasses 
comprising 37 species from alpine regions of the eastern slopes of the 
Rocky Mountains and transplanted these i s o l a t e s to the Experimental Farm 
of the University of Alberta at E l l e r s l i e at an e l e v a t i o n of 2,500 
fee t . In subsequent years seed was harvested from t h i s c o l l e c t i o n and 
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seedlings were raised i n the growth-room f a c i l i t i e s of the U n i v e r s i t y . 
These seedlings were planted i n small t e s t p l o t s throughout the Rocky 
Mountains at subalpine and alpine elevations at natural as well as 
disturbed s i t e s and t h e i r performance was observed over several years. 
The evaluation of these d i f f e r e n t native grass species took into account 
several c r i t e r i a . S urvival rate, spreading a b i l i t y , reproductive 
a b i l i t y i n terms of the production of mature seed under extreme environ­
mental conditions, were necessarily the most important c h a r a c t e r i s t i c s 
fo r eventual use i n reclamation of subalpine and alpine regions. Walker 
i n h i s i n i t i a l study was able to recognize those native grass species 
which were best adapted to the very harsh climate of the alpine region 
of our mountainous area and therefore of p o t e n t i a l importance f o r 
revegetation of alpine disturbed s i t e s . The group of grasses based on 
t h e i r a p p l i c a b i l i t y can be divided int o two groups: the Major Native 
Grasses to which Agropyron dasystachyum, riparium, trachycaulum, lati-
glume, Deschampsia caespitosa, Poa alpinum and interior belonq, and the 
Minor Native Grasses with Festuca idahoensis, saximontana, Koeleria 
cristata, Phleum alpinum, Poa cusickii, Trisetum spicatum, and Agrostis 
scabra as representatives. 

GENETIC IMPROVEMENT 

After establishment of our i n i t i a l evaluation p l o t s at E l l e r s l i e E xperi­
mental Farm i t became evident that a l l species assembled, represented a 
broad genetic v a r i a t i o n but that some were plagued with c y t o l o g i c a l 
meiotic i r r e g u l a r i t i e s and s t e r i l i t y problems, which without genetic 
improvement, would render them unsuitable f o r commercial production. 
Sel e c t i o n i n the Agropyron species was already started i n 1976 and a f t e r 
the appointment of Dr. Sadasivaiah, genetic improvement of a l l species 
was undertaken. The main c r i t e r i a used i n t h i s s e l e c t i o n were: 

1. winter hardiness 
2. plant vigor and growth habit 
3. t i l l e r i n g date 
4. heading date 
5. disease and insect resistance 
6. uniform growth and maturity 
7. seed shattering habit 
8. seed y i e l d 
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Of these c h a r a c t e r i s t i c s winter hardiness, the a b i l i t y to produce 
t i l l e r s as a means of vegetative reproduction, the a b i l i t y to flower 
early i n the vegetative cycle of the grass and to produce seed within 
the growing season and the o v e r a l l seed y i e l d are the most important. 
The c h a r a c t e r i s t i c of seed shattering, that i s to say the a b i l i t y to 
shed seed over a prolonged period of time, i s of e c o l o g i c a l importance, 
thereby minimizing the e f f e c t of adverse weather and other environmental 
conditions upon the natural process of seed dispersion and seedling 
establishment. Of the native grass species chosen for genetic improve­
ment, a l l except Agrostis scabra have been grown f or at le a s t three 
s e l e c t i o n cycles and as a r e s u l t of t h i s , s t e r i l i t y problems, as we 
encountered i n i t i a l l y i n some of the grasses, have been overcome. 
Remarkably uniform l i n e s have been established for those species which 
are s e l f p o l l i n a t o r s or apomictic. For a c r o s s - p o l i n a t i n g species such 
as A. dasystachyum, i s o l a t e s from d i f f e r e n t c o l l e c t i o n locales were 
planted together i n a breeding f i e l d and were allowed to intercross 
f r e e l y . Seed of i n d i v i d u a l but promising plants was c o l l e c t e d and 
seeded into s e l e c t i o n l i n e s . Further s e l e c t i o n among these l i n e s have 
produced high y i e l d i n g progenies, which although c r o s s - p o l i n a t i n g , 
t r a n s f e r the a b i l i t y of high seed y i e l d to t h e i r o f f s p r i n g . These poly-
cross s e l e c t i o n l i n e s have the advantage of a b u i l t - i n genetic 
v a r i a t i o n , so highly desirable f o r the i n d u s t r i a l use of t h i s plant 
material. For instance, genetic v a r i a t i o n i n heading dates makes i t 
possible to prolong the time of seed d i s p e r s a l as compared to a highly 
uniform l i n e which r e s u l t s from s e l e c t i o n of a s e l f - p o l l i n a t i n g native 
grass species. I t i s for t h i s reason that selected l i n e s from s e l f -
p o l l i n a t i n g species, showing a high degree of uniformity f o r a l l the 
c h a r a c t e r i s t i c s used i n the s e l e c t i o n , are i n themselves too r e s t r i c t e d 
f o r reclamation purposes under extreme environmental conditions. In the 
development of commercial v a r i e t i e s attention has to be paid to the 
s e l e c t i o n of l i n e s d i f f e r i n g i n heading dates or, i n other words, ear l y 
and l a t e r maturing v a r i t i e s have to be established. For reclamation 
purposes the seed of these l i n e s d i f f e r i n g i n maturing dates (but 
s i m i l a r with regard to drought resistance, shattering habit, winter 
hardiness and seed y i e l d ) , are mixed. Such a mixture would allow f o r a 
r e l a t i v e l y long seed disposal time which e s p e c i a l l y under severe en­
vironmental conditions (as p r e v a i l s i n subalpine and alpine regions) may 
bene f i t the natural reproduction of the species. Other grasses such as 
the Poas and Deschampsia are apomictic to a high degree. They tend to 
reproduce almost true to type and s e l e c t i o n i n these grasses i s r e l a ­
t i v e l y simple since a superior i s o l a t e w i l l transmit i t s c h a r a c t e r i s t i c 
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to i t s progeny with l i t t l e or no segregation. Lines developed i n these 
grasses show a remarkable homozygosity and therefore the actual s e l e c ­
t i o n procedure i s greatly reduced timewise. So f a r t h i s s e l e c t i o n 
p r o j e c t with d i f f e r e n t native species (which i s the l a r g e s t on the 
continent) has produced several selections which have been registered 
f o r l i c e n s i n g . This year s e l e c t i o n l i n e s of A. dasystachyum, A. 
trachycaulum and A. subsecundum have been submitted to Canada 
Department of Agriculture and i t i s envisaged that selected l i n e s of Poa 
interior and Poa alpina w i l l become av a i l a b l e for l i c e n s i n g some time 
l a t e 1982 with the rest (Deschampsia caespitosa, Festuca saximontana, 
Koeleria cristata and Trisetum spicatum) i n subsequent years. A s t a r t 
has been made with the seed increase of selected l i n e s to allow 
commercial development of these l i n e s within the near future. 

EVALUATION OF NATIVE GRASSES 

In order to monitor the performance of native grasses, as compared to 
commercial agronomics, and to determine a method of revegetation for 
disturbed areas at high elevation, a large t e s t i n g area was established 
i n 1977 at the Ptarmigan s i t e of Whitehorn Mountain i n the Lake Louise 
s k i area beside the Trans Canada Highway, 40 miles west of Banff. The 
Ptarmigan s i t e has an elevation of 2,290 m (7,500') and i s located just 
above the t r e e l i n e . The s i t e faces east and has a slope of varying 
degrees ranging from 30 to 10. This s i t e was disturbed by bulldozing 
equipment during the construction of the s k i run. The s o i l structure i s 
a coarse g l a c i a l t i l l with a large amount of rocky material of a l l 
s i z e s . The s o i l analysis characterizes t h i s s o i l as high i n potassium 
(148 l b . / a c r e ) . Nitrogen i s present at 3 lb./acre, phosphorus at 
11 lb./acre and sulphur at 2.7 ppm. The number of f r o s t - f r e e days 
during the summer season varies between 45 to 58. The following 
parameters were incorporated i n t o the experiment: 

1. Nineteen species of native grasses were planted to compare 
against each other and against four commercially av a i l a b l e 
v a r i e t i e s i n nine r e p l i c a t i o n s . 

2. Two rates of inorganic f e r t i l i z e r 26-13-0 at 100 kg/ha and 
25 kg/ha were applied to s i x of the r e p l i c a t i o n s . Three 
r e p l i c a t i o n s were l e f t untreated f o r a c o n t r o l . 
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3. A l i g h t covering of peat moss was applied to the seeded 
species of grass to determine i f seedling establishment can be 
improved by t h i s treatment. This t e s t was r e p l i c a t e d three 
times. 

4. The e f f e c t of d i f f e r e n t gradients of slope was monitored. 
Three r e p l i c a t i o n s were at a slope of 30°, three were at 20° 
and three were at 10°. 

The t e s t p l o t was evaluated i n 1980. The p l o t s were examined f o r vegeta­
t i v e growth, ground cover and a b i l i t y of species to reproduce. Those 
species which showed good ground cover and also flowered i n most p l o t s , 
were considered valuable i n reclamation programs of high elevations. 

The various species used i n t h i s study showed s i g n i f i c a n t differences i n 
t h e i r performance. In general, the native species performed better than 
the agronomic species, which due to t h e i r late flowering i n the alpine 
season are unable to reproduce. Some of the native species that were 
found to be superior i n t h e i r a b i l i t y to survive and reproduce under 
alpine conditions were Agropyron latiglume, Agropyron dasystachyum, 
Agropyron trachycaulum, Agrostis scabra, Deschampsia caespitosa, Festuca 
saximontana, Festuca rubra, Phleum alpinum, Poa alpina, Poa interior, 
and Trisetum spicatum* 

The a p p l i c a t i o n of a peat mulch did not have a s i g n i f i c a n t influence on 
seedling establishment; however one has to take into account that a 
sloped area was used with an angle v a r i a t i o n of 30° to 10°. Light 
material such as a peat mulch may have s l i d o f f the s i t e applied or 
blown away before i t could become e f f e c t i v e . Notwithstanding t h i s , 
there i s some evidence that some grasses react adversely to mulching. 
From the percentage seedling establishment i t can be deduced that 
mulching at the time of seeding i s not required. 

S i m i l a r l y the a p p l i c a t i o n of f e r t i l i z e r at the time of seeding had no 
e f f e c t . These r e s u l t s c orrelate with those obtained at E l l e r s l i e Farm 
of the University of Alberta where no s i g n i f i c a n t differences were 
observed between f e r t i l i z e d and u n f e r t i l i z e d t e s t rows. For genetic 
reasons these re s u l t s can be predicted. The native grasses c o l l e c t e d by 
us or i g i n a t e d from areas where environmental conditions i n c l u d i n g s o i l 
conditions were extremely poor and hence these native grasses acquired 
i n time a hereditary low requirement f o r nutrients as they did f o r 

218 



tolerance toward the economic niche i n which they developed. Native 
grasses at alpine elevations are slow growing but p e r s i s t e n t . They 
flower very early during the alpine summer and are able to produce 
mature seed. I t i s our view that very l i t t l e can be gained by f e r t i l i ­
z ation at these a l t i t u d e s and indeed, there are more drawbacks to t h i s 
than b e n e f i t s . The alpine summer i s extremely short and the combination 
of f e r t i l i z e r , drought and l a t e rains may extend the growing season of 
the native grasses beyond the time that these grasses have to become 
dormant. Although long term f e r t i l i z a t i o n of native grasses may have an 
aesthetic influence by increasing biomass, there i s no evidence that 
such a f e r t i l i z a t i o n program w i l l greatly influence the t i l l e r i n g 
a b i l i t y of the native grasses and no evidence that i t has an influence 
on seedling establishment. As with many things i n l i f e , time i s what i s 
needed i n order to come to good r e s u l t s . In the reclamation of sub­
alpine and alpine s p o i l s time i s a most important f a c t o r . 

Due to t h e i r low nutrient requirement as a genetic adaptation to the 
alpine environment, native grasses are slow growing at alpine s i t e s , and 
hence i t i s unreasonable to expect instant coverage. Overseeding, a 
p r a c t i c e not uncommon to reclamation, i s no s o l u t i o n to improve i n i t i a l 
coverage. Our experiences with native grasses points to the fa c t that 
i t w i l l take approximately three years before these grasses reach 
maturity and become reproductive. The tolerance of native grasses 
toward the substrate i s most remarkable. Our t e s t p l o t s at 6,500' at 
Sunshine V a l l e y a l l located on a shale s l a g with a minimum of f i n e s o i l 
material indicates that although slow growing, native grasses are able 
to e s t a b l i s h themselves at t h i s high a l t i t u d e regardless of the poor 
s o i l condition. Sowards and co-workers i n t h e i r p u b l i c a t i o n on seed 
procurement of native species of plants for a r i d land reclamation, state 
that the q u a l i t y of plant materials used i n reseeding disturbed lands 
probably has as much impact on the success or f a i l u r e of a revegetation 
proje c t as any factor subject to the control by the reclamation s p e c i a l ­
i s t . This issue i s p a r t i c u l a r l y timely with present emphasis on coal 
development. I t would be i n Canada's i n t e r e s t to follow the United 
States i n t h i s respect who now require that mine operators use native 
plant species to reclaim lands to equal or better production and more­
over to enforce adequately the regulation that the operator proves his 
a b i l i t y to successfully reclaim the land before a permit to mine w i l l be 
issued by the regulatory authority. 
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DEVELOPMENT OF VEGETATION AND SOIL ON HIGH ELEVATION 
RECLAIMED LANDS IN SOUTHEASTERN BRITISH COLUMBIA 

ABSTRACT 

Seeded grasses and legumes become established on waste dumps i n the 
f i r s t growing season following seeding and s i g n i f i c a n t growth takes 
place i n the second year. The vegetation appears to be dependent on 
f e r t i l i z a t i o n f o r approximately f i v e years. Older reclaimed areas 
support shoot and root growth, s o i l CO2 evolution, and a v a i l a b l e s o i l 
organic matter at le v e l s s i m i l a r to those at undisturbed grasslands. 
Native s o i l s contain higher l e v e l s of humus although reclaimed s o i l s may 
contain r e s i s t a n t organic matter o r i g i n a l l y derived from coal or car­
bonaceous shale. Carbon and nitrogen compounds, indiginous i n the waste 
rock, may play an important role i n the development of reclaimed areas. 

INTRODUCTION 

On Thursday we w i l l be taking a bus tour to the high elevation reclaimed 
areas on the property of B.C. Coal Ltd. (formerly Kaiser Resources Ltd.) 
near the town of Sparwood, about one and one-half hour's drive east of 
Cranbrook. This paper w i l l act as an introduction to that tour, de­
s c r i b i n g some aspects of the development of vegetation on coal mine 
waste and changes which occur i n the s p o i l materials within the f i r s t 
ten years a f t e r t h e i r deposition. 

THE SETTING 

The reclaimed areas under consideration are a byproduct of the open p i t 
coal mining. In recent years, the mine has produced up to seven m i l l i o n 
tons of met a l l u r g i c a l coal and has generated approximately 70 m i l l i o n 
tons of waste rock annually. The mine i s a truck and shovel operation 
i n which the overburden rock i s blasted and then removed by trucks to be 
deposited i n extensive waste dumps. 

In preparation f o r reclamation the dumps are resloped using bulldozers 
to an angle of approximately 26°. A seed bed i s prepared on the dump 
surface using a heavy pipestem harrow to break surface compaction and to 
provide microsites to a i d i n seedling establishment. The seed mix, 
which includes a number of grass and legume species, i s broadcast by 
he l i c o p t e r either i n the early spring or the late f a l l . The seeding i s 
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followed by a f e r t i l i z e r a p p l i c a t i o n (13-16-10) at 200 kg/ha. After 
seeding and f e r t i l i z a t i o n , the dumps are reharrowed to incorporate seed 
and f e r t i l i z e r i n the s o i l . 

The reclaimed areas are r e f e r t i l i z e d each year at a rate of 200 kg/ha of 
13-16-10 f e r t i l i z e r . 

Over the past f i v e years, research has p r i m a r i l y been d i r e c t e d toward 
the evaluation of the success of f e r t i l i z e r maintenance, ei t h e r from the 
point of view of increasing f e r t i l i z e r e f f i c i e n c y through the use of 
d i f f e r e n t f e r t i l i z e r s , a p p l i c a t i o n rates and times or from a long term 
point of view, assessing the e f f e c t of management on the development of 
reclaimed s o i l s and vegetation. One of the major and continuing 
problems i s to determine the period of time that maintenance w i l l be 
required before a reclaimed area could be considered s e l f - s u f f i c i e n t . 

SAMPLING AREAS 

Most of the data presented i n t h i s paper has been obtained from a series 
of sampling p l o t s ranging i n age from unvegetated s p o i l (zero years) to 
s i x years old. A l l of the p l o t s are located i n l e v e l areas with a south 
westerly exposure at an elevation of approximately 2000 m. In choosing 
sampling areas, an attempt was made to ensure homogeneity of vegetation 
and s p o i l type between p l o t s . 

Since the oldest reclaimed s i t e was only s i x years i n age, an undis­
turbed native grassland adjacent to the reclaimed areas was included i n 
the sampling as an example of a well established community which had 
developed under conditions s i m i l a r to those of the reclaimed areas. 
Although the o r i g i n a l parent material of the grassland s o i l was probably 
s i m i l a r to that of the reclaimed areas, the s i t e was located on a steep, 
southeasterly f a c i n g slope. In addition, the composition of the vegeta­
t i o n d i f f e r e d s i g n i f i c a n t l y from the reclaimed areas as i t consisted 
e n t i r e l y of native grasses, forbs and shrubs rather than a g r i c u l t u r a l 
species. 

RESULTS AND DISCUSSION 

The data shown i n Figure 1 demonstrates that the establishment of 
vegetation i s accomplished i n the f i r s t growing season following seeding 
but actual shoot growth i s very low u n t i l the second year. In the few 
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FIGURE 1 

SHOOT GROWTH ON RECLAIMED AREAS OF DIFFERENT AGES AND THE NATIVE 
GRASSLAND (G). DATA POINTS IN THIS AND FOLLOWING FIGURES REPRESENT 

MEANS WITH 95% CONFIDENCE INTERVALS. 
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years following, i t appears that growth remains r e l a t i v e l y constant. 
The l e v e l attained i s roughly that which would be expected with an input 
of 2 g/m2 to 3 g/m2 of nitrogen. Since t h i s i s the rate of annual 
f e r t i l i z e r a p p l i c a t i o n we f e e l that t h i s period of uniform growth i s 
probably the r e s u l t of the dependence of the vegetation on f e r t i l i z e r 
nitrogen during the early years. 

The shoot growth on the s i x year s i t e i s considerably higher than the 
other reclaimed areas despite the f a c t that i t was not f e r t i l i z e d i n the 
year of sampling. This suggests that the processes of nutri e n t storage 
and c y c l i n g are taking place on t h i s s i t e to a degree that w i l l allow 
s u b s t a n t i a l growth of vegetation without the f e r t i l i z e r n u trient supply. 

The s i m i l a r i t y i n the l e v e l s of shoot growth measured on the s i x year 
s i t e and the natural grassland may indicate that, at l e a s t i n the year 
of sampling, growth i n these areas was l i m i t e d more by c l i m a t i c con­
d i t i o n s than by nutrient supply. 

We found a number of close s i m i l a r i t i e s between the undisturbed grass­
land and the s i x year s i t e , some of which are shown i n Figure 2. In 
addition to shoot growth discussed above, there are comparable l e v e l s of 
root biomass i n the surface 10 cm of these s i t e s . The sligjhtly higher 
root density measured i n the reclaimed s i t e has been found i n other 
reclaimed areas as well and may be caused by the stimulation of surface 
root growth by annual top dressing with f e r t i l i z e r . 

The evolution of CO2 from the s o i l surface i n the f i e l d can be broadly 
i n t e r p r e t e d as an index of the o v e r a l l metabolism of below ground 
organisms including micro-flora and fauna, and larger organisms such as 
arthropods and worms as well as plant roots (Macfadyen 1971). We 
measured very s i m i l a r l e v e l s of CO2 evolution from the s o i l s of the 
oldest reclaimed s i t e and the undisturbed grassland (Figure 2). 

In addition to s i m i l a r i t i e s i n b i o l o g i c a l parameters between the r e ­
claimed and undisturbed areas we found the concentrations of several 
s o i l n utrients, i n c l u d i n g a v a i l a b l e phosphorus, potassium and other 
exchangeable cations, to be comparable i n the two s o i l s . 

The data presented above suggests that management pr a c t i c e s have been 
successful i n developing a reclaimed s o i l / v e g e t a t i o n system which, i n 
many respects, resembles an undisturbed condition. Differences, 
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however, were found i n the s o i l organic matter and nitrogen contents of 
the two s o i l s and these require further considerations. 

I n i t i a l l y , we expected that both s o i l organic matter and nitrogen would 
increase as reclaimed areas developed, since i t has been a rule of thumb 
that fresh mine waste i s low i n both of these s o i l constituents. We 
found, however, that the reclaimed s o i l s contained r e l a t i v e l y high 
l e v e l s of t o t a l nitrogen which d i d not increase with time (Figure 3). 
In addition, f e r t i l i z e r inputs could account for only 2% to 3% of the 
t o t a l nitrogen measured i n the oldest reclaimed s i t e . Further analysis 
i n d i c a t e d that the native rock which made up the mine waste contained up 
to 0.18% nitrogen. 

The l e v e l of t o t a l nitrogen measured i n the undisturbed grassland s o i l 
i s f a r greater than any of the reclaimed s i t e s . We a t t r i b u t e t h i s high 
l e v e l to a natural accumulation over time rather than a base l e v e l 
determined by the composition of the l o c a l rock as suggested for the 
reclaimed areas. 

Three d i f f e r e n t aspects of carbon i n the s o i l were examined. The 
Walkley Black wet oxidation method ( A l l i s o n 1965) measures the quantity 
of carbon that i s r e a d i l y oxidized, and assumed to p a r t i c i p a t e i n s o i l 
functions but not necessarily r e a d i l y a v a i l a b l e for microbial use. A 
r e s p i r a t i o n study (Waksman and Starkley 1924) was used to estimate how 
much s o i l carbon was a v a i l a b l e for u t i l i z a t i o n by micro-organisms and a 
dry combustion method measured the t o t a l carbon which includes those 
forms which are met r e a d i l y oxidizable and are assumed to be i n e r t . 

The l e v e l s of r e a d i l y oxidizable carbon i n the s o i l s studied followed a 
pattern s i m i l a r to that of t o t a l nitrogen. These data (Figure 4) 
i n d i c a t e that even unvegetated s p o i l contains a r e l a t i v e l y large pro­
p o r t i o n of r e a d i l y oxidizable carbon. This carbon i s probably contained 
i n coal or carbonaceous shale and may be associated with the indigenous 
nitrogen discussed above. The native grassland s o i l contains a much 
higher l e v e l of Walkley Black carbon than the reclaimed s i t e s , again, 
probably a r e s u l t of natural accumulation. An incubation method was 
used to provide an index of the amount of a v a i l a b l e organic matter i n 
each s o i l . In t h i s method, the CO2 evolved by s o i l samples incubated i n 
sealed containers were measured, and assumed to be proportional to the 
amount of carbon i n the s o i l e a s i l y u t i l i z e d by micro-organisms. This 
type of organic matter consists mainly of compounds derived from l i v i n g , 
or recently l i v i n g plant or animal material. 
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FIGURE 3 

TOTAL SOIL NITROGEN IN RECLAIMED AREAS OF DIFFERENT AGES 
AND THE NATIVE GRASSLAND (G) 
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FIGURE 4 

READILY OXIDIZABLE SOIL CARBON IN RECLAIMED AREAS 
OF DIFFERENT AGES AND THE NATIVE GRASSLAND 
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We found that CO2 evolution increased s i g n i f i c a n t l y with age i n re­
claimed s o i l s (Figure 5) and that the s o i l of the s i x year reclaimed 
s i t e evolved CO2 at a rate s i m i l a r to that of the undisturbed grassland 
s o i l . Considering the high l e v e l of r e a d i l y oxidizable organic matter 
i n the grassland s o i l discussed above (Figure 4), and the comparatively 
low l e v e l of a v a i l a b l e carbon implied by the CO2 evolution data, i t i s 
apparent that t h i s s o i l must contain a large proportion of carbon which 
i s r e a d i l y oxidized but not e a s i l y u t i l i z e d by micro-organisms. 

The s o i l substances which are generally r e f e r r e d to as humus are the end 
or byproducts of the decomposition of organic matter, and are r e s i s t a n t 
to further microbial degradation. Although only 2% to 3% turnover of 
s o i l humus can be expected annually (Janssen 1972) these substances play 
an important r o l e i n nutrient storage and exchange and strongly a f f e c t 
s o i l texture, structure, and moisture holding capacity (Brady 1974). 
Analysis of s o i l samples f o r humic and f u l v i c acids, major constituents 
of humus, confirmed that the s o i l of the native grassland contained a 
much higher proportion of humus than the reclaimed s o i l s . 

In s i m p l i f i e d terms, the organic matter of the grassland s o i l can be 
described as a small pool of r e a d i l y a v a i l a b l e carbon compounds i n 
a s s o c i a t i o n with a large pool of r e s i s t a n t humic substances (Figure 6). 
A reclaimed s o i l , i n comparison would have a s i m i l a r s i z e d a v a i l a b l e 
pool with a much smaller pool of r e s i s t a n t material. 

The pool of r e s i s t a n t organic matter i n the reclaimed s o i l may have been 
derived from plant residues and more av a i l a b l e substances but may also 
have orig i n a t e d as indigenous carbon i n coal or carbonaceous shale. In 
order to study t h i s problem further we c o l l e c t e d samples of unvegetated 
carbonaceous s p o i l which had been exposed to weathering on the dump 
surface for varying periods of time ranging up to ten years. The 
samples were analysed f o r t o t a l carbon using dry combustion and f o r 
r e a d i l y oxidizable carbon as a previous analyses. We found that i n our 
youngest samples less than 35% of the t o t a l carbon was i n a r e a d i l y 
oxidizable form while almost 80% was e a s i l y oxidized i n our most 
weathered s p o i l (Figure 7). The CO2 evolution of s i m i l a r samples, 
innoculated with s o i l suspension, suggested that t h i s increase i n ease 
of oxidation was not accompanied by an increase i n a v a i l a b l e organic 
matter. These data suggest that indigenous carbon i s a l t e r e d by 
weathering to form less i n e r t compounds which, while not e a s i l y u t i l i z e d 
by micro-organisms, may be more l i k e l y to p a r t i c i p a t e i n s o i l 
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FIGURE 5 

C0 2 EVOLUTION OF SOILS OF RECLAIMED AREAS OF DIFFERENT AGES 
AND NATIVE GRASSLAND (G) MEASURED UNDER LABORATORY CONDITIONS 
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FIGURE 6 

DIAGRAMATIC REPRESENTATION OF THE ORGANIC MATTER (O.M.) 
OF RECLAIMED AND UNDISTURBED SOILS 
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FIGURE 7 

THE PERCENT OF THE TOTAL CARBON WHICH IS READILY OXIDIZED 
IN SPOILS EXPOSED TO WEATHERING FOR VARYING PERIODS OF TIME 
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functions. Although the data are preliminary i t seems clear that any 
in v e s t i g a t i o n of organic matter i n s o i l s developing on carbonaceous 
s p o i l must consider the influence of indigenous carbon sources, as well 
as conventional decomposition pathways. 

CONCLUSION 

Our research has shown that the e c o l o g i c a l development of reclaimed mine 
waste i s rapid under annual f e r t i l i z e r maintenance. Although the 
reclaimed areas appear to be dependent on f e r t i l i z a t i o n f o r several 
years, they ra p i d l y reach a condition which i s s i m i l a r i n many respects 
to undisturbed grassland s o i l s . The major difference between native and 
o l d reclaimed s o i l s appears to be i n the amount of humus accumulation. 
Reclaimed s o i l s seem to have low l e v e l s of humic materials and, although 
they may contain r e s i s t a n t organic matter o r i g i n a l l y derived from 
indigenous carbon compounds, the function of these substances i n s o i l 
processes i s not c l e a r l y understood. Carbon and nitrogen compounds 
contained i n the s p o i l materials represent a large r e s e r v o i r of 
p o t e n t i a l l y a v a i l a b l e nutrients and organic matter which could have a 
s i g n i f i c a n t influence on the development of a t r u l y n utrient s e l f -
s u f f i c i e n t v e g e t a t i o n / s o i l system on reclaimed mine waste. Further 
research i s required to provide a better understanding of the role of 
s o i l organic matter i n the nutrient s e l f - s u f f i c i e n c y of reclaimed areas 
and of the e f f e c t of weathering on the a v a i l a b i l i t y of indigeneous 
carbon and nitrogen. 
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ESTABLISHMENT OF WOODED LANDSCAPES FROM SEED ON DISTURBED LAND; 
THE EFFECTS OF ASPECT AND MULCHING ON SEEDLING RECRUITMENT AND GROWTH 

ABSTRACT 

Slopes of varying aspect commonly occur as a r e s u l t of regrading mine 
s p o i l heaps and i n earthworks associated with highway developments. 
Aspect and slope a f f e c t s o i l temperature and moisture a v a i l a b i l i t y , 
which control seed germination and seedling emergence. Poor seedling 
emergence, s u r v i v a l and growth has been observed on d i f f e r e n t aspects. 
Information from previous studies on these a f f e c t s i s summarized and 
compared with recent studies on broadleaved species. Experimental work 
on mine s p o i l and highway developments investigated the e f f e c t s of 
aspect on the seedling recruitment and growth of Common alder (Alnus 
glutinosa), Sycamore (Acer pseudoplatanus) and Pedunculate oak (Quercus 
robur). Species responded d i f f e r e n t i a l l y to the e f f e c t s of aspect. The 
experiments indicated that s o i l moisture and temperature could be 
modified by mulching, which increased seedling emergence. The e f f e c t s 
of aspect on seedling recruitment can be ameliorated by the ap p l i c a t i o n 
of a mulch. 
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ASSESSMENT OF THE SOIL RESOURCE IN THE RECLAMATION OF 
DISTURBED MOUNTAINOUS AREAS 

INTRODUCTION 

When choosing s o i l assessment methods f o r land reclamation we must go 
beyond t r a d i t i o n a l s o i l t e s t i n g concepts. S o i l c h a r a c t e r i s t i c s as they 
are now and changes i n s o i l properties with time concern us equally. 

To c l a r i f y t h i s , i t i s u s e f u l to draw a d i s t i n c t i o n between s o i l t e s t i n g 
and s o i l a nalysis. 

S o i l t e s t i n g methods have been developed p r i m a r i l y for farmers with the 
purpose of studying the current status of the s o i l , p a r t i c u l a r l y i t s 
f e r t i l i t y , and to recommend the addition of nutrients and amendments to 
maximize crop production. Interpretation of data i s often highly 
dependent upon research experience which i s used to c a l i b r a t e the 
t e s t i n g methods f o r p a r t i c u l a r crops and s o i l s within a l i m i t e d geo­
graphical area. F e r t i l i t y t e s t i n g methods are generally used for annual 
crops. Tests are made i n the f a l l or early spring from bare s o i l and 
are hoped to indicate nutrient l e v e l s p r i o r to seeding. A p p l i c a t i o n of 
these methods to perennial a g r i c u l t u r a l crops or to f o r e s t production 
has met with more l i m i t e d success. 

True s o i l analysis i s a more precise science and requires a more 
comprehensive understanding of the s o i l both v e r t i c a l l y and h o r i z o n t a l ­
l y . The objectives are more diverse and take into account longer term 
aspects of s o i l q u a l i t y and the r e l a t i o n s h i p of the s o i l to the land­
scape. 

In land reclamation problems, we study a v a r i e t y of s o i l materials 
ranging from surface s o i l s , rock fragments, mineral overburdens, 
t a i l i n g s to subsoils. The l e g i s l a t i o n we are constrained by contains 
phrases such as " s e l f - s u s t a i n i n g vegetation" and " s o i l p r o d u c t i v i t y to 
be as good as or better than p r i o r to disturbance." The correct choice 
of a n a l y t i c a l techniques i s most c r i t i c a l to meet our various ob­
j e c t i v e s . L i t t l e has been offered to date to explain what constitutes 
s o i l q u a l i t y under p a r t i c u l a r defined conditions. For instance, i t i s 
generally assumed that c u l t i v a t i o n of p r a i r i e s o i l s has r e s u l t e d i n a 
decline i n t h e i r q u a l i t y (Alberta S o i l s Workshop, 1980). This obviously 
has something to do with d e t e r i o r a t i o n i n organic matter contents, s o i l 
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erosion, s a l i n i z a t i o n and so f o r t h , but we are unable to agree on 
c r i t i c a l l e v e l s or management sol u t i o n s . How much organic matter i s 
enough? How do we measure the q u a l i t y of organic matter? 

In t h i s paper, I have not attempted to comprehensively discuss s o i l 
assessment i n terms of type of analyses required or the pr e f e r r e d 
methodology. Neither have I discussed the organization of the reclama­
t i o n element as i t f i t s i n t o the commercial development of a new 
resource. I have t r i e d to look i n a general way at the type of s o i l 
c h a r a c t e r i s t i c s which are important, point out the usefulness of the 
information obtained, and i n some instances discuss the p o t e n t i a l 
problems i n analysis and i n t e r p r e t a t i o n . Since the theme of these 
meetings i s high a l t i t u d e reclamation, I have also t r i e d to place most 
emphasis on assessments of s o i l i n mountainous areas. 

MOUNTAINOUS AND HIGH ALTITUDE TERRAIN 

Most problems encountered i n the reclamation of disturbed areas at high 
a l t i t u d e or i n mountainous t e r r a i n are not s p e c i f i c to just those 
s i t u a t i o n s . However, the e f f e c t s of steep slopes and low temperatures 
r e s u l t i n more severe problems than are normally encountered at lower 
elevations. Therefore, reclamation programs have to be conceptually 
well thought out and executed at a higher l e v e l of i n i t i a l e f f o r t and 
subsequent management than elsewhere. 

Management of the ph y s i c a l state of disturbed s o i l s i n mountainous areas 
i s most c r i t i c a l due to the p o t e n t i a l l y erodible nature of the land 
surface. Steep t e r r a i n at high a l t i t u d e i s subject to extreme c l i m a t i c 
conditions of high winds, intense storms, avalanches and fl o o d i n g i n 
exposed areas. S t a b i l i z a t i o n of slopes with vegetation i s d i f f i c u l t to 
achieve due to na t u r a l l y i n f e r t i l e and p o t e n t i a l l y droughty s o i l s , and 
to meagre plant growth during the short cool growing seasons. 

Mountain s o i l s are t y p i c a l l y weakly developed, of v a r i a b l e depth and 
generally contain t h i n accumulations of organic matter. Lack of organic 
matter and low s o i l temperatures r e s u l t i n poor r e c y c l i n g of nutr i e n t s , 
p a r t i c u l a r l y nitrogen. Low moisture holding and water i n t e r c e p t i o n 
c h a r a c t e r i s t i c s often r e s u l t i n a poor moisture status within the 
rooting zone during much of the growing season. 

T o p s o i l salvage would i n p r a c t i c a l terms involve removal of the A, B and 
probably part of the C horizon. 
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Plants growing i n mountainous areas at high a l t i t u d e are predominantly 
perennial (Eamon 1974). The annual pioneer types common i n disturbed 
low a l t i t u d e s i t e s are infrequent since they are unable to complete 
t h e i r l i f e cycles and compete e f f e c t i v e l y . 

Low temperature produces slow growth, poor nutrient uptake, and r e s u l t s 
i n low annual biomass production. Native species seem better adapted 
p h y s i o l o g i c a l l y than agronomic species though are infrequently used i n 
reclamation due to poor a v a i l a b i l i t y of seed. 

Windthrow and f r o s t heaving often hinder the establishment of grass or 
tree cover and are both r e l a t e d to s o i l c h a r a c t e r i s t i c s . 

Due to the poor nutrient status of most s i t e s , the i n i t i a l establishment 
of growth i s dependent upon the addition of f e r t i l i z e r , p a r t i c u l a r l y 
nitrogen. Nutrients taken up by the plants are only slowly recycled i n 
av a i l a b l e forms. The poor response of commercial legumes, e s p e c i a l l y 
above the t r e e - l i n e , puts further s t r a i n on the nitrogen economy of 
reclaimed s i t e s at high a l t i t u d e . 

Therefore, to avoid erosion and su c c e s s f u l l y revegetate mountainous 
areas, c a r e f u l consideration should be made of the p h y s i c a l and chemical 
c h a r a c t e r i s t i c s of a l l p o t e n t i a l s o i l materials on hand. 

TYPES OF SAMPLES 

S o i l samples presented to the laboratory may be generated from many 
d i f f e r e n t sources and fo r many d i f f e r e n t reasons. However, i n terms of 
land reclamation, the following categories may be i d e n t i f i e d : 

1. S o i l survey of undisturbed surface t e r r a i n p r i o r to distu r b ­
ance. 

2. Inventory of s u r f i c i a l deposits. 

3. Deep coring programs as part of exploratory phase. 

4. Rock, overburden, t a i l i n g s and other wastes generated during 
mining and processing of coals, ores, etc. 

5. Samples from monitoring of p a r t i a l l y reclaimed areas. 
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S o i l samples from inventory and s o i l survey work are most frequently 
those that w i l l be used to plan future reclamation of disturbed areas. 
The data obtained i s generally of most use i f presented i n the form of a 
map e i t h e r using the c l a s s i c a l s o i l surveying descriptions or f o r more 
s i t e s p e c i f i c use to show t o p s o i l depths, t e x t u r a l d i s t r i b u t i o n , 
e r o d i b i l i t y , etc. With recent advances i n data handling using computer 
li n k e d p r i n t e r - p l o t t e r s , the d i r e c t t r a n s f e r of s o i l data onto base maps 
w i l l become more common. 

The p a r t i c u l a r types of analyses c a r r i e d out w i l l depend upon the nature 
of the sample and the purpose of i t s c o l l e c t i o n . There must be a good 
reason f o r each analysis and the information gathered should help meet 
some p r a c t i c a l objective. Despite t h i s obvious statement of common 
sense, i t i s evident that sometimes we are g u i l t y of over-analyzing 
rather than under-analyzing s o i l s . 

PHYSICAL CHARACTERISTICS 

Physi c a l c h a r a c t e r i s t i c s of the s o i l are probably more important than 
chemical or b i o l o g i c a l properties i n the reclamation of disturbed 
mountainous areas. While admittedly vegetative cover i s an i n t e g r a l 
part of s o i l s t a b i l i z a t i o n , the correct management of p h y s i c a l 
c h a r a c t e r i s t i c s of the disturbed surface w i l l l a r g e l y make or break the 
success of reclamation. 

Ph y s i c a l measurements are concerned with the evaluation of e r o d i b i l i t y , 
moisture storage, compaction, aeration and the behaviour of s o i l under 
load at d i f f e r e n t moisture conditions on v a r i a b l e slopes. Certain 
measurements in v o l v i n g s t r u c t u r a l , t e x t u r a l and permeability character­
i s t i c s may be made i n the f i e l d while others can be made with more 
p r e c i s i o n under laboratory conditions. 

P h y s i c a l measurements may include p a r t i c l e s i z e d i s t r i b u t i o n , bulk 
density, p a r t i c l e density, p o r o s i t y , water storage capacity, consistence 
and surface resistance. The close r e l a t i o n s h i p s between many of these 
c h a r a c t e r i s t i c s mean a l l the analyses need not be measured on a l l 
samples• 

PARTICLE SIZE DISTRIBUTION 

For a g r i c u l t u r a l purposes, texture and p a r t i c l e s i z e d i s t r i b u t i o n are 
described i n terms of the d i s t r i b u t i o n of coarse fragments (>2 mm 
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diameter) and of p a r t i c l e s less than 2 mm i n diameter, the l a t t e r being 
sand (0.05 mm to 2.00 mm diameter), s i l t (0.002 mm to 0.05 mm diameter) 
and clay (<0.002 mm diameter). Sands and s i l t s may be further sub­
divided. 

In mountainous areas, the coarse fragment content may often exceed the 
volume of the smaller p a r t i c l e s so that some adjustment of the normal 
a g r i c u l t u r a l i n t e r p r e t a t i o n s i s needed. A high coarse fragment content 
increases permeability and aeration of dense s o i l s . However, the 
favourable e f f e c t s on plant growth are s a i d to be outweighed beyond 
about 20% by volume coarse fragment content (Lutz and Chandler 1946). 
At greater coarse fragment contents, the moisture holding capacity of 
the s o i l i s reduced and the amount of mineral s o i l a v a i l a b l e to root 
growth becomes proportionately too small. 

Some inaccuracies i n methodology are l i k e l y when p a r t i c l e s i z e d i s t r i b u ­
tions of mine s p o i l s are measured (Ames 1980). Most procedures are 
based upon sedimentation rate c a l c u l a t i o n s i n water and assume s p h e r i c a l 
p a r t i c l e s with a mean density of 2.65 g/cirr*. Many mine s p o i l s may have 
p a r t i c l e d e n s i t i e s well over 3 g/cm** (e.g. Como et a l 1978) which w i l l 
r e s u l t i n s l i g h t overestimations i n sand and possibly s i l t f r a c t i o n s 
unless the Stokes Law constants are modified. In addition, further 
problems may be encountered from poorly wettable materials, predominance 
of l i n e a r p a r t i c l e s , p a r t i c l e s with densities less than water and poor 
dispersion with very sal i n e s p o i l s . A l l require modification of the 
standard procedures to obtain r e l i a b l e r e s u l t s . 

The r e l a t i v e d i s t r i b u t i o n of the f i n e r p a r t i c l e s a f f e c t s many s o i l 
c h a r a c t e r i s t i c s . The r e l a t i v e e f f e c t on surface phenomenon may be 
appreciated i f one r e a l i z e s that the surface area per cubic meter 
increases from about 7 ha i n sand to about 140 ha for s i l t and 1400 ha 
f o r c l a y s . Most chemical and b i o l o g i c a l reactions i n s o i l s occur i n the 
f i l m of water around s o i l p a r t i c l e s . 

The t o t a l pore space and the r e l a t i v e pore size d i s t r i b u t i o n i s l a r g e l y 
determined by the p a r t i c l e s i z e d i s t r i b u t i o n though i t i s modified by 
aggregation of p r i m a r i l y p a r t i c l e s and the presence of organic materi­
a l s . Sandy s o i l s have large pores which do not r e s t r i c t i n f i l t r a t i o n 
and percolation of water. Clay s o i l s have a large t o t a l pore space but 
have predominantly very f i n e pores which r e s u l t i n poor i n f i l t r a t i o n and 
aeration. Loamy s o i l s with a balanced d i s t r i b u t i o n of sand, s i l t and 

247 



clay s i z e d p a r t i c l e s (see Figure 1) have a wider d i s t r i b u t i o n of pore 
s i z e s which allows f o r adequate permeability and aeration. 

I t may be appreciated that information on texture and p a r t i c l e s i z e 
d i s t r i b u t i o n s may be used to estimate moisture storage, i n f i l t r a t i o n , 
e r o d i b i l i t y , f r o s t and windthrow hazards, nutrient holding c h a r a c t e r i s ­
t i c s , b u f f e r i n g capacity and many other c h a r a c t e r i s t i c s of a s o i l . 

BULK DENSITY 

The bulk density, or oven dry mass per u n i t volume, of an undisturbed 
f i e l d s o i l i s important i n several respects. The volume that a s o i l 
occupies includes the volumes of s o i l p a r t i c l e s , and a i r or water f i l l e d 
pore space. Therefore, by determining the mean p a r t i c l e density and 
bulk density, we may also determine p o r o s i t y since: 

D B 

Porosity, P = 1 - — 
Dp 

where D B = bulk density and Dp = p a r t i c l e density. 

Since s o i l d e n s i t i e s may vary widely (see Table 1), i t i s e s s e n t i a l that 
f i e l d bulk densities are determined to convert mass based data i n units 
of ppm, %, etc., i n t o data of an area nature, e.g., Kg-N/ha, cm water 
stored/ha, etc. 

TABLE 1: APPROXIMATE BULK DENSITY RANGES FOR DIFFERENT SOILS AND 
RELATED MATERIALS 

MATERIAL BULK DENSITY 
(g/cm"3) 

Moss cover (Sphagnum) 0.04 
Undecomposed peat 0.10 
Organic duff layers 0.20 
T i l l e d mineral s o i l 0.80 
Surface mineral horizons 1.1 - 1.4 
Compacted subsoils 1.6 - 1.9 
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FIGURE 1 

SOIL TEXTURAL DESCRIPTIONS BASED ON 
DISTRIBUTION OF SAND, SILT AND CLAY FRACTIONS 
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Bulk densities of 1.6 g/cm3 to 1.7 g/cm3 and above are commonly con­
sidered so dense as to impede penetration and enlargement of roots. 

MOISTURE STORAGE 

Moisture storage i n the surface 1 m to 1.5 m of the s o i l i s most c r i t i c ­
a l to plant s u r v i v a l . 

Water i n unsaturated s o i l i s prevented from draining by forces that 
r e s u l t from surface tension and cohesion of water molecules, the ad­
hesions of water molecules to s o i l surfaces and from e l e c t r o s t a t i c 
forces at the inter-molecular l e v e l . The amount of water a v a i l a b l e f o r 
plant growth w i l l depend upon the t o t a l water content of the s o i l and 
absorptive properties r e l a t e d to p a r t i c l e s i z e d i s t r i b u t i o n , organic 
matter content, and the s t r u c t u r a l s t a b i l i t y of the s o i l . 

To determine the moisture r e t a i n i n g c h a r a c t e r i s t i c s of the s o i l , the 
amount of water held at d i f f e r e n t suctions i s measured. Suction i s 
commonly expressed i n terms of bars (10^ dynes.cm" 1), approximately 
equivalent to atmospheres. The c h a r a c t e r i s t i c shape of the curve 
produced i s lar g e l y r e l a t e d to the p a r t i c l e s i z e d i s t r i b u t i o n of the 
mineral f r a c t i o n of s o i l . The upper and lower l i m i t s of moisture a v a i l ­
a b i l i t y to plants are usually a r b i t r a r i l y set at 0.3 bar ( f i e l d 
capacity) and 15 bar (permanent w i l t i n g p o i n t ) . F i e l d capacity i s the 
point at which the rate of removal of water from a saturated s o i l due to 
drainage begins to be reduced. A v a i l a b i l i t y of water to the plant at 
lower suctions can be thought to be unrelated to the s o i l but dependent 
upon root interception of water i n a hydroponic s i t u a t i o n . The per­
manent w i l t i n g point i s the moisture content at which plants can no 
longer obtain s u f f i c i e n t water from a dry s o i l and begin to i r r e v e r s i b l y 
w i l t . I t i s not s u r p r i s i n g that considerable v a r i a b i l i t y e x i s t s between 
plant species i n terms of the w i l t i n g point though 15 bar i s a prac­
t i c a l l y oriented mean value for most a g r i c u l t u r a l crops. At the lower 
end, f i e l d capacity i s better set at about 0.10 t o 0.15 bar f o r sandy 
s o i l s and at 0.5 bar for heavy textured clay s o i l s . 

The favourable pore size d i s t r i b u t i o n of s o i l s textured as loams, s i l t y 
loams and s i l t y clay loams give them superior moisture storage and 
release c h a r a c t e r i s t i c s i n comparison to c l a y - r i c h or sandy textured 
s o i l s . C h r i s t i e (1980) i n t h i s meeting l a s t year presented a us e f u l 
f i g u r e r e l a t i n g moisture storage to texture and coarse fragment 
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content. I t i s also important to note that sandy s o i l s do not just have 
poor moisture storage but also have l i t t l e "moisture loss b u f f e r i n g " and 
they reach w i l t i n g point very r a p i d l y under drying conditions i n the 
f i e l d . 

CONSISTENCE AND SURFACE RESISTANCE 

Atterberg's l i m i t s are indexes of consistency or workability and firm­
ness of s o i l s at d i f f e r e n t water contents. They have a g r i c u l t u r a l and 
engineering a p p l i c a t i o n i n showing us the ease of working s o i l s i n terms 
of machinery power requirements, the l i k e l i h o o d of destroying s o i l 
structure and the p o s s i b i l i t y of slope f a i l u r e s . 

The p l a s t i c l i m i t i s the lowest moisture content at which the s o i l can 
be deformed without cracking. The l i q u i d l i m i t marks the moisture 
content where the s o i l becomes se m i - f l u i d i n consistence. The d i f f e r ­
ence between these upper and lower p l a s t i c l i m i t s , c a l l e d the p l a s t i c 
index, gives an i n d i c a t i o n of clayiness or p l a s t i c i t y of a heavy 
textured s o i l . 

Surface resistance, which i s also r e l a t e d to s o i l texture, can be 
studied by penetrometer measurements i n the f i e l d or by determining the 
modulus of rupture i n the laboratory. The l a t t e r , which i s a measure­
ment of the cohesion and strength of dry s o i l may provide u s e f u l 
information on surface c r u s t i n g of s o i l s (Richards 1953). 

WATER PERMEABILITY 

I n f i l t r a t i o n rate, permeability and drainage are a l l r e l a t e d terms used 
to assess water movement through s o i l and p r e d i c t groundwater flow 
patterns. 

Permeability i s often equated with hydraulic conductivity, as the rate 
at which water i s transmitted through saturated s o i l , a condition i n ­
frequently encountered i n the f i e l d . I n f i l t r a t i o n rate r e f e r s to the 
entry of water under unsaturated conditions. Drainage i s a term used 
more with the plant component included and describes the ease of water 
loss from the rooting zone. 

Water movement depends upon texture, structure, the presence of imperme­
able layers, the i o n i c constituents of the s o i l s o l u t i o n , the nature of 
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the vegetative cover and i t s rooting c h a r a c t e r i s t i c s . Consequently, the 
accurate measurement of water movement through s o i l s i s a f i e l d measure­
ment. Hydraulic conductivity and i n f i l t r a t i o n are often measured using 
double r i n g i n f i l t r o m e t e r s (Bertrand 1965). 

It may be appreciated that p h y s i c a l measurements can be used to study 
many features of p r a c t i c a l importance i n reclamation planning. By 
example, I w i l l b r i e f l y discuss e r o d i b i l i t y p redictions since they are 
important i n disturbed mountainous t e r r a i n . 

EROSION HAZARD PREDICTION 

Landscape erosion produced by the action of wind and water i s governed 
by the i n t e r r e l a t i o n s h i p s of climate, vegetation, topography and s o i l s . 
We have l i t t l e control over climate but are able to manipulate the 
remaining three within f a i r l y wide boundaries constrained only by the 
materials at hand, the compatibility of the vegetation and, as always, 
cost. With some foresight, we should be able to devise s o i l survey and 
a n a l y t i c a l programs to provide information needed to p r e d i c t e r o d i b i l i t y 
under several d i f f e r e n t mining a l t e r n a t i v e s . Basic s o i l data needed 
w i l l r e l a t e to moisture holding capacity, i n f i l t r a t i o n / p e r m e a b i l i t y and 
s o i l consistence. 

Resistance to erosion i s l a r g e l y r e l a t e d to the s t a b i l i t y of s o i l 
p a r t i c l e s and aggregates, and the way water i n f i l t r a t e s or runs over the 
s o i l surface. S o i l s high i n very f i n e sand or s i l t are e s p e c i a l l y 
susceptible to erosion. Sandy s o i l s which do not have the necessary 
f i n e material or organic matter to bind p a r t i c l e s together are unstable 
to both wind and water. S o i l s with moderate amounts of clay and organic 
matter develop secondary aggregates which r e s i s t detachment from the 
s o i l surface. 

Vegetative cover a f f e c t s p h y s i c a l d e t e r i o r a t i o n of s o i l through i n t e r ­
ception and absorption of r a i n f a l l and s h i e l d i n g surface from the d i r e c t 
impact of wind. The effectiveness of the vegetation depends upon 
coverage of the ground, thickness of the vegetative layer and the 
s t a b i l i z i n g e f f e c t of rooting. 

Water i n f i l t r a t i o n into s o i l i s dependent upon permeability and drainage 
c h a r a c t e r i s t i c s . High surface i n f i l t r a t i o n reduces runoff but w i l l be 
destructive i f s o i l drainage i s poor due to bedrock, non-wettable 
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layers, hardpans or compacted layers, etc. near the surface. There have 
been various attempts to r e l a t e steepness and slope length to 
e r o d i b i l i t y . A p r a c t i c a l statement seems to be that where the vegeta­
t i v e cover, i n c l u d i n g l i t t e r , i s less than 50%, the erosion rate doubles 
f o r each 10% (5°) increase i n slope (Meeuwig 1971). Generally, slopes 
i n the 60% to 70% (30° to 35°) range and greater are considered to be 
i n t e r n a l l y unstable as well as d i f f i c u l t to revegetate. Doubling the 
length of slope seems to increase erosion by a factor of 1.5 to 3 times 
(Rothwell 1971, Wischmeier and Smith 1978). 

The assessment of erosion hazard shown i n Table 2 i s provided as an 
example. I t was developed f o r p o t e n t i a l use i n commercial f o r e s t r y f o r 
designing logging management and roadway construction and so contains 
elements not so relevant to reclamation. However, s i m i l a r schemes could 
be developed for s i t e s p e c i f i c use by modifying the c h a r a c t e r i s t i c s used 
and providing a numerically weighting scoring system rather than the 
"very low" to "very high" r a t i n g . 

TABLE 2. ASSESSMENT OF EROSION HAZARD 

VERY LOW LOW MODERATE HIGH VERY HIGH 

Texture Gravel LS, cSL C, SiC, 
SiCL, fSL, 
SCL, CL, L 

SiL S i , fS 

Slope 0-15% 16-30% 31-45% 45-70% 70% + 

Erosional 
Processes 

Not Active 
Present 

Depth to 
Impermeable 
Layer 

3 m + 1-3 m 50-100 cm 20-50 cm 20 cm 

Permeability Very 
Rapid 

Rapid Moderate Slow Very 
Slow 

Drainage Rapidly Well to 
Moder­
at e l y 
Well 

Imperfectly Poorly Very 
Poorly 

Duff Thickness 20 cm + 10-20 cm 2-10 cm 2 cm No Duff 

Adapted from Void, 1981 
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CHEMICAL CHARACTERISTICS 

Whereas standard analysis of p h y s i c a l properties of s o i l s have had wide 
a p p l i c a t i o n both i n engineering, a g r i c u l t u r e and land reclamation, more 
s p e c i a l i z e d chemical t e s t i n g methods have been developed f o r the evalu­
ation of farm s o i l s . I t has been unfortunate that many a g r i c u l t u r a l 
methods have been used without s u f f i c i e n t thought as to how the analyses 
can best be applied to land reclamation problems. 

As was noted previously, t e s t i n g of the f e r t i l i t y status of farm s o i l s 
has been re f i n e d for annual crops which often obtain most of t h e i r 
nutrients within the f i r s t 6 to 8 weeks of seeding. Generally, the 
methods involve the use of a variety of chemical extractants that are 
designed to bring p a r t i c u l a r elements i n t o s o l u t i o n i n an amount that i s 
i n some way proportional to plant uptake during the forthcoming growing 
season. Chadwick (1973) has pointed out that extraction methods are 
based upon an assumption that the solution comes into a rapid e q u i l i ­
brium with the s o l i d s o i l phase, an assumption that may often be untrue 
with poorly buffered mine s p o i l s . Also, as a more general observation, 
i t seems that i n mine reclamation we are equally i n t e r e s t e d i n u s e f u l ­
ness of mixtures of p o t e n t i a l growth materials as with the i n d i v i d u a l 
s o i l s on hand. This tends to place more emphasis on long term i n t e r ­
actions as opposed to the short term f e r t i l i t y assessments that we are 
f a m i l i a r with i n a g r i c u l t u r e . 

pH 

The r e l a t i v e a c i d i t y or a l k a l i n i t y of a s o i l i s generally viewed i n 
terms of plant growth. The optimum pH range proposed depends on the 
preferences of the vegetation. A pH of about 6.5 i s generally the 
" a g r i c u l t u r a l optimum" while pH i n the 5.0 to 5.5 range may be con­
sidered as one " f o r e s t r y optimum." However, s o i l pH i s also a broad 
i n d i c a t o r of s o i l chemistry as well. The following are diagnostic: 

pH below 5.0 - Calcium, magnesium, potassium and phosphorus low i n 
s o l u b i l i t y while most heavy metals become more 
soluble. Soluble aluminum and manganese may be 
present at l e v e l s t o x i c to plant roots. 

pH 5.5 and above - Reduced s o l u b i l i t y of heavy metals, aluminum and 
manganese u n l i k e l y to be t o x i c . 
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pH 7.8 to 8.2 - S o i l l i a b l e to contain calcium carbonate and i n ­
creasing concentration of soluble sodium. 

pH 8.5 and above - S o i l l i a b l e to contain sodium as the carbonate, 
bicarbonate and sulphate, with the possible develop­
ment of sodic problems r e q u i r i n g the addition of 
calcium. 

The usefulness of pH measurement may be i n determining the e f f e c t of 
mixing d i f f e r e n t s o i l together i n reducing metal t o x i c i t i e s , reducing 
a c i d i t y , or improving s o i l structure and water permeability. 

SOLUBLE SALTS 

The e l e c t r i c a l conductivity (EC) of a saturated s o i l extract i s normally 
used to assess the soluble s a l t content. Where a s o i l i s found to be 
sodic, the saturated extract i s often used to determine the sodium ab­
sorption r a t i o (SAR*)• Interpretation of EC data r e l i e s heavily on the 
"2-4-8-16" table presented i n the USDA Handbook No. 60 (Richards 1954), 
where 4.0 mmhos/cm i s generally considered to be the good/bad borderline 
(see Table 3). 

TABLE 3. INTERPRETATION OF ELECTRICAL CONDUCTIVITY 

<2 mmhos No s a l i n i t y problems 
2-4 mmhos Re s t r i c t s the growth of very s a l t s e n s i t i v e plants 
4-8 mmhos Re s t r i c t s the growth of many crops 

8-16 mmhos Re s t r i c t s the growth of a l l but s a l t t o l e r a n t crops 
>16 mmhos Only a few s a l t t o l e r a n t crops make s a t i s f a c t o r y y i e l d s 

These guidelines are usef u l but for our purposes several other factors 
must also be considered. 

Na 
*SAR = /Ca + Mg" 

2 

Where concentrations are i n m i l l i e q u i v a l e n t s per l i t e r of ex t r a c t . 
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The r e l a t i v e tolerances of d i f f e r e n t plant species vary quite widely. 
The same plants at d i f f e r e n t stages of growth show v a r i a b l e s e n s i t i v i t y 
to s a l t . The e f f e c t of d i f f e r e n t i o n i c species creating the s a l t load 
may vary widely i n terms of t o x i c i t y or creating i o n i c imbalances. 
Also, low EC values may apparently not a f f e c t cover but may reduce 
y i e l d . The l a t t e r i s quite important where disturbed areas are being 
returned to a former a g r i c u l t u r a l use as may be the case i n surface coal 
mining or p i p e l i n e construction i n the Great Plains area. Table 4 
summarizes data for a range of a g r i c u l t u r a l crops. 

TABLE 4. EFFECT OF ELECTRICAL CONDUCTIVITY ON CROP YIELD 

EC REQUIRED TO PRODUCE THE STATED YIELD REDUCTION 
(mmhos/cm) 

0% 25% 100% 
Forage Crops 1.5 - 7.5 3.6 - 13.3 10 - 32 
F i e l d Crops 1.7 - 8.0 3.8 - 13.0 10 - 28 

Adapted from EPA, 1977. 

F i n a l l y , the EC i s not s t a t i c but fluctuates with changes of water move­
ment through the s o i l and with evapotranspiration c h a r a c t e r i s t i c s . An 
i n i t i a l high s a l t content may be t o l e r a t e d i n a well drained s o i l due to 
gradual leaching of the s a l t , while i n a r i d or semi-arid climates, s a l t s 
may move from depth and accumulate with time i n surface horizons. 

ORGANIC MATTER 

The importance of organic matter i n maintaining s o i l p r o d u c t i v i t y 
through i t s e f f e c t s on n u t r i t i o n , structure and water holding i s uni­
v e r s a l l y acclaimed. However, when we attempt to define minimum or 
optimum l e v e l s of organic matter f o r reclaimed s o i l s , we run into 
trouble unless we look at the q u a l i t y aspects as w e l l . Desirable values 
within the 1% to 10% range have been suggested f o r a g r i c u l t u r a l , 
f o r e s t r y and reclamation purposes (Nishimura 1974, Omodt et a l 1975, 
Alberta S o i l s Advisory Committee 1979, Wilde et a l 1972, van den 
Dreissche 1979). 
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But what i s the q u a l i t y of organic matter and how do we measure i t ? 
Cer t a i n l y we r e a l i z e that the organic materials i n coal, t ar sand, peat 
or the Ah horizons of a Chernozemic s o i l are not the same. Their 
benef i t to reclamation bears no r e l a t i o n s h i p to t h e i r organic carbon 
content which i s the current way of determining the organic matter 
content of s o i l . Unfortunately, s o i l chemists i n the past 100 years 
have produced a weighty l i t e r a t u r e discussing organic matter f r a c t i o n a ­
t i o n but have yet to explain i t s r e l a t i o n s h i p to s o i l f e r t i l i t y . In 
mine reclamation, e s p e c i a l l y i n the coal industry, an apparently de­
s i r a b l e l e v e l of organic matter of l a r g e l y i n e r t c o a l - l i k e carbon i s 
included i n the seedbed material without evidence to suggest any u s e f u l ­
ness i n nutrient c y c l i n g , moisture retention and the development of "the 
s e l f - s u s t a i n i n g vegetative cover." 

In addition, the methodologies a v a i l a b l e for determining carbon i n s o i l 
which range from a va r i e t y of wet chemical procedures to the "Leco" dry 
combustion, vary i n t h e i r effectiveness i n o x i d i z i n g d i f f e r e n t types of 
organic carbon structures and i n di s c r i m i n a t i n g between organic and 
inorganic forms of carbon. 

CATION EXCHANGE CAPACITY 

The cation exchange capacity (CEC) i s the amount of cations, usually i n 
m i l l i e q u i v a l e n t s per 100 g, that a s o i l i s able to hold due to a t t r a c ­
t i o n to negatively charged s i t e s on the surfaces of clays, organic 
matter and hydrous oxides of i r o n and aluminum. Cations most commonly 
held are calcium, magnesium, potassium, sodium, aluminum, hydrogen, 
ammonium and, to a les s e r extent, i r o n , manganese, zinc, copper and 
other m e t a l l i c ions. 

When asked what the s i g n i f i c a n c e of CEC i n s o i l s i s , we normally answer 
that i t i s re l a t e d to the retention of nutrients and i n preventing t h e i r 
leaching from the s o i l . However, i n r e a l i t y , we probably place import­
ance on CEC as a s o i l c h a r a c t e r i s t i c due to i t s d i r e c t r e l a t i o n s h i p to 
organic matter and clay contents (see Table 5). In view of t h i s and the 
a n a l y t i c a l problems associated with i t s measurement, i t i s probably an 
unnecessary measurement as an i n i t i a l assessment of s o i l c h a r a c t e r i s ­
t i c s . Rather than consider a CEC of 5 to 10 me/100 g as a minimum f o r 
reclamation, we would be better to set standards for clay and organic 
matter. 

257 



TABLE 5. APPROXIMATE RANGES OF CATION EXCHANGE CAPACITY 

CEC 

Sandy s o i l s 
S i l t loams 
Clay loams, clays and organic s o i l s 

(me/100 g) 
1 - 10 

12 - 20 
> 20 

The measurement of CEC i s pH dependent since the negative charges 
associated with hydrous metal oxides and organic matter r e s u l t from the 
d i s s o c i a t i o n of hydroxyl and carboxyl groups. Commonly, CEC i s measured 
by the displacement of cations by a strong s a l t s o lution at a pH of 
7.0. However, for the most r e a l i s t i c r e s u l t s , i f we are r e a l l y wanting 
to measure the cation absorptive power, i t should be measured at the 
natural pH of the s o i l . In a c i d i c s o i l s , f o r instance, CEC measured at 
natural pH can be expected to be considerably less than that measured at 
n e u t r a l i t y . In addition, depending upon the p a r t i c u l a r method used, the 
measurement of i n d i v i d u a l exchangeable cations can be greatly over­
estimated i n s o i l s containing high concentrations of soluble s a l t s or 
free lime. This i s of some importance since many researchers believe 
that i t i s not necessarily the absolute concentration of exchangeable 
cations that i s important i n plant n u t r i t i o n but the r e l a t i v e abundance 
of d i f f e r e n t species. Parnes (1978), f o r example, suggests an optimum 
balance of 70% calcium, 12% magnesium, 2% to 5% potassium (depending 
upon texture) and the balance l a r g e l y as hydrogen. Other guidelines 
have Ca, 60% to 70%; Mg, 20% to 35%; K, 5% to 10%; and Na, less than 5% 
(EPA, 1977). By comparison, proposed absolute amounts vary widely 
depending upon the worker and plant types concerned, e.g. Ca, 100 ppm to 
1600 ppm (0.5 to 8 me/100 g); Mg, 25 ppm to 250 mm (0.2 to 2 me/100 g) 
and K, 25 ppm to 150 ppm (0.07 to 0.4 me/100 g) (Doll and Lucas 1973, 
Wilde 1964b, van den Driessche 1979). Apparently, quite a wide 
v a r i a t i o n i n Ca:Mg i s t o l e r a t e d and probably adequate growth occurs 
unless Mg exceeds Ca on an equivalent basis or i f Mg makes up 50% or 
more of the exchangeable bases. 

As noted previously, when sodic conditions are indicated, i t i s common 
to determine the sodium absorption r a t i o (SAR) on the saturated ex-

SODIUM 
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t r a c t . The SAR was o r i g i n a l l y developed to assess i r r i g a t i o n water and 
has become commonly used to study s a l i n e s o i l s as w e l l . Probably the 
exchangeable sodium percentage (ESP), the percentage as sodium making up 
the whole CEC, i s more c o r r e c t l y applied to s o i l s . However, ESP and SAR 
do show a well defined r e l a t i o n s h i p within the ranges normally en­
countered f o r s o i l s (see nomographs i n Richards 1954). 

A c r i t i c a l value f o r SAR i s normally set at 9, the point where d i s ­
persion of clay minerals i s l i a b l e to cause development of poor 
s t r u c t u r a l conditions and impaired drainage. However, i t i s l i k e l y that 
i n i t i a t i o n of s t r u c t u r a l d e t e r i o r a t i o n can be below t h i s value depending 
on t e x t u r a l and aggregational d i f f e r e n c e s . More r e a l i s t i c values using 
ESP have been set as follows: 

< 5% S a t i s f a c t o r y 
> 10% L i a b l e to produce reduced permeability i n f i n e textured s o i l s 
> 20% L i a b l e to produce reduced permeability i n coarse textured 

s o i l s 

(EPA, 1977) 

MAJOR PLANT NUTRIENTS 

In disturbed areas, the question of the future nutrient status of the 
s o i l i s at l e a s t equally important as the current condition of the seed 
bed. This brings i n t o account time dependent aspects of weathering 
which may be greatly accelerated i f previously buried materials are 
exposed and mixed at the land surface. We have to consider whether i t 
i s possible or even desirable to use t e s t i n g methods to make f e r t i l i z e r 
recommendation and to assess whether the t e s t i n g methods are v a l i d i n a 
non-agricultural s e t t i n g . A short discussion of t e s t i n g for potassium, 
phosphorus and nitrogen i s presented. 

Potassium 

Potassium analysis i l l u s t r a t e s the concept of s o i l t e s t i n g w e l l . Most 
s o i l s contain large q u a n t i t i e s of the element potassium but only a small 
percentage, perhaps 1%, i s i n exchangeable form on the s o i l c o l l o i d s and 
even l e s s , a few ppm, i s i n the free s o i l water or s o i l s o l u t i o n . These 
d i f f e r e n t phases of potassium are i n chemical e q u i l i b r i u m so that 
potassium removed by plant roots i s replenished. Most s o i l potassium i s 
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i n primary minerals such as potassium feldspars, muscovite and b i o t i t e 
micas. These minerals release potassium very slowly by p h y s i c a l and 
chemical weathering. Some potassium i s found within secondary clay 
mineral structures such as i l l i t e , vermiculite and c h l o r i t e , and i s 
released slowly. Most of the remaining potassium i s held on exchange 
s i t e s with smaller amounts i n the s o i l solutions and i n these forms can 
be considered a c t i v e l y involved i n plant uptake. Thus, conceptually, we 
consider s o i l potassium being divided in t o unavailable, slowly a v a i l a b l e 
and r e a d i l y a v a i l a b l e forms. In a g r i c u l t u r a l assessments, i t i s normal­
l y found that exchangeable potassium, i n c l u d i n g solution-K, i s d i r e c t l y 
r e l a t e d to plant a v a i l a b l e potassium. Therefore, the ammonium acetate 
ex t r a c t i o n to measure exchangeable cations i s used to provide an index 
of a v a i l a b l e s o i l potassium. Although i t i s probably an adequate t e s t 
f o r a v a i l a b l e potassium i n most cases, the use of a stronger a c i d i c 
extractant that simulates chemical weathering may provide a better 
estimate of the long term potassium r e l e a s i n g c h a r a c t e r i s t i c s of mine 
s p o i l s . 

Phosphorus 

Study of the ava i l a b l e phosphorus status of s o i l s i s d i f f i c u l t due to 
the complexity of s o i l phosphorus chemistry. Phosphorus forms sparingly 
soluble compounds with divalent and t r i v a l e n t ions. Calcium phosphates 
are common i n neutral and basic s o i l s while i r o n and aluminum phosphates 
predominate i n a c i d i c s o i l s . As with potassium, the amount of 
phosphorus present i n the s o i l s o l u t i o n i s very small but foll o w i n g 
plant uptake replenishment can be rapid. S o i l t e s t i n g methods have been 
developed which provide an index of a v a i l a b i l i t y by e x t r a c t i n g s o l u t i o n 
phosphorus plus a f r a c t i o n of non-solution phosphorus. Two d i f f e r e n t 
extractants are used i n Western Canada: the Bray Reagent (0.025 N 
hydrochloric acid:0.03 N ammonium f l u o r i d e or s l i g h t modifications) f o r 
a c i d i c to mildly basic s o i l s and the Olsen Reagant (0.5 N sodium 
bicarbonate, pH 8.5) f o r more basic s o i l s . Since the Bray Reagent 
extracts about three times the amount of phosphorus than the Olsen 
Reagent from s o i l s of equivalent f e r t i l i t y , the methods have had to be 
s p e c i f i c a l l y c a l i b r a t e d . Reclamation reports often omit to state 
precise methodology, an important point since numerically the data are 
not equivalent. 

Although these t e s t methods are probably of some use i n land reclamation 
work, t h e i r relevance to longer term aspects of nutrient c y c l i n g and 
phosphorus economy i n disturbed s o i l s i s more doubtful. Study of the 

260 



transformation or "turnover" of organic phosphorus may be more i n s t r u c ­
t i v e . 

F i n a l l y , the measurement of phosphorus absorption i s most important i n 
determining the fate of phosphorus f e r t i l i z e r s added to disturbed mine 
s o i l s . In c e r t a i n mine s p o i l s with high absorption capacity, much of 
the added phosphorus could be f i x e d i n a form l a r g e l y unavailable to 
plant growth. In such cases, addition of more frequent small doses of 
phosphorus may be more e f f e c t i v e to b u i l d up the phosphorus status of 
the s i t e to acceptable l e v e l s . Methods f o r the measurement of phos­
phorus absorption capacities are described and discussed i n Como et a l 
(1978) and E n f i e l d and Bledsoe (1975). 

Nitrogen 

In most surface s o i l s , from 97% to 99% of the nitrogen i s i n organic 
form and must be mineralized by s o i l micro-organisms into plant a v a i l ­
able mineral forms. Being a b i o l o g i c a l process, the rate of nitrogen 
mineralization i s l a r g e l y dependent upon s o i l pH, temperature and 
aeration. The rate and net release i s also dependent upon the nature of 
the organic materials i n the s o i l . Net release or mobilization i s 
favoured by narrow carbon:nitrogen content r a t i o s (e.g., 20:1 and lower) 
i n the organic matter. Decomposition of fresh plant residues high i n 
c e l l u l o s e , hemicelluloses and l i g n i n but low i n nitrogen may r e s u l t i n 
immobilization of a v a i l a b l e nitrogen i n t o microbial t i s s u e s and de­
f i c i e n c i e s i n plant growth. 

Mi n e r a l i z a t i o n r e s u l t s i n the formation of nitrogen as ammonium ions. 
In a l l but the more a c i d i c s o i l s , ammonium-N i s " n i t r i f i e d " i n t o 
nitrate-N v i a the usually t r a n s i t o r y intermediate n i t r i t e . Ammonium can 
be held on the exchange complex while the n i t r a t e anion may leach down­
wards i n humid well drained s o i l s and be l o s t below the rooting zone. 
Under warm water-saturated conditions, n i t r a t e may be " d e n i t r i f i e d " into 
gaseous forms of nitrogen by anaerobic bacteria and l o s t from the s o i l 
surface. 

Since nitrogen i s the most common element that l i m i t s plant growth, i t 
r a r e l y accumulates to any great extent. S o i l t e s t i n g by measuring 
n i t r a t e and/or ammonium i s generally only successful i n p r e d i c t i n g the 
nitrogen requirements f o r annual crops. In humid areas where n i t r a t e 
may be leached below the sampling zone, even the n i t r a t e t e s t f o r annual 
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crops i s u n r e l i a b l e . Applying t h i s knowledge to land reclamation, we 
might expect reasonable usefulness from the measurement of mineral 
nitrogen l e v e l s p r i o r to seeding prepared bare s o i l surfaces. However, 
we may be better advised to measure an index of the nitrogen supplying 
of p o t e n t i a l s o i l mixes to show p o t e n t i a l nitrogen f e r t i l i t y over a 
longer time span. "Mineralizable" nitrogen tests have found some 
success i n assessing p o t e n t i a l f e r t i l i z e r responses i n commercial 
f o r e s t r y (Shumway and Atkinson 1978), a s e t t i n g not d i s s i m i l a r from many 
of our disturbed s i t e s . In general, the anaerobic mineralization method 
(Waring and Bremner 1964) gives best r e s u l t s since i t i s convenient f o r 
s o i l s varying widely i n moisture holding capacity. I t could conceivably 
be used to show changes i n nitrogen c y c l i n g patterns with time but would 
require c a l i b r a t i o n to r e l a t e laboratory values to the p o t e n t i a l release 
of nitrogen under f i e l d conditions. 

WEATHERING AND THE RELEASE OF METALS 

Probably l i t t l e u seful information can be derived from studying 
simulated weathering of undisturbed s o i l s due to t h e i r inherent 
s t a b i l i t y . However, estimates of weathering and induced chemical change 
are most important i n disturbed s i t e s , p a r t i c u l a r l y where subsoils are 
exposed or where sulphide t a i l i n g s present p o t e n t i a l problems of heavy 
metal release as a c i d i t y i s generated. 

Several weathering methods may be useful to study p h y s i c a l or chemical 
weathering. However, i n s u f f i c i e n t research has been c a r r i e d out on 
disturbed s o i l s to indicate the best methodology or the p r a c t i c a l i n t e r ­
p r e t a t i o n of the data. 

F i e l d methods are generally too slow while laboratory simulations pose 
problems of r e l a t i n g lab time to f i e l d time scales. Henin and Pedro 
(1965) used a standard Soxhlet continuous extractor to study the 
weathering of rock fragments. The method enables study of both aerobic 
and anaerobic zones simultaneously by varying l i q u i d l e v e l s of gas 
mixtures i n the apparatus. A s i m i l a r method was used by Como et a l 
(1978) i n studying weathering of metal t a i l i n g s from mines i n B r i t i s h 
Columbia. Accelerated weathering of minerals and organic materials used 
i n the revegetation of tar sand t a i l i n g s has also been studied using 
cycles of laboratory incubations interrupted by freeze/thaw cycles to 
simulate overwinter conditions (Rowell 1980). 
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U l t r a s o n i c treatment has been used to study physical weathering of s o f t 
rocks (Overby and Henniger 1969, Laguros et a l 1974) but has not been 
used for land reclamation studies. Using coarsely crushed Oklahoma 
shales, Laguros and co-workers estimated that one hour of u l t r a s o n i c 
treatment of 200 W at 20 kc and 70°F was equivalent to two years of 
f i e l d weathering. Changes were measured i n p a r t i c l e s i z e d i s t r i b u t i o n 
and i n l i q u i d and p l a s t i c l i m i t s . 

A rather straightforward but tedious method i s described by Massey and 
Barnhisel (1972) where mine s p o i l s were moistened to 1/3 bar and a f t e r a 
period of incubation were subjected to 15 bar suction to remove much of 
the s o i l water. Incubation cycles were repeated and the s o i l extracts 
produced were analyzed for metal release. 

Alternate assessments of a c i d production from sulphide t a i l i n g s have 
been discussed by Grube et a l (1974). Lime requirements based on 
sulphur content were claimed to be v a l i d i f soluble sulphate was removed 
by a c i d washing, and presumably i f weatherable basic constituents i n the 
t a i l i n g s were taken into consideration. T h e o r e t i c a l l y , we may c a l c u l a t e 
that t a i l i n g s containing 0.1% of t o t a l sulphur as sulphide, and with a 
bulk density of 1.5 g/cm3 would require 468 kg of lime per cm depth per 
hectare to n e u t r a l i z e p o t e n t i a l a c i d i t y . However, the r e a l lime re­
quirements would depend upon the rate of a c i d production and the e f f e c t 
of incorporating other amendments on both the a c i d b u f f e r i n g capacity 
and the rate of a c i d i f i c a t i o n . 

I t i s important to stress that conventional lime requirement t e s t i n g 
based on s o i l pH, buffer methods or incubation with liming materials 
w i l l only indicate current lime requirement and w i l l not take into 
account future a c i d i t y produced. As an example, Maclean and Dekker 
(1976) c a r r i e d out growth chamber experiments on a c i d mine s p o i l s that 
were limed according to rates obtained by incubations with lime. 
I n i t i a l l y the plants grew well but by the end of the experiment, the 
s o i l s were very a c i d i c again and required further liming. S i m i l a r 
cautionary t a l e s are provided by Nyborg (1974) working on s o i l s a f fected 
by sulphur d u s t f a l l from gas processing plants i n Alberta. 

P o t e n t i a l problems from a c i d i c mine wastes a r i s e not j u s t from the 
e f f e c t of a c i d i t y on plant growth but from s o l u b i l i z a t i o n of m e t a l l i c 
ions and t h e i r transport i n t o the food chain v i a plants or drainage 
water. 
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In small doses, p o t e n t i a l benefits could a r i s e from increases i n a v a i l ­
able copper, boron, molybdenum, z i n c , cobalt and selenium which are 
d e f i c i e n t i n some s o i l s * However, the amount needed to correct de­
f i c i e n c i e s i s generally quite small, f o r example, i n the 25 kg/ha range 
f o r copper and zinc, less than 2.5 kg/ha for boron and less than 
0.4 kg/ha f o r molybdenum. 

Considerable confusion e x i s t s as to what the c r i t i c a l l e v e l s are f o r 
d i f f e r e n t metals i n s o i l s . Standard methods to indicate t h e i r a v a i l ­
a b i l i t y to plants are less well developed than f o r the major elements. 
Metal chemistry i n s o i l can be complicated and may involve f i x a t i o n of 
metals as complexes and chelates with the humates and fulvates derived 
from humus, p r e c i p i t a t i o n reactions as carbonates, sulphates and 
phosphates, absorption onto clay minerals, humus and hydrous oxides of 
i r o n , aluminum, manganese and s i l i c a , etc. 

The r e l a t i v e s o l u b i l i t y and t o x i c i t y i s also r e l a t e d to the metal's 
valence state, red/ox conditions and to s o i l pH. Chromium IV, f o r 
instance, i s very tox i c but under normal conditions i t occurs i n the I I I 
state which i s insoluble and much less t o x i c . 

Liming a c i d i c s o i l s , mine s p o i l , and t a i l i n g s w i l l increase pH and 
generally reduce the a v a i l a b i l i t y of aluminum, cadmium, cobalt, 
f l u o r i d e , i r o n , manganese, n i c k e l and z i n c , and to a l e s s e r extent, 
copper and boron. Liming tends to increase the a v a i l a b i l i t y of calcium 
and magnesium (often both present i n the liming material as w e l l ) , and 
molybdenum, phosphorus and potassium. Therefore, i f we wish to produce 
guidelines f o r p o t e n t i a l metal t o x i c i t y , we should take i n t o account 
s o i l pH. 

Methods f o r the appraisal of p o t e n t i a l metal t o x i c i t y i n s o i l have not 
been standardized. They range from a t o t a l elemental ana l y s i s to ex­
t r a c t i o n methods in v o l v i n g chelates or weak acids that are hoped to 
extract a f r a c t i o n of the t o t a l i n some numerical r e l a t i o n s h i p to plant 
uptake. A method that provides an index of p o t e n t i a l l y weatherable 
metal concentration, p o s s i b l y that removed by 2 M HCL at 100°C, may be 
us e f u l i n mine reclamation assessments. 

As can be appreciated, the i n t e r p r e t a t i o n of data can be very d i f f i ­
c u l t . In many instances, the plant root seems to act as a b a r r i e r 
against excessive uptake and may bear no r e l a t i o n s h i p with t o t a l 
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elemental concentrations i n the s o i l . Often, c r i t i c a l l e v e l s are 
developed f o r plants i n growth chamber experiments by d e f i n i n g the 
concentration required to produce, for example, a 25% y i e l d reduction. 
However, the r e s u l t s do not take i n t o account metal i n t e r a c t i o n s , 
differences i n chronic e f f e c t s , subtle genetical or p h y s i o l o g i c a l 
changes, or the impact on animals eating the p l a n t s . Chumbley (1971) 
proposed f o r zinc, copper and n i c k e l that the maximum additions to 
s o i l s , at a pH above 6.5, should not exceed 250 ppm or the weighted 
equivalents of a l l three combined. For t h i s purpose, copper was con­
sidered twice as t o x i c as zinc and n i c k e l eight times as t o x i c as 
copper. 

A comparison of proposed guidelines for s o i l i s presented i n Table 6. 
The loading rates quoted from EPA, 1977, were proposed f o r use i n ra p i d 
i n f i l t r a t i o n e f f l u e n t disposal systems where the s o i l s would be f r e e l y 
drained and rather low i n clay and organic matter. 

TABLE 6. SOME PROPOSED GUIDELINES FOR METAL ADDITIONS TO SOILS 

NATURAL LEVELS GUIDELINE LEVELS 
(ppm) (ppm)  

Element Mean Range I II 

As 6 .1 - 40 13 
Cd .06 .01 - .07 5 1.4 
Cr 100 5 - 3000 47 56 
Cu 20 2 - 100 90 100 
Hg .03 .01 - .3 0.05 
Mo 2 .2 - 5 5 1.6 
Ni 40 10 - 1000 90 43 
Pb 10 2 - 200 2285 56 
Zn 50 10 - 300 920 216 
A l 2285 1 
B 340 
Co 23 18 
F l 460 
Fe 2285 
Mn 90 20 
Se 9 1.6 

•Soluble i n 0.01 M C a C l 2 . 

I - Adapted from EPA, 1977. 
II - Alberta S o i l s Advisory Committee, 1979. 
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CONCLUDING REMARKS 

In land reclamation, the s o i l s c i e n t i s t i s presented with many new 
problems and challenges. The wide array of chemical and p h y s i c a l t e s t s 
already developed for engineering, a g r i c u l t u r e and fo r e s t r y may have a 
d i r e c t a p p l i c a t i o n to land reclamation problems. However, the study of 
many s o i l c h a r a c t e r i s t i c s may require the modification of e x i s t i n g 
methods or the development of new procedures to cover the f i e l d from 
mine s p o i l s to t a i l i n g s . 

The way we use the re s u l t s must depend on c l e a r l y defined objectives f o r 
each phase of reclamation to the f i n a l land use. The s o i l c h a r a c t e r i s ­
t i c s and q u a l i t i e s that we define as optimum or minimum for one purpose 
may d i f f e r widely from another land use a l t e r n a t i v e . In addition, the 
i n i t i a l objectives of reducing erosion and maintaining water q u a l i t y may 
c o n f l i c t with s o i l requirements f o r the f i n a l proposed use of the land. 

Where we attempt to return disturbed a g r i c u l t u r a l and commercial 
f o r e s t r y areas to a state at le a s t equal i n p r o d u c t i v i t y , considerable 
forethought w i l l be required. If we are unable to a t t a i n a stable state 
of s o i l q u a l i t y and pr o d u c t i v i t y , we must consider the s o i l to have been 
degraded and reclamation to have f a i l e d . 
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LIST OF SYMPOSIUM REGISTRANTS 

MR G B ACOTT 
CARDINAL RIVER COAL 
BOX 2570 
HINTON ALTA 
TOE 1C0 

MR T A B ADAMSON 
UNION OIL CO OF CANADA 
335 8 AVE SW 
BOX 999 
CALGARY ALTA 
T2P 2M7 

MR ROBERT AIELLO 
FIELD COORDINATOR 
CROWS NEST RESOURCES LTD 
BOX 2699 STN M 
CALGARY ALTA 
T2P 2M7 

MR DAVE ALDRIDGE 
MIN OF HIGHWAYS 
1011 FOURTH AVE 
PRINCE GEORGE BC 
V2L 3H9 

MR F A ALLEN 
202 2025 BELLVIEW AVE 
WEST VANCOUVER BC 
V7V 1B9 

MRS CLARA ANDERSON 
BOX 205 
JUNCTION CITY ORE 
USA 

MR DARWIN ANDERSON 
DEPT OF SOIL SCIENCE 
UNIV OF SASKATCHEWAN 
SASKATOON SASK 

MR JOHN AUSTIN 
KLOHN LEONOF 
10180 SHELLBRIDGE WAY 
RICHMOND BC 
V6X 2W7 

MR BOB BAASE 
CRAIGMONT MINES LTD 
BOX 3000 
MERRITT BC 
V0K 2B0 

MR BRENT BAILEY 
NORANDA MINING CO 
BOX 1564 
SALMON ID 
USA 83967 

MR T S BAILIE 
GENERAL MANAGER 
CANADIAN SEED COATERS LTD 
BOX 219 
BRAMPTON ONT 
L6V 2L2 

MR ROBERT E G BAKER 
MIN OF ENVIRONMENT 
1617 BAKER ST 
CRANBROOK BC 
V1C 1B4 

MR A BALLACHY 
FIBRAMULCH 
16315 117 AVE 
EDMONTON, ALTA 
T5M 3V3 

MS WENDY BATES 
SUNSHINE VILLAGE 
BOX 1510 
BANFF ALTA 
T0L 0C0 

MR PETER BECKETT & 
MS BRIGITTE ANGSTER 
10 2 RAMSAY LAKE RD 
SUDBURY ONT 
P3E 2C6 

MR R BELYEA 
ONTARIO HYDRO 
700 UNIVERSITY AVE 
TORONTO ONT 

MR ROGER BERDUSCO 
FORDING COAL LTD 
BOX 100 
ELKFORD BC 
V0B 1H0 

MR ED BESWICK 
MINISTRY OF ENERGY MINES & 
PETROLEUM RESOURCES 
2747 E HASTINGS ST 
VANCOUVER BC 
V5K 1Z8 

DR M J BIK 
BOX 1993 
STATION M 
CALGARY ALTA 
T2P 2M2 

MR T BODNARCHUK 
MIN OF HWYS 
310 WARD ST 
NELSON BC 
V1L 5S4 

MR R BONE 
MINISTRY OF ENERGY MINES & 
PETROLEUM RESOURCES 
BOX 1290 
FERNIE BC 
V0B 1M0 

MR GORDON T BOUTILIER 
CAPE BRETON DEVELOPMENT CORP 
BOX 1750 
SYDNEY NS 
B1P 6T7 

MR JOHN BOYLE 
ENVIROCON LTD 
300 475 W GEORGIA ST 
VANCOUVER, BC 

DR MICHAEL BRETTON 
810 WEST 
BOX 1498 
KALLISPELL MONT USA 59901 

MR CURTIS BRINKER 
ALBERTA ENVIRONMENT 

MR JOHN BRODIE 
KER PRIESTMAN & ASSOC 
300 2659 DOUGLAS ST 
VICTORIA BC 
V8T 4M3 

MR BERNARD BROOKS 
NORANDA MINES LTD 
BOX 4000 
NORANDA QUE 
J9K 5B6 

MR ALISTAIR BROWN 
SCHULTZ INTERNATIONAL LTD 
1155 W GEORGIA ST 
VANCOUVER BC 
V6E 3H4 
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MS JILL BROWNE 
106 9947 SASKATCHEWAN DR 
EDMONTON ALTA 
T6E 4R3 

MR JIM BUCKINGHAM 
SUNSHINE VILLAGE 
BOX 1510 
BANFF ALTA 
TOL 0C0 

MR C W B BURGE 
LORNEX MINING LTD 
BOX 10335 
1650 609 GRANVILLE ST 
VANCOUVER BC 
V7Y 1G5 

MS CECIL BURNS 
ONTARIO MIN OF ENVIRONMENT 
808 ROBERTSON ST 
KENORA ONT 

MR ART BURROWS 
SUPERVISOR LAND ADMIN 
COMINCO LTD 
SULLIVAN MINES 
BOX 2000 
KIMBERLEY BC 
VIA 2G3 

MR L T L CALLOW 
GULF CANADA RESOURCES INC 
BOX 130 
GCS 15 FL 
CALGARY ALTA 
T2P 2H7 

MS JANET CAMERON 
80 RANGEWAY NW 
CALGARY ALTA 
T3G 1H4 

MR JOE CARAVETTA 
CROWS NEST RES LTD 
BOX 2003 
SPARWOOD BC 
V0B 2G0 

MR RAY CHOPIUK 
COAL MINING RESEARCH CENTRE 
202 11111 87 AVE 
EDMONTON ALTA 
T6G 0X9 

MR BRIAN CHURCHILL 
FISH & WILDLIFE BR 
MIN OF ENVIRONMENT 
9711 100 AVE 
FORT ST JOHN BC 
V1J 1Y2 

MR TOM CLARK 
MARKETING ACCOUNT EXECUTIVE 
WEYERHAEUSER CO 
BOX 1465 

TACOMA WASH USA 98477 

MR L COLE 
TECHMAN ENGINEERING LTD 
926 5 AVE SW 
CALGARY ALTA 
T2P 2M7 
MR D C COOK 
QfcSSIAR RESOURCES 
DIV OF BRINCO MINING 
CASSIAR BC 
V0C 1E0 

MR EDWIN COOK 
GULF MINERALS CANADA LTD 
BOX 2070 
SASKATOON SASK 
S7K 3S7 

MR RON COOPER 
FLATHEAD BASIN ENVIR STUDY 
723 5 AVE 
KALISPELL MONT USA 
79901 

MR RICHARD COWAN 
NORTHERN PIPELINE AGENCY 
400 4 AVE SW 
CALGARY ALTA 
T2P 0J4 

MR J J CRABB 
CROWS NEST RESOURCES 
SHELL CENTER 
400 4 AVE SW 
CALGARY ALTA 
T2P 2M7 

MR JEAN-MICHEL CREPIN 
NORWEST SOIL RESEARCH LTD 
6788 99 ST 
EDMONTON ALTA 
T6E 5B8 

MR R L CROOK 
MINISTRY OF ENERGY MINES & 
PETROLEUM RESOURCES 
105 525 SUPERIOR ST 
VICTORIA BC 
V8V 1T7 

MR BRIAN CULLUM 
MIN OF FORESTS 
BOX 730 
FERNIE BC 
V0B 1M0 

MR JIM CUNNINGHAM 
PETRO CANADA EXPLORATION INC 
BOX 2844 
CALGARY ALTA 
T2P 3E3 

MR D L DABBS 
ALSANDS PROJECT GROUP 
BOX 2606 STN M 
CALGARY ALTA 
T2P 3A9 

MR BOB DAMS 
INTERA ENVIR CONSULTANTS 
406 7015 MCLEOD TRAIL SW 
CALGARY ALTA 

MR PETER DAVIDSON 
BOX 152 
COLEMAN ALTA 
T0K 0M0 

MR JOHN B DAWSON MGR 
DAWSON SEED CO 
BOX 91204 
WEST BANCOUVER BC 
V7V 3N6 

MR P M DEAN 
ENVIRONMENTAL COORDINATOR 
CYPRUS ANVIL MINING CORP 
330 355 BURRARD ST 
VANCOUVER BC 
V6C 2G8 

MR CHARLES DEANGELIS 
GRASS GROWERS INC 
424 COTTAGE PL 
PLAINFIELD NJ USA 
07060 
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MR RALPH DELL 
ONTARIO MIN TRANS & 
COMMUNICATION 
RM 229 CENTRAL BLDG 
1201 WILSON AVE 
DOWNSVIEW ONT 

MR DALE DEMING 
DAWN MINING 
BOX 25 
FORD WASH USA 99013 

MR BRENT DENSMORE 
CROWS NEST RESOURCES 
EAU CLAIRE PL 
BOX 2699 STN M 
CALGARY ALTA 
T2P 2M7 

MS LINDA DEZURA 
PATCHWORK ENTERPRISES LTD 
1328 SEYMOUR ST 
VANCOUVER BC 
V6B 3P3 

MR R DOCKSTEADER 
6 2104 S 37 AVE 
VANCOUVER BC 
V6M 1N8 

MR JOE DOL PRES 
VERDYOL MULCH OF CANADA LTD 
8760 JANE ST 
MAPLE ONT 
LOJ 1E0 

MR RICHARD S DOMINY 
BC FOREST SERV 
1197 CRANBROOK ST 
CRANBROOK BC 
VIC 3S4 

MR JOHN DONIHEE 
HABITAT MANAGE WILDLIFE SERV 
GOVT NWT 
6 FL COURTHOUSE 
YELLOWKNIFE NWT 
X1A 2L9 

MS CONNIE DOWN 
PATCHWORK ENTERPRISES LTD 
620 9 AVE SW 
CALGARY ALTA 
T2P 1L5 

MR NEIL J DUNCAN 
ENERGY RESOURCES 
CONSERVATION BOARD 
603 6 AVE SW 
CALGARY ALTA 
T2P 0T4 

MR DOUGLAS EDGELOW 
PALISER ENVIRONS 
BOX 515 
COCHRANE ALTA 
T0L 0W0 

DR J ERRINGTON 
MINISTRY OF ENERGY MINES & 
PETROLEUM RESOURCES 
105 525 SUPERIOR ST 
VICTORIA BC 
V8V 1T7 

MR EUGENE FABRO 
ENVIR COOR CROWS NEST RES LTD 
BOX 250 
FERNIE BC 
V0B 1M0 

MR WAYNE FARENHOLTZ 
KOOTENAY TRACTOR 
323 VERNON ST 
NELSON BC 
V1L 4A1 

MR RICK FERSTER 
LUSCAR LTD 
800 ROYAL TRUST TOWER 
EDMONTON ALTA 
T5J 2Z2 

MR U FINGER 
WATER MANAGEMENT BR 
MIN OF ENVIRONMENT 
1011 4 AVE 
PRINCE GEORGE BC 
V2L 3H9 

MR D FOURT 
FORESTRY COMM RESEARCH STN 
ALICE HOLT LODGE 
WREICLESHAM 
FARHAM SURREY 
ENGLAND 

DR A FREYMAN 
MINISTRY OF ENERGY MINES & 
PETROLEUM RESOURCES 
PARLIAMENT BUILDINGS 
VICTORIA BC 
V8V 1X4 

MR JIM FYLES 
103 10635 80 AVE 
EDMONTON ALTA 
T6E 1V6 

MR JOHN W GADSBY 
THURBER CONSULTANTS LTD 
100 1281 W GEORGIA ST 
VANCOUVER BC 
V6E 3J7 

DR KEN GAGLARDI 
E KOOTENAY COMM COLLEGE 
BOX 8500 
CRANBROOK BC 
VIC 5L7 

MR D M GALBRAITH 
MINISTRY OF ENERGY MINES & 
PETROLEUM RESOURCES 
105 525 SUPERIOR ST 
VICTORIA BC 
V8V 1T7 

MR R T GARDINER 
COMINCO LTD 
TRAIL BC 
V1R 4L8 

MR GERRY GASTON 
DAVID OPPENHEIMER & ASSOC 
3462 CORNETT RD 
VANCOUVER BC 
V5M 2H1 

MR B GOETTING 
TECK CORPORATION LTD 
BEAVERDELL BC 
V0H 1A0 

MR B GORDON 
MINISTRY OF ENERGY MINES & 
PETROLEUM RESOURCES 
1652 QUINN ST 
PRINCE GEORGE BC 
V2N 1X3 
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MR GARY GRANT 
GRANT & ASSOC 
3128 KILKENNY 
CALGARY ALTA 
V3E 4R0 

MR L GRAVES-REID 
CANADIAN SUPERIOR OIL LTD 
355 FOURTH AVE SW 
CALGARY ALTA 
T2P 0J3 

MR J C GROENEVELT 
MCELHANNEY SURVEY & ENGINEER 
2 1166 ALBERNI ST 
VANCOUVER BC 
V6E 1A5 

MR BERNIE GUICHON 
W COAST TRANSMISSION CO 
1333 W GEORGIA ST 
VANCOUVER BC 
V6E 3K5 

MR N I GUILD 
KER PRIESTMAN & ASSOC 
300 2659 DOUGLAS ST 
VICTORIA BC 
V8T 4M3 

MR B GWILYN 
ANADCONDA CANADA LTD 
BOX A 
BATHURST NB 

MR AGI HAJDU 
THURBER CONSULTANTS LTD 
100 1281 W GEORGIA 
VANCOUVER BC 
V6E 3J7 
MR E J HALL 
MINISTRY OF ENERGY MINES & 
PETROLEUM RESOURCES 
BOX 7438 
FORT ST JOHN BC 
V1J 4M9 

MR J HANSEN 
2004 5 ST SW 
CALGARY ALTA 
T25 2B4 

DR JEFFREY HARVEY 
810 WEST 
BOX 1498 
KALLISPELL MT USA 59901 

MR F G HATHORN 
B C HYDRO & POWER AUTHORITY 
2863 W 38 AVE 
VANCOUVER BC 
V6N 2W8 

DR R HAWES 
NORECOL ENV CONSULTANTS LTD 
1281 W GEORGIA ST 
VANCOUVER BC 
V6E 3J7 

MS HELEN M HEACOCK 
FORDING COAL LTD 
128A 8 AVE SW 
CALGARY ALTA 
T2P 1B3 

DR W A HERMAN 
PACIFIC SOIL ANALYSIS INC 
1560 RAND AVE 
VANCOUVER BC 

MS ARLENE B HILGER 
202 11019 84 ST 
EDMONTON ALTA 
T5H 1M9 
MR RON HILLIS 
UTAH ISLAND COPPER MINES 
BOX 370 
PORT HARDY BC 
VON 2P0 

MR HANK HOWIE 
WASTE MANAGEMENT BRANCH 
MIN OF ENVIRONMENT 
PARLIAMENT BLDGS 
VICTORIA BC 
V8W 1X4 

MR B HUBBARD 
POLICY & PLANNING LANDS MAN 
MIN OF LANDS PARKS & HOUSING 
PARLIAMENT BLDGS 
VICTORIA BC 
V8W 1X4 

MR B E HURDLE 
KLOHN LEONOFF 
15 6320 11 ST SE 
CALGARY ALTA 
T2H 2L7 

MR PAUL IMADO 
BC HYDRO & POWER AUTHORITY 
BOX 640 
CACHE CREEK BC 
V0K 1H0 

MR DAVID JOHNSON 
DENISON MINES 
Box 11575 
650 W GEORGIA ST 
VANCOUVER BC 
V6B 4N7 

MR DON A JOHNSTON 
HOME OIL CO LTD 
2300 324 8 AVE SW 
CALGARY ALTA 
T2P 2Z5 

MR EDWARD R JOHNSTON 
RECLAMARE CO 
20727 7 AVE S 
SEATTLE WASH USA 
98148 

MR D J JONES 
IEC 
202 5600 CEDARBRIDGE WAY 
RICHMOND BC 
V6X 2A7 

MR RON KEATING 
R D KEATING & ASSOC 
AGRICULTURAL CONSULTANTS 
10 CLYDE RD 
CHRISTCHURCH 4 
NEW ZEALAND 

MR DENNIS KERFOOT 
ALLAN KENNEDY - ESSO RESOURCES 
PETROCANADA 
BOX 2844 
CALGARY ALTA 
T2P 3E3 

MR R KIND 
T M THOMSON & ASSOCIATES 
1006 GOVERNMENT ST 
VICTORIA BC 
V8W 1X7 
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MR W KING 
GREENPARK 
17212 106 AVE 
EDMONTON ALTA 
T5S 1H9 

MR D J KLYM 
GREAT CANADIAN OIL SANDS LTD 
BOX 4001 
FORT MCMURRAY ALTA 
T9H 3E3 

MR L KRYVIAK 
ALBERTA GOVERNMENT 

MR TED F LAIDLAW 
LAIDLAW VEGETATION CONSULTING 
RR2 
TOFIELD ALTA 
TOB 4J0 
MR A LAMB 
INTERIOR REFORESTATION LTD 
BOX 487 
CRANBROOK BC 
VIC 4J1 

MR DAVE LAMB 
INTERIOR REFORESTATION LTD 
BOX 487 
CRANBROOK BC 
VIC 4J1 

MR D LANE 
FORDING COAL LTD 
BOX 100 
ELKFORD BC 
V0B 1H0 

MS ARLENE LANNON 
CANADA CEMENT LAFARGE 
606 CATHCART ST 
MONTREAL QUE 

MR J LANT 
CROWS NEST RESOURCES 
BOX 2003 
SPARWOOD BC 
V0B 2G0 

DR L M LAVKULICH 
FACULTY OF AGRIC SCIENCES 
248 23357 MAIN MALL UBC 
VANCOUVER BC 
V6T 2A2 

MR TED LEA 
MIN OF ENVIRONMENT 
VEGETATION UNIT 
1873 SPALL RD 
KELOWNA BC 
V1Y 4B2 

MR A G R LUKE 
C/O DEPT OF APPLIED BIOLOGY 
UNIV OF CAMBRIDGE 
PEMBROKE ST 
CAMBRIDGE ENGLAND 
CB23DX 

MR PHILLIP D LULMAN 
RECLAMATION PLANNER 
TRANS ALTA RESOURCES 
BOX 1900 110 12 AVE SW 
CALGARY ALTA 
T2P 2M1 

MR S LUNN 
PAN CANADIAN PETROLEUM 
BOX 2850 
CALGARY ALTA 
T2P 2S5 

MR A MAGNUSSON 
SAGE CREED COAL LTD 
BOX 10335 
STOCK EXCHANGE TOWER 
VANCOUVER BC 

DR G L MARCH 
BC HYDRO & POWER AUTH 
25 FLR 555 W HASTING ST 
VANCOUVER BC 
V6B 4T6 

MR I B MARSHALL 
LANDS DIRECTORATE 
PLACE VINCENT MASSEY 
20 FLR 351 JOSEPH BLVD 
HULL QUE 

MR FRANK MARTONHEGYI 
CROWS NEST RES SHELL CENTRE 
400 4 AVE SW 
CALGARY ALTA 

MR B MATTHEW 
MINING ASSOC OF BC 
480 1066 W HASTINGS 
VANCOUVER BC 
V6E 3X1 

MR MCAITTERICK 
4720 14 ST NE 
CALGARY ALTA 
T2E 6L7 
MR GIB MCARTHUR 
MINISTRY OF ENERGY MINES & 
PETROLEUM RESOURCES 
PARLIAMENT BUILDINGS 
VICTORIA BC 
V8V 1X4 

DR DOUG MCBRIDE 
SELKIRK COLLEGE 
BOX 1200 
CASTLEGAR BC 
V1N 3J1 

HON R H MCCLELLAND 
MINISTRY OF ENERGY MINES & 
PETROLEUM RESOURCES 
PARLIAMENT BUILDINGS 
VICTORIA BC 
V8V 1X4 

MR J MCCUE 
NEWMONT MINES LTD 
BOX 520 
PRINCETON BC 
VOX 1W0 

MR J D MCDONALD 
MINISTRY OF ENERGY MINES & 
PETROLEUM RESOURCES 
105 525 SUPERIOR ST 
VICTORIA BC 
V8V 1T7 

MR LOUISE MCHEAUD 
GULF CANADA RESOURCES INC 
BOX 130 
CALGARY ALTA 
T2P 2R9 

MR BRIAN MCLAUGHLIN 
DEPT OF BIOLOGY 
QUEENS UNIVERSITY 
KINGSTON ONT 
K7L 3N6 

MR DOUGLAS MEAD 
SHELL CANADA RES 
BOX 100 
CALGARY, ALTA 
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MR BLAKE MEDLAR 
WATER MANAGEMENT BR 
MIN OF ENVIRONMENT 
1011 4 AVE 
PRINCE GEORGE BC 
V2L 3H9 

MR GENE MICHELSON 
BC COAL 
BOX 2000 
SPARWOOD BC 

MR A MILLIGAN 
BC COAL 
BOX 2000 
SPARWOOD BC 
V0B 2G0 

MR JAMES MITCHELL 
NOVA AN ALBERTA CORP 
BOX 2511 
CALGARY ALTA 
T2P 2M7 

MS ANNE MOODY 
BEAK CONSULTANTS LTD 
120 10751 SHELLBRIDGE WAY 
RICHMOND BC 
V6X 2W8 

MR BILL MORRELL 
CROWS NEST RES 
BOX 2003 
SPARWOOD BC 
V0B 2G0 

MRS D MORRIS 
WESTCOAST TRANSMISSION 
1333 W GEORGIA ST 
VANCOUVER BC 
V6E 3K9 

MR KEN MOWICKA 
NOVA AN ALBERTA CORP 
BOX 2511 
CALGARY ALTA 
T2P 2M7 

MR KEN MUNRO 
LORNEX MINING CORP 
BOX 1500 
LOGAN LAKE BC 
V0K 1W0 

MR FRANK MUNSHOWER 
1407 S BOZEMAN 
BOZEMAN MONT USA 
59715 

MR BRUCE MURRAY 
RC STUTZ MANAGEMENT CO LTD 
212 17205 106A AVE 
EDMONTON ALTA 
T5S 1M7 

MR DAVID MURRAY 
CANMET 
DEPT OF ENERGY MINES & RES 
42 STEVENS RD 
ELLIOT LAKE ONT 
P5A 1M3 

MR E MURRAY 
NORTHERN STATES RECLAMATION 
BILLING MON USA 

MS KAREN NATSUKOSHI 
MANALTA COAL LTD 
BOX 2880 
CALGARY ALTA 
T2P 2M7 
MR B NOBLE 
ESSO MINERALS CANADA 
COAL DEPT 
237 4 AVE SW 
CALGARY ALTA 
T2P 0H6 

MR ADAM NOEL 
CROWS NEST RES LTD 
BOX 2699 
STN M 
CALGARY ALTA 
T2P 2M7 

MS SUSAN NORMAN 
TALISMAN LAND RES CONS 
300 842 THURLOW ST 
VANCOUVER BC 
V6E 1W2 

MR J NOWASAD 
836 NORTHMONT DR 
CALGARY ALTA 
T2L 0A5 

MR A OBRYAN 
MINISTRY OF ENERGY MINES & 
PETROLEUM RESOURCES 
310 WARD ST 
NELSON BC 
V1L 5S4 

MR S ONEIL 
BUCKERFIELDS LTD 
14 1292 LAWRENCE AVE 
KELOWNA BC 
V1Y 6M4 

MR RON R OUDYK 
CONSTRUCTION MGR 
PARK LANDSCAPE LTD 
15057 136 ST 
EDMONTON ALTA 
T5N 2G1 

MR PAKRUL 
SAGE CREEK COAL LTD 
BOX 16035 
PACIFIC CENTRE 
VANCOUVER BC 
MR LESLIE PANEK 
RECLAMATION COORDINATOR 
ALSANDS ENERGY LTD 
311 6 AVE SW BOX 26026 STN M 
CALGARY ALTA 

MR S PARMAR 
BC RESEARCH 
3650 WESBROOK MALL 
VANCOUVER BC 
V6S 2L2 

MR DAVE PATON 
NOVA AN ALBERTA 
BOX 2535 
CALGARY ALTA 
T2P 2N6 

V 0 B 2 G 0 MR F MARL IN MURPHY 
GREGG RIVER RES LTD 

MR BOB MICHELUTTI 120 MALIGNE PL 
FALCONBRIDGE NICKEL MINES LTD HINTON ALTA 
FALCONBRIDGE ONT TOE 1B0 
POM 1S0 
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MR JURI PEEPRE 
GARDNER-PEEPRE & ASSOC LTD 
15 1600 W 6 AVE 
VANCOUVER BC 
V6J 1R3 

MR TOM PETERS 
BOX 607 
COPPER CLIFF ONT 

MR B G PEWSEY 
BRINCO MINING LTD 
2000 1055 W HASTINGS ST 
VANCOUVER BC 
V6E 3V3 

MR ED PICHOTA 
DAVE PHILLIPS-HARDY ASSOC 
BOX 2051 
EDMONTON ALTA 
TOE 0P0 

MR A PLANIDEN 
MIN OF HWYS 
30 940 BLANSHARD ST 
PARLIAMENT BLDGS 
VICTORIA BC 
V8W 3E6 
MR D POLSTER 
NORECOL ENVIRONMENT 
1281 W GEORGIA ST 
VANCOUVER BC 
V6E 3J7 

MR DAVID F PORTER 
BP CANADA LTD 
333 5 AVE SW 
CALGARY ALTA 
T3P 2B6 

MR C POWTER 
ALBERTA ENVIRONMENT 
14 FLR 9820 106 ST 
EDMONTON ALTA 
T5K 2J6 

MR BILL PRICE 
AMAX OF CANADA LTD 
1600 1066 W HASTINGS ST 
VANCOUVER BC 
V6E 3X1 

DR M PRICE 
IEC INTERNAT ENV CONS 
202 5600 CEDARBRIDGEWAY 
RICHMOND BC 
V6X 2A7 

MR C PURDY 
77 103 AVE 
KIMBERLEY BC 
VIA 3A6 

MR & MRS H QUESNEL 
RR 6 
ALLANBY RD 
DUNCAN BC 
V9L 4T8 

MR B REDGATE 
BP EXPLORATION CANADA LTD 
333 5 AVE SW 
CALGARY ALTA 
T3P 3B6 
MR A RICHARDSON 
RICHARDSON SEED CO LTD 
REAR OF 7342 WINSTON ST 
BURNABY BC 
V5A 2H1 

MR L W RIFFEL 
BC COAL 
BOX 2000 
SPARWOOD BC 
V0B 2G0 

MR GEORGE ROBBINS 
AMAX OF CANADA 
1600 1066 W HASTINGS ST 
VANCOUVER BC 
V6E 3X1 

MR A R D ROBERTSON 
AQUATIC STUDIES BRANCH 
MIN OF ENVIR 
PARLIAMENT BLDGS 
VICTORIA BC 
V8W 1X4 

MR IVAN ROBERTSON 
MIN OF HWY & TRANSP 
310 WARD ST 
NELSON BC 
V1L 5S4 

MR JAMES ROBERTSON 
ACRES CONSULTING SERVICES 
8 FLR 800 W PENDER ST 
VANCOUVER BC 
V6C 2V6 

MR F B ROBINSON 
LORNEX MINES 
BOX 1500 
LOGAN LAKE BC 
V0K 1W0 

MR W C ROBINSON 
MINISTRY OF ENERGY MINES & 
PETROLEUM RESOURCES 
105 525 SUPERIOR ST 
VICTORIA BC 
V8V 1T7 

MR DIEGO ROMERO 
WABUSH MINES 
BOX 3000 
WABUSH NFLD 

MR M J ROWELL 
NORWEST SOIL RESEARCH INC 
203 20771 LANGLEY BYPASS 
LANGLEY BC 
V3A 5E8 
MR H G RUSHTON 
CROWS NEST RESOURCES 
BOX 2699 STN M 
CALGARY ALTA 
T2P 2M7 

MR D RYDER 
BC COAL 
BOX 2000 
SPARWOOD BC 
V0B 2G0 

MR E SADAR 
MINISTRY OF ENERGY MINES & 
PETROLEUM RESOURCES 
101 2985 AIRPORT DR 
KAMLOOPS BC 
V2B 7W8 

MR P SAHLSTROM 
TERRASOL REVEGETATION EROSION 
BOX 2092 
VANCOUVER BC 
V6B 3T2 
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MR M SAMPSON 
BC- HYDRO & POWER AUTHORITY 
25 FLR 555 W HASTINGS ST 
VANCOUVER BC 
V6B 4T6 

MR HARVEY SASAKI 
MIN OF AGRICULTURE 
PARLIAMENT BLDGS 
VICTORIA BC 

MR PERRY SAVOIE 
LAND USE MANAGEMENT 
200 RANGE RD 
WHITEHORSE YUKON 
Y1A 3V1 
MS ROSALIND SCARNELL 
MINISTRY OF LANDS PARKS & 
HOUSING 
1016 HALLMINES RD 
NELSON BC 

MR W SCHAFER 
EXTENSION SOILS 
LEON JOHNSON HALL 
MONTANA STATE UNIVERSITY 
BOZEMAN MT USA 
59717 

MR GARRED N SCHARMANN 
FMC CORP 
5816 BROWNS PT RD 
TACOMA WA USA 
98422 

MR CHRIS SCHMIDT 
NORECOL ENV CONS LTD 
1281 W GEORGIA ST 
VANCOUVER BC 
V6E 3J7 

MR A SCHUMACHER 
C/0 MR PHIL BURTON 
MONENCO 
900 ONE PALLISER SQ 
CALGARY ALTA 
T2G 0P6 

MR STEVEN SCHUSTER 
OREGON DEPT OF GEO & MINING 
INDUSTRY 
1129 SE SANTAIN 
ALBANY ORE USA 97321 

MR J SEDLACEK 
PETRO CANADA 
BOX 2844 
CALGARY ALTA 
T2P 3E3 
MR ROGER SHIELDS 
DENISON MINES LTD 
BOX 11575 
650 W GEORGIA ST 
VANCOUVER BC 
V6B 4N7 

MR H P SIMS 
ALBERTA ENV 
OXBRIDGE PL 12 FLR 
9820 106 ST 
EDMONTON ALTA 
T5K 2J6 

MR G SINGLETON 
HARDY ASSOCIATES 
4052 GRAVELEY ST 
BURNABY BC 
V5C 3T6 
MS JILL M SINGLETON 
5959 STUDENT UNION MALL 
BOX 1022 
UBC 
VANCOUVER BC 
V6T 1K2 

MR R S SIWIK 
NORANDA MINES LTD 
BOX 4000 
NORANDA QUE 
J9X 5B6 

MR BRUCE SKIRROW 
MCINTYRE MINES LTD 
BOX 2000 
GRANDE CACHE ALTA 
TOE 0Y0 

MR D SMITH 
MINISTRY OF ENERGY MINES & 
PETROLEUM RESOURCES 
101 2985 AIRPORT DR 
KAMLOOPS BC 
V2B 7W8 

MR JOHN SOURS 
JACKLYN SEED CO 
5300 JACKLYN AVE 
POST FALLS ID USA 
83854 

MR RAY SPEER 
TECLMAN ENGINEERING 
926 5 AVE SW 
BOX 2840 
CALGARY ALTA 
T2P 2M7 

MR HAROLD SPENCE 
VERDYOL MULCH OF CANADA LTD 
8760 JANE ST 
MAPLE ONT 
L0J 1E0 

MR R H STANFIELD 
ZEUS MINERAL CORP LTD 
260 335 FOURTH AVE SW 
CALGARY ALTA 
T2P 0J1 

MR HAROLD STARCK 
REGIONAL LANDSCAPE SUPER 
MIN OF HWYS 
7818 SIXTH ST 
BURNABY BC 
V3N 4N8 

MR ERIC STATHERS 
H A SIMONS INTER LTD 
425 CARRALL ST 
VANCOUVER BC 
V6B 2J6 

MR NIGEL STONESTREET 
MR WADE STOGRAN IEC 
BC COAL 
BOX 2000 
SPARWOOD BC 
V0B 2G0 

MR GERALD STUART 
5916 BOW-WATER CRES NW 
CALGARY ALTA 
T3B 2E4 

MR GRANT SUTHERLAND 
MINE ENGINEER 
AMAX OF CANADA 
KITSAULT BC 
V0V 1J0 

MR PETER SZIKLAI 
CROWS NEST FOREST PROD 
ELCO BC 
V0B 1J0 
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MR SAMUEL K TAKYI 
ALBERTA FOREST SERVICE 
11 FL PETROLEUM PLAZA 
9915 108 ST 
EDMONTON ALTA 
T5K 2C9 

DR J THIRGOOD 
FACULTY OF FORESTRY 
UN IV OF BC 
VANCOUVER BC 

MS CAROL THOMPSON 
VEGETATION TECHNICIAN 
MIN OF ENVIRONMENT 
1873 SPALL RD 
KELOWNA BC 
V1Y 4B2 

MR HERBERT TOMM 
MR CRAIG TOMLINSON 
- HIGHMONT 
31 CAMPBELL DR 
STONY PLAIN ALTA 
TOE 2G0 

MR DON TOWNSEND 
CROWS NEST RES 
BOX 2003 
SPARWOOD BC 
VOB 2G0 

MR S J TRUSCOTT 
MIN OF ENV ASSESSMENT BR 
PARLIAMENT BLDGS 
VICTORIA BC 
V8W 1X4 

MR PETER WARD 
SCHULTZ INTERNATIONAL LTD 
1155 W GEORGIA ST 
VANCOUVER BC 
V6E 3H4 

MR STEVE WARNER 
ASSISTANT ENV PLANNER 
FORDING COAL LTD 
128A 8 AVE SW 
CALGARY ALTA 
T2P 1B3 

MS LIND WATSON 
TECHMAN ENGINEERING LTD 
926 5 AVE SW 
CALGARY ALTA 
T2P 2M7 

MR GLEN WATTS 
FISH & WILDLIFE BR 
MIN OF ENV 
9711 100 AVE 
FORT ST JOHN BC 
V1J 1Y2 

MS NANCY WEEDLE 
PETRO CANADA 
BOX 2844 
CALGARY ALTA 
T2P 3E3 

MR B WEENK 
GIBRALTAR MINES LTD 
BOX 130 
MCLEESE LAKE BC 
VOL 1P0 

DR WEIJER 
UNIV OF ALBERTA 
BOX 3015 
EDMONTON ALTA 

MR ROBERT WHEELER 
JACKLYN SEED CO 
W 5300 JACKLYN AVE 
POST FALLS ID USA 
83854 

MR BRIAN WILKES 
MIN OF LANDS PARKS & HOUSING 
BOX 3460 
3793 ALFRED AVE 
SMITHERS BC 
V0J 2N0 
MR J E WINCH 
CDN LAND RECLAMATION ASSOC 
BOX 682 
GUELPH ONT 
NIG 6L3 

MR BRUCE WINDRUM 
CELLOFIBRE INDUSTRIES 
8804 53 AVE 
EDMONTON ALTA 
T6E 5G2 

MS MARCIA HAMANN WOLFE 
KAISER STEEL CORP 
BOX 1107 
RATON NM USA 87740 

MR BARRY WOOD 
MIN OF ENVIRONMENT 
310 WARD ST 
NELSON BC 
V1L 5S4 

MR P ZIEMKIEWICZ 
ENERGY & NATURAL RES 
PETROLEUM PLAZA S TOWER 
9915 108 ST 
EDMONTON ALTA 
T5K 2C9 

MR RICHARD ZROBACK 
TECHMAN ENGINEERING LTD 
BOX 2840 
CALGARY ALTA 
T2P 2M7 

MR KAL ZURKAN 
LORNEX MINES 
BOX 1500 
LOGAN LAKE BC 
V0K 1W0 
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