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EDITOR'S NOTE 

These proceedings present the Symposium events in chronological order. 

Presented papers have been edited for s t y l i s t i c consistency and typed. 

Time const ra in ts proh ib i ted f i n a l text proofreading by ind iv idua l 

authors, consequently, the e d i t o r i a l s t a f f accept r e s p o n s i b i l i t y for 

any e r r o r s . 

Question and answer periods were tape recorded. In some instances 

recording qua l i ty was poor and some information was l o s t . T ranscr ip ts 

of these d iscuss ions when poss ib le are given at the end of each 

presented paper within the proceedings. We apologize for any unwitting 

a l t e r a t i o n s in meaning. 
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OPENING REMARKS 

As the current Chairman of the Technical and Research Committee i t i s 

my pleasure to welcome you to the Fourth Annual B r i t i s h Columbia Mine 

Reclamation Symposium. 

Reclamation has come a long way in the four years s ince the f i r s t of 

these Symposia. For example, we now know that many of those areas con­

s idered unreelaimable a few years ago have s u c c e s s f u l l y been reclaimed 

to a high level of p roduct iv i ty by the use of proper species and c u l ­

tura l techniques. Furthermore, we have seen changes in the a t t i tude of 

companies to the point where t h e i r r e s p o n s i b i l i t i e s to environmental 

protect ion are now recognized as an integra l part of the mining 

program. 

The Committee fee l s that t h i s encouraging a t t i tude and the exchange of 

ideas i s due, in p a r t , to the work of the Annual Mine Reclamation 

Symposium. The intent of these annual gatherings has always been to 

f o s t e r the free exchange of information and experiences. Education has 

a lso been an essent ia l element, so t h i s year we have a l t e r e d the 

Symposium format more to that of a short course and, hopefu l ly , a 

learn ing experience. 

The Technical and Research Committee i s going to prepare a handbook of 

Reclamation which w i l l o u t l i n e the current s t a t e - o f - t h e - a r t in B r i t i s h 

Columbia. Hopefully t h i s Symposium w i l l const i tu te the f i r s t step 

toward f u l f i l l i n g th i s goa l . 

The outstanding success of t h i s symposium i s the r e s u l t of considerable 

planning and background work by the members of the Committee. I would 

be remiss not to thank the Committee, p a r t i c u l a r l y John E r r i n g t o n , the 

symposium convenar, for a l l t h e i r dedicat ion and cooperat ion. To the 

delegates who presented papers, and to those who volunteered as cha i r ­

persons, thank you for your exce l lent c o n t r i b u t i o n s . 
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INTEGRATED NATURAL RESOURCE MANAGEMENT 

Try ing to f i n d a d e f i n i t i o n for Integrated Natural Resource Management 

reminds me of the d e f i n i t i o n of a bachelor, as someone who comes to 

work from a d i f f e r e n t d i r e c t i o n every morning. 

C e r t a i n l y , integrated resource management involves a considerable 

number of land and water users, each with t h e i r own needs and p r i o r i ­

t i e s . In addi t ion to every other i n t e r e s t group, you who are involved 

in the extract ion of minerals , f o s s i l f u e l s , aggregates, e t c . , and the 

subsequent reclamation, have a s i g n i f i c a n t ro le to p lay . 

Integrated Natural Resource Management i s a d i f f i c u l t and misunderstood 

a r t , invo lv ing understanding of the land - water ecosystem and a great 

deal of patience and i n t e r d i s c i p l i n a r y compromise, a l l moving in a wavy 

path toward more informed at tent ion to in te rac t ions between the land 

and human a c t i v i t i e s . 

P a r t i c u l a r l y in B .C . , with i t s b iogeocl imat ic d i v e r s i t y , a great com­

p l e x i t y of land use demands must be accommodated. These inc lude , among 

many others: 

Res ident ia l - whether s ing le family or high density development in both 

rura l and urban areas; 

Transportat ions - namely highway alignments, rai lway l o c a t i o n or 

c o r r i d o r s to a l ternate use areas; 

W i l d l i f e - inc reas ing ly must compete for key winter h a b i t a t , and i s 

most often a loser -user in any economic t rade-of f ; 

Rural l i f e - s t y l e pursu i ts - whether recreat ional smal l -ho ld ings , hobby 

farms or rural r e s i d e n t i a l , lakes ide cottaging; 
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Community Watersheds - recogniz ing that our water supply areas must 

often be s ing le-use or iented or near to i t , to provide q u a l i t y - q u a n t i t y 

combinations acceptable from a health and demand point of view; 

Forestry - those pursu i ts that provide for long-range wood production 

and i t s economic i n f r a s t r u c t u r e ; 

F i s h e r i e s - concern, p a r t i c u l a r l y with the anadromous f i s h e s , that 

spawning habitats must be protected from the impact of other users of 

land and water; 

Indust r ia l - the pressure to manicure the landscape to whatever degree 

to provide opportunity to pursue the loca l tax base; 

A g r i c u l t u r e - not only must i t compete with other potent ia l users of 

the land base but i t a lso has c o n f l i c t s w i t h i n , such as the nursery 

trades at odds with the pork producers; 

Mining - due to you people in the industry and government and with the 

small area of land involved as we see on T . V . - there obviously should 

be no land use or in tegra t ion problems?; 

Energy - whether f lood ing a g r i c u l t u r a l va l l eys or taking product ive 

fo res t lands for transmission c o r r i d o r s , the r e s u l t i s c o n f l i c t ; 

Recreational - intens ive and extensive uses have various i n t e g r a t i o n 

c a p a b i l i t i e s with other users; 

- and the l i s t goes on. 

The question i s , on a p r a c t i c a l day-to-day b a s i s , how do we feel with 

the competitors for that scarce resource " land" and how do we 

" integrate natural resource management"? 
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INTEGRATED NATURAL RESOURCE MANAGEMENT - WHAT IS IT? 

Most of us support the philosophy of Integrated Natural Resource 

Management. Unfortunately , in p r a c t i c e , support only l a s t s as long as 

the land and i t s use i s not a f fected or , in government, t h e i r agencies 1 

i n t e r e s t s are paramount and others can f i t in wherever p o s s i b l e , i f 

they don' t i n t e r f e r e with the prime use t h r u s t . 

Compromises must be more than "have to" s i t u a t i o n s ; " l i p serv i ce" to 

integrated management i s not good enough. Part of the problem i s that 

most of us are t ra ined in s p e c i f i c d i s c i p l i n e s , with l i t t l e opportunity 

for c r o s s - d i s c i p l i n a r y education. Then we are turned loose as resource 

managers with a s p e c i f i c piece of most o f t e n , s ing le purpose l e g i s l a ­

t ion or s ing le purpose company object ives and are t o l d to make de­

c i s i o n s on a well rounded, integrated b a s i s . I t ' s not poss ib le - not 

without a great deal of p r a c t i c e . 

Another part of the problem i s that we can never r e a l l y be sure we a l l 

mean the same thing when we talk of Integrated Natural Resource Manage­

ment or , as in the fo l lowing example, the term, mul t ip le use. In a 

presentat ion to the Canadian I n s t i t u t e of Forestry Annual Meeting in 

Jasper , October, 1979, K.S. K ing, D i r e c t o r - General , Internat ional 

Council fo r Research in Agro-Forestry s tated: 

" I t used to be strongly argued (and there i s s t i l l 

some v a l i d i t y in the argument for some places and 

fo r some types of combination) that mult ip le-use 

fo res t ry i s the answer to the c o n f l i c t i n g demands 

f o r fo res t l and . It i s now recognized, however, 

that although i t i s poss ib le to optimize the pro­

duction of various packages of f o r e s t goods and 

s e r v i c e s , the maximization of a l l the i n d i v i d u a l , 

s i n g l e , goods and serv ices which emanate from a 

f o r e s t cannot be a t ta ined . There has to be a 

t r a d e - o f f . Use p r i o r i t i e s have to be e s t a b l i s h e d . 
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In the mul t ip le-use package, there has to be a 

dominant use." 

Thus, "poof" goes the long advert i sed U.S. Forest Service mul t ip le-use 

motto, in real terms. I agree with K.S. King that there must be a 

dominant user. In my op in ion , t h i s i s why I have always f e l t i n t e ­

grated resource management i s the more acceptable term, imply ing, I 

hope, compromise and understanding of a l l managers and users . 

For true in tegrat ion we must weigh the environmental aspects of natural 

resource dec is ion making with the economic ones. John F raser , outgoing 

federal M in i s te r of Environment, capsul ized t h i s well in response to a 

question reported in the January - March, '80 issue of Nature Canada. 

The question was: "To what extent i s our environmental q u a l i t y de­

pendent on our population and rate of economic development?" 

Mr. Fraser r e p l i e d : 

"Wel l , I see environment as an economic i s sue . I f 

you ignore the environmental consequences of short-

term economic developments you j u s t pay a huge cost 

l a t e r . I 've always said you've got to put the en­

vironmental considerat ions at the f ront end of the 

dec is ion making process. I think i t ' s fundamentally 

sound economics." 

In my op in ion , we miss t h i s basic p r i n c i p l e in many of our natural 

resource dec i s ions . Eventua l ly , unless we cor rec t ourse lves , we w i l l 

be in a p o s i t i o n of having no choice but to proceed on s t r a i g h t econo­

mic grounds. With the in ternat iona l h i s t o r i c a l legacy of l i t t e r e d 

ruins and battered landscapes l e f t by former c i v i l i z a t i o n s , you 'd think 

we would know bet te r . 
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INTEGRATED NATURAL RESOURCE MANAGEMENT - ARE WE PRACTISING IT? 

No, unfortunately we are not. In many cases , Integrated Natural 

Resource Management has become synonymous with over regu lat ion , slowed 

economic development, e t c . Granted, any form of land use planning or 

management i n t e g r a t i o n , whether urban or rural o r iented , means a cer­

t a i n loss of personal , company, pr agency freedom; but, hopefu l ly , t h i s 

i s compensated for by a greater good for soc iety as a whole. Un­

doubtedly, on occas ion, we do get c a r r i e d away with c o n t r o l s , 

e s p e c i a l l y when we f a i l to coordinate them with e x i s t i n g a u t h o r i t i e s , 

and we thus create bureaucrat ic monsters that a l i enate the publ ic they 

are designed to serve. 

There i s the experience of the gentleman who owned a 40-acre parcel of 

land near the estuary of a major r i v e r on Vancouver I s l a n d . He wished 

to subdivide t h i s parcel into two 20-acre l o t s along a paved access 

easement granted in 1940 to h is neighbour. He discovered that a l l of 

the fo l lowing agencies and t h e i r responsib le l e g i s l a t i o n would have to 

be involved: 

1. Municipal zoning was a g r i c u l t u r a l with a 30-acre minimum l o t 

s i z e , which meant he had to consider an a p p l i c a t i o n for rezoning. 

2. Regional D i s t r i c t regulat ions and by-laws had to be complied 

w i t h . 

3. As the land was in an A g r i c u l t u r a l Land Reserve he was subject to 

the A g r i c u l t u r a l Land Commission Act ; consequently he would need 

to submit an a p p l i c a t i o n under that l e g i s l a t i o n . 

4. M in i s t ry of Highways would require access to lands beyond, as well 

as access to the r i v e r . 

5. Most of the property was on a f l o o d p l a i n , therefore Water 

Resources regulat ions would a lso apply. 

17 
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6 . Pub l ic Health were concerned about e f f l u e n t disposal due to high 

water t a b l e s . 

7. The adjacent r i v e r was navigable water and under Federal j u r i s ­

d i c t i o n , therefore he had to consider that r e g u l a t i o n . 

8. The r i v e r was a salmon spawning stream and therefore subject to 

the Environment Canada's F i s h e r i e s Act . 

9. National Harbour Board's l e g i s l a t i o n had some i n f l u e n c e , because 

of marine f rontage. 

10. A h i s t o r i c a l t r a i l , u n i d e n t i f i e d but recorded on the property 

t i t l e , t raversed the property. 

11. F i n a l l y , there were Land Registry Act problems, as the marine 

foreshore property boundary had not been accurate ly i d e n t i f i e d . 

Th is was a l l very f r u s t r a t i n g to the i n d i v i d u a l , to say the l e a s t . On 

the other s i d e , l i n e agencies of government, when confronted with a l l 

these r e f e r r a l s and forced to answer to p o l i t i c a l c r i t i c i s m of time 

spent on such attempts at integrated natural resource management, too 

often revert to s ing le use cocoons, f o r g e t t i n g the other users , except 

when open confrontat ion necess i tates at tent ion to t h e i r presence. 

As a so lu t ion to t h i s problem, some propose grouping a l l these i n ­

t e r e s t s under one regulatory umbrel la . Unfortunately , t h i s "one stop 

shopping centre" approach to a l l regulatory approvals leaves much to be 

d e s i r e d . 

THE FUTURE 

Where do we go from here? At the r i s k of overs imp l i f y ing the s i t u ­

a t i o n , I w i l l leave you with a few of my basic d i r e c t i o n s : 
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Government l e g i s l a t i o n a f fec ts almost every facet of natural re­

source management. Much i s at stake for a l l involved: the 

q u a l i t y of l i f e for some, l i f e i t s e l f for others . Someone, and 

that means Government, must take the r e s p o n s i b i l i t y for the shape 

and tone of laws and regulat ions that encourage in tegrat ion i n ­

c l u d i n g , what i s encompassed, what i s expected, what i s prescr ibed 

and what i s t o l e r a b l e . 

Integrat ion e f f o r t s must recognize prov inc ia l d i v e r s i t y , and I 

feel that d e c e n t r a l i z a t i o n of natural resource agencies pro­

v i n c i a l ly i s a step forward. However, l e g i s l a t i o n , regulat ion and 

s t a f f i n g commitments must fol low i f i t i s going to be a s i g n i f i ­

cant i n t e g r a t i v e f o r c e . Recently, there have been i n d i c a t i o n s 

that s ing le-use or iented dec is ion making i s moving to the fore­

f r o n t again. 

We are s t i l l in need of an overa l l p rov inc ia l land use s t rategy . 

What are the prov inc ia l commitments to food product ion, wood 

product ion, recreat ional resources, w i l d l i f e populat ions , and 

mining? The usable land resource i s l i m i t e d and a prov inc ia l 

p o l i c y i s s t i l l l a c k i n g . 

Some of the extant in tegrat ing mechanisms need encouragement and 

fur ther support: 

a. The new energy po l i cy re fers to an improved publ ic invo lve­

ment process - i t should be encouraged. 

b. Coordinated Resource Management Plan process on rangelands 

needs carefu l examination and could be viewed as a base for 

other coordinated e f f o r t s . 

c . The E . L . U . C . S e c r e t a r i a t needs support as an in tegrat ion 

mechanism. There i s a lso a need for regional coord inat ion 

support s t a f f . 
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d . Gu ide l ines , such as the Coal Development G u i d e l i n e s , need 

amendment to regulat ion s ta tus , to ensure that in tegrat ion i s 

undertaken. 

e . There i s some evidence that we are working toward integrated 

water basin planning - i t should be encouraged. 

Fundamental, of course, i s the need for integrated resource management 

p r i n c i p l e s and p o l i c i e s . Every land or resource use that e x i s t s i s in 

some way, d i r e c t l y or i n d i r e c t l y , assoc iated with another use. And, 

hand-in-hand with these p r i n c i p l e s and p o l i c i e s there must be guide­

l i n e s , regu lat ions and f a i r - t o - a l l enforcement. L ike Integrated 

Natural Resource Management i t s e l f , t h i s i s a package deal and none can 

e x i s t e f f e c t i v e l y without the other . To quote, from an unknown source: 

"The soc iety which scorns excel lence in plumbing 

because plumbing i s a humble a c t i v i t y and t o l e r a t e s 

shoddiness in philosophy because i t i s an exalted 

a c t i v i t y w i l l have ne i ther good plumbing nor good 

phi losophy. Neither i t s pipes nor i t s theor ies w i l l 

hold water." 
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PROPERTIES OF SOILS AND THEIR IMPLICATIONS IN THE RECLAMATION OF LANDS 

DISTURBED BY MINING 

INTRODUCTION 

T r a d i t i o n a l d e f i n i t i o n s of s o i l often involve the phrase "natural 

medium for the growth of land p lants" . The d i f f e r i n g propert ies of 

s o i l s are a t t r i b u t e d to the integrated e f f e c t of c l imate and b i o l o g i c a l 

mechanisms act ing upon geologic material as condit ioned by r e l i e f over 

t ime. In the Canadian System of So i l C l a s s i f i c a t i o n (1978) n a t u r a l l y 

occurr ing s o i l s include those disturbed by a c t i v i t i e s such as c u l t i v a ­

t i o n and logging but do not include man-displaced mater ia ls such as 

gravel dumps and mine s p o i l s . 

Natural so i l extends from the surface to the depth at which s o i l 

forming processes can no longer be detected; t h e r e f o r e , a "non-so i l " 

under l ies unconsolidated material which has not undergone pedogenic 

processes. A more encompassing d e f i n i t i o n i s given in the American 

System of So i l C l a s s i f i c a t i o n "Soi l Taxonomy" (1975), which s ta tes : 

" S o i l . . . i s the c o l l e c t i o n of natural bodies on the e a r t h ' s sur face , in 

places modif ied or even made by man, of earthy mater ia l s conta in ing 

l i v i n g matter and supporting or capable of supporting plants out of 

doors." This d e f i n i t i o n includes d r a s t i c a l l y d isturbed mater ia ls such 

as mine waste depos i ts . 

I prefer t h i s l a t t e r wider d e f i n i t i o n ; however, in t h i s paper s o i l 

includes that which occurs natura l ly as def ined by the Canadian System 

and a lso the deeper s u r f i c i a l deposits not a f fected by s o i l forming 

processes. I be l ieve that these deeper " n o n - s o i l " deposits often 

provide the most economic medium for rec la iming lands d isturbed by 

mining. 

Hy l i t e r a t u r e search ind icated that research has been focused on the 

propert ies of mine waste mater ia ls and on the opportun i t ies for 
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rec la iming these lands using s o i l amendments and var ious leaching 

processes. Much less information i s a v a i l a b l e concerning the use of 

na tura l l y occurr ing s o i l as a source of cover to a id the reclamation 

process. I t seems l o g i c a l to me to use natura l l y occurr ing s o i l 

instead of t r y i n g to create a medium for p lant growth from mine wastes 

in a f r a c t i o n of the time i t took Mother Nature to create s o i l . Recent 

l e g i s l a t i o n in some areas of North America s t i p u l a t e s that n a t u r a l l y 

occurr ing s o i l material in the area to be mined must be moved and 

stored fo r reclamation of the mine s i t e . The l i m i t e d amount of 

information concerning t h i s innovation suggests that p o s i t i v e r e s u l t s 

were obtained, however, two areas of concern expressed were cost 

e f fec t iveness and contamination problems at the s o i l - s p o i l i n t e r f a c e . 

SOIL NAPPING 

A recent paper in Reclamation of D r a s t i c a l l y Disturbed Lands s t a t e s : 

"There should be an engineering dictum that advance planning i s 

essent ia l to success in major disturbance a c t i v i t i e s . I t i s 

inconceivable that a respons ib le engineer would s t a r t b u i l d i n g a 

highway, an urban mall or a surface mine without some appraisal of the 

rock and s o i l to be d isturbed or used" (Smith and Sobek, 1978). 

Accord ing ly , fo r any mining pro jec t an up-to-date s o i l survey at a 

su i tab le leve l of d e t a i l should be incorporated into the planning 

process at the e a r l i e s t stage p o s s i b l e . This s o i l survey w i l l provide 

base data fo r the reclamation of d isturbed lands and for a n c i l l a r y 

developments such as energy and t ransportat ion c o r r i d o r s , p lant s i t e s 

and housing developments. 

LEVEL OF DETAIL 

So i l surveys can be c a r r i e d out at three l e v e l s of i n t e n s i t y . 

Reconnaissance s o i l surveys a e regional in scope and the mapping sca le 

i s general ly 1:50,000 (2 cm = 1 ki lometre) or smal ler . Semi-deta i led 
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s u r v e y s a r e o f t e n s t i l l r e g i o n a l bu t can be e f f e c t i v e d u r i n g t h e e a r l y 

p l a n n i n g s t a g e s even f o r a r e a s p e c i f i c p u r p o s e s . The s c a l e o f s em i -

d e t a i l e d s u r v e y s g e n e r a l l y r anges f rom 1 :20 ,000 t o 1 :40 ,000 (5 cm = 1 

k i l o m e t r e t o 2 .5 cm = 1 k i l o m e t r e ) . D e t a i l e d s o i l s u r v e y s a re used f o r 

s i t e s p e c i f i c p l a n n i n g and a r e g e n e r a l l y 1 :10 ,000 (10 cm = 1 k i l o m e t r e ) 

o r 1 a r g e r . The 1eve l o f s i t e i n s p e c t i o n unde r t a ken d u r i n g t h e s e 

d i f f e r e n t s o i l s u r v e y s i n c r e a s e s p r o p o r t i o n a t e l y t o the s c a l e o f t he 

s u r v e y . 

S e l e c t i o n o f an a p p r o p r i a t e mapping s c a l e and i n t e n s i t y o f s u r vey de ­

pends on t h e pu r po se s o f t he s u r v e y . G e n e r a l l y s p e a k i n g f o r such 

t h i n g s as c o r r i d o r s e l e c t i o n f o r l i n e a r deve l opmen t s l i k e road l o c a ­

t i o n , t h e map s c a l e s h o u l d be a t l e a s t 1 : 25 , 000 . Fo r d e l i n e a t i n g 

b o d i e s o f s o i l s u i t e d to s t o c k p i l i n g f o r r e c l a m a t i o n , a mapping s c a l e 

o f a t l e a s t 1 :10 ,000 i s n e c e s s a r y . As a gene r a l g u i d e one s h o u l d keep 

i n mind t h e a r ea r e p r e s e n t e d by a 1 cm squa re a t a g i v e n mapping 

s c a l e . A t 1 :50 ,000 a 1 cm squa re a r e a c o v e r s 25 h e c t a r e s and a t 

1:10,000 1 cm squa re c o v e r s 1 h e c t a r e . 

MAPPING METHODOLOGY 

The f i r s t s t e p i n c r e a t i ng a s o i 1 map i s t o o b t a i n the most r e c e n t 

a e r i a l pho tog raphs a v a i l a b l e a t a s c a l e wh i ch app r o x ima t e s t h a t o f t h e 

maps t o be p r o d u c e d . The a e r i a l pho tog raphs a r e p r e - t y p e d t h r o u g h 

s t e r e o s c o p i c i n t e r p r e t a t i o n and by u s i n g any i n f o r m a t i o n on t h e g eo l o g y 

and s o i l s o f t he a r e a . P r e - t y p i n g g e n e r a l l y i n v o l v e s the d e l i n e a t i o n 

o f t h e p r e l i m i n a r y mapping u n i t s a c c o r d i n g to l a n d f o r m s and m a t e r i a l s . 

The t e r r a i n c l a s s i f i c a t i o n sys tem o f t h e E . L . U . C . s e c r e t a r i a t i n 1976 

can be used t o p r e - t y p e a e r i a l photos o f B .C . l a n d s c a p e s . F i g u r e 1 

shows an a e r i a l pho tog raph a t a s c a l e o f 1 :20 ,000 wh i c h has been 

p r e - t y p e d and c l a s s i f i e d u s i n g the t e r r a i n c l a s s i f i c a t i o n sys tem p r i o r 

t o f i e l d mapp ing . Note t h e use o f w ing p o i n t s and c o r r e l a t i o n t o the 

f l i g h t l i n e s above and be l ow . These a r e u s e f u l i n the f i e l d and a re 

t ime s a v e r s . P r e l i m i n a r y s i t e l o c a t i o n s a re l a i d ou t a c c o r d i n g to the 
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F i g u r e 1 

AERIAL PHOTOGRAPH (SCALE 1 :20,000), PRE-TYPED AND CLASSIFIED 
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mapping un i t de l ineat ions on the photograph so as to a r r i v e at re­

presentat ive s i t e s at a reasonable level of f i e l d checkiny. 

The f i e l d program includes s i t e locat ion using the pre-typed photo­

graphs and whatever means of t ransportat ion i s necessary. S i t e c l a s s i ­

f i c a t i o n involves the desc r ip t ion of environmental features inc lud ing 

the t e r r a i n , vegetation and s o i l . The Resource Ana lys is Branch of the 

Min is t ry of the Environment has compiled complete s i t e , s o i l p r o f i l e 

and vegetation desc r ip t ion forms in t h e i r Manual f o r Descr ib ing  

Ecosystems in the F i e l d (1980, in p r i n t ) . 

So i l p i t excavation i s a top ic very dear to my heart cons ider ing a l l 

the layers of skin that I have removed over the years t r y i n g to bang 

down a s o i l p i t in very unfavourable cond i t ions . During most of my 

recent survey work attempts have been made to use a regular backhoe 

where access a l lows, or a c l imbing backhoe in more d i f f i c u l t t e r r a i n . 

I t saves your hands and time, moreover, the end product gives much more 

deta i l as to the v a r i a b i l i t y of the s o i l p r o f i l e and i t s changes with 

depth. A t r a c t o r and power-auger i s a lso adaptable where the t e r r a i n 

and s o i l s are s u i t a b l e . The amount of information obtainable using the 

power-auger i s not as extensive as that using the backhoe because of 

the small p i t s and mixing of mater ia l s , however i t i s a useful method 

fo r checking v a r i a b i l i t y of depos i ts . Considering that access to most 

of the potent ia l mine areas in the province may l i m i t excavation to the 

hand method, i t i s essent ia l that s u f f i c i e n t manpower and time is made 

a v a i l a b l e to excavate p i t s of adequate s i ze and depth so that s o i l 

v a r i a b i l i t y with depth can be ascerta ined. 

S o i l c l a s s i f i c a t i o n should be in accordance with the Canadian System of  

S o i l C l a s s i f i c a t i o n , 1978. Although much of the c l a s s i f i c a t i o n i s 

Greek to most non-so i l s people, i t i s important information to the 

pedologist who must make sound i n t e r p r e t a t i o n s . 

The se lected mapping base depends on the preference of the users . Most 

engineers l i k e p lanimetr ic maps with contours, whereas, many s o i l s 
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people choose a c o n t r o l l e d photo mosaic or orthophoto compiled from the 

a e r i a l photography. Mapping legends w i l l depend on the users needs. 

For the base s o i l map, I prefer a f a i r l y d e t a i l e d and comprehensive 

legend fol lowed by the preparat ion of d e r i v a t i v e maps which present 

s u i t a b i l i t y i n t e r p r e t a t i o n s for various uses. 

No s o i l survey i s complete without a sampling program and laboratory 

analyses. The sampling program design i s important because samples 

must be representat ive of the various so i l types in the pro ject area. 

The analyses should meet the needs and object ives of the survey. The 

pedology laboratory of the Department of So i l Science at U.B.C. has 

compiled a Methods* Manual (1977) app l i cab le to the B.C. s i t u a t i o n . 

Th is laboratory as well as other pr ivate and governmental labs are able 

to carry out the analyses . 

SOIL PROPERTIES 

S o i l s possess unique physical and chemical c h a r a c t e r i s t i c s which i n ­

f luence t h e i r behaviour under varying cond i t ions . S o i l s are general ly 

separated into mineral and organic ca tegor ies . The fo l lowing d iscus­

sion i s general in scope and addresses only those s o i l propert ies 

important in mine waste rec lamation. 

MINERAL SOILS 

Mineral s o i l s contain less than 30% organic matter by weight. 

Physical Proper t ies 

These s o i l propert ies a f f e c t both the engineering behaviour of the 

material as well as p lant growth. The physical c h a r a c t e r i s t i c s s i g n i ­

f i c a n t to the use of s o i l s in mine waste reclamation are discussed 
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under two headings: "Inherent C h a r a c t e r i s t i c s " and "Behavioural 

C h a r a c t e r i s t i c s " . 

Inherent C h a r a c t e r i s t i c s 

P a r t i c l e S ize D i s t r i b u t i o n - Th is re fers to the grain s i ze d i s t r i b u t i o n 

of the whole s o i l inc lud ing the coarse fragments. The Canadian System 

of So i l C l a s s i f i c a t i o n (1978) uses the term texture to re fer to the 

f i n e earth f r a c t i o n ( less than 2 mm) of the s o i l . The r e l a t i v e per­

centages of sand, s i l t and c lay comprising the f ine earth f r a c t i o n are 

used to determine s o i l texture . F igure 2 depicts a s o i l texture 

t r i a n g l e and shows the r e l a t i v e proportions of sand, s i l t and c lay in 

the var ious textural groupings. Using t h i s system, s o i l textural 

c l a s s i f i c a t i o n i s general ly modified by such terms as grave l ly or 

cobbly to ind icate the coarse fragment content. For mapping s o i l s at 

the family and ser ies level the Canadian System estab l i shes 11 p a r t i c l e 

s i ze c lasses on the basis of coarse fragment s ize and content as well 

as on textural a n a l y s i s . 

Bulk Density or Volume Weight - This i s defined as the mass of dry so i l 

per un i t bulk volume and i s probably the most important s ing le factor 

in f luenc ing the engineering parameters of s o i l (USDA, SCS, 1975). In 

general terms, s o i l strength increases with increased density while 

permeabi l i ty and compress ib i l i t y general ly decrease. The bulk density 

of a s o i l i s increased by compaction and conso l idat ion under heavy 

loads . 

So i l Structure - Th is i s def ined as the arrangement of the s o i l 

separates into secondary un i ts c a l l e d peds. These peds are often 

arranged in a d i s t i n c t i v e c h a r a c t e r i s t i c pattern in the s o i l p r o f i l e . 

So i l ped c l a s s i f i c a t i o n i s based on s i z e , shape and degree of d i s t i n c t ­

ness according to the Canadian System of So i l C l a s s i f i c a t i o n (1978). 

So i l s t ructure i s i n d i c a t i v e of both physical and chemical c h a r a c t e r i s ­

t i c s of a so i l and inf luences management prac t i ces in varying degrees. 
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Figure 2 

Proportions of Soil Separates 
in Various Soil Textural Classes1 1 

Clay 

Per cent sand 

1) 
SOIL TEXTURAL C L A S S E S ARE GROUPED AS FOLLOWS: 

Coarse textured 

Medium textured 

Fine textured 

sand, loamy sand, sandy loam, 

very fine sandy loam, loam, silt loam, silt 

sandy clay loam, clay loam, silty clay loam, 

sandy clay, silty clay, clay, 

SEPARATE 

Sand 

Silt 

Clay 

DIAMETER (mm) 

0.05 - 2.0 

0.002 - 0.05 

<a002 
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Behavioural C h a r a c t e r i s t i c s 

Many s o i l behavioural c h a r a c t e r i s t i c s are recognized in the engineering 

f i e l d manual of the USDA, SCS, (1975). Only those c h a r a c t e r i s t i c s con­

s idered most important to mine reclamation are described below. 

P l a s t i c i t y - Th is i s the most important a t t r i b u t e of f i n e grained s o i l s 

in terms of engineering behaviour. S o i l s with a high p l a s t i c i t y 

general ly have a higher cohesion and res is tance to surface e ros ion , 

p i p i n g , and cracking than s o i l s with lower p l a s t i c i t y . The p l a s t i c 

l i m i t i s the water content corresponding to an a r b i t r a r y l i m i t between 

the p l a s t i c and semi-so l id states of consistency of the s o i l . This 

l i m i t i s determined by the water content at which a s o i l w i l l j u s t 

begin to crumble when r o l l e d into a thread of approximately 1/8 inch in 

diameter. 

L iqu id L imi t - This i s the second most important behavioral character­

i s t i c of f i n e grained s o i l s . I t i s defined as the water content cor­

responding to an a r b i t r a r y l i m i t between the l i q u i d and p l a s t i c states 

of consistency of the s o i l . I t i s determined by the water content at 

which a pat of s o i l cut by a groove of standard dimensions w i l l flow 

together for a distance of 1/2 inch under the impact of 25 blows in a 

standard l i q u i d l i m i t apparatus. Both c lay and s i l t y mater ia l s may 

have e i t h e r high or low l i q u i d l i m i t s . 

The d i f fe rence between the l i q u i d l i m i t and the p l a s t i c l i m i t i s termed 

the p l a s t i c i t y index, and i t def ines the range over which the so i l ex­

h i b i t s p l a s t i c p roper t ies . The p l a s t i c i t y index i s used to c l a s s i f y 

s o i l s according to the u n i f i e d system used by s o i l engineers. 

A v a i l a b l e Water Storage Capacity - Th is i s considered by most to re­

present that port ion of water in the s o i l read i ly a v a i l a b l e for p lant 

use. I t i s defined as the d i f fe rence between the amount of water in 

the s o i l at f i e l d capaci ty and that in the s o i l at the permanent 

w i l t i n g point of most p l a n t s . F igure 3 gives an approximation of the 
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Figure 3 

Approximation of Available 
Water Storage Capacity 
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S i d silty clay loam 

S i c silty clay 
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C clay 



a v a i l a b l e water storage capacity of s o i l s according to texture and 

coarse fragment content. The important inference here i s that medium 

textured s o i l s (loam to s i l t loam) have the highest a v a i l a b l e water 

storage capac i ty , whereas, for f ine textured s o i l s ( s i l t y c lay loam to 

c l a y ) , the a v a i l a b l e water storage capacity decreases with the degree 

of f ineness . S i m i l a r l y , water storage capaci ty decreases with i n ­

creas ing coarse fragment (CF) content. 

Permeabi l i ty - Th is i s a s o i l property that allows the transmission of 

water and a i r . Permeabi l i ty i s measured as the rate at which water i s 

t ransmitted under saturated condit ions and can be equated with 

saturated hydraul ic c o n d u c t i v i t y . Permeabi l i ty can be estimated from 

s o i l c h a r a c t e r i s t i c s observed in the f i e l d such as texture , s t ructure 

and s o i l pores. Genera l ly , permeabi l i ty increases as grain s i ze i n ­

creases and decreases as density increases . 

Consistence - Th is ind icates the res is tance of the s o i l peds to de­

formation and i s a fac tor of the degree of cohesion of the s o i l 

p a r t i c l e s . Consistence i s described according to the moisture content 

of the s o i l under dry , moist and wet c o n d i t i o n s . Consistence i n ­

f luences the ease of excavation as well as handling and management of a 

d isturbed s o i l . 

E ros ion - This i s defined as the wearing away of the s o i l surface by 

water, wind, i ce and other processes. So i l s u s c e p t i b i l i t y to both 

surface and internal erosion (piping) i s c r i t i c a l to the reclamation 

process. Genera l ly , s o i l s with a high s u s c e p t i b i l i t y to surface 

erosion have a high s u s c e p t i b i l i t y to interna l p i p i n g . Th is i s in 

contrast to low s u s c e p t i b i l i t y s o i l s which are genera l ly more p l a s t i c 

and not as suscept ib le to surface or internal e ros ion . 

Many other important behavioural c h a r a c t e r i s t i c s of concern to s o i l 

engineers should be considered in the use of s o i l s fo r mine waste 

rec lamation. B a s i c a l l y geotechn ica l , they inc lude c o m p r e s s i b i l i t y , 

shr ink-swel l and bearing capac i ty . 
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Chemical Propert ies 

These so i l c h a r a c t e r i s t i c s a f f e c t both the engineering behaviour and 

p lant growth. The fo l lowing b r i e f l y discusses some of the more import­

ant chemical c h a r a c t e r i s t i c s of mineral s o i l s . 

Reaction - This i s def ined as the degree of a c i d i t y or a l k a l i n i t y of 

the s o i l and i s expressed in terms of pH. D e s c r i p t i v e c lasses fo r pH 

range from extremely ac id at pH's l ess than 4.5 to very strongly 

a l k a l i n e at pH's greater than 9 . Reaction inf luences s o i l c o r r o s i v i t y 

and i s therefore important in engineering cons iderat ions and a lso 

st rongly in f luences p lant growth. P lants general ly have a narrow range 

of pH to lerance although some plant species are pH s p e c i f i c . 

S a l i n i t y - This i s def ined as the amount of so luble s a l t s in the s o i l 

and i s expressed in terms of e l e c t r i c a l conduct iv i ty of the s o i l 

saturat ion ext ract in mmhos per cm at 25° cent igrade. S a l i n i t y a f f e c t s 

the s u i t a b i l i t y of a s o i l for p lant production as well as s t a b i l i t y for 

construct ion purposes and c o r r o s i v i t y to metals and concrete . 

Cat ion Exchange Capacity (CEC) - This i s def ined as the tota l amount of 

exchangeable cat ions that a so i l can absorb and i s expressed in mi 11 i -

equivalents per 100 grams of s o i l . The cat ion exchange capacity of a 

s o i l i s an index of i t s inherent nut r ient holding capac i ty and i s 

markedly inf luenced by organic matter content, the amounts and kinds of 

c l a y present , and, to a more l i m i t e d extent , the pH of the s o i l . 

Genera l ly , f i n e r textured s o i l s have a higher cat ion exchange capacity 

than coarse textured s o i l s and, within a p a r t i c u l a r textura l c l a s s , 

organic matter content and the amount and kind of c lay present i n ­

f luences the CEC. 

F e r t i l i t y Status 

To ensure p lant growth, an adequate supply of nutr ients must be main­

ta ined in the s o i l medium. For reclamation purposes, the physical and 

chemical c h a r a c t e r i s t i c s of s o i l s discussed prev ious ly are adequate for 
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the assessment of nutr ient holding capac i ty . However, for successful 

p lant growth, the a v a i l a b i l i t y and proportion of p lant nutr ients must 

be known for proper maintenance of the reclaimed area. 

P lant Nutr ients - P lants obtain s ixteen essent ia l elements from the 

s o i l , three of which are commonly d e f i c i e n t and are therefore re fer red 

to as primary n u t r i e n t s . These are n i t rogen, phosphorus and potas­

sium. Calcium, magnesium and sulphur are secondary nutr ients which are 

less often d e f i c i e n t in s o i l s . P lant growth in so i l w i l l be retarded 

i f any of these elements are absent, i n s u f f i c i e n t or unbalanced with 

the supply of other n u t r i e n t s . These elements are commonly suppl ied in 

the form of commercial f e r t i l i z e r s . 

Micro-nutr ients or t race elements are those taken up by the plants in 

very small q u a n t i t i e s . These include i r o n , manganese, copper, z i n c , 

boron, molybdenum, ch lo r ine and coba l t . They are j u s t as essent ia l to 

p lant growth as the other n u t r i e n t s , but are required in much smaller 

amounts. Micro-nutr ient uptake i s often a problem in coarse textured 

s o i l s , organic s o i l s or s o i l s having extreme r e a c t i o n . 

T o x i c i t i e s - Many of the micro-elements in excessive amounts may be 

tox ic to p lants . As an example, excessive copper has been shown to 

depress the uptake of i ron by p l a n t s , which lead to symptoms of i ron 

de f i c iency (T isda le and Nelson, 1969). In B.C. s o i l s other t o x i c i t i e s 

may a r i s e due to r e l a t i v e l y high l e v e l s of manganese, molybdenum, boron 

and selenium. So i l ana lys is should be c a r r i e d out p r i o r to the use of 

any material in mine reclamation. The ana lys is should inc lude trace 

element detect ion p a r t i c u l a r l y for any element expected to occur in 

r e l a t i v e l y high amounts, based on knowledge of the regional geology and 

s o i l types. 
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ORGANIC SOILS 

These s o i l s are recognized at the order leve l prescr ibed in the 

Canadian System of S o i l C l a s s i f i c a t i o n . They are descr ibed as s o i l s 

der ived dominantly from organic deposits and by d e f i n i t i o n contain more 

than 30% organic matter by weight. Most of the s o i l s commonly re fer red 

to as peat, muck or bogs are included in the organic order . Such s o i l s 

are usual ly water saturated during most of the y e a r , occur in wet de-

press ional areas, and are derived from hydrophytic vegetat ion . However 

there are except ions, some organic s o i l s comprise organic matter 

accumulated on steeply s l o p i n g , well dra ined, forested s i t e s . 

Under the Canadian System of S o i l C l a s s i f i c a t i o n organic s o i l s are 

c l a s s i f i e d according to t h e i r degree of decomposition. For example, 

f i b r i s o l s are composed dominantly of r e l a t i v e l y undecomposed f i b r i c 

m a t e r i a l s , mesisols are dominantly semi-decomposed mesic m a t e r i a l ; and 

humisols are dominantly well humified broken down organic m a t e r i a l s . 

Organic s o i l s often make poor construct ion m a t e r i a l s , and they require 

s p e c i f i c handling i f used in the reclamation process. I wish to 

emphasize organic s o i l s because of the tremendous number and var ie ty of 

such deposits throughout B . C . , p a r t i c u l a r l y in mining areas. There i s 

tremendous potent ia l for u t i l i z i n g these deposits as a s o i l amendment 

during rec lamation, to increase the s o i l ' s cat ion exchange capaci ty and 

a v a i l a b l e moisture, to lower bulk density and help maintain des i rab le 

pH l e v e l s . 

SOIL SUITABILITY FOR RECLAMATION 

The s u i t a b i l i t y of s o i l for reclamation i s determined from s o i l survey 

and a n a l y t i c a l data. This determination should be c a r r i e d out not only 

fo r s o i l in the area of the mine s i t e , perhaps the most important area, 

but a lso fo r the surrounding environs. The approach descr ibed fol lows 

the Guide for Interpret ing Engineering Uses of S o i l s USDA, SCS (1971). 
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This document contains a guide table for e s t a b l i s h i n g s u i t a b i l i t y 

rat ings of s o i l s to be used as t o p s o i l . 

In many parts of North America, p a r t i c u l a r l y in the Great P la ins area, 

t h i s type of assessment would be adequate for determining whether or 

not a surface s o i l should be s tockp i led for use during the reclama­

t i o n . Most of the P r a i r i e s are r e l a t i v e l y f l a t , have f a i r l y homo­

geneous s o i l s belonging to the Chernozemic (grassland) order, and have 

f a i r l y deep topso i l layers composed e s s e n t i a l l y of mineral mater ia ls 

complexed with organic matter. However, in many B.C. mining areas, 

topso i l does not e x i s t or , i f i t does, i t i s very shallow in depth and 

l i m i t e d in extent. There are not many B.C. locat ions that I can think 

of where i t would be f e a s i b l e , e s p e c i a l l y in the economic sense, to 

s t r i p and conserve true topso i l m a t e r i a l . Undoubtedly there are 

exceptions such as in parts of the Okanagan where a f a i r l y extensive 

cover of Chernozemic s o i l s e x h i b i t some deep Ah horizons s u i t a b l e for 

s t o c k p i l i n g . 

The approach that should be taken i s to assess the s u r f i c i a l m a t e r i a l , 

inc lud ing the surface and subsurface unconsolidated s o i l m a t e r i a l , to 

determine i t s usefulness fo r the reclamation of mine waste. For a 

s p e c i f i c l ocat ion i t might be f e a s i b l e to s tockp i le t o p s o i l ; but fo r 

other locat ions where that i s not f e a s i b l e , i t may be worthwhile to 

s tockp i le s u r f i c i a l deposits that have the c h a r a c t e r i s t i c s of a 

p o t e n t i a l l y su i tab le cover m a t e r i a l . 

Table 1 i s a modi f icat ion of the topsoi l s u i t a b i l i t y guide re fer red to 

e a r l i e r . I t represents an attempt to i d e n t i f y the var ious s o i l 

c h a r a c t e r i s t i c s which a f f e c t the use of the material for mine waste 

reclamation and to e s t a b l i s h l i m i t s as to the degree of s o i l s u i t ­

a b i l i t y fo r use as a cover m a t e r i a l . This tab le i s only a general 

guide and may or may not be app l i cab le in s p e c i f i c mining areas. I t 

c e r t a i n l y could be much more e laborate . For example, the textural 

c lasses used could be replaced by u n i f i e d s o i l c lasses and other be­

havioural c h a r a c t e r i s t i c s could be i d e n t i f i e d according to t h e i r type 
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Table 1 

SUITABILITY RATINGS OF SOILS AS SOURCES OF COVER MATERIAL FOR MINE WASTE RECLAMATION 

ITEM AFFECTING USE 
DEGREE OF SOIL SUITABILITY 

ITEM AFFECTING USE 
GOOD FAIR POOR 

Texture SL L SiL 
SC L 

S iCL . CL SC 
LS 

SiC C S 
peat muck 

Moist Consistence very f r i a b l e l oose , f i rm very f i rm; extremly f i rm 

Coarse Fragment Content <15% 15-35% >35% 

Stoniness C lass 
non-stony, 

s l i g h t l y stony 
(c lasses 0,1) 

moderately to 
very stony 

(c lasses 2,3) 

exceedingly to 
excess ive ly stony 

(c lasses 4,5) 

Drainage Class not l i m i t i n g i f better than poorly drained poorly drained and 
very poorly drained 

Thickness of Mater ia l >100 cm 50-100 cm <50 cm 

Soluble S a l t s 
( E l e c t r i c a l conduct iv i ty) <4 mmhos/cm 4-8 mmhos/cm >8 nmhos/cm 

Reaction Class 
(pH in water) 

s l i g h t l y ac id to 
m i l d l y a l k a l i n e (6-8) 

medium ac id (5.5-6) 
m i l d l y a l k a l i n e (7.5-8) 

s t rong ly to very 
s t rong ly ac id (4 .5-5 .5) 
moderately a l k a l i n e to 
s t rong ly a l k a l i n e (8-9) 

Cation Exchange Capacity 
(meg./100 gm s o i l ) >25 15-25 <15 



and degree of l i m i t a t i o n . S i m i l a r l y , other factors such as ava i l ab le 

water holding capacity could be inc luded. It should be noted that the 

tab le gives only estimates of the degree of s o i l s u i t a b i l i t y . Although 

i t would be preferable to have a "good" so i l material a v a i l a b l e , i t may 

be that in some cases only s o i l s rated "poor" in the table are a v a i l ­

ab le . Nevertheless, they are s t i l l su i tab le for rec lamation, and 

despite t h e i r low degree of s u i t a b i l i t y , various so i l amendments and 

management pract i ces could be used to a l l e v i a t e t h e i r l i m i t a t i o n s . 

F igure 4 represents a port ion of a s o i l map compiled from the a e r i a l 

photograph shown in F igure 1. This area was mapped at a sca le of 

1:20,000 and I have used i t as an example of the type of information 

that might be presented from a s o i l survey during mine s i t e p lanning. 

Seven mapping uni ts and two sub-components were e s t a b l i s h e d . Table 2 

shows a s i m p l i f i e d legend that might accompany t h i s type of map and 

ind icates the c h a r a c t e r i s t i c s of the mapping uni ts and rates the s o i l 

in terms of i t s s u i t a b i l i t y as a source of cover m a t e r i a l . 

Based on adequate s o i l survey information, an assessment of the sur­

f i c i a l material at the mine s i t e as a source of su i tab le cover mater ial 

fo r mine waste reclamation, and the dec is ion on whether or not to 

s tockp i le material can both be made. Also cons iderat ion should be 

given to the mapping and evaluat ion of a l l su i tab le mater ia ls surround­

ing the mine s i t e . They may be potent ia l sources of mine waste cover 

m a t e r i a l . This cover w i l l provide a medium better su i ted to p lant 

growth and the development of a s e l f - s u s t a i n i n g vegetat ive community 

than mine waste mater ia ls without such cover. 

SUMMARY 

At the Second Annual B r i t i s h Columbia Mine Reclamation Symposium held 

in Vernon i n 1978, J . D . MacUonald, the senior reclamation inspector for 

the B.C. M in i s t ry of Energy, Mines and Petroleum Resources s tated: 

"Reclamation in B r i t i s h Columbia cannot be defined by a set of regula-
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Figure 4 

SOIL MAP COMPILED FROM AERIAL PHOTOGRAPH IN FIbURE 1 

1:20,000 SOIL MAP-B1Q LAKE 

{ Happing unit 

F TepogrephCc etas* 

# 3 D&scr lpttofx dt&e. 



Table Z 

SIMPLIFIED LEGEND FOR USE ON SOIL MAPS 

MAPPING 
UNIT TERRAIN 

SOIL SOIL SIGNIFICANT 
TEXTURE DRAINAGE CLASSIFICATION CHARACTERISTICS 

SUITABILITY AS 
SOURCE OF 

COVER MATERIAL 

rnorainal b lanket CL MW 

1A rnorainal blanket C MW 

IB rnorainal blanket C MW 

rnorainal blanket GSL 

3 rnorainal blanket SCL W 

4 g l a d o f l u v l a l veneer VGS W-R 
over rnorainal blanket SCL 

5 g l a d o f l u v l a l GS R 
blanket; r idged 

6 organic MESIC VP 

rnorainal veneer over GCL W-R 
g l a d o f l u v l a l blanket GSL 

BR.GL 

GL 

BR.GL 

BR.GL 

BR.GL 

O.UYB 

O.DYB 

TY.M 

O.DYB 

highly compacted 
ground moraine at 
depths 100 cm 

severe e r o s i o n , 
rap id runoff 

p i t t e d and hummocky 
capping of GS 
veneer 

i n c l u s i o n s of 
coarse textured 
rnorainal veneer 

excess ive ly stony 
and g r a v e l l y 

moderately stony 

Inc lus ions of well 
humified forms and 
calcareous layers 

rnorainal veneer i s 
discontinuous 

poor 

n i l 

poor 

f a i r 

good 

poor 

poor 

n i l but use­
ful as s o i l 
amendment 

f a i r 



t ions or l e g i s l a t i o n because of the extreme variances of physiography, 

b iogeoc l imat ic zones and e l e v a t i o n s . We have mines in the dry b e l t of 

the Okanagan, the r a i n b e l t of the coast having 240 inches of r a i n f a l l a 

year , e levat ions of up to 7,000 feet and in nearly a l l cases l i t t l e or 

no t o p s o i l . " I agree with the f i r s t part of his statement and, i f by 

the term " t o p s o i l " Mr. MacDonald means deep organic mineral horizons 

s u i t a b l e fo r crop growth, I agree with the whole. However, i f he i s 

implying that there i s very l i t t l e i f any s o i l su i tab le fo r use in 

reclamation present with in the mine s i t e s of B.C. then I take ex­

c e p t i o n . 

I have mapped s o i l s ranging from the Canada/U.S.A. border north to For t 

Nelson and from e levat ions at sea level a l l the way up to some 3,500 

masl, and I think many of us would be surpr ised i f we looked c l o s e l y at 

the s o i l resources a v a i l a b l e . To support t h i s statement I would l i k e 

to re fe r to a s o i l t ransect on the Bel court property of Denison Mines 

that was mapped by Ph i l C h r i s t i e during the s o i l survey he c a r r i e d out 

fo r Denison t h i s past summer. 

The Belcourt property l i e s in the northeast coal block due south of 

Dawson Creek and due east of Pr ince George on the B .C ./A lberta border 

at an e levat ion of between 900 and 2,000 masl . This potent ia l coal 

property would be mined by an open p i t process which would r e s u l t in 

the removal of deep geologic s t r a t a as well as any overburden material 

as extensive p i t areas are developed. The t ransect extended from the 

c r e s t of a mountain r idge in the subalpine environment down to the 

upper mountain slopes with in a potent ia l mine s i t e . On f i r s t appear­

ance the e n t i r e r idge appeared to be composed of bedrock at or near the 

surface with only very shallow s o i l cover interspersed between bedrock 

outcrops. On c l o s e r inspect ion as revealed by the s o i l p i t excavation 

at S i t e 1, the rocky material at the surface was in the form of stone 

s t r i p e s created by the intense subalpine environment and, in f a c t , 

there was a s o i l present that was deeper than expected. I t should be 

noted that on photo i n t e r p r e t a t i o n and in the reconnaissance mapping 

process t h i s r idge was determined to be predominantly bedrock at the 
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surface . The texture of the s o i l material ranged from sandy loam near 

the surface to s i l t y c lay over bedrock at a depth between 60-75 cm. 

Th i s S i t e 1 p i t was located approximately 25 metres downslope from the 

r idge c r e s t . A s o i l p r o f i l e obtained at the S i t e 2 p i t located 

approximately 25 metres fur ther downslope showed that the s o i l depth 

increased to approximately 1 metre. Further s o i l p i t s i t e s along the 

t ransect showed a continuing increase of so i l depth down the slope up 

to a depth of 3 metres in the forested area near the timber l i n e . Much 

of the deposits in which these s o i l s formed would be rated as f a i r 

according to Table 2. Within the proposed mine s i t e area many other 

s o i l deposits occur which are a lso p o t e n t i a l l y s u i t a b l e fo r use as 

cover mater ial and could be considered for s t o c k p i l i n g . This was 

p a r t i c u l a r l y evident near the mine s i t e . A lso an organic s o i l deposit 

was mapped in a depressional area in the v i c i n i t y of the r idge c r e s t . 

Much of t h i s organic m a t e r i a l , again in the v i c i n i t y of the mine s i t e , 

i s p o t e n t i a l l y su i tab le for use as a so i l amendment. 

In my view, to a t t a i n a se l f - suppor t ing vegetat ive community, the use 

of e x i s t i n g natural s o i l mater ia ls fo r covering mine wastes w i l l prove 

more p r a c t i c a l than the expensive, continued support of p lant growth 

using f e r t i l i z e r s and i r r i g a t i o n appl ied d i r e c t l y to the waste 

m a t e r i a l . 

In summation, I be l ieve that by undertaking s u f f i c i e n t l y d e t a i l e d s o i l 

surveys and s o i l sampling programs we w i l l be able to develop reclama­

t i o n programs fo r many potent ia l mine s i t e areas throughout the 

province that w i l l f a r surpass attempts at reclamation without t h i s 

knowledge. I recognize that there are many important cons iderat ions 

not considered in t h i s paper. Such top ics as mater ia ls handl ing, 

s t a b i l i t y of s tockp i les and, maybe most important, the economic f e a s i ­

b i l i t y of u t i l i z i n g s o i l material as a cover source have not been d i s ­

cussed. These are a l l matters that w i l l have to be considered in any 

comprehensive reclamation program. 
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DISCUSSION RELATED TO P.A. CHRISTIE'S PAPER 

Questioner U n i d e n t i f i e d : At what e levat ion were the so i l p i t s? 

Answer: The t ransect ran from an e levat ion of 1700 metres at the r idge 

c r e s t , then down to the t imber l ine to a po int 300 metres below i t . 

Questioner U n i d e n t i f i e d : What was the average slope? 

Answer: About 15 degrees. 

B i l l Herman - P a c i f i c S o i l s Ana lys i s I n c . : Some of the problems 

assoc iated with vegetat ion , ra ised at the 1979 Seminar, resu l ted 

from t o x i c i t y l e v e l s of some of the elements - regardless of 

whether they were nutr ients or not. I'm wondering i f anyone has 

contemplated using organic amendments such as sawdust, as de­

composing organic matter has a far greater buf fer ing capaci ty than 

mineral s o i l per se? 

Answer: As your Ph.D was in organic s o i l chemistry, you could probably 

answer that question bet ter than I . But i t does point out why I 

stress the need for research into the use of organic m a t e r i a l s . 

They are there , and we know that they have these amel iorat ive 

c a p a c i t i e s . I think they are very important. 

R. Hawes - B.C. Research: A major concern i s to minimize the areas 

being d isturbed during mining. If you look at the adjacent areas 

as a source of s o i l s for rec lamation, wouldn't you be increas ing 

the area of potent ia l d isturbance. In your wetlands example, i f 

you used those s o i l s , would you not also be c reat ing an addi t iona l 

impact on w i l d l i f e ? 
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Answer: The wetlands I mentioned were on the mine s i t e and would be 

l o s t i f the area i s mined. I'm not suggesting that we should go 

out of the mine area and needlessly d isturb organic depos i ts . A 

gentleman from Cass iar t o l d me that they haul material from up to 

20 miles away. Obviously , impacts are associated with the d is ­

turbance of natural s i t e s , so i t seems to me that i f a source of 

cover material i s not a v a i l a b l e , we're not going to go into the 

surrounding area to s t r i p t o p s o i l . Such act ion may well have a 

horrendous impact. Nevertheless, I have seen many bases where 

su i tab ly deep unconsolidated s u r f i c i a l deposits do occur which 

could have been used. You must a lso consider the So i l Conserva­

t ion Act and poss ib le d i f f i c u l t i e s with lands in the A g r i c u l t u r a l 

Land Reserve, but I s t i l l think the p o s s i b i l i t i e s are good. 

N ie l Duncan - Energy Resources Conservation Board, Calgary: Is the 

compactabi l i ty of s o i l material not important? There i s a case on 

the A lberta p la ins where a l o t of money was spent br inging in top-

s o i l . I t a l l washed away in a couple of y e a r s , which makes me 

think that compactabi l i ty i s an important f a c t o r . 

Answer: That i s a s i g n i f i c a n t po int . I can only emphasize the need 

f o r ana lys is of these m a t e r i a l s . Perhaps mineralogy, excavated 

f r a c t i o n a n a l y s i s , and that sor t of thing are a lso necessary. 

Other speakers may be s t ress ing t h i s , p a r t i c u l a r l y Susan Ames who 

w i l l be d iscuss ing the s o i l / s p o i l i n t e r f a c e . 
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ASSESSMENT OF MINE SPOIL FOR THE ESTABLISHMENT OF VEGETATION 

INTRODUCTION 

The assessment of mine spoi l for the establishment of vegetation re­

quires that information about the chemical and physical c h a r a c t e r i s t i c s 

of the spoi l be combined with that of the environmental set t ing of the 

waste m a t e r i a l . In order to completely evaluate a s p o i l ' s a b i l i t y to 

support p lant l i f e , fac tors of s lope, p r e c i p i t a t i o n , temperature and 

duration of f r o s t - f r e e period must be considered in conjunction with 

f e r t i l i t y , drainage, texture , a v a i l a b l e plant moisture, and s a l i n i t y . 

Though some general statements can be made about the q u a l i t i e s of mine 

s p o i l , some of the mater ia ls e x h i b i t id iosyncrac ies which chal lenge 

r e c l a m a t i o n i s t s . The environmental se t t ing i s i n t e r e s t i n g in that 

much of i t i s a r t i f i c i a l ( e . g . topography and slope) and can therefore 

be manipulated to serve p a r t i c u l a r purposes. 

Th is paper discusses the inherent v a r i a b i l i t y of physical and chemical 

c r i t e r i a in mine s p o i l s and how these var iab les a f f e c t p lant e s t a b l i s h ­

ment and vegetat ive growth. Sampling strategy i s a lso examined, as are 

a n a l y t i c a l techniques c r u c i a l to p lant growth a p p r a i s a l , though the 

l a t t e r are included with a word of caut ion . As Mr. P. C h r i s t i e pre­

v ious ly covered the management of topso i l and overburden, only waste 

rock and t a i l i n g s are considered in t h i s paper. 

FACTORS AFFECTING VEGETATION ESTABLISHMENT 

The p r i n c i p a l factors a f f e c t i n g seedl ing establishment and p lant growth 

in mine waste rock and t a i l i n g s mater ia ls are spo i l s t a b i l i t y , moisture 

r e t e n t i o n , drainage, f e r t i l i t y , s o i l temperature, surface c rust forma­

t i o n , heavy metal t o x i c i t y , pan formation in m a t e r i a l s , s a l i n i t y and 

a c i d i t y . I n d i v i d u a l l y or in combination, these propert ies can threaten 
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plant establishment and/or retard vegetat ive growth. Commencing with 

spoi l s t a b i l i t y , each of the propert ies w i l l be discussed in terms of 

how i t a f f e c t s the opportunity for successful rec lamation. 

SPOIL STABILITY 

The s t a b i l i t y of deposited waste rock and t a i l i n g s i s of major concern 

to mine operators and r e c l a m a t i o n i s t s . For the operator , f i t t i n g spoi l 

volumes into a v a i l a b l e areas to minimize land occupancy and disturbance 

i s an engineering problem; whereas, the rec lamat ion is t i s p r imar i l y 

concerned with spoi l construct ion as a precursor to successful reclama­

t i o n . 

In genera l , waste rock and t a i l i n g s provide a cons is tent environment 

fo r the establ ishment of seedl ings , and a stable surface increases the 

p o s s i b i l i t y of vegetat ive growth. The i r r e g u l a r shape and s i ze of the 

coarse fragments provide she l ter from wind and water erosion for the 

germinating seed l ings . F i e l d observations have ind icated that pockets 

between coarse p a r t i c l e s act as microcatchments for moisture, 

n u t r i e n t s , and f i n e p a r t i c l e s . Such microhabitats can a lso protect 

young plants from the extremes of temperature. 

S t a b i l i t y in waste rock p i l e s i s dependent upon the slope angle. I f 

deposit ion r e s u l t s in a slope which i s too steep, as may occur where a 

dump i s steep walled to conserve space, a rock s l i d e may occur. Re-

vegetat ion w i l l be impossible unless slope angles are reduced. 

I n s t a b i l i t y has a lso been documented in dumps composed l a r g e l y of 

sedimentary m a t e r i a l . Sedimentary deposits are e a s i l y broken down, 

consequently they slump. Therefore , slope angles of dumps conta in ing 

sedimentary host rock should be less than those which contain more 

competent mater ia l s . 
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In order to s t a b i l i z e t a i l i n g s mater ia l s , they must be supported by 

r e i n f o r c i n g structures or dams because they are subject to slumping 

when saturated with water. This tendency to slump i s a d i r e c t con­

sequence of the p a r t i c l e s i ze d i s t r i b u t i o n of the s p o i l . T a i l i n g s 

material i s f i n e l y crushed rock that i s deposited in the form of a 

s l u r r y . This spo i l i s less than 2 mm in diameter and tends to be sand 

s i z e . The s t a b i l i z i n g e f f e c t of coarse fragments combined with f ines 

i s absent in t a i l i n g s . Recycl ing of excess water drained from the 

ponds helps to a l l e v i a t e the slumping problem. 

I n s t a b i l i t y a lso occurs on the spoi l sur face . T a i l i n g s are suscept ib le 

to extreme water eros ion , and heavy r a i n f a l l rap id ly scours the surface 

of the ponds, car ry ing away f ines as a s l u r r y . Immature plants are 

often buried or removed in the r i v u l e t s . Water erosion of t a i l i n g s i s 

under the scrut iny of government agencies. Environmental impact 

studies have included incidences where f ines have been discharged into 

streams. The de leter ious accumulation of f ines in spawning grounds may 

smother f i s h eggs and bottom vegetat ion. The card inal approach in 

preventing water erosion of spoi l surfaces i s to e s t a b l i s h a vigorous 

and uniform vegetat ive cover. 

Wind erosion i s a common problem on dry t a i l i n g s spo i l devoid of 

vegetat ion. The level topography of impoundment areas o f f e r s no 

protect ion from a i r cur rents . Airborne p a r t i c l e s have the e f f e c t of 

sand b l a s t i n g plants seeded on the s p o i l . The rapid establ ishment of a 

vegetat ive cover w i l l help to prevent p a r t i c l e t ransport . In some 

circumstances mulching, or the a p p l i c a t i o n of manures, so i l and over­

burden have discouraged wind eros ion . 

MOISTURE RETENTION 

The low moisture holding capacity of waste rock and t a i l i n g s has caused 

some major problems in e s t a b l i s h i n g s e l f - s u s t a i n i n g p lant communities 

on s p o i l s in dry c l imates . Water retent ion i s determined by p a r t i c l e 
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s i z e d i s t r i b u t i o n and organic . na t te r content. The wa te r holding 

c a p a b i l i t y o f organic m a t t e r i s a t t r i b u t a b l e to i t s high percentage o f 

sma l l pores, and the surface charges which hold onto water molecules. 

Organic matter can also increase the volume of small pores by binding 

together coarse p a r t i c l e s such as sand. This favourable material i s 

n e g l i g i b l e or absent in both waste rock and t a i l i n g s ; t h e r e f o r e , the 

moisture retent ion c h a r a c t e r i s t i c s of such spoi l become a funct ion of 

p a r t i c l e s i ze d i s t r i b u t i o n and coarse fragment content . 

The moisture holding capacity of waste rock i s s u b s t a n t i a l l y lower than 

that of t a i l i n g s , because for equal volumes of both m a t e r i a l s , waste 

rock has a l e s s e r proport ion of f i n e s . Waste rock contains a f ine 

f r a c t i o n that i s about 1.6 mm in s i z e . Abrasion between coarse f rag­

ments during truck handling produces some of these f i n e s . However, 

most f ines are sand s i z e , thus p a r t i c l e spacing i s large enough to l e t 

water drain e a s i l y from the pores, leaving l i t t l e a v a i l a b l e water for 

p l a n t s . 

F ines are not evenly d i s t r i b u t e d in waste rock. They are genera l ly 

more concentrated near the top of the rock p i l e , s ince grav i ty draws 

the heavy coarse fragments towards the toe of the dump. 

The volume of f ines in waste rock spoi l may be s u b s t a n t i a l l y increased 

when coarse fragments are broken down into f ine p a r t i c l e s . As noted 

p rev ious ly , sedimentary spoi l weathers f a i r l y r a p i d l y , whereas igneous 

and metamorphic rocks exposed to atmospheric condi t ions for long 

periods may become " r o t t e n " , crumbling under the s l i g h t e s t pressure. 

Low water retent ion in waste rock r e s u l t s in drought iness. The 

d i f f e r e n t s ized coarse fragments create large voids in the rock dump 

which allows p r e c i p i t a t i o n to leach through the p i l e , thus moisture i s 

unavai lable for surface vegetat ion . Drought r e s i s t a n t species or 

i r r i g a t i o n programs may be used to o f f s e t the e f f e c t s of water de­

f i c i e n c i e s . An i r r i g a t i o n program w i l l st imulate i n i t i a l vegetat ion 

establ ishment, but may encourage moisture- lov ing plants that exclude 

56 



drought r e s i s t a n t species- When the water supply i s terminated, 

moisture- lov ing plants become water s t ressed. The addi t ion of f ines 

(<2 mm) to waste rock would serve to a l l e v i a t e these water retent ion 

problems, provided that o v e r - i r r i g a t i o n or heavy ra in does not wash out 

the f ines from the vo ids . A l t e r n a t i v e l y , mulches which tend to mat 

and/or bind may be added to waste spoi l because they reduce evaporation 

and re ta in water. 

Des iccat ion in vegetation due to low moisture re tent ion , p a r t i c u l a r l y 

in sand-size t a i l i n g s , i s common in dry c l imates . In such cases , the 

use of drought r e s i s t a n t p lants or i r r i g a t i o n i s requ i red . As with 

rock s p o i l , any moisture- lov ing plants cannot survive without supple­

mental water. Surface r idg ing to provide microcatchment depressions in 

t a i l i n g s impoundments may help to re ta in a v a i l a b l e moisture, or a l ­

t e r n a t i v e l y , mulches, so i l and overburden l a i d on the surface or mixed 

into the t a i l i n g s material have been known to improve moisture re­

tent ion in dry c l imates . 

Green manures may also improve the water-hoi ding capacity of t a i l i n g s . 

Some companies in recogniz ing the p i t f a l l s of i r r i g a t i o n in dry 

c l imates , prefer to i r r i g a t e s o l e l y to e s t a b l i s h an i n i t i a l ground 

cover; then, in the fo l lowing season(s) , the vegetation i s plowed-in. 

However, the use of green manures i s not always s u c c e s s f u l , because 

some rec lamat ionists have observed moisture capacity improvements that 

were less than pred ic ted . Th is occurred because the decomposition of 

the plowed-in p lant residues was slower than that of the neighbouring 

undisturbed s o i l s . Reduction in the rate of breakdown has been a t t r i ­

buted to the absence of microbia l decomposition. 

Water retent ion problems may be less severe in t a i l i n g s that contain a 

higher proport ion of s i l t and c lay s ized p a r t i c l e s , and consequently a 

more evenly d i s t r i b u t e d p a r t i c l e s i z e . However, water retent ion i s 

often not uniform over the pond sur face , an unevenness which r e s u l t s 

from the segregation of s i m i l a r s ized p a r t i c l e s into hor izonta l 

l a y e r s . During the deposi t ion of the s p o i l , coarse p a r t i c l e s s e t t l e 
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near the inf low while the f i n e r s izes are c a r r i e d fa r ther into the 

depressed areas of the pond. Planning of i r r i g a t i o n systems and 

species se lec t ion may be chaot ic due to v a r i a b i l i t y in the impoundment 

area. Deep c u l t i v a t i o n of the surface (20-50 cm) may be required to 

e s t a b l i s h homogeneity and thus make reclamation p r e s c r i p t i o n s s impler . 

DRAINAGE 

Des iccat ion of vegetation in t a i l i n g s spoi l can be made worse by the 

drainage c h a r a c t e r i s t i c s of the impoundment area, based on the f a c t 

that t a i l i n g s are usual ly well drained. R a i n f a l l and i r r i g a t i o n water 

are rap id ly removed from the surface as a r e s u l t of the t a i l i n g s 1 

genera l ly coarse texture and geographical se t t ing in the design of the 

disposal area. T a i l i n g s ponds are often located in low areas and are 

gradual ly b u i l t and dammed at t h e i r open ends. Impoundment s t ructures 

20 metres high are not uncommon. The e f f e c t of a deep permeable 

material and the absence of a hydrologic b a r r i e r such as bedrock pro­

duces low water tables in the pond. The combination of a permeable 

m a t e r i a l , the elevated pos i t ion of the t a i l i n g s surface and the low 

water table causes rapid drainage in t a i l i n g s s p o i l . 

FERTILITY 

Waste rock and t a i l i n g s are general ly considered to have a low nat ive 

f e r t i l i t y , because the basic nutr ients required by plants are e i ther 

n e g l i g i b l e or absent. The def i c iency of these important elements i s 

a t t r i b u t a b l e to the absence of organic matter, which plays a key ro le 

in the recyc l ing of n u t r i e n t s . The needed elements can be re leased 

into the root ing zone in a form ava i l ab le to p lants only during the 

accumulation and decomposition of organic res idues . 

Development of a f e r t i l e system in mine wastes i s retarded by the i n ­

a b i l i t y of the material to r e t a i n n u t r i e n t s . The matrix of spo i l 
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general ly lacks the c lay s i ze p a r t i c l e s and organic substances, which 

provide charged surfaces that a t t r a c t and bond n u t r i e n t s . F e r t i l i z e r s 

and/or the use of nitrogen f i x i n g plants and green manures are commonly 

employed to a l l e v i a t e low f e r t i l i t y in waste rock. 

Research has been conducted on the use of native species to increase 

f e r t i l i t y . Ziemkiewicz (1979) studied the recyc l ing of nutr ients on 

coal wastes ana found that native species possess a root-based c y c l e 

that returns a high proport ion of the nutr ients to the system below 

ground. Agronomic species on the coal wastes recyc led 50 percent of 

t h e i r nutr ients through t h e i r roots and 50 percent through d e t r i t u s on 

the sur face . The d e t r i t u s system i s less e f f i c i e n t and therefore 

retards f e r t i l i t y development. 

SOIL TEMPERATURE 

In some circumstances surface temperatures of spoi l discourage seedl ing 

establ ishment. Unprotected seedl ings are often scorched by excessive 

temperatures, a phenomenon common on black spoi l such as coal wastes 

where the dark colours absorb heat. Temperatures as high as 70°C have 

been recorded at the a i r - s p o i l in ter face of coal wastes (Harr ison, 

1974). Surface conf igurat ions of rock waste inf luence so i l tempera­

tures . An uneven surface provides protect ion for plants during extreme 

heat and c o l d , inc lud ing f r o s t ; f o r the level surfaces of t a i l i n g s , 

mulching or r idg ing the upper 5 to 10 cm may p a r t i a l l y contro l tempera­

ture and provide a favourable microenvironment for young p l a n t s . 

SURFACE CRUST FORMATION 

This phenomenon i s s p e c i f i c to t a i l i n g s ponds. Cracking and c r u s t i n g 

are considered to be the r e s u l t of wetting and drying cyc les and the 

extremes of temperature. Such crusts may prevent the emergence and 

growth of seedl ings and i n t e r f e r e with water movement down to the 

root ing zone. C u l t i v a t i o n can solve the c rust ing problem. 
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HEAVY METAL TOXICITY 

A major p o l l u t i o n concern with mine spoi l i s the presence of heavy 

metals in tox ic concentrat ions . Heavy metals can leach into the 

groundwater, thereby contaminating aquatic ecosystems and the dr inking 

water suppl ies downstream. 

T e r r e s t r i a l w i l d l i f e hab i tats may a lso be po l lu ted by tox ic metals in 

spo i l or in s o i l s adjacent to mine s i t e s . Vegetation growing on the 

mater ia ls can become contaminated through ass imulat ion , convert ing them 

to damaging or l e tha l food for browsing animals. 

Heavy metals can i n t e r f e r e with healthy maturity and growth of p l a n t s . 

Research by Berg and Vogel (1968), using greenhouse legumes, i n ­

vest igated heavy metal t o x i c i t i e s in ac id mine s p o i l . While attempting 

to set up a v isua l index of metal t o x i c i t i e s , they found that excess 

so lub le manganese and aluminum retarded normal p lant development. 

Studies on the tox ic e f f e c t s of p a r t i c u l a r metals are complicated by 

the many chemical i n t e r a c t i o n s which can occur. Results are dependent 

on the proport ions of i n t e r a c t i n g heavy metals and the var ious p lant 

spec ies . 

Metals f requent ly encountered in mine waste include z i n c , copper, i r o n , 

l e a d , n i c k e l , and molybdenum (Lavkul ich et a ! . , 1975-1977; Como, 1978; 

CANMET P i t Slope Manual, 1977). Incidences of more exot ic elements 

such as a r s e n i c , coba l t and mercury are a lso mentioned p e r i o d i c a l l y in 

the l i t e r a t u r e (Mcl lveen, 1978). 

Gaseous toxins have a lso been documented. Sulphur d ioxide and 

f l u o r i d e s are hazardous to perimeter vegetation and s o i l s ; and t r e e s , 

shrubs, grasses , e t c . are singed by sulphur d ioxide burns. 

Management of tox ic metal concentrat ions in mine spo i l often includes 

l i m i n g . Liming renders most metals inso lub le by r a i s i n g t h e i r pH. 

Mulches have a lso been observed to r a i s e the pH of a spoi l sample and 
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thus reduce i t s metal t o x i c i t y (Berg and Vogel , 1973). Organic matter 

i s important because i t can t i e up metals and reduce metal concentra­

t i o n in s p o i l . The inc lus ion of metal t o l e r a n t p lants in the reclama­

t ion program o f fe rs a f e a s i b l e so lut ion to these kinds of problems. 

A l s o , bur ia l of contaminated spoi l has been t r i e d in an attempt to 

i s o l a t e tox ic elements from the ecosystem. 

PAN FORMATION IN MATERIALS 

T a i l i n g s high in iron sulphides (pyr i te and/or pyrrohot i te) are assoc i ­

ated with the formation of i r r e v e r s i b l e hard pans caused by the oxida­

t i o n of i ron su lphides . The r e s u l t i n g i ron oxides complex t i g h t l y and 

sol i d l y . 

Growth of the pans occurs at the surface and at i r r e g u l a r i n t e r v a l s of 

depth, spacing and thickness where crev ices expose underlying reduced 

sulphides to oxygen. In the consol idated s ta te , bulk dens i t i es of the 

pans are high r e s u l t i n g in i n s u f f i c i e n t pore volume for the gaseous 

exchanges required by p lants , and for root and water penetrat ion . 

Hydrology of the pond i s a lso disrupted by the indurated horizons as 

evidenced by impediments to water v e r t i c a l and l a t e r a l movement which 

r e s u l t s in broken and i r r e g u l a r flow patterns. Pan dest ruct ion by 

standard c u l t i v a t i o n equipment has proven to be f u t i l e . One poss ib le 

so lut ion may be to cover them with s o i l or overburden. 

SALINITY 

Many mining companies have to take steps to overcome s a l t accumulations 

in f i n e textured t a i l i n g s s p o i l , p a r t i c u l a r l y in dry c l imates . Water 

movement i s too slow to carry s a l t s deep enough into the spoi l before 

evaporation ra ises and concentrates them near the sur face . The problem 

can be reduced by c o n t r o l l e d s p r i n k l e r i r r i g a t i o n . I f water i s appl ied 
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at a rate equal to the hydraul ic conduct iv i ty of the material to be 

leached, s a l t s can be moved deep into the p r o f i l e beyond the range of 

high evaporation r a t e s . 

S a l t t o l e r a n t species such as Bermuda grass and Western wheat grass may 

a lso be a p r a c t i c a l means of vegetating sa l ine spo i l (U.S. S a l i n i t y 

Laboratory S t a f f , 1954). Extreme leaching or recourse to s a l t t o l e r a n t 

species may not be f e a s i b l e in a l l cases, however. The formation of 

impermeable crusts on i ron sulphide t a i l i n g s spoi l may n u l l i f y the 

a p p l i c a t i o n of these amel iorat ive techniques. The ferrugenous c rusts 

prevent root penetrat ion and v e r t i c a l movement of water, and the s a l t 

concentrat ion i s extreme - Gardiner (1975) not iced that s a l t c r y s t a l s 

extens ive ly coat the surface of the spoi l pond. Burying the spoi l may 

once again be the best so lu t ion in t h i s s i t u a t i o n . 

ACIDITY 

A c i d generating s p o i l s have created d i f f i c u l t reclamation problems, 

p a r t i c u l a r l y those re la ted to p lant establishment and the overcoming of 

heavy metal t o x i c i t i e s . Documented research has been undertaken mainly 

using ac id coal wastes. The coal deposits in Kentucky, Pennsylvania, 

and Montana are high in su lph ides . P y r i t e i s the dominant ac id 

producer because the sulphur in p y r i t e i s ox id ized to su lphur ic a c i d . 

Extreme ac id production i s a lso common in i ron sulphide t a i l i n g s . Some 

research studies have attempted to deter the oxidat ion of ac id spo i l to 

prevent the i n i t i a l production of a c i d . Techniques such as f lood ing 

ac id spo i l and sea l ing i t o f f with c lay have been considered (Craze, 

1977). Experiments have a lso been conducted to monitor f a c t o r s which 

a f f e c t oxygen movement in spo i l (Pionke and Rogowski, 1979). Kuja and 

Hutchinson (1979) approached the ac id problem by examining unusual 

species of p lants f l o u r i s h i n g in low pH environments in the Smoking 

H i l l s of Cape Bathurst , N.W.T. They are hoping that these a c i d -

r e s i s t a n t species can be used in reclamation programs on ac id wastes. 
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Liming has been the conventional treatment for a c i d i c s p o i l . However, 

l iming i s impract ica l on s p o i l s which cont inua l l y produce acids (Duncan 

and Walden, 1975). 

Spoi l i s often buried in order to i s o l a t e the material from the en­

vironment. Some states in the U.S. exerc ise s t r i c t regulat ions to 

control the placement of ac id producing wastes; f o r example, ac id spoi l 

must be buried under at l e a s t one metre of s o i l or overburden. How­

ever, covering a high ac id-generat ing potent ia l spo i l with s o i l or 

overburden may r e s u l t in contamination of the covering medium as acids 

migrate upward. A b a r r i e r of p l a s t i c or gravel could be used to 

separate a c i d i c t a i l i n g s spo i l from the so i l or overburden. Rock dump 

material from the mine s i t e has been found to be a successful gravel 

b a r r i e r (Ames, 198U). 

Table 1 summarizes the physical and chemical c h a r a c t e r i s t i c s of waste 

rock and t a i l i n g s deposited at mine s i t e s . They are fac tors d e t r i ­

mental to successful vegetat ive reclamation and they must be considered 

in reclamation planning. 

SAMPLING 

This sect ion out l ines some s t ra teg ies used in inspect ing and sampling a 

s i t e . They are not meant to be hard and f a s t r u l e s , but they w i l l 

serve as g u i d e l i n e s . Since mine waste areas vary in s i z e , construc­

t i o n , c o n f i g u r a t i o n , and m a t e r i a l , the rec lamat ion is t should make an 

o n - s i t e inspect ion . The spoi l s i t e should be traversed while looking 

for v a r i a t i o n s in material texture , co lour , bearing strength d i f f e r ­

ences and other factors that are important to p lant growth. One common 

pract i ce i s to draw a small map of the disposal area i n d i c a t i n g s lopes , 

aspect and streams. 

The heterogeneity of the t a i l i n g s and spoi l should be taken into 

account when sampling. Depressed areas of t a i l i n g s ponds should be 
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Table 1 

FACTORS AFFECTING VEGETATION ESTABLISHMENT IN MINE SPOILS 

Waste Rock T a i l i n g s 

- 80% coarse fragments ( g r a v e l s , 
cobbles , boulders) 

- san(ty texture ( ~ 2 mm) 

- r a p i d l y drained 

- s tab le (to winds 
and water erosion) 

- low organic matter 

- low nut r ient holding capacity 

- low water holding capacity 

- low nat ive f e r t i l i t y 

- genera l ly sandy texture (100% - 2 m) 

- well drained 

- unstable (to wind and water erosion) 

- c rus t formation and crack ing 

- hardpan formation 

- d i f f e r e n t i a l l ayer ing 

- low organic matter 

- low nut r ient holding capac i ty 

- low water holding capac i ty 
- low nat ive f e r t i l i t y 
- heavy metal t o x i c i t e s 
- a c i d i t y 
- s a l i n i t y 
- tox ic gases 

64 

! 



sampled as well as the perimeter of the impoundment area. As noted 

prev ious ly , f ines genera l ly s e t t l e in low sections while coarser 

p a r t i c l e s c o l l e c t near the inf low of the t a i l i n g s s l u r r y . Ten sampling 

s i t e s per hectare i s recommended for spo i l that i s homogeneous (CANMET 

P i t Slope Manual, 1975). A standard g r i d pattern for s i t e l ocat ion can 

be used on uniform waste mater ia l s . 

Once the sampling s i t e s have been located , p i t s at l e a s t one metre deep 

should be dug. The depth requirement i s based on the root ing depth of 

many p l a n t s , and i s important in assessing potent ia l water retent ion 

and drainage c a p a b i l i t i e s . I t should be remembered that with cerea ls 

such as oats and wheat, root systems may penetrate to a depth of 1.5 to 

2 metres; while a l f a l f a and other drought r e s i s t a n t p lants , may sink 

t h e i r roots up to 5 metres. 

Where v e r t i c a l d i f ferences occur in the p i t being sampled, the samples 

obtained for ana lys is should weigh 200 to 300 grams each (CANMET P i t 

Slope Manual, 1975). F i e l d notes should include the locat ions of hard 

pans and impermeable l a y e r s , and describe v a r i a t i o n s of p a r t i c l e s izes 

and co lours . The l a t t e r are s i g n i f i c a n t because they ind icate 

mineralogical and/or chemical changes in the spoi l m a t e r i a l . 

ANALYSIS 

The c o l l e c t e d f i e l d samples should be analyzed to assess the potent ia l 

o f mine spoi l for p lant establ ishment. A l i s t of tests as guides for 

the appraisal of s p o i l s i s g iven, and supplementary information i s 

added where i t i s f e l t to be necessary. See also cautionary statement 

in the "Use of Standard Ana lys i s on Mine S p o i l " - the next chapter. 

Reference should be made to the CANMET P i t Slope Manual (1975) in order 

to compare r e s u l t s with the case h i s t o r i e s of other mine waste 

analyses. 
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PHYSICAL ANALYSIS 

P a r t i c l e S ize 

By t h i s method the f r a c t i o n smaller than 2 mm i s separated into the 

sand, s i l t and c lay port ions by weight. The ana lys i s w i l l provide data 

re la ted to the s t a b i l i t y and water retent ion propert ies of the s p o i l . 

Water Retention 

Water retent ion curves should be drawn. Points on the curve ind icate 

the water storage capacity of the s p o i l , thus g iv ing an estimate of the 

m a t e r i a l ' s a b i l i t y to store water to meet p lant needs. F igure 1 pre­

sents the water retent ion measurements for three d i f f e r e n t horizons in 

the Endako (Central B r i t i s h Columbia) t a i l i n g s . The water retent ion 

curve for an average loam s o i l has been included for comparison. The 

96-100 cm layer of the Endako spoi l has a higher water content than the 

average loam s o i l . The 96-100 cm horizon i s dominantly s i l t and c lay 

s ized p a r t i c l e s ; whereas, the p a r t i c l e content of a loam i s roughly 17% 

c l a y , 38% s i l t , and 45% sand. Because of the greater proport ion of 

f i n e p a r t i c l e s , in the Endako hor izon, i t has a greater moisture re­

t e n t i o n . 

The Endako curves at 0-4 cm and 25.5-59 cm ind icate the sandy nature of 

these hor izons. The abrupt dec l ine in the moisture contents at less 

than 1 bar i s due to the rap id drainage caused by the high percentage 

of large pores. The low moisture content in the 3 to 15 bar range, 

represents the range at which water i s a v a i l a b l e to p l a n t s . 

I t i s i n t e r e s t i n g to note that the Endako t a i l i n g s material was not 

uniform throughout the sample p i t , as evident in the three d i f f e r e n t 

curves used to represent three hor izons. I f the spoi l had been 

uniform, a l l three curves would be superimposed. 

P a r t i c l e Density 

The value of the p a r t i c l e density of the less than 2 mm s i z e f r a c t i o n 
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FIGURE 1 

WATER RETENTION C U R V E S 0 

AVERAGE SOIL (loam) 0-l4cm 
• ENDAKO (mine tailings) 0 - 4 
o 25 .5-59 
* 96-100 

c From: T a i l i n g s Research, Selected Mines, B r i t i s h Columbia 1976-1977. 
(Lavkul ich et a l . , 1977). 
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i s i m p o r t a n t d u r i n g p a r t i c l e s i z e ana lys is because i t e n a b l e s 

c a l c u l a t i o n o f t he spoi l poros i ty . 

Bulk Density 

The p a r t i c l e density included in the porosity eva luat ion , when combined 

with the bulk dens i ty , can be used to determine the degree of compac­

t ion or cementation in the spoi l ( i . e . p o r o s i t y ) . 

Bulk density measurements c o r r e l a t e d with p a r t i c l e s i z e ana lys i s 

ind ica tes the proport ion of coarse fragments in the volume of rock dump 

s p o i l . This tes t can be performed o n - s i t e . 

CHEMICAL ANALYSIS 

Ava i l ab le Ni t rogen, Phosphorus and Potassium - These primary nutr ients 

should be determined by chemical ana lys is to assess f e r t i l i t y . 

S o i l Reaction - pH - This can be done in the f i e l d . Most plants prefer 

a range from about 5 to 7. 

S a l i n i t y - E l e c t r i c a l conduct iv i ty values greater than 4 mmhos/cm are 

de leter ious to most p lants . 

Ext ractab le or A v a i l a b l e Metals - The elements inc lude i r o n , n i c k e l , 

l ead , c o b a l t , a r sen ic , cadmium and molybdenum. Excessive amounts of 

these metals may be tox ic to plants and animals. 

Cat ion Exchange Capacity - The test for cat ion exchange capaci ty i s 

used to estimate a m a t e r i a l ' s nut r ient holding capac i ty . 

Exchangeable Cations - The d i s t r i b u t i o n of ca lc ium, magnesium and 

potassium (nutr ients necessary for p lants) i s ascerta ined in t h i s 

a n a l y s i s . These elements may i n t e r f e r e with one another or with other 

nutr ients in plant uptake i f they are present at c e r t a i n proport ions . 
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Soluble S a l t s - Da ta on t he s p e c i e s and amounts o f s o l u b l e sa l t s 

present in a so i l o r spoi l material are useful in p red ic t ing the i r 

e f f e c t s on plant health and growth. 

Sulphur - The sulphur tes t i s important in pred ic t ing the ac id 

producing potent ia l of s p o i l . This t e s t requires separation of the 

sulphide from the sulphate form of sulphur. 

USE OF STANDARD ANALYSIS ON MINE SPOIL 

The prev ious ly out l ined standard tests were developed for the analys is 

of s o i l material (Black et a l . , 1965). Caution should be used when 

adopting these techniques to mine s p o i l . Improper use or f a i l u r e to 

make some necessary adjustments during the t e s t s , w i l l lead to 

erroneous r e s u l t s and, thus, perhaps i n v a l i d a t e any p r e d i c t i o n s . A few 

examples fo l low. 

PARTICLE SIZE ANALYSIS OF MINE SPOIL 

P a r t i c l e s i ze analys is i l l u s t r a t e s the need to make adjustments in 

a n a l y t i c a l techniques. 

P a r t i c l e s i z e ana lys is i s based on Stokes Law: 

1> 
V = 

18 n\ 

where v = v e l o c i t y 

d = diameter of p a r t i c l e 

g = grav i ty 

p p = p a r t i c l e density 
p l = density of l i q u i d 

= v i s c o s i t y of l i q u i d 
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The proport ion by weight of sand, s i l t and c lay can be determined for a 

sample. The formula i s based on the rate of descent of a p a r t i c l e of 

average p a r t i c l e density through a so lut ion (water) of p a r t i c u l a r 

v i s c o s i t y . This ana lys i s must be modif ied when est imating the p a r t i c l e 

s i zes of mine s p o i l , in order to compensate for the d i f fe rences in 

p a r t i c l e density of c e r t a i n mine wastes. For example, the i ron 

t a i l i n g s (Su l l i van Mine, Kimberley, B.C.) have a p a r t i c l e density of 

3.9 compared to the average s o i l p a r t i c l e density taken as 2.65. 

F a i l u r e to modify the standard method of t h i s t e s t , may r e s u l t in a 

p a r t i c l e s ize ana lys is which gives a too high sand, and perhaps s i l t 

s i ze f r a c t i o n . The reason for the discrepancy i s that the heavier but 

smaller p a r t i c l e s w i l l f a l l as rap id ly as a sand s i ze p a r t i c l e of 

average so i l p a r t i c l e dens i ty . 

In the case of coal s p o i l , f i n e p a r t i c l e s f l o a t on water, consequently, 

new methods of p a r t i c l e s i ze d i s t r i b u t i o n need to be developed. One 

approach could involve the use of a less viscous so lut ion so that the 

coal p a r t i c l e s w i l l s ink. Kerosene has been suggested; however, i f 

t h i s or any other so lut ion i s used, the v i s c o s i t y of the new medium 

w i l l have to be incorporated into the Stokes Law formula. 

ORGANIC MATTER IN COAL 

The carbon content method of est imating the organic material in coal 

needs to be adjusted. The Leco method burns o f f a l l the carbon and 

u l t imate ly y i e l d s a measure of "total carbon". The Walkley Black 

method i s based on measurements of ac t i ve or f resh organic matter as 

opposed to charcoa l . However, t h i s l a t t e r method has not been re­

searched, and i t i s not known i f the acids in the Walkley Black method 

break down the edges of the coal g ra ins . Perhaps a combination of the 

two carbon methods may improve the technique of est imat ing organic 

matter in c o a l . 
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FERTILIZATION REQUIREMENTS 

The r e l a t i o n s h i p between crop production and f e r t i l i z a t i o n has been 

c o r r e l a t e d in a g r i c u l t u r a l s o i l s . S imi la r t r i a l s are needed for mine 

s p o i l . P lant growth response to f e r t i l i z a t i o n in a g r i c u l t u r a l s o i l s i s 

determined by phosphorus and potassium f i x a t i o n as well as many other 

f a c t o r s . Methods of tes t ing phosphorus and potassium f i x a t i o n in mine 

wastes should be e s t a b l i s h e d , supplemented by f i e l d t r i a l s and green­

house experiments to measure crop response. Some re la ted work has been 

undertaken ( C o m o j e t j i K , 1978; Gardiner, 1978). 

REPRESENTATIVE BRITISH COLUMBIA MINE SPOILS 

Tables 2 and 3 i d e n t i f y some of the physical and chemical c h a r a c t e r i s t ­

i c s of mine spoi l from four B r i t i s h Columbia mines. Data for an 

average s o i l (loam) i s included for comparison. 

The Ka iser (Sparwood, B.C.) mine provides an example of coal s p o i l . 

The S u l l i v a n (Kimberley, B.C.) s i l i c e o u s - i r o n t a i l i n g s contains i ron 

su lph ides , and i s therefore an example possessing a high p a r t i c l e 

dens i ty , high s a l t content and a potent ia l for ac id product ion. Lornex 

(Highland V a l l e y , B.C.) and Similkameen (Pr inceton, B.C.) are examples 

of "average" mine wastes. 

PHYSICAL CHARACTERISTICS (TABLE 2) 

P a r t i c l e s i ze ana lys is for the Ka iser (Sparwood) mine t a i l i n g s i s i n ­

complete, due to the lack of information on s i l t and c lay s i ze f r a c ­

t i o n s . Perhaps t h i s i s i n d i c a t i v e of the d i f f i c u l t y in p a r t i c l e s i z i n g 

coal s p o i l . 

Var ia t ion in p a r t i c l e density due to d i f ferences in mineralogy of the 

four s p o i l s i s ev ident . 
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Table 2 

PHYSICAL CHARACTERISTICS OF REPRESENTATIVE B.C. MINE WASTE MATERIALS* 

Sample 
Depth 
(cm) 

Clay S i l t Sand 
Texture 

F i e l d 
Coarse Capacity 

F ine Fragment P a r t i c l e Bulk Total Water E.C. 
< 2 mm > 2 mm Density Density Poros i ty Content (mmhos 

(%) (%) (gm/cm3) (gm/cm3) (%) (cm/an) /cm) 

Average 
S o i l (loam) 

0-14 17 38 

Ka iser 
T a i l i n g s 

S u l l i v a n 
S i - F e 
T a i l i n g s 

Lornex 
T a i l i n g s 

Similkameen 
Waste Rock 
Dump 

0-26 

70+ 

78-98.5 

47 

8 

13 

44 

24 

45 1oam 

53 

48 loam 

90 

100 

10 

31 67 sandy 100 
loam 

100 

63 sandy 21 
loam 

79 

2.65 

1.37 

3.34 

2.57 

2.77 

1.33 46 .33 

1.86 

1.12 

1.58 

44 

56 

36 

.81 

.19 19.2 

.37 

.11 

2.0 

*Mine waste data from Lavkul ich ^t al_., 1977 and Lavkul ich et a K , 1975. So i l data from Brady, 1974. 



Table 3 

CHEMICAL CHARACTERISTICS OF REPRESENTATIVE B.C. MINE WASTE MATERIALS* 

Sample 

A v a i l a b l e 
Depth pH N P % OM C . E . C . Ca' 

(cm) (.01 M CaC l 2 ) (%) (ppm) (LECO) (rne/lOOg) 

— Exchangeable Cations — 
++ Mg+ K1 

(me/lOOg) 
% S 

Average So i l 0-14 6.5 
(loam) 

Ka iser T a i l i n g s 2-26 5.7 

S u l l i v a n S i -Fe 70+ 4.0 
T a i l i n g s 

Lornex T a i l i n g s 78-98.5 8.3 

Similkameen 7.3 
Waste Rock 
Dump 

.25 

.35 

.006 

.006 

.008 

14 17.6 8.0 17.4 .10 

7.0 

1.2 

1.1 

100 2.8 5.5 .15 .13 .16 

11.2 2.8 18.2 2.0 .14 7.39 

.46 4.3 

.61 18.3 

17.5 .35 

26.2 5.2 

.19 .02 

.33 

*Mine waste data from Lavkul ich et a l . , 1977 and Lavkul ich et a K , 1975. So i l data from Brady, 1974. 



I 
Under the table column heading, "coarse fragment", i t should be noted 

that 79% of the Similkameen waste rock spoi l comprises cobbles and 

g rave l s . 

S a l t production through i ron sulphide ox idat ion in the S u l l i v a n 

s i l i c e o u s - i r o n t a i l i n g s i s extreme (E .C . = 19.2 mmhos/cm), compared to 

an average s o i l (loam) and the other l i s t e d spoi l mater ia l s . 

CHEMICAL CHARACTERISTICS (TABLE 3) 

The organic matter content of 100% for the Kaiser wastes material 

emphasizes the need to develop new techniques for measuring organic 

matter in coal s p o i l . 

A l l the examples in t h i s t a b l e , except the Kaiser coal s p o i l , have 

i n s u f f i c i e n t concentrat ions of phosphorus and nitrogen compared to an 

average s o i l (loam). In a d d i t i o n , cat ion exchange c a p a c i t i e s are below 

average for these types of s p o i l s . 

CONCLUSION 

The c h a r a c t e r i s t i c s of mine spoi l mater ia ls are v a r i a b l e and s i t e 

s p e c i f i c . Assessment of the wastes p r i o r to the establ ishment of 

vegetation necess i tates combining information about the environmental 

se t t ing of the disposal s i t e and the physical and chemical propert ies 

of the s p o i l . Most mine waste mater ia ls are i n f e r t i l e , lack organic 

matter, and have poor water retent ion and nutr ient holding c a p a c i t i e s . 

Complete assessments of c o l l e c t e d samples must inc lude thorough 

sampling programs fol lowed by appropriate chemical and physical analy­

s i s . I t i s evident that fu r ther research into the development of new 

a n a l y t i c a l techniques as " too ls" for assessing mine wastes i s requ i red . 
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F i n a l l y , the rec lamat ion is t must recognize that some s p o i l s e x h i b i t 

unusual c h a r a c t e r i s t i c s and, there fore , must be aware of the potent ia l 

problems and how to overcome them. 
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DISCUSSION RELATED TO S^.E. AMES' PAPER 

S i Brown - Acres Consult ing Serv ices L t d . : You mentioned that most of 

the t a i l i n g s have a high c lay f r a c t i o n . 

Answer: No. A low c lay f r a c t i o n . 

S i Brown: (Distorted record ing. The question re la ted to the existence 

of r e l a t i v e l y high c lay f r a c t i o n s in t a i l i n g s . ) 

Answer: The c lays are very important in s o i l s . Clay p a r t i c l e s are 

very small and t h e i r surfaces are r e a c t i v e . They have charges 

that help to re ta in cat ions because the general surface charge of 

c lays i s negat ive. Because c lay p a r t i c l e s are smal l , the spoi l 

has smal ler pores, and the p a r t i c l e s hold the nutr ients and water 

more e f f e c t i v e l y . Sandy material i s very coarse, so the nutr ients 

genera l ly don' t adhere to the sand sur faces . 

Questioner U n i d e n t i f i e d : (Distorted record ing. The question re la ted 

to s o i l aerat ion as i t pertains to the genera l ly sandy s t ructure 

of t a i l i n g s . ) 

Answer: T a i l i n g s are general ly on the sandy s i d e , so one of the main 

problems with t a i l i n g s i s that they don' t have very much struc­

ture . They don't have a buildup of organic matter, and the sandy 

gra ins haven't been weathered, consequently, the minerals im­

portant to plants a r e n ' t weathered out. As a r e s u l t , although the 

p a r t i c l e s i ze might not be too much of a disadvantage, the 

t a i l i n g s are usual ly lack ing in n u t r i e n t s . 

Niel Duncan - Energy Resource Conservation Board, A l b e r t a : One of the 

problems with t a i l i n g s i s that perhaps only twenty percent i s 

c o a l , and most of i t i s c l a y . F loccu lant i s added to t ry to 
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s e t t l e the c lay and some coal p a r t i c l e s . Does t h i s f l o c c u l a n t 

cause any problems with reclamation? Is there a f l o c c u l a n t which 

would respond better to reclamation than others? 

Answer: I don ' t know much about the use of f l o c c u l a n t s in c o a l . I 

think they might be a p o s i t i v e help because f l o c c u l a n t s would 

promote structure and s t a b i l i t y . If you f l o c c u l a t e d t a i l i n g s , 

they would have a greater potent ia l s t r u c t u r e . I t depends, too, 

upon the chemical nature of the f l o c c u l a n t . I f the f l o c c u l a n t i s 

chemical ly adverse, then i t wouldn't be advisable to use i t . 

Adding organic matter would be a better approach. Although not 

usual ly a v a i l a b l e at a mine s i t e , organic material could improve 

s t r u c t u r e , help to re ta in n u t r i e n t s , and enhance moisture holding 

capac i ty . F loccu lants might help i f the f l o c c u l a t i n g agent i s 

used to f l o c c u l a t e the coal p a r t i c l e s in coal t a i l i n g s . 

N ie l Duncan: They try to coagulate the c lay in l a r g e r sinks so that 

you have f l o c c u l a n t in the decant. 

Answer: I understand. 

N ie l Duncan: I'm wondering i f the ut l imate a b i l i t y to rec la im i s a 

cons iderat ion in the choice of a f l o c c u l a n t ? 

Answer: I t should be. But again , you should look at the chemical 

nature of the f l o c c u l a n t . 

J im Robertson - Acres Consult ing Serv ices : A number of chemical f l o c ­

culants do in f a c t act by ty ing up cat ion exchange s i t e s , re­

s u l t i n g in a loss of complindentation. 

Answer: T h a t ' s c o r r e c t . 
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Jim Meir - Byron Creek C o l l i e r i e s , A l b e r t a : The basic cons iderat ion 

with waste dumps i s the p a r t i c l e s i z e . Have any studies been done 

on the breakdown time or the weathering time of the rock? 

Answer: Dr. Lavkul ich has a very good s l i d e of i n t e r e s t to you. I t 

shows a person holding a piece of rock and crushing i t in h is 

f i n g e r s . If you have a very rotten rock, i t w i l l break down even 

f a s t e r . Sandstones tend to break down more slowly than f ine 

textured sedimentary rock. I don ' t know i f much research has been 

done on the breakdown of rock. If the rock breaks down e a s i l y , 

you get more f i n e s , and i t i s eas ier to rec la im because the f ines 

are there. The f ines help to hold the moisture and act p a r t i a l l y 

as a seed bed for the seed l ings . 

Ernest P o r t f o r s - Klohn Leonoff Consultants: The s l i d e s you had of 

t a i l i n g s , general ly showed very dry s i t e s . Have you ever con­

s idered a s i t u a t i o n where whole t a i l i n g s are r e c y c l e d , sand 

f r a c t i o n s taken out for dam c o n s t r u c t i o n , and the storage of 

slimes? The slimes probably have a high water content. 

Answer: These kinds of s i t u a t i o n s can occur. When i ron sulphide 

t a i l i n g s are deposited in the pond, they are wet, and become re­

duced. Their surface ox id izes and seals o f f the e x t e r i o r , so the 

moisture remains below the sur face . These s lags are unstable i f 

they have t h i s high moisture load capac i ty . Are you th ink ing of a 

wetter cl imate? 

Ernest P o r t f o r s : No. 

Answer: I f you are handling that kind of m a t e r i a l , i t i s d i f f e r e n t 

than a l o t of t a i l i n g s . P a r t i c l e s i z e a n a l y s i s , moisture, and 

probably some engineering propert ies should be done because the 

material doesn't appear to be very s t a b l e . 
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Questioner U n i d e n t i f i e d : In your s l i d e s you showed t a i l i n g s . You then 

proposed to mix them to get a homogenous hor izon. You also showed 

a s l i d e of a gravel bank. Then you proposed to add the g r a v e l . 

Are you suggesting that a l l of those a c t i v i t i e s can be performed 

by any s p e c i f i c piece of land? 

Answer: No. You have to chose your method according to your problem. 

The reason I put the gravel on was that the t a i l i n g s were high in 

ac ids and some metals , and i f you put overburden d i r e c t l y on top 

of them, the overburden might have become contaminated. F ive 

centimeters of gravel i s a very shallow l a y e r , and I think most 

heavy equipment c a n ' t handle less than a foot . A gravel layer 

acts as a boundary between the t a i l i n g s , which are contaminants, 

and the overburden. But I don' t think you need gravel in a rock 

dump. 

Peter Bradley: Do you require l ess topso i l i f you place a gravel bed 

down? 

Answer: In the long run you would because i f you added a hundred feet 

of topso i l d i r e c t l y on to those kinds of t a i l i n g s , you would 

probably pass away before the topso i l ever became contaminated. 

I'm not being f a c e t i o u s , but the moral support of the gravel i s 

that i t prevents contamination. The depth of overburden on top of 

a gravel layer should be determined according to the c l i m a t i c 

condi t ions of the area. The gravel below an overburden layer 

could change the water movement and, i f i t were too shallow, i t 

could produce a very dry s o i l . The use of gravel between over­

burden and t a i l i n g s may be a problem in areas such as the west 

coast of Vancouver Is land where i t i s very wet. Heavy p r e c i p i t a ­

t ion would r e s u l t in a water tab le forming on top of the t a i l i n g s , 

which would seep into the g r a v e l , and eventual ly into the over­

burden. So, the depths of gravel and overburden are dependant 

upon the c l imate and chemical and physical propert ies of the over-
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burden. The reason for the gravel is to create a b a r r i e r rather 

than to lessen the depth of overburden; however, I think i t would 

help to decrease the overburden depth, though. I t ' s d i f f i c u l t to 

pred ic t how far the contamination would seep upward into the over­

burden, i f i t was placed d i r e c t l y on top of the t a i l i n g s . 

B i l l herman - P a c i f i c S o i l s Ana lys i s I n c . : Does the vegetation grow 

into the b a r r i e r and then into the material below i t ? 

Answer: I don' t think the study has been going on long enough to 

determine that . Bob Gardner would be able to give you more i n ­

formation on that , I th ink . 

Bob Gardner - Cominco L t d . : The study was i n i t i a t e d in October of 

1978, so there has been only one growing season. There has been 

some i n d i c a t i o n of contamination moving up into s o i l without the 

b a r r i e r . The b a r r i e r cons is ts of one foot of coarse rock, which 

i s a rock about two inches in s i z e . There i s no i n d i c a t i o n of any 

contamination moving through the b a r r i e r , to t h i s point in time. 

Vegetation has estab l i shed i t s e l f s a t i s f a c t o r i l y on the overburden 

that was placed over the top of the b a r r i e r . Those are the re­

s u l t s to date. 

B i l l Herman: Have there been any p i t s dug to see how deep the roots 

go? I t ' s great that the b a r r i e r i s serving to keep the material 

from moving up, but i s i t going to keep the roots from going down? 

Bob Gardner: The e n t i r e so i l volume above the b a r r i e r should be a v a i l ­

able for root development, but I doubt very much that the roots 

w i l l go into the very coarse material of the b a r r i e r . 
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B i l l Herman: Do you think i t i s reasonable to put a v iny l layer below 

the b a r r i e r , keeping in mind that v inyl i s not biodegradable? 

Bob Gardner: Yes, t h i s i s probably another a l t e r n a t i v e which could be 

cons idered. 

Ernest P o r t f o r s (to S . E . Ames): In your suggested chemical ana lys i s I 

not iced you d i d n ' t inc lude uranium as a trace element. 

Answer: Perhaps you are th inking of the Okanagan. Uranium would be 

something to look f o r , and you can add i t to the bottom of your 

l i s t . The p a r t i c u l a r elements I chose were only examples. For 

instance , arsenic and mercury could be a big problem in Ontar io . 

In a l o t of mines they don't have such problems, but i f you sus­

pect that your mine mater ia ls might contain a c e r t a i n element, 

they can be checked. You have to make sure that vegetat ion and 

animals that eat the vegetation don't take i t up. 

C. Guarnachel l i - Hardy Assoc iates L t d . : You were showing s l i d e s of a 

sort of mine, and ind icated that the top surface d isp layed massive 

leaching while the t a i l i n g s in the lower part were less a c i d i c . 

Is that correct? 

Answer: If you get an ox id ized i ron pad forming on the surface that 

c loses o f f the material from the a i r , the underneath material w i l l 

s t i l l be reduced. These pads can be quite strong and uniform, 

s ince they ' re not broken. Below a c e r t a i n depth - I think less 

than a metre - you can s t i l l f i n d reduced t a i l i n g s , even though 

the top metre i s o x i d i z e d . 
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Questioner U n i d e n t i f i e d : I think you ind icated that a c i d i t y increased 

as you went down below? 

Answer: No, not in the S u l l i v a n mine t a i l i n g s . 
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FERTILIZERS AND SOIL AMENDMENTS 

INTRODUCTION 

The use of f e r t i l i z e r s and so i l amendments for reclamation purposes i s , 

in many ways, s i m i l a r to t h e i r use in a g r i c u l t u r a l systems. In both 

s i t u a t i o n s the main object ive i s e i t h e r to t o t a l l y remove or to 

ameliorate a l i m i t i n g plant growth f a c t o r ( s ) . In both cases i t i s 

des i rab le to s e l e c t the appropriate material at the l e a s t cos t . On the 

other hand, the rec lamat ion is t i s often not deal ing with natural s o i l s 

nor i s he necessar i l y s t r i v i n g for maximum biomass product ion. Under­

standing unique and, in some cases, unstable growth media and managing 

f o r long-term s t a b i l i t y of the p lant community, assume greater import­

ance in reclamation than dry matter accumulation. 

In both a g r i c u l t u r e and reclamation work a basic understanding of the 

f e r t i l i t y level of the growth media and a knowledge of the basic 

mater ia ls ava i l ab le fo r modifying s o i l f e r t i l i t y are p rerequ is i tes to 

e s t a b l i s h i n g successful p lant growth. In th i s presentat ion I have 

attempted to provide an overview of these t o p i c s . 

SOIL FERTILITY ASSESSMENT 

An evaluat ion of so i l f e r t i l i t y i s s i m i l a r to a doctor diagnosing the 

health of a pat ient . The medical doctor observes the p a t i e n t , obtains 

a l l the information poss ib le with his quest ions, and then makes the 

appropriate t e s t s . S i m i l a r l y in p lant d iagnost ic work, we observe the 

p l a n t s , f i n d out as much as poss ib le about the o r i g i n , c h a r a c t e r i s t i c s 

and past management of the material to be vegetated, and then make 

tes ts on the p lant or the growth media. 
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PLANT DEFICIENCY SYMPTOMS 

Def i c iency of an element may not d i r e c t l y produce v i s i b l e symptoms. 

However, i t w i l l throw the p l a n t ' s biochemical processes out of balance 

leading to a shortage of some organic compounds and an accumulation of 

others . While each symptom i s re la ted to some funct ion of the element 

in the p l a n t , a given element may have several f u n c t i o n s , making i t 

d i f f i c u l t to explain the phys io log ica l reason for a p a r t i c u l a r de­

f i c i e n c y symptom. In other cases, the connection between the symptom 

and the element's funct ion i s c l e a r . For example, the c h l o r o t i c p lant 

t i s s u e r e s u l t i n g from d e f i c i e n c i e s of N or Mg can be d i r e c t l y re la ted 

to t h e i r ro le as const i tuents of the ch lorophy l l molecule. Other 

elements such as Fe and Mn are involved in the formation of ch loro­

p h y l l , and t h e i r d e f i c i e n c i e s a lso appear in the form of c h l o r o t i c 

t i s s u e . 

Another important fac tor in determining the de f i c iency symptoms of the 

var ious elements i s t h e i r mob i l i ty within the p l a n t . Magnesium, for 

example, i s mobile in plants and the typ ica l in te rve ina l c h l o r o s i s re­

s u l t i n g from Mg def i c iency would appear on the o lder leaves . Iron and 

Mn, on the other hand, are immobile in the p lant and t h e i r de f i c iency 

symptoms would appear on the new growth. 

Some def i c iency symptoms associated with the essent ia l p lant nut r ients 

are l i s t e d in Table 1. For a more complete d iscuss ion re fe r to Chapman 

(1966) or Sprague (1964). While the proper i n t e r p r e t a t i o n of de­

f i c i e n c y symptoms can be a valuable t o o l , i t i s always better to 

p rac t i ce preventive medicine, i . e . to p red ic t d e f i c i e n c i e s before they 

become ser ious enough to l i m i t p lant growth. A l s o , one may be faced 

with a s i t u a t i o n in which two or more elements may be simultaneously 

d e f i c i e n t r e s u l t i n g in confusing v isual symptoms. Where poss ib le i t i s 

des i rab le to be able to p r e d i c t nut r ient d e f i c i e n c i e s before they 

occur. One tool which can be useful in t h i s regard i s s o i l t e s t i n g . 
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SOIL TESTING 

So i l t e s t i n g attempts to simulate the a b i l i t y of the plant root system 

to acquire nutr ients over the duration of the growing season. Current¬

l y , t h i s involves the use of a chemical extractant which, hopefu l ly , 

w i l l extract from the so i l a port ion of the element in question which 

w i l l c o r r e l a t e p o s i t i v e l y with plant uptake of that element and hence, 

growth. I t must be stressed that the number derived in the laboratory 

ana lys i s fo l lowing ext rac t ion of the s o i l sample i s v i r t u a l l y meaning­

less without same backup research both in a c o n t r o l l e d environment and 

in f i e l d p lo t s tud ies . It i s dangerous to extrapolate from one a g r i ­

c u l t u r a l s o i l to another, much less from a g r i c u l t u r a l s o i l s to mine 

wastes. 

With t h i s precaution in mind, there are a number of s o i l tes t extrac-

tants ava i l ab le for most plant n u t r i e n t s , under a var ie ty of s o i l con­

d i t i o n s (Table 2 ) . Instrumentation for determining the various 

nutr ients in the extract ing so lut ions i s both ava i l ab le and r e l a t i v e l y 

inexpensive. Requirements would include an atomic absorption/flame 

emission spectrophotometer for Ca, K, Mg, Fe, Cu, Mn, Zn, and poss ib ly 

Mo, and a color imeter for P, N and S. 

FOLIANT ANALYSES 

In s i t u a t i o n s where there i s not a r e l i a b l e so i l t e s t , the reclamation 

worker can resor t to t i ssue a n a l y s i s . As with simple observat ion of 

def i c iency symptoms, t i s s u e ana lys is w i l l provide an a f t e r - t h e - f a c t 

d iagnosis of a current problem; however, i t w i l l enable the reclama­

t i o n i s t to c o r r e c t the s i t u a t i o n by next season. Examples of the 

c r i t i c a l l e v e l s of elements in three p lant species are shown in Table 

3. In some cases the rec lamat ion is t may also want to c a l c u l a t e 

element r a t i o s such as P/Fe, s ince elements such as these often i n t e r ­

act both in the so i l and the p lant . 
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Tab le 1 

NUTRIENT DEFICIENCY SYMPTOMS FOR SELECTED PLANTS 

Element (absorbed as) Funct ions in P l a n t Growth ( m o b i l i t y ) D e f i c i e n c y Symptoms 

N ( N 0 3 , N H 4

+ ) C o n s t i t u e n t of prote in and c h l o r o p h y l l 

promotes v e g e t a t i v e growth, mobi le 

C h l o r o s i s i n i t i a t e d on 

o l d e r leaves 

(H 2P0~4,HP04~ Z) Biochemical energy t rans format ions 

(ATP) c o n s t i t u e n t of r i b o n u c l e i c 

a c i d s , mobi le 

P u r p l i n g of young p l a n t , 

general stunted 

appearance 

(K + ) Carbohydrate metabolism and t r a n s ­

l o c a t i o n , p r o t e i n s y n t h e s i s , enzyme 

a c t i v a t o r stomatal movement and water 

r e l a t i o n s , mobi le 

C h l o r o s i s on margins of 

o lder leaves 

(S0 4 ~ 2 ) Const i tuent of some amino a c i d s , c o ­

enzyme A, increases oiI content of 

c r o p s , r e l a t e d to co ld r e s i s t a n c e , 

part of n itrogenous enzyme system in­

volved in N f i x a t i o n , r e l a t i v e l y 

i mmob i I e 

Uniformly c h l o r o t i c 

p l a n t s , s t u n t e d , 

t h i n stemmed 

Mg (Mg + 2 ) C o n s t i t u e n t of c h l o r o p h y l l , r e l a t e d to 

P metabolism, p lant r e s p i r a t i o n , mobile 

Interve ina l c h l o r o s i s 

on o l d e r leaves 

Ca ( C a + 2 ) Necessary for meristematic development, 

membrane i n t e g r i t y , immobile 

Fa i Iure of terminal 

bud to develop 

B (H3B03,B40-7,~2) Carbohydrate t r a n s l o c a t i o n , P metabo­

l i sm, formation of growth hormones 

such as IAA, immobile 

C h l o r o s i s of younger 

leaves, in terna l break­

down of storage organs 

such as tubers 

Fe ( F e + 2 , F e + 3 ) A c t i v a t o r of several enyzme systems, 

chIorophyI I synthes i s , immobiIe 

Interve ina l c h l o r o s i s 

on new leaves 

Mn (Mn + 2 ) A c t i v a t o r of enzymes concerned with 

carbohydrate metabolism, photo­

s y n t h e s i s , immobile 

Interve ina l c h l o r o s i s 

on new leaves 

Cu ( C u + 2 ) Enzyme a c t i v a t o r , photosynthes is , 

immobile 

C h l o r o s i s , d i s t o r t i o n 

of younger leaves 

Zn ( Z n + 2 ) Enzyme a c t i v a t o r , immobile I n i t i a l l y as an i n t e r ­

ve ina l c h l o r o s i s on 

younger leaves fol lowed 

by a large reduct ion in 

shoot growth, r o s e t t i n g 

Mo ( M o 0 4

- 2 ) N f i x a t i o n , a s s i m i l a t i o n , p ro te in 

synthes i s 
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Table 2 

COMMONLY USED SOIL TEST EXTRACTANTS 

Element Ext rac tant C o n d i t i o n s 

(N0 3 " form) 

(Total N) 

H 2 0 

Kje ldah l d i g e s t i o n 

(orthophosphate) B r a y ' s Pj (.03 NH^f in 

•025 N HCI.) 

01 s e n ' s 0.05M NaHCo3 

method pH 8.5 

K, Ca, Mg 

(exchangeable) 

S ( S o T 2 ) 

M e h l i c h ' s d i l u t e ac id method 

(0.05N HCI and 0.025 N H 2 S 0 4 ) 

Leaching not s i g n i f i c a n t 

Long-term N a v a i l a b i l i t y 

requ i red 

Ac id to neutral s o i l s with 

low to medium c a t i o n 

exchange c a p a c i t i e s 

Both ca lcareous and non-

ca lcareous soi Is 

A c i d , h ighly weathered s o i l s 

Neutral 1.0 N Ammonium acetate Broad a p p l i c a t i o n 

0.1 M C a C I 2 
To obta in so lub le S0 4 ~S. 

Ca (H2PO4), .05M NaHC03 (pH 8.5) To obtain adsorbed S0 4 ~S. 

Hot water S o i l s not subject to intense 

I eachi ng 

Fe, Cu, Mn 0.1 N HCI To e x t r a c t o rgan ic p lus 

forms held in organic matter 

Zn Che lates such as D T P A, 

E D T A 
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Table 3 

SOME SELECTED CRITICAL LEAF TISSUE CONCENTRATIONS 

Element A l f a l f a Oats Orchard grass 

N - 1.0 2.4 

P, % 0.15 0.1 0.2 

K 1.0 1.1 2.0 

Ca, % 0.6 0.1 

Mg, % 0.2 0.1 

S, % 0.2 0.1 0.1 

B, ppm 15 5 

Mn, ppm 10 10 

Zn, ppm 10 20 

Cu, ppm 6 3 

Mo, ppm 0.2 0.1 

growth stage ear ly bloom 4-6 weeks 3-4 weeks 
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Tissue ana lys i s can provide only a rough tool to e s t a b l i s h the nutr ient 

status of plants grown for reclamation purposes. Comparison with pub­

l i s h e d c r i t i c a l values i s hazardous since nutr ient concentrat ions can 

change rap id ly depending on the stage of growth. T issue nut r ient 

contents are useful in comparing treatment e f f e c t s in f i e l d or con­

t r o l l e d environment s tud ies . Walsh and Beaton (1973) include several 

chapters on t i ssue a n a l y s i s . 

FERTILIZERS 

Once the f e r t i l i t y requirements of the so i l has been e s t a b l i s h e d , the 

next step i s to determine the most appropriate method of supplying 

d e f i c i e n t n u t r i e n t s . Usua l ly , the most e f f e c t i v e and simplest method 

i s to add chemical f e r t i l i z e r s . The main exception to t h i s statement 

could be N. It would seem to make sense to use symbiotic N f i x i n g 

organisms whenever p o s s i b l e , because N requires the most energy to 

manufacture (N, P 2 O 5 , K2O requires 77 .5 , 14 and 9.7 MJ/kg, respect ive­

ly) and i s more expensive than e i t h e r of the two other macronutr ients, 

P and K. The fo l lowing d iscuss ion i s l i m i t e d to f e r t i l i z e r nutr ient 

sources. However, a l t e r n a t i v e nutr ient sources, e s p e c i a l l y legumes, 

should be ser ious ly considered in reclamation work. 

TYPES OF FERTILIZERS 

There i s a wide range of f e r t i l i z e r s a v a i l a b l e today, which allows 

considerable f l e x i b i l i t y in the form of the nutr ient appl ied and in the 

r a t i o s of the three macronutrients and S. By law, manufacturers must 

s tate a minimum guarantee of the p lant nut r ient content of f e r t i l i z e r s 

in terms of hi, P2O5 and K 2 O . The r a t i o of these nutr ients in the 

f e r t i l i z e r purchased should depend on the requirements of both the so i l 

and the crop. For example, one might se lec t a f e r t i l i z e r with a 2-1-1 

r a t i o for grasses or 1-2-2 fo r a stand of forages dominated by 

legumes. The trend in recent years has been to higher ana lys is fe r -
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t i l i z e r s , motivated by the need to reduce the f ixed costs of bagging, 

t ransport ing and d i s t r i b u t i n g the f i n i s h e d product. 

The propert ies of f i v e types of f e r t i l i z e r w i l l now be d iscussed . 

Nitrogen - Two N sources, urea (46-0-0) and ammonium n i t r a t e (34-0-0) 

make up the bulk of the N sold in western Canada. Most of the new 

f e r t i l i z e r p lants are designed to produce the less energy-requir ing 

urea, rather than ammonium n i t r a t e . Current ly there i s a cost d i f ­

f e r e n t i a l of s l i g h t l y over 10% in favour of urea. Urea i s not ideal in 

a l l c ircumstances, however. I t hydrolyzes rap id ly to NH3 which can be 

l o s t as a gas ( e s p e c i a l l y from calcareous s o i l s ) , or i t can be tox ic to 

p lants ; consequently, greater care i s required in i t s use. 

Because N tends to be quite mobile in s o i l s and i s e a s i l y l o s t , con­

s iderab le research has developed new methods of reducing N l o s s e s . One 

example i s sulphur-coated urea, a slow release f e r t i l i z e r (Sheard, 

1975). Molten S, which i s coated on the urea p r i l l , mostly ox id izes 

before the urea-N can d i f f u s e out into the s o i l . The re lease of N can 

be c o n t r o l l e d from two months to two years or more by t h i s method. 

Other slow release f e r t i l i z e r s inc lude osmocote and urea-formaldehyde. 

A second example i s the use of n i t r i f i c a t i o n i n h i b i t o r s to delay the 

n i t r i f i c a t i o n of NH4-N to N O 3 - N . Research in the U.S. has shown two 

m a t e r i a l s , N-Serve [ 2 - c h l o r o - 6 - t r i c h l o r o methyl pyr id ine] and ATC 

( 4 - a m i n o - l , 2 , 4 - t r i a z o l e ) , to be e f f e c t i v e n i t r i f i c a t i o n i n h i b i t o r s . 

Work at U.B.C. by Guthr ie and Bomke (In Press) has ind icated that 

N-Serve, because of i t s v o l a t i l i t y , i s not as e f f e c t i v e in coarse 

textured s o i l s as i s ATC. ATC was shown to i n h i b i t n i t r i f i c a t i o n to 

some extent for up to three months when appl ied at a rate of 1 kg/ha 

with band appl ied urea. I t was i n e f f e c t i v e with broadcast urea. 
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Phosphorus - Because of i t s high water s o l u b i l i t y , high P content , ease 

of handling and a p p l i c a t i o n , and r e l a t i v e l y low cost , 0-46-0 t r i p l e 

super phosphate [ C a ^ P O ^ ] i s cur rent ly the most popular P source. 

Other P sources inc lude 0-20-0 (super phosphate) and rock phosphate. 

The l a t t e r has a low P content r e l a t i v e to t r i p l e super phosphate and 

i s s l i g h t l y so luble P source which can be used only on ac id s o i l s . 

Potassium - The main source of K i s KC1, 0-0-60. This i s a high 

ana lys i s and economical source of K. Most mine waste mater ia ls would 

require considerably l ess K than N or P. 

Sulphur - The ready a v a i l a b i l i t y and economy of granular S in western 

Canada plus i t s high ana lys i s (90 + % S) make i t an ideal source of S. 

I t can e i t h e r be added s ing ly or blended with N-P-K f e r t i l i z e r s . 

Mixed F e r t i l i z e r s - The above mentioned s ing le nutr ient f e r t i l i z e r s may 

be blended to produce complete or compound f e r t i l i z e r s . F e r t i l i z e r s 

with r a t i o s high in N and P ( e . g . 3-4-1) should be appropriate for mine 

wastes, i f there i s no so i l t es t information a v a i l a b l e . Another c lass 

of compound f e r t i l i z e r s i s the ammonium phosphates such as monoammonium 

phosphates (11-55-0) and diammonium phosphate (18-46-0). These 

mater ia ls may be quite valuable in reclamation work because of t h e i r 

high proport ions of N and P. 

FERTILIZER CHARACTERISTICS 

The proper use of any tool requires that i t s c h a r a c t e r i s t i c s be under­

stood. Th is sect ion summarizes some of the re levant c h a r a c t e r i s t i c s of 

f e r t i l i z e r s . As can be seen in Table 4, NH4-N sources are s i g n i f i c a n t 

producers of a c i d i t y . This e f f e c t would develop quite rap id ly in 

coarse textured and poorly buffered mine wastes. Phosphorus, K and 

NO3-N f e r t i l i z e r s have l i t t l e e f f e c t on so i l pH. 

A second important property of f e r t i l i z e r s i s expressed in terms of 

t h e i r s a l t index (Table 5 ) . F e r t i l i z e r s with a high s a l t index (N, K 
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Table 4 

ACIDITY OR BASICITY OF COMMONLY USED FERTILIZERS 

kg of pure CaC03 

Mater ia l % N Per kg of N 
Per 100 kg 
of Mater ia l 

Ammonium sulphate 21 5.4 110 

Urea 46 1.8 84 

Ammonium n i t r a t e 34 1.7 59 

Ammonium phosphate 11 5.9 65 

Calcium n i t r a t e 15 1.4 B 20 B* 

K C 1 (60-60) 0 0 0 

T r i p l e superphosphate 0 0 0 

*B = ind icates that the material i s a base former in the s o i l . 

Table 5 

SALT INDEX OF SOME COMMON FERTILIZER MATERIALS 

S a l t Index 

Mater ia l 
Ana lys i s 

(%) 
Per Equal Weight 

of M a t e r i a l * 
Per Un i t of 

P l a n t Mater ia l 

Ammonium n i t r a t e 34 104.7 3.0 

Ammonium sulphate 21 69.0 3.2 

Urea 46 75.4 1.6 

Calcium n i t r a t e 15 65.0 4.2 

K C 1 60 116.3 1.9 

T r i p l e superphosphate 45 10.1 0.2 

*NaN03 = 100 
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sources) require care i f they are being placed with the seed or are 

appl ied in contact with p lant t i s s u e . High s a l t concentrat ions around 

seedl ings or roots give r i s e to high osmotic pressures which increases 

the p l a n t ' s d i f f i c u l t y in acquir ing water. The S a l t Index i s re la ted 

to another property of f e r t i l i z e r s , namely s o l u b i l i t y . P f e r t i l i z e r s 

are r e l a t i v e l y inso lub le when appl ied to the s o i l , r e s u l t i n g in minimal 

s a l t content in the s o i l so lu t ion as compared to the soluble N and K 

f e r t i l i z e r s . 

The f i n a l property to be d iscussed , hygroscop ic i ty , r e l a t e s to the 

storage c h a r a c t e r i s t i c s of f e r t i l i z e r s . Hygroscopic i ty i s the tendency 

of s a l t s to adsorb water whenever the vapour pressure of moisture in 

the a i r exceeds that of a saturated so lu t ion of the s a l t . 

Hygroscopic i ty increases in the fo l lowing order: ammonium phosphate < 

potassium ch lor ide < urea < ammonium n i t r a t e < calcium n i t r a t e . This 

property causes the caking and hardening of bagged f e r t i l i z e r which, 

although not usual ly a problem for P or K f e r t i l i z e r s , can be a problem 

for improperly stored N f e r t i l i z e r s . 

RATES AND METHODS OF APPLICATION 

Most experiments on disturbed lands have used f e r t i l i z e r rates s i m i l a r 

to those recommended for i n f e r t i l e a g r i c u l t u r a l s o i l s . These rates may 

be inadequate s ince some mine wastes are e s s e n t i a l l y devoid of N and 

may f i x app l ied P into unavai lable forms. Higher rates may, there fore , 

be requ i red . If a legume i s part of the seed mix, N rates should be 

reduced to allow the legumes an opportunity to compete with grass com­

ponents of the mix. Trees used in revegetation w i l l l i k e l y have a 

lower f e r t i l i t y requirement than herbaceous spec ies . Growth rates may 

be lower and mycorhizal r e l a t i o n s h i p s on t h e i r roots may enable them to 

acquire r e l a t i v e l y unavai lable forms of P. 

The method of a p p l i c a t i o n depends heavi ly on the type of area to be 

f e r t i l i z e d . A leve l t a i l i n g s pond for example would be quite amenable 
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t o a b r o a d c a s t a p p l i c a t i o n f o l l o w e d by i n c o r p o r a t i o n o f f e r t i l i z e r . 

T h i s may be b e n e f i c i a l p r i o r t o the s e e d i n g o f p e r e n n i a l s p e c i e s , s i n c e 

P, K, and l i m e a r e r e l a t i v e l y immob i l e i n the s o i l and w i l l no t descend 

more t h an 5 cm be low the s o i l s u r f a c e f o l l o w i n g a t o p d r e s s i n g . Un 

rough o r r o c ky t e r r a i n the f e r t i l i z e r w i l l l i k e l y have t o be a p p l i e d 

w i t h o u t t h e b e n e f i t o f i n c o r p o r a t i o n . E s t a b l i s h e d f o r a g e s a r e u s u a l l y 

s u c c e s s f u l i n o b t a i n i n g adequa te P and K f r om s u r f a c e a p p l i c a t i o n s , 

a l t h o u g h n u t r i e n t s i n a d ry s o i l zone w i l l be a t l e a s t t e m p o r a r i l y 

u n a v a i l a b l e . 

F o l i a r f e r t i l i z a t i o n i s no t a v i a b l e a l t e r n a t i v e i n r e c l a m a t i o n work 

e x c e p t i n t h e c a s e o f m i c r o n u t r i e n t s . The c o s t o f t r a n s p o r t i n g b u l k y 

l i q u i d f e r t i l i z e r s , t h e h i g h c o s t s o f h i g h l y s o l u b l e g r ade s o f f e r ­

t i l i z e r s r e q u i r e d , and t he d i f f i c u l t i e s o f s u p p l y i n g adequa te N, P and 

K w i t h o u t damaging the f o l i a g e a l l s e v e r e l y l i m i t t he u s e f u l n e s s o f 

f o l i a r f e r t i l i z a t i o n w i t h m a c r o n u t r i e n t s , e x c e p t p o s s i b l y i n i n t e n s i v e 

h o r t i c u l t u r a l p r o d u c t i o n . 

In summary, N and P and o c c a s i o n a l l y K f e r t i l i z e r s a r e v a l u a b l e t o o l s 

i n r e v e g e t a t i o n work . I t s h o u l d be p o s s i b l e t o b u i l d up t he a v a i l a b l e 

poo l o f P and K, a l t h o u g h l o n g - t e r m N f e r t i l i t y may be a p r o b l e m . The 

s o l u t i o n may be i n t h e use o f l egum inous s p e c i e s i n seea m i xe s o r p e r ­

haps t he a d d i t i o n o f n i t r o g e n o u s o r g a n i c amendments. T h i s w i l l be 

d i s c u s s e d i n more d e t a i l i n t h e nex t s e c t i o n . F o r a more c omp l e t e 

d i s c u s s i o n o f f e r t i l i z e r s , c o n s u l t t he t e x t b o o k e n t i t l e d S o i l F e r t i l i t y  

and F e r t i l i z e r s by T i s d a l e and Ne l s on ( 1 9 7 5 ) . 

The c o s t o f f e r t i l i z e r s may be as l i t t l e as 1/100 o f t he t o t a l c o s t o f 

r e c l a m a t i o n . I t i s , t h e r e f o r e , i m p o r t a n t t o augment t he f e r t i l i t y o f 

t h e m a t e r i a l t o be r e c l a i m e d i n t he i n i t i a l s t a g e s o f t h e v e g e t a t i v e 

p r o c e s s i n o r d e r t o i n s u r e t h a t t he i n v e s t m e n t o f r e c l a m a t i o n i s 

p r o t e c t e d . A l s o , because o f t h e o t h e r c o s t s i n v o l v e d i n r e c l a m a t i o n , 

t he p r e c i s i o n r e q u i r e d i n a g r i c u l t u r a l s o i l t e s t i n g p rograms may no t be 

n e c e s s a r y i n r e c l a m a t i o n . The s i t e - s p e c i f i c n a t u r e o f most p r o j e c t s 

w i l l a l s o d i c t a t e t h i s . 
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SOIL AMENDMENTS 

A s o i l amendment i s any substance such as l ime, sulphur, gypsum or 

organic mater ia ls which i s used to a l t e r the propert ies of the s o i l , 

genera l ly to make i t more product ive. The term usual ly does not in ­

clude highly concentrated nutr ient sources such as f e r t i l i z e r s . 

ORGANIC AMENDMENTS 

Organic mater ia ls may or may not have benef i c ia l e f f e c t s on the a v a i l ­

able nut r ient supply in the s o i l . The main determining factors include 

the C/N r a t i o and the physical state of the m a t e r i a l . When an organic 

material i s added to the s o i l , the microbial population rap id ly i n ­

creases in response to the increased substrate . If the material i s 

well endowed with N r e l a t i v e to C, a net release of N into the s o i l 

mineral N pool w i l l occur. On the other hand, a large amount of C 

r e l a t i v e to N (wide C/N) would t i e up or immobolize s o i l N. A C/N > 30 

w i l l l i k e l y r e s u l t in N immobi l izat ion, and one l ess than 20 in N 

m i n e r a l i z a t i o n . Some organic mater ia ls and C/N r a t i o s are given below: 

poultry manure 7 

well rotted barnyard manure 20 

c lover residues 23 

grain straw 80 

sawdust 400 

Any material with an N% < 1% w i l l l i k e l y immobolize N, while a mater ial 

with an N% > 1.5-1.7 w i l l minera l ize N. A wide C/N r a t i o can be re­

duced by the addit ion of N f e r t i l i z e r to the m a t e r i a l . The rate of 

breakdown i s a lso dependent upon the p a r t i c l e s i ze of the m a t e r i a l . 

For example, smaller p a r t i c l e s such as sawdust w i l l decompose more 

quick ly than wood ch ips . 

101 



! 

In addi t ion to the poss ib le f e r t i l i z e r value, some organic amendments 

may have other b e n e f i c i a l e f f e c t s when incorporated into s o i l s . These 

inc lude: 

a . increas ing the water holding capacity of the s o i l ; 

b. increas ing the cat ion exchange capacity and the nut r ient holding 

a b i l i t y of the s o i l s ; 

c . improving the st ructure and aerat ion of f ine textured s o i l s . 

Since the mater ia ls to be revegetated are often coarse textured and may 

have a high percentage of coarse fragments, a . and b. above are es­

p e c i a l l y important in rec lamation. Greenhouse experiments at U.B.C. 

demonstrated the b e n e f i c i a l e f f e c t s of poultry and cow manures on 

severely ac id sulphide t a i l i n g s . 

Mulches are unincorporated organic mater ia ls used for s t a b i l i z i n g 

s o i l s , conserving moisture, moderating temperature f l u c t u a t i o n s , con­

t r o l l i n g weeds and reducing seed loss p r i o r to germination. Mulches 

may be l o c a l l y ava i l ab le waste products such as fo res t by-products, or 

commercially a v a i l a b l e mulches such as those a v a i l a b l e as by-products 

from grass seed product ion. In order to be e f f e c t i v e , minimum rates of 

1100 to 1700 kg/ha of wood wastes, or 2200 to 4500 kg/ha of straw or 

hay are requ i red . A d d i t i o n a l l y , an e f f e c t i v e mulch must stay put, must 

not impede the i n f i l t r a t i o n of water or the d i f f u s i o n of gasses into or 

out of the s o i l , or have a de leter ious e f f e c t on the plant cover . 

Because of the bulky nature of mulches, i t i s best to use l o c a l l y 

a v a i l a b l e mater ia ls such as wood wastes in B.C. For fur ther informa­

t ion the reader i s re fer red to PI ass (1978) and Kay (1978). 
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INORGANIC AMENDMENTS 

Limestone i s the most common inorganic amendment. Acid mater ia ls such 

as some sulphide t a i l i n g s could benef i t from lime addi t ion as would ex­

posed ac id s u b s o i l s . The f e a s i b l i t y of l iming depends on the locat ion 

of the s i t e to be revegetated and the amount of l ime requi red . For 

example, we determined in a greenhouse study that short-term n e u t r a l i ­

zat ion of ac id sulphide t a i l i n g s from a northern Vancouver Island mine 

required nearly 50 t/ha . Obviously i t would be impract ical to try to 

improve these t a i l i n g s by l i m i n g . 

Highly calcareous mater ia ls can also present problems in P and micro-

nutr ient a v a i l a b i l i t y . Sulphur may be used as a so i l amendment to 

a c i d i f y calcareous mater ia ls as a r e s u l t of the fo l lowing r e a c t i o n : 

T h i o b a c i l l u s 
S + 3/2 0 2 + H 20 ^ H 2 S 0 4 

spp 

One kg of S i s equivalent to approximately 3 kg of CaCOj. 

I have attempted to out l ine the methods of assessing the f e r t i l i t y of 

d isturbed lands, and have described the f e r t i l i z e r s and s o i l amendments 

a v a i l a b l e for improving t a i l i n g s p r o d u c t i v i t y . Both f e r t i l i z e r s and 

s o i l amendments can play a ro le in reclamation work, depending on the 

economics, and the s o i l factors which require m o d i f i c a t i o n . In a l l 

cases , pract i ces which encourage short-term rapid growth at the expense 

of long-term vegetat ive s t a b i l i t y should be avoided. 
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DISCUSSION RELATED TO A. BOMKE'S PAPER 

Nie l Duncan - Energy Resources Conservation Board, A l b e r t a : With the 

p o s s i b i l i t y of a c o a l - f i r e d s tat ion near Cache Creek, what i s the 

chance of using f l y ash as an inorganic amendment? 

Answer: I'm sor ry . I haven't had any experience with f l y ash. 

A. Reed, Afton Mines L t d . : Would a low grade coal such as the Hat 

Creek deposit q u a l i f y as an organic amendment? 

Answer: We l l , l e t ' s look at what i t might be used f o r . I don ' t think 

that i t would be su i tab le as a mulch m a t e r i a l . I t doesn't have 

the c h a r a c t e r i s t i c s that I 'd l i k e to see in a mulch, so we could 

ru le that out. Now, whether i t has any useful s i g n i f i c a n c e as an 

incorporat ive m a t e r i a l , I c a n ' t say. Some of the coa ls tend to be 

r e s i s t a n t to decomposition, and some do not r e a d i l y re lease 

nut r ient such as n i t rogen. I don' t know s p e c i f i c a l l y about any 

tests at Hat Creek. Perhaps the (Acres) people could t e l l us. 

Acres: I think I can answer your quest ion. There are far too many of 

the so c a l l e d order of metals and elements in the Hat Creek coal 

to ever dare consider (Ed i to r : we regret that the remainder of 

t h i s answer was not recoverable from the tap ing) . 

Z i g Hawthorn - B.C. Hydro: We have t r i e d growing vegetat ion on waste 

coal at Hat Creek. I t does grow, but i t ' s d i f f i c u l t . Topsoi l on 

the waste coal does improve the vegetat ive success r a t e , but again 

growth i s d i f f i c u l t to achieve. We haven't t r i e d i t the other way 

around, where we add a l i t t l e b i t of coal to a l o t of s o i l , so we 

c a n ' t r e a l l y answer that quest ion. 
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Questioner U n i d e n t i f i e d : (Distorted Recording. Question re la ted to 

the propert ies of selenium and i t s e f f e c t on foraging animals on 

reclaimed land.) 

Answer: I think i t i s reasonably c l e a r that selenium i s not an essen­

t i a l element for p lants . I t i s taken up depending upon how much 

of i t i s present in the s o i l . I don ' t know of any work on a f i e l d 

scale where people have taken selenium and appl ied i t in order to 

increase the selenium content of forage. I think i t i s a very 

r i sky p r o p o s i t i o n . I t ' s more l i k e l y that we w i l l be successful by 

some sort of i n j e c t i o n , or perhaps even a mineral block of some­

th ing . I might also add that selenium d e f i c i e n c i e s seem to be 

accented by sulphur f e r t i l i z a t i o n . So, i f i t i s seen that sulphur 

gives a good response and they r e a l l y chuck the sulphur on, t h i s 

can a c t u a l l y compete with selenium uptake and decrease the value 

of that material as a forage by creat ing problems such as White 

Muscle Disease. 

106 



WASTE DUMP MANAGEMENT 

FOR 

RECLAMATION, STABILITY 

AND 

EROSION CONTROL 

Chairman of the Morning Session 

Thursday, March 6, 1980 

by 

D.M. Ga lbra i th 

M in i s t ry of Energy, Mines and Petroleum Resources 



108 

l 



STABILITY AND ECONOMIC CONSIDERATIONS 

IN DUMP DEVELOPMENT 

(PAPER NOT AVAILABLE) 

by 

D. Campbell 

Golder Associates 



1 

110 



DISCUSSION RELATED TO D. CAMPBELL'S PAPER 

Niel Duncan - Energy Resources Conservation Board, Calgary: Can you 

descr ibe the types of equipment that were used in the i n c l i n e d 

trench method? 

Answer: I should get Tony M i l l i g a n to answer your question because 

Ka iser used the i n c l i n e d bench method. 

Tony M i l l i g a n (continues with the answer): You can operate with b u l l ­

dozers on both the hor izontal and the i n c l i n e d bench methods. 

However, you may not work d i r e c t l y down the f a l l l i n e ; that i s , 

you may work at an angle down the s lope. I t doesn't i n v a l i d a t e 

the amount of material you have to move, but i f you move d iagonal­

l y rather than d i r e c t l y down the slope i t does change ( increases) 

the d istance that you have to t ransport the m a t e r i a l . Ka iser 

f e e l s that they can operate equipment on 2:1 s lopes . They also 

operate large c u l t i v a t i n g equipment on these slopes in order to 

prepare the surface p r i o r to seeding and f e r t i l i z i n g . 

N ie l Duncan: I have a second quest ion . With some of the dumps that 

are b u i l t by benching from the bottom, down, there are a ser ies of 

benches r i g h t from the s t a r t , without having to rework at e i t h e r 

the leve l bench or the i n c l i n e d bench. How do the economics of 

that system compare to the other two? 

Answer: F i r s t l e t me say that I would l i k e to commend the B.C. Depart­

ment of Mines fo r t h e i r enl ightened approach to waste dump 

development in B r i t i s h Columbia. There are j u r i s d i c t i o n s in North 

America that have precluded t h i s type of waste dump development. 

They say that waste dumps must not be b u i l t on slopes of " less 

than 50" . Th is i s a blanket r e g u l a t i o n . I t does not take into 

account the height of waste dump you are going to b u i l d , the 

propert ies of the foundation, or the methods you are going to use 
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to b u i l d i t . Some j u r i s d i c t i o n s a lso say that you cannot b u i l d a 

waste dump by end dumping from the c r e s t . You have to s t a r t from 

the bottom and b u i l d up. Now, I see two disadvantages in b u i l d i n g 

from the bottom up. F i r s t , i s that you don' t get t h i s segregation 

of rock s izes on high waste p i l e s that you get by end dumping from 

the c r e s t , and therefore there i s no drainage on the bottom. So, 

f o r a given dump c o n f i g u r a t i o n , i t fo l lows that b u i l d i n g the waste 

dump p i l e from the bottom up may not provide the degree of 

s t a b i l i t y that we get by end dumping. Don't m i s i n t e r p r e t that 

comment. Provided the fac tor of safety i s high enough above 1.0, 

the waste p i l e i s not going to f a i l . I t doesn't r e a l l y matter 

whether the f a c t o r of safety i s 2 or 1.7 or 1.5. Second, i s the 

aspect of economics. We are mining in B r i t i s h Columbia in areas 

where there i s very high topographic r e l i e f . I f y o u ' r e going to 

s t a r t operat ing an open p i t mine i n a mountainous area and part of 

your ore i s up near the top of a r idge , t h a t ' s where you have to 

s t a r t . If the regulat ions say that you cannot b u i l d the waste 

dump by end dumping, I can t e l l you r i g h t now that there are a 

number of ore bodies , whether they are ore metal i f e rous or whether 

i t ' s coal mining, that the cost of haul ing w i l l k i l l the econo­

mics . The projects j u s t won't go because the money i s n ' t there . 

I think those types of regulat ions are unnecessary. However, I ' d 

l i k e to commend the B.C. Department of Mines for t h e i r independent 

look at t h i s problem. I think that i s the proper approach to 

take. 

Questioner U n i d e n t i f i e d : Is the height the d istance from the c r e s t of 

the dump to the o r i g i n a l f l o o r of the dump? 

Answer: No, the height that we're looking at i s the d i f f e r e n c e in 

e levat ion between the c r e s t and the toe p r i o r to f a i l u r e . Now the 

cotangent of alpha a lso takes into account whatever natural slope 

there may be before the f a i l u r e occurred. We haven't many data 

po ints on waste dumps. 
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Questioner U n i d e n t i f i e d : (Distorted record ing. The question re lated 

to number of data p o i n t s . ) 

Answer: S ix . The points a l l p l o t , I th ink, as c lose to a s t r a i g h t 

l i n e , or as c lose to a curve as you could expect from f i e l d data. 

I think the data does give us a pretty good i n d i c a t i o n of what the 

potent ia l danger might be beyond the toe of the dump. 

J im Meier - Byron Creek C o l l i e r i e s : I'm wondering i f you have an op­

timum height where you don't get segregat ion. 

Answer: I think that we're deal ing with rock as opposed to s o i l . The 

degree of segregation i s going to increase with the height of the 

dump. The median s i ze of the p a r t i c l e s at the bottom are going to 

be a funct ion of dump height. That i s , the la rger the dump, the 

l a r g e r , probably, w i l l be the median s i ze p a r t i c l e s . To answer 

your quest ion, i f you dump shot rock over a bank twenty to t h i r t y 

f e e t h igh, you w i l l get s i g n i f i c a n t p a r t i c l e s i ze segregat ion. 

The one example that I know i s a consultant who l i v e s in C a l i ­

f o r n i a . His name i s Barry Cooke. Some of you may know him. 

Barry i s a very p r a c t i c a l guy, and i f you have a real problem with 

a dam, e s p e c i a l l y i f y o u ' r e a cont rac tor , you c a l l Barry Cooke. I 

r e c a l l one job he had where that happened. I t was an unexpected 

f l ood through a p a r t i a l l y completed dam. Barry went out and t r i e d 

a number of things to get the flows down so they could c lose the 

lower gates. One thing he d id was to make up boulder necklaces. 

These were boulders which they d r i l l e d holes through and strung 

with cab les . They picked up these necklaces and dropped them in 

the channel . The way Barry got those boulders was by quarrying 

rock and dumping i t over a s lope. The coarse s t u f f segregated out 

a t the toe, and they se lected the big pieces they wanted. As I 

r e c a l l , the bank was twenty or t h i r t y feet h igh. 
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WATER QUALITY AND ITS CONTROL IN MINING AREAS 

Normally, mining operations w i l l cause some d e t e r i o r a t i o n to the 

q u a l i t y of the associated surface water and groundwater. However, with 

good mining p r a c t i c e s , inc lud ing careful control of mining discharges 

and proper reclamation, the r e s u l t i n g water q u a l i t y can usual ly be made 

acceptable fo r discharge into the rece iv ing environment. Control of 

water q u a l i t y i s the r e s p o n s i b i l i t y of the P o l l u t i o n Control Sect ion of 

the Waste Management Branch and the Regional Operations D i v i s i o n , 

act ing under the j u r i s d i c t i o n of the P o l l u t i o n Control Act and Regula­

t i o n s . 

Th is control i s accomplished with P o l l u t i o n Control e f f l u e n t Permits 

which author ize e f f l u e n t discharges of a s p e c i f i e d quantity and qua l i ty 

from mining operat ions , and which require regular monitoring to assure 

that such qua l i ty i s being maintained. A l l e f f l u e n t discharges from 

mining operations not authorized by P o l l u t i o n Control Permits are 

i l l e g a l . 

To guide the D i rec tor of P o l l u t i o n Control in his assessment of ef­

f l u e n t discharges from mining operations and in h is granting of 

e f f l u e n t Permits to author ize such d ischarges , the P o l l u t i o n Control 

Board has issued the P o l l u t i o n Control Object ives for the Mining, 

Smelt ing, and Related Industr ies of B r i t i s h Columbia. These Object ives 

are based on e a r l i e r (1973) Object ives which were reviewed and amended 

in 1979 to include experience gained with the e a r l i e r Object ives , and 

input from publ ic meetings held in s ix centres around the prov ince, and 

a publ ic inquiry held in V i c t o r i a in 1978. (I have several copies of 

the amended Object ives on hand should anyone wish a copy, and i f the 

l i m i t e d supply i s i n s u f f i c i e n t , I w i l l take your name and address and 

send you a copy.) 

I would now l i k e to re fer to Table IV and Table V of these amended 

Object ives which p a r t i c u l a r l y r e l a t e to water q u a l i t y . Table IV ( S l i d e 

No. 1) out l ines the rece iv ing water control object ives which would 
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S l i d e No. 1/Table IV 

B. DISCHARGES TO WATER 

RECEIVING WATER CONTROL OBJECTIVES (1) 

Parameter Level 

D isso lved oxygen 

Temperature 

T u r b i d i t y 

F loatab le s o l i d s 

PH 

T o x i c i t y (96 hr s t a t i c bioassay) 

Colour 

Aesthet ics 

A l k a l i n i t y (2) 

Ch lor ide 

Fecal co l i forms (3) 

Not l ess than 90% of the seasonal 
natural value 

To be wi th in 1°C of the natural 
leve l 

Not more than 5 JTU above the 
natural value 

None 

No change 

Below detectable l i m i t 

No change 

No decrease 

Not less than 20% natural value 

Not more than 25 mg/L 

Not to exceed Min i s t ry of Health 
standards 

(1) App l i cab le outs ide the i n i t i a l d i l u t i o n zone. 

(2) Not app l i cab le to marine d ischarge. 

(3) App l i cab le only when sani tary discharge i s mixed with e f f l u e n t . 
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normally apply to the neighboring stream, r i v e r , l ake , or ocean and 

which, in t u r n , would normally be monitored in a manner that would 

determine the e f f e c t of the mining operations on t h i s rece iv ing en­

vironment. This monitoring would be one of the requirements of the 

e f f l u e n t Permit, and normally would include regular monitoring of the 

neighboring stream(s) upstream and downstream of the mining operat ions , 

and the per iod ic report ing of such monitor ing. The d e t a i l s of the 

required monitoring are s i t e s p e c i f i c and are determined in the assess­

ment process. Examples w i l l be discussed l a t e r in t h i s presentat ion . 

Table V ( S l i d e No. 2) out l ines the object ives for the discharge of 

f i n a l e f f l u e n t s to marine and fresh waters. These object ives apply to 

the discharge of t reated mine e f f l u e n t s to rece iv ing waters, such as 

the e f f l u e n t discharges from t a i l i n g s ponds, s e t t l i n g ponds, or other 

treatment works to neighboring streams, e t c . , but which are not 

" c l o s e d - c i r c u i t " , that i s , t o t a l l y recyc led to operat ions . Each f i n a l 

e f f l u e n t discharged from a mine-mil l complex or a mine-cleaning plant 

complex i s authorized by Permit, usua l ly as one appendix of a conv-

prehensive e f f l u e n t Permit for the e n t i r e complex. 

One requirement of t h i s e f f l u e n t Permit i s normally the regular 

monitoring of the s i g n i f i c a n t parameters of each separate discharge and 

the per iod ic report ing of such monitor ing, some or a l l of which i s 

t rans fer red to the Government computer bank. At i n t e r v a l s , these data 

are r e t r i e v e d and s t a t i s t i c a l l y analyzed and serve as part of a Permit 

review process which r e s u l t s in an amended Permit and which, in t u r n , 

may require changes to the p o l l u t i o n control treatment, Permit monitor­

i n g , e t c . 

I would l i k e to mention that Table V Object ives give a range of values 

f o r each parameter, whereas the e a r l i e r (1973) Object ives presented 

three l e v e l s for each parameter. The philosophy behind the e a r l i e r 

Object ives was to recognize e x i s t i n g operat ions , many of which required 

upgrading to move from Level C, through Level B, to the d e s i r a b l e Level 

A. The philosophy behind the present Object ives i s to present a 
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genera l ly acceptable range for each parameter, but to al low the choice 

of each parameter value to be s i t e s p e c i f i c based on the a s s i m i l a t i v e 

capac i ty of the environment and other cons iderat ions . However, a 

modif ied Table V, which inc ludes "Old Level A" (S l ide \io. 3) shows that 

the "Old Level A" i s usua l ly s i m i l a r to the low end of the "new range". 

I would now l i k e to b r i e f l y review examples of several d i f f e r e n t types 

of mining operations in B r i t i s h Columbia, and i n d i c a t e t h e i r methods of 

e f f l u e n t control and t h e i r required monitoring programs. 

1. Western Mines L t d . i s an example of a base metal underground mine 

and concentrator with discharge of t a i l i n g s s l u r r y at depth to a 

l ake , and with c o l l e c t i o n and treatment of minewater and surface 

runoff by s e t t l i n g ponds. The regular monitoring required by 

Permit i s as fo l lows: 

- the t a i l i n g s s l u r r y i s monitored for f low, pH, suspended s o l i d s , 

d i sso lved sulphate, to ta l cyanide, res idual c h l o r i n e , and both 

to ta l and d isso lved metals (Cu, Pb, Zn); 

- the rece iv ing water (Butt le Lake) i s b i o l o g i c a l l y monitored and 

f i s h t i s sue i s analyzed for metals; 

- the s e t t l i n g ponds supernatants and nearby streams are 

monitored for pH, suspended s o l i d s , d i sso lved su lphate , tota l 

cyanide and tota l mercury, and d i sso lved metals (Cu, Pb, Zn, As, 

Cd) . 

2. Utah Mines L t d . i s an example of a base metal open p i t mine and 

concentrator with discharge of t a i l i n g s s l u r r y at depth to the 

ocean, and with c o l l e c t i o n and treatment of minewater. The 

regular monitoring required by Permit i s as fo l lows: 

- the t a i l i n g s s l u r r y i s monitored for f low, pH, suspended s o l i d s , 

temperature, to ta l cyanide and tota l mercury, d i sso lved metals 
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S l i d e No. 2/Table V 

OBJECTIVES FOR THE DISCHARGE OF FINAL EFFLUENTS 
TO MARINE AND FRESH WATERS 

Parameter  
(mg/L d i sso lved in e f f l u e n t unless 
otherwise stated) ( 5 ) 

S p e c i f i c elements and compounds: 
Aluminum (Al) 
Ammonia (as N) 
Antimony (Sb) 
Arsenic (as t r i v a l e n t As) 
Arsenic ( tota l d isso lved) 
Cadmium (Cd) 
Chromium (Cr) 
Cobalt (Co) 
Copper (Cu) 
Cyanide (as CN) 
F luor ide (F) 
Iron (Fe) 
Lead (Pb) 
Manganese (Mn) 
Mercury (Total) (Hg) ( 4 ) 
Molybdenum (Mo) 
Nickel (M1) 
N i t r i t e / N i t r a t e (as N) 
Phosphate (Total P b i o l o g i c a l l y 

a v a i l a b l e in e f f luent ) 
Selenium (Se) 
S i l v e r (Ag) 
Uranyl (U0 2) 
Z inc (Zn) 
Oi l and Grease (Total) 

Range 

25 75 
.,500 5,000 

100% 80% 
-8 .5 6.5-10 

10 100 

less than 10 

0.5 1.0 
1.0 10.0 
0.25 1.0 
0.05 0.25 
0.10 1.0 
0.01 0.1 
0.05 0.3 
0.5 1.0 
0.05 0.3 
0.1 0.5 
2.5 10.0 
0.3 1.0 
0.05 0.2 
0.1 1.0 
N i l 0.005 
0.5 5.0 
0.2 1.0 

10.0 25.0 

2.0 10.0 
0.05 0.5 
0.05 0.5 
2.0 5.0 
0.2 1.0 

10.0 15.0 

Total suspended s o l i d s (1) (2) 
Total d i sso lved s o l i d s 2 
T o x i c i t y (96 hr LC 50 s t a t i c bioassay) (3) 
pH (pH Units) 6.5 

R a d i o a c t i v i t y : (6) 
Gross Alpha pCi/L 
R a d i u m 2 2 5 pCi/L (d isso lved in e f f l u e n t passing 

through a 3 ym f i l t e r ) 

(1) Not app l i cab le to approved d i r e c t discharge of t a i l i n g s s o l i d s . 
(2) Variances may be allowed during per iods of excess runof f . 
(3) Bioassay on salmonid spec ies . 
(4) Natural background concentrat ion w i l l be assessed. 
(5) Ana lys is fo r Total Elements in t a i l i n g s may be required p r i o r to 

and during operations and the D i r e c t o r would give cons iderat ion to 
t h i s information when i ssu ing a permit . 

(6) To apply to operations where the ob jec t ive i s not the mining of 
rad ioact ive ores . 



S l i d e No. 3/Table V 

OBJECTIVES FOR THE DISCHARGE OF FINAL EFFLUENTS 
TO MARINE AND FRESH WATERS 

"Old" 
Parameter Range Level A 

(mg/L d i sso lved in e f f l u e n t unless 
otherwise stated) (5) 

Total suspended s o l i d s (1) (2) 25 75 50 
Tota l d i sso lved s o l i d s 2,500 5,000 <2,500 
T o x i c i t y (96 hr LC 50 s t a t i c bioassay) (3) 100% 80% 100% 
pH (pH Units) 6 .5-8.5 6.5-10 6.5-8.5 
R a d i o a c t i v i t y : (6) 

Gross Alpha pCi/L 10 100 
R a d i u m 2 " pCi/L (d isso lved in e f f l u e n t 

passing through a 3 ym f i l t e r ) less than 10 

S p e c i f i c elements and compounds: 
Aluminum (Al) 0.5 1.0 0.5 
Ammonia (as N) 1.0 10.0 0.5 
Antimony (Sb) 0.25 1.0 0.25 
Arsenic (as t r i va lent As) 0.05 0.25 
Arsenic ( tota l d isso lved) 0.10 1.0 0.05 
Cadmium (Cd) 0.01 0.1 0.005 
Chromium (Cr) 0.05 0.3 0.05 
Cobal t (Co) 0.5 1.0 0.10 
Copper (Cu) 0.05 0.3 0.05 
Cyanide (as CN) 0.1 0.5 0.10 
F l u o r i d e (F) 2.5 10.0 2.50 
Iron (Fe) 0.3 1.0 0.30 
Lead (Pb) 0.05 0.2 0.05 
Manganese (Mn) 0.1 1.0 0.05 
Mercury (Total) (Hg) (4) Ni l 0.005 0.001 
Molybdenum (Mo) 0.5 5.0 0.5 
Nickel (Ni) 0.2 1.0 0.3 
N i t r i t e / N i t r a t e (as N) 10.0 25.0 10.0 
Phosphate (Total P b i o l o g i c a l l y 

a v a i l a b l e in e f f l u e n t ) 2.0 10.0 2.0 
Selenium (Se) 0.05 0.5 0.05 
S i l v e r (Ag) 0.05 0.5 0.10 
Uranyl (U0 2) 2.0 5.0 2.0 
Zinc (Zn) 0.2 1.0 0.5 
Oi l and Grease (Total) 10.0 15.0 15.0 

(1) Not app l i cab le to approved d i r e c t discharge of t a i l i n g s s o l i d s . 
(2) Variances may be allowed during periods of excess runof f . 
(3) Bioassay on salmonid spec ies . 
(4) Natural background concentrat ion w i l l be assessed. 
(5) Ana lys is fo r Total Elements in t a i l i n g s may be required p r i o r to 

and during operations and the D i r e c t o r would give cons iderat ion to 
t h i s information when i s su ing a permit . 

(6) To apply to operations where the o b j e c t i v e i s not the mining of 
rad ioac t ive ores . 
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(Cu, Mo, Cd, Cr , Co, Fe, Pb, Mn, N i , Zn and As) and is a lso 

monitored by bioassay t e s t s ; 

- the rece iv ing marine environment i s monitored comprehensively 

fo r bottom sediment d i s t r i b u t i o n , suspended sediment d i s t r i b u ­

t i o n , and water monitoring for pH, temperature, d i sso lved 

oxygen, t u r b i d i t y , suspended s o l i d s , a l k a l i n i t y , s a l i n i t y , and 

d i sso lved metals (Cu, Mo, Mn, As and Hg); 

- the rece iv ing marine environment i s monitored comprehensively 

with both p lant and animal b i o l o g i c a l monitoring required; 

- the surface runoff water ( inc lud ing p i t water) i s comprehensive­

ly monitored for pH, temperature, suspended s o l i a s , d i sso lved 

s o l i d s , t u r b i d i t y , a l k a l i n i t y , co lour , hardness, d i sso lved 

oxygen, sulphates, n i t r a t e s , and d isso lved and tota l metals (Fe, 

Cd, Cu, Co, Cr , Mo, Pb, Zn, Ni and Mn). 

Cominco S u l l i v a n Mine i s an example of a base metal underground 

mine and concentrator with discharge of t a i l i n g s s l u r r y to 

t a i l i n g s ponds, and with c o l l e c t i o n and treatment of the overflow 

from the t a i l i n g s ponds, minewater, and surface runoff before d i s ­

charging the treated e f f l u e n t to a stream. The regular monitoring 

required by Permit i s as fo l lows: 

- the wastewater treatment p lant discharge i s monitored for f low, 

pH, suspended s o l i d s , t u r b i d i t y , to ta l phosphate, ammonia (N), 

d isso lved f l u o r i d e , o i l and grease, and both tota l and d i sso lved 

metals (Fe, Pb, Zn, As) and tota l Cu, Cd, Mn, and CN; 

- the rece iv ing water (St . Marys River) i s monitored chemical ly 

and b i o l o g i c a l l y both upstream and downstream of the treatment 

p l a n t . 
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4. G i b r a l t e r Mines L t d . i s an example o f a base metal open p i t mine 

and concentrator with discharge o f t a i l i n g s s l u r r y to a t a i l i n g s 

pond, with recyc le o f pond supernatant t o operat ions , and with 

c o l l e c t i o n and treatment of seepage and surface runof f . The 

regular monitoring required by Permit i s as fo l lows: 

- the flows of t a i l i n g s s l u r r y , of t a i l i n g s pond supernatant, o f 

seepage pond supernatant recycled and discharged to Cuisson 

Creek, and of Cuisson Creek are measured; 

- the seepage pond supernatant and the rece iv ing water (Cuisson 

Creek) are monitored for pH, suspended s o l i d s , d i sso lved metals 

(Cu, Mo, F e ) , SO4 , and tota l CN. A bioassay i s required on the 

supernatant p r i o r to i t s discharge to Cuisson Creek. 

5. Fording Coal L t d . i s an example of an open p i t coal mine and 

c leaning p lant with discharge of t a i l i n g s s l u r r y to a t a i l i n g s 

pond, with recyc le of pond supernatant to operat ions , and with 

c o l l e c t i o n and treatment of contaminated surface runoff inc lud ing 

p i t water. The regular monitoring required by Permit i s as 

fol1ows: 

- the t a i l i n g s s l u r r y and t a i l i n g s pond supernatant are monitored 

for f low, pH, suspended s o l i d s , and tota l s o l i d s ; 

- the decants from the surface runoff s e t t l i n g ponds and pitwater 

are monitored for f low, pH, suspended s o l i d s , to ta l s o l i d s , and 

o i l and grease; 

- the rece iv ing water (Fording River) i s monitored upstream and 

downstream fo r pH, suspended s o l i d s , to ta l s o l i d s , S O 4 " , 

a c i d i t y , a l k a l i n i t y , t u r b i d i t y , organic carbon, o i l and grease, 

n i t r i t e s / n i t r a t e s , and d i sso lved Fe and Mn. 
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A comparison of monitoring in the preceding examples shows that the 

rec iev ing e f f l u e n t environment around base metal mines i s normally 

monitored for pH, suspended s o l i d s , d isso lved metals (normally present 

in the o r e ) , and tota l CN (when used); when the t a i l i n g s s l u r r y i s d i s ­

charged at depth to a lake or ocean more extensive metal monitoring and 

b iota monitoring are requ i red . The rece iv ing e f f l u e n t environment 

around coal mines i s normally monitored for pH, suspended s o l i d s , 

n i t r a t e s , and c e r t a i n other parameters (which normally need to be 

monitored for a short time and then d iscont inued) . In summary, the 

required water monitoring in the rece iv ing environment around B.C. 

mines i s normally l ess when t a i l i n g s supernatant i s t o t a l l y recyc led to 

operations or when t a i l i n g s supernatant, surface runoff , e t c . i s 

t r e a t e d . 

In conc lus ion , I would l i k e to mention two items of i n t e r e s t which are 

ongoing at the present time. The f i r s t item i s a cooperat ive 

industry-government study on the decomposition products of ANFO ex­

p l o s i v e s , which I be l ieve w i l l complement s i m i l a r studies being c a r r i e d 

out separately by some of the mining companies in B r i t i s h Columbia. 

The industry-government study p a r t i c u l a r l y r e l a t e s to N H 3 , n i t r i t e s , 

and n i t r a t e s and i s being done by Fording Coal L t d . , the Water 

Invest igat ions Branch, the Waste Management Branch, and the Regional 

Operations D i v i s i o n (the l a t t e r three being in the M i n i s t r y of Environ­

ment) and i s being c a r r i e d out at the Fording Coal M ines i te . 

Interim r e s u l t s would ind icate that f a i r l y s i g n i f i c a n t amounts of 

n i t r a t e s appear to be produced and are to be found in c e r t a i n runoff 

streams. I would l i k e to advise that the Water Invest igat ions Branch 

intends to expand t h i s study to include a review of e x i s t i n g water 

q u a l i t y information around mining areas and to determine the amount of 

explos ives that B.C. Mining Companies used in 1979. 

The second item that I wish to mention i s the ongoing preparat ion of 

"Guidel ines for the Design and Operation of S e t t l i n g Ponds Used in 

Mining Areas" which should be useful for both operating and developing 
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mines in c o n t r o l l i n g the leve l of suspended s o l i d s in the surface run­

o f f streams. I have prepared the f i r s t d r a f t g u i d e l i n e s , have c i r ­

cu lated them to var ious Agencies, Consul tants , e t c . , and am now 

s t a r t i n g to prepare the f i n a l Guidel ines for the D i r e c t o r ' s cons idera­

t i o n and approval . I hope that they w i l l be published in the reasonab­

ly near f u t u r e . 
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DISCUSSION RELATED TO H. HOWIE'S PAPER 

C. Guarnaschel l i - Hardy Assoc iates L t d . : I think you mentioned the 

a s s i m i l a t i v e capaci ty of your system. I'm thinking of your f i e l d 

techniques that are represented by a range of values based on 

a s s i m i l a t i v e capac i ty . I have two questions on that: 1) Because 

I 've been involved in past years inthe study of a s s i m i l a t i v e 

capac i ty , have you defined any terms l i k e "oxygen volume", "BOD", 

and things l i k e that; and 2) i f I as a consultant have my company 

ask me to def ine " a s s i m i l a t i v e capacity system", would your de­

partment in the p rov inc ia l government be able to assess my 

presentat ion , within reason, on a s i t e - s p e c i f i c basis? 

Answer: I think the answers to your questions are "yes", p a r t i c u l a r l y 

so with respect to your second quest ion. Yes, we would, and we do 

do such th ings . And that i s normal now. I t ' s now a s i t e - s p e c i f i c 

and assessment type business. 
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WASTE DUMP DEVELOPMENT AT KAISER RESOURCES LTD. 

INTRODUCTION 

The development of waste dumps has continued at Kaiser Resources L t d . ' s 

coal mining operation in southeastern B r i t i s h Columbia s ince 1967. The 

design and locat ion of waste dumps are important c r i t e r i a in the 

development of e f f i c i e n t mine and reclamation p lans . With increased 

mining a c t i v i t y in the whole region and more complicated and diverse 

mining ventures being planned, a mining scheme which considers the 

impact of the mine on a l l aspects of the environment and also incorpor­

ates a reclamation schedule i s becoming increas ing ly important. Such 

an assessment i s underway on a proposed mine in the G r e e n h i l l s area 

approximately 22 miles (35 km) north of Sparwood. 

The present mine i s located on Harmer Ridge approximately 3 mi les 

(5 km) east of Sparwood. The Harmer mine i s s i tuated on the north­

eastern rim of the Crows Nest Coal Bas in , a large topographical feature 

30 miles (48 km) long and 12 miles (19 km) wide. In th i s area there 

are 12 mineable seams with in a 2,500 foot (760 m) s t r a t i g r a p h i c 

sequence. The coal seams vary from 5 f e e t (1.5 m) to 50 f e e t (15 m) in 

thickness and occur at e levat ions of between 3,500 feet (1070 m) and 

7,500 f e e t (2290 m). 

The rock uni ts which comprise the overburden c o n s i s t mainly of sand­

stones and s i l t s t o n e s with some mudstones, carbonaceous shales , and 

conglomerates. The coal proposed for mining i s mainly medium-volat i le 

bituminous coal with some h i g h - v o l a t i l e bituminous seams in the upper 

s t r a t i g r a p h y . A l l seams are low in sulphur content. 

The mining method used to produce the bulk of the coal i s shovel-truck 

mining, operat ing 15 and 25 cubic yard shovels and end-dump trucks 

ranging from 100 ton to 350 ton capac i ty . The large volumes involved 

in the operat ion , there fore , produce large dumps which grow to designed 
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s ize very q u i c k l y . The steep topography and high e levat ion of the mine 

s i t e demands a dump design that ensures s t a b i l i t y , concomitant with 

carefu l construct ion to ensure sa fety . It must a lso show a commitment 

to land reclamation and the avoidance of environmental damage. 

DUMP DESIGN 

The f i r s t stage of dump design involves s e l e c t i n g a dump s i t e . In the 

mountainous t e r r a i n of the Elk and Fording River Val ley areas, t h i s 

genera l ly necess i tates dumping s t r a t i g r a p h i c a l l y below the footwall of 

the lowest coal seam being mined. Where the coal seams are d ipp ing , a 

wrap-around dump conf igurat ion i s used on the slopes below the foot-

w a l l . In areas where the seams are genera l ly f l a t or s l i g h t l y 

sync l ina l and where several seams are to be mined, material i s hauled 

downhill to reach the footwall of the lowest seam. Fol lowing the 

general s i t e s e l e c t i o n , the dump i s designed based on the fo l lowing 

parameters: s t a b i l i t y , economics, and environmental impact. 

STABILITY 

The importance of dump s t a b i l i t y i s obvious. The potent ia l costs i n ­

volved with a f a i l u r e become so large that , in a l l cases, a consul tant 

i s reta ined to study the dump proposals in order to ensure that the 

p r o b a b i l i t y of a s l i d e i s remote. Consultants examine the proposals on 

the bas is of dump m a t e r i a l , s i z e of the dump, topographic surface 

covered by the dump, consistency of the foundation, and re levant hydro-

l o g i c a l parameters. 

The b l a s t i n g of competent sediments p r i o r to loading and end-dumping by 

large equipment produces a somewhat coarse dump which undergoes some 

natural segregation during actual dumping. The toe area of the dump i s 

coarser than the upper s lope, thus preventing a b u i l d up of pore pres­

sures that could cause dump i n s t a b i l i t y . The foundation of a proposed 
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dump i s a lso tested for poss ib le i n s t a b i l i t y ; areas with known poten­

t i a l hydrologica l problems are avoided. 

ECONOMICS 

Another cons iderat ion in designing a dump i s to make i t s construct ion 

as economical as p o s s i b l e . Shortening the haul lengths to reduce 

haulage and dumping costs are prime o b j e c t i v e s . The amount of material 

to be rehandled during reclamation of a completed dump i s also fo re­

c a s t . 

ENVIRONMENTAL IMPACT 

Environmental cons iderat ions are i n t e r r e l a t e d with the s t a b i l i t y and 

economic parameters of dump design. Stream va l leys and heavi ly wooded 

areas are avoided because of the poss ib le i n s t a b i l i t y created by wet, 

weak foundations. In a d d i t i o n , major a l t e r a t i o n s of stream va l leys 

caused by dumping could r e s u l t in other potent ia l environmental 

problems. For example, the s i l t a t i o n of streams by drainage from a 

dump slope must be avoided due to potent ia l f i s h e r i e s damage and the 

detrimental e f f e c t s on water q u a l i t y . The aesthet ic impact of a large 

dump in an exposed area i s a lso a governing factor in dump design and 

dump s i t e s e l e c t i o n . 

When a l l the factors have been weighed and recommendations from the 

geotechnical and environmental studies have been implemented, the f i n a l 

dump design can be incorporated into the mine plan and a p p l i c a t i o n can 

be made for the appopriate Mine permit. The next step i s dump con­

s t r u c t i o n . 
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DUMP CONSTRUCTION 

Dump construct ion involves several procedures which are c l o s e l y 

monitored to avoid problems during and a f t e r c o n s t r u c t i o n . 

The f i r s t step i s s i t e preparat ion , t h i s could involve prelogging or 

brushing, trenching to avoid s i l t a t i o n , or berming of the toe area to 

prevent large mater ia ls from advancing too far down the s lope . On 

Harmer Ridge, most of the major wrap-around dumps have been prelogged 

and the merchantable timber removed. The smaller Baldy Ridge mine has 

been brushed o f f as only small stands of lodgepole pine covered the 

dump area. Runoff from these areas i s c o n t r o l l e d by two large dams 

which r e t a i n the f ines washed from the dumps. Since the dumps are con­

st ructed above eastward and northward f lowing drainages, the runoff 

from the mine s i t e can be t reated quite e f f e c t i v e l y at the dam loca­

t ions before leaving the mine property. 

When s i t e preparat ion has been completed and dumping has begun, i t i s 

important that common sense should prevai l to ensure safe const ruct ion 

of the dump. Very f i n e mater ia ls which tend to s l i d e and become un­

s tab le under load or saturat ion should be dumped along the outs ide 

r idge of the developing dump, or preferab ly in an a l t e r n a t i v e locat ion 

where heavy t r a f f i c or any other cause fo r potent ia l f a i l u r e cannot 

jeopard ize the dump. Whenever p o s s i b l e , dumps should not be con­

st ructed on areas covered by deep snow. The dump should also be 

monitored to detect abnormal movement, for dumps tends to s e t t l e , par­

t i c u l a r l y on t h e i r outs ide edge. Th is deformation should be c a r e f u l l y 

examined for t e l l t a l e signs of a poss ib le f a i l u r e . At Harmer Ridge, 

dump movement i s minimal. The reasons for t h i s are that because of the 

amount of equipment in operat ion m u l t i p l e bench mining i s necessary and 

two or more dumps are being constructed s imultaneously. The lower dump 

tends to load the toe of the upper dump and thus s t a b i l i z e s any 

s e t t l i n g tendency. A l s o , to provide for future mine developments on 

the r idge and the necess i ty to maintain eastward f lowing drainages, 

narrow dumps were designed for t h i s area. Narrow dumps tend to advance 

quick ly and s e t t l e minimal ly . 
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As the dump nears completion, several modi f icat ions can be incorporated 

in the des ign. The f i r s t step, u s u a l l y , i s to free dump the whole area 

back to the p i t l i m i t . Th is re leases dump maintenance equipment for 

use elsewhere and progress ive ly shortens the haul length . When the p i t 

l i m i t i s reached, the dumping i s resumed in the i n i t i a l development 

d i r e c t i o n , but i n c l i n e d upwards at an angle of 2% to 6%. The usual 

grade i s 4% which, from an economic standpoint , provides the most s u i t ­

able compromise between gain in dump e levat ion and the loss of truck 

performance. This f i n a l dump development i s watched c l o s e l y so that as 

much material as poss ib le can be dumped over as short a d istance as 

poss ib le without jeopard iz ing the dump design. 

When t h i s step i s completed the wrap-around dump i s ready for re-

s l o p i n g . The general dimensions of the dump l i f t s (without the f i n a l 

ramping) are 100 to 140 f e e t wide every 50 f e e t of e l e v a t i o n . Instead 

of the major dumps being designed in a wrap-around c o n f i g u r a t i o n , 

mining s i t u a t i o n s sometimes al low for construct ion of dumps onto the 

exposed f o o t w a l l . This can occur where the footwall i s l ess than 25°, 

but preferably l ess than 15° in d i p . General ly such s i t u a t i o n s are 

l i m i t e d by a lack of dump room, so the dumps are usual ly constructed 

with upward grades of 4% and with e f f i c i e n t use of a l l a v a i l a b l e room. 

The dumps are t y p i c a l l y narrow (100 f e e t ) , except in very low-dip and 

sync l ina l s i t u a t i o n s where a wider p r o f i l e i s p o s s i b l e . The con­

structed dumps are then ready to be rec la imed. 

DUMP RECLAMATION 

Dump reclamation usual ly occurs a f t e r a short period but may be up to 5 

years a f t e r completion. The f i n a l dump slope of 34°-36° s t i l l con­

t inues to s e t t l e during t h i s dormant per iod , even with one or two l i f t s 

below i t , and produces a p r o f i l e of smaller benches which fur ther a id 

the res lop ing task. There are two general conf igurat ions which r e s u l t 

from res lop ing of the dumps. The f i r s t cond i t ion e x i s t s where the 

end-dumping has produced a long high s lope. The angle of repose of the 
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material (34°-36°) i s reduced to 30° which i s punctuated every 200 f e e t 

in e levat ion by a 20 foot hor izonta l berm. This r e s u l t s in an overa l l 

slope of 2 8 . 7 ° . In the areas where a 100 to 140 f o o t wide dump occurs 

every 50 f e e t , the slope between berms i s reduced to 22.5° and berms of 

approximately 90 f e e t are l e f t . Th is produces an o v e r a l l slope of 

about 14°. 

Depending on the type of mater ia l being dumped and on whether a 30° 

slope or a 22.5° slope i s being created, D9 dozers are used to push 

mater ia l perpendicular to the proposed contour of the s lope. This 

works i d e a l l y where the slope i s being reduced to 2 2 . 5 ° ; but where 

steeper slopes are requ i red , the dozers have d i f f i c u l t y backing d i r e c t ­

l y up s lope. In t h i s case, they turn and push p a r a l l e l to the des ired 

contour, which r e s u l t s in a steeper slope made up of many small 

benches. The benches re ta in moisture important to seed germination and 

p lant growth. This growth spreads as the terraces slough o f f . I t i s 

important to provide f o r surface drainage when r e s l o p i n g . Features 

such as t e r r a c e s , catchment d i t c h e s , and a r o l l i n g topography a l l 

prevent rap id runoff and re ta in water fo r short per iods which promotes 

the development of good ground cover . 

During the summer of 1979, high s i n g l e - l i f t dumps constructed in 

1969-70 were resloped in preparat ion for f a l l seeding. The l a r g e s t 

dump, on S i x - M i l e Creek, required the handling of approximately 

4,000,000 y d 3 o f material back to a slope of 28° . The material was a 

combination of b lasted rock and c l a y - r i c h overburden. The mater ia l 

could only be resloped to approximately 22° by d i r e c t downhill dozing, 

due to the so f t nature of the m a t e r i a l . Therefore, a f t e r the steepest 

grade had been at ta ined by down-dip pushing, the dozers terraced the 

dump to a 28° overa l l s lope by dozing p a r a l l e l to the contour. The 

program in t h i s creek v a l l e y progressed s a t i s f a c t o r i l y and demonstrated 

how the coarse material has accumulated at the toe of the dump. I t 

a l so ind icated the need for several major cross-berms in add i t ion to 

the general ter race e f f e c t . These berms aided in seeding and harrow­

i n g . 
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Another dump that was resloped was s i tuated in a steep sect ion of 

Sawmill Creek, where the slope could not be reduced to less than 34° 

over most of the area. The dump was i n i t i a l l y constructed over sand­

stone b l u f f s that formed a 34° face . As the face could not be cut back 

to create the proper angle and there was not enough material in the 

upper regions of the dump, terraces which could accommodate a small D7 

dozer were constructed. A f t e r a terrace was completed, i t was neces­

sary to undercut part of i t to provide enough material to construct the 

next bench. The r e s u l t was a terraced sect ion of stream v a l l e y s loping 

34° at the top, down to approximately 28° at the toe. The te r rac ing 

should prevent rapid runoff on the s lope. 

CONCLUSIONS 

The examples of S i x - M i l e Creek and Sawmill Creek i l l u s t r a t e the 

planning of dump development and the p o t e n t i a l l y high cost of dump 

rec lamat ion. S i t e s e l e c t i o n and design of construct ion are two im­

portant dec is ions made in the l i f e of a p r o j e c t , which are modif ied 

only s l i g h t l y during c o n s t r u c t i o n . The costs of const ruct ing the 

i n i t i a l dump must be weighed against the costs of poss ib le extensive 

res lop ing in order to ensure successful dump rec lamat ion. 

These cons iderat ions , along with sound design and c o n s t r u c t i o n , w i l l 

s imp l i fy the task of reclamation - the f i n a l stage of waste dump 

development. 
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DISCUSSION RELATED TO R. BERDUSCO'S PAPER 

The questions and answers are combined with those per ta in ing to 

C. P e l l e t i e r and D. Lane's papers. They are presented fo l lowing 

D. Lane* s paper. 
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ENVIRONMENTAL AND ENGINEERING CONSIDERATIONS FOR WASTE DUMP DESIGNS AT 

THE FORDING RIVER OPERATION 

INTRODUCTION 

F o r d i n g Coa l L i m i t e d o p e r a t e s the F o r d i n g R i v e r c o a l mine l o c a t e d i n 

s o u t h e a s t e r n B r i t i s h C o l u m b i a . The m i n e s i t e , as shown on F i g u r e 1, i s 

w i t h i n t he med i a l r ange o f t he s o u t h e r n Canad i an Rocky Moun t a i n s 

a p p r o x i m a t e l y 84 m i l e s (136 km) n o r t h o f t he U n i t e d S t a t e s 

i n t e r n a t i o n a l b o r d e r and 6 t o 11 m i l e s ( 9 . 8 t o 17 . 5 km) wes t o f the 

B r i t i s h C o l u m b i a / A l b e r t a p r o v i n c i a l b o r d e r . 

The F o r d i n g R i v e r O p e r a t i o n s p roduce an ave r age o f t h r e e m i l l i o n t on s 

o f c l e a n e d m e t a l l u r g i c a l c o a l pe r annum, p r i m a r i l y f o r e x p o r t t o 

J a p a n . M i n i n g o p e r a t i o n s commenced i n 1972 and a r e c a r r i e d ou t on a 

b a s i s o f t h r e e e i g h t - h o u r s h i f t s , seven days pe r week. The o p e r a t i o n s 

employ bo th t r u c k / s h o v e l and d r a g l i n e m i n i n g t e c h n i q u e s i n m u l t i p l e 

seam p i t s . S h o v e l s a r e i n the 12 c u b i c met re range w i t h t r u c k s i n the 

1 20 - t o n t o 170 - t on s i z e . The d r a g l i n e i s i n t h e 60 c u b i c me t re r a n g e . 

T o t a l m a t e r i a l moved a n n u a l l y i s a p p r o x i m a t e l y 20 m i l l i o n bank c u b i c 

me t r e s o f was te and 4 m i l l i o n t on s o f raw c o a l . 

DESCRIPTION OF MINE AREA 

F o r d i n g 1 s o p e r a t i o n l i e s w i t h i n t he c o n t i n e n t a l t empe ra t e c l i m a t i c 

z one . Annua l p r e c i p i t a t i o n a v e r a ge s 85 cm, o f wh i ch h a l f o c c u r s d u r i n g 

t h e g r ow i ng s e a s o n . Tempe ra tu r e ex t r emes range f rom -40°C i n w i n t e r , 

t o +35°C i n summer. T a b l e 1 g i v e s t h e ave rage c l i m a t i c d a t a r e c o r d e d 

a t t he F o r d i n g R i v e r m i n e s i t e f rom 1973 t o 1977 . 

The a r e a i s d e s c r i b e d as t h e Englemann s p r u c e - s u b a l p i n e f i r z o n e , 

w i t h m i n i n g o p e r a t i o n s o c c u r r i n g f rom 1600 t o 2500 me t r e s above sea 

l e v e l . V e g e t a t i o n c o v e r on t he v a l l e y bo t tom and l owe r s l o p e s i s 
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F igure 1 

FORDING RIVER MINESITE LOCATION MAP 
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Table 1 

FORDING RIVER MINESITE - AVERAGE CLIMATIC DATA, 1973 TO 1977 

Mean Annual Temperature 14°C 

Mean Monthly Temperature 

January -8.0°C 

J u l y 13.4°C 

Months Above 10°C* 3 

Months Below 0°C* 6 

Months Above 4°C* 5 

F r o s t Free Days 30 to 40 

Annual P r e c i p i t a t i o n 737 mm 

Annual Snowfall 386 cm 

Wettest Season Winter 

D r i e s t Season Summer 

*Based on 1973, 1974 and 1975 data . 



mainly f o r e s t , in which the dominant coniferous species are Englemann 

spruce, lodgepole p ine, and minor amounts of subalpine f i r and Douglas 

f i r . 

Occas iona l ly stands of a lp ine la rch occur on north slopes at e levat ions 

of 1800 metres or greater , and stands of whitebark pine mixed with 

grass-shrub communities occur on south and west aspects . 

The Canada Land Inventory has c l a s s i f i e d the Upper Fording River area 

into i t s major resource c a p a b i l i t i e s . The r i v e r v a l l e y and lower 

mountain slopes have been c lassed as moderate big game range and 

moderate y i e l d f o r e s t . As moderate big game range, t h i s area has some 

l i m i t a t i o n s for the production of ungulates, but i s important for year 

round or seasonal use. Moderate y i e l d f o r e s t has a p r o d u c t i v i t y that 

ranges from 3.6 nrfyha/yr to 4 .9 nrfyha/yr, making i t des i rab le for 

harvest ing , e s p e c i a l l y in v a l l e y bottoms. This area i s a lso valuable 

f o r recreat ion pursu i ts such as hunt ing, f i s h i n g and h i k i n g . 

The mid-si ope to mountain peak area has been c lassed as moderate big 

game range, prime big game range, l i m i t e d y i e l d f o r e s t and h ighland. 

The prime big game range occurs on the southerly slopes of Eagle , 

Cast le and Turnbull mountains. The l i m i t e d y i e l d f o r e s t has a produc­

t i v i t y ranging from 2.2 to 3.5 nrfyha/yr, making i t undesirable for 

harvest ing. The highland c l a s s i s high e levat ion land with capa­

b i l i t i e s for both big game range and extensive recreat ion such as 

hik ing and r i d i n g , mountain c l imb ing , w i l d l i f e viewing and hunt ing. 

GEOLOGY AND NINE LAYOUT 

M e t a l l u r g i c a l and thermal coal seams occur in the lower 600 metres of 

the 1300 metre Kootenay formation on both s ides of the Fording River 

v a l l e y . F igures 2 and 3 show the e x i s t i n g mine layout and geologica l 

s e c t i o n s , r e s p e c t i v e l y . The major s t ruc tura l features are two sub-

p a r a l l e l sync l ines ; one on each s ide of the v a l l e y running north-south, 

and a regional f a u l t along the west s ide of the Fording R i v e r . 
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T r u c k - s h o v e l o p e r a t i o n s e x i s t on the e a s t e r n s i d e o f t he v a l l e y . D r a g -

1 i n e m i n i n g w i t h t r u c k - s h o v e l p r e s t r i p e x i s t s on the we s t e r n s i d e . 

Bo th o p e r a t i o n s c r e a t e ma s s i v e q u a n t i t i e s o f waste wh i ch w i l l r e q u i r e 

e x t e n s i v e s i t e p r e p a r a t i o n f o r r e c l a m a t i o n p u r p o s e s . M i n i n g o p e r a t i o n s 

a l s o i n t e r c e p t numerous s e c onda r y d r a i n a g e p a t t e r n s l e a d i n g to the 

F o r d i n g R i v e r . 

WASTE DUMP DESIGN - GENERAL CONSIDERATIONS 

M u l t i - s e a m c o a l m i n i n g i n mounta inous t e r r a i n c r e a t e s more was te vo lume 

per u n i t o f s u r f a c e a r ea t han s i n g l e seam o p e r a t i o n s . The na r row and 

s t e ep F o r d i n g R i v e r v a l l e y and the l a t e r a l and v e r t i c a l e x t e n t o f the 

c o a l f o r m a t i o n s i n the a r e a , bo t h c r e a t e p rob l ems i n f i t t i n g 1 a r ge 

s p o i l vo lumes i n t o the a v a i l a b l e n o n - r e s o u r c e a r e a s . These two f a c t o r s 

make s p o i l dump d e s i g n s one o f t h e more c r i t i c a l components o f mine 

p i a n n i n g . 

The ma j o r f a c t o r s t h a t must be c o n s i d e r e d i n was te dump d e s i g n a r e : 

l o c a t i o n and e x t e n t o f c o a l r e s e r v e s i n t h e dump a r e a , volume o f s p o i l 

t o be accommodated, hau l age d i s t a n c e s , s t a b i l i t y o f s p o i l , h y d r o l o g y 

and d r a i n a g e o f t h e dump a r e a , p r o x i m i t y t o t h e F o r d i n g R i v e r f l o o d 

p l a i n , and the r e s l o p i n g r e q u i r e m e n t s t o p e r m i t adequa te r e c l a m a t i o n . 

A l l economic open p i t c o a l r e s e r v e s must be r e c o v e r e d p r i o r to c o v e r age 

by was te m a t e r i a l , and s p o i l vo lume must be max im i z ed because o f t he 

1 i i n i t e d s u r f a c e a r e a a v a i 1 ab l e f o r was te dumps a t t he F o r d i n g Ri v e r 

o p e r a t i o n s . Haul d i s t a n c e s must be o p t i m i z e d w i t h c o n s i d e r a t i o n b e i n g 

g i v e n to bo t h the v e r t i c a l and h o r i z o n t a l components o f t he r o u t e . 

S t a b i l i t y o f t he s p o i l must be a s s u r e d by g i v i n g c o n s i d e r a t i o n to bo th 

the s u r f a c e m a t e r i a l s on t h e n a t u r a l t opog raphy and t h e s p o i l m a t e r i a l 

i t s e l f . The s p o i l a r ea h y d r o l o g y must be i n v e s t i g a t e d to e n s u r e t h a t 

s p o i l s t a b i l i t y i s no t a d v e r s e l y a f f e c t e d by s u b s u r f a c e o r s u r f a c e 

d r a i n a g e . D r a i n a g e sys tems must be e s t a b l i s h e d above , be low and 
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through the spoi l to ensure that water q u a l i t y can be maintained at an 

acceptable l e v e l . A l l waste dumps at the minesite are planned above 

the 1,000-year f lood level and away from the "meander be l t " of the 

Fording R iver . And, f i n a l l y , adequate room must be l e f t at the base of 

the spoi l to ensure that i t can be resloped to 26° . 

CASE STUDY - "C" SPOIL EXPANSION IN THE SOUTH GREENHILLS 

Fording Coal proposes to extend the "C" spoi l waste dump located at the 

southern end of the G r e e n h i l l s mining zone (F igure 4 ) . This waste dump 

i s being expanded to accommodate future s p o i l i n g from the G r e e n h i l l s 

Truck/Shovel 1 and 2 p i t s . 

The proposed spoi l area i s located on the west s ide of the Fording 

River v a l l e y on a moderate to gently s loping east fac ing s lope. Most 

of the area has been disturbed by logging a c t i v i t i e s in the past . The 

remaining forested sect ion cons i s t s of over-mature Englemann spruce 

mixed with subalpine f i r and lodgepole p ine. Swift Creek, a major 

drainage bas in , w i l l be a f fected by the spoi l as well as a number of 

ephemeral streams on the east fac ing slope (F igure 5 ) . 

GREENHILLS SPOILING - GENERAL INFORMATION 

The truck/shovel dumps in the G r e e n h i l l s area have been developed on 

gently s lop ing ground above the west s ide of the Fording R iver . The 

maximum slope on the natural ground surface within the spoi l foundation 

area i s approximately 17°. With the exception of p e a t - f i l l e d areas, 

the foundation material i s g l a c i a l t i l l mantled by a th in veneer of 

t o p s o i l . The t i l l i s dense and r e l a t i v e l y incompressible and exh ib i t s 

high shear strength making i t capable of providing adequate foundation 

support for waste dumps. Peat and organic s o i l deposits occur in 

i s o l a t e d depressions in the upper surface of the g l a c i a l t i l l . Th ick­

ness of these deposits can extend to a depth of 6 metres. 
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Figure 4 

"C" SPOIL WASTE DUMP - GREENHILLS MINING ZONE 



Figure 5 

LOCATION OF SWIFT CREEK IN THE GREENHILLS MINING ZONE 



S t a b i l i t y o f the G r e e n h i l l s waste dumps i s governed by the shearing 

res is tance o f the near surface foundation s o i l s on which the dump i s 

constructed , the shear strength of the mater ia l s comprising the dump 

i t s e l f , and by water pressures within the spo i l p i l e . Observations at 

o lder spo i l areas along the G r e e n h i l l s dragl ine waste p i l e s show that 

when the toe of a waste dump advances onto peat depos i t s , the organic 

s o i l s undergo large hor izonta l displacements r e s u l t i n g in f a i l u r e and 

slumping at the toe. To guard against fur ther f a i l u r e s , the organic 

deposi ts have been e n c i r c l e d by the dump or have been removed. This 

prevents the organic deposit from spreading beyond i t s boundaries, 

because the waste rock zone around i t s perimeter serves as a conf in ing 

dyke for the material placed over i t . 

Disposal of waste material over the advancing face of the waste p i l e 

w i l l produce segregation of the waste rock. The l a r g e s t and most 

durable fragments of waste rock come to r e s t at the base of the s p o i l . 

Th is coarse rock zone at the base of the spo i l w i l l preclude the 

development of pore pressures within the spo i l p i l e . 

"C" SPOIL WASTE DUMP DESIGN 

The proposed waste dump extension w i l l cover an area of approximately 

80 hectares and accommodate a spo i l volume of approximately 

40,500,000 cubic metres. No mineable coal reserves occur in the spoi l 

area as i t l i e s s t r a t i g r a p h i c a l l y below the basal sandstone of the coal 

bearing sequence. 

The remaining fores t cover and any s u r f i c i a l mater ia ls which a f f e c t the 

s t a b i l i t y of the dump w i l l be removed from the spo i l area p r i o r to 

c o n s t r u c t i o n . Two deposits conta in ing peat have been i d e n t i f i e d and 

are present ly being removed (F igure 5 ) . The l a r g e s t of these peat 

deposits i s located near the outside edge of the spoi l in the v i c i n i t y 

of the Fording River where the occurrence of a spo i l f a i l u r e could have 

severe e f f e c t s on the r i v e r . This deposi t contained 90000 LCY of 
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peat. The other , much smaller depos i t , i s located adjacent to Swift 

Creek where a spoi l f a i l u r e could have long-term e f f e c t s on the water 

q u a l i t y of the stream. 

In the i n i t i a l development of the s p o i l , a ramp w i l l be constructed 

across the Swift Creek drainage basin to access the spoi l area south of 

the creek (Figure 6 ) . In the f i n a l stages of development, the spoi l 

w i l l completely cover the lower port ion of the Swift Creek channel 

immediately above i t s o u t l e t to the Fording R iver . 

DRAINAGE 

There are three a l t e r n a t i v e s being considered to deal with the Swift 

Creek drainage. The f i r s t , i s to d i v e r t the e n t i r e flow of Swift Creek 

around the spoi l area and discharge i t into the next drainage system to 

the south. D ivers ion d i tches have been used extens ive ly at the Fording 

River mines i te , and experience has shown that these s t ructures are 

c o s t l y to construct and mainta in . D ivers ion d i tches represent only a 

short-term so lut ion to the drainage problem due to the regular main­

tenance requirement and because, h i s t o r i c a l l y , they have been a problem 

with regard to water q u a l i t y . 

The second a l t e r n a t i v e i s to construct a coarse rock drain through the 

spo i l along the o r i g i n a l Swift Creek drainage course. The advantages 

of a rock dra in over a d ivers ion d i tch are that the drain i s v i r t u a l l y 

maintenance f ree and i t represents a f i n a l long-term so lu t ion to the 

drainage problem. However, the e f fec t iveness of rock drains through 

spo i l dumps has yet to be tested in B.C. 

The t h i r d a l t e r n a t i v e i s to place a large c u l v e r t through the spoi l to 

allow Swift Creek to flow through. 

To determine the best a l t e r n a t i v e , a study i s being undertaken to 

assess the hydrology and s t a b i l i t y of a rock drain through the proposed 
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PLAN SHOW/A/6 PROPOSED 
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Figure 6 



ramp over the Swift Creek channel . A pre l iminary design for the rock 

drain s t ructure i s shown in F igure 7. The rock drain w i l l be con­

st ructed using sandstone rocks of the 0.6 to 1.0 metre s i z e . The top-

s o i l w i l l be s t r ipped from the area covered by the rock d r a i n . A base 

pad of 8 inches (0.2 metre) thickness minus rock material w i l l be 

constructed under the rock drain to prevent scouring of the natural 

ground below the drain s t r u c t u r e . When the rock drain s t ructure has 

been constructed, the spo i l w i l l be advanced southward to form the 

cross-over ramp. 

The rock drain and e x i s t i n g creek channel w i l l be s i tuated p a r a l l e l to 

each other along the bottom of the creek bas in , to tes t whether or not 

an adequate rock drain i s produced by end dumping material from the 

c r e s t of an advancing s p o i l . I f the hydraul ic conduct iv i ty of the 

normal spoi l base i s i n s u f f i c i e n t to handle the water f low, the excess 

flow w i l l go through the rock d r a i n . Monitoring s tat ions w i l l be set 

up at both ends of both the rock drain and the natural water channel to 

determine the water flows through each s t r u c t u r e . 

Cu lver t ing has been dismissed as a so lut ion to drainage through the 

spo i l due to maintenance problems, the high r i s k of s t ruc tura l f a i l u r e , 

and the preparat ion requirements in the drainage l o c a t i o n . 

Considerable time and money w i l l be saved i f i t can be demonstrated 

that rock drains are e f f e c t i v e in channeling drainage through a waste 

dump. Further studies are needed to examine a l t e r n a t i v e methods of 

const ruct ing rock d r a i n s . Such studies would be p a r t i c u l a r l y a p p l i c ­

able for the Swift Creek drainage where i t w i l l be poss ib le to s imul­

taneously spo i l -over the creek channel from both s i d e s . This w i l l 

r e s u l t in not only a rock drain over the o r i g i n a l channel but also a 

coarse rock core up through the spo i l i t s e l f (Figure 8 ) , thereby 

fur ther reducing a poss ib le blockage of water flow which could impair 

waste dump s t a b i l i t y . 
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FIGURE 7 

& PRELIMINARY DESIGN FOR THE ROCK DRAIN STRUCTURE o\ ———— 
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D r a i n a g e t h r ough rock d r a i n s i n t h e s p o i l i s e x p e c t e d t o y i e l d b e t t e r 

wa te r q u a l i t y t han t h a t p r e s e n t l y o b t a i n e d i n t h e e x i s t i n g d i v e r s i o n 

d i t c h e s . 

RECLAMATION OF PROPOSED SPOIL EXTENSION 

The Canada Land I n v e n t o r y Sys tem has c l a s s e d the p roposed s p o i l a r e a as 

modera te y i e l d f o r e s t . The a r e a i s no t an i m p o r t a n t w i l d l i f e h a b i t a t 

as i t i s used o n l y o c c a s i o n a l l y by e l k , moose and b l a c k b e a r . A r ea 

a c t i v i t i e s have been l i m i t e d to l o g g i n g and some e x p l o r a t i o n . 

The r e c l a i m e d t o e o f t he p r opo sed s p o i l w i l l be w e l l above the 1 ,000 -

y e a r f l o o d l e v e l o f t h e F o r d i n g R i v e r . A b u f f e r zone o f adequa te w i d t h 

w i l l be l e f t between the t o e o f t he s p o i l and the F o r d i n g R i v e r so t h a t 

any r u n o f f g e n e r a t e d f rom t h e s p o i l f a c e w i l l n o t c o n t a m i n a t e t h e 

r i v e r . 

The r e c l a m a t i o n o b j e c t i v e f o r t h i s was te dump w i l l be to r e - e s t a b l i s h 

modera te y i e l d f o r e s t , a l t h o u g h s o u t h f a c i n g s l o p e s w i l l be r e c l a i m e d t o 

p r o v i d e a d d i t i o n a l summer and w i n t e r range f o r u n g u l a t e s . The s p o i l 

f a c e w i l l be r e s l o p e d t o 26° and seeded w i t h ag ronom i c g r a s s e s and 

1egumes f o r i n i t i a l s t a b 1 1 i z a t i o n o f t he s u r f a c e m a t e r i a l . A f t e r 

i n i t i a l s t a b i l i z a t i o n , n a t i v e s p e c i e s o f c o n i f e r o u s and d e c i d u o u s t r e e s 

and s h r ub s w i l l be i n t r o d u c e d . These n a t i v e s p e c i e s w i l l be p r o paga t e d 

i n g reenhouse and n u r s e r y f a c i l i t i e s f rom l o c a l l y c o l l e c t e d m a t e r i a l s . 

158 



COMBINED DISCUSSION RELATED TO R. BERDUSCO, C. PELLETIER AND 

D. LANE'S PAPERS 

Paul C h r i s t i e - Talisman Land Resource Consultants: I 'd l i k e to ask 

Mr. Lane what you ' re doing with peat mater ia l? 

D. Lane - Answer: In our present program for removing peat m a t e r i a l , 

we have t r i e d , where p o s s i b l e , to separate the surface foot and 

the bottom foot of the peat. The surface material tends to get 

s o i l and l i v e vegetable matter mixed in with i t . I t has been 

stored on one s t o c k p i l e , and the good peat of commercial value has 

been separately s t o c k p i l e d . Some of the peat may be kept for 

reclamation purposes, but I think that i f we can s e l l i t , we 

w i l l . Peat i s not a good surface dressing because i t tends to 

blow away when i t gets dry. I t ' s a rather expensive process to 

mix peat with t i l l , sand, or some other medium. At the present 

time we t ry to salvage the good m a t e r i a l . 

Questioner U n i d e n t i f i e d : I 'd l i k e to ask about moving that material at 

( ? ) M i le Creek. Do you have any ba l lpark cost f igure? 

R. Berdusco - Answer: The question perhaps r e l a t e s to the cost of 

moving four hundred thousand yards l a s t sunmer and, unfortunately 

I don' t have a s p e c i f i c cos t . We used three D9 dozers for the 

better part of four and one ha l f months to move the equiva lent of 

ten thousand gross TOH. At current operating c o s t s , t h a t ' s around 

one m i l l i o n d o l l a r s . 

Mel Cochrane - M in i s t ry of Lands, Parks and Housing: I have a question 

for Mr. P e l l e t i e r . Can you give an idea of what might be done 

with the p i t a t Is land Copper. Can you expand b r i e f l y on your 

beach improvement studies? 
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C. P e l l e t i e r - Answer: An answer to your f i r s t quest ion, we've had 

d iscuss ions with var ious government departments, and I think the 

t e n t a t i v e plan i s to open up a channel and grade a deep submarine 

b a s i n , which would be the p i t . For your second question on the 

dump area , the major impact on Grouper I n l e t has to be the taking 

of the shore l ine out of b i o l o g i c a l product ion. I f we leave the 

dump the way i t i s , i t ' s unstable because t h e r e ' s a fourteen- foot 

t i d e plus wind act ion h i t t i n g against i t as well as continued 

slumping and undercutt ing. You need a r e l a t i v e l y s tab le environ­

ment for the f l o r a and fauna to grow on. That ' s why we developed 

our research p l o t , which i s about 200 to 250 f e e t wide. We're 

working from the south t i d a l area to the top of the high t i d e mark 

by s e t t i n g up a g r i d system and monitoring the f l o r a l and faunal 

c o l o n i z a t i o n of the area . Successional development of the fauna 

i s a lso being watched, to f i n d out which group s t a r t s f i r s t and 

how i t develops. I t ' s b a s i c a l l y an oppor tun is t i c research pro jec t 

because that part of the dump i s going to be buried in a year or 

two. 
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IRRIGATION EQUIPMENT AND DESIGN OF IRRIGATION SYSTEMS 

INTRODUCTION 

The purpose of t h i s presentat ion i s to present the advantages and d is ­

advantages of d i f f e r e n t types of i r r i g a t i o n systems cur rent ly a v a i l a b l e 

to farmers. The main types of i r r i g a t i o n systems used on pasture, corn 

or a l f a l f a crops are handmove, wheelmove, guns on t r i p o d s , t r a v e l l i n g 

guns and p i v o t s . 

HAND AND WHEELMOVE SYSTEMS 

The r e l a t i v e l y inexpensive handmove systems are s t i l l being used 

throughout B .C . , but are slowly being phased-out by l e s s labour i n ­

tens ive methods. 

Wheelmove systems are a good a l t e r n a t i v e to handmove on la rger rec­

tangular shaped f i e l d s , and are popular because of the simple operat ion 

involved in moving the l a t e r a l from one l o c a t i o n to another. A f a l s e 

b e l i e f i s that these systems are capable of independent movement while 

i r r i g a t i n g ; but t h i s i s imposs ib le . The pipe would be unable to with­

stand the torque required to r o l l the system ahead i f i t were f u l l of 

water. The l a t e r a l must be completely drained before the system can be 

advanced. Each sect ion of pipe on the l a t e r a l contains a small drain 

which automat ica l ly opens once the water pressure i s r e l i e v e d . 

There are wheelmove systems a v a i l a b l e which w i l l automat ica l ly advance 

themselves two pos i t ions when requ i red . They c o n s i s t of a mover with 

an e l e c t r o n i c timing board, and a 100-foot length of f l e x i b l e hose 

complete with an automatic valve attachable to the hydrant. When a 

watering set has been completed, the timing board automat ica l ly shuts 

o f f the valve which allows the e n t i r e wheel l i n e to d r a i n . A f te r a set 

per iod of t ime, the engine i s automat ica l ly res tar ted to advance the 
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system - usua l l y 60 f e e t . The engine then shuts o f f and the valve i s 

re-opened to allow the system to continue i r r i g a t i n g . 

The advantage of a wheelmove system i s that i t s u b s t a n t i a l l y reduces 

labour requirements for a r e l a t i v e l y small increase in c o s t . The main 

disadvantages are that wheelmoves are not e f f e c t i v e in i r r e g u l a r l y 

shaped f i e l d s or rough t e r r a i n , and are incapable of i r r i g a t i n g crops 

such as corn . 

GUN SYSTEMS 

A large percentage of B r i t i s h Columbia's corn crop i s i r r i g a t e d with 

gun systems. The s implest of these i s a gun operating on a t r i p o d . 

Water i s d i s t r i b u t e d to the t r ipods by a long f l e x i b l e hose or portable 

aluminum p ipe . The t r i p o d must be moved from one locat ion to another 

three or four times per day and, although t h i s can be done q u i c k l y , i t 

must be done so often on la rger acreages that these systems are very 

labour i n t e n s i v e . Labour requirements can be reduced by i n s t a l l i n g a 

network of underground pip ing with properly spaced hydrants, so that 

the portable gun can be quick-coupled to any hydrant. Th is l a t t e r 

system i s expensive because of the extensive lengths of p ip ing re­

q u i r e d . The advantage of a portable gun system i s that i t d i s t r i b u t e s 

water e f f e c t i v e l y regardless of the shape or t e r r a i n of a f i e l d . 

I f the f i e l d i s l a rger than 20 acres and a gun system i s p r e f e r r e d , a 

t r a v e l l i n g gun i s usual ly the best method to use. These systems are 

popular because i r r e g u l a r shaped f i e l d s can be i r r i g a t e d with minimal 

labour . 

There are two basic types of t r a v e l l i n g guns; the winch type i r r i g a t o r 

and the reel i r r i g a t o r . The winch machine draws i t s e l f along on a 

cable anchored at the end of the f i e l d , dragging the supply hose behind 

i t . The reel i r r i g a t o r r e e l s in the hose and gun while the machine 
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i t s e l f remains s ta t ionary . The two types of machines d i f f e r great ly in 

operat ion but are s i m i l a r in i r r i g a t i o n performance. 

To operate a winch type i r r i g a t o r , the cable must f i r s t be drawn out 

with a t r a c t o r and anchored at the end of the f i e l d . The hose must 

a lso be drawn out and connected to the hydrant as well as to the 

t r a v e l l e r . When the t r a v e l l e r has completed i t s run, a purge pump 

should be used to remove the water from the hose. The hose must then 

be reeled in on a t r a i l e r , moved to a new l o c a t i o n , and then drawn out 

again. The t r a v e l l e r must a lso be moved to the new l o c a t i o n and the 

cable drawn out. 

The reel i r r i g a t o r requires l ess labour then the winch i r r i g a t o r for 

two reasons; the hose and gun are drawn out together, and the machine 

r e e l s in the hose as i t i s operat ing . When the i r r i g a t i o n cyc le has 

been completed the ent i re system can be towed to a new l o c a t i o n . The 

hose used on the reel i r r i g a t o r i s a hard durable p l a s t i c and is not 

c o l l a p s i b l e as i s the hose on the winch i r r i g a t o r . 

Most t r a v e l l i n g guns are powered by a v a i l a b l e water pressure. The two 

basic types of d r i v i n g mechanisms a v a i l a b l e are the piston dr ive and 

the turbine d r i v e . A piston dr ive system i s a b i t jerky and needs to 

re lease some water from the system as i t moves. This water must be 

disposed of near the machine. The turbine dr ive i s qu iet , smooth and 

does not discharge any water; however, i t requires s l i g h t l y more power 

than the piston d r i ve . The l i m i t a t i o n s of a l l t r a v e l l i n g guns are 

t h e i r : 

a . high water a p p l i c a t i o n rates so they do not operate very 

e f f i c i e n t l y on s o i l s with low i n f i l t r a t i o n rates ( i . e . muck 

or c lay) 

b. requirement for a much higher connection pressure than other 

systems because of the f r i c t i o n losses in the hose and power 

required for the d r i v i n g mechanism 
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c . need for special care and at tent ion in operation because of 

the high pressures and the i n t r i c a t e mechanisms i n v o l v e d . 

CENTRE-PIVOT SYSTEMS 

Centre-p ivot systems are popular in the United S t a t e s . They are 

genera l ly permanent i n s t a l l a t i o n s on very large acreages and are a v a i l ­

able with e i t h e r hydraul ic or e l e c t r i c d r i v e . Twenty to t h i r t y of 

these machines are working s a t i s f a c t o r i l y in B r i t i s h Columbia. 

Most B r i t i s h Columbia farms are of small acreage, so p ivot manufac­

turers have developed (but not y e t marketed in the province) a small 

p ivot which can be end-towed from f i e l d to f i e l d . The advantages of 

the small p ivo t are that i t can: 

a . i r r i g a t e odd-shaped parce ls of land by d i s t r i b u t i n g water in 

p a r t i a l c i r c l e s ; 

b. be set up and then operated with minimal labour; 

c . apply the exact quantity of water needed by the crop; 

d . operate on much l e s s pressure than t r a v e l l i n g guns because 

low pressure nozzles can be used. 

I t s p r i n c i p a l disadvantage i s that i t takes three to four hours to move 

them from one locat ion to another. 

IRRIGATION SYSTEM DESIGN 

For proper i r r i g a t i o n system des ign, information regarding c rops , s o i l s 

and c l imate must be acqui red . I t i s a lso necessary to know the type of 

c rop , s o i l depth and s o i l texture (see Figure 1 ) . The evapotranspira-
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t ion rate i s a lso important, consequently, to assess t h i s , wind speeds 

and p r e c i p i t a t i o n data are requ i red . 

The systan can be designed by completing the 13 planning steps which 

fo l low: 

Step 1 Determine the e f f e c t i v e root ing depth of the crop. 

From Table 1 we f i n d that a l f a l f a , for example, has an ef­

f e c t i v e rooting depth of four fee t . 

Step 2 Determine the so i l texture and the depth of each s o i l l a y e r . 

Step 3 Determine the ava i lab le water storage c a p a c i t y . 

Once the so i l texture i s known, the a v a i l a b l e water storage 

capac i ty of that so i l can be determined from Table 2. (Sandy 

loam 1.5 i n . / f t . ) 

Step 4 Ca lcu late the total ava i lab le water storage capacity for the 

e n t i r e root ing depth. 

Assuming we have four feet of sandy loam s o i l , then the total 

ava i lab le water storage capaci ty = 4 x 1.5 = 6.0 inches of 

water. 

Step 5 Determine the maximum allowable so i l d e f i c i t . A l f a l f a can 

e f f e c t i v e l y extract only 50% of the tota l a v a i l a b l e water 

storage capacity before i t begins to suf fer (Table 3 ) . The 

maximum allowable s o i l d e f i c i t i s therefore (6.0 i n . x 0.50) 

= 3.0 inches of water. 

169 



Step 6 Determine the maximum design a p p l i c a t i o n r a t e . 

S o i l s have the c a p a b i l i t y of absorbing water at a c e r t a i n 

rate over a s p e c i f i e d per iod . The intake rate decreases as 

time increases . For most i r r i g a t i o n designs we are i n t e r ­

ested in a long a p p l i c a t i o n per iod . From Table 4, the 

maximum a p p l i c a t i o n rate i s 0.45 i n . / h r . for a sod cover . 

Step 7 Determine the evapotranspirat ion r a t e . 

From Table 5, fo r One Hundred Mi le House the evapotranspira­

t ion i s 0.20 in ./day . 

Step 8 The safe i r r i g a t i o n in terva l i s the maximum so i l water de­

f i c i t over the evapotranspirat ion r a t e . 

3.0 in ./0 .20 in ./day = 15 days 

Step 9 S e l e c t an appropriate a p p l i c a t i o n e f f i c i e n c y . 

A f i g u r e of 72% i s a good value to use for a s p r i n k l e r 

system. 

Step 10 Ca lcu late the depth of water that must be suppl ied by the 

i r r i g a t i o n system. 

3.0 inches * 4.16 inches 
— 0 7 7 2 

Step 11 Ca lcu late the minimum time of a p p l i c a t i o n . 

4.16 inches (Gross water required) = 9.2 hours 
0.45 i n . / h r . (Max. a p p l . rate) 
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1 
Step 12 Se lec t an appropriate a p p l i c a t i o n time. 

e . g . 11-1/2 hours leaving 1/2 hour for moving the system. 

The design a p p l i c a t i o n rate = 4.16 = 0.36 i n . / h r . 
11-1/2 

Step 13 Se lect a s p r i n k l e r . 

A f ter a spacing i s chosen, Table 6 can be used to s e l e c t a 

s p r i n k l e r . 

A p p l i c a t i o n rate = 0.36 i n . / h r . 

Spr ink le r nozzle: 3/16" x 3/32" 

Pressure: 49 psi 

Flow rate: 9.0 gpm 

App l i ca t ion e f f i c i e n c y : 72% 

The f i n a l system design cons i s t s of 9.0 gpm s p r i n k l e r s 

operat ing at 49 psi on a 40 x 60 foot spacing. The net 

amount of water appl ied to the crop in 11-1/2 hours i s 3.0 

inches, which w i l l al low for an i r r i g a t i o n in terva l of 15 

days on the sandy loam s o i l . 

171 



Table 1 

EFFECTIVE ROOTING DEPTHS OF CROPS 

GROUP 1 GROUP 2 GROUP 3 
Shallow I r r i g a t i o n 

(1-1/2') 
Medium I r r i g a t i o n Deep I r r i g a t i o n Shallow I r r i g a t i o n 

(1-1/2') (3 ' ) (3' plus) 

Peas Potatoes Al fa l fa 
Beans Beets Asparagus 
Lettuce Brocco l i Tree f r u i t s 
Onions Carrots Hubbard squash 
Radish Strawberry Corn ( f i e l d ) 
Spinach Cane f r u i t Grapes 
Celery Squash 
Caul i f lower Corn (sweet) 
Cabbage Cereals 
Ladino Tomatoes 
Turnip Peppers 
Cucumbers Eggplant 
Pasture species Brussels sprouts 

Red c lover 

Table 2 

AVAILABLE WATER STORAGE CAPACITY (AWSC) 

INCHES OF WATER PER FOOT OF SOIL 

A v a i l a b l e 
TEXTURAL CLASS F i e l d Permanent Water Storage 

Capacity W i l t i n g Po int Capacity 

Sand 1.3 0.3 1.0 
Loamy Sand 1.7 0.5 1.2 
Sandy Loam 2.2 0.7 1.5 
F ine Sandy Loam 2.6 0.9 1.7 
Loam 3.3 1.2 2.1 
S i l t Loam 4.0 1.5 2.5 
Clay Loam 4.5 2.1 2.4 
Clay 4.6 2.2 2.4 
Organic S o i l s Muck to b( ; added 

1 
3.0 
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Table 3 

AVAILABILITY COEFFICIENT (MAXIMUM FRACTION OF AVAILABLE WATER 
STORAGE CAPACITY TO BE REMOVED BEFORE IRRIGATION IS REQUIRED) 

CROP AVAILABILITY COEFFICIENT 

Potatoes 0.35 

Tree F r u i t s 
(Coarse textured s o i l s ) 
(Other s o i l s ) 

0.40 
0.50 

Peas 0.35 

Remainder of Crops 
(Unt i l addi t ional data ava i lab le) 0.50 

Table 4 

MAXIMUM DESIGN APPLICATION RATE 

INCHES PER HOUR 

Grass Sod C u l t i v a t e d 

Sand 0.75 0.40 
Loamy Sand 0.65 0.35 
Sandy Loam 0.45 0.25 
Loam, S i l t Loam 0.35 0.20 
Clay Loam, S i l t y Clay Loam 0.30 0.15 
Clay 0.25 0.10 
Peat and Muck 1.0 1.0 
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FIGURE 1 

GUIDE FOR TEXTURAL CLASSIFICATION 
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Table 5 

DETERMINATION OF MAXIMUM DAILY WATER USE FOR VARIOUS AREAS IN B.C. 

MAXIMUM AVERAGE DAILY WATER USE FOR 

LOCATION 10-day period 20-day per iod 30-day period 
in inches/day in inches/day in inches/day 

Lumby 0.23 0.22 0.21 
Lytton 0.29 0.28 0.27 
Maiakwa 0.20 0.18 0.18 
M e r r i t t 0.26 0.25 0.24 
Nanaimo 0.19 0.17 0.16 
Natal 0.18 0.17 0.16 
Notch H i l l 0.20 0.19 0.18 
01iver 0.25 0.23 0.22 
One Hundred Mi le House 0.20 0.19 0.18 
Osoyoos 0.28 0.27 0.26 
Oyster River* 0.17 0.15 0.13 
P a r k s v i l l e 0.17 0.15 0.14 
P i t t Meadows 0.17 0.15 0.13 
Port Alberni 0.20 0.19 0.18 
Pr ince George* 0.22 0.18 0.16 
Pr inceton 0.25 0.24 0.23 
Quesnel* 0.23 0.22 0.21 
Radium 0.20 0.19 0.18 
Riske Creek* 0.24 0.22 0.21 
Saanichton* 0.17 0.16 0.15 
Salmon Arm 0.17 0.16 0.16 
Smithers 0.17 0.15 0.14 
Spi l l imacheen 0.20 0.19 0.19 
Sumas 0.17 0.16 0.15 
Summerland 0.25 0.24 0.23 
Terrace 0.20 0.19 0.18 
Vancouver 0.18 0.17 0.16 
Vanderhoof 0.20 0.19 0.19 
Vavenby 0.20 0.18 0.17 
Vernon 0.23 0.22 0.21 
Walhachin 0.25 0.24 0.23 
Westwold 0.26 0.25 0.24 
Wil l iams Lake 0.24 0.22 0.21 

*Values adjusted to actual f i e l d experience. 
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Table 6 

SPRINKLER SELECTION FOR 40' X 60' SPACING 

APPLICATION 
EFFICIENCY 

APPLICA­
TION 

SPRINKLER 
NOZZLE 

PRESSURE 
AT 

FLOW 
PER 

COEFFICI­
ENT OF 

APPLICA­
TION 

SPRINKLER 
NOZZLE 

PRESSURE 
AT 

FLOW 
PER 

COEFFICI­
ENT OF WIND Cool Hot 

RATE SIZE NOZZLE NOZZLE UNIFORMITY RANGE CIimate Cl imate 
( in/hr) ( in) (ps i ) (US gpm) (%) (%) {%) 

0.13 1/8 51 3.25 86 1-3 75 73 
0.14 9/64 37 3.50 85 1-2 74 72 
0.15 9/64 43 3.75 86 2-5 74 72 
0.16 9/64 48 3.95 83 2-7 74 72 
0.17 5/32 37 4.30 80 0-1 74 72 
0.18 5/32 41 4.50 86 2-7 74 72 
0.19 5/32 46 4.76 87 5-7 74 72 
0.21 11/64 38 5.23 86 2-5 74 72 
0.22 11/64 42 5.51 86 4-6 74 72 
0.23 11/64 45 5.70 86 3-4 75 73 
0.24 5/32x3/32 38 6.01 82 3-6 74 72 
0.25 5/32x3/32 42 6.25 77 5-10 74 72 
0.26 5/32x3/32 45 6.48 79 5-7 74 72 
0.27 5/32x3/32 48-1/2 6.73 82 2-6 74 72 
0.28 11/64x3/32 40 7.03 82 3-4 74 72 
0.29 11/64x3/32 42-1/2 7.25 83 2-3 74 72 
0.30 11/64x3/32 45 7.46 85 4-7 74 72 
0.31 11/64x3/32 74-1/2 7.70 84 3-6 77 75 
0.32 3/16x3/32 40 8.00 84 3-6 78 76 
0.34 3/16x3/32 44 8.50 83 3-7 74 72 
0.36 3/16x3/32 49 9.00 84 0-1 74 72 
0.38 3/16x1/8 40 9.48 84 1-2 74 72 
0.40 3/16x1/8 44 10.00 88 3-7 80 78 
0.42 3/16x1/8 49 10.50 90 0-1 80 78 
0.46 13/64x1/8 46 11.50 85 4-7 78 76 
0.48 13/64x1/8 50-1/2 12.00 89 4-8 80 78 
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DISCUSSION RELATED TO TED VAN DER GULIK'S PAPER 

Questioner U n i d e n t i f i e d : On how steep a slope would you consider gun 

i r r i g a t i o n ? 

Answer: We don't r e a l l y have any f igures on that , but i t would be 

determined by your a p p l i c a t i o n ra te . You should check the a p p l i ­

cat ion rate of the kind of gun you have. At the M i n i s t r y of 

A g r i c u l t u r e , we have a manual c a l l e d the B.C. I r r i g a t i o n Guide 

which contains a slope c o r r e c t i o n f a c t o r . If you have, say, a 

sandy loam s o i l , and an a p p l i c a t i o n rate of 0.45 inches per hour, 

and you ' re on a s lope , you should decrease the rate by maybe 

twenty-f ive percent so you ' re al lowing only 0.3 inches per hour. 

Then f ind out what your gun can do, and i f i t ' s putt ing out more 

than 0.3 inches per hour, you shouldn' t be using i t . There are 

many d i f f e r e n t kinds of guns, and t h e i r s i ze w i l l make a big 

d i f fe rence to the a p p l i c a t i o n r a t e . The kind of vegetation cover 

you have i s a lso an important cons idera t ion . 

Questioner U n i d e n t i f i e d : Wel l , assuming a sandy loam, what would be 

the maximum slope? 

Answer: You should use a small gun on a slope of not more than ten 

or f i f t e e n percent. It depends upon the type of gun; for example, 

i f you have a gun on a t r i p o d , and your slope i s twenty-f ive 

degrees, you may have d i f f i c u l t y in keeping the t r i p o d upr ight . 

Questioner U n i d e n t i f i e d : Do you have any c o s t s , say, on a per acre 

basis and on equipment that can be rented? 
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Answer: When I was in Calgary we rented a system for 80% of the cost 

of the system. We had to consider poss ib le damage to the rented 

system. If the guy l a i d i t out in the f i e l d and then ran t r a c t o r s 

over i t , i t would come back a l l bent and beyond fur ther use. So, 

people w i l l rent , but I ' l l be very surpr ised i f t h e y ' l l rent to 

you at a reasonable r a t e . The only reason the guy wanted to rent 

from us was because he needed j u s t a l i t t l e b i t of water for a 

week. We charged him 80% on the understanding that i f i t came 

back in good shape, he would get a rebate of some s o r t . Renting 

i s not r e a l l y the best approach, for i f you f i n d someone who w i l l 

rent equipment, y o u ' r e pretty lucky . The per-acre cost depends a 

l o t upon the s i ze of your acreage. I f you have a wheel system and 

y o u ' r e i r r i g a t i n g 40 a c r e s , I would say the cost could be about 

300 o r 400 d o l l a r s an acre . I f you have a t r a v e l l i n g gun system, 

i t would probably be about 500, 600, or 700 d o l l a r s an acre . I f 

y o u ' r e looking at a s o l i d set fo r orchards, then i t would be 

roughly 1,000 d o l l a r s per acre . These costs are only rough es­

t imates . Obviously, a guy can buy a t r a v e l l i n g gun and have only 

twenty acres to i r r i g a t e , while the machine i s capable of doing 

fo r ty acres , so his acreage costs are doubled. Costs per acre 

a l so depend upon where you are gett ing the water from, fo r i t may 

be necessary to pump i t a long d is tance . 
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WORKSHOP SESSION 

VERBAL INTRODUCTION 

Thank you Mr. Chairman, l ad ies and gentlemen. I would l i k e to inform 

you that the doors of t h i s meeting roan have been f i t t e d with automatic 

s l i d i n g bo l ts keyed to the sound of my voice and the word "workshop". 

If you haven't escaped by now, y o u ' r e doomed. 

By way of a small apology for what I'm going to i n f l i c t on you t h i s 

afternoon, I 'd l i k e to explain how I 've come to be here. About four 

weeks ago Murray Galbra i th phoned me and asked i f I would c h a i r one of 

the workshop groups. Thinking he meant one of the tables I sa id sure. 

"Good," said Murray, "we' l l send you some material we've got together; 

maybe you have some comments". A week or so l a t e r , I phoned Murray 

back and said that I 'd looked over the material and had some comments. 

"Oh!" , he s a i d , "Talk to E r r i n g t o n , he 's taking care of the workshop." 

When I phoned John, h is reply was (quote) "What the hel l are you 

bothering me about the workshop f o r , Murray t o l d me that you were going 

to run i t . Workshops are e i t h e r good or r e a l l y rotten and we're 

get t ing t i r e d of c r i t i c i s m . Anyway, nobody ever comes to workshop 

sess ions . " 

There are two morals to t h i s s tory ; f i r s t , never t r u s t Murray 

G a l b r a i t h , and second, i f you hate the workshop, don' t come looking for 

me, throw Galbra i th and Err ington in the poo l . 

As some of you know, I am Secretary of the Coal Guidel ines Steer ing 

Committee for the Southeast Coal Block. The Coal Gu ide l ines Process 

has now been in operation for approximately four y e a r s . Two of the 

most important object ives of the process are: 
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1. To i d e n t i f y t he n a t u r e and a s s e s s t he magn i t ude o f t he e n v i r o n ­

mental and soc ia l impacts assoc iated with proposed coal develop­

ments. 

2. To coordinate the development of programmes for impact management. 

To those of us working in the Guide l ines Process , i t has become i n ­

c reas ing ly apparent, p a r t i c u l a r l y as more projects have reached the 

l a t e r stages of the process , that r e a l l y e f f e c t i v e impact management 

programmes w i l l be developed only through the cooperat ive planning of 

government and indust ry . The gu ide l ines process addresses the question 

of impacts only on each project in i s o l a t i o n , and yet the impact of a 

number of projects on a region are going to be at l e a s t a d d i t i v e . Some 

form of regional planning i s going to be required i f the government 

resource managers are to meet t h e i r o b j e c t i v e s , and i f i n d u s t r y ' s 

environmental management d o l l a r s are to be spent in the most cost-

e f f e c t i v e way. Perhaps one of the major b a r r i e r s to t h i s type of 

planning i s the lack of a common bas is of understanding between govern­

ment and industry s t a f f : understanding of one another 's aims and 

r e s p o n s i b i l i t i e s , and the cons t ra in ts and pressures assoc iated with 

t h e i r respect ive j o b s . As Canada has i t s "two s o l i t u d e s " , so does re­

source management in t h i s province. On one s i d e , the mining or geo­

l o g i c a l engineer, working to , what mere mortals might cons ider , near-

impossible deadl ines or production schedules, who c a n ' t understand why 

these damned environmental ists keep gett ing underfoot. At the other 

end of the spectrum i s the government w i l d l i f e b i o l o g i s t who must t ry 

to manage and preserve a publ ic resource in the face of a d iminishing 

land base, increased publ ic demand for w i l d l i f e - b a s e d r e c r e a t i o n , and a 

management budget that in terms of real purchasing power has probably 

dec l ined by about one-th i rd over the l a s t f i v e y e a r s . 

One of the main values of Symposia such as t h i s i s the opportunity to 

br idge the g u l f between people in industry and government. I hope that 

t h i s af ternoon's workshop w i l l go a l i t t l e way toward achieving that 
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g o a l . I would l i k e to thank Lynn Ba i l ey , who works with me at the 

S e c r e t a r i a t , and Carol Jones and L i z Zweck, U .B .C . students, for 

helping to get the workshop together. 

You have been d iv ided up into groups in which we have t r i e d to s t r i k e 

a balance among engineers, rec lamat ion i s t s , environmental control per­

sonnel , and resource managers. You have been given a package of 

information that out l ines a proposed coal project and gives some back­

ground environmental information on the project area . For s i m p l i c i t y ' s 

sake, I have concentrated on information r e l a t i n g to the protect ion of 

water q u a l i t y , w i l d l i f e and f i s h e r i e s . Your task, as an ^d hoc 

industry/government planning team, i s : 

1. Develop options for mining, waste d i s p o s a l , haul road l o c a t i o n , 

the l o c a t i o n of processing and r a i l f a c i l i t i e s , and e x p l o r a t i o n . 

2 . Ident i fy major potent ia l environmental impacts ( d i r e c t and i n ­

d i r e c t , on-s i te and o f f - s i t e ) , assoc iated with the development 

opt ions . 

3. Pick a favoured development and explain the economic and environ­

mental c r i t e r i a that led to your cho ice . 

4. Propose a j o i n t government/industry programme for impact manage­

ment. 

Se lec t a study manager and decide who i s going to do various tasks . 

Each group w i l l be given various implements (coloured p e n c i l s , r u l e r s , 

e t c . ) , a case of beer, and a student to act as p a r t i c i p a n t / r e c o r d e r . 

In about two hours, f i v e se lected groups w i l l be asked to summarize 

t h e i r work in 3 to 5 minute presentat ions . A f te r that the session w i l l 

be thrown open to any other groups with d i f f e r e n t proposals or perspec­

t i v e s on the problem. F i n a l l y , Murray Ga lbra i th w i l l provide a short 

summary of the workshop. I would caution you that any table that 
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wipes out a f i s h or w i l d l i f e population w i l l have t h e i r surface work 

permit revoked and w i l l be denied bar p r i v i l e g e s for the remainder of 

the Symposium. 

At t h i s po in t , I was going to throw you to the wolves and t e l l you to 

get on with the job . But, have you ever noticed that resource inven­

tory maps are completely u n i n t e l l i g i b l e except to the person who 

prepared them? Wel l , mine are no except ion, so i t has been suggested 

that I qu ick ly go through the resource package to prevent wheel-

spinning and ensure that we a l l have a common point of departure. 

1. The Pro ject (transparency) 

2. B iophys ica l Information 

a . Present Status of C o a l f i e l d 

b. S u r f i c i a l Geology (transparency) 

c . C l imat ic Information 

d. Vegetation (transparency) 

e . W i l d l i f e 

f . F i s h e r i e s 

F i n a l l y , to put a l l t h i s technica l information in perspect ive , I 'd l i k e 

to t e l l you the story of an Engl i sh lady in the o ld B r i t i s h India who 

wanted some carpentry work done. She prepared a diagram and h ired an 

Indian carpenter . Unfortunately the man fol lowed the diagram too 

l i t e r a l l y and botched the j o b . She berated him for not using common 

sense, whereupon the l i t t l e man drew himself up with great d i g n i t y and 

sa id "Memsahib, common sense i s a g i f t of God. I have technica l know­

ledge o n l y . " In other words, a l i t t l e i n s i g h t i s worth a l o t of data . 

Workshop l i s t s are posted at two l o c a t i o n s in the meeting room. If 

y o u ' r e not on the l i s t , choose a table for y o u r s e l f . See you in two 

hours. 
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ECOALOGICAL MINING CO. LTD. , SHEEP RIDGE COAL PROJECT 

PROJECT DESCRIPTION 

1. Production level 

2,000,000 tonnes/year of c lean meta l lurg ica l coal 

2. P ro jec t l i f e 

20 years (Phase 1) 

3. Mine method 

- conventional shovel-truck 

- multibench open p i t 

4 . D e t a i l s of coal deposit 

- 3 mineable seams contained in a sync l ina l f o l d . Seam 

thickness varying from 3-12 metres 

- Ult imate p i t quant i t i es 

- waste 240,000,000 bank cubic metres 

- raw coal 70,500,000 tonnes 

- overa l l overburden to coal r a t i o = 3.5 m3 of waste per 

tonne of raw coal 

5. Preparat ion plant 

- capac i ty = 390 tonnes/hour 

- average y i e l d of clean coal = 57% 

6. Transportat ion of c lean coal v ia r a i l to seaport . 

7. Manpower l e v e l s 

- 110 s t a f f ; 340 hourly 

N.B. : I t i s estimated that the mine and associated serv i ce sector 

expansion w i l l increase the population of C o a l v i l l e and v i c i n i t y 

by approximately 2,200 people. 
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8 . An exp lorat ion programme i s to be undertaken to t e s t suspected 

coal measures in the v i c i n i t y of Goat Range on the north side of 

Rainbow Creek. 

THE TASK 

You are an ad hoc working group of company and government personnel . 

On the basis of the attached b iophys ica l in format ion , develop the 

fo l l owing : 

1. Options for mining, waste d i s p o s a l , haul road l o c a t i o n , the l o c a ­

t i o n of processing and r a i l loading f a c i l i t i e s , and e x p l o r a t i o n . 

2. Ident i fy major potent ia l environmental impacts (both d i r e c t and 

i n d i r e c t ) assoc iated with the development opt ions . 

3. Pick a favoured development and expla in the economic and env i ron­

mental c r i t e r i a that led to your cho ice . 

4 . Propose a j o i n t government/industry programme fo r impact manage­

ment. This programme should deal with both d i r e c t and i n d i r e c t 

impacts, develop a reclamation programme and place i t in an over­

a l l impact management context , and i d e n t i f y the types of long term 

monitoring that would be undertaken to determine the success of 

the programme. 
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I 

DESCRIPTION OF THE PROJECT AREA 

CONTENTS 

1 . Present Status of the Kokanee C o a l f i e l d 

2. S u r f i c i a l Geology 

3. C l i m a t i c Information 

4. Vegetation 

5. W i l d l i f e 

6. F i s h e r i e s 
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PRESENT STATUS OF THE KOKANEE COALFIELD 

The Kokanee C o a l f i e l d is located in the southeastern port ion of the 

province between l a t i t u d e s 49°20'N and 49°30 , N. The administ rat ive and 

r e s i d e n t i a l centre of the c o a l f i e l d i s the town of C o a l v i l l e , which 

cur rent ly has a population of 2,520. C o a l v i l l e i s located on a second­

ary ar tery of the Trans-Canada Highway and i s serv iced by a branch- l ine 

of the Short Line R a i l r o a d . 

Coal has been mined in the Kokanee C o a l f i e l d for the past t h i r t y 

y e a r s . Product ion, which has f luctuated between 750,000 and 900,000 

tonnes per annum, has come from r e l a t i v e l y small contour surface mines 

and underground c o l l i e r i e s located east of C o a l v i l l e . Beagle Brothers 

Coal L t d . , which has operated here s ince 1925, i s the l a r g e s t s ing le 

employer in the area, with a tota l work force of 330. The fo res t 

industry i s the next l a r g e s t employer, and the remainder of the work 

force i s s p l i t between the serv ice sector , the Short L ine Ra i l road and 

a small but t h r i v i n g t o u r i s t industry based on f i s h i n g , hunting and the 

spectacular mountain scenery of the area. 

The highway receives only loca l use during most of the year ; however, 

during the summer considerable numbers of t o u r i s t s pass through the 

area on t h e i r way to the coast . 

The Short L ine rai lway i s c u r r e n t l y very l i g h t l y used. Most of the 

shipments are e i ther coal from the Beagle Brothers C o l l i e r y or grain 

from the p r a i r i e s destined for export v ia the seaport . The roadbed and 

r a i l s are cur rent ly in a state of d i s r e p a i r . The proposed expansion of 

the coal industry has resu l ted in negot iat ions fo r a substant ia l up­

grading of r a i l f a c i l i t i e s . This could include double- t rack ing , and 

route r e l o c a t i o n where t h i s can be shown to be d e s i r e a b l e . 

189 



190 



SURFICIAL GEOLOGY 

EXAMPLE OF TERRAIN UNIT SYMBOL 

Qua l i f y ing Descr ip tor 

Genetic Mater ia l / Surface Expression 

T e x t u r e ^ / Modifying Process 

S t r a t i g r a p h i c 
Indicator 

A blanket of sandy f l u v i a l s i l t s over ly ing coarse f l u v i a l deposits in 

an ac t ive f l o o d p l a i n environment in which d e f l a t i o n (removal of f ines 

by wind action) i s taking p lace . 

1. Texture 

SPECIFIC CLASTIC TERMS 
(Wentworth) 

COMMON CLASTIC TERMS ORGANIC TERMS 

b bouldery 
k cobbly 
p pebbly 
s sandy 
% s i l t y 
c cl ayey 

a blocky 
r rubbly 
g grave l ly 
f f ines 

e f i b r i c 
m mesic 
h humic 

2. Genetic Mater ia l 

Mater ia l s are c l a s s i f i e d according to t h e i r mode of formation. 

S p e c i f i c processes of e r o s i o n , t r a n s p o r t a t i o n , d e p o s i t i o n , mass 

wasting and weathering produce s p e c i f i c types of mater ia l s that 

are character ized c h i e f l y by texture and surface express ion. 
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DESCRIPTIVE TERMINOLOGY 

A Anthropogenic 

C C o l l u v i a l 

0 Organic 

R Bedrock 

E Eo l ian S S a p r o l i t e 

V Volcanic F F l u v i a l 

I Ice W Marine 

L Lacustr ine U Unconsol idated 

M Morainal 

Q u a l i f y i n g Descr ip tors 

A number of desc r ip tors have been introduced to qua l i f y e i t h e r the 

Genetic Mater ia l s or the Modifying Process terms. These are de­

noted by an upper case superscr ip t fo l lowing the term so q u a l i ­

f i e d . 

The descr ip tors q u a l i f y : 

1. The c l a s t i c genetic mater ia l or modifying process terms, and 

are used to supply add i t iona l information about t h e i r mode of 

formation and/or depos i t ional environment. 

2. The organic genet ic mater ia l s by c l a s s i f y i n g them on the 

bas is of m i c r o r e l i e f , height of water t a b l e , and vegetat ive 

o r i g i n . Where these q u a l i f y i n g descr ip tors are omitted, i t 

i n d i c a t e s uncerta inty or lack of data about the genesis of 

the organic depos i t . 

3. The status of the Genetic and Modifying processes. Included 

i n the d e f i n i t i o n s of the Genetic M a t e r i a l s and Modifying 

Processes categor ies are statements concerning the commonly 

assumed status of t h e i r processes. Where the process status 

i s contrary to the common assumption, i t w i l l be i n d i c a t e d . 



DESCRIPTIVE TERMINOLOGY 

1. C l a s t i c : G l a c i a l . 
B F S 

2. Organic: Bog; Fen; Swamp. 
A I 

3. Process: A c t i v e ; Inact ive . 

4. Surface Expression 

The surface expression of genetic mater ia ls i s t h e i r form (as­

semblage of slopes) and pattern of forms. I t a lso expresses the 

manner in which unconsol idated genetic mater ia ls r e l a t e to the 

underlying u n i t . 

DESCRIPTIVE TERMINOLOGY 

a apron 

b blanket 

f fan 

h hummocky 

1 leve l 

m subdued 

r r i dged 

s steep 

t terraced 

v veneer 

5. Modifying Processes 

Terms which descr ibe those geological processes that have modif ied 

or are cur rent ly modifying genetic mater ia ls and t h e i r surface 

express ion. 

DESCRIPTIVE TERMINOLOGY 

-A Avalanched 

-B Bevel led 

-C Cryoturbated 

-D Def lated 

-E Channelled 

-F F a i l i n g 

-H Ket t led 

-K Karst Modif ied 

-N Nivated 

-P P ip ing 

-S S o l i f l u c t e d 

-V G u l l i e d 

-W Washed 
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OTHER SYMBOLS 

1. Composite Units 

Not a l l t e r r a i n can be presented as simple un i ts s ince t e r r a i n 

uni ts commonly occur that are of small areal extent and cannot be 

de l imi ted i n d i v i d u a l l y at the sca le of the mapping. Consequently, 

a system of composite un i ts i s employed whereby up to three types 

of t e r r a i n may be designated within a common un i t boundary. The 

r e l a t i v e amounts of each t e r r a i n type are ind icated by the use of 

the symbols =, / , and //. The components are always ind icated in 

decreasing order of abundance. 

= components on e i t h e r s ide of t h i s symbol are approxi­

mately equal 

/ the component in f ront of the symbol i s more abundant 

than the one that fo l lows 

// the component in f r o n t of the symbol i s cons iderably 

more abundant than the component that fol lows 

CLIMATIC INFORMATION 

The c l imate of the pro ject area i s c l a s s i f i e d as cont inental sub humid 

at low e levat ions and cont inenta l co ld humid at higher e l e v a t i o n s . 

Approximately three years of data i s summarized in the fo l lowing tab le : 

2. On-Site Symbols 

Escarpment l l l l l l l l l l l l 
Top 
Base Wind dunes ( inact ive)/ta 
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Stat ion 

C o a l v i l l e Sheep Ridge 

Mean monthly temperature 4°C 0°C 

Mean January temperature -11°C -13°C 

Mean J u l y temperature 15°C 12°C 

Months above 10°C 3 2 

Months above 5°C 5 4 

Months below 0°C 5 6 

F r o s t f ree period (days) 90 61 

Total p r e c i p i t a t i o n (cm) 71 93 

Annual snowfall (cm) 312 720 

Occurrence of p r e c i p i t a t i o n 

wettest season winter (40%) winter (38%) 

wettest month January January 

d r i e s t season f a l l (18%) summer (18%) 

d r i e s t month October May 

VEGETATION 

Two b iogeocl imat ic zones (Kraj ina 1964) occur in the study area; the 

i n t e r i o r Douglas f i r zone at e levat ions from 1100 m to approximately 

1500 m, the Englemann spruce-subalpine f i r zone from 1500 m and the 

a lp ine tundra above 2100 m. Within these three zones are s ix d i s t i n c t 

vegetat ion types that can be summarized as fo l lows: 

1. A lp ine 

- mosaic of bare rock and a lp ine tundra communities composed of 

grasses, sedges, and fo rbs . 

2. Subalpine f o r e s t 

- climax f o r e s t composed of subalpine f i r , Englemann spruce, 

whitebark p ine , lodgepole pine 

- understory composed of shrubs ( k i n n i k i n n i k , f a l s e a z a l e a , 
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white rhododendron, grouse berry) and scattered grasses , 

sedges and forbs . 

3. Maturing serai coni ferous fo res t 

-• serai community r e s u l t i n g from extensive w i l d f i r e s approxi­

mately 35 years ago 

- f o r e s t of western l a r c h , Douglas f i r , lodgepole p ine, 

trembling aspen 

- sparse understory of shrubs (Douglas maple, Saskatoon, Oregon 

grape, chokecherry, w i l low) . The main ground cover i s pine 

grass . 

4. Maturing serai mixed fo res t 

- serai community r e s u l t i n g from extensive w i l d f i r e s approxi­

mately 35 years ago. D i f f e r s from 3. in the development on 

d r i e r southerly aspects 

- t ree component cons i s ts of aspen, paper b i r c h , Douglas f i r , 

lodgepole pine and Rocky Mountain jun iper 

- the understory i s very r i c h cons i s t ing of many forb spec ies , 

bluegrasses, fescues, bunchgrasses and the shrubs Douglas 

maple, Saskatoon, Oregon grape, chokeberry, wi ld rose , wil low 

and k i n n i k i n n i k . 

5. Sub-climax grass-shrub community 

- t h i s i s a s tab le , near-climax community due p r i m a r i l y to the 

southerly aspect and the coarse textured kame terrace on 

which i t i s s i t u a t e d . These two factors combine to make 

these slopes too dry to support tree growth 

- the shrub component cons i s t s of Douglas maple, Saskatoon, 

Oregon grape, k i n n i k i n n i k , s t i cky l a u r e l , w i l lows , blue 

e l d e r , s o o p o l a l l i e 

- ground cover cons is ts of bunchgrasses, fescues, bluegrasses 

and a forb component of r i c h species d i v e r s i t y 

- t h i s p lant community i s unique in B r i t i s h Columbia, being 
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more c l o s e l y re la ted to some of the grasslands east of the 

cont inenta l d iv ide in the southern Rocky Mountain f o o t h i l l s . 

6. F loodp la in communities 

- t h i s un i t i s a mosaic of vegetat ion types r e s u l t i n g from the 

act ion of both per iod ic f lood ing and past w i l d f i r e 

- the tree component c o n s i s t s of white spruce, black cotton-

wood, paper b i r c h , trembling aspen 

- the shrub component c o n s i s t s of a l d e r , red-os ie r dogwood, 

Columbian hawthorn, s i l v e r berry , w i ld rose and var ious 

wi11ows 

- d r i e r areas support grass- forb communities of cons iderable 

d i v e r s i t y ; wetter areas support sedge meadows and marsh 

vegetat ion . 

WILDLIFE 

From a w i l d l i f e perspect ive the C o a l v i l l e area i s known c h i e f l y fo r i t s 

wi ld ungulate populat ions . Within the area to be a f fec ted by mining 

are moose, mule deer, mountain goat and Rocky Mountain bighorn sheep. 

The current status of each of these species i s summarized below: 

1. Moose 

Moose are a r e l a t i v e l y recent a r r i v a l in t h i s a rea , having 

gradual ly spread northwards from the United S ta tes . Present 

populat ion in the area i s about 300 which, in s t r i c t l y numerical 

terms, represents an i n s i g n i f i c a n t proport ion of the p r o v i n c i a l 

populat ion . The major importance of t h i s populat ion i s genetic in 

that t h i s i s the Yellowstone moose, an e n t i r e l y d i f f e r e n t sub­

species than i s present in the r e s t of the prov ince . 

Moose use the Kokanee, Cutthroat and Rainbow v a l l e y f l o o d p l a i n s in 

winter , moving to higher e levat ions in the summer. Considerable 

scope e x i s t s f o r hab i ta t enhancement s ince many of the shrub 
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KEY FOR INTERPRETATION OF UNGULATE CAPABILITY MANUSCRIPT MAPS (B .C . ) 

There are 7 c a p a b i l i t y c lasses based on the a b i l i t y of the land to 

support or produce wi ld ungulates. The c a p a b i l i t y c lass leve l i s 

determined by the degree of l i m i t a t i o n which a f f e c t s the q u a l i t y and/or 

quantity of habi tat for the animals. 

Example C l a s s i f i c a t i o n 

C a p a b i l i t y Class Percentable of map u n i t 

a . C a p a b i l i t y Classes 

C lass 1 - No l i m i t a t i o n s to the production of ungulates. 

C lass 1W - Extremely important winter range for ungulates. 

C lass 2 - Very s l i g h t l i m i t a t i o n s to the production of ungulates. 

C lass 2W - Very important winter range for ungulates. 

C lass 3 - S l i g h t l i m i t a t i o n s to the production of ungulates. 

C lass 3W - Important winter range for ungulates. 

C lass 4 - Moderate l i m i t a t i o n s to the production of ungulates. 

C lass 5 - Moderately severe l i m i t a t i o n s to the production of 

C lass 6 - Severe l i m i t a t i o n s to the production of ungulates. 

C lass 7 - Such severe l i m i t a t i o n s that almost no ungulates are 

occupied by each c lass 

Indicates winter range 

Indicator species 

ungulates. 

produced. 

Species 

A - Antelope 

C - Caribou Moose 

Goat 

0 - Deer Mountain Sheep 

E - E lk 
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stands in the r i p a r i a n winter range have grown beyond the reach of 

the animals. 

The present population provides both hunting and viewing oppor­

t u n i t i e s for local r e s i d e n t s . An increase in hunting harvest of 

about 1/3 could be sustained at present l e v e l s of management. 

About 10-20 animals are k i l l e d every year through c o l l i s i o n s with 

t r a i n s and road v e h i c l e s . 

2. Mule deer 

Mule deer winter in the serai mixed fores t communities on south-

fac ing slopes throughout the area. Populations peaked about 15 

years ago at approximately 900 animals and have subsequently 

dec l ined to about 550 animals due to advancing succession on these 

ranges. The population supports most of the loca l hunting ac­

t i v i t y , however, with optimum habi tat management, could susta in 

2-3 times present hunting l e v e l s . 

During heavy snow years considerable morta l i ty occurs along the 

rai lway on Deer H i l l s Plateau due to c o l l i s i o n with t r a i n s . 

3. Mountain goat 

A populat ion of about 30-40 goat inhab i t the rocky a lp ine r idges 

of the Goat Range. Hunting pressure i s cur rent ly very low because 

of a lack of road access in the Rainbow Creek v a l l e y . Goat are 

commonly seen by backpackers and cl imbers v i s i t i n g the area during 

summer. 

4. Rocky Mountain bighorn sheep 

The south-facing grass-shrub communities on Sheep Ridge c u r r e n t l y 

winter approximately 250 bighorn sheep. This population i s of 

p rov inc ia l s i g n i f i c a n c e for two reasons: f i r s t , i t represents 

approximately 5% of the tota l prov inc ia l population of bighorn 

sheep; and second, i t i s the only herd that did not dec l ine during 

a mysterious "d ie -o f f " that occurred in the southern part of the 
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province approximately 15 years ago. The reason for t h i s herd's 

immunity i s not known. Both genetic d i f fe rences and geographical 

i s o l a t i o n are suggested, however, other herds as i s o l a t e d decl ined 

in number by as much as two t h i r d s . 

The population i s cur rent ly f u l l y u t i l i z i n g i t s e x i s t i n g range and 

very l i t t l e scope e x i s t s fo r range improvement through habi tat 

enhancement. Hunting i s r e s t r i c t e d to f u l l - c u r l rams and current 

pressure i s modest. A s i g n i f i c a n t increase in hunter demand 

would, however, require more s t r ingent r e g u l a t i o n . The r e l a t i v e 

a c c e s s a b i l i t y of the herd provides s i g n i f i c a n t viewing opportuni­

t i e s , p a r t i c u l a r l y during l a t e winter and ear ly s p r i n g . 

Some evidence e x i s t s to suggest that the grass-shrub community on 

the northeast s ide of Moose Va l ley may have once supported bighorn 

sheep, however, no animals have ever been seen on t h i s range. 

FISHERIES 

The streams in the C o a l v i l l e area support populations of Yellowstone 

cut throat t r o u t , rainbow t rout , Dol ly Varden char, Kokanee salmon, and 

Rocky Mountain w h i t e f i s h . The hab i tat u t i l i z a t i o n of the streams and 

lakes in the area by each of the species i s summarized below: 

1. Rainbow Creek and P r i s t i n e Lake 

Rainbow t rout spawn in Rainbow Creek and the t r i b u t a r i e s to 

P r i s t i n e Lake in the s p r i n g . Upon emergence in the summer, the 

rainbows move immediately into P r i s t i n e Lake to rear . Since there 

i s no road access into the area, the lake present ly supports a 

l o c a l , low pressure f i s h e r y . 

2. Cutthroat Creek 

Yellowstone cutthroat t rout spawn in both Cutthroat Creek and in 

the minor t r i b u t a r i e s to Fisherman's Lake. Spawning occurs in the 
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s p r i n g , and the trout rear in the creeks for two to three years 

before moving into Fisherman's Lake. Cutthroat Creek i s heavi ly 

f i shed by both res idents and non-res idents . Rearing habi tat in 

the creek i s c r i t i c a l , and the Yellowstone cutthroat populat ion 

could not susta in increased f i s h i n g pressure under the present 

l e v e l s of management. 

3. Kokanee River 

Both Do l ly Varden char and Rocky Mountain whi te f i sh spawn in the 

Kokanee River in the f a l l . The Dol ly Varden spend from several 

months to three to four years in the r i v e r before moving into 

Fisherman's Lake, and the whi te f i sh are l i f e - l o n g res idents of the 

r i v e r . F i sh ing pressure in the Kokanee River i s moderate, and the 

Dol ly Varden and whi te f i sh populations are capable of susta in ing 

higher angl ing pressure i f the hab i tat i s opt imal ly managed. 

4. Fisherman's Lake 

Kokanee salmon spawn at s e l e c t shore l ine areas of Fisherman's Lake 

in the f a l l . The lake supports res ident populations of Yellow­

stone cutthroat t rout , Do l ly Varden char , and Kokanee salmon, and 

a r e g i o n a l l y and p r o v i n c i a l l y s i g n i f i c a n t sport f i s h e r y . F i s h e r ­

man's Lake i s capable of supporting higher numbers of a l l three 

f i s h spec ies , however, c r i t i c a l rear ing habi tat in Cutthroat Creek 

i s a l i m i t i n g fac tor fo r Yellowstone cut throat product ion. 

F i s h i n g pressure in the lake i s c u r r e n t l y h igh . 

I t i s a n t i c i p a t e d that the populat ion of C o a l v i l l e w i l l double i f the 

new mine goes into product ion. This population expansion would l i k e l y 

r e s u l t in increased f i s h i n g pressure in the above watersheds, therefore 

a l t e r a t i o n s to the management techniques present ly u t i l i z e d may be 

necessary. To a s s i s t with future f i s h e r i e s management d e c i s i o n s , the 

current f i s h i n g regulat ions fo r the area fo l low: Kokanee River 

( t r i b u t a r y streams o n l y ) . Angl ing c losure October 1 to June 15. 

204 



Dai ly L i m i t Possession L i m i t 

Aggregate trout and char 
over 50 cm, fork length 2 4 

Aggregate t rout and char, 

a l l s i zes 8 24 

Kokanee over 50 cm, fork length 2 4 

Aggregate Kokanee, a l l s izes 15 30 

Whitef ish 25 75 
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PRESENTATION OF THE ANNUAL 

RECLAMATION AWARD 

March 6, 1980 
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RECLAMATION AWARD 

As i n p a s t y e a r s n o m i n a t i o n s were s o l i c i t e d by Tony M i l l i g a n , Cha i rman 

o f t he T e c h n i c a l and Resea r ch Commit tee on R e c l a m a t i o n . The awards and 

c i t a t i o n s , under the au sp i c e s o f t h e B r i t i sh Co lumbi a Mi n i s t r y o f 

Ene r g y , M ines and P e t r o l e u m Resou r ce s and the M i n i n g A s s o c i a t i o n o f 

B r i t i s h C o l u m b i a , have been e s t a b l i s h e d to r e c o g n i z e a ch i e vemen t i n 

r e c l a m a t i o n . The ma jo r award i s f o r o u t s t a n d i n g a ch i e vemen t i n mine 

r e c l a m a t i o n . In a d d i t i o n , t h r e e c i t a t i o n s a r e p r e s e n t e d f o r m e r i t i n 

mine r e c l a m a t i o n . The c i t a t i o n s a re awarded i n t h r e e c a t e g o r i e s : 

1. M ine e x p l o r a t i o n 

2 . Meta l m i n i n g ( i n c l u d i n g g r a v e l , q u a r r i e s and p l a c e r ) 

3. Coa l m i n i n g 

The Terms o f Re f e r en ce g o v e r n i n g t h e p r e p a r a t i o n o f n o m i n a t i o n s f o r 

t h i s y e a r ' s awards a r e i d e n t i c a l t o t ho se p r e s e n t e d i n the p r o c e e d i n g s 

o f t h e 1979 R e c l a m a t i o n Sympos ium. 

The awards were g i v e n i n t h e f o l l o w i n g o r d e r : 

C i t a t i o n s : 

1. Mine e x p l o r a t i o n 

2 . Me ta l m i n i n g 

3 . Coa l m i n i n g 

Ma j o r Award - t o be r e t a i n e d f o r one y e a r and t hen r e t u r n e d a t 

n e x t y e a r ' s m e e t i n g . 

Th i s y e a r a number o f compan ies were nom ina ted f o r awards i n each 

c a t e g o r y . The scope and q u a l i t y o f r e c l a m a t i o n work pe r f o rmed by a l l 

nom inees , made the t a s k o f the Awards Commit tee p a r t i c u l a r l y d i f f i c u l t . 
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Nick Agnew ( l e f t ) and Dick Marsha l l accepted the 
rec lamat ion c i t a t i o n f o r e xp l o r a t i o n on beha l f 
of BP Exp l o ra t i on Canada L t d . 

Ron H i l l s ( l e f t ) and Clem P e l l e t i e r accepted the 
rec lamat ion c i t a t i o n f o r metal mining on beha l f 
of I s land Copper. 
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CITATIONS 

1. Mine e x p l o r a t i o n 

The 1979 c i t a t i o n f o r mine e x p l o r a t i o n i s p r e s e n t e d t o : 

B r i t i s h P e t r o l e u m E x p l o r a t i o n Canada , L t d . 

B r i t i s h P e t r o l e u m has demons t r a t ed a s t r o n g commitment t o r e c l a m a ­

t i o n o f d i s t u r b a n c e s on t h e i r Sukunka c o a l p r o p e r t y i n the n o r t h ­

e a s t . Not o n l y have t hey demons t r a t ed v e g e t a t i o n e s t a b l i s h m e n t 

s u c c e s s bu t a l s o i n p r o j e c t p l a n n i n g . They have been c o g n i z a n t o f 

e n v i r o n m e n t a l s e n s i t i v i t i e s and have t aken p o s i t i v e a c t i o n toward 

e n v i r o n m e n t a l p r o t e c t i o n . 

Hono r ab l e men t i on i s g i v e n t o : 

Ranger O i l (Canada) L t d . 

- Mount S p i e k e r Coa l P r o p e r t y 

S i l v e r S t a n d a r d M ines 

- Tyaugh ton C reek A c c e s s 

2 . Me t a l m i n i n g 

The 1979 c i t a t i o n f o r meta l m i n i n g i s p r e s e n t e d t o : 

I s l a n d Copper 

I s l a n d Copper { P o r t Ha rdy , B .C . ) have r e c o n t o u r e d 25 h e c t a r e s and 

have e s t a b l i s h e d v e g e t a t i o n on 67 h e c t a r e s . Su c ce s s has been 

a c h i e v e d w i t h bo th ag ronomic and n a t i v e s p e c i e s , and t hey have 

s u c c e s s f u l l y used a l d e r , a n i t r o g e n f i x i n g s p e c i e s , i n r e c l a i m i n g 

l a n d a r e a s . C a r e f u l p l a n n i n g has a l l o w e d c o n t i n u a l and p r o g r e s ­

s i v e r e c l a m a t i o n . 

Hono r ab l e men t i on i s g i v e n t o : 

Newmont M i n e s , L t d . 

- S im i l k ameen 



• 

R i c c i Berdusco ( l e f t ) and Tony M i l l i g a n accepted 
the coal mining Reclamation Award on beha l f of 
Ka i se r Resources L t d . 

• 
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Coa l m i n i n g 

The 1979 c i t a t i o n f o r c o a l m i n i n g i s p r e s e n t e d t o : 

K a i s e r Re sou r c e s L t d . 

- Sparwood 

K a i s e r R e s o u r c e s , 1 a s t y e a r 1 s w i n n e r o f t he R e e l a m a t i o n Award , 

r e c e i ves t h e c i t a t i o n f o r t h e i r c o n t i n u e d e x c e l 1ence i n mine 

r e c l a m a t i o n . K a i s e r Re sou r c e s have r e s l o p e d , t e r r a c e d and 

s u c c e s s f u l l y v e g e t a t e d s l i d e and r o c k dump a r e a s ; t h e y a re a l s o 

c o n d u c t i n g some o f t he most s i g n i f i c a n t r e s e a r c h i n mine r e c l a m a ­

t i o n i n B r i t i s h C o l u m b i a . Re sea r ch has been c onduc t ed i n t h e : 

- r a t e o f r e h a b i l i t a t i o n o f r e c l a i m e d a r e a s , 

- e f f e c t s o f f e r t i l i z e r s , 

- s t u d y o f s o i l m i c r o b i o l o g y (a f i r s t i n B r i t i s h C o l u m b i a ) , 

- e f f e c t s o f n i t r o g e n f i x a t i o n and d i s t r i b u t i o n . 

Hono r ab l e men t i on i s g i v e n t o : 

By ron Creek 
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-

Roger Berdusco ( l e f t ) and Dermot Land accepted 
the 1979 Reclamation Award on beha l f of Ford ing 
Coal L t d . 



RECLAMATION AWARD 

The 1979 Reclamation Award i s presented to : 

Fording Coal L t d . 

- E l k f o r d , B.C. 

Fording Coal has demonstrated a p o s i t i v e approach to the development 

and a p p l i c a t i o n of conservation and reclamation technology designed to 

protect and r e h a b i l i t a t e land and watercourses within the Fording 

V a l l e y . They have restored abandoned exp lorat ion roads to near-

o r i g i n a l slope p r i o r to revegetation and have undertaken surface s o i l 

conservat ion for subsequent reclamation use. The company has an on­

going research program to study optimum spoi l dump angles and the use 

of overburden in reclamation; and through t h e i r new greenhouse and 

nursery f a c i l i t i e s , are i n v e s t i g a t i n g vegetation techniques to advance 

both the theoret i ca l technology and p r a c t i c a l f i e l d aspects of reclama­

t i o n . 
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ESTABLISHMENT 

OF 

VEGETATION 

Chairman of the Morning Session 

Fr iday March 7, 1980 

A. Lamb 

I n t e r i o r Reforestat ion L t d . 

For t S tee le , B.C. 
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USE OF AGRONOMIC SPECIES IN MINE RECLAMATION 

INTRODUCTION 

Agronomic i s the nomenclature given to plant species that , over time, 

have become domesticated native spec ies; therefore , the tenri d i s t i n ­

guishes a p lant from a current nat ive p lant . For th i s d iscuss ion I 

have included a l l commercially harvested seed crops of grasses and 

legume spec ies . 

The purpose of e s t a b l i s h i n g grass and legumes on a reclamation s i t e i s : 

- to revegetate a disturbed area, 

- to provide forage for nat ive or domestic animals, 

- to provide surface erosion c o n t r o l , 

- to provide es thet i c s a t i s f a c t i o n , and 

- to provide a cash crop for income where f e a s i b l e . 

In the f i r s t four object ives a s a t i s f a c t o r y ground cover i s what i s 

being sought, rather than an a g r i c u l t u r a l income from the forage. With 

the former in mind, we must concern ourselves with the choice of the 

agronomic species for seeding, s ince the choice i s between: 

- the common seed types which have a wide genetic base, and 

- the selected seed var ie ty with a narrower genetic base. 

The major ity of p lant breeders s e l e c t v a r i e t i e s capable of providing 

high a g r i c u l t u r a l y i e l d under good so i l cond i t ions . Such v a r i e t i e s 

often have high n u t r i t i o n a l requirements and must be c a r e f u l l y se lected 

for a s p e c i f i c s i t u a t i o n . However, when disease threatens an area, or 

winter hardiness i s a necess i ty , then v a r i e t i e s having these a t t r i b u t e s 

can benef i t the reclamation s i t u a t i o n . 
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In B r i t i s h Columbia, common seed, which i s c l o s e s t in o r i g i n to the 

o r i g i n a l nat ive m a t e r i a l , i s used because i t has the widest genetic 

base and i s adaptable to var iab le so i l types and c l imates . In s e l e c t ­

ing common seed i t i s important that the o r i g i n of the plant be known, 

in order to determine i f the plant w i l l adapt success fu l l y to the area 

where i t i s to be sown. Recently, importations of wheatgrass and a l ­

f a l f a from Argentina have been introduced into Canada, an o r i g i n that 

would not be su i tab le for use in B r i t i s h Columbia. 

THE CANADA SEEDS ACT 

Th is Federal Act , administered by the P lant Products D i v i s i o n of the 

Food and Marketing Branch, A g r i c u l t u r e Canada, descr ibes the cond i t ions 

under which a l l seeds can be s o l d . The Seeds Act s p e c i f i e s what i n ­

formation must be provided to describe the seed, which must then be 

given to the buyer. By means of grade tables the Act s p e c i f i e s how 

clean the seed must be; how many weeds, i f any, are al lowed; and the 

minimum germination rate that a seed must have. Seed i s thereby 

c l a s s i f i e d as Canada No. 1, Canada No. 2, or Canada No. 3. The Seeds 

Act a lso descr ibes which species of grasses and legumes can be sold in 

Canada, and which v a r i e t i e s are l i censed for sale in Canada. Many of 

the s o - c a l l e d "nat ive species" of seed cannot be sold under the terms 

of the Seeds Act , and spec ia l permission for the use of such species 

must be obtained from Ottawa. 

PRINCIPLES OF SEED MIXTURE DESIGN 

Because s o i l s are not always homogeneous and weather patterns do not 

repeat themselves c o n s i s t e n t l y , there i s a d i s t i n c t advantage in using 

a seed mixture that has been blended to s u i t the var iab les of the 

s i t e . The fo l lowing cons iderat ions are app l i cab le to seed mixture 

design: 

222 



- The seed must be adapted to the c l imate and s o i l s of the area. 

- The seed must be adapted to the end use of the land and the 

des i red longevity of the stand. 

- The mixture must be economically v i a b l e . 

- The mixture must be balanced: 

a . the plants should be able to withstand competition from one 

another ( b i o - c o m p a l a b i l i t y ) , 

b. i t i s usual ly des i rab le to blend legumes with grasses , 

c . enough seed of each major ingred ient should be included to 

e s t a b l i s h a stand i f some species f a i l , 

d . the formulation expressed as a percentage of ingredients by 

weight, must r e f l e c t the desired percentage of ingredients 

by seed count, i e . end p lant populat ion . See fo l lowing 

example c a l c u l a t i o n s : 

EXAMPLE: End P lant Populat ion 

P u r i t y % (Weight) Seeds/Pound Seeds/Pound in Mix 

25% Smooth Brome X 125,000 = 31,250 

25% Canada Bluegrass X 2,500,000 -- 625,000 

25% Creeping Red Fescue X 600,000 = 150,000 

10% Timothy X 1,300,000 = 130,000 

5% Red Top X 5,000,000 = 250,000 

10% White Clover X 800,000 = 80,000 

1,266,250 

e . cons iderat ion must be given in the formulation for the rate 

of establishment and germination of each kind of seed. 

SPECIE AVAILABILITY AND ADAPTATION 

Because agronomic species are p r i n c i p a l l y used in a g r i c u l t u r a l s i t u ­

a t i o n s , adequate inventor ies are maintained and planned production as 

seed crops i s undertaken, so there i s seldom a serious shortage of 

seed. During cer ta in years when drought p r e v a i l s or bad weather i s 
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experienced at harvest t ime, c e r t a i n shortages can occur. If any rec­

lamation user i s concerned about seed a v a i l a b i l i t y , contract arrange­

ments can be made with any seed merchant to produce his requirements to 

ensure a supply. C l a s s i f i c a t i o n of species normally a v a i l a b l e , sub-

c l a s s i f i e d as to t h e i r end adaptat ion, i s given below: 

1. Rapid Developing, Shor t -L ived Grasses 

Humid Areas: Annual Ryegrass (sometimes c a l l e d Common or I t a l i a n ) 
Westerwolds Ryegrass 

Dryland Areas: Slender Wheatgrass 
T a l l Oatgrass 

2. Rapid Developing, Long-Lived Grasses f o r Sub-Humid and I r r i g a t e d  
Areas 

Orchardgrass T a l l Fescue 
Intermediate Wheatgrass Smooth Bromegrass 

Perennial Ryegrass 
( D i p l o i d and T e t r a -
p l o i d ) 

3. Drought T o l e r a n t , Long-Lived Bunch Grasses 

Crested Wheatgrass Bluebunch Wheatgrass 

Slow to E s t a b l i s h 
Hard Fescue Russian Wild Ryegrass 

4 . Drought T o l e r a n t , Long-Lived Sod Grasses 

Pubescent Wheatgrass Streambank Wheatgrass 
Kentucky Bluegrass Red Top 

5. S a l i n e and A l k a l i To le rant Grasses 

T a l l Wheatgrass 
Crested Wheatgrass 
Russian Wild Ryegrass 

Streambank Wheatgrass 
Creeping Foxta i l 

Big Bluegrass 

T a l l Wheatgrass 

Canada Bluegrass 
Creeping Red Fescue 

Slender Wheatgrass 
T a l l Fescue 

6. A c i d To le rant Grasses 

Red Top 
Red Fescue 
Creeping Bentgrass 

Meadow Foxta i l 
Co lon ia l Bentgrass 
Hard Fescue 

Canada Bluegrass 
T a l l Fescue 
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7. Dense Deep-Rooted Grasses 

Crested Wheatgrass 

Orchardgrass 

8 . Dense Shallow-Rooted Grasses 

Intermediate 
Wheatgrass 
Russian Wild Ryegrass 

Red Top 
Canada Bluegrass 

Kentucky Bluegrass 
Creeping Bentgrass 

9. F ine Leaved Mult i-Purpose Grasses 

Kentucky Bluegrass 
Chewings Fescue 

10. Wet Land Grasses 

Meadow Foxta i l 

11. Legumes 

A l f a l f a 
Sweet Clovers 

Timothy 

Creeping Red Fescue 
Hard Fescue 

Red Top 

A l s i k e Clover 
White Clovers 

Sa info in 
Red Clovers 

12. Spec ia l Agronomics 

Bearded Wheatgrass 
Alaska Brome 
S iber ian Wheatgrass 
Thickspike Wheatgrass 

Blue Wild Rye 
Basin Wild Rye 
Beardless Wheatgrass 
Big Bluegrass 

Hard Fescue 

Creeping Red Fescue 

Canada Bluegrass 

Reeds Canarygrass 

B i r d ' s - f o o t T r e f o i l 
C icer Milk Vetch 

Mountain Brome 
A l k a l i Sacaton 
Harding Grass 
Upland Bluegrass 

SEED APPLICATION RATES 

The a p p l i c a t i o n rate for seed to be used in reclamation in B r i t i s h 

Columbia i s determined by the fo l lowing f a c t o r s : 

- strength of establishment requ i red , 

- seed bed preparat ion , 

- s o i l temperature (time of seeding), 

- s o i l moisture, 

- method of a p p l i c a t i o n , 

- ingredients in seed mixture, 

- companion crop. 
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As a ru le of thumb in the dryer areas of the Prov ince , l ess seed i s 

used than in the moist areas. When a g r i c u l t u r a l equipment i s used, a 

seeding rate of 30 - 75 lb/acre i s used. When hydro-seeding i s the 

method of a p p l i c a t i o n , the seeding rate i s usual ly increased by 25%. 

When seeding i s c a r r i e d out by a i r c r a f t , the seeding rate i s increased 

by 50%. 

COATED SEED 

Coated seed, a r e l a t i v e l y new product, i s being promoted, therefore i t 

warrants a few comments. Coated seed or ig inated in New Zealand where 

much of the seeding on nat ive ranges i s done by a i r c r a f t . The b a l ­

l i s t i c weight of the coat ing material to the seed has benef i t in t h i s 

s i t u a t i o n . When the seed i s coated, the product becomes: 

In grasses: 50% of the weight i s seed, 50% i s coat ing mater ia l 

In legumes: 66% of the weight i s seed, 34% i s coat ing material 

The coat ing usua l ly used fo r grasses i s a l ime based polymer with 

approximately 5% a v a i l a b l e n u t r i e n t s . This means that when the e n t i r e 

product i s appl ied at 50 l b / a c r e , 1-1/2 pounds of actual p lant food i s 

appl ied per acre . In legumes, the coat ing i s usual ly a humus-lime mix 

conta in ing the cor rec t s t r a i n of rh i zob ia b a c t e r i a . 

The benef i t s of coated seed are as fo l lows: 

- p r i c e per pound of the seed mixture i s reduced, 

- the s p e c i f i c weight of the seed i s increased, 

- there i s marginal nut r ient b e n e f i t , 

- the coated seed usual ly withstands deeper p lant ing than raw 

seed. 

The disadvantages of coated seed are as fo l lows: 

- in grasses, you only get h a l f as many actual seeds per pound, 

compared to raw seed; 
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- coat ing usual ly reduces the germination of the seed; 

- costs per acre are much higher; 

- product i s d i f f i c u l t to handle and, genera l ly does not flow very 

e a s i l y ; 

- coated seed i s not as read i ly a v a i l a b l e as ordinary seed. 

During an i n i t i a l t r i a l per iod with coated seed, the Richardson Seed 

Company has suppl ied over 100,000 l b s . of the product to the indust ry , 

and genera l ly , the feedback we have received has ind icated d isappoint­

ing r e s u l t s . We are of the opinion that to achieve the most economical 

and s a t i s f a c t o r y r e s u l t s , raw seed should be used wherever p o s s i b l e . 

Only in s i t e - s p e c i f i c s i t u a t i o n s do we see a place for coated seed, 

such as the benef i ts of having the extra b a l l i s t i c weight around the 

seed. 

SEED PRODUCTION 

B r i t i s h Columbia imports, e i ther from the United S ta tes , or from other 

regions of Canada, most of the seed used within the Province. As i n ­

d icated e a r l i e r , i t i s important that the o r i g i n of the seed to be used 

should be adaptable to B.C. cond i t ions . Seed merchants aware of l oca l 

agronomic cond i t ions , comply accord ing ly . The fo l lowing l i s t shows the 

commonly used spec ies , complete with t h e i r most conmon source of 

o r i g i n : 

LEGUMES 

A l f a l f a : Idaho, Washington, Southern A lber ta 

A l s i k e and S.C. Red C lovers : Peace R iver , Saskatchewan 

White C lover: B .C . , Idaho, Oregon, New Zealand 

GRASSES 

Creeping Red Fescue: Peace River 

Wheatgrasses: A l b e r t a , Saskatchewan, South and North Dakota, Montana 

Orchardgrass: Oregon, Southern A lberta 

Ryegrass: Oregon 

227 



Timothy: B . C . , A l b e r t a , Saskatchewan, Manitoba, Minnesota 

Bluegrass: Washington 

Red Top: M i s s i s s i p p i , Poland, B .C . , and the P r a i r i e s Provinces 
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DISCUSSION RELATED TO A. RICHARDSON'S PAPER 

A r t Bomke - U n i v e r s i t y of B r i t i s h Columbia: I 've read somewhere that 

the coat ing of legume seeds with lime has a b e n e f i c i a l e f f e c t on 

the surv iva l of rhizobium. I t could be s i g n i f i c a n t in the a c i d i c 

mater ia ls we're t r y i n g to vegetate. Can you t e l l us something 

about that? 

Answer: I think the coat ing of legumes i s genera l ly more acceptable 

and more widely pract i sed than i s the coat ing of grasses. Of 

course, the legume seed i s always coated to some degree with the 

r h i z o b i a ; but in what I c a l l the "coat ing process", we get a 

d e f i n i t e coat contain ing the rh i zob ia around the seed. There are 

many people using the coated legume product. I t was used ex­

t e n s i v e l y in Ontario l a s t year , and i t has a lso been used in 

C a l i f o r n i a . I think that there may be some real benef i t s to 

coat ing legumes t h i s way; but at the present t ime, the general 

concensus by farmers i s that the coat ing i s perhaps not g iv ing 

them any greater benef i ts than they had before . The other i n ­

t e r e s t i n g thing i s the int roduct ion of newer rh i zob ia s t r a i n s that 

may al low us to get better innoculat ion of our legumes and con­

sequently more n u t r i t i o n a l b e n e f i t s . 

Duane Johnson - Hardy Assoc iates L t d . : We tested coat ing winter seed 

in the A r c t i c and found there were many problems with fungal i n ­

f e s t a t i o n . I was wondering i f you have had any experience with 

that? 

Answer: I , persona l ly , have not. We have not worked in the A r c t i c and 

I have not heard of the problem of increased fungal a t tack . But 

we have had experience sowing the coated seed in the l a t e f a l l of 

the y e a r , j u s t before the snow came i n , and wait ing for spring 

germination. In those instances we f e l t that we gained no benef i t 

from the coated program. The idea b a s i c a l l y was that i t would be 
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our "pop up" f e r t i l i z e r , i f you w i l l ; but i t seems that one needs 

our f e r t i l i z e r program. I'm sure coated seed w i l l be used to a 

much wider extent , and there may y e t be benef i ts which we s t i l l 

haven't seen in our coated seed. 

Duane Johnson: Do you f i n d that you coat a l l v a r i e t i e s of seed? 

Answer: Coatings can be done on any spec ies . I t ' s j u s t a simple 

matter of putt ing a so lut ion around the seed. In legume innocula­

t i o n , i t ' s a l i t t l e b i t more d i f f i c u l t because the innoculant i s 

only good for a c e r t a i n period of t ime. A l s o , the seed i s wrapped 

up in that coat ing , i t ' s more d i f f i c u l t to re innoculate i t . 

S. Parmar - B.C. Research: In the formation of seed mixtures we con­

s i d e r the number of seeds per pound. Don't you think i t would 

a lso be good to consider the pur i ty of the seed? 

Answer: Sohan pointed out, and very r i g h t l y so, that in the formula­

t i o n of seed mixtures, you should a lso consider the l i v i n g seed 

aspects . What t h i s r e a l l y means i s that some seeds w i l l have a 

90% p u r i t y because they are chaf fy , whereas, other seeds w i l l have 

a 99% pur i ty because they have a very low chaf f content. Ad­

d i t i o n a l l y , some seed species w i l l grow at 90% germination or 95% 

germination very e a s i l y and r a p i d l y , whereas, with others , i t i s 

d i f f i c u l t to get them higher than perhaps 80%. So, you mul t ip ly 

the pure seed aspect with the germination to take t h i s into 

account. Sohan, I chose to ignore that fac tor here because when 

you work the p u r e - l i v i n g seed into the p a r t i c u l a r tab le I showed 

you , i t w i l l a l t e r the percentage by about h a l f to three quarters 

of a percent in the f i n a l instance. I t ' s a rather complicated 

process , but i t i s an extremely useful p o i n t , and i t i s one we do 

consider in seed mixture des ign. 
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THE USE OF NATIVE PLANTS IN NINE LAND RECLAMATION 

INTRODUCTION 

Mankind has a basic and reasonable r e s p o n s i b i l i t y to maintain the 

potent ia l p roduct iv i ty of e a r t h ' s land surface and to recognize that 

so la r energy harvested by plants i s a prime bas is of l i f e support 

systems. As Man's disturbance and modi f i cat ion of the e a r t h ' s surface 

inc reases , the topic to which we now address ourselves must a lso grow 

in importance. 

There are however many in t h i s audience, inc lud ing our Chairman, who 

have had much more experience than I have in e s t a b l i s h i n g plants on 

mine lands. I acknowledge at once that my i n t e r e s t s have focussed on 

the establ ishment of p lants fo r a g r i c u l t u r a l purposes, for amenity 

purposes such as go l f and parkland, and for highway verges. I must 

admit to a l a r g e l y general rather than s p e c i f i c i n t e r e s t in the 

establishment of plants on mine lands; over several decades my i n t e r e s t 

in mine land reclamation has met with considerable f r u s t r a t i o n and my 

background now seems fragmented and lack ing coherence. 

Of the now f a i r l y extensive l i t e r a t u r e extant on the use of agronomic 

and nat ive plants on lands disturbed by mining, I have p a r t i a l know­

ledge but enough to know that i t i s l a r g e l y non-quant i tat ive , observa­

t iona l and e m p i r i c a l . There i s l i t t l e y e t which i s t h e o r e t i c a l or 

p r e d i c t i v e on the use of nat ive p lants . As Frank E g l e r , an appl ied 

p lant e c o l o g i s t of some renown in the United States repeatedly points 

out, vegetation science i s in i t s in fancy . I agree. 

I t i s i n e v i t a b l e that agronomic or domesticated plants should o f f e r the 

primary appeal in providing cover during mine land rec lamat ion. The 

a v a i l a b i l i t y and cost of seed and the comparative ease of the a g r i c u l ­

tura l method makes t h i s so. When and where the goals are met with the 

use of domesticated p lants , t h e i r use should be encouraged. Quite 
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of ten , however, the object ives cannot be met or are only p a r t i a l l y met 

by the use of agronomic spec ies . As knowledge and s o p h i s t i c a t i o n grow, 

we should look beyond the present-day domestic gene pools and extend 

them to inc lude the nat ive p lant gene pools . 

PLANT ADAPTATION - GENETIC AND ENVIRONMENTAL 

As almost everyone i s aware, p lants and animals are the product of 

t h e i r heredity and t h e i r environment. Thus there must be a primary 

concern with the adaptation of p lants - through regard for t h e i r 

genetic c o n s t i t u t i o n and the ana lys i s of the mine land environment. 

I t i s worth taking a few moments to review the enormous range of mine 

land environments in B.C. to which we expect p lants to adapt. The mine 

land environments c e r t a i n l y exceed in d i v e r s i t y those we commonly think 

of as a g r i c u l t u r a l environments, although one has to admit that there 

are few environments on the globe today which man i s not e x p l o i t i n g one 

way or another fo r food and/or f i b r e . 

At Is land Copper and Western Mines on Vancouver Is land we are looking 

at cool marine west coast c l imates with p r e c i p i t a t i o n of over 150 

inches , with a long growing season, leached s o i l s and an environment 

where nat ive plants usual ly qu ick ly cover any scars made by Man. On 

the other hand, at T r a n q u i l ! e where p lacers were worked over a century 

ago and p r e c i p i t a t i o n i s only 7 inches, the d isturbed land i s s t i l l 

much in evidence. Our mine lands are found from the 49th p a r a l l e l in 

the Boundary Country to the 60th, near A t l i n and, t h e r e f o r e , embrace 

cons iderable v a r i a t i o n in day length and length of growing season. 

They e x i s t from sea leve l on Texada Island to high a lp ine on, say, 

Poison Mt. in the South C h i l c o t i n Mountains at 8,000 f e e t e l e v a t i o n , an 

environment where even under the best of circumstances p lants e s t a b l i s h 

very slowly indeed. S o i l or edaphic condi t ions l ikewise range widely -

from highly mineral and poor ( o l i g o t r o p h i c ) wet s i t e s , to mineral r i c h 

(eutrophic) and dry and/or s a l i n e s i t e s . Simply stated t h i s means that 
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in B.C. recommendations for mine land p lant ings , nat ive or domestic, 

must almost always be s i t e s p e c i f i c . 

Goodman and Bray (1975) attempted a l i s t i n g of features ( p h y s i c a l , 

chemical and b i o l o g i c a l ) of the lands disturbed by mining. These 

features , which often require specia l cons iderat ion , inc lude: slope 

and aspect , wind e f f e c t s , surface temperatures, water s t r e s s , s t a b i l i t y 

of sur face, nutr ient s ta tus , spontaneous combustion, eros ion , compac­

t i o n , tox ic substances, s o i l forming minerals and organic matter, and 

the s o i l f l o r a and fauna. It i s not that these factors are not en­

countered in e s t a b l i s h i n g plants in a g r i c u l t u r a l and other contexts , 

but that the "ranges" or "amplitudes" met with in the mine land context 

usua l ly far exceed those in the a g r i c u l t u r a l or s i m i l a r s e t t i n g s . 

I t i s worthwhile to examine the o r i g i n a t i n g sources of most agronomic 

species we use in mine land reclamation: 

1. V i r t u a l l y a l l of our agronomic species are herbaceous and are 

a l i e n s ; i . e . they or ig inated not on t h i s continent but on another 

often under c l i m a t i c condit ions only weakly analagous to our own. 

2. In the int roduct ion of these a l i ens to t h i s cont inent , t h e i r 

d i s t r i b u t i o n in t h e i r nat ive land was usua l ly not well con­

s idered . It i s true that , even today a f t e r years of experience, 

our int roduct ions represent l i m i t e d provenances. This means of 

course that the genetic base of our int roduct ions i s quite 

l i m i t e d . Much of the current agronomic t e s t i n g continues to 

involve new introduct ions from countr ies of o r i g i n and includes 

attempts to b u i l d world or regional c o l l e c t i o n s of species which 

have been used agronomically in our country for decades. 

3. The genetic base of many agronomic species i s probably narrowing 

because of the loss of wi ld or quas i -wi ld progenitors in the 

countr ies of o r i g i n . Breeding for adaptation for r e s t r i c t e d 

purposes and areas narrows the genetic base by e l iminat ing much 
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v a r i a b i l i t y and se lec t ion for un i formity . Species used for mine 

rec lamat ion, however, are often forage species and losses of 

genetic var ia t ions are probably less important. 

4. Most herbaceous species used in mine land rec lamat ion, un l ike 

cereal spec ies , have been domesticated only in recent centur ies 

( a l f a l f a i s an except ion) . Thus many are , g e n e t i c a l l y speaking, 

not f a r from being "wi ld" or " f e r a l " . I t can be argued that in a 

land such as ours which was deglac iated with in the l a s t 20,000 to 

30,000 y e a r s , these a l i e n s cons t i tu te a welcome addi t ion by 

d i v e r s i f y i n g a very youthful f l o r a . 

5. Many of our agronomic species without Man's d i r e c t ass is tance have 

"picked up" genes from congener native species a f t e r t h e i r i n t r o ­

duction to our land. Timothy i s a good example of a European 

species which, a f t e r i t came to North America, picked up an 

inher i tance once and poss ib ly twice from our nat ive timothy. Th is 

i s a lso probably true of Kentucky bluegrass and many of our 

fescues and bentgrasses. To some extent we are now doing t h i s 

sor t of th ing consc ious ly . "Polar" bromegrass and perhaps 

"tundra" b luegrass , issued by the Alaska research s t a t i o n at 

Palmer, incorporates some genes from native spec ies . In the case 

of "Polar" brome, genes from Bromus pumpell ianus, a nat ive 

spec ies , were incorporated into domestic smooth brome (Bromus  

i n e r m i s ) , a brome o r i g i n a t i n g in centra l Europe* Thus, "making" a 

"new" bromegrass which would be much more useful fo r high l a t i t u d e 

environments (Klebesadel and A s s o c i a t e s ) . 

6. Most of the herbaceous species used in mine land reclamation are 

highly v a r i a b l e g e n e t i c a l l y and phenotyp ica l ly . That i s to say, 

the populations are highly heterozygous and i n d i v i d u a l s may 

respond in form and s i z e in a wide array in d i f f e r e n t environ­

ments. Usua l l y , too , the populat ions adapt to a wide range of 

microc l imat ic and microedaphic c o n d i t i o n s . Thus smooth brome, an 

introduced spec ies , may be found in environments from Mexico to 
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the A r c t i c and from the A t l a n t i c to the P a c i f i c ; the same i s true 

fo r many other a l i en agronomic spec ies . Usual ly species used in 

reclamation and for forage are estab l i shed as mixtures of species 

and s t r a i n s to broaden the genetic base even f u r t h e r ; usual ly far 

more p lant material i s used in establishment than can poss ib ly 

survive and, thus, i f one plant i s not g e n e t i c a l l y su i ted to a 

given micro-area another with a d i f f e r e n t genetic base may be. 

Hundreds of m i l l i o n s of seeds may be scattered over a hectare in 

the expectat ion that only a few thousands w i l l produce p lants . 

(This i s a s t rategy , i n c i d e n t a l l y , widely employed by c e r t a i n 

p lant species in nature.) 

7. However, i t should be recognized that agronomic species are con­

t i n u a l l y being se lected for t h e i r a b i l i t y to y i e l d well in a_ 

l i m i t e d area , or for t h e i r a b i l i t y to recover a f t e r mowing, or to 

give ai quick canopy under condit ions of more or less intens ive 

a g r i c u l t u r e ; t h e i r genetic base and a d a p t a b i l i t y f o r surv iva l 

under roughland condi t ions i s being slowly reduced. Thus, some 

s e l e c t i o n s of a l f a l f a and of crested wheatgrass, j u s t as examples, 

are doing f ine in c u l t i v a t i o n but very poorly on nat ive ranges or 

on mine land reclamation areas which embrace many microc l imat ic 

and microedaphic c o n d i t i o n s . 

8. Seed production in some agronomic species i s e i t h e r low or of such 

a nature that a stand w i l l not maintain i t s e l f in nature or under 

what i s e c o l o g i c a l l y termed "old f i e l d " s i t u a t i o n s . The stand i s 

therefore short l i v e d and one i s obl iged to maintain i t under 

q u a s i - a g r i c u l t u r a l condi t i ons : continual reseedi ng, f e r t i 1 i z i ng, 

top dress ing , e t c . are requi red . Sometimes stands of introduced 

agronomic spec ies , but not of comparable nat ive spec ies , are 

e l iminated with dramatic suddenness - by pest , d i sease , drought, 

c o l d , e t c . Sometimes the seed of agronomic species comes to our 

area from areas which are c l i m a t i c a l l y fa r d i f f e r e n t to our own; 

c e r t i f i c a t i o n of seed o r i g i n becomes a matter of great s i g n i f i -
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cance ( e . g . white c lover seed from L o u i s i a n a , although often i n ­

expensive, i s usual ly unsuitable for B . C . ) . 

9. Reference has already been made to the advantages of d i v e r s i f y i n g 

the f l o r a of a recent ly deglac iated area such as our own by i n t r o ­

ducing species from other lands. I t i s j u s t p o s s i b l e , too, that 

in d i v e r s i f y i n g the plant cover on d isturbed areas whether mine 

l and , range, roadside verges, logged-over lands , e t c . , the nat ive 

fauna may a lso be d i v e r s i f i e d and perhaps enhanced or perhaps 

introduced fauna may be maintained. Examples are not hard to 

f i n d . Chukar p a r t r i d g e , an introduced game b i r d , appears to sur­

vive in areas where downy brome, an introduced grass , i s abundant. 

INTRODUCTION OF NATIVE SPECIES 

The in t roduct ion of nat ive p lant species in reclamation procedures may 

be viewed as the cont inuat ion of the long process of domestication of 

p lants by Man for h i s spec ia l uses. I t began in the stone-age when Man 

ceased to be s t r i c t l y the hunter/gatherer and s tar ted to encourage the 

development of favored species by e l iminat ing unwanted competit ive 

spec ies . I t i s a process which should be encouraged for I be l ieve we 

can u s e f u l l y employ a la rger reper to i re to meet the need for p lants in 

a very wide range of environments in our prov ince . 

1. The r e p e r t o i r e may be expanded, in par t , by s c r u t i n i z i n g new p lant 

mater ia l s from other lands as i s being undertaken at the Research 

Stat ion of Agr i cu l tu re Canada at Beaverlodge near the B .C ./A lberta 

border in the Peace River area. 

2. A d a p t a b i l i t y of species and s t r a i n s c u r r e n t l y in use may be ex­

tended to some degree by h y b r i d i z a t i o n of introduced and nat ive 

s p e c i e s , as i s being undertaken at the Alaska A g r i c u l t u r a l Ex­

periment S t a t i o n , Palmor, A laska . 
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3. There i s much to be gained by s c r u t i n i z i n g our nat ive species with 

a view to e x p l o i t i n g t h e i r usefulness in Man-modified hab i ta ts . 

The So i l Conservation Service of the U.S. Department of A g r i c u l ­

ture has been doing t h i s for many decades; some of the more act ive 

and valuable e f f o r t s have been at the Pullman, Washington s tat ion 

and i t s re la ted s tat ions by Drs. Hafenr ichter and Schwendiman. 

From t h e i r e f f o r t s came useful s t r a i n s of nat ive grasses such as 

Whitmar Wheatgrass (Agropyron spicatum), Bromar Bromegrass (Bromus  

emarginatus ( ? ) ) , Streambank Wheatgrass (Agropyron r ipar ium) , Big 

Bluegrass (Poa amp!a) and others . Some seedhouses in the U.S. 

( e . g . Sharp & Co.) have se lected s t r a i n s of nat ive shortgrass 

p r a i r i e and desert species such as Blue grama grass (Bouteloua  

g r a c i l i s ) and Weeping lovegrass (Eragrost i s sp.) which have been 

u s e f u l l y employed in many amenity and reclamation p r o j e c t s . 

4 . Within our own prov inc ia l borders there may be value in scanning 

nat ive plant mater ia ls with a view to e x p l o i t i n g them in reclama­

t ion and other Man-modified environments. I w i l l name only one 

spec ies , A l t a i Fescue (Festuca a l t a i c a ) . In introducing pro­

venances from a species such as t h i s for quasi-agronomic uses in 

our higher a l t i t u d e s and l a t i t u d e s , we might avoid c o s t l y long-

term se lec t ions within e x i s t i n g agronomic species for increased 

co ld and drought to lerance , adaptation to day length , e t c . 

In B r i t a i n , where very l i t t l e p lant cover remains which i s t r u l y nat ive 

and/or cl imax, Smith & Bradshaw recent ly se lected and issued for use in 

rec lamation, s t r a i n s of bentgrass and fescue which are t o l e r a n t of the 

somewhat tox ic waste and t a i l i n g s from hard rock mining. I t may well 

be useful to s c r u t i n i z e the plants growing on our own u l t ra-maf ic 

parent mater ia ls ( e . g . those in the Yalakom area which contain f e r r o -

magnesium mater ia ls) with a view to l o c a t i n g s t ra ins t o l e r a n t to higher 

background l e v e l s of mercury or chromium. Plants too, in d i f f e r e n t 

ways, i t may be r e c a l l e d , do not necessar i l y r e f l e c t concentrat ions of 

the metals in the substrates and, may in f a c t , "screen out" as well as 
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"screen i n " elements. Scrut iny of nat ive genotypes on calcareous 

parent mater ia ls ( e . g . l imestone mountains) or on some of the T e r t i a r y 

lava parent mater ia ls ( e . g . Car iboo-Ch i l co t in ) might y i e l d useful geno­

types at no great cost . 

CONCLUSION 

I have often thought that i t would be u s e f u l , p a r t i c u l a r l y in B.C. with 

i t s many many var ied near-micro environments, i f a l l agencies i n t e r e s t ­

ed in developing and maintaining a product ive and useful p lant cover 

over our province, could coordinate t h e i r e f f o r t s to c l e a r l y i d e n t i f y 

needs and set goa ls . 

There are many common p lant needs on the ranges, domestic stock and 

w i l d l i f e are often complementary as are those for highway verges, mine 

land and other roughlands. S i n g l y , the needs are often minor, but 

c o l l e c t i v e l y are often qui te major. This conference could be a means 

of recogniz ing these i n t e r r e l a t i o n s h i p s . 
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DISCUSSION RELATED TO V .C . BRINK'S PAPER 

J . Dick - M in i s t ry of Environment: Do you have any suggestions on how 

people might go about c o l l e c t i n g herbaceous seed mater ia ls? I 

have heard some reports of t h i s in surface mines in the U.S. using 

some kind of mini-combine harvester to harvest seeds from native 

swards. C o l l e c t i n g seeds from shrubs i s f a i r l y easy, but i t ' s 

always been a formidable task t r y i n g to sample a sward where 

d i f f e r e n t plants are f lowering at d i f f e r e n t t imes. 

Answer: Wel l , quite honest ly, I think the only way i s to put in an 

intermediate step somewhere in order to make the i n i t i a l c o l l e c ­

t i o n s , but you w i l l always be quite l i m i t e d . And then you harvest 

an area under pure-standing c o n d i t i o n s . That ' s p a r t i c u l a r l y true 

in B r i t i s h Columbia where the t e r r a i n i s so rough. In the United 

States there are l a rger areas, and I think t h i s would a lso be true 

of the p r a i r i e prov inces , where you do f i n d f a i r l y pure stands. 

There i s one point that might be of i n t e r e s t concerning the sweet-

grass Paracloa Odorata or Paracloa Alpinum. They are both loaded 

with tumors and are highly unpalatable, to j u s t about a l l of our 

nat ive grazing ungulates. In t a l k i n g to people at Banff National 

Park about t h i s , we found that by inc lud ing j u s t a small amount of 

nat ive sweetgrass in the verges along the Trans-Canada highway we 

were able to keep the elk o f f the highway and back in the t r e e s . 

I d i d n ' t fo l low t h i s up by researching the i n t e r r e l a t i o n s h i p s 

between plants and w i l d l i f e . I think that some uses of native 

species could become important. In r e l a t i o n to the conservation 

of w i l d l i f e hab i ta t , winter range area continues to decrease and 

t h i s could be o f f s e t , to some extent , by revegetat ion with nat ive 

grass spec ies . 
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PROPAGATION OF NATIVE TREES AND SHRUBS FOR RECLAMATION USE 

INTRODUCTION 

The long-term f i n a l object ive of a mine s i t e reclamation program should 

be to produce a p lant cover which i s u s e f u l , a e s t h e t i c a l l y acceptable 

and s e l f - m a i n t a i n i n g . There are a lso very important inter im object ives 

which include erosion c o n t r o l , slope s t a b i l i z a t i o n and so i l improve­

ment. These depend very heavi ly upon the use of agronomic spec ies , 

and, in general , I think that the mining industry has undertaken and 

c a r r i e d out programs which e f f e c t i v e l y a t t a i n the inter im o b j e c t i v e s . 

Achievement of the f i n a l object ive w i l l depend very heavi ly on the use 

of nat ive p lant m a t e r i a l . 

Our programs of nat ive p lant establ ishment are much less advanced, and 

our experience in the establishment of permanent nat ive p lant cover on 

mine s i t e s i s , to date, incomplete. We do know, however, that future 

reclamation plans w i l l have to make extensive use of nat ive p lant 

m a t e r i a l . In order to do so, we must be able to propagate these native 

plants e f f e c t i v e l y and economical ly. Thus, i t i s important that we 

s t a r t out with the proper f a c i l i t i e s . 

THE PROPAGATION GREENHOUSE 

Most types of p lant material can be propagated without the use of a 

greenhouse but a good greenhouse makes the job much e a s i e r , quicker and 

cheaper. For a propagating greenhouse, I recommend f i b r e g l a s s as the 

preferred cover ing . Double skinned poly-houses are quite e f f e c t i v e for 

c l imate c o n t r o l , however, they have the disadvantage of screening out 

the u l t r a v i o l e t l i g h t . P lants grown in a polyethylene house w i l l burn 

badly when put out into br ight s u n l i g h t , there fore , carefu l a t tent ion 

must be paid to hardening-off the p lant material before o u t p l a n t i n g . 
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Plants can be moved d i r e c t l y from a f i b r e g l a s s house with l i t t l e 

problem. 

The heating system should be designed to maintain a minimum temperature 

of 5°C and, depending upon the l o c a t i o n , a combination of shade c lo th 

and fans , or manually opened v e n t i l a t o r s , w i l l prevent overheating 

during summer. The propagating bench i t s e l f should have metal sup­

p o r t s . We use 1-1/2 inch galvanized pipe for the legs and 1-1/2 inch x 

1/8 inch angle i ron for the hor izontal supports . For bench sides we 

use copper napthanate t reated 2 inch x 4 inch on edge, a l lowing an 

ins ide width of 42-1/2 inches . Th is allows fo r the easy placement of 

two standard f l a t s of 20-1/4 inch length on the bench. 

Asbestos cement sheets make the best base for the propagating bed. 

Adequate drainage i s provided by 1/4 inch holes d r i l l e d at about 1 foot 

i n t e r v a l s . Bottom heat fo r the bed can be provided e i t h e r by hot water 

pipes with a thermostat i ca l l y c o n t r o l l e d c i r c u l a t i n g pump, or more 

simply, by an e l e c t r i c s o i l heating cab le . I f cable i s used, provide 

10 watts per square foot o f bench. The cables or pipe should be 

covered with at l e a s t 1/2 inch of pea gravel to ensure good drainage 

and heat d i s t r i b u t i o n . 

An e f f i c i e n t , c o n t r o l l a b l e mist system i s e s s e n t i a l . Refinements such 

as high i n t e n s i t y l i g h t i n g and CO2 i n j e c t i o n are expensive and not 

r e a l l y e s s e n t i a l . A s imple, economical, and e f f e c t i v e mist system 

cons i s t s of a s ing le l i n e of 1/2 inch PYC pipe suspended 2 feet above 

the bench with FLORA-MIST wire s h i e l d propagating nozzles at a 3 foot 

spacing. The s a d d l e - f i t t i n g nozzles are i n s t a l l e d by d r i l l i n g a hole 

in the PVC pipe and g lu ing the saddle in p lace . (PVC sawdust or d r i l l 

shavings must be thoroughly cleaned from the pipe before nozzle i n ­

s t a l l a t i o n , otherwise troublesome c logging w i l l occur . ) The mist i s 

c o n t r o l l e d by a 1/2 inch so lenoid valve and a time c lock or other 

sensing dev ice . We prefer a 12 minute c lock with 12 second i n t e r v a l s 

because i t i s simple and more f o o l - p r o o f . Twenty to f o r t y pounds psi 

i s adequate for the water supply and, even with a very good q u a l i t y 
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water supply, a 5 ga l lon per minute replaceable screen f i l t e r should be 

i n s t a l l e d in the l i n e . A 25 micron screen i s recommended. 

A north- fac ing frame with bottom heat and f i b r e g l a s s cover i s a very 

useful add i t ion to the greenhouse. 

PROPAGATION METHODS 

I f you plan on propagating a f a i r l y broad range of p lant m a t e r i a l , i t 

w i l l probably be necessary to use a l l three major propagating methods: 

seed, hardwood cut t ings and softwood c u t t i n g s . The propagating bench 

can be used for both hardwood and softwood c u t t i n g s . Seedl ings are 

genera l ly grown in trays or f l a t s placed d i r e c t l y on the f l o o r of the 

greenhouse. 

SEED 

Unfortunate ly , the seed of many species i s very d i f f i c u l t to c o l l e c t 

and germinate. Seed of coni ferous species should be c o l l e c t e d as soon 

as the cones are mature and should be stored in open-weave bags with 

good a i r c i r c u l a t i o n unt i l they can be processed. As rather e laborate 

f a c i l i t i e s are necessary fo r cone handl ing, the cones should be shipped 

to a commercial extractory for processing and seed c l e a n i n g . The seed 

can then be stored in p l a s t i c bags at -2°C u n t i l required for s t r a t i f i ­

cat ion and sowing. The best s ing le source of information regarding 

seed c o l l e c t i o n , storage, processing and germination i s "Seeds of Woody 

Plants in the U .S .A . " , A g r i c u l t u r a l Handbook #450, catalogue 

#0100-02902 from Superintendent of Documents, Washington, D.C. 20402. 

Container-grown seedl ings usual ly e s t a b l i s h much more e a s i l y than bare-

root m a t e r i a l . There are many d i f f e r e n t container systems in use for 

producing c o n i f e r seed l ings . Most systems u t i l i z e pH corrected peat or 

peat vermicu l i te mixes as the growing medium. Most very l a r g e - s c a l e 
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operations provide nutr ients with the i r r i g a t i o n water. An a l t e r n a t i v e 

p a r t i c u l a r l y handy for a smaller operation i s the incorporat ion of slow 

re lease f e r t i l i z e r s into the pott ing medium. We use both paperpots and 

Spencer Lemaire containers and a growing medium made up of s t r a i g h t 

sphagnum peat (preferably not too f i n e l y ground), with the fo l lowing 

addit ions per cubic yard of mater ia l : 2 pounds of do lomit ic l imestone, 

65 mesh; 2-1/2 pounds of Mag-Amp 7-40-6; 2 pounds of osmocote 18-6-12; 

2 pounds of superphosphate 0-19-0; 2 pounds of gypsum; and1-1/2 ounces 

of minor element mix. 

Coni fers are d i r e c t l y seeded into the pots using a vacuum operated 

mechanical seeder, then a l i g h t covering of medium-grade p e r l i t e i s 

appl ied to cover the seed. The p e r l i t e re ta ins moisture around the 

germinating seed, r e f l e c t s br ight sun l ight , and prevents overheat ing. 

We normally do not s t r a t i f y white spruce, lodgepole p ine , jack pine or 

ponderosa p ine . Douglas f i r , both coast and i n t e r i o r v a r i e t i e s , i s 

soaked overnight and stored damp in p l a s t i c bags at +0°C for 30 days. 

Hemlock a lso responds to s t r a t i f i c a t i o n ; but with t h i s spec ies , there 

appears to be v a r i a b l e response depending on the seed lot . The seed i s 

a i r - d r i e d a f t e r s t r a t i f i c a t i o n and then immediately sown. 

Maintaining uniform moisture during the germination period i s most im­

portant . A f t e r the i n i t i a l watering, seed trays can be covered with 

polyethylene f i l m but great care must be taken to see that the f i l m i s 

removed at the very f i r s t s igns of germination. 

Yellow cedar i s not seeded d i r e c t l y . With a s ix month s t r a t i f i c a t i o n 

per iod , t h i s spec ies germinates very e r r a t i c a l l y and over a long 

per iod . Normal procedure i s to broadcast the seed in f l a t s and to 

t ransplant the young seedl ings to pots as they germinate. 

Aspen i s an important species and, unfortunate ly , one which i s rather 

d i f f i c u l t to propagate. Hardwood cut t ings w i l l not root at a l l . So f t ­

wood cut t ings produce a very low percentage of rooted c u t t i n g s . Root 

piece cut t ings are reasonably successful but c o l l e c t i n g aspen roots i s 
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rather expensive. We have not grown aspen from seed, for in the past 

several years there has been almost no seed a v a i l a b l e in the areas 

where we have been c o l l e c t i n g . However, in the past , we have success­

f u l l y c o l l e c t e d seed for European customers who reported good r e s u l t s . 

The seed must be kept cool and handled very qu ick ly ; sowing must be 

done as soon as poss ib le a f t e r c o l l e c t i o n . 

B i rch general ly germinates well from seed which i s c o l l e c t e d in the 

f a l l and stored dry without s t r a t i f i c a t i o n . Because of the l ightness 

of the seed and i t s v a r i a b i l i t y in germination, i t i s normally neces­

sary to seed b i rch in f l a t s and then t ransp lant . Seed i s broadcast 

without cover ing . 

Alder (Alnus c r i spa and Alnus sinuata) can be broadcast d i r e c t l y into 

the containers as there i s usual ly no object ion to having mul t ip le 

seedl ings in a s ing le conta iner . As with b i r c h , the a lder seed i s not 

covered. 

Shrubby species which can be propagated from seed inc lude: Saskatoon 

berry , buf fa lo berry and wi ld rose. Snow berry seeds p r o l i f i c a l l y but 

i t s germination seems to be completely unpred ic tab le . Both buf fa lo 

berry and rose have hard seed coats and embryo dormancy. Although ac id 

treatment has been used s u c c e s s f u l l y to shorten the s t r a t i f i c a t i o n 

period to one season for rose, our experience ind icates that i t i s 

bet ter to c o l l e c t ahead of time and wait for the second-year germina­

t i o n . We get the best r e s u l t s by sowing the seed in sand f l a t s and 

s i t t i n g them outside under the in f luence of f l u c t u a t i n g temperatures 

and the leaching act ion of r a i n . The sand f l a t s must be well screened, 

otherwise b i rds and mice w i l l eat most of the seed. 

Some species require an a f t e r - r i p e n i n g per iod . I f seed i s cleaned and 

then put immediately into co ld storage, i t w i l l not respond to the 

normal s t r a t i f i c a t i o n treatment. Pin cherry, choke cherry , Saskatoon 

berry and k i n n i k i n i c k are in t h i s category. Seeds of these species 

should be given a warm s t r a t i f i c a t i o n of 30 to 60 days immediately 
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fo l lowing e x t r a c t i o n . We have found the e a s i e s t method of doing th i s 

i s to mix the seed with sand, place the seeded f l a t s on the propagating 

bench, and bottom heat at 20°C. A f t e r t h i s treatment a 90-day co ld 

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

HARDWOOD CUTTINGS 

Species which can be propagated s u c c e s s f u l l y from hardwood cut t ings 

include poplar , wi l low, red twigged dogwood, shrubby c i n q u e f o i l and 

snow berry . Poplar and wil low cut t ings should be taken while s t i l l 

completely dormant, packed in p l a s t i c bags with damp peat moss and 

stored at 0°C. A f t e r the cut t ings have c a l l o u s e d , they can be placed 

d i r e c t l y into the p lant ing area or rooted in the greenhouse. The 

percentage of take w i l l be much higher under greenhouse c o n d i t i o n s . 

The normal procedure for making poplar and wil low hardwood cut t ings i s 

to make a 45° angle cut d i r e c t l y below the bud at the base of the 

c u t t i n g and a s t r a i g h t 9 0 Q cut j u s t above the top bud of the three bud 

c u t t i n g . Red twigged dogwood cut t ings should be prepared iri the same 

way as poplar and wi l low. However, they should be propagated in f l a t s 

of e i t h e r sand or a sand/per l i te mixture and given bottom heat. The 

greenhouse temperature should be kept as cool as poss ib le during the 

root ing per iod to prevent premature and excessive top growth. In areas 

where greenhouse temperatures are warm, we have found that a north-

f a c i n g , cable heated frame i s very e f f e c t i v e . 

Dogwood cut t ings should have a 1 inch basal wound and a #3 root ing 

powder mix (0.8% i n d o l e - b u t y r i c a c i d ) . Shrubby c i n q u e f o i l propagates 

quite e a s i l y using the same method as fo r dogwood. However, the 

c u t t i n g s used are quite small - normally about a 3 inch long cut t ing 

with the branchlets s t r ipped from the lower h a l f . Snow berry cut t ings 

should be made only from good vigorous growth and should be 4-5 inches 

in length with the bottom 2 inches of the c u t t i n g cleaned o f f . Hard-
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wood cut t ings should always be made from vigorous healthy wood, a 

condi t ion d i f f i c u l t to obtain with cutt ings taken in the w i l d . 

If c u t t i n g beds can be set up at the nursery where the mother plants 

can be f e r t i l i z e d and watered, the qua l i ty of c u t t i n g wood w i l l be much 

better and root ing percentages w i l l be much higher . We normally get 

about 70% root ing from c o l l e c t e d dogwood cut t ings and at l e a s t 90% from 

nursery grown m a t e r i a l . With th in twiggy species such as c i n q u e f o i l 

and snow berry, the d i f fe rence i s even greater . 

SOFTWOOD CUTTINGS 

Species which are d i f f i c u l t or impossible to root from hardwood 

cut t ings w i l l very often root quite well from softwood cut t ings taken 

during the summer. Dogwood, wi l low, honeysuckle and high and low bush 

cranberry are examples of species which root very qu ick ly and e a s i l y 

from softwood c u t t i n g s . The i n i t i a l c o l l e c t i n g and handling of the 

cut t ings p r i o r to placement in the growing medium i s c r i t i c a l . P re fer ­

ably , cut t ings should be taken only during the ear ly morning before the 

heat of day and should be kept moist to prevent w i l t i n g . I f p o s s i b l e , 

the cut t ings should be placed in the f l a t s and under the mist with in 2 

or 3 hours of p i c k i n g . I f t h i s i s not p o s s i b l e , they should be wrapped 

in damp sacking and kept cool in styrofoam conta iners . For most 

spec ies , a softwood cut t ing should include a p a r t i a l l y unfolded pa i r of 

t i p leaves and one pa i r of f u l l y developed leaves. The basal pa i r of 

leaves on the c u t t i n g are removed and the c u t t i n g trimmed j u s t below 

the basal bud. Many species w i l l root qui te s a t i s f a c t o r i l y without the 

use of hormone powder; however, hormones speed up the root ing and 

usual ly r e s u l t in denser r o o t i n g , which makes for e a s i e r t rans­

p l a n t i n g . We use a #1 hormone powder for easy root ing material such as 

wi l low, #2 powder fo r most other so f t c u t t i n g s , and the #3 powder only 

f o r f a i r l y d i f f i c u l t root ing spec ies . 
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Careful management of the cut t ings to avoid w i l t i s c r i t i c a l for the 

f i r s t few days. This means that mist i n t e r v a l s should be short . On 

the other hand, continuous heavy mist ing for too long a period w i l l 

r e s u l t in reduced r o o t i n g . Genera l ly , a f t e r the f i r s t three days, the 

mist i n t e r v a l s should be gradual ly increased, always ensuring the 

cut t ings do not w i l t . The root ing medium we use i s concrete sand which 

i s f a i r l y coarse; masonry sand i s too f i n e . The sand must be clean and 

any s i l t or c lay should be washed out . We usua l ly mix about 1/3 medium 

grade p e r l i t e with the sand to improve aerat ion and reduce the mix 

weight; i t i s a lso eas ier to work wi th . The add i t ion of 25% peat to 

the root ing mix i s a help with b lueberry , huckleberry and buf fa lo 

berry . 

There i s a greater advantage in using nursery grown wood for softwood 

cut t ings than for hardwood c u t t i n g s . I f softwood cut t ings are taken 

from mother plants which, themselves, are from c o l l e c t e d cut t ings grown 

f o r several years in the nursery, the new cut t ings can be p icked, 

trimmed, and placed under mist with in an hour or l e s s . Good q u a l i t y 

softwood cut t ings handled t h i s way have the best root ing r e s u l t s . 

Another type of c u t t i n g , root p i e c e , i s adaptable to some species and 

works well for aspen, rose , and raspberry . Root pieces are cut in 

2- inch lengths and inser ted in f l a t s with the top of the c u t t i n g barely 

above the sur face . The f l a t s should have bottom heat but should not be 

pre-misted. 

In summary, there i s no mystery in the successful propagation of nat ive 

woody spec ies . The bas is of a f l o u r i s h i n g propagation program can be 

summarized: care fu l a t tent ion to water, heat and v e n t i l a t i o n . 
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DISCUSSION RELATED TO D. CHRISTIE'S PAPER 

Frank P e l l s - Brenda Mines L t d . : Is the book you recommended from 

Washington much super ior to the one by the B.C. Forest Service? 

Answer: Yes. Although the B.C. Forest Serv ice book i s good, the 

Washington p u b l i c a t i o n includes information about a l o t more 

spec ies . 
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Box 100 
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P.O. Box 270 
Bla i rmore, A lberta 
TOK 0E0 

B.P. Explorat ion (Canada) L t d . 
333 - 5th Avenue S.W. 
Calgary, A lber ta 

Kaiser Resources L t d . 
P.O. Box 2000 
Sparwood, B.C. 
VOB 2G0 

Kaiser Resources L t d . 
P.O. Box 2000 
Sparwood, B.C. 
VOB 2G0 

Noranda Mines L t d . 
Boss Mountain D i v i s i o n 
Hendrix Lake, B.C. 
VOK 1R0 

Ranger Oi l L t d . 
Box 11601 
1955, 650 West Georgia S t reet 
Vancouver, B.C. 
V6B 4N9 

Crows Nest Resources L t d . 
P.O. Box 2699, Stat ion M 
Calgary , A lberta 
T2P 2M7 

B.C. Hydro & Power Author i ty 
P.O. Box 12121 
555 West Hastings S t ree t 
Vancouver, B.C. 
V6B 4T6 

F a l l i s Turf Equipment 
11951 Forge Place 
Richmond, B.C. 
V7A 4V7 

Manalta Coal L t d . 
Box 2880 
Calgary , A lber ta 
T2P 2M7 



NAME ADDRESS 

N icko lson , T . P . 

Norden, Herb 

North, Stan 

Nyland, B i l l 

0*Bryan, Art 

O ' N e i l , Shauna 

O ' N e i l l , Richard 

Parker , Ross 

Parmar, Sohan 

Paterson, R.G. 

Pearson, Don F. 
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Mining Assoc ia t ion of B.C. 
P.O. Box 12540 
1066 West Hastings S t reet 
Vancouver, B.C. 
V6E 3X1 

M i n i s t r y of Forests 
Box 629 
Dawson Creek, B.C. 
V1G 4H4 

M i n i s t r y of Energy, 
Mines and Petroleum Resources 
Box 877 
Smithers, B.C. 

PetroCan 
P.O. Box 28441 
Ca lgary , A lberta 
T2P 2M7 

M i n i s t r y of Energy, 
Mines and Petroleum Resources 
817 Baker St reet 
Nelson, B.C. 

Buckerf i e lds 
P.O. Box 7000 
Vancouver, B.C. 
V6B 4E1 

Axel Johnson Industr ies 
1475 Boundary Road 
Vancouver, B.C. 
V7V 1W3 

Techman L t d . 
P.O. Box 2840 
6th F l o o r , 320 - 7th Avenue S.W. 
Calgary, A lber ta 
T2P 2M7 

B.C. Research 
3650 Wesbrook Mall 
Vancouver, B.C. 
V6S 2L2 

Energy Conservation Board 
603 - 6th Avenue S.W. 
Calgary, A lber ta 
T2P 0T4 

M i n i s t r y of Environment 
Parl iament Bu i ld ings 
V i c t o r i a , B.C. 



NAME ADDRESS 

P e l l e t i e r , Clem Utah Mines L t d . 
P.O. Box 370 
Port Hardy, B.C. 
VON 2P0 

P e l l s , Frank Brenda Mines L t d . 
P.O. Box 420 
Peachland, B.C. 
VOH 1X0 

Petch, Bruce 

P lan iden, Al 

Y. Bajard Assoc iates L t d . 
2425 - West 18th Avenue 
Vancouver, B.C. 
V6L 1R9 

Min is t ry of Transport and Highways 
3D, 940 Blanchard St reet 
V i c t o r i a , B.C. 
V8W 3E6 

P o l s t e r , Dave 

Pomeroy, Kathy 

P o r t f o r s , Ernest 

Reed, Alan J . 

Richardson, Angus 

R i f f e l , L.W. 

Techman L t d . 
P.O. Box 2840 
6th F loor 
320 - 7th Avenue S.W. 
Calgary , A lber ta 
T2P 2M7 

Denison Mines L t d . 
P.O. Box 11575 
650 West Hastings S t reet 
Vancouver, B.C. 

Klohn Leonoff Consultants 
10180 Shel l bridge Way 
Richmond, B.C. 

Afton Mines L t d . 
P.O. Box 937 
Kami oops, B.C. 
V2N 5N4 

Richardson Seeds L t d . 
Rear of 7342 Winston St reet 
Burnaby, B.C. 
V5A 2H1 

Ka iser Resources L t d . 
Box 2000 
Sparwood, B.C. 
VOB 2G0 



NAME 

Robbins, George 

Robertson, Ivan 

Robertson, James 

Robertson, J im 

Robertson, Sandy 

Robinson, W.C. 

Ross, Malcolm, K. 

Rowley, J im 

Rueger, E.R. 

Runka, Gary 

Ryder, David E. 
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ADDRESS 

Amax of Canada 
Box 12525, Oceanic P laza 
1600, 1066 West Hastings St reet 
Vancouver, B.C. 
V6E 3X1 

M i n i s t r y of Highways 
Nelson, B.C. 

Acres Consul t ing L t d . 
8th F loor - 800 West Pender S t reet 
Vancouver, B.C. 

Afton Mines L t d . 
P.O. Box 937 
Kamioops, B.C. 
V2C 5N4 

M i n i s t r y o f Environment 
Water Invest igat ion Branch 
Parl iament Bu i ld ings 
V i c t o r i a , B .C . 

M i n i s t r y of Energy, 
Mines and Petroleum Resources 
105, 525 Superior S t r e e t 
V i c t o r i a , B.C. 
V8V 1T7 

Fording Coal L t d . 
200, 205 - 9th Avenue S . E . 
Calgary, A lber ta 
T2G 0R4 

PetroCan 
P.O. Box 28441 
Ca lgary , A lber ta 
T2P 2M7 

Min i s t ry of Highways 
Nelson, B.C. 

Land Sense L t d . 
4695 Garden Grove Dr ive 
Burnaby, B.C. 
V5G 3V2 

Ka iser Resources 
Box 2000 
Sparwood, B.C. 
VOB 2G0 



NAME ADDRESS 

Sadar, Ed M i n i s t r y of Energy, 
Mines and Petroleum Resources 
101, 2985 A i r p o r t Dr ive 
Kami oops, B.C. 
V2B 7W8 

Sahlstrom, Paul D. Terrasol 
P.O. Box 2092 
Vancouver, B.C. 
V6G 2T2 

Seaman, B. Byron Creek C o l l i e r i e s 
P.O. Box 270 
Blairmore, A lberta 
TDK 0E0 

Sharp, Malcolm Lornex Mining Corp. 
P.O. Box 1500 
Logan Lake, B.C. 
VOK 1W0 

Sh ie lds , Rodger Denison Mines L t d . 
P.O. Box 11575 
650 West Georgia S t reet 
Vancouver, B.C. 
V6B 4N7 

S ing leton , Glen 

S loan , Garth 

Hardy Associates 
3939 - 12th St reet N.E. 
Calgary, A lberta 
T2E 6R8 

Crows Nest Resources L t d . 
Shel l Centre 
400 - 4th Avenue S.W. 
Calgary, A lber ta 
T2P 2M7 

Smith, Dave M i n i s t r y of Energy, 
Mines and Petroleum Resources 
101, 2985 A i r p o r t Dr ive 
Kamioops, B.C. 
V2B 7W8 

Smook, Harvey Tor tor Trucking 
P.O. Box 1359 
Chetuynd, B.C. 
VOC 1J0 



NAME 

Speer, Ray 

Starck , H. 

S t i l e s , E .H. 

Suther land, Jack 

Switzer , Bruce 

Taky i , Samuel K. 

Thomson, Jack 

Timmermans, P i e t e r 

Vaartnou, Many 
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ADDRESS 

Monenco Consultants L imited 
125 - 9th Avenue S . E . 
900 One Pal l i s t e r Square 
Calgary, A lberta 
T2G 0P6 

Department of Highways 
7818 - 6th S t reet 
Burnaby, B.C. 
V3N 4N8 

P lacer Development 
Endako D i v i s i o n 
Endako, B.C. 
VOJ 1L0 

M i n i s t r y of Energy, 
Mines and Petroleum Resources 
1652 Quinn St reet 
Pr ince George, B.C. 
V2N 1X3 

Denison Mines L t d . 
P.O. Box 11575 
650 West Georgia St reet 
Vancouver, B.C. 

A lber ta Forest Serv ice 
11th F loor Petroleum P laza 
South Tower 
9915 - 108th St reet 
Edmonton, A lber ta 
T5K 2L9 

M i n i s t r y of Energy, 
Mines and Petroleum Resources 
101, 2985 A i r p o r t Dr ive 
Kamloops, B.C. 
V2B 7W8 

M i n i s t r y of Energy, 
Mines and Petroleum Resources 
2747 East Hastings S t reet 
Vancouver, B.C. 
V5K 1Z8 

Vaartnou & Sons L t d . 
965, 808 - 4th Avenue S.W. 
Ca lgary , A lberta 
T2P 0K4 



NAME ADDRESS 

V a l l e a u , Robert 

Van der Gul ik , Ted 

Waldner, Matt 

Ward, Peter 

Weenk, Barry 

W i l l o x , R . J . 

Wood, J . A . 

Worthing, Vera 

Yamanaka, Koj i 

Western So i l & Environmental Serv ices 
208, 10435 - 124th St reet 
Edmonton, A lberta 
T5N 1R7 

Min is t ry of A g r i c u l t u r e 
203, 33780 Laurel S t reet 
Abbotsford, B.C. 
V2S 1X4 

Lornex Mining Corp. 
P.O. Box 1500 
Logan Lake, B.C. 
VOK 1W0 

Western Canada Hydraul ic Lab 

G i b r a l t a r Mines L t d . 
P.O. Box 130 
McLeese Lake, B.C. 
VOL IPO 

Westroc Industr ies 
P.O. Box 217 
Invermere, B.C. 

Kerr Wood Leidal Assoc iates L t d . 
144B - West 16th St reet 
North Vancouver, B.C 

Noranda Mines L t d . 
Babine D i v i s i o n 
Gran is le Mines 
P.O. Box 1000 
G r a n i s l e , B.C. 
VOJ 1W0 

Faculty of A g r i c u l t u r e 
U n i v e r s i t y of B r i t i s h Columbia 
Vancouver, B.C. 
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STUDENT PARTICIPANTS 

UNIVERSITY UF BRITISH COLUMBIA 

Faye, Rob 
F i t z p a t r i c k , Joe 
F r e d e r i c k s , Jay 
Gould, Kathy 
Jones , Carol 
Mi lne, Helen 
P o t t i n g e r , Ned 
Quesnel, Harry 
Rouse, Clayton 
S ing le ton , J i l l 
S u t t i e , Kathleen 
Zweck, L i z 

UNIVERSITY OF VICTORIA 

Dav is , Gerry 
Dow, Duncan 
Harnadek, Cyd 
Perks, Steve 
Wi lson, Rob 
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Province of 
British Columbia 

Ministry of 
Energy, Mines and 
Petroleum Resources 


