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0 1-0 Sumnary: 

I n  1987, Cassiar Mining Corporat ion cont inued exp lo ra t i on  o f  t h e  McDame 

Asbestos Deposit  located at Cassi ar, B r i t i s h  Columbia. The McDame Deposi t  

i s  s i t u a t e d  near the  e x i s t i n g  Cassiar open p i t  mine and i s  accessable t o  

t h e  present open p i t  and m i  11 i n f r a s t r u c t u r e s .  

The McDame Deposit was o r i g i n a l l y  discovered i n  1979 b y  development crews 

d r i f t i n g  towards the  bottom o f  t he  Cassiar open p i t  f o r  diamond d r i l l i n g  

purposes. P r i o r  t o  1987, a  t o t a l  o f  1,941 M. o f  l a t e r a l  and r a i s e  

development had been performed on two l eve l s .  I n  add i t i on  t o  t h e  

development, a  t o t a l  o f  17,863 M. o f  diamond d r i l l i n g  had been d r i l l e d .  

c j  For 1987, an exp lo ra t i on  development program was designed t o  ob ta in  a  bulk  

sample from the  1395 M.L. t o  t e s t  ground support techniques and no t  t o  

i n t e r f e r e  w i t h  f u t u r e  exp lora t ion  and development. I n  add i t i on  t o  

o b t a i n i n g  a  bu lk  sample, a  s tee l  and wood ground support s t r u c t u r e  loca ted 

i n  6706N D.D.S. was scheduled t o  be removed. To accomplish these 

ob jec t ives ,  a  dec l ine  from the  1415 M.L. a d i t  had t o  be developed and 

access t o  the  6706N D.D.S. re-establ ished.  

As the  program progressed, the  c r i t e r i a  f o r  the  development program had 

changed as add i t i ona l  diamond d r i l l i n g  i n  t he  southeast p o r t i o n  of t h e  

McDame Deposit  was requ i red  t o  determine long term ore  reserves. A f t e r  

c o n s u l t a t i o n  w i t h  Cassiar Mining Corporat ion consu l tan t ,  Dr. D. Laubscher, 

t h e  program was changed from a  bulk  sample program t o  a  diamond d r i  11 i n g  

c' program. 



Development dur ing  the program was performed by both jack legs and a s ing le  

boom hyd rau l i c  jumbo i n  s e r p e n t i n i t e  and a r g i l l i t e  respec t i ve l y .  

Ground support experience from the  prev ious exp lo ra t i on  development 

programs was used t o  design and implement an optimum support system. The 

new support system performed s a t i s f a c t o r i l y  throughout the  program. 

I n  order  t o  diamond d r i l l  the southeast p o r t i o n  o f  t h e  Deposit, t h e  1415 

M.L. beyond the  1563 M.L. v e n t i l a t i o n  r a i s e  t o  the  s t a r t  o f  the 7610 D r i f t  

E had t o  be r e h a b i l i t a t e d .  Once r e h a b i l i t a t i o n  o f  t h i s  sec t i on  o f  t h e  a d i t  

was complete, development o f  the 7610 D.E. and subsequent diamond d r i  11 

s t a t i o n s  cou ld  commence. 

Development o f  the  7610 D r i f t  east and diamond d r i l l  s t a t i o n s  were 

completed i n  l a t e  October, 1987. The diamond d r i l l i n g  program was deferred 

u n t i l  a  product ion decis ion regarding the  McDame Deposit was made. Once a 

product ion  dec is ion  i s  made, then the  diamond d r i l l i n g  program w i l l  be 

re -ac t  i vated. 





2. INTRODUCTION 

2.1 Location 

Cassiar, a  town o f  1200 people, i s  loca ted  i n  t h e  Cassiar Mountains o f  

nor thern  B r i t i s h  Columbia approximately 160 k i lometers  southwest o f  

Watson Lake, Yukon. Access i s  by an a l l  weather road from t h e  

Cassi ar-Stewart Highway (Number 37). The c loses t  a i r p o r t  i s  Watson 

Lake, which i s  serv iced by Canadian A i r l i n e s '  Boeing 737 j e t s  t h ree  

t imes a  week. F igure  1. 

Cassiar has been the  s i t e  o f  open p i t  asbestos min ing since 1953 and a  

we1 1  developed i n f r a s t r u c t u r e  f o r  min ing and m i  11 i n g  o f  asbestos i s  

establ ished.  The McDame Deposit  i s  loca ted  t o  the south o f  Cassiar p i t  

and a t  a  lower e leva t ion .  

Access t o  the  1415 m l e v e l  p o r t a l  ( l ower )  i s  by good d i r t  road from t h e  

mine haul road. 

2.2 History 

An upper a d i t  a t  1563 m e leva t i on  d r i ven  i n  1978-1979 t o  a1 low d i  amond 

d r i l l i n g  under Cassiar P i t  i n te rsec ted  an unsuspected u l t r a m a f i c  body 

con ta in ing  abundant asbestos f i b r e  o f  long length.  A 290 M d r i f t  was 

extended souther ly  t o  prov ide b e t t e r  access t o  the new deposi t  and a  

t o t a l  o f  12,092 m i n  37 holes was d r i l l e d  i n  1980 and 1981 t o  o u t l i n e  a  

new, b u r i e d  deposit  now ca l  l e d  McDame. 





Ai rborne  magnetic surveys i n  1983, fo l lowed by a  deep d r i  11 ho le  from 

sur face  i n  1984 i nd i ca ted  the u l t r a m a f i c  body was l a rge  and t h a t  f i b r e  

conten t  extended souther ly .  Est imated reserves were 62 m i l l i o n  tonnes 

o f  a  grade and f i b r e  value s i m i l a r  t o  t he  e x i s t i n g  Cassiar Mine. 

I n  1985, t h e  ( lower )  1415 m e leva t i on  d r i f t  was d r i ven  1081 m t o  

i n t e r s e c t  t he  deposi t  150 m below the  prev ious workings t o  con f i rm  the  

na ture  o f  the  minera l i za t ion ,  and t o  o b t a i n  a  bu lk  sample f o r  m i l l  t e s t  

purposes. A t o t a l  o f  875 tonnes was m i l l e d  averaging 9.65% f i b r e  w i t h  

a  h igh  percentage o f  long f i b r e .  

I n  1986, f u r t h e r  exp lo ra t i on  development was performed on t h e  1415 

c) M.L. The 1415 M.L. a d i t  was extended and x-cut  developed t o  a  t o t a l  

1  a t e r a l  development o f  329.4 M. I n  a d d i t i o n  t o  t h e  l a t e r a l  

development, a  241 m v e n t i l a t i o n  r a i s e  connect ing the  1415 M.L. and 

1563 M.L. was developed. Diamond d r i l l i n g  from both t h e  1563 M.L. and 

1415 M.L. was performed t o  a  t o t a l  leng th  o f  4961 m. F igure  2. 

A 846 tonne bulk  sample from the  1415 M.L. i n  t h e  hangingwall o f  the 

depos i t  was obtained. O f  the  846 tonnes, 588 tonnes was processed 

producing 24.5 tonnes of f i b r e  f o r  a  grade o f  4.2%. 

2.3 Objectives 

I n  May 1987, an exp lo ra t i on  development program was designed t o  access 

t h e  1395 M.L. f o o t w a l l  o f  the McDame Deposi t  v i a  an -8% d e c l i n e  



developed i n  a r g i l l i t e  from the  1415 M.L. A x-cut  would be developed 

across the  e n t i r e  width o f  the orebody from which a  bulk  sample would 

be obta ined f o r  t e s t  m i l l i n g  purposes. The x-cut would a lso prov ide  

f r e s h  exposures o f  the geological  s t r u c t u r e  o f  the  ore  zone. I t  i s  

a n t i c i p a t e d  t h a t  deta i  l e d  mapping o f  the  geo log ica l  s t ruc tu re  across 

the  e n t i r e  width o f  the  ore zone w i l l  ass i s t  i n  developing t h e  b lock  

cave design and computer block model. F igure  3. 

I n  a d d i t i o n  t o  the  development o f  t he  ore x-cut, the wood and s tee l  

ground support s t ruc tu re  located i n  7606N D.D.S. would be removed by 

t h e  underground cont rac tor .  

During the  month o f  Ju ly ,  a f t e r  consu l ta t i on  w i t h  Cassiar Min ing 

Corpora t ion 's  Mining Consultant, Dr. D. Laubscher, it was determined 

t h a t  f u r t h e r  diamond d r i l l i n g  o f  t he  orebody t o  the  southeast was 

requ i red .  The d i  arnond d r i l l i n g  was requ i red  t o  prove up an area of 

concern where an i n t e r s e c t i o n  o f  155 meters, g rad ing  7% f i b r e ,  was 

i nd i ca ted  from previous d r i  11 ing.  The i n t e r s e c t  i on  cou ld  n o t  be 

accura te ly  located however, due t o  incons is tenc ies  i n  diamond d r i l l  

ho le  survey data and f u r t h e r  d r i l l i n g  was advised. 



Therefore, the  p r i n c i p a l  ob jec t i ves  o f  the  underground development 

program were changed t o  the  fo l l ow ing :  

1 )  Es tab l i sh  diamond d r i l l  s t a t i o n  located o f f  o f  1415 M.L. t h a t  

would permit  d r i  1 l i n g  o f  the  southeast sec t ion  o f  ore. 

2)  Test an improved ground support system, and improve operat ional  

support techniques t o  reac t  w i t h  changing ground cond i t ions .  

3)  Test d i f f e r e n t  round b l a s t i n g  methods i n  order  t o  permi t  f u l l  

face  b l a s t i n g  ins tead o f  b l a s t i n g  by the  baby arch approach. 

Secondary ob jec t ives  inc luded 

1) To ensure t h a t  exp lo ra t i on  development d i d  not  i n t e r f e r e  w i t h  

f u t u r e  mining development. 

2) To l oca te  exp lo ra t i on  development t o  a i d  f u t u r e  development. 

3)  Monitor ground support system f o r  f u t u r e  p lanning.  

With these object ives,  t he  exp lo ra t i on  development program was modi f ied  

w h i l e  t h e  development o f  the 7235 d e c l i n e  was i n  progress. I n  order t o  

develop the  d i  amond d r i  11 s t a t i o n s  t o  d r i  11 the  southeast sec t ion  o f  

c; t h e  orebody, r e h a b i l i t a t i o n  o f  the 1415 M.L. a d i t  f rom the  1563 



v e n t i l a t i o n  r a i s e  t o  the 7600E diamond d r i l l  s t a t i o n  was requi red.  The 

removal o f  the s tee l  and wood support s t r u c t u r e  i n  6706N O.D.S. would 

be deferred. 

A l l  funds a l l oca ted  t o  the  a r g i l l i t e  development and bulk  sample would 

be d i v e r t e d  t o  the  r e h a b i l i t a t i o n  and development o f  the diamond d r i l l  

s t a t i o n s  and s e r p e n t i n i t e  d r i f t i n g .  

I n  order f o r  diamond d r i l l i n g  o f  t he  southeast corner o f  the  o re  zone 

t o  be accomplished, a  d r i f t  c o l l a r e d  from the  southeast o f  7600E 

D.D.S. o r  the  1415 M.L. had t o  be developed. The 7610 D.E. d r i f t  gave 

access t o  two diamond d r i l l  s ta t i ons ,  located on 6600N and 6550N 

sec t i on  l i n e s .  

D r i f t i n g  

I n i t i a l l y  the exp lo ra t i on  development d r i f t i n g  program consis ted o f  t he  

f o l l o w i n g :  F igure 3. 

1 )  Develop a  4.0 m x  4.0 m minus 8% d e c l i n e  from the  1415 M.L. (7325 

dec l i ne  eas t )  t o  t he  1395 M.L. The dec l ine  was t o  not  i n t e r s e c t  

t h e  orebody foo twa l l  contact,  b u t  t o  remain approximately 40 

meters out from the  contact  t o  permi t  the  extension o f  t h e  

d e c l i n e  t o  the  f i r s t  drawpoint product ion l e v e l  (1380 M.L.) . 



2 )  Once the decl i n e  reached the  1395 M.L. a  cross-cut  i n t o  the 

f o o t w a l l  ore zone would be developed a t  a  grade or' +3%. The 

l e v e l  x-cut would be developed as a  4.0 m x  4.0 m development 

heading i n  the  a r g i l l i t e ,  but  at a  p o i n t  loca ted  approximately 10 

meters from the  contact, t h e  x-cut heading would be reduced t o  a  

3.35 m x  3.35 m opening f o r  development i n  the  barren and o re  

bear ing  se rpen t i n i t e .  

3)  Located a t  the  j unc t i on  o f  t he  dec l ine  and f o o t w a l l  x-cut, a  

water c o l l e c t i o n  sump and t r u c k  t u r n  around would be located.  

The water sump at a  l a t e r  date would be used as the cont inuat ion  

o f  the dec l ine  t o  the  1390 M.L. drawpoint product ion l e v e l .  

Tender documents f o r  the  proposed development were released i n  e a r l y  

May t o  th ree  underground cont rac tors .  Only two o f  t he  th ree  

underground cont rac tors  submitted proposals a t  the  c l o s i n g  date i n  May 

The cont rac tors  who submitted proposals complete w i t h  tender p r i ces  are 

as fo l l ows :  

TABLE 2.40 

McDAME EXPLORATION DEVELOPMENT TENDERS 

Company Tender Pr ices  

J.S. Redpath (Rockbore) $ 1,732,128 .OO 

Canadian Mine Development L td .  $ 1,098,495.25* 

* Excludes cost p lus  work 

dS 



Tonto Min ing  Services L td .  decided no t  t o  submit a  proposal f o r  t he  

p r o j e c t  . 

Canadian Mine Development Ltd. was selected s o l e l y  upon t h e i r  low b i d  

and quick mob i l i za t i on .  Canadian Mine Development (C.M.D.) s t a t e d  t h a t  

t hey  would be ready t o  commence t h e  p r o j e c t  i n  5  days upon n o t i f i c a t i o n  

of be ing successful .  C.M.D. had l e f t  a l l  t h e i r  underground equipment 

a t  t h e  mine s i t e  from the  prev ious 1986 development program and t h i s  i s  

t h e  reason why they cou ld  mobi 1  i z e  so qu i ck l y .  However, ins tead o f  

be ing  able t o  mob i l i ze  i n  5  days, C.M.D. took two weeks t o  a r r i v e  on 

s i t e  s t a t i n g  t h a t  they were having problems o b t a i n i n g  manpower. 

Canadian Mine Development a r r i v e d  on s i t e  on June 18, 1987 and 

commenced t o  rehabi 1  i t a t e  t h e i r  shop f a c i  1  i t i e s  and perform s i t e  

p repara t ion .  R e h a b i l i t a t i o n  of t h e  1415 M.L. as f a r  as the 7235 

decl  i n e  was completed by June 26, 1987 and t h e  f i r s t  development round 

of t h e  dec l i ne  took p lace on June 27, 1987. 
I 

Due t o  t he  change i n  t h e  development program t h e  7325 dec l i ne  was 

stopped on J u l y  27, 1987 a f t e r  80.014 m had been developed. 

R e h a b i l i t a t i o n  o f  a 190 m long sec t i on  o f  t h e  1415 M.L. a d i t  f rom t h e  

1563 v e n t i  1  a t i o n  r a i s e  t o  approximately 10 meters beyond the  7610 D r i f t  

E. commenced on J u l y  27, 1987 and was completed on August 17, 1987. 



Development of the  7610 D.E. and t h e  two diamond d r i l l  s t a t i o n s  

commenced on August 18, 1987 and was completed on October 29, 1987 

a f t e r  142.667 m (eqiv . )  had been developed. 

To ta l  development meters f o r  t h e  p r o j e c t  over the  135 day per iod  was 

222.681 m (eq iv ) ,  not i nc lud ing  rehabi  1  i t a t i o n  meters. 

2.5 Claims 

A1 1  exp lo ra t i on  development was r e s t r i c t e d  t o  2  separate claims. Claim 

names and type o f  work are: 

N ame 

Goat No. 1 

Goat No. 2  

Record No. Type o f  Work 

Rehab i l i t a t i on ,  dec l i ne  

Rehab i l i t a t i on ,  

decl ine, d r i f t i n g  

3.0 Electrical Power 

I n  1986 a  powerl ine was constructed from the  main open p i t  feeder l i n e  

t o  the  p r o j e c t  s i t e .  The power l ine supp l ied  e l e c t r i c a l  power t o  the 

p r o j e c t  f o r  t he  program. No e l e c t r i c a l  supply or  equipment problems 

were experienced dur ing  the  program. 

dt 



4.0 Rehabilitation of the 1415 M.L. Serpentinite Development 

Rehabi 1 i t a t i o n  o f  the 1415 M.L. Adi t i n  Se rpen t i n i  t e  commenced on J u l y  

27, 1987, immediately f o l l o w i n g  the  c l o s i n g  o f  t h e  7375 E Dec l ine  

face. Rehabi 1 i t a t i o n  s t a r t e d  a t  t he  1563 Vent i 1 a t i o n  Raise and stopped 

10  meters beyond the  proposed s t a r t  o f  t h e  6710 D.E. D r i f t .  

A summary o f  t h e  A d i t  R e h a b i l i t a t i o n  i s  as f o l l o w s :  

TABLE 4.0.1. 

R e h a b i l i t a t i o n  Advance Rate 

To ta l  M Averaae Advance 

Per iod  Days S h i f t s  Rehabil i t a t e d  M/Day M/Sh i ft 

\ J u l y  27 - Aug. 17 21 113 6 0 190 8.91 3.17 
\- J# 

Add i t i ona l  ground support was i n s t a l l e d  over and above the  e x i s t i n g  

ground support i n  making the  a d i t  safe. The t o t a l  amount o f  ground 

support  i n s t a l l e d  and the  amount per meter i s  shown on Table 5.02. 

TABLE 4.02. 

R e h a b i i t a t i o n  Ground Support 

Spl i t s e t s  Dyw i d ag Screen Shotcrete 

No. No./M -- No. No./M -- ~2 M ~ / M  - - ~3 - M ~ / M  1 

R e h a b i l i t a t i n g  t h e  1415 M.L. prov ided t r a i n i n g  f o r  t he  development 

crews i n  t he  i n s t a l l a t i o n  of the  type  o f  ground support system requ i red  

f o r  Se rpen t i n i t e  Development. 



5.0 Drifting 

Logi s t  i cs/Methods 

Underground development crews f rom Canadian Mine Development L td .  

a r r i v e d  on s i t e  June 18, 1987 and began t o  r e h a b i l i t a t e  t h e i r  

rnai ntenance shop f aci  1 i t  ies.  Most o f  t he  underground equipment from 

t h e  1986 exp lo ra t i on  development program remained on s i t e  du r ing  the  

w in ter .  A Tamrock s i n g l e  boom hydaul i c  jumbo and accessories and 

t o  o ther  small equipment was shipped t o  the  p r o j e c t  s i t e .  

A1 1 o f  the  underground services were re-connected and rehabi 1 i t  a t  i on o f  

t he  1415 m l e v e l  commenced. Sca l ing  loose down from the  back and 

s idewal l  s and re-gravel  1 i n g  o f  the  a d i t  roadway sur face was performed. 

Re-rout ing o f  the v e n t i l a t i o n  system f o r  t he  development o f  the  dec l i ne  

was establ ished.  

Rehabi 1 i t a t i o n  o f  t he  1415 M.L. a d i t  t o  t he  proposed s t a r t  o f  t h e  7325E 

dec l i ne  was completed on June 26, 1987. 

Development o f  the  7235E decl i n e  commenced on June 27, 1987. Advance 

i n  t h e  a r g i l l i t e  was slow due t o  a shortage o f  con t rac t  miners, ground 

cond i t i ons  and equipment mechanical problems. It was not  unt  i 1 b e t t e r  



ground cond i t ions  were i n te rsec ted  and once a f u l l  complement o f  

con t rac t  miners was reached on J u l y  19, 1987, t h a t  the development 

r a t e s  d i d  increase. 

On J u l y  27, 1987, development o f  the 7235E d e c l i n e  was terminated i n  

o rder  t h a t  development o f  d i  amond d r i  11 s t a t  ions cou ld  commence. 

The Tamrock s ing le  boom e l e c t r i c a l  hyd rau l i c  jumbo was used i n  t h e  

development of the dec l ine  i n  a r g i l l i t e .  For the  s e r p e n t i n i t e  

development, the jumbo was replaced by jack legs as mudding up o f  t he  

d r i l l  s t e e l  was a problem i n  prev ious programs. Jacklegs were used t o  

complete t h e  se rpen t i n i t e  development program. 

TABLE 5.01 

COMPARISON OF RATES OF ADVANCE 

Method Time Period Days Advance (m) Average Locat i on  

Jumbo 

Jack1 eg 

Jun 27-Jul 27 30 213 

Aug 18-0ct 29 68 

80.014 2.61 7325E Dec 1 i ne 

142.667 2.10 7610 D.E. 

Average = 2.257mlday over 98 213 days 



TRAMROCK JUMBO I N  7325 E DECLINE 

- 
7325 E DECLINE FACE ON JULY 27/87 



5.1 Development by D r i l l i n g  and Blasting 

A t  d i f f e r e n t  t imes dur ing the development program jack legs and a jumbo 

were employed f o r  d r i l l i n g  o f  d r i f t  rounds. The procedure w i t h  both 

fo l l owed  convent ional d r i l l i n g  procedures and standards f o r  ground 

support technique and face round cyc les were d i f f e r e n t  f o r  each. 

For both A r g i l l i t e  and Serpent in i te ,  development crews had t o  f o l l o w  

a per iod  o f  l ea rn ing  before they became experienced i n  performing 

ground support i n  poor ground cond i t ions .  Ground support designs and 

s p e c i f i c a t i o n s  had been provided by Cassi ar.  Development support 

techniques had t o  be taught t o  the  crews by Cassiar personnel and as 

they  obtained more experience, a more systematic approach t o  ground 

c o n t r o l  was taken. 

A d i r e c t  comparison o f  product ion ra tes  f o r  jumbo and jack leg  

development cannot be made as the  two u n i t s  d i d  no t  operate i n  t h e  same 

ground f o r  any s i g n i f i c a n t  length  o f  time. 

5.2 Discussion 

Comparison between Jumbo and Jack1 eg Devel opment: 

A comparison between the two development equipment i s  shown on Table 



TABLE 5.20 

COMPARISON BETWEEN JUMBO AND JACKLEG EQUIPMENT 

Jumbo 

Boom ( s l i d e  leng th)  

Manufacturer Tamrock Secan 

D r i  11 Operat ion E l e c t r i c l h y d r a u l  i c  Pneumatic 

T r  ammi ng Diesel  - 

B i t  70 mm (2  314") 35 mm (1 318") 

D r i f t  4.0 m x 3.5 m 3.35 x 3.35 m c> (A rg i  11 i t e )  (Serpent i n i  t e )  

D r i f t  Round D r i l l e d  3.0 m 

5-2.1. Jumbo 

The Tamrock e l e c t r i c l h y d r a u l  i c  s i n g l e  boom jumbo was employed i n i t i  a1 l y  

f o r  a r g i  11 i t e  development. A1 1 ground support d r i  11 i ng was performed 

by j ack leg  o f f  a p la t f o rm or  "Long Tom" attached onto an L.H.D. bucket. 

D r i  1 l i n g  o f  the  round was performed w i t h  a 70 mn ( 2  314") d r i l l  b i t  and 

t h e  round d r i l l  length i n  good ground was 3 meters. The cu t  holes were 

reamed out  t o  76 mm. 



m 

I N I T I A L  SLASH OF 7325 E DECLINE 

7 6 1 0  D.E. ROCKBOLT DRILLING 



Average d r i l l  cyc le  t ime f o r  d r i l l i n g  o f f  a  round o f  45 holes a t  a  

l eng th  o f  3.0 m was 2 hours (approximate ly) .  The d r i l l  was n o t  

equipped w i t h  para1 l e l i s m  and grade l i n e s  had t o  be prov ided fo r  the 

jumbo d r i l l  operator.  Re-posi t ion ing the  d r i l l  t o  the  grade l i n e s  

caused some delays i n  face d r i l l i n g .  

I n  areas where the  jumbo d r i l l  encountered g r a p h i t i c  s c h i s t  the  s o f t  

ground would cause the d r i l l  b i t  and s t e e l  t o  mud up. Increas ing  t h e  

f l u s h i n g  water pressure and reducing t h e  hyd rau l i c  p u l l  down pressure 

d i d  no t  completely so lve t h i s  problem. D r i l l  s t e e l  and b i t s  d i d  become 

stuck and i n  some cases the s t e e l  and b i t  were l o s t  when the  round was 

b lasted.  

I n i t i a l  development o f  t he  7375 dec l i ne  i n  a r g i l l i t e  was performed b y  

jack legs  u n t i l  there  was enough room a v a i l a b l e  fo r  t he  jumbo t o  

operate. 



TABLE 5.21 

ARGILLITE DEVELOPMENT RATES 

Advance Advance Advance 

m (Equiv) m/day m/shift 

June 27-July 2 16.301 2.72 1.36 

J u l y  3-15 23.70 1.82 0.76 

J u l y  16-27 40.013 3.43 1.25 

Tot a1 80.014 

Average 2.81 1.13 

Tota l  jumbo operat ing hours - 83.0 

To ta l  fee t lmeters  D r i l l e d  - 7,907.0/2,409.94 

Method 

Jack 1 eg 

Jumbo 

Jumbo 

Average f e e t  d r i  1 l e d l h r  - 95.27* 

Average meters d r i  1 l e d l h r  - 29.04" 

Average f e e t  d r i  1 led l round - 439.28+ 
meters d r i  1 led l round - 133.90+ 

Note: * Inc ludes Jumbo t r a v e l  time, set-up and t e a r  down t ime  

+ 3 m average round length  

0 

I 



The development r a t e  i n  a r g i l l i t e  f l u c t u a t e d  from per iod  t o  pe r iod  as a  

r e s u l t  o f  t he  fo l low ing:  

1. I n i  t i  a1 development by jack leg .  

2. Equipment breakdowns and de l  ays. 

3.  V a r i a b l e g r o u n d c o n d i t i o n s .  

Reduced length o f  round due t o  poor ground. 

Performing ground support i n  add i t i on  t o  the normal ground 

support requi red f o r  competent a rg i  11 i te .  

Mucking and remucking cyc le  t ime. 

For the  per iod  June 27 t o  J u l y  16, 1987, t he  dec l ine  was developed i n  

poor ground condi t ions ( g r a p h i t i c  s c h i s t )  which requ i red  extensive 

ground support. Once the decl i ne encountered good a r g i  11 i t e  r e q u i r i n g  

minimum support on J u l y  16, the development r a t e  increased. 



Mucking o f  the face was a  problem f o r  t he  program as the c loses t  remuck 

s t a t i o n  was approximately 100 meters t o  the  west o f  t he  7325E decl ine.  

As the  dec l ine  developed the mucking cyc le  t ime increased. If dec l i ne  

development had not  been ha l ted  on J u l y  27, 1987, another remuck 

s t a t i o n  would have been developed approximately 10 meters beyond from 

t h e  stopped face. 

The Jumbo operated f o r  several s h i f t s  i n  Se rpen t i n i t e  development; t h e  

r e s u l t s  were considered t o  be unsa t i s fac to ry  f o r  t he  fo l low ing reasons; 

1. B i t  Flushing: 

A 4 m s t e e l - o f  38-40 mm i n  diamter and a  32 mm was requ i red  f o r  

d r i l l i n g  s p i l e  holes. The water f l u s h i n g  channel i n  the  s tee l  

was too small t o  prov ide s a t i s f a c t o r y  b i t  f l ush ing .  F r i c t i o n a l  

losses i n  the 4 m s tee l  were h igh  enough t o  reduce the b i t  water 

pressure and the  q u a n t i t y  o f  water reaching the  b i t  s i g n i f i c a n t l y  

r e s u l t i n g  i n  inadequate f l u s h i n g  performance. 

2. Jumbo Water Cooling: 

The Jumbo water coo l ing  system operates a t  a  h igh  pressure and a  

low water f low. The c o o l i n g  system i s  a lso  used f o r  b i t  f l u s h i n g  

and i s  not a  separate system. The coo l i ng  system water pressure 



3. Hydraul ic  D r i l l  

The Tamrock hydrau l ic  d r i l l  and matching jumbo was designed f o r  

hard rock cond i t ions .  For s o f t  rock condi t ions,  such as i n  

Serpent in i  te, the  energy per blow cannot be s i g n i f i c a n t l y  reduced 

w i thout  damaging the d r i  11 and associated hydraul i c  components. 

Excessive energy output and inadequate b i t  f l u s h i n g  l ed  t o  

cont inua l  problems w i t h  mudding up o f  the d r i l l  s tee l  and b i t .  

The problem cont inued even a f t e r  the main f l u s h i n g  hole was 

welded up and increas ing  the  water pressure and volume had no 

e f f e c t .  

4. B i t  D r i l l  Down Pressure 

As described above, the Jumbo was designed f o r  hard rock ground 

cond i t ions  which requ i re  a h igh  b i t  p u l l  down pressure. This  

h igh  pressure i s  not requ i red  f o r  Se rpen t i n i t e .  Major design and 

operat ional  changes t o  the  jumbo would be requ i red  t o  reduce t h e  

p u l l  down pressure and were not  considered t o  be warranted. 

5 -2  -2. Jack1 eg Development 

I n i t i a l  a r g i l l i t e  dec l ine  development was performed by j ack leg  u n t i l  

t h e  dec l i ne  was es tab l ished t o  accommodate the  jumbo. 

A l l  o ther  jack leg  development was performed i n  s e r p e n t i n i t e  i n  the  

development o f  t he  7610 D.E. and diamond d r i l l  s t a t i o n s  7600E and 



S e r p e n t i n i t e  d r i f t  development was performed o f f  a mod i f ied  "Long Tom" 

p l a t f o r m  t h a t  was mounted i n  a L.H.D. bucket. D r i l l i n g  o f  the  upper 

p o r t i o n  o f  the face would be performed w i t h  3 j a c k l e g  d r i l l s ,  d r i l l i n g  

a two ( 2 )  meter round. The lower h a l f  o f  the  round would be d r i l l e d  

o f f  t he  d r i f t  running surface. 

T o t a l  t ime t o  d r i l l  o f f  a two meter round i n  s e r p e n t i n i t e  i nc lud ing  

set-up and t e a r  down t ime was approximately 4 hours. A average o f  45 

holes were d r i l l e d  per round. The cu t  holes were not reamed. 

A1 1 ground support d r i l l i n g  was performed by jack legs  o f f  o f  the "Long 

Tom" p la t fo rm.  

TABLE 5.22 

SERPENTINITE DEVELOPMENT RATES 

Advance Advance Advance 

Per iod  m (Equiv) mlday m / s h i f t  Method 

August 18-31 29.677 2.119 0.742 Jackleg 

September 1-15 20.345 1.909 0.636 Jack 1 eg 

September 16-30 29.240 1.949 0.650 Jackleg 

October 1-15 33.739 2.249 0.750 Jackleg 

October 16-28 29.666 2.282 0.761 Jackleg 

Tot  a1 142.667 

Average 2.119 0.714 

Tota l  fee t lmeters  d r i l l e d  = 28 800.61618 778.0 

0 Average f e e t  d r i  1 led l round - 429.860 

Average meters d r i  1 led l round - 131.015 



The development r a t e  i n  s e r p e n t i n i t e  f l u c t u a t e d  from per iod  t o  pe r iod  

as a r e s u l t  o f  the  fo l l ow ing :  

1. Var iable ground cond i t ions .  

2. Longer ground support cyc les due t o  poor ground cond i t ions .  

Equ i pment breakdown and/or de l  ays. 

4. Mucking and remucking cyc le  t imes. 

5. Experience o f  development crew f o r  each o f  t he  s e r p e n t i n i t e  

devel o~rnent' cycles. 

During the  1986 exp lo ra t i on  development year, The average development 

r a t e  f o r  the  jack1 eg development was 2.77 meterslday. 

The reason f o r  the reduct ion  i n  development r a t e  are as fo l l ows :  

1. Spec i f ied  ground support requirements and improved ground support 



a) Sp i les  - increased number and length. 

b )  Uniform thickness o f  shotcrete - t h i c k e r .  

c )  Dywidag b o l t s  - increased number and length. 

2. Underground haulage t rucks  

For 1986, two underground haulage t rucks  were a v a i l a b l e  and were 

used t o  haul muck out. Dur ing the  1987 program, o n l y  one haulage 

t r u c k  was used. 

Experience and qua1 i t y  o f  underground personnel. 

Crew s t a f f i n g  was a problem du r ing  the 1987 development year due 

t o  the  number o f  other  underground p ro jec ts  occu r r i ng  across 

Canada.   he q u a l i t y  and l e v e l  o f  experience o f  personnel was 

lower than i n  1986. 

Larger s ize  d r i f t  development opening. 

Towards the end of the program, the f i n i shed  s i ze  of the d r i f t  

increased from 3.35 x 3.35 t o  3.35 x 4.0. This increase r e s u l t e d  

i n  a 6% increase i n  the d r i f t  per imeter  and a 20% increase i n  the 

area, r e s u l t i n g  i n  increased mucking cyc le  t imes. 

The reason for  the  d r i f t  s i z e  increase i s  as fol lows: 

1. Sidewal l  ground c o n t r o l  problems. 

2 .  Increase i n  width t o  i n s t a l l  add i t i ona l  s idewal l  s p i l e s  and I 

f a i l u r e  t o  reduce the  w id th  a f t e r  the sec t ion  of add i t i ona l  

s idewal l  sp i  l e s  had been completed. 



5.30 Development Cycles 

Development cycles f o r  a r g i l l i t e  and s e r p e n t i n i t e  development are as 

fo l l ows :  

TABLE 5.30 

DEVELOPMENT CYCLE 

A r g i l l i t e  Se rpen t i n i t e  

Equipment used 

D r i l l i n g  

Spi l e s  

B l a s t i n g  

E l e c t r i c l h y d r a u l  i c  Jacklegs 
Jumbo 

45-70 mm holes 45-34 mm holes 
3 m long 2 m long 
Center ho le  o f  cu t  
reamed t o  76 mm (3 " )  

No sp i  l e s  requ i red  8 s p i l e s  i n s t a l l e d  
except under extremely on 0.45 m spacing. 
poor cond i t i ons  Sp i les  grouted i n  

w i t h  cement fondue. 
Spi l es  pinned t o  back 
by a re-bar s t rap.  

Load a1 1 ho l  es as per Load holes as h igh  as 
the  normal d r i f t  round. t he  diamonds o r  baby 
Amex used whenever arch. De-sensit ized 
possib le,  bu t  i f  wet, Magnafrac w i t h  
Magnafrac i s  used. e l e c t r i c  detonators 
5 m None1 detonators used. 
used. 



Venti  1  a te  Vent i  1  a te  

I f  shotc re te  i s  requ i red  t o  be Depending upon the b las t ,  i f  the 
appl ied muck out upper h a l f  b las ted  muck works i t s  way up t o  
o f  round. t he  perimeter holes, no 

add i t i ona l  b l a s t i n g  i s  requi red.  
I f  add i t i ona l  b l a s t i n g  i s  
requ i red  then Xactex i s  employed 
t o  t r i m  the  back. 

Shotcrete sea l ing  l aye r  o f  50 mm Venti  1  a te  
on h igh  po in ts .  Shotcrete 
prev ious round w i t h  second coat 

I n s t a l  1  screen and rockbo l t  w i t h  Muck out upper h a l f  o f  round 
Dywidags i f  necessary. 

Ready t o  d r i l l  face. 

Elasped time: 16- hours. 

Screen and rockbo l t  back and 
s i  dewall s. 

Ready t o  d r i  11 face. 

Elasped time: 18 hours. 

The cyc le  t ime could vary + 1-2 hours depending upon the fo l l ow ing :  - 

1. Equiment breakdowns and/or del ays. 

2. D r i l l i n g d e l a y s - s t e e l  a n d b i t m u d d i n g u p .  

3. Shotcrete app l i ca t i on  - thickness, rebound, technique. 

4. Crew experience. 



5.4 Venti 1 i a t i o n  

5.4.1. A i r  Flow 

V e n t i l a t i o n  o f  the  1415 M.L. a d i t  was performed by b r i n g i n g  i n  f resh  

a i r  on the  1563 M.L. and down t h e  1563 v e n t i  1  a t  i o n  r a i s e  as shown on 

F igu re  4. A 50 HP and a  40 HP Wood's Axi a1 vane fan  were located i n  a  

bulkhead constructed a t  the base o f  the 1563 v e n t i l a t i o n  r a i s e  on the  

1415 M.L. Fresh a i r  was d i v e r t e d  t o  the  development face v i a  42 i nch  

diameter v e n t i l a t i o n  duct ing. The exhaust a i r  was allowed t o  exhaust 

t o  atmosphere v i a  the  1415 M.L. a d i t .  A t o t a l  o f  31 400 C.F.M. was 

used t o  v e n t i l a t e  the 1415 a d i t .  

A vent i 1 a t  i on  bul kheadlregul a t o r  constructed d u r i  ng the  1986 develop- 

ment program on the  1563 M.L. a d i t  was not  i n  se rv i ce  dur ing  t h e  

program. 

No vent i 1 a t  i on  problems were experienced dur ing  the  1987 development 

program. 

5.4.2. Environmental Control 

Test ing  of a i rborne asbestos dust and dust from s h o t c r e t i n g  were 

performed on regu lar  i n t e r v a l s .  V e n t i l a t i o n  surveys were performed on 

a  regu la r  basis.  



Gas t e s t s  at var ious loca t ions  were w i t h i n  th resho ld  l i m i t s  se t  by the  

Department o f  Mines. 

Ai rborne dust and f i b r e  mon i to r ing  was performed by t h e  Cassiar 

Environmental Department throughout t he  program. The i r  mon i to r ing  

program provided techn ica l  environmental data t h a t  w i  11 be use fu l  f o r  

f u t u r e  d r i f t  development and design. 

5.5  Ground S U D D O ~ ~  

5.5.1 .  General 

0 Ground support experience obtained from t h e  1986 exp lo ra t i on  

development program was used i n  the  design o f  an optimum ground support 

system f o r  both a r g i l l i t e  and s e r p e n t i n i t e  development. 

Mon i to r ing  o f  t he  ground support i n s t a l  l e d  dur ing  the  1986 program was 

performed on a regu lar  basis dur ing  the  w i n t e r  of 1987. Areas where 

the  ground support was performing prov ided add i t i ona l  in fo rmat ion  i n  

t he  design o f  the  optimum ground support system. 

Dr. D. Laubscher, Cassiar Min ing Corpora t ion 's  consul tant  on the  McDame 

Pro jec t ,  ass is ted  Cassiar personnel i n  the  development o f  the  optimum 

ground support p l  an. 1 



The optimum ground support p lan  f o r  s e r p e n t i n i t e  i s  shown on Figure 5. 

This  ground support p lan  was t o  be used on the  standard p lan  f o r  a1 1 

serpent i n i  t e  ground support. Depending upon ground cond i t ions  the p l  an 

cou ld  be adjusted t o  s u i t  the cond i t ions .  

The ground support p lan  consis ted o f  the fo l lowing:  

Materi a1 

Shotcrete 

Spi l e s  

S p i l e  p i n  s t raps 

Rockbol t s  

Description 

appl ied t o  a th ickness o f  100 mm, 

2 x 50 mm passes, on the  h igh  po in t s  

25 mm x 4.88 m, grouted i n t o  p lace w i t h  

fondu grout.  

P in  the sp i  l e s  t o  the  back t o  prov ide 

continuous back support coverage. 

Fabr ica te  from 13 mn rebar.  

Dywidag 22 mm x 2.44 m long b o l t s  

complete w i t h  nuts and p la tes .  

Both grouted i n t o  p lace w i t h  32 mm x 

0.91 m long C-90 r e s i n  car t r idges .  

Screen p ins  Pins used t o  t i e  t he  screen t i g h t  t o  

0 i n i  t i  a1 1 dyer o f  shotcrete.  





This support system was the bas is  f o r  a l l  ground support. A v a r i a t i o n  

of t he  system was used i n  a r g i l l  i t e  development as the s p i l e s  and the  

second coat o f  shotcrete were no t  i n s t a l l e d .  F igure  5. 

Once the  crews became experienced w i t h  the i n s t a l  1 a t i o n  and opera t ion  

o f  t he  support system, optimum sequences were developed. 

5.5.2. Shotcrete 

A1 1 shotc re te  appl i ed dur ing t h e  1987 development program was o f  t h e  

d ry  type and appl i ed pneumat i c a l l  y. 

The premixed shotcrete was manufactured i n  Vancouver by Target Products 

Ltd.  and shipped t o  the  p r o j e c t  s i t e  by Arrow barge. The i ng red ien t  

m ix tu re  o f  the  shotcrete i s  as fo l lows:  

Ingred ien t  Desc r ip t i on  

S i l i c a  fume 12% 

Accelerator  

Type 10 Cement 

Type 30 Cement 

3% - used t o  reduce s e t t i n g  t ime 

Used u n t i l  ambient temperature 
dropped below - l O C  

Used a f te r  ambient temperature 
dropped be1 ow - l O C  



No s t e e l  o r  polypropylene f i b r e s  were used i n  the  shotcrete as these 

f i b r e s  cannot be separated i n  t h e  M i l  1  and contaminate the  product. 

One batch o f  shotcrete shipped t o  Cassiar contained s tee l  f i b r e s  t h a t  

were remnants from another customer's shotc re te  batch. Target was 

n o t i f i e d  o f  the problem and i t  was remidied by ensuring t h a t  t h e i r  

p roduct ion  p lan t  was cleaned out  before manufactur ing shotcrete f o r  

Cassi ar. 

Serpent i  n i  t e  ground support s p e c i f i c a t i o n s  requ i  red t h a t  100 mm o f  

sho tc re te  be appl ied t o  the h igh  po in t s  of the  back and s ide wa l l s  down 

t o  t h e  sp r ing  l i n e .  Coring o f  t he  appl ied shotc re te  was performed t o  

mon i to r  the  fo l low ing:  

1. Consistent thickness. 

2. Shotcrete qua1 i ty. 

3 .  Shotcrete bonding t o  appl i c a t  i o n  1 ayers. 

4. Record o f  shotcrete appl ied. 

5 .  Review o f  q u a l i t y  o f  shotc re te  and a s s i s t  the  shotc re te  

improving t h e i r  shotcrete app l i ca t i on  technique. 

crew i n  



I n i t i a l  app l i ca t i on  o f  shotcrete a t  the  s t a r t  of the  p r o j e c t  was 

substandard even when the  cont rac tor  d i d  p rov ide  q u a l i f i e d  shotc re te  

personnel. The q u a l i t y  o f  shotc re te  d i d  improve and become 

s a t i s f a c t o r y  a f t e r  shotcrete personnel changes were made and a f t e r  a 

shotc re te  consul tant  was brought on s i t e  by Cassiar. Since crew 

changes occurred every 45 s h i f t s ,  the con t rac to r  could not guarantee 

t h a t  more than one q u a l i f i e d  shotc re te  person would be on each s h i f t  

f o r  shotc re t ing .  

A r e p o r t  on the  sho tc re t i ng  performed by Canadian Mine Development i s  

presented i n  Appendix I. 

Shotcrete app l i ca t i on  technique and crew experience d i d  improve f o l  low- 

i n g  demonstrations provided by the  consul tant ,  bu t  res is tance t o  

suggested improvements cont inued t o  be a problem. 

C r i t i c a l  areas t h a t  a f f e c t  the q u a l i t y  o f  shotc re te  are as fo l lows:  

1. A i r  pressure. 

2. Pre-damping o f  mixture. 

4. Equipment operat ion.  



I f  a l l  t h e  above f a c t o r s  are i n  harmony, then the  shotc re te  w i l l  be o f  

a  h i g h  qua1 i ty .  I f  any of t h e  f a c t o r s  are no t  set o r  opera t ing  

c o r r e c t l y ,  then the  shotc re te  q u a l i t y  w i l l  d e t e r i o r a t e  w i t h  the  

q u a n t i t y  o f  rebound and the percentage o f  voids inc reas ing  

s i g n i f i c a n t l y .  

5 -2.2. Shotcrete Usage 

Serpent ine Development sho tc re te  a p p l i c a t i o n  volume as per t he  

s p e c i f i e d  ground support system was used as t h e  base volume , 

Theo re t i ca l  Amount) o f  sho tc re te  requ i red  f o r  necessary ground 

support .  A fac to r  of 1.73 was used f o r  rebound and f i l l i n g  i n  the low 
I 

p o i n t s  w i t h  shotcrete. This  i s  t he  same f a c t o r  t h a t  i s  used at  Rodgers 

Pass Tunnel p r o j e c t  by Manning Kumazai J o i n t  Venture. A sho tc re te  

usage f a c t o r  o f  100% has been proven t o  be too  low. The t h e o r e t i c a l  

amount o f  sho tc re te  appl ied d i d  no t  i nc lude  shotc re te  app l i ca t i on  t o  

t h e  face. 

TABLE 5.52 

Serpentinite Development Additional Shotcrete Application Factor. 

D r i f t  s i z e  opening 3.35 x 3.35 ( f i n i s h e d ) .  

Theo re t i ca l  Theore t ica l  Actual Actual  

M ~ / M  @ Factor  173% M ~ / M  Factor  

1.03 2.76 4.19 307% 

13 * 20% Rebound 
* 120% over consumption 



Reasons why the shotcrete consumption f a c t o r  i s  much h igher  are as 

f o l  low: 

1. Shotcrete crew app l i ca t i on  technique (Rebound should no t  be more 

than 15-20% w i t h  S i l i c a  fume). 

2. Excessive thickness o f  shotc re te  shot on t h e  face. 

3 .  Shotcre t ing  Procedures - Shooting shotc re te  through unt ightened 

screen, which increases shotc re te  rebound. 

4. I n i t i a l  s i z e o f e x p l o r a t i o n d r i f t  l a r g e r t h a n t h e d e s i g n d r i f t  

s i z e  opening by 20%. Larger s i z e  opening increases shotc re te  

consumption. 

Larger size'opening due t o  Cont rac tor 's  problem w i t h  s idewal l  

ground con t ro l .  

5. Excessive th ickness o f  shotcrete.  l O O m  o f  shotc re te  requested 

b u t  core sampling i nd i ca ted  t h a t  as much as 254mm or  more had 

been appl ied. 

6. Reluctance o f  development crew t o  employ gauges t o  i n d i c a t e  a 

s a t i s f a c t o r y  th ickness o f  shotcrete.  

5.5.4. Rockbolts 

Two type o f  rock b o l t  systems were employed on t h e  p ro jec t ,  as fo l l ows ;  

( a )  Ingerso l  Rand - s p l i t  sets ( A r g i  l l i t e  on l y )  

(b )  Resin Grouted Dywidags (Serpent in i  t e  and A rg i  11 i t e )  

0 From previous exp lo ra t i on  development experience, s p l  i t sets cannot be 

employed success fu l l y  i n  poor f r a c t u r e d  ground cond i t i ons  such as 

- 



INSTALLING R E S I N  CARTRIDGES FOR DYWIDAG ROCK BOLTS 

INSTALL CEMENT FONDU INTO DRILL  HOLES (ROCK BOLT TEST)  



g r a p h i t i c  sch i s t s  and Serpen t i n i t e .  S p l i t  sets o f  1.83M in  length  can 

o n l y  be employed under good A r g i l l i t e  ground cond i t ions .  

Resin Grouted Dwyidag b o l t s  o f  2.44M i n  length are employed e x c l u s i v e l y  

i n  Serpent i n i t e  and i n  any poor ground cond i t ions  t h a t  may be 

encountered. Resin w i t h  a  s e t t i n g  t ime o f  90 seconds i s  used. 

Po r t l and  Cement Grout was tes ted  as a  s u b s t i t u t e  f o r  r e s i n  grout  and 

found t o  be unsa t i s fac to ry  as the  s e t t i n g  t ime was too long, i n  excess 

o f  30 hours due t o  co ld  rock temperatures o f  +5 - +7"C. 

Grout s e t t i n g  times o f  h a l f  hour maximum and at l eas t  20% u l t i m a t e  

s t reng th  w i t h i n  40 minutes are requ i red  as t h e  Dwyidag b o l t s  are 

tensioned dur ing  the screen i n s t a l l a t i o n  process. Fondu Grout i s  used 

41 f o r  t h e  4.88 M sp i l es  which sets w i t h i n  the requ i red  t ime but  does not  

have the  desi red s t rength  c h a r a c t e r i s t i c s .  Resin ca r t r i dges  cannot be 

used f o r  s p i l e s  as there  i s  no method o f  sp inning the  re-bar sp i l es  and 

m i  x i  ng the  car t r idges .  

Resin Grout ca r t r i dges  measuring 32mm and 915mm were found t o  be t h e  

optimum s i z e  ca r t r i dge  f o r  use w i t h  the  22m x  2.44m Dywidag bo l ts ,  as 

o n l y  two ca r t r i dges  were requi red.  

Table 5.54 

Rock Bo l t  Usage 

S p l i t  Sets Dyw i d ag 
Ground 1.83M Spl i t  Sets/M 2.44M Dywidag/M 

Arg i  11 i t e  57 3  7.16 230 2.87 

S e r p e n t i n i t e  28 - 1 405 9.85 

0 



Based on previous development experience sp i  l e s  are requ i red  t o  

ma in ta in  ground support dur ing  t h e  appl i c a t i o n  of the  i n i t i a l  sea l i ng  

l a y e r  o f  shotcrete. Without the  s p i l e s  the  back o f  the round cou ld  

d e t e r i o r a t e  beyond the  per imeter  holes a f t e r  t he  round has been 

b lasted.  Once the  process begins i t  i s  very d i f f i c u l t  t o  stop and o n l y  

sho tc re te  can be used t o  p rov ide  the  i n i t i a l  add i t i ona l  support. 

The sp i  l e s  are i n s t a l l e d  so as t o  act as a  continuous s tee l  beam along 

t h e  back o f  the d r i f t .  Sp i les  are i n s t a l l e d  a t  an angle o f  +lO°C and 

pinned t o  the previous round back. The s p i l e s  are o f  s u f f i c i e n t  length  

t o  reach i n t o  the  next round ahead o f  t he  round t o  be blasted, as shown 

i n  f i g u r e  . Spi les  f a b r i c a t e d  from 25mm x 4.85111 re-bar and grouted 

i n  w i t h  cement Fondu and pinned w i t h  Dywidag t o  the  previous round back 

w i t h  15 mm re-bar s t raps  proved t o  be the  best s p i l e  i n s t a l l a t i o n .  

The number of s p i l e s  i n s t a l l e d  depended upon ground cond i t ions .  Under 

normal circumstances, 8 sp i  l e s  are i n s t a l  led. 

S p i l e  consumption f o r  Se rpen t i n i t e  development i s  as fo l l ows :  

Table 5.55 
SPILE CONSUMPTION ( SERPENTINITE) 

Spi 1  es Spi l e s  

I n s t a l  l e d  /M Advance 



Reasons fo r  the h igh consumption r a t e  are as fo l l ow ;  

1. Poor ground condi t ions,  especi a1 l y  through shear zones, requ i red  

add i t i ona l  sp i  les .  

2. Sp i l es  are i n s t a l l e d  at t he  d i s c r e t i o n  o f  the  S h i f t e r  d r i l i n g  the 

sp i l es .  An o v e r l y  caut ious approach t o  the  ground c o n d i t i o n  

cou ld  have cont r ibu ted  t o  the  h igh  i n s t a l l a t i o n  ra te .  

5.5.6. S c r e e n a n d s t r a p s  

For bo th  Arg i  11 i t e  and Serpent i  n i  t e  development screen and s t raps  were 

employed i n  the  support of the openings. Welded s tee l  mesh o f  8 gauge 

th ickness  w i t h  lOOmm x lOOmm openings i n  13.01 M~ sheets i s  used. 

Diamond mesh galvanized mesh was not  used dur ing  the  p r o j e c t  as the 

mesh does not  form we l l  t o  the back o r  s idewal l  openings. Crew 

experience and ded ica t ion  was inst rumenta l  i n  a t t a i n i n g  s a t i s f a c t o r y  

i n s t a l l a t i o n .  

Forming and anchoring o f  the screen was accomplished w i t h  s p l i t  sets, 

Dywidags, and rock c l i p s .  Rock c l i p s  are an inexpensive method o f  

t y i n g  the  screen t o  the  back and s i d e  wa l ls .  The c l i p s  worked b e t t e r  

i n  A r g i l l i t e  than i n  Se rpen t i n i t e  because o f  t he  harder ground. 

P u l l i n g  out o f  the rock c l i p s  i n  S e r p e n t i n i t e  was a con t i nua l  problem. 

Straps were main ly  used i n  Se rpen t i n i t e  development f o r  p inn ing  o f  t h e  

s p i l e s .  The st raps were made out  o f  two lengths o f  15mm x 1 M re-bar  

welded w i t h  cross braces a t  t h ree  po in t s .  This design permi t ted  t h e  

s t r a p  t o  become p a r t  o f  the  ground support s t r u c t u r e  when shotc re te  i s  
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applied. The strap does not prevent the shotcrete from adhering to the 

back. 

TABLE 5.56 

SCREEN AND STRAP CONSUMPTIONS: 

Ground Screen Straps 

~2 M ~ / M  Units Uni ts/M 

Installed Installed Installed Installed 

Argillite 848 10.60 0 0 

Serpentini te 1,466 10.27 

5.6. Bl ast i ng and Explosives 

Different bl ast i ng techniques, expl osi ves and accesori es were required 

for development rounds in Argillite and in Serpentinite. The Argillite 

is general ly far more competent than the Serpenti ni tes. 

TABLE 5.60 

Comparison of Rock Strengths for Argillite and Serpentinite 

(Reproduced from the 1986 Development Program Report). 

Materi a1 Unconfined Compressive 

Strength 

1. Serpentinite 13,370 - 13,590 p.s.i. 
j 
1 

0 2. Serpentinite with 

asbestos fibre 3,150 p.s.i. 

3. Argillite 6.870 - 28,110 p.s.i. 

I 
I 
I 
i 
i 



5.6.1. Comparison of Explosive Techniques 

A comparison t a b l e  o f  explos ive techniques and requirements i s  shown 

below; 

Desc r ip t i on  Argi  11 i t e  S e r p e n t i n i t e  

1. Explosives Explosive contaminat ion Explos ive contarni na t i on  a 

a) Type not a problem. problem - unable t o  

separate explos ive 

wrappers from asbestos 

f i b r e s  i n  m i l l  process. 

No r e s t r i c t i o n  on type Res t r i c ted  as t o  type o f  

o f  explosives t h a t  can explosives t h a t  can be 

- be used. used. 

b )  Amex Okay t o  use i f  holes are Explos ive energy too high; 

not wet; unable t o  use cannot reduce energy 

due t o  wet cond i t ions .  output  by reducing dens i ty  

Aluminum a d d i t i v e  okay. wi thout  contaminat ing 

ore. Not s u i t a b l e  f o r  

baby arch development . 

c )  C i l g e l  Okay t o  use, no Su i tab le  f o r  use, magnetic 

r e s t r i c t i o n s .  c l i p  t i e s  have t o  be used 

Aluminum a d d i t i v e  okay t o  remove p l a s t i c  wrapper 

from ore. Cannot use 

aluminized C i  l g e l  due t o  

contaminat ion problems. 



Desc r ip t i on  A r g i l l i t e  Se rpen t i n i t e  

d )  Water Emulsion Okay, s u i t a b l e  f o r  use. Su i tab le  f o r  use. 

(Magnaf rac )  Use magnetic c l i p  t i e  t o  

remove p l  ast  i c  wrappers. 

Cannot use a1 umi n i  zed 

Magnafrac due t o  o re  

contaminat ion. 

e) Xactex Okay, s u i t a b l e  f o r  use. Not s u i t a b l e  f o r  use as 

(Ore shearing p l  as t  i c  connectors and 

Expl o s i  ve) wrappers contaminate ore. 

Only used i n  c o n t r o l l e d  

cond i t ions .  

Suggest rep1 acement w i t h  

Primer-Flex o r  4 g ra in  

ft i g n i t o r  cord. 

2. E x ~ l o s i  ve Accessories: 

a) Nonels Okay, s u i t a b l e  f o r  use. Not su i tab le ,  p l a s t i c  

tubes and connectors 

contaminate ore. Unable 

t o  separate i n  m i l l .  

b )  E l e c t r i c a l  Okay, s u i t a b l e  f o r  use. Su i tab le  f o r  use w i t h  

B l a s t i n g  Caps s t e e l  lead wires t h a t  are 

magnetic. 

Can be removed i n  M i  11 

process. 



Desc r ip t i on  Argi 11 i t e  Serpen t i n i t e  

c )  B-Line Okay, su i t ab le  fo r  use. Not su i tab le ,  contaminates 

ore, unable t o  remove i n  

mi 1  1  process. 

5.6.2. Explosive Consumption 

7.4.1 Description o f  Serpentinite Blast ing Operation. 

Ground 

A r g i l l i t e  
S e r p e n t i n i t e  

- 

Blasting as per the  Baby Arch Approach 

Procedure o f  b l a s t i n g  the Baby Arch f o r  a  S e r p e n t i n i t e  development 

Explosives 

C i g i  1  & Magnafrac Amex Xactex 
Kg Kg /M Kg Kg/M Kg Kg/M 

1,770 20.55 850 10.62 239 2.84 
1,577 11.05 0  0  247 1.73 

round i s  as fo l lows:  

and E l e c t r i c  

B l a s t i n g  Caps 
To ta l  Nurnber/M 

1,160 13.84 
1,998 14.00 

( r e f e r  t o  F igure  6 )  

1. D r i l l  round o f f  as shown on F igure  6 

2. Load round as shown on F igure  6 

3. B las t  round. 

4. ( a )  Inspect  round a f te r  b l a s t i n g .  I f  b l a s t  has caused the  back o f  

t he  round t o  cave up t o  the  per imeter  holes then no add i t i ona l  

exp los ive  i s  requi red as the  back he igh t  o f  the d r i f t  round has 

been obt  a i  ned. 



STANDARD DRILL PATTERN 

BABY ARCH BLASTING - HOLE LOADING PATTERN 

1. Adjust  t o  s u i t  f i e l d  cond i t ions .  

2. A l t e rna te  cu t  from s ide t o  side. 

3 .  Arch holes (#12) t o  be b l a s t e d  w i t h  Xactex i f  requi red.  

FIGURE 6 



4 ( b )  I f  b l a s t  round has not caused the  ground t o  cave up t o  the  

per imeter  holes, then tr imming o f  the  round i s  requ i red  w i t h  t h e  

use o f  Xactex. 

5. Once the  round b l a s t i n g  process has been completed 3 - 4 scoops 

of muck are removed t o  permi t  sho tc re t i ng  o f  the  back. 

6. Shotcrete back and wa l l s  as f a r  as the  muck p i l e .  

7. Muckout  remain inground.  

8.  Shotcrete remaining exposed ground and f o l l o w  ground support 

procedures f o r  Serpent in i te .  

Th is  procedure f o r  b l a s t i n g  a  S e r p e n t i n i t e  round worked successful l y  

f o r  the  exp lo ra t i on  development program. 

Considerat ion has-been given t o  e l i m i n a t i n g  the  baby arch b l a s t i n g  

process bu t  poor Se rpen t i n i t e  ground cond i t i ons  have precluded t h i s  

development. The baby arch b l a s t i n g  method provides a  margin o f  

safety,  working i n  conjunct ion w i t h  the  s t r u c t u r a l  i n t e g r i t y  o f  the 

ground and w i t h  the  s p i l e s  t o  main ta in  the  opening. E l im ina t i on  o f  t h e  

baby arch b l  a s t i  ng process was attempted i n  prev ious exp lo ra t i on  

development programs, w i t h  and w i thout  s p i  les .  Results have not  been 

s a t i s f a c t o r y ,  w i t h  break back above the  back and s ide  wa l l s  causing 

ser ious ground con t ro l  problems. Once ser ious problems such as r a t  

h o l i n g  have commenced, i t  i s  d i f f i c u l t  t o  b r i n g  the  ground back t o  a  

c o n t r o l  l e d  cond i t ion .  It i s  impera t ive  t h a t  ground con t ro l  measures 

such as described e a r l i e r  are employed i n  order  t h a t  safe and 



5.7 Surveying 

Standard p r a c t i c e  f o r  surveying du r ing  advance on t h e  1415 m l e v e l  

i nvo l ved  f r o n t  and back l i n e s  f o r  a f i r s t  s lash being marked at 

t h e  s t a r t  of a new heading and, i f  necessary, remarked f o r  t he  second 

s lash.  On curves reference l i n e  plugs were se t  and when t h e  new 

bear ing  was reached, a p a i r  o f  1 i n e  plugs and spads were set  on l i n e .  

When the  face was approximately 30 - 35 m beyond the  f i r s t  set  o f  

plugs, o r  when a change i n  bear ing  was necessary, a new set o f  l i n e  

p lugs was se t  approximately 5 m f rom the  face. O f f  sets  were taken 

a f t e r  advance t o  determine the  shape o f  the  d r i f t .  

i" -1 
k- ,/' A con t rac t  surveyor was brought up t o  the p r o j e c t  s i t e  t o  t i e  t h e  

undergrond coordinate system i n t o  the  M i l l  coord inate system. During 

t h e  1986 Development program the  underground development was t i e d  i n t o  

t h e  Mine coordinate system. A rev iew of the r e l a t i o n s h i p  between the 

mine and m i l l  coord inate system revealed a discrepancy t h a t  d i c t a t e d  

t h e  change over. F igure 7. 



Geol ogy 

6.1 Stratigraphy 

The McDame Asbestos Deposit occupies the c e n t r a l  p a r t  o f  a  s e r p e n t i n i t e  

body l y i n g  w i t h i n  rocks o f  the  Sy lves ter  Group {F igure  8)  o f  Northern 

B r i t i s h  Columbia. The Serpen t i n i t e  has not  been dated but t he  

hangingwal l  sediments have been dated as Lower M iss i ss ip ian  t o  Permi an 

age (345-250 my) by f o s s i l  conodonts. 

The Sy lves ter  Group i s  an allochthonous s t r a t i g r a p h i c  sequence as i t  

has been t h r u s t  from i t s  p lace o f  o r i g i n  t o  i t s  present l o c a t i o n  by 

p l a t e  t e c t o n i c  processes. I n  general, the sequence cons is ts  o f  

numerous f a u l t  s l i c e s  of ocean f l o o r  sediments, basa l t s  and u l t r a m a f i c  

i n t r u s i o n s  t h a t  were imbr icated amongst themselves by t h r u s t  f a u l t i n g ,  

then t h r u s t  and u p l i f t e d  as a  mass onto the  con t i nen ta l  p la t fo rm i n  the  

Mezozoic Era. The u n i t s  now d i p  e a s t e r l y  a t  around 40 degrees because 

o f  regions warping. 

The McDame Serpent in i  t e  i s  from 20 t o  100 m above the basal t h r u s t  

s u r f  ace w i t h i n  a  predominant ly a r g i  11 i t e  sequence. I n  the hangingwall 

above the  Serpent i n i  t e  are some basal t i c  l aye rs  t h a t  gradual l y  increase 

t o  about 50% o f  the rock a t  more than 30 m above the  contact.  The 

S e r p e n t i n i t e  i t s e l f  cons is ts  of an ou ter  mantle o f  o lde r  darker green 

S e r p e n t i n i t e  w i t h  an o v e r p r i n t i n g  green Serpen t i n i za t i on  o f  the core 

t h a t  conta ins most of t he  ore grade asbestos. 





Between the  Serpent i n i  t e  and hangi ngwall A rg i  11 i t e  i s  an a1 t e r a t  i o n  

zone up t o  5 m th ick ,  through which Serpen t i n i t e  grades i n t o  

A r g i l l i t e .  The a l t e r a t i o n  i s  ma in ly  t remol i te -amphibo l i te .  It i s  

ove rp r i n ted  by ta lcose a1 t e r a t i o n ,  which also occurs i n  t h e  

Serpen t i n i t e .  

The f o o t w a l l  Se rpen t i n i t e  contact  i s  predominant ly f a u l t  bounded w i t h  

l o c a l  remnants o f  a l t e r a t i o n .  

Below t h e  Sylvester  Group are Paleozoic rocks o f  t h e  North American 

p la t fo rm.  They are a sequence of formations o f  genera l l y  a l t e r n a t i n g  

A rg i  11 i t e  and carbonate, the 01 dest being La te  Precambrian. The McDame 

workings i n t e r s e c t  the th ree  upper Groups which go from Midd le  Cambrian 

(-> t o  Upper Devonian'(550 - 350 my). The o ldest ,  t h e  Kechica Group, i s  a 

b lack  Argi  l l i t e  t h a t  i s  o v e r l a i n  by the  Sandpi le Group o f  dolostone and 

q u a r t z i t e  and the  McDame Group o f  dolostone and 1 imestone capped by 

b lack A r g i l l i t e .  A l l  t h ree  Groups have been s t r o n g l y  deformed by 

t h r u s t  f a u l t i n g .  Close t o  t h e  McDame Deposit t h e  McDame carbonate 

rocks have been f a u l t e d  out complete ly  and the  Sandpi le th inned 

severely .  The black A r g i l l i t e  capping t h e  McDame Group formed a 

r e l a t i v e l y  s o f t  l u b r i c a t i n g  l a y e r  over which the  Sy l ves te r  Group was 

t h r u s t .  

A g r a n i t i c  b a t h o l i t h  t h a t  i n t ruded  the  Paleozoic rocks i n  t h e  

Cretaceous Per iod (100 - 70 my) l i e s  about 1 km west o f  the  McDame 

deposi t .  The heat of t he  i n t r u s i o n  caused contac t  metamorphism o f  t h e  

Kechica A rg i  1 l i t e  t o  ho rn fe l s  a t  t he  1415 m p o r t a l .  



6-2 Structure 

The geo log ica l  h i s t o r y  and development o f  t h e  McDame deposi t  i s  

dependent upon and r e l a t e d  t o  th ree  important  s t r u c t u r a l  events. The 

f i r s t  o f  these occurred dur ing  Devonian and M iss i ss ip ian  times when t h e  

Syl  ves ter  Group basic  vo lcanic and sedimentary rocks were being 

assembled on the ocean f l o o r .  This  was fo l l owed  by  movement eastwards 

and then northwards o f  a segment o f  these rocks, now known as the 

Sy l ves te r  Allochthon, t o  i t s  present s i t e  on the  cont inent .  The t h i r d  

and f i n a l  event was the  emplacement o f  t he  g r a n i t i c  Cassiar B a t h o l i t h  

t o  t he  immediate west o f  t he  A1 loch ton i n  Cretaceous t imes (Harms, 

Regional and de ta i l ed  s t r u c t u r a l  s tud ies  i n  t he  Cassiar area and i t s  

surroundings have shown t h a t  in tense t e c t o n i c  and s t r u c t u r a l  

deformat ion accompanied these th ree  events, and t h a t  from an economic 

standpoint  i t  i s  the  two l a t e r  episodes t h a t  are important, f o r  t hey  

are the  events t h a t  are associated w i t h  the  development o f  the asbestos 

f i b r e .  This  occurred i n  two d i s t i n c t  phases. The f i r s t  phase i s  

r e l a t e d  t o  motion on f a u l t s  s i m i l a r  t o  motion i n  t he  a l lochthon as a 

whole, t he  second phase i s  r e l a t e d  t o  a l o c a l  motion t h a t  was probably 

induced by the emplacement o f  the b a t h o l i t h .  I n  addi t ion,  i t  has been 

found t h a t  1 i neations i n  the  a1 lochthon are northwest trending, 

i n d i c a t i n g  a no r theas te r l y  d i r e c t i o n  o f  mot ion. 

0 On a l o c a l  scale, underground mapping i n  t he  a d i t s  and logg ing  o f  

diamond d r i l l  core has d isc losed t h e  presence o f  numerous minor and 

-- -- 



several  major f a u l t s  and f a u l t  systems. These have occurred over an 

ex tens ive  pe r iod  o f  time, concomitant w i t h  the  main t e c t o n i c  events, 

and d i s p l a y  vary ing  age re la t i onsh ips ,  both w i t h  respect t o  o ther  

f a u l t s  w i t h  respect t o  the  f i b r e .  Four main sets o f  f a u l t s  have been 

recognized, a se t  t h a t  s t r i k e s  nor th-south and d ips t o  the  east, a  set  

t h a t  s t r i k e s  nor thwester ly  and s t r i k e s  s teep ly  t o  the  northeast,  a  se t  

t h a t  s t r i k e s  eastwest and d ips t o  the  south, and a set  t h a t  s t r i k e s  

n o r t h e a s t e r l y  and d ips very s teep ly  t o  the  northwest.  

Several o f  these f a u l t s  are p o s t - f i b r e  i n  age and are o f  decided 

economic importance, f o r  they e i t h e r  d i s l o c a t e  and form boundaries t o  

the  orebody, o r  else, on a small scale, d i s l o c a t e  and form t h e  

boundaries between the  i n d i v i d u a l  b locks o f  o re  and waste w i t h i n  the 

orebody i t s e l f .  The most important  o f  these f a u l t s  are a nor thwester ly  

s t r i k i n g  f a u l t  t ha t  forms a hangingwall contact,  a  nor th-south 

s t r i k i n g  f a u l t  t h a t  forms a f o o t w a l l  contact  and a n o r t h e a s t e r l y  

s t r i k i n g  f a u l t  t h a t  i s  thought t o  throw the  orebody downwards i n  the 

southeast area o f  the  deposit .  Geological s t r u c t u r e s  i n te rsec ted  i n  

t h e  7610 E D r i f t  are i l l u s t r a t e d  i n  F igu re  9. 

Harms, T. 1985. Pre-emplacement t h r u s t  f a u l t i n g  i n  t h e  Sy l ves te r  
Al lochthon, nor theast  Cry Lake map area, B r i t i s h  Columbia. Current 
Research P a r t  A, Geolg ica l  Survey o f  Canads Paper 85-lA, p. 301-304. 

e: Harms, T. 1984. S t ruc tu ra l  s t y l e  o f  t h e  Sy l ves te r  Al lochthon, 
nor theas tern  Cry Lake map area, B r i t i s h  Columbia. Current Research, Par t  
A, Geol g i c a l  Survey o f  Canada Paper 84-lA, p. 109-112. 



7 -0 PERSONNEL: 

On a p r o j e c t  o f  t h i s  magnitude, many people are involved. Those d i r e c l y  
i nvo l ved  w i t h  ons i te  work o r  i n  r e p o r t  p repara t ion  are l i s t e d  below. A l l  
c o n t r i b u t e d  t o  the completion o f  the p ro jec t .  Many o ther  i n d i v i d u a l s  
offered advice and assistance and t h e i r  help i s  appreciated though f o r  
b r e v i t y ,  t h e i r  names are not l i s t e d .  

Person R e s p o n s i b i l i t y  

M r .  T. Carew Pro jec t  Supervisor 
M r .  K. C. Minty, P. Eng. F i e l d  Supervisor, Ass is tan t  t o  Mr .  Carew 
M r .  D. Laubscher Consu 1 t ant 
Mr .  R. Tyne Geology, s t r u c t u r e  
M r .  D. Kenny Geology, s t r u c t u r e  
M r .  P. MacRae Ass is tan t  t o  M r .  K. C. M in ty  
M r .  C. Turek Surveying, D r a f t i n g  
M r .  W. Day Surveying, D r a f t i n g  
M r .  G. Valgardson S i t e  Accounting 
M r .  J. McGi l l  S i t e  Accounting 

i-: Mrs. E. Cavanagh Clerk 
Mrs. B. Minnaar Word Processi ng 

and t h e  personnel of: 

Cassi a r  Mine 
Canadian Mine Development L im i ted  
Mathews and Associates 
Ste f fen ,  Robertson, and K i r s t e n  
B.B.T. Hardy and Associates 



8.0 COST STATEMENT 

Dur ing the  course o f  the  program, an accounting system was set  up on 

s i t e  t o  monitor costs and changes on an ongoing basis.  A f t e r  

implementat ion of the accounting system, a l l  purchases were made by 

purchase order.  Invoices were sent t o  t he  p r o j e c t  s i t e  f o r  

au tho r i za t i on  by p r o j e c t  superv isors and records were maintained on 

s i t e .  Authorized invo ices  were pa id  f rom t h e  p r o j e c t  s i t e  except f o r  

t h e  underground con t rac to r ' s  invoice.  

Costs of services were accrued on a  con t i nua l  basis  t o  a l low es t imat ion  

o f  t o t a l  expenditures incur red  at any time. 

Invo ices  p a i d  were t racked by computer i n  Vancouver. A general ized 

1 i s t  of costs f o r  the  p r o j e c t  are: 



Cost Statement 

1. Contract  Mining Services 

Labour 
Supervi s ion  
Equipment Operators 
Labourers 
Miners 
Tradesmen 

Other 
Equipment Rental  
A i r  Fares (Rot a t  ions)  
CampIAccomodat i ons 

Subto ta l  1,510,000 

(3 
'%_ 2. Cassiar  Min ing Costs 

Labour 
Equipment Operator 
Tradesmen 
Labourer 
Secret a r i  a1 
Techni c i  an 
Geol ogy 
Accounting 

Goods and Services 
Meal s/Accomodat i on 
Transport  
Equipment Rental 
Consul t ing 
Communications 
Suppl i e s  (Ground Support and UIG Exp los ives)  
Power 
Explosives (Cassi a r  Open-pi t magazine) 23,570 
Union dues (Cont rac to r )  10,700 
ShopsIFuel IFVT 95,280 

T o t a l  2,279,620 ---------- ---------- 

--- -- -- - 
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September 28, 1987 

CASSIAR MINING CORPORATION LTD., 
CASSIAR, B.C. 
VOC 1EO 

ATTENTION: Mr .  Ke i th  Minty,  P.Eng., 
Senior Ch ie f  Engineer 

Dear S i  r s  : 

Re : Eva1 uat  i on o f  Shotcrete, 
McDame Exp lora t ion  Ad i t  

0 
As requested, Hardy BBT has c a r r i e d  ou t  an eva lua t i on  o f  t he  

sho tc re te  appl i c a t i  on present ly  underway i n  t h e  McDame E x p l o r a t i o n  Adi  t . 
The f i e l d  evaluat ion was c a r r i e d  out on September 18 through 20, 1987. 

This  eva lua t ion  included: 

1. Observation o f  shotcrete a p p l i c a t i o n  techniques. 

2. Demonstration o f  sho tc re t i ng  techniques t o  mine personnel w i t h  a  

view t o  improving shotc re te  p r o d u c t i v i t y  and qua1 i t y  and 

reduci  ng rebound. 

3. Inspect ion o f  in -p lace shotc re te  and assessment and t e s t i n g  o f  

cores taken between s t a t i o n s  100LP+15 and 101+12. 

4052 GRAVELEY STREET, BURNABY BRITISH COLUMBIA V5C 3T6 TELEPHONE (604) 294-381 1 FAX (604) 294-4664 TELEX 04-354841 

GEOTECHNICAL AND MATERIALS ENGINEERING - ENVIRONMENTAL. MATERIALS AND CHEMICAL SCIENCES 

BONNYVILLE CALGARY EDMONTON FORT McMURRAY KAMLOOPS LETHBRIDGE LLOYDMINSTER MEDICINE HAT 

PEACE RIVER PRINCE ALBERT PRINCE GEORGE RED DEER REGINA SASKATOON VANCOUVER 
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0 1. Dur ing t h e  per iod September 18 t o  20, the  day and af ternoon s h i f t s  

were observed shotcret ing.  While i t  was c l e a r  t h e  crews were 

genera1 l y  f a m i l i a r  w i t h  sho tc re t i ng  procedures, there  were several 

areas where improvement i n  shotc re t  i n g  technique i s  requ i red  for  

op t  imurn s ho tc re te  qua1 i t y  and mater i  a1 s e f f i c i e n c y .  These i tems are 

1 i s t e d  below. 

(a )  The r e l a t i o n s h i p  between a i r  pressure i n  t h e  hose and distance 

of t he  nozzle from the face were, a t  most t imes of observat ion, 

i nco r rec t .  Table 1 which fo l l ows  i temizes many o f  t h e  problems 

observed and the  remedi a1 a c t i o n  requ i red  f o r  c o r r e c t  shotcrete 

app l i ca t i on .  

TABLE 1 

f 4  
L2 

f '  
i _J 

4 

PROBLEM 

Shotcre te  b u i l d s  up on 
face o f  mesh c rea t ing  
voids behind. 

Shotcre te  peels o f f  
rock face. Caused by 
i n s u f f i c i e n t  compaction 
energy. 

F resh ly  app l ied  shot- 
c r e t e  i s  blown o f f  
t h e  surface. 

Excessive coarse 
aggregate p a r t  i c l  es 
rebound f rom p l a s t i c  
ma te r ia l .  

ACTION 

Increase a i r  pressure 
i n  gun and/or move 
nozzle c lose r  t o  t h e  
face (See 
A C I  506R-85 Fig.8.4) 

Increase a i r  pressure 
and/or move nozzle 
c lose r  t o  t h e  face. 
(Assuming water 
content i s  cor rec t .  ) 

Increase nozzle 
d is tance from face 
and/or decrease a i r  
pressure. (Assuming 
water content  i s  
cor rec t .  ) 

Increase a i r  pressure 
and/or increase 
moisture content  o f  
shotc re te  i.e. shoot 
a t  "wet tes t  s t a b l e  
consistency" . 

CORRECT APPLICATION 

Shotcrete should 
b u i l d  f rom behind thc 
mesh t o  encase it; 
bu i ld -up on t h e  f ron l  
face o f  t h e  mesh 
should be avoided. 

Fresh shotcre te  i n  
excess o f  6 inches 
i n  th ickness should 
adhere w e l l  t o  a- 
c lean rock sur face 
when a i  r pressure 
and d is tance o f  
nozzle f rom face 
are  cor rec t .  

Shotcrete should not 
be blown o f f  t h e  
sur face i f  t h e  
nozzle i s  h e l d  a t  
t h e  c o r r e c t  d is tance 
f rom t h e  face. 

Coarse aggregate 
p a r t i c l e s  should be 
complete ly  embedded 
i n  t h e  p l a s t i c  
ma t r i x .  
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Shooting d is tances were genera l l y  t o o  great  ( i n  excess o f  10 

f e e t  i n  some cases) and resu l ted  i n  poor v i s i b i l i t y ,  d i f f i c u l t y  

i n  accurate ly  d i r e c t i n g  t h e  spray p a t t e r n  f o r  optimum r e s u l t s  

and excessive overspray and rebound. The d is tance o f  t he  nozzle 

from the  face should normal ly  be between 3 and 5 f e e t .  

The water content o f  the  sho tc re te  was genera l l y  t o o  dry,  

r e s u l t i n g  i n  excessive rebound, overspray and dust. The optimum 

water  content o f  shotcrete i s  t h e  we t tes t  consis tency poss ib le  

w i thou t  sloughing. 

Cont ro l  o f  shoot ing angle was poor. Th is  r e s u l t e d  i n  excessive 

rebound and overspray and poor compaction o r  vo ids i n  "shadow" 

areas. 

For proper con t ro l  o f  shoot ing angle when s h o t c r e t i n g  blocky, 

f r a c t u r e d  rock, i t  i s  important t o  keep the  shoo t i ng  d is tance 

w i t h i n  t h e  range o f  3 t o  5 f e e t  i n  o rder  t o  minimize the  

diameter o f  the spray pat tern.  It i s  e q u a l l y  important  t o  

manipulate t h e  nozzle t o  f i r s t  f i l l  c rev i ces  and j o i n t s .  The 

nozzle stream should be o r i en ted  a t  r i g h t  angles t o  t h e  face o f  

t h e  actual  rock surfaces being shot, r a t h e r  than a t  a  general 

90" t o  t he  tunnel  wa l l .  

2. Cor rec t  sho tc re t i ng  techniques were demonstrated t o  both t h e  day. and 

afternoon s h i f t s  on September 18 and 20, 1987. 

3. The i n - p l  ace shotc re te  appeared v i sua l  l y  t o  be general l y  acceptable. 

However, a  number o f  cores ex t rac ted  f rom t h e  sho tc re ted  a d i t  wa l l  

showed many mani fes ta t ions  o f  poor shoot ing  technique. These 

d e f i c i e n c i e s  inc luded small voids, i n c l u s i o n  o f  rebound and 
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overspray and some areas of poor bond between layers  (sand lenses). 

Photographs o f  the  ex t rac ted cores are given i n  Appendix A .  Results 

o f  compressive st rength and bo i  1 ed absorpt ion and permeable voids 

t e s t s  conducted on these cores are given i n  Appendix B and summarized 

i n  Table 2. 

TABLE 2: CORE TEST DATA 

Notes : 

LOCATION 

100LP+15 

100LP+20 

100LP+25 

10 1+00 

101+5 

10 1+8.3 

101+12 

(1) Small voids noted i n  core caused by poor shoot ing technique. It i s  
doub t fu l  whether t h i s  core w i l l  achieve a 28 day s t reng th  o f  35 MPa. 

(2 )  It has been our experience based on ana lys i s  of r e s u l t s  f rom various 
shotcre te  p ro jec ts  t h a t  b o i l e d  absorpt ion va l  ues o f :  

(6% represents excel 1 ent qual i ty  shotcrete,  
6% - 8% represents good q u a l i t y  shotcrete,  
8% - 9% represents f a i r  q u a l i t y  shotcrete,  
>9% represents marginal qual i t y  shotcrete.  

(See appended graph from paper by: Morgan, D.R., N e i l l ,  J., 
McAsk i l l  , N. and Duke, N., "Evaluat ion o f  S i l i c a  Fume Shotcrete".  

AGE 
(DAYS) 

2 6 

24 

2 1 

20 

17 

15 

12 

I n t e r n a t i o n a l  Workshop on S i l i c a  Fume i n  Concrete, Montreal , May, 
1987. ) 

Q_r 

- -- 

COMPRESS1 VE 
STRENGTH 

(MPa) 

- 
43.9 

4111 

36.4 

21.8 (1)  

27.0 

28.7 

1 

BOILED 
ABSORPTION 

% (2) 

9.1 

- 

9.8 

8.6 

8.6 

10.0 

9.8 

VOLUME OF 
PERMEABLE VOIDS 

% (3)  

19.9 

- 

20.7 

18.5 

18.7 

21.1 

20.7 



2 -  

1 
RELATIONSHIP BETWEEN ABSORPTION AFTER IMMERSION AND BOILING AND 

'OLUME OF PERMEABLE VOIDS OF DRY MIX SHOTCRETE WITH SUGGESTED 
INDICATORS OF SHOTCRETE QUALITY 

0 
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(3 )  It has been our experience based on ana lys i s  o f  r e s u l t s  f rom var ious  
p r o j e c t s  t h a t  volume o f  permeable voids o f :  

(14% represents exce l l en t  q u a l i t y  shotc re te ,  
14% - 17% represents good q u a l i t y  shotc re te ,  
17% - 19% represents f a i r  q u a l i t y  shotcrete,  
>19% represents marginal qua1 i t y  shotc re te .  

(See appended graph,) 

CONCLUS-IONS 

Based on our observat ions o f  sho tc re te  a p p l i c a t i o n  between 

September 18th and 20th, and i nspec t i on  and t e s t i n g  o f  cores ex t rac ted  on 

September 19, 1987, t h e  f o l  lowing concl u s i  ons are  drawn: 

1. The shotc re te  appl i c a t i o n  techniques observed were not  con- 

s i s t e n t  w i t h  good shotc re t  i ng p r a c t i c e .  Proper c o n t r o l  o f  

shoot ing  angle, d is tance o f  t h e  nozzle from t h e  face, a i r  pres-  

sure and water content,  w i l l  improve t h e  q u a l i t y  o f  t h e  i n  p lace 

shotc re te ,  reduce t h e  amount o f  rebound, and increase t h e  

p roduc t i  v i t y  and economy o f  t he  o p e r a t i  on. 

2. The s t reng th  o f  the s i x  cores tested,  w i t h  t h e  except ion  o f  t he  

core a t  S t a t i o n  101+5, i s  expected t o  meet a  28 day s t rength  

s p e c i f i c a t i o n  o f  35 MPa. It should, however, be remembered t h a t  

core  s t rengths ,  by v i r t u e  o f  t he  t r imming process, w i l l  no t  

r e f l e c t  a1 1  o f  t h e  defects w i t h i n  the  o v e r a l l  l e n g t h  o f  a  core. 

3. Cor ing through t h e  app l i ed  th ickness  o f  sho tc re te  w i t h  a  diamond 

d r i l l  and inspect ion  o f  t he  ex t rac ted  cores revea led  i n  many 

cases a  marginal standard o f  shotc re te  workmanship. This  con- 

d i t i o n  was no t  r e a d i l y  ev ident  f rom s imple  v i s u a l  examinat ion o f  
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exposed shotcrete surfaces. The b o i l e d  absorp t ion  and permeable 

voids data on ex t rac ted  cores r e f l e c t s  t h e  f a i r  t o  marginal 

q u a l i t y  o f  the  shotcrete app l i ca t i on .  Thus a  c o n t i n u i n g  program 

o f  co r i ng  t o  check the  q u a l i t y  o f  the  i n  s i t u  shotc re te  i s  

recommended. 

We t r u s t  t h i s  repor t  meets your  immediate requirements. Please 

c a l l  i f  you have any queries or  i f  we can be o f  any f u r t h e r  assistance, 

Yours t r u l y ,  

Hardy BBT L im i ted  

Per: m 
N. McAsk i l l ,  A.Sc.T., 
Senior Ma te r i a l  s  Technologis t  

D.R. Morgan, Ph.D., P.Eng., 
Manager, M a t e r i a l s  Engineer ing D i v i s i o n  
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PHOTOGRAPHIC DOCUMENTATION 
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PHOTOGRAPH 1: Core ex t rac ted  f r om 100 LP + 15 l e f t .  The fragmented 
sec t ions  are l i k e l y  a r e s u l t  o f  poor  su r f ace  p r e p a r a t i o n  
between l i f t s .  

el PHOTOGRAPH 2 :  Core f rom 100 LP + 20 l e f t .  Note v o i d  approx imate ly  
1 1 / 2  cm f r om face. 



PHOTOGRAPH 3: Core e x t r a c t e d  f r om 100 LP + 25. The core  i s  g e n e r a l l y  
sound w i t h  excep t i on  o f  t h e  c rack  between 5 and 9 cm f rom 
t h e  sur face.  

O PHOTOGRAPH 4 :  Core e x t r a c t e d  f r om 101 + 00 l e f t .  The co re  i s  sound w i t h  
excep t i on  o f  a  c rack  10 cm f rom t h e  sur face .  The arrow 
denotes a normal j o i n t  between two s h o t c r e t e  passes. 
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PHOTOGRAPH 5:  Core ex t rac ted  f rom 101 + 5 l e f t .  The j o i n t  a t  3 cm depth 
was p o o r l y  consol idated and conta ined some overspray. The 
remainder o f  the core was o f  acceptable q u a l i t y .  

i \  PHOTOGRAPH 6 :  Core ex t rac ted  f rom 101 + 8.3 l e f t .  Note t h e  area o f  lower 
kd,j s t rength  r a v e l l e d  sho tc re te  i n  t he  middle o f  t h e  core. t 
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PHOTOGRAPH 7. Core extracted from 101+12 l e f t .  
Note rod joint a t  7 cm from face. 

! 
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COMPRESS I VE STRENGTH OF CONCRETE CORES TEST DATA 
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Certlf~ed Concrete Testcng Laboratory' 
In Acccrdance Wlth STD A283 

1 

CASSIAR MINING CORPORATION LTD 
CASSIAR, B.C. 
VOC 1EO 

CALGARY' MEDICINE HAT 
DAWSON CREEK PRINCE GEORGE 
EDMONTON' RED DEER 
FORT McMURRAY SASKATOON 
LETHBRIDGE VANCOUVW' 

WINNIPEG 

OFFICE 

PROJECT NO 
CLIENT 
CC: 

COMPRESSIVE 
STRENGTH OF 

CONCRETE CORES 

L ATTENTION: M r .  K e i t h  Minty,  P.Eng., 
Senior  Ch ie f  Engineer 

PROJECT McDAME EXPLORATION ADIT - EVALUATION OF SHOTCRETE > 

DATE CAST SPECIFIED STRENGTH 35.0 M Pa 

DATE CORED 87-09- 19 AGGREGATE SIZE 10 mm 

DATE TESTED 87-09-22 COMMENTS 

D. Hatch, A.Sc.T. HNICIAN--.-- REPORT 

C 3 
C4 
C5  
C6 
C7 

CORE 
N o 

C2 
C3 

i c4  
i C5 

C 6 
C7 

CERTIFIED 

DENSITY 
(kglm3 ) LOCATION ' 

100 LP + 20 
101 + 12 
100 LP + 25 
101 + 00 
1 0 1 + 5  
101 + 8.3 

LENGTH 
(mm) 

55 
60 
80 
60 
7 2 
70 

DIAMETER 
(mm) 

4 3 
43 
43 
4 3 
4 3 
4 3 

AGE 
(days) 

24 

COMPRESSIVE 
STRENGTH 

(MPa) 1 !!F 
LOAD 
(kN) 

68.5 

1 

AREA 
(m2) 
- 

0.00145 
12 
2 1 
20 
17 
15 

47.2 

CORRECTED 
COMPRESSIVE 

STRENGTH (MPa) 

.93 

LENGTH 

DIAMETER 

43.9 
28.7 
41.1 
36.4 
21.8 
27.0 

- i --- 

43.8 
60.2 
55.6 
32.6 
40.4 

- 
CORRl Cl ION 

41.5 

I 

0.00145 
0.00145 
0.00145 
0.00145 
0.00145 

-95 
-99 

38.3 1.39 .95 
22.5 .97 
27.9 1.63 -97 
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STATEMENT OF Q U A L I F I C A T I O N  



STATEMENT OF QUALIFICATIONS 

K e i t h  C. Minty, do hereby c e r t i f y :  

1. I am a Mining Engineer r e s i d i n g  a t  125 Hunt Street ,  Box 52, 

Cassiar,  B.C. VOC 1EO. 

2. I am c u r r e n t l y  employed by Cassiar Min ing Corporat ion, Cassiar 

Mine, Cassiar, B.C. VOC 1EO as the  Chief  Engineer. 

3. I graduated from Queen's Un ive rs i t y  a t  Kingston, Ontar io i n  1978 

w i t h  a  achel lor o f  Science i n  Min ing Engineering. 

4. I am reg is te red  as a Professional  Engineer i n  the Associat ion o f  

Professional  Engi neers f o r  t he  Prov i  nce o f  B r i  ti sh Col umbi a. I 

am a1 so reg is te red  as a Professional  Engineer i n  the  Associat ion 

o f  Professional  Engi neers, Geol og i  s t s  and Geophysici s t s  o f  the 
1 

i 
Northwest T e r r i t o r i e s .  

5. Work on the Underground p r o j e c t  was done under my d i r e c t  I 



Respectfully 

Cassiar Mining Cor r t ion 9 

Keith C. Minty, P. Eng. 

Dated a t  Cassi a r ,  Br i t i sh  Col umbi a 

h i  s f i  /? day o f  b#b/Lds/j/ 1988 










