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Abs t r ac t .  The Sixteen-to-One Mine was o r i g i -  
n a l l y  designed and opera ted  us ing B las tho le  Stop- 
ing with end s l i c i n g  a s  t h e  primary mining method. 
This method changed t o  Modified V C R  Stoping i n  
response t o  e f f o r t s  t o  con t ro l  d i l u t i o n .  The new 
method combines B la s tho le  Stoping with shr inkage 
methods, pi 1  l a r s ,  and reduced subl evel i n t e r v a l s  t o  
provide t h e  most p r a c t i c a l  d i l u t i o n  con t ro l  avai l -  
a b l e  f o r  low c o s t  bulk mining. 

P r o j e c t  Overview 

His to ry  and Development 

The Sixteen-to-One p rope r ty  l i e s  i n  t h e  Red 
Mountain Mining D i s t r i c t  o f  Esmeralda County, 
Nevada, approximate1 y  e i g h t  mi l e s  southwest o f  tbe 
town o f  S i l v e r  Peak. The p r o p e r t y ' s  h i s t o r y b e g a n  
i n  1935 with t h e  o r i g i n a l  c la im s t a k i n g ,  followed 
by a  l i m i t e d  amount o f  underground development on 
t h e  vein  ou tc rop  by t h e  l o c a t o r .  Subsequent own- 
e r s h i p  by va r ious  mining companies dur ing t h e  
' 6 0 ' s  and ' 7 0 ' s  r e s u l t e d  i n  s eve ra l  diamond d r i l l -  
ing  programs, e x p l o r a t i o n  d r i f t i n g ,  and c ros scu t -  
t i n g  on t h e  vein  with no recorded product ion .  
Sunshine Mining Company's involvement began i n  
1964 with t h e  a c q u i s i t i o n  o f  a  two- th i rds  i n t e r e s t  
i n  t h e  p rope r ty  from Mid-Continent Uranium Corpo- 
r a t i o n ,  which owned t h e  p rope r ty  a t  t h e  t ime. 
Sunsh ine ' s  involvement culminated in  a  d e c i s i o n  to 
mine t h e  orebody i n  June o f  1980. 

Mine development s t a r t e d  i n  September 1980 on 
an underground mine which was t o  u t i l i z e  t h e  pro- 
duc t ion  c a p a b i l i t i e s  o f  rubbe r - t i r ed  equipment. 
Table 1  l i s t s  t h e  major p i eces  o f  equipment i n u s e  
a t  t h e  mine a s  o f  June 1986. The development 
scheme involved t h e  d r i v i n g  o f  ramps on 15% grade  
f o r  a c c e s s  t o  t h e  s t eep ly -d ipp ing  ve in  and ramps 
d r iven  on 10.5% grade  f o r  o r e  haulage from draw 
l e v e l s  t o  t h e  s u r f a c e .  Sub leve l s  d r iven  on t h e  
ve in  a t  1% grade  and a t  f u l l  ve in  width provided 
t h e  means f o r  product ion  d r i l l i n g  and b l a s t i n g .  

Mi l l i ng  

Mill  c o n s t r u c t i o n  began i n  April  1981, and by 
March 1982, t h e  f i r s t  b u l l i o n  had been poured from 
t h e  convent ional  cyanide  f a c i l i t y .  The m i l l  
u t i l i z e s  a  cyanide  l each  p roces s ,  wi th  coun te r -  
c u r r e n t  decan ta t ion  f o r  pulp washing and bel tpress  
f i l t r a t i o n  o f  t a i l s  a l lowing t a i l i n g s  d i sposa l  by 
conveyor b e l t  t o  t h e  t a i l s  impoundment a r e a ,  i n -  
s t e a d  o f  t h e  usual hydrau l i c  placement.  The 
r e f i n e r y  po r t i on  o f  t h e  mi l l  u se s  Merril l-Crowe 
p r e c i p i t a t i o n  o f  gold  and s i l v e r ,  and t h e  f i n a l  
product  i s  a  s i l v e r / g o l d  do re '  bu t ton .  

Total  m i l l  product ion  f o r  1985 was 40.7 MT 
(1.3 m i l l i o n  ounces)  o f  s i l v e r  and 0.26 MT (8500 
ounces)  o f  gold from 228,300 (251,500 ST) o f  
o r e  from t h e  Sixteen-to-One Mine. Addi t ional  
product ion  i s  a l s o  ob ta ined  from custom m i l l i n g  
o r e s .  Mill throughput  c a p a c i t y  p r e s e n t l y  s t a n d s  
a t  approximate ly  726 MT/day (800 s t p d ) .  

Geology and Ground Condi t ions  

The geology o f  t h e  d i s t r i c t  i s  composed pr imir-  
i l y  o f  T e r t i a r y  sedimentary  and vo lcan ic  rocks .  
The h o s t  rocks  f o r  t h e  Sixteen-to-One orebody a r e  
l a t e  Miocene e x t r u s i v e  vo lcan ic  t u f f s  a n d b r e c c i a s  
wi th  t h e  o l d e r  v o l c a n i c s  be ing a n d e s i t i c  i n  com- 
p o s i t i o n  and t h e  younger v o l c a n i c s  being r h y o l i t e s  

and l a t i t e s .  The upper e l e v a t i o n s  o f  t h e  minea re  
i n  r h y o l i t e s ,  while t h e  lower e l e v a t i o n s  a r e  host- 
ed by t h e  a n d e s i t e s .  The a n d e s i t e s  a r e  t h e  pre- 
dominant type .  

The vein  i s  a  s t e e p l y  d ipping (65'-90°)epithe?- 
ma1 f i s s u r e  vein  with a  n o r t h e a s t e r l y  s t r i k e .  
Approximate dimensions o f  t h e  o r e  shoot  a r e  610m 
(2000 f e e t )  on s t r i k e  by 190m (620 f e e t )  v e r t i c a l -  
l y .  Widths range from 1.5m ( 5  f e e t )  t o  15.2m (50 
f e e t ) ,  with t h e  wider po r t i ons  i n  t h e  c e n t e r .  The 
vein  t a p e r s  toward t h e  s u r f a c e ,  with depth ,  and 
toward t h e  ends a long s t r i k e .  There i s  a l s o  a  
s i g n i f i c a n t ,  mineable,  footwal l  s p l i t  t o  t h e  
n o r t h e a s t  c a l l e d  t h e  Colorado Vein, 

The gangue mineral  i z a t i o n  o f  t h e  Sixteen-to-One 
vein  i s  approximate ly  60% q u a r t z  and 40% c a l c i t e .  
The s i l v e r  m i n e r a l i z a t i o n  i s  p r imar i ly  a r g e n t i t e  
whi le  t h e  gold occurs  mic roscop ica l ly  i n  n a t i v e  
form. Wall rock a l t e r a t i o n  i s  no t  well developed, 
but f r a c t u r i n g  sympathet ic  t o  t h e  ve in  wa l l s  i s  
common and a  cause  f o r  wall rock s loughing.  Oe- 
velopment d r i f t s  i n  waste a r e  d r iven  in  t i g h t ,  
blocky ground r e q u i r i n g  l i t t l e  i f  any ground sup- 
p o r t .  S p l i t  s e t  rockbo l t s ,  wire  f enc ing ,  and 
occas ional  t imber ing a r e  t h e  p re fe r r ed  ground sup- 
p o r t  with t h e  m a j o r i t y  of t imber  being used i n  t he  
o r e  headings and t h e  m a j o r i t y  o f  b o l t s  and wi re  
used i n  t h e  waste  headings .  

Uniaxial  compressive s t r e n g t h  o f  t h e  wall rock 
v a r i e s  from 62.1 MPa (9000 p s i )  i n  h igh ly  a l t e r e d  
rhyol i t e s  t o  179.3 MPa (26,000 p s i )  i n  compact, 
u n a l t e r e d ,  a n d e s i t e  b r e c c i a ,  wi th  an average  o f  
approximate ly  124.1 MPa (18,000 p s i ) .  No s i g n i f -  
i c a n t  v e r t i c a l  o r  l a t e r a l  ground s t r e s s e s  a r e  
ev iden t ,  nor  i s  t h e r e  any problem wi th  rock 
s t r e n g t h s  per  s e .  The s i n g l e  major ground control  
problem i s  t h e  sympathet ic  f r a c t u r i n g  i n  t h e  wall 
rock. 

B la s tho le  Stoping 

Or ig ina l  Concept 

B la s tho le  s top ing  was o r i g i n a l l y s e l e c t e d  a s t h e  
mining method based on t h e  fo l lowing c o n d i t i o n s :  
( 1 )  an adequate  ve in  width normally over  12 f e e t ,  
( 2 )  a  s t e e p l y  d ipping orebody, ( 3 )  a  modera te ly  
low grade  and cont inuous  ve in ,  ( 4 )  f a i r l y  compe- 
t e n t  wall rocks  and v e i n ,  and ( 5 )  d e f i n i t e  hang- 
ingwall and footwal l  c o n t a c t s .  The informat ion 
e x i s t i n g  a t  t h e  t ime o f  method s e l e c t i o n i n d i c a t s d  
t h a t  with a  moderate amount o f  open ground, a  
d i l u t i o n  f a c t o r  o f  10% would be an a p p r o p r i a t e  
e s t i m a t e  f o r  t h e  Sixteen-to-One orebody. The 
u l t i m a t e  c o n t r i b u t i o n  o f  sympathet ic  wall rock 
f r a c t u r i n g  t o  t h e  d i l u t i o n  e s t i m a t e  was unforseen 
and underes t imated a t  t h e  t ime.  

B l a s t i n g  would be d a r r i e d  o u t  i n  v e r t i c a l  
s l a s h e s  fo l lowing  t h e  c r e a t i o n  a t  t h e  orebody 
ex t r eme t i e s  o f  v e r t i c a l  s l o t s  o r  drop r a i s e s u s i n g  
V C R  r a i s i n g  methods. The v e r t i c a l  s l a s h i n g  would 
a l l ow v i s u a l  moni tor ing  o f  orebody f ragmenta t ion  
between subl evel  s .  

Sublevel s  would be d r iven  t h e  f u l l  l eng th  and 
width o f  t h e  v e i n ,  with c e n t r a l i z e d  a c c e s s  c ros s -  
c u t s  so t h a t  mining could proceed in  r e t r e a t  
f a sh ion  toward t h e  c r o s s - c u t s .  Sublevel spacing 
was c a r e f u l l y  chosen a t  35m (115 f e e t )  s i l l - t o -  
s i l l  a f t e r  c o n s i d e r a t i o n  o f  such f a c t o r s  a s  ex- 
pected d r i l l  ho l e  d e v i a t i o n ,  and t h e  d e s i r e  t o  
minimize d i l u t i o n  due t o  changes in  ve in  d i p .  
t i  u r e  1  i l l u s t r < t e s  t h e  o r i  i n  1  b l a s t h o l e  s top -  
in2  concept  f o r   he ~ ~ x t e e n - ? o - f i n e  Mine. 



The ore ,  a f t e r  b las t ing ,  f a l l s  by grav i ty  t o  
the drawpoint l e v e l ,  where LHD un i t s  muck and 
t rans fe r  ore  t o  underground trucks fo r  haulage t o  
the surface.  The original  concept included draw 
cones from :he draw level t o  an undercut level to  
ensure adequate ground support z t  the drawpoints. 

I n i t i a l  Experience 

In mid 1982, the down-the-hole production d r i l l  
was placed into operation d r i l l i n g  165mm (6.5 in .)  
holes. As previously mentioned, the s l o t  r a i s e  
was d r i l l e d  f i r s t ,  with a  pat tern a s  i l l u s t r a t e d  
in  Figure 2 .  

The center  f i v e  holes were loaded with high 
densi ty emulsion explosives, primed with m i l l i -  
second delay boosters, and shot one l i f t a t  a  timg 
When shot ,  the cen te r  f i v e  holes cratereddownward 
resu l t ing  in an advance of between s ix  and nine 
f e e t ,  depending on ground conditions and powder 
quant i t i es .  This process was repeated un t i l  the 
r a i s e  holed through. 

After completion of the s l o t  r a i s e ,  the s lash-  
ing would begin by loading the production b las t -  
holes. These holes were d r i l l e d  a  mininum of 
three t o  a  row, and deck loaded the  f u l l  l eng thof  
the holes. A f u l l  row was shot  a t  a  time. 

Every row o f  holes was designed by f i r s t  s e l e c t  
ing the proper burden, based on width, f o r  each 
row. This typ ica l ly  varied from a  1.2m ( 4  f t . )  
square pat tern t o  a  3.0m (10 f t . )  square pa t te rn ,  
with rectangular pat tern var ia t ions  used as  ground 
condit ions d ic ta ted .  Hole spacings were usual ly 
l e s s  than the burden in the  rectangular  pa t te rns .  
A minimum mining width of 3.7m (12 f t . )  was se- 
l ec ted  t o  allow f o r  proper muck flow and the r i b  
holes were placed from 0.3m (1 f t . )  t o  0.7m ( 2 f t . )  
inside the footwall and hangingwall con tac t s .  

A geologic sect ion was drawn f o r  each row,with 
the  holes positioned accordingly t o  minimize di-  
l u t i o n ,  maximize ex t rac t ion ,  and maintain desired 
stoping width. A copy of the  sec t ion  was provided 
t o  the d r i l l e r  with c o l l a r  locat ions and dips 
shown f o r  each hole. The d r i l l e r  worked of f  of 
survey control and squaring points i n s t a l l e d  by a  
surveyor t o  l a y  out  each row and hole i n  the s tope 
Dri l l  cu t t ings  were logged by a  geologist  f o r  per- 
centage of ore  and waste, and t h i s  informationwas 
used to provide some measure of m i n i n g s e l e c t i v i t ~  

Amounts and types of b las t ing  products werese- 
l ec ted  by the Mine Superintendent o r  Mine Foreman 
a s  ground condit ions warranted. This varied from 
using high densi ty emulsions t o  a  mixture of ANFO 
and high-energy emulsion. 

As mining progressed, the  problem of d i lu t ion  
began to appear and the powder usage in the  r i b  
holes was reduced t o  minimize b las t ing  damage t o  
the  stope walls.  A1 so,  the lower energy powders 
were favored in ' the r i b  holes ,  and the  higher 
energy powders were confined t o  use in  the  s l o t  
r a i s e s  and the  center  holes of  the  s lash  pa t te rns .  

P i l l a r s  were added t o  the  mine plan as  an add- 
ed e f f o r t  to  control d i lu t ion  which was recognized 
as  the sloughing of waste blocks and wedges 
created by the sympathetic wall rock f rac tur ing .  
The i n i t i a l  p i l l a r  plan was t o  leave p i l l a r s  a t  
areas  where ground conditions were the  worst.  
Since a  new s l o t  r a i s e  would have t o  be d r i l l e d  
and blasted t o  continue mining the panel, these 
p i l l a r s  were preferred t o  be c loser  t o  the  sub- 
level  s i l l  and did not extend the f u l l  dis tance 
between sub1 eve1 s  unless necessary. 

Ground conditions hed a  tendency t o  worsen as  
mining progressed to the higher elevat ions hosted 
by the highly a l t e red  rhyol i t es ,  although dilution 
was a problem i n  the andesi tes ,  a l so .  Eventually, 
the p i l l a r  plan evolved in to  a  regular  spacing of 
p i l l a r s ,  extending the f u l l  distance between sub- 
l e v e l s ,  stacked v e r t i c a l l y  above another. 

Modified VCR Stoping 

The original  stoping concept r e l i e d  heavily on 
broken ore in the stope to  help support the wall 
rocks. However, due to  the ver t i ca l  s lashing of 
the  ore blocks, muck had t o  be drawn o f f  t o  c l e a r  
the  brow for  each shot .  This l e f t  a  l a rge  amount 
of open ground in t h e  stope due t o  r i l l i n g  of the  
muck. Under the design conditions of the mine, 
t h i s  would have been s a t i s f a c t o r y ,  but with the  
d i lu t ion  problem, the amount of open groundbecame 
excessive and had t o  be reduced. 

As previously mentioned, end s l i c i n g  was pre- 
ferred over t r u e  VCR methods because of the re- 
duced r i s k  of  i n s u f f i c i e n t  fragmentation and the  
a b i l i t y  t o  v i sua l ly  monitor the  stoping r e s u l t s .  
Bottom s l i c i n g ,  however, afforded the opportunity 
t o  decrease the amount of open ground i n  t h e s t o p e  
Therefore, a  compromise was made. A hybrid V C R  
stoping method would be t r i e d  t h a t  combined the 
benef i t s  of both end s l i c i n g  and bottom s l i c i n g ,  
and avoided t h e  r i s k s  of t r u e  V C R .  Termed "Rodi- 
f i e d  VCR Stoping4' , this  method e n t a i l s  blast ing a  
horizontal s l i c e  of ore  from the  block, approxi- 
mately 3.0m (10 f t . )  t o  4.6m (15 f t . )  th ick ,  
completely across  the  stoping panel between the  
p i l l a r s  t h a t  were establ ished by the p i l l a r  plan. 
However, instead of only c ra te r ing ,  the  rows of 
holes a r e  loaded f o r  a  combination of c ra te r ing  
and s labbing,  timed so t h a t  they successively 
break towards a  previously establ  ished s l o t  r a i s e  
Therefore, two f r e e  faces a r e  ava i lab le  f o r  each 
row of holes t o  break t o .  Although somewhat ex- 
pensive, the  added cos t  of the  addi t ional  f r e e  
face i s  f e l t  t o  be more than compensated by the  
reduced r i s k  of poor fragmentation and bootlegs 
possibly going undetected. 

The new mining method i s  expedited in  much the 
same manner as  the o ld .  Dr i l l ing  pa t te rns  remain 
the  same, but loading pa t te rns  were changed t o  
j u s t  a  s ing le  o r  double deck of powder as  i l l u s -  
t r a t e d  in  Figure 3. The s l o t  r a i s e  i s  holed- 
through only a f t e r  the stope back i s  blasted t o  
within 7.6m (25 f t . )  of s i l l .  

After  each b l a s t ,  a  tape i s  dropped down the 
hanging wall holes f o r  measuring dis tance t o  the  
back and dis tance t o  t h e  muck p i l e  t o  ensure t h a t  
j u s t  enough muck i s  drawn from the  stope t o  allow 
room f o r  swell.  Idea l ly ,  t h i s  i s  approximately a  
38% draw, but because of previously mined d r i f t s  
a t  lower elevat ions of the stope, t h e  required 
percentage i s  t y p i c a l l y  l e s s ,  tying up grea te r  
q u a n t i t i e s  of broken o r e  inventory f 3 r  ground 
cont ro l .  

Current Progress and Future A c t i v i t i e s  

Figures 4A and 48 comprise the ver t i ca l  longi- 
tudinal project ion of  the  Sixteen-to-One Mine as  
of June 1986. I l l u s t r a t e d  a r e  the  successive 
zones of mining changes a s  already implemented, 
and zones where f u r t h e r  changes a r e  planned i n t h e  . 
fu ture  t o  augment the  mining method change. The 
fu ture  mining area wil l  incorporate approximately 
a  505 decrease in  sublevel interval  t o  decrease 



di lu t ion  caused by changes in  vein dip,  and t o  
afford grea te r  control over blast ing progess. 
Like wise, maximum heights of stoping panels a r e  
being reduced by one-third from approximately 
180m (600 f t . )  t o  120m (400 f t . ) .  

Offset t ing the added development costs  o f t h e s e  
changes i s  the elimination of the undercut level 
and drawcones immediately above the draw leve1 ,as  
already p a r t i a l l y  practiced i n  the central  portion 
of the  main Sixteen-to-One orebody. Drawpoint 
brows have held up . ra ther  well and the drawcones 
were not contr ibut ing grea t ly  t o  g rounds tab i l i ty .  

Also o f f s e t t i n g  the added cos t s  i s  the progress 
made in control l ing d i lu t ion  and a r r iv ing  c loser  
t o  projected reserve grades in  drawpoint sampling 
and in mill heads. A q u a l i t a t i v e  study begun by 
the  mine geologist  in  June of 1984 and continuing 
through April of 1986 gives an indicat ion of how 
the stoping changes have reduced the percentageof 
observed waste i n  the drawpoints. As i l l u s t r a t e d  
in Figure 5,  a s  muck haul sh i f ted  to  stopes where 
modified methods were used, the percentage of 
waste decreased s ign i f ican t1  y. 

Calculated reserve grades were correlated w i t h  
drawpoint sampled grades f o r  the one stope in the 
mine, the 6890 S.W. Extension, t h a t  has been 
pulled completely empty. Although t h i s  stope was 
mined by end s l i c i n g ,  i t  l e n t  credence to  the  
calculated reserve grades, because the actual vol- 
ume mined was measurable. The average grade of 
the  muck hauled from t h e  drawpoints correlated 
well w i t h  the reserve grade a f t e r  adding in the 
percentage of  d i lu t ion .  Thus, withthe reserves 
"performing" well ,  i t  could not be argued t h a t  
d i lu t ion  was a  manifestation of reserve overes t i -  
mation. 

As a1 ready seen in Figure 5,  1985 muck haul 
was almost exculusively from the  S.W. VCR andN.E 
VCR s topes,  which were mined by Modified V C R  
Stoping. Also i n  1985, new production records 
were s e t  a t  the  mill  in ounces produced. This 
was due, in  par t ,  t o  a  mill head grade being ap- 
proximately 20% higher in s i l v e r  content  in  1985 
than in 1984. This increase in  grade was re la ted  
back t o  the change in mining method and decrease 
in observed waste rock in the muck haul.  

The V C R  s topes have not been pulled complete1 y 
empty, ~1nd considerable s p i l l a g e  from the  S.W. 
Stope in to  the S.W. V C R  Stope occurred, whichpre- 
vents any ore  reserve performance study from be- 
ing made a t  t h i s  time. This study will  have t o  
be performed a f t e r  the  S.W. Stope has been pulled 
empty, because no r e l i a b l e  est imate e x i s t s  as  to  
t h e  exact volume of o re  mined in the  V C R  stopes. 
In the fu ture ,  i t  i s  f e l t  t h a t  the percentage of 
d i l u t i o n  calculated f o r  the V C R  s topes will  be a  
very reasonable number 

The Sixteen-to-One Mine operat ions were sus- 
pended in June 1986 due t o  low s i l v e r  pr ices .  
When operat ions resume, the  app l ica t ion  of Modi- 
f i ed  VCR Stoping tonarrow vein mining in the 
Colorado Vein, where the minimum mining width i s  
being establ ished a t  1.8m (6 f t . ) ,  will  be made. 
The Colorado Vein has already been d r i l l e d  with 
rows of one and two holes per row, with down-hole 
diameters of both 165mm (6 .5  i n . )  and 114mm (4 .5  
i n . ) ,  and with up-holes of 108mm (4.25 i n . )  
diameter.  The r e s u l t s  wil l  be i n t e r e s t i n g  and 
eager1 y awaited. 
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1  - Tamrock Twin Boom Minematic Jumbo w/Tamock 
HLR-438 D r i l l s .  D r i l l s  44.5mm (1.75 i n . )  
Holes. 

2  - TRW Mission Track Mounted.62OOU Down-the- 
Hole Hammer Dri l l  Rigs. D r i l l s  165mm (6.5 
i n . )  and 114mm (4.5 in . )  Down-Holes, and 
108mm (4.25 in . )  Up-Holes. 

1  - 3.8m3 (5  yd3) Wagner ST-5A L H D  

1  - 3.8m3 (5  yd3) Wagner ST-5H L H D .  

2  - 2.7m3 (3.5 yd3) Wagner ST-3$ LHO1s. 

2  - 22.7 MT (25 ST) Wagner MT 425-30Underground 
Trucks. 

2  - 12.7 MT (14 ST) Wagner MT 414-30 Underground 
Trucks. 

1  - Getman Exposive Truck. 

1  - Getman Service Truck. 

1  - 0.8m3 (1 yd3) Wagner HST-1A L H O .  

1  - Longyear 38 EHS Diamond D r i l l .  

Table 1 .  Mine Equipment L i s t  
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FIGURE I. ORIGINAL BLASTHOLE STOPING 
CONCEPT FOR THE SIXTEEN-TO- ONE MINE. 



FIGURE 2 .  TYPICAL SLOT RAISE PATTERN 
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FIGURE 3. TYPICAL MODIFIED V C R  
LOADING PATTERN 
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