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INTRODUCTION 

S p e c i f i c a t i o n s o f the product a n t h r a c i t e are somewhat v a r i a b l e depending on 

the end use markets. S i ze v a r i a t i o n s w i l l be from coarse to small and ash 

content w i l l be reduced by washing to l e v e l s o f 5 to 25 percent . C a l o r i f i c 

va lues corresponding to these ash l e v e l s w i l l be 7900 to 5900 c a l o r i e s per 

gram r e s p e c t i v e l y . Sulphur content i n a l l product grades w i l l be very low 

at 0.5 percent or l e s s . 
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INTRODUCTION 

4.0 MINE DEVELOPMENT PLAN  

The mine plans are based on producing 1.5 m i l l i o n tonnes of a n t h r a c i t e 

products annua l l y . The run of mine a n t h r a c i t e requ i red to produce these 

products v a r i e s from 2.2 m i l l i o n tonnes to 2.6 m i l l i o n tonnes on an annual 

b a s i s . S i m i l a r l y the waste mined v a r i e s from 12.4 m i l l i o n to 20.1 m i l l i o n 

bank cub i c metres. This r e s u l t s i n a run of mine s t r i p r a t i o tha t v a r i e s 

from 4.9 to 8.2 bank cub ic metres of waste to one tonne of a n t h r a c i t e . 

Min ing o f t h i s resource w i l l r equ i r e development o f an open p i t wi th 

r e l a t e d support f a c i l i t i e s , waste rock d i spo sa l a rea, a haul road from the 

p i t s to the p l an t a rea, an a n t h r a c i t e p repara t i on p l a n t , s i t e support 

f a c i l i t i e s and a power supply. O f f - s i t e developments i n c l ude a new access 

road between the p r o j e c t s i t e and Highway 37 to prov ide access to Stewart 

and e i t h e r a new or improved sh ip l oad ing te rmina l i n Stewart. B r i e f 

d e s c r i p t i o n s of the proposed major f a c i l i t i e s are prov ided i n the f o l l o w i n g 

paragraphs. F igure 1-3 prov ides an o v e r a l l p lan view of the p r i n c i p a l 

f a c i l i t i e s . 

4.1 MINING 

The open p i t c o n s i s t s o f three areas to be worked s imul taneous ly over the 

l i f e o f the mine and are des ignated as the North P i t , Cent ra l P i t and South 

P i t . The three areas w i l l merge i n t o one mine which w i l l encompass much of 

the eastern po r t i o n of Lost Ridge and the lower ground north of the face of 

the r i d g e . Waste rock w i l l be placed in an area immediately west of the 

p i t s cover ing the northwest f l a n k of Lost Ridge. Tota l d i s t u rbed area f o r 

the mine w i l l be about 4 square k i l omet res and the waste rock w i l l cover 

another 4 square k i l omet re s . 

Mining w i l l be by convent ional t ruck and shovel methods. Waste rock w i l l be 

d r i l l e d and b l a s ted and then loaded on t ruck s f o r removal to the waste 

a rea. A n t h r a c i t e seams w i l l not be b la s ted but w i l l be removed d i r e c t l y by 

backhoes. U l t imate depth of the p i t f l o o r w i l l be about 250 to 300 metres 

below the r im at the deepest p o i n t . 
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INTRODUCTION 

4.2 ROADS 

A system of i n - p i t ramps and roads w i l l be developed to a l l ow haulage by 

154 tonne c apac i t y t ruck s to the waste d i spo sa l area and to the a n t h r a c i t e 

haul road. The haul road w i l l e x i t the p i t area towards the south down the 

g e n t l e r s l op i ng s i de of Lost Ridge before t u rn i ng north towards the anthra 

c i t e p repa ra t i on p l an t a rea. Waste rock from the mine w i l l be used to 

b u i l d t h i s road. 

A 103 k i l omet re access road between the mine s i t e and Highway 37 at the 

B e l l II c r o s s i n g i s a l so proposed. 

4.3 ANTHRACITE PROCESSING 

The a n t h r a c i t e p repara t i on p l an t w i l l be l o ca ted north of the p i t area 

adjacent to the s i t e of the e x i s t i n g p i l o t p l a n t . Proven convent ional 

technology i s used to process the a n t h r a c i t e . The process s t a r t s w i th a 

t r uck dump hopper i n c l u d i n g two stages of c rush ing which reduces the 

a n t h r a c i t e to a top s i z e of 35 m i l l i m e t r e s . At t h i s p o i n t , wh i l e the bulk 

of the raw a n t h r a c i t e i s s imply conveyed to s i l o storage ahead of the 

" s tandard product " process ing modules, t ha t a n t h r a c i t e from which a 

premium, low ash, coarse product can be economica l l y e x t r a c ted i s d i v e r t e d 

f o r separate p roces s i ng . 

The p l an t i s designed to produce m u l t i - s i z e and v a r i a b l e ash content 

a n t h r a c i t e products from heavy media drum separators and heavy media 

cyc lones . 

Coarse re fu se from the p l an t w i l l be t rucked to the coarse re fuse s t o c k p i l e 

or used to con s t ruc t the t a i l i n g s dam. 

F ine ma te r i a l i n the t h i c kene r underf low w i l l be pumped to the t a i l i n g s 

pond. Water rec la imed from the t a i l i n g s pond w i l l be r e c y c l ed to the 

a n t h r a c i t e process ing p l a n t . During the f i r s t few years of operat ion there 

w i l l be no d i scharge from the t a i l i n g s dam. I f p r e c i p i t a t i o n accummulations 

are such tha t the impoundment area i s f i l l i n g a f t e r a few yea r s , d i scharge 
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of water from the t a i l i n g s impoundment area w i l l be cons idered at that 

t ime. 

4.4 POWER SUPPLY 

Two a l t e r n a t i v e power sources are c u r r e n t l y under c on s i de r a t i on f o r the 

Mount Klappan p r o j e c t . One opt ion would e n t a i l c o n s t r u c t i o n of a 290 

k i l omet re 138 kV overhead t ransmi s s ion l i n e from a connect ion w i th the B.C. 

Hydro g r i d at New Aiyansh north o f Ter race. The l i n e would f o l l o w Highway 

37 and then f o l l o w the new mine access road c o r r i d o r to a subs ta t i on 

adjacent to the a n t h r a c i t e p repara t i on p l a n t . 

The other a l t e r n a t i v e i s an o n - s i t e 15 MW thermal generat ing p l a n t . For 

t h i s o p t i o n , Gu l f has s e l ec ted a c i r c u l a t i n g f l u i d i z e d bed combustion 

system which represents the best a v a i l a b l e , proven technology f o r burning 

a n t h r a c i t e and c o n t r o l l i n g a i r emiss ions . The system would operate on 

r e j e c t a n t h r a c i t e from the wash p lan t to produce steam f o r power genera

t i o n , b u i l d i n g heat ing and a n t h r a c i t e product d r y i n g . Inherent fea tu res of 

the combustion system r e s u l t i n very low re l ea se of n i t rogen oxides to the 

atmosphere and absorpt ion o f most o f the su lphur content o f the f ue l i n t o 

the ash ma te r i a l which i s removed from the b o i l e r as s o l i d waste. 

Power from e i t h e r source w i l l be stepped down at a sub s ta t i on and d i s t r i 

buted by a combination of overhead t ransmi s s i on l i n e s and underground 

cab les r a ted at 13.8 kV. The d i s t r i b u t i o n system w i l l extend to the p i t 

area and a l l other s i t e f a c i l i t i e s r e q u i r i n g power. 

4.5 OTHER SITE FACILITIES 

A mine o f f i c e and dry f a c i l i t y w i l l be l o ca ted adjacent to the haul road 

and nor theast of the p i t a rea. O f f i c e s w i l l be prov ided f o r mining opera

t i o n managers and supe rv i s o r s . Dry f a c i l i t i e s w i l l have s u f f i c i e n t change 

and shower areas to accommodate the mine opera to r s . 
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A mine s e r v i c e complex w i l l be l o ca ted at the p l an t s i t e and w i l l i nc lude 

f a c i l i t i e s f o r heavy equipment r e p a i r , work shops, maintenance and adminis 

t r a t i v e o f f i c e s , dry f a c i l i t i e s f o r maintenance crews, warehouse and a 

l a b o r a t o r y . 

The gatehouse complex w i l l house s e c u r i t y and f i r s t - a i d personnel as we l l 

as the f i r e t r u c k and ambulance. 

The mine workforce w i l l be r e c r u i t e d from or w i l l s e t t l e i n e x i s t i n g 

communities i n northwestern B r i t i s h Columbia and w i l l commute between these 

communities and the s i t e . Bus t r a n s p o r t a t i o n w i th severa l p i ck -up po in t s 

w i l l be prov ided f o r work crews. I t i s c u r r e n t l y planned to work two 

12-hour s h i f t s w i th a 7 days on, 7 days o f f c y c l e . A 442 man camp wi th 

c a t e r i n g , r e c r e a t i o n and enterta inment f a c i l i t i e s w i l l accommodate the 

workforce o n - s i t e . 

Two opt ions are under c on s i de r a t i on f o r the supply of process , f i r e and 

potab le water. • The f i r s t would i n vo l ve c on s t r u c t i on of a small dam on the 

L i t t l e Klappan R i ve r to form a r e s e r v o i r about 1.5 k i l omet re s west o f the 

p l an t complex. The second opt ion would be an i n f i l t r a t i o n g a l l e r y in take 

which would a l s o be supp l ied by the L i t t l e Klappan R i ve r . 

Some of the e x i s t i n g roads and the a i r s t r i p w i l l be upgraded dur ing the 

c o n s t r u c t i o n phase o f the work. Other roads w i l l be cons t ruc ted around the 

mine s i t e area to prov ide access to the var ious f a c i l i t i e s . V i s i t o r park ing 

w i l l be prov ided at the gate house complex and employee park ing w i l l be 

adjacent to the camp. 

Other f a c i l i t i e s i ncorporated in the mine s i t e complex w i l l be p rov i s i on s 

f o r heat ing and v e h i c l e f ue l s torage, s i t e dra inage, sewage treatment, 

s o l i d waste d i s p o s a l , f i r e p r o t e c t i o n and communications. 

4.6 WORKFORCE REQUIREMENTS 

The peak o n - s i t e labour f o r ce dur ing c on s t r u c t i o n of the p r o j e c t i s e s t ima-
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ted at approx imately 450 workers. Over the t o t a l c o n s t r u c t i o n pe r i od of 18 

months, the average c on s t r u c t i o n workforce w i l l be about 245. 

Est imated t o t a l operat ions workforce w i l l be c l o se to 680. Of these, about 

235 w i l l be engaged i n the t r u ck haul operat ions between the mine s i t e and 

Stewart and por t operat ions i n Stewart. Most of these workers w i l l 

probably s e t t l e i n the Stewart a rea. Mining operat ions w i l l r equ i r e 70 

workers per s h i f t and another 30 per s h i f t w i l l work at the p l an t complex, 

maintenance f a c i l i t i e s , camp, e t c . Two s h i f t s w i l l be on s i t e at a l l times 

such tha t the normal complement at the m ines i te dur ing opera t ion w i l l be 

about 240 i n c l u d i n g management and a d m i n i s t r a t i v e per sonne l . 

4.7 PROJECT SCHEDULE 

Government rev iew of the p r o j e c t i s expected to run through the sp r ing of 

1987 such t ha t A p p r o v a l - i n - P r i n c i p l e i s a n t i c i p a t e d f o r June, 1987. 

I n i t i a t i o n o f the p r o j e c t , however, i s dependent on the secur ing of l ong -

term con t r a c t s w i th customers and approval o f G u l f ' s Board o f D i r e c t o r s . 

Because of t h i s dependence on an a s - y e t - t o be secured c o n t r a c t s , the 

p r o j e c t development schedule i s presented on a Year 1, Year 2, and Year 3 

bas i s (see F igure 1-4, P r o j e c t Development Schedule) . 

Cons t ruc t i on camp and s i t e s e r v i ce s could be i n s t a l l e d by the end of August 

of Year 1. Ac tua l c on s t r u c t i on of the process ing p l an t f a c i l i t i e s and 

i n f r a s t r u c t u r e f a c i l i t i e s cou ld then s t a r t i n September and be completed by 

the end of Year 2. 

Mine equipment cou ld be ordered and d e l i v e r e d by October of Year 2 when 

overburden s t r i p p i n g at the p i t s would beg in . The a n t h r a c i t e p repara t ion 

p l an t would be commissioned i n January of Year 3 and the f i r s t raw 

a n t h r a c i t e d e l i v e r i e s to the p l an t would be at the beginning o f February. 

Product a n t h r a c i t e d e l i v e r i e s would s t a r t at the end of March of Year 3 by 

which time a l l f a c i l i t i e s can be f u l l y commissioned. 

The t o t a l t ime from the d e c i s i o n to proceed w i th c on s t r u c t i o n date to 

s t a r tup of the coal process ing p l an t i s approximately 22 months. 
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5.0 STAGE II DOCUMENT AND PROCESS  

This Stage II Environmental and Socio-Economic Impact Assessment and 

Request f o r A p p r o v a l - i n - P r i n c i p i e f o r the Mount Klappan A n t h r a c i t e P ro jec t 

has been prepared by the Coal D i v i s i o n o f Gu l f Canada Corporat ion pursuant 

to Coal Mine Development Gu ide l i ne s i s sued by the Mine Development S tee r ing 

Committee o f the Government o f B r i t i s h Columbia. 

Gu l f has a l s o been guided by the d e t a i l e d government review comments 

s upp l i ed by the Mine Development S tee r i ng Committee i n June, 1986 f o l l o w i n g 

t h e i r rev iew o f G u l f ' s Stage I submission o f mid-1985. The Stage I document 

prov ided d e t a i l s o f the planned p r o j e c t and an assessment of environmental 

and socio-economic impacts based on in fo rmat ion which was a v a i l a b l e as of 

the end of 1984. 

The Stage I r epo r t noted tha t development p lann ing and s tud ie s were 

con t i nu i ng and that f u r t h e r g e o l o g i c a l , eng ineer ing and environmental 

p lann ing i n fo rmat ion would be a v a i l a b l e f o r the Stage II submiss ion. Gu l f 

agreed to waive a request f o r a p p r o v a l - i n - p r i n c i p i e from Cabinet f o l l o w i n g 

the Stage I program and immediately commenced Stage II work. 

Gu l f has been a s s i s t e d in the Stage II program by a number of c on su l t i n g 

o r gan i z a t i on s who have con t r i bu ted to s tud ie s completed i n 1985 and 1986. 

Study areas where a d d i t i o n a l i n fo rmat ion has been developed f o r the Stage 

II Assessment and those p r i m a r i l y r e spons ib l e f o r ga ther ing and compi l ing 

data are noted below: 

Mine P lann ing Marston & Marston Inc. 

A n t h r a c i t e Process ing Monenco Consu l tants L im i ted 

I n f r a s t r u c t u r e P lanning 

Atmospher ic, Water Qua l i t y 

and W i l d l i f e Assessments 

Vegetat ion and S o i l s 

Norton Hambleton Inc. 

K i l b o r n Eng ineer ing (B.C.) L t d . 

Environmental Management A s soc i a te s 

Norecol Environmental Consu l tants L t d . 

Hardy BBT L imi ted 
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Transmiss ion L ine Study 

Geotechnica l I n ve s t i ga t i on s 

A n t h r a c i t e Burn Test 

Reclamation P lanning 

Sur face Water Management 

Environmental Management P lanning 

Her i tage Resources Assessment 

Socio-Economic Assessment 

Report P repara t ion and 

Coord ina t ion 

B.C. Hydro and Power A u t h o r i t y 

Hardy BBT L t d . 

Pyropower Corporat ion 

P o l s t e r Environmental Se rv i ces 

Ker, Priestman and A s soc i a te s L t d . 

Rescan Environmental Se rv i ces L td . 

Aresco L t d . 

Dimensions P lann ing 

Rescan Environmental Se rv i ce s L td . 

While Gu l f has drawn e x t e n s i v e l y from the work of these con su l t an t s , Gu l f 

i s s o l e l y r e spon s i b l e f o r the contents o f t h i s Stage II Assessment. In 

a d d i t i o n , G u l f ' s g eo l o g i c a l s t a f f have prepared the geo l o g i c a l work f o r 

t h i s r e p o r t . 

Gu l f Canada Corporat ion has been working w i th the Northwest Economic 

Development Task Force to eva luate opt ions and assess impacts of the 

o f f - s i t e components of t h i s p r o j e c t : the mine access road, por t f a c i l i t i e s 

and a p o s s i b l e e l e c t r i c t ransmi s s ion l i n e . Work on these items has been 

conducted i n p a r a l l e l w i th the Stage II work. The government review and 

approval process f o r these items w i l l be d i r e c t e d by the Task Force and i s 

not the r e s p o n s i b i l i t y of the Mine Development S tee r i ng Committee. 
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PART ONE - INTRODUCTION 

1.0 PROJECT PROPONENT  

Gu l f Canada Corporat ion i s proposing to produce a n t h r a c i t e from the Mount 

Klappan property i n northwestern B r i t i s h Columbia. A n t h r a c i t e , which i s a 

d i s t i n c t l y d i f f e r e n t product from the m e t a l l u r g i c a l coal produced elsewhere 

in B r i t i s h Columbia, i s not p re sen t l y produced i n Canada. Primary markets 

f o r Mount Klappan a n t h r a c i t e i nc lude domestic and s m a l l - s c a l e i n d u s t r i a l 

heat ing requirements i n A s i a and Europe and some i n d u s t r i a l uses i n eastern 

Canada. 

Gu l f Canada Corporat ion i s a l a r g e , p u b l i c l y - t r a d e d Canadian company wi th 

execut i ve o f f i c e s i n Toronto and a s i g n i f i c a n t presence i n f i v e major 

bus inesses . I t i s i nvo lved in o i l and gas e x p l o r a t i o n and p roduct i on , 

na tu ra l gas d i s t r i b u t i o n , p i p e l i n e s , f o r e s t products and the d i s t i l l e d 

s p i r i t s bus iness . 

The Corporat ion conducts i t s wide range of o i l and gas e x p l o r a t i o n and 

product ion a c t i v i t i e s through Gu l f Canada Resources, a d i v i s i o n w i th 

headquarters i n Ca lga ry . Gu l f Canada Resources i s one o f Canada's l ead ing 

producers o f crude o i l , na tu ra l gas, na tu ra l gas l i q u i d s and su lphur . I t 

operates f i v e major gas process ing p l a n t s , has i n t e r e s t s i n 40 other gas 

p l a n t s , and i s a p a r t i c i p a n t in the Syncrude o i l sands p r o j e c t . In add i 

t i o n to the Mount Klappan proper ty , the company a l so has i n t e r e s t s i n other 

coal lands i n A l b e r t a and both northeastern and northwestern B r i t i s h 

Columbia which are not p re sen t l y being planned f o r development. 

Gu l f i s s o l e owner of the 195 crown coal l i c e n s e s compr i s ing the Mount 

Klappan p roper ty . The coal l i c e n s e s p re sen t l y held by Gu l f were acqui red in 

f i v e separate a p p l i c a t i o n s between 1981 and 1985. Gu l f f i r s t exp lored the 

property at a reconnaissance l e v e l i n 1979. An a c t i v e e x p l o r a t i o n program 

has been underway s ince 1980 in the Mount Klappan area. 
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2.0 SETTING AND LOCATION OF PROJECT  

The crown coal l i c e n s e s compr is ing the Mount Klappan property cover a t o t a l 

area of 51 693 hec ta re s . They are s i t u a t e d at the northern ex t remi ty of the 

Skeena Mountain Range of northwest B r i t i s h Columbia. By a i r , the s i t e i s 

about 150 k i l omet re s northeast of Stewart, B r i t i s h Columbia, 530 k i l ometres 

northwest o f P r i nce George and 930 k i l omet re s north of Vancouver. 

Geographic co -o rd i na te s f o r the l i c e n c e area are between 57° 06 'and 57° 23 ' 

north l a t i t u d e and 128° 37 ' and 129° 15 ' west l o ng i t ude . F igure 1-1 

i n d i c a t e s the l o c a t i o n of the p r o j e c t . 

The property i s immediately southwest of the S p a t s i z i P la teau Wilderness 

Park. Topog raph i ca l l y , the area i s c h a r a c t e r i z e d by severa l broad v a l l e y s 

of about 1000 metre e l e v a t i o n w i th surrounding r i dge tops r i s i n g to over 

2200 metres. 

The area i s w i t h i n the northern po r t i on o f the Skeena Mountains phys iog ra 

ph ic reg ion which i s c ha r a c t e r i z ed by mountainous t e r r a i n w i th r idges 

t r end ing northwest to southeast separated by the v a l l e y s and p l a teaus . 

D i f f e r e n t po r t i on s of the property are dra ined by the L i t t l e Klappan, 

Klappan, Nass, Skeena and S p a t s i z i r i v e r systems. The t r e e l i n e in the 

area i s at approx imately 1500 metres e l e v a t i o n . V a l l e y bottoms tend to be 

covered w i th s c a t t e r ed stands o f con i fe rous t r e e s , g rasses , bogs, shrubs 

and meadows. Higher e l e v a t i o n s are c h a r a c t e r i z e d by a l p i n e vegetat ion such 

as l i c h e n , mosses and sparse grasses or exposed, barren rock. 

C l imate i n the area i s t y p i c a l of northern i n t e r i o r reg ions of B.C. 

c h a r a c t e r i z e d by r e l a t i v e l y c o o l , dry cond i t i on s which are qu i t e conducive 

to open-p i t mining ope ra t i on s . P r e c i p i t a t i o n averages on ly 300 to 400 mm 

per year w i th maximum snowpack depths o f between 1.0 and 1.5 metres. Most 

of the p r e c i p i t a t i o n occurs i n the summer and f a l l months a s soc ia ted wi th 

warm, P a c i f i c weather systems pass ing through the a rea. D a i l y maximum 

temperatures dur ing the summer average about 15°C, dropping to about -10°C 

in the w i n t e r . Average annual temperature i s -2°C w i th -44.7° being the 
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record low and 27.1°C represent ing the h ighest temperature recorded i n 5 

years of mon i to r i ng . 

The nearest community to the Mount Klappan property i s the v i l l a g e of I skut 

wi th a popu la t ion o f about 250 l oca ted some 100 k i l omet re s to the northwest 

on the S tewar t -Ca s s i a r Highway (Hwy. 37) . There are no set t lements in the 

v i c i n i t y of the p roper ty . F igure 1-2 shows the l o c a t i o n of the Mount 

Klappan property r e l a t i v e to the p r i n c i p a l communities and geographic 

f ea tu re s of the northwestern B.C. r e g i on . 

The l i c e n s e area s t r add l e s the p a r t i a l l y completed B r i t i s h Columbia Railway 

r i g h t - o f -way between P r ince George and Dease Lake. P r i o r to ce s sa t i on of 

work on the c o n s t r u c t i o n of the l i n e , s t ee l was l a i d to w i t h i n 80 k i lome

t r e s south of Mount Klappan. The r a i lway subgrade however was completed 

through and beyond the Mount Klappan property as f a r north as the S t i k i n e 

R i ve r w i th the except ion of a 24 k i l omet re s t r e t c h south of Mount Klappan. 

Road access i s c u r r e n t l y a v a i l a b l e to the property v i a Highway 37 to the 

Ealue Lake t u r n o f f j u s t south o f I skut, and then southeast along the former 

r a i lway subgrade. The Klappan br idge which was i n s t a l l e d dur ing 

c o n s t r u c t i o n o f the r a i l subgrade was destroyed when the r a i lway p r o j e c t 

was abandoned. In 1984, Gu l f cons t ructed three new br idges to prov ide road 

access to the p roper ty . Road d i s tances from Stewart and Terrace to Mount 

Klappan are p r e sen t l y 426 k i l omet res and 575 k i l omet re s r e s p e c t i v e l y 

u t i l i z i n g t h i s r ou te . 

A 1000 metre a i r s t r i p e x i s t s adjacent to the access road on the p roper ty . 

F ixed wing a i r c r a f t can use t h i s area as can h e l i c o p t e r s which a l so use an 

a l t e r n a t e l and ing area near the main e x p l o r a t i o n camp. 
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INTRODUCTION 

3.0 ANTHRACITE RESOURCES  

E xp l o r a t i on work by Gu l f Canada has e s t ab l i s hed a wor ld c l a s s mineable 

a n t h r a c i t e depos i t on the Mount Klappan p roper ty . A n t h r a c i t e i s a s pec i a l 

coal qu i t e d i s t i n c t from the thermal and m e t a l l u r g i c a l coal products of 

e x i s t i n g mines i n B r i t i s h Columbia. In f a c t , there has never been 

commercial p roduct ion of a n t h r a c i t e anywhere i n Canada. 

A n t h r a c i t e d i f f e r s from other coa l s because o f i t s phy s i ca l and chemical 

p r o p e r t i e s and a cco rd i n g l y , i t has d i f f e r e n t end-use markets. B a s i c a l l y , 

a n t h r a c i t e i s a coa l which has been pressed and cooked by natu ra l fo rces 

such tha t i t conta in s very l i t t l e v o l a t i l e matter and i s q u i t e hard and 

b r i t t l e . Markets f o r a n t h r a c i t e are those which r equ i r e these unique 

chemical c h a r a c t e r i s t i c s (high carbon, low v o l a t i l e s ) and/or the hard 

phy s i ca l nature of the c o a l . 

Based on d r i l l i n g , t rench ing and mapping up to the end of 1985, 52 m i l l i o n 

tonnes of mineable a n t h r a c i t e resource had been measured i n the Lost-Fox 

Area and another 51 m i l l i o n tonnes were i n d i c a t e d . ( Add i t i ona l d r i l l i n g in 

1986 has increased the measured resource s i g n i f i c a n t l y ) . More than double 

t h i s amount i s i n f e r r e d to be present on the bas i s of extens ions of data 

from the proposed mine area and on other mapping and t r ench i n g . 

There are 20 mineable a n t h r a c i t e seams i n the Lost-Fox Area having an 

aggregate average t rue th i cknes s of 48 metres w i t h i n approx imately 450 

metres of s e c t i o n . I nd i v i dua l seams have a t r ue th i cknes s o f up to 6.75 

metres and average 2.4 metres. The proposed mine plan w i l l r e lea se 

po r t i on s o f 9 o f these seams. 

Run-of-mine a n t h r a c i t e from the Lost-Fox mine i s p red i c ted to have an ash 

content ranging from 18 to 46 percent and gross thermal energy content of 

about 3900 to 6700 c a l o r i e s per gram wi th r e s i dua l moisture of 1.5 percent. 

The mate r i a l i s g ene r a l l y qu i t e hard and l u s t r o u s . The su lphur content of 

the raw a n t h r a c i t e averages l e s s than 0.5 percent . 
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PART TWO - GEOLOGY AND ANTHRACITE RESOURCES 

1.0 INTRODUCTION  

Gu l f Canada C o r p o r a t i o n ' s Mount Klappan A n t h r a c i t e P r o j e c t i s l o ca ted in 

northwest B r i t i s h Columbia, 288 k i l omet res north of Smithers, and 150 

k i l omet re s nor theast of Stewart, B r i t i s h Columbia. The property i s 

composed of 195 Crown Coal L icences t o t a l l i n g 51 693 hectares of l a nd . 

The Mount Klappan property has been the focus of G u l f ' s a n t h r a c i t e 

e x p l o r a t i o n a c t i v i t i e s s ince 1981. Although severa l areas w i th economic 

a n t h r a c i t e p o t e n t i a l have been i d e n t i f i e d by e x p l o r a t i o n , the Lost-Fox Area 

near the cen t re o f the property has shown the most favourab le r e s u l t s , in 

terms o f the quan t i t y , q u a l i t y and a c c e s s i b i l i t y of i t s a n t h r a c i t e 

re sources . 

The Mount Klappan property covers sedimentary s t r a t a ranging in age from 

Upper J u r a s s i c to Lower Cretaceous. These s t r a t a are i n t e r p r e t e d to have 

been subjected to two phases of s t r u c t u r a l deformation r e s u l t i n g in NW-SE 

t rend ing f o l d s o f the f i r s t phase ( F j ) and g e n e r a l l y NE-SW t rend ing f o l d s 

of the second phase (F2). Both of these stages of s t r u c t u r a l deformation 

are present i n the Lost-Fox Area. 

The sediments under l y ing the property have been subd iv ided i n t o four 

sequences: the S p a t s i z i , Klappan, Mai l o c h , and Rhondda, i n ascending 

o rder . The Klappan Sequence i s the main coa l - bea r i n g un i t and i s p re sen t l y 

i n t e r p r e t e d to a t t a i n a th i cknes s of up to 900 metres. The Lost-Fox Area 

i s predominantly under l a i n by s t r a t a of t h i s sequence. 

E xp l o r a t i on diamond d r i l l i n g i n the Lost-Fox Area has de l i n ea ted 24 

d i s t i n c t a n t h r a c i t e and carbonaceous hor izons w i t h i n approx imately 540 

metres of Klappan Sequence s e c t i o n . Twenty of these hor izons conta in 

p o t e n t i a l l y mineable a n t h r a c i t e seams w i th t r ue th i cknes ses ranging from 

0.5 up to 6.75 metres. 
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Based on d r i l l i n g and t rench ing to the end of 1985, 52 m i l l i o n tonnes of 

a n t h r a c i t e resources have been measured and an a d d i t i o n a l 51 m i l l i o n tonnes 

were i n d i c a t e d . D r i l l i n g dur ing 1986 has increased the measured resources 

s i g n i f i c a n t l y to prov ide more measured resources than requ i red f o r the 

planned mine, however the d e t a i l e d c a l c u l a t i o n s are not complete at t h i s 

t ime. The f o l l o w i n g summary t ab l e shows the c a t e g o r i z a t i o n o f the i n - s i t u 

resources at December, 1985: 

ANTHRACITE RESOURCE SUMMARY 

( m i l l i o n tonnes) 

Mount Klappan Proper ty Lost -Fox Area 

Measured 64 52 

Ind icated 75 51 

Confirmed (Measured & 

Ind icated) 139 103 

I n fe r red 491 86 

TOTAL 630 189 

In a d d i t i o n to the above measured, i n d i c a t e d and i n f e r r e d resources the 

Mount Klappan property conta ins a s p e c u l a t i v e a n t h r a c i t e resource of 

severa l b i l l i o n tonnes. 

The a n t h r a c i t e can be cleaned to produce a v a r i e t y of s i z ed products , 

ranging i n ash content from 5% ash premium a n t h r a c i t e to b r i q u e t t i n g 

a n t h r a c i t e o f up to 25% ash. The a n t h r a c i t e products are low i n su lphur 

( u s ua l l y 0.5% or l e s s ) , and have high c a l o r i f i c va lues . 

G u l f ' s e x p l o r a t i o n a c t i v i t i e s have s t e a d i l y progressed each year s i nce 

1981. As of the end of 1986, road access to the property has been 

e s t a b l i s h e d , an a i r s t r i p r e - a c t i v a t e d , a 120 person camp e rec ted , severa l 
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GEOLOGY AND ANTHRACITE RESOURCES 

thousands o f metres of d r i l l i n g and t rench ing completed, two a d i t s d r i v e n , 

a haul road to the Lost-Fox Area con s t ruc ted , two t r i a l cargo p i t s 

excavated, f o r a t o t a l of 190 000 tonnes of run-of-mine a n t h r a c i t e , a p i l o t 

a n t h r a c i t e p repa ra t i on p l an t and t a i l i n g s pond cons t ruc ted and over 100 000 

tonnes o f product a n t h r a c i t e have been shipped as t r i a l cargoes to 

p o t e n t i a l customers. 
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2.0 EXPLORATION HISTORY AND DEVELOPMENT ACTIVITIES  

2.1 MOUNT KLAPPAN EXPLORATION OVERVIEW 

V.H. Dupont made the f i r s t pub l i shed d e s c r i p t i o n of coal i n the Northern 

Bowser Bas in i n 1900 f o r the Canadian Department of Rai lways and Canals . In 

h i s r e p o r t , he desc r ibed a coal outcrop near the conf luence of Didene 

Creek and the S p a t s i z i R i ve r . Th i s outcrop i s now recogn ized as par t of the 

Klappan coal occurrences . 

The Geo log i ca l Survey o f Canada i n i t i a t e d f i v e e x p l o r a t i o n programs in the 

area between 1911 and 1981. 

In 1979, R ichards and G i l c h r i s t from the B.C. Department of Mines pub l i shed 

s t r a t i g r a p h i c s tud ie s of the r eg i on . Most of t h i s l a t e r work i n c l u d i n g 

other i ndu s t r y i n t e r e s t , however, was concentrated i n the Groundhog area 

about 55 mi le s south of Mount Klappan. I t was not u n t i l the l a t e 1970's 

t ha t the Klappan coal occurrences were t a r g e t t e d f o r e x p l o r a t i o n when other 

resource companies acqu i red l i c e n c e s i n the a rea. Those l i c e n c e s were 

a l lowed to lapse i n the e a r l y 1980 ' s . 

Gu l f began e x p l o r a t i o n i n the Bowser Bas in i n 1979. Work was concentrated 

in the Panorama-Groundhog Coal Measures but a reg iona l reconnaissance 

program was undertaken i n the Mount Klappan area. Favourable r e s u l t s from 

t h i s program l ed to the i n i t i a l l i c e n c e a c q u i s i t i o n o f the Mount Klappan 

property i n 1981. 

For e x p l o r a t i o n program p lann ing purposes, the Mount Klappan property was 

d i v i d e d i n t o f i v e p r o j e c t b locks as i n d i c a t e d on F igure 2-1. The Didene 

Creek e x p l o r a t i o n camp i s l o ca ted i n the northwest corner of the Hobbi t -

Broatch Area and the i n i t i a l e x p l o r a t i o n work was conducted in t h i s area. 

S i g n i f i c a n t showings of a n t h r a c i t e i n the Lost-Fox Area soon a t t r a c t e d 

g e o l o g i s t s to t h i s zone as w e l l . A l l of the recent a c t i v i t y has been 

concentrated i n the Lost-Fox Area which conta ins the proposed mine s i t e at 

Lost Ridge. 
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GEOLOGY AND ANTHRACITE RESOURCES 

In more than f i v e years of e x p l o r a t i o n programs on the Mount Klappan 

p roper ty , Gu l f has advanced from reg iona l i n v e s t i g a t i o n s to t r i a l mining 

and process ing and shipment of t r i a l cargoes. 

By the end of the 1985 e x p l o r a t i o n program, over 11 000 metres of diamond 

and r o t a r y d r i l l i n g had been completed on the p roper ty . Over 2 500 metres 

o f mechanical and hand t rench ing had a l so been excavated. In 1983, an a d i t 

was d r i ven i n Seam I of the Lost-Fox Area of the property and 39 tonnes of 

a n t h r a c i t e were removed f o r bulk a n t h r a c i t e q u a l i t y ana lyses . De t a i l ed 

geo l o g i c a l mapping down to a s ca l e of 1:2500 has cont inued throughout the 

e x p l o r a t i o n a c t i v i t y . Table 2-1 prov ides a summary of the e x p l o r a t i o n work 

completed i n the t o t a l l i c e n c e area over the 5 years to 1985. 

From 1984 onwards, v i r t u a l l y a l l o f the e x p l o r a t i o n work has focused on the 

Lost-Fox A rea . De t a i l ed geo l og i ca l mapping, t r e n c h i n g , d r i l l i n g , a d i t 

dr iveage and t r i a l p i t excavat ion have been c a r r i e d out here. Table 2-2 

summarizes work on the Lost-Fox Area through 1985. C lose to 9 500 metres 

o f d r i l l i n g had been completed by the end o f the 1985 e x p l o r a t i o n program. 

I n t e r p r e t a t i o n of the e x p l o r a t i o n data generated by t h i s work has a l lowed 

the development of a geo l og i c a l model of the a rea. Th i s g eo l o g i c a l model 

has been used as the bas i s f o r mine p lann ing and the c a l c u l a t i o n of 

a n t h r a c i t e reserves i n the mine area. 

During the 1986 f i e l d season, 38 a d d i t i o n a l diamond d r i l l holes t o t a l l i n g 

over 5 600 metres were completed w i t h i n the Lost-Fox Area. Resu l t s of t h i s 

program are s t i l l being assessed at t h i s date. The o b j e c t i v e s of t h i s 

program were p r i m a r i l y to increase the den s i t y of data po in t s w i t h i n the 

proposed p i t boundary to conf i rm the geo l o g i c a l i n t e r p r e t a t i o n s , and to 

ob ta in a d d i t i o n a l a n t h r a c i t e seam samples f o r con f i rmatory q u a l i t y t e s t i n g . 

In gene ra l , the data has confirmed expec ta t i on s . Some of the holes 

extended beyond the p i t boundaries to i d e n t i f y a d d i t i o n a l a n t h r a c i t e 

tonnage (with emphasis on Seams I and H). 

F igure 2-2 i n d i c a t e s the l o c a t i o n o f t r i a l p i t opened in l a t e 1985 and the 

a d i t d r i v en in 1986. Approximately 140 000 tonnes of raw a n t h r a c i t e have 
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Table 2-1 

MOUNT KLAPPAN ANTHRACITE PROJECT 
EXPLORATION SUMMARY 1981 TO 1985 

1981 1982 1983 1984 1985 TOTAL 

A d i t s 
Number 
Tonnes 

1 
39.2 

1 
39.2 

Diamond D r i l l 
Holes 

Number (HQ) 
Tota l Metres 
Number (AIX) 
Tota l Metres 

-- 7 
1223 

3 
603 

6 
126 

8 
1507 

34 
6146 

52 
9479 

6 
126 

Rotary D r i l l 
Holes 

Number 
Tota l Metres 

-- 17 
897 

6 
620 

23 
1517 

Mechanical 
Trenches 

Number 
Tota l Metres 

-- 128 
1041 

128 
1041 

Hand Trenches 
Number 
Tota l Metres 

24 
89 

51 
289 

93 
527 

95 
416 

45 
178 

308 
1499 

Measured 
Sect ions 

Number 
Tota l Metres 

13 
2736 

19 
3347 

31 
6083 

Geo log i ca l 
Mapping 

Sca les 1:10 000 1:10 000 1:5 000 
1:10 000 

1 
1 
1 

:2 500 
:5 000 
:10 000 

1 
1 
1 

:2 500 
:5 000 
:10 000 
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Table 2-2 

LOST-FOX AREA 
EXPLORATION SUMMARY 1981 TO 1985 

1981 1982 1983 1984 1985 TOTAL 

A d i t s 
Number 
Tonnes 

-- -- 1 
39.2 

1 
39.2 

Diamond D r i l l Holes 
Number (HQ) 
Tota l Metres 
Number (AIX) 
Tota l Metres 

--
1 

244 
2 

411 
6 

126 

4 
1017 

34 
6146 

41 
7818 

6 
126 

Rotary D r i l l Holes 
Number 
Tota l Metres 

-- 17 
897 

6 
620 

23 
1517 

Mechanical Trenches 
Number 
Tota l Metres 

88 
808 

88 
808 

Hand Trenches 
Number 
Tota l Metres 

9 
27 

14 
86 

49 
265 

55 
260 

33 
130 

160 
768 

Measured Sect ions 
Number 
Tota l Metres 

-- 5 
1368 

5 
308 

10 
1676 

Geo log i ca l Mapping 
Sca les 1 10 000 1:10 000 1:10 000 

1: 5 000 
1:5 000 
1:2 500 

1:5 000 
1:2 500 

Note: During 1986 an a d d i t i o n a l 38 d r i l l h o l e s t o t a l i n g 5619 metres of 
diamond d r i l l i n g and one a d i t (30 tonnes) i n Seam H were 
completed. 
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GEOLOGY AND ANTHRACITE RESOURCES 

been excavated from the p i t f o r process ing as t r i a l cargoes. An a d d i t i o n a l 

30 tonne bulk sample was ex t r ac ted from the a d i t , which was d r i ven i n Seam 

H. 

The mine area access road, p i l o t p l an t and other f a c i l i t i e s i n the area 

are a l s o i n d i c a t e d on F igure 2-2. 

2.2 LOST-FOX AREA EXPLORATION DETAILS 

Concentrated e f f o r t i n the Lost-Fox Area dur ing the 1983 to 1986 

e x p l o r a t i o n programs has y i e l d e d s ub s t an t i a l d e t a i l on the geology of the 

area and the nature o f the a n t h r a c i t e depos i t at the s i t e . Each yea r , the 

program has been designed to advance the l e v e l of knowledge about the 

resource i n a d e l i b e r a t e fa sh ion so as to a r r i v e at a mine development 

d e c i s i o n . The f o l l o w i n g subsect ions de sc r i be the work completed in the 

Lost-Fox Area toward ach iev ing t h i s o b j e c t i v e . 

2.2.1 Photogrammetry and Ground Survey Contro l 

I n i t i a l l y , topographic maps at 1:5 000 and 1:10 000 s ca le s were prepared 

from 1:30 000 a e r i a l photographs taken by the B r i t i s h Columbia Government 

i n 1971 and McElhanney Land Surveys L t d . i n 1982. Survey con t ro l was based 

on e x i s t i n g geodet i c da ta . Late i n the 1984 season a comprehensive ground 

survey and a e r i a l photography program was undertaken. A e r i a l photographs 

at s ca le s o f 1:8 000 and 1:20 000 were taken over the Lost-Fox Area and 

other areas and maps at 1:2 500 s ca le were prepared dur ing the second 

quar te r of 1985. In September 1985, ground con t ro l was enhanced wi th the 

survey ing of an a d d i t i o n a l 188 p o i n t s . Subsequently, a d d i t i o n a l a e r i a l 

photographs were taken at s ca le s of 1:8 000 and 1:20 000 over the Lost-Fox 

Area. D i g i t i z e d topography was prepared from these photographs enabl ing 

the product ion of maps at v i r t u a l l y any p r a c t i c a l s c a l e . 

2.2.2 Geo log i ca l Napping 

D e t a i l e d geo l o g i c a l mapping at sca les of 1:10 000 (1981,1982), 1:5 000 

(1983), and 1:2 500 (1984, 1985) has been undertaken w i t h i n the Lost-Fox 
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and other areas. Data po in t s were l oca ted by cha in and compass, a e r i a l 

photographs, o r , i n some cases by t h e o d o l i t e and s t a d i a . A l l data w i t h i n 

the Lost-Fox Area have been compiled on 1:2 500 topographic base maps. 

2.2.3 Trenching 

Hand t rench ing has been undertaken dur ing each of the f i v e e x p l o r a t i o n 

programs, wh i l e mechanical t rench ing (seam t r a c i n g ) was i n i t i a t e d dur ing 

the 1984 e x p l o r a t i o n program. Trenching prov ided su r face data regard ing 

seam c o n t i n u i t y , th i cknes s and q u a l i t y . A l l t renches were logged i n d e t a i l 

by g e o l o g i s t s unless hazardous depths or s loughing cond i t i on s were 

encountered. To the end of 1985, 160 hand-excavated and 88 mechan i ca l l y -

excavated t renches , f o r a t o t a l of 1576 metres of excava t i on , had been 

completed i n the Lost-Fox Area. 

2.2.4 D r i l l i n g 

To the end o f the 1985 e x p l o r a t i o n program a t o t a l o f 47 diamond d r i l l 

holes and 23 r o t a r y d r i l l holes had been completed i n the Lost-Fox Area. 

In 1986 an a d d i t i o n a l 38 holes were completed p r i m a r i l y w i t h i n the mine 

area o u t l i n e d i n the mine p l an . The holes have conf irmed the reserves of 

the mine area and provided a d d i t i o n a l a n t h r a c i t e samples f o r q u a l i t y 

t e s t i n g . Some d r i l l i n g was done beyond the p i t boundaries to conf i rm 

a d d i t i o n a l a n t h r a c i t e tonnages p r i m a r i l y i n Seams I and H. 

A l l d r i l l core and ch ip samples were 1 i t h o l o g i c a l l y logged i n d e t a i l by 

Gu l f g e o l o g i s t s , and a l l s i g n i f i c a n t a n t h r a c i t e i n t e r s e c t i o n s were sampled 

f o r q u a l i t y ana ly ses . In a d d i t i o n , d r i l l core was g e o t e c h n i c a l l y logged and 

t e s ted dur ing the 1984 and 1985 d r i l l i n g programs. 

2.2.5 Geophysical Surveys 

Diamond and r o t a r y d r i l l holes were geophy s i c a l l y logged wherever hole 

c ond i t i on s pe rm i t t ed . Geophysical logg ing equipment w i th downhole 

d i g i t i z i n g c a p a b i l i t i e s was u t i l i z e d to obta in the f o l l o w i n g s u i t e of l og s : 
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o Gamma 

o Neutron 

o S idewa l l Dens i ty 

o Focussed R e s i s t i v i t y 

o C a l i p e r 

o Dev i a t i on Survey 

2.2.6 A d i t s 

One a d i t was d r i ven i n t o Seam I i n 1983. A bulk sample t o t a l l i n g 39.2 

tonnes of a n t h r a c i t e was ex t r ac ted and subsequently subjected to q u a l i t y 

t e s t i n g . An a d d i t i o n a l bulk sample was ex t r ac ted from Seam H i n the mine 

area dur ing the 1986 program. A t o t a l of 30 tonnes of seam H i s c u r r e n t l y 

being ana lyzed. 

2.2.7 Geotechn ica l S tud ies 

Geotechnica l s t ud ie s by Golder A s soc ia te s L t d . and Hardy A s soc i a te s L td . 

were undertaken w i t h i n the Lost-Fox Area dur ing the 1984, 1985 and 1986 

e x p l o r a t i o n programs. Data c o l l e c t e d inc luded the f o l l o w i n g : 

o Bedding, j o i n t and f r a c t u r e measurements 

o Rock s t rength measurements 

o Piezometer and t he rm i s t o r readings 

o S o i l types , l o c a t i o n s , pe rmeab i l i t y measurements, s t a b i l i t i e s 

2.2.8 T r i a l Cargoes 

Test market ing of Mount Klappan a n t h r a c i t e began w i th the mining of 50 000 

tonnes from the Hobb i t -Broatch Area dur ing the w in te r of 1984-85. Later i n 

1985, Gu l f mined in excess of 140 000 tonnes from a small open p i t excava

t i o n i n the Lost-Fox Area. The a n t h r a c i t e was processed through a p i l o t 

washplant u t i l i z i n g heavy-media bath and water -on ly cyc lones . The p i l o t 

p l an t was cons t ruc ted dur ing the months of J u l y and August f o r t h i s t r i a l 

cargo ope ra t i on . 
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Two cargoes, each approximately 20 000 tonnes, were d e l i v e r e d to p o t e n t i a l 

European markets dur ing mid 1985 and e a r l y 1986. In the sp r ing of 1986 an 

a d d i t i o n a l 20 000 tonnes were d e l i v e r e d to Quebec. In December of 1986 a 

cargo of 38 500 tonnes was shipped to Korea. A l l o f these cargoes were 

shipped from the port of Stewart, B.C. 

2.2.9 Road Con s t ruc t i on ^ 

ff * 
An access road, 8 k i l omet res in l eng th , was cons t ruc ted l a t e i n 1984 to 

prov ide su r face v e h i c u l a r access, from the r a i lway subgrade to the c r e s t of 

Lost Ridge, i n support of e x p l o r a t i o n programs i n the a rea. The road was 

upgraded to a haul road dur ing 1985 to accommodate t ruck s between the Los t -

Fox T r i a l Cargo P i t and the P i l o t Washplant. 

2.2.10 Reclamation 

A l l e x p l o r a t i o n a c t i v i t i e s i n the Lost-Fox Area have been conducted wi th 

minimal d i s tu rbance to the e x i s t i n g environment. The diamond d r i l l i n g 

programs used c raw le r t r a c t o r s and h e l i c o p t e r s f o r r i g t r a n s p o r t a t i o n and 

each of the s i t e s was c l ea red of equipment and garbage upon complet ion of 

d r i l l i n g . As each of the s i t e s was at or above t r e e l i n e , no s i g n i f i c a n t 

c l e a r i n g o f sub -a lp ine t ree s was undertaken. 

Rotary d r i l l i n g programs have u t i l i z e d Nodwell-mounted ( t r ack ) v eh i c l e s 

which are designed f o r o f f - r o a d t r a n s p o r t . These v e h i c l e s r e s u l t e d in 

minimal d i s tu rbance due to the wide t r ack s over which t h e i r load was 

d i s t r i b u t e d . No s i t e p repara t ion was requ i red f o r the r o t a r y holes and each 

s i t e was c l e a r ed of d r i l l i n g equipment and garbage upon complet ion of 

d r i l l i n g . 

Hand t rench ing operat ions r e s u l t e d in minimal d i s tu rbances w i th trenches 

being excavated at r i g h t angles to the s lope where i t was p o s s i b l e ; over

burden and t o p s o i l were s t o c k p i l e d sepa ra te l y and l a t e r b a c k f i l l e d . Some 

trenches remain open f o r f u r t h e r i n v e s t i g a t i o n . 
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The Didene Creek Camp was expanded to meet the needs of a l a r g e r operat ion 

dur ing recent programs. Some a d d i t i o n a l l e v e l i n g was r e q u i r e d . Approved 

g rave l was obta ined to prov ide a s u i t a b l e s e p t i c dra inage area next to the 

camp, in accordance w i th gu i de l i ne s set out i n the Health Ac t . A l l garbage 

was burned i n an approved i n c i n e r a t o r l o ca ted a r e g u l a t i o n d i s t ance from 

the camp. 

To the end o f 1985, the t o t a l d i s t u rbed area on the Mount Klappan property 

a s soc i a ted w i th the var ious e x p l o r a t i o n programs and the t r i a l cargo 

amounted to about 85 hecta res . During 1986, the Hobb i t -Broatch t r i a l cargo 

area was rec la imed through r e s l op i n g and seeding. The p i p e l i n e , some of 

the t a i l i n g s pond and p l an t areas a s soc ia ted w i th the Lost-Fox t r i a l cargo 

area were a l so seeded dur ing the 1986 season. 

2-14 



GEOLOGY AND ANTHRACITE RESOURCES 

3.0 GEOLOGY 

3.1 REGIONAL GEOLOGICAL SETTING 

The a n t h r a c i t e measures of the Mount Klappan property are conta ined w i t h i n 

a s e r i e s o f sediments ranging in age from uppermost J u r a s s i c to lower 

Cretaceous. These marine to non-marine sediments were depos i ted in the 

Bowser Bas in o f n o r t h - c e n t r a l B r i t i s h Columbia, a successor bas in to the 

vo lcanogenic Hazelton Trough (Tipper and R ichards , 1976). 

The Bowser Bas in i s bounded on the north and south by the S t i k i n e and 

Skeena arches r e s p e c t i v e l y , and to the east by the Columbia Orogen (Omineca 

C r y s t a l l i n e B e l t ) . The western margin i s thought to have been open to the 

sea at the t ime o f Bowser sediment d e p o s i t i o n . F igure 2-3 prov ides the 

l o c a t i o n s of these geo l og i c a l f e a t u r e s . 

The format ion and development of the Bowser Bas in was c o n t r o l l e d by the 

" c o l l i s i o n and subsequent i s o s t a t i c u p l i f t o f severa l c r u s t a l b locks in the 

C o r d i l l e r a n Orogen of western Canada" (E i sbacher , 1981). These c r u s t a l 

b locks i nc lude the S t i k i n e Terrane ( v o l c an i c arc complex) which d i r e c t l y 

unde r l i e s the Bowser sediments, the A t ! i n Terrane (remnant oceanic c ru s t ) 

and the Omineca C r y s t a l l i n e B e l t (western margin of the North American 

C ra ton ) . 

During the Middle J u r a s s i c , the Skeena Arch was u p l i f t e d and the subsidence 

of the S t i k i n e Terrane d i v i d e d the Hazelton Trough i n t o the Bowser Basin to 

the north and the Nechako Basin to the south. U p l i f t o f the A t ! i n Terrane 

to the north and northeast of the Bowser Bas in , coupled w i th cont inued 

subsidence of the S t i k i n e Terrane and c o l l i s i o n and su tu r i ng of both these 

te r ranes w i th the Omineca C r y s t a l l i n e B e l t (E i sbacher , 1981) r e s u l t e d in a 

p rogradat ion of non-marine over marine sediments w i t h i n the ba s i n . 

Pa leocur rent measurements i n d i c a t e a c e n t r i p e t a l f l ow i n t o the Bowser Basin 

from highlands to the no r th , no r theas t , and south. Bowser sediment source 

rocks o r i g i n a t e w i t h i n the A t ! i n Terrane (high c h e r t , low v o l c a n i c content) 
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f o r the north and northeastern margins of the Bas in , and from the remnant 

v o l c a n i c arc assemblage of the S t i k i n e Terrane (high v o l c a n i c , low chert 

content) f o r the southern po r t i on of the Ba s in . Sediments from the Lower 

Cretaceous (youngest marine success ion of the Bowser Basin) through to the 

Paleocene are found on ly on the ea s te rn , and i n p a r t , the southern margins 

of the Ba s in . 

S t r u c t u r a l deformat ion of Bowser Basin sediments r e s u l t e d from i n t e r m i t 

t en t t e c t o n i c s t re s se s at the western c r a t o n i c margin from Cretaceous to 

recent t ime. The deformation caused an ex ten s i ve , sha l low decol lement, 

recumbent f o l d s , and l o c a l t h r u s t f a u l t s extending a few k i l omet re s along 

s t r i k e (E i sbacher , 1974). 

The s t r a t a of the Basin have been subjected to two succes s i ve non- coax i a l 

phases o f deformat ion which have been des ignated F j and V^. The l a r ge 

s ca le f o rce s r e s u l t i n g from c o l l i s i o n of a remnant v o l c a n i c arc and 

c r a t o n i c margin subjected the area to northeast -southwest compression (F j ) 

c r e a t i n g the general s t r u c t u r a l t rend of nor thwest - southeast . 

La ter p o s i t i o n i n g of the former v o l c a n i c arc northwards along i n t e r l a c e d 

r i g h t l a t e r a l high angle f a u l t s (E i sbacher 1981) may account f o r the l a t e r 

nor th- south compressional (F2) event. Th i s deformat ion event r e s u l t e d in 

g e n e r a l l y broad, open NE to SW t rend ing f o l d s . 

The f i n a l deformat iona l event which produced s t r i k e - s l i p and some d i p - s l i p 

f a u l t i n g may have r e s u l t e d from a change i n the r o t a t i o n a l component of the 

western c r u s t a l b lock , t e rm ina t i ng compression. 

3.2 STRATIGRAPHY 

S t r a t i g r a p h i c a l l y , the Mount Klappan property i nc ludes four g radat i ona l 

sedimentary sequences which i n ascending order are the S p a t s i z i , Klappan, 

Mal loch and Rhondda Sequences (F igure 2-4) . These conformable sequences 

occur w i t h i n approximately 3 000 metres of s e c t i on and represent a gradual 

marine r e g r e s s i o n . Table 2-3 b r i e f l y o u t l i n e s the sed imento log ica l 
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TABLE 2-3 
TABLE OF FORMATIONS 

RHONDDA SEQUENCE 

SEQUENCE OF THICK CHERT PEBBLE CONGLOMERATES AND MINOR 
GRITTY SANDSTONES INTERBEDDED WITH AN INCREASING NUMBER 
OF SILTSTONES AND MUDSTONES TOWARDS THE BASAL CONTACT. 
LARGE SCALE TROUGH AND TABULAR CROSS BEDS ARE COMMON. 
SIX SPECIES OF PLANT FOSSILS ARE FOUND AT THE BASE OF 
THE SEQUENCE. 

MALLOCH SEQUENCE 

THICK INTERBEDS OF MUDSTONES, ARGILLACEOUS SILTSTONES, 
FINE GRAINED SANDSTONES AND THIN INTERBEDS OF ORANGE 
WEATHERING NODULAR SILTSTONES. MANY CONGLOMERATE BEDS 
DISPLAY LARGE SCALE CROSS BEDDING AND TEND TO BE LATER
ALLY DISCONTINUOUS. THICK CLEAN SANDSTONE BEDS AND 
THIN COAL SEAMS INCREASE IN ABUNDANCE TOWARDS THE BASAL 
GRADATIONAL CONTACT. TWENTY-THREE SPECIES OF PLANT 
FOSSILS OCCUR WITHIN THE SEQUENCE. 

KLAPPAN SEQUENCE (MAIN ANTHRACITE-BEARING UNIT) 

FINE TO COARSE GRAINED SANDSTONES INTERBEDDED WITH MUD
STONES, SILTSTONES, OCCASIONAL THIN BANDS OF ORANGE 
WEATHERING CALCAREOUS SILTSTONES, CONGLOMERATES AND 
ABUNDANT COAL (ANTHRACITE) SEAMS. CONGLOMERATE BEDS 
GRADE LATERALLY INTO SANDSTONE. SANDSTONES OFTEN DISPLAY 
TABULAR OR TROUGH CROSS BEDDING. RHYTHMITES OCCUR IN THE 
MIDDLE OF THE SEQUENCE. TWENTY-THREE SPECIES OF BIVALVES 
AND UP TO TWENTY-FIVE SPECIES OF PLANTS OCCUR THROUGHOUT. 
PETRIFIED WOOD AND RARE COQUINA MAY BE PRESENT TOWARDS 
THE UPPER CONTACT. 

SPATSIZI SEQUENCE 

PREDOMINANTLY A MARINE SEQUENCE OF INTERBEDDED MUDSTONES, 
SILTSTONES, SANDSTONES AND CONGLOMERATES. CARBONACEOUS 
MUDSTONES, COARSENING UPWARDS SEQUENCES AND CHERT PEBBLE 
CONGLOMERATES ARE MORE ABUNDANT IN THE UPPER PART OF THE 
SEQUENCE. NINETEEN SPECIES OF BIVALVES ARE PRESENT. BELEM-
NITES ARE RARE. PLANT DEBRIS MAY OCCUR NEAR THE UPPER 
GRADATIONAL CONTACT. 
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c h a r a c t e r i s t i c s observed w i t h i n each sequence and summary d e s c r i p t i o n s are 

prov ided below.. 

3.2.1 S p a t s i z i Sequence 

The S p a t s i z i Sequence i s the lowest s t r a t i g r a p h i c un i t w i t h i n the Mount 

Klappan p roper ty . Approximately 600 metres of t h i s s e c t i on have been 

measured and although the base has not been observed the s t r a t i g r a p h i c 

t h i c kne s s i s est imated to be in excess of 1 200 metres. Interbedded mud-

stones, s i l t s t o n e s and sandstones are found throughout the sequence. Some 

t h i n a n t h r a c i t e seams and massive conglomerates occur w i t h i n the upper 

p o r t i o n . The o v e r a l l t rend i s a coarsening upward sequence w i th marine 

cond i t i on s throughout and i n c rea s i n g coas ta l environment i n f l uence s toward 

the upper t r a n s i t i o n a l contact w i th the Klappan Sequence. Exposures of the 

S p a t s i z i Sequence are l o ca ted in the western and northern Summit Area and 

in the northern Nass Area of the Mount Klappan p roper ty . 

3.2.2 Klappan Sequence 

The Klappan Sequence, the main c oa l - bea r i n g u n i t , conformably o v e r l i e s the 

S p a t s i z i Sequence and occurs over the m a j o r i t y of the p roper ty . I t 

represents a t r a n s i t i o n from marine c o n d i t i o n s , at the base of the u n i t , to 

sediments depos i ted under a coas ta l i n f l u e n c e , toward the top. The 

s t r a t i g r a p h y c o n s i s t s o f c y c l i c packages o f interbedded f i n e to coarse

g ra ined sandstones, s i l t s t o n e s , mudstones, l a t e r a l l y d i scont inuous 

conglomerates and abundant a n t h r a c i t e seams. At l e a s t 24 a n t h r a c i t e and 

carbonaceous hor izons w i th seam t rue th i cknes ses of 0.5 metres up to 6.75 

metres e x i s t w i t h i n the Klappan Sequence. The sequence i s i n t e r p r e t e d to 

a t t a i n a t h i c kne s s of up to 900 metres i n areas of the p roper ty . 

3.2.3 Mai l o ch Sequence 

The Ma l loch Sequence conformably o v e r l i e s the Klappan Sequence and outcrops 

i n the c e n t r a l , western and southeastern areas of the p roper ty . The s t r a t a 

c o n s i s t of interbedded a r g i l l a c e o u s sandstones, s i l t s t o n e s and mudstones 
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wi th the development of t h i n a n t h r a c i t e seams towards the base of the 

sequence. Chert pebble conglomerates are l a t e r a l l y d i s con t i nuous . App rox i 

mately 700 metres of Mal loch Sequence i s exposed w i t h i n the Klappan 

p roper ty . 

3.2.4 Rhondda Sequence 

The Rhondda Sequence conta ins the youngest sediments observed on the Mount 

Klappan property and has a g radat i ona l and conformable contact w i th the 

under l y i ng Mal loch Sequence. Outcroppings o f the Rhondda are r e s t r i c t e d to 

the southeastern reg ion o f the p roper ty . The top o f the Rhondda has not 

been observed but approx imately 500 metres o f exposed s e c t i on e x i s t s w i t h i n 

the r e g i on . I t i s i n t e r p r e t e d tha t the Rhondda Sequence represents a 

prograding a l l u v i a l fan system over a t r a n s i t i o n a l coa s ta l -mar ine env i r on 

ment. 

3.3 STRUCTURAL FEATURES 

S t r u c t u r a l deformat ion of s t r a t a w i t h i n the Mount Klappan property postdate 

sediment d e p o s i t i o n . The dominant s t r u c t u r a l f ea tu re s are the Beirnes 

Sync l i no r ium and the Nass A n t i c l i n o r i u m , both of which t rend northwest to 

southeast . These major f o l d s and a s soc ia ted s t r u c t u r e s are a r e s u l t of the 

f i r s t deformat iona l phase, F^. On the Mount Klappan property the s y n c l i n o 

rium ax i s can be observed i n the competent Rhondda s t r a t a as a broad, open 

upr i gh t f e a t u r e . Folds to the east o f the s ync l i no r i um have axes which d ip 

westward wh i l e f o l d s west of the s ync l i no r i um have e a s t e r l y d ipp ing axes. A 

s i n g l e a n t i c l i n o r i u m ax i s cannot be observed. Instead the exposed a n t i 

c l inor ium l i e s w i t h i n l e s s competent Mal loch s t r a t a where f o l d s are 

i n c o n s i s t e n t l y upr i gh t and overturned. Only minor southwest d ipp ing 

t h r u s t s w i th d isp lacements of tens of metres are a s soc i a ted w i th the f i r s t 

deformat iona l event. 

The second deformat iona l phase, produced low ampl i tude, long wavelength 

f o l d s t r end i ng northeast - southwest. Very l o c a l i z e d t i g h t , overturned f o l d 

s t y l e s of ?2 generat ion have a l so been observed. The o v e r p r i n t i n g of second 

stage f o l d s onto the o r i g i n a l deformat ional phase i s seen as a s e r i e s of 
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plunge r e v e r s a l s averaging from 8 to 10 degrees to the northwest and 

southeast . 

Several north - south t r end i n g , high angle normal f a u l t s w i th displacements 

of one to t h i r t y metres are a t t r i b u t e d to a s t r u c t u r a l event which occurred 

l a t e r than the p r e v i o u s l y desc r ibed compressional events. Large f r a c t u r e 

zones t rend ing east - west are a l s o be l i e ved to be par t of t h i s younger 

event. 

During the 1984 and 1985 f i e l d seasons, 476 specimens o f f o s s i l f l o r a and 

fauna were c o l l e c t e d from 235 s i t e s on the Mount Klappan property dur ing 

r ou t i ne t r a ve r se s and the d r i l l core logg ing program. Forty-seven spec ies 

of f o s s i l fauna and n ineteen spec ies of p l an t mac ro f o s s i l s were c o l l e c t e d , 

desc r ibed and i d e n t i f i e d w i th the purpose o f a i d i n g i n s t r a t i g r a p h i c 

d e l i n e a t i o n and c o r r e l a t i o n , age determinat ion and paleoenvironmental 

i n t e r p r e t a t i o n s . These d e t a i l e d pa l aeon to l o g i c a l s tud ie s combined w i th the 

i d e n t i f i c a t i o n o f unique s t r a t i g r a p h i c marker hor izons w i t h i n the 

sedimentary sequence have made po s s i b l e h i gh l y r e l i a b l e s t r a t i g r a p h i c and 

s t r u c t u r a l i n t e r p r e t a t i o n s and have enabled the g eo l o g i s t s to c o n f i d e n t l y 

c o r r e l a t e a n t h r a c i t e seams w i t h i n the Klappan Sequence. 

3.4 MINE AREA GEOLOGY 

The Lost -Fox Area i s under l a i n p r i m a r i l y by sediments of the coa l - bea r i n g 

Klappan Sequence. The o v e r l y i n g non-marine Mal loch Sequence becomes 

predominant south o f Fox Creek toward Mount Klappan and Knooph H i l l , as the 

s t r a t i g r a p h i c package plunges r e g i o n a l l y toward the southeast . 

E xp l o r a t i on to date has determined that the Klappan Sequence of the Los t -

Fox Mine Area conta ins at l e a s t 24 a n t h r a c i t e ho r i zon s , 20 of which conta in 

p o t e n t i a l l y mineable a n t h r a c i t e seams w i th an aggregate average t rue 

th i cknes s of approximately 48 metres. The a n t h r a c i t e seams average about 

2.4 metres i n th i cknes s and range up to 6.75 metres. I t i s p re sen t l y 

i n t e r p r e t e d that the 20 mineable seams occur w i t h i n approx imately 450 

metres of s e c t i on i n the Klappan Sequence s t r a t a . To the end of 1985, 
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approx imately 540 metres of an expected 700 metres of Klappan Sequence 

s t r a t a have been d r i l l e d i n the Lost-Fox Area. (The sequence i s 

i n t e r p r e t e d to a t t a i n a th i cknes s of up to 900 metres i n other areas of the 

Mount Klappan p r o p e r t y ) . 

Extens ive mapping and t rench ing supported by diamond and r o t a r y d r i l l i n g 

have a l s o been undertaken i n the proposed waste dump and p l an t s i t e areas. 

As a r e s u l t , i t has been determined that these areas cover g e n e r a l l y by 

non -coa l -bear ing Lower K lappan/Spats i z i Sequence Sediments north of the p i t 

a rea, and Malloch/Upper Klappan Sequence Sediments south of the p i t area. 

F igure 2-5 prov ides reg iona l cross sec t i on s through the Lost-Fox Area, both 

north and south o f the proposed mine. 

3.4.1 A n t h r a c i t e Seam Development 

The e s s e n t i a l l i t h o l o g i c compos it ion of the Klappan Sequence i s a c y c l i c 

a l t e r a t i o n between a n t h r a c i t e and interbedded s i l t s t o n e s and mudstones, 

although sandstones and minor conglomerates are more abundant i n the middle 

o f the sequence. Sediments accumulated through the p e r i o d i c establ i shment 

o f swamps along a marine to t r a n s i t i o n a l marine c o a s t l i n e . 

The ba s i c c y c l e o f depo s i t i on produced a n t h r a c i t e seams or carbonaceous 

zones s t r a t i g r a p h i c a l l y separated by 23 to 33 metres o f sediments. Super

imposed on t h i s c y c l e was a l a r g e r o s c i l l a t i o n which r e s u l t e d i n t h i c k e r , 

b e t t e r developed anthracote zones in the middle o f the u n i t , which inc ludes 

Seams G to I. There was a l so an increase i n coarse sediments i n t h i s middle 

s e c t i o n . A s soc ia ted w i th t h i s i s the appearance of r i p p l e marks and p lanar 

and trough c ros s -bedd ing , suggest ing more f l u v i a l c o n d i t i o n s . 

Four consecut i ve years of d r i l l i n g programs have determined the presence of 

24 a n t h r a c i t e and carbonaceous hor izons which have been l a b e l l e d from B to 

P. S ince the i n i t i a l seam i d e n t i f i c a t i o n s were made, severa l a d d i t i o n a l 

a n t h r a c i t e hor izons have been d r i l l e d . These have been l a b e l l e d accord ing 

to surrounding seams. For example, Seam H/I i s l o ca ted between Seams H and 

I. Where Seam G has been recorded des i gna t i on as G upper or G lower i s 
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RHONDDA SEQUENCE 
Sequence of thick chert pebble conglomerates and minor gritty 
sandstones interbedded with an increasing number of siltstones 
and mudstones towards the basal contact. Large scale trough and 
tabular cross beds are common. Six species of plant fossils are 
found at the base of the sequence. 

MALLOCH SEQUENCE 
Thick interbeds of mudstones, argillaceous siltstones, fine grained 
sandstones and thin interbeds of orange weathering nodular 
siltstones. Many conglomerate beds display large scale cross 
bedding and tend to be laterally discontinuous. Thick clean 
sandstone beds and thin coal seams increase in abundance to
wards the basal gradational contact. Twenty-three species of plant 
fossils exist within the sequence. 

KLAPPAN SEQUENCE (main anthracite-bearing unit) 
Fine to coarse grained sandstones interbedded with mudstones, 
siltstone, occasional thin bands of orange weathering calcareous 
siltstones, conglomerates and abundant coal (anthracite) seams. 
Conglomerate beds grade laterally into sandstone. Sandstones 
often display tabular or trough cross bedding. Rhythmites occur in 
the middle of the sequence. Twenty-three species of bivalves and 
up to twenty-five species of plants occur throughout. Petrified 
wood and rare coquina may be present towards the upper con
tact. 

SPATSIZI SEQUENCE 
Predominantly a marine sequence of interbedded mudstones, 
siltstones, sandstones and conglomerates. Carbonaceous 
mudstones, coarsening upwards sequences and chert pebble 
conglomerates are more abundant in the upper part of the se
quence. Nineteen species of bivalves are present. Belemnites are 
rare. Plant debris may occur near the upper gradational contact. 

GULF CANADA CORPORATION 

MT. KLAPPAN ANTHRACITE PROJECT 

FIGURE 2-5 

LOST FOX AREA 
REGIONAL GEOLOGICAL CROSS-SECTIONS 
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i n c o n c l u s i v e and requ i r e s f u r t h e r study. 

The 20 mineable a n t h r a c i t e seams (Seams 0 to C) have an aggregate average 

t rue th i cknes s o f about 48 metres w i t h i n approx imately 450 metres of 

Klappan Sequence s t r a t a . The average t rue th i cknes s of these a n t h r a c i t e 

i n t e r s e c t i o n s i s 2.4 metres. Table 2-4 summarizes the a n t h r a c i t e seam 

d r i l l e d i n t e r s e c t i o n s . The combined r e s u l t s o f d r i l l i n g and t rench ing 

programs conf i rm tha t many of the a n t h r a c i t e seams i n the sequence are 

l a t e r a l l y continuous f o r severa l k i l omet re s . Several of these seams 

outcrop i n the Lost-Fox Area and as a r e s u l t , the overburden i s qu i t e 

minimal i n much o f the proposed mine area. 

3.4.2 S t r u c t u r a l Features 

Folds caused by F^ deformation t rend at approx imately 135° and plunge 

s h a l l o w l y to the northwest or southeast . The Lost Ridge a n t i c l i n e - s y n c l i n e 

p a i r , t y p i c a l of t h i s f o l d s t y l e , mainta ins v e r t i c a l northeast l imbs in the 

v i c i n i t y o f Fax Creek, which become overturned as much as 50° towards the 

r i dge c r e s t . Wavelengths are up to 800 metres w i th ampl itudes up to 300 

metres. Annealed quar tz b r e c c i a zones and a s soc i a ted bedding plane s l i p 

pages were observed along some axes. F igure 2-6 s chemat i c a l l y represents 

the s t r a t a deformat ion i n the area. 

P a r a s i t i c s y n c l i n e s , a n t i c l i n e s and monoclines i n v o l v i n g packages of 150 

metres occur on both l imbs of Fj f o l d s . This f o l d s t y l e i s l o c a l i z e d , 

y i e l d i n g to bedding plane s l i ppage h igher and lower i n the s e c t i o n . S t r a t a 

in f o l d axes may be s t r u c t u r a l l y th ickened by t i g h t f o l d i n g w i t h i n incompe

ten t u n i t s . 

The second deformat iona l phase (Fg) i s r e l a t e d to a north- south l e f t -

l a t e r a l r eg i ona l shear couple and may be observed i n many of the topogra

p h i c a l l y low areas away from Lost Ridge. Fj l imbs were r e f o l ded i n to a 

d isharmonic s e r i e s of t i g h t , asymmetrical f o l d s which appear to be d i s c on 

t inuous across F, axes. These F« s t r u c tu re s t rend roughly east -west w i th a 
0 

steep to overturned n o r t h e r l y l imb and a l o c a l plunge of up to 33 . Wave

lengths are approximately 750 metres w i th amplitudes of up to 150 metres. 
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TABLE 2-4 
LOST-FOX AREA: ANTHRACITE SEAM AND CARBONACEOUS ZONE SUMMARY 

Number V a l i d Area average o f 
Seam Data Po int s True Thickness (m) 

(Diamond D r i l l i n g ) ( An th rac i t e ) (An th rac i t e 

Tota l 

+ Rock) 
p 1 0.22 0.22 
0/P 1 0.31 0.31 
0 4 1.37 2.03 
N (upper) 1 0.17 0.17 
N 4 1.35 1.79 
M/N 0.43 2.10 
Mu 1 1.81 1.85 
M 7 4.66 6.66 
L/M 1 0.32 0.40 
L 8 1.62 3.02 
K/L 3 1.41 1.79 
K 12 2.05 2.84 
J 16 0.28 0.88 

I 27 4.06 4.63 
H/I 6 0.21 3.18 
H 20 3.18 3.95 
PH 16 0.46 2.98 
G upper 7 0.72 2.46). 
*G 9 0.87 1.96) f l 

G lower 7 0.61 1.17 
F/G 4 0.22 0.34 
F 14 2.26 2.99 
E 12 1.24 1.31 
D 4 1.94 2.37 
C 4 0.43 0.77 
B 1 0.27 0.29 

193 32.47 m 

Average 
True Thickness (m) 

P o t e n t i a l l y Mineable 
Zones 

2.37 

1.85 
.86 

1.85 
5.19 

2.53 
1.79 
3.01 
3.56 

4.63 
.61 

4.13 
3.13 

2 . 2 2 ) M V g -
.99 
.51 

2.87 
1.63 
3.01 

.85 

2.21 

50.25 m 

Tota l Thickness of 
An th rac i t e -Bea r i ng Sequence 

Representat ive True 
Interseam Th i cknes s * * 

(m) 

17.73 m 
36.73 m 
32.80 m 

2.42 

47.79 m 

3.20 m 
15.20 m 
11.70 m 
2.50 m 

28.40 m 
11.80 m 
28.75 m 
21.25 m 
23.00 m 
36.75 m An th r a c i t e 

Seams 

Interseam 
403.55 m 

24.90 m 
14.00 m 
20.10 m 
33.80 m 
12.20 m 

7.10 m 
14.75 m 
18.00 m 
24.25 m 
19.10 m 
27.40 m 

47.79 m 
I 

Tota l 
451.34 m 

485.41 m 
50.25 m 

535.66 m 

cSeam des i gnat ion as G upper or G lower i s i n conc lu s i ve and requ i res f u r t he r study, however averaged 
with Gu f o r p resentat ion purposes. 
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B r i t t l e deformat ion a f f e c t s the area w i th two major f r a c t u r e s e t s , one of 

e a s t e r l y , the other of n o r t h e r l y t r end . Both sets are post f o l d i n g 

phenomena. The e a s t e r l y t rend ing f r a c t u r e set appears to be the most 

s y s temat i c , and p o s s i b l y o l d e r . Minor s t r i k e s l i p and d ip s l i p d i s p l a c e 

ments along these high angle f r a c t u r e s are common. V e r t i c a l components of 

d isp lacement may l o c a l l y reach 50 metres. 

During the t r i a l cargo excavat ion a d d i t i o n a l small s c a l e s t r u c t u r a l 

f ea tu re s were observed. L o c a l i z e d examples of s t r u c t u r a l f a i l u r e are 

e xemp l i f i ed by a s e r i e s of equa l l y spaced (about 25 metres) normal f a u l t s 

t r end ing 160° and d ipp ing 65° west. Displacements are in the order of 1 to 

2 metres w i th the down thrown s ide being to the west. A s e r i e s of l o c a l i z e d 

small s c a l e sha l low t h ru s t f a u l t s show minor d isp lacements o f approximately 

1 - 2 metres. These are examples of minor f ea tu re s of l i m i t e d extent 

recorded in outcrop dur ing the t r i a l cargo and d i d not adverse ly a f f e c t the 

mining ope ra t i on s . 
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4.0 ANTHRACITE RESOURCES AND QUALITY  

4.1 TOTAL RESOURCES 

I t i s es t imated tha t the i n - s i t u a n t h r a c i t e resource p o t e n t i a l on the Mount 

Klappan property may t o t a l severa l b i l l i o n tonnes. Each e x p l o r a t i o n program 

has a l lowed the upgrading of more tonnage from the i n f e r r e d or s pecu l a t i v e 

ca tego r i e s to ac tua l or "measured" s t a t u s . The i n - s i t u resource i s de f ined 

as seams g rea te r than 0.5 metres t h i c k to a maximum depth of 500 metres. 

The f o l l o w i n g t a b l e summarizes the resource c o n t r i b u t i o n s from the areas of 

the property as we l l as the d i s t r i b u t i o n by resource category. 

MOUNT KLAPPAN ANTHRACITE PROJECT 

ANTHRACITE RESOURCES ( M i l l i o n Tonnes) 

Category 

Area Measured Ind icated I n fe r red 

Lost-Fox 52 51 86 
Hobb i t -Broatch 12 24 369 
Summit 36 

Sub-Total 64 75 491 

TOTAL 630 

In a d d i t i o n to the above tonnages a s pecu l a t i v e resource p o t e n t i a l f o r the 

t o t a l p roper ty i s est imated to be in the order of severa l b i l l i o n tonnes. 

High d r i l l ho le den s i t y i n the Lost-Fox Area has r e s u l t e d i n s i g n i f i c a n t 

volumes i n the measured and i n d i c a t e d resource c a t e g o r i e s . As o u t l i n e d in 

the t a b l e above, 103 m i l l i o n tonnes are w i t h i n these c a t e g o r i e s . I t i s 

expected tha t these f i g u r e s w i l l be increased by 1986 d r i l l i n g program 

r e s u l t s . 
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4.2 RESOURCE ESTIMATE PROCEDURES 

Procedures f o r the resource c a l c u l a t i o n s i nc lude standard methods u t i l i z i n g 

g e o l o g i c a l c r o s s - s e c t i o n s and maps. The c r i t e r i a f o r c a t e g o r i z a t i o n 

g e n e r a l l y f o l l o w those set out f o r the C o r d i l l e r a Region by Energy, Mines 

and Resources Canada i n Report ER79-9: Coal Resources and Reserves of  

Canada. 

Diamond d r i l l ho les were used as v a l i d data po in t s f o r resource c a l c u l a 

t i o n s . MedSystem*, a mine mode l l ing program was used to generate polygons 

of i n f l u e n c e base maps f o r each o f the 20 seams in the Lost-Fox Area. I f 

i n d i v i d u a l d r i l l e d seam i n t e r s e c t i o n s were l e s s than 0.5 metres i n t rue 

th i cknes s or were comprised of over 50% rock pa r t i ng s then they were not 

used i n resource c a l c u l a t i o n s . In tense ly s t r u c t u r a l l y d i s t u rbed seam 

i n t e r s e c t i o n s were a l so not used. 

The boundaries f o r each polygon were t r a n s f e r r e d onto a p p l i c a b l e c ro s s -

s ec t i on s and seam lengths f o r each area were measured. The t h i r d dimension 

requ i red f o r the a n t h r a c i t e volume c a l c u l a t i o n , a f t e r the seam th icknes s 

and length were determined, was the " i n f l u e n c e " or " s t r i k e l e n g t h " of the 

seam. Th i s measurement was u s ua l l y the c r o s s - s e c t i o n spacing as t h i s 

should be l e s s than or equal to the requ i red data po in t spacing f o r the 

resource category under c o n s i d e r a t i o n . 

To convert seam dimensions to a n t h r a c i t e tonnage, an average s p e c i f i c 

g r a v i t y was used. A review o f the Mount Klappan property coal q u a l i t y data 

demonstrated t h a t , i n gene ra l , s p e c i f i c g r a v i t y data prov ided a s t r a i g h t -

average va lue of 1.68 tonnes per cub ic metre. Thus, f o r the purposes of 

these i n - s i t u resource c a l c u l a t i o n s , t h i s va lue of 1.68 tonnes per cub ic 

metre was used. 

*MedSystem i s a r e g i s t e r e d trademark of Mintec Inc. , Tuscon, A r i z o n a . 
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The f o l l o w i n g equat ion summarizes the resource c a l c u l a t i o n procedure: 

Tonnes of A n t h r a c i t e = 

Seam Thickness x Seam Length x In f luence x S p e c i f i c G r a v i t y 

(m) (m) (m) (t/m 3 ) 

The minimum t rue seam th i cknes s used was 0.5 metres where the d ip of the 

seam was l e s s than or equal to 30° and 1 metre where the d ip was i n excess 

of 3 0° . Seams were inc luded to a maximum depth of 500 metres from su r face . 

The f o l l o w i n g resource category parameters were used f o r the c a l c u l a t i o n s . 

o Measured Resources 

Measured resources i nc lude those resources de l i n ea ted through estab l i shment 

of e x p l o r a t i o n data po in t s and t he re f o re reported w i th conf idence as to the 

cha rac te r and c o n t i n u i t y o f the a n t h r a c i t e seams. The maximum d i s tance 

between data po in t s which may i nc lude a d i t s , d r i l l ho le s , trenches and 

outc rops , i s 300 metres. 

o Ind icated Resources 

Ind icated resources i nc lude resources which are de l i n ea ted us ing e s t a b l i 

shed data po in t s as we l l as reasonable geo l o g i c a l p r o j e c t i o n s . The maximum 

d i s t ance between data po in t s i s 600 metres. 

o I n fe r red Resources 

I n fe r red resources i nc lude resources which are de l i n ea ted u t i l i z i n g reg 

i ona l g eo l o g i c a l data i n c l u d i n g data po in t s which p r e d i c t the c o n t i n u i t y of 

a n t h r a c i t e seams. Report ER79-9 does not s t a t e a data po in t spacing f o r 

t h i s category . For the purposes of s t anda rd i z a t i o n f o r these resource 

c a l c u l a t i o n s , a maximum data po in t spacing of 2000 metres was used f o r the 

i n f e r r e d l e v e l . However, i n the Hobbi t -Broatch Area i n f e r r e d resources were 

c a l c u l a t e d over the e n t i r e 1:2500 s ca le map area due to the c o n t i n u i t y of 

a n t h r a c i t e seams in that a rea. 
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o Specu l a t i ve Resources 

Specu l a t i ve resources i nc lude those resources which are c a l c u l a t e d from a 

few s c a t t e r ed a n t h r a c i t e occurrences i n areas of l i t t l e or no e xp l o r a t i o n 

data where the c oa l - bea r i n g sequence(s) i s / a re i n t e r p r e t e d to e x i s t . There 

i s no maximum spacing in t h i s category. 

In e s t ima t i n g the s p e c u l a t i v e resource a conse rva t i ve 25% of the known 

aggregate seam th i cknes s f o r the Klappan Sequence was used where the 

Klappan Sequence i s i n t e r p r e t e d . 

4.3 ANTHRACITE QUALITY 

The a n t h r a c i t e o f the Mount Klappan property can be cleaned to produce a 

v a r i e t y of products d i f f e r e n t i a t e d by s i z e and ash content ranging from 5 

percent ash premium a n t h r a c i t e to b r i q u e t t i n g a n t h r a c i t e of up to app rox i 

mately 25 percent ash. A n t h r a c i t e q u a l i t y data has been gathered from 

analyses of samples of d r i l l co re , a d i t samples, t renches and t r i a l 

cargoes. Through the course of t h i s work, the cha rac te r of each substan

t i a l seam on the property has been de s c r i bed . 

A l l d r i l l core and a d i t samples were subjected to s i z e ana l y s i s and wash-

a b i l i t y t e s t i n g . Raw and s imulated product samples at the ash l e v e l s of 

i n t e r e s t , from many seams, have rece i ved comprehensive a n a l y s i s . Laborato

r i e s u t i l i z e d f o r va r ious programs i nc lude B i r t l e y Coal and M inera l s 

Te s t i ng and Lor ing Labo ra to r i e s , both of Ca lgary , A l b e r t a , and Cyclone 

Eng ineer ing Sales L t d . of Edmonton, A l b e r t a . 

Pet rograph ic work was completed by David E. Pearson and A s soc i a te s L t d . of 

V i c t o r i a , B.C, and Commercial Tes t ing of Golden, Colorado. 

Laboratory t e s t s c o n s i s t e n t l y p lace Mount Klappan coal we l l up i n t o the 

rank o f a n t h r a c i t e . Washab i l i t y t e s t i n g conf i rms the p o t e n t i a l f o r m u l t i -

product a n t h r a c i t e product ion from a number of seams on the p roper ty . The 

raw a n t h r a c i t e feed in the Lost-Fox Area w i l l conta in seams w i th c a l c u l a t e d 
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average ash contents ranging from 18 percent to 46 percent f o r a l l seams 

c o n t r i b u t i n g to the mine re se rve . These ash values correspond to a gross 

c a l o r i f i c content ranging from 6 700 to 3 900 c a l o r i e s per gram at a 

r e s i d u a l moisture l e v e l of 1 to 2 percent . The su lphur content of the 

raw a n t h r a c i t e averages .47 percent . Table 2-5 prov ides a summary of raw 

a n t h r a c i t e q u a l i t y . 

The product a n t h r a c i t e to be produced from the Lost-Fox Mine i s based on 

market demand. The f o l l o w i n g are t y p i c a l products tha t may be produced: 

1. Coarse a n t h r a c i t e at 5 to 7% ash and 7 900 to 7 700 cal/gm f o r some 

home heat ing and i n d u s t r i a l markets. 

2. Coarse a n t h r a c i t e at 10 to 15% ash to supply home heat ing and 

i n d u s t r i a l b o i l e r s . The c a l o r i f i c va lue w i l l range from 7 400 to 6 

900 cal/gm. 

3. Small a n t h r a c i t e at 7 to 9% ash to supply c e r t a i n smel ter operat ions 

and some home heat ing b r i q u e t t e markets. The c a l o r i f i c va lue w i l l 

range from 7 700 to 7 500 cal/gm. 

4. The As ian b r i q u e t t e w i l l u t i l i z e a n t h r a c i t e products w i th an ash l e v e l 

o f 18 to 25% and a c a l o r i f i c value of 6 700 to 5 900 cal/gm. 

The r e s i d u a l moisture w i l l vary from 1 to 2% in a l l the above products . 

Coarse a n t h r a c i t e r e j e c t , which may be used on s i t e to produce steam and 

heat, w i l l have a f r ee moisture content of 5%, an ash content of 40 to 45% 

and a su lphur content of l e s s than 0.5%. 
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Table 2-5 

LOST-FOX MINE 

RAW ANTHRACITE QUALITY 

RANGE OF SEAM CONTRIBUTIONS 

Residual Mois ture 1 to 2% 

Ash 18 to 46% 

V o l a t i l e Matter 6 to 8% 

S p e c i f i c G r a v i t y approx. 1.68 gm/cc (average) 

Hardgrove G r i n d a b i l i t y 35 to 55 

Sulphur 0.35 to 0.65% 
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PART THREE - NINE PLAN 

1.0 INTRODUCTION 

Gu l f Canada proposes to produce 1.5 m i l l i o n tonnes of a n t h r a c i t e products 

annua l l y f o r 20 years from an open-p i t operat ion i n the Lost-Fox Area of 

the Mount Klappan coal l i c e n s e b lock . A mine plan has been developed to 

produce appropr i a te q u a n t i t i e s , based on market c o n s i d e r a t i o n s , of four 

grades of product s p e c i f i e d as f o l l o w s : 

1. Coarse a n t h r a c i t e (35 mm x 4 mm) of 5-7% ash f o r home heat ing and 

i n d u s t r i a l markets; 

2. Coarse a n t h r a c i t e (35 mm x 6 mm) of 10-15% ash f o r home heat ing and 

i n d u s t r i a l b o i l e r markets; 

3. Small a n t h r a c i t e (6 mm x 0.5 mm) of 7-9% ash f o r smelter operat ions 

and a l so f o r the European b r i q u e t t e market; and 

4. F ine a n t h r a c i t e of 18-25% ash f o r the As ian b r i q u e t t i n g market. 

In order to achieve an optimum y i e l d of high q u a l i t y coarse a n t h r a c i t e 

wh i l e m in im i z i ng the s t r i p p i n g r a t i o , i n i t i a l l y three adjacent areas which 

w i l l be worked s imul taneous ly and which w i l l u l t i m a t e l y merge i n t o one mine 

are proposed. The sur face mining operat ion w i l l r e l ea se a n t h r a c i t e w i t h i n 

and adjacent to Lost Ridge, a prominent topographic f ea tu re near the centre 

of the Mount Klappan proper ty . F igure 3-1 i n d i c a t e s the l o c a t i o n of the 

mining ope ra t i on s . 

E l e va t i on s in the mine area range from 1290 metres above sea l e v e l in the 

L i t t l e Klappan R i ve r V a l l e y to 1844 metres at the top of Lost Ridge. The 

mine would cover the eastern s ide of Lost Ridge and the lower ground north 

of the face o f the r i d g e . 
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MINE PLAN 

The mine plan has been based on the development of a computer data base 

geo l o g i c a l mine model of the Lost-Fox mineable a n t h r a c i t e reserves which 

u t i l i z e s the mapping, d r i l l i n g , t r ench i ng , a d i t and t r i a l cargo p i t data 

d i scussed i n Part Two (Geology) of t h i s volume. 

Once the reserves were model led, mining methods and a product ion schedule 

s u i t a b l e to the resource were developed. Th i s task was fo l l owed by 

s p e c i f i c a t i o n of the c r i t e r i a f o r mine f a c i l i t i e s and equipment, i d e n t i f i 

c a t i o n of manpower and e l e c t r i c a l power requirements and design of 

environmental p r o t e c t i o n features f o r the ope ra t i on . 

The f o l l o w i n g subsect ions desc r ibe each of these i tems. 
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MINE PLAN 

2.0 GEOLOGICAL MINE MODEL  

2.1 WASTE AND ANTHRACITE VOLUMES 

The mode l l i ng system was based upon the c r o s s - s e c t i o n method of reserve 

mode l l i ng which has proven to be r e l i a b l e even i n f a u l t e d depos i t s when, as 

i n t h i s case, adequate data was a v a i l a b l e . The f i n a l model d i v i d e d the 

Lost-Fox depos i t i n t o mining b locks and these b locks form the un i t s on 

which a n t h r a c i t e and waste rock c a l c u l a t i o n s were based. 

The c r o s s - s e c t i o n s on which reserves were c a l c u l a t e d were cons t ruc ted as 

nea r l y normal to the s t r i k e of the depos i t as p o s s i b l e and at i n t e r v a l s of 

125 metres. Bench plans were cons t ructed to a c cu r a t e l y represent l o c a l 

g eo l o g i c a l s t r u c t u r e s , thereby ensur ing accuracy i n c a l c u l a t i n g the 

a n t h r a c i t e re lea sed w i t h i n each b lock f o r each 10 metre bench height w i t h i n 

the mine p l an . 

The l o c a t i o n and t rue th i cknes s of each a n t h r a c i t e seam at each data po in t 

was determined. Because of the low energy d e p o s i t i o n a l environment in 

which a n t h r a c i t e seams are formed, seam t rue th i cknes ses vary only 

g r adua l l y and w i th d e f i n a b l e t rends between data po in t l o c a t i o n s . Abrupt 

changes i n seam t r ue th i cknes ses are ra re unless the cause of the change i s 

due to l a t e r geo l og i c occurrences such as f a u l t i n g or e ro s ion (washouts). 

For each mining b lock , a d i s tance-we ighted seam th i cknes s was c a l c u l a t e d 

us ing the th ree c l o s e s t data po in t s and the apparent d ip length o f t h i s 

seam th i ckne s s was e s t a b l i s h e d on the c r o s s - s e c t i o n . 

Once the seam th i cknes s and length had been e s t a b l i s h e d on the c r o s s -

s e c t i o n s , the est imated d i s t ance on both s ides of the s e c t i on over which 

t h i s seam th i cknes s was to be app l i ed was determined, t h i s was the "seam 

p r o j e c t i o n l e n g t h " . The product of d i p l eng th , seam th i cknes s and seam 

p r o j e c t i o n length y i e l d e d the volume of a n t h r a c i t e i n each b lock . 
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MINE PLAN 

Wherever c r o s s - s e c t i o n s were pe rpend icu la r to s t r i k e the seam p r o j e c t i o n 

length was the sum of h a l f the d i s tances to the c r o s s - s e c t i o n s on e i t h e r 

s i de of the s e c t i on being cons idered. Because t h i s may not be t rue in 

areas o f l o c a l s t r u c t u r e , the drawing of bench plan views ensured tha t the 

p r o j e c t i o n length was a c cu ra te l y e s t a b l i s h e d . 

Once the i n - s i t u a n t h r a c i t e volumes had been determined f o r each mining 

b lock the waste volumes were determined. The t o t a l volume f o r each mining 

b lock was determined by a s s i gn ing to each b lock area a p r o j e c t i o n length 

equal to the sum of h a l f the d i s tances to the sec t i on s on e i t h e r s i d e . The 

volume so de f i ned was c a l c u l a t e d and the volume o f a n t h r a c i t e p rev i ou s l y 

ass igned to t ha t b lock was subt racted to y i e l d the net waste rock volumes 

w i t h i n t ha t b lock . 

U t i l i z i n g t h i s model, t o t a l reserves o f product a n t h r a c i t e p o t e n t i a l l y 

mineable at the Lost Ridge S i t e were est imated at 71.3 m i l l i o n tonnes. 

Tota l waste rock a s soc ia ted w i th these reserves was a l so e s t imated. This 

c a l c u l a t i o n i n d i c a t e d that the o b j e c t i v e of o u t l i n i n g a 30 m i l l i o n tonne 

reserve at a reasonable s t r i p r a t i o was c l e a r l y ach ievab le . 

The present mine plan i s based on a 20 year economic p lann ing hor i zon and a 

p roduct ion r a t e of 1.5 m i l l i o n tonnes per year . As such, approx imately 30 

m i l l i o n tonnes o f the 71.3 m i l l i o n tonnes o f mineable reserve are t a r ge t t ed 

f o r e x t r a c t i o n i n the mine p l an . 

2.2 ANTHRACITE QUALITY 

In a d d i t i o n to i d e n t i f y i n g mining methods and schedules to meet the 30 

m i l l i o n tonnes of c lean a n t h r a c i t e o b j e c t i v e , i t was necessary to p lan the 

opera t ion so as to maximize y i e l d s of product a n t h r a c i t e i n general and 

coarse, low ash product i n p a r t i c u l a r . The computerized mine model was 

used to i nco rpo ra te a n t h r a c i t e q u a l i t y parameters w i th the phy s i ca l 

d imensional data to a s s i s t i n t h i s e f f o r t . 
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Raw and c lean a n t h r a c i t e q u a l i t y was determined f o r each data p o i n t , that 

i s d r i l l ho l e , t rench or a d i t w i t h i n the mine a rea, f o r which v a l i d 

w a s h a b i l i t y data was a v a i l a b l e . 

The data supp l i ed f o r the model ana l y s i s were: 

- Head Ash 

- A n t h r a c i t e S p e c i f i c G rav i t y 

- Product Y i e l d 

- Wash P lan t S p e c i f i c G rav i t y Cu t -po in t s 

- Tota l P l an t Y i e l d 

- M idd l i ng s Product Ash 

Two average s i z e d i s t r i b u t i o n s of p lan t feed were d e r i v e d , one f o r premium 

feed ( i . e . , t ha t a n t h r a c i t e which produces 5-7 percent ash product) and one 

f o r non-premium feed. 

Average run of mine p l an t feed and product moistures were e s t a b l i s h e d based 

upon the sample i n f o rmat i on . 

Raw a n t h r a c i t e p l an t feed was taken to have an inherent moisture content of 

2.0 percent and sur face moisture of 6.0 percent . Assumed sur face moisture 

on c lean products was assigned the f o l l o w i n g va lues : 

Coarse Product 5% 

Small Product 8% 

M idd l i ng s 7.8% 

Coarse Reject 7.5% 
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To prov ide the most usefu l form of data f o r mine p lann ing purposes, q u a l i t y 

va lues were converted to r e f l e c t "as r e c e i v e d " c o n d i t i o n s . This inc luded 

the c a l c u l a t i o n o f head ash, run of mine a n t h r a c i t e s p e c i f i c g r a v i t y , 

product y i e l d s and product tonnes and coarse r e j e c t tonnes on an as 

r ece i ved bas i s ( i . e . , i n c l u d i n g feed and product mo i s tu re ) . 

The t o t a l coarse r e j e c t was c a l c u l a t e d to be the Run of Mine p lan t feed 

l e s s a l l c lean a n t h r a c i t e product tonnes and l e s s the u l t r a f i n e a n t h r a c i t e 

( i . e . 0.15 mm x 0 s i z e f r a c t i o n ) pumped to t a i l i n g s . The coarse r e j e c t was 

assumed to conta in 7.5 percent sur face moi s ture. 

The c lean a n t h r a c i t e q u a l i t y and p repara t ion p l an t y i e l d s were ass igned to 

each seam at the d r i l l , a d i t and t rench data po in t s a v a i l a b l e from the 

g e o l o g i c a l work. The a n t h r a c i t e q u a l i t y from these data po in t s was i n t e r 

po la ted f o r each computer b lock . 

2.3 MINE RESERVES 

The ba s i c mining ob j e c t i v e s were as f o l l o w s : 

1. Prov ide s u f f i c i e n t reserves to support a product ion l e v e l of 1.5 

m i l l i o n product tonnes per year f o r a per iod of 20 years (approxima

t e l y 30 m i l l i o n product tonnes) . 

2. Prov ide the lowest s t r i p p i n g r a t i o (Bank Cubic Meters (BCM) per c lean 

tonne) p o s s i b l e . 

3. Prov ide the maximum amount of 5-7% ash coarse product p o s s i b l e . 

Ach iev ing the f i r s t goal was not d i f f i c u l t as the computer model had pre

v i o u s l y i d e n t i f i e d more than twice the requ i red volume as p o t e n t i a l l y 

mineable i n the area. The r e l a t i o n s h i p between coarse a n t h r a c i t e product, 

s t r i p r a t i o and the mining sequence was e s t a b l i s h e d through on i t e r a t i v e 

process u t i l i z i n g the data programmed i n to the computer model. 
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MINE PLAN 

Computer a n a l y s i s of the depos i t to balance these f a c t o r s has r e s u l t e d in 

d e f i n i t i o n of a mine reserve to be recovered from 3 adjacent areas. F igure 

3-2 prov ides a general l ayout and cross sec t i on s f o r the areas. Due to 

the seam t h i c k n e s s , constant occurrence and q u a l i t y , the p i t arrangement i s 

designed to maximize the recovery of Seams I and H. These two seams 

account f o r 38 percent and 32 percent of the mine reserve r e s p e c t i v e l y . 

Other seams found i n the p i t area and c o n t r i b u t i n g to the mine reserve are 

seams F, G, K, L, M, N and 0. 

The areas have been des ignated the North P i t , Cent ra l P i t and South P i t . 

The North P i t i s i n the northeast area of the depos i t at the foot of Lost 

Ridge. The northeast s i de of the p i t t r ace s the outcrop of Seam H and 

f o l l o w s t h i s seam down d ip to the southwest reach ing a p i t f l o o r e l e v a t i o n 

o f 1380 metres A.S.L. 

The Cent ra l P i t i s an expansion of the t r i a l cargo p i t on the c r e s t o f Lost 

Ridge and cuts along the s t r i k e of the overturned Seam I and cont inues to 

f o l l o w the down d ip o f Seam H to approximately the 1250 metre l e v e l . The 

South P i t i s i n the southwest area of the depos i t and i nc ludes seams down 

through H. 

Table 3-1 prov ides a breakdown of a n t h r a c i t e product tonnes by p i t . Table 

3-2 summarizes the product y i e l d from the nine seams to be re leased in the 

mine p l a n . 
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TABLE 3-1 

ANTHRACITE PRODUCT TONNES BY PIT 

P i t Area Tota l 
Product 
Tonnes 

North P i t 15,187,364 

Cent ra l P i t 5,646,760 

South P i t 8,637,380 

Tota l 29,471,504 
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TABLE 3-2 

ANTHRACITE PRODUCT TONNES BY SEAM 

Seam 
Tota l Product 

Tonnes 

Percent of 
Tota l A n t h r a c i t e 

Product 

I 11,040,590 37.5 

H 9,510,102 32.3 

0 475,280 1.6 

N 887,810 3.0 

M 2,932,218 9.9 

L 1,232,726 4.2 

K 3,100,265 10.5 

G 242,969 0.8 

F 49,544 0.2 

Tota l 29,471,504 100.0 
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3.0 MINE PLANNING CONSIDERATIONS 

3.1 BACKGROUND 

The Lost -Fox Mine a n t h r a c i t e depos i t can best be mined by convent iona l open 

p i t , t r u ck and shovel mining methods. The topography and a n t h r a c i t e seam 

a t t i t u d e s a s soc i a ted w i th t h i s depos i t are no s teeper or complex than other 

coal mines i n mountainous areas of B r i t i s h Columbia. The sedimentary 

sequences have been a f f e c t e d by f o l d i n g but the a n t h r a c i t e seams have not 

been conto r ted or f a u l t e d to nea r l y the extent as depos i t s c u r r e n t l y being 

mined, f o r example, i n the nor theastern coal b lock . 

The computer model used to d e l i n e a t e the mine reserves has a l so been 

u t i l i z e d to schedule the mine development which w i l l maximize the e f f i c i e n t 

recovery o f the t a r g e t t e d a n t h r a c i t e seams. Ce r t a i n parameters had to be 

s p e c i f i e d before the p i t and waste area c o n f i g u r a t i o n s cou ld be e s t a 

b l i s h e d . For example, des ign c r i t e r i a f o r h ighwal l angle and waste p i l e 

s lope angles were d i c t a t e d by the phy s i ca l c h a r a c t e r i s t i c s o f the ma te r i a l s 

encountered (angle of repose, p re - and p o s t - b l a s t i n g i n t e g r i t y , e t c , ) . 

Other des ign c r i t e r i a are p red i ca ted on equipment s e l e c t i o n , accepted 

mining p r a c t i c e and r egu l a to r y requirements, as we l l as phy s i c a l mate r i a l 

c h a r a c t e r i s t i c s . Geotechnica l s tud ie s have been c a r r i e d out to a s s i s t i n 

e s t a b l i s h i n g these c r i t e r i a . 

3.2 PIT DESIGN PARAMETERS 

A schematic of key p i t des ign parameters i s presented i n F igure 3-3. As 

can be seen, the des ign bench height (des ignated as the p r e - b l a s t i n g bench 

he ight ) has been set at 10 metres, based on the exper ience of other opera

t i o n s and optimum working ranges f o r mining equipment. 

B l a s t i n g of the i n - s i t u mate r i a l w i l l r e s u l t i n s w e l l i n g such that the 

p o s t - b l a s t i n g bench he ight , r e f e r r e d to as the he ight of the working f ace , 

w i l l be more than 10 metres. 
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ULTIMATE PIT SLOPE 

FINAL HIGHWALL 

ULTIMATE PIT SLOPES FOR GIVEN PIT DEPTH 

TOTAL DEPTH ULTIMATE PIT 
OF PIT (m) SLOPE (DEGREES) 

30 56 .0 
60 50.2 
90 48.4 

120 47 .5 
150 47 .0 
180 46,6 
210 46.4 
240 46.2 
270 46.1 

WORKING FACE 

ACTIVE MINING CUT 
(BLASTED MATERIAL) 

PRE-BLASTING 
BENCH HEIGHT 12.5m 

WORKING BENCH 

POST BLASTING 
BENCH HEIGHT 

FUTURE BENCH LEVEL 
( IN-SITU MATERIAL) 

NOTE: CJ (ULTIMATE PIT SLOPE) VARIES WITH PIT DEPTH 

S C A L E 1:500 

FIGURE 3-3 

MOUNT KLAPPAN ANTHRACITE PROJECT 
ESTIMATED PIT DESIGN 

PARAMETERS 
.VURSTON & M A R S T O N INC. 

GULF CANADA CORPORATION 
8 7 / 0 1 / 2 3 

EMOt [20* i 057 !D i />0 !3 . ; I 
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Working benches are the p lat forms from which equipment i s a c t i v e l y engaged 

in waste s t r i p p i n g or a n t h r a c i t e l o ad i ng . The minimum working bench width 

i s a f u n c t i o n of the height of the working face and the opera t ing room 

requ i red f o r equipment. Based on these c on s i de r a t i on s , a minimum width of 

30 metres has been s e l e c t e d . 

Based on the geo l o g i c a l and geotechn ica l i n fo rmat ion concern ing the rock 

types expected to be encountered dur ing min ing, i t i s a n t i c i p a t e d that an 

angle of 65 degrees represents the p r a c t i c a l maximum at which working faces 

can be ma inta ined. When the p i t l i m i t i s a t t a i n e d , the working face w i l l 

be cut back to a f i n a l wa l l s lope of 56 degrees. Berms, or h o r i z o n t a l 

ledges ( u s ua l l y remnants of completed working benches), would be l e f t i n 

the f i n a l p i t wa l l to a r r e s t s loughing mate r i a l and break the c o n t i n u i t y of 

the f i n a l h i g h w a l l . These ledges w i l l a l so reduce the o v e r a l l s lope of the 

w a l l . Such berms, w i th a minimum width of 10 metres and spaced at 30 metre 

h o r i z o n t a l i n t e r v a l s w i l l be prov ided. 

3.3 WASTE AREA DESIGN PARAMETERS 

Waste rock removed from the mine p i t s w i l l be p laced i n a waste area no r th 

west of the p i t s . B l a s t i n g and handl ing of the waste ma te r i a l w i l l r e s u l t 

in vo l umet r i c swel l i n the haul t r uck of about 40 percent of the i n - s i t u 

volume. Compaction by o v e r l y i n g mate r i a l and t r uck movement w i l l reduce 

the e f f e c t i v e swel l to about 30 percent . 

The dump w i l l be cons t ructed as a s e r i e s of end dump l i f t s which w i l l 

advance the dump to the west and north of the p i t area as mining 

progresses . For mining e f f i c i e n c y , the mate r i a l w i l l be dumped as c l o se as 

po s s i b l e to the e l e v a t i o n from which i t was removed i n the p i t s . Accor 

d i n g l y , the i n i t i a l dumping w i l l be near the top of the waste area and w i l l 

move to lower e l e va t i on s as the p i t s are excavated and the waste area 

progresses. 

Rock mate r i a l w i l l be p laced to achieve an angle of repose of about 38 

degrees. The natura l s lopes i n the waste area range from about 34 degrees 
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near the c r e s t of Lost Ridge to a r o l l i n g p la teau above and adjacent to the 

L i t t l e Klappan R i ve r . The f i n a l waste area p r o f i l e w i l l i n co rpo ra te t e r 

raced berms of a minimum width of 10 metres at 30 metre v e r t i c a l i n t e r v a l s 

on a l l dump s l opes . 

E a r l i e r f e a s i b i l i t y work on the Lost-Fox mine had i nco rpora ted a s i n g l e 

waste area on the west s ide o f Lost Ridge. (See F igure 3-11 f o r a plan of 

t h i s waste area c o n f i g u r a t i o n at year 20). During the 1986 e x p l o r a t i o n 

program, a n t h r a c i t e bear ing s t r a t a were mapped i n the southwest corner of 

t h i s waste area. D r i l l i n g and geo l og i c a l mapping have shown tha t the area 

north and east of t h i s i n i t i a l waste area i s c l e a r of a n t h r a c i t e occur 

rences. 

As a r e s u l t , a r e v i s ed waste area c o n f i g u r a t i o n has been developed which 

p laces the mate r i a l f u r t h e r no r th . F igure 3-4 prov ides a p lan of the 

proposed waste a rea. Th i s area w i l l r e ce i ve the waste ma te r i a l generated 

i n the e a r l y years of min ing. E ven tua l l y , an a d d i t i o n a l waste area w i l l be 

r e q u i r e d . Two a l t e r n a t i v e s are under c on s i de r a t i on but f u r t h e r study i s 

necessary to e s t a b l i s h a p r e f e r r ed o p t i o n . One a l t e r n a t i v e would u t i l i z e 

an area southwest of the p i t s as shown i n F igure 3-4. The waste rock would 

be p laced i n a r ec tangu l a r shaped mound in a hol low on the west s ide of a 

he ight of land near Fox Creek. I t would be necessary to d r i l l i n t h i s area 

to c l e a r i t f o r waste storage purposes before i t cou ld be used. The other 

a l t e r n a t i v e would i nvo l ve mining the a n t h r a c i t e out of the o r i g i n a l 

proposed waste area on the west s ide of Lost Ridge and then b a c k f i l l i n g 

w i th mate r i a l from the main mine. Fur ther study of the a n t h r a c i t e extent 

and m i n e a b i l i t y i n t h i s area i s requ i red to determine the f e a s i b i l i t y of 

t h i s p l a n . 

3.4 HAUL ROAD DESIGN PARAMETERS 

Typ i ca l c r o s s - s e c t i o n s of i n - p i t and e x - p i t haul roads are presented 

r e s p e c t i v e l y i n F igures 3-5 and 3-6. The width of the running sur face i s 

25 metres f o r a l l roads scheduled to be used by the haul t r u c k s . Although 

t h i s des ign width exceeds the minimum s p e c i f i e d i n the B r i t i s h Columbia 
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37.5 m 

A. IN-PIT FILL SECTION 

35.0 m 

B. IN-PIT C U T SECTION 

] C R O W N - C R U S H E D R O C K (-5 .08 cm. + 1.27 cm) 

| | S U B B A S E - C R U S H E D R O C K (-5.08 cm. + 1.27 cm) 

SUBBASE - RUN O F MINE (ROM) MATERIAL 

NOTE: C R O W N NOT REQUIRED W H E R E HAUL ROAD GRADE E X C E E D S 5% 

G U L F C A N A D A CORPORAT ION 

MT. KLAPPAN ANTHRACITE PROJECT 

F I G U R E 3-5 

HAUL ROAD CROSS-SECTIONS 
TYPICAL IN-PIT (PERMANENT) SECTIONS 

MARSTON & MARSTON, INC. 
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37 m 

RUNNING 
SURFACE 

3m 

31m 

25 m 

DRAINAGE 
DITCH 

A. EX-PIT FLAT TERRAIN SECTION 

40.6 m 

5m 

RUNNING 
SURFACE 

DRAINAGE 
DITCH B. EX-PIT FILL SECTION 

ggj C R O W N - C R U S H E D ROCK (-5.08 cm + 1.27 cm) 

I ~ J SUBBASE - C R U S H E D R O C K ( - 5.08 cm. + 1.27 cm) 

SUBBASE - RUN OF MINE (ROM) MATERIAL 

NOTES:: 

1) THICKNESS (t) VARIES WITH T H E T Y P E O F BASE MATERIAL E N C O U N T E R E D 
t = 0 B E D R O C K 
t = 0.76m GLACIAL TILL 
t = 1.5m M U S K E G 

2) C R O W N NOT REQUIRED W H E R E HAUL ROAD GRADE E X C E E D S 5% 

GULF CANADA CORPORATION 
MT. KLAPPAN ANTHRACITE PROJECT 

FIGURE 3-6 

HAUL ROAD CROSS-SECTIONS 
TYPICAL EX-PIT SECTIONS 

MARSTON & MARSTON, INC. 
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Mines A c t , which i s approximately 21.4 metres g iven the use o f 154 tonne 

end dump t r u c k s , the e x t r a road width w i l l prov ide an a d d i t i o n a l s a fe t y 

margin. 

Haul road subbase th i c kne s se s , which have been designed in accordance wi th 

accepted i ndu s t r y standards, are a f unc t i on o f the type o f base mate r i a l 

encountered and the e f f e c t i v e haul t r uck wheel load imparted to the running 

s u r f a ce . I t should be noted that a l l haul roads are designed w i th respect 

to the e f f e c t i v e wheel load induced by 154 tonne nominal c a p a c i t y haul 

t r u c k s . 

The proposed haul road designs i nco rpo ra te the use o f a road crown, as 

d i c t a t e d by standard i ndus t r y g u i d e l i n e s , to shed water l a t e r a l l y from the 

road running su r face and thus prevent the c o l l e c t i o n of s tand ing water 

(poo l i ng or ponding). However, where the haul road grade exceeds f i v e 

percent a crown i s not requ i red as r u n - o f f water w i l l be d i r e c t e d down 

grade. Berms, or curbs, w i l l be cons t ructed along a l l p o r t i on s of the haul 

road adjo ined by an exposed s l ope . The design berm he ight of 1.6 metres i s 

equ i va len t to h a l f the haul t r uck t i r e diameter as s p e c i f i e d i n the B r i t i s h 

Columbia Mines Ac t . Berms have been designed at a 1.5:1 s l ope . A one 

metre deep "V" c o n f i g u r a t i o n d i t c h a longs ide the roads w i l l be excavated 

f o r hand l ing drainage requirements. 

S imu la t i on analyses i n d i c a t e tha t haul t r uck p r o d u c t i v i t y i s g r e a t l y 

a f f e c t e d by the road grades encountered ( e s p e c i a l l y adverse grades to be 

negot ia ted by loaded t r u c k s ) . Safety f a c t o r s are a l so a c o n s i d e r a t i o n in 

e s t a b l i s h i n g road grades as excess i ve unfavorable grades can c rea te unsafe 

t r uck opera t ing c o n d i t i o n s . Based on exper ience i n o ther B.C. mines and 

a p p l i c a b l e t r uck r i m p u l l , g r a d a b i l i t y , and r e t a r d i n g da ta , the proposed 

haul roads have been designed so tha t the maximum sus ta ined grade does not 

exceed e i gh t percent . P i t ramp grades have been l i m i t e d to ten percent . 

On the bas i s of actua l operat ing exper ience and standard i ndu s t r y gu ide

l i n e s a maximum haul t ruck speed l i m i t of 48 k i l omet re s per hour (KPH) has 

been assumed i n the d e r i v a t i o n of haul t ruck c y c l e t imes . I t i s be l i e ved 
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tha t t h i s speed l i m i t a l lows f o r safe t r uck operat ion wi thout c r e a t i n g a 

bo t t l eneck to t ruck p r o d u c t i v i t y . 

Geotechnica l con s i de ra t i on s f o r the mine area have been used in the 

assessment o f the placement and design of the mine haul roads. Mon i to r ing 

i n s t rumentat ion and i n s t a l l a t i o n of adequate pore pressure dra inage should 

mainta in o v e r a l l s t a b i l i t y w i t h i n the p i t . Minor m o d i f i c a t i o n s i n haul 

road placement may be made as exper ience i s gained dur ing mining and as 

bench s lopes are mod i f i ed . 

3.5 GEOTECHNICAL INVESTIGATIONS 

A v a r i e t y of geotechn ica l s tud ie s have been conducted i n support of the 

mine, waste dump and haul road p lann ing . The i n v e s t i g a t i o n s have inc luded 

i n s t a l l a t i o n o f piezometers to monitor groundwater l e v e l s and pressures , 

t he rm i s t o r cab les to check f o r permafrost, logg ing of geo l og i c s t r u c t u r e s 

in s e l e c t ed d r i l l cores and outcrops, pe rmeab i l i t y and s t rength t e s t i n g . 

Mine Area 

The geotechn ica l program i n the mine area has been p r i m a r i l y aimed at 

i d e n t i f y i n g the groundwater regime and determin ing the des ign p i t w a l l and 

bench s lope s t a b i l i t i e s . 

Piezometer data i n d i c a t e tha t aqu i f e r s tend to be stagnant and perched 

above a n t h r a c i t e seams or other bedding un i t s which are r e l a t i v e l y imper

meable. Water pressures are qu i t e low w i th the groundwater s i t t i n g in the 

bas in formed by the o v e r a l l geo log i c s t r u c t u r e . In the extreme southern 

end of the mine area, s l i g h t l y a r t e s i a n p iezomet r i c c ond i t i o n s were found 

and some f low was i n d i c a t e d as groundwater f o l l ows the o v e r a l l s ou the r l y 

d ip o f the a n t h r a c i t e s t r u c t u r e . 

Pe rmeab i l i t y t e s t i n g of the var ious s t r a t a conf irmed tha t the a n t h r a c i t e 
-5 

seams tend to have r e l a t i v e l y low pe rmeab i l i t y c a l c u l a t e d at 10 cm/sec. 
-3 -4 

Sands tone/s i l t s tone un i t s were measured at 10 to 10 cm/sec wh i le 
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s i l t s tone/mudstone l a ye r s i n d i c a t e d p e r m e a b i l i t i e s o f about 10" to 10 

cm/sec. The major aqu i f e r s appear to be i n the sandstone and sandy 

s i l t s t o n e u n i t s o v e r l y i n g a n t h r a c i t e seams. 

In g ene r a l , groundwater aqu i f e r s w i l l be removed i n the course of mining 

and s i g n i f i c a n t f lows i n t o the p i t area would not be expected. 

When aqu i f e r s are encountered, p r o v i s i o n f o r drainage and dewater ing w i l l 

be r e q u i r e d . The geotechn ica l i n v e s t i g a t i o n s a l so suggest t ha t i t may be 

necessary to d r i l l h o r i z o n t a l d r a i n boreholes i n some f o o t w a l l areas to 

r e l i e v e pore pressures s u f f i c i e n t l y to avoid i n s t a b i l i t y problems in p i t 

w a l l s . These areas w i l l be i d e n t i f i e d dur ing the course o f min ing. 

With the except ion of i s o l a t e d areas where s pec i a l measures must be taken, 

the geotechn ica l s tud ie s conf i rm that the design p i t s lopes w i l l be s t a b l e . 

There w i l l be areas however where l o c a l i z e d reduc t i on of bench face angles, 

supplementary drainage or anchoring w i l l be requ i red to avo id rock t o p p l i n g 

or bench l o s s e s . Constant moni tor ing of geology and piezometers w i l l be 

undertaken dur ing mining to permit on-going e va l ua t i on and updat ing of p i t 

wa l l de s i gn . 

Thermistor i n s t a l l a t i o n s accompanied by observat ions made dur ing the T r i a l 

Cargo mining i n d i c a t e tha t a "warm" permafrost c o n d i t i o n (minimum 

temperatures are -0.23°C) e x i s t s on ly i n the c r e s t area of Lost Ridge and 

extends to a depth of about 30-40 metres. These l o c a l c ond i t i o n s are not 

expected to have a s i g n i f i c a n t e f f e c t on mining and proces s ing o f the 

a n t h r a c i t e . 

Waste Area 

Geotechnica l i n v e s t i g a t i o n s c a r r i e d out in the waste area were s i m i l a r to 

those in the mine area wi th the a d d i t i o n of ex tens i ve study o f s u r f i c i a l 

geology and foundat ion cond i t i on s in the area west of the r i d g e . A c t i v i 

t i e s i nc luded r o t a r y and diamond d r i l l i n g , standard pene t r a t i on t e s t s , t e s t 

p i t excava t i on , sampling and piezometer and t he rm i s t o r i n s t a l l a t i o n . 
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Computerized s t a b i l i t y a na l y s i s programs were a l so u t i l i z e d to assess waste 

area s t a b i l i t y . 

Piezometer r e s u l t s i n d i c a t e tha t the upper par t o f the waste area i s 

l o ca ted i n a groundwater recharge area wh i l e the lower par t of the waste 

area i s i n a d i scharge area. In some areas, low p e r m e a b i l i t y g l a c i a l 

t i l l s o v e r l y bedrock i n the lower, f l a t t e r p o r t i o n of the waste area. 

These m a t e r i a l s can con f ine high groundwater pressures i n bedrock i n years 

of high groundwater c o n d i t i o n s . 

Some cau t i on w i l l be requ i red when p l a c i n g waste i n the upper par t o f the 

d i spo sa l area where a small l a n d s l i d e has occurred and the na tu ra l s lopes 

are sub jec t to l o c a l crags and s o l i f l u c t i o n movements. E x i s t i n g s t a b i l i t y 

elsewhere i n the waste area i s good. 

While waste l oad ing on continuous g l a c i a l t i l l g e n e r a l l y causes a s i g n i f i 

cant i nc rease i n pore pressures , i t i s expected tha t the groundwater 

drainage cond i t i on s at t h i s s i t e w i l l be more r ap i d as bedrock outcrops and 

sand ie r lenses are known to occur w i t h i n the t i l l . A l s o , end dumping of 

the ma te r i a l w i l l cause some segregat ion of the p a r t i c l e s , producing a 

dra inage zone of v a r i a b l e q u a l i t y along the base of the waste a rea . 

S t a b i l i t y a n a l y s i s of the waste area suggests t ha t the geometry should be 

conf ined to a maximum end-dumped berm height of 125 metres unless 

exper ience and the moni tor ing o f pore pressures dur ing waste area cons

t r u c t i o n i n d i c a t e g rea te r he ights can be cons ide red . Above e l e v a t i o n 1550, 

h igher berm he ights w i l l be requ i red by the ground geometry but the base 

m a t e r i a l s here are s t ronger . Berm he ights of up to 175 metres are 

reasonable f o r the e a r l y stages of waste area c o n s t r u c t i o n but c a r e f u l 

mon i to r ing w i l l be r e q u i r e d . 

The s t a b i l i t y a na l y s i s work a l so suggests that s e l e c t i v e placement o f some 

r e l a t i v e l y weak ma te r i a l s encountered dur ing mining w i l l be r e q u i r e d . Such 

m a t e r i a l s would i nc lude f i n e gra ined and p o s s i b l y wet g l a c i a l t i l l s , 

overburden m a t e r i a l s and weak mudstones. These m a t e r i a l s should not be end 
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dumped but r a t he r p laced i n c e l l s or bas ins high up on the su r face of the 

waste area w i t h i n s t ronger rock. 

P recaut ions may be requ i red dur ing the w in te r as we l l to avo id waste p l a ce 

ment over snow. During the summer, lobes o f the waste area should be 

advanced outward and downward. Then, w in te r dumping would be p laced on the 

s ides o f these lobes such that snow l a ye r s which are covered w i l l be 

pe rpend i cu l a r to the face of the dump. 

A b u f f e r zone of 250 metres between the L i t t l e Klappan R i ve r and the waste 

area w i l l be maintained to a l l ow f o r any minor s l i d i n g and inc rease f l e x i 

b i l i t y w i t h i n the toe area should any bu t t r e s s i n g be necessary. 

Ongoing mon i to r ing of the waste area w i l l be c a r r i e d out on a r o u t i n e bas i s 

on a l l a c t i v e par t s of the dump. Tr ipod monitors w i l l be used to measure 

movement and se t t l ement . Piezometers w i l l a l so be monitored to determine 

pore pressure cond i t i on s w i t h i n the dump. 
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4.0 MINING METHODS 

4.1 ANTHRACITE EXCAVATION 

The mining equipment has been chosen to permit e f f i c i e n t mining of the 

a n t h r a c i t e con s i de r i n g the s p e c i f i c g eo l o g i c a l s t r u c t u r e of the a n t h r a c i t e 

seams i n each bench area o f the p i t . A l l operat ions w i l l be d i r e c t e d 

towards m in im iz ing breakage of the a n t h r a c i t e . Although waste w i l l be 

b l a s t e d , the a n t h r a c i t e w i l l not . A n t h r a c i t e w i l l be c leaned and loaded by 

h y d r a u l i c backhoe, o c c a s i o n a l l y a s s i s t e d by a f r o n t end l oade r . In 

a d d i t i o n , the s t r i p p i n g shovels can be c a l l e d upon to load a n t h r a c i t e where 

t h i c k , s t eep l y d ipp ing seams occur . 

F igures 3-7 and 3-8 i l l u s t r a t e the t y p i c a l mining sequence invo l ved in 

a n t h r a c i t e e x t r a c t i o n . A n t h r a c i t e seams w i l l g e n e r a l l y be mined by a 

h y d r a u l i c backhoe working from the top o f the b l a s ted bench. The backhoe 

w i l l remove a n t h r a c i t e and waste rock to excavate an i n te rmed ia te bench 

6.25 metres below the o r i g i n a l working bench. Then, the backhoe excavator 

w i l l work from t h i s i n te rmed iate bench to f i r s t remove b l a s t ed waste rock 

above and i n f r o n t of the seam, l oad ing t ruck s po s i t i o ned at the bottom of 

the working bench. 

Next, the a n t h r a c i t e would be excavated and bottom loaded to t ruck s as 

w e l l . A n t h r a c i t e would be removed to a depth of 1 metre below the subgrade 

and then b a c k f i l l e d w i th rock in order to p ro tec t the seam from t ruck 

ope ra t i on s . F i n a l l y , the waste mate r i a l beneath and behind the a n t h r a c i t e 

seam would be excavated to complete the bench. 

4.2 STRIPPING 

The m a j o r i t y o f the overburden and interburden s t r i p p i n g w i l l be c a r r i e d 

out by 24.5 cub ic metre c apac i t y e l e c t r i c s t r i p p i n g shove l s . S t r i p p i n g 

faces should be as long as po s s i b l e to take advantage of t h e i r c a p a c i t y . 

D r i l l i n g and a n t h r a c i t e removal should be as f a r i n advance o f s t r i p p i n g as 

p o s s i b l e to ensure tha t the a n t h r a c i t e excavator does not de lay the s t r i p 

ping shove l . 
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ANTHRACITE REMOVAL SEQUENCE 
MODERATELY TO STEEPLY 

D IPP ING SEAMS (>30 

54 TONNE 
HAUL TRUCK 

T Y P I C A L ) 

H Y D R A U L I C E X C A V A T O R P O S I T I O N E D 
ON TOP OF B L A S T E D BENCH 
T R U C K S TOP LOADED AS SHOWN 
DEPTH OF CUT = 6 . 2 5 m 

S T E P 2 

H Y D R A U L I C EXCAVATOR WORKS FROM 
I N T E R M E D I A T E BENCH 
C R E A T E D IN S T E P [JJ 

WASTE AND A N T H R A C I T E REMOVED AND 
BOTTOM LOADED TO A N T H R A C I T E SEAM 
FOOTWALL CONTACT 

• A N T H R A C I T E SUMP CUT MADE TO DEPTH 
OF lm BELOW BOTTOM BENCH 
AND THEN B A C K F I L L E D 
WITH S U I T A B L E ROAD M A T E R I A L 

H Y D R A U L I C EXCAVATOR WORKING FROM 
I N T E R M E D I A T E BENCH 

BOTTOM LOADS R E M A I N I N G 
WASTE BLOCK 

F I G U R E 3-7 

MOUNT KLAPPAN ANTHRACITE PROJECT 
A N T H R A C I T E R E M O V A L S E Q U E N C E 

M O D E R A T E L Y TO S T E E P L Y D I P P I N G S E A M S ( > 3 0 ° ) 

M A R S T O N & M A R S T O N INC. 

DRAWING NOT TO S C A L E 
G U L F C A N A D A C O R P O R A T I O N OS iJ| 
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154 TONNE 
HAUL TRUCK 

T Y P I C A L ] 

ANTHRAC1TE REMOVAL SEQUENCE 
SHALLOW D IPP ING SEAMS 

: <30) 

H Y D R A U L I C E X C A V A T O R P O S I T I O N E D 
ON TOP OF B L A S T E D BENCH 

WASTE AND A N T H R A C I T E TOP LOADED 
INTO 154 TONNE T R U C K S TO A 
D EPTH OF 4 . 2 m ( H E I G H T OF 
F I R S T I N T E R M E D I A T E WORKING BENCH 

WORKING FROM F I R S T I N T E R M E D I A T E 
B E N C H , H Y D R A U L I C E X C A V A T O R BOTTOM 
LOADS A N T H R A C I T E AND WASTE INTO T R U C K S 
AS SHOWN 
ANOTHER 4 . 2 m L I F T IS E X C A A V A T E D 
C R E A T I N G 2nd I N T E R M E D I A T E BENCH 

WITH H Y D R A U L I C E X C A V A T O R O P E R A T I N G 
FROM BOTTOM WORKING B E N C H , WASTE 
AND A N T H R A C I T E IS BOTTOM LOADED INTO 
HAUL T R U C K S 
F I N A L 4 . 2 m S P L I T OF B E N C H IS 
REMOVED TO A N T H R A C I T E SEAM FOOTWALL 
CONTACT 
A N T H R A C I T E SUMP CUT MADE TO D E P T H OF 
BELOW BOTTOM BENCH AND THEN B A C K F I L L E D 
WITH S U I T A B L E ROAD M A T E R I A L 

WORKING FROM 2nd I N T E R M E D I A T E B E N C H , 
H Y D R A U L I C E X C A V A T O R S T R I P S R E M A I N I N G 
WASTE B E H I N D A N T H R A C I T E SEAM 
TRUCK L O A D I N G IS AS SHOWN 

DRAWING NOT TO S C A L E 
Om 

F I G U R E 3 - 8 

MOUNT KLAPPAN ANTHRACITE PROJECT 
A N T H R A C I T E REMOVAL SEQUENCE 
SHALLOW D I P P I N G SEAMS (<30) 

M A R S T O N & M A R S T O N INC. 

GULF CANADA CORPORATION 
8 7 / 0 1 / 2 8 
EWG:[205057]D I AO 14,|I 
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Power supply to the shovel would be provided from a d i r e c t i o n away from the 

mining advance so tha t the l e a s t amount of t ime i s l o s t due to cab le 

moving. 

Where p o s s i b l e the mine access roads have been designed so t ha t a n t h r a c i t e 

i s hauled i n one d i r e c t i o n and waste i s hauled i n another to avoid 

congest ion and prevent shovel delays wh i l e t ruck s are spo t ted . 

The s t r i p p i n g shovels w i l l be accompanied by a dozer to ma inta in the p i t 

f l o o r i n the d i gg ing area and to push s p i l l and sloughed ma te r i a l back to 

the working face to mainta in a l e v e l f l o o r grade and prov ide an e f f i c i e n t 

running su r face f o r t r u c k s . 

4.3 DRILLING AND BLASTING 

D r i l l i n g and b l a s t i n g operat ions i n the mine w i l l be designed to minimize 

degradat ion o f the a n t h r a c i t e s i z e wh i l e p rov i d i ng f o r the most e f f i c i e n t 

removal o f waste m a t e r i a l . The shot pa t te rn w i l l t h e r e f o r e be t a i l o r e d to 

s u i t the s p e c i f i c s t r u c t u r a l a t t i t u d e s of the a n t h r a c i t e at each l o c a l i t y 

w i t h i n the benches. The b l a s t i n g agent w i l l be ammonium n i t r a t e mixed wi th 

f ue l o i l (ANFO). 

4.4 MINE DEVELOPMENT 

Development of the mining operat ion w i l l commence w i th p repa ra t i on of a 

d e t a i l e d short term excavat ion plan based on the most d e t a i l e d and up - to -

date geo l o g i c a l data to in sure tha t a n t h r a c i t e p roduct ion and s t r i p p i n g 

volumes are as accurate as p o s s i b l e . P reparat ion of d e t a i l e d equipment 

s p e c i f i c a t i o n s w i l l commence eighteen months p r i o r to s t a r t up of the 

ope r a t i on . 

Orders f o r the major mining equipment w i l l be p laced to a l l ow s u f f i c i e n t 

time f o r manufacture, d e l i v e r y and e r e c t i o n of the equipment before 

product ion s t a r t - u p . The f i r s t shove l , the f i r s t e l e c t r i c d r i l l , and the 

d i e s e l d r i l l w i l l be ordered nine months before the s t a r t of a n t h r a c i t e 

p roduc t i on . The r e s t of the equipment orders w i l l be scheduled to f i t the 
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mine demands. 

In the th ree months before i n i t i a l a n t h r a c i t e product ion approx imately 330 

000 bank cub ic metres of waste w i l l be removed from the south end of the 

North p i t . Th i s waste w i l l be used p r i m a r i l y to con s t ruc t haul roads. The 

f r on t -end loader w i l l cont inue to work the f i r s t th ree (3) months of year 

one (1) b u i l d i n g roads. The North, Centra l and South P i t s w i l l be developed 

s imu l taneous l y , (See F igure 3-9 Year 1) w i th the o b j e c t i v e o f producing 

a n t h r a c i t e at the lowest s t r i p p i n g r a t i o po s s i b l e wh i l e maximizing the 

product ion o f 5-7% ash coarse product. 

The North P i t w i l l g e n e r a l l y be mined by opening the p i t up on the H and I 

seams along the northeast boundary of the p i t and f o l l o w i n g the a n t h r a c i t e 

seams down-dip, pushing the h ighwal l to the southeast and l e a v i n g the 

f oo twa l l as the H seam i s removed. 

The South P i t w i l l be mined by s t a r t i n g along the south boundary of each 

bench, where the bench e l e v a t i o n d a y l i g h t s , and proceeding north u n t i l the 

H seam has been removed, e s t a b l i s h i n g a f o o t w a l l . A f t e r the South p i t has 

been mined to an e l e v a t i o n o f approximately 1630 metres above mean sea 

l e v e l (AMSL), a h ighwal l w i l l be e s t ab l i s hed along the south s ide of the 

p i t , w i t h the p i t f l o o r u l t i m a t e l y reach ing an e l e v a t i o n of 1510 metres 

AMSL. 

The benches o f the Cent ra l P i t w i l l be opened up e i t h e r by d r i v i n g in on 

bench e l e v a t i o n s from where they d a y l i g h t along the south s i d e , or by 

mining a ramp from one bench down to the next and excavat ing a s l o t in 

f r on t of the a n t h r a c i t e , then pushing the s l o t to the eas t , thus e s t a b l i s h 

ing h i ghwa l l s on the east and west s ides of the Cent ra l P i t . The end of the 

year mine l ayout s f o r years 1, 10, and 20 are shown i n F igures 3-9, 3-10, 

and 3-11. I t should be noted that these mine l ayout s i n co rpo ra te the s tatus 

of the waste areas as w e l l . The dump c o n f i g u r a t i o n shown on the drawings 

i s the o r i g i n a l waste area plan which has been superceded. F igure 3-12 

i n d i c a t e s the waste area c o n f i g u r a t i o n at year 20 us ing the north waste 

s i t e as i s p re sen t l y planned and the po s s i b l e south s i t e which s t i l l 

r equ i re s e v a l u a t i o n . 
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5.0 MINING OPERATION AND PRODUCTION SCHEDULE 

5.1 GENERAL 

The mine p lan was developed i n a l o g i c a l sequence to produce 1 500 000 

tonnes o f c lean a n t h r a c i t e per year . Waste haulage w i l l be planned to 

minimize the d i f f e r e n c e in e l e v a t i o n between the center of mass of the 

waste i n - s i t u and the cent re of mass of the waste as p laced i n the dump. 

5.2 MINE PROGRESSION 

Mining i n year 1 w i l l occur in the North, Centra l and South P i t s . (See 

F igure 3 -9 ) . Mining in the North P i t w i l l be concentrated on the north 

upper l imb of the main s y n c l i n e . The p i t w i l l be developed along the s t r i k e 

of the a n t h r a c i t e seams and the s t r i p p i n g operat ion i s pushed back from the 

topographic s lope in a sou the r l y d i r e c t i o n . Several benches w i l l be deve

loped and a n t h r a c i t e haulage routes w i l l be b u i l t to the southeast to j o i n 

the main a n t h r a c i t e haul road. Waste haulage routes w i l l be e s t a b l i s h e d to 

the west and waste dumps w i l l be cons t ruc ted at the 1590 m e l e v a t i o n from 

the lower benches. Low r a t i o M seam a n t h r a c i t e i s r e l ea sed from a shal low 

p i t which i s an eastern extens ion of the North P i t . 

The Cent ra l P i t w i l l be developed from the t r i a l cargo area to re lea se 

G,H,I,K,L and M seams. Two benches w i l l be mined i n the p i t which i s 

l o ca ted on the south l imb o f the main s y n c l i n e . In year 1 the m a j o r i t y of 

the 5-7% coarse product a n t h r a c i t e i s produced from the Cent ra l P i t . 

A n t h r a c i t e haulage from the cen t r a l p i t w i l l be southwester l y to the 

i n t e r s e c t i o n w i th the main a n t h r a c i t e haul road. Waste w i l l be hauled to 

the west where the topmost e l e v a t i o n o f the dump i s cons t ruc ted at the 1650 

e l e v a t i o n . Waste haul roads are to be cons t ructed w i th s t r i p p i n g mate r i a l 

where f i l l i s r e q u i r e d . 

The South P i t w i l l be mined i n i t i a l l y from three benches and a n t h r a c i t e 

w i l l be re leased from the H and I seams. The a n t h r a c i t e w i l l be hauled 
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south to the main a n t h r a c i t e haul road. The waste which w i l l be hauled to 

the west w i l l be used i n road con s t r u c t i on and to i n i t i a t e the 1710 metre 

l e v e l of the waste area on the south s i d e . 

The th ree p i t s cont inue to be expanded and deepened throughout the l i f e of 

the mine as i l l u s t r a t e d by F igures 3-9, 3-10, and 3-11 which show the P i t 

Status at the end of Years 1, 10 and 20. The d e t a i l e d mine product ion 

s t a t i s t i c s by year are g iven in Table 3-3. F igures 3-13 through 3-32 at 

the end of t h i s s e c t i on prov ide d e t a i l e d c r o s s - s e c t i o n s o f the p i t s w i th 

the mining sequence i l l u s t r a t e d on them. 
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TABLE 3-3 

PRODUCTION SCHEDULE 

(OOO's) 

YEAR 

-1 1 2 3 4 5 6 7 8 

A n t h r a c i t e Product (Tonnes) - 969 1 500 1 500 1 500 1 500 1 500 1 500 1 500 

Volume Excavated (Bank m 3) 327 11 615 16 605 15 438 13 946 14 860 14 469 14 482 14 625 

9 10 11 12 13 14 15 16 17 

An th r a c i t e Product (Tonnes) 1 500 1 500 1 500 1 500 1 500 1 500 1 500 1 500 1 500 
3 

Volume Excavated (Bank m ) 15 009 16 568 17 628 21 666 21 191 20 681 20 474 20 531 17 539 

18 19 20 TOTAL 

An th r a c i t e Product (Tonnes) 1 500 1 500 1 500 
3 

Volume Excavated (Bank m ) 12 505 12 695 8 448 

29 469 

321 402 
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6.0 EQUIPMENT. MANPOWER AND ANCILLARY FACILITIES  

6.1 EQUIPMENT SELECTION 

Based on the mining p l an , the primary equipment r equ i red f o r the Lost-Fox 

open p i t mine and the r a t i o n a l e f o r the s e l e c t i o n o f equipment has been 

developed. An equipment l i s t i s prov ided in Table 3-4. 

E l e c t r i c mining shovels w i th a 24.5 cub ic metre rock bucket were deemed to 

be the machines best s u i t ed f o r performing pr imary s t r i p p i n g ope ra t i on s . 

The shovel would be a convent ional f r o n t load des i gn . A t r a c k - t y p e b u l l 

dozer w i l l be used i n con junct ion w i th the shovel to perform support 

operat ions ( i . e . , ma in ta in ing a s u i t a b l e shovel working bench, performing 

c lean-up ope ra t i on s , c l e a r i n g t r u ck access, e t c . ) . 

E l e c t r i c powered h yd r au l i c excavators (backhoe arrangement) w i th 14 cub ic 

metre buckets w i l l load the a n t h r a c i t e . Th i s equipment w i l l a l s o be used 

to remove waste rock, adjacent to a n t h r a c i t e seams and consequent ly excava

t o r s w i l l be equipped w i th rock buckets to f a c i l i t a t e t h e i r use i n both 

ope ra t i on s . 

A d i e s e l - e l e c t r i c f r on t -end loader ( F . E . L . ) , o u t f i t t e d w i th a 13 cub ic 

metre rock bucket, w i l l perform var ious u t i l i t y operat ions (road b u i l d i n g , 

coarse a n t h r a c i t e r e j e c t hand l ing , e t c . ) and serve as a back-up s t r i p p i n g 

and a n t h r a c i t e l oad ing machine. A rubber t i r e d dozer (R.T.D.) w i l l perform 

p i t c lean-up and other a n c i l l a r y tasks in con junc t i on w i th the h yd r au l i c 

excavator a n t h r a c i t e l oad ing opera t i on s . 

Rear (or end) dump t ruck s of 154 tonne nominal c a p a c i t y w i l l be used in 

both waste removal ( s t r i p p i n g ) and a n t h r a c i t e hau l i ng ope ra t i on s . The 

un i t s des ignated as a n t h r a c i t e haul t r uck s w i l l be equipped w i th t a i l g a t e s 

and s ideboards to increase t h e i r e f f e c t i v e a n t h r a c i t e c a r r y i n g c a p a c i t y . 

Crawler mounted e l e c t r i c powered r o t a r y b l a s t hole d r i l l s and a sma l l e r 

c raw le r mounted d i e s e l powered r o t a r y d r i l l w i l l be used f o r waste rock 
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TABLE 3-4 

EQUIPMENT LIST 

EQUIPMENT CATEGORY REPORT DESIGNATION SIZE RANGE 

E l e c t r i c Mining Shovel Shovel E l e c t r i c 24.5 cu. meter bucket 

E l e c t r i c Hyd rau l i c Excavator 
(Backhoe Con f i gu ra t i on ) 

Hyd. Excav. E l e c t . 14 cu . meter bucket 

D i e s e l - E l e c t r i c Front-End Loader F.E.L. D/E 13 cu. meter bucket 

Crawler Mounted Backhoe Backhoe 145 kw 

Crawler Mounted E l e c t r i c Rotary D r i l l D r i l l E l e c t r i c | 250.825 mm b i t 

Crawler Mounted D iese l Rotary D r i l l D r i l l D ie se l 171.45 mm b i t 

Rear Dump Haul Truck Haul Truck 154 tonne 
45 tonne 

Track-Type T rac to r Bu l l doze r 522 kw 

Rubber T i r ed Dozer R.T.D. 336 kw 

Compactor Compactor 231 kw 

Grader Grader 205 kw 
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d r i l l i n g . Graders would be used to prov ide adequate road maintenance 

f unc t i on s on the i n - p i t , ramp, e x - p i t and dump roads. 

Bu l l doze r s equipped w i th a r i p p e r w i l l be used to perform var ious develop

ment and product ion dozing t a s k s . A l so two c raw le r mounted d i e s e l powered 

backhoes i n the 145 kw range w i l l prov ide var ious u t i l i t y s e r v i c e s . F i n a l 

l y a d i e s e l powered f ron t -end loader w i th a 5.4 cub ic metre rock bucket, a 

few 45 tonne nominal c apac i t y r ea r dump haul t r u c k s , and a compactor w i l l 

b u i l d roads and perform var ious u t i l i t y ope ra t i on s . 

6.2 MANPOWER REQUIREMENTS 

I t i s c u r r e n t l y planned tha t the mine labour f o r ce w i l l work 12 hours per 

day s h i f t s on a seven days on, seven days o f f bas i s over the 364 days per 

year tha t the mine i s scheduled to operate. 

The superv i so ry manpower i s expected to remain constant throughout the mine 

l i f e at 47 but the mine labour work f o r ce w i l l t o t a l 222 i n Year 1 and w i l l 

g r adua l l y i nc rease to reach a maximum of 308. The breakdown of the work 

f o r ce by j ob d e s c r i p t i o n i s g iven i n Table 3-5. 

6.3 DRAINAGE PROVISIONS 

Drainage o f mine waste water and sediment con t r o l w i l l be accomplished 

through a system of sediment ponds and drainage and d i v e r s i o n d i t c h e s . The 

l o c a t i o n o f these s t r u c t u r e s and the gene ra l i z ed water f l ow pa t te rn are 

shown on the Water Management Plan i n F igure 6-4. Water-borne sediment in 

waste water o r i g i n a t i n g from the southern part of the mine w i l l be c o l 

l e c t e d i n the d i v e r s i o n and road drainage d i t che s and channeled to a 

sediment pond l o ca ted at the p l an t s i t e . Run-off from the waste areas and 

northern e x t r e m i t i e s of the mine w i l l be captured by the planned d i v e r s i o n 

d i t che s and routed to the i n d i c a t e d sediment ponds. 
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TABLE 3-5 

MANPOWER ESTIMATE 

MINE SUPERVISION 

POSITION TYPICAL YEAR 

SUPERVISION 

Mine Superintendent 1 
C l e r k T yp i s t 1 
S t r i p p i n g Foreman 6 
Support General Foreman 2 
Support Foreman 2 
A n t h r a c i t e Foreman 2 
D ispatch Foreman 4 
Maintenance Supt. 1 
Maintenance Engineer 1 
C l e r k T yp i s t 1 
General Foreman 2 
F i e l d Foreman 2 
Shop Foreman 2 
Mobi le Equip. Foreman 4 
E l e c t r i c a l Gen. Foreman 1 
E l e c t r i c a l Foreman 3 
Ch ie f Engineer 1 
Mine P lanning Engineer 2 
Geo log i s t 2 
Surveyor/dra f t s 4 
C l e r k Typ i s t s 2 
Qua l i t y Assurance Engineer 1 

TOTAL 47 
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TABLE 3-5 (Cont 'd ) 

MANPOWER ESTIMATE 

OPERATING AND MAINTENANCE PERSONNEL 

POSITION 

OPERATIONS 

D r i l l Operator 
D r i l l Helper 
B l a s t e r 
B l a s t e r Helper 
Shovel Operator 
Shovel O i l e r 
Haul Truck Operator 
Hyd. Excavator Op. 
F.E.L. Operator 
Dozer Operator 
Labourer 
Grader Operator 
Water Truck Operator 
Backhoe Operator 
Compactor Operator 
Crushing P lan t Operator 
Crane Operator 
Pump Operator 
U t i l i t y Man 

Sub-Total Operat ions 

MAINTENANCE 

Mechanic ( c e r t . ) 
Mach in i s t ( c e r t . ) 
Welder ( c e r t . ) 
E l e c t r i c i a n ( c e r t . ) 
Serviceman 
Se r v i ce Truck D r i v e r 
Truck D r i v e r 
T i r e Repairman 
Mechanic (apprent ice ) 
Welder (apprent i ce ) 
E l e c t r i c i a n (apprent ice) 
Mach in i s t (apprent ice ) 
Mechanic 

Equipment Operator 

Sub - to ta l Maintenance 

YEAR -1 YEAR 1 TYPICAL YEAR MAXIMUM YEAR 

10 

4 
4 
2 
4 
2 
2 
4 

38 

2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 

24 

10 
4 
3 
2 
8 
8 

37 
8 
4 

22 
12 
8 
3 
4 
2 

2 
2 
2 

141 

15 
1 

10 
4 
6 
6 
2 
4 

15 
9 
4 
1 
2 
2 

81 

11 
5 
3 
2 
8 
8 

54 
6 
4 

21 
12 
8 
3 
4 
2 
2 
2 
2 
4 

161 

21 
1 

12 
4 
6 
6 
2 
4 

20 
13 
4 
1 
2 
2 

98 

13 
7 
3 
2 

11 
11 
80 

7 
4 

25 
12 
8 
3 
4 
2 
2 
2 
2 
2 

200 

24 
1 

14 
4 
6 
6 
2 
4 

24 
14 
4 
1 
2 
2 

108 

TOTAL 62 222 

3-40 

259 308 



1 

MINE PLAN 

6.4 POWER DISTRIBUTION 

In a d d i t i o n to the mine f a c i l i t i e s r e q u i r i n g e l e c t r i c i t y ( i . e . , the mine 

o f f i c e , shop and warehouse) severa l p ieces of opera t ing equipment, s p e c i 

f i c a l l y the mining shove l s , h yd r au l i c excavator s , 251 mm b i t s i z e d r i l l s , 

and the po r t ab l e c rush ing p l a n t , w i l l a l s o need to be supp l i ed w i th 

e l e c t r i c a l power. The l o c a t i o n o f the mine area segment o f the power!ine 

i s i l l u s t r a t e d on the p i t s ta tus maps, F igures 3-9, 3-10, and 3-11. 

The e l e c t r i c power w i l l be supp l i ed to the mine equipment through the p l an t 

s u b s t a t i o n . The subs ta t i on w i l l feed a 13.8 kV overhead l i n e capable of 

supp ly ing the e n t i r e mining system requirement. Sk id mounted t rans formers 

w i l l be po s i t i o ned as requ i red along the 13.8 kV l i n e to step down vo l tage 

before d i s t r i b u t i n g power to the main mining equipment by means of po r tab le 

t r a i l i n g c ab l e s . 

6.5 OTHER FACILITIES 

A mine o f f i c e , shop, dry and warehouse complex w i l l be l o ca ted to the 

northeast o f the North P i t adjacent to the a n t h r a c i t e haul road. O f f i c e s 

w i l l be supp l i ed f o r mine management and superv i so ry s t a f f and dry 

f a c i l i t i e s w i l l accommodate an e n t i r e s h i f t change. The shop w i l l on ly 

handle minor r e p a i r s and p revent i ve maintenance. Major maintenance, 

overhauls and r e p a i r s w i l l be handled at the p l an t s i t e complex. 

An exp l o s i ve s storage area w i l l be prov ided i n an i s o l a t e d l o c a t i o n north 

o f the p i t areas. Bulk ANFO w i l l be s tored s epa ra te l y from a magazine f o r 

b l a s t i n g caps, r e l a y s and misce l laneous b l a s t i n g s u p p l i e s . 
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PART FOUR - ANTHRACITE PROCESSING 

1.0 INTRODUCTION  

The p roces s ing f a c i l i t y at Mount Klappan i s designed f o r an annual 

p roduct ion o f 1.5 m i l l i o n tonnes c o n s i s t i n g o f f ou r marketable a n t h r a c i t e 

products . The products are d i s t i n g u i s h e d p r i n c i p a l l y by t h e i r s i z e 

d i s t r i b u t i o n and ash content . The four ba s i c products can be i d e n t i f i e d as 

f o l l o w s : 

Product S i ze (mm) Ash (%) 

Coarse Low Ash Premium 35 x 4 5-7 

Coarse Medium Ash 35 x 6 10-15 

Small A n t h r a c i t e 6 x 0.5 7-9 

As ian B r i q u e t t e A n t h r a c i t e 25 x 0.5 18-25 

P lus other products as r e q u i r e d . 

The process f a c i l i t y c on s i s t s of a number o f c i r c u i t s which were developed 

a f t e r ex ten s i ve testwork on the var ious a n t h r a c i t e seams. The l abo ra to r y 

w a s h a b i l i t y t e s t s and the a n t h r a c i t e c o n s i s t data were used i n a a n t h r a c i t e 

process computer s imu l a t i on model to s e l e c t and opt im ize va r i ou s c i r c u i t s . 

The p i l o t p l an t which was operated at the s i t e prov ided i n va l uab l e 

exper ience f o r the development of a commercial s c a l e process f a c i l i t y . A 

combinat ion of d e t a i l e d l abo r a t o r y a n a l y s i s , computer s i m u l a t i o n s tud ie s 

and exper ience operat ing the p i l o t p l an t at Mount Klappan prov ided the 

i n fo rmat ion requ i red to develop the process f lowsheet f o r the a n t h r a c i t e 

process ing f a c i l i t y . 

Run-of-mine a n t h r a c i t e q u a l i t y data was prov ided from the extens i ve 

a n a l y s i s o f d r i l l co re , seam t renches , a d i t and t r i a l cargo bu lk samples 

d i scussed i n Part Two - Geology. Y i e l d s and s i z e ranges f o r each of the 

nine mineable seams were weight-averaged accord ing to seam th i cknes se s to 

es t imate an average feed to the wash p l a n t . Adjustments to the i n - s i t u 

a n t h r a c i t e reserve were a l s o made to account f o r mining d i l u t i o n at the 
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seam i n t e r f a c e by i n c l u s i o n o f some roo f and f l o o r ma te r i a l i n the p lan t 

feed. 

A c r i t i c a l area i n the development of a process f lowsheet f o r an a n t h r a c i t e 

f a c i l i t y i s a sound understanding and a r e l i a b l e method o f e x t r a p o l a t i n g 

the p l an t feed p a r t i c l e s i z e d i s t r i b u t i o n . The p l a n t ' s r a ted design 

c apac i t y i s a f un c t i o n of the s i z e d i s t r i b u t i o n because p l an t e f f i c i e n c y 

and q u a n t i t y o f feed t r ea ted by var ious c i r c u i t s w i l l be a f f e c t e d by the 

feed s i z e d i s t r i b u t i o n . The exper ience gained from opera t i on o f the p i l o t 

p l an t was e s p e c i a l l y usefu l i n t h i s regard . 

The a n t h r a c i t e handl ing and p repa ra t i on f a c i l i t i e s proposed f o r the Mount 

Klappan p r o j e c t c o n s i s t of four major components: raw a n t h r a c i t e hand l ing , 

a n t h r a c i t e p repa ra t i on p l a n t , c lean a n t h r a c i t e hand l ing and s to rage, and 

re fu se hand l i ng . These components are d i scussed i n d e t a i l i n the f o l l o w i n g 

s e c t i o n s . The general p l an t s i t e arrangement i s i l l u s t r a t e d i n F igure 4 -1 . 
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2.0 RAW ANTHRACITE HANDLING  

2.1 CRUSHING AND SIZING 

The ba s i c f l ow diagram f o r the raw a n t h r a c i t e c i r c u i t i s i l l u s t r a t e d in 

F igure 4-2. 

Run-of-mine a n t h r a c i t e w i l l be d e l i v e r e d from the mine area to the 

p repa ra t i on f a c i l i t y by t r u c k . The run-of -mine t r u ck dump hopper i s the 

beginning of the p repara t i on f a c i l i t y handl ing the run-of -mine m a t e r i a l . 

A n t h r a c i t e w i l l be t ran spor ted to the p repara t i on f a c i l i t y dur ing the day 

s h i f t o f the two d a i l y twelve hour s h i f t s the mine i s scheduled to work. 

Therefore the run-of-mine a n t h r a c i t e dump hopper and a l l hand l ing equipment 

up to the raw a n t h r a c i t e storage f a c i l i t i e s , are s i z ed to process mate r i a l 

at a r a t e commensurate w i th t h i s schedule. A 730 met r i c tonnes per hour 

r a te o f hand l ing w i l l be requ i red to achieve the planned annual throughput 

of the p l a n t . 

Tops ize c o n t r o l i n t o the t r u ck dump hopper w i l l be achieved by a f i x e d bar 

g r i d on top o f the hopper. The g r i d openings w i l l be 750 m i l l i m e t e r s 

square. Ma te r i a l which does not pass the g r i d as dumped from the mine 

t r u c k w i l l be broken by a h y d r a u l i c jackhammer i n s t a l l e d at the top of the 

hopper. 

E x t r a c t i o n of a n t h r a c i t e from the t r u ck dump hopper i s accomplished by an 

apron feeder which w i l l d i scharge d i r e c t l y i n t o the pr imary c rusher f o r the 

i n i t i a l s i z e r educ t i on . Primary crush ing w i l l be done i n a r o l l type, 

compression breaking machine. This type of machine minimizes the genera

t i o n of f i n e s and represents the f i r s t of many steps taken to reduce the 

product ion o f a n t h r a c i t e f i n e s . P re - sc reen ing o f the ROM f i n e s (minus 35 

mm) i s not cons idered necessary as they should pass through the primary 

c rusher b a s i c a l l y unchanged. The crusher w i l l d i scharge a minus 225 

m i l l i m e t e r product which w i l l be conveyed to a raw a n t h r a c i t e sc reen ing and 

c rush ing s t a t i o n f o r f u r t h e r s e l e c t i v e comminution. 
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To a s s i s t i n ma in ta in ing the raw a n t h r a c i t e s i z e d i s t r i b u t i o n as coarse as 

p o s s i b l e , the minus 35 m i l l i m e t e r mate r i a l produced i n the mining and 

i n i t i a l c ru sh ing step i s screened out o f the minus 225 m i l l i m e t e r mate r i a l 

to prov ide a feedstock to the secondary crusher tha t i s nomina l l y minus 225 

m i l l i m e t e r and p lus 35 m i l l i m e t e r . Th i s sc reen ing ope ra t i on i s not water 

a s s i s t e d i n order to avoid the problems o f s t o r i n g wetted m a t e r i a l . Both 

products , the screen unders ize and the crusher d i scharge are recombined f o r 

f u r t h e r hand l i ng . 

2.2 PREMIUM AND STANDARD ANTHRACITE SEGREGATION 

A l l raw a n t h r a c i t e , rega rd le s s of q u a l i t y has f o l l owed the same descr ibed 

hand l ing from the t r u c k dump hopper through the secondary c rusher which 

produces a minus 35 m i l l i m e t e r raw a n t h r a c i t e . At t h i s p o i n t , wh i l e the 

bulk of the raw a n t h r a c i t e i s s imply conveyed to s i l o s torage ahead of the 

" s tandard product " p rocess ing modules, the raw a n t h r a c i t e from which a 

premium, low ash, coarse product can be economica l l y e x t r a c t ed are d i v e r t e d 

f o r separate hand l ing and p roces s ing . The i d e n t i f i c a t i o n o f t h i s premium 

raw a n t h r a c i t e w i l l be done i n the p i t and the i n fo rmat ion w i l l be d i r e c t e d 

to the p l a n t . The a n t h r a c i t e w i l l be d e l i v e r e d to the p l an t on e s t a b l i s h e d 

product ion schedules. 

2.3 STORAGE AND RECLAMATION 

2.3.1 Standard Product Raw A n t h r a c i t e 

As s t a ted above, separate storage f a c i l i t i e s are prov ided f o r the standard 

q u a l i t y and premium q u a l i t y raw a n t h r a c i t e . D i f f e r i n g market requirements 

and raw a n t h r a c i t e c h a r a c t e r i s t i c s mandate the a p p l i c a t i o n o f d i f f e r e n t 

p r i o r i t i e s i n the s e l e c t i o n o f the type of storage u t i l i z e d f o r the var ious 

types o f a n t h r a c i t e . 

A f t e r secondary c rush ing the standard product raw a n t h r a c i t e , as we l l as 

any minus 4 m i l l i m e t e r mate r i a l e x t r ac ted from the premium raw a n t h r a c i t e 

by a dry sc reen ing ope ra t i on , are conveyed to one of the th ree s i l o s which 
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w i l l be prov ided f o r standard raw a n t h r a c i t e s torage. These s i l o s are each 

s i z ed f o r 7 500 tonnes f o r a t o t a l storage c apac i t y o f 22 500 tonnes. 

Raw a n t h r a c i t e can be fed to any one s i l o , or to any two of t h r e e , or to a l l 

th ree s imu l taneous l y . Th i s w i l l p rov ide the f l e x i b i l i t y to blend raw 

a n t h r a c i t e i n the s i l o ( s ) or to s to re va ry ing q u a l i t y a n t h r a c i t e sepa ra te l y 

f o r separate p roces s ing . The raw a n t h r a c i t e s i l o s w i l l be enclosed to 

prevent su r face moisture contaminat ion and dust problems. 

The bottoms o f the raw a n t h r a c i t e s i l o s w i l l f e a t u re seven r e c l a im 

openings, f ou r openings w i th r e c i p r o c a t i n g feeders and the remaining three 

w i l l be the v i b r a t o r y type. The feeders are s i z e d such tha t any two could 

prov ide the t o t a l feed requirement to the standard a n t h r a c i t e process ing 

module. The r e c l a i m opening dimensions and l o c a t i o n pa t te rn assure a f r e e -

f l ow ing mass f l ow s i l o . There w i l l be a s i n g l e b e l t conveyor to c o l l e c t 

the d i scharge of a l l seven feeders f o r a g iven s i l o and t r an spo r t the raw 

a n t h r a c i t e to the a s soc ia ted process ing module. The area under the s i l o s 

w i l l be heated to insure tha t the f low c h a r a c t e r i s t i c s o f the raw 

a n t h r a c i t e are mainta ined. 

2.3.2 Premium Q u a l i t y Raw A n t h r a c i t e 

The minus 35 m i l l i m e t e r premium raw a n t h r a c i t e w i l l be t r a n s f e r r e d to a 

b e l t conveyor equipped w i th a t r i p p e r t ha t w i l l t r a v e l above ten p a i r s of 

premium raw a n t h r a c i t e s t e e l storage b i n s . Each b in i s s i z e d f o r 250 

tonnes c a p a c i t y f o r a t o t a l premium raw a n t h r a c i t e storage o f 5 000 tonnes. 

Th i s s p e c i a l s torage i s r equ i red because the premium a n t h r a c i t e market i s a 

coarse market on ly and the degradat ion a s soc i a ted w i th s i l o l oad ing and 

s to rage, wh i l e not severe, i s cons idered unacceptable. 

The premium raw a n t h r a c i t e storage b ins are equipped w i th v i b r a t i n g feeders 

to i n su re un in te r rupted d i scharge onto a b e l t conveyor t ha t feeds the 

premium a n t h r a c i t e process ing c i r c u i t . 
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3.0 ANTHRACITE PREPARATION PLANT  

3.1 GENERAL DESCRIPTION 

The a n t h r a c i t e p repara t i on p l an t has been designed w i th f i v e modular 

components which are the premium process ing p l an t c i r c u i t , th ree separate 

standard c i r c u i t s and a f i n e s c i r c u i t . 

The standard a n t h r a c i t e product process ing p l an t i s comprised of three 

i d e n t i c a l modules. Th i s prov ides the c a p a b i l i t y of keeping two - t h i r d s of 

the i n s t a l l e d c apac i t y on l i n e dur ing most unscheduled stoppages and of 

schedu l ing the requ i red maintenance downtime so tha t on ly o n e - t h i r d of the 

i n s t a l l e d c apac i t y i s unava i l ab l e at any one t ime. Th i s e l i m i n a t e s the 

need f o r and cos t of spare equipment w i t h i n process ing modules and r e s u l t s 

i n the h ighest p o s s i b l e ope ra t i ona l a v a i l a b i l i t y wh i l e s t i l l u t i l i z i n g 

proven commercial equipment. 

A f u r t h e r p o t e n t i a l b e n e f i t o f having m u l t i p l e c i r c u i t s i s the f l e x i b i l i t y 

o f ope ra t i ng the c i r c u i t s at d i f f e r e n t separat ing g r a v i t i e s . Should the 

w a s h a b i l i t y c h a r a c t e r i s t i c s o f d i f f e r e n t seams i n the same area or a g iven 

seam i n d i f f e r e n t areas r equ i r e i t , the m a t e r i a l s can be s imul taneous ly 

processed i n d i f f e r e n t modules at d i f f e r e n t outpo in t s to produce i d e n t i c a l 

p roducts . 

I t should be noted tha t in the f o l l o w i n g d e s c r i p t i o n s a l l screen s i z e 

openings are nominal f o r a g iven set of product s i z e s . From time to time 

screen decks w i l l be changed to d i f f e r e n t s i z e openings to accommodate 

market requi rements. 

3.2 PREMIUM PROCESSING PLANT 

F igure 4-3 e x h i b i t s the premium a n t h r a c i t e f low diagram. Upon ent ry i n t o 

the premium raw a n t h r a c i t e process ing module, the raw a n t h r a c i t e i s fed to 

a double deck v i b r a t i n g screen. Here the bulk of the minus 4 m i l l i m e t e r 

mate r i a l i s removed and chuted to a b e l t conveyor f o r t r an spo r t to the 
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standard raw a n t h r a c i t e storage s i l o s . Overs i ze o f t h i s screen e i t h e r 

passes to the hot water bath or to the pre-wet screen depending on the 

season. 

3.2.1 Hot Water C i r c u i t 

To ensure t ha t no high ash mate r i a l w i l l r epo r t to the f l o a t s s i de of the 

process ing c i r c u i t s as par t o f an agglomerate w i th f rozen water, a c i r c u i t 

has been inc luded w i th a hot water bath in the premium proces s ing module to 

thaw these agglomerates. A f t e r thawing, these d i s c r e t e p a r t i c l e s w i l l then 

e i t h e r r epo r t w i th the over f low we i r of the bath to the hot water sump or 

i n the case o f coar se r p a r t i c l e s w i l l then go w i th the remainder of the 

a n t h r a c i t e to the pre-wet sc reen. The purpose of t h i s screen i s to 

segregate p a r t i c l e s p lus 12 mm f o r o ve r s i ze d i scharge to the two product 

drum and to produce a 12 mm x 4 mm product f o r the heavy media cyc lone 

c i r c u i t . 

Any r e s i d u a l unders ize mate r i a l w i l l then repo r t to the unders i ze o f the 

pre-wet screen and i s fed to a v i b r a t o r y f i n e a n t h r a c i t e dewater ing screen 

which then takes the 4 m i l l i m e t e r by 28 mesh p a r t i c l e s to the t r a n s f e r 

conveyor l ead i ng back to the standard raw a n t h r a c i t e s i l o s . The unders ize 

s l u r r y from t h i s v i b r a t o r y screen can then be e i t h e r d i scharged d i r e c t l y 

i n t o the hot water sump c i r c u i t or to the f i n e s removal sump f o r eventual 

pumping to the common f i n e a n t h r a c i t e c i r c u i t r y . 

The l a t t e r opt ion reduces the heat input requirements of the hot water bath 

c i r c u i t r y . 

The over f low from the hot water bath, con ta i n i ng nomina l l y 28 mesh x 0 

p a r t i c l e s , g r a v i t y d i scharges to the hot water sump. From there the f i n e s 

s l u r r y i s pumped to a set of three c l a s s i f y i n g cyc lones where the remainder 

of the 28 x 100 mesh p a r t i c l e s coming e i t h e r from the hot water bath or the 

unders i ze of the pre-wet screen are a l so e ven tua l l y d i scharged to the f i n e s 

removal sump. In a d d i t i o n , the over f low from t h i s c i r c u i t i s p iped to a 

headbox w i th three d i scharge openings, one o f which prov ides a l i q u i d 
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balance to cyc lone the underflow f o r f i n e s removal and a means o f ma in ta i n 

ing a minimum s o l i d s r e c i r c u l a t i o n l o a d . 

3.2.2 Coarse Premium A n t h r a c i t e B e n e f i c i a t i o n C i r c u i t 

The coarse o ve r s i z e from the pre-wet screen i s d i scharged i n t o a two 

product drum separator to produce a midd l ings a n t h r a c i t e and premium 

a n t h r a c i t e . The premium a n t h r a c i t e screen d i scharges to the premium 

a n t h r a c i t e conveyor. The midd l ings a n t h r a c i t e screen i s the same s i z e and 

type as the premium screen w i th s l i g h t m o d i f i c a t i o n s to a l l ow the l a s t four 

f e e t o f the screen to act as s i z i n g so tha t the minus 25 mm p a r t i c l e s w i l l 

r epo r t d i r e c t l y to the midd l ings conveyor b e l t f o r feed to the standard raw 

a n t h r a c i t e s i l o s . An op t i ona l bypass has been prov ided to improve premium 

recovery by c rush ing the p lus 25 mm middl ings to minus 25 mm f o r reproces 

s i n g . These comminuted p a r t i c l e s are then d i scharged i n t o the crushed 

midd l ings sump and d i l u t e d w i th t a i l i n g s water from the media recovery 

c i r c u i t to a l l ow the a n t h r a c i t e p a r t i c l e s to be pumped back up to the pre -

wet sc reen. 

3.2.3 Premium Smal ls C i r c u i t 

The bottom deck of the pre-wet sc reen, as d e t a i l e d on F igure 4-4, produces 

a product which d i scharges d i r e c t l y i n t o a pump tube. The purpose of the 

pump tube i s to prov ide an opt imal means of mix ing small s i z e d a n t h r a c i t e 

w i th media. The second a u x i l i a r y purpose o f t h i s dev ice i s to prov ide a 

constant e l e v a t i o n head on the pump feed ing the heavy media c yc l one . 

The heavy media cyc lone has been designed to operate i n the range of 1.40 

to 1.60 s p e c i f i c g r a v i t y . Both d i scharges from the cyc lone ( i . e . vortex 

f i n d e r f o r the over f low and apex f o r the underflow) r epo r t d i r e c t l y by 

g r a v i t y to heavy media drainage s ieve bends. As w i th the coarse a n t h r a c i t e 

c i r c u i t r y the d r a i n and r i n s e screens are used f o r media recovery purposes. 

The d i scharge o f the f i r s t s e c t i on of screens are combined w i th the s ieve 

bend underf low f o r g r a v i t a t i o n to the heavy media sump. 
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3.2.4 Media Recovery C i r c u i t 

A l l d i scharges from both the coarse and f i n e a n t h r a c i t e c i r c u i t s i n t o the 

d i l u t e media sump, a l so show on F igure 4-4, are pumped to a headbox. 

This head-box i s i n s t a l l e d w i th two d i scharge l i n e s : one f o r r e t u rn and the 

other f o r e l e v a t i o n s head con t r o l to a primary magnetic sepa ra to r . Concen

t r a t e from the magnetic separator i s p iped by g r a v i t y to the overdense 

sump. The non-magnetics po r t i on from the magnetic separators g r a v i t a t e s to 

the magnetic separator underf low sump. The non-magnetics are pumped to a 

c l a s s i f y i n g cyc lone f o r f u r t h e r magnetite concent ra t i on and removal i n a 

second magnetic separa to r . 

As s t a t e d , the underf low from the c l a s s i f y i n g cyc lone repo r t s d i r e c t l y to 

the secondary separator w i th the over f low piped to an a d d i t i o n a l headbox 

f o r d i s t r i b u t i o n . 

Overf low concent rate from the secondary separator a l so r epo r t s to the 

overdense sump. The overdense sump which i s a complement to the r e s t of 

the c i r c u i t r y , prov ides an amount o f media i n the range o f 1.90 to 2.10 

s p e c i f i c g r a v i t y f o r g r a v i t y c on t r o l to both the coarse and f i n e a n t h r a c i t e 

c o r r e c t heavy media sumps. The overdense media from the sump i s pumped to 

a headbox i n s t a l l e d w i th three d i scharge p ipe s . Two o f these repor t to 

elephant t runk d i s t r i b u t o r s f o r media d i s t r i b u t i o n and the t h i r d i s a 

r e t u rn l i n e . 

3.3 STANDARD PROCESSING PLANT 

The standard p l an t i s comprised of three modules. Each of the raw an th ra 

c i t e s i l o s i s i n s t a l l e d w i th a s i n g l e raw a n t h r a c i t e conveyor which feeds a 

s p e c i f i c module. The d e s c r i p t i o n which f o l l ows exp l a i n s a s i n g l e module 

opera t i on f o r the standard p l a n t . F igures 4-5 to 4-7 i l l u s t r a t e the 

c i r c u i t s de s c r i bed . 
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3.3.1 Coarse A n t h r a c i t e C i r c u i t 

The raw a n t h r a c i t e screen i s a double deck i n c l i n e d lowhead v i b r a t o r y u n i t , 

thus p r o v i d i n g the maximum removal of minus 6 mm p a r t i c l e s . Screen over

s i z e products from both decks are combined and fed d i r e c t l y i n t o a three 

product drum u n i t . 

The f i r s t compartment of the drum i s the low s p e c i f i c g r a v i t y s i d e . The 

a n t h r a c i t e repo r t s to t h i s compartment toward the cen te r of the drum, the 

we i r being at the outer most edge. Any a n t h r a c i t e lower than the s p e c i f i c 

g r a v i t y of the media w i l l f l o a t through the drum, over the we i r and onto a 

f i x e d s i eve ahead o f the c lean a n t h r a c i t e sc reen. The r e j e c t from the 

f i r s t compartment i s then e leva ted w i th r o t a r y l i f t e r s i n s i d e the drum and 

fed to the second compartment. F l oa t s from t h i s compartment are s l u i c e d 

across a d i scharge end we i r and onto a f i x e d s i eve d i s cha r g i ng to a 

d r a i n and r i n s e midd l ings screen. The r e j e c t s from t h i s compartment are 

e leva ted w i th the r o t a r y l i f t e r s and s l u i c e d over a f i x e d s i eve and onto a 

v i b r a t i n g d r a i n and r i n s e re fuse screen. 

As w i th the premium p l a n t , a second f unc t i on of the screens i s r i n s i n g the 

adhering media from the products . A l l r i n s e water i s combined i n a common 

d i l u t e media sump. 

I nd i v i dua l conveyors are i n s t a l l e d below the screen d i scharges to a l l ow the 

t r an spo r t o f the products to the appropr ia te s t o c k p i l e s . In a d d i t i o n an 

opt ion has been designed f o r increased recovery o f standard smal l s product 

by the i n s t a l l a t i o n o f a midd l ings c rush ing c i r c u i t . As w i th the premium 

p lan t the l a s t panel of the midd l ings d r a i n and r i n s e screen w i l l be 

designed to segregate a p a r t i c u l a r s i z e , i n t h i s case at 12 mm. The 

unders ize w i l l be chuted to the midd l ings conveyor and the o v e r s i z e crushed 

to minus 12 mm then repulped i n the crushed midd l ings sump and pumped to 

the raw a n t h r a c i t e sc reen. 
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3.3.2 Standard Smal ls B e n e f i c i a t i o n C i r c u i t 

The standard small a n t h r a c i t e c i r c u i t i s i l l u s t r a t e d i n F igure 4-6. The 

bottom deck o f the raw a n t h r a c i t e screen i s g r a v i t y fed to a s i n g l e 

r ad iu s s i e ve bend and a des l im ing screen combinat ion. The o ve r s i z e from 

t h i s screen then repor t s by chutework to the pump tube. Th i s un i t pumps 

the pulped s l u r r y to a s i n g l e heavy media cyc lone . The over f low product 

from the cyc lone i s piped to the " s m a l l s " c lean a n t h r a c i t e s i eve bend/drain 

and r i n s e screen combinat ion. This un i t operat ion c o n s i s t s of s i eve bends 

and a v i b r a t i n g sc reen. The c lean a n t h r a c i t e product i s mechan ica l l y d r i e d 

in a h o r i z o n t a l type c e n t r i f u g e . 

The r e j e c t from the heavy media cyc lone i s piped to a t r a n s f e r s i eve bend/ 

d r a i n screen combinat ion. The product from t h i s screen i s then chuted and 

s l u i c e d w i th high s p e c i f i c g r a v i t y media to a second pump tube. A second 

heavy media cyc lone i s pump fed w i th t h i s s l u r r y . Products from t h i s 

cyc lone are piped to s ieve bend/drain and r i n s e screen combinat ions. The 

over f low repo r t s to the midd l ings screen and i s d r a i ned , r i n s e d and 

d i scharged i n t o a h o r i z o n t a l type c e n t r i f u g a l d r ye r . Products from t h i s 

d rye r are conveyed to the midd l ings s i l o . 

Reject from the second heavy media cyc lone repo r t s to the s i e ve bend and 

re fuse sc reen. Products from t h i s screen are not c e n t r i f u g a l l y d r i e d and 

repo r t d i r e c t l y to the re fuse conveyor f o r d i s p o s a l . 

3.3.3 Media Recovery and D i s t r i b u t i o n C i r c u i t s 

The media recovery c i r c u i t i s i l l u s t r a t e d in F igure 4-7. Dra in s ec t i on s o f 

the media recovery screens are recombined w i th the throughput of the s ieve 

bends and piped d i r e c t l y to the r e spec t i v e c o r r e c t media sumps. The r i n s e 

s e c t i o n e f f l u e n t s are a l l combined in a common d i l u t e media sump. The 

r i n s e s e c t i o n e f f l u e n t s are a l l combined in a common d i l u t e media sump. 

This sump then feeds a s i m i l a r c i r c u i t as p r e v i ou s l y de sc r i bed w i th the 

premium p l a n t . The b i g d i f f e r e n c e i s the i n c l u s i o n o f th ree primary 
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magnetic sepa ra to r s , one t h i c ken i n g cyc lone and one secondary magnetic 

separa to r . I d e n t i c a l media g r a v i t y and l e v e l c on t r o l dev ices are i n c l uded . 

3.4 COMMON FINES CIRCUIT 

The common f i n e s c i r c u i t i s i l l u s t r a t e d i n F igure 4-8. 

The des l ime screen underf low from a l l three c i r c u i t s , and the e f f l u e n t from 

the f i n e s removal sump in the premium p lant are combined i n the c l a s s i f y i n g 

cyc lone feed sump and pump fed to a set of s i x c l a s s i f y i n g cyc lones to 

achieve a nominal 100 mesh p a r t i c l e c l a s s i f i c a t i o n . The cyc lone over f low, 

c on t a i n i n g the u l t r a f i n e p a r t i c l e s , i s piped d i r e c t l y to the s t a t i c t h i c k 

ener. The cyc lone underf low, rep re sent ing the coa r se r p a r t i c l e s , i s 

g r a v i t y fed to two high frequency f i n e a n t h r a c i t e dewater ing screens. 

Screen e f f l u e n t g r a v i t a t e s to the t h i c kene r launder . Dewatered f i n e 

a n t h r a c i t e i s chuted to the f i n e a n t h r a c i t e c e n t r i f u g e . Th i s mechan ica l l y 

d r i e d product i s d i scharged onto the p l an t midd l ings conveyor. Cent r i f uge 

e f f l u e n t a l s o repor t s to the s t a t i c t h i c k e n e r . 

An i on i c f l o c c u l a n t s , added to the s t a t i c t h i c k e n e r , c rea te a r e a l i s t i c 

s e t t l i n g r a t e f o r c o n s o l i d a t i o n of u l t r a f i n e p a r t i c l e s . These are then 

removed v i a the underf low pump and piped to the t a i l i n g s pond. The over

f low from the s t a t i c t h i c kene r i s returned to the proces s ing c i r c u i t s v i a a 

pressure system. This c l a r i f i e d water can then be reused as sump make-up, 

sprays f o r d r a i n and r i n s e screens and raw a n t h r a c i t e screen d i l u t i o n water. 
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4.0 CLEAN ANTHRACITE HANDLING AND STORAGE 

4.1 STANDARD PRODUCTS 

The more r e s t r i c t i v e s i z e s p e c i f i c a t i o n s app l i ed to the premium coarse 

c lean a n t h r a c i t e products r equ i r e s tha t these products be handled d i f f e 

r e n t l y than the standard products . The systems prov ided f o r premium and 

standard products are i l l u s t r a t e d i n F igure 4-9. 

While there are d e f i n i t e s i z e d i s t r i b u t i o n s p e c i f i c a t i o n s t ha t must be met 

to supply a n t h r a c i t e to s p e c i f i c markets i t i s s t i l l app rop r i a te to handle 

the products intended f o r these markets e s s e n t i a l l y as coa l i s handled when 

prepared f o r the mass thermal market. Acco rd ing l y the th ree products of 

the standard process ing modules are each conveyed i n d i v i d u a l l y to 5 000 

tonne storage s i l o s f o r f u r t h e r t r u ck l oad ing and t r an spo r t to Stewart. 

The storage f a c i l i t i e s o f the th ree products are s tandard i zed at the 

minimum requ i r ed to a l l ow f o r a th ree day shut-down o f the t r u c k haulage 

system on the bas i s o f average product ion and an over f l ow f a c i l i t y to 

ground i s i nc luded w i th each s i l o to accommodate the peaks o f p roduct ion of 

p a r t i c u l a r p roducts . 

4.2 PREMIUM PRODUCTS 

For the European premium a n t h r a c i t e market the need f o r c a r e f u l handl ing to 

preserve the s i z e i n t e g r i t y o f the product i s paramount. In r e c o g n i t i o n of 

t h i s , the premium coarse a n t h r a c i t e product hand l ing system has been 

designed to minimize degradat ion . 

A f t e r r i n s i n g on the premium p l an t product media recovery screens the 

coarse premium c lean a n t h r a c i t e i s conveyed to a r e c i p r o c a t i n g s i z i n g 

sc reen. Th i s type of screen prov ides the most accurate s i z e separat ion 

p o s s i b l e on a commercial s c a l e . Nominal ly , th ree separate s i z e products 

w i l l be p a r t i t i o n e d from the coarse a n t h r a c i t e : 35 m i l l i m e t e r by 20 m i l l i 

meter, 20 m i l l i m e t e r by 12 m i l l i m e t e r , and 12 m i l l i m e t e r by 4 m i l l i m e t e r . 

Each product passes to i t s own con ta i ne r l oad ing conveyor. These conveyors 
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t r an spo r t the s i z e d product i n t o e i t h e r standard I.S.O. con ta ine r s from 

which the product i s not e x t r ac ted u n t i l d i s t r i b u t i o n i n Europe or i n t o 

t r uck s which w i l l be c a r e f u l l y superv i sed and which w i l l p lace the products 

i n s e l e c t ed areas at the po r t . In the l a t t e r case, these s p e c i a l product 

p i l e s w i l l be loaded aboard sh ips us ing reduced speed and mod i f ied 

d i scharge equipment to minimize breakage. I f con ta ine r s are used, they may 

be s t o c k - p i l e d e i t h e r i n a covered b u i l d i n g at the p l an t s i t e or at the 

port to best f a c i l i t a t e the t r u c k i n g to Stewart and eventual sh ip l o ad i ng . 

In the event of inclement weather, space has been a l l o t t e d f o r storage of 

60 empty con ta ine r s ( i . e . 1 200 tonnes) at the p l an t s i t e under the over

head crane. 
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5.0 COARSE REFUSE HANDLING 

Two (2) re fu se products w i l l be generated by the proces s ing f a c i l i t i e s . 

The m a j o r i t y of the re fuse w i l l be p lus 0.5 m i l l i m e t e r ma te r i a l mechan ica l 

l y dewatered i n the p repara t i on p l an t to a su r face moisture o f about 7 

percent . Th i s mate r i a l w i l l be c o l l e c t e d on a b e l t conveyor and t r an spo r 

ted to a surge b in f o r t r uck l oad ing (F igure 4 -9 ) . The b in i s designed to 

a l l ow d i r e c t g r a v i t y feed of the same t ruck s used to haul raw a n t h r a c i t e 

from the p i t . From the surge b in the coarse mate r i a l i s t rucked to the 

coarse re fu se d i spo sa l dump or to the t a i l i n g s impoundment to be used f o r 

a d d i t i o n a l t a i l i n g s dam w a l l . I t i s est imated tha t o f the coarse re fuse 

produced each yea r , 30% w i l l be used to cons t ruc t the t a i l i n g s containment 

dam wh i l e 70% w i l l be p laced i n the d i sposa l dump. I f a thermal power 

generat ing p l an t i s i n s t a l l e d at the s i t e , some of the r e j e c t i n the 

d i spo sa l dump would be used as f ue l f o r the p l a n t . 

In a d d i t i o n to the coarse r e j e c t which i s handled and d i sposed o f as a bulk 

s o l i d , there i s a second r e j e c t stream. This i s the minus 150 micron 

mate r i a l which i s concentrated to about 30% s o l i d s i n the s t a t i c t h i c k e n e r . 

Th i s represents 117 500 tonnes of s o l i d s per year . F i n a l d i s po sa l of t h i s 

ma te r i a l w i l l be i n the t a i l i n g s pond mentioned above. The supernatant 

produced w i l l be decanted and returned to the s t a t i c t h i c k e n e r . 
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6.0 WATER BALANCE AND REAGENT REQUIREMENTS 

The a n t h r a c i t e process ing c i r c u i t s , w i th the except ion o f the raw anthra 

c i t e and c lean product c i r c u i t s , r equ i r e water. I t i s es t imated on the 

bas i s o f f l ow sheet e va l ua t i on that the water consumption w i l l be 98.5 

cub ic metres per hour. For design purposes, however, the supply system i s 

s i z e d f o r 136 cub ic metres per hour f o r process water and 1 cub i c metre per 

hour f o r domestic requirements. 

The 98.5 cub i c metres represent the water l o s ses a s soc i a ted w i th product 

mo i s tu re , dust suppress ion and evaporat ion as we l l as the water which i s 

d i r e c t e d to the t a i l i n g s pond as par t of the u l t r a f i n e t a i l i n g s s l u r r y 

stream. Th is l o s s i s min imized, however, by r e c l a i m i n g c l a r i f i e d water 

from the s t a t i c t h i c kene r s and the t a i l i n g s pond. 

The f o l l o w i n g t a b l e summarizes the p r i n c i p a l sources and uses of water i n 

the a n t h r a c i t e p repara t ion process . 

PROCESS PLANT 

WATER BALANCE 

Sources m /hr 

Fresh Water Make-Up 67.17 

Reclaim from T a i l i n g s 31.33 

98.50 

Uses 

Premium A n t h r a c i t e Surface Moisture 3.95 

Coarse A n t h r a c i t e Surface Moisture 7.28 

Small A n t h r a c i t e Surface Moisture 8.14 

M idd l i ng s A n t h r a c i t e Surface Moisture 9.72 

Coarse Reject Surface Moisture 10.04 

Discharge to T a i l i n g s 54.83 

Dust Suppression 4.54 

98.50 
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The on ly chemical reagents consumed in the a n t h r a c i t e p repa ra t i on process 

are magnet i te, an an i on i c f l o c c u l a n t and anhydrous l i m e . Magnet ite i s not 

a c t u a l l y consumed in the process but l o s ses do occur through d r i p s , 

adherence to worker boots and c l o the s and adherence to a n t h r a c i t e products . 

I t i s es t imated tha t these l o s se s w i l l amount to about 3 550 tonnes per 

yea r . F l o c c u l a n t s w i l l be consumed i n the s t a t i c t h i c kene r at a r a t e o f 11 

750 tonnes per yea r . The anhydrous l ime i s added to the media and water 

c i r c u i t s to c on t r o l pH l e v e l s . I t i s est imated tha t about 12 000 tonnes of 

t h i s ma te r i a l w i l l be consumed annua l l y . 

The on ly o ther chemical used i n the p l an t i s a s u r f a c t a n t a d d i t i v e used 

w i th the dust suppress ion water. The s u r f a c t an t w i l l be d i l u t e d to about 1 

pa r t per 35 000 par t s water in the dust suppress ion sprays and the t o t a l 

annual consumption w i l l be on ly about 1 tonne. 
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7.0 MANPOWER REQUIREMENTS  

7.1 OPERATIONAL MANPOWER 

There w i l l be two con t r o l rooms, the main con t r o l room adjacent to the main 

p l an t and a c on t r o l room l oca ted adjacent to the t r u c k dump hopper. 

The c on t r o l room operator at the t r uck dump hopper w i l l be i n communication 

wi th the d i s pa t che r at the mine, and w i l l be r e spon s i b l e f o r accept ing the 

R.O.M. a n t h r a c i t e , breaking l a r ge lumps through the R.O.M. hopper g r i z z l y 

(by means o f a h y d r a u l i c lump breaker) and r ou t i n g the a n t h r a c i t e to e i t h e r 

premium or standard raw a n t h r a c i t e storage as a n t h r a c i t e i s d e l i v e r e d from 

the mine. 

The main c on t r o l room w i l l be r e spon s i b l e f o r a l l equipment from the under

s ide of the raw a n t h r a c i t e b ins and s i l o s through to the loadout o f the s i x 

s a l eab l e products and the r e j e c t . 

The c on t r o l room operator w i l l have three standard p l an t s and the premium 

p lan t under h i s c o n t r o l . Perhaps h i s most important r o l e w i l l be to hold 

the s p e c i f i c g r a v i t y of the 14 heavy media c i r c u i t s t o t o l e r ance s which 

maximize s a l e ab l e product y i e l d s wh i l e ma in ta in ing the s t a ted q u a l i t y 

s p e c i f i c a t i o n s f o r each of the products . 

The c o n t r o l room operators i n the main p l an t w i l l be the key personnel at 

a l l t imes . Other personnel i nvo l ved i n p lan t operat ions i n c l ude a p a t r o l 

man and l abou re r to monitor the raw a n t h r a c i t e conveyor, two patrolmen 

l ook i ng a f t e r the 4 p l an t c i r c u i t s and a pump/washdown man f o r each p l a n t . 

Three workers w i l l be requ i red f o r con ta ine r l oad ing and one w i l l handle 

t r u ck l o a d i n g . Three others would be invo lved i n c lean-up and p repa ra t i on 

of magnetite and f l o c c u l a n t s . 

Four l abo r a t o r y t e chn i c i an s w i l l be requ i red to sample and analyze i n - s i t u 

a n t h r a c i t e , raw a n t h r a c i t e and product a n t h r a c i t e . They would a l s o perform 

checks on performance of the var ious p l an t c i r c u i t s , s p e c i f i c g r a v i t y 
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ana l y s i s and f l o a t / s i nk a n a l y s i s . 

7.2 MAINTENANCE MANPOWER 

Maintenance personnel w i l l i nc lude e l e c t r o n i c / i n s t r u m e n t a t i o n t e c h n i c i a n s , 

e l e c t r i c i a n s , mechanics, welders and r i g g e r s . 

The t o t a l manpower requirements f o r the p lan t opera t ing two s h i f t s per day, 

on a weekly s h i f t r o t a t i o n would be 83 people as shown i n Table 4 -1 . 
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ANTHRACITE PROCESSING MANPOWER 

Operat ions 

ROM Contro l Room 
Raw A n t h r a c i t e Patrolman 
Raw A n t h r a c i t e Labourer 
Main P l an t Contro l Room 
P lan t Patrolman 
Ground F l oo r Pumpman 
Premium P lan t Loading Man 
Standard P lan t Loading Man 
Raw A n t h r a c i t e Clean-up Labourer 
Clean A n t h r a c i t e Clean-up Labourer 
Magnet ite and F l o c cu l an t Mix ing 

SUB-TOTAL 

Sampling Laboratory 

Mine Sampler 
Raw A n t h r a c i t e Sampler 
Laboratory Ana ly s t 
Laboratory P reparat ion 

SUB-TOTAL 

Maintenance 

M i l lwr i gh t/Mechan ic 
E l e c t r i c i a n 
E lec t ron i c/ In s t rument 
Bo i lermaker/P ipe Welder 
Labourer (with r i g g i n g exper ience) 
Apprent i ce (or Labourer) 

SUB-TOTAL 

Summary 

Operat ing 
Sample/Laboratory 
Maintenance 

GRAND TOTAL 
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PART FIVE - INFRASTRUCTURE 

1.0 INTRODUCTION  

P r o j e c t I n f r a s t r u c t u r e r e f e r s to a l l those f a c i l i t i e s necessary to the 

e f f i c i e n t and succes s fu l operat ion of the Mount Klappan A n t h r a c i t e P ro jec t 

not d i r e c t l y a s soc ia ted w i th the mine or the a n t h r a c i t e p repa ra t i on p l a n t . 

Support personnel are a l so requ i red i n a d d i t i o n to those a c t i v e l y engaged 

in mining and a n t h r a c i t e process ing to mainta in and operate i n f r a s t r u c t u r e 

f a c i l i t i e s and prov ide necessary s e r v i ce s to the a n t h r a c i t e ope ra t i on s . 

I n f r a s t r u c t u r e can be d i v i d e d i n t o s i t e f a c i l i t i e s and o f f - s i t e f a c i l i t i e s . 

The environmental impacts o f o f f - s i t e i n f r a s t r u c t u r e f a c i l i t i e s , p r i m a r i l y 

the access road, port and po s s i b l e power t ran smi s s i on l i n e , are being 

s tud ied s epa ra te l y from t h i s Stage II assessment under the d i r e c t i o n of the 

Northwest Economic Development Task Force. B r i e f d e s c r i p t i o n s o f these 

f a c i l i t i e s are . included i n t h i s repor t however f o r the sake of 

completeness. 

On - s i t e i n f r a s t r u c t u r e f a c i l i t i e s are to be reviewed by the Mine Develop

ment S tee r i ng Committee of the Prov ince of B r i t i s h Columbia as pa r t of the 

Stage II approval process . These f a c i l i t i e s are desc r ibed i n d e t a i l i n 

t h i s par t o f the Stage II r e p o r t . The p o t e n t i a l environmental and s o c i o 

economic impacts of these f a c i l i t i e s , and proposed measures to m i t i g a t e 

such impacts, are addressed i n Volume I I I o f t h i s document. 

The Mount Klappan A n t h r a c i t e P r o j ec t w i l l have a c o n s t r u c t i o n and s i t e 

development phase o f about 18 months fo l l owed by an opera t i ng phase 

p r e sen t l y planned f o r 20 yea r s . I n f r a s t r u c t u r e requirements w i l l be 

d i f f e r e n t dur ing these two phases p a r t i a l l y because needs are d i f f e r e n t and 

p a r t i a l l y because the permanent i n f r a s t r u c t u r e w i l l not be a v a i l a b l e u n t i l 

a f t e r i t has been con s t ruc ted . The s i t e i n f r a s t r u c t u r e and s t a f f i n g 

requirements f o r each phase are d i scussed sepa ra te l y i n the f o l l o w i n g 

s e c t i o n s . 
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2.0 CONSTRUCTION FACILITIES 

2.1 GENERAL APPROACH 

I t i s G u l f ' s i n t e n t i o n tha t arrangements between the owner (Gu l f ) and the 

c on t r a c t o r s dur ing the c on s t r u c t i on pe r i od w i l l be s t r u c t u r e d along the 

l i n e s i n d i c a t e d i n t h i s s e c t i o n . Cond i t ions at the t ime o f c on s t r u c t i o n 

may r e q u i r e changes. 

Numerous major and minor con t r ac to r s w i l l be i nvo l ved i n the c o n s t r u c t i o n 

a c t i v i t i e s a s soc i a ted w i th the Mount Klappan A n t h r a c i t e P r o j e c t . Gu l f 

proposes to supply the ba s i c s i t e i n f r a s t r u c t u r e f a c i l i t i e s to c o n s t r u c t i o n 

c on t r a c t o r s to avoid d u p l i c a t i o n and insure e f f i c i e n t use of these f a c i l i 

t i e s . Some of the f a c i l i t i e s w i l l have on ly temporary usage and w i l l be 

removed at the end o f the c o n s t r u c t i o n p e r i o d . Wherever p o s s i b l e however, 

the development of c on s t r u c t i o n phase i n f r a s t r u c t u r e f a c i l i t i e s w i l l be 

planned and organized such tha t they can be i nco rpora ted i n t o the permanent 

i n f r a s t r u c t u r e f a c i l i t i e s upon commencement o f ope ra t i on s . 

Gu l f w i l l o u t l i n e to con t r ac to r s the l o c a t i o n s , appearance, arrangements, 

c a p a c i t i e s , e t c . o f the temporary f a c i l i t i e s to be p rov ided . Work areas 

w i l l be graded, s e r v i ce s w i l l be prov ided to the work areas and s t r u c t u r e s 

w i l l be e rected as app rop r i a te . Cont ractor s w i l l be r e spon s i b l e f o r 

connect ions to these s e r v i c e s . Each c on t r a c t o r w i l l a l s o be re spon s i b l e 

f o r any unique i n f r a s t r u c t u r e requirements, s a fe t y p r o v i s i o n s and other 

a c t i v i t i e s and s e r v i ce s w i t h i n h i s c on s t r u c t i o n area or on h i s j ob s i t e . 

The c h i e f components of the c on s t r u c t i o n phase f a c i l i t i e s are d i scus sed i n 

the f o l l o w i n g subsect ions . 

2.2 TEMPORARY UTILITIES 

The owner w i l l p rov ide , operate and mainta in f a c i l i t i e s to p rov ide e l e c t r i c 

power f o r the execut ion o f the c on s t r u c t i on work. E l e c t r i c a l power w i l l be 

supp l i ed by 3 d i e s e l generators w i th ra ted c a p a c i t i e s of 350 kW each. These 
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w i l l be l o ca ted adjacent to the p l an t s i t e i n the area where the operat ing 

phase sub s ta t i on w i l l be l o c a t e d . A f t e r c o n s t r u c t i o n , these d i e s e l s w i l l 

be p laced i n standby s e r v i ce f o r emergency power support should the main 

power supply be i n t e r r u p t e d . Switchgear and opera t ing c o n t r o l s f o r the 

d i e s e l s w i l l be l o ca ted at the same s i t e . A d i e s e l f ue l s torage tank w i l l 

a l s o be i n s t a l l e d next to the generator b u i l d i n g . 

Overhead power l i n e s w i l l be d i s t r i b u t e d throughout the s i t e and step down 

t rans formers mounted on sk ids w i l l be prov ided i n the general area of each 

c o n s t r u c t i o n s i t e f o r use by c o n t r a c t o r s . 

L i g h t i n g w i l l be prov ided on the s i t e w i t h i n areas o f pa r k i ng , temporary 

roads, and walkways f o r pedes t r i an areas. Emergency l i g h t i n g s u i t a b l e f o r 

emergency evacuat ion w i l l be provided in the event o f f a i l u r e o f the main 

l i g h t i n g system. 

Gu l f w i l l p rov ide p ropane - f i r ed space heat ing at the c o n s t r u c t i o n camp and 

the owner ' s main o f f i c e complex. I t w i l l be each c o n t r a c t o r ' s r e s p o n s i b i l i 

t y to prov ide and mainta in h i s own heat ing f o r h i s temporary f a c i l i t i e s . 

E l e c t r i c heat ing w i l l not be permit ted dur ing the c o n s t r u c t i o n phase of the 

p r o j e c t . V e n t i l a t i o n i n enclosed areas w i l l be prov ided by each c on t r a c t o r 

to f a c i l i t a t e the progress of the work, prevent moisture condensat ion, and 

to meet hea l th and s a fe t y r e gu l a t i on s f o r a safe working environment. 

The owner w i l l p rov ide water f o r c on s t r u c t i o n purposes w i t h i n a def ined 

d i s t ance from each con s t r u c t i on s i t e i n temporary i n s u l a t e d boxes along 

wi th a potab le water supply at the camp. Water f o r c o n s t r u c t i o n , f i r e and 

potab le uses w i l l be drawn from a we l l and d i s t r i b u t e d to the var ious 

storage boxes by t r u c k . A bur ied p i p e l i n e w i l l d e l i v e r water to the camp 

f a c i l i t i e s . 

2.3 SITE OFFICES AND STORAGE FACILITIES 

Each c o n t r a c t o r w i l l p rov ide and mainta in h i s own l o c kab l e f i e l d o f f i c e 

complete w i th heat, l i g h t , v e n t i l a t i o n , s a n i t a r y , te lephone and o f f i c e 
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f u r n i s h i n g s . Cont ractor s w i l l a l so prov ide t h e i r own storage f a c i l i t i e s , 

workshops, garages, lunchrooms and other necessary s t r u c t u r e s dur ing the 

course o f the c o n s t r u c t i o n . 

Gu l f w i l l occupy a s i t e o f f i c e l o ca ted near the camp. The o f f i c e s w i l l be 

housed i n t r a i l e r type s t r u c t u r e s and w i l l i n c l ude p r o v i s i o n f o r con t rac t 

a d m i n i s t r a t i o n , i n spec t i on and p r o j e c t management o f f i c e s . Other f a c i l i 

t i e s to be used by Gu l f i n c l ude a garage, and park ing area f o r company 

v e h i c l e s and supp l i e s s to rage. The Gu l f personnel w i l l a l s o be overseeing 

the p re -p roduc t i on s t r i p p i n g at the mine dur ing the c o n s t r u c t i o n p e r i o d . 

2.4 WORK AREAS 

Work, laydown, and storage areas w i l l be des ignated and prepared by Gu l f 

and each i n d i v i d u a l c on t r a c t o r w i l l be ass igned an area f o r h i s s p e c i f i c 

purposes. I t w i l l be the c o n t r a c t o r ' s r e s p o n s i b i l i t y to ma inta in the 

ass igned areas dur ing the course of the c o n s t r u c t i o n p e r i o d . Upon 

complet ion o f the work, the c o n t r a c t o r w i l l d i spose of a l l h i s deb r i s and 

surp lus m a t e r i a l s to an area des ignated by the owner and a l so r e s t o r e the 

area to the s a t i s f a c t i o n of the owner. 

2.5 SECURITY 

The main s e c u r i t y gate to the property w i l l be c o n t r o l l e d by Gu l f . I t i s 

the c o n t r a c t o r ' s r e s p o n s i b i l i t y to secure h i s own work, p r o t e c t i n g a l l h i s 

own m a t e r i a l s , equipment, temporary f a c i l i t i e s and p l an t from damage, 

t h e f t , l o s s , c o r r o s i o n , f i r e , vandal ism and other s i m i l a r hazards. 

2.6 SAFETY 

Each c o n t r a c t o r w i l l prov ide an adequately equipped f i r s t a i d f a c i l i t y i n 

accordance w i th the Workers 'Compensation Board and other a u t h o r i t i e s having 

j u r i s d i c t i o n . The con t r ac to r s w i l l p rov ide employees i n charge o f f i r s t 

a i d , who are f a m i l i a r w i th f i r s t a i d procedures and requ i rements . The 

c o n t r a c t o r i s r e spon s i b l e to have at l e a s t one such employee a v a i l a b l e on 
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s i t e at a l l t imes dur ing the performance of h i s work. 

Each c o n t r a c t o r , p r i o r to commencement o f the work at the s i t e , w i l l submit 

to the owner f o r rev iew a d e t a i l e d account of proposed s a fe t y measures and 

procedures. The c on t r a c t o r w i l l repor t immediately a l l acc ident s and g ive 

the r equ i red no t i c e to government a u t h o r i t i e s , as r equ i r ed by law, as we l l 

as p rov ide a copy of the acc ident repor t to the owner. 

Cont rac to r s w i l l be r e spon s i b l e f o r general s a f e t y and conduct of 

employees, and ensure t h a t : 

(a) Equipment i s operated w i th exper ienced persons; 

(b) Employees wear s a fe ty equipment (hard hats , s a f e t y g l a s s e s , s a fe ty 

shoes) ; 

(c) Employees are f a m i l i a r w i th s a fe t y r u l e s and r e g u l a t i o n s on the s i t e ; 

(d) Employees comply w i th the Acc ident Prevent ion Regu lat ions of the 

Worker ' s Compensation Board Ac t , and a l l o ther acts and r e gu l a t i on s 

p e r t a i n i n g to the safe performance of the work. 

An ambulance and f i r s t - a i d o f f i c e r w i l l be on standby at a l l t imes at the 

s i t e . In the event of any se r i ous a cc i den t s , the a i r s t r i p w i l l a l so be 

a v a i l a b l e f o r medical evacuat ions . 

2.7 FIRE PROTECTION 

The c o n t r a c t o r i s r e spons ib l e f o r c o n t r o l l i n g a l l open f i r e s on the s i t e . 

He w i l l post "No Smoking" s igns in hazardous areas and comply w i th f i r e 

r e gu l a t i on s of the owner. He w i l l make h imse l f aware o f the owner 's 

supp l i ed f i r e f i g h t i n g equipment and l o c a t i o n of f i r e hydrants . He w i l l 

comply w i th the r u l e s and r egu l a t i on s of the F i r e Marsha l l Act and the 

Acc ident Prevent ion Regulat ions of the Worker ' s Compensation Board. 

Gu l f w i l l have a f i r e t r uck and personnel t r a i n e d i n i t s use at the 

c o n s t r u c t i o n s i t e . 
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2.8 ACCESS ROADS AND PARKING AREAS 

Each c o n t r a c t o r w i l l prov ide access roads and ramps r equ i r ed f o r the work 

beyond the road system provided by Gu l f . He w i l l ma inta in these areas and 

remove snow and i c e . Upon complet ion of the work, the c o n t r a c t o r w i l l 

r e s t o r e the working areas. 

Cont rac to r s w i l l p rov ide park ing areas in the v i c i n i t y of t h e i r work s i t e s 

f o r company prov ided v e h i c l e s . Gu l f w i l l p rov ide a general park ing area 

f o r employee-owned v e h i c l e s near the camp. The owner w i l l ma inta in access 

roads to the camp and mine f o r the du ra t i on of the c o n s t r u c t i o n program, 

i n c l u d i n g the r a i lway grade used f o r access to the s i t e from Highway 37. 

2.9 CONSTRUCTION CAMP 

The owner w i l l p rov ide a s e l f - c o n t a i n e d c o n s t r u c t i o n camp f o r a l l 

c o n s t r u c t i o n fo rces engaged on the p r o j e c t . 

The camp w i l l be l oca ted west of the p l an t s i t e area and w i l l c o n s i s t of 

p r e f a b r i c a t e d , modular bunkhouse un i t s and a modular k i t c h e n / d i n i n g / 

r e c r e a t i o n complex capable o f accommodating 420 r e s i d e n t s . The e x i s t i n g 

120 person e x p l o r a t i o n camp, l o ca ted about 8 km to the southeast of the 

p r o j e c t s i t e , w i l l be used by G u l f ' s personnel and the i n i t i a l c on s t r u c t i o n 

crews u n t i l the main con s t r u c t i on camp i s i n s t a l l e d . The e x p l o r a t i o n camp 

may a l so be requ i red f o r over f low capac i t y dur ing peak c on s t r u c t i o n 

pe r i od s . 

The camp w i l l be supp l i ed by a water we l l dur ing c o n s t r u c t i o n and temporary 

d i e s e l generated power, sewage treatment, propane heat ing and cooking 

s e r v i c e s w i l l a l so be p rov ided. These u t i l i t i e s w i l l e v e n t u a l l y be 

i nco rpo ra ted i n t o or made redundant by permanent f a c i l i t i e s once these are 

con s t r uc ted . Camp re s i den t s w i l l have p r i v a t e , s ing le - room accommodation 

w i th complete washroom and laundry f a c i l i t i e s . Meals w i l l be prov ided by a 

f ood - se r v i ce s c o n t r a c t o r . 

5-6 



! 

INFRASTRUCTURE 

At the end of the con s t r u c t i o n p e r i o d , the camp w i l l cont inue i n s e r v i c e to 

accommodate the operat ions workforce. 

2.10 COMMUNICATIONS 

Gu l f w i l l e s t a b l i s h telephone communication to the o u t s i d e , us ing the 

" S p a c e t e l " system dur ing the con s t r u c t i on phase. Telephone s e r v i c e w i l l be 

made a v a i l a b l e to con t r ac to r s and to r e s i den t s of the c o n s t r u c t i o n camp. 

The " S p a c e t e l " network w i l l be s i z ed accord ing to the demand, but w i l l be 

kept to reasonable l i m i t s . Telephone s e r v i c e w i l l a l s o be a v a i l a b l e to 

camp r e s i den t s f o r personal c a l l s charged d i r e c t l y to the user . 

2.11 AIRSTRIP 

Gu l f w i l l upgrade and mainta in the e x i s t i n g a i r s t r i p a long the B.C. Ra i l 

r i g h t - o f -way northwest of the proposed camp. The s t r i p w i l l be extended to 

a maximum length o f 1 300 metres and widened to 30 metres w i th an a l l -

weather g rave l s u r f ace . The owner w i l l supply and mainta in a s m a l l , f u l l y 

s e r v i c e d , personnel w a i t i n g b u i l d i n g and n a v i g a t i o n a l / weather s t a t i o n f o r 

common use by a l l c o n t r a c t o r s . L i gh t s have been i nc luded along the s t r i p 

and approaches to f a c i l i t a t e n ight and low v i s i b i l i t y ope ra t i on s . The owner 

does not intend to prov ide any scheduled a i r s e r v i c e s to the s t r i p , and 

con t r a c t o r s w i l l make t h e i r own arrangements f o r a i r t r a v e l dur ing 

c o n s t r u c t i o n . 
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3.0 PERMANENT SITE INFRASTRUCTURE 

3.1 OVERVIEW OF FACILITIES 

The s i t e i n f r a s t r u c t u r e requ i red i n c l ude s : a n c i l l a r y b u i l d i n g s and f a c i l i 

t i e s ; mine and p l an t s i t e roads; u t i l i t i e s and s e r v i c e s ; power source; 

o n - s i t e power d i s t r i b u t i o n ; water source and d i s t r i b u t i o n ; and waste 

d i s p o s a l . 

The major a n c i l l a r y f a c i l i t i e s which are requ i red f o r su r face p lan t 

maintenance, u t i l i t i e s , s e c u r i t y and adm in i s t r a t i o n are l o c a t e d i n the 

f o l l o w i n g b u i l d i n g s : 

(a) mine o f f i c e and d ry ; 

(b) mine s e r v i c e complex - heavy equipment maintenance f a c i l i t y , ware

house, l a bo r a t o r y and a d m i n i s t r a t i o n ; 

(c) gatehouse complex - gatehouse, ambulance and f i r e t r u c k s h e l t e r . 

Mine and p l an t s i t e roads w i l l be cons t ruc ted to connect the mine, the 

a n t h r a c i t e p repa ra t i on p l an t and the var ious a n c i l l a r y f a c i l i t i e s . The road 

des ign standards w i l l be appropr ia te f o r the t r a f f i c t ha t each w i l l bear. 

In a d d i t i o n , a new o f f - s i t e access highway w i l l be b u i l t to connect the 

p l an t s i t e to Highway 37, at B e l l - I r v i n g I I . 

E l e c t r i c a l power f o r the mine operat ion w i l l be from e i t h e r a B.C. Hydro 

t ran smi s s i on l i n e which connects w i th the e x i s t i n g power g r i d or an owner 

operated thermal generat ing p lan t that uses a f l u i d i z e d bed furnace as a 

heat source. A d e c i s i o n has not ye t been reached as to which opt ion w i l l be 

chosen. Emergency power w i l l be provided by d i e s e l genera to r s . 

The p l an t s i t e power d i s t r i b u t i o n system, which connects w i th the power 

source w i l l prov ide e l e c t r i c a l power to the mine s i t e , the a n t h r a c i t e 

p repa ra t i on f a c i l i t y , and the var ious a n c i l l a r y f a c i l i t i e s . 

The process , domest ic, and f i r e water requirements f o r the mine and sur face 
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p l an t can be met by the L i t t l e Klappan R i ve r . Two opt ions f o r the design 

o f the water supply system are under c o n s i d e r a t i o n . The f i r s t would e n t a i l 

a water storage dam to be cons t ructed on the L i t t l e Klappan R i ve r to 

prov ide storage equ i va len t to the annual water requirements f o r the e n t i r e 

p l an t and mine use. The second a l t e r n a t i v e would r e l y on an i n f i l t r a t i o n 

g a l l e r y excavated adjacent to the streambed of the L i t t l e Klappan R i ve r . 

Water w i l l a l s o be rec la imed from the t a i l i n g s pond f o r r e c y c l i n g through 

the a n t h r a c i t e p repara t i on p l a n t . 

Other u t i l i t i e s and s e r v i ce s w i l l i n c l ude space and water hea t i ng , f i r e 

p r o t e c t i o n and v e h i c l e f ue l storage and d i s t r i b u t i o n . F igures 5-1 and 5-2 

i l l u s t r a t e a general l ayout f o r the p r i n c i p a l opera t ing phase i n f r a 

s t r u c t u r e f a c i l i t i e s . 

3.2 SITE DESCRIPTION 

The proposed i n f r a s t r u c t u r e f a c i l i t i e s and s e r v i ce s are l o ca ted on the 

northeast s lope of Lost Ridge, adjacent to the B.C. R a i l r i g h t - o f -way and 

south of the L i t t l e Klappan R i ve r . The s i t e g e n e r a l l y f a l l s at a s lope of 

ten metres h o r i z o n t a l to one metre v e r t i c a l i n a north to northwest 

d i r e c t i o n , and i s terminated at the L i t t l e Klappan R i ve r . 

E l e va t i on s on the property range from 1490 metres at the mine o f f i c e and 

dry to 1270 metres at the bottom of the t a i l i n g s s t a r t e r dam. The water 

supply dam i s s i t u a t e d at an e l e v a t i o n of 1310 metres, south of the p l an t 

s i t e . S o i l s w i t h i n the p l an t s i t e are p r i m a r i l y g l a c i a l t i l l s c on ta i n i n g 

v a r i a b l e q u a n t i t i e s of boulders to sand s i z e m a t e r i a l s . 

3.3 ANCILLARY BUILDINGS AND FACILITIES 

The major a n c i l l a r y f a c i l i t i e s which are requ i red f o r su r face p lan t 

maintenance, u t i l i t i e s , s e c u r i t y and adm in i s t r a t i o n are l o ca ted in the 

f o l l o w i n g b u i l d i n g s : 

(a) Mine O f f i c e and Dry; 
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(b) Heavy Equipment Maintenance F a c i l i t y , Warehouse, Laboratory, 

A d m i n i s t r a t i o n Complex (Mine Se rv i ce Complex); 

(c) Gatehouse, Ambulance, F i r e Truck S he l t e r (Gatehouse Complex). 

Each of these f a c i l i t i e s i s desc r ibed i n the f o l l o w i n g subsec t i on s . 

The management o f s i t e dra inage w i l l r equ i r e the d i v e r s i o n of sur face 

r u n - o f f around the p l an t s i t e and other d i s t u rbed areas and i n t o natura l 

dra inage channels . Sett lement ponds w i l l be prov ided where the drainage 

emanates from d i s t u rbed areas and could conta in suspended s o l i d s . Surface 

dra inage t ha t i s p o t e n t i a l l y contaminated by p l an t s i t e a c t i v i t i e s w i l l be 

d i v e r t e d to the t a i l i n g s containment area to a l l ow s o l i d s s e t t l i n g before 

r e l e a s e . 

Domestic sewage w i l l be t r ea ted by packaged sewage treatment f a c i l i t i e s . 

The l i q u i d e f f l u e n t w i l l be d i scharged e i t h e r i n t o lagoons (camp and mine 

s e r v i c e complex) or a t i l e f i e l d (mine o f f i c e and d r y ) . The c o n t r o l l e d 

decant from the sewage lagoons w i l l be d i scharged i n t o the t a i l i n g s 

containment a rea . 

The p r o j e c t w i l l prov ide employment at the s i t e f o r about 450 people. Of 

t h i s t o t a l complement, about 50 workers are d i r e c t l y engaged i n support 

operat ions and w i l l prov ide f o r f a c i l i t i e s maintenance, camp opera t i on s , 

s e c u r i t y , f i r s t a i d , l a bo r a t o r y , and warehousing s e r v i c e s . 

The l o g i s t i c support prov ided to the mining opera t ion i nc ludes s i t e 

accommodation, t r a n s p o r t a t i o n , and communications. 

The mine w i l l be operated on a r o t a t i n g s h i f t b a s i s . On - s i t e accommodation 

w i l l be prov ided by a 420 person camp. This same camp w i l l a l so prov ide the 

accommodation f o r the c on s t r u c t i o n work f o r ce dur ing the i n i t i a l phases of 

the development. 

Crew r o t a t i o n w i l l be e f f e c t e d by a commuting opera t i on tha t uses buses. 

I t i s c u r r e n t l y planned to prov ide one route o r i g i n a t i n g i n Dease Lake to 
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s e r v i c e the northern based work f o r ce and a second route o r i g i n a t i n g i n 

Stewart w i th a p ickup at Meziadin to s e r v i c e the southern based workers. 

The schedules are dependent on the opera t i ona l requirements of the mine and 

a n t h r a c i t e p repa ra t i on p l a n t . An a i r s t r i p w i l l be a v a i l a b l e f o r wheeled 

plane access and the road from B e l l I r v i ng II w i l l be used f o r mine 

re supp ly , personnel commuting and product a n t h r a c i t e h au l . 

On - s i t e communication w i l l be prov ided by an i n t e r n a l te lephone system and 

a r ad i o system. Externa l communication w i l l most l i k e l y be through a 

s a t e l l i t e r e l a y s t a t i o n . 

3.3.1 Mine O f f i c e and Dry F a c i l i t y 

The mine o f f i c e and dry complex w i l l be a pre-eng ineered b u i l d i n g 

c o n s i s t i n g of dry f a c i l i t i e s and the foremen's o f f i c e s on the ground f l o o r 

and the mine o f f i c e s and eng ineer ing on the top f l o o r . Locat ion of the 

b u i l d i n g i s adjacent to the haul road at the outer l i m i t s of the p i t . 

Access to the f a c i l i t y w i l l be by e i t h e r the e x i s t i n g mine e x p l o r a t i o n road 

from the operat ions camp or the a n t h r a c i t e t r u ck haul road between the mine 

and the p l an t s i t e . 

The b u i l d i n g w i l l serve a l l mine s t a f f and hou r l y - pa i d personnel (both male 

and female employees). A car park ing area i s prov ided near the b u i l d i n g 

f o r mine p i ck -up t ruck s and employee v e h i c l e s . 

The dry f a c i l i t y w i l l be s i z e d to accommodate 281 employees, 184 of these 

are the hour ly pa id employees w i th 92 o f these normal ly o n - s i t e . The 

remaining mine s t a f f , i . e . maintenance, w i l l use the dry f a c i l i t i e s at the 

Mine Se rv i ce Complex. 

The wash and shower f a c i l i t i e s w i l l be designed to handle the s h i f t change 

t o t a l f o r a l l ca tego r i e s of employees us ing the d ry . A d d i t i o n a l space w i l l 

be prov ided f o r a laundry room, f i r s t - a i d and ground f l o o r o f f i c e s f o r the 

Mine Foreman, A n t h r a c i t e Foreman and Dispatch Foreman. 
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A water s torage tank of 150 cub ic metre c apac i t y w i l l p rov ide potab le water 

and f i r e water re se rve . A f i r e booster pump w i l l be prov ided to p re s su r i z e 

standpipe hoses l o ca ted i n the b u i l d i n g . 

The second f l o o r of the complex w i l l p rov ide mine o f f i c e s and eng ineer ing 

s e r v i ce s i n support o f the mine. 

O f f i c e space has been prov ided f o r approximately 11 s t a f f and a d d i t i o n a l 

space w i l l be prov ided f o r conference room, general o f f i c e , t e l e x , 

photocop ie r , key punch-computer, d r a f t i n g o f f i c e , drawing storage and p r i n t 

room, l i b r a r y , lunchroom and supply s torage. 

F i r e p r o t e c t i o n systems such as smoke-thermal d e t e c t o r s , dry s p r i n k l e r 

systems hose r e e l s and f i r e ex t i ngu i s he r s w i l l be p rov ided . A l l systems 

w i l l be t i e d i n t o the master f i r e alarm panels at the Gatehouse and 

P repa ra t i on P lan t Contro l Room. 

3.3.2 Nine Se r v i c e Complex 

A Heavy Equipment Repair and Se rv i ce Complex w i l l be prov ided at the p lan t 

s i t e to mainta in and s e r v i c e a l l mine and sur face p l an t mobi le equipment. 

The l o c a t i o n of the b u i l d i n g i s d i r e c t l y adjacent to the A n t h r a c i t e Process 

P l a n t . The o v e r a l l complex i nco rpora tes bays f o r bulk lube and o i l 

s to rage; wash bay equipment; t r u c k , t r a c t o r , l oade r - g r ade r , l i g h t v e h i c l e , 

shovel and d r i l l s e r v i c e and r e p a i r ; we ld ing , machine, f a b r i c a t i o n and 

e l e c t r i c a l shops; t oo l c r i b and warehouse; l a b o r a t o r y ; maintenance o f f i c e 

and d ry ; and adm in i s t r a t i o n f a c i l i t i e s . 

The main heavy equipment r e p a i r and s e r v i c e area i s devoted to mobile 

equipment s e r v i c i n g and r e p a i r s . The bulk lube and o i l s torage area w i l l 

p rov ide f o r the storage and d i s t r i b u t i o n o f a l l o i l , l u b r i c a n t s and a n t i 

f r eeze requi rements. A waste o i l s torage tank i s prov ided i n t h i s a rea. 

The wash bay area w i l l f ea tu re a hot water heat ing and pressure pump system 

and soap storage tanks. A high pressure water booster pump i s prov ided f o r 
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spray ing and r i n s i n g . An o i l i n t e r c e p t o r system w i l l be prov ided i n the 

wash bay p i t to separate o i l from water. Overf low water w i l l be d i r e c t e d 

to the sediment pond below the Mine Se rv i ce Complex s i t e . 

F i r e p r o t e c t i o n systems w i l l be prov ided i n a l l a reas. The high bays w i l l 

be prov ided w i th smoke and heat de tec to r s wi red to an alarm panel and hose 

r ee l s t a t i o n s l o ca ted near the f l o o r l e v e l as r equ i r ed by f i r e code 

r e g u l a t i o n s . A l l enclosed rooms, warehouse, l abo r a t o r y and o f f i c e s w i l l be 

prov ided w i th smoke and heat alarms, hose r e e l s and r oo f s p r i n k l e r systems. 

F i r e e x t i n gu i s he r s w i l l be l o ca ted i n o f f i c e and shop areas . An ex te rna l 

f i r e loop-hydrant system w i l l be prov ided around the e n t i r e f a c i l i t y to 

prov ide f i r e water. 

Workshop areas adjacent to the s e r v i c e bays w i l l be prov ided as f o l l o w s : 

(a) Welding Shop 

(b) Machine Shop 

(c) F a b r i c a t i o n Shop 

(d) E l e c t r i c a l Shop 

(e) Radio, E l e c t r o n i c and Instrument Shop 

A maintenance workers ' dry f a c i l i t y w i l l be prov ided on the second f l o o r 

above the warehouse a rea. The dry w i l l c o n s i s t of washroom, showers, 

c i r c u l a r handwash f a c i l i t y and l o cke r s f o r approx imately 130 hou r l y - pa i d 

employees. Dry f a c i l i t i e s w i l l be s i z ed f o r a maximum s h i f t change of 

approx imately 60 persons. 

O f f i c e s w i l l a l so be prov ided in the b u i l d i n g f o r the maintenance, super

v i s o r y and eng ineer ing s t a f f . 

3.3.3 Warehousing and Storage 

A warehouse f a c i l i t y w i l l be provided tha t w i l l serve as the main d i s t r i b u 

t i o n cent re f o r the mine and p reparat ion p lan t complexes and w i l l be under 

the s upe r v i s i on o f a warehouse foreman. O f f i c e s w i l l be i nc luded in the 
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warehouse f o r r e c e i v i n g and schedul ing together w i th secured areas f o r 

s m a l l - p a r t s s torage and a t oo l c r i b . 

A l a r g e r f a c i l i t y f o r c o l d warehousing w i l l be prov ided by means o f a po l e -

cons t ruc ted frame and wooden t r u s s r oo f b u i l d i n g w i th a covered storage 

a rea. The c o l d warehouse storage i s adjacent to the Mine Se r v i ce Complex. 

A d d i t i o n a l storage f o r l a r ge items w i l l be prov ided i n the yard adjacent to 

the maintenance f a c i l i t y . Fenced- in areas w i l l be prov ided f o r oxygen and 

acety lene b o t t l e s . 

3.3.4 A d m i n i s t r a t i o n F a c i l i t y 

The a d m i n i s t r a t i o n s e c t i on i s l o ca ted on the second f l o o r over the ware

house - laboratory s e c t i o n s . The adm in i s t r a t i o n s e c t i o n w i l l p rov ide o f f i c e s 

f o r s en i o r management, account ing, purchas ing, l abour r e l a t i o n s and 

p repa ra t i on p l an t management as we l l as r e cep t i on and communications. 

F a c i l i t i e s w i l l be prov ided f o r a conference room, eng ineer ing and drawing 

o f f i c e space, supp l i e s and s torage, records and v a u l t , computer s e c t i on and 

reproduct ion equipment, l i b r a r y and re ference storage room, and c o f f e e -

k i t chen a rea. 

3.3.5 Gatehouse Complex 

The p l an t s i t e Gatehouse w i l l serve as a s e c u r i t y checkpo int and a garage 

f o r the ambulance and f i r e t r u c k . F a c i l i t i e s w i l l i n c l ude the main 

s e c u r i t y o f f i c e , w i th f u l l v i s i b i l i t y of approaching t r a f f i c ; w a i t i n g room 

f o r v i s i t o r s ; l o cke r s and equipment storage a rea ; S e c u r i t y S u p e r v i s o r ' s 

o f f i c e ; f i r s t - a i d o f f i c e and supply s torage; and a f i r s t a i d c l i n i c 

s u i t a b l y equipped f o r an o n - s i t e workforce of 300 people. A f u l l - t i m e 

f i r s t - a i d attendant w i l l p rov ide s e r v i c e f o r personnel a t tend ing the 

Gatehouse and the on-duty f i r s t - a i d man w i l l d r i v e the ambulance in an 

emergency s i t u a t i o n . 

The t r u c k bay area con s i s t s o f 2 bays s i z ed f o r an ambulance and f i r e 

t r u c k . The Gatehouse w i l l have a complete f i r e alarm l o c a t i o n monitor 
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i n s t a l l e d i n the guardroom, and the s e c u r i t y guards w i l l d r i v e the f i r e 

t r u c k . 

A park ing area w i l l be cons t ructed f o r v i s i t o r s to the p rope r t y . The main 

employee park ing f o r p r i v a t e v e h i c l e s i s ou t s ide the p l an t s i t e l i m i t s , 

next to the con s t r u c t i o n camp. 

3.3.6 Camp F a c i l i t i e s 

The main c o n s t r u c t i o n camp l oca ted near the p l an t s i t e w i l l become the 

res idence f o r operat ing personne l . Th i s camp w i l l have a t o t a l c apac i t y of 

420 rooms, and w i l l be complete w i th l i v i n g accommodation, k i t c h e n , d i n i n g 

and r e c r e a t i o n f a c i l i t i e s . In a d d i t i o n to the camp complex, 22 se r v i ced 

l o t s w i l l be a v a i l a b l e f o r personal h o u s e - t r a i l e r s or s e l f - c o n t a i n e d two or 

f o u r - p l e x res idence u n i t s . 

Although the main camp complex w i l l be f i r s t designed as a c on s t r u c t i on 

camp, i t w i l l a l s o be designed to prov ide the room and board requirements 

f o r personnel working at the s i t e on a 7 day r o t a t i o n b a s i s . 

Food p repa ra t i on and s e r v i n g , housekeeping, and j a n i t o r i a l s e r v i c e s w i l l be 

prov ided by a c a t e r i n g c o n t r a c t o r . Regular and s pec i a l maintenance w i l l be 

supp l i ed by the F a c i l i t y Se rv i ces Group. 

The temporary water and power supply, and s e r v i ce s i n s t a l l e d f o r the 

c o n s t r u c t i o n phase w i l l be rep laced by the permanent s e r v i c e s . 

3.4 MINE AND PLANT SITE ROADS 

P lan t roads to the con s t r u c t i on camp, c lean and raw a n t h r a c i t e s i l o s , 

product storage b u i l d i n g s , process p l an t and crush ing b u i l d i n g s w i l l be 

prov ided f o r and w i l l be to the des ign standards r equ i red f o r c on s t r u c t i o n 

on l y . The running sur face of these roads w i l l be 6 metres w i th a 450 mm 

t h i c k l a y e r o f p i t run grave l (no crushed s u r f a c i n g m a t e r i a l ) . 
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A c lean a n t h r a c i t e haul road loop from the e x i s t i n g road to the a n t h r a c i t e 

p i l o t p l an t and c lean a n t h r a c i t e s i l o l oad-out w i l l be i nc luded to the 

terminus o f the proposed B e l l - I r v i n g access road. Th i s road w i l l have an 

11.0 metre running top w id th , 600 m i l l i m e t r e t h i c k p i t run base and 150 mm 

t h i c k crushed g ranu la r s u r f a c i n g . The road way w i l l have a gradual 4.6 

percent s lope up to the s i l o s ; l e v e l s e c t i on below the s i l o s , and then 

s lope away at 7 percent to the beginning of the loop, to f a c i l i t a t e loaded 

v e h i c l e s . A t r u ck s ca l e ou t s ide the main gate has been o f f s e t to the north 

s ide o f the B e l l - I r v i n g access road to permit empty v e h i c l e s c a l i n g , out of 

the normal t r a f f i c f l ow . 

Coarse a n t h r a c i t e re fuse w i l l be t rucked from the storage b in to the re fuse 

storage area s i t u a t e d above the t a i l i n g s containment dam v i a a 15 metre 

wide s i n g l e d i r e c t i o n roadway s u i t a b l e f o r 154 tonne t r u c k s . The road w i l l 

have an average s lope of 5 percent down to the re fu se dump. A roadway from 

the dump to the s t a r t e r t a i l i n g s dam, to f a c i l i t a t e re fu se hau l ing f o r 

usage i n dam r a i s i n g , w i l l a l s o be prov ided f o r . Sec t ions o f the road 

w i t h i n the t a i l i n g s area w i l l be cons t ructed w i th coarse r e f u s e . 

The mine haul road from the present l i m i t of the t r i a l cargo p i t to the 

a n t h r a c i t e dump hopper at the p l an t s i t e w i l l t r a v e l down on the south and 

east s lopes o f Lost Ridge from a maximum e l e v a t i o n o f approx imate ly 1775 

metres. The road w i l l be out s ide the u l t ima te p i t l i m i t s f o r the ma jo r i t y 

of the r ou te , and w i l l be connected to var ious i n - p i t haul roads prov ided 

at the mine. The roadway w i l l be 23.45 metres wide w i th a maximum g rad ient 

of 7 percent i n accordance w i th B r i t i s h Columbia Mines Standards. Run-out 

lanes at th ree l o c a t i o n s have been prov ided at the end o f the long downhi l l 

s e c t i o n s . The roadway w i l l be cons t ructed p r i m a r i l y from mine waste 

produced dur ing the preproduct ion s t r i p p i n g , and may be widened at sec t i ons 

a f t e r s t a r t - u p of the p l an t w i th a d d i t i o n a l mine waste m a t e r i a l . C u l v e r t s , 

d i t che s and sa fe ty berms have been inc luded to ensure t ha t p o s i t i v e c r o s s -

dra inage o f su r face r u n - o f f i s achieved and v e h i c l e tu rnover o f f high h i l l s 

i s prevented. 
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3.5 UTILITIES AND SERVICES 

3.5.1 Domestic Hot Water and Space Heat ing 

F a c i l i t i e s f o r heat ing supply w i l l be dependent on whether a thermal power 

generat ing p l an t i s i ncorpora ted in the development p l a n . I f so, steam 

from the generat ing p l an t b o i l e r would be used f o r a v a r i e t y of heat ing 

purposes. Under t h i s co -generat ion p l an , about 50 000 kg/hour of steam 

would be d i v e r t e d to heat exchangers i n the mine s e r v i c e complex, camp, 

gatehouse and process p l a n t . At the l a t t e r f a c i l i t y , the steam would be 

used f o r both space heat ing and process heat requirements i n the product 

d r ye r . 

I f the o n - s i t e power p l an t i s not con s t ruc ted , propane-butane f u e l w i l l be 

the pr imary heat supply. A c e n t r a l i z e d storage f a c i l i t y f o r the propane-

butane mix would be l o ca ted near the main water pumphouse. The s u p p l i e r 

w i l l p rov ide a l l s torage and vapour i z i ng equipment. Gas would be piped to 

a l l f a c i l i t i e s , i . e . mine s e r v i c e complex, process p l an t and s i l o s , water 

pumphouse, gatehouse, and camp. 

The f ue l compound would conta in f ou r , 2.4 metre diameter by 15.2 metre 

l ong , tanks (68 130 l i t r e c apac i t y each) and v a p o r i z i n g equipment. The 

e n t i r e area w i l l be fenced. Gas p i p e l i n e s w i l l be bur ied PVC ( j a c ke t ) pipe 

i n the ground. 

The Mine O f f i c e and Dry w i l l have a separate, s i n g l e f ue l s torage tank and 

vapo r i z e r i n a fenced compound. 

3.5.2 F i r e P r o t e c t i o n 

The f i r e p r o t e c t i o n f a c i l i t y f o r the sur face p l an t area w i l l c o n s i s t of a 

ded icated po r t i o n of the p r o c e s s / f i r e water tanks , f i r e pumps, a 

p re s su r i z ed f i r e loop system, f i r e hydrants, s tandp ipes , hose s t a t i o n s , 

s p r i n k l e r e d areas (as r e q u i r e d ) , po r tab le f i r e e x t i n g u i s h e r s ; and a f i r e 

t r u ck complete w i th hose ree l and hoses, and pumping system. 
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The p r o c e s s / f i r e water storage tank i s l o ca ted near the P repa ra t i on P lant 

and conta in s 680 cub i c metres storage c a p a c i t y , ded ica ted f o r f i r e use. 

Th i s i s a 2-hour re se rve . The water tank can be r ep l en i s hed dur ing an 

emergency by the water dam supply pumps, which w i l l r e c e i v e emergency power 

in the event o f a power f a i l u r e . 

A f i r e l i n e w i th 10 hydrants forms a f i r e loop around the P repa ra t i on P lant 

and the Mine Se r v i ce Complex. S i ng le l i n e s w i l l extend to the 420 person 

camp and gatehouse. 

S p e c i f i e d areas w i l l be p ro tected by s p r i n k l e r systems i n s t a l l e d on the 

b u i l d i n g c e i l i n g s and the roo f o f conveyor t unne l s . S p r i n k l e r e d areas 

i nc lude a l l rooms i n the heavy equipment shop, warehouse, l a b o r a t o r y , 

maintenance o f f i c e s , change room and the a d m i n i s t r a t i o n s e c t i o n s . Prepar

a t i o n P lan t areas w i l l i n c l ude the c on t r o l room o f f i c e b u i l d i n g adjacent to 

the P repa ra t i on P lant and a l l conveyors. The mine o f f i c e and dry b u i l d i n g 

w i l l a l so have a s p r i n k l e r system i n s t a l l e d f o r f i r e p r o t e c t i o n . 

For the su r face p l an t and mine area, a ded icated f i r e t r u c k complete w i th 

hose r e e l s and booster pumps w i l l be prov ided to f i g h t f i r e s from the 

hydrant system. A l l f i r e alarm s i g na l s i n the su r face p l an t b u i l d i n g s w i l l 

be monitored i n two cen t re s . One cent re w i l l be the P repa ra t i on P lant 

con t r o l room (operator on duty 24 hours per day) and the second cen t re w i l l 

be the Gatehouse complex ( s e c u r i t y guard on duty 24 hours per day) where 

the f i r e t r u ck w i l l be operated by the s e c u r i t y s t a f f . 

3.5.3 V e h i c l e Fuel Storage and D i s t r i b u t i o n 

The main v e h i c l e f ue l storage compound w i l l be l o ca ted south o f the Mine 

Se rv i ce Complex. A l l f ue l w i l l be rece i ved by tank t r u ck s from o f f - s i t e . 

The f ue l s torage w i l l c o n s i s t of two d i e s e l f ue l tanks and one ga so l i ne 

tank. Each d i e s e l tank i s designed to hold 317 cub i c metres o f f u e l . 

D ie se l f ue l tank s i z e s are 7.6 metres diameter by 7.3 metres i n he ight and 

designed to API Standards f o r outdoor storage tanks not under p res su re . 
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The ga so l i ne tank c apac i t y i s 38 cub ic metres w i th tank dimensions of 3.5 

metres d iameter and 6.4 metres l ong . The ga so l i ne tank i s mounted 

h o r i z o n t a l l y above ground on concrete p i e r s . 

The e n t i r e f ue l storage f a c i l i t y i s surrounded w i th a s p i l l containment 

berm which prov ides a volume equal to the volume of the l a r g e s t tank p lus 

10 percent o f the volume o f the remaining tanks . The v e r t i c a l d i e s e l tanks 

w i l l be cons t ruc ted on compacted g ranu la r bases, and the berms w i l l be 

b u i l t from compacted, l o c a l l y supp l i ed aggregates and impervious m a t e r i a l s . 

The bermed area w i l l be s loped towards a sump to permit c o l l e c t i o n and 

pumping out of any a cc i den ta l s p i l l s . O i l i n t e r c e p t o r s i n sumps w i l l be 

prov ided at the l oad ing and r e f u e l i n g s i t e s to prevent o i l leakage i n t o the 

ground a rea . D ie se l f ue l w i l l be dispensed at the mine s i t e from fue l tank 

t r uck s s i t u a t e d on ramped p lat forms w i th r e f u e l i n g by the mine opera to r s . 

3.5.4 On-S i te Power D i s t r i b u t i o n 

Power w i l l be rece i ved from e i t h e r an o n - s i t e thermal generat ing p l an t or 

from B.C. Hydro at 138 kV 3 phase, 60 Hertz at a s ub s t a t i on l oca ted 

northwest of the P reparat ion P l a n t . 

Power f o r the P reparat ion P lan t w i l l be obta ined from the sub s ta t i on at 

13.8 kV v i a underground cab le s . 

Two 6 MVA t ransformers w i l l g ene r a l l y be in s e r v i c e at the p l an t feed ing a 

secondary s e l e c t i v e system c o n s i s t i n g of two 460 V busses and a normal ly 

open breaker sw i t ch . The t ransformers are prov ided w i th one stage of 

c o o l i n g so as to permit one t rans former to serve the e n t i r e p l an t through 

the breaker i f one t rans former i s out of s e r v i c e . The swi tchgear , t r a n s 

formers and motor c on t r o l cent res are housed i n the wash p l an t annex. 

Power f o r the open p i t area and the Mine D r y - O f f i c e b u i l d i n g w i l l be 

obta ined from the subs ta t i on v i a a 13.8 kV overhead 3 phase, 3 l i n e power-

l i n e . Power f o r the f re sh water dam pumphouse, t a i l i n g s barge and 420-man 
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camp w i l l a l s o be prov ided from overhead power l i nes . At the mine, s k i d 

mounted t rans formers w i l l step the power down f o r d i s t r i b u t i o n by cab le to 

the va r ious p ieces of equipment r e q u i r i n g power. 

Emergency back-up power i s prov ided by three 350 kV d i e s e l generator s . The 

generators w i l l operate in p a r a l l e l , to prov ide emergency power to the 13.8 

kV d i s t r i b u t i o n system. 

The emergency power w i l l be used to mainta in e s s e n t i a l s e r v i c e s i n the 

p repa ra t i on p l an t and other a u x i l i a r y b u i l d i n g s , such as heat ing and 

l i g h t i n g l oads , e s s e n t i a l process equipment(e.g., t h i c k e n e r , instrument a i r 

compressors, f r e sh water pumps, and heat t r a c i n g s ) , when pr imary power 

f a i l u r e occur s . 

During the c on s t r u c t i o n p e r i o d , these three generators w i l l be used to 

supply temporary power f o r c on s t r u c t i o n s i t e and camp requi rements . A f t e r 

the complet ion of c o n s t r u c t i o n , the generators w i l l be r e l o c a t e d to an area 

near the sub s ta t i on f o r permanent i n s t a l l a t i o n . 

3.5.5 Water Supply 

The nominal process, domestic and f i r e water requirements f o r the mine and 

su r face p l an t are i d e n t i f i e d as f o l l o w s : 

3 
P repara t i on P lant - Process (136 m h) 

The most r e l i a b l e source f o r f r e sh water supply i n the p r o j e c t area i s the 

L i t t l e Klappan R i ve r . 

Two opt ions are under con s i de ra t i on f o r ob ta i n i ng adequate water supp l i e s 

from the R i ve r . The f i r s t would i nvo l ve a water s torage dam west of the 

Camps 

Mine 

P lan t Se rv i ces 

Domestic ( 1 m h 
3 

Domestic ( 10 m h 

U t i l i t y ( 5 m 3h 
3 

Domestic ( 6 m h 
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campsite designed to s to re the t o t a l annual water requirements f o r the 

e n t i r e ope r a t i on . The dam would have a c r e s t e l e v a t i o n o f 1,325 metres and 

r e s e r v o i r c apac i t y of about 1.2 m i l l i o n cub ic metres below the over f low 

s p i l l w a y e l e v a t i o n o f 1,323 metres. A pumphouse and wet we l l w i t h i n the 

r e s e r v o i r w i l l con ta in two submers ible pumps and e l e c t r i c a l c o n t r o l s to 

convey f r e sh water v i a bur ied p i p e l i n e to storage tanks nears the 

P repa ra t i on P l a n t . 

The second a l t e r n a t i v e being s tud ied would use a set o f i n f i l t r a t i o n 

g a l l e r i e s excavated adjacent to the stream bed of the L i t t l e Klappan R i ve r . 

The g a l l e r i e s would c o n s i s t of trenches excavated in the r i v e r bed g rave l s 

down to bedrock and o r i en ted pe rpend icu la r to the r i v e r a x i s . The trenches 

would be l i n e d w i th s y n t h e t i c drainage c l o t h to prevent s i l t from the 

surrounding s o i l s from en te r i n g the g a l l e r y . Pe r fo ra ted p ipe would be 

layed i n the trenches and connected to draw chambers along the r i v e r bank. 

The trenches would be b a c k f i l l e d w i th f r ee d r a i n i n g g rave l over the p ipes . 

Water supply pumps would draw water from the water chambers and feed a 

bur ied p i p e l i n e to the storage tank at the p l an t s i t e . 

The main storage tank near the p l a n t s i t e w i l l be 9.75 metres in d iameter by 

12 metres h i gh . Storage capac i t y of the water tank i s 945 cub i c metres 

(250 000 U.S. Ga l lons ) of which the lower 680 cub i c metres i s ded icated f o r 

f i r e water storage to prov ide a minimum of two hours supply, and the upper 

265 cub i c metre po r t i on o f the tank w i l l prov ide f o r the process water 

requi rements. The p r o c e s s / f i r e water pumphouse w i l l con ta in the f i r e water 

pumping system, process water pumps, potab le water pumps, and water 

treatment equipment. 

The p l an t domestic water system prov ides 8 cub ic metres per hour of t r ea ted 

water to a l l b u i l d i n g s at the p l an t s i t e , and p r o v i s i o n i s made to t r uck 

domestic water to the mine o f f i c e and dry f o r storage i n a tank under the 

b u i l d i n g . The potab le water pumps w i l l have s u f f i c i e n t pressure to f o r ce 

water through the hypoch lo r i na to r and f i l t e r s . 
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A second tank adjacent to the pumphouse w i l l p rov ide f o r the domestic 

(potab le) water requirements f o r the camps and p l a n t . Tank dimensions are 

6.5 metres i n d iameter by 6 metres h i gh , w i th a storage c a p a c i t y of 150 

cub i c metres (40 000 U.S. g a l l o n s ) . 

A l l water p ipes w i l l be bur ied below f r o s t l e v e l and w i l l be i n s u l a t e d and 

heat t r aced where necessary at su r face connect ions . 

3.5.6 Workforce T ran spo r ta t i on 

The t r a n s p o r t a t i o n of operat ions personnel to the s i t e i s based on a 

commuter-type program wherein personnel are working at the s i t e f o r a 7 day 

pe r i od and then r e tu rn to t h e i r home community or c e n t r a l p i ck -up p o i n t , 

v i a c h a r t e r buses, f o r a 7-day break. The m a j o r i t y o f personnel w i l l be 

commuting to the s i t e from t h e i r res idence i n the e x i s t i n g communities of 

Smithers , the Hazelton Area, Ter race , K i t i m a t , Stewart , I s kut , Telegraph 

Creek and the Dease Lake Area. 

The company w i l l prov ide bus s e r v i c e from Stewart to the mine s i t e w i th a 

commuter p i c k up at Meziadin Junc t i on and a second bus s e r v i c e from Dease 

Lake f o r workers i n tha t community and Telegraph Creek and I skut . 

3.5.7 Communications 

The main system of communication o n - s i t e w i l l be by an i n t e r n a l telephone 

network which w i l l connect a l l o f f i c e s and pr imary c on t r o l and s e c u r i t y 

s t a t i o n s throughout the s i t e . 

In a d d i t i o n to the telephone network, an FM or VHF r ad i o system w i l l be 

i n s t a l l e d f o r communication to mobi le and remote s t a t i o n s not a c c e s s i b l e to 

telephone s e r v i c e , and f o r s e c u r i t y communication throughout the s i t e area. 

This r ad i o system w i l l c o n s i s t of a base s t a t i o n l o ca ted at the S e c u r i t y / 

Gatehouse, and severa l mobi le un i t s f o r s e c u r i t y v e h i c l e s and f o r key 

ope ra t i ona l and maintenance per sonne l . 
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Communication to the out s ide w i l l r equ i r e c a p a b i l i t y f o r both vo i ce and 

data t r an smi s s i on f o r business and personal use. Due to the geographica l 

l o c a t i o n o f the s i t e , e x i s t i n g communication l i n e s are non -ex i s t en t , w i th 

the except ion o f r ad i o telephone s e r v i c e and r e c e n t l y a v a i l a b l e s a t e l l i t e -

r e l a y te lephone s e r v i c e . 

Radio-te lephone s e r v i c e i s not s u i t a b l e f o r communication on the s ca le 

r equ i red f o r t h i s p r o j e c t . Present technology i n the f i e l d o f s a t e l l i t e -

r e l a y t r an smi s s i on o f f e r s a v i a b l e a l t e r n a t e to the c o n s t r u c t i o n of 

microwave t ransmi s s i on systems or the c on s t r u c t i o n o f l a n d l i n e s i n t o the 

p r o j e c t a rea. 

3.6 ON-SITE ELECTRIC GENERATING PLANT 

3.6.1 I n t r oduc t i on 

The e l e c t r i c a l requirements f o r the mine p r o j e c t can be met through e i t h e r 

o f two a l t e r n a t i v e s : the extens ion o f the B.C. Hydro t r an sm i s s i on system 

from New Aiyansh to the mine s i t e , o r , by the i n s t a l l a t i o n o f an o n - s i t e 

a n t h r a c i t e - f i r e d thermal e l e c t r i c power p l a n t . Th i s s e c t i o n de sc r i be s the 

power p l an t a l t e r n a t i v e . 

The power p l an t would prov ide the e l e c t r i c power and steam requ i r ed by the 

mine and i t s a s soc ia ted process ing p l an t by burning re fu se a n t h r a c i t e in a 

c i r c u l a t i n g f l u i d i z e d bed combustion b o i l e r . The steam i s expanded through 

a steam t u r b i n e to generate e l e c t r i c power. Steam ex t r a c t ed from the 

t u r b i n e can a l s o be used to prov ide process steam f o r b u i l d i n g heat ing , 

thawing of f rozen a n t h r a c i t e and d ry ing product a n t h r a c i t e . Th i s process 

steam would supplement or r ep l ace other heat sources, such as the propane 

f i r e d system. 

The power p l an t would be l o ca ted j u s t north of the a n t h r a c i t e process p lan t 

between the haul road to the coarse re fuse dump and the road on the former 

B.C.R. grade (F igure 5-3). 
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Design s t ud i e s o f the power p l an t have r e s u l t e d i n a c o n f i g u r a t i o n 

c o n s i s t i n g o f two 120 000 kg steam per hour c i r c u l a t i n g f l u i d i z e d bed 

combustion b o i l e r s to generate the steam f o r the t u r b i ne and the process ; a 

condensate/feedwater system to prov ide water to the b o i l e r s ; a steam 

system, to convey the steam generated to the t u r b i ne and the process ; one 

15 MW condensing e x t r a c t i o n t u r b i ne generator ; a f ue l hand l ing system, to 

prov ide f u e l to the b o i l e r s ; an ash handl ing system, to d i spose of the ash 

produced by the b o i l e r s ; a water treatment p l a n t , to prov ide makeup water 

to the power p l a n t ; a c o o l i n g water system; i n s t rumenta t i on and c o n t r o l s ; 

the powerhouse; the e l e c t r i c a l systems; a s tack ; and o ther misce l laneous 

systems requ i r ed to prov ide a f u n c t i o n a l power p l a n t . 

3.6.2 C i r c u l a t i n g F l u i d i z e d Bed Combustion (C.F.B.C.) B o i l e r F e a s i b i l i t y 

A key c on s i de r a t i on i n determin ing the f e a s i b i l i t y o f an o n - s i t e power 

p l an t was a determinat ion o f whether power cou ld be produced us ing high 

ash, r e j e c t a n t h r a c i t e as f u e l . Research on b o i l e r system technology 

i n d i c a t e d t ha t C.F.B.C. b o i l e r s represented the on ly des ign l i k e l y to meet 

t h i s c r i t e r i o n o f opera t ing on a n t h r a c i t e w i th ash content o f up to 55 

percent . 

In June, 1986, Gu l f arranged f o r a demonstrat ion and t e s t burn of Mount 

Klappan r e j e c t a n t h r a c i t e i n a p i l o t s ca l e C.F.B.C. u n i t . The o b j e c t i v e s 

o f the t e s t program were to assess the t e c h n i c a l f e a s i b i l i t y o f the system 

and ob ta in data necessary f o r e va l ua t i n g ope ra t i ng , economic and env i r on 

mental i m p l i c a t i o n s o f a power p lan t at Mount Klappan. The environmental 

impact assessment of t h i s p l an t i s d i scussed i n Par t s Two and Three of 

Volume I I I . 

Fuel f o r the t e s t burn was produced at the p i l o t a n t h r a c i t e p repa ra t i on 

p l an t at Mount Klappan which was cons t ructed to process t r i a l cargo 

a n t h r a c i t e . 

Approx imately 20 tonnes of re fuse a n t h r a c i t e was shipped to the Pyropower 

Corporat ion C.F.B.C. t e s t f a c i l i t y i n San Diego, C a l i f o r n i a . 
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For the t e s t burn s imu l a t i on conducted by Pyropower Co rpo ra t i on , the b o i l e r 

con s i s t ed o f a 40 cm i n s i d e diameter by 749 cm high chamber con f i gu red wi th 

feeders f o r a n t h r a c i t e and l imestone, a f i n e s r e tu rn loop from the hot 

cyc lone , a f l u e gas c o o l i n g system, ash removal system, blowers and 

a s soc i a ted i n s t rumenta t i on . 

Data r eco rd i ng instruments monitor a i r f low r a t e s , vesse l pressures and 

temperatures, f l u e gas composit ion (Og, SO2, N0 X , CO, COg), and f u e l , ash 

and l imestone f lows cont inuous l y through the t e s t f i r i n g . Fuel and ash 

samples were a l s o taken dur ing the program to determine t h e i r chemical 

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

The one week t e s t burn of Mount Klappan re fuse a n t h r a c i t e s u c c e s s f u l l y 

demonstrated t ha t s t a b l e combustion i n a C.F.B.C. b o i l e r can be maintained 

wi thout the need f o r supplementary f u e l . The bulk o f the t e s t was 

conducted at a furnace temperature of about 845°C (1550°F) and combustion 

cond i t i on s were found to be s t ab l e at t h i s temperature as evidenced by the 

f l u e gas oxygen ana l y s i s and s t a b l e temperatures. 

Combustion e f f i c i e n c i e s obta ined dur ing the t e s t s were q u i t e low, ranging 

between 63 and 80 percent consumption o f the a v a i l a b l e carbon. Th i s i s 

be l i e ved to have occurred due to a low t a r ge t opera t i ng temperature (about 

850°C) imposed f o r environmental c on t r o l purposes and l ower - than -de s i r ed 

temperatures i n the upper po r t i on of the combustion chamber. Normal ly, 

constant temperatures should be achieved throughout the b o i l e r . 

The f i r s t problem i s not a major concern as the f ue l i s a waste product 

anyway. The second problem i s caused by i n s u f f i c i e n t c i r c u l a t i o n of f i n e 

p a r t i c l e s throughout the combustor. Th i s can be overcome by i n t r oduc i ng 

more f i n e s ( e i t h e r i n f ue l or l imestone) or by i n c r e a s i n g the a i r feed 

v e l o c i t y to f l u i d i z e more of the coar ser p a r t i c u l e s . The t e s t i n g showed 

that e i t h e r o f these approaches increases the e f f i c i e n c y and evens out the 

b o i l e r temperatures. 
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As d i scus sed i n Part S i x of t h i s Volume and Part Two - Atmospheric 

Environment i n Volume I I I , the t e s t program was a l s o used to determine the 

su lphur capture c a p a b i l i t y o f ca l c ium inherent i n the ash. The t e s t i n g 

showed tha t about 70% of the sulphur i n the f ue l r eac t s w i th the ca lc ium 

and i s removed as CaS s o l i d w i th the bed and f l y ash. A d d i t i o n of 

l imestone to the combustion chamber increases the su lphur capture even 

f u r t h e r . 

There i s a high degree of conf idence i n the f i n d i n g s of the t e s t burn 

program. Pyropower Co rpo r a t i on ' s p i l o t p l an t f a c i l i t i e s have been in 

opera t i on s i n ce 1976 and dur ing tha t t ime, over twenty commerc ia l - sca le 

i n d u s t r i a l b o i l e r s have been put i n t o s e r v i c e . These un i t s have been 

designed f o r a wide range o f f u e l s and operat ing c ond i t i o n s and range up to 

30 MW c a p a c i t y . 

Extens ive performance t e s t i n g of these commercial b o i l e r s has a l lowed 

repeated v e r i f i c a t i o n and f i n e tun ing of the s c a l i n g parameters used to 

eva luate p i l o t p l an t r e s u l t s . 

3.6.3 Power P l an t B o i l e r System 

The C.F.B.C. system i s used i n severa l c oun t r i e s of the wor ld as shown in 

Table 5-1. In these operat ing systems as i n the t e s t f a c i l i t i e s , f ue l i s 

f i r e d i n a v e r t i c a l combustion chamber. 

In the commercial systems, the combustion chamber has membrane water w a l l s 

i n which heat i s absorbed. I t does not have any water c o i l s i n the bed or 

h o r i z o n t a l l y opposed to the gas f l ow. In the t e s t f a c i l i t y , water cooled 

bayonets are i n s e r t ed i n t o the combustion chamber at va ry ing depths to 

c on t r o l combustion temperature and e f f e c t c o o l i n g . 

A n t h r a c i t e from the bunkers i s d i r e c t e d to and fed through one or more 

en t r y por t s v i a a feed system that i s c o n t r o l l e d a u t o m a t i c a l l y . A n t h r a c i t e 

i s s i z e d to 2 cm (0.75 in) or l e s s , and can i nc lude a high f i n e s content . 

Limestone can be introduced wi th the fue l i n t o the combustion chamber as an 
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TABLE 5-1 
PYROFLOW UNITS IN OPERATION 

CUSTOMER START-UP FUELS STEAM CONDITIONS APPLICATION 

QULF (ML EXPLORATION CO. 
BAKER8F1ELD, CA. USA 

1993 

ZELL8TOFP UNO PAF1ERFABRIK 1993 
FANT8CHACH AQ 
FANT8CHACH, AUSTRIA 
AHL8TROM 1993 
VARKAUS, FINLAND 
NE8TE LAMPO OY 1933 
MANTSALA, FINLAND 

ORBENTAL CHEMICAL CO. 1M4 
INCHON. KOREA 

08TER8UND8 RIARRVARME AB 
08TER8UND, SWEDEN 

MUNICIPAL ELECTRICITY WORKS 1995 
KERAVA. FINLAND 
CALIFORNIA PORTLAND 1M6 
CEMENT CO. 
COLTON, CA, USA 
PAPYRUS KOPPARPORS AB 1996 
FOR8, SWEDEN 

8UOMEN KUITULEVY OY 1979 
PMLAVA. FMLAND 
SAVON VOiMA OY 1979 
8UONENJOKL FINLAND 
KEMIRA OY 1990 
OULU, FMLAND 
AHL8TROM 1991 
KAUTTUA, FMMLAND 
HYVINKAAN LAMPOVOIMA OY 1991 
HYYINKAA, RNLAND 

100% GOAL A 
LIMESTONE 

100% BARK 
100% OB. 
97% BROWN COAL 
100% WOOD WASTE 

100% COAL-WATER 
MOCTURB 

100% COAL 
100% PETROLEUM 
COKB 

100% COAL 
1996 100% PBAT 

100% WOOD CHIPS 
100% COAL 
100% COAL 4 
LIMESTONE 
100% COAL A 
LIMESTONE 

100% BARK 
100% PEAT 
100% COAL 
100% PEAT 
100% WOODWASTE 
100% PEAT 
100% OB. 
ZINCIFEROUS 8LUDQE 

100% PEAT 
100% COAL 
100% COAL 
90% OH. 
90% PEAT 

9600 PSIQ; 670°F 
60,000 LB/HR 
90% QUALITY 
1260 PSIQ; 969°F 
164,000 LB/HR 

996 PSIQ; 996°P 
66,000 LB/HR 
290 PSIQ; 249°P 
HOT WATER; 10 MM BTU/HR 

1690 PSIQ; 970°F 
264,000 LB/HR 

160 PSIQ; S66°F 
HOT WATER; 96 MM BTU/HR 

146 PSIQ; 866°F 
HOT WATER; 102 MM BTU/HR 
660 PSIQ; 926°P 
190.000 LB/HR 

978 PSIQ; 997°P 
169,000 LB/HR 

1290 PSIQ; 970°P 
46.000 LB/HR 
160 PSIQ; 260°F 
HOT WATER; 22 MM BTU/HR 

1266 PSIQ; 930°F 
200,000 LB/HR 
160 P8IQ; 366°F 
HOT WATER; 96 MM BTU/HR 

ENHANCED ON. 
RECOVERY 
ONCE THRU DE8IQN 
COQENERATION 

COQENERATION-RETROFfl 

HEATtNQ-FIRETUBE 
DESIQN 

COQENERATION 

DISTRICT HEATING 

DISTRICT HEATINQ 

COQENERATION 

COQENERATION 

COQENERATION-RETROFf 

DISTRICT HEATINQ 

8LUDQE INCINERATION 

COQENERATION 

DISTRICT HEATINQ 
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TABLE 5-1 CONT'D 

CUSTOMER START-UP FUELS STEAM CONDITIONS APPLICATION 

8KELLEFTEA KRAFT AB 
SKELLEPTEA, 8WEOEN 
RUZOMBEROK 
CZECHOSLOVAKIA 
HYLTE BRUK8 AB 
HYLTEBRUK, SWEDEN 
OY ALKOAB 
KOSKENKORVA, FINLAND 
KEMIRAOY 
OULU. FMLAND 

1M1 

1992 

1992 

1993 

1993 

100% PEAT 
100% OB, 
SEWAQE SLUDQE 

100% PEAT 
•0% COAL 
100% PEAT 
100% OB. 
100% PEAT 
90% COAL 

ISO PSIQ; SSS°F 
HOT WATER; 22 MM BTU/HR 

960 PSIQ; 840°P 
143,000 LB/HR 
610 PSIQ; 340°P 
66,000 LB/HR 
1306 PSIQ; 660°P 
166,000 LB/HR 

DISTRICT HEATINQ 

SLUDQE INCINERATION 

COQENERATION 

PROCESS STEAM 

COQENERATION 

PYROFLOW UNITS UNDER CONSTRUCTION 

B.F. GOODRICH 1036 
HENRY, IL, USA 
METSAUrrON TEOLU8UU8 OY 1036 
AANEKOSKL FMLAND 

CENTRAL SOYA 1636 
CHATTANOOGA, TN. USA 
GENERAL MOTORS 1636 
PONT1AC. ML USA 

E8POON SAHKO 1336 
ESPOO, FINLAND 
COLORADO-UTE ELECTRIC ASSOC 1037 
NUCLA STATION, CO, USA 
LEYKAM MUERZTALER AQ 1937 
QRATKORN, AUSTRIA 
KEMIRA OY 1997 
PORL FMLAND 
CHEMCPASER LENZINQ AQ 1997 
LENZING, AUSTRIA 

100% COALS 
UMBSTONB 
90% WOODWA8TE 
90% PEAT 
100% COAL 
70% OB. 
100% COALS 
LIMESTONE 
100% COAL A 
LIMESTONE 
PLANT WASTES 
100% COAL 

100% COAL 6 
LIMESTONE 
100% COAL 

100% COAL 
30% PEAT 
100% BROWN COAL 
100% COAL 

600 PSIQ; 470°P 
126,000 LB/HR 
1216 PSIQ; 896°P 
220,000 LB/HR 

190 PStPi 334°F 
99,000 LB/HR 
1460 PSIQ; 966°P 
300.000 LB/HR 

146 PSIQ; 366°P 
HOT WATER; 273 MM BTU/HR 
1610 PSIQ; 1006°P 
926,000 LB/HR 
1766 PSIQ; 969°F 
334,000 LB/HR 
1218 P8IG; 977°F 
222,000 LB/HR 
1130 PSIQ; 932°F 
236.000 LB/HR 

PROCESS STEAM 

RETROFIT 

PROCESS STEAM 

COQENERATION 

DISTRICT HEATING 

ELECTRIC POWER 

COQENERATION 

COQENERATION 

COQENERATION 
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SO2 sorbent , i f t h i s i s r e q u i r e d . Bed mate r i a l i s a l so int roduced as 

necessary. U sua l l y , however, i t i s being c o n t i n u a l l y inc reased by non-

combust ib les i n the f u e l and must be removed r a t he r than added. 

A high pr imary a i r v e l o c i t y i s in t roduced to the bottom of the combustion 

chamber v i a an a i r d i s t r i b u t i o n g r i d , and t h i s f l u i d i z e s the bed and 

c i r c u l a t e s the burning f u e l , bed mate r i a l and f l u e gases through the 

combustion chamber i n t o a cyc lone separa to r ( s ) where the hot gases are 

separated from the ent ra ined s o l i d s of burnt and unburnt f u e l , bed mate r i a l 

and ash. The s o l i d m a t e r i a l s f a l l to the base of the cyc lone and are 

r e i n j e c t e d i n t o the combustion chamber through a non-mechanical s e a l . 

The cyc lone c o l l e c t o r ( s ) and the seal are l i n e d w i th a two l a y e r r e f r a c t o 

r y . The outer l a y e r has good thermal i n s u l a t i n g p r o p e r t i e s , wh i l e the 

i nne r , denser l a y e r ( i n contact w i th the f ue l and bed p a r t i c l e s ) i s s e l 

ected f o r i t s abras ion r e s i s t a n c e . Several un i t s i n commercial operat ion 

over a pe r i od of t ime have shown the r e f r a c t o r y to be capable o f cont inued 

hard s e r v i c e . 

Secondary a i r i s int roduced at var ious l e v e l s around the combustion 

chamber, to a s s i s t i n the combustion of the f ue l dur ing i t s t o t a l res idence 

t ime. Secondary a i r i s a l so supp l i ed to the s t a r t - u p and support f i r i n g 

burners . 

The t u rbu l en t and ent ra ined c i r c u l a t i o n of hot f ue l p a r t i c l e s and gas 

ensures good heat t r a n s f e r to the w a l l s of the combustion chamber. About 

45% of the o v e r a l l heat t r a n s f e r occurs here. The remainder i s t r a n s f e r r e d 

i n the convect ion zone. 

The hot cyc lone c o l l e c t o r ( s ) separate the ent ra ined p a r t i c l e s from the f l u e 

gas stream, except f o r f u l l y burnt and very f i n e ash p a r t i c l e s , which leave 

w i th the gas ( f l y ash). Combustion e f f i c i e n c i e s o f 95%-98% have been 

c o n s i s t e n t l y demonstrated. The f l u e gas e x i t s the cyc lones i n t o a 

convect ion zone s i m i l a r to tha t in most convent iona l b o i l e r s . Here, 

f u r t h e r heat i s t r a n s f e r r e d to the superheater and economizer. 
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The ( r e l a t i v e l y ) cooled f l u e gas then e x i t s to the dust c o l l e c t o r system 

where the remaining f l y ash i s removed to s a t i s f y environmental r e q u i r e 

ments. F i n a l l y the f l u e gas i s d i scharged from a s tack by i nduced-d ra f t 

f a n ( s ) . The s tack w i l l be of p r e f a b r i c a t e d i n s u l a t e d s t e e l c on s t r u c t i o n 60 

metres i n he i gh t . F igure 5-4 shows a t y p i c a l c o n f i g u r a t i o n f o r a C.F.B.C. 

b o i l e r system. 

Feedwater, a l ready heated to about 167°C (330°F) enters the economizer 

where i t i s heated f u r t h e r before being d e l i v e r e d to the steam drum. From 

the drum, i t passes v i a downcomers to the w a l l s o f the combustion chamber. 

I t re tu rn s to the drum as a steam/water m ix tu re , and the steam i s then 

separated i n the drum before pass ing to the superheater. A l l the evapora

t i v e s ec t i on s are arranged f o r na tu ra l c i r c u l a t i o n . 

Bottom ash (and bed m a t e r i a l ) , i n a g ranu la r form, i s removed from the 

lower pa r t s of the combustion chamber v i a a s p e c i a l v a l v e . Th i s acts as an 

a i r l o c k . The hot ash drops to a water cooled conveyor, which coo l s the ash 

to 150°C (300°F). 

B o i l e r su r faces in the combustion chamber and i n the evapora t i ve sec t i ons 

are c leaned by convent iona l soot -b lowers . These c l ean i ng requirements are 

l e s s onerous than i n r egu l a r b o i l e r s because the lower f i r i n g temperature 

of a CFBC u n i t i s u s ua l l y we l l below the ash f u s i on temperature, and thus 

s o f t en i ng and adhesion of ash i s l e s s l i k e l y to occur . 

Major advantages of CFBC b o i l e r s a re : 

- good heat t r a n s f e r c apac i t y because o f the high gas v e l o c i t y i n the 

combustion chamber and the cyc lone . 

- the bed temperature, at about 845-900°C (1550-1650°F) i s reasonably 

constant throughout the system, because of the high tu rbu lence and 

c i r c u l a t i o n of s o l i d s engendered by the high pressure a i r . Th i s a l so 

r e s u l t s i n a high combustion e f f i c i e n c y due to the t u rbu lence , mix ing and 
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complete d i s t r i b u t i o n of the f u e l . Note tha t these combustion temperatu

res are we l l below those found in convent iona l fu rnaces , which are at 

about 1650°C (3000°F). Th i s r e s u l t s i n low NOx fo rmat i on . The 

i n t r o d u c t i o n of secondary a i r f o r f u l l combustion a l s o reduces NOx 

fo rmat i on . 

- su lphur i n the fue l i s mainly r e t a i ned in the ash, where SO^ combines 

w i th l imestone or d o l o m i t i c mate r i a l to form ca l c ium su lphate and s u l p h i 

t e and i s d i scharged wi th the s o l i d bottom ash. 

- turn-down r a t i o s f o r these b o i l e r s are very good, o f ten b e t t e r than those 

a t t a i n e d i n convent iona l b o i l e r s , s ince both the f u e l supply and a i r 

quan t i t y can be d i r e c t l y c o n t r o l l e d . 

- e ro s ion of heat t r a n s f e r sur faces which seem at f i r s t g lance to be a 

problem w i th the high gas v e l o c i t i e s are a c t u a l l y g r e a t l y reduced. Th i s 

occurs because the f l ow o f gas and ent ra ined bed mate r i a l i s p a r a l l e l to 

the s u r f a ce s ,wh i l e i n convent ional b o i l e r s the tube sur faces are perpen

d i c u l a r to the f l ow . 

The high v e l o c i t i e s i n the combustion chamber permit load reduc t i on to 

about 25% o f f u l l load without bed s lumping. Th i s makes p o s s i b l e a wide 

range of load f o l l o w i n g by c o n t r o l l i n g e i t h e r f u e l input or a i r f l ow, or 

both. Th i s can prov ide load r a t e changes as high as 5% to 10% per minute. 

U t i l i t y b o i l e r s , which have to f o l l o w l oad , are u s u a l l y s p e c i f i e d to have a 

r a t e of 3% per minute. C.F.B.C. b o i l e r s thus prov ide more than adequate 

con t r o l response. 

One or more s t a r t - u p burners u t i l i z i n g an a u x i l i a r y f ue l ( e i t h e r o i l , or 

gas) are prov ided f o r s t a r t i n g . These burners have i g n i t o r s , f lame f a i l u r e 

and superv i so ry c o n t r o l s . They are used to begin bed combustion and help to 

r a i s e the bed temperature to about 760°C (1400°F). These and sometimes 

a d d i t i o n a l burners are a l s o used f o r supplemental f i r i n g i f combustion 

problems occur due t o : 
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- a n t h r a c i t e feed cut o f f 

- a n t h r a c i t e f i r i n g at low l e v e l s or otherwise l i m i t e d 

- bed temperature drop below about 800°C (1470°F) 

3.6.4 Other Power P l an t Systems 

Steam Turbine Generator 

The steam t u r b i n e generator i s a 15 MW condensing e x t r a c t i o n machine. The 

e x t r a c t i o n steam i s used f o r the process and as the steam supply to the 

deaera to r . 

The generator i s d i r e c t l y coupled to the t u r b i n e . The generator w i l l be 

a i r coo led , and generates power at 13.8 kV. 

Steam System 

The steam system c o n s i s t s o f a main steam header which c o l l e c t s steam from 

each of the b o i l e r s and d i s t r i b u t e s i t to the steam t u r b i n e and/or the 

letdown s t a t i o n as r e q u i r e d . The letdown s t a t i o n has been inc luded to 

enable process steam to be generated when the t u r b i ne i s out of s e r v i c e . 

Condensate/Feedwater System 

The condensate and feedwater system con s i s t s of condensate e x t r a c t ed from 

the condenser o f the steam t u r b i n e , condensate r e tu rn from the process, 

feedwater makeup from the water treatment p l a n t , deae r a t i on , b o i l e r feed 

pumping and d e l i v e r y to the b o i l e r economizer i n l e t s . 

A n t h r a c i t e Handl ing System 

The coarse r e j e c t a n t h r a c i t e w i l l be t ranspor ted by t r u ck from the 

a n t h r a c i t e p repara t i on p l an t to a hopper at the power p l an t s i t e . I t w i l l 

be moved to a crusher by conveyor f o r s i z i n g to burner requ i rements , and i t 

i s then conveyed to l i v e a n t h r a c i t e p i l e s i n the a n t h r a c i t e storage area of 
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the power p l a n t . One a n t h r a c i t e bunker has been prov ided per b o i l e r . The 

bunkers would be s i z ed to hold enough a n t h r a c i t e to a l l ow the b o i l e r to 

operate f o r 12 hours at normal operat ing c o n d i t i o n s . 

Ash Handl ing System 

The f l y ash c o l l e c t e d i n the baghouses and the coo led spent bed ash 

c o l l e c t e d under the b o i l e r would both be handled by a pneumatic, dense 

phase type system, which would convey the mate r i a l to one o f the two ash 

s i l o s , each w i th 3 days storage c a p a c i t y . The ash would be t rucked to the 

coarse re fu se dump f o r d i s p o s a l . 

Limestone Handl ing System 

Limestone w i l l be r equ i red to supplement the ca lc ium inherent i n the ash of 

the r e j e c t feed a n t h r a c i t e . A l imestone handl ing system w i l l be i n c o r 

porated i n the p l an t des i gn . 

The l imestone w i l l be t rucked from an o f f - s i t e quarry to a r e c e i v i n g 

f a c i l i t y adjacent to the power p l a n t . Two underground hoppers w i l l r e ce i ve 

the l imestone and feed i t through a crusher and onto a l imestone conveyor 

which conveys i t to a b a l l m i l l , which g r inds i t to minus 1000 microns. 

The l imestone i s then conveyed to l imestone bunkers, one f o r each of the 

f l u i d i z e d bed burners. The l imestone i s fed to the burner, where i t i s 

mixed w i th the c i r c u l a t i n g p a r t i c l e s i n the combustion chamber of the 

burner. 

Water Treatment and Coo l ing 

Coo l ing water f o r the p l an t i s prov ided by a fo rced d r a f t c o o l i n g tower of 

wood c o n s t r u c t i o n . Heat absorbed by the c o o l i n g water i s d i s s i p a t e d through 

evapora t i on . Heat i s t r a n s f e r r e d to an upward stream o f a i r f l ow ing 

through drops of c o o l i n g water as they r a i n down i n s i d e the towers. The 

coo led water i s c o l l e c t e d i n a concrete bas in or pond below the tower and 

r e c y c l ed to the condensers. 
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Make-up water i s r equ i red to rep lace the water l o s t to evapora t i on , d r i f t 

and blowdown. The tower i s s i z ed to d i s s i p a t e the heat produced i f the 

t u r b i n e were to be run i n the 100% condensing mode. 

The water treatment p l an t prov ides deminera l i zed water f o r make up to the 

steam c y c l e and c l a r i f i e d water f o r makeup to the c o o l i n g tower. Small 

amounts o f severa l chemicals w i l l be u t i l i z e d in the water c i r c u i t s i n the 

power p l an t f o r water t reatment, de s ca l i n g and co r r o s i on p r o t e c t i o n . 

Est imated q u a n t i t i e s f o r these reagents are l i s t e d below: 

Reagent Consumption 

(Kg/a) 

Ch l o r i ne Gas 450 

Alum 20 000 

P o l y e l e c t r o l y t e 225 

Su lphu r i c Ac i d 55 000 

Quickl ime (CaO) 5 300 

Sodium Hydroxide 

Dichromate 

A l l o f these chemicals w i l l be consumed i n r eac t i on s w i th c o n s t i t u e n t s i n 

the water c i r c u i t s and as such, no d i scharges or waste products con ta i n i ng 

these chemicals w i l l occur . 

3.6.5 Power P l an t Operat ing Parameters 

Only one o f the two b o i l e r s w i l l normal ly be in opera t i on w i th the other 

se rv ing as back-up. The p l an t i s r a ted at 15MW and w i l l consume about 19 

000 kg/hr of f ue l and 286 kg/hr of l imes tone. The l imestone feed i s used 

to supplement the ca lc ium content of the ash to absorb su lphur i n the f u e l . 

Combustion a i r feed w i l l be about 143 000 kg/hr. Fuel combustion e f f i c i e n c y 

i s expected to run at about 86.5 percent w i th a high ash f u e l . 
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Tota l ash product ion (bed and f l y ) i s expected to average about 8 000 kg/hr 

and the f l u e gases w i l l be 154 000 kg/hr. The f l u e gas e x i t temperature 

w i l l be 138°C. P a r t i c u l a t e s d i scharged w i th the f l u e gases amount to l e s s 

than 4 kg/hr. 

These data are de r i ved from p i l o t p l an t runs where Mount Klappan coarse 

r e j e c t a n t h r a c i t e was t e s t burned i n a CFBC b o i l e r to e s t a b l i s h the f e a s i 

b i l i t y o f t h i s system f o r the p r o j e c t and to ob ta in i n fo rmat ion on a i r 

emiss ions from such a system. D e t a i l s o f the environmental management 

con s i de r a t i on s a s soc i a ted w i th the power p l an t are d i scus sed i n Part S i x of 

t h i s volume and environmental impacts of the p l an t are addressed i n Volume 

I I I . 

3.7 OFF-SITE INFRASTRUCTURE FACILITIES 

3.7.1 Access Road 

The development o f the mine requ i r e s the c on s t r u c t i o n o f a new access road 

from Highway 37 at B e l l I r v i n g I I , to the mine s i t e . The environmental and 

t e c h n i c a l e va l ua t i on of t h i s new access i s the r e s p o n s i b i l i t y o f the 

Northwest Task Force, and i t w i l l be cons idered by the Northwest Task Force 

s epa ra te l y from t h i s Stage II Submiss ion. 

The access road w i l l be used f o r product a n t h r a c i t e hau l , workforce 

commuting, mine supply d e l i v e r i e s and other access requ i rements . The road 

w i l l be designed to p r o v i n c i a l highway standards w i th a sub-base s u i t a b l e 

f o r the 45 tonne capac i t y a n t h r a c i t e haul t r uck s which w i l l use i t . Haul 

t r u ck s w i l l cont inue south on Highway 37 to Meziadin and then west to 

Stewart . 

F o r t y - t h r ee t ruck s w i l l be r e q u i r e d , each hau l ing about 40 tonnes and 

making th ree t r i p s per day, to move the 1.5 m i l l i o n met r i c tonnes of 

a n t h r a c i t e product. The t o t a l t r uck f l e e t w i l l a c t u a l l y be 55 t r u c k s . 
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There w i l l be three d r i v e r s f o r each v e h i c l e f o r a d r i v e r workforce of 165 

people. These d r i v e r s w i l l be based in Stewart. V e h i c l e maintenance and 

s upe r v i s i on would a l so take p lace i n Stewart where another 40 workers w i l l 

handle these a c t i v i t i e s . The t o t a l workforce would be 205 people. 

I t i s now planned tha t about 75% of the a n t h r a c i t e w i l l be hauled from J u l y 

to February. This r e f l e c t s reduced load l i m i t s dur ing sp r i ng breakup and 

the g r ea te r p o t e n t i a l f o r avalanches i n the l a t e w i n t e r . Major maintenance 

would be scheduled f o r t h i s p e r i o d . 

3.7.2 Por t F a c i l i t y 

A sh ip l oad ing te rmina l f o r Mount Klappan a n t h r a c i t e w i l l be developed i n 

Stewart at the head of the Po r t l and Cana l . Several opt ions f o r t h i s 

f a c i l i t y are being cons idered i n c l u d i n g the development o f new f a c i l i t i e s 

or the expansion or m o d i f i c a t i o n of e x i s t i n g f a c i l i t i e s . 

I t i s planned that bulk c a r r i e r s of up to 100 000 deadweight tons could 

load at the te rmina l but 30 000 to 60 000 d.w.t . c a r r i e r s w i l l be more 

t y p i c a l . The termina l w i l l have ber th ing f a c i l i t i e s f o r these sh ips and 

w i l l r equ i r e back-up areas f o r a n t h r a c i t e product s to rage. A r e c l a i m and 

l oad ing system would a l s o be i n s t a l l e d . Gu l f i s c on t i nu i ng the eva l ua t i on 

of the por t opt ions but, one opt ion i s to modify the e x i s t i n g mineral 

te rmina l at Stewart without seaward expansion. 

3.7.3 Power Transmiss ion L ine 

I f an o n s i t e e l e c t r i c generat ing p lan t i s not i n s t a l l e d at Mount Klappan, a 

138 kV t ransmi s s i on l i n e would connect the p r o j e c t to the B.C. Hydro power 

g r i d at New A iyansh, about 100 k i l omet res north of Te r race . The t ransmi s 

s ion cab les would be supported on s t ee l towers and the t ransmi s s i on 

c o r r i d o r would g ene r a l l y f o l l o w the Nass R iver V a l l e y from New Aiyansh to 

Highway 37 and then the Highway and the new access road to the mine s i t e . 
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3.8 GEOTECHNICAL CONSIDERATIONS 

Geotechnica l i n v e s t i g a t i o n s were undertaken i n the i n f r a s t r u c t u r e areas to 

assess foundat ion and groundwater c o n d i t i o n s . S u r f i c i a l g eo l o g i c a l and 

h yd ro l o g i c a l data were gathered through sur face mapping, l ogg ing and 

a n a l y s i s of samples obta ined from r o t a r y and diamond d r i l l i n g and backhoe 

t e s t p i t s , Standard Penet ra t i on Te s t i n g , and piezometer i n s t a l l a t i o n and 

mon i to r i ng . Table 5-2 summarizes the ground t e s t i n g work tha t has been 

done at the va r ious s i t e s . 

3.8.1 P l an t and Nine Bu i l d i n g s 

Test holes i n the p l an t area encountered compact g l a c i a l t i l l s o ve r l y i n g 

bedrock at depths va ry ing from 4 to 15 metres. Many o f the holes 

encountered no groundwater i n f l ows although others i n d i c a t e t ha t depth to 

water v a r i e s from 7.8 metres below to 3.6 metres above ground su r f ace . 

Groundwater seepage occurs i n the near su r face softened and organ ic s o i l s . 

Only two holes encountered groundwater i n f l ows and on ly one hole produced 

an a r t e s i a n f l ow. 

Thermistor i n s t a l l a t i o n s and moni tor ing have determined t ha t permafrost 

c ond i t i o n s do not e x i s t i n the p lan t or any other i n f r a s t r u c t u r e areas. (A 

warm permafrost c o n d i t i o n e x i s t s i n the c r e s t area o f Lost Ridge o n l y ) . 

Seasonal f r o s t may penetrate up to 3 meters i n the Mount Klappan areas but 

normal ly thaws out each yea r . 

I n s t a l l a t i o n o f sur face foundat ions w i l l r equ i r e good c o n t r o l o f sur face 

and groundwater, w i th s i t e drainage i n s t a l l e d at an e a r l y stage in s i t e 

development. In some low l y i n g areas i t may be necessary to r a i s e grade 

us ing s t r u c t u r a l f i l l or a l t e r n a t i v e l y , e x i s t i n g weak s o i l s may be sub-

excavated and rep laced wi th s t r u c t u r a l f i l l . 

In the mine o f f i c e and dry area, a high v a r i a b i l i t y i n s t r a t i g r a p h y e x i s t s , 

w i th l o c a l i z e d outcrops of bedrock and t i l l depths down to 9.1 metres. The 
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TABLE 5-2 

SUMMARY OF GEOTECHNICAL GROUND TESTING WORK 

INFRASTRUCTURE ELEMENTS 

Test Holes Test P i t s 
Piezometers 

Standpi pes/Pneumati c 

1986 Previous 1986 Previous 1986 Prev ious 1986 Previous 

P lant 15 4 0 3 5 3 6 

Mine O f f i c e & Dry 3 1 

T a i l i n g s Dam 13 5 5 8 2 5 

Coarse Refuse Area 6 2 2 

Fresh Water Dam 4 2 1 

I n f i l t r a t i o n G a l l e r i e s 6 

Note: Two t he rm i s t o r cab les were i n s t a l l e d at the p l an t s i t e i n 1986 to 

v e r i f y the absence of permafrost . 
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s o i l s are o f a compact cons i s tency however f o o t i n g excavat ions may 

encounter groundwater seepage which would be removed p r i o r to p l a c i n g 

conc re te . Test holes encountered groundwater seepage at 1.5 to 1.8 metres 

below ground sur face except i n one bog area where groundwater i s at 

s u r f ace . 

3.8.2 T a i l i n g s Dam 

Test holes i n the t a i l i n g s dam area demonstrated tha t a s i g n i f i c a n t s t r a t i 

g raph ic v a r i a b i l i t y e x i s t s across the s i t e w i th i n t e r l a y e r e d , uniform and 

g ranu la r s o i l s w i t h i n the c l a y and s i l t t i l l s o i l s . Bedrock was encountered 

at depths from 3 to 13 metres. Standard Penet ra t i on Te s t i ng shows compact 

to very dense g l a c i a l t i l l o v e r l y i n g bedrock, which prov ides favourab le 

s t rength c h a r a c t e r i s t i c s as foundat ion m a t e r i a l . Nominal set t lement i s 

expected to occur w i t h i n the g l a c i a l t i l l s under the load of the proposed 

embankments. 

Shal low piezometers i n d i c a t e tha t groundwater i n the s u r f i c i a l s o i l s i s at 

1 to 2 meters depth. Piezometers i n s t a l l e d at depth i n d i c a t e v a r i a b l e 

groundwater cond i t i on s w i th l e v e l s from near su r face to 4 or 5 metres above 

ground su r face ( a r t e s i a n c o n d i t i o n s ) . The a r t e s i a n water pressures e x i s t 

w i t h i n sand and/or g rave l u n i t s . R e l i e f w e l l s may be r equ i r ed to reduce 

e x i s t i n g pore pressures and pressure recharge from t a i l i n g s pond. Only one 

hole produced on a r t e s i a n f low i n t h i s a rea. Cont ro l o f na tu ra l and 

seepage groundwater w i l l be r e q u i r e d . Reduction of seepage may be obtained 

through use of upstream b lankets or s e l e c t i v e s p i g o t t i n g of t a i l i n g s f i n e s 

to seal the bottom of the pond. 

The s i t e i s l o ca ted in a r e l a t i v e l y low se i smic r i s k area and t h e r e f o r e , 

s e i s m i c i t y con s i de ra t i on s p lay an i n s i g n i f i c a n t r o l e i n the de s i gn . 

3.8.3 Coarse Refuse S i t e 

Compact s i l t s , sands and g rave l s o v e r l i e compact to very dense t i l l w i th 

o v e r a l l depth to bedrock vary ing from 1.2 to 5.2 metres. Standard Penetra -
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t i o n t e s t i n g has shown tha t a r e l a t i v e den s i t y range from compact near 

su r face to very dense at depth, r e s u l t i n g in g e n e r a l l y good foundat ion 

cond i t i on s at the coarse re fuse dump area. 

Groundwater l e v e l s vary from 0.8 to 6.5 metres below ground su r face but on 

average are 1 to 2 metres below su r f ace . Groundwater seepage pressures are 

s i g n i f i c a n t l y lower than at the t a i l i n g s dam. 

3.8.4 Water Supply S i t e s 

At the proposed f re sh water dam s i t e , the r i v e r has eroded a s m a l l , steep 

s ided canyon (30 m across) through a narrow r i d ge (8 m high) which i s 

o r i en ted across the r i v e r d i r e c t i o n . Bedrock outcrops on both s i des o f the 

canyon and i n the stream bottom. Elsewhere i n the a rea , f l u v i a l sand or 

g rave l o v e r l i e t i l l or bedrock at sha l low depth (up to 2.6 metres ) , 

p r o v i d i n g favourab le foundat ion c o n d i t i o n s . At the abutments of the 

proposed dam, c l a y t i l l s o v e r l i e bedrock and are up to 5.3 metres i n depth. 

Standard Pene t ra t i on t e s t i n g has i n d i c a t e d tha t the c l a y t i l l s are h e a v i l y 

o ve r con so l i da ted . No groundwater i n f l ows were encountered dur ing d r i l l i n g 

i n the abutment area o f the proposed dam. 
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PART SIX - ENVIRONMENTAL MANAGEMENT 

1.0 INTRODUCTION  

A p r o j e c t such as the Mount Klappan A n t h r a c i t e Development requ i re s 

a t t e n t i o n to a number of items tha t have as t h e i r pr imary o b j e c t i v e the 

c o n t r o l , r educ t i on or e l i m i n a t i o n of environmental impacts. Some of these 

fea tu re s of the p r o j e c t have a l ready been mentioned i n the preceding 

s e c t i o n s , such as the t a i l i n g s impoundment f o r storage of p repa ra t i on p lan t 

f i n e waste, dra inage con t ro l and a i r emiss ions c on t r o l equipment. 

In a d d i t i o n , many of the other environmental management f ea tu re s of the 

p r o j e c t are not so much engineered s t r u c t u r e s or f a c i l i t i e s , but r a the r 

ongoing commitments to t r a i n i n g , cont ingency p lann ing and development of 

environmental management ph i l o soph ie s and procedures. 

Features and approaches f o r both the engineered f a c i l i t i e s and 

environmental management s t r a t e g i e s , along w i th a d i s c u s s i o n of waste 

sources and t h e i r c h a r a c t e r i s t i c s are reviewed i n t h i s s e c t i o n . 
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2.0 WASTE MANAGEMENT 

2.1 WASTE ROCK PLACEMENT 

The waste rock represents one o f the more s i g n i f i c a n t products from the 

Mount Klappan p r o j e c t , main ly i n terms of the l a r ge quan t i t y to be disposed 

o f . Over the 20-year l i f e of the mine a t o t a l o f approx imately 290 m i l l i o n 

cub i c metres of waste rock w i l l be generated, which w i l l swe l l by 30% to 

380 m i l l i o n cub i c metres when i t i s p laced i n the d i spo sa l a rea . An area 

southwest o f the process p l a n t , des ignated the "no r th waste a rea " because 

o f i t s d i r e c t i o n a l r e l a t i o n s h i p to the p i t , has been s e l e c t e d as the 

pr imary waste rock d i spo sa l a rea. Waste rock w i l l c o n s i s t predominantly of 

mixtures o f i n e r t sandstone, s i l t s t o n e , and claystone/mudstone p lus minor 

q u a n t i t i e s o f carbonaceous matter and marginal a n t h r a c i t e seams of 

uneconomic t h i c kne s s . 

The p o t e n t i a l f o r environmental degradat ion a s soc i a ted w i th waste rock 

d i spo sa l may take severa l forms: 

- S t a b i l i t y problems caus ing s l i d e s , slumps or major f a i l u r e s ; 

- A c i d generat ion caus ing groundwater or su r face water contaminat ion ; 

- Eros ion o f dump sur faces l ead ing to sediment i n r uno f f water s ; 

- V i s ua l impact r e s u l t i n g from the c r e a t i o n o f new landscape forms. 

Each o f the above items has been d e a l t w i th in o ther s e c t i on s of t h i s 

volume. S t a b i l i t y ana l y s i s (Par t Three, Sect ion 3.0) , conducted as par t of 

the geotechn ica l assessment program, suggests no s t a b i l i t y problems. There 

i s an abundance o f p o t e n t i a l l y acid-consuming rock i n the waste mate r i a l 

and there should be no danger of ac id mine dra inage (Par t S i x , Sect ion 

2 .0 ) . Run-off c on t r o l w i l l be achieved through dra inage d i t c h e s which 

d i r e c t su r face f low and seepage to s e t t l i n g ponds f o r sediment removal 

(Par t S i x , Sec t ion 3.0) . The v i s u a l impact w i l l be mod i f i ed by revegeta -

t i n g the s i t e and p r o t e c t i n g aga inst e ros ion so t ha t the land w i l l r e tu rn 

to a phy s i ca l form which i s c on s i s t en t w i th the surrounding t e r r a i n (Part 

S i x , Sect ion 6.0) . 
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2.2 TAILINGS IMPOUNDMENT 

The t a i l i n g s containment area i s l o ca ted approximately 2 km to the north of 

the p l an t s i t e on the other s ide of the road. The s i t e i s a gen t l e s l op i ng 

bas in w i th maximum d i f f e r e n c e s i n e l e v a t i o n of 30 metres. Much o f the area 

i s covered by sha l low peat or o rgan ic depos i t s (0.2 m - 0.5 m) o ve r l y i n g 

g l a c i a l t i l l s . The t i l l g r a i n s i z e s are v a r i a b l e ranging from c l a y s to 

g r a v e l , but, i n gene ra l , c l a y and s i l t t i l l s predominate. Groundwater 

occurs at or near the sur face i n summertime over most o f the area. 

Geotechn ica l i n v e s t i g a t i o n s show t h i s to be a s a t i s f a c t o r y dam s i t e . 

The conceptual des ign f o r the t a i l i n g s dam and containment area i s shown on 

F igure 6-1. 

I t i s proposed tha t borrow ma te r i a l s excavated from w i t h i n the t a i l i n g s 

impoundment w i l l be used f o r the c on s t r u c t i on of the s t a r t e r dam and be 

supplemented, i f r equ i r ed , w i th excess excavat ion ma te r i a l from the mine 

and p l an t s i t e . The 2 year s t a r t e r dam w i l l be 860 metres l ong , w i th a 

maximum he ight above e x i s t i n g grade of 15 metres. I t has been est imated 

tha t 676 000 cub ic metres o f impervious f i l l and 2 400 cub i c metres of 

imported g ranu la r f i l t e r ma te r i a l s f o r f i n g e r d ra i n s w i l l be r equ i r ed to 

con s t ruc t the s t a r t e r dam. Coarse re fuse from the a n t h r a c i t e washplant 

w i l l be used f o r f u tu re dam r a i s i n g ope ra t i on s . I t i s a n t i c i p a t e d tha t the 

20 year dam height w i l l be 35 metres at an e l e v a t i o n of 1 305 metres. 

The t a i l i n g s p i p e l i n e w i l l run a longs ide the a n t h r a c i t e re fu se haul road, 

and then t r a ve r s e the length of the dam to va r i ou s sp i go t p o i n t s . A 

r e c l a i m water l i n e w i l l run adjacent to the t a i l i n g s l i n e from the pump 

barge to the a n t h r a c i t e process ing p l an t r e c l a i m water tank so t ha t the 

water can be re-used i n the p l an t and minimize f re sh water requ i rements . 

D i ve r s i on d i t c he s w i l l be cons t ruc ted around the e n t i r e south s i de of the 

t a i l i n g s containment area to d i v e r t upslope sur face r u n - o f f water i n t o 

l o c a l water-courses which d r a i n i n t o the L i t t l e Klappan R i v e r . Coarse 

re fu se w i l l be s t o c k p i l e d east of the t a i l i n g s dam so tha t r u n - o f f from i t 
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w i l l d r a i n to the t a i l i n g s pond. C o l l e c t i o n d i t c he s downstream of the 

t a i l i n g s dam w i l l d i r e c t dam seepage i n t o a seepage c o l l e c t i o n pond f o r 

r e tu rn to the t a i l i n g s pond or d i scharge i n t o the L i t t l e Klappan R i ve r as 

app rop r i a t e . The seepage c o l l e c t i o n pond w i l l be cons t ruc ted e a r l y i n the 

c o n s t r u c t i o n program to f a c i l i t a t e set t lement of suspended s o l i d s i n 

su r face water r u n - o f f , generated dur ing t a i l i n g s pond c o n s t r u c t i o n . 

The o v e r a l l t a i l i n g s impoundment has been designed to con ta in a maximum 

s l u r r y d i scharge from the washplant of 46 cub i c metres per hour bear ing 30 

percent f i n e a n t h r a c i t e s o l i d s based on an average p roduct ion of 1.5 

m i l l i o n tonnes per year o f c lean a n t h r a c i t e product . Th i s w i l l amount to a 

t o t a l o f 2.2 m i l l i o n tonnes of f i n e s o l i d s to be s to red dur ing the 20 year 

mine l i f e . An a d d i t i o n a l 5.0 metres f o r f reeboard and water storage have 

been i n c l uded , above the storage requ i red f o r s o l i d s . 

Cont ro l o f excess water input to the t a i l i n g s impoundment w i l l be main

t a i ned by the d i v e r s i o n o f e x i s t i n g su r face dra inage around the t a i l i n g s 

containment a rea. An emergency we i r and s p i l l w a y have been incorpora ted i n 

the des ign to accommodate storms of unforeseen magnitude which might 

otherwise cause the pond to f i l l and over f low. 

The l o c a t i o n o f the coarse re fu se haul road and p i p e l i n e s to the t a i l i n g s 

area have been s e l e c ted to permit g r a v i t y dra inage of t a i l i n g s / r e c l a i m 

p i p e l i n e s i n t o the pond i n the event of a pump f a i l u r e , l i n e rupture or 

process shutdown. 

The water balance f o r the t a i l i n g s pond i s d i scussed i n Sec t i on 3.0. 

2.3 COARSE REFUSE DISPOSAL 

Coarse re fu se (35 m i l l i m e t r e by 0.5 m i l l i m e t r e m a t e r i a l ) produced dur ing 

a n t h r a c i t e washing w i l l be d isposed o f i n the t a i l i n g s containment area, 

northeast of the p l an t s i t e or burned i n the f l u i d i z e d bed combustion un i t 

i f o n - s i t e power operat ion i s used. I t i s proposed tha t a p o r t i o n of the 

s u i t a b l e r e j e c t s produced w i l l be used i n the c o n s t r u c t i o n of the down-
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stream s e c t i o n of the t a i l i n g s dam a f t e r p l an t s t a r t - u p . A s t a r t e r dam 

w i l l be prov ided to g i ve s u f f i c i e n t i n i t i a l c apac i t y f o r 2 years f i n e 

t a i l i n g s d i s p o s a l , p r i o r to r a i s i n g the dam. The coarse re fu se d i sposa l 

s i t e i s shown on F igure 6-1. 

I t i s proposed tha t 30 percent of the t o t a l r e j e c t s generated over the 20 

year mine l i f e w i l l be used i n the dam, and the remaining 70 percent w i l l 

be d i scharged to the coarse re fuse storage area near the t a i l i n g pond. I f 

an o n - s i t e power p l an t i s u t i l i z e d , t h i s would consume about 164 000 tonnes 

per year as f u e l . 

I t has been est imated tha t an average of 288 000 cub i c metres ( i n t o t a l ) 

w i l l r e q u i r e d i spo sa l annua l l y . The po r t i on which i s not used f o r the 

t a i l i n g s dam or power generat ion w i l l be end dumped i n t o s t o c k p i l e s dur ing 

the f i v e to seven months o f the year when placement as dam f i l l i s not 

f e a s i b l e . 

P r i o r to beginning the re fuse d i spo sa l operat ion the s i t e w i l l be c l ea red 

o f t r e e s . The foundat ion s o i l s are be l i eved to be p r i m a r i l y low permeabi

l i t y s i l t s and t i l l s , and i t may be necessary to i n s t a l l an underground 

dra inage system which w i l l c on s i s t of nominal one metre wide g ranu la r 

French d ra i n s spaced at s u i t a b l e i n t e r v a l s , to ensure tha t there i s no 

r e s t r i c t i o n of groundwater d i scharge along the s l ope . 

The u l t i m a t e na tu ra l angle o f repose of the dump i s expected to be 26 

degrees (two h o r i z o n t a l to one v e r t i c a l ) . Th i s w i l l ensure adequate 

s t a b i l i t y f o r the estab l i shment of vege ta t i on . 

I t w i l l not be necessary to cons t ruc t a s e t t l i n g pond immediately down

stream of the re fuse dump as r u n - o f f and seepage from the p i l e w i l l be 

c o l l e c t e d and d i r e c t e d i n t o the t a i l i n g s impoundment ba s i n . 

Phy s i ca l and chemical c h a r a c t e r i s t i c s o f the coarse re fu se are shown in 

Table 6-1. I f expressed i n terms of i t s a b i l i t y to n e u t r a l i z e s u l phu r i c 

a c i d p o t e n t i a l l y produced from the su lphur content , the ca l c i um appears to 



TABLE 6-1 

PHYSICAL AND CHEMICAL PROPERTIES 
OF COARSE REFUSE 

Moi s ture 6 - 15% 

Ash 35 - 55% 

V o l a t i l e s 7.15 - 7.34% 

Carbon 32.0 - 49.5% 

Hydrogen 1.2 - 1.8% 

Ni t rogen 0.4 - 0.6% 

Sulphur 0.24 - 0.34% 

Calcium 0.33% 
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TABLE 6-2 

HEAVY METALS ANALYSIS 
OF COARSE REFUSE SOLIDS AND LEACHATE 

Tota l Metals 
(ug/g)* 

Leachate 
(mg/L)** 

Antimony <0.02 0.0009 

A r sen i c 0.6 <0.0002 

Bery l 1i urn 0.4 <0.001 

Cadmi urn <0.01 <0.001 

Chromium <0.1 <0.001 

Copper 20.3 0.023 

Lead 3.0 <0.002 

Mercury 0.224 <0.0001 

N icke l 5.3 <0.001 

Selenium 0.19 <0.0002 

S i l v e r <0.01 <0.001 

Tha l l i um <0.01 <0.001 

Z inc 29.8 <0.034 

micrograms per gram 
m i l l i g r ams per l i t r e 
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be s l i g h t l y d e f i c i e n t . However, s ince the forms of the su lphur and ca lc ium 

are not known, more d e f i n i t i v e t e s t s would have to be c a r r i e d out to e s t a 

b l i s h the a c i d generat ing c a p a b i l i t y . Fur ther t e s t s w i l l be c a r r i e d out 

dur ing Stage I I I to determine whether the coarse re fu se has any p o t e n t i a l 

f o r a c i d gene ra t i on . I f so, a d d i t i o n a l l imestone would be added to the 

t a i l i n g s pond dur ing operat ions to n e u t r a l i z e a c i d gene ra t i on . 

Tota l metals a na l y s i s o f the coarse re fuse (Table 6-2) i n d i c a t e s tha t i t s 

heavy metal content i s very low, w i th z i n c at 30 ug/g, copper at 20 ug/g 

and n i c k e l at 5 ug/g. The s i g n i f i c a n c e of these concent ra t i on s can be 

assessed by use o f the e x t r a c t i o n procedure (EP) t e s t . 

With the EP t e s t , a s o l i d sample i s mixed w i th 20 t imes i t s weight of 

water, a c i d i f i e d to pH 5.0 w i th a c e t i c a c i d and a g i t a t e d f o r 24 hours. The 

leachate i s then analyzed f o r d i s s o l v ed metals by standard l abo ra to r y 

methods. The EP t e s t r e s u l t s o f Table 6-2 i n d i c a t e tha t none o f the metals 

exceeds the B r i t i s h Columbia Waste Management Branch most s t r i n gen t 

o b j e c t i v e s . I t may be concluded tha t leachate from the coarse refuse 

r e s u l t i n g from the p e r c o l a t i o n o f p r e c i p i t a t i o n or su r face r uno f f w i l l not 

be a problem. 

2.4 POWER PLANT ASH 

The power p l an t i s designed to operate on p repa ra t i on p l an t coarse refuse 

f ue l which w i l l have an average ash content of about 42 percent but may go 

as high as 55 percent . The corresponding f ue l feed r a te s f o r these ash 

l e v e l s would be 19 tonnes per hour and 30 tonnes per hour. Tota l ash 

product ion would range from about 8 tonnes per hour to 16 tonnes per hour. 

Over the 20 year p r o j e c t l i f e , i t i s est imated tha t the ash p roduct ion w i l l 

be about 10 tonnes per hour which w i l l y i e l d a t o t a l o f 1.75 m i l l i o n tonnes 

of ash to be d i sposed. Assuming a bulk den s i t y a f t e r we t t i ng of 1 200 

kg/m , t h i s amount o f ash w i l l occupy a volume of about 1.46 m i l l i o n cub ic 

metres. 

F l y ash c o l l e c t e d i n the baghouses and bed ash c o l l e c t e d under the b o i l e r 
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would be t r a n s f e r r e d to one of two ash storage s i l o s at the power p l a n t . 

The g r anu l a r bottom ash drops i n t o water -coo led hoppers beneath the b o i l e r s 

and i s conveyed to the s i l o s by e i t h e r a conveyor or pneumatic system. 

Pneumatic dust tubes w i l l convey the f l y ash to the s i l o s . Storage 

c apac i t y i n the s i l o s w i l l be the equ i va len t of 3 days p roduc t i on . 

From the storage s i l o s , the ash w i l l be loaded onto haul t r u ck s f o r removal 

to the d i spo sa l s i t e . The combined f l y and bed ash w i l l be sprayed wi th 

water as i t leaves the s i l o to achieve an average moisture content of ap

prox imate ly 20 percent . Th i s spray ing w i l l c on t r o l f u g i t i v e dust dur ing 

t r an spo r t o f the ash m a t e r i a l . 

The phy s i ca l and chemical c h a r a c t e r i s t i c s of the ash and i t s quan t i t y 

r e l a t i v e to o ther wastes are the key f a c t o r s to be cons idered w i th respect 

to p o s s i b l e methods of d i s p o s a l . 

P h y s i c a l l y , the bottom ash i s a g ranu la r mate r i a l whereas the f l y ash i s 

extremely f i n e l y d i v i d e d (90% l e s s than 100 microns) and prone to du s t i n g . 

Both types o f ash are coherent ma te r i a l s which compact we l l and have 

s i g n i f i c a n t s t rength when p rope r l y p l aced , compacted and d r a i n e d . Ash has 

e s s e n t i a l l y no p l a s t i c i t y but i s expected to be p o z z o l a n i c , i . e . , have 

se l f - cement i ng p r o p e r t i e s . 

The ash w i l l be depos i ted i n the coarse re fuse waste d i s po sa l area no r th 

east of the power p l a n t . Because of the s i z e g radat i on of the coarse 

r e f u se , the ash w i l l tend to f i l l the vo ids between coarse refuse 

p a r t i c l e s . The r e s u l t w i l l be a more compacted waste area which i s l e s s 

prone to the pene t ra t i on o f r a i nwate r . A secondary advantage i s the 

na tu ra l a l k a l i n i t y of the ash which would a s s i s t w i t h n e u t r a l i z a t i o n of 

a c i d i c l eachates ( i f any) from the coarse r e f u se . 

In order to conta in the ash and d iscourage both e ro s i on and dus t ing 

problems, the ash would be p laced i n conf ined zones w i t h i n the coarse 

r e f u se , so t ha t at a l l t imes , and upon complet ion of the d i s po sa l s i t e , the 

ash w i l l be encapsulated w i t h i n coarse r e fu se . 
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The chemical compos i t ion of the ash from the t e s t burn i s g iven i n Table 

6-3, w i th respect to some major components. Although the su lphur , carbonate 

and ca l c i um contents were s i m i l a r f o r bed and f l y ash, the t o t a l carbon 

content was very d i s s i m i l a r , w i th the f l y ash con ta i n i n g a high percentage 

of unburned carbon. The ana l y s i s of the ash f o r heavy metals i s g iven in 

Table 6-4. The most s i g n i f i c a n t heavy metals i n these samples were z i n c 

(17-29 ug/g), n i c k e l (21-24 ug/g), copper (1-7 ug/g), a r s en i c (2 ug/g) and 

chromium (0.3-2 ug/g) w i th bed ash and f l y ash showing s i m i l a r r e s u l t s . 

Standard EP ( E x t r a c t i o n Procedure) t e s t s were c a r r i e d out to determine the 

l e a c h a b i l i t y o f meta l s , as desc r ibed e a r l i e r f o r coarse r e f u s e . The r e s u l t s 

are g iven i n Table 6-5. The leachate f o r both bed and f l y ash r e s u l t s were 

we l l w i t h i n the most s t r i n g e n t P o l l u t i o n Contro l O b j e c t i v e s , w i th one 

excep t i on : d i s s o l v e d z i n c i n the bed ash leachate (at 0.83 mg/L) f e l l 

between the lower and upper end of the acceptab le range (0.2-1.0 mg/L) of 

the O b j e c t i v e s . On the bas i s of these r e s u l t s , there i s no cause f o r 

concern regard ing the q u a l i t y o f ash leachate r e s u l t i n g from leach ing by 

p r e c i p i t a t i o n or r uno f f . 

2.5 EXPLOSIVES RESIDUALS 

Exp lo s i ves to be used at Mount Klappan are 96% ammonium n i t r a t e - 4% fue l 

o i l (ANFO) and minor q u a n t i t i e s of m e t a l l i z e d ANFO con t a i n i n g 5% aluminum 

(ANFO/AL). The presence of aluminum prov ides a d d i t i o n a l energy to the 

b l a s t , and a l lows the quan t i t y of f ue l o i l to be reduced. A n t i c i p a t e d 

annual consumption of these two products , i s g iven i n the t a b l e below: 

Year 

1 5 10 12 15 20 

No. Holes 
( t/y) ANFO 
(t/y) ANFO/AL 

25517 
6080 

10 

31694 
7210 

30 

40899 
8030 

10 

43667 
10890 

10 

41368 
9940 

20 

19291 
3450 

20 
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TABLE 6-3 

CHEMICAL COMPOSITION OF FLY ASH 

AND BED ASH 

F l y Ash (%) Bed Ash (%) 

Sulphur 0.22 - 0.47 0.12 - 0.54 

Carbon 28 - 34 0.03 - 1.56 

Carbonate 0.05 - 1.34 0.05 - 1.19 

Calc ium 0.56 - 5.3 0.44 - 0.88 
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TABLE 6-4 

HEAVY METALS ANALYSIS OF 

BED ASH AND FLY ASH 

Bed Ash (ug/g)* F l y Ash (ug/g)* 

Antimony <0.02 <0.02 

A r sen i c 1.7 2.0 

B e r y l l i u m <0.01 <0.01 

Cadmi urn <0.01 <0.01 

Chromium 1.87 0.33 

Copper 6.85 1.37 

Lead 2.92 <0.01 

Mercury 0.015 0.21 

N i cke l 20.8 23.8 

Selenium 0.04 0.66 

S i l v e r <0.01 0.060 

Thal l iurn <0.01 <0.01 

Z inc 17.0 28.5 

* micrograms per gram 
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TABLE 6-5 

ANALYSIS OF LEACHATE FROM 

BED AND FLY ASH 

Bed Ash (mg/L) F l y Ash (mg/L) 

Antimony 0.0013 0.0023 

A r sen i c 0.0090 0.0070 

Be r y l 1 i urn <0.001 <0.001 

Cadmium <0.001 0.003 

Chromium <0.001 <0.001 

Copper 0.003 0.002 

Lead <0.002 <0.002 

Mercury 0.00010 <0.00010 

N i cke l 0.003 0.007 

Selenium 0.0006 0.0019 

S i l v e r <0.001 <0.001 

Thal l iurn <0.001 <0.001 

Z inc 0.83 0.06 
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Thus, ANFO consumption w i l l peak i n year 12. The t o t a l consumption f o r the 

20 year mine l i f e w i l l be approximately 155 000 tonnes. 

The b l a s t i n g p r a c t i c e i s designed to make e f f i c i e n t use o f the e xp l o s i v e s , 

and l o s se s due to m i s f i r i n g and s p i l l a g e o f ANFO are undes i rab le from both 

an economic and environmental s tandpo in t . Because the number of wet holes 

i s expected to be min imal , the e x c l u s i v e use of ANFO and ANFO/AL has been 

planned. Should wet d r i l l holes prove to be a problem, then s l u r r y 

exp lo s i ve s would be u t i l i z e d to the extent necessary. 

S l u r r y exp l o s i ve s are a mixture of o x i d i z i n g s a l t s and combust ib le 

m a t e r i a l s which are p a r t l y d i s s o l v ed i n water. The aqueous phase i s g e l l e d 

and c r o s s l i n k e d to prov ide a mate r i a l t ha t i s water r e s i s t a n t . In terms of 

i t s n i t r ogen content , i t d i f f e r s from convent iona l ANFO main ly by a s u b s t i 

t u t i o n o f a p o r t i o n of the ammonium n i t r a t e by ca l c ium n i t r a t e . Small 

q u a n t i t i e s o f sodium n i t r i t e and sodium dichromate may a l so be added. For 

the purpose o f t h i s d i s c u s s i o n , i t has been assumed tha t exp l o s i ve s usage 

w i l l c o n s i s t e n t i r e l y of ANFO and ANFO/AL. 

Even w i th the best b l a s t i n g p r a c t i c e , some m i s f i r i n g and s p i l l a g e w i l l 

occur and r e s u l t i n minor q u a n t i t i e s of ammonia and n i t r a t e d i s s o l v e d in 

p i t water and r uno f f from the waste rock dumps, which w i l l f i n d t h e i r way 

i n t o su r face drainage and u l t i m a t e l y to the L i t t l e Klappan R i v e r . 

Because of the high s o l u b i l i t y of ammonium n i t r a t e , i t s l e ach i ng i s 

expected to be r a p i d . Consequently, the impacts w i l l be most no t i c eab l e 

dur ing the a c t i v e mine l i f e , and w i l l decrease r a p i d l y once mining 

operat ions cease. While increased concent ra t ions o f n i t r a t e and ammonia 

w i l l c e r t a i n l y be d e t e c t a b l e , i t does not n e c e s s a r i l y f o l l o w tha t the 

e f f e c t s w i l l be negat i ve . Through the a c t i on of microorganisms, ammonia 

tends to o x i d i z e to n i t r a t e , and thus become d e t o x i f i e d . In a d d i t i o n , at 

the low temperatures and neut ra l pH of na tu ra l waters i n the a rea , only a 

small percent of the ammonia e x i s t s i n the u n - i o n i z e d , or t o x i c , form. The 

streams i n the Mount Klappan area are g e n e r a l l y d e f i c i e n t i n n u t r i e n t s and 

the presence of n i t r a t e w i l l enhance the primary p r o d u c t i v i t y of the system 
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which i s l i k e l y to be b e n e f i c i a l . 

The pr imary concern w i th b l a s t i n g r e s i d u a l s i s t ha t l e v e l s o f ammonia do 

not produce cond i t i on s which are t o x i c f o r aquat i c l i f e , and tha t con

c e n t r a t i o n s o f n i t r a t e do not become so high as to cause the p r o l i f e r a t i o n 

o f nuisance q u a n t i t i e s o f a l g a l growth. 

The est imated average increase i n the n i t rogen concen t ra t i on i n the L i t t l e 

Klappan R i ve r r e s u l t i n g from leach ing of b l a s t i n g r e s i d u a l s from the waste 

rock i s est imated to be 0.15 mg/L, based on a number o f assumptions as 

shown i n Table 6-6. With the p a r t i a l t r an s fo rmat ion of ammonia to n i t r a t e , 

most of t h i s 0.15 mg/L w i l l occur as n i t r a t e . T y p i c a l l y , the concent ra t i on 

o f n i t r i t e i s a small percentage of the t o t a l n i t r o g e n . Cons ider ing the 

na tu ra l low concent ra t i on s o f n i t rogen and phosphorus i n the L i t t l e Klappan 

R i v e r , the concent ra t i on inc rease i s not expected to be s i g n i f i c a n t in 

terms of e u t r o p h i c a t i o n . Concentrat ions i n p i t water and d i spo sa l area 

r uno f f p r i o r to d i l u t i o n w i l l , o f course, be h igher but are d i f f i c u l t to 

q u a n t i f y . They are not however, expected to have a d e l e t e r i o u s e f f e c t on 

the l o c a l water systems. The i m p l i c a t i o n s of n i t r ogen r e l ea se s from the 

mine are d i scussed f u r t h e r i n Volume I I I - Part Three - Aquat i c Env i ron 

ment. 

D e t a i l s concern ing the ANFO mix p l an t are not ye t a v a i l a b l e , but w i l l be 

cons idered dur ing the design phase. I t i s env i s ioned t ha t the ANFO p lan t 

w i l l be l o ca ted i n an i s o l a t e d area o f f the mine access road f o r s a f e t y and 

convenience o f access . Minimum d i s tances o f the p l an t from highways, 

d w e l l i n g s , o f f i c e s and other f a c i l i t i e s w i l l be adhered to i n accordance 

w i th f ede ra l and p r o v i n c i a l r e g u l a t i o n s . 

Bulk ammonium n i t r a t e and f ue l o i l w i l l be d e l i v e r e d by t r u c k to the mix 

p l an t where they w i l l be s tored s epa ra te l y . ANFO mix t r u ck s w i l l r e ce i ve 

ammonium n i t r a t e , powdered aluminum and f ue l o i l and t r an spo r t them unmixed 

to the b l a s t s i t e . The mix ing of the exp l o s i ve i n g red i en t s i s done by 

auger as the mate r i a l i s d e l i v e r e d i n t o the boreho le. 
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TABLE 6-6 

ESTIMATION OF NITRATE AND AMMONIA NITROGEN CONCENTRATIONS 
IN LITTLE KLAPPAN RIVER 

RESULTING FROM BLASTING RESIDUALS 

Assumptions 

- Tota l ANFO t o be used over 20-year mine l i f e 

= 155 000 t 

- Percent ANFO l o s s due to s p i l l s and m i s f i r i n g 

» 0.5% 

- ANFO conta in s 33% N 

- Mean f low o f L i t t l e Klappan R i ve r at m ine s i te 

= 2.1 m3/s 

- N i t rogen l each ing occurs at an even r a t e over 25 years 

Annual N i t rogen Loss 

155 000 x .005 x .33 = 1 Q - 2 t / y . 1 Q 2 x 1 Q 9 m g / y 

25 

Annual Flow of L i t t l e Klappan R i ve r 

2.1 x 60 x 60 x 24 x 365 x 10 3 = 6.6 x 1 0 1 0 L/y 

Resu l tant Concentrat ion Increase 

10-2 x 1 0 % . 0 1 5 m g / L NH 3 p lus N0 3 as N 

6.6 x 1 0 1 0 L 
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The on ly l i q u i d e f f l u e n t s from the ANFO p lant w i l l be water from washing of 

the mix t r u ck s and s i t e drainage con ta i n i ng s p i l l e d ammonium n i t r a t e and 

t r ace s o f f ue l o i l . Wash water and s i t e r uno f f w i l l be d i r e c t e d to a small 

bas in f o r the removal o f suspended s o l i d s . The bas in over f l ow w i l l e i t h e r 

be d i scharged to a t i l e d i spo sa l f i e l d or be pumped out to a tank t r u c k f o r 

d i spo sa l to the t a i l i n g s pond. A l t e r n a t i v e l y , the pond water may be used 

f o r dust c on t r o l of roads or water ing of rec la imed areas dur ing the growing 

months, thereby making use of the b e n e f i c i a l n i t rogen content . 

2.6 ACID GENERATION 

2.6.1 I n t r oduc t i on 

Ac i d generat ion p o t e n t i a l t e s t s were undertaken i n 1984 i n connect ion wi th 

the Stage I s t u d i e s . F i ve r ep re sen ta t i v e d r i l l cores were s e l e c t ed to 

represent the a n t h r a c i t e and waste rock ma te r i a l s i n the Hobb i t -Broatch and 

Lo s t - Fox p i t areas. A t o t a l o f 89 a n t h r a c i t e and waste rock samples were 

analyzed f o r t o t a l su lphur and n e u t r a l i z i n g p o t e n t i a l . From these r e s u l t s , 

ac id -base accounts were prepared. Data showed tha t there i s an abundance 

of p o t e n t i a l l y a c i d consuming rocks i n the mining sequences and, w i th 

proper m a t e r i a l s hand l ing , there should not be a problem w i th a c i d mine 

dra inage. 

In 1985, a d d i t i o n a l samples were obtained from d r i l l cores i n the proposed 

Lost-Fox p i t a rea. Core from diamond d r i l l hole DDH-85-005 ( rep re sent ing 

seam 0 down to seam K) and DDH-85-006 ( represent ing seam H down to seam E) 

were analyzed i n the same manner as the 1984 samples. Approx imate ly 1 - 2 

kg samples were taken at i n t e r v a l s along the co res , from each of the 

d i f f e r e n t s t r a t a . Where a stratum exceeded 10 m i n w i d t h , two or more 

samples were taken. In a d d i t i o n , more f requent sampling occurred imme

d i a t e l y above and below the major a n t h r a c i t e seams. In t o t a l , 93 samples 

of waste rock and 11 samples of a n t h r a c i t e were analyzed i n 1985. 

Samples were crushed, p u l v e r i z e d and mixed p r i o r to de te rmina t i on of t o t a l 

su lphur and ca lc ium carbonate equ i v a l en t . These r e s u l t s were then used to 
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prepare the ac id -base accounts f o r the var ious s t r a t a . The procedures 

o u t l i n e d i n the U.S. EPA repor t EPA/500/2-78-054 (1978) were f o l l owed i n 

c a r r y i n g out the testwork. 

2.6.2 Resu l t s 

The r e s u l t s o f the ac id - gene ra t i on p o t e n t i a l t e s t are shown i n Tables 6-7, 

6-8 and 6-9. Table 6-10 prov ides a summary o f the data f o r each rock type 

and a n t h r a c i t e . The net a c i d generat ing and ac i d consuming c a p a b i l i t y by 

stratum f o r each of the two d r i l l co re s , i s presented p i c t o r i a l l y i n 

F igures 6-2 and 6-3. 

A l l o f the 22 sandstone samples were found to be p o t e n t i a l l y ac id 

consuming, which conf i rms the e a r l i e r r e s u l t s . The average n e u t r a l i z a t i o n 

p o t e n t i a l was 96 tonnes/1000 tonnes. 

The s i l t s t o n e samples showed a high v a r i a b i l i t y . However, on ly 2 of the 26 

s i l t s t o n e samples had a p o s i t i v e a c i d generat ion p o t e n t i a l . One sample was 

from the roo f of 0 seam and the other conta ined d i s seminated p y r i t e . The 

average n e u t r a l i z a t i o n p o t e n t i a l o f the s i l t s t o n e was 73 tonnes/1000 

tonnes. 

A l l o f the c l ay s tone and mudstone rocks were c l a s s i f i e d as c l ay s tone f o r 

t h i s a n a l y s i s . A t o t a l o f 43 samples were analyzed and on ly 5 showed a 

p o t e n t i a l to be a c i d producing. P o t e n t i a l a c i d producing c l ay s tone s t r a t a 

were o f ten a s soc ia ted wi th some roo f or f l o o r m a t e r i a l s adjacent to an th ra 

c i t e seams. They a l so occurred throughout the s t r a t i g r a p h i c sequence, 

u s u a l l y having c l e a r l y i d e n t i f i a b l e p y r i t e bands. The average n e u t r a l i z a 

t i o n p o t e n t i a l was 61 tonnes/1000 tonnes. 

In the 1985 study, t h i s c l ay s tone stratum was found to be s t r ong l y ac id 

consuming. These c o n f l i c t i n g r e s u l t s may be a t t r i b u t a b l e to incomplete 

g e o l o g i c a l c o r r e l a t i o n o f the s t r a t a from the d r i l l cores and to the f a c t 

t ha t there were few comparable samples of the same s t r a t a i n d i f f e r e n t 

d r i l l co re s . Table 6-11 compares the ana l y s i s f o r the two t e s t programs. 
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PROJECT: GULP CANADA RESOURCES INC. 
OATEs Match, 1986 
FILE: 30-42-2B 
SITEi Lost Fox 

DDH - 85 - 005 

TABLE 6 -7 
ACID - NEUTRALIZATION POTENTIALS 

Apparent Acid and Base in Tons/1,000 Tons 
Sample Strata N.P. Net Acid 

Sample Depth Thickness Rock Percent Acid Potential C-COj 
Equivalent 

Potential 
Number (•) (•) Type Fixz Seam Sulphur (Maximum) 

C-COj 
Equivalent (Acid-Base) 

1 6.8 _ 7.0 2.2 SS SL 0.01 0.44 40.70 - 40.26 
2 13.0 - 13.3 1.7 SS M 0.03 0.91 119.60 -118.69 
3 13.9 - 14.0 1.7 SS H 0.03 0.97 104.90 -103.93 
4 22.0 - 22.3 11.7 sis M 0.03 1.03 126.60 -125.57 
5 26.0 - 26.3 0.6 Clyst SL 0.06 1.88 37.95 - 36.08 
31 26.7 26.9 0.9 

3.2 

Clyst 

Coal 

SL Roof Seam O 0.11 
(overturned) 
Seam O 

3.50 89.05 - 85.55 

32 30.2 - 30.4 0.2 Clyst SL Floor Seam O 0.11 3.56 26.90 - 23.34 Clyst 
(overturned) 
contains coal bands 

6 34.2 - 34.4 8.1 Clyst SL 2.64 82.50 49.69 32.81 
7 44.6 - 44.9 8.0 Clyst SL 2.12 66.25 88.36 - 22.11 
8 49.1 - 49.3 4.6 SiS SL 0.22 6.94 91.82 - 84.88 
33 51.3 - 51.6 0.6 

1.7 
SiS 
Coal 

SL Roof O (upright) 7.78 
Seam O (upright) 

243.13 52.45 190.68 

34 53.3 - 53.5 1.9 Clyst SL Floor O (upright) 0.30 9.38 51.76 - 42.30 
9 68.3 - 68.5 14.3 SiS H 0.07 2.16 154.70 -152.54 
10 77.8 - 77.8 11.2 SiS H 0.43 13.31 115.90 -102.59 
11 82.0 - 82.2 0.7 Clay ST 0.04 1.25 449.50 -448.25 

(Bentonite) 
12 87.4 - 87.6 7.9 SiS M Contains d i s - 11.10 346.88 112.60 234.28 

seminated pyrite 
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PROJECT! GULF CANADA RESOURCES INC. 

DATE: March, 1986 
FILEt 30-42-2B 
SITEt Lost Fox 

DDH - 85 - 005 

TABLE 6 -7 
ACID - NEUTRALIZATION POTENTIALS 

Sample 
Number 

Apparent 
Sample 
Depth 
(•) 

Strata 
Thickness 

(•) 
Rock 
Type Fizz Seam 

Acid and Base in Tons/1,000 
N.P. 

Percent Acid Potential caCOJ 
Sulphur (Maximum) Equivalent 

Net Acid 
Potential. (Acid-Base) 

13 96.1 - 96.3 8.0 SiS M 2.54 79.38 90.44 - 11.07 
35 98.3 - 98.6 1.0 Clyst M Roof N (Upper) 1.02 31.88 118.70 - 86.83 
14 105.9 - 106.1 3.2 Clyst M Roof N 1.03 32.19 110.50 - 78.31 

5.7 Coal Seam N 
36 111.9 - 112.4 0.2 Clyst SL Floor N 0.13 4.09 51.07 - 46.98 
15 128.4 - 128.6 13.2 SiS/ M 0.06 1.78 101.50 - 99.72 

Clyst 
16 142.2 - 142.4 20.8 SiS M (calcite vein 0.03 1.06 288.10 -287.04 

inclusion) 
17 154.4 - 154.7 15.9 Clyst SL 0.04 1.24 94.50 - 93.26 
18 169.4 - 169.6 10.0 Clyst SL 0.16 5.06 71.10 - 66.04 
19 176.9 - 177.1 0.3 Coal M Coal Stringer 0.29 9.09 118.10 -109.01 
20 185.0 - 185.3 18.1 Clyst M 

Coal Stringer 
0.02 0.72 131.90 -131.18 

21 202.2 - 202.4 11.2 SiS SL 0.06 1.75 60.80 - 59.05 
22 211.9 - 212.1 5.1 Clyst SL 0.05 1.53 58.40 - 56.87 
37 210.6 - 210.9 0.7 Clyst SL Roof M 0.09 2.69 40.50 - 37.81 

3.3 Coal Seam M 
23 215.4 - 215.6 0.8 Clyst M Floor M 0.09 2.94 108.00 -105.06 
24 230.4 - 230.6 9.2 SS M 0.02 0.72 114.60 -113.88 
25 239.0 - 239.2 9.2 SS M 0.04 1.28 113.90 -112.62 
26 243.3 - 243.5 2.9 Clyst SL Roof L/M 0.04 1.31 41.40 - 40.09 

0.4 Coal Seam L/M 
27 248.5 - 248.7 5.9 Clyst SL Floor L/M 0.36 11.16 48.31 - 37.15 
28 251.8 - 252.0 5.9 Clyst M 0.03 0.97 140.80 -139.83 
29 255.5 - 256.0 3.1 SiS/SS M 0.03 0.97 168.60 -167.63 

0.6 Coal Seam L 



Page 3 of 3 

PROJECT! GULF CANADA RESOURCES INC. 
DATE : March, 1986 
FILE: 30-42-2B 
SITE: Lost Fox 

DDH - 85 - 005 

TABLE 6 -7 
ACID - NEUTRALIZATION POTENTIALS 

ro 
ro 

Sample 
Number 

Sample 
Depth 
(») 

Apparent 
Strata 
Thickness 
(m) 

Rock 
Type F i x i Seam 

Percent 
Sulphur 

Acid and 

Acid Potential 
(Maximum) 

Base in Tons/1,000 
N.P. Net Acid 

caCOi Potential 
Equivalent (Acid-base) 

30 259.7 _ 259.9 4.0 Clyst ST 
* 

0.22 6.91 238.90 -231.99 
38 267.3 - 267.5 10.0 SS M 0.03 1.06 147.68 -146.62 
39 275.8 - 276.1 10.0 SS SL 0.02 0.72 55.47 - 54.75 
40 282.2 - 282.4 13.0 SS SL 0.07 2.22 51.26 - 49.04 
*41 297.3 - 297.5 5.2 sis SL 0.04 1.28 98.16 - 96.88 
42 306.6 - 306.8 14.1 ss SL 0.01 0.41 17.11 - 16.70 

0.8 Coal Seam K/L 
47 315.8 - 316.0 0.2 Coal/ SL Roof K 0.39 12.13 66.71 - 54.59 

Clyst 
3.4 Coal Seam K 

48 316.0 - 316.4 0.3 Clyst N Floor K 2.76 86.25 27.41 58.84 
•43 327.7 - 328.0 S.8 Clyst SL 0.04 1.28 98.16 - 96.88 
44 331.8 - 332.1 2.7 SS M 0.05 1.66 105.70 -104.04 
45 337.1 - 337.4 6.0 SiS M 0.06 1.72 89.22 - 87.50 
46 346.9 - 347.2 7.1 Clyst M 0.03 0.88 100.30 - 99.43 
48 TOTAL 

* Analyses performed on composite of samples 41 and 43. 
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PROJECT: GULF CANADA RESOURCES INC. 
DATE: March, 1986 
FILE: 30-42-2B 
SITE: Lost Fox 

DDH - 85 - 006 
TABLE *>~ O* 

ACID - NEUTRALIZATION POTENTIALS 

Acid and Base in Tons/1,000 Tons" 
tCf~. Net Acid 

Sample 
Number 

Sample 
Depth 

Apparent 
Strata 
Thickness Rock 

TYPC Fizz Seam 
Percent 
Sulphur 

Acid Potential caCOi 
(Maximum) Equivalent 

Potential (Acid-Base) 

cn 
ro 
CO 

116 19.2 - 19.5 1.0 SS M 0.08 2.41 126.30 -123.89 
117 22.0 - 22.3 3.1 Clyst M 0.30 9.47 100.20 - 90.73 
141 23.0 - 23.3 3.1 Clyst SL Roof H .0.49 15.44 99.53 - 84.09 
142 25.7 26.0 2.8 Coal/ 

Clyst 
SL 
Part
ings 

Seam H 3.16 
(with pyrite) 
laminae 

98.75 87.85 10.90 

118 27.2 - 27.5 2.7 Clyst H Floor H 0.69 21.56 111.90 - 90.34 
119 37.4 - 37.6 7.9 SS SL 0.05 1.59 101.60 -100.01 
120 44.0 - 44.2 4.6 SiS SL 0.15 4.53 82.35 - 77.82 
121 50.6 - 50.8 8.1 Clyst SL 0.53 16.44 89.91 - 73.47 
122 53.6 - 53.9 1.5 SiS SL 0.26 8.19 54.20 - 46.01 
123 59.0 - 59.2 1.2 SS N 0.15 4.63 15.22 - 10.60 
101 68.0 - 68.2 15.3 SS M 0.03 0.91 203.85 -202.94 
102 78.3 - 78.5 11.3 SiS SL 0.07 2.16 76.18 - 74.02 
143 83.1 — 83.4 1.7 

3.6 
Clyst 
Coal 

M Roof G 0.09 
Seam G 

2.88 104.34 -101.47 

144 87.4 - 87.9 4.5 Clyst SL Floor G 0.30 9.41 47.33 - 37.92 
103 93.4 - 93.6 4.5 Clyst SL 0.03 0.97 66.56 - 65.59 
104 96.6 - 96.8 6.0 SiS SL 0.09 2.72 97.47 - 94.75 
105 102.7 - 102.9 2.8 Clyst SL 0.13 3.94 102.90 - 98.96 
106 107.0 - 107.2 6.0 SS SL 0.04 1.16 121.50 -120.34 
107 112.9 - 113.1 2.9 Clyst M 0.06 1.81 135.20 -133.39 
108 114.3 - 114.5 2.8 Clyst 

SiS 
SL 0.03 0.81 26.72 - 25.91 

109 117.4 - 117.5 3.0 
Clyst 
SiS SL .0.03 

0.04 
0.88 45.95 - 45.08 

110 126.3 - 126.5 8.2 SS SL 
.0.03 
0.04 1.22 39.08 - 37.86 

111 129.5 - 129.8 3.6 SiS/ClystSL 0.17 5.41 79.61 - 74.20 
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TABLE 6 -8 
ACID - NEUTRALIZATION POTENTIALS 

PROJECTI GULF CANADA RESOURCES INC, 
DATE: Match, 1986 
FILE: 30-42-2B 
SITE: Lost Fox 

DDH - 85 - 006-

Cn 

Apparent Acid and Base in Tons/1,000 Tons 
Sample Strata N.P. Net Acid 

Sample Depth Thickness Rock Percent Acid Potential 
Equfvalent 

Potential 
Number (m) (m) Type Fiz z Seam Sulphur (Maximum) Equfvalent (Acid -Base) 

112 136.3 136.5 7.3 SS SL 0.04 1.09 63.12 - 62.03 
113 139.3 - 139.5 2.8 SiS SL 0.06 1.75 86.48 - 84.73 
114 143.5 - 143.7 2.6 Clyst SL 0.93 29.19 93.35 - 64.16 
115 151.5 - 151.7 5.6 Clyst SL 0.10 3.00 90.60 - 87.60 
124 153.3 — 153.5 5.6 

2.2 
Clyst 
Coal 

SL Roof F 
Seam F 

0.78 24.31 80.98 - 56.67 

125 157.0 - 157.3 32.6 Clyst SL Floor F 0.43 13.28 62.44 - 49.16 
126 169.8 - 170.0 7.3 SS SL 0.05 1.59 88.54 - 86.95 
127 175.9 - 176.1 6.0 SS M 0.03 1.00 274.00 -273.00 
145 177.0 — 177.4 3.1 

0.9 
Clyst 
Coal 

SL Roof E 
Seam E 

0.03 0.91 41.14 - 40.23 

128 180.0 - 180.3 0.3 Clyst N Floor E 2.67 83.44 21.10 62.34 
129 186.3 - 186.5 11.5 SS SL 0.06 2.00 88.40 - 86.40 
130 197.2 - 197.4 6.2 sis SL 0.08 2.53 65.20 - 62.67 
131 203.4 - 203.6 5.0 SiS M 0.06 1.88 102.90 -101.03 
132 206.2 - 206.4 1.2 Clyst M 0.19 5.91 100.20 - 94.29 
133 215.3 - 215.5 2.8 SS/Clyst SL 0.84 26.16 87.16 - 61.00 
134 221.6 - 221.8 10.8 SiS SL 0.16 4.88 72.74 - 67.87 
135 227.5 - 227.7 10.0 SiS SL 0.22 6.94 82.36 - 75.42 
136 239.7 - 239.9 3.0 SiS N 0.06 1.75 140.60 -138.85 
137 244.7 - 244.9 0.7 Clyst M Pyrite(0 .7m) 10.90 340.63 238.90 101.73 

vein in sample 
- 70.71 138 248.5 - 248.7 5.9 Clyst H 0.09 2.72 73.43 - 70.71 

139 254.8 - 255.1 8.1 SiS M 0.07 2.16 114.60 -112.44 
140 261.6 - 261.9 7.3 SS SL 0.26 8.25 83.73 - 75.48 



PROJECT: GULF CANADA RESOURCES INC. 
DATE: March, 1986 
FILE: 30-42-2B 
SITE: Lost Fox 

Coal Samples Supplied by Gulf 
Canada Resources Inc. 

TABLE 6 -9 
ACID - NEUTRALIZATION POTENTIALS 

~ ~ " Acid and Base in Tons/1,000 Tons 
Sample N.P. Net Acid 

Sample Hole Rock Percent Acid Potential c a c o 3 Potential 
Number Type F i z z Seam Sulphur (Maximum) Equivalent (Acid-Base)) 

7264 85001 Coal SL G 0.32 9.88 57.63 -47.76 
7267 • 7268 85002 Coal N I 0.39 12.13 18.48 - 6.36 
7287 65003 Coal N N 2.33 72.81 ,37.02 35.79 
7300 • 7303 85004 Coal SL G 0.42 13.00 S7.63 -44.63 
7328 8S005 Coal M M 0.25 7.88 102.90 -95.03 
7383 85010 Coal SL N 0.33 10.38 55.57 -45.20 
7458 + 7460 85009 Coal SL ' K 0.36 11.25 68.62 -57.37 
7465 85009 Coal M M 0.86 26.72 106.40 -79.68 
7493 • 7494 85013 Coal SL H 0.46 14.31 82.36 -68.05 
7525 85015 Coal SL E 0.55 17.31 94.72 -77.41 
7541 85005 Coal SL 0 . 0.41 12.91 39.08 -26.17 



PROJECT: GULF CANADA RESOURCES INC. 
DATE: March, 1966 
FILE: 30-42-2B 
SITE: Lost Fox 

_ , DDH 65-005 fc DDH 85-006 
TABLE 6-10 

AVERAGE AND RANGE OF ACID PRODUCTION POTENTIALS 
BY ROCK TYPE (DDH 85-005 AND DDH 85-006) 

cn 

Rock Type 
Number 
Samples 

of 1 Sulphur 
Range Average 

Net Acid Potential (Acid-Base) 
in Tons/1,000 Tons 

Range Average 

1 

Comments 
Sandstone 22 0. 01 to 0.84 0.09 -10.6 to -273.0 -95.5 A l l sandstone samples are 

potentially acid consuming. 

Siltstone 26 0. 03 to 11.10 0.94 •234.3 to -287.0 -73.2 Two of 26 samples were 
potentially acid generating. 
Several samples had a very 
high sulphur content. Note 
large variation in samples. 
Overall, the sulphur 
content is usually low but 
two samples (only one of 
which was a roof sample) 
had high pyrite content. 

Claystone 43 0. 02 to 10.90 0.79 •101.7 to -181.8 -60.7 Five of 43 samples had the 
potential to produce acid, 
often representing some of 
the roof or floor samples, 
or containing identified 
pyrite bands or found in
frequently in the mining 
sequence. 

Coal 
(core samples) 

11 0. 25 to 2.33 0.61 +35.8 to -95.0 -46.5 Only 1 of 11 coal samples 
showed an acid generation 
potential. 

TOTAL 102 



TABLE 6-11 

COMPARISON OF STAGE I AND STAGE I ADDENDUM 
ACID PRODUCTION POTENTIAL RESULTS BY ROCK TYPE* 

NUMBER OF SAMPLES AVERAGE % SULPLUR 

AVERAGE NET ACID POTENTIAL 
(ACID-BASE) 

IN TONS/1000 TONS 
ROCK TYPE STAGE I ADDENDUM STAGE I ADDENDUM STAGE 1 ADDENDUM 

Sandstone 12 22 0.07 0.09 -52.1 -95.5 

Siltstone 12 26 0.76 0.94 -36.6 -73.2 

Mudstone/ 
Claystone** 20 43 10.7 0.79 -8.9 -60.7 

Anthracite 5 11 0.30 0.61 -40.4 -46.5 

Stage I results are an average from drill holes 84-007 and 84-006 and Stage I Addendum results from dri l l 
holes 85-005 and 85-006. 

Mudstones were combined with claystones without differentiation in the Stage I Addendum and for Stage I data 
for this comparison. 
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Never the le s s , the o v e r a l l s t rong ac id n e u t r a l i z i n g c a p a b i l i t y o f the vast 

bulk of the waste rock leads to the conc lu s ion tha t a c i d generat ion w i l l 

not be a problem, and ob ta i n i ng a d d i t i o n a l data f o r the q u a n t i f i c a t i o n of 

the p o t e n t i a l f o r each component of the sequence i s unwarranted. 

Based on these r e s u l t s , i t appears tha t the p o t e n t i a l f o r a c i d generat ion 

from waste rock and a n t h r a c i t e i s r a t he r remote, and i t s on-going assess

ment can be d e a l t w i th in the normal course o f mine p l ann ing . The presence 

of l a r ge amounts of v i s i b l e p y r i t e would be the pr imary i n d i c a t i o n of ac id 

generat ing p o t e n t i a l and would be the bas i s f o r f u r t h e r e va l ua t i on o f d r i l l 

core and mined waste, to a s s i s t w i th waste d i spo sa l management. 

In order to complete the eva l ua t i on o f waste m a t e r i a l s , Gu l f w i l l conduct 

a c i d generat ion t e s t s on coarse re fuse mate r i a l and t a i l i n g s dur ing the 

eng ineer ing phase f o l l o w i n g Stage II approva l . However, i t i s not expected 

tha t these wastes w i l l show markedly d i f f e r e n t a c i d generat ing p r ope r t i e s 

than the rock which has been t e s t e d . 

2.7 SEWAGE TREATMENT 

Sewage treatment f a c i l i t i e s w i l l be requ i red at th ree l o c a t i o n s : the camp, 

the a n t h r a c i t e p repara t i on p l a n t / s e r v i c e complex and the mine o f f i c e / d r y . 

Package treatment p l an t s w i l l be u t i l i z e d to t r e a t the sewage to secondary 

s tandards. Rota t ing b i o l o g i c a l contacto r s (RBC's) w i l l be employed at the 

camp and the p l an t s i t e , and a convent iona l a c t i v a t e d sludge p l an t w i l l be 

used at the mine o f f i c e / d r y . RBC's f unc t i on through the aerob ic a c t i on of 

a b i o l o g i c a l medium on a s e r i e s of d i s c s which s l ow ly r o t a t e through a 

r e s e r v o i r of waste water. They are p a r t i c u l a r l y e f f e c t i v e i n w i ths tand ing 

h y d r a u l i c and organ ic surges, and so lend themselves to coping w i th heavy 

shock loads which w i l l occur dur ing s h i f t changes. 

I t i s planned tha t both the camp and the p l an t complex RBC w i l l be provided 

w i th lagoons to r e ce i ve t r ea ted d i s charges . 
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The camp lagoon, which w i l l prov ide 6 month's s torage, w i l l d i scharge i n to 

a su r face dra inage l ead ing to the L i t t l e Klappan R i ve r , dur ing the es t ima

ted 7-8 months of the year when the lagoon i s not f r o z e n . The combination 

of RBC treatment fo l l owed by de tent i on w i t h i n the lagoon w i l l permit a high 

q u a l i t y e f f l u e n t to be d i scharged, meeting the f o l l o w i n g Waste Management 

Branch l e v e l AA Ob je c t i v e s : 30 mg/L BOD and 40 mg/L suspended s o l i d s . 

C h l o r i n a t i o n i s not proposed as t h i s would nega t i v e l y a f f e c t the b i o l o g i c a l 

a c t i v i t y i n the lagoon and i t s a b i l i t y to act as a p o l i s h i n g s tage. The 

average and maximum q u a n t i t i e s o f e f f l u e n t to be t r e a t e d are p ro jec ted to 

be 150 and 450 cub ic metres per day, r e s p e c t i v e l y . RBC sludge w i l l be 

c o l l e c t e d p e r i o d i c a l l y and disposed of i n the t a i l i n g s pond. 

An RBC treatment p l an t and p o l i s h i n g pond are a l s o proposed f o r the 

p repa ra t i on p lant -complex, w i th the lagoon ove r f l ow ing more-or - le s s 

con t inuous l y to the t a i l i n g s pond. I t s q u a l i t y , which w i l l a l so be 

e x c e l l e n t , i s not at i s sue , s i nce a d i scharge to the r e c e i v i n g environment 

i s not i n vo l v ed . . Should f u r t h e r i n v e s t i g a t i o n e s t a b l i s h t ha t the lagoon i s 

unnecessary, i t may be dispensed w i th and the RBC p l an t e f f l u e n t pumped 

d i r e c t l y to the t a i l i n g s pond. The average and maximum q u a n t i t i e s to be 

t r e a t e d are est imated to be 60 and 180 cub ic metres/day, r e s p e c t i v e l y . The 

RBC p l an t sludge w i l l be p e r i o d i c a l l y removed and bur ied i n the t a i l i n g s 

pond. 

The mine o f f i c e / d r y w i l l u t i l i z e a convent iona l extended ae r a t i on sewage 

treatment p l a n t , of 300 person c a p a c i t y , and d i scharge to a ground d i spo sa l 

f i e l d . Treatment p l an t d i scharge q u a l i t y w i l l be 45 mg/L BOD and 60 mg/L 

suspended s o l i d s , or b e t t e r . Should permeable s o i l s not be present at the 

s i t e , or be present to a depth which i s i n s u f f i c i e n t f o r f r o s t p r o t e c t i o n 

of the t i l e f i e l d , then g ranu la r f i l l w i l l be imported and p laced to the 

necessary depth. C h l o r i n a t i o n i s not proposed f o r t h i s d i scharge to the 

ground. 

A l l th ree e f f l u e n t s w i l l be the subject o f Waste Management Permit 

a p p l i c a t i o n s ; the mine o f f i c e / d r y e f f l u e n t and the camp e f f l u e n t w i l l 

c o n s t i t u t e separate a p p l i c a t i o n s and the p repara t i on p l a n t / s e r v i c e complex 

e f f l u e n t w i l l be incorporated i n t o the t a i l i n g s a p p l i c a t i o n . 
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2.8 GARBAGE DISPOSAL 

A l l domestic s o l i d waste w i l l be bur ied d a i l y i n the waste rock d i sposa l 

area at the mine. The short time o f exposure o f the garbage and the 

cont inuous mining a c t i v i t y near the dump w i l l de te r bears from approaching 

the garbage d i spo sa l s i t e . Scrap meta l , o i l drums, d i s ca rded equipment and 

other s o l i d wastes w i l l a l so be disposed o f i n the waste rock dump. 

No hazardous or t o x i c chemicals w i l l be disposed o f i n the l a n d f i l l . Waste 

o i l s , s o l ven t s and greases w i l l be c o l l e c t e d i n tanks at the s i t e and 

d i sposed o f by con t r ac t w i th a commercial o i l r e c y c l i n g company. 

The s o l i d waste d i spo sa l s i t e w i l l be s u f f i c i e n t l y d i s t a n t from the camp 

and other f a c i l i t i e s to minimize e f f e c t s o f odour, dust and blowing d e b r i s . 

Garbage d i spo sa l methods w i l l be dev ised i n cooperat ion w i th Waste Manage

ment Branch, and w i l l be chosen to avoid f l o w i n g , s tand ing and ground 

water. 

2.9 FUEL, WASTE OIL AND CHEMICAL HANDLING 

D ie se l o i l and ga so l i ne w i l l be the on ly f u e l s used by v e h i c l e s and mining 

equipment. Both w i l l be d e l i v e r e d under con t r ac t to the f u e l s torage tanks 

l o ca ted near the mine s e r v i c e complex. Berms w i l l be i n p lace around a l l 

above-ground storage tanks to conta in s p i l l s and l e a k s . S p i l l containment 

areas w i l l d r a i n to sumps f i t t e d w i th o i l i n t e r c e p t o r s . 

Waste o i l and so l vent s from the s e r v i c e area and shops w i l l be c o l l e c t e d in 

a s torage tank and removed from the s i t e p e r i o d i c a l l y by a r e c y c l i n g f i r m . 

Drainage from the t r uck and equipment wash bays w i l l a l s o be c o l l e c t e d in a 

sump. Th i s water w i l l con ta in suspended s o l i d s as we l l as greases and 

o i l s . An o i l separator w i l l be used to remove o i l s and then the r e l a t i v e l y 

c lean water would be d i scharged to the t a i l i n g s pond. 

A v a r i e t y o f chemicals would be used at the s i t e ranging from exp l o s i v e s , 

as d i scussed p r e v i o u s l y , to c h l o r i n e f o r potab le water t reatment . A l l of 
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the chemicals r equ i red f o r the p repara t i on p l an t and power p l an t are 

consumed i n the processes and no d i scharges to the na tu ra l environment w i l l 

occur except through acc i den ta l s p i l l s . The s p i l l cont ingency plan 

d i scus sed i n Sec t ion 5.0 w i l l address the ac t i on s to be taken i n the event 

of such s p i l l s . 
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3.0 WATER MANAGEMENT 

3.1 WATER MANAGEMENT OBJECTIVES 

One t y p i c a l l y prominent e f f e c t o f open p i t a n t h r a c i t e mining operat ions on 

su r face water q u a l i t y i s increased suspended sediment concent ra t i on s due to 

exposure o f f i n e - g r a i n e d s o i l s to f l ow ing sur face waters . To conta in 

exces s i ve concent ra t ions of suspended sediment w i t h i n the immediate 

v i c i n i t y of the p r o j e c t , water d r a i n i n g from areas of s o i l d i s tu rbance w i l l 

be t r e a t e d i n ponds which w i l l a l l ow the l a r ge m a j o r i t y o f the suspended 

mate r i a l to s e t t l e . 

Surface water quan t i t y i n streams near a l a r ge mine development can be 

a f f e c t e d by d i v e r s i o n of watercourses or over land r u n o f f , and by the 

withdrawal o f water f o r process , c o o l i n g or potab le uses. In a d d i t i o n , the 

groundwater regime i s t y p i c a l l y a l t e r e d by p i t excavat ion and dump 

c o n s t r u c t i o n , although the impact of groundwater changes on su r face f lows 

i s u s u a l l y very s l i g h t s i nce the groundwater d i scharge and recharge 

q u a n t i t i e s are t y p i c a l l y small i n comparison to stream d i s cha rge s . 

The purpose o f water management p lann ing i s to a n t i c i p a t e the changes to 

su r face water q u a l i t y and quan t i t y which would l i k e l y r e s u l t from 

development and operat ion o f a mine, so tha t app rop r i a te m i t i g a t i v e 

measures may be taken i n advance of fo reseeab le p o t e n t i a l problems. The 

water management plan presented here in accounts f o r a l l major a l l o c a t i o n s 

and d i v e r s i o n s o f water from p r e - p r o j e c t c o n d i t i o n s . I t a l s o addresses the 

treatment o f water f o r sediment removal. T a i l i n g s d i s po sa l and sewage 

e f f l u e n t are a l so water management i s sues , however these sub jec t s have been 

addressed i n Sect ion 2.0 - Waste Management. 

To minimize the impact o f mining d i s tu rbances on the su r f ace waters 

adjacent to the p r o j e c t area i n an env i ronmenta l l y sound ye t economical 

manner, the f o l l o w i n g p r i n c i p l e s were adhered to i n the development of the 

water management p l an : 

6-36 



ENVIRONMENTAL MANAGEMENT 

1. Where p o s s i b l e , a l l s i g n i f i c a n t q u a n t i t i e s of water from und i s 

turbed areas should be d i v e r t e d away from s i t e s o f proposed 

d i s t u rbance . 

2. Water d r a i n i n g from p o t e n t i a l sediment sources c rea ted by mining 

a c t i v i t y should be c o l l e c t e d and d i r e c t e d toward s u i t a b l e sediment 

pond s i t e s . 

3. The quan t i t y of water r e q u i r i n g treatment should be minimized by 

l o c a t i n g the pond s i t e s as c l o se as reasonably p o s s i b l e to the 

sources of sediment. 

4. Large s e t t l i n g ponds should be accompanied by a sma l l e r p re se t -

t lement pond l o ca ted upstream of the l a r g e r main pond. The purpose 

o f the preset t lement pond i s to t r ap a l l the i n f l o w i n g bed load and 

the coar se r suspended load f r a c t i o n s , ye t be e a s i l y a c c e s s i b l e f o r 

c l ean -ou t by a l a r ge backhoe or o ther r e a d i l y a v a i l a b l e mine 

equipment. The s i z e o f the main pond would govern the degree of 

f i n e sediment removal. 

3.2 SITE DRAINAGE AND PROPOSED FACILITIES 

Much o f the p i t of the Lost-Fox Mine i s l o ca ted on a r i d g e - t o p , and i s 

s i m i l a r i n many respects to o ther mountain-top coa l mines i n B r i t i s h 

Columbia. One water management aspect of such mines i s t ha t near source 

treatment o f r uno f f f o r sediment removal i s o f ten d i f f i c u l t or v i r t u a l l y 

imposs ib le due to steep topography and drainage pa t te rn s which tend to 

spread, r a t he r than c o l l e c t the r uno f f . U s ua l l y , the most economical and 

p r a c t i c a l s i t e s are l o ca ted near the v a l l e y bottoms, where the f lows are 

much l a r g e r , having c o l l e c t e d a l a r ge quan t i t y of r uno f f from undisturbed 

areas between the mine and the v a l l e y bottom. Sediment concent ra t i on s are 

s u b s t a n t i a l l y reduced by the d i l u t i o n of the und i s turbed area runo f f , 

however r e l a t i v e l y l a r ge sediment ponds are s t i l l r equ i r ed i n order to 

achieve s e t t l i n g v e l o c i t i e s i n the ponds which w i l l remove most of the 

f i n e r p o r t i o n o f the i n f l ow i n g sediment l o a d . 

6-37 



1 

ENVIRONMENTAL MANAGEMENT 

The Lost -Fox Mine does not d i f f e r from the t y p i c a l case, although some 

dra inage and topographic fea tu res have made i t p o s s i b l e to t r e a t the runo f f 

w i th a minimal number of l a r ge sediment ponds. F igure 6-4 shows the major 

f a c i l i t i e s , watercourses and t h e i r catchment areas. 

3.2.1 L i t t l e Klappan R i ve r Drainage 

The major stream i n the v i c i n i t y of the p r o j e c t i s the L i t t l e Klappan 

R i ve r , which f lows along the northwest s ide of the proposed development 

area and d r a i n s i n t o the Klappan R i ve r . The f o l l o w i n g f a c i l i t i e s are to be 

l o ca ted i n the catchment of the L i t t l e Klappan R i ve r : 

- waste rock d i spo sa l areas 

- the northern 30% of the u l t ima te p i t area 

- t a i l i n g s pond 

- coarse re fuse d i spo sa l 

- p l a n t s i t e 

- camp 

- raw a n t h r a c i t e s t o c k p i l e 

- e xp l o s i ve s storage s i t e 

- haul road 

The L i t t l e Klappan R i ve r i s a l s o the proposed source o f po t ab l e , process 

and c o o l i n g water f o r the p r o j e c t . A dam may be cons t ruc ted across the 

r i v e r to form a r e s e r v o i r w i th s u f f i c i e n t c apac i t y to supply water f o r a l l 

uses year round. Th i s t o p i c i s d i scussed in more d e t a i l i n Sec t i on 3.5. 

3.2.2 Fox Creek Drainage 

The second l a r g e s t stream near the p r o j e c t i s Fox Creek, a t r i b u t a r y of 

Didene Creek, which i n tu rn f lows i n t o the S p a t s i z i R i v e r . The f o l l o w i n g 

f a c i l i t i e s are planned to be l o ca ted i n the Fox Creek catchment: 

- mine o f f i c e and dry 

- southern 70% of the u l t ima te p i t area 
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- e r e c t i o n s i t e 

- haul road 

A t r i b u t a r y o f Fox Creek c o l l e c t s almost a l l o f the dra inage from the south 

po r t i on o f the p i t and from the haul road upstream of the conf luence w i th 

the main stem of Fox Creek, e l i m i n a t i n g the need f o r ex tens i ve d i t c h i n g to 

c o l l e c t mine r uno f f i n t h i s a rea. 

3.3 SEDIMENT SOURCES 

Mine development and operat ion increases sediment i n r uno f f by exposing 

f i n e - g r a i n e d mate r i a l to f l ow ing water. During c o n s t r u c t i o n , grubbing of 

c l ea red areas , road c o n s t r u c t i o n , borrow p i t development, and s i m i l a r 

a c t i v i t i e s c rea te a d d i t i o n a l sediment sources by b r i n g i n g s o i l s which were 

p r e v i o u s l y armoured or p ro tected by vegetat ion to the s u r f a ce . These types 

of d i s tu rbances are g e n e r a l l y shor t - te rm and " h e a l " w i t h t ime, as new 

vegeta t ion becomes e s t ab l i s hed or armouring w i th coarse p a r t i c l e s takes 

p l a c e . As such, r uno f f from these areas would be c o n t r o l l e d by us ing 

temporary sediment con t r o l measures i f these c o n t r o l s are warranted. 

During actua l mining ope ra t i on s , sediment sources are c o n t i n u a l l y c reated 

i n areas o f perpetual d i s tu rbance of s o i l s or other f i n e g ra ined m a t e r i a l s , 

and by the continuous breakdown of f r i a b l e rock, i n c l u d i n g a n t h r a c i t e , by 

the movement of wheeled and t racked equipment and by e x p l o s i v e s . A i rborne 

p a r t i c l e s , upon s e t t l i n g to the ground, become a p o t e n t i a l waterborne 

sediment source. D i ve r s i on of sur face f lows onto areas which cannot r e s i s t 

e ro s i on c reates a s i t u a t i o n where bur ied f i n e - g r a i n e d ma te r i a l becomes a 

p o t e n t i a l sediment source. 

To q u a n t i f y sediment c h a r a c t e r i s t i c s f o r such a wide v a r i e t y of p o t e n t i a l 

sediment sources i n advance of actua l mine.development, two types of data 

can be used. One data source i s the e x i s t i n g s o i l s i n the areas which w i l l 

be d i s t u r b e d , and the other i s i n fo rmat ion from other mines i n s i m i l a r 

g eo l o g i c , topographic and c l i m a t i c s e t t i n g s . 
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S o i l s data c o l l e c t e d at the s i t e , i n c l u d i n g g r a i n s i z e curves , show tha t 

f o r the l o c a t i o n s sampled the p ropor t i on of p a r t i c l e s i n the s o i l f i n e r 

than s i l t s i z e (.06 mm) v a r i e s from l e s s than 5% to 48%, but g ene r a l l y 

averages approx imately 20%. Th i s i n d i c a t e s tha t the e x i s t i n g s o i l s 

represent a s i g n i f i c a n t p o t e n t i a l sediment source. 

Because the main f l o o d producing mechanism in t h i s reg ion i s snowmelt, 

r a t he r than r a i n f a l l , the maximum suspended sediment concent ra t i on s are 

expected to occur each year dur ing the break up per iod and the snowmelt 

season. 

3.4 DESIGN CRITERIA 

3.4.1 Sediment Pond Design 

In g ene r a l , two pond systems w i l l be cons t ructed f e a t u r i n g a l a r g e r main 

pond and a sma l l e r presett lement pond. The ba s i c f u n c t i o n of the 

preset t lement pond i s to extend the l i f e o f the main pond by t r app ing a l l 

the bed load and the coar ser suspended load f r a c t i o n s . Th i s pond l o ca ted 

upstream of the main pond, w i l l be designed f o r economical c l ean -ou t us ing 

convent iona l equipment. 

The main pond w i l l govern the degree of f i n e sediment removal, and w i l l be 

s i z e d to remove most of the i n f l o w i n g sediment l o ad , a l l o w i n g on ly some of 

the very f i n e s t p a r t i c l e s to be d i scharged w i th the e f f l u e n t . 

In a d d i t i o n to pond s i z i n g , many other p r a c t i c a l c on s i de r a t i on s w i l l be 

addressed dur ing the design process . A number of the major ones are l i s t e d 

below: 

- pond l o c a t i o n 

- pond shape 

- number of ponds 

- sediment storage volume 

- exposure to wind 
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- i n l e t and o u t l e t des ign 

- maintenance cos t s 

- access 

- foundat ion cond i t i on s 

- p r ox im i t y of a v a i l a b l e c on s t r u c t i o n mate r i a l 

A t y p i c a l sediment pond arrangement i s shown i n F igure 6-5. Design 

c r i t e r i a p e r t i n e n t to sediment pond systems are l i s t e d as f o l l o w s : 

1. Presett lement Est imated annual sediment volume ( a d d i t i o n a l p re -

Pond Volume: sett lement ponds or sediment t raps may be added i f 

a v a i l a b l e volume i s i n s u f f i c i e n t ) . 

2 3 
2. Main Pond Area: 6410 m f o r each m /s o f 10-year 24-hour f low ( f o r 

t y p i c a l p i t d ra inage ) . 

3. Dam Freeboard: 0.6 m above the pond water l e v e l dur ing a 200-year 

r e tu rn per iod f l o od event. 

4. Dam Cres t Width: 3.5 m. 

5. Dam F i l l S lopes: As determined f o l l o w i n g geotechn ica l i n ve s t i g a 

t i o n s . 

6. Length: Width 3:1 minimum where topography pe rm i t s . 

Ra t io B a f f l e s to be used where necessary. 

Main Ponds: 

The normal decant o u t l e t from the main ponds w i l l be a notched s p i l l w a y 

type, as opposed to the t r a d i t i o n a l decant s tandp ipe. The notch type of 

o u t l e t i s l e s s prone, to p lugg ing by d e b r i s , and i s more economical to 

c o n s t r u c t . The h yd r au l i c behaviour of i d e n t i c a l ponds w i th both types of 

o u t l e t s has been shown by c a l c u l a t i o n to be very s i m i l a r , and the notch 

type i s p a r t i c u l a r l y we l l s u i t ed to areas where snowmelt r a t h e r than 

r a i n f a l l governs f l o od events. 
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3.4.2 Sediment Pond E f f l u e n t Q u a l i t y 

I t i s not p o s s i b l e to make p r e c i s e est imates of what the f i n a l e f f l u e n t 

q u a l i t y o f any s i z e pond w i l l be, due to the h i gh l y v a r i a b l e nature of 

s o i l s , mining p r a c t i c e s , and types of r uno f f from the many p o t e n t i a l 

sediment sources. However, an e f f l u e n t q u a l i t y o b j e c t i v e of 50 mg/L f o r 

t o t a l suspended s o l i d s concent ra t i on i n sediment pond d i scharges w i l l be 

used to determine whether or not a d d i t i o n a l improvements to the sediment 

pond system w i l l be r e q u i r e d . 

The pond i n f l o w and e f f l u e n t w i l l be monitored, and the performance of the 

systems w i l l be c a r e f u l l y eva lua ted . Should the eva l ua t i on s i n d i c a t e that 

any system i s f a i l i n g to meet the o b j e c t i v e , then measures w i l l be under

taken to improve the q u a l i t y of the e f f l u e n t . Such measures might i nc lude 

increased frequency of pond c l ean -ou t , en l a r g i ng ponds, adding ponds, 

d i v e r t i n g f l ows , or adding coagulants and/or f l o c c u l e n t s to the i n f l o w . 

3.4.3 D i v e r s i o n Channels and D i tches 

The f o l l o w i n g c r i t e r i a w i l l apply to a l l d i v e r s i o n channels and i n t e r c e p t o r 

or c o l l e c t o r d i t c h e s : 

Freeboard above 0.6 m f o r major channels 

200 year f l o o d : 0.3 m f o r small d i t che s 

S ide S lopes: 1.5:1, w i th wetted per imeter mainta ined i n cu t , 

r a the r than f i l l 

A t y p i c a l c ross s e c t i on f o r a channel or d i t c h i s presented i n F igure 6-6. 

3.5 WATER MANAGEMENT PLAN 

The water management plan i s shown i n F igure 6-4. A summary of bas i c 

i n fo rmat ion r e l a t i n g to the sediment ponds i s presented below: 
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Pond S i t e 
Catchment 
Area (km2) 

10-Yr.24-hr. 
Peak Flow 

(m3/s) 

200-year I n s t . 
Peak Flow 

(m3/s) 

Required 
Pond Area 

(ha) 

Lower Fox Pond B 
Pond C 
Pond D 

19.5 
4.0 
3.9 

6.65 
1.72 
1.67 

8.65 
2.75 
2.67 

4.3 
1.1 
1.1 

Upper Fox Pond A 
( A l t e r n a t i v e ) 

4.5 2.35 3.53 1.5 

In a d d i t i o n to the normal roads ide d i t che s and yard dra inage d i t c h e s , 

approx imately 10 km of a d d i t i o n a l c h a n n e l i z a t i o n w i l l be r equ i r ed as part 

of the water management p l an . These channels vary from very small 

i n t e r c e p t o r d i t c h e s , to a d i v e r s i o n channel f o r lower Fox Creek. Flow 

e s t imate s , s i z e s and cross s e c t i on d e t a i l s f o r each of these d i t che s w i l l 

be prov ided at the f i n a l des ign stage. 

De s c r i p t i on s o f each pond s i t e , the nature o f the i n f l o w expected and the 

proposed c h a n n e l i z a t i o n p e r t i n e n t to each are desc r ibed i n the f o l l o w i n g 

s ub - sec t i on s : 

3.5.1 Lower Fox Sediment Pond B 

The l a r g e s t sediment pond would be s i t u a t e d on the a l l u v i a l fan of Fox 

Creek above the B.C.R. grade. The l a r ge main pond s i z e (4.3 ha) i s 

r equ i red because a l l o f Fox Creek drainage would be d i v e r t e d i n t o i t . The 

m a j o r i t y o f p i t drainage and haul road r uno f f would be t r e a t e d i n t h i s 

pond. 

The proposed pond system fea tu re s a d i v e r s i o n s t r u c t u r e which would d i r e c t 

a l l f lows l e s s than the 10-year 24-hour f low i n t o the ponds, but i n the 

event of g rea te r f l oods i t would a l l ow some of the f l ow exceeding t h i s 

quan t i t y to bypass the treatment system. The b e n e f i t o f such an arrange

ment i s t ha t the e a r t h f i l l s t r u c t u r e s are b e t t e r p ro tec ted from damage 

dur ing extremely high f l o o d s . 
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A preset t lement pond would be s i t u a t e d at the conf luence o f the d i v e r t e d 

Fox Creek and a 1.2 km long d i t c h which would c o l l e c t r uno f f from the 

northeast corner of the p i t , the lower po r t i on of the haul road, the 

e r e c t i o n s i t e , and the mine o f f i c e and dry . This pond would be designed 

f o r a r e gu l a r c l ean -out frequency o f approx imately once per yea r . 

The 400 m long main pond would remove sediment p r i m a r i l y by s e t t l i n g , as 

e x f i l t r a t i o n p o t e n t i a l may be l i m i t e d . Flows would ente r the pond at the 

west end and e x i t through the notch o u t l e t s t r u c t u r e at the east end. A 

short o u t l e t channel w i l l be designed to minimize any sediment entrainment 

a f t e r the f lows have l e f t the pond. A f low gauge w i l l be e s t a b l i s h e d at 

the pond o u t l e t , and the e f f l u e n t q u a l i t y w i l l be monitored at t h i s 

l o c a t i o n . 

3.5.2 Upper Fox A l t e r n a t i v e Sediment Pond A 

Almost a l l o f the southern po r t i on o f the p i t and haul road r uno f f i s 

c o l l e c t e d by one t r i b u t a r y o f Fox Creek. The scheme presented i n the 

preceding s e c t i on c a l l s f o r the treatment of t h i s water i n the Lower Fox 

Pond B a f t e r i t has mixed w i th the l a r g e r f lows of the und i s turbed upper 

Fox Creek catchment. The l a r ge ma jo r i t y of the area o f Pond B i s requ i red 

because o f the r e l a t i v e l y high f low c o n t r i b u t i o n of Fox Creek. 

An a l t e r n a t i v e arrangement would i n vo l ve r e p l a c i n g Pond B w i th two ponds 

having an aggregate sur face area which i s approx imate ly h a l f o f that 

planned f o r Pond B. To achieve t h i s , the t r i b u t a r y sub jec t to mine runo f f 

would have to be t r ea ted upstream of i t s conf luence w i th Fox Creek. 

However, the topography along t h i s t r i b u t a r y i s g e n e r a l l y un su i t ab l e f o r 

impoundment c o n s t r u c t i o n . The s i t e which appears to have most p o t e n t i a l as 

a f u tu re sediment pond i s l o ca ted near the mouth of the t r i b u t a r y . This 

s i t e has been des ignated as Upper Fox Pond S i t e A, and appears on F igure 

6-4. 

With the two-pond scheme, Pond A would r equ i r e a su r face area o f 1.5 ha, 

and Pond B cou ld then be reduced in s i z e to 0.8 ha. The major disadvantage 

6-47 



1 

ENVIRONMENTAL MANAGEMENT 

invo l ved w i th the Pond A s i t e i s the s i z e o f dam requ i red t o achieve the 

necessary pond su r face a rea. I t appears tha t a 10 m to 15 m high dam would 

be r equ i r ed at t h i s l o c a t i o n , as opposed to the long but low (3m to 4m 

high) dam i n i t i a l l y proposed f o r S i t e B. 

At the cu r ren t stage of p lann ing , i t would appear t ha t the former Pond B 

a l t e r n a t i v e (without Pond A) i s favoured. A d d i t i o n a l i n v e s t i g a t i o n s are 

r equ i red to determine w i th c e r t a i n t y which of the two schemes i s most 

advantageous from an economic po in t of view. However, e i t h e r scheme w i l l 

p r o t ec t Fox Creek and the watercourses downstream from exces s i ve sediment 

concent ra t i on s caused by mining a c t i v i t i e s . 

At l e a s t one preset t lement pond would be cons t ructed upstream of Pond A i f 

the second a l t e r n a t i v e i s s e l e c t e d . The pond e f f l u e n t would be monitored 

on a r e gu l a r b a s i s . 

3.5.3 Sediment Pond C 

Drainage from the northeast po r t i on of the North Waste d i s po sa l area and 

r uno f f from the p l a n t s i t e area and a small p o r t i o n o f the p i t w i l l be 

d i r e c t e d to Sediment Pond C f o r t reatment. The Pond w i l l be l o c a t e d above 

the 200-year f l o o d p l a i n o f the L i t t l e Klappan R i ve r . 

This pond system would be fed by two r uno f f c o l l e c t i o n d i t c he s which would 

cross the B.C.R. grade below the p l a n t s i t e as shown i n F igure 6-4. The 

combined length o f both d i t che s i s approximately 2.3 km. 

A preset t lement pond would be b u i l t above the main pond to t r ap the bed 

load and coar se r f r a c t i o n s of the suspended l o a d . Th i s pond would be 

designed f o r an annual c lean -out f requency. 

The pr imary mechanism f o r sediment removal i n the main pond would be 

s e t t l i n g , as e x f i l t r a t i o n p o t e n t i a l may be low at the proposed pond s i t e . 

Outflows from the pond would be routed to the L i t t l e Klappan R i ve r through 

a channel designed to r e s i s t e r o s i on . The water q u a l i t y of the outf lows 
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would be monitored on a r e gu l a r b a s i s . 

3.5.4 Sediment Pond D 

This pond would be l o ca ted i n a natu ra l depress ion perched on a t e r r a c e 

l i k e f ea tu re adjacent to the L i t t l e Klappan R i ve r . I t would r e ce i ve 

dra inage from most o f the North Waste d i spo sa l area and from a small 

p o r t i o n of the p i t . Because the i n f l o w w i l l p r i m a r i l y be d i spo sa l area 

r uno f f , a d i f f e r e n t approach to the sediment pond des ign i s warranted. 

This i s due to the f a c t that suspended sediment c h a r a c t e r i s t i c s i n coarse 

waste rock dra inage are s u b s t a n t i a l l y d i f f e r e n t from those found in p i t or 

road r u n o f f . T y p i c a l l y , suspended sediment concent ra t i on s i n d i s po sa l area 

dra inages are much lower, and t he re f o re s e t t l i n g ponds f o r t h i s type of 

dra inage do not need to be as l a r ge as those requ i red to t r e a t p i t or haul 

road dra inage. 

However, i n t h i s case i t i s proposed tha t a l a r g e r pond be cons t ruc ted at 

t h i s l o c a t i o n f o r two reasons. F i r s t , the p lan shape o f the pond i s f a r 

from i dea l f o r a s e t t l i n g ba s i n , and s h o r t - c i r c u i t i n g would be a problem 

unless the pond was ove r s i zed (as proposed) or ex tens i ve b a f f l e s were 

cons t ruc ted to inc rease the f low path l eng th . Second, steep topography 

prec ludes reasonable presett lement pond s i t e s near the main pond. By 

o v e r s i z i n g the main pond f o r drainage which i s expected to ca r r y a 

r e l a t i v e l y l i g h t sediment l o ad , s u f f i c i e n t pond volume should be achieved 

to con ta in the e n t i r e sediment load f o r 10 to 20 yea r s , thus r e p l a c i n g the 

ba s i c f u n c t i o n of the presett lement pond. 

The topography at the Pond D s i t e appears to be such tha t an ove r s i zed pond 

cou ld be cons t ruc ted at l i t t l e a d d i t i o n a l c o s t . A pond o f 1.1 ha area 

would conform to the same c r i t e r i a as Ponds B and C which are s i z ed to 

t r e a t the p i t and road r uno f f , and t he re f o re would be " o v e r s i z e d " f o r 

d i spo sa l area dra inage. Because the depress ion at the pond s i t e i s 

c u r r e n t l y f i l l e d w i th water, i t can be concluded t ha t e x f i l t r a t i o n 

p o t e n t i a l at t h i s s i t e i s nonex i s tent . Two runo f f c o l l e c t i o n d i t che s 

t o t a l l i n g 1.2 km i n length would d i r e c t f lows to Pond D. 
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A small bas in (0.29 km catchment) e x i s t s i n the upper p o r t i o n of the waste 

rock d i spo sa l area near the c r e s t of Lost Ridge. Storm f lows from t h i s 

area cou ld be conducted by a f low-through rock d r a i n beneath the d i sposa l 

area to Pond D, as shown conceptua l l y on F igure 6-4. The rock d r a i n would 

be cons t ruc ted by p l a c i n g competent coarse rock along the base of the 

e x i s t i n g channel p r i o r to cover ing w i th waste as the dump progresses. 

A l t e r n a t i v e l y , i t may be po s s i b l e to obta in adequate f l ow conveyance 

through the base o f the dump by t ak i ng advantage o f the na tu ra l segregat ion 

of coarse ma te r i a l which occurs dur ing dumping from a high f a c e . The f i n e r 

components o f the waste w i l l tend to hang up along the dump face and the 

coar se r boulders w i l l r o l l to the bottom, thereby c r e a t i n g a permeable, 

high vo id r a t i o zone at the so i l /was te i n t e r f a c e . The f e a s i b i l i t y of these 

op t i on s , p o s s i b l y i n con junct ion w i th sur face water f l ow d i v e r s i o n , w i l l be 

examined dur ing the f i n a l des ign phase which w i l l e va l ua te , among other 

t h i n g s , the a v a i l a b i l i t y of s u i t a b l e c on s t r u c t i on m a t e r i a l s , des ign f lows 

and r e l a t i v e cost of the op t i on s . D e t a i l s of rock t ype, hardness and s i z e 

are not a v a i l a b l e at t h i s t ime. 

Outflows from Pond D w i l l f l ow i n t o the Water Supply Re se rvo i r on the 

L i t t l e Klappan R i ve r . Routine water q u a l i t y mon i to r ing o f the e f f l u e n t 

w i l l be undertaken a f t e r the pond i s con s t ruc ted . 

3.5.5 P l a n t s i t e Pond F and G 

Two small ponds w i l l be excavated near the p l a n t s i t e and camp area. The 

pr imary f un c t i o n of these ponds w i l l be to ho ld sewage treatment p lan t 

e f f l u e n t . These ponds could a l so act as small near-source sediment t r a p s , 

however, t h e i r e f f l u e n t w i l l d r a i n i n t o Sediment Pond C and r e c e i v e f u l l 

t reatment f o r sediment removal t he re . Therefore these ponds are not s i zed 

to any sediment con t r o l c r i t e r i a . 

3.6 WATER BALANCE 

A comprehensive water balance f o r the e n t i r e property i s shown i n F igure 

6-7. Presented on t h i s f i g u r e are est imated f lows f o r the va r i ou s sources 
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of water, the i n t e r n a l movement of water between the mine, p repara t i on 

p l a n t , power p l a n t , t a i l i n g s pond, water management f a c i l i t i e s , and the 

u l t ima te d i spo sa l po in t s f o r the water. By n e c e s s i t y , many o f the f low 

est imates are approximate as the eng ineer ing i s not advanced to the stage 

where d e f i n i t i v e r a te s can be determined. As the development proceeds i n t o 

the d e t a i l e d eng ineer ing and l i c e n s i n g phases, more de f i ned est imates w i l l 

be de r i ved and the f a c i l i t i e s to handle these q u a n t i t i e s w i l l be s i z ed 

a c co rd i n g l y . 

E s s e n t i a l l y a l l o f the f a c i l i t i e s i d e n t i f i e d i n F igure 6-7 have been 

d i scus sed elsewhere i n these volumes. The emphasis i n t h i s s e c t i o n w i l l be 

the p repa ra t i on p lan t and t a i l i n g s water ba lances. In a l l cases, the f lows 

presented represent mean annual f l ows , based on data from a v a r i e t y of 

sources i n c l u d i n g the eng ineer ing f e a s i b i l i t y s t u d i e s , hydro !og i ca l 

e s t imate s , and exper ience of Gu l f and i t s con su l tan t s w i th other r e l evan t 

p r o j e c t s . Peak and design f lows w i l l obv iou s l y d i f f e r con s i de rab l y from 

those presented. 

3.6.1 Fresh Water Supply 

Fresh water i s to be supp l i ed e n t i r e l y from the L i t t l e Klappan R i ve r , 

e i t h e r from a sur face water storage dam as shown on F igure 6-7 or from an 

i n f i l t r a t i o n g a l l e r y cons t ructed adjacent to the r i v e r . Th i s water w i l l be 

p iped , or i n the case of the mine o f f i c e / d r y , t rucked to the po in t s of use. 

Fresh water w i l l be r equ i red at e s s e n t i a l l y a l l o f the Mount Klappan 

f a c i l i t i e s . 

3 
The proposed storage pond has a c apac i t y of 1.2 m i l l i o n m . The maximum 

3 

withdrawal r a t e i s est imated to be 168 m / h , which i s c on s i de rab l y g rea te r 

than the mean r a te shown on F igure 6-7. However, des ign o f the system must 

cons ide r peak ra te s and s t a r tup cond i t i on s when t a i l i n g s pond r e c l a i m may 

not be a v a i l a b l e . Ana l y s i s of the r e s e r v o i r and r i v e r hydrology i n d i c a t e 

t h a t : 
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1. the p r o b a b i l i t y o f the pond f i l l i n g i n any year exceeds 95%. 

2. the maximum withdrawal r a te i s on ly s l i g h t l y l a r g e r than the 

lowest monthly f low tha t w i l l occur once i n twenty yea r s ; and 

3. the pond has more than adequate storage to s u s t a i n the mine 

through 95% o f a l l low f low pe r i od s . 

3.6.2 Domestic and U t i l i t y Requirements 

Potable and domestic water requ i red at the p l a n t s i t e and maintenance 

f a c i l i t i e s w i l l be t r e a t e d and then d i scharged to a lagoon before being 

d i scharged to the t a i l i n g s pond. Camp water w i l l a l s o be t r e a t e d and w i l l 

d i scharge to a lagoon before j o i n i n g r uno f f from the p l a n t s i t e , p i t and 

po r t i on s o f the north dump which f low to Sediment Pond C. The mine 

o f f i c e / d r y domestic e f f l u e n t w i l l be d isposed of to a ground d i spo sa l f i e l d 
3 

l o ca ted adjacent to the f a c i l i t y . An al lowance o f 5 m /h has been prov ided 

f o r t r u c k washing and general u t i l i t y at the p l a n t s i t e maintenance shop. 

A f t e r treatment f o r removal o f o i l s and sediment t h i s e f f l u e n t w i l l d i s 

charge to the t a i l i n g s pond. 

3.6.3 Runoff Contro l F a c i l i t i e s 

Sediment pond s i z e s have been based on 10-year r e tu rn p e r i o d , 24-hour f lows 

which are presented i n Sect ion 3.5. The instantaneous 200-year re tu rn 

per iod f lows w i l l be u t i l i z e d i n the design o f c r i t i c a l h y d r a u l i c fea tu res 

of the ponds, d i t che s and d i v e r s i o n s . Waste Management Permit a p p l i c a t i o n s 

w i l l a l s o r e f l e c t damped, peak f low cond i t i on s r e s u l t i n g from the r ou t i ng 

through the sediment bas in s . 

The catchment areas of the proposed sediment bas ins represent a s i g n i f i c a n t 

p ropo r t i on o f the drainage area o f the L i t t l e Klappan R i ve r adjacent to the 
2 

p l a n t s i t e . Ponds B, C and D have a combined catchment o f 27.4 km , 
2 

compared w i th the L i t t l e Klappan R i ve r of 103 km . On t h i s b a s i s , t h e i r 

combined mean f l ow would be approximately 25% of the r i v e r ' s f l ow . 
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Water f o r road dust c on t r o l w i l l be taken from the sediment ponds. I t i s 
3 

est imated tha t l e s s than 1 m /h w i l l be r equ i r ed , expressed i n terms o f the 

average over a yea r . C l e a r l y , t h i s i s a n e g l i g i b l e p ropo r t i on o f the t o t a l 

a v a i l a b l e . 

3.6.4 Power P l an t 

The power p l an t represents one o f the more s i g n i f i c a n t consumers o f f r e sh 

water. To compensate f o r va r ious l o s s e s , of which evaporat ion and mist 
3 

from the c o o l i n g tower c o n s t i t u t e the l a r g e s t f r a c t i o n , 37 m /h of water 

make-up i s r e q u i r e d . B o i l e r blowdown w i l l be d i scharged to the t a i l i n g s 

pond. 

3.6.5 P repa ra t i on P l an t 

3 
The t o t a l water needs of the p repara t i on p l an t are est imated to be 98 m /h , 

3 
of which about 48 m /L w i l l be r e c i r c u l a t e d from the t a i l i n g s pond. Fresh 

3 

water make-up w i l l be about 50 m /L. Water l o s ses equal the i npu t , i n the 

form of mois ture i n the coarse r e f u se , product a n t h r a c i t e , dust c on t r o l f o r 

a n t h r a c i t e and ash; the m a j o r i t y of the water, however, i s d i scharged wi th 

the f i n e t a i l i n g s s l u r r y to the t a i l i n g s pond. P l an t water i s c i r c u l a t e d 

i n t e r n a l l y , w i thout l o s s , to heat exchangers i n the power p l an t f o r the 

u t i l i z a t i o n of waste heat. 

3.6.6 T a i l i n g s Pond 

In an e f f o r t to reduce r uno f f i n t o the t a i l i n g s pond, most o f the upslope 

r uno f f w i l l be d i v e r t e d around the pond. I t has been assumed tha t 20% of 
3 

the upslope r uno f f , or 3 m / h , i s ab le to bypass or i n f i l t r a t e through the 

d i t che s i n t o the pond. The p r e c i p i t a t i o n f a l l i n g d i r e c t l y on the pond 
3 

c o n s t i t u t e s a l a r g e r i nput , at 58 m / h . Evaporat ion l o s se s are est imated 
3 

at 38 m / h , on average. 

With an assumed vo id r a t i o ( V / V J of 1.0, the water en t ra i ned i n the 
3 

s e t t l e d s o l i d s w i l l be approximately 13 m / h . F reez ing i n the pond dur ing 
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the w i n t e r months w i l l produce i c e , of which a p o r t i o n may be bur ied by 

t a i l i n g s and f a i l to thaw dur ing the subsequent summer months; an al lowance 
3 

of 13 m /h has been made f o r permanent i c e . 

The l o s se s to seepage are d i f f i c u l t to e s t imate . A po r t i o n of the seepage 

w i l l be l o s t through more permeable zones beneath the pond and not be 

c o l l e c t e d by the seepage pond. However, most of the seepage which f lows 

through the dam w i l l be i n te r cep ted by the c o l l e c t i o n d i t che s and 
3 

accumulate i n the seepage pond. Flows o f 10 m /h have been ass igned to 

each o f these seepage components. Hydrogeolog ica l data are not a v a i l a b l e 

to f u r t h e r r e f i n e these f i g u r e s . To the seepage water en te r i n g the seepage 
3 

pond, w i l l be added approximately 5 m /h o f r uno f f and p r e c i p i t a t i o n below 

the main t a i l i n g s dam. 

Water i npu t s , l o s se s and storage are nea r l y i n ba lance, based on the 

f i g u r e s shown i n F igure 6-7. The achievement of balance w i l l be determined 

by what i s done w i th the seepage pond water. I f i t i s d i scharged to the 

r i v e r , then the system i s i n ba lance. I f i t i s re turned to the t a i l i n g s 
3 

pond, a net accumulat ion of 15 m /h w i l l occur . Th i s w i l l be r e f l e c t e d by 

a con t i nu i ng inc rease i n the t a i l i n g s pond water i nven to ry . 

I t i s proposed tha t at l e a s t dur ing the f i r s t year o f ope r a t i on , the 

seepage pond water be returned to the t a i l i n g s pond to a s s i s t w i th 

deve lop ing a working water inventory which w i l l a l l ow the r e c l a i m pumps to 

operate. S imul taneous ly , the water su r face area w i l l be i n c r e a s i n g which 

w i l l i nc rease the evaporat ion l o s se s above those shown. Unrecoverable 

seepage may a l so increase w i th the g rea te r pond su r face area and head of 

water. Other f a c t o r s (not l e a s t of which i s unp red i c tab le p r e c i p i t a t i o n 

r a te s ) w i l l a f f e c t the balance i n a s i g n i f i c a n t way, to a degree which i s 

d i f f i c u l t to quan t i f y i n advance. 

A d i scharge from the system w i l l l i k e l y u l t i m a t e l y be r e q u i r e d . A f t e r 

p l an t s t a r t u p , moni tor ing of the t a i l i n g s pond and seepage pond 

supernatants w i l l be c a r r i e d out to assess t h e i r chemical q u a l i t y and 

t o x i c i t y . Should t h i s moni tor ing i n d i c a t e any problems, then treatment 
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methods w i l l be i n ve s t i g a t ed so that a workable p lan i s a v a i l a b l e we l l i n 

advance o f d i s cha rge . 

3.7 LITTLE KLAPPAN RIVER FLOODPLAIN DELINEATION 

To determine whether or not any of the proposed f a c i l i t i e s would encroach 

upon the 200-year f l o o d p l a i n o f the L i t t l e Klappan R i v e r , a p r e l im i na r y 

f l o o d p l a i n study was c a r r i e d out . The maximum area! extent of f l o o d i n g on 

the L i t t l e Klappan R i v e r , which would be caused by the est imated 200-year 

instantaneous peak f l ow, was est imated on the bas i s o f ten c ross sec t i on s 

de r i ved from 1:2000 s ca l e topographic mapping w i th 1 m contour i n t e r v a l s . 

The topographic mapping was supp l i ed by Gu l f Canada. The 200-year 
3 

instantaneous peak f low was est imated to be 54.4 m /s at the upstream end 
3 

of the reach , and was increased to 66 m /s at the downstream end to account 

f o r t r i b u t a r y i n f l o w . A 9.5 km reach o f the r i v e r was s tud ied which spans 

the proposed development near the L i t t l e Klappan R i ve r and i nc ludes the 

twin c u l v e r t c r o s s i n g o f the B.C. R a i l Grade. 

As d e t a i l e d cross s e c t i on survey data were not a v a i l a b l e , care was taken to 

ensure tha t the data used f o r the study were c o n s e r v a t i v e l y e s t imated. 

Based on the 1:2000 s ca l e topography, the r e s u l t s can be assumed to be an 

"upper bound". Any ref inements to the study would probably produce lower 

computed water su r face e l e va t i o n s than those produced i n t h i s s tudy. 

The 200-year f l o o d water l e v e l at the downstream cross s e c t i o n was 

est imated by the s l ope -a rea method. Flood l e v e l s at the nine upstream 

cross sec t i on s were then determined by the standard step method and wi th 

the use o f th HEC-2 computer program (U.S. Army Corps of Eng ineers, 1981). 

The a n a l y s i s showed tha t channel v e l o c i t i e s v a r i ed from 3.52 m/s to 1.79 

m/s. Overbank v e l o c i t i e s were t y p i c a l l y between 0.8 m/s and 1.0 m/s. 

Depths o f water over the banks were g e n e r a l l y i n the reg ion o f 1.0 m. The 

areas inundated by the computed 200-year f l o o d are shown on F igure 6-8. 

6-56 



5 7 ° I 7 ' 0 9 ' 

— 5 7 " I 6 ' 0 4 ' 

— 5 7 ° I 5 ' 0 0 " 

— 5 7 ° ! 3 J 5 5 ' 

2 8 ° 5 3 ' 0 2 " 

S C A L E 

C O N T O U R I N T E R V A L = 2 5 M E T R E S 

F I G U R E 6 - 8 

MOUNT KLAPPAN ANTHRACITE PROJECT 

L I T T L E K L A P P A N R I V E R 
2 0 0 Y E A R F L O O D P L A I N D E L I N E A T I O N 

KER, PRIESTMAN & A S S O C I A T E S LTD. 

G U L F C A N A D A C O R P O R A T I O N 
2 4 / 0 1 / 8 7 
K L A P : 1 2 0 5 0 5 7 ] 8 6 0 6 0 1 0 5 2 . L O C 

6-57 



! 

ENVIRONMENTAL MANAGEMENT 

A l l o f the proposed f a c i l i t i e s , other than the water s torage dam and the 

road c r o s s i n g below the dam, w i l l be c l e a r of the computed 200-year f l o o d , 

w i th the p o s s i b l e except ion o f the toe o f Seepage Pond E. Although the dam 

toes o f both the t a i l i n g pond and Sediment Pond C appear c l o s e to the f l o o d 

p l a i n i n p l a n , both are l o ca ted at the top of steep banks and are 4 m to 6 

m above the computed 200-year f l o o d e l e v a t i o n s . 
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4.0 AIR QUALITY CONTROL SYSTEMS  

4.1 POWER PLANT AIR EMISSIONS 

Cons t ruc t i on o f an o n - s i t e , a n t h r a c i t e - f i r e d thermal generat ing p lan t at 

Mount Klappan would r e s u l t i n a i r emiss ions i n the area t ha t would not be 

present i f the a l t e r n a t i v e power source, a t ransmi s s i on l i n e from the B.C. 

Hydro power g r i d , i s u t i l i z e d . A i r emiss ions a s soc i a ted w i th the power 

p l an t are f l u e gases and p a r t i c u l a t e s . Several f ea tu re s o f the power p lan t 

des i gn , however, prov ide a i r q u a l i t y c on t r o l systems which w i l l reduce or 

e l i m i n a t e impacts from a i r emiss ions and ensure compliance w i th the B.C. 

P o l l u t i o n Contro l Ob jec t i ve s f o r both emiss ions and ambient a i r q u a l i t y . 

These c on t r o l systems i nc lude the use o f c i r c u l a t i n g f l u i d i z e d bed 

combustion (C.F.B.C.) b o i l e r u n i t s , f l u e s tack des i gn , su lphur absorpt ion 

techniques and baghouse p a r t i c u l a t e con t ro l f a c i l i t i e s . 

The t e s t work done to date by Gu l f and va r ious c o n s u l t i n g companies 

demonstrates t ha t a c i r c u l a t i n g f l u i d i z e d bed combustion thermal u n i t w i l l 

not pose any environmental t h r ea t to the surrounding country s i d e . Fo l l ow

ing i s a d i s c u s s i o n of t h i s t e s t da ta . 

4.1.1 Sulphur D iox ide (S0 2 ) and N i t rogen Oxides (N0 X ) Emiss ions 

The key a i r q u a l i t y concerns w i th f l u e gases produced by a thermal power 

p l an t are su lphur d i o x i de and n i t rogen ox ides . For the Mount Klappan 

p r o j e c t , the p r i n c i p a l means of c o n t r o l l i n g these emiss ions are inherent to 

the use o f a C.F.B.C. b o i l e r . 

There are th ree pr imary methods f o r removing su lphur from f l u e s tack 

emis s ions : su lphur removal a f t e r combustion; su lphur removal dur ing 

combustion; and su lphur removal before combustion. Most e l e c t r i c u t i l i t y 

generat ing p l a n t s , such as t ha t proposed f o r the B.C. Hydro Hat Creek 

P l a n t , g e n e r a l l y pursue the f i r s t opt ion by scrubbing the s tack gases. 

Coal producers g e n e r a l l y attempt the l a s t method by phy s i ca l coa l c l e a n i n g . 

6-59 



I 

ENVIRONMENTAL MANAGEMENT 

Sulphur removal w i th combustion, as occurs dur ing f l u i d i z e d bed combustion, 

o f f e r s d i s t i n c t advantages over the other two methods. 

In the f l u i d i z e d bed combustor, ca l c i um, whether conta ined i n the ash 

component o f the a n t h r a c i t e or i n a l imestone supplement, i s int roduced 

i n t o the burning a n t h r a c i t e bed where i t r eac t s w i th the su lphur d i o x i d e . 

The r e s u l t i n g ca lc ium su lphate i s then removed as a dry s o l i d w i th the bed 

and f l y ash. 

An a d d i t i o n a l b e n e f i t o f us ing a f l u i d i z e d bed combustor i s t ha t n i t rogen 

ox ides emiss ions are s u b s t a n t i a l l y reduced i n comparison w i th convent iona l 

c o a l - f i r e d b o i l e r s . N i t rogen oxide emiss ions i nc rease w i th combustion 

temperatures. Conventional coal burners operate at temperatures o f about 

1650°C. The average combustion temperature f o r the C.F.B.C. b o i l e r 

contemplated f o r the Mount Klappan p r o j e c t w i l l be about 850°C. At t h i s 

much lower temperature n i t rogen oxides emiss ions are much reduced to we l l 

below B.C. P o l l u t i o n Contro l Ob jec t i ve s when burning Mount Klappan 

a n t h r a c i t e . 

The su lphur absorpt ion p o t e n t i a l o f the c i r c u l a t i n g f l u i d i z e d bed burner, 

us ing re fu se a n t h r a c i t e from the Mount Klappan depos i t has been demons

t r a t e d through p i l o t s c a l e t e s t burning at the Pyropower Corpora t ion t e s t 

f a c i l i t y i n San Diego, C a l i f o r n i a . N i t rogen ox ides emiss ion c o n t r o l was 

determined as w e l l . 

The t e s t f a c i l i t y at San Diego i s a 2 m i l l i o n BTU/hr C i r c u l a t i n g F l u i d i z e d 

Bed Combustion (CFBC) p i l o t s c a l e b o i l e r t e s t i n g f a c i l i t y . Extens ive 

c on t r o l and in s t rumentat ion i s prov ided f o r f l u e gas a n a l y s i s , gas and a i r 

f l ow r a t e and temperatures, as we l l as f ue l and absorbent f l ow r a t e s . A 

data a c q u i s i t i o n system i s prov ided us ing computer data l ogg ing and s t r i p 

char t r e co rde r s . 

Coarse r e j e c t a n t h r a c i t e produced at G u l f ' s p i l o t wash p l an t at Mount 

Klappan was shipped to San Diego and analyzed by Pyropower. The ana l y s i s 

i s g iven below: 
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TEST REFUSE ANTHRACITE ANALYSIS 

Carbon 49.50% 

Hydrogen 1.80% 

Sulphur 0.30% 

Ni t rogen 0.60% 

Oxygen 1.90% 

Ash 40.10% 

Moisture 5.80% 

Higher Heating Va lue, 

Kcal/Kg as f i r e d 4,173 

A f t e r i n i t i a l i g n i t i o n was obta ined the re fuse a n t h r a c i t e achieved s t ab l e 

combustion throughout the 100 hour t e s t pe r iod and no supplemental f ue l was 

r e q u i r e d . Operat ing temperatures f o r most o f the t e s t were around 843°C 

(1550°F) and both the bed temperature and the f l u e gas oxygen analyses 

i n d i c a t e d s t a b l e c o n d i t i o n s . 

The inherent ca lc ium i n the ash of the re fu se a n t h r a c i t e prov ided 70% 

su lphur captu re . Increas ing the r a t i o o f ca l c i um to su lphur by the 

a d d i t i o n of l imestone to the bed mate r i a l r e s u l t s i n even h igher sulphur 

captu re . The r e s u l t s o f the t e s t are summarized i n F igure 6-9, E f f e c t of 

Limestone A d d i t i o n on Sulphur Capture. 

F igure 6-9 can a l so be used to determine the percent su lphur capture 

r equ i r ed to meet a s p e c i f i c emiss ion o b j e c t i v e , and the Ca:S r a t i o requ i red 

to e f f e c t t ha t capture . The B.C. P o l l u t i o n Contro l Ob jec t i v e f o r su lphur 

of 0.09 mg per kJ o f heat input i s s e l e c ted f o r i l l u s t r a t i v e purposes. 

Th i s represents the s t r i c t e s t l e v e l A s tandard. To meet t h i s o b j e c t i v e , 

75% o f the su lphur must be captured. This r equ i r e s a Ca:S r a t i o o f 1.25 

and suggests that l imestone feed may be requ i red to meet the P o l l u t i o n 

Contro l O b j e c t i v e . 

I t should be recognized tha t there w i l l be some v a r i a b i l i t y i n the 

c h a r a c t e r i s t i c s of the f ue l feed to the b o i l e r . The key f a c t o r a f f e c t i n g 
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su lphur capture w i l l be the Ca:S r a t i o . The nine a n t h r a c i t e seams to be 

mined w i l l have d i f f e r e n t rock a s s o c i a t i on s and ash contents such tha t the 

Ca:S r a t i o s w i l l a l so be v a r i a b l e . Of the l e s s than 1 m i l l i o n tonnes per 

year o f r e j e c t a n t h r a c i t e produced, on ly about 164000 tonnes, or 18%, w i l l 

be r equ i r ed f o r the power p l a n t . Laboratory a n a l y s i s w i l l be conducted on 

the a n t h r a c i t e i n s i t u and at the p repara t ion p l a n t . Th i s i n fo rmat ion w i l l 

a l l ow con s i de rab le ope ra t i ona l f l e x i b i l i t y to s e l e c t i v e l y d i s pa t ch course 

r e j e c t to the power p l an t f ue l p i l e such tha t the Ca:S r a t i o i s maximized. 

Limestone feed w i l l then be c o n t r o l l e d to ensure tha t the r a t i o i s at a l l 

t imes adequate to meet the P o l l u t i o n Contro l Ob jec t i ve f o r su lphur . 

The measured n i t rogen oxides values f o r these t e s t runs were low, as 

p r e d i c t e d . The range was 0.038-0.057 mg per kJ o f heat i npu t . These 

values compare favourab ly w i th the B.C. P o l l u t i o n Contro l Ob jec t i v e of 

0.15 mg-NOx per kJ o f heat i npu t . 

As noted i n Volume I I , Part 5, I n f r a s t r u c t u r e , the steam requirements f o r 

the generat ion of 15MW e l e c t r i c i t y would r equ i r e a c i r c u l a t i n g f l u i d i z e d 

bed b o i l e r ra ted at 120 000 kg/hr of steam f l ow. 

The su lphur absorpt ion p o t e n t i a l o f the ca lc ium i n the f u e l ash used f o r 

these t e s t s was about 70%. Higher absorpt ion ra te s were achieved by the 

a d d i t i o n o f l imestone to the burn c y c l e . A small amount o f l imestone 

a d d i t i o n may be requ i red to inc rease su lphur capture to 75% i n the f u l l 

s c a l e ope ra t i ona l p l an t to meet the most s t r i n g e n t B.C. P o l l u t i o n Contro l 

Ob jec t i ve o f 0.09 mg-S0 2/kJ/heat i nput . 

The n i t rogen oxides emiss ions are low because of the low temperature 

c h a r a c t e r i s t i c s of the c i r c u l a t i n g f l u i d i z e d bed b o i l e r . No a d d i t i o n a l 

c on t r o l systems w i l l be requ i red to meet the B.C. P o l l u t i o n Contro l 

Ob jec t i ve s f o r these f l u e gas c o n s t i t u e n t s . 

To a s s i s t i n meeting ambient a i r q u a l i t y standards, the f l u e s tack design 

he ight i s 60 metres. By p l a c i n g the po in t source o f emiss ions at t h i s 

e l e v a t i o n , g rea te r d i s p e r s i o n of the s tack gases as we l l as d i s p e r s i o n of 
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p a r t i c u l a t e emiss ions i s assured. A i r d i s p e r s i o n mode l l i ng f o r these 

emiss ions i s d i scus sed i n Volume I I I - Part Two - Atmospheric Environment. 

The f i n d i n g s reported there i n d i c a t e that annual su lphur d i o x i d e concent ra 

t i o n s and depo s i t i o n r a te s w i l l f a l l we l l w i t h i n ambient a i r q u a l i t y 

s tandards. 

4.1.2 P a r t i c u l a t e Emissions and F u g i t i v e Dust 

The des ign o f the c i r c u l a t i n g f l u i d i z e d bed burner (see Volume I I , Par t 5) 

i s such tha t a high pr imary a i r stream c i r c u l a t e s burning f u e l , bed 

mate r i a l and f l u e gases through the combustion chamber i n t o a cyc lone 

sepa ra to r . Here the ent ra ined s o l i d s are separated from the hot gases, 

except f o r f u l l y burned and very f i n e ash p a r t i c l e s . The f l u e gas i s cooled 

and d i r e c t e d through a bag house where most o f the p a r t i c u l a t e s are 

removed, and then i s exhausted to the atmosphere v i a a 60 metre s tack . 

The p a r t i c u l a t e emiss ions w i l l be 0.01 mg per kJ of heat input or l e s s . 

This meets the B.C. P o l l u t i o n Contro l Ob jec t i ve f o r t o t a l p a r t i c u l a t e s . 

F u g i t i v e dust emiss ions w i l l r e s u l t from both c o n s t r u c t i o n and ope ra t i ona l 

a c t i v i t i e s . During c on s t r u c t i on both ear th moving a c t i v i t i e s and v e h i c l e 

movement can r e s u l t i n high l o c a l i z e d concent ra t i on s o f p a r t i c u l a t e s . 

Contro l measures, such as water sp ray ing , and the short term nature of the 

c o n s t r u c t i o n a c t i v i t y w i l l l i m i t the impact on the atmospheric environment. 

Dust sources dur ing the opera t i ona l phase w i l l be from d r i l l i n g , b l a s t i n g , 

mate r i a l movement, and v e h i c l e movement dur ing min ing ; from v e h i c l e 

movement on the roads; from the handl ing of a n t h r a c i t e at the a n t h r a c i t e 

p repa ra t i on p l an t and the power p l a n t ; and from the hand l ing of coarse 

r e j e c t a n t h r a c i t e and power p l an t ash. These a c t i v i t i e s cou ld produce high 

p a r t i c u l a t e concent ra t ions i n the immediate v i c i n i t y o f the p l a n t . 

During summer dry pe r i od s , mine s i t e roads w i l l be sprayed by water t rucks 

to c on t r o l v e h i c l e dust p roduc t i on . At the p repa ra t i on p l a n t , dust c o l l e c 

t o r s w i l l be i n s t a l l e d on the raw a n t h r a c i t e storage s i l o s to c o l l e c t dust 
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from the run-of -mine a n t h r a c i t e which i s r e l a t i v e l y dry at t h i s stage. 

Product a n t h r a c i t e i s handled in covered conveyors and storage s i l o s u n t i l 

loaded on t r u c k s . Premium a n t h r a c i t e w i l l be i n c l o sed con ta ine r s and the 

standard a n t h r a c i t e product w i l l be covered w i th t a r p a u l i n s i n the haul 

t r u c k s . 

At the power p l a n t , f ue l a n t h r a c i t e w i l l be rec la imed from the s t o c k p i l e by 

covered conveyors and baghouses w i l l f i l t e r f l y ash from the exhaust gases. 

F l y ash and bed ash w i l l be t ranspor ted to the ash s i l o s by c l o s ed , 

pneumatic dust tubes and the ash w i l l be sprayed w i th water p r i o r to t ruck 

t r an spo r t to the coarse re fuse d i spo sa l s i t e . 
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5.0 SPILL CONTINGENCY PLANNING  

5.1 INTRODUCTION 

S p i l l cont ingency p lann ing i s a normal f ea tu re of environmental management 

at mining p r o j e c t s . Care fu l advance con s i de r a t i on of the p o t e n t i a l f o r 

s p i l l s and a c t i o n to be taken should a s p i l l a c t u a l l y occur , w i l l go f a r i n 

reduc ing the r i s k of l i a b i l i t y to the company, and the environmental damage 

which may r e s u l t from the s p i l l . F o r tuna te l y , s p i l l cont ingency p lanning 

at Mount Klappan i s expected to be a r e l a t i v e l y s imple e x e r c i s e , because of 

the minimal number of hazardous chemicals to be used. Th i s s e c t i on 

represents a conceptual s p i l l cont ingency plan f o r the ope r a t i o n , which 

would form the bas i s f o r a d e t a i l e d plan developed a f t e r p r o j e c t approva l . 

The p lan would f o l l o w the general format and scope o u t l i n e d i n the S p i l l  

Response Contingency P lanning Gu ide l i ne s prov ided by the B r i t i s h Columbia 

M i n i s t r y o f Environment. Cons ide ra t ion would be g iven not on ly to s p i l l s 

at the m i n e s i t e , but a l so along the access route to the p roper ty , 

c on s i s t en t w i th the T ranspo r ta t i on of Dangerous Goods A c t . 

I t w i l l be the p o l i c y of the Company to order chemica l s , f u e l s and 

exp l o s i ve s F.O.B. P lant s i t e . On t h i s b a s i s , the l i a b i l i t y and 

r e s p o n s i b i l i t y f o r s p i l l s along the access route w i l l be the t r a n s p o r t e r ' s . 

Never the le s s , Gu l f w i l l a s s i s t w i th s p i l l cleanup where i t s resources can 

be e f f e c t i v e l y used to r a p i d l y con ta in a s p i l l and prevent se r ious 

environmental damage. 

The purpose o f a s p i l l cont ingency p lan i s to o u t l i n e areas of 

v u l n e r a b i l i t y , r e s p o n s i b i l i t i e s of mine per sonne l , r e p o r t i n g procedures, 

response ac t i on s f o r s p e c i f i c substances and emergency equipment 

i n v e n t o r i e s f o r s p i l l s to the ex te rna l environment. I t does not, 

t h e r e f o r e , address matters r e l a t e d to worker s a f e t y , hygiene and operat ing 

procedures. 
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5.2 CHEMICALS AND FUELS 

P repara t i on of a n t h r a c i t e i s e s s e n t i a l l y a phy s i ca l p rocess , and the only 

reagents r equ i r ed to accomplish i t s separat ion from i t s waste components 

are f l o c c u l a n t s f o r s l u r r y t h i c k e n i n g , l ime f o r pH c o n t r o l and magnetite 

f o r the heavy media c i r c u i t . I f an a n t h r a c i t e - b u r n i n g power p l an t i s 

cons t ruc ted at the s i t e , other chemicals such as s u l p h u r i c a c i d , c a u s t i c , 

c h l o r i n e , e t c . w i l l be requ i red i n minor q u a n t i t i e s f o r treatment of b o i l e r 

water. 

Bulk ammonium n i t r a t e and f ue l o i l (when mixed together ) w i l l be the 

pr imary exp l o s i ve s used at Mount Klappan. D ie se l o i l and g a so l i ne w i l l be 

r equ i red f o r v e h i c l e f u e l i n g . Minor amounts o f h y d r a u l i c f l u i d s , s o l ven t s , 

chemical c l e a n e r s , a n t i f r e e z e and greases w i l l be r equ i r ed i n the 

maintenance shop and i n the p repara t ion p l a n t . Compressed gases such as 

acety lene and oxygen i n c y l i n d e r q u a n t i t i e s w i l l be r equ i r ed f o r we ld ing . 

The l abo r a t o r y w i l l u t i l i z e common reagents i n small q u a n t i t i e s and 

c h l o r i n a t i o n of potab le water w i l l be c a r r i e d out. Waste o i l represents a 

s p e c i a l category , because i t i s a product r a t he r than a s upp l i ed substance. 

A summary o f the chemica l s , f u e l s and exp lo s i ve s (except those used in 

n e g l i g i b l e q u a n t i t i e s ) proposed f o r use at Mount Klappan i s g iven i n Table 

6-12. The l i s t w i l l be updated when the f i n a l cont ingency p lan i s 

prepared. 

Complete product s a fe ty data sheets and supplementary i n fo rmat i on would be 

conta ined w i t h i n the cont ingency p l an , so t ha t the chemical and phy s i ca l 

c h a r a c t e r i s t i c s o f the substance could be determined q u i c k l y , and guidance 

obta ined regard ing containment and c leanup, i n the event of a s p i l l . 

5.3 RESPONSIBILITIES AND NOTIFICATION PROCEDURES 

R e s p o n s i b i l i t i e s o f mine personnel w i l l be de f i ned w i th respect to s p i l l 

cont ingency p lann ing and response. This cannot be f i n a l i z e d u n t i l the 

o r g an i z a t i o n char t i s complete, personnel are h i r ed and t h e i r s k i l l s can be 

d e f i n e d . However, named i n d i v i d u a l s w i l l be ass igned the r e s p o n s i b i l i t y 
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TABLE 6-12 

CHEMICALS, FUELS AND EXPLOSIVES 

TO BE USED AT MOUNT KLAPPAN 

Chemical Quant i t y Purpose Locat ion 

Ch l o r i ne Gas 450 kg/y A n t i - f o u l i n g Agent Power P lan t 

Al urn 20 000 kg/y Water Treatment Power P lan t 

P o l y e l e c t r o l y t e 225 kg/y Water Treatment Power P l an t 

Su lphu r i c A c i d 55 000 kg/y Water Treatment Power P lan t 

Quick l ime (CaO) 5300 kg/y Water Treatment Power P lan t 

11 750 kg/y pH Contro l A n t h r a c i t e P lant 

Sodium Hydroxide Water Treatment Power P l an t 

Dichromate Corros ion I n h i b i t o r Power P lan t 

Magnet ite 3600 t/y Heavy Medium A n t h r a c i t e P lant 

Su r fac tan t 6000 L/y Dust Suppression A n t h r a c i t e P lant 

F l o c c u l a n t 11,750 kg/y Thickener A n t h r a c i t e P lant 

Ch l o r i ne D i s i n f e c t a n t Pot. Water T r . 

Gaso l ine Veh i c l e Fue l i ng 

D ie se l Fuel V e h i c l e Fue l i ng 

D ie se l Fuel 400,000 L/y ANFO Manufacture ANFO P lan t 

Ammonium N i t r a t e 7000 t/y ANFO Manufacture ANFO P lan t 

Waste O i l Maintenance 
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f o r government l i a i s o n , p u b l i c r e l a t i o n s , s p i l l c leanup c o o r d i n a t i o n , 

mon i to r ing and r e l a t e d d u t i e s . 

The government n o t i f i c a t i o n procedure f o r s p i l l s w i l l be o u t l i n e d . Upon 

d i s c o v e r i n g a s p i l l , the operator i s s imply requ i red to n o t i f y the 

P r o v i n c i a l Emergency Program (PEP) at Zen i th 2667. Th i s i s a 24-hour 

t o l l - f r e e number. PEP w i l l then n o t i f y a l l concerned agenc ies . I f a s p i l l 

may a f f e c t downstream water q u a l i t y , the Waste Management Branch takes the 

r e s p o n s i b i l i t y o f n o t i f y i n g water users ( i f any). 

The s p i l l cont ingency p lan w i l l conta in the names, addresses and telephone 

numbers o f s u p p l i e r s o f the var ious chemicals so tha t i n fo rmat ion and 

response a s s i s t ance may be obta ined q u i c k l y , i n the event o f an emergency. 

5.4 SPILL POTENTIAL AND RESPONSE 

Modern methods o f packaging, t r an spo r t , and hand l ing o f p o t e n t i a l l y 

dangerous substances and an emphasis on proper t r a i n i n g make a se r ious 

s p i l l u n l i k e l y . Never the les s , s p i l l s can occur and t h e i r s e v e r i t y w i l l be 

lessened by having in p lace a cont ingency plan and a demonstrated s t a t e of 

read ines s . 

The area o f g rea te s t v u l n e r a b i l i t y i s probably t r a n s p o r t a t i o n - r e l a t e d 

acc ident s r e s u l t i n g from events out of the con t ro l of the t r a n s p o r t e r , such 

as i c y roads, washouts, l a n d s l i d e s , snows l ides , c o l l i s i o n s or mechanical 

f a i l u r e s . Contingency plans f i l e d w i th Transport Canada by the sh ipper and 

requ i red to be i n the possess ion of the v e h i c l e d r i v e r should be capable of 

address ing most t r a n s p o r t a t i o n - r e l a t e d a cc i den t s . Chemicals and f u e l s w i l l 

o r i g i n a t e from a v a r i e t y of p o s s i b l e sources i n c l u d i n g P r i nce Rupert, 

Ter race , Stewart, Smithers and P r i nce George as we l l as cent re s to the 

south. Contracts w i th s u p p l i e r s w i l l be made c l o s e r to the time of 

p roduc t i on . 

Most o f the chemicals to be used at Mount Klappan w i l l be r equ i r ed on ly in 

small q u a n t i t i e s and/or do not possess a high degree o f hazard. Included 

6-69 



! 

ENVIRONMENTAL MANAGEMENT 

i n t h i s category are f l o c c u l a n t s , qu i c k l ime , magnet i te, alum and ammonium 

n i t r a t e . A cco rd i ng l y , the concern over these substances i s r e l a t i v e l y low 

and s p i l l response would be s t r a i g h t f o r w a r d . However, they would be 

covered i n the cont ingency p l an . 

Su lphu r i c a c i d w i l l be t ran spor ted i n l i q u i d form by tank t r u c k . S p i l l s 

onto the ground would be handled by d i t c h i n g and containment behind earth 

dykes u n t i l the s p i l l e d mate r i a l cou ld be n e u t r a l i z e d w i th l i m e . There i s 

l i t t l e t ha t cou ld be done f o r a d i r e c t s p i l l i n t o a major stream or r i v e r , 

as by the time n e u t r a l i z i n g agents cou ld be a p p l i e d , the s p i l l e d a c i d would 

have combined w i th the water and moved downstream. Su l phu r i c a c i d leaves 

no re s idue or l a s t i n g t o x i c i t y and the e f f e c t would be n e g l i g i b l e once the 

a c i d was d i l u t e d and f l u shed downstream. The amount o f a c i d to be 

t ran spo r ted i s r e l a t i v e l y s m a l l . 

Chemicals such as gaseous c h l o r i n e w i l l be shipped i n small q u a n t i t i e s i n 

p re s su r i zed c y l i n d e r s , f o r which s a fe ty and hand l ing procedures are very 

s t r i c t l y r e gu l a t ed . Any s p i l l i s l i k e l y to i n vo l ve on ly one c y l i n d e r at a 

t ime, which w i l l minimize the p o t e n t i a l hazard. Unless a l e a k i n g c y l i n d e r 

enters a waterway, the re leased c h l o r i n e gas w i l l d i s pe r se to the 

atmosphere and pose more of a hazard to personnel than to the environment. 

However, chemical substances (such as metab i su lph i te ) capable o f de s t roy ing 

c h l o r i n e r e s i d u a l s i n water are a v a i l a b l e and would be cons idered in the 

event o f a s p i l l o f c h l o r i n e to a waterway. 

C h l o r i n e , and other p o t e n t i a l l y t o x i c substances such as d ichromate, would 

be sub jec t to s t r i n g e n t r e s t r i c t i o n s i n t h e i r t r an spo r t to the s i t e . 

Proper packaging and shipment i n c lo sed vans would be pr imary defences 

aga ins t s p i l l s . The r e l i a b i l i t y of the t r a n s p o r t e r and h i s demonstrated 

a b i l i t y to both prevent, and respond t o , s p i l l s would be key c r i t e r i a i n 

the awarding o f c o n t r a c t s . 

Of a l l the chemicals to be used at Mount Klappan, f ue l o i l r equ i r ed f o r 

exp l o s i ve s manufacture and v e h i c l e f u e l i n g w i l l r equ i r e the most se r ious 

c on s i de r a t i o n w i th respect to s p i l l s . During nego t i a t i on s f o r a f ue l 
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c o n t r a c t , d i s cu s s i on s w i l l be he ld w i th the o i l companies and the B.C. 

Petroleum A s s o c i a t i o n to determine the c a p a b i l i t y f o r response to s p i l l s i n 

the northwest area of B r i t i s h Columbia. Regardless of the s u p p l i e r 

s e l e c t e d , containment and cleanup equipment from the Co-Op Depot at Stewart 

would be a v a i l a b l e . I f the equipment i s determined to be inadequate f o r 

the needs at Mount Klappan, then arrangements would be made to supplement 

the equipment or e s t a b l i s h a depot at a more s u i t a b l e l o c a t i o n . Further 

i n v e s t i g a t i o n s regard ing o i l s p i l l response c a p a b i l i t y w i l l be c a r r i e d out 

when the f i n a l cont ingency p lan i s prepared. 

A l l ev idence to date suggests tha t the wastes produced by the Mount Klappan 

mine, p repa ra t i on p l an t and power p l an t w i l l be env i ronmenta l l y innocuous, 

i n terms o f t o x i c i t y , l each ing o f heavy metals and a c i d gene ra t i on . For 

t h i s reason, s p i l l s of t a i l i n g s or r e c l a i m water r e s u l t i n g from a p i p e l i n e 

break would not be of major concern except f o r sed imentat ion o f r e c e i v i n g 

waters . D i t che s , berms and l i n e placement have been designed to minimize 

the p o s s i b i l i t y of t a i l i n g s and r e c l a i m s p i l l s from reach ing the L i t t l e 

Klappan R i v e r . The t a i l i n g s p i p e l i n e i s , f o r example, upslope o f a d i t c h 

widh d ra i n s to the t a i l i n g s pond. I t i s a n t i c i p a t e d tha t the t a i l i n g s pond 

w i l l operate as a c lo sed system and thus avoid the need f o r d i scharge to 

the environment under normal ope ra t i on s . 

5.5 PREPARATION OF FINAL PLAN 

As noted above, what i s presented here i s a conceptual s p i l l cont ingency 

plan which w i l l be f i n a l i z e d dur ing Stage I I I . The general o u t l i n e f o r 

s p i l l cont ingency plans recommended by the M i n i s t r y o f Environment w i l l be 

f o l l o w e d . In a d d i t i o n to the in fo rmat ion int roduced above, an inventory of 

s p i l l containment and cleanup equipment, more s p e c i f i c d i s c u s s i o n of 

response a c t i o n s , mate r i a l s a fe t y data sheets f o r chemica l s , o i l s p i l l 

c leanup techn iques , and i d e n t i f i c a t i o n of s e n s i t i v e areas w i l l be i t em i zed . 
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6.0 RECLAMATION 

6.1 INTRODUCTION 

The rec lamat ion concepts presented below have been developed as pa r t of the 

ongoing program of environmental p r o t e c t i o n and impact m i t i g a t i o n . 

D e t a i l e d s tud ie s of the b i ophy s i c a l environment i n the m ine s i t e area have 

been c a r r i e d out and are presented elsewhere i n t h i s r e p o r t . The f i n d i n g s 

from these s tud ie s have been used i n the f o rmu la t i on o f the rec lamat ion 

o b j e c t i v e s . S tud ies of the s o i l ma te r i a l s i n the area t o be impacted by 

development have been c a r r i e d out to determine i f e f f e c t i v e use can be made 

of these s o i l s . Resu l t s of the s o i l s tud ie s are presented i n the 

T e r r e s t r i a l Environment Sec t ion i n Volume I I I . 

The rec lamat ion concepts have been formulated to comply w i th the pe r t i n en t 

s ec t i on s o f the Mines Act as i t app l i e s to t h i s p r o j e c t . The program i s 

presented at the concept stage at t h i s t ime to a l l ow f o r a d e t a i l e d review 

by r e gu l a t o r y per sonne l . An a p p l i c a t i o n f o r a rec lamat ion permit w i l l be 

made at Stage I I I o f the mine development process . 

6.2 RECLAMATION OBJECTIVES 

Ob jec t i ve s f o r the rec lamat ion program have been formulated to address the 

s i g n i f i c a n t aspects o f the b i ophy s i c a l environment which w i l l be impacted 

by the p r o j e c t and which can be m i t i g a t ed by cu r ren t rec lamat ion 

technology. The rec lamat ion program has been developed to s a t i s f y four 

major o b j e c t i v e s . These are : 

1. To r e tu rn the land sur face to a phy s i ca l form which i s c on s i s t en t 

w i th the surrounding t e r r a i n when i t i s p r a c t i c a l and reasonable 

to do so; 

2. To p ro tec t p o t e n t i a l l y e r o d i b l e sur faces through the 

estab l i shment of a cover of v ege ta t i on ; 
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3. To develop p roduct i ve ecosystems on the rec la imed l and s ; and 

4. To ensure tha t the rec la imed lands are s e l f - s u s t a i n i n g i n terms 

o f cover and p r o d u c t i v i t y . 

The f o l l o w i n g sec t i on s o u t l i n e how these o b j e c t i v e s w i l l be ach ieved. 

6.3 LAND AND RESOURCE USE 

6.3.1 Present Land and Resource Use 

The Mount Klappan A n t h r a c i t e P r o j e c t i s l o ca ted i n the remote northwestern 

par t o f the P rov ince . The development area l i e s i n the sub -a lp ine to 

a l p i n e r e g i o n . Land and resource uses cent re around the remote nature of 

the a rea . The area prov ides h ab i t a t f o r a v a r i e t y of w i l d l i f e s pec i e s , and 

as such supports both consumptive and non-consumptive uses o f the w i l d l i f e 

re source . Car ibou use the area when forage i s a v a i l a b l e i n the l a t e s p r i n g , 

summer and f a l l , a lthough the den s i t y of usage i s r e l a t i v e l y low. Predator 

spec ies such as g r i z z l y bear, fox , wo l ve r i ne , wo l f , golden eagle and b lack 

bear a l s o f requent the a rea , prey ing on marmots, ground s q u i r r e l s and 

ptarmigan. 

There i s no a g r i c u l t u r a l , f o r e s t r y or commercial f i s h e r y use o f the area. 

Minera l development i s r e s t r i c t e d to the e x p l o r a t i o n f o r a n t h r a c i t e and the 

use o f l o c a l g rave l depos i t s f o r c on s t r u c t i on purposes. Local people and 

o u t f i t t e r s conduct p r i v a t e and commercial hunt ing i n the a rea . 

Rec rea t i ona l use of the area centers on i t s remote natu re . There are no 

t r a i l s or o ther r e c r e a t i o n a l f a c i l i t i e s which would be impacted by p r o j e c t 

development. S p a t s i z i P la teau Wilderness Park i s l o ca ted to the east of 

the p r o j e c t a rea. The park rece i ve s r e l a t i v e l y low use even though access 

i s r e a d i l y a v a i l a b l e due to i t s remote l o c a t i o n . There i s a p o t e n t i a l f o r 

g rea te r use of the park as a r e s u l t of improved access at tendant w i th 

p r o j e c t development. A plan f o r the o r d e r l y development o f access to the 

park should be formulated by r egu l a to r y personnel and w i l l not be addressed 
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f u r t h e r here except to note tha t the rec lamat ion program has been developed 

to minimize the v i s u a l impact of the p r o j e c t r e l a t i v e to park usage. 

6.3.2 Proposed End Land Uses 

The proposed end land use f o r the p r o j e c t area i s to r e tu rn the area to i t s 

prev ious w i ldernes s s t a t u s . Upon complet ion o f min ing , the area w i l l be 

revegetated to support w i l d l i f e . Primary emphasis w i l l be on the c r e a t i o n 

o f h a b i t a t f o r prey spec i e s . Th i s w i l l promote the u t i l i z a t i o n of the area 

by p reda to r s . S tud ies of the w i l d l i f e h ab i t a t i n the area have i n d i c a t e d 

tha t the c r e a t i o n of r o l l i n g grass lands i n the a l p i n e , w i l l o w shrub heath-

lands i n the high sub -a lp ine grad ing i n t o open f o r e s t s at lower e l e va t i o n s 

w i l l p rov ide h a b i t a t f o r the prey spec ie s . The open w i l l o w shrublands of 

the v a l l e y bottoms w i l l be r e - e s t a b l i s h e d i n these areas . I t i s expected 

tha t s i nce ca r ibou p re sen t l y u t i l i z e a l l o f the h a b i t a t s i n the area that 

use w i l l cont inue i n the hab i t a t s c reated through r e c l ama t i on . D e t a i l s of 

the proposed revege ta t i on s t ra tegy are presented i n the f o l l o w i n g s e c t i o n . 

The c r e a t i o n of w i l d l i f e h ab i t a t s i n the areas d i s t u r bed by mining w i l l 

permit the cont inued use of the area f o r r e c r e a t i o n . By focus ing on the 

c r e a t i o n of h a b i t a t f o r prey spec i e s , i t i s a n t i c i p a t e d tha t b i g game 

predators w i l l a l so be a t t r a c t e d and w i l l enhance the use o f t h i s area by 

these s pec i e s . 

6.4 RECLAMATION PLANS 

6.4.1 Reclamation Landscape Un i t s 

The m ine s i te area can be d i v i d e d i n t o th ree landscape un i t s f o r the 

purposes o f the rec lamat ion p lans . The p i t a rea, should mining be 

completed, w i l l c o n s i s t of a s e r i e s o f p i t s which have merged to form a 

s i n g l e area o f d i s tu rbance c o n s i s t i n g of rock s lopes w i th benches. The 

rock of the p i t s lopes w i l l weather r a p i d l y and pockets of s o i l s i zed 

m a t e r i a l s w i l l form on the benches. Rock s lopes l e f t a f t e r mining w i l l 

p rov ide i dea l h ab i t a t f o r nes t i ng r a p t o r s , and some of t h e i r prey spec ie s . 
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The waste d i spo sa l area w i l l form a r e l a t i v e l y f l a t topped area wi th 

s l op i n g s i d e s . I nd i v i dua l l i f t s w i l l be at the angle o f repose (approx. 

38°) but the o v e r a l l s lope w i l l be reduced by the c r e a t i o n o f i n te rmed iate 

benches. The d i spo sa l area w i l l conta in waste rock which weathers r a p i d l y 

to form a coarse s o i l m a t e r i a l . Hard fragments of rock w i l l c o l l e c t at the 

toe o f the d i spo sa l area and w i l l a l l ow water to f low without compromising 

the s t a b i l i t y of the d i spo sa l a rea. The top of the d i spo sa l area w i l l be 

i n the a l p i n e area wh i l e the toe w i l l extend to the high s ub -a l p i ne . 

D i sposa l area c on s t r u c t i o n methods w i l l a l l ow the development o f a gen t l y 

r o l l i n g landscape on the waste rock su r face , wh i l e the s lopes can be 

cons t ruc ted to form r idges and draws to add to the d i v e r s i t y of the 

landscape. 

The t h i r d rec lamat ion landscape u n i t w i l l c o n s i s t of the p l an t s i t e , 

t a i l i n g s pond, coarse re fuse p i l e , and other f a c i l i t i e s . In the event tha t 

mining i s completed a l l o f the b u i l d i n g s would be d i smant led and removed 

from the area or bu r i ed . Foundations would be broken where p o s s i b l e and 

bur ied under a minimum of 2 meters of m a t e r i a l . The t a i l i n g s pond sur face 

would be s loped to a s s i s t w i th dra inage, and permanent d i v e r s i o n s and 

c o l l e c t i o n d i t c he s would be cons t ructed around the pe r imete r . The coarse 

re fu se p i l e would be graded to form a low r i dge i n the v a l l e y bottom. The 

water storage dam would e i t h e r be breached and the stream returned to i t s 

na tu ra l course or a permanent over f low would be c r ea ted . Roads which are 

not d e s i r a b l e to mainta in f o r access would be graded to conform wi th the 

o r i g i n a l topography, w i th drainage d i t che s excavated at c u l v e r t c r o s s i n g s . 

6.4.2 Subs t ra te Development 

Topso i l resources in the p i t and waste d i spo sa l areas are very l i m i t e d . 

Salvage o f these l i m i t e d s o i l s i s not cons idered f e a s i b l e . I t i s expected 

tha t the weathered rock w i l l prov ide a reasonable medium f o r growth of the 

proposed vegetat ion cover i n these areas. Compacted su r faces i n the waste 

dump and p i t areas w i l l be r ipped p r i o r to the es tab l i shment of v ege ta t i on . 
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Greater q u a n t i t i e s of o rgan ic s o i l e x i s t i n the p l an t s i t e and f a c i l i t i e s 

areas. These w i l l be s t r i p p e d p r i o r to c o n s t r u c t i o n t o p rov ide f i r m 

foundat ions f o r the b u i l d i n g s , coarse re fuse p i l e , t a i l i n g s pond dam and 

water s torage dam. Topso i l w i l l be s t o c k p i l e d adjacent to the areas from 

which they were s t r i pped f o r l a t e r use i n the rec lamat ion o f the s i t e s . 

During f i n a l r e c l amat i on , the s o i l s w i l l be spread over the foundat ions , 

t a i l i n g s pond, dam abutments, and coarse re fuse p i l e to p rov ide a growth 

medium f o r the r e vege t a t i on . 

6.4.3 Revegetat ion 

Research aimed at the development of p r a c t i c a l r evege ta t i on methods and 

spec ies was i n i t i a t e d i n 1984 w i th the estab l i shment o f s i n g l e spec ies 

t r i a l s at both low and high e l e v a t i o n s i t e s . The ten spec ies which were 

t e s t ed were Tracenta Bentgrass, Kentucky B luegrass , Boreal Creeping Red 

Fescue, Meadow F o x t a i l , Cl imax Timothy, Bromegrass, Hard Fescue, White 

C l ove r , Rambler A l f a l f a , and A l s i k e C love r . A l l o f the spec ies t e s ted 

germinated over the summer. Species mix t r i a l s were e s t a b l i s h e d i n the 

sp r i ng o f 1985 to t e s t the e f f e c t i v e n e s s of two mixes of spec ies on three 

s i t e types at both low and high e l e v a t i o n s . The dry summer of 1985 

r e s u l t e d i n poor i n i t i a l growth at the d r i e r s i t e s at both the low and high 

e l e v a t i o n s . However, by the summer of 1986, a good cover had been 

e s t a b l i s h e d at the mo i s te r l o c a t i o n s and the cover at the d r i e r s i t e s was 

reasonable. Table 6-13 shows the composit ion of the two mixes t e s t e d . 

D e t a i l s o f the revege ta t i on t r i a l s are reported i n Volume I I I - Par t Four 

T e r r e s t r i a l Environment. 

I n i t i a l r e s u l t s from the 1985 spec ies mix t r i a l s l ead to the development of 

a program of rec lamat ion on the dam of the t a i l i n g s pond, which had been 

developed w i th the p i l o t p l an t to prepare a t r i a l shipment of a n t h r a c i t e . 

A t o t a l o f 2.5 hectares was seeded us ing hand he ld Cyclone seeders i n e a r l y 

September, 1985. By the sp r ing o f 1986 growth from t h i s program was i n 

ev idence. 

6-76 



1 

TABLE 6-13 

REVEGETATION SPECIES NIXES 

Species Percent by Percent by Species 
Species Composit ion Wei ght 

Hiah E l e v a t i o n Mix 

Boreal Creeping Red Fescue 20 23.4 

Durar Hard Fescue 20 24.7 

Meadow F o x t a i l 10 9.8 

Cl imax Timothy 10 5.6 

Aurora A l s i k e C lover 25 23.9 

White C love r 15 12.6 

Low E l e va t i on Mix 

Boreal Creeping Red FEscue 15 9.9 

Bromegrass 10 32.6 

Meadow F o x t a i l 10 5.5 

Climax Timothy 10 3.2 

Reubens Canada Bluegrass 10 1.9 

Aurora A l s i k e C lover 20 10.8 

White C lover 5 2.4 

Rambler A l f a l f a 20 33.7 
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A rec lamat ion program was c a r r i e d out i n the l a t e summer o f 1986 at the 

t e s t p i t i n the Hobbi t -Broatch area and in the p l an t s i t e a rea . A t o t a l of 

12 hectares was seeded us ing a hydroseeder. A mixture of seed, f e r t i l i z e r 

and mulch was app l i ed to the regraded d i s tu rbed s i t e s as pa r t o f G u l f ' s 

on-going commitment to environmental p r o t e c t i o n and r e c l ama t i on . 

Revegetat ion f o r the proposed mine w i l l be based on the r e s u l t s of t h i s 

r e sea r ch . The program w i l l be conducted i n two phases. The i n i t i a l phase 

of the revege ta t i on program w i l l be the es tab l i shment of an 

e r o s i o n - c o n t r o l l i n g cover o f grasses and legumes. The seed mixes developed 

as pa r t of the rec lamat ion research program w i l l be used. The high 

e l e v a t i o n mix w i l l be used f o r s i t e s above about 1450 m A.S.L. wh i l e the 

low e l e v a t i o n mix w i l l be used f o r s i t e s below tha t e l e v a t i o n . The seed 

mixes may be mod i f ied s l i g h t l y as a r e s u l t of ongoing eva l ua t i on s of 

spec ies performance once the mine rec lamat ion program i s underway. 

F e r t i l i z e r w i l l be app l i ed at the time o f seeding to a i d i n the i n i t i a l 

e s tab l i shment of the vege ta t i on . The seed mixes have been developed to 

i n c l ude a s i g n i f i c a n t p ropor t i on of legumes which w i l l a i d i n the f i x a t i o n 

o f n i t rogen and reduce the need f o r repeated a p p l i c a t i o n s o f f e r t i l i z e r . 

The second phase of the revegeta t i on program w i l l be the es tab l i shment of 

permanent na t i v e spec ies which w i l l enhance the use o f the area by 

w i l d l i f e . Species such as A l t a i fescue, mountain heather, g rouseberry, and 

w i l l ows may be used at the h igher e l e va t i on s wh i l e a r c t i c l u p i n e , w i l l o w s , 

bog b i r c h , s o o p o l a l i e , high bush c ranber ry , and na t i ve c o n i f e r s may be used 

at the lower e l e v a t i o n s i t e s . I t i s recognized tha t the technology f o r the 

growth and estab l i shment o f many of these spec ies i s s t i l l i n i t s in fancy 

and tha t research and development w i l l have to be undertaken to ensure 

success. Gu l f w i l l s t a r t i t s research dur ing the l i f e o f the mine so that 

the technology w i l l be a v a i l a b l e when needed. I t i s expected tha t the use 

of n a t i v e spec ies w i l l not be p a r t i c u l a r l y d i f f i c u l t , a lthough s pec i a l 

techniques w i l l l i k e l y need to be developed f o r the d i f f e r e n t s pec i e s . 

P l a n t i n g pa t te rn s f o r the na t i v e spec ies w i l l be based on the e c o l o g i c a l 

adaptat ions o f the spec ie s . Species such as A l t a i fescue which n a t u r a l l y 
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occur on mesic to dry s i t e s w i l l be p lanted on such s i t e s i n the 

rec lamat ion environment, wh i l e moist s i t e spec ies such as w i l l ows and bog 

b i r c h w i l l be e s t ab l i s hed on moist s i t e s . The second phase of the 

revege ta t i on program w i l l seek to r e e s t a b l i s h the na tu ra l pa t te rn s of open 

areas w i th clumps o f shrubby vegetat ion and t rees at lower e l e v a t i o n s . 

6.5 RECLAMATION SEQUENCING 

During the c on s t r u c t i o n and development of the mine and i n f r a s t r u c t u r e 

f a c i l i t i e s , a s i g n i f i c a n t area w i l l be d i s t u rbed which w i l l be i n use over 

the l i f e o f the p r o j e c t . Some of t h i s a rea, however, w i l l be i n i t i a l l y 

d i s t u rbed but then not used f u r t h e r . These areas w i l l be rec la imed once 

they are complete. Areas such as the mine p i t , waste rock d i spo sa l a rea, 

coarse r e j e c t d i spo sa l area and t a i l i n g s dam w i l l con t i nuous l y expand over 

the l i f e o f the p r o j e c t . Once the i n i t i a l r ec lamat ion o f c on s t r u c t i o n 

d i s tu rbances i s complete, s i g n i f i c a n t areas f o r f u r t h e r rec lamat ion w i l l 

not be a v a i l a b l e u n t i l mining or d i spo sa l i s completed i n an a rea . 

The extent of d i s t u rbed areas, by major p r o j e c t component are i n d i c a t e d in 

Table 6-14 f o r years - 1 , 1, 10 and 20. At the end o f 20 yea r s , the t o t a l 

d i s t u rbed area i s est imated to cover about 1 000 hectares or 10 square 

k i l ome t r e s . Twenty hectares o f land used f o r c o n s t r u c t i o n laydown and 

e r e c t i o n s i t e s w i l l have been rec la imed by tha t t ime. Gu l f i s committed to 

the prompt rec lamat ion of d i s tu rbances and w i l l endeavor to complete the 

rec lamat ion as soon as po s s i b l e w i t h i n the context o f an ope ra t i ng mine. 
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TABLE 6-14 

ESTIMATES OF LAND DISTURBANCE 

Hectares 

Year -1 Year 1 Year 10 Year 20 

Waste rock area 

P i t 

T a i l i n g s 

Coarse re fu se 

10 

50 

50 

15 

75 225 

120 340 

50 

15 

75 

25 

365 

400 

100 

35 

Camp 

P l a n t s i t e i n c l u d i n g mine s e r v i c e 

complex and power p l an t ) 

Roads 

Water management i n c l u d i n g d i t c h e s , 

sea ponds and sewage lagoons 

Mine o f f i c e and dry 

Water dam 

ANFO p l an t 

E r ec t i on S i t e s 

26 

55 

14 

26 

55 

14 

26 

55 

14 

26 

55 

14 

15 

Tota l 261 386 786 1071 
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7.0 ENVIRONMENTAL MONITORING PROGRAMS 

7.1 INTRODUCTION 

P r i o r to development o f the Lost-Fox Mine and dur ing the f u l l term of 

ope ra t i on s , a v a r i e t y o f moni tor ing tasks w i l l be c a r r i e d out w i th the 

o b j e c t i v e o f i d e n t i f y i n g environmental problems e a r l y so t ha t m i t i g a t i v e 

and remedial a c t i on s can be taken i n a t ime l y manner. Data gathered i n the 

course o f mon i to r ing work w i l l prov ide a usefu l background f o r e s t a b l i s h i n g 

whether unacceptable e f f e c t s are t a k i n g p l a ce , and whether these e f f e c t s 

are a t t r i b u t a b l e to some aspect of the mine operat ion or o ther causes. 

Many of the requirements of some moni tor ing programs w i l l be d e t a i l e d by 

the p a r t i c u l a r government agencies i s s u i n g the va r i ou s permits f o r the 

development. S p e c i f i c a t i o n of these requirements w i l l be developed in 

Stage I I I o f the approval process . The f o l l o w i n g subsect ions o u t l i n e 

G u l f ' s i n t e n t i o n s i n some of the key areas l i k e l y to i n vo l ve moni tor ing 

programs. 

7.2 WATER QUALITY MONITORING 

A comprehensive p re -ope ra t i ona l sur face water mon i to r ing program has been 

c a r r i e d out by Gu l f s i nce 1984, as desc r ibed i n Volume I I I - Par t Three -

Aquat i c Environment. In a d d i t i o n to streams and r i v e r s o f the r e g i on , the 

mon i to r ing has inc luded the t a i l i n g s pond supernatant, s e t t l i n g pond 

d i scharge and p i t water a s soc ia ted w i th t r i a l cargo mining and the p i l o t 

wash p l an t operated in 1985 and 1986 and, as such, has prov ided some 

i n s i g h t i n t o the nature o f the e f f l u e n t s which w i l l e x i s t dur ing f u l l - s c a l e 

p roduc t i on . 

Groundwater sampling c a r r i e d out i n l a t e 1986 at three s i t e s i n the Lo s t -

Fox p i t area was u n s a t i s f a c t o r y and a sampling program w i l l be repeated in 

1987. 
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7.2.1 E f f l u e n t Mon i to r ing 

Several of the Mount Klappan f a c i l i t i e s w i l l generate e f f l u e n t s which w i l l 

r e q u i r e permits under the Waste Management A c t . A cco rd i n g l y moni tor ing 

w i l l be necessary to ensure tha t the q u a l i t y meets permit standards and 

does not d e l e t e r i o u s l y a f f e c t the environment. Discharges which are 

proposed to be monitored and t h e i r frequency of mon i to r ing are g iven below: 

Monthly Quar te r l y 

t a i l i n g s pond supernatant X 

t a i l i n g s seepage pond supernatant X 

camp sewage lagoon d i scharge X 

p l a n t s i t e sewage lagoon d i scharge X 

Mine o f f i c e / d r y sewage p l an t d i scharge X 

over f low from sediment pond A X 

over f l ow from sediment pond B X 

over f low from sediment pond C X 

over f low from sediment pond D X 

p i t water X 

The r a t i o n a l e f o r the above schedule i s tha t d i r e c t d i scharges to the 

r e c e i v i n g environment should be monitored more f r e q u e n t l y than those which 

d i scharge to the ground or to another f a c i l i t y whose d i scharge i s a l so 

monitored. 

Sewage treatment p l an t or lagoon d i scharges would be monitored f o r pH, 

suspended s o l i d s , BOD and, i f app rop r i a te , t o t a l c h l o r i n e r e s i d u a l . 

F lowrate o f the e f f l u e n t would be measured by V-notch w e i r , P a r s ha l l f lume, 

c a l i b r a t e d s t a f f gauge or other s u i t a b l e means. 

A l l o ther e f f l u e n t s would be monitored f o r a whole range o f parameters, f o r 

a pe r i od o f 12 months, f o l l o w i n g which the Waste Management Branch would be 

requested to reduce the moni tor ing based on the f i r s t y e a r ' s r e s u l t s . The 

parameters proposed are noted below: 
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temperature 

pH 

s p e c i f i c conductance 

su lphate 

a l k a l i n i t y 

a c i d i t y 

hardness 

t o t a l d i s s o l v e d s o l i d s 

t o t a l suspended s o l i d s 

t u r b i d i t y 

d i s s o l v e d meta l s : Ca, Mg, Na, K, A l , Cd, Cu, Cr, Fe, Mn, Pb, Ba, N i , 

Zn 

n i t r a t e / n i t r i t e 

ammonia 

t o t a l d i s s o l v e d phosphorus 

phenol 

o i l and grease 

LT50 b ioassay t e s t s would be c a r r i e d out q u a r t e r l y on the seepage pond 

supernatant, and at l e a s t tw ice before any d i scharge takes p l a c e . The 

b ioassays w i l l i n d i c a t e i f t h i s e f f l u e n t possesses any acute t o x i c i t y to 

f i s h . 

F lowrate would be measured by s u i t a b l e means, i n most cases a c a l i b r a t e d 

s t a f f gauge at the out f low of each pond. 

7.2.2 Rece i v ing Water Mon i to r ing 

Three r e c e i v i n g water s i t e s are proposed f o r mon i to r ing dur ing the 

c o n s t r u c t i o n and operat ion phases. E x i s t i n g s i t e 1 (upstream L i t t l e 

Klappan R i ve r ) which now prov ides d i f f i c u l t access would be moved down

stream to a l o c a t i o n c l o s e r to the ope ra t i on . Th i s would c o n s t i t u t e the 

con t r o l s i t e . E x i s t i n g s i t e 2 (downstream L i t t l e Klappan R i ve r ) would be 

r e t a i n e d . A t h i r d s t a t i o n , e i t h e r e x i s t i n g s i t e 3 on Fox Creek at i t s 

conf luence w i th Didene Creek, or e x i s t i n g s i t e 4 on Didene Creek at i t s 
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conf luence w i th the S p a t s i z i R i ve r would be s e l e c t e d . The s e l e c t i o n would 

depend on f i n a l dec i s i on s regard ing the water management f a c i l i t i e s to be 

cons t ruc ted on Fox Creek. C l e a r l y , i f the whole o f Fox Creek i s d i v e r t e d 

through a sediment con t r o l s t r u c t u r e , i t s q u a l i t y w i l l be monitored at the 

pond ou t f l ow and the downstream s i t e would l o g i c a l l y be s i t e 4. These 

proposed l o c a t i o n s are shown on F igure 6-4 prov ided i n the Water Management 

Sec t ion o f t h i s P a r t . 

These th ree s i t e s would be monitored once a month between A p r i l and 

November. Sampling would be d i s cont inued dur ing the w i n te r months 

(December t o March) because of d i f f i c u l t y o f access and i c e cover on the 

watercourses. 

The parameters to be monitored would be the same as f o r the e f f l u e n t s noted 

above. 

In view o f the i n t e n s i v e moni tor ing of the e f f l u e n t s and r e c e i v i n g waters 

proposed above, a b i o l o g i c a l mon i tor ing program appears to be superf luous 

and i s not proposed. The combination of phy s i ca l measurements, chemical 

a n a l y s i s and bioassays i s be l i e ved to be adequate to c h a r a c t e r i z e the water 

q u a l i t y , p a r t i c u l a r l y con s i de r i ng the absence o f a f i s h e r y . 

7.3 AIR QUALITY MONITORING 

P r i o r to s t a r tup the a n t h r a c i t e f i r e d power p l an t at the Mount Klappan 

A n t h r a c i t e P r o j e c t , a program to monitor the p o t e n t i a l long term e f f e c t s o f 

su lphur emiss ions would be e s t a b l i s h e d . A bas i c program would c o n s i s t of 

a i r q u a l i t y moni tor ing ( su lphat ion p l a t e s ) , b iomon i to r ing ( l i c h e n ) s t a t i o n s 

and c o l l e c t i o n of ba se l i ne s o i l samples at the same l o c a t i o n s . These 

techn iques , which have been w ide l y used i n Western Canada near i n d u s t r i a l 

f a c i l i t i e s , w i l l p rov ide a ba s i c moni tor ing system tha t would i d e n t i f y the 

onset of any a i r p o l l u t i o n r e l a t e d problems and can be fo l lowed-up wi th 

more d e t a i l e d t e s t i n g , should the need a r i s e . 
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As a f i r s t step the moni tor ing program should be used to gather ba se l i ne 

a i r q u a l i t y , l i c h e n and s o i l data p r i o r to p lan t ope r a t i on . This data w i l l 

serve as a benchmark to assess environmental e f f e c t s dur ing the opera t i ona l 

phase o f the p r o j e c t . Th i s i nvo l ve s the bas i c sample s i t e s e l e c t i o n , data 

c o l l e c t i o n and subsequent mon i to r i ng . 

Should o n - s i t e power generat ion be s e l e c t e d , i t would be necessary to 

e s t a b l i s h a i r q u a l i t y , l i c h e n and s o i l mon i tor ing s i t e s even though the 

computer mode l l i ng of the plume d i s p e r s i o n (Volume I I I , Par t Two, Sect ion 

3.0) has i n d i c a t e d tha t impacts w i l l be n e g l i g i b l e . Never the le s s , the 

s i t e s w i l l be s e l e c t ed us ing the best i n d i c a t i o n s from these computer 

s t ud ie s as to which areas cou ld conce ivab ly be impacted. Most o f the s i t e s 

w i l l be l o ca ted i n areas tha t are p red i c t ed to r e c e i v e some modest impact. 

For completeness and con t ro l purposes a few s i t e s w i l l a l s o be s e l e c t ed in 

areas such as S p a t s i z i Park, where l i t t l e or no su lphur d e p o s i t i o n has been 

p r e d i c t e d . 

At each s i t e an inventory of the l i c h e n f l o r a should be made and the most 

s u i t a b l e spec ies s e l e c t ed f o r mon i to r i ng . L ichens growing on t r e e trunks 

would be p r e f e r r e d . At each s i t e three t ree s w i th s u i t a b l e l i c h e n s would 

be s e l e c t ed which have l i c h e n s growing on the t runk between 1.0 and 2.0 m 

from the ground. The l i c h e n s should be checked to con f i rm t ha t they are 

f i r m l y attached to the bark. In a l p i n e tundra areas ground d w e l l i n g 

l i c h e n s or l i c h e n s on rocks would be s e l e c t e d . The l i c h e n s would then be 

photographed w i t h i n a small quadrat and the hea l th and v i t a l i t y assessed. 

The s i t e and l o c a t i o n of the photo p l o t would then be permanently marked. 

The v i t a l i t y data f o r each year f o l l o w i n g the ba se l i ne w i l l be assessed by 

comparing l i c h e n s i z e on the photographs. The photos w i l l be en la rged, 

p laced on a d i g i t i z e r and the area measured and recorded. Changes i n s i z e 

based on the rad iu s of each l i c h e n w i l l be used. 

At each s i t e a r ep re sen ta t i v e s o i l sample o f the th ree su r face s o i l 

hor izons (A, B and C) should a l s o be c o l l e c t e d . Te s t i ng o f these samples 

should be conducted to de f i ne c r i t i c a l parameters r e l a t e d to a c i d i f i c a t i o n 
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p o t e n t i a l and su lphur depo s i t i on moni tor ing ( e . g . , su lphate -S , t o t a l - S , pH, 

E.C. and b u f f e r i n g c a p a c i t y ) . I t i s recommended tha t these ba se l i ne s o i l 

samples be a r ch i ved . While resampl ing and t e s t i n g o f the s o i l i s not seen 

or recommended as a r ou t i ne moni tor ing t o o l , the ba se l i ne samples w i l l 

document p re - ope ra t i ona l s ta tus o f s o i l and w i l l serve as a re fe rence po in t 

to assess change w i th t ime, should t h i s i n fo rmat ion be r equ i r ed at some 

po in t i n the f u t u r e . 

D u s t f a l l and p a r t i c u l a t e matter d i s t r i b u t i o n would be monitored us ing the 

present a r ray of f i n e c o l l e c t o r s s ca t te red around the s i t e . These w i l l be 

used dur ing the dry season to determine whether c e r t a i n areas r e q u i r e more 

i n t e n s i v e dust suppress ion sp ray ing . In a d d i t i o n , samples taken from 

c o l l e c t o r s near the power p l an t and a n t h r a c i t e p repa ra t i on p l an t w i l l be 

analyzed to ensure tha t p a r t i c u l a t e s d i scharged from the power p l an t stack 

and a n t h r a c i t e dust are not t o x i c . 

7.4 WILDLIFE MONITORING 

Company personnel w i l l be encouraged to repor t s i t i n g s o f ca r i bou and bear 

i n the p r o j e c t area to the o n - s i t e environmental c o o r d i n a t o r . The 

environmental s t a f f w i l l pay p a r t i c u l a r a t t e n t i o n to f a c t o r s which may 

impede ca r i bou mig ra t ion through the a rea. The most c r i t i c a l pe r i od w i l l 

be dur ing the southward mig ra t i on o f pregnant females to b i r t h i n g grounds 

dur ing the s p r i n g . During the summer, more i s o l a t e d and l e s s d i r e c t i o n a l 

movement of ca r ibou through the area can be a n t i c i p a t e d . 

A l l v e h i c l e operators w i l l be requ i red to repor t s i t i n g s of c a r i b o u , moose 

and o ther l a r ge mammals on roads. Any c o l l i s i o n s w i l l a l s o be r epo r ted . 

Depending on the exper ience w i th c o l l i s i o n s , assessments w i l l be made on 

whether b e t t e r egress o p p o r t u n i t i e s from the roadways are r equ i red or 

whether some animal d i s p e r s i o n dev ices should be f i t t e d on v e h i c l e s . 

Every e f f o r t w i l l be made to manage garbage handl ing and d i s po sa l so that 

bears are not a t t r a c t e d to the area. Bear s i t i n g s w i l l be repor ted and 

bear a c t i v i t y w i l l be monitored i n the garbage d i spo sa l area on a c o n t i n u -
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ous ba s i s . Remedial a c t i o n w i th problem bears w i l l be determined on a case 

by case bas i s i n c o n s u l t a t i o n w i th F i sh and W i l d l i f e o f f i c i a l s . 

7.5 REVEGETATION PROGRAMS 

To improve r ec l amat i on , t e s t p l o t eva lua t i on s w i l l cont inue u n t i l 

s a t i s f a c t o r y techniques have been e s t a b l i s h e d . In a d d i t i o n , when mining 

a c t i v i t y ceases at any d i s t u rbed areas dur ing the l i f e of the mine, 

rec lamat ion measures w i l l be undertaken at t ha t t ime. D e t a i l s o f these 

a c t i v i t i e s w i l l be prov ided i n the actua l Reclamation P l a n . 

Ana l y s i s o f the t e s t p l o t s and the ope ra t i ona l r e vege ta t i on areas w i l l 

i n d i c a t e p r e f e r r ed seed mix composit ions and f e r t i l i z e r requirements f o r 

the var ious t e r r a i n and e l e v a t i o n s i t e s to be r ec l a imed . 

L ichen vegetat ion w i l l be monitored at s e l e c ted s i t e s as pa r t o f the a i r 

q u a l i t y monitor ing program desc r ibed e a r l i e r . 
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