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much o f   t h e   g r a v e l  was mined'by  methods  other  than  hydraulicking. 
Subsequently,   however,   with  the  working  out  of  r ich  shnllow .Z;rav- 

favourable   condi t ions  were mined  by hydraul icking.  Th . i s  type  of 
e l ,  extensive  yardages  of  lower  grad.e  gravel  were  left   which  under 

rnining  produces  the  largest   proport ion  of   placer   gold  :a t   $resent .  

When placer   gold was f i r s t  d.iscovered  in Br i t i sh  (Columbia 

Placer   gold was discovered j.n the   Province  a t  a r  ,ear ly   date  
so t h t  i n   t h e   w e l l  known d i s t r i o t s   m o s t  o f  the   c reeks   have  been 
prospected  and  worked  wherever  possible,   leaving  the m r e  unde- 

r i c h  ground t h a t  i s  known has been, o r  i s  being,  worked. In t h e  
s i r a b l e  and lower grade  ground for subsequent  miners.  611 t h e  

Sas t ,   f a i lu re   t o   s ample   and   p rope r ly   e s t i rna t e   t he   ava i l ab le   ya rd -  
age of p l a c e r   d e p o s i t s   h a s   r e s u l t e d   i n  a tremendous  wa,ste  of 
money and e f f o r t .  k large  proport ion  of   placer   operat ions  have 
f a i l e d   b e c a u s e   t h e   g o l d   i n   t h e   g r a v e l  was i n s u f f i c i e n t  t o  repay 
t h e   c o s t  even  of   the  most   eff ic ient   mining.  In consequence,  pre- 
l iminary   t es t ing   and   sampl ing  i s  more important  now than   ever   be-  
f o r e  .and it i s  par t icu lar ly   necessary   where   the   inves t lnent  of a 
l a r g e   m o u n t  of money i s  involved.  

The expense  of  preliminary  sampling and t e s t  work should  be 
regarded as a t y p e  of  insurance,i'rom  which it i s  possi 'ble t o   g e t  
va luable   in forna t ion   necessary  i n  making d e f i n i t e   p l a n s   f o r   o p e r a -  
t i o n  and  by  which it i s  p o s s i b l e   t o   s a v e   t h e   l o s s  of   considerably 
more money i f  c e r t a i n  unfavourab1.e f a c t s  and  conditions  can be 
known beforehand. 

P r i o r   t o   m i n i n g  S placer   depos i t   by   hydraul ick ing ,  it i s  i m -  
p o r t a n t  to obtain  information  regardin:? t h e  fo l lowin ,g  po in ts .  

{lj The area and  depth of the   depos i . t ,  i t s  average  value  per  

conten t .  The minimum 'economic value  per  cubic  yard  depends  en- 
cubic   yard ,   the   d i s t r ibu t io 'n   and   the   na ture  o f  the   va l .uable   minera l  

t i r e l y  on  local   condi t ions. '  

ob ta inable ,  as t h i s  forms a b a s i s   f o r   e s t i m a t i n g   t h e   d a i l y   y a r d -  
( Z j  The supply  of water ava i lab le   and   the ,he ,ad  or  pressure  

a g e   t h a t   c a n  be  mined. 

q u i r e d   t o   b r i n g   t h e   w a t e r   t o   t h e   g i a n t s  a$ t h e  working   faces .  
(3) The t o t a l   l e n g t h  of d i tches ,   f lumes   and   p ipe- l ines   re -  

( 4 )  The nature  and  grade of bedrock as  w e l l  as i.ts depth 
f r o x   t h e   s u r f a c e .  
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(5 )  The h e i g h t   a v a i l a b l e  for t h e  dumping or d i s p o s a l  of 
t a i l i n g s ;   a l s o   t h e   a v a i l a b l e   a r e a  s o  t h a t   t h e   t a i l i n g s  w i l l  no t  
i n t e r f e re   w i th   ad jo in ing   ope ra t ions .  

of methods; by panning  gravel  from  natural   exposures;  by d r i f t i n g ,  
by t e s t - p i t t i n g ,  by shaf t - s ink ing ,  or by  Keystone-dri l l ing.  In . ,  

e v e r y   i n s t a n c e   i n   o r d e r   t o   g e t   r e l i a b l e   r e s u l t s   t h e  work should  be 
done  carefu1Ty  and  systematically so t h a t   t h e ' i n f o r n a t i o n  may be 
compiled t o  give  as   complete  a p i c t u r e  of t h e   d e p o s i t   a s  it i s  
poss ib le  o r  economical t o   o b t a i n .  

A p l ace r   depos i t  may be  sampled by any  one or a combination 

quately  sampled  from i t s  na tura l   exposures .   Never the less   there  
probably   a re  some exposures  along  creek  banks o r  gulches  where 
some panning may be done . to   advantage .  The resu l t s   f rom  panning ' .  
depend for t h e i r  .va-lue l a r g e l y  on t h e  man  who t akes   t he   g rave l  for 
the  sample.   Consequently,   they  can be v e r y m i s l e a d i n g   u n l e s s   t h e  
sample i s  p rope r ly   t aken   and   t he   r , e su l t s   i n t e rp re t ed   i n   t he   l i gh t  
of experienc,e .   In   the f i r s t  place i t  i s   n e c e s s a r y  t o  assume t h e  
volume of a pan. f u l l '  o f  g r a v e l ,   t h i s  i s  general ly   taken  as   150 t o  
170 t o  the  cubic  yard, .   Secondly i t  i s  -necessary to estimate or 
assume t h e   t o t a l   y a r d a g e  of m a t e r i a l   t h e  pan r .epresents ;  it cannot 
be taken  f o r  g r a n t e d   t h a t  a s i n g l e  pan w i l l  r ep resen t   t he   ave rage  
o f  any  large volume of gravel.   Nevertheless  panning i s  va luable  
in   de te rmining  from sca t t e red   exposures   t he   r ange   o fva lues  t o  be 

va lues -   i n   va r ious   s ec t ions  of t h e   d e p o s i t .  

A p lace r   depos i t   o f ' any   cons ide rab le   s i ze   can   s e ldom be  ade- 

, expected,   as   w.el l   as  some i n : d i c a t i o n   a s   t o   t h e   d i & t r i . b u t i o n  of 

D r i f t i n g  on bedrock,  where s o  f r e q u e n t l y   t h e   g r e a t e s t   p r o p o r -  
t i o n   o f - v a l u e s  i s  concentrated,  i s  t h e   b e s t  method f o r   g e t t i n g  
average   va lues   in   one   par t  of a depos i t .  If the   p l ace r   depos i t  i s  
a buried  channel,   then it may be -poss ib l e ' t o   ob ta in   i n fo rma t ion   a s  
t o  bedrock  values   and  consequent ly   average  values   across   the  ful l  

mining  where it may be necessary t o  wash t h e   e n t i r , e  c h a n n e l   f i l l i n g  
w i d t k o f   t h e  channel;  This i s  e s p e c i a l l y  important i n   h y d r a u l i c  

and n o t   m i n e   t h e   d e p o s i t   s e l e c t i . v e l y .   I f , t h e  d r i f t  be run  from 
s i d e   t o   s i d e  of a channel,  it i s  b e s t  t o  s l u i c e   t h e   e n t i r e   s p o i l  
f r o m  the  workings,  making it p o s s i b l e  by measuring  the  yardage  ex- 
,cavated to   ca l cu la t e   t he   ave rage   va lue   pe r   ya rd  of gravel  mined. 
By t a k i n g  pan s a m p i e s   i n   t h e   d r i f t  it i s  poss ib l e   t o   l oca t e   any  

each   t imbered   se t   any   var ia t ion   in   va lues  w i l l  be  found. A f o o t  
pay-streak  present,   and by s l u i c i n g   s e p a r a t e l y   t h e   m a t e r i a l  from i 

t o  18 inches of bedrock  should  be  taken  up  with  the  gravel  t o  be 
c e r t a i n   t h a t   a l l  g o l d  i s  being  recovered. 

t h e  c,ommon one  based  on a cu'bic  yard of grave l  is. t o   ' t r a n s p o s e  
the   va lues   i n   t e rms  of' s q u a r e   f e e t  of  bedrock  uncovered or cleaned, 

An a l t e r n a t i v e  method o f  c a l c u l a t i n g   t h e   v a l u e s   r a t h e r   t h a n  
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or  a l t e r n a t i v e l y   i n   t e r m s  of per l i n e a l   f o o t  of  channe:l. In 
t h i s  way, p a r t i c u l a r l y  when most 'of t h e   v a l u e s   a r e  on -sedrock and 
the  overburden i s  barren  and of va r i ab le   t h i ckness ,  it m y  be 
found tha t   . t he re  i s  a uniformity of values  which would not  be ap -  
parent  when t h e   c a l c u l a t i o n  i s  expressed  in  terms of  cllbic  yards 
of g rave l .  

Shallow  untimbered t e s t  p i t s  may be dug in instanoes  where 
the   p l ace r   depos i t  i s  shallow and. no t r o u b l e  i s  experi'anced  from 
ground  water. I f  it i s  poss ib le   a l l   the   mater ia l   exoaYated   f rom 
t h e  p i t  should  be  s luiced 'and  the  gold  f rom it recovered  and 
weighed. By t h i s  means a more representat ive  sample  i , s   obtained 
t h a n  by at tempting t o  t a k e  a sample of exact  volume  from t h e   s i d e  
or  bottom  of t h e  p i t .  If t h e  vo1.ume of t h e   p i t   i s  mea.sured as  
well   as  the  are,a  of  the  bottom,  the  value  per  'oubic  ya:rd,  o r  a l -  
t e r n a t i v e l y ' t h e   v a l u e   p e r   s q u a r e , f o o t  on bedrock may be r e a d i l y  
c a l c u l a t e d .  

l a i d   o u t   i n   l i n e s   a c c o r d i n g   t o  a d e f i n i t e   p l a n   e s t a b l i s h e d   i n  
l a r g e   p a r t  by t h e   t y p e  of  placer  occurrence  but  of  course modi- 
f i e d  and'  extended  as more informa.tion i s  obtained. 

I f   p o s s i b l e ,  numerous t e s t   p i t s   shou ld   be   dug  and  should  be 

In many d e p o s i t s  it i s . n o t  s.lways p o s s i b l e  t o  d r i f t  on bed- 
rock; it t h e n  becomes necessary i n  o r d e r   t o   a s c e r t a i n   t h e   d e p t h  
t o  bedrock ,   and   the   va lues   there ,   e i ther  t o  s i n k  a s h a f t  o r  put 
down a Keys tone   dr i l l -ho le .  A s h a f t  i s  p r e f e r a b l e   t o  a s i n g l e  
d r i l l - h o l e   b e c a u s e   t h e   g r e a t e r   a r e a  o f  bedrock  cleaned  gives a 
much bet ter   sample.  However, the  comparative  benefits   should be 
balanced  between a s h a f t   a n d . t h e  number o f  d r i l l - h o l e s   t h a t   m i g h t  
be put  down f o r   t h e  same cost.  Shafts  should  be.  sunk  where pos-  
s i b l e   t o  check   d r l l l -ho le s .  

In l o o s e   m a t e r i a l ,  a s h a f t  must  be  timbered  but may be.s.unk 

ab le  o r  more expedient.  The v e r t i c a l   d i s t r i b u t i o n .  or" va lues  i s  
e i t h e r  by dr iv ing   lagging  o r  by cribbing,  whichever i s  prefer -  

found  by s l u i c i n g   t h e   s p o i l  as the  sinking  advances  and  again if 

sample i s  thereby  obtained.  
. p o s s i b l e   a l l .   t h e   m a t e r i a l   s h o u l d   b e  washed a s  a be t t e r   ave rage  

Shafts  a l m o s t  invar iab ly   encounter   water  t o  a g r e a t e r  o r  
less   ex ten t   and  a pump should be a v a i l a b l e   t o   k e e p  it under  con- 
.trol. Where an  excessive  flow i s  encountered o r  can  be  predicted 
w i t h   c e r t a i n t y  i n  advance   t hen   t he   on ly   a l t e rna t ive  i s  t o  do t h e  
t e s t i n g  by  Keystone d r i l l .  

In deep  placer  ground.where  bedrock i s  n o t   a c c e s s i b l e  by a 
dr i f t ,   the   longer   t ime  necessary   and   grea te r   expense   involved   in  
s h a f t - s i a k i n g  make it a d v i s a b i e   t o  d r i l l  t he   g round .   Dr i l l i ng  I 
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gives   accura te   in format ibn   as  t o  the   depth  o f  bedrock, as we l l   a s  
t h e   v a l u e s   i n   t h e   m a t e r i a l   d r i l l e d .  'However for dependable  value- 

t h e   d r i l l e r .  Close  supervision i s  most  important for the   reason '  
r e s u l t s  much depends  on t h e   ' s k i l l ,   e x p e r i e n c e  and r e l i a b i l i t y  o f  

t h a t ' d r i l l i n g   r e s u l t s  must  be  adjusted and i n t e r p r e t e d   i n   t h e   l i g h t  
of the   physical   condi t ions  which  are   encountered;   for   example  hard 
packed  gravel  and  loose  caving  sand o r  f ine  grave.1 may give  values 
t h a t   a r e   e i t h e r   t o o  l o w  o r  t oo   h igh ,   un le s s   t he   phys i ca l   cond i t ions  
a re   t aken   in to   account  when t h e   f T n a 1   c a l c u l a t i o n  i s  made. 

In o r d e r   t o   d e t e r m i n e   t h e   v e r t i c a l   d i s t r i b u t i o n  o f  va lues ,  
t h e   c u t t i n g s  from t h e   d r i l l - h o l e   a r e   c o l l e c t e d  and  panned o r  put 
through a r o c k e r   a t   r e g u l a r   i n t e r v a l s  of depth,  o r  it may be,found 
convenient t o  have t h e   b a i l e r   d i s c h a r g e   d i r e c t l y   i n t o  a sma l l   s lu i ce -  
box,  which i s  .cleaned up a f t e r   e a c h  pumping and  which w i l l  g i v e   t h e  
va lues  for each   dr ive  o f  the   cas ing   and  i t s  r e s p e c t i v e   b a i l i n g .  

emphasized  but  inasmuch as no ' t w o  p l a c e r   d e p o s i t s   a r e   i d e n t i c a l ,  
condi t ions may va ry   w ide ly   and   d i s t r ibu t ion  o.f values  be so  d i f -  
f e r e n t ,  no s p e c i f i c  method of t e s t i n g  can  be ou t l ined .  However, 
the 'method  should be  adapted t o  e a c h   p a r t i c u l a r   d e p o s i t , ' t h e   p r o -  
gramme be ing   l a id   ou t   sys t ema t i ca l ly   and   t he  work d i r e c t e d  by a 
capable  and  experienced man. 

The va lue  of preliminary  sampling  and  testing  cannot be  over- 

The ' fo l lowing   ma te r i a l   i n   quo ta t ion  marks i s   r e p r i n t e d  from 
Information  Circular  .No,. 6787 (now o u t  of p r i n t )  o f  the   United 
S t a t e s  Bureau of Mines,   "Placer  lyining  in  the  Western  United 
S t a t e s ,   P a r t   1 1 , ' "  by E .  D .  Gardner  and C .  H.. Johnson, t o  which 
due  acknowledgment i s  made herewith.  

"Th i s  paper   deals   with  hydraul icking, .  s1uic'e:boxes 'and r i f -  

t rea tment  o f  amalgam. The discussion  of ' s luice-boxes  and  subse-  
f l e s ,   r e c o v e r y  of gold and platinum  from  placer  concentrates,   and 

quen t   sub jec t s   ap2 l i e s  t o  a l l ' f o r m s  of placer  mining." 
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HYDRAULICKING 

Histo.ryl 

when Edward E., P la t t i son ,   in   o rder   to   reduce   l abour   cos ts ,   used  a 
rawhide  hose t o  which a wooden nozzle was a t t a c h e d   t o . d . i r e c t  a 

by the   u se  of a canvas  hose bound with  wire  and  rope an.d t h e   u s e  
stream of  wa te r   aga ins t   t he   g rave l  bank.  This  step was followed 

placed by 100 f e e t  of s tove-pipe by K.  K. C r a i g   a t  American H i l l ,  
o f  a me ta l   r a the r   t han  a wooden nozzle.  The canvas  hose was r e -  

f o r  hydraul icking was  made of  wrought  iron  in 1856 by a company i n  
Nevada County,   Cal i fornia .  The f i r s t   m e t a l   p i p e  made s , p e c i f i c a l l y  

San F r a n c i s c o .   D i f f i c u l t y  was encountered  with  the f i r s t  pipe  be- 
cause   o f   the   rap id i ty   wi th   which  it r u s t e d .  

Hydraulic  mining was de l i e loped   i n   Ca l i fo rn ia   a s   ea r ly   a s  1852 

. .  

sures  were  wanted  and  the  strength of t h e   p i p e  l e d  t o  i.ts .being 
made of s h e e t - s t e e l   i n   s h o r t   l e n i t h s   t h a t   c o u l d   b e  pack:ed by  mules 
or burros .  

As hydraui icking became  more and more used,  high  water  pres- 

The f i r s t  nozzles  were  attached t o  t he   d i scha rge  end  of t h e  
pipe by a . s h o r t   l e n g t h  o f  canvas .   hose ,   bu t   l a te r   as   h igher   water  
pressures  were  used 2 f l e x i b l e   i r o n   j o i n t  was devised  using two 
elbows  working  over  each  other  and  held  together  by a k ing-bol t .  
This  arrangement was improved by using a rad ius   p la te .   Var ious  
types  of  machine  were  .devised t o  v h i c h   t h e  name "g ian t "  was ap- 
p l i e d ,   c u l m i n a t i n g   f i n a l l y   i n   t h e  modern double   ba l l -Fear ing   g ian t  
equipped  with a d e f l e c t o r   a t   t h e  end of t h e   d i s c h a r g e   b a r r e l .  

Aopli'cation A 2 

"In hydraulic  mining a j e t  of water  issuing  under  high  pres- 
sure  from & nozzle   excavates  and  washes the   g rave l .  The gold i s  
recovered p a r t l y  by cleaning  bedrock a f t e r  the gravel  has  been 

which t h e  washed g r a v e l s  and water  f l m  t o  the   t a i l ing : ;  aump. 
s t r i p p e d  away b u t   c h i e f l y  by r i f f l e s   i n   t h e   s l u i c e - b o x   t h r o u g h  

"Almost a l l   t y p e s  o f  p lacer   depos i t s   can  be worked by hy- 
dran l ick ing  if water   i s   ava i lab le ,   bu t   cer ta in   phys ica l .   charac"  
t e r i s t i c s  have  an  important  bearing on t h e   c o s t  o f  t h e   o p e r a t i o n .  
If t h e   g r a v e l  i s  c layey   the   washing   i s  more d i f f i . cu l t   bu t  more 

See  Bowie, A. J .  Hydraulic  Mining, Van Nostrand Co. New York, 
1898, p. 42.. . .  

2 Reprinted fron United  States  Bureau o f  Mines Information Cir- 
c u l a r  6 7 8 7 .  
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important.  If the   g rave l  i s  cemented it can be cu t   on ly  by high- 
pressure   water .   I f   the   g rade  of bedrock i s  f l a t   t h e   d u t y   ( c u b i c  
yards  per  miner 's   inch or o t h e r   u n i t )  of the  water  i s  r e l a t i v e l y  
low,  and  where g r a v i t y   d i s p o s a l  o f  wa te r   and   t a i l i ngs  i s  impos- 
s i b l e  o r  impract icable   e levators   must  be used t o  r a i s e  them  from 
t h e  p i t ,  f u r t h e r   d e c r e a s i n g   t h e   c a p a c i t y  of t h e   i n s t a l l a t i o n . "  

must f u l f i l l   t h r e e   e s s e n t i a l   p h y s i c a l   c o n d i t i o n s :  (1) Bn'ade- 
quate   water   supply  must   be  avai lable  for t h e   s c a l e  of opera t ion  
in tended;  ( 2 )  There must  b e   s u f f i c i e n t  dump space t o  dispose  of 

t i ona l   wa te r  and space t o  enable t h e   t a i l i n g s  t o  be s tacked;  ( 3 )  
t h e   i a i l i n g s  f r o m  t h e  s l u i c e ,  o r  l a c k i n g   t h a t ,  s u f f i c i e n t   a d d i -  

The bedrock   grade   should   be   such   tha t . the   s lu ices   can   be   l a id   wi th  
t h e   p r o p e r   g r a d e   t o   c a r r y   t h e   w a t e r   a n d   g r a v e l   e f f i c i e n t l y ,  or, 
height   must   be  avai lable  s o  t h a t  a bedrock  cut may be made i n  
which t o   p l a c e   t h e   s l u i c e - b o x e s  on the i r   p roper   g rade .  A l l  t he se ,  

ab le   va lues  per y a r d   t o  wa.rrant  the ope'ration. 
i n   a d d i t i o n  t o   t h e  prime r e q u i s i t e  of su f f i c i en t   ave rage   r ecove r -  

As a consequence,   therefore ,  a proposed  hydraulic  operation 

i m p o r t a n t   f a c t o r   i n   d e t e r m i n i n g   t h e   a p p l i c a t i o n  o f  hydraul icking 
"Apar t   f rom  the   depos i t   i t se l f ,   the   water   supply  is t h e  m o s t  

and t h e   s c a l e  of opera t ion .  Under any  given  condi t ions  the  da, i ly  

As a n   i l l u s t r a t i o n  of t he   va lue  o f '  ob ta in ing   the   mos t   water   pcs-  
yardage i s  roughly   p ropor t iona l  t o  t h e   q u a n t i t y  of  water  used." 

water   used   increases   the   yardage   s lu iced  by approximately  10  per 
s i b l e  it i s  c l a imed   t ha t  a 5 p e r   c e n t   i n c r e a s e   i n   t h e  amount of  

cen t .  "The quant i ty   excavated   l ikewise  i s  propor t iona l  t o  t h e  
head  used  on t h e   g i a n t s ,   b u t   t h e   h i g h e r   p r e s s u r e   i s  of l e s s   va lue  

' through  the boxes t o   t h e  dump: A s  t h e   c u t t i n g  and  sweeping  cap- 
i n   d r i v i n g  and  washing  and of ncne a t   a l l   i n   s l u i c i n g   t h e   g r a v e l  

a c i t y  o f  t he   g i an t s   u sua l ly   exceeds   t he   ca r ry ing   capac i ty  of 

.wa te r , '  i s  d i r e c t e d   t h r o u g h   t h e   p i t   a n d   i n t o   t h e   s l u i c e s .   I f   r u n  
wa te r ,   a ' s t r eam of  flowing  water, known as 'by-wash,'  o r  'bank 

t i n g   t h e  grave!.. The prloper r e l a t i v e   q u a n t i t i e s ' o f   h i g h   p r e s s u r e  
over   the   bank ,   as   in   g round-s lu ic ing ,  it a i d s   m a t e r i a l l y  i n  c u t -  

and  bank water  can  be  determined  only by t r i a l .   F r e q u e n t l y   t h e  . ' 

,by-wash i s  suppl ied by t h e   n a t u r a l  f l o w  o f  t h e   s t r e a m   a t   t h e   m i n e ,  
the  giant   water   being  brought   f rom a cons iderable   d i s tance   up   the  

a v a i l a b l e  it may be used  for   ground-sluicing,   thus  increasing 
stream or from  another  source.  When'an excess or" bank water i s  

the   capac i ty  o f  t h e   p l a n t .  

"The prepara tbry  or development work n e c e s s a r y   t o   s t a r t  
hydraul ick ing   usua l ly  i s  g r e a t e r   t h a n  t h a t  for any  other  form of 
placer  mining  except  dredging or d r i f t  mining. C d e p o s i t   p r e f e r -  
a b l y   i s  opened a t   t h e  lower  end t o  permi t   g rav i ty   d ra inage  and 
progressive  mining of t h e   e n t i r e   d e p o s i t   i n   a n   o r d e r l y   f a s h i o n .  

, c u i  may be n e c e s s a r y   t o  reach bedrock a t   t h e   d e s i r e d  po in t .  T h i s  
I f  t h e  grave l  i s  t h i c k  o r  t h e  grade  of-bedrock f l a t  a very long 



P l a t e  I A. A Storage dam a t  t h e   o u t l e t  of Germansen Lake. The 
three  spi l lways at t h e   l e f t  are control led by timbers  held i n  

ve r t i ca l   gu ides ,   t he  main one a t  t h e   r i g h t  by two gates  
operated by hand wheels.  This dam 18 7 f e e t   h i g h  and. 

impounds sbout 20,000 a w e  f e e t ,   s u f f i a i e n t  water 
f o r  B f u l l  season's operation. 

P l a t e  I B. A diversion dam on the   d i t ah - l ine  of Germamen 
Ventures L td .  The t r a s h  raak i s  i n   f r o n t  o f  t h e   g a b s  

lead ing   in to   the   d i tch ;   the   was te   ga tes  a t  the  r ight ;  
con t ro l  flow i n  a natural   water  oowse.  



Plate I1 A. A flume built on a trestle across a steep slide. 
The f l u e  is 6 feet wide and 5 feet deep; nota the well- 
supported bents of heavy timbers with centre posts. 

Plate  I1 8. Control gates a t  the end o f  the ditch at the 
intake to the penstook at Bullion Mine. 



may involve   the   min ing  of l a r g e   q u a n t i t i e s  of  barren o r  a t   l e a s t  
unprofi table   gravel .   A,more  important   e lement  of prepara tory  c o s t  
i s  the  water   supply.  As heads  of  50 t o  300 o r  400 f e e t   a r e   d e s i r e d ,  

water   onto  the  property by g r a v i t y  f l o w .  9 s i n g l e  mj.ne may have. 
a mi le  o r  more of d i t c h  or flume i s  almost   a lways  necessary. to   br ing 

many mi les  of d i t ch ,   cos t ing   pe rhaps .$2 ,500   pe r   mi l e ,   a s   we l l   a s  
dams and   r e se rvo i r s  and  thousands of f e e t  o f  f lumes,   tunnels ,  o r  

d i n a r i l y   c o n s i s t s  o f  a few  hundred t o  a few  thousand  feet  of 10- t o  
inverted  s iphons.  The mechanical  equipment of a hydraul ic  mine or- 

number or' s lu ice-boxes ;   the  c o s t  o f  equipment o r d i c a r i l y  is small  
30-inch, o r  l a r g e r ,   i r o n   p i p e ,   o n e  or more monitors,  and a varying 

compared t o  the  expendi tures   necessary for d i t c h e s   a n d   t a i l   r a c e s .  

"Although it i s  obv ious   t ha t . t he   r ecove rab le   go ld   con ten t  of 
t he   g rave l  must  pay a prof i t   over   opera t ing   cos ts   (which   usua l ly  
range f r o m  5 t o  20 cerlts  per ya rd )  a s u r p r i s i n g  number o f  ventures  

fo r   a l l   t he   p repa ra to ry   expenses   no ted   above .  Each  yard  of  gravel 
in  hydraulicking  have  failed  because  the  promotors  have  not  sl lowed 

mined !nust c a r r y  i t s  s h a r e  of t h i s   c o s t ,   t h e r e f o r e  t h e  s i z e  of t h e  
depos i t  is of utmost  importance in consider ing a hydraulic  mining 
venture .  , 

"Hydraulicking  under  suitable  conditions i s  a low-cost method 

method except dredging. The i n i t i a l  investment required i s  l e s s  
a s  it y i e l d s  a larger   product ion  per  man-shift  than  ;any o ther  

than   tha t   for   d redging;   hence ,   hydraul ick ing   in   smal l  o r  medium- 
s i ze   depos i t s  may be more economical  even though  dredging would 
r e s u l t   i n  a lower  operating  cost .  When the   opera t io .ns   a re  on a 
very   , l a rge   sca le   hydraul ick ing   cos ts  may be  lower  th:in  dredging 
c o s t s  on a comparable  basis.  Very clayey  or   boulder ,y   gravels  
should  be  hydraulicked  as  dredging  usually is u n s a t i s f a c t o r y   i n  
such  ground. 

n o - n a t u r a l   c l a s s ' i f i c a t i o n s  o f  t h e  method can  be  made. The methods 

t inc t ions .   Fac tors   such   as   condi t ions  of t he   g rave l ,   pe rcen tages  
of a t t a c k i n g   t h e   g r a v e ;   v a r y   t o o   l i t t l e   t o  make any  general   d is-  

of boulders  and  clay,   grade of bedrock, and t h e   q u a n t i t y  and  head 
of t h e   h y d r a u l i c   w a t e r . a f f e c t   t h e   c o s t s ,   b u t  no general   grouping 
i s  poss ib le  i n  accordance  with  any of these   heads .  

"There i s  enough s i m i l a r i t y   i n   a l l   h y d r a u l i c   o p e r a t i o n s   t h a t  

"" 
Ditches 

high enough  above, t h e  mine t o   f u r n i s h  a s a t i s f a c t o r y   p r e s s u r e  
"Open d i t c h e s   a r e  used commonly t o  br ing  water  close t o ,   y e t  

f o r   t h e   g i a n t s .  A t  several   hydraul ic   mines i n  the   Western   S ta tes  
and  Alaska  ditches 30 t o  40 miles  long  have  been  buil t ,   and  even 
r e l a t ive ly   sma l l   ope ra t ions   u sua l ly  have 5 t o  10 miles of d i t c h -  
l i n e . "  
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d i t c h - l i n e ,   t h e  Lowhee 25 miles  and Germansen Ven tu res   i t d . ,  1,O 
miles  of d i t c h  and  flume. 

I n   B r i t i s h  Columbia the   Bu l l ion  Mine has  about 23 miles of 

"Hydraulicking i s  f e a s i b l e   w i t h , h e a d s  as l o w  a s  40 o r  50 
f e e t  if t h e   g r a v e l  i s  n o t   t i g h t :  however,  heads  of 80 t o  200 f e e t  
u sua l ly   . a r e   des i r ed ,   and  i f  t he   g rave l  i s  cemented it i s   n o t  un- 
common t o  employ high-pressure  equipment  and  heads  ranging  from 
300 t o  400 f e e t  i f  such  can be obta ined .   This   cons idera t ion   f ixes  
t e n t a t i v g l y   t h e   l o c a t i o n  of the   lowel  end of t h e   d i t c h .  I t s  f i n a l  
l o c a t i o n  may be a ma t t e r   o f  compromise, as t h e  head usua l ly   can  be 

the   g rade .  The l a t t e r  r educes   t he   quan t i ty  of   water   that   can.  be 
i n c r e a s e d   o n l y   a t   t h e  cos t  o f  a lengthened  dktch o r  a d e c r e a s e   i n  

c a r r i e d   i n ' a   d i t c h  o f  g i v e n   s i z e .  

8 f ee t   pe r   mi l e ,  o r  3/4. t o  1 1/2 f e e t   p e r  1,000 f e e t .   ' E a r l y   C a l i -  
fo rn ian   d i t ches   were   run 'on  much s teeper   g rades ,   bu t   the   conse-  

breaks  were common. Small   d i tches  may be run a t  grades of 6 t o  
quent   h igh   ve loc i t ies   caused   e ros ion  of the  banks  and  ser ious 

1 2  f ee t   pe r   mi l e   w i thou t   excess ive   ve loc i t i e s .  

"The grades 'of   most   hydraul ic-mine  di tches   l ie   between 4 and 

"Prac t i ca l   ve loc i t i e s   r ange   be tween  limits of  which t h e  
minimum i s  de te rmined   by   s i l t ing   and   th ;  maximum by e ros ion .  If 
the   en te r ing   wa te r   con ta ins - sed imen t  it may be d e p o s i t e d   i n   t h e  
d i t ch .   Th i s   shou ld   be   gua rded   aga ins t   by   i n s t a l l i ng  a s a n d   t r a p  
nea r   t he   i n t ake   and  by  designing f o r  8. v e l o c i t y  of no t   l e s s   t han  

3 fee t   per   second i s  ap t   to   e rode   the   channel   and   cause   b reaks ."  
1 foot   per   second.  On the  other   hand,  a v e l o c i t y  of  more than 

Yeeds w i l l  hard ly  grow in   water   f lowing 2 t o  2 1 / 2  f e e t   p e r  
second. 

"The f o l l o w i n g   a r e  recommended a s  maximum mean v e l o c i t i e s  
f o r  d i t c h e s   i n   v a r i o u s   m a t e r i a l s :  

Mater ia l  Mean v e l o c i t y  

Feet  per.  second 

S i l t  0:5 
Loose  sand 1 

._ 

Sandy s o i l  2 
F i r m  s o i l ,  firm sandy  loam 3 

S t i f f   c l ay ,   g rave l  4 

Coarse  gravel,   cobbles 5 . .  
Cemented g r a v e l ,   s o f t   r o c k  6 

Hard rock  10 
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corresponding   bo t torn   ve loc i t ies   be ing  20 t o  30 per   cent   lower ,  
"The f i g u r e s  o n  the   preceding page r e p r e s e n t  mean ve l .oc i t i k s ,   t he  

and the   co r re spond ing   su r f ace   ve loc i t i e s ,   a s   measu red  by f l o a t i n g  
objec ts ,   poss ib ly   be ing  25 t o   3 5 p e r c e n t   h i g h e r .  

"The ve loc i ty ,   hence   the   capac i ty  of a d i tch ,   depends  upon 
i t s  s lope ,   t he   na tu re  of t h e   w a l l s ,   t h e   s i z e  and  shape of t h e  
wa te r   s ec t ion ,  and t h e   s t r a i g h t n e s s   a n d   r e g y l a r i t y  of t he   channe l .  
A l l  t h e s e   f a c t o r s ,   e x c e p t   s t r a i g h t n e s s   a n d   r e g u l a r i t y  of c r o s s -  
sec t ion ,   a re - involved   in   the   Kut te r   formula :  

1.811 - + 41.65 + __- 0.00281 
n S = "" "" I__ 

0.00281 ( m )  1 t - (41.65 + -.F--) 
v5 

. .  

In  which 

I ,  I! = 
V = mean ve loc i ty   ( i n   f ee t   pe r   s econd)  
n c o e f f i c i e n t  o f  roughness 

R = hydrau l i c   r ad ius   ( a r ea  of   water   sec t ion   d iv ided  by 
S = s i n e  of s l o p e   ( f a l l   d i v i d e d  by length)  

wetted  perimeter of channel)  in. f e e t .  

"This   formula   o rd inar i ly  i s  appl ied  by means of t a b l e s  or 

United  States  Department  of  Agriculture.  The proper  value t o  use 
c h a r t s .   F i g u r e  1 i s  a char t   devised  by F. C .  Scobey of t h e  

f o r   t h e   c o e f f i c i e n t   ' n '   i s  a ;matter of judgment. Th,- fol lowing 
va lues  of ' 2 '  a r e  recommended  by  modern des igners .  

Values of Roughness  Coefficient "n" 
~ Surface 
" 

Coated  cast- i ron  pipe 

" - " - Best Good F a i r  Bad 

,011 0.01.2'' .013' 

Cormercial  wrought-iron  pipe 
a l a c k  .012  ,013 .014  .015 
Galvanized .013 ,014 ,015  .017 

Riveted  and  spiral   s teel   p ipe  .013  ,015 '  . 017x 

jiood-stave  pipe ,010 ,011 . O l i  .013 

Plank  flumes 
Planed . O l O  ,012,' .013  .014 

Unplaned .03. I ,013" .014  .015 

With  bat tens  .012 ,015" .016 

- 9 -  



..  follow intersection of ~t and R along  horizontal  guide  lines to intersection of S and V, or vice versa 

Figure 1.-Diagram for solving Kutter formula to determine flow of water in open  channels or pips. 

Reprinted from United  States Bureau of Mines  Information  Circular 6787. 



Semi-circuiar  metal  flumes 
Smooth .011 
Corrugated  .0225 

Canals  and  ditches 
E a r t h ,   s t r a i g h t  and uniform  ,017 

Rock c u t s ,  smooth  and  uniform .025 

Rock c u t s ,   ~ a g g e d  and i r . reguiar   ,035 

windmi   s iugglsh   cana ls   ,0225 

Dredged ear th   channels   .025 

Canals  with  rough  stony  beds; 
weeds on e a r t h  banks  .025 

.. 

x Values'most  used. 

,012 
,025 

,020 

.030 

,040 

. 025x 

.0275' 

.030 

. OJ.3 ,015 

.'0275 .030 

. 0225x ,025 

. 03.3x ,035 

,045 

,0275 .030 

.030  .033 

.035x ,040 

"Earth  canals  for i r r i g a t i o n   u s u a l l y   a r e   d e s i g n e d  w i t h .  
' n  = 0.025 o r  even  0.0225; however the   u sua l   hydrau l i c  mine d i t c h  
i s  not  st .caxght,   unlform  nor  smooth,   and  probably  the  coefficient 
0.030  or  0.035  should  be  appiied.  The v e i o c i t i e s  and  discharges 
f o r  a number o f  d i tches   o f ' smai , l  t o  medium s i z e  shown i n  Table 1 
were   ca lcu la ted  on the   a s sumpt ion   t ha t   ' n !  = 0.035. Any increase  

centage  decrease  +n t h e  calcuiated  -veloc?.ty,  or a doubled  percent- 
i n   t h e  assumed va lue  o f  !n '  r e s u l t s  i n  an  approximately  equal  per.- 

age   i nc rease   i n   t he   r equ i r ed   s lope .  Thus t h e   v e l o c i t i e s  and 

for d i t c h e s  I n  unusualiy good condi t ion .  
capaci txes  shown 1.n Table 1 mlght  be  mcreased  15 o r  20 per   cent  

"Sithopgh  the  shape of the   dp tch   has  a bearing  cn i t s  cap- 
a c i t y ,  i n  p r a c t i c e   t h e . s e c t i o n  is inf luenced m o r e  by t h e  method 
of e.xcavation. However, for a g iven   a rea ,   the   sec t icn   should  be 
so shaped a s  t o  have t h e   l a r g e s t   h y d r a u l i c   r a d i u s   c o r s l s t e n t   w i t h  

hydraulic  mines  has a t r a p e z o i d a l   s e c t i o n ,  b a t h  a f l a t  bottom 2 
economical  construction. The u s u a l   e a r t h  o r  g rave l   d . i t ch   for  

t o  10   fee t   wide ,   s ides   s lopmg  about  45 degrees,  and a water 
depth  of  one-third to   t h ree -qua r t e r s   t he   bo t tom  wid th .  The s ides  
should be excavated a t  a s l o p e   t h a t  w i l l  be s t a b l e   i r   u s e ,   o t h e r -  
wide  cavlng w i l l  r esu . l t  In i r r e g u i a r l t y  of s.ection ar.d consequent 
loss  of capac l ty .  The fo l lowing   s ide   s iopes   a r e  recc,m?lended f o r  
d i t c h e s  l n  va r ious   ma te r i a l s :  

- 11 - 



Side  Slopes 
Mater ia l  

H o r i z o n t a l   t o   v e r t i c a l  Degrees 

Firm s o i l ,  coarse  firm grave l  

Ordinary   so i l ,   loose  or f i n e '  

I 

grave l  

Loose  sandy s o i l  

1 : l  45 

1 1/2 : 1 35 

2 : l  25 

"Wimmler  who t a b u l a t e s   d a t a  on  35 Alaskan   d i t ches ,   s t a t e s  1 

t h a t   s i d e   s l o p e s  of 45 t o  65 degrees   a r e  common, b u t   t h a t   t h e  
h igher   s lopes   cu t  down quick ly .  

"On s t e e p   h i l l s i d e s   r e l a t i v e l y   s t e e p e r   s i d e s  and  deeper  sec- 
t i o n s  may be cut if t h e  s o i l  i s  firm to  avoid  excessive  excava-  
t i o n  on t h e   u p h i l l   s i d e  of t h e   d i t c h .   I n   rock^ t h e   s i d e s  may be 
v e r t i c a ' l ;   t h e  w i d t h  should  be  twice  the  water  depth,  as i n   r e c -  
t a n g u l a r   c h a n n e l s   t h i s   r e s u l t s   i n   t h e   l e a s t   e x c a v a t i o n   f o r  a given 
'capacity  and  slope.   Likewise,  i n  r o c k   t h e . s i z e  niay be decreased 

va t ion .  Ditches  should be  designed t o  run  not more t h a n   t h r e e -  
and t h e  grade  increased,  thus  reducing the   ya rdage  of  rock  exca- 

f o u r t h s  f u l l ,   a l l o w i n g  1 to 3 f e e t  o f  f reeboard .  

"In  porous soil considecable   water  i s  l o s t  by seepage. 
Pee le2   quo te s   E tcheve r ry   a s   s t a t ing   t ha t   s eepage   l o s ses   r ange  

. face   per  24 ho.urs in   impervious  c lay loam t o  1 . 0   c u b i c   f o o t   i n  
f r o m  a s   l i t t l e   a s   0 . 2 5   c u b i c   f o o t   p e r   s q u a r e   f o o t  of wetted  sur- 

sandy  loam  and 2 t o  6 c u b i c   f e e t   i n   g r a v e l l y  s o i l s .  I t  i s   e a s i l y  
computed t h a t  a medium-size d i t c h ,  5 miles  lo 'ng,   carryipg  1,000, 

water by seepage,  even i n  good s o i l ,  and i n   p o r o u s   s o i l ,   a s  much 
or 2,000  miner 's   inches,  may l o s e  5 or   10  per   cent  of t h e   i n t a k e  

a s  20 per   cen t . "  As a n   i l l u s t r a t i o n ,  a t  Germansen Ventures 
Limited, Germansen Creek, B. C . ,  s t a r t i n g  w i t h  a n   i n i t i a l   f l o w  : 
a t   t h e   i n t a k e  of  135  cubic fee t   per   second  there  was a 1os.s of 
about- 25 cubic   feet   per   second  through  seepage  in .3   miles   of  
f l u m e  and 6 miles  of d i t c h . l a r g e l y  i n  fa i r ly   imperv ious   boulder -  
c lay .  

"Remedies  where t h e  lo s s  i s  s e r i o u s   a r e   t o   d e c r e a s e   t h e . s i z e  
o f   d i t c h   a n d   i n c r e a s e   t h e   v e l o c i t y ;  t o  r educe   t he   ve loc i ty  t o  a 

'' h'immler, N.L., Placer-mining  Piethods  and Costs in Alaska: 
B u l l .  259,  Bureau of Mines, 1927 ,  pp.  40-56. 

Peele,   Robert ,   i l ining  Engineers '  Handbook: John  ldiley and Sons, 
3rd.  ed. ,   1941, p.  38-26. 
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p o i n t   a t  which s i l t  wiil d e p o s i t   a n d . t e n d   t o   s e a l   t h e   g r o u n d ;   t o  
l i n e   t h e   c h a n n e l   w i t h  s o d ,  canvas, or concre te :  or t o  s u b s t i t u t e  
flumes f o r  d i t ches ,   Accord ing   t o  wimmler,  sod l i n i n g   o f t e n  i s  
used  in   f rozen muck in   Alaska,   sometimes  with  ent i re   success .  
Puddling when s u f f i c i e n t   c l a y  i s  a v a i l a b l e  w i l l  tend t o  seal 'much 
of the   seepage .  

.. 

"Very  few d i t ches   have   been   bu i l t   i n   r ecen t   yea r s ,   and  no 
modern c o s t s   a r e   a v a i l a b l e .  Xany methods a r e  avsilab1.e  for  such 
work, ranging frog1 hand-shovel  and pic!: work t o  excavation by 

t h e   s u r f a c e  and  excavate as near  t o  g rade   and   co r rec t   s ec t ion   a s  
power shovel o r  mechanical   d i tchers .  A common xethod i s . t o  plow 

p o s s i b l e  w i t h  t eams  and   sc rapers ,   then   f in i sh  by hand. Some 
izstances   have.   been  noted  where  hydraul ic   giants   were  used  for  
di tch  excavat ion.   This ,   of   course,  i s  poss ib le   on ly  when water 

miner  uses  high-pressure  water for excavat ing  wherever   pract icable .  
i s  ava i l ab le   f rom a h i g h e r   d i t c h   l i n e .   I n c i d e n t a l l y   t h e   h y d r a u l i c  

"The a l i n e i e n t  of  di tches   should be such   tha t   excavat ion  t o  
grade will provide j u s t  enough  bank m a t e r i a l   t o  f o r m  ~i channel  of 
the   des i red   s ize .   Xherever   the   water   l eve l  is t o  be  above t h e  
or ig ina l   g round  sur face  it is well  t o  plow t h e  surface:  before  ex- 

the  ground.  If the   ma te r i a l  i s  no t   such   a s  t o  form  t ight   bapks 
cavat ion s tar ts  t o  form  an  impervious  joint   between  the bank  and 

t h e   o r i g i n a l   s u r f a c e .  The grade must  be  maintained  exactly  and 
it !nay be adv i sab le   t o   excava te   t he   en t i r e   wa te r   s ec t - ion  below 

t h e   d e s i r e d   s e c t i o n   a d h e r e d   t o   a s   c l o s e l y   a s   p o s s i b l e ,   a s   a l l  
i r r e g u l a r i t i e s  have a r e t a r d i n g   e f f e c t  on t h e  f l o w .  'Curves should 
be  nade  smooth  and r e g u l a r  for the  same reason.  

"If t h e r e  i s  danger o f  water from f l o o d s  o r  other   sources  
f i l l i n g   t h e   d i t c h  beyond capaci ty ,   spi l lways must be :?rovided a t  

and  be c o s t l y   ~ t c   r e p a i r .  
i n t e r v a l s  t o  prevent   b reaks   in   the   l ine   which  would s t o p  opera t ion  

Neasuring  weirs 

"The s imples t  method  of accurately  measuring a f l o w  of water 

we i r s   a r e   u sed ,   and   t he re   a r e  many f o r m u l a s   f o r   c a l c u l a t i n g   t h e  
i n  a stream or d i t c h  is by  means of a weir .  ?!urneraus types  of 

f low  over   weirs .  

"A common t y p e  of weir i s  shown i n   F i g u r e  2 .  The width of 
the  weir   notch  should be a t  l e a s t   s i x   t i m e s   t h e   d e p t h  of water 
f lowing   over   the   c res t .  The bottom of the  notch  should  be  level  
and t h e '   s i d e s   v e r t i c a l .  The weir  notch is bevel led on t h e  down- 

The wei r   should   be   ins ta l led  so t h a t   t h e  wa te r   i n   t he  pond above 
s t r e a n   s i d e ,  so a s   t o   l e a v e  a sharp edge on the   ups t ream  s ide .  

i s   c o m p a r a t i v e l y   s t i l l .  I t  !nus'; a l so   be  high  enough s o  t h a t  
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TABLE 1.- Calculate& veloc i t ies  apd  discharees f o r  small and  medium-size  ditches . 
Bottom  Width, h.. . . . . . . . . . .  ....... feet/ I 2 1 
Tap  width, f ...................... do. I 2.0 2.5 I 3.0 I 3.C I 4.0 1 5.0 1 4.0 1 5.0 1 6.0 I 7.0 I 6.0 I 7.0 8.0 1 9.0 (10.0 
Depth.  do. I .5 1 ,751 1.0 1 .5 1 1.0 1 1.5 1 .5 1 1.0 I 1.5 I 2.0 1 1.0 I 1.5 2.0 I 2.5  I 3.0 
Area, 9 ........................... s q .  It.1 ,751  1.31)  2.0 I 1.251  3.0 ! 5.251  1.751 4.0 I 6.75110.0 I 5.0 I 8.25112.0  116.25121.0 

1 3 I" 4 - 
I 

slope. ft. I slope. ft. I Velocity of flow, feet per second 
D** mile 1 Der 1.000 ?tJ 

11 0.19 I........ ~.........~..........~........../........../..........~..........~..........~..........~0.564~..........~0.502]0.601~0.687~0.767 
21 
3 1  
41 

61 
51 ' 

7 1  
8 1  
9 1  
10 I 
'1.1 2.08 1 ,650) .841!1.0151  .74911.169!1.4991 .802j1.270~1.629~1.932~1.339~1.725~2,048 2.33 12.590 

1.89 1 ,6191 .804( ,9681 
12 I 2.27 1 ,6811 .882/1.0611  .78511.22511.568! .842/1.328~1.704~2.024~1.402~1~~05~2.145 2.43  12.714 

20 1 

.38 

I 

w 
tP 
I 

15 1 2.84 I ,7621 .98611.1861  .87611.37011.7561 .941~1.484~1.909/2.263~1.~9~2.018~2,397 
3.79 I .882~1.142~1.sI2/1.014!1.584[2.027/1.086~1.715~2.204/2.612/1.811/2.330~2.T70 

2.72  13.031 
3.15213.502 ___ - ". 

D=g& Cubic feet mr9ecOnd' 
1 ............................................................... .I ............................................................... I 5.601 .....:....I 4.121  7.20  11  21 16 2 
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.471  3.311 .........I 8.121  4.591  8.101 2.801 5.94110.32/15:93/  23:l 

4 .............................................. ~0:661 1.201 ..........[ 2.10(  4.721 ..........I 3.041  6.55!11.601  4.001  8.50!14:76(22:75(  32.8 
3 .......................................... .....! 1.041 ..........1 1.801  4.~241 ..........I 2.601 5.67110.001  3.45  7.34112  72119 501 28.4 

6 .......................................... ,811 1.501 :691 2:581 5:781 1.031  3.721  8.10114.201 4.90~10.48~18.12~27.95!  40.1 
5 ............................................ ,731  1.36 0 621 2 34' 5 25  0.941  3.401  7.36113.001  4.501  9.57116.56125.511  36.5 

7 .................................. 0.391 ,881 1..621  ,751 2.791 6.251 1.121 4.041  8.78/15.401 5.35~11.30~19.56!30.06~ a3.5 
8 I:, ............................... ,411  ,941  1.721 ,801 3.001  6.721  1.191  4.321  9.38!16.50] 5.70~12:13~21.00/32.18~ 46.4 

10 I .............................. ,461  1.051  1.94 891 3.361  7.511  1.331  4.84)10:53118:401  6:40113:53123:52136:241  51.9 
9 ........................... I ,441 1.001 1.841 ,851 3.181  7.141  1.261 4.60 9 99117 501 6 05112 87\22 20134 291 49.4 

11 I ...................... ..,.... I .491  1.101  2.041  1941  3.511  7.881  1.401  5.08111.00!19.301  6.70114.19124.60137.8~~ 54.4 
12 ............................... 1 ,511  1.151 2.121 ,981 3.661 8.241 1.471  5.32/11.48/20.201  7.00114.85/25.68139.491 56.9 

20 1 .............................. .66 1491 2.74  1.261  4.74110.661  1.91  6.88114.85]26.101 9.05~19.22~33.?4~51.19~ 73.5 
15 ................................ ,571  1;301  2.38)  1.101  4.111  9rZ41  1.641  5.92112.69122.601  7i85/16.66/28.80144.201  63;6 

'TO convert to miner's inches multiply by 40. 
. .  

Reprinted from United States Bureau of Mines Information Circular 6781. 



TABLE 1.- Calculated velocitjes ncd dischirpes E o ~ m a l l  and medium-size ditches - Continued 
" 

Bottom  Width. b..... ... ........:.i....... ... Feat!- 5 -I E I- 8 
Top width,  do. 1 7 . 0  j 8.0 I 9.0 11'2.0 111.0 112.0 113.0 110.0 112.0 114.0 116.0 112.0 116.0 I20.0 
Depth, .......................... ......... ..................... 1 1.0 I 1.5 1 2.0 1 2.5 1 3.0 I 3.5 1 4.0 1 2.0 1 3.0 I 4.0 I 5.0 I 2.0 I 4.0 1 6.0 
Area. .................................................... f t . 1  6.0 1 9.75114.0  /18.75!24.0  /29.75136.0 i16.0 127.0'/40.0 155.0  120.0  148.0  184.0 
Hydraulic radius, ........................................ ,771 1.061 1.311 1.551 1.781 2.OC/ 2.211 1.371 1.861 2.31: 2.731  1.461  2.481  3.36 ____ - "" __"_ _" 

Slow, f t .  I S 1 O W .  f t .  I Velocity  of flow, feet  per second 
Fer i.000 f t .  1 

0.19 ~0.402~0.525~0.628~0.720~0.802~0.880~0.952~0.653~0.831~0.988~1.124~0.686~1.047~1.318 
.38 I .57 I .75 I .9C 11.02 11.14 !1.24 11.35 1 .93 11.18 11.40  11.58 I .95  11.48 !1.87 

~- 

Discharee. Cubic feet  DW secmd' 
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.41 5.11 8.81 13.51 19.21 26.21 34.21  10.41  22.41  39.61 61.61 13.81 50.4/110.9 
2 ............................................. 3.4:  7.31 12.61 19.11  27.41  36.91  48.61  14.91  31.91  56.01  86.91 19.01 71.01157.1 
3 .............................................. 4.31 9.01 15.41  23.61  33.81  45.51  59.81  17.81  39.21 68.81107.2/ 24.01  87.41192.4 
4 ............................................. 5.01  10.41  17.91 27.41 38.91  52.71 69.11 21.11 45.41 79.2/123.8/ 28.0/100.8/221.8 
5 .............................................. 5.61 11.81 2o.zj 30.81  43.7  59 21 77 41  23 81 51 0 1  88 81138 61 31 41112 81247 0 
6 .............................................. 6.11 12.91 22.01 33.61  47.8\  64191  84:6( 26: i j  55:91  .97:6)152:4/ ":f\!'"":"\"::! 
'i .............................................. 6:ii 13.Yi 23.81 36.41 51.81 69.9I 91.41 2 8 . 2  60.2jio5.6ji64.41 a,.vl~aa.9l~s~.a 
8 ............................................. 7.11  14.91  25.51  38.81  55.41  75.01  97.91  30.1!  64,51112.81176.01  39.61143.01312.5 

10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7.91 16.81 28.61 43.71 61.91 83.91109.41  33.81  72.41126.01196.41  44.41159.81348.6 
9 .............................................. 7.51  15.91  27.21  41.21  58.81 79.4/103.7/ 32.01  68.61119.61186.41  42.01151.71331.0 

11 .............................................. 8.31  17.61  30.01  45.81  65.01  87,81114.81 35.5/  75.9j132.0/206.21  46.41168.01365.4 

15 .............................................. 9.71 20.51  35.01  53.41 75.6/102.6/133.91  41.4)  88.61154.0/240.41  54.4(195.4/425.9 
12 .............................................. 8.71  18.31  31.21  47.81  67.71 91.9!119.91 37.11  79.41138.01215.6!  48.61175.7/381.4 

20 .............................................. 11.31 23.71  40.51 61.71 87.81118.71154.81  48.0!102.31178.0!277.2~  63.01225.6/493.1 

'TO convert t o  miner's inches multiply by 40. 

Reprinted from United States Bureau of Mines Information  Circular 6787. 
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t h e r e  i s  f r e e   a c c e s s   o f  a i r  t o   t h e  under   s ide  of   the   overf low 
shee t  of  water. h s t ake  i s  d r i v e n   i n   t h e  pond 5 o r  5 f e e t  above 
t h e  weir w i t h   t h e   t o p  of t h e   s t a k e   l e v e l   w i t h   t h e  notc'h of t h e  
wei r .  The depth of f low over   the   wei r  i s  measured w i t h  a r u l e  
or square  placed  on  top of t h e   s t a k e .  The Franc is   formula  i s  
commonly u s e d   f o r   c a l c u l a t i n g   t h e   f l o w .  

Q = 3 . 3 3  wd 3/2 

where Q = q u a n t i t y  of water in   cubic   fee t   per   second 
w = width  of  notch i n  weir  
d = depth of water  go:.ng over weir 

f ee t   pe r   s econd   and   mine r ' s   i nches1   fo r   dep ths   o f  118 i n c h   t o  
"The d i scha rge   pe r   foo t  of l eng th  o f  thin-edge weirs i .n  cubic  

24-7,'s inches i s  shown i n  Table 2. The t a b l e  i s  compiled  from 
t h e  above  formula. 

"?iost  hydraulic-:nine  ditch  1.ines  contain some f lu;ne '   sect ions.  
Flunes may be   necessary   where   the   l ine   passes   a round  c l i f f s  or 
over   r av ines ,o r   des i r ab le   ove r  porous o r  s h a t t e r e d  gro..md where a 
d i t c h  would l o s e  much water or t e n d   t o   c a u s e   s l i d e s   ( s e e   P l a t e  IIA). 
On s t e e p   h i l l s i d e s  or where  ditching  would  require muc'h c o s t l y  
rock  excavation a flume may p rove   economica l :   f i na l ly ,   t he   cos t  
of t h e  l ine  may be  lessened  and  considerable   saving male i n  t h e  
t o t a l  f a l l  by bu i ld ing  a flume  on t r e s t l e s  a c r o s s   v a l l s y s   i n s t e a d  
of d i t ch ing   t he   g rea t e r   d i s t ance   a round   t he   head .  

' "The  same condi t ions  should  be  considered  in   desi ,gning a 
f1ume"as i n  designing a di tch,   and  the  Kutter   formula  , see   page 9 )  
a p p l i e s   e q u a l l y  t o  both.  The formula i s  used most convenient ly  
i n  t h e  form of t a b l e s  or c h a r t s   ( s e e  F i g .  1) .  

"The low f r i c t i o n   c o e f f i c i ' e n t  of board  flumes may be  used t o  
advantage   e i ther   by   bu i ld ing  a fl.ume of smaller s e c t i o n  or by  de- 
c r e a s i n g   t h e   g r a d e   t o  less  t h a n   t h a t   o f   t h e   d i t c h   l i n e .  If t h e  
l a t t e r  i s  done a saving  in   head may be made a t  t h e  min,?.  Usually, 
however ,   s rnal ler   sect ions  and  higher   veloci t ies  are  us'sd. than  
f o r   t h e   d i t c h   l i n e .  For l o w e s t   f r i c t i o n   l o s s e s   t h e   w i ( f t h   o f   t h e  
flume  should  be 1nad.e tw ice   t he   wa te r   de7 th  and a 'freeboard  of 1 
t o  2 f ee t   a l l owed .   Accord ing   t o   Eg le s tonz   t he   u sua l  w;%ter v e l o c i t y  

I n   t h i s   b u l l e t i n  a f low of 1 cubic   foot   per   second is equ iva len t  
t o   4 0   m i n e r ' s   i n c h e s .  

Zgleston,  Thomas,  The ii l l e ta l lurgy  of S i l v e r ,  Gold  and ?iercury i n  
the  United  States:   John  Miley & Sons, New York,  1890. 
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i s  4 t o  9 feet   per   second  (3  t o  6 miles  per  hourj .  The  same author  
g ives   t he   r ange   i n   ' g r ade   i n  28 prominent   Cal i fornia  f:lumes a s  9 t o  
18-2/3 fee t   per   mi le .  The extreme  range  of 86  well-known  flumes i n  
t h e   K e s t e r n   S t a t e s  was 5 t o  53 f ee t   pe r   mi l e ,   t he   u sua l   r ange   10  t o  
18 ,   and   the   average   s l igh t ly  und.er 14 .  Bowiel s t a t e s   t h a t   g r a d e s  
of 25 t o  35 fee t   per   mi le   a re   used   where   p rac t icable .  Such s t e e p  
grades would permi t   the   use  o f  si. re la t ive ly   smal l   f lume  sec t ion ,  
bu t   t he   au tho r s   be l i eve   t ha t   u sua l ly   t hey  would involve  inconveni- 
en t ly   h igh   ve loc i t ies ;   moreover ,  a longer  flume'would  be  required 
t o   g i v e   t h e  same head. 

"The construct ion  of  wooder! flumes  has  changed l i t t l e   s i n c e  
the   ea r ly   days  of p lacer   min ing   in   Cal i forn ia .   F igure  3 A i l l u s -  
t r a t e s   t h e   e a r l y   t y p e   o f  box.  This was b u i l t  i n  1 2 -  or I S -  f o o t  

- l o n g i t u d i n a l  j o in t s   were  made t i g h t  by n a i l i n g  over  each a b a t t e n  
s e c t i o n s  of 1 1 1 2  - ' t o   2 - i n c h  lb.mber, 1 2  t o  24 inches  wide.  The 

1/2 i n c h   t h i c k  and 3 o r  4 inches  wide.   Figure 3 B i l l u s t r a t e s  
a f lume  bu i l t   about   ,1930  for   water  power; it ca r r i e s   abou t  600 
n i n e r ' s   i n c h e s  on t h e  f l a t  grade of o n e - f i f t h   f o o t   p e r   1 , 0 0 0   f e e t  
and  would s e r v e   e x c e l l e n t l y   f o r  a small   hydraul ic   water-supply 
l i n e .  I t  d i f f e r s   i n   c o n s t r u c t i o n  f rom  the   o the r   t ype   i l l u s t r a t ed  
c h i e f l y  i n  having  spl ines   between  a l l   the   boards of the  boxes  and 

f e e t  of rugged country a t  a t o t a l  c o s t  of $2.50 per f o b t .  
lacking framing i n   t h e  s i l l s  and caps.  I t  was b u i l t  over  6,800 

'Where the  f lume i s  on grad.e t h e  box uni t s   should  be s e t  on 

bench  cut i n  the   h i l l s ide .   T rees   o r   b ranches   t ha t   migh t  f a l l  and 
s t r i n g e r s   l a i d  on a carefu l ly   c leared   and   graded   sur face  or on 2 

wreck t h e  flume  should  be removed.. In   cold  c l imates   the  f lume 
may be covered  and  heaped  with  earth t o  prevent  freez:tng. Where 
the  f lume i s  on t r e s t l e s  a walk  must  be  provided;  usually a l i n e  
of  plank i s  nai led  over   the  caps or on a l t e r n a t e   s i l l s   e x t e n d e d  
a couple of f e e t  t o  one s ide o f  the  box.  

"The grade  must  be  uniform, and a t  curves t h e  o u t e r  edge 

poss ib le   f low of  water;the  elevation  being determined by t r i a l . "  
o f  the   f lume should be r a i s e d   s u f f i c i e n t l y  fo r   t he   smoo thes t  

wa te r   i n   ca se  of damage o r  b reak   i n   t he   f l ume- l ine .  
An adequate number of  spil lways  should be  provided t o   d i v e r t  

Diversion Dams and  Reservoirs - - 

"Diversion dams f o r  hydrau l i c   d i t ch - l ines   u sua l ly   a r e   ea r th -  
f i l l e d   t i m b e r   c r i b s   o r   r o c k - f i l l e d   c r i b s   f a c e d   w i t h   b o a r d s   ( s e e  
P l a t e  I]. Smal l   s t reams  of ten   a re  dammed  by throwing  logs  across 

- 
Bowie, A.  J .  J r . ,  A P r a c t i c a l   T r e a t i s e  on i-iydraulio  Mining i n  
C a l i f o r n i a :  U. Van Nostrand Go., New York, 1889 p.  143. 

I 
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6"x 8" Oregon fir stringers 
where  carried on trestle 

B 



and  facing  the  upstream  s ide  with  boards.   Diversion d.ams usua l ly  
a re   on ly  a few feet  high  but  should  be  buil t   where  posisible on 
so l id   rock  o r  ha rdpan ,   su f f i c i en t ly   w ide   t o  be s t a b l e  and  provided 
wi th   su i t ab le   sp i l lways   t o   p reven t   e ros ion  and  scouring  out of t h e  
foundation. 

“ A t  mines  where  the  water  supply i s   i n s u f f i c i e n t   f o r  24-hour 

o p e r a t e   a t  t h e   d e s i r e d  capac i ty   fo r  one s h i f t ,  r e s e r v o i r s  of ten  
operat ion or where t h e  stream  flow i s  l e s s   t h a n  i s  needed t o  

a re   used .  If it i s  . impract icable  t o  have t h e   r e s e r v o i r   i n . t h e  
s t r eam  i t s e l f   above   t he   d ive r s ion  dam, it i s  usua l ly   1 .oca ted   a t  
t h e  lower end o f  t h e   d i t c h ,   j u s t  above t h e   i n t a k e  t o  t:he  pipe 
l i nes .   Rese rvo i r s  may be b u i l t  by  damming a canyon, by excavat- 
ing  a bas in  on level  ground, o r  merely by en larg ing  ‘a s e c t i o n  
of t h e  lower  end of t h e   d i t c h .  As a reservoir   break  might  be 
d i s a s t r o u s  t o  a mine l y i n g   d i r e c t l y  below it ,  t h e  work: should be 
done ca re fu l ly ,   a l l   l eakage   checked ,   su i t ab le   ga t e s  an.d sp i l lways  
provided,  and  regular  inspection  maintained. 

bas ins  it .may be  convenient t o  provide   ga tes   c lose  t o  the  bottom 
through  which  sediment may be   f lushed   as   o f ten   as   necessary .  

“hs both   d ivers ion  dams and r e se rvo i r s   t end  t o  a c t   a s   s e t t l i n g  

- Mining  Equipment 

“The chief  items of equipment  used i n  most  hydraulic  mines 
a r e   p i p e - l i n e s   t o   c a r r y   t h e   w a t e r   u n d e r   p r e s s u r e   t o   t h e   p l a c e s  
where it i s  used ;   g i an t s  o r  monitors   for   cut t ing,   washing,   and 
d r iv ing   t he   g rave l ;   de r r i cks ,   w inches ,  o r  other   machinery  for  
handl ing  boulders ;   and  s luice-boxes  for   saving  the  gold  and  dis-  
posing of t h e   t a i l i n g s .   P i c k s ,   s h o v e l s   a n d   f o r k s   a r e   t h e  common 
hand t o o l s  used a t  placer  mines.  Power d r i l l s  run by  compressed 
a i r  may be  used i f  the   g rave l   conta ins   an   excess ive   quant i ty  Of. 

a t  mos t  mines t o  d r i l l  boulders and sometimes t o  d r i l l  cemented 
l a rge   bou lde r s   ( s ee   P l a t e  X I V  A ) .  However,  hand d r i l l s  are   used 

a l l y  f o r  d r i l l i n g  cemented.grave:L  ahead  of  hydradicking, o r  may 
grave l  o r  h a r d - c l a y   s t r a t a .  Churn d r i l l s  a r e  employed occasion- 

be used f o r  d r i l l i ng   t ough   bou lde r   c l ay   p repa ra to ry   t o  bank 
b las t ing   should   tha t   be   found  ex~pedient .  

Pipe-Lines - 
“As desc r ibed   p rev ious ly ,   d i t ch - l ines   a r e   u sed   t o  

b r ing   t he   necessa ry   wa te r   t o  a convenient  point  above  the  mine. 
P rom t h a t   p o i n t  a p i p e - l i n e  i s  l a i d  down t h e   h i l l s i d e   t o   t h e  I 

p i t   ( s e e   P l a t e  111 B). Occasionally,   where  the  grade o f  a creek 
i s  s t eep ,   t he   wa te r  will be d i v e r t e d  f r o m  t h e   s t r e a n   d i r e c t l y  
i n t o  a pipe-line.   Although wood s tave   p ipe  i s  used a t  a few 

mines. I’ 
pr .oper t ies ,   s tee l   p ipe  i s  p r e f e r r e d   a t   n e a r l y   a l l   h y d r : a u l i c  
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The i n s t a l l a t i o n  o f  t he   p ipe - l ine  i s  a very  important  part   of 

w e l l   a s   r s p i d   r e d u c t i o n   i n   s i z e  of t h e   p i p e s .  Above a l l ,   t h e   l i n e  
the  hydraulic  plant.   Sharp  bends  and  angles  should be  .avoided as 

should  be  la id  s o  t h a t  no po in t   r i s e s   above   t he   hydrau l i c   g rad ien t .  

f i c i e n t   s i z e   t o   c a r r y  an  ample  margin  of.water  over  and  above,im- 
mediate  requirements.  

The f i r s t  c o n s i d e r a t i o n   i n   d e s i g n   i s  t o  have a pipe o f  su f -  

"Pipe may be made f rom  s t ee l   shee t s   i n   t he   k ine   shops  o r  
bought  from  pipe  manufacturers.  Unless a l a rge   quan t i ty   o f   p ipe  
i s  to   be  used or t r a n s p o r t a t i o n  i s  d i f f i c u l t  it u s u a l l y  i s  more 
economical t o  buy t h e   p i p e   a l r e a d y  made up .   Var ious   types   o f   s tee l  
p ipe   a re   used ,  b u t  l i gh t -we igh t   r i ve t ed   p ipe   w i th   s l i p  o r  s tove-  
p ipe   j o in t s   gene ra l ly  i s  prefer red  as' i t  i s  cheaper ,   l igh ter   and  
more . e a s i l y   t r a n s p o r t e d   a n d   i n s t a l l e d   t h a n   o t h e r   s t e e l   p i p e .  

"Sp i r a l   r i ve t ed   p ipe  will s tand   grea te r   p ressures   and   harder  

Moreover, f l a n g e   j o i n t s ,  which a r e   a n  added expense, g e n e r a l l y  
usage  than t h e  s t r a i g h t  r i v e t e d  pipe,  but i t  is  more expensive.  

a r e   u s e d   w i t h   t h e   s p i r a l   p i p e .   O r d i n a r y   r i v e t e d   p i p e   o f . 1 0   t o  
16 Uni ted   S ta tes   s tandard   gage   mater ia l ,  7 to 46' inches   in  
diameter,  was being  used  in   western  mines;   the   diameters   used 
most  were 3 6 ,  32,  24, 2 2 ,  18,  15, i1 and 9 inches.  Large  pipes 
a r e   e a s i l y  damaged i f  made of material.  thinner  than  14  gage. ' .  
Usual1.y  two o r  more diameters  and  gages. o f  p ipe   a r e   u sed  i n  t h e  
same l ine ,   main ly  as a mat te r  of convenience  s ince  . th is 'permits  
n e s t i n g   i n   t r a n s i t .  A saving may be made i n  ocean   f r e igh t  and 
occas iohLl ly   i n   t ruck   hau l s  by n e s t i n g   t h e   p i p e .  

" S l i p - j o i n t . p i p e  i s  made in   s t anda rd   l eng ths  of 1 9  f e e t  
7 l / 'Z inches  each. The s e c t i o n s  may be made longer o r  s h o r t e r ,  
however, as required by t ranspor ta t ion   purposes ;   p rovided   they  
a r e   i n   m u l t i p l e s  of 4 f e e t .  The. ex t r a   p ipe   r equ i r ed   fo r  a s l i p  
j o i n t  i s  about  3 inches  per   sect ion.  The s tandard  length of 
s e c t i o n s  of  s p i r a l   r i v e t e d   p i p e  i s  2 0   f e e t .   P l a c e r . p i p e   u s u a l l y  
i s  coa ted   ins ide   and   ou t   wi th   an   asphal t   pa in t .  

sure   than a l a r g e r   p i p e  of t h e  same w a l l   t h i c k n e s s ;   t h e r e f o r e  it 
"A p ipe 'of   smal le r  d i a q e t e r  will withstand a g rea t e r   p re s -  

i s  common p r a c t i c e   t o   u s e   s m a l l e r   d i a n e t e r s   a s   t h e   p r e s s u r e   i n -  
c r eases .   Reduc ing   t he   d i ame te r   i nc reases   t he   f r i c t ion   i n   t he  
pipe,  and a balance  must  be  struck  between lo s s  of e f f ec t ive   head  
i n   t h e   p i p e - l i n e   a n d  f i r s t  c o s t   o f   t h e   l i n e . '   B r a n c h   l i n e s   u s u a l l y  
have a sma l l e r   d i a -e t e r   t han   t he   ma in   supp ly   l i nes .  

"Table 3 shows the   we igh t   and   s t r eng th  o f  r i ve t ed   p ipe   w i th  
s l i p  j o i n t s .  The we igh t s   a r e  for pipe  double  dipped  with  asphaltum 
coat ing .  



Table 3. 

Pi?e Gage diameter No, 
inches ~, 

14 
8 16 
a 

12 a 
14 

9 16 

11 

10 12 
12 12 
14  12 
16 12 
10 11 
12 11 
14 

13 
13  16 

14 
13  12 
13 10 
14 1 16 
14 
14 

14 

14 i 10 
12 

1 .  15 
15 16 

14 
12 I l5 i 15 I 10 

Wt.  per 
foot, 
pounds 

5.3 
6.4 
6.2 
7.4 
7.0 
8.4 
11.6 

- 

7 .8  

12.9 
9.4 

10.4 
8.6 

14.3 

11.4 
9.5 

15.6 
19.7 
10.3 

1 16.9 
12.4 

18.1 

I 21.4 
1 11.1 
13,.4 ,. 
18.3 
23.1 
11.8 
14.4 
19.6 

12.6 

20.9 
15.4 

26  .5 

24.8 

./ 

Safe 
head, diameter 

inches  feet 

Pipe 

490 
340 

16 
16 

325  16 
450 I. ;s" 
315 
3 94 l a  
553  18 
280 '1 a 
350 20 
490 20 
252 
318 20 

20 

443  22 

230 22 

402 
22 
24 

517 24 
210 
283 ' 24 

24 

368 26 
473 
194 

28 

243  2a 
26 

437 
340 2a 

180 
,226 

30 

317 
30 
30 

406 32 

211 
32 
34 

297  34 
379 36 

5 68 22 

287 

2a 

168 

Gage 
WO . 

14 

10 

14 

10 
12 

16 
14 
12 
10 

10 
14 
12 
10 

12 
14 

10 
12 
10 
12 
10 
12 
10 

Wt. per 

158  13.4 

'feet pounds 

Safe 

16.3 198 
22.3 277 
20.2 
15.1 

356 
140 

18.3  175 
24.9 
31.6 

246 
316 

16.7 
20.3 

.126 

27.5 
158 
221 

35.0 284 
18.3 
22.2 

115 
143 

30.1  201 
38.5 258 
19.8 
24.2 

105 
131 

foot,  head, 

32.6  184 
41.9 

121 26.2 
237 

219  45.3 
170' 35.1 

37.6 
113 

30.1 
2 03 

40.1. ' 147 
' 106 

52.0 189 
42.5 137 

45.0 I 129 
55.4 177 

28.2 

48.7 
158 

58.7 166 
47.5 ,122 
62.0 156 
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J o i n t s  and  Valves. " I n  making p ipe   wi th  s l i p  j o i n t s   t h e  
diameter of one  end= s l i g h t l y   c o n t r a c t e d .   T h i s   j o i x t   i n  

a t  p l a c e r   m i n e s .   S l i p   j o i n t s  however become bat tered  f rom f re -  
s t r a i g h t   p i p e - l i n e s  w i l l  w i t h s t m d  most pressures   encountered 

quent   l ay ing   bu t  may be hammered back t o   s h a p e .  

"Riveted  e lbows  furnished  by  the  pipe  manufacturers   general ly  , 
a r e   u s e d   f o r  making t u r n s  i n  p ipe - l ines .  I t  i s  good p r a c t i c e   t o  
make bends s o  t h a t   t h e   r a d i u s   o f   t h e  bend i s  e q u a l   t o  5 times t h e  

made i n   l i n e s .  Sudden reduct ions   in   s ize   should   be   aJo ided   because  
diameter of t h e  p ipe .  Taper   joi .nts   are   used  where  reduct ions  are  

o f   t he   l o s s   o f   head   and   s t r a in  on t h e   l i n e .  

"Standard  valves  are used for d i v e r t i n g  water or c los ing   of f  
f low  in .pipe- l ines .   Valves   should  be  c losed  s lohly and w i t h  g rea t  
c a r e  i n  h igh -p res su re   l i nes ;   t he   p re s su re   exe r t ed  by t h e  sudden 
stoppage o f  flow i n ,  the   water  column may b u r s t   t h e  piipe. 

"Air vents   a re   needed  a t  a l l . c r e s t s  i n  h y d r a u l i c   p i p e s   t o  
prevent a vacuum being  formed ar.d subsequent  crushing  of  the  pipe.  
They a l so   a l low a i r  t o  escape when t h e   l i n e  i s  b e i n g   f i l l e d .  
Vent ing   a l so  i s  n e c e s s a r y   t o   p r e v e n t   a i r . p o o k e t s   i n   t h e   l i n e ,  and 
it i s  h a r d l y   p o s s i b l e   t o   h a v e   t o o  many a i r  va lves .   F ig .  4 shows 

The dev ice   cons i s t s  of a l e a t h e r - f a c e d   f l a p  on a hinge  bol ted 'on 
an a i r  vent   used  a t  the'   Salyer  mine i n  Tr in i ty   County ,   Ca1i f . l  

t h e   i n s i d e  o f  t h e   p i p e .  fi b a i l   a t t a c h e d   t o   t h e   f l a p   g o e s   t h r o u g h  
an  oblong  hole 1 3/4 by 3 i n c h e s   i n  s i z e ,  c u t  i n  t h e  !pipe. k s  
t he   wa te r  f i l l s  t h e  p i p e   t h e   f l a p  f i t s  t i g h t l y   a g a i n s - t   t h e   i n s i d e ;  
as t h e  water f a l l s   t h e   f l a p   d r o p s ,  making a ven t .  

Pressure  boxes.  "To g i v e . t h e  water en te r ing  a p ipe- l ine  an 
i n i t i a l   v e l o c i t y   p r e s s u r e  boxes or pens tocks   a re   used   ( see   P la te  

large-diameter   pipe may be  used a t  t h e   t o p  o f  t h e   . l i n e   i n s t e a d  of 
I V  A ) .  fi head of 4 t o  6 f ee t  usua.lly is provided. i. l ength  of  

a penstock. A screen  or g r i z z l y  should  be  placed a t  t h e  head o f ,  
t h e   l i n e  t o  k e e p   o u t   t r a s h ,   a l s o  a s e t t l i n g  box should  be pro- 
vided  where  sand  2nd  gravel may s e t t l e  b e f o r e   t h e  water goes   in to  
t h e   p i p e ,  as s u c h   n a t e r i a l  may c a u s e   r a l i d  wear' o f   the   nozz les   o f  
t h e   g i a n t s .  A sp i l lway i s  n e c e s s a r y   i n   c a s e  t o o  much water i s  
t u r n e d   i n t o   t h e   p i p e - l i n e .  

botton  and  working  upwards.  Sharp  curves a r e  avoided  wherever 

p r e v e n t   t h e   t h r u s t  of t h e  water p re s su re   f rom  pu l l ing   t he   j o in t s  
possible,   and  where  used the p ipe   mus t   be   anchored   secure ly   to  

t hey  may c a u s e   a i r   p o c k e t s   i n  th.e pipe.  The pipe  should  be 
a p a r t .  Curves i n  a v e r t i c a l  pla.ne are e spec ia l ly   undes i r ab le  as  

a n g  pipe--%. "Pipe-Lines are l a i d  by beginning a t  t h e  

Ens. and Min. Journ.,  Vol.  '131,  1931,  p.  161. 
-__ 
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f i l l e d   g r a d u a l l y - f o r   t h e  same reason.   In   crossing  small   ravines  
a t r e s t l e   s h o u l d  be  ?milt f i r s t  and t h e   p i p e   l a i d  on plank for 
t he   comple t e   d i s t i nce .  

"In  laying new p i p e   w i t h   s l i p   j o i n t s   t h e   o u t s i d e   p i p e  i s  

The upper  pipe is d r i v e n  home by  hammering on a block  of wood 
s t a r t e d   o v e r   t h e  end of t he   o the r ,   u s ing   ch i se l - edged   p ipe   t oo l s .  

previous  handlinE,  wetted  burlap o r  sacking may be  wrapped  around 
placed a t   t h e  upper  end.  dhere  the  pipe  has  been  battered  from 

t h e   j o i n t   b e f o r e   d r i v i n g .   I f  1eak.s develop  they may be  stopped 
by  shovel l ing  sawdust   into  the  pressure  box,  or  by d r i v i n g   i n  
t h i n  wooden wedges;  sometimes  an  outside band i s  r e q u i r e d . "  

. .  

t h e   p i p e - l i n e   t o   k e e p  it o f f  t h e  ground  and t o   g i v e  it a f i r m  
Timbers  should  be  placed a t   f a i r l y   c l o s e   i n t e r v a l s   b e n e a t h  

foundat ion  (see  Plate  IV B ) .  Bll bends i n   t h e   p i p e - l i n e   e i t h e r  
l a t , e r a l  or v e r t i c a l   a s  wel l  a s  a l l  gate   valves   should  be firmly 
anchored t o  w i t h s t a n d   t h e   t h r u s t  of t he   wa te r  by being  loaded 
wi th   rock  or firmly  braced  against .   stumps. 

" In   p l ac ing   p ipes   w i th   f l anged   j o in t s   t hey   a r e   l a id  end t o  
end  and t h e   b o l t s  p u t  through  and  t ightened.  The f langes  usua l ly  
a r e   a t t a c h e d   t o   t h e   p i p e   a t   t h e   f a c t o r y .   T h i s   p r e v e n t s   n e s t i n g  
of t he   p ipe   i n   sh ipp ing   bu t   pe rmi t s  a b e t t e r   j o i n t   t o   b e  made. 

o r  l a t e r a l '  curves ,   lugs   should be   r i ve t ed  on the   ends  of t h e  
"When p res su res   a r e   ve ry  high o r  when t h e   p i p e   h a s   v e r t i c a l  

pipe  with s l i p   j o i n t s  and'   the two p i p e s   w i r e d   t o g e t h e r   a f t e r   t h e  
connection is made to   p reven t  t h e   j o i n t   p u l l i n g   o u t .   S i m i l a r  

. ,  lugs  can  be  used  for   anchoring  the  l i .ne  t o  stumps o r  p o s t s .  

" In   s t r a igh t   p ipe - l ines   expans ion   j o in t s   shou ld   be   p l aced  
a t   i n t e r v a l s  of  100 t o  2 ,000  feet ;   depending upon the   cond i t ions  
t o  be  met. Where p ipe - l ines   have   l a t e ra l   cu rves   expans ion   j o in t s  
are   not   needed,   as   the  expans ' ion o r  c o n t r a c t i o n  of t h e   p i p e  is 
taken  up i n  the   curved   s6c t ions .  A long,  empty  pipe-line may 

unless   p rovis ion  i s  made f o r  t h i s   c o n t r a c t i o n  the   p ipe  will p u l l  
c o n t r a c t   s e v e r a l  f e e t  between a warm day and a co ld   n igh t ,  and 

a p a r t .  When t h e   p i p e s   a r e   k e p t   f u l l  o f   wa te r   t h i s   con t r ac t ion  
does  not   occur .   Pipe- l ines   are   buried  in  some loca t ions   bu t  
seldom a t   w e s t e r n   p l a c e r   m i n e s . "  

, t aken   no t   t o   adn i t   t he   wa te r   t oo   f a s t   o the rwise   shock   f rom in-  
I n   f i l l i n g  a p i p e - l i n e   f o r   t h e   f i r s t ' t i m e  ca re  should  be 

c l u d e d   a i r  o r  cont rac t ion  may cause  severe  damage. New pipe- 
l i n e s ,  when f i r s t  pu t   i n   u se ,   o f t en  show numerous smal l   l eaks ;  
t hese   can   o f t en  be  stopped by f e e d i n g   i n  small q u a n t i t i e s  of 
sawdust a t  t h e   i n t a k e .  
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Plate I11 A. A baff le  box t o  check the   water   ve loc i ty   a t   the   P late  111 B. A sect ion of 24-inch  pipe-line  leading from the  
bottom of sect ion  of  flume  having a steep  grade. ' penstockat Cariboo  Cottonwood Placers  Ltd.  This is a 

wel l - laid  pipe-l ine;   notice the supporting  cribbing 
f o r  the  pipe and the  bracing  at  the  change in ____~-~""______ &'.d"rO""r". ~" 



P l a t e  I V  A. The pressure box a t  the   Bul l ion  Mine. The 
o u t l e t   p i p e  is 54 inches i n  diameter. 

P l a t e  IV E. P a r t  of t h e  main 30-inch  section of the 
Bullion  pipe-line  showing  the  foundation  supports.  



pipe  and  the  topography  and  cover   of   the   country.  Ten men work- 
"The c o s t  of laying  pipe- l i les '   depends upon t h e   s i z e  , o f  t h e  

i n g  90 days   l a id   5 ,000  f ee t  of  36- t o  16-inch  pipe a t  t h e  Brown- 
ing  mine,  Leland,  Oregon, i n  open  country  in   the  spr ing  of   1932.  

will f l o w   t h r o u z h y  p ipe- l ine  a t  a p lacer  mine  depend:; mainly 
Flow  of  water  through  pipes. "The q u a n t i t y  of w a t e r   t h a t  

I " 

upon the   d i ame te r  of th .e   p ipe ,   the   e f fec t ive   hydraul ic   head , -and  
t h e  s i ze  of t he   nozz le   u sed  o n  t h e   g i a n t  a t  t h e  end of t h e   p i p e .  
Genera l ly   the   nozz le   used  i s  of such s i z e  t h a t   t h e   p i p e  will c a r r y  
t h e   a v a i l a b l e   w a t e r .  As the  water   supply i s  reduced  ;smaller  noz- 
z l e s   a r e   u s e d  on t h e   g i a n t s .  

- .  

"The e f f e c t i v e  head  on a pi.pe i s  t h e   s t a t i c  head  minus t h e  
l o s s  of head  due t o   f r i c t i o n .  The loss   o f   head   depeds   upon (1) 
t h e   v e l o c i t y   o f   t h e , w a t e r ,  ( 2 )  t h e   r o u g h n e s s   o f   t h e   i a t e r i o r  of 
t h e   p i p e ,  ( 3 )  the   d iameter  of t he   p ipe ,   and  (4 )  t h e   l e n g t h .  The 
p res su re   ava i l ab le   and   t he  anourit of flow a t  t h e  end 'of a long  pipe 
d e p e n d s   r m i n l y   o n   t h e   l a s t   t h r e e  items. The pressure ,   o f   the  water 
i n  t h e   p i p e   h a s  no e f f e c t ,  by i t s e l f ,  on t h e  loss  of :nead. Formu- 
las  have  been  derived f o r  ca lcu l .a t ing   the   loss   o f   head  i n  which, 
c o e f f i c i e n t 3  of roughness are used.  These  coefficients  have  been 

how,ever, cons idera t ion   mus t   be   g iven   to   the   se rv ice   condi t ions  
der ived  by e x p e r i m e n t   f o r   d i f f e r e n t   t y p e s  of p i p e s ;   e s p e c i a l l y ,  

roughness of t h e   i n t e r i o r  of a p ipe   does   no t   remain   cans tan t . .  
encountered. No s t anda rd  of roughness   ex is t s ,   and   ths   degree  of 

Usually a p ipe  i s  chosen  about   %Oper,cent   larger   than would be 

an   unobs t ruc ted   p ipe- l ine   o f .un i form  d iameter   can   be   calculated 
ind ica t ed  if t h e r e   w e r e  no l o s s  due t o   f r i c t i o n .  -Flow through 

formula appears  t o  be p re fe r r ed  by hydrau l i c   ecg inee r s .  The 
from a number of  formulas.  The Kut te r   modi f ica t ion   of   the  Chezy 

Chezy formula Gay be s t a t e d   a s :  

v = c,fi 
The Kut t e r   mod i f i ca t ion   o f   t he  Chezy f o r m u l a ' i s :  

" + 1.811 0.00281 + 41.66 
l J =  - n s 

n 
"- a 

1 + - =  (41.6:;) + L/R 
0.00281 

S 

where V * mean v e l o c i t y  of f low,   feet   per   second 
C = " c o e f f i c i e n t  of r e t a r d a t i o n , "   s o - c a l l e d  
R = mean h y d r a u l i c   r a d i u s  of t h e   p i p e ,   t h a t  i s  1./4 t h e  

S.= hydraul ic   g rade  or s l o p e ,   i n   f e e t   p e r   f o o t  of l ength  
diameter 

of a p ipe  of u n i f o r n   s i z e  
= $1 coe f f i c i en t   o f   roughness"  

- 2 7  - 



Reprinted from United  States  Bureau of Mines Information Circular 6787. 

- 28 - 



"The va1u.e of I n '   f o r   r i v e t e d   l a p - j o i n t   p i p e  up to and i n -  
c luding  318 inch. thick  can  be  taken as 0.015. Graphical  solu- 
t i o n s  o f  t h i s   fo rmula  are made convenient ly  by t h e   u s e  of a d i a -  
gram such  a s  t h a t  shown i n  F igure  5 .  

Se lec t ion   of   d iameter   o f   7 ipe- l ine  for a given  f low of water  - "- 

of the   d iameter  of  pipe t o   b e   u s e d  i n  any  given l i n e .  As an  ex-  
"The c h a r t  shown i n  F igure  5 will a s s i s t   i n  ma1cir.g a choice  

ample, say that 320  miner'.s  inches or 8 c u b i c   f e e t  per second o f  
water i s  ava i lab le   under  a 100 foo t   head ,   and   t he   p ipe - l ine  i s  t o  
be   1 ,200   f ee t   l ong  The use  o f  t h r e e  s izes  i s  ,p referab le   because  

the  bot tom of t h e   c h a r t  on l i n e  8 and  follow it up t o  where it i n t e r -  
o f  s a v i n g   t o   b e  made i n  f r e i g h t  on the   p ipe .  To so lve ,  s t a r t   a t  

s ec t s   d i agona l   l i nes   r ep resen t ing   d i , f f e ren t   d i ame te r s  of pipe.  By 

margin   the   f r ic t ion-head  . loss may,be  noted  for   each  diameter   of  
f o l l o w i n g   t h e   h o r i z o n t a l   l i n e s   f r o m   t h e s e   i n t e r s e c t i o n s   t o   t h e   l e f t  

pipe.   With.   12- inch  pipe  this  l o s s  i s  8 0  f e e t   p e r  1000 f e e t  of 
length,   which rvoui.d i n z l i c a t e   t h a t   l i t t l e ,  .if a n y ,   p i p e   o f   t h i s   d i -  
ameter   should  be  used  in   the  supply  l ine. ,  The lo s s   w i th   14 - inch  
p ipe  i s  33 f e e t   p e r   1 0 0 0   f e e t  of l i n e .  If 400 f e e t  o f  t h i s   d i -  
ameter  pipe  were  used i n  t h e   l i n e   t h e   l o s s   o f  head would be 13  

and  with  16-inch  pipe 1 6  f e e t  The l o s s e s   f o r   4 0 0   f e e t  of t h e s e  
f e e t .  With  15-inch  pipe t h e  loss per  1000 f ee t  would  be  23 f e e t ,  

t h e  l o s s  would  be E f e e t  per  1000 or 3 f e e t  f o r  each 4130 f e e t .  
two s i z e s  would  be 9 and 6 f e e t ,   r e s p e c t i v e l y .  With H - i n c h   p i p e  

The t o t a l  l o s s  o f  head  with  400  feet   each  of 14-, 16-':1nd 18- 
inch  pipe would  be 22 f e e t .  The effect i .ve  head,   there . rore ,  would 
be  about 78 pe i   cen t  of t h e   a c t u a l   h e a d .  i)y u s i n s  a l l  18-inch 
p i p e   t h e   t o t a l   l o s s  would  be  only 10 f e e t .  If t h e  g r a i e l  i s  easy  

:nay n o t  be s e r i o u s .  I n  l i g h t  grave l ,  however i t  probably.should 
t o  c u t  and need  not be swept l ong   d i s t ances  a 22-foot  head  loss 

be econolmical t o  use just t h e  16- and 18-inch  diameters ,  o r  pos-  
s i b l y   t o   c o n s t r u c t   t h e  whole l ine   o f   . lD- inch .  ' If t h e   t o t a l   a v a i l - .  
a b l e  head were 200 f e e t ,  the smaller pipes  probably would prove 

nuch as wi th  a 100-foot   head.  
s a t i s f a c t o r y ,  as  the   pe rcen tage ,o f  loss  would on ly  be  one  half as 

"Therefore ,   larger-diameter   pipe i s  needed f o r   l o n g   l i n e s  

t i o n a l   t o  t h e  l eng th  of t h e  l i n e s .  Zoreover, where  the l o s s  of 
t h a n   f o r  sho r t  ones because t h e   l o s s  of  head i s  direct1.y propor- 

head i s  i m p o r t a n t   r e l a t i v e l y   l a r g e r   p i p e  must  be  used. If t h e  
pipe i s  dented ,   rus ted  or p o o r l y   l a i d ,   p o s s i b l y   l e s s  wa.ter  would 
flow  through a given  .p ipe  than i s  shown on t h e   c h a r t .  I n  new 
s t r a igh t   p ipe   p robab ly   t he   f l ow would be more than  i s  ind ica t ed  
on t h e   c h a r t  as '  it has  been  drawn t o  cover   average  condi t ions.  

- 29 - 



Giants 

and c o n t r o l l i n g  a s t ream o f  water  under a hydraulic.   head. The ~ 

monitor  can  swing  horizontally  through a f u l l   c i r c l e  and from 
about 10 degrees  below t o  50  degrees   above  the  horizontal .  ii 
standard  monitor  i s  shown i n  P l a t e  V "  The  box o f  s tones  i s  used 
t o  counterbalance  the  weight  of t h e  d i scha rge   ba r r e l .  A monitor 
g e n e r a l l y  i s  s e t  up i n  a hydraul ic  p i t  by   be ing   bo l ted   to  a l og  

diameters  can be  used  up t o   t h e  d i a v e t e r  of t h e   o u t l e t  o f   t h e  
or t o   t imber s  securej.y anchored in  bedrock. PTozzles of d i f f e r e n t  

g i a n t  t o  make ,allowances f o r  v a r i a t i , q n   I n   t h e   q u a n t i t y  of water  
used,  The moni tor   and   nozz ies   a re   cons t ruc ted   wi th   s t ra ight   vanes  
i n   t h e   d i s c h a r g e   b a r r e l  so  t h a t  a ro ta ry   mot ion  of t h e   j e t  i s  pre- 
vented, .and  the  water  i,s discharged in a s o l i d  column. Xonitors 
a r e  made f o r  a wide  range of s e r v i c e   i n   s i z e s  numbered 0 t o  9 
i nc lus ive . "   P robab ly   t he   l a rges t   mon i to r  made,? number S-12,  i s  
i n  use a t  t h e   a u l l i o n   > l i n e ,  B.. c, ,  i t s   l a r g e s t   n o z z l e  i s  1 2  3/4 
inches   in   d iameter   and   the   to ta l   weight  of the  machine i s  3200 
pounds. 

"A g i a n t  or monitor is a machine  with a nozzle  . f o r  d i r e c t i n g  

"With  heads of 100 f e e t  or  more d e f l e c t o r s   a r e   u s e d  For  

of a s h o r t   s e c t i o n  of pipe t h a t   p r o j e c t s   o v e r  t h e   n o z z l e .  I t  
p o i n t i n g   t h e   l a r g e r  g i a n t s .  k convnon t y p e  of d e f l e c t o r   c o n s i s t s  

turns on a gimbal. ~ ~ i n t  and 1s c o n t r o l l e d  by a l eve r .  h s  t h e  
d e f l e c t o r  i s  t u r n e , d   a g a i n s t   t h e   J e t   t h e   f o r c e  of the   s t ream  turns  
the   mon i to r   i n .   t he   oppos i t e   d i r ' e c t lon .  

"Table 4 shows t h e  s i z e s  and  weights ,of   g ian ts  and d e f l e c t o r s  
made by one manufacturer ;   o ther  companJ.es rnake s m i l a r  eqdipment. 

Table 4 .  Sizes and w e i s h t s  o f  doubie-,]olnted,   ball-bearing moni- 
t o r s  and d e f l e c t o r s  

i5onitors 
" 

"_ 
Diameter of  Diameter of  Shipping 

Size  No. p i p e   i n l e t s   b u t t s   w i t h  i"! e igh t  
inches  nozzie  detached ' pounds 

, ,  inches 

0 .5 3 350 
1 
2 

4 390 

3 
520 

4 
s 890 

5 13 8 1475 
1075 

6 
' 7  

1850 
2?00 

9 18 l .i 2450 

7 
9 5 

11 
11 7 

15 9 
15 10 

8 i8 i o  2300 

- 
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Def lec tors  

Weight 
pounds 

Xone required 
30 

45 
40 

55 
70 

80  
75 

80 
90 



Adapted from t a b l e   i n   C a t a l o g u e  of Joshua fiendy I ron  Works, 
San Francisco, C a l i f .  

3 f f e c t i v e f i e a d  

2 . 2  2 .7  109 3 . 1  125 

4 . 7 5 . 7  
" 

3.0  120  4 .3   173 __ 5 . 3  

333  10.3 1 1 . 9  477 
200 6 . 5  245 7 . 1  283 
343 1 2 . 2  488 

12.6 5 04 
770  23.7 ' 950 27.5" 1100 

395 13 .9  560 15 .7  570 19.7  790 
6 13.5  540  19.3  770  23.8  950  27.7  1110 

6 780 2 4 - . 7  960 27.9  1120 
26.7  1070  33.2  1330  37.7  1510 

570  20.0  800  24.5 98 0 28.3  1130 
1520 

". 7 7 
8 7 

19 .0  '760 26.9  io80  33.3 1330 
19.2 770 27 .2  1090  33.8  1350 

8  8 ' 25.2  1010 
9 

1410  43.7  1750 

9 
9 32.0  1280  45.0  1800  55:3 2210 

10  
63.7 

39.3  1570  55.3 2210 ' 68.2 2730 78 .7  3140 

.- - 

__ 3 5 . 3  ' 



Sizes   l a rge r   t han  ,\To. 3 a r e   s u b s t a n t i a l l y   c o n s t r u c t e d  and u s u a l l y  
a re   equipped ,wi th  a ba l l -bea r ing   k ingbo l t :  For heads of 400 f e e t  
or  more  heavy  lugs may  be used a t   t h e   j o i n t s   a s  a s a fe ty   p recau t ion .  

Discharge  through  nozzles.   ."Table 5. g ives   t he   d i scha rge  
t h r o u g h   d i f f e r e n t   s i z e s  of nozzles  under  heads from 100  t,o 400 

__ 

f e e t .  I n  t h i s  t a b l e  40 miners '   inches i s  cons idered   as  1 cubic 
foot  per  second. The theo re t i ca l   f l ow 'o f   wa te r - th rough   nozz le s  

have  been made for f r i c t i o n   l o s s e s .  The f low through  nozzles   not  
exceeds   t he   f i gu res   i n   Tab le  5 by about   10per .cent ;   .a l lowances 

the   equat ion:  
shown i n   t h e   t a b l e  or for di f fe ren t   heads   can  be c a l c u h t e d  f r o m  

where Q = c u b i c   f e e t  of water  per  second 
A = area   o f   nozz le   in   square   fee t  
h = e f f e c t i v e  head a t   n o z z l e   i f e e t j  
C = c o e f f i c i e n t  o f  discharge  ranging 

f r o m  0.8 t o  0 .94  (usua l ly   t aken  
a s  0 . 9  which makes a l lowance   for  
f r i c t i o n ) .  

To c o n v e r t   c u b i c   f e e t   t o   g a l l o n s   m u l t i p l y  by 7 .48 .  

Hydraulic  Elevators 

out of p l a c e r   p i t s   i n t o   s l u i c e - b o x e s .  The ground t o  be worked 
shou ld   be   r e l a t ive ly   f r ee   f rom  b ig   bou lde r s   and   t r ee   s tu rnps , . a s  
these   no t   on ly   h inder   work ,   bu t   rnay . requi re   b las t ing   and   breaking  
up which. adds t o   t h e   c o s t  of opera t ion .  An e l e v a t o r   c o n s i s t s  of 
a p ipe   wi th  a c o n s t r i c t e d   p o r t  or t h roa t   and  a j e t  which  provides 
a high-veloci ty   ascending column of water .  The r e l a t i v e   d i a m e t e r  
o f   p i p e ,   t h r o a t   a n d   j e t  must be proport ioned  according  to   the  con-  
d i t ions   under   which   the   e leva tor  i s  used. A s e c t i o n  of an   e l eva to r  
i s  shown i n   F i g u r e  6 l .  The e l e v a t o r  may also  be  used  as  a water . 

"Hydraul ic   e leva tors   a re   used   to   ra i se .grave1 ,   sand   and   water  

' l i f t e r .  

"The he igh t   t o   wh ich   g rave l   can   be   l i f t ed  i s  one- ten th  to. 

nozzle  af  t h e  e l eva to r .   Usua l ly  t h e  l i f t  will be about  o n e - f i f t h  
one-fourth of t h e   e f f e c t i v e  head of t he   p re s su re  water a t   t h e  

the   head ,   i n   p rac t i ce  it i s  found t h a t   t h e  maximurn h e i g h t   o f , l i f t  
i s  abou t   17pe r   cen t  of t h e   e f f e c t i v e  head a t   t h e   n o z z l e  of t h e  
e l e v a t o r .  

depends  primarily upon t h e  head and volume o f  pressure  water  
"The  volume of  g rave l   t ha t   can  be handled 'by .an e l e v a t o r  

After  Joshua Hendy Iron Norks catalogue.  
, ,  . . .  . . 
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a v a i l a b l e   a n d   t o  a lesser   ex te t i t  upon t h e   q u a n t i t y  of other   water  
t h a t   h a s   t o  be r a i s e d  by t h e   e l e v a t o r .  The s o i i d s   i n   t h e   w a t e r  
u s u a l l y   a r e  1 .7  t o  2 .5  per  cent  and  not more t h a n  5 per  cent of 
t h e   t o t a l   w e i g h t  of water  and  gravel  combined. 

"Where l i t t l e  dra.inage  water  has t o  be  handled  and  other  con- 

t h e   e l e v a t o r  and t h e   g i a n t ,  r e s p e c t i v e l y ,  should  be about   equal ,  
d i t i o n s   a r e  f avorab le ;   t he  proportion  of the  water  de l ivered  t o  

p rovided   the   p ressure  is, t h e  same in  Eoth.  Usually,  however, 
about   twice   as  much water or a correspondingly  higher  head i s  r e -  
quired for t h e   e l e v a t o r .  The discharge of t he   e l eva to r   shou ld  be 
high  enough to   p rov ide  dumping ground,  otherwise a g i a n t  may be , 

needed t o  s t a c k   t h e   t a i l i n g s .   h h e r e   p l e n t y   o f ' w a t e r  i s  a v a i l a b l e  
a compound or s t e p - l i f t   e l e v a t o r  may be i n s t a i l e d   i n  which  one- 
t h i r d   o f . t h e   p r e s s u r e   w a t e r  i s  u s e d   i n   t h e  f i r s t  l i f t  and  two- 
t h i r d s   i n   t h e   s e c o n d ,   w i t h  a co r re spond ing ly   l a rge r   a r ea  of  up- 
r a i s e   p i p e .  Thus the   he igh t  of t h e  l i f t  may be  near ly   doubled.  
Double l i f t s  sometimes a r e   u s e d ;   t h a t  is, the  dischArge of  one 
elevator   goes t o  t h e   i n t a k e  of another ."  

The mouth of t h e   e l e v a t o r   i s   p l a c e d   i n  a sump. excavated  in  
bedrock  which  should  he  10  feet square by 5 f e e t  deep  and i n t o  

t o  f e e d   t h e   m a t e r i a l   d i r e c t l y   i n t o   t h e   i n t a k e  of t h e   e l e v a t o r ,   a s  
t h i s   t h e   g r a v e l  i s  washed  by t h e   g i a n t s .  I t  i s  b e t t e r   p r a c t i c e  

t h i s   r e d u c e s   t h e   s u c t i o n  head,.  which  should be kep t   a s  low a s  pos- 
s i b l e .  To p r e v e n t   t h e   t h r o a t  ,of t h e   e l e v a t o r  becoming  choked  and 
clogged w i t h  large  boulders ,  it i s  necessary t o  p lace  a g r i z z l y  
ove r   , t he  end  of t h e   s l u i c e  which d e l i v e r s   t h e   m a t e r i a l   t o   t h e   i n -  
t ake .   The   g r i zz ly   ba r s   shou ld  be spaced  with  openings a t   l e a s t  
1 i n c h   l e s s   t h a n   t h e , d i a m e t e r  o f  th.e t h r o a t . .  

"The e l eva to r   d i scha rges  upon a cover   p la te  t o  t a k e   t h e  
wear i n  t h e  head  of a s l u i c e .  Boxes may or may not   be  used  in  
t h e   p i t .  The s i z e  of the   g rave l   handled  i s  l imi ted  by t h e   s i z e  

the   in take .   Coarse   mater ia l   reduces  t h e  capac i ty  of t h e   e l e v a t o r .  
of the   th ro .a t  o f  t h e   e l e v a t o r .   G r i z z l i e s   g e n e r a l l y   a r e   u s e d   a t  

c lay   as  i't goes   th rough  the   e leva tor ,   thus   permi t t ing  a higher 
e x ~ t r a c t i o n  of t h e  g o l d .  

"In  clayey  ground a hydraul ic   e leva tor   t ends  t o  break up the  

mines  and i n  one p l a c e r  mine i n   B r i t i s h  Columbia'.. A8 f a r  a s  
"Gravel   punps  have  been  used  successful ly   in   a l luvial   t in  

known they  have  not   been  used  successful ly  i n  placer   mining i n  
t h e   w e s t e r n   S t a t e s .  

Operatiqns of B .  Boe on Cedar  Creek,  Quesnel  District:  Ann. 
Rept .   of   the   Hinis ter   of  Mines of B r i t i s h  Columbia,  1932, 
p .  A - 1 1 2 .  
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P l a t e  Y A .  A No. 1 g i a n t  a t  a small  operation.  This  monitw  has 
no deflector ,   the   weight  of t h e   d i s c h a r g e   b a r r e l   i s  aounter- 

balanced by t h e  jookey-box, a t  t h e   r i g h t ,  weighted 
with  rooks. 

p l a t e  Y B. A large,  No. 7. g ian t  and B NO. 4 machine in t h e  
NO. 1 p i t  of Germansen Ventures Ltd.  The l a rge  machine 

has a 9-inch  nozzle.   Notice  the man r i d i n g   t h e   d i s -  
charge  barrel  and t h e  heavy  load of Took i n   t h e  

jockey-box. 



Plate VI A. Two giants at work sweeping gravel in a 
hydraulic pit. 

Plate VI E. A hydraulic pit with one giant feeding gravel to B 
short length of sluioe-boxes and a second monitor stacking 

t h e  ooarae gravel at the end of the boxes. Sand  and 
water llui off through a sluiae-flume to  the right. 



&drau l i c  Mining P r a c t i c e s  

Duty of Water 

"The duty  of a miner ' s   inch  of water   in   hydraul ioking i s  

down and   send   th rough  the   s lu ice   in  24 hours. The f a - t o r s   a f f e o t -  
def ined   as   the  number of cubic  yards  of  gravel  which it can  break 

Yew mines, An average  duty of a miner 's   inch  cannot  'be c a l c u l a t e d  
i n g   t h i s   d u t y   a r e  so  v a r i e d   t h a t  it can  be  compared d i r e c t l y  a t  

f o r   t h e  same reason.  The duty of wa te r   appea r s   t o  be h ighes t   i n  
la rge-sca le   opera t ions .   T ight  or c e m e n t e d   g r a v e l   i s , d i f f i c u l t   t o  
break down; a high bank t a k e s  less pressure  water  per  cubic  yard 
than a low one; a f i a t  bedrock   requi res   an   excess ive   'quant i ty  of 
water   for   sweeping;   angular   rock  and  gravel   with  f la t   or   large 
bou lde r s   r equ i r e s  more  water t o  move it than  does  sma:Ll-size, 
rounded  material;   clay-bound  gravels  require  excessiv'a  washing t o  
f r e e   t h e   g o l d ;  a h igh   wa te r   p re s su re   i s  more e f f ec t i - r e   t han  a low 
one f o r   c u t t i n g  or sweeping;  and  the  grade  and  size o:f  s l u i c e s  
govern   the   da i ly   yardage   tha t  Can be  washed through  them. The 
ca l cu la t ed   du ty  of ha t e r   a t   t he   Ca l i fo rn ia   mines   ope ra t ing  i n  
1932 ranged f r o m  0.4 t o   4 . 3  cub1.c yards  per  miner's  i:nch.  In 
t h e s e   c a l c u l a t i o n s  by-wash  water i s  included. 

a t   l e a s t   a v e r a g e .  Wimmlerl r e p o r t s  a du ty  o f  as   high  as   10  cubic  
yards   per   miner 's  i n c h   a t  some Alaskan.placer  mines." 

"Conditions a t   t h e  mines   r ange   f rom  the   mos t   d i f f i cu l t   t o  

AVGermansen  Ventures  Ltd., Germansen Creek, B .  IC. an  average 
duty f o r  a l l  water, inc luding   tha t   for   c leaning   bedrock  was 40.8 
cubic  yards  of  water2per  yard of g rave l   s lu i ced .   Whereas   a t  
Bullion Mine (using  about  90 c u b i c   f e e t  of water  per  :second)  the 
duty  ranged  f rom  8.3  to  35 cubic  yards  of  water  per  yard  of  gravel.  
There i s  a considerable   differerce  between  the  duty of water  used 

rock,  consequently  an  ave'rage  va.lue  can  seldom  be  used  except  for 
in   p ip ing   overburden ,   in   p ip ing   pay-grave l   and   in   c leaning   bed-  

a n t i c i p a t i n g   w i t h i n   c e r t a i n   l i m i t s   t h e   y a r d a g e  of g r a v e l   t h a t  w i l l  
be  washed. 

Piping 
"After a mine i s  opened  up t h e   g r a v e l  bank i s  undercut  by t h e  

g ian t   a l lowing   the   over ly ing   mater ia l  t o  cave   i n to   t he   p i t   ( s ee  
P l a t e  VI11 B). The f a l l   b r e a k s   t h e   g r a v e l   t o  some e x t e n t ;  it i s  
fur ther   reduced  by being  played  upon by the   s t r eam, f rom a g i a n t  or 
by by-wash water .  As t h e   g r a v e l  i s  b e i n g   d i s i n t e g r a t e d  it i s  swept 

Wimmler, Norman L., Placer-Mining 1"Iethods and  Costs  in  Alaska; 
B u l l .  259,  Bureau  of  Mines, 1927 ,  p .  139. 

1 cubic   yard of water  equals 202 gal-lons. 
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by the   g ian t   toward   the   s lu ice-box,  Wbere t h e   g r a v e l  i s  c lay-  
bound or conta ins  lumps or s t r eaks  of c l a y ,  it may be  washed  back. 
and f o r t h   a c r o s s   t h e   p i t  bottom  one or more t i m e s   u n t i l   f r e e  from 
t h e   c l a y . "  

If t h e   g i a n t s  a r e  worked c l o s e   t o   t h e   f o o t  of the   banks ,   care  
must be exe rc i sed   t ha t  a cave  does  not  'occur  which  might  bury  both 
workers   and  giants .  

I t  i s  poor p r a c t i c e   t o  work i n t o  a bank with a "horse-shoe" 
cu t ,  for t h i s  means t h e   g i a n t  becomes surrounded on a l l   s i d e s  by 
high  banks  which  great ly   increase  the d-anger t o  t he   ope ra t ions .  
The bes t  way is t o  work a c r o s s   t h e   f a c e  of t h e  bank maintaining a 
' n o s e '   o f ' g r a v e i   i m m e d i a t e l y   i n   f r o n t  of the  giants   and  working 

with a s i d e   c u t t i n g   a c t i o n   b o t h   l e f t  and i i g h t  of t h i s   nose ,   be -  
cause   by   t h i s  means t h e   d i r e c t i o n  of  any s l i d e s  would  be p a r a l l e l  
t o  t h e  main  face of operat ion,   and  not  t,oward t h e   g i a n t .  

It w i l l  gene ra l ly   be ' found   t ha t  a s i d e   c u t t i n g   a c t i o n  w i l l  

used ,   than  by d i r e c t i n g   t h e  w a t e r   d i r e c t l y  a t   t h e  bank. 
excavate a f a r   l a r g e r  amount o f  gravel   per  cubic' f c o t ' o f   w a t e r  

No .genera l   ru le   can  be given .for t h e   a c t u a l   l o c a t i o n  of t h e  
> g i a n t .   T h i s  w i l l  depend e n t i r e l y  upon t h e   c o n d i t i o n s   e x i s t i n g   a t ,  
the  mine,  and will vary   f rom  t ime  to   t ime  as   the  work i,s c a r r i e d  
forward. The a c t u a l   s e t t i n h  of t h e   g i a n t s ,  however, i s  a mat ter  
of considerable  importance  and  they must be   carefu l ly   and   secure ly  
braced t o  prevent  accidents  which may occur   causing  ser ious 
t r o u b l e  and l o s s  of t ime. 

The l a s t   l e n g t h  of pipe-li t ie  should  not be l a i d  so t h a t   t h e r e  
i s  a s l i g h t  upward t rend  because  there  w i l l  be  an upward l i f t i n g  
a c t i n g  on the   g i an t   wh ich  w i l l  make it e x t r e m e l y   d i f f i c u l t   t o   h o l d  
f i r m l y   i n   p l a c e .  If t h e  l a s t  few lengths  of p i p e - l i n e   a r e   l a i d  on 
some s l i g h t l y   r a i s e d   p a r t  o f  bedrock, or on t imbers ,  s o  t h a t   a t  
t h e   f i n a l   a n d . t e r m i n a 1   c o n n e c t i o n   t h e   d i r e c t i o n  of t he   p re s su re  of 
the  water   and o f  t h e   p i p e - l i n e   h a s  a s l i g h t  downward i n c l i n a t i o n ,  
t h e r e  w i l l  be far fewer   chances   tha t   the   foundat ion   of   the   g ian t  
w i l l  move. 

g i a n t . a s  it has t o  b e   s h i f t e d   f r e q u e n t l y .  The headblock  should 
be a heavy  square  t imber,   proportionate t o  t h e   s i z e  of t h e   g i a n t  
and from 8 t o  10 f e e t   l o n g ,   l a i d  in a t rench  excavated  in   bedrock 
t o  a depth o f  1 2  inches or more. The g i a n t  i s  b o l t e d   t o   t h i s  t i m -  
b e r ,   w i t h   t h e   f a c e  of t he   t imber  and t h e   f a c e  of t he   base  of t h e  

water and t h e   t e r m i n a l   l e n g t h  o f  pipe.  
g i a n t  on a l i n e   d i r e c t l y   a t   r i g h t  angles  t o  t h e   t h r u s t  of t h e  

I t '  i s  impossible t o  cons t ruc t   perxanent   foundat ions   for  a 
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P l a t e  VI1 A. The No. 1 p i t  a t  Germansen Ventures  Ltd., Germansen 
Creek, B.C. The p i t  is about   1500  fee t   long ,  150 f e e t   d e e p  

and  about 200 f e e t   w i d e  a t  t h e  bottom. Bemuse of t h e  
low bedrock  grade,   the  sluice-boxee are in B bed- 

rock   ou t   abou t   25   f ee t   deep  a t  t h e  wings of 
t h e   s l u i c e ,  in the   foreground.  

P l a t e  VI1 B. The B u l l i o n   p i t ,  on t h e   s o u t h  fork of t h e  Quemel 
Ximr. T h i s   p i t  is about  8000 f e e t  long,  about 400 f e e t  

deep, from 150 t o  250 f e e t   w i d e  a t  t h e  bottom,  and 
from 1000 t o  1500 f e e t  wide a t  t h e   t o p .  



.. . 
Plate VI11 A. Boulder-clay shaving the irregular assemblage of Plate VI11 E. A cave at the head of a hydraulic pit showing the 

boulders in a compacted clay matrix.  large masees into which the boulder-clay breaks. 



cables  t o  eyebo l t s   d r iven   i n to  'ho les  d r i l l e d   i n   b e d r c o k   t o  a su f -  
f i c i e n t   d e p t h  t o  ho ld   t he   t imber   f i rmly   i n   p l ace .  The whole t i m -  
ber  base  should'  then  be  heavily  weighed t o  e l imina te   v ib ra t ion . '  

In  sone  cases  the headb1oc:k  must be  secured t o  tledrock  by 

than for sweeping. Bs an  example, a q u a n t i t y  of grave l  may be 
"A smaller-diameter   nozzle   general ly  i s  used for c u t t i n &  

water w i l l  be  shut  off  and a 5-inch  nozzle p u t  on t h e   g i a n t   f o r  
brought down with a g i an t   w i th  a 4 lj/Z-inch  nozzle. Then t h e  

d r iv ing   t he   g rave l  t o  t h e   s l u i c e ,  or a sepa ra t e   g i an t   w i th  a 5- 
inch  nozzle  can  be'used.  Usually t w o  or more g i a n t s   a r e   s e t  up 
i n  a p i t  even when only enough  water i s   a v a i l a b l e  t o  run  one a t  
a t ime.  One l a r g e   g i a n t  will do more  work than two small  ones 
us ing   t he   s ane   quan t i ty  of water .  The g i a n t s   a r e   p l a c e d   a t   t h e  
most  s t r a t e g i c   p o i n t s   b o t h   t o   c u t   t h e  bank  and  wash.i;he  gravel 
t o  the   s lu ice-box.  !.ihere t w o  g i a n t s   a r e  used a t  a time  one may 
be  used f o r   c u t t i n g  and the   o ther   for   sweeping .  The c u t t i n g  
g i an t  i s  s e t  on an   angle  t o  t h e   f a c e .  A t  t he   o ld  La Grange  mine 
the  s t reams f r o m  two 9-inch  nozzles  were  used  together for both 
cutt ing  and  sweeping.  Giants may be s e t  up a t   t h e  lower  end  of 

the   g rade  i s  n o t   s u f f i c i e n t   f o r  it t o  be disposed of  n a t u r a l l y .  
t h e   s l u i c e  t o  s t a c k   t h e   c o a r s e   m a t e r i a l  i n   t h e   t a i l i n g s  where . 

i n  one  season i s  swept t o  t h e  head of t h e   s l u i c e .   A f t e r   t h e   c l e a n -  
up t h e  boxes are  extended  through  the  washed-out p i t  and s e t  up 
for t he   nex t   yea r ' s   work .   k t   o the r   p l aces   t he   boxes  are extended' 
upward a s  room i s  made. 

"Sometimes a p i t  i s  l a i d   o u t  s o  t h a t   a l l  o f  t h e   g r a v e l  washed 

a f t e r  which a diagonal  o r  square  face i s  advanced  upstream.  In 
wide  channels or  bars  t w o  or more p a r a l l e l   c u t s  may 'be taken.  
One p i t  may be  worked  while  boulders are handled or .bedrock i s  
cleaned i n  t h e   o t h e r .  A t  t h e  Ruby Creek  mine a t   A t l i n ,   B r i t i s h  
Columbia,  the  channel was 250 f ee t   w ide :  two 125-foot  cuts  were 
made a n d  worked a l t e r n a t e l y l .  Wing  darns of t imber ,   l ogs ,  qr 
bou lde r s   gene ra l ly   a r e   bu i l t   t o   gu ide   t he   wa te r  and  gravel i n t o  
t h e  head o f  t h e   s l u i c e . "   I f   p o s s i b l e  a ground-sluice  grade  of 
8 t o  15per   cent  i s  des i r ab le   l ead ing   i n to   t he   s lu i ce -boxes .  

"When a p i t  i s  s t a r t e d  a c u t  i s  taken   across  t h s  channel,  

bedrock   a re   such   tha t   the   g rave l  i s  washed  over t h e   s i d e  of t h e  
boxes r a t h e r   t h a n   i n t o   t h e   e n d .  Then the  s luiceway is sunk i n t o  
bedrock. 

"Occasional ly   the form of the  deposi t   and  the  contour   of   the  

Lee, C.F., and  Daulton, T.M., The Solu t ion  of S0rc.e Hydraulic 

Met. Eng. va l .   55 ,  1917,  p .  90: 
Piining  Problems on  Ruby Creek, B. C .  Trans.  A m .  I n s t .  Tiin.  and 



mined separately.   This-system  has  an  advantage when dump room a t  
t h e  end of t h e  main s l u i c e  i s  l i m i t e d ,   a s   t h e   h i g h e r   m a t e r i a l  may 
be disposed of elsewhere. f i t  one mine,. t h e  Salmon River ,   the  
l i g h t   t o p   m a t e r i a l  was s t r i p p e d   a f t e r   t h e   w a t e r   s u p p l y  was too low 
for working   the   heavier   g rave ls ,   bu t  was s t i l l  s u f f i c i e n t  t o  supply 
one giar i t .  The u s u a l   p r a c t i c e ,  however, i s  t o  mine t h e  r u l l  t h i c k -  
ness  o f  g r a v e l   a t  one  time. The admixture of t op   so i l ,   c l ay   and  

m i t  moving a l a rge r   p ropor t ion  of boulders  t o  t h e   s l u i c e   t h a n  
l ight   gravel   with  the  heavier   mater ia l   f rom  near   bedrock may per- 

otherwise.  

“ A t  some mines  overburden  containing l i t t l e  o r  no go1.d  may be 

Handling  Boulders 

“Where t h e   s i z e  and  ,grade of  s l u i c e s   p e r m i t ,   a l l   b o u l d e r s   t h a t  
can  be moved by t h e   g i a n t   a r e   r u n   t h r o u g h   t h e   b o x e s .   k t  some o f  
the  ear ly-day  large  producers   boulders   weighing 3 or 4 tons  were 
success fu l ly   pu t   t h rough   t he   s lu i ce . ’  

s l u i c e  by the   water   usua l ly   goes   th rough  wi thout   t rouble .   In   hy-  
d rau l i ck ing ,   however ,   bou lde r s   t oo   l a rge , to   run   t h rough   t he   s lu i ce  
may be  swept i n t o  i t  w i t h  a l a r g e   g i a n t   u s i n g  a high head of w a t e r .  
Boulders   too   l a rge   to  be moved  by t h e   g i a n t  or t o  run  through  the 
s l u i c e   a r e   h a n d l e d  i h  various  ways,  depending  mainly upon t h e  num- 
ber   and  s ize  of the  boulders  encountered  and  the  magnitude of t h e  
opera t ions .  

“ In  ground-sluicing  any  boulder t h a t  can  be  washed i n t o  the 

“In  small-Scale   operat ions  boulders  may be   ro l l ed  by  hand t o  
one s i d e  or onto  cleaned-up bedrock, or dragged away by teams. 

on t h e  floor of t h e   p i t  and bedrock  cleaned  up  around it. The 
Occasionally,  a boulder   too l a r g e   t o   h a n d l e  may be l e f t   s t a n d i n g  

usual  custom when the   p ropor t ion  of boulders i s  small,  however, 
i s  t o  break  them up  by  means o f  hammers o r  by b las t ing   and  wash 
the   f r agmen t s   t h rough   t he   s lu i ce . .   I n   t he   l a rge r   ope ra t ions   w i th  
r e l a t i v e l y   s h a l l o w   g r a v e l , , t h e   b o u l d e r s  may be  pulled from t h e  
p i t  by winches or moved by a d e r r i c k  mounted on a t r a c t o r .  A t  

handled  boulders very cheaply  under  the ex i s t ing   cond i t ions .  A 
t h e  Diamond Ci ty  mine a drag-line  with  an orange-peel  bucket 

r e l a t i v e l y  narrow c u t  was being  run.  The drag- l ine   was .opera ted  
on a bench  above the   cu t   and   p i l ed   t he   bou lde r s  on t h e  bench 
back of t he   d rag - l ine .  The most common method of .handl ing   boulders ,  
however, i s  by means of a d e r r i c k   ( s e e   P l a t e  XI11 3 ) .  The boulders 
t h a t   c a n   b e   r o l l e d  by hand are   loaded  onto a s l i n g  or a s tone   boa t  

MacDonald, i). P . ,  The Weavervil le-Trinity  .Center Gold Gravels,  
T r in i ty   Coun ty ,   Ca l i f . :  U .  S. Geol.  Survey  Bull. 430, 1910, 
pp. 48-58. 
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and hois ted   f rom  the  p i t .  Large  ones a r e   h o i s t e d  by means of 
c h a i n s .   k t  some mines few boulders   that   can  not   be moved by t h e  
g i an t   a r e   encoun te red ;   de r r i cks   a r e   u sed   a t   t he   head  of t h e   s l u i c e  

much t h e  same manner as boulders . "  
for removing t h o s e  t o o  l a r g e   t o  go through. Stumps a re   handled   in  

In a r i t i s h  Columbia  where most hydraul ic   opera t ions   have   to  
wash a good d e a l  o f  boulder-clay  the  handling of larg,e  boulders 
t a k e s  up considerable   operat ing  t ime.  I t  i s  pa r t i cu la r ly   impor t -  

neans a considerably smaller yardage   s lu i ced   t ha t   t he   bou lde r s  be 
an t   in   l a rge   opera t ions   where   every   hour   the   water   i s   tu rned  off  

b l a s t e d  qu.ick1.y. F o r  th i s   purpose  a compressed a i r   cpe ra t ed   j ack  
hammer is e s s e n t i a l  for d r i l l i n g   s h o r t   h o l e s   ( s e e   P l a . t e  XIV A). 

ing   cos ts   a re   lower ,  i f  it i s  u s e d   i n   t h i s  way r a t h e r   t h a n  for 

mon p r a c t i c e  and f o r  t h i s  purpose  60percent  dynamite i s  found 
bnlldozing.  Bulldozing however i n   t h e   s m a l l e r   o p e r a t i o n s  i s  com- 

more e f f e c t i v e   t h a n  40 per .oent .  

Dynamite i s  much more e f f i c i e n t ,  and  consequently  rock  break- 

Cleaning  Bedrock 

more of bedrock may be   cu t  by t h e   g i a n t  and t h e   m a t e r i a l  washed 
"Bedrock u s u a l l y  i s  cleaned by piping.  A s  much a s  2 f e e t  or 

th rough  the   s lu ice .   Occas iona l ly  a f i r e  hose  with a small   nozzle 
may be  used for the   purpose.  When t h e  bedrock i s  hard  and  oon- 
t a i n s   c r e v i c e s ,  it must  be  cleaned by hand. The crevices  and 
s o f t  seams a r e  dug  out by  means o f  picks  and  shovels,  brooms, 
s m a l l   s t i f f  brushes and  small f l a t   t o o l s  made for the   purpose 
from s t r a p   i r o n  or wire   ( s ee   P l a t e  XVI A ) .  
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COST OF BBDRAULICKING 

The c o s t  of  hydraulicking  depends on a number of f a c t o r s  of 
which t h e  most  important i s   t h e   d u t y   o f ' t h e   w a t e r .   T h i s  i s  con- 

ma te r i a l   be ing   s lu i ced ,   t he   he igh t  of t h e  bank  and t h e   s i z e  and 
t r o l l e d  by the   vo lume,   the   head ,   the   charac te r  and amount of 

grade of the   s lu ice- -boxes .  The lowes t   poss ib l e   cos t s   a t   any   ope ra -  
t i o n  w i l l  be reached by a t t a i n i n g   t h e   g r e a t e s t   w a t e r   d u t y .  I t  i s  

consequent ly   cos ts   a re   l a rge ly   governed  by loca l   cond i t ions .  For 
imposs ib l e   t o   f i nd   d i r ec t ly   comparab le   cond i t ions  a t  any t w o  mines, 

example t h e   o p e r a t i n g . c o s t s   a t  2 8  hydraul ic   mines  in   Cal i fornia ,  
s lu ic ing   f rom 3,500 t o  719,000  yards  per  season,  ranged  from 
2 , 6 3  t o  37.5 cents   per   cubic   yard.   These do n o t   r e p r e s e n t   t o t a l  
cos t s  ina.smuch a s  it was no t   poss ib l e  t o  a s s e s s   d e p r e c i a t i o n  or 
amort izat ion  charges .  

i s  s t a t ed .by   Pu r ing ton l  t o  be 23.8 cen t s .  
In hlaska   the   average   cos t   per   cubic   yard  o f  13   opera t ions  

I n   t h e  Yukon, hydrau l i c   s t r i pp ing   ope ra t ions  of  the.Yukon 
Consolidated Gold  Corpora t ion2   a r e   r eckoned   a t  6 cents  per  yard: 
s l u i c i n g  would be  more cos t ly   because   the   average  water d u t y  
would be  less:  

I n   B r i t i s h   C o l u n b i a ' c o n d i t i o n s   d i f f e r  so  g rea t ly   f rom  those  

bou lde r s   t o  be handled  and t h e  ever -present ,  tough  boulder-clay 
i n  C a l i f o r n i a  p a r t i c u l a r l y  with r e g a r d   t o   t h e  g r e a t e r  number of 

t h a t  a comparison  of  costs  cannot  be made.  Bowever, i n   t h e   a b -  
sence o f  d e t a i l e d  c o s t  f i g u r e s  which  can  be  quoted, it i s  probably 
safe  t o  s a y   t h a t   i n   B r i t i s h  Columbia,  few, i f  ,any,   operat ions 
cou ld   p ro f i t ab ly  work mater ia l   averaging  8 c e n t s  o r  less   per   yard 

be necessary t o   s u s t a i n  a p r o f i t a b l e  undertaking. 
and t h a t   f o r  most,  a t   l e a s t  1 2  t o  15 cents  or more per  yard  would 

The p r inc ipa l   i t em making  up the   pe r   un i t   cos t  o f  hydraul ick-  
ing i s  labour  which i n  some i n s t a n c e s  may c o n s t i t u t e  75 per  cent 
o f  the   cos t .   Other   i t ems   a re   water ,   which  when l a r g e   d i t c h  and 

which  depend l a r g e l y  on t h e   s i z e  and number of boulders  encoun- 
flume  systems a r e   i n s t a l l e d  may be  considerable;   explosives ,  

t e r e d  and how they   a re   handled;   suppl ies   and   genera l .   o f f ice   ex-  
penses.  However,  inasmuch as the   r educ t ion .  of costs  depends on 
s l u i c i n g   t h e   l a r g e s t   p o s s i b l e  amount of' m a t e r i a l ,  no e f f o r t  

s i b l e  and t o   u s e  it with t h e  g r e a t e s t  2 o s s i b l e  e f f i c i e n c y .  
should be spared t o   g e t   a l l  t h e   w a t e r  t h a t  i s  economically  pos- 

B u l l e t i n  2 5 3 .  U. 5. Geol.  Survey., p. 38. 

Trans . ,  C . 1 . X . H .  v o l .  XLII, 1939, p .  540. 
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Figure 7.."Sluice-box construction: A ,  Twenty-inch box at Henderson mine, . 

Gold  Creek, Mont.; B, five-foot sluice box. 
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SLUICE BOXES AND RIFFLES " _ _ ~  

it c o l l e c t s   t h e   g o l d  or other  heavy  minerals sought   wi th in   the  
"The s luice-box serves  a double  purpose i n  placer  mining: 

r i f f l e s  of t h e   s l u i c e  and  conveys t h e  washed m a t e r i a l  t o  a 
dumping ground. I t  i s  an e f f i c i e n t   g o l d   s a v e r   a n d ' i s   u n i v e r s a l l y  
used in   hydrau l i ck ing  and ground-sluicing. The p r i n c i p l e  of t h e  

. r i f f l e d   s l u i c e  i s  used for recovering  most of the   go ld  on dredges 
and i n  other  forms o f  placer  mining  where  the  gravels  are  exca- 
vated  meohan-ically. 

"Other  types  of  gold  savers  have  not  proved  generally  suc- 

under   special   condi t ions some of these  gold-saving  devices  have 
c e s s f u l  i.n placer   mining,   a l though as an   auxi l ia ry ,method and 

been  found  useful.  

" S l u i c e s   a r e   b u i l t  i n  acco rdance   w i th   t he   s e rv i ce  t o  .be  de- 
manded of them. R i f f l e s   a r e  of var ied  f o r m  and a r e  made of d i f -  
f e r e n t   m a t e r i a l s .  ' Although  the  form o f  r i f f l e  i s  ,chosen l a r g e l y  
t o  f i t  pa r t i cu la r   cond i t ions ,   cus tom  in   va r ious   d i s t r i c t s   and  
m a t e r i a l s   a t  hand  have a bear ing upon the   p rac t i ces   fo l lowed .  

not   coneined  to   any  region or method o f  mining. 
"The fo l lowing   d i scuss ion   has  a g e n e r a l   a p p l i c a t i o n  and i s  

Sluice-Boxes 

Construct ion 

" 

"Sluice-boxes a re  r e c t a n g u l a r   i n   s e c t i o n  a.nd a r e   n e a r l y   a l -  
ways buiyt  of lumber a l t h o u g h   s t e e l  o r  i ron   s lu i ces   a r e   occas ion -  , 
a l l y   u s e d .  

upon t h e   s i z e  and  service  expected of t h e  box; a number o f  types ,  

fo r   l a rge   and   sma l l   boxes   a r e   i l . l u s t r a t ed   i n   F igu re  7 .  
however, may be  used s a t i s f a c t o r i l y .  Common types  of c o n s t r u c t i o n  

"The cons t ruc t ion  o f  a wooden siuice-box  depends somewhat 

"The impor tan t   fea tures   in   des ign   a re   s turd iness   and   s impl ic -  

b a t t e r i n g  and v ibra t ion   f rom  the   passage  of heavy  boulders,  hence 
i t y  of construction..  Large  flumes may have t o  withstand  severe 

they  must   be  s t rongly  constructed  and  wel l   braced.  In  small  
f l u m e s   t h i s   f e a t u r e  i s  less   impor tan t ;   bu t   the  use of l i g h t e r  

of l eaks .  
lumber i n c r e a s e s   t h e   d i f f i c u l t i e s  of maintenance  and  prevention 

"The bottom of  a narrow  sluice  should be a s ing le   p lank  if 
lumber of the   des i red   wid th  is obta inable ;  f o r  wider  boxes t w o  o r  
more bottom  planks  must  be  used. The bot tom  Joints  may be Amade 
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t i g h t  by t h e   u s e  of s o f t - p i n e   s p l i n e s ,  by b a t t e n   s t r i p s   n a i l e d  on 
t h e   o u t s i d e ,  of by caulk ing   wi th  oakum or other  mtejrial., Bowiel 

t i o n  of  boxes. 'Where l o c a l   t i n b e r  i s  used it i s  common p r a c t i c e  
rocomends  half-seasoned  lumber as mos t   su i t ab le   fo r   t he   cons t ruc -  

t o  c u t  t he  plank during t h e  d ry  season or be fo re  snow is  off t h e  
ground. I t  i s  customary t o   u s e   s u r f a c e d  lumber for  boxes,  inasmuch 
as  a smooth  bottom f a c i l i t a t e s   t h e   c l e a n - u p .  The lumber  should  be 
c l e a r  and o f  un i form  s ize .  

"For any   bu t   sma l l ,   t empora ry   i n s t a l l a t ions   t he   s ides  of 
s luice-boxes  should  be  l ined  with a wearing  surface of rough  lumber 
or sheet i ron.   Otherwise t h e  e n t i r e  box  must  be  reptaced when the  
s i d e s   a r e  worn ou t .  Board l i n i n g  i s  e a s i e r   t o   p l a c e  and r ep lace  
t h a n   s h e e t   i r o n .  In ear ly Ca l i fo rn ian   p rac t i ce  some of t h e   s i d e  

t h e   e n d g r a i n   t o   t h e  wear. Norn. i r o n  or s t e e l  r i f f l e s  a re   u sed  
l i n ings   were  made of wide, t h i r   b l o c k s   n a i l e d  on so as t o   p r e s e n t  

t h i r d  of t h e   s i d e  o f  t h e  box  needs t h i s   p r o t e c t i o n ,  and a s i n g l e  
f o r  s i d e   l i n i n g  a t  some places .   i Jsual ly   only  the  lower  half  or 

2-iach  board may se rve   no t .   on ly   fo r  l i n i n g  but  as a c l e a t  ,to 
hold down the   r i f f l e s .   Fa l se   bo t toms   o f   p l aned  o r  rough  boards 
may be  used t o   s a v e  wear  on t h e  box proper .  

The s i l l s  and  upright  members a t   t h e  ends o f  t h e  box serve  as  ba t -  
"Each'box  should r e s t  on t h r e e  o r  f o u r  s i l l s ,  equal.1.y spaced. 

te.ns t o   p r e v e n t   l e a k a g e   a t   j o i n t s .  The p r a c t i c e  of. t a p e r i n g   t h e  
box  enough t o  pe rn i t  a t e l e s c o p e   j o i n t  i s  very  convenient  i n  small 

three-board  boxes may be   b raced   wi th   t i es   across   the   top ,   a l though 
s l u i c e s ,   e s p e c i a l l y  i f  t h e  boxes  must  be moved occasional ly .   Small ,  

t h i s  hampers  shoveliag  and  clean-up  operations.   Larger  boxes 
should   be   b raced   ex terna l ly   f rom  the   ends   o f   the   s i l l . s ,  8.s i l l u s -  

t o  check   any   t i ndency   o f   t he   s lu i ce   t o   r i s e .  If t h e   s l u i c e  i s  
t r a t e d   i n   F i g u r e  7 ,  A and B .  Si l l s   should   be   weighted   wi th   rocks  

p l aced   i n  a bedrock o r  o t h e r   c u t ,  water under it o r  s.t t h e  s ides  
has  a s t rong   l i f t ing   e f ' fec t .   Xoreover ,   the   v ibra t ion   caused  by 

washed  under t h e  s i l l s  placed on the   g round.  
b o u l d e r s   r o l l i n g   t h r o u g h   t h e   s l u i c e   p e r m i t s   f i n e   g r a v e l  t o  be 

- 

under  which  the r i f f l e  sec t ions   can   be  wedged t o   t h e  bottom of  
"As mentioned,   the   s ide  l ining  plank may serve  a s  a c l e a t  

t he   s lu i ce .   O the rwise  some other   provis ion  must  be made a s  t,he 
r i f f l e s  must be he ld   s ecu re ly .   In  small boxes it i s  customary 
to   lay  long,   narrow  boards  on  edge on top  o f  t h e   r i f f l e s  and 

t i g h t l y  under cleats  nai led  permanent ly  t o  t h e  sides o f   t h e  box. 
a g a i n s t   t h e   s i d e s  of t h e   s l u i c e .  These boards  are' wedged down 

us ing   any   device   tha t  r equ i r e s  d r iv ing  n a i l s   i n   t h e  tmottom o r  
The p r a c t i c e  of n a i l i n g   r i f f l e s   t o   t h e  bottom  of  the  box, or 

Bowie, X. J . ,  Hydraulic Piini;ig i n   C a l i f o r n i a :  Van Yostrand  Co., 
New YorB, 3d ed. ,  l E E 9 ,  p. 220. 
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sides  should  be  avoided as it r e s u l t s   i n   l e a k s  and  eventually 
damages  both s l u i c e  and r i f f l e s .  doaden  blocks  are  the  most 
d i f f i c u l t  t o  secure   in   p lace   bu t   can   be   he ld  by t h e  .method de- 
s c r ibed   i n   t he   fo l lowing   s ec t ion .  

Haintenance 

ing  and  bringing t o  grade any  boxes t h a t  have moved out of pos i t i on ,  
"Haintenance work  on s lu ice-boxes   co l i s i s t s   ch ie f ly  i n   a l i g n - .  

r ep lac ing   l i n ings ,  and   p lugg ing   l eaks .   A t t en t ion   t o   t h i s  work a t  
clean-up  time will be repa id  by g rea t e r   capac i ty  and freedom  from 
break-downs when the   water   aga in  i s  t u r n e d   i n t o   t h e . s l u i c e .  

S ize  

"As previously shown; s l u i c e  boxes  seldom a r e   b u i l t  less 
t han   l 0 , inches   w ide  f o r  s t r ic t ly   min ing   purposes .   E ight - inch  
boxes,  however, may be  used i n  sampling o r  cleaning  up. The quan- 
t i t y  of water ,   wi th  i t s  accompanying  load of g r a v e l ,   t h a t  w i l l  run 
through a s l u i c e  of given  s ize   depends upon a number o f  f a c t o r s .  
The p r a c t i c e   a t   t h e   m a j o r i t y  of about 75 hydraulic  and  ground- 
s l u i c e  mines v i s i t e d   i n   t h e   p r e p a r a t i o n  of t h i s   p a p e r   i n d i c a t e s  
t h a t   t h e   c a r r y i n g   c a p a c i t i e s  of s l u i c e s  of var i .ous  widths   are   with-  
i n  t he   fo l lowing  limits: 

Width  of  box D.epth Grade % Miner 's   inches 
.. inches  j.nches of water  

From To 

10-12 5-7 4 .16   30 .  
12-14  10 6 . 2  65 
1 2  
18 
24 
36 '  
48 t o  60 

25 100 
100 3 00 
200 
5 00 

500 
1,300 

1,000  3,000 

These limits probably   represent  good p r a c t i c e .  

"ifore t rouble   i s   exper ienced   f rom  c logging   of   boxes   tha t   a re  

than   f rom  f a i lu re  of boxes to   ca r ry   t he i r   l oad   because   t hey   a r e  
too.wide,   because  the  depth and v e l o c i t y  of  w a t e r   a r e   i n s u f f i c i e n t , .  

too  narrow. 

"The c u r r e n t   v e l o c i t i e s   r e q u i r e d  t o  t r a n s p o r t   d i f f e r e n t  
s i z e s  of mater ia l   have  been  s tudied;  works of v a r i o u s   a u t h o r i t i e s  
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a r e   c i t e d  by G i l b e r t  . The f o l l o w i n g   t a b l e  i s  based  chief ly   on 
Dubuat ' s   f igures   for   competent   ve loc i ty ;   the   f igures  are ad jus t ed  
t o  approximate mean ve loc i ty   i n s t ead   o f  bed v e l o c i t y .  The l a s t  
t h r e e   f i g u r e s  a re  taken  from Van Wagenen2. 

1 

S ize   o f   ma te r i a l  ?lean v e l o c i t y  
" 

moved - a E x i m a t e   f e e t  pe r  second 

Sand:  Fine 
Coarse 

Gravel:   Fine 
1-inch 
Egg s i z e  

Boulders:  3- & 4-inch 

1 2 -  & 18-inch 
6-  & 8-inch 

0.5  
1.0 

1 . 5  

4.0 
2.5 

5 . 3  
6 .7  
10.0 

grade.  The f i g u r e s   a p p l y   t o  a s l u i c e  2 f ee t  wide  ha.ving a flow 1 
; I h e ~ f o l l . o w i n g   t a b l e   i l l u s t r a t e s  t h e   r e l a t i o n   o f   v e l o c i t y  and 

foot   deep.  The approximate  vel.ooity i n   f e e t   p e r   s e w n d  and t h e  
quant i ty   in ' cubic   fee t   per   second  and  mine r ' s   i nches  are g iven  f o r  
var ious   g rades .  

pe r  second 

6% 

6.5 
__ 

13.0 

520 

* h  grade  of 1% i s  t h e   e q u i v a l e n t  of about  1 7, 
1 2  f o o t  box. 

"Ne11 rounded  pebbles a r e   e a s i e r   t o  move than   angular   ones ,  
and  rock  of low s p e c i f i c   g r a v i t y  i s  apprec iab ly  easier' t o  wash  than 
heavy,  dense  rock  such  as  greenstone o r  b a s a l t .  

- " 
d i l b e r t ,  G. J C . ,  The Transportation  of  Debris  by  Running  Water: 
U. S .  Geol.  Survey,  Prof.  Paper  86,  1914,  p.  216. 

' Van Wagenen, J .  F. Manual of Hydraulic  Hining: V8.n Nostrand 
C o . ,  New Yorlc, 1880, p .  88.  
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 old has a b e t t e r   o p p o r t u n i t y  t o  s e t t l e  acd be caugh t   i n  lly - 

r i f f l e s   i n  a wlde,   snai low  s t ream  than  in  a deeper  narrower 
stream  of  the same  volume,; t h e   w l d e r   s i u i c e ,  however, u s u a l l y  
must  be s e t  on a s t eepe r   g rade .  

c ros s - sec t ion ;   l a rge   boxes   u sua i iy   a r e   one -ha l f   t o   two- th i rds   a s  
deep   as   they   a re  wl.de. The water 5.n a sl.uI.ce should  always  be 
more than  deep enough t o . c o v e r . t h e   l a r g e s t   b o u l d e r   t h a t  may be 
sen t   t h rough .   In   p rac t i ce ,   t he   dep th  of t h e   s t r e a m   i n   t h e  main 

, o f  t h e  box so  a s  t o  prevent s p i l l s  i f  t h e  box i.s temporar i ly  
s l u i c e  a t   h y d r a u i i c  mlnes  usuai iy  i s  a f i f t h  t o  a h a l f   t h e   w i d t h  

plugged by boulders or sand. Where screened   grave l  i s  being 
washed, a s  i n  undercurrents  o r  on dredges,  wide and shallow 
s t reams  a re   necessary  f o r  the   recovery  of f i n e   g o l d .   I n  'boom- 

t h e   r e l a t i v e i y   l a r g e  vo:tumes of wa te r   t ha t  flow f o r   s h o r t   p e r i o d s  
i n g '   o p e r a t i o n s   t h e ' b o x e s   u s u a l l y   a r e   r u n   f u l l   i n   o r d e r  t o  handle 

wide. It wouii3 be   des i r ab le  bu-t impract icable  t o  dec rease   t he  
on ly ,   acd   t he   s lu i ces  commonly a re   abou t   a s   deep   a s   t hey   a r e  

depth of water  by us ing   wider   s iu lces ,  as f l o w s  of 125 to 250 
cubic   fee t   per   second  a re  n o t  unusual when t h e   g a t e  of t h e . r e s e r -  
voir i s  suddenly  opened  wide. 'I 

"Small o r  medium-size  boxes a re   approximate ly   square   in  

of a s luice-f lume knowing t h e  volume of water   and  the  grade o f  
the  boxes,  is t o   c a l c u l a t e   t h e   d i m e n s i o n s ,   a s s u m i n g   t h a t  it i s  
car ry ing   c lear   water ,   then   add  30 per c e n t   t o   t h e   w i d t h  and  depth 
for   the   d imens ions  of ' the   water   s t ream when it i s  loaded  with  sand 
and gravel .   Matural1.y  several   feet  of freeboard will be necessary 
t o  prevent  spil la.ge  through  blockage o f  t h e   s i u i c e   o r  when a surge 
comes through  from a "double ."  

A method  which may be  used to   e s t ima te   t he   approx i rmte   s i ze  

Furthermore  ' the  length of t he   s iu i ce - f lume  i s  an  important  
dimension. The length  shou~,.d De s u f f i c i e n t   f o r  a:l g rave l   and ,  
c l a y   t o  be thoroughly  broken up and disintegrated and f o r   t h e  g o l d  
t o   s e z t l e  and  be  heid by t h e   r l . f f 1 . e ~ .   I n   s p i t e  of t h e  f a c t  t h a t  
most of the   go ld  is found   i n   t he  f i r s t  half  dozen  head-end  boxes, 
t h e   s l u i c e   i n   a n y   l a r g e   o p e r a t i o n   s h o u l d   b e  250 f ee t   l ong  t o  make 
an   e f f i c i en t   go ld   s ave r .  nihereas  with smli sluices ( 1 2  t o  14 
inches  wide)  and  with  coarse t o  medium gold 36 t o  72 f e e t   n a y  be 
a l l  t h a t  i s  necessary.  

. .. 

Grade 

"Usual ly   the  grade of t h e   s l u i c e  depends upon t h e   s l o p e  and 
contour o f  t he   bed rock .   I f   t he   g rad ien t  of bedrock,  however, i s  

may be   run   in   the   bedrock  t o  overcome t h i s   d i f f i c u l t y ;  Very shor t  
t o o  low t o  permit su f f j . c i en t  f a l l  for t h e   s i u i c e ,   c u t s  or tunnels  

s l u i c e s  of o n l y  1 o r  2 boxes sometimes a r e   s e t   n e a r l y  f la t .  where 
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t h e r e  i s  a drop  a t  t h e  end o f  t h e  box; the   g rave l   be ing   forced  
t h r o u g h   t h e   s l u i c e  by t h e   i n i t i a l   v e l o c i t y  and t h e  head  of  water 
i n   t h e   p i t .  

f e e t  ( 4 . 1 6  per   cen t )  i s  the   bes t   g rade   fo r   ave rage   cond i t ions .  
Grades as f l a t  as 3 inches i n  1 6  f e e t   c a n  be used  but   only a t  
g r e a t  l o s s  of capac i ty .  At one mine where a grade  of 3 inches i n  
14 f e e t  i s  used ,   a l l   rocks   over  5 o r  6 inches i n  d i m e t e r  must  be 

quent   lowering  of   veloci ty ,   s teeper   grades  are   needed f o r  small 
l e f t  i n   t h e   p i t .  Because   o f   the   g rea te r   f r ic t ion   and   the   conse-  

s l u i c e s   t h a n   f o r   l a r g e   o n e s ;  some opera tors   favor   g rades  of 1 2  

wel l  a s   f o r  economy i n  dump room, grades  should  be a s  f l a t  a s  pos- 
i n c h e s   t o  a 12-foot box. For maximum gold-saving   e f f ic iency ,  as 

s ib le  wi thou t   l ower ing   t he   ve loc i ty   t o   such   an   ex ten t  that  t h e  
. r i f f l e s  pack with  sand.  Any i n c r e a s e   i n   s l o p e   f r o m  t h a t  a d j u s t -  
ment w i l l  i n c r e a s e   t h e   c a p a c i t y  of t h e   s l u i c e ,   i n c r e a s e  the wear 
on t h e   s l u i c e ,  and   dec rease   t he   e f f i c i ency   o f   t he   r i f f l e s ,  re- 
s u l t i n g  i n  gold   losses  i f  c a r r i e d   t o   e x t r e m e s  or i f  the  gold i s  
v e r y   f i n e .  If water i s  scarce,   gold  recovery may w e l l   b e   s a c r i -  

were 'used   in  some F o r e s t  Hill Dj.vide ( C a l i f . )   m i n e s   f o r   t h i s  
f i c e d  t o  capaoity.  Bowiel states tha t   g rades  of 10 t 3  24 inches 

the  tendency  of  r i f f l e s  t o  pack wi th  sand. 
r eason .   Inc reas ing   t he   p ropor t ion  of water  t c   s o l i d s   d e c r e a s e s  

"The opinion o f  most  opera-tors i s  t h a t   a b o u t  6 inches i n  1 2  

"S lu ice   capac i ty   i nc reases   w i th  grade bu t  more r a p i d l y ;   t h a t  

q u a n t i t y  of   g rave l   tha t   can  be put  through  the  boxes  by a given 
i s ,  doubl ing   the   g rade  o f  sluice-boxes w i l l  more than   doub le   t he  

as coa r senbss   o ig rave l ,   ve loc i ty   and   shape  of t h e  box appear t o  
flow  of  water.  The absolu te   increase   cannot   be   p red ic ted   c lose ly  

have s o y  bearing on t h e   r e l a t i o n  of  capacity t o   s l o p e .   F o r  i n -  
s tance ,  Bowie c i t e s  a mine a t  wh.ich changing  the trade f r o m . 3   t o  
.3 1 / 2  i n c h e s   i n   1 6  f e e t  i n c r e a s e d   t h e   q u a n t i t y  of g rave l   s lu i ced  

t h i r d .  
t h rough   t he  same boxes   wi th   the  same flow of water by about  one-- 

a long a s lu i ce ,   . o the rwise   g rave l  may accumulate   where  the  current  
"The established  grade  should  not  be  decreased  anywhere 

loses ve loc i ty .  If t h e   w a t e r  and  gravel.,   however,  enter  the 
f i r s t  box wi th   cons iderable . speed ,   say ,   f rom  the   d i scharge  of a 

the   r egu la r   g rade .  Bends o r  curves  are  undes i rab le  a:: t hey  com- 
hydrau l i c   e l eva to r ,   t he  f i r s t  boxes may be placed  on  1.ess  than 

p l i ca t e   cons t ruc t ion   and   i nduce   c logg ing  and running  clver. '%hen 
a curve i s  unavoidable it should  be as gradual  as poss ib l e ,  t he  
ou t s ide   o f   t he   s lu i ce   shou ld   . be   e l eva ted  f rom 1/8 t o  :,/% inch  per 



f o o t  o f  s luice  width  and  the  grade  should be increased  perhaps  an 

a p p l y   t o   t u r n - o u t s  or branches  and  drops of 3 or 4 inches  should 
inch p e r ' b o x  a t  and  immediately  below t h e   c u r v e . ,   S i m i l a r  ru1e.s 

be  provided a t  j u n c t i o n s  t o  check the   depos i t i on  o f  g r a v e l   a t  
t h e s e   p o i n t s .  Such d r o p s   o c c a s i o n a l l y   a r e   i n s e r t e d   i n   s t r a i g h t  
s l u i c e s   i f   t h e   g r a d e  i s  a v a i l a b l e ,   p a r t i c u l a r l y   i f   t h e   g r a v e 1 , i s  
d i f f i c u l t  t o  wash or  i f  heavy   s and   t ends   t o   s e t t l e  t o  the  bottom. 
A drop of even a few inches f r o m  one box t o  t he   nex t   has  a d i s -  
i n t e g r a t i n g   e f f e c t  and  mixes the   ma te r i a l   pas s ing   t h rough   t he  
s l u i c e ,   t h u s   a s s i s t i n g  go1.d recovery.  .lit one  place  where  drops 
were  provided a t   i n t e r v a l s  be tween  d i f fe ren t   types  o f  r i f f l e s ,  

drops.  " 
25 per   cent  of t h e   g o l d   r e c o v e r e d   i n   t h e   s l u i c e  was found a t   t h e  

A t  t h e  Bu . l l i on  iyine, h. C . ,  where r a i l   r i f c l e s   a r e   u s e d ,   t h e  
'' t h ree   l eng ths  of  r a i l   a t   t h e  upper  end a re   each   r a i sed  2 inches . 

above t h e   n e x t  down s t ream  in   o rder   to   increase   the   g rade   and  
g i v e   b o u l d e r s   a n   i n i t i a l   v e l o c i t y  when s t a r t i n g   t h r o u g h   t h e  
s l u i c e .  

R i f f l e s  

Theory  of  gold-saving by R i f f l e s  

"" 

"The f u n c t i o n  of r i f f l e s  is t o  hold  back  the  gold  par t ic les  
t h a t  have s e t t l e d  t o  the   bo t tom of a flowing  strearn of water and 
g r a v e l .  'Any 'dead '   space   in   the   bo t tom of + sluide-box,  where 
t h e r e  i s  no c u r r e n t ,  f i l l s  quickly  with  sand  and  thereupon l o s e s  
most. o f  i t s  va lue   a s  a gold  saver ,   unless   the  sand  remains- loose 
enough t o  permit  gold t o  s e t t l e   i n t o  it; t h e t e f o r e , t h e   s h a p e  of 
r i f f l e s   i s   i m p o r t a n t ,   r e g a r d l e s s  o f  t h e   f a c t   t h a t  under some Con- 
d i t i ons ,   a s   w i th   coa r se  .goid and  free-washing  gravel, a l l  forms 
of r i f f 1 , e s   a r e   a l m o s t   e q u a l l y   e f f i c i e n t .  The r i f f l e  s.hou1d be 
shaped s o  a s   t o   a g i t a t e   t h e   p a s s i n g   c u r r e n t  and  produce a moder- 
a te ly   s t rong   eddy o r  ' b o i l '   i n   t h e   s p a c e   b e h i n d ,  or below i t ,   t h u s  
preventing  sand from s e t t l i n g   t h e r e  and a t  t h e  same time  holding 
the   go ld  f r o n  s l i d i n g   f a r t h e r  down. t h e   s l u i c e .  In o t h e r  words,  , 
r i f f l e s ,  for maximum ef f ic iency ,   should   p rovide  a rough  bottom 
t h a t  will d i s t u r b   t h e   e v e n  flow of  sand  and  gravel, w i l l  r e t a i n  
the  gold,   and will not  become packed  wj.th  sand. Where grade i s  
l a c k i n g   . t h e   r i f f l e s  must be r e l a t i v e i y  smooth, s o  a s   n o t   t o   r e -  
t a rd   t he   cu r ren t   undu ly :   unde r   t hese   cond i t ions   t he   s lu i ce  must 
be l i n g  enough t o  compensate f o r  t h e  l o s s  i n   g o l d - s a v i n g   e f f i c -  
iency of t h e   i n d i v i d u a l   r i f f l e s .  

"Na tu ra l   s t r eam  beds   ac t   a s   go ld - sav ing   s lu i ces , ' no t  be- 
cause   t hey   a r e   pa r t i cu la r ly   e f f i c i en t   a s   such   bu t   because   mos t  
go ld   i s   ' ha rd  t o  l o se '   and   t he   s t r eams   a r e   l ong .  



?lztc :.y. ?.. xCc4 hlnc4 rifflee in n small e l n i c e - f l ~ m a .  Each 
pair of blocks i s  held by a r i f f l e   s t i c k  which i s   t o e -  

nailed to the S ide  of the box. 

P1e.t. TX R .  A l m - 9  sluice-box paved with wood blocks wedged 
together by blocks in t h e   i n t e r s t i o e s .  A sa fe ty   s t i ck  

is nailed aomss at the  end of each 12-foot box. 

___"_ - 



Plate X A. A 3-foot sluioe-box showing the load of gravel 
and boulders dropped when the water was turned off. 

Plate X B. A 30-inch sluice-flume showing a central groove 
worn in the wood block riffles after considerable service. 



Types  of r i f f l e s  

"Riffles,  of  course,   should  be  designed so  as t o   s a v e  the  
gold   under   the   ex is t ing   condi t ions .  They should  also  be  cheap, 
durable   and   easy   to   p lace   and  remove. Not a l l  t h e s e   q u a l i t i e s  
are found i n   a n y  one t y p e .  

"Sluice-box r i f f l e s  may b e   c l a s s i f i e d . r o u g h l y  as t r a n s v e r s e ,  

ones, o r ,  a c c o r d i n g   t o   m a t e r i a l ,  as  wood b lock ,   po le ,   s tone ,   cas t  
longi tudinal ,   b lock, '   b lanket   and  miscel laneous  roughly  surfaced 

t'nan one   t ype   o f   r i f f l e  i s  used ,   a l though  in   Cal i forn ia   very   long  
i ron ,  r a i l ,  angle iron, f a b r i c  and  miscellaneous.   Usually  nore 

d r e d g e s   t h e   t y p e   i l l u s t r a t e d   i n   F i g u r e  8,  A, i s  used  almost  ex- 
s luices   have  been  paved  ent i re ly   with wood b lock   r i f f ' l e s ,   and  on 

e l u s i v e l y .  

" O f  about 80 hydraulic,   ground-sluice  and  mechanically 
worked placer  mines,   approximately 25 per   cent .   used r i f f l e s  of 
t he   t r ansve r se   va r i e ty ,   l oose ly   t e rmed   ' I i unga r i an , '   cons i s t ing  
gene ra l ly  of wooden c r o s s b a r s   f i x e d  i n  a frame  and  sometimes  capped 
w i t h   i r o n   s t r a p s .  About 20  per   cen t .   used   the   longi tudina l   po le  
type,   15  per   cent . 'wooden  blocks,   and  15  per   cent .  m i l s ,  t h e   l a s t  
being  placed  crosswise o r  Jengthnpise.  Angle-iron r i f f l e s ;  wire- 
mesh screen  o r  expanded metal on c a r p e t ,   b l a n k e t s ,  o r  burlap,   rock 
paving,   and  cast- i ron  sect ions  together  made up t h e  remainj.ng 25 
pe r   cen t .  The only   genera l   ru le   observed  was t h a t  tkle s i z e  of t h e  
r i f f l e s  was r o u g h l y   p r o p o r t i o n a l   t o   t h e   s i z e  of t h e   m a t e r i a l  t o  be 
hand led   and   t ha t   fo r   f i ne   ma te r i a l ,   pa r t i cu la r ly   t he   s c reened  
gravel   washed  in   most   of   the   mechanical ly   operated  plants ,   the  
d redge - type   r i f f l e   found   mos t   f avor . "  

I n   B r i t i s h  Columbia  most medium and larse s ized   hydraul ic  
opera t ions   use  wood b l o c k   r i f f l e s ,  and a few  (i3ullj.oc.  and' Germansen 
Venturesj   use  s tee l   ra i l s ;  At t h e  Lowhee Hine t h e  uFNper 1 2 0  f e e t  
of  s 'lcice i s  shod   wi th   4 - foot   square   s tee l   p la tes   separa ted   by  
t r a p s  3 inches  wide  and 6 i nches   deep ,   t he   r e s t   o f   t he   f l ume   be ing  
paved  with wood blocks.  

"For a s m l l  o r  medium-size s l u i c e  ( i f  lumber i s  c o s t l y  and 
a p l e n t i f u l   s u p p l y  of small t imber ,   such as  the   lodge-pole   p ine ,  

most  economical  and  satisfactory of the   var ious   types .   Thei r   con-  
i s  a v a i l a b l e j   p e e l e d   p o l e   r i f f l e s   ( P i g .  8 Y and C) a re   pe rhaps   t he  

s t r u c t i o n  i s  ev ident  from t h e  d:rawing.  Those c f , t r a n s v e r s e   v a r i -  
e ty   nay  have a somewhat higher   gold-saving  eff ic iency,   but  un- 
doub ted ly   t hey   r e t a rd   t he   cu r ren t  more and wear ou t   f a s . i e r .   Po le s  

Such r i f f l e s   a r e   c h e a p   b u t  wear o u t   r a p i d l y .  The sec t ions   should  
2 t o  6 i nches   i n   d i ame te r  may be  used,  spaced 1 o r  2 inches   apar t .  

be a t h i r d  or h a l f   t h e  box length f o r  conveni.ence  and 1 o r  2 
inchos   nar rower   than   the   s lu ice .  At one  mine  $- inch  pole   r i f f les  

. 
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Figure 8.-Types of  riffles: A, Transverse wooden, steelcapped riffles used on dredges; ' B, transverse pole riffles: C, longitudinal 
pole  riffles; D, transverse wooden nffles,  square section: E,. transverse wooden nffles, bevelled seqtlon; F, transve,rse wooden 
riffle, steel-capped, inclined section; G, transverse wooden riffles, steel-clad, with overhang; H, longxtudlnal wooden rlffles capped 
with cast-iron plates; I, wooden-block  riffles for large slulces; J, wooden-block  rlffles for undercurrents; K, ,stone  riffles; 

' . L, longitudinal rail riffles on  wooden sills; M; transverse angle-iron riffles: N, transverse angle-iron rltlles m t h  top hlted  upward; 
0, longitudinal'ritlles  made of iron  pipe; P, transverse  cast-iron riffles used in undercurrents. 



had to   be   rep iaced   every  10 days o r  a f t e r  each   1 ,200   cubic   yards  
had  been  sluiced. The s l u i c e  was 30 inches.wide  and  had a grade 
of 8 i n c h e s   i n  1 2  f e e t .  f i t  o ther   mines   po les   j as t   severa l   t imes  
as long.  

t h e  one  descr ibed may be made of 1- by 2 - ,  2-  by 2-, o r  2-  by 4- 
i nch   ma te r i a l ,  as  shown i n   F i g u r e  8,  2. and 5. The top   su r f aces  
of t h e   r i f f l e s  may be  plated  wi.th s t r a p  i ron   (F ig .  8 F. and G . ) .  
T r a n s v e r s e   r i f f l e s  o f  t h i s  type m.y be   s l an ted  dow;st,ream, as , 
shown i n   F i g u r e  8,  3- and t h e   t o p   s u r f a c e s  may be  beveled  to   in-  
c r e a s e   t h e   ' . b o i l i n g '   a c t i o n ,  as w i t h   t h e   d r e d g e   r i f f l e s .  The 
e f f ec t iveness  of t h i s  p r a c t i c e  i s  n o t  known, and   the   au thors  know 
of  no conclus ive   t es t s   having   been  made. L o n g i t u d i n a l   r i f f l e s  of 
2- by 4-, 3- by 4-,  or .2- by  6- inch  mater ia l   are   used a t  some 
p laces .  k l ong i tud ina l  wooden r i f f l e  capped  with  cast   i ron i s  
shown i n  F igure   8 ,  E. 

"If sawed  lumber can   be   ob ta ined   cheap ly ,   r i f f l e s  similar t o  

" S l u i c e s   i n   t h e  Rock Creek  sapphire  mines  were  12  inches 
wide  and s e t  on a g r a d e   n o t   t o  exceed  half  an  inch t o  t h e   f o o t .  
h r e i a t i v e l y  f l a t  grade i s  necessa ry   t o   s ave   t he   s apph i re s .  R i f -  
f l e s  were 2  by 4 i n c h e s   i n  s i ze  se t  a c r o s s   t h e   s l u i c e  4 inches 
a p a r t ;   , t h e y   w e r e   t i l t e d  downward. The s l u i c e  was cleaned up each 

were then  put  tinrough a s e t  of :seven sc reens ,  and o the r  heavy 
day. The sapphires   were separa ted  frorn the   s ands  i n  a j i g .  They 

minerals  were  picked  out by hand. The black  sand and o t h e r   f i n e  
heavy  minerals  were drawn t h r o u g h   t h e   s c r e e n   i n   t h e   j i g ;   t h e  
sapphi res  were t aken   o f f   on   t op  o f  t h e   s c r e e n .  

"Wooden-block r i f f l e s  ( s e e   P l a t e  I X  and F i g .  8, I and Jj are  
he ld  by aowie 1 t o  be  unexcelled i n  regions  where  the  mater ia l  i s  
available  cheap." In British Columbia wood blocks c o s t  between 
10 and 15 cen t s   each   de l ive red   t o   t he   s lu i ce -box .  "T'5e blocks 

They may be round, p a r t l y ' s q u a r e d ,  or c u t   f r o n   s q u a r e   t i m b e r .  
a r e  4 t o  1 2  inches t h i c k  and of corresponding  diamkters o r  widths .  

One- o r  two-inch wooden s t r i p s   : : e p a r a t e   t h e  rows of blocks,   and '  
t hey   a r e   he ld   s ecu re ly   i n   p l ace   by   na i i s   d r iven   i n  bo-th d i r e c -  
t i o n s .  Wooden-block r i f f l e s  a re   pe rhaps   t he   ha rdes t  (2.f a l l  types  
t o  s e t   b e c a u s e  of t h e i r   t e n d e n c y   t o   f l o a t  away.  They must  be  nailed 

The s p a c i n g   s t r i p s   a r e   h e l d  down a t  e i t h e r  end by the   s ide   l . in ing  
t o   t h e   s p a c i n g   s t r i p s ,  as stated.,  and wedged s e c u r e l y   a t   t h e   s i d e s .  

t o   h a l f   t h e i r   o r i g i n a l   t h i c k n e s s   o r  less, and if made of  long- 
of t he  s l u i c e .  wooden-block r i f f l e s  are   durable ,   can  be  worn down 

Srained wood (such as pi tch  pine,   which "brooms" in s t ead  of wear- 
ing  smooth)' may ca t ch  some go ld  i n  the   endgra in .  When d iscarded ,  

Bowie, X. J . ,  k ? r a c t i c a l   T r e a t i s e  on  Hydraulic  iqining  in  Cali-  
f o r n i a :  Van Nostrand co . ,  New York, 3d ed . ,  1889, p. 225 .  
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t h e y   a r e  commonly burned  and  th.e  ashes  panned to   recover   any   go ld  
so caught. The l i f e  of 10- o r  12-inoh  wooden-block r i f f l e s  may 
be a few  months to   s eve ra l   s easons   and ,   acco rd ing   t o  Bowie, ranges 
from  100,000 t o  200,000  miner 's   inches  of   water ;   that  i s ,  with a 
f l o w  of 1,000  inches  one would l a s t   1 0 0  t o  200 days." A t  the .  Low- 
hee  Nine, B .  C . ,  t h e  wood blocks  must  be  replaced  each  season:  these 
l a s t   f o r  200,000 t o  250,000  yards of g r a v e l  moved.  "The grade  of 
t he   s lu i ce   appa ren t ly   has  much t o  d o   w i t h   t h e   l i f e  of b l o c k   r i f f l e s .  
A t  a mine  where t h e   s l u i c e  was 48 inches  wide  and  had a grade o f  

which t ime  140,000 cubic yards  was s lu i ced .  At t h e  Salmon River 
2 3/"4 inches   i n  1 2  f e e t  a s e t  o f  b locks   l as ted  t w o  seasons,  during 

mine the   g rade  was 7 i n c h e s   i n  1 2  f ee t   and   t he   w id th  of the  boxes 
30 i n c h e s .   E e r e   b l o c k   r i f f l e s   l a s t e d  60 t o  70 days,   .during  which 
time  about 18,000 cubic   yards  was  washed. On account o f  d i f f e r -  
ences . in the   wear ing   ra tes   on ly   one   var ie ty   o f  wood should be used 
i n  a s e c t i o n  o f  a s l u i c e .  Douglas f i r  wears  longer  than  other 
na t ive   wes te rn   coni fe rs .  

"Where l a r g e   q u a n t i t i e s   o f , g r a v e l   a r e   p u t   t h r o u g h   s l u i c e s ,  
i r o n   o r   s t e e l   r i f f l e s   g e n e r a l l y   a r e   p r e f e r r e d .   T h e i r   s u p e r i o r  
wear ing   qua l i ty   as  compared w i t h  t h a t  o f  wood permits  longer  runs 
w i t h o u t   s t o p p i n g   t o   r e p l a c e   t h e   r i f f l e s .   T h e i r   d u r a b i l i t y  may 
more than   compensa te   for   the i r   h igher   cos t .  

" S t e e l   r a i l s  and a n g l e   i r o n   a r e  common r i f f l e   m a t e r i a l s   u s e d  

be obtained cheaply i n   m i n i n g   d i s t r i c t s  or n e a r   r a i l r o a d s .  Various 
i n   v a r i o u s  ways ( s e e  P l a t e  X I ) .  Old r a i l s  or angle   i ron   can  o f t e n  

o ther   s tee l   p roducts   such   as   ' p ipe   and   channels   have   been   u t i l i zed  
f o r  r i f f l e s .   C a s t  iron i s   a l s o  used  and  has  the  advantage o f  a 
lower f i r s t   c o s t   t h a n   s t e e l   r a i l  or a n g l e   i r o n .  

t o  be handled   readi ly ."   E ight  or 1 0 - f o o t   l e n g t h s   a r e   u s u a l l y   q u i t e  
long  enough. "Rope blocks on  movable t r i p o d s  have  found  favor a t  
scme p l a c e s   f o r   ' l i f t i n g   h e a v y   r i f f l e   s e c t i o n s .  

" I ron  or s t ee l   r i f f l e s   shou ld   no t   be   u sed   i n   un i t s   t oo   l ong  

a r e   s e t   u p r i g h t ,   t h e   f i a n g e s   a l m o s t   t o u c h i n g  o r  not more t h a n  1 or 
2 i n c h e s   a p a r t .  Nher,e grade i s  lacking   and .goid   sav ing  i s  n o t  
p a r t i c u l a r l y   d i f f i c u l t ,   l o n g i t u d i n a l   r a i l   r i f f l e s  make e x c e l l e n t  

.g rave l  and boulders .  The r a i l s   o r d i n a r i l y   a r e   b o l t e d   t o g e t h e r  by 
paving.   for  a s l u i c e   a s   t h e y   p r o v i d e  a smo,oth-sliding  bottom  for  the 

t i e rods   pas s ing   t h rough  wood, pipe o r  cas t - i ron   spac ing   b locks ,  
f o r m i n g   r i f f l e   s e c t i o n s   t h e   w i d t h  of t h e   s l u i c e   a n d  any  convenient 

4 by 4 i n c h   t i m b e r s   s e t   c r o s s w i s e   i n   t h e   s l u i c e .  "it t h e  La Grange 
length."   Another  method i s  t o   s p i k e   t h e   r a i l s   w i t h   t r a c k   s p i k e s  t o  

b ine  i n  T r i n i t y  County, C a l i f . ,  40-pound r a i l s   c o s t i n g   a b o u t  $125 
per  t o n  proved  more sa t i s f ac to ry   t l i an  wood r i f f l e s 1 .  When 16- b y '  

"When used as t r a n s v e r s e   r i f f l e s   l e n g t h s  of s t e e l  r a i l  u s u a l l y  

MacDonald, O.F.. ,  The Weavervil le-Trinity  Center Gold Gravels,  
T r i n i t y  Coumty, Ca1i.f.: C . S .  Geol.  Survey B u l l . ,  430, 1910, 
pp.  48-58. 
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P l a t e  XI A. The 6-foot  sluice-flume a t  the   Bul l ion  Mine piilved 
with rail  r i f f l e s .  The rails w e  sp iked   to  6 by 6 inch 

t i e s   l a i d  &cross t h e  box a t  3-foot   intervals .  

P l a t e  X I  B. Cross-section of t he   Bu l l ion   t ype   r a i l s .  Those 
weigh 37 pounds t o   t h e  y w d ,  81-8 made of speoia l   a l loy  

s t e e l  and of th i s   spec ia l   a rms-sec t ion .   Not ice  
how t h i c k   t h e  web i s  as compared t o   s t a n d a r d  

ra i lway  s tee l .  



Plate XI1 A. Loosening up the sand and gravel packed. 
between block riffles. 

Plate XI1 B. Undercurrent  tables at the end of the sluice at 
Cariboo Cottonwood Plaoers Ltd. Eaoh  table is 6 feet 
wide, 20 feet long and' on a grade of 1 1/2 inches 

to  the foot. The riffles are expanded metal 
lath over oorduroy. 



u p . '  i'loreover, t h e  blocks had t o  be replaced  every i o r  3 weeks. 
1 6  by 13-inch wood blocks were used t h e   r i f f l e s   t e n d e d  t o  'sand- 

Lengthwise r a i l s  8 inches   apar t   l as ted  2 months  and ra i ls  .5   inches 
a p a r t ,  4 months .   S t rangely   enough,   t ransverse   ra i l s  5 , inches   apar t  
l a s t e d  6 months. The ra i l s  were  spaced by cas t - i ron   l ugs  and s e t  
r i g h t   s i d e  up on timber s i l l s .  >then t h e  head of t h e   r a i l  was worn 

d l i n g  a f l o w  of about 4 ,000 inches of water  and 1,000 cubic   yards  
of f   the   rena inder  was  used for s i d e   l i n i n g .  T h i s  s l u i c e  was han- 

through.   .The  eddies   behind  the rails  were  believed t o  be the  cause 
of mater ia l   per  h o u r ,  bou lde r s   a s   l a rge   a s  7 tons  being washed 

of t h e  improved  recovery  as com:pared w i t h   t h a t   u s i n g   b l o c k   r i f f l e s .  
The lower p a r t  o f  t h e   b r a n c h i n g   s l u i c e   l i n e  was cleaned up every 
other   season  only."  

One of- the   impor tan t   advantages   c la imed  for   ra i l  r i f f l e s  a s  
compared wi th  wood block r i f f1e :s  i n   t h e  'same s l u i c e   ( o n   t h e  same 
grade)  i s  t h a t   t h e   r a i l   r i f f l e s   a l l o w   a b o u t  20 per  cent more mate- 
r i a l   b e i n g   s l u i c e d   w i t h   t h e  same  amount of water .   Conversely  the 
same m o u c t  o f  gravel  can be  washed through a s luice  shod  with 

wi th  wood blocks.  R a i l   r i f f l e s  shou id  not  be l a i d  i n  a s l u i c e  
r a i l  r i f f l e s  on a f l a t t e r   g r a d e  than   t he  same s i z e  s l u i c e  paved 

wi th  a s teeper   g rade   than  5 per   cent   because  the  water   veloci ty  
r e s u l t s  i n  excessive wear on t h e   r a i l s ,  and a scour ing   ac t ion  
lo ses  a g r e a t e r  amount of f i n e   g o l d .  A. grade o f  4 . 5  per  cent  gives 
good r e s u l t s   a l t h o u g h   f l a t t e r   g r a d e s   a s  low a s  3 .0  per  cent may be 
used   where   suf f ic ien t   water  i s  a v a i l a b l e .  

tures ,   handle   large  yardages  each  year ,   1 ,000,000  cubic   yards  o r  
more,   and  both  have  sluices  l ined  with 37 pound mmganese   s tee l  
r a i l s  of a s p e c i a l   c r o s s - s e c t i o n   ( s e e   P l a t e  XI B ) .  I t  i s  bel ieved 
t h a t   t h e   l i f e  of t h e   r a i l s  v i i l l  be from 5 t o  6,000,003 cubic  yards 
on t h e   s c a l e  o f  opera t ion ,   a l though  wi th  a m a i l e r   s l l i c e  and han-. 
d l i n g  less yardage  per  season wj.th somewhat s lower  water   veloci ty  
and   handl ing   smal le r   boulders   the   l i fe   might  be almost  doubled. 

t han   t he   above   i l l u s t r , a t ion   wh ich  is for a s p e c i a l  a l l o y  s t e e l  of 
O r d i n a r y   s t e e l   r a i l r o a d   r a i l s ,  however, w i l l  have a s h o r t e r   l i f e ,  

spec ia l   c ros s - sec t ion .  

Two mines i n   B r i t i s h  Columbia, the   Bul l ion  and  Germansen Ven- 

"The combination of s t e e l   r a i l s  and wooden s i l l s  used a t   t h e  
La Grange  mine appears t o  make a n   e x c e l l e n t  g o l d  save:?,  and  modi- 
f i c a t i o n s  have  been  used a t  many large  mines.   Figure E , '  L, i l l u s -  
' t r a t e s  a combination o f  longi tud . ina1   ra i l s  and t r ansve r se   t imber  
s i l l s .  

t u d i n a l l y   i n  a 36- inch   s lu ice  w i t h  a grade o f  4 i n c h e s   i n  1 2  f e e t .  
"At t h e  Round Hountain  mlne  25-pound r a i l s  were  placed long i -  

After  about  150,000  cubic  yards  had  been  run  through !;he s l ~ u i c e  
t h e  c e n t e r   r a i l s  showed considerable  wear  and  were  rerloved t o   t h e  
o u t s i d e .   k t   t h e  Lewis  mine on Rogue River a s e t  of r i f f l e s  made 
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o f  40-pound r a i l s   l a s t e d  15  seasons. The s l u i c e  was 30  inches 
wide  and  had a grade of E inches i n  1 2  f e e t .  About 7,000 cub ic  
yards  was washed year ly .   Only  mater ia l   under  5 i'nches i n  diameter 
was run   t h roush   t he   s lu i ces .  

"Angle i r o n  i s  c o h o n l y   u s e d  for making r i f f l e s ,  as i l l u s -  
t r a t e d   i n   F i g u r e  8, M and W. Hang methods of assembling  the 

method can  be  said  to   exc,el .  . The i rons  may be, s e t   w i t h   f l a t  upper 
l e n g t h s   o f , a n g l e   i r o n   i n t o   r i f f l e   s e c t i o n s   a r e   i n   u s e ,  and' no one 

Usua l ly   t he   gap   be tween   t he   r i f f l e   ba r s  i s  1/2 t o  1 inch .  The 
sur faces  or i n c l i n e d   s l i g h t l y  t o  . i n c r e a s e   t h e   r i f f l i n g , a o t i o n .  

e f f e c t i v e n e s s  of t h i s   t y p e  of r i f f l e  i s  believed by  some opera tors  
t o  depend  largely on t h e . v i b r a t i o n  o f  t h e   r i f f l e s   u n d e r   t h e   i m p a c t  
o f  bould-ers  which  keeps t h e  sand  t rapped  under   the  angles   in  a 
loose  condi t ion  favorable  t o  gold  saving. 

"Figure 8,  0 ,   i l l u s t r a t e s   a n   u n u s u a l   a l l - m e t a l   r i f f l e   u s e d  
a t  a Colorado d r i f t  mine,  which was s a i d  t o  be g i v i n g   s a t i s f a c t i o n  
and  appears t o  be  simple t o   c o n s t r u c t  and  convenient t o   u s e .  The 
r i f f : l ing   e f fec t   could   be   increased ,   wi th  some l o s s  of v e l o c i t y ,  by 
s p a c i n g   t h e   t r a n s v e r s e   b a r s   c l o s e r .  

" C a s t - i r o n   r i f f l e s  of a l l  shapes  and  sizes  have  been  used. 
If a v a i l a b l e  a t  low cos t   they   a re   very   economica l ,  as t h e y  wear 
s lowly,   can  be  quickly  and  securely  placed,   and  are   eff ic ient   gold 
savers  i f  designed s o  as n o t   t o  pack  with  sand.  In  an  under- 

were   in   use   tha t   were  4 f e e t ' l o n g ,  shaped l i ke   ang le   i rons   and  had 
c u r r e n t   a t   t h e   I n d i a n  H i l l  m i n e ,   C a l i f o r n i a ,   c a s t - i r o n   r i f f l e s  

equal 3 l i 2 - i n c h   l e g s  7/8-inch th i ck ;   (See   F ig .  8 ,  P). 

"One p rope r ty   i n   Ca l i fo rn ia  was repor ted  t o  be   us ing   o ld   car  
wheel's for s lu ice   paving .  They were l a i d  c l o s e   t o g e t h e r ,  f lange  
s i d e   u p ,   i n  a box j u s t   w i d e  enough to 'hold  one row of  wheels. The 
r i f f l i n g   a c t i o n   c a u s e d  by the  hubs,  webbing,  and  spaces  between 
ad jacent   wheels   and   under   the   f langes  was s a i d   t o  have  resul ted 
i n  a s a t i s f ac to ry   go ld   r ecove ry .  A gravel-washing  plant i n  Ari- 
zona was p r o v i d e d   w i t h   r i f f l e s  made of  standard  2-inch  pipe  and 

pole   r i f f les .   This   r i f f le   should be fas t - running  and a s   e f f i c i e n t  
2 l /Z-inch  angle  ' i ron  welded  into r i f f l e   s e c t i o n s  resembling 

a s   any   l ong i tud ina l   t ype  o f  r i f f l e ,   r e l a t i v e l y   l i g h t ,  and  easy t o  
handle.  I t  wc'uld not  be durable  enough for very  heavy  gravel  and 
would be   r e l a t ive ly   expens ive   un le s s   s a lvaged   ma te r i a l  and  weld- 
ing  equipment  were  available.  

"For sha l low.   s lu ice   s t reams  car ry ing   on ly   f ine   mater ia l  
var ious   go ld-saving   mater ia l s   a re   used ,   inc ludlng   brusse ls   carpe t ,  
coco  matting,  corduroy,  and  burlap.  These may be held down by 
c l e a t s  o r  by wire   sc reen .   Fabr ics   o f ten   a re   used   in   combina t ion  
w i t h   r i f f l e s   t o   c a t c h   f i n e   g o l d   a n d   h i n d e r  i t s  being washed  out 
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of t h e   r i f f l e s  by  eddies. A corduroy woven e s p e c i a l l y  for a 
r i f f l e   s u r f a c e  i s  used by  some l a r g e  Canadian  lode-gold  mines t o  
c a t c h   t h e i r   ' c o a r s e '   g o l d   b e f o r e   f l o t a t i o n  or cyanidat ion.  A s  

probable tha t   such  a f a b r i c  would be u s e f u l  f o r   t r e a t i n g  f i n e l y  
such g o l d  would be cons idered   f ine  by most  placer  miners it seems 

screened  placer  sands.  The corduroy i n  quest ion  has   pi les   about  
1/4-inch  wide  and  l /e-inch  high,  spaced  about  1/4-inch  apart .  
The p i l e s   a r e   b e v e l e d   s l i g h t l y  03 one s ide .  

"Heavy wire   screen  such  as   that   used f o r  screening  gravel  
makes a n   e x c e l l e n t   r i f f l e   f o r   f i n e  o r  medium-s ize   g rave l   in   fa i r ly  
shallow  sluice  streams,  and  gene.rally it is used. wi th   bur lap  or 
other   fabr ic   undernea th .  

~, 

"Zxpanded metal   . lathing  and woven meta l   mat t ing   a re  common 
t y p e s   o f   r i f f l e s   f o r   f i n e   m a t e r i a l  and a r e  used  with  carpet o r  bur- 

t ion ,   the   mater ia l   should   be   p laced   wi th   th i s   d i rec t ion   downst ream.  
l ap .  If t h e   t h i n   s t r a n d s  of meta l   s lan t   cons iderably  in one d i r e c -  

Eddies   in  back of t he   s t r ands  w i l l  then  form  gold  catchers,  whereas 
i f  the  recesses   face  upstream  they will a t  once f i l l  wi th  a t i ,ght  
bed  of  sand and l o s e   t h e i r   e f f e c - t i v e n e s s . "  

of the   F ' raser   River ,  5. C . ,  and   i n   i n s t a l l a t ions .where   ma te r i a l  
coarser   than 3,.8 t o  l i 2  inch i s  screened  out ,   tuf ted,   short-pi led.  
carpet ,   not   protected  by  expanded  metal   la thing,   appears  t o  give 
most s a t i s f a c t o r y   r e s u l t s  when on a grade of 1 1/4 t o  1 1/2 inches 
t o   t h e  f o o t .  This   type  i s  used on the   washing   p lan t ,of   Nor th  .4meri- 
can  Goldfields  Limited a t  Alexandria   Ferry  as   wel l   as  by many of 
t he   " sn ipe r s "   a long   t he   F rase r   R ive r .  

For ca tch ing   f ine   go ld ,   such   as   occurs  i n  benches  a long  par ts  

"Sol id-rubber   r i f f les   were  noted  a t   one  washing  plant .  Sponge- 
r u b b e r   r i f f l e   m a t e r i a l  i s  on the   marke t ,   bu t  it was not  observed  in 
use  and  nothing i s  known by t h e   a u t h o r s   c f   i t s   m e r i t s  or cos t .  

types  is a mercury   t rap ,   cons is t ing   o f  a board t h e  f u l l  width  of 
t h e   s l u i c e   w i t h  1- or 1 1/2-inch  auger  holes i n  which  mercury i s  
placed.  Instead  of  round  holes,   transverse  grooves or half-moon- 

s ide  downstream, may be c u t  i n  a wide board and p a r t l y   f i l l e d   w i t h  
shaped  depressions, 2 t o  4 inches wide and w i t h  the  rounded  deep 

mercury.  These r i f f l e s  have  no  apparent  advantage  over  the  ordin- 
a ry   t ransverse-bar   type   and   a re   su i tab le   on ly  for f i n e   g r a v e l ,   a s  
large  pebbles  would splash  the  mercury out o f  t h e   t r a p s .  

"hnother  form  of r i f f l e   o f t e n  used a s   a n   a u x i l i a r y  t o  o the r '  

"Plany ingenious  and odd kinds of r i f f l e s   a r e   e n c o u n t e r e d  i n  
t h e   f i e l d ,  some of which  have  been  patented: I t  i s  very   un l ike ly ,  
however, that the  advantage  of  any  unusual o r  f r eak i sh   des ign  of  
r i f f l e  is s u f f i c i e n t  t o  o f f s e t   t h e   c o s t  o f  r o y a l t i e s  cn  patented 
inves t ions .  
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Undercurrents 

part o f   t he   g rave l   pas s ing   t h rough   t he  main s l u i c e .  The f i n e  ma- 
"An undercurrent  is a device f o r  s l u i c i n g   s e p a r a t e l y  a f i n e r  

t e r i a l  and a r egu la t ed   quan t i ty  of  water  pass  through a s t a t i o n a r y  
g r i z z l y  i n   t he   bo t tom and usua l ly   nea r   t he  end o f  t h e   s l u i c e  t o  one 
o r  more wide  sluice-boxes,  commonly c a l l e d   t a b l e s ,  paved w i t h  s u i t -  
a b l e   r i f f l e s  ( s e e  P l a t e  XI1 B ) .  I f   t h e  main s l u i c e   i s   i n   s e c t i o n s ,  
with  drops  between,  the  water and sand msy be re turned   f rom  the  
undercur ren t   t ab les   to   the   msin   s t ream,   and   severa l   undercur ren ts  
m y  be i n s t a l l e d   a t   c o n v e n i e n t   p o i n t s   a l o n g  a s l u i c e . "  

.Two impor tan t   phys ica l   fac tors  may however prevent  an  under- 
c u r r e n t   b e i n g   i n s t a l l e d .   F i r s t ,  it r e q u i r e s   s e v e r a l   f e e t  o r  more 
of -space  below  the  sluice-box  grade  and  often  where dumping head 
i s  r e s t r i c t e d   t h i s  headroom is not   ava i lab le .   Secondly ,  a cer,- 
t a i n  amount of water i s  drawn of f   f rom  the  main s l u i c e  and i n  
ins tances   where   the  dump needs t o  be k e p t   c l e a r  by  hand it may not  
be p r o f i t a b l e   t o   d i v e r t   t h e   w a t e r   t h r o u g h   t h e   u n d e r c u r r e n t  when it 
could be used m o r e  e f f e c t i v e l y  i n  a s s i s t i n g  t o  keep t h e  dump c l e a r  
o f  accumulated  gravel  and'bculders.  

n o s t   d i f f i c u l t   p r o b l e m   i n   b u i l d i n g  a sa t i s f ac to ry   unde rcu r ren t .  

w a t e r   t h a t  it causes  plugging of t h e  main s l u i c e  belocv the   under -  
The sc reen   shou ld   d ive r t  a l l  the   unde r s i ze   ye t   no t   t ake  so much. 

c u r r e n t  o r  r e d u c e a t h e  amount so t h a t   d i f f i c u l t y  i s  encountered 
in   keep ing   t he  dump c l e a r .  The proper   s ize   c f ,opening   can   be   de-  
termined  only by experiment. B screened or barred  opening,   the  
f u l l   w i d t h  of t h e  main s l u i c e  and a few i n c h e s   t o  a f o o t  or more 

water may  be added t o  e i the r   t he   unde rcu r ren t  o r  main s l u i c e  if 
long, will u s u a l l y  draw  off a s  much w a t e r   a s   c a n  be spared.  New 

the   s c reen   open ing   does   no t   t ake   cu t   t he   r i gh t   quan t i ty . fo r , suc -  . 

d e s i r e d   f o r   t h e   u n d e r c u r r e n t ,  and e i the r   p inched-p la t e   s c reen  or 
cessful   operat ion.   Usual ly   minus lb- t o  l / '2- inch  mater ia l  is 

i r o n - b a r   g r i z z l i e s  may be used t o  make t h e   s e p a r a t i o n .   G r i z z l i e s  
should  be made o f  t apered   bars  or screens  punched  with  tapered 
holes   wi th  t h e  la rges t   openings  downward, o therwise   they  w i l l  
plug and r ende r   t he   unde rcu r ren t   i ne f f ec t ive .  

"The screen o r  g r i z z l y   i n   t h e  'main s l u i c e  may p r e s e n t   t h e  

"Because  undercurrents  need a wide,  shallow  stream,  grades o f  
1 2  t o  18 inches  per 1 2  f e e t  must  be  used,  depending  largely on t h e  

w,ooden s t r i p s ,   r a i l s ,   ' s c r e e n s ,  o r  f a b r i c s  may be  used f o r  r i f f l e s .  
type  o f  r i f f l e .   Cobb les tone ,   b lock t   t r ansve r se   o r   l ong i tud ina l  

Of t en   s eve ra l   t ypes   o f   r i f f l e s   a r e   u sed  on success ive   pa r t s  of one 
undercurrent .   Undercurrents  may be a few t o  25 or 30 f ee t   w ide  
and 10 t o  50 f e e t   l o n g . '  

"?lost of  the  gold  recovered by u n d e r c u r r e n t s   i s  s o  f i n e  t h a t  
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P l a t e  XI11 B. Handling  boulders in B hydraulic p i t  w i t h  a gin 

on Nigger (Pine) Creek. 
."A pZ"& ... .._. /"L "l. "L jlcl "v> "'"k iiL,r. Lid. ,  I ~~ 
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Plate XIV A. Drilling a large boulder with a jack-hanrmer in  the 
hydraulic pit at Spanish Creek, 8 .  C. 

plate XIV B. Block riffles at the head of the sluioe-box 
lifted preparatory to making a clean-up. 



it d o e s   n o t   s e t t l e   i n   t h e   r e l a t i v e l y   s w i f t ,   d e e p   c u r r e n t  of t h e  
main s l u i c e ,   b u t   p a r t   c o n s i s t s  of  gold t h a t  i s  f r e e d   f r o m   i t s  
matrix of c l a y  by dropping   th rough  the   g r izz ly   and   ro l l ing   over  
t h e   u n d e r c u r r e n t   r i f f l e s .  A 1 1  coarse  g o l d  i s  saved :in t h e   f i r s t  
few boxes of t h e  main s l u i c e   u n l e s s   c o n d i t i o n s   a r e   r a d i c a l l y  wrong. 
Unless   the  undercurrent  i s  i n s t a l l e d   a t   t h e  end of t h e   s l u i c e , . o r  
a t   l e a s t  below  where  gold i s  r e c o v e r e d ,   n o t   a l l   t h e   s a v i n g  in  t h e  
undercur ren t   should   be   c red i ted   to  i t s  i n s t a l l a t i o n .  In t h e   e a r l y  
days when hydraul icking was a t   i t s   h e i g h t   u n d e r c u r r e n t s   w e r e  much 
favored,  sometimes  5,000 t o  10,000 squa re   f ee t  of undercurrent 
being  used  along a s i n g l e   s l u i c e - l i n e .  The gold  saved in them 
occasionally  exceeded 10 p e r   c e n t . o f   t h e   t o t a l   c l e a n - u p   b u t  more 
o f t e n  was l e s s   t h a n  5 pe r   cen t .  As th i s   r ecove ry   u sua l ly  WBS 

e f f e c t e d  by 5 o r  10   l a rge   t ab l e s  and as  cousiderable.Nould  have 
been  saved by t h e  main s luice  without   the  undercurrents ,   t l ie   econ-  
ony r e s u l t i n g  f r o m  t h e i r   u s e  was perhaps  doubtful.  Bowiel  presents 
d e t a i l s   o f   t h e   u s e  of undercurrents  i n  e a r l y   C a l i f o r n i a n   p r a c t j c e  
a n d   i n d i c a t e s   t h a t   t h e i r   p a r t i c u l a r   f i e l d   l a y   i n   t h e   t r e a t m e n t  'of 
cement grave ls .  Of the   several   undercurrents   observe3 by the  
au tho r s   i n   u se   i n  1932 it i s   d o u b t f u l  i f  many were   j u s t i fy ing  
t h e i r   i n s t a l l a t i o n .  

Operation of Sluice-Boxes I_- 

"Under favorable   condi t ions a properly  designed  and  constructed 
s lu i ce -box   r equ i r e s   l i t t l e   a t t en . t i on   o the r   t han   pe r iod ic   c l ean -ups  
and  minor r e p a i r s  which a r e  made a t   t h e  same time.  Unfortunately,  
such a combination  rarely  occurs,   and  an  appreciable  part  of t h e  
miner 's .operat ing  expense i s  chargeable  t o  work a long   t he   s lu i ce  
l i n e s .  , 

"The b e s t   r e s u l t s   a r e   o b t a i n e d  when a s teady f l o w  of water  and 

t h r o u g h   t h e   s l u i c e  will b a r e   t h e   r i f f l e s ,   c a u s i n g  some g o l d   t o   b e  
grave l   passes   th rough  the   s lu ice .  An excessive  f low cf  c l ea r   wa te r  

t h e   s l u i c e   a t  some point  so t h a t   s l u i c i n g  must  be  stopped for t h e  
l o s t .  On the  other   -hand,  a continued  overload of grave l  w i l l  plug 

time  needed t o  c l ea r   t he   obs t ruc - t ion ;   t h i s   t ime   l o s t  may be appre- 
c iable .   I f   p lugging  cannot   be  prevented  by  increasing  the  grade or 
the  f low  of  water or  r educ ing   t he   f eed ,  one o r  n o r e   s l u i c e   t e n d e r s  
must  work a l o n g . t h e   s l u i c e   w i t h   r o c k ' h o o k s ,   f o r k s  or shove l s ,   t o  
keep it open. T h i s  added c o s t  may be   se r ious   a t   smal l   mines .  All 
e f fo r t   shou ld   be   d i r ec t ed   t oward   ge t t i ng ' t he   g rave l  i n t o  t h e  box 
and l e t t i n g   t h e   w a t e r  do t h e   r e s t .  

When t h e  maximum s i z e  of b o u l d e r   t h a t   t h e   s l u i c e  will (carry i s  
"Large  boulders  are  another  cause of expense and . lost   t ime.  

Bowie, i. J .  P. P r a c t i c a l   T r e a t i s e  on Nydraulic  ?lining  in Cili- 
f o r n i a ;  Van bIostrsnd Go., Nevi York, 3d ed.  1889, pp.  252-262. 
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known, a l l   bou lde r s   . l a rge r   t han  t h i s  should  be  prevented f rom en- 
t e r i n g   t h e   b o x e s .   R e l a t i v e l y   l i t t l e  work d i r e c t e d   ' . t o   t h i s  end w i l l  

and t e a r  on t h e  boxes  and r i f f l e s .  
save  hours of  delay  in   c lear ing  plugged  s luices   and  unnecessary wear 

"An except ion is  found i n  t he   ope ra t ion  of  'booming.' A neces- 

. f i l l s  t h e   s l u i c e   t o   t h e   b r i m .  Sometimes l i t t l e  or .no  work can be. 
s a ry   cond i t ion   o f   t h i s  work is a heavy  head of  water  which  usually 

prof i tab ly   pa t ro l   the   syuice   wi th   l .ong-handled   shovels   to   guard  . 
done i n   t h e   p i t   w h i l e . t h e   w a t e r  i s  on,  and t h e   e n t i r e  crew may 

against   stoppages  which  might be d i sa s t rous   because   o f   t he   l a rge  
f l o w  of water  and  gravel.  Before  each .'boom' a l l  'over-size  boul- 

'ders   should  be moved o u t  of t he   cour se  of t he   wa te r .  

Cleaning up 

"Clean-up  time  should  be  kept t o  a minimum. Thi.s  can  be  done 
by c leaning  up a s  seldom  as   pract icable   and  by  using  eff ic ient  
metinods. Large  hydraul ic   mines, ,   ,par t icular ly  if the   water   season 

o r  two  boxes.  Dredges  clean  up  every 10 da.ys or 2 weeks,  because 
i s   s h o r t ,   c l e a n  up only Once a season  except  perhaps  the  upper  one 

large  amounts o f  gold  are   recovered i n  r e l a t i v e l y   s h o r t   s l u i c e s  
wi th   a t t endan t   poss ib l e  l o s s  when t h e   u p p e r   r i f f l e s  become h e a v i l y  

dredge.   In   ground-sluicing  the  c lean-up  per iod  ranges  f rom weeks 
charged .   This   necessary   de lay   i s   used   for   rou t ine   repa i rs  on t h e  

t o  months,  while i n  shove l ing - in -ope ra t ions   t he   s lu i ce  may be par- 
t i a l l y   c l e a n e d  up daily:  The danger of t h e f t  from the   upper ,  
r icher   boxes  can be lessened by f i l l i n g  them w i t h   g r a v e l   a t   t h e  
end o f  each  day's  work, 

"The gene ra l   p r inc ip l e  i s  t h e  same i n   a l l  clean-up  operations,  
bu t   p rac t i ce   d i f f e r s   w ide ly .   C lea r   wa te r  i s  r u n   t h r o u g h   t h e   s l u i c e  
u n t i l   t h e   r i f f l e s   a r e   b a r e ,   t h e   s t r e a m   b e i n g   r e d u c e d  enough to   p re -  
vent   washing  out   the   gold.  Then the   wa te r  is turned  off  or reduced 

washed c a r e f u l l y   i n t o   t h e  box,  and s e t   a s i d e .  Bny burlap  or  other . 

box,   or   placed  in  a t u b  of water  where it can  be  thoroughly 
f a b r i c   u s e d   u n d e r   t h e   r i f f l e s   l i k e w i s e  i s  t a k e n   u p ,   r i n s e d   i n t o   t h e  

scrubbed. Then the   con ten t s  of t h e   s l u i c e   a r e   s h o v e l e d   t o   t h e   h e a d  

a l i g h t  ?low of wa te r   ( s ee   P l a t e  X V , i , j .  The l i gh t   s and  i s  washed 
of the  box,  any  packed  clay  broken  up  and  then  ' .streamed down' with 

away,  and  rocks  and  pebbles  are  forked-out  by  .hand.  This  opera- 
t i o n  i s  repea ted   un t i l   the   concent ra tes   a re   reduced   ' to   the   des i red  
degree of r ichness .  Gold o r  amalgam may be  scooped  up, a s  it l ags  
b e h i n d   t h e   l i g h t e s t   m a t e r i a l  a t  t h i s   s t a g e   ( s e e   P l a t e  XV R ) ,  o r  
a l l   t he   b l ack   s and   w i th   t he   go ld ,   mercu ry ,  and amalgam may be  re- 
moved.and s e t   a s i d e  for fur ther   t rea tment .   Success ive   boxes   a re  
t r e a t e d   s i m i l a r l y ,   u n t i l   t h e   s l u i c e  i s  bare .  The l a s t  ' s t e p  i s  t o  
work over   the  whole  s luice  with  brushes  and  scrapers   to   recover  

' t o  a ve ry   sma l l   f l ow,   and   t he   r i f f l e s  of t h e   f i r s t  box a r e   l i f t e d ,  
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gold  and amalgam caught   in   c racks ,   na i l   ho les ,  or corners .  A t  

c e n t r a t e  from t h e   r i f f l e s   s h o v e l e d   i n t o  it to   r educe   t he   bu lk .  A t  
one  mine a small box  was s e t  up i n   t h e  main s l u i c e  a:nd t h e  con- 

ano the r   t he   concen t r a t e  from t h e  lower s e c t i o n  of t h e   s l u i c e  was 
t r e a t e d   i n  a quar tz  m i l l ,  . 

D i s t r i b u t i o n  of Gold i n   t h e   S l u i c e  

The d i s t r i b u t i o n  of t h e   g o l d   i n  a s l u i c e  i s  control1,ed by i t s  
coarseness ,   the   l ength  of t h e   s l u i c e ,  and by i t s   g r a d e ,   t h e  amount 
of water  and  probably t o  some e x t e n t  by the   type  of r i f f l e   u s e d .  
The s l u i c e s  used in   hydraul ic   mining a r e  as a r u l e  mwh longer   than 
those  common in   p lacer   min ing .   This   g rea te r   l ength  i s  not   necessary 
for sav ing   t he   go ld   bu t   r a the r  for ca r ry ing   t he   g rave l  to t h e  dump 
which may be a cons ide rab le   d i s t ance  from t h e   p i t .  I n  the   fo l lowing  
t a b l e   t h e   r e s u l t s  of cleaning  up  separate   boxes  a long,   the   s luice 
l i n e   a t   t h e  La Grange m i n d a r e   g i v e n .  The g r e a t e r   p a r t  o f  the   go ld  
was caught i n  t h e  f i r s t  250 fee- t  of t h e   s l u i c e .  The boxes  are  1 2  
f e e t   l o n g ,   t h e   g r a d e   5 . 5 p e r c e n t ,   w i d t h  of s l u i c e  6 f e e t .  

"" 
Use of Q u i c k s i l v e r   i n   S l u i c i n g  

I! Q u i c k s i l v e r  i s  u s e d   a t   n e a r l y   a l l   p l a c e r   m i n e s   i n   C a l i f o r n i a .  
If it i s   n o t   u s e d   t o   c a t c h   g o l d  :in t h e   s l u i c e s ,   a t   l e a s t  it i s  
probably   used   in   ex t rac t ing   the   go ld   f rom  the   concent ra tes .  

t he   mine r   a r e :  (1) I t s  power of analgamating  with  gold  and  s i lver ;  
( 2 )  i t s   h i g h   s p e c i f i c   g r a v i t y  (1.3.5), which  causes it t o   l i e  

"The cha rac t e r i s ' t i c s  of q u i p k s i l v e r   t h a t  make it of va lue  t o  

Bouery, P . ,  Eng. and  Nin.  Journ.,  vol. 35, VG.  21; .L913, . p .  1059 
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safe ly   under  a stream of  water and g r a v e l ,   f l o a t i n g  o f f  on i t s  
surface  everything  but   the   nat ive  metals ;   and ( 3 j  i t s  r e l a t i v e l y  
low boi l ing   po in t   (about  675 degrees i'. ) ,  f a r  below red   hea t ,  
which  allows it t o  be  dr iven  off   by  heat  from the  gold  with  which 
it has  amalgamated. 

ano the r   me ta l .   A l l ,me ta l s   bu t  i r o n  and platinum amalgamate more 
"fmalgamation i s  a process i n  which mercur-y a l l o y s   w i t h  

or l e s s   r ead i ly .   C lean  and cca r se   p l ace r   go ld   a l loys   r ead i ly ,   bu t  
i f  t h e   g o l d  i s  par t ly   coa ted   wi th   i ron   ox ide  o r  other   substances 
( f o r   e x m p l e ,   ' r u s t y '   g o l d )  it amalgamates   with  diff icul ty .  The 
mercury i t s e l f   s h o u l d   b e . c l e a n  enough t o  present  a smooth  shiny 
sur face ;   the   p resence  of some gold or  s i l v e r   i n   t h e   q u i c k s i l v e r ,  
however, i s  s a i d   t o   f a c i l i t a t e   a m a l g a m a t i o n ,   t h a t  i s ,  t o  make it 
more ' a c t i v e . '  

"Quicks i lver  i s  p l aced   ca re fu l ly   i n   t he   s lu i ce -boxes ,   where  
it f i n d s  i t s  way t o  t h e  many recesses  i n  t h e   r i f f l e s  and l i e s   i n  
s ca t t e r ed   poo l s ,   r eady   t ' o   s e i ze  and  hold  any  par t ic le  of g o l d   t h a t  
touches it. I t  i s  u s e d   i n   t h i s  manner i n  almost a l l  important  hy- 
d r a u l i c   o p e r a t i o n s ,   b u t  some opera tors   p lace  it i n  t h e  boxes  only 
sho r t ly   be fo re   t he   . c l ean -up   ev iden t ly   be l i ev ing   t ha t   t he  added 
gold  saved  by i t s  use  during  s luicing  does  not 'compensate  for t h e  
lo s s   o f   t he   mercu ry   t ha t   pas ses   t h rough   t he   s lu i ce   w i th   t he  tail- 
ings   o r ' escapes   th rough  c racks  or o the r   l eaks .   In   excep t iona l  
i n s t ances   t he   cond i t ions   a r e   such   t ha t   t he   mercu ry   ' f l ou r s , '   t ha t  

by ag i t a t , i on   o r  exposure o f  t h e  mercury t o  a i r .  The common prac- 
i s ,  b reaks   i n to  minute,  du l l -coa ted   d rops .  Flouring i s  aggravated 

t i c e  o f  ' s p r i n k l i n g '  it in to   s lu ice-boxes   nay  be condemned  on 
t h i s   g r o u n d ,   a s   w e l l   a s  f o r  t h e   r e a s o n   t h a t   t h e   f i n e   p a r t i c l e s  
formed by c a r e l e s s   s p r i n k l i n g   a r e  mere r e a d i l y  washed  away  and 
l o s t .  Flouring i s  r e s p o n s i b l e  f o r  t h e  m o s t  s e r i o u s   l o s s e s  of 
q u i c k s i l v e r   w i t h   t h e   t a i l i n g s .  

\ 

cury  used i s  l o s t .  If s teep  grades,   heavy  gravel   with  consequent  
"Even under   the   bes t   condi t ions ,  5 to ,   10   per   cen t   o f   the  mer- 

ve r se   cond i t ions   eF i s t ,   t he  l o s s  of mercury may be 20 or 25 per 
severe   pounding   and   v ibra t ion ,   o ld   and   leaky .s lu ices ,  o r  o ther   ad-  

cen t .  

"Oniy clean  mercury  should  be.placed  in  a s l u i c e ;  e;en t h i s  
tends  t o  become fouled  o r  s l u g g i s h   a n d   t o   l o s e  i t s  e f f e c t i v e n e s s .  

However, s t ra in ing   the   mercury   th rough  chamois  or t i g h t l y  woven 
The bes t   c leans ing   process  i s  r e t o r t i n g ,  which is d i s c u s s e d   l a t e r .  

c l o t h  removes 'some of t h e   s u r f a c e  scum and f o r e i g n   m a t e r i a l ,  o r  
the   mercury  may be t reated  with  potassium  cyanide or o t h e r  chemi- 

as poss ib l e   and   kep t   f rom  con tac t   w i th   g rease   o r ' o the r   o rgan ic  
c a l s   t o   d i s s o l v e   t h e   i m p u r i t i e s .  I t  should  be  handled a s   l i t t l e  

m a t e r i a l .  
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Plate XVI A. Cleaning  bedrock by hand.  At Gemansen Tenturea 
the  bedrock  is  hard  and  irregular so that  it  is  impossible 

to  clean  it  adequately  with  the  giant. One man is 
continuously  employed  cleaning  out  all 

the  craoks  by  hand. 

Plate ](VI B .  Retorting  amalgam from the  clean-up barrel over 
a blaoksmith's  forge.  The  mercury  is  condensed by the 

sacking  immersed in the  water  bucket  at  the  right. 



t o   l e a v e  a ho le   t ha t   can  be stopped w i t h  t h e   f i n g e r ,  :as a usefu l  
implement f o r   c h a r g i n g   s l u i c e s .  Most miner's charge t:he S l u i c e  
f r o m  stoneware o r  heavy   g l a s s   bo t t l e s .  

"Wilson1 suggests a cow's  .horn, sawed of f   near   the   smal l  end 

earthenware  containers  because of i t s  tendency  to   imalgamate  with 
z i n c   ( g a l v a n i z e d   i r o n ) ,   t i n ,  o r  o the r   me ta l s .  

"Mercury  should be kept o r  c a r r i e d   o n l y   i n   i r o n ,   g l a s s ,  o r  

t i o n s  and  custom.  According t o  Bowie2, 200 or 300 f e e t  of 6-foot 
s lu i ce   shou ld   r ece ive   abou t   t h ree   f l a sks  ( 2 2 5  pounds)  as a f i r s t  
charge  and a 24-foot  square  undercurrent,  80 or 9 0  pounds. A t  t h e  
Depot Hill mine  one f l a s k  i s  p l aced   i n   t he  f i r s t  4 o r  5 boxes  each 
'month during  the  washing  season. At t h e   P l a t a u r i c a  two f l a s k s  
were  used i n  a season  during  which  100,000  cubic yard:;  was.washed. 
Dredge t a b l e s ,   w i t h   a r e a s  of 1,000 t o  10,000 s q u a r e   f e e t ,   a r e  
charged  with  150 t o  3,000 pounds of mercury.  According t o   J a n i n  3 , 
a 7-foot  dredge  with a t a b l e   a r e a  o f  2 ,800  square  feet   uses   about .  
1,000  pounds on t h e   s l u i c e s  and , i n   t h e   t r a p s .  Probab1.y i n  common 
p rac t i ce   t he   r ange  is 1/10 t o  1 /4  pound per   square  foot  of s l u i c e  
a rea .  

"The q u a n t i t y  of quicks i lver   used   .d i f fe rs   accord ing   to   condi -  ' 

"The s luice  should  be run  long  enough to   p lug   a l l .   l eaks   before  
the  mercury i s  added.  Usually o n l y  the  upper  2 or 3 boxes o r  a 
quar te r  o r  h a l f  of t h e   s l u i c e   a t  most i s  charged  with  mercury,   as 
otherwise  considerable   loss   occurs .   During a run more mercury i s  
added   per iodica l ly .  Whenever t h e   s l u i c e  i s  run  down mough t o  ex- 
p o s e   t h e   r i f f l e s   t h e   m e r c u r y . c a n  be examined. If it does  not show 
here   and   there   wi th   c lean  s u r f a c e s  n e a r l y   t o   t h e  t o p  c f  t h e  r i f -  

head of t h e  s l u i c e  it becomes pas ty   and   f i na l ly   qu i t e   ha rd ,  and 
f l e s ,  more i s  added. As t h e  qu icks i lve r   t akes  up gold  near $he 

more shouid be  added t o  keep it i n  a f l u i d   c o n d i t i o n . "  

In B r i t i s h  Columbia t h e   u n i v e r s a l   p r a c t i c e  is not t o  use  mer- ~ 

t r a t e s  from the  clean-ups.  The probable  reason for t h i s  i s  t h a t  
cury  in  t h e  s luice-boxes,  but  on.ly  for  amalgamating thk concen- 

w i t h   a n   e f f i c i e n t   s l u i c e - b o x   t h e   g o l d  i s  coarse  enough t o  be saved 
r e a d i l y  and t h a t   t h e  mercury l o s t  c o s t s  more t h a n   t h e   a d d i t i o n a l  
amount o f  f i n e   g o l d   t h a t  it might  recover.  This i s   p a r t i c u l a r l y  
t rue   a t   p re sen t   w i th   t he   cons ide rab ly   i nc reased   cos t  o f  mercury. - 

Wilson, E .  B . ,  Hydraulic  and  I'iacer Hming:  John  Wiley & Sons, 
New York, 3d ed . ,  1918, p.  240. 

Bowie, A.  J . ,  work c i t e d ,  p .  244 

Janm,   Char les ,  Gold i iredging,  in  the  Unlted S ta t e s ;  Bu l l .  127,  
Bureau  of  Xines,  1918, p 143. 
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"The use o f  kercury   in   recover ing  g o l d  i'roni sluic'e-box  con- 
c e n t r a t e s  i s  d i scussed   i n   t he   fo l lowin5   s ec t ion .  

t e r i a l ,   g e n e r a l l y  we l l  under a q u a r t e r  o f  a n   i n c h   i n , s i z e  and  pref 
"&nalgamating  plates  should  be'used only i n   t r e a t i n g  f i n e  ma- 

p l a t e s   t o o  raTid2y and  prevent  building  up o r  t h e  amalgam.  Conse- 
e rab ly   no t   coa r se r   t han  10-mesh ,   as   l a rger   par t ic les   abrade   the  

q u e n t l y ,   t h e   a p p l i c a t i o n  of p l a t e s ' t o   p l ace r   min ing  i s  l i m i t e d  t o  
the   s tamp  mi l l ing  of some d r i f t - m m e   g r a v e l s   a n d   t h e   t r e a t i n g  of 
f ine   unde rcu r ren t  or other  screen.ed  sands. The use,  of p l a t e s  i n  
stalnp m i l l i n g  i s  a phase of metal lurgy beyond the  scope  of   this  
pa?er,   and  reference i s  made t o  any s t a n d a r d   t e x t  o r  hand.boolc on 
goid  mil ' l ing.  

"None of t h e   o t h e r   a p p l i c a t i o n s  of amal.gam p l a t e s   t o   p l a c e r  
mining is of par t icular   importance,   probably  because  the  recoveries  

undercur ren ts   t rea t ing   f ine ly   sc reened   sands ,   such   as   beach   sands  
seldom  have j u s t i f i e d   t h e   l a b o r  and  expense.   Plates may be s e t   i n  

with  burlap to a s s i s t  i n   r e t a i n i n g   t h e  g o l d  u n t i l  it has come i n  
or the  Snake-River  gold-bearing  sands.  They usua l ly   a re   covered  

contact  with  the 'amalgam. Nany o t h e r  ama1.gamating devices  have  been 
appl ied  t o  such   ma te r i a l ,   bu t  none i s  known t o  t h e   a u t h o r s   t o  have 
been of g rea t e r   va lue   t han   p rope r ly   des igned   s iu i ces   and   r i f f l e s . "  
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SEPARATION OF GOLD AND PLATINUH-GROUP METAL? - 
FROM  CONCENTRATES 

General 
"I 

"No s luice-box o r  other   type o f  goid  saver  used j.n l a r g e - .  

minerals .  The concent ra te  obtained  must be t r e a t e d  f u r t h e r   t o  
scale   placer   mining makes a c lean   separa t ion  of t h e  vE.luable 

make a marketable.   product.   Concentrate  obtained in  cl.eaning  bed- 
rock in some types  of  mining i s  t r e a t e d . s i m i l a r l y   t o   s l u i c e - b o x  
concent ra tes .  

"The concent ra te  may be  cleaned by panning, o r  rock ing ,   i n  
a u x i l i a r y   s l u i c e s ,  o r  by blowing, o r  it may be amalgamated in a . 

t h e   s c a l e  of ope ra t ions ,   t he   p ropor t ion  of black  sand in t h e  con- 
spec ia l   t ype  of  apparatus,. The t reatment  will depend  mainly upon 

c e n t r a t e ,   a n d   t h e   c h a r a c t e r i s t i c s  of t h e  g o l d .  The general  meth- 
ods of c leaning   concent ra te   wi th   pans ,   rockers ,  o r  sma l l   s lu i ces  
a r e   t h e  same as those  in   small-scale   operat ions  except  that more 
ca re  i s  r e q u i r e d   a n d   s m a l l e r   q u a n t i t i e s   a r e   t r e a t e d   a t ,   o n e   t i m e .  
I n   t r e a t i n g   s m a l l   q u a n t i t i e s  of  concentrate,  however, it should 
be  remembered t h a t   c o l o r s  of gold s o  f i n e   a s   t o   p r e s e n t   g r e a t   d i f -  
f i c u l t y   i n   t h e i r   s e p a r a t i o n  by panning o r  rocking  are  probably of 
small   value,  and t h e i r   l o s s  would be  inconsequential .  

"If p r e c i s e   r e s u l t s   a r e   d e s i r e d   f o r   s a m p l i n g  o r  t e s t i n g ,   t h e  
concentrates   should be  amalgamated r a the r   t han   a s sayed  by t h e  
u s u a l   f i r e  methqd. 

Pam:% 

"Panning is t he   s imp les t  method of s epa ra t ing   t he   va luab le  
c o n s t i t u e n t s  from the   wor th l e s s   ma te r i a l  and g e n e r a l l y  i s  used 
in   sma l l - sca l e .ope ra t ion .  The method,  however, i s  ted ious  if t h e  
gold i s  very f i n e  and the   concent ra te   conta ins  much bl.%ck.sand. 
Hercury  may  then  be  used i n   t h e  pan t o   c o l l e c t   t h e   g o l d .  

R 0 c k j . s  

and the   r e su l t i ng   s emi f ina l   p roduc t   c l eaned   fu r the r  iri a pan. h 
f ina l   o r   a lmos t   f i na l   p roduc t ,  however,  can  be made in a rocker ,  
t h e   f l a t ,  smooth  bottom o f  which ,   se t  on a gen t l e   g rade   w i th   s c reen  
and  canvas  baffle removed, o f f e r s  an i d e a l   s u r f a c e  f o r  the  purpose.  

"La rge r   quan t i t i e s  of   concentrate  may be t r e a t e d  :in a rocker 

stream of water i s  poured  over  the  sand  whlie  the  rocker i s  swayed 
g e n t l y  back  and f o r t h .  The l i g h t e r   m a t e r i a l  i s  washed down t o   t h e  

"The. concen t r a t e s   a r e   p l aced   a t   t he   uppe r   end ,   and  a small 
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r i f f l e  a t  the   l ower   end ,   and   t he   coa r se r   pa r t i c1es .o f   go ld   a r e  
l e f t  behind.  These  are  picked up with a scraper ,   and  the  operat ion 

w i t h   e a c h   w a s h i n g   u n t i l   a t   l e n g t h   a l l ' g o l d   o f   a p p r e c i a b l e   v a l u e   h a s .  
i s  repeated,  a p o r t i o n  of the   concent ra tes   p resent ly   be ing   d i scarded  

been  recovered,  This method i s  sa t i s fac tory   wi th   o rd inary   concen-  
t r a t e s ,   b u t  i f  t he   go ld  i s  v e r y   f i n e ,   f l a k y ,  or p a r t i c u l a r l y , l i g h t ,  

and  amalgamation i s  t o  be p re fe r r ed .  
porogs, o r  angu la r ,   t he   s epa ra t ion  i s  ted ious   and   unsa t i s fac tory ,  - 

"The  same genera l  method may be  used i p t h e  mine  slui ,ce t o  r e -  
cover  the  bulk of t he   go ld  amalgam. 

A u x i l i a r y   S l u i c e s  

"Sometimes a n   a u x i l i a r y   s l u i c e  i s  used t o   r e d u c e   t h e  volume of 
concent ra te   f rom  the   mine   s lu ice  o r  t o  t r e a t   c o n c e n t r a t e   a f t e r  it 

one  mine a 12-inch box was s e t  up i n   t h e  main s l u i c e   i n t o  which was 
i s  amalgamated. The small s l u i c e   i n   t u r n  must  be  cleaned  up. .4t 

shove led   t he   r i f f l e   concen t r a t e   f rom below. 

be removed from t h e   g o l d  by blowing. A f l a t   m e t a l  or paper  sheet;  
"The g r a i n s  of sand  remaining  in   an  a lmost   f , inal   product  may 

square  with  the  edges  bent  up abou t   ha l f   an   i nch ,   i s   be . s t   fo r   t he  
5uc.h as a p iece  o f  drawing  paper o r  a l a r g e   f l a t   t i n   a b o u t  2 f e e t  

purpose. However, w i th   ca re  and s k i l l   t h e   o p e r a t i o n   c a n   b e   p e r -  

ma te r i a l   shou ld   be   pe r f ec t ly   d ry .  Xuch e f f o r t  i s  saved by us ing  
formed i n  a common gold  pan,  as i s  done by many'prospectors.   .The 

th i s   minera l   compr ises   as  much as  ,9O per  cent o f  t h e   m a t e r i a l .  k 
a magnet t o  t ake   ou t   any   magnet i te   sand   in   the   concent ra tes :   o f ten  

w i l l  keep  the  magnet i te   f rom  s t icking t o  t he   me ta l .  When a l l   t h e  
piece of paper  folded  around o r  h e l d   a g a i n s t   t h e  end of the  mignet 

magnetite i s  removed,  blowing  gently  on  the  remaining  sand  and 
gold w i l l  d r i v e   t h e   f o r n e r  t o  t h e   f a r  edge  of   the  sheet ,   leaving 
the   go ld   behind .   In  m o s t  i n s t a n c e s t h e   l o s s  of a few f i n e   c o l o r s  
i s   n o t   s e r i o u s .  

Amalgamation 

In  Ordinary Gold Pans 

qua r t e r   o f  a t easpoonful ,  w i l l  c a t c h   a l l   t h e   g o l d  f r o m  a pan of 
s lu i ce   concen t r a t e s .  The mercury i s  s imply   p laced   in   the  pan w i t h  

more f r e e   g o l d   c a n  be  observed. Then the   s ands   a r e  panned o f f ,  
about  5.pounds of concent ra tes  and a g i t a t e d  under   water   unt i l  no 

care   being  taken  not   to   lose  any of t h e  amalgam o r  f ide   d rops   .o f  
mercury,  which  gradually w i l l  run,   together   into a s ingle   mass .  

"A smal'l q u a n t i t y  of qu icks i lver ,   ranging   f rom  an   ounce   to  a 



If the   concent ra tes  are near ly   a l l   b lack   sand   on ly  a small q u a n t i t y  
should be washed a t  a t ime,  but if much l igh t   s and  or rock i s  pres-  
en t   l a rger   quant i t ies   can   be   washed .  

a r e   a v a i l a b l e  and  are   useful  for sav ing   f i ne   go ld   i n   concen t r a t e s .  
The copper i s  coated with mercury by f i r s ' t   c l ean ing  it w i t h  emery 
paper,   then  rubbing  clean,  bright  mercury or amalgam  on it u n t i l  it 
p r e s e n t s  a smooth,  shiny  surface. The gold i n  t h e   m a t e r i a l   b e i n g  
t r e a t e d   i s   p i c k e d  up quick ly  by t h e  amalgam sur face .  Only f i n e  
sand  can  be  t reated  to   advantage  as   coarse   sand or gravel  will 
s c o u r  t h e  amalgam off   the  copper .  As f a s t   a s  amalgam accumulates 
on the  copper  it i s  scraped o f f  w i t h  a smcoth,   dull-e3ged,  iron 

keep   the  sur fack  b r i g h t  a n d   i n  a ' r e c e p t i v e '  conditi0.n. 
scraper  such  as  a p u t t y  kn i f e .  Hore mercury may then  be added t o  

"Copper-plated  pans or pans   wi th   s tee l  rims and  copper  bottoms 

Amalgamators 
t 

" I n  large-scale   operat ions  where  ?ost  of t he   go ld  i s  amalga- 
mated i n   t h e   s l u i c e - b o x e s  or on t h e   r i f f l e - t a b l e s ,  t h , ?  amalgam i s  
separa ted   f romthe   sands   dur ing   c lean-up   opera t ions  o r  from t h e  
concentrates  by rocking or panni.ng.  Tarnished or ruscy  gold o r  
ve ry   f i ne   go ld ,  however,  does  not  amalgamate readi ly   because it i s  
d i f f i c u l t  t o  make contact  between  the  gold  and  quicksilver.  Such 
gold ,   genera l ly   inc luded   in  a b lack-sand   concent ra te ,   requi res  

t o  remove t h e   i n t e r f e r i n g  coa t  for s a t i s f a c t o r y  amalgamation. 
a g i t a t i o n  in   the   p resence  of q u i c k s i l v e r ,  or, if rus ty ,   g r ind ing  

" i fechanical   amalgamators   are   used  to   t reat   such  mater ia ls .  
O c c a s i o n a l l y   a l l  of t he   concen t r a t e   f rom  the   s lu i ce  w j . 1 1  b e   t r e a t e d  
in   an   amalgamator ,   par t icu lar ly  i f  it c o n t a i n s   r u s t y  @;o ld .  The 
charges for t h e  amalgamator  should  be  kept  clean;  gre&;se  especially 
i n t e r f e r e s  w i t h  anialgamation. 

s i s t s  of a c a s t - i r o n ,   c y l i n d r i c a l ,   f l a t - b o t t o m e d   b a r r e l  o r  t u b  1 
or  2 f e e t   i n   d i a m e t e r  f o r  small-scale  work a n d h   t o  6 f e e t  i n  
diameter for nil1 se rv ice .  The. ooncent ra te   wi th  1 or 2 per  cent 
q u i c k s i l v e r  by weight i s  placed i n  t h e  pan wi th   su f f i c i en t   wa te r  
t o  make t h e  mass f l u i d  and a g i t a t e d  by a revolv ing   sp ider .  The 
q u a n t i t y  of water  added  should be s u f f i c i e n t   o n l y  t o  permi t   ag i -  

' t a t , ion   wi thout   too   g rea t   s t ra in   on   the   machine .  The pulp should 
be t h i c k  enough t o  h o l d  p a r t i c l e s  of mercury  in  suspension.  Shoes 
on t h e  lower  end of t he   sp ide r  arms s l i d e  on a f l a t ,  c i r c u l a r   r a c e  
in   t he   bo t tom of t h e   b a r r e l ,   t h u s   a d d i n g  some gr inding t o  t h e   a g i -  
t a t i o n .  .After running f o r  1 or  2 hours   the  batch may be emptied 
through a drain  plug  in   the  bot tom of t h e   b a r r e l  and the  mercury 

vided  with s ide   d ra in  plugs a t   v a r i o u s  e l e v a t i o n s .  The r .o ta t ion  
and amalgarn separated f r o m  the  sand by panning. Some pans a re   p ro -  

"-4 commcn type  of  amalgamator i s  the   c lean-up  par.,  which  con- 
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may t h e n  be  slowed  from i t s  usual  speed o f  about 60 '.p.m., t h e  
shoes   ra i sed   enough  to  ,Aop the  gr inding.   and  water   added.   This  
w i l l  s e t t l e   t h e   q u i c k s i l v e r  and  amalgam; the   was te   s ludge   can   then  
be f lushed  out   through  the  upper   drain  plugs  and  a lmost   complete  
c leaning  o f  t h e  amalgam  and  mercury made i n   t h e  pan i t s e l f .  

large  stamp n i l l s  and i s  employed i n   p 9 c e r   o p e r a t i o n s ,   p a r t i c u l a r l y  
"Another  device,   the 'amalgam b a r r e l ,   g e n e r a l l y  i s  used a t  

b lack   sands ,   sc rap   meta l ,   and   o ther   poss ib le   go ld-bear ing   mater ia l  
in   d redging   and   la rge   hydraul ic   opera t ions  t o  t rea t   accumula ted  

from  clean-up  operatiqns.  I t  i s  merely a c a s t - i r o n  o r  s t e e l  drum 
revolving  on a h o r i z o n t a l   a x i s   l i k e  a b a i l  m i l l  and f i t t e d  w.ith 
sui table   drain  plugs,   handholes ,   manholes ,  or removable  ends,  de- 
pending on i t s  s i z e   a n d   u s e .   T h e , m a t e r i a l   t o   b e   t r e a t e d  i s  placed 
i n   t h e   b a r r e l   w i t h   q u i c k s i l v e r ,   w a t e r ,  and a few i r o n   b a l l s  o r  
rocks   and   t he   ba r r e l  i s  turned  s lowly f o r  an  hour  or severa l   hours . "  

I f ,  however, the   go ld  i s  t a r n i s h e d  and  does  not  amalgamate 
readi ly   the   bar re l   should   be   charged   wi thout   the   merpury   and  r o -  
t a t e d  for a n  hour o r  two to   soour   t he   go ld .  Then the  mercury 

hours.  In  t h i s  way excess ive   " f lou r ing"  of the  mercury  can be 
should  be  added  and  the  rotation  continued for a f u r t h e r  1 t o  2 

prevented. 

"The b a r r e l  may then  be  f lushed  with  water   f rom a h o s e . t o  
wash away t h e   l i g h t e r   p r o d u c t s  of grinding,  turned  over,   and emp- 
t i e d   i n t o  a t u b ,   t h e  amalgam  and  mercury  being  recovered  by  pan- 
ning, or b e t t e r  s t i l l  by  running  through a v e r y   s m a l l ,   r i f f l e d  
s l u i c e   c o n t a i n i n g  a mercury  trap.  Potassium  cyanide  sometimes i s  
added t o  b r ighten   the   go ld ,   us ing   on ly  enough t o  make a very  weak 
s o l u t i o n ,   a l s o  a small amount  of l ye  may be added i f   t h e   c o n c e n -  
t r a t e s   a r e   g r e a s y .  

cen t   po tass ium  cyanide   in   ha l f  a g a l l o n  of wate r ,   t hen  use 4 ounces 
To make up a cyan ide   so lu t ion   d i s so lve  1 ounce  of 98 per 

(0.r about   half  a teacup)  of t h i s   s o l u t i o n  t o  30 g a l l o n s  o f  water .  

"An amalgamator t h a t   o c c a s i o n a l l y  i s  used ,   e spec ia l ly  i f  a 
pa r t  o f  t he   go ld  i s  a t t a c h e d   t o   p a r t i c l e s  of q u a r t z , ' i s   t h e  Ber- 
dan  pan,  which i s  r e l a t i v e l y   s i m p l e   i n   c o n s t r u c t i o n  and  cheap t o  
opera te .  The  pan consi .s ts  of a r e v o l v i n g   c a s t - i r o n  bowl,  usually 
3 t o  5 ,  f e e t   i n   d i a m e t e r ,   w i t h  a r a i s e d   c e n t r a l  hub f o r   t h e   d r i v e  
Shaf t ,   g iv ing  'it the':forh. of a:. c i r c u l a r   t r o u g h .  The  bowl i s  
suppor ted   e i ther  by t h e   d r i v e   s h a f t  o r  by r o l l e r s  and i s  s e t  w.ith 
a tilt of  about 20 o r ' 3 0 , d e g r e e s   f r o m   t h e   h o r i z o n t a l .  I t  i s  
d r i v e n  a t  10 t o  30 r . p .m.   e i t he r  by a crcwn  gear   on  the  incl ined 

One o r  two l a r g e   c a s t - i r o n   b a l l s   r o l l   i n   t h e   t r o u g h   a s   t h e  bowl 
s h a f t  of t h e  bowl o r  by a r ing   gear   on   the   bo t tom  of   the ,bowl .  

revolves .   Quicks i lver .  i s  p l a c e d   i n   t h e  bowl wi th   t he   cha rge ,  and 



as   t he   dev ice   r evo lves  a stream of water  is d i r e c t e d  i n t o  it and 
overf lows  a t   the   lowest   point  of t h e  rim. The mater iaJ  t o  be 
amalgamated may be  added in batches  o r ,  i f  it i s  t o  be  ground a s  
we l l   a s  amalgamated, by an   au tomat ic   feeder ,   the   s l imes   and   f ine  
ma te r i a l   ove r f lowing   t o   was t e ;   t he  bowl t h e n   a c t s   a s  a c l a s s i f i e r .  
F o r  p lacer   concent ra tes   the   ba tch   p rocess  i s  used,  100  pounds o r  
more b e i n g   t r e a t e d   a t  a t ime. Too l a rge  a q u a n t i t y  of sand  les-  
s e n s   t h e ' g r i n d i n g   e f f e c t  of t h e   b a l l s .  

i s  a convenient  amalgamating  devic~e  for  the small- to medium-scale 
p lacer   mine ,   par t icu lar ly  i f  p a r t  of t h e  go1.d is rust:y.  The charge 
for   such a machine i s  two or  t h r e e   p a i i s  of concent ra tes ,  1 o r  2 
pounds of q u i c k s i l v e r ,  a few round  cobblestones 3 o r  4 inches i n  
diameter,   and  water.  About a 1-hour  treatment w i l l  a.na1gamat.e 
p r a c t i c a l l y   a l l  of t h e  g o l d .  The charge i s  emptied  into a s e t t l i n g  
t u b  and then washed i n  a pan or small   siuice-box t o  r ecove r   t he  
amalgarn and  mercury. 

"A 1-, o r  2-cubic  foot,   hand- or power-driven  concrete  mixer 

the  mercury must  be  avoided  otherwise  excessive  flouring  hinders 
amalgamation and  makes it d i f f i c u i t  o r  imposs ih ie   to   : recover   the  
q u i c k s i l v e r .  

"Regardless   of   the   amalgamator   used,   too  violent   agi ta t ion o f  

C l e a n 1 2  Amglgam 

"The mixture of q u i c k s i i v e r  and  amalgam f r o m  sluice-box  clean- 
ups usua i iy   con ta lns  much more nlercury  than amalg%?. It can  be 
f reed  f r o m  sand,  scraps of i ron ,  and  other   sol id   impwri t ies  by 
careful  panning  and  by  washlng  with a j e t  of clean  wa.ter.  The 
amalgam can  then be separated f r o m  t h e   q u i c k s i i v e r  by s t r a i n i n g  
the  mixture  through  buckskin,   chamois  skj .n,   close wovdn canvas, 
o r  o the r   s t rong ,  t l g h t  c l o t h .  31his g e n e r a l i y  is  done  by  hand, 

q u i c k s i l v e r   t h u s   f i l t e r e d  o f f  c o n t a i n s   a t   t h e  most on'iy  about  one- 
preferably  under  water t o  p reven t   s ca t t e r ing  of the  msrcury.  The 

the   boxes   as   the   smal l  amount of  gold makes it more a c t i v e .  The 
t e n t h  per  cent of gold:   th is   mercury i s  des i r ab le   fo r   r echa rg ing  

amalgam, a f t e r   squeez ing ,  s t i l l  conta ins  some mercury,   part   of 
which may d r a m   o f f  i f  t h e  mass is suspended for   seve : ra l   hours   in  
a funnel  o r  other   s imilar   contai .ner .   With o r  w i t h o u t   t h i s   l a s t  
refinement,  which  one  dredge  operator  used  with  succe:;s,  the  stiff, 
pasty amalgam is now ready f o r  f i r e   t r e a t m e n t   t o   s e p a ? a t e   t h e  g o l d .  
I t  conta ins  25 t o  55 p e r ' c e n t  comon.1.y about a t h i r d  .by weight of 
go ld  and s i l v e r .  
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, I  

" EXTRACTING GOLD FROM AiULGAH 

- Heating 

"- 
, ,  

gold   f rom  the   qu icks i lver   in   amalgam'a t   d redges   and   o ther   l a rge-  
s c a l e   o p e r a t i o n s ,   t h e   m e r c u r y   i n ,   s m a l l   q u a n t i t i e s  of amalgam may 
be v o l a t i l i z e d  by s imple  h-at ing. ,  R cornmon method i s  t o  h e a t   t h e  
amalgam on a c l ean   i ron   su r f ace   ove r   an   open   f i r e  or forge ,  o r  i n  
a f u r n a c e ,   u n t i l   a l l   t h e   m e r c u r y  i s  d r i v e n   o f f .   T h i s  i s  the   u sua l  

t o   t h e  loss  of t h e   s m a l l   q u a n t i t y  of qu icks i lver   involved .  The mer- 
expedie.nt   of  the  single  miner o r  smal l   opera tor  who does  not   object  

mercury  vapor i s  exceedingly  poisonous,  and  the work must  not  be 
cury  vapor may appear  as  heavy  white  fumes.  Whether  visi.ble o r  not ,  

done.except  where a d r a f t   c a n  be  depended on t o   c a r r y  a l l  the  vapor  
away from  the  operator .  A s  s t a t ed   e l sewhere ,   mercu ry   bo i l s   a t  67.5 
degrees F., a temperature  about  half-way  between  the  boil ing  point 
o f   w a t e r   a n d   t h e   f i r s t   v i s i b l e   r e d   h e a t  of i ron .  However, it vola-  

h e a l t h  of  persons  exposed to i>t., Consequently, it should  be  han- 
t i l i z e s   a t   t h e   b o i l i n g   p o i n t  of water  enough t o  be  dangerous t o   t h e  

d l e d   c a r e f u l l y ,   p a r t i c u l a r l y  to   avo id   i nha l ing  i t s  vapors .  

"Although r e t o r t i n g  i s  t h e  common method  of s e p a r a t i n g   t h e  

o f  amalgam, a pota to  i s  used   as  a condenser.  This is a device 
popular  with  prospectors  because it i s  very   s imple ,   ye t   saves   par t  
o f   the .mercury   tha t  would  be l o s t  by t h e  method previously  de- 
sc r ibed .  k l a rge   po ta to  i s  c'ut  smoothly  in  half,  and i n  t h e   f l a t  

e r a b l y  l a r g e r  than t h e  moun t  of amalgam t o  be t r e a t e d .  The amal- 
s u r f a c e  o f  one h a l f  a r e c e s s  i s  hollowed which should  be consid.- 

gam i s  placed  on a c l ean   shee t - i ron   su r f ace ,   t he   ha l f   po ta to  i s  
p laced   over   i t , , and   the   whole  i s  se t   ove r  a h o t   f i r e .  For con- 
venience it may be  done i n  a f r y i n g  pan o r  t h e   s c r a p  o f  shee t  
i ron   pu t   on  a f l a t  shovel so t h a t  it can  be  withdrawn  readily 
f r o m   t h e   f i r e .  Some mercury  vapor will escape  under  the  edges o f  
t he   po ta to ,   and ,   a s   be fo re ,   t hese  fumes mus t  be  avoided.  After 
15 or' 20 minutes of  s t rong   hea t ing   t he   po ta to  may be ' . l if ted  .off  
fo r   i n spec t ion .  If a l l   t h e  mercury i s  gone f r o m  t h e   g o l d   t h e  po- 

mercury w i l l  be recovered.  I t  may b e   d e s i r a b l e   t o   h e a t   t h e   g o l d  
t a t 0  may be  crushed  and  panned,  and a cons iderable   par t   o f   the  

t h e   i r o n   p l a t e .  Any t inned  o r  galvanized  metal   in tended  for   use 
f u r t h e r   t o   a n n e a l  i t ;  t h i s   c a n  be  done  without  rernoving it f r o m  

in   t h i s   p rocess   spu ld   be   hea t ed   r ed   ho t   and   t hen   s coured  t o  r e -  
move a l l   t r a c e s  of t h e   c o a t i n g  so t h a t  a c l e a n   i r o n   s u r f a c e  w i l I  
be presented.  

" In   another  method  of r ecove r ing   t he   go ld  fr.om small amounts 

"A l abora tory  method  of s e p a r a t i n g   t h e   g o l d  i s  t o   p u t   t h e  
amalgaq i n  a small beaker  and  dissolve  the  mercury  in a 1 t o  1 
s o l u t i o n  of n i t r i c   a c i d  and  water.  When a l l   t h e  mercury i s   d i s -  
solved,   the   gold may remain  as a sponge,  which  can  be  washed 
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g e n t l y  i n  water  and  annealed i n  a smal l   porce la in   c ruc ib le .  Xore 
f r e q u e n t l y   t h e   g o l d  will be  recovered  as  a f i n e  d u s t ,  which  a lso 
can  be  washed  and  annealed  but i s  less   easy   to   handle .  

". Retor t ing  

e a s i l y  i n  a l a b o r a t o r y   i n  a g lass   tube   18  t o  24 inches  long, 
s e a l e d   a t  one  end  and b e n t  2 o r  3 inches f r o m  t h a t  end t o  a 
s l i g h t l y   a c u t e   a n g l e .  k l a rge   t ube   t h ree -qua r t e r s  of an   i nch   i n  
d i a m e t e r   i s   b e s t .  The amalgam i s  broken  into  pieces  small enough 
t o  be dropped  into  the  c losed en.d where it i s  then   hea t ed ,   t he  

be  annealed  by  heating  the  tube t o  r e d n e s s   a f t e r   a l l   m e r c u r y  i s  
fumes  condensing  in  the  long  open end o f , t h e   t u b e .  The gold  can 

dr iven  o f f .  

"A very s rna l l  amount of amalgam can be r e t o r t e d   q u i c k l y  and 

"A r e t o r t   f o r   t r e a t i n g  a few  ounces a t  a time  can be made 
cheaply  of  3/8-inch  pipe,  pipe  connections,  and a l a rge   g rease  
cup. The lower  and  open  end  of the  3/8-inch  pipe i s  i n c l o s e d   i n  

t h e  t w o  pipes from  an  open  connection i n  t h e   t o p  o f  the  outer   one.  
a l a r g e r  pipe.  Cooling  water i s  poured  through the  space  between 

The charge of amalgam i s  placed  in  the  grease-cup  cover  which i s  
then  screwed i n t o  p l a c e ;   g r a p h i t e   l u b r i c a n t  i s  placed on t h e  
threads  t o  make a t i g h t   j o i n t .   H e a t  i s  appl ied  t o  t he   g rease   cup ,  
and the   qu icks i lver   i s   condensed   in   the   lower  end  of t h e   p i p e .  The 
method o f  using  andj the  general   arrangemeat  of the   device   a re  sim- 
i l a r   t o   t h o s e  o f  t h e   n e x t   r e t o r t   d e s c r i b e d .  

and D j  i s  a cas t - i ron   po t   w i th  a t i g h t - f i t t i n g   c o v e r  1.n which a 
h o l e  i s  tapped t o  acc.ommodate the  condenser  pipe.  The c a p a c i t i e s  
of such   r e to r t s   r ange  f r o m  a few t o  200 pounds o f  amal-gam, o r  
about a q u a r t e r   p i n t   t o  2 ga l lons .  The condenser commonly used 
w i t h  th i s  t y p e  of  r e t o r t  i s  a n   i r o n   p i p e  3 o r  4 f e e t  1.ong leading  
f r o m  t h e   h o l e   i n   t h e   r e t o r t   c o v e r  a t  a downward angle  of 20 t o  30 
degrees;  it i s  encased  for  m o s t  o f  i t s   l e n g t h   i n  a considerably 
larger  pipe  through  which  cooling  water i s  c i r c u l a t e d .  When hea t  
i s  appl ied   to   the   charged   re tor t   the   mercury   vapor   en te rs   the  
condenser  pipe  where it cools  and  condenses; it t r i ck l . e s  down $he 
p ipe   i n to  a vessel   placed  under  the  open end of  t h e  pi .pe.   In   the 

migh t  b e   r a i s e d   t o  a point  where some of the  vapor would  escape: 
t reatment  of  a l a r g e  amount of,amalgam  the  temperature o f  the  pipe 

t h e r e f o r e ,  a cool ing device  i s  necessary.  

"The t j i p i c a l   q u i c k s i l v e r   r e t o r t  f o r  placer  mines (F ig .  9 ,  C 

"The r e t o r t  may be heated  over a large  bunsen  burner,  by a 
gaso l ine  blow t o r c h ,  i n  a f o r g e   ( s e e   P l a t e  X V I  B ) ,  or i n  one  of 
s eve ra l   t ypes  of furnaces   bu i l - t  for the   purpose .  Very high  tem- 
peratures   are   unnecessary,   and a wood f i r e  i s  cons ide red   be t t e r  
t h a n  a' c o a l   f i r e .  The flame  should  cover as much of t h e   q e t o r t  
a s   p o s s i b l e .  
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Alternative form of water- 
sealed vapor trap 

A - 
B 

Figure g.-Apparatus for retorting  anialgam  and  quicksilver: A ,  Amalgam  retort; B, Nevada-type  retort; c, set-up 
of Small retort; D, water-sealed  vapor  trap; E, graphite crucible; F, bullion mould. 

Reprinted from United Strites Bureau of Mines  Information  Circular 6781. 



9,  A )  should   be   cons t ruc ted   i f   the   appara tus  i s  t o  be used   r egu la r ly .  
"A r ig id ,   s tbong  s tand  for t h e '  r e ' t o r t  and  condenser  (Fig. 

"The re tor t   should   be   coa ted  on t h e   i n s i d e   w i t h   c h a l k ,  o r  
painted  with i t h in   pas t e   o f   cha lk ,   c l ay ,  m i l l  s l imes ,  or a mixture. 

the   charge .  T h i s  prevents  the  €;old  from  st icking t o  t h e   i r o n ,  
o f  f i r e   c l a y  and  graphi te   and  thoroughly  dr ied  before:put t ing  in  

whick  sometimes  causes  trouble. S l i n i n g  o f  paper  se:rves  the same 
purpose   bu t   t ends   to  form an  ob;lectionable  deposit   in  the  condenser 
p ipe .  . 

-"The r e to r t   shou ld   no t  be f i l l e d  over  two-thirds f u l l  o f  amal- 
gam ( a   t h i r d  or h a l f  f u l l  when re tor t ing   l iqu id   mercury) ,   o therwise  
t h e r e  i s  danger o f  some of the   conten ts   bo i l ing   over  :Into t h e  oon- 
denser  tube.   ?he amalgam i s  broken   in to   p ieces   and   p i led . loose ly .  
?hen  the  cover i s  p u t  on  and  clamped t i g h t l y   w i t h   t h e  wedge or 
thumbscrew  provided, f i r s t  m3king sure   ' tha t   the   a t tached   condenser  
pipe i s  o lean   and   f ree  of o b s t r u c t i o n s .  The ground j o i n t  between 
the  cover   and body of t h e   r e t o r t  i s  seldom t i g h t  enough t o  prevent 
leakage  and  should be lu t ed   w i th   c l ay  o r  some s e a l i n g  compound. 
One s a t i s f a c t o r y  cement i s  made r e a d i l y  by moistening a mixture  of 
ground  asbestos   and  l i tharge  ( red  lead)   with  glycer in .  

"A l o w  hea t  i s  appl ied   a t '  f i r s t ,  t h e n   a f t e r  10 o r  15 minutes 
the  temperature  i s  i n c r e a s e d   j u s t  enough t o  s t a r t   t he   mercu ry   vapor -  
izing  and  condensing. Too r ap id   hea t ing  harms t h e   r e t o r t ,  and  only 
enough heat   should  be  used t o  maintain a s t e a d y   t r i c k l e  of quiok- 
s i l v e r  f r o m  the  condenser .  When no more mercury  appea.rs  the  tem- 
perature   should  be  increased  for  a few minutes t o  red   hea t  t o  d r i v e  
t h e   l a s t  of t he   qu icks i lve r   ou t  of t h e   r e t o r t ;   t h e n   t h e   f i r e   s h o u l d  
be withdrawn fr.om t h e   r e t o r t  and t h e   l a t t e r   a l l o w e d   t o   c , o o l .  Some 
mercury  vapor  always  remaifis in t h e   r e t o r t ,  and the   opera tor  s h o u l d  
t ake   ca re   no t   t o   b rea the   t hese  fumes  upon tak ing  off t h e  cover.  

"The likelihood  of  dangerous  amounts  of  mercury  vapor  passing 
through a long  cold  pipe  without  condensing i s  very  small .  How- 
ever ,  i f  much amalgam i s  t o  be r e t o r t e d ,  o r  if the   opera t ion  i s  of 
d a i i y  o r  f requent   occurrence, .  it u s u a l l y  i s  d e s i r a b l e  t o  provide 
some form of w a t e r   s e a l   a t   t h e  end o f  the  condenser  tube t o  prevent 
the  escape  of  such  fumes. Hany miners  have  followed  the  dangerous 
p r a c t i c e  of submerging t h e  end of' the  condenser  pipe i:n the  bucket 
of water  used to   rece ive   the   condensed   mercury .   ?h is   ahculd   no t  be 
done ,   as  a s l i g h t   c o o l i n g   o f   t h e   r e t o r t  would cause  water   to  be 

plosion  would  follow. Such an  experience  has  taught more .than  one 
sucked i n t o   t h e   p i p e ,  and i f  t he   wa te r   r eached   t he   r e to r t  an ex- 

'o ld t imer '   the   danger  of t h i s   p r a . c t i c e .  

"If' t h e  volume of  t h e   r e c e p t a c l e  i s  very  small  compared  with 
t h a t  of the  condenser  pipe  and i f  the   d i scharge   p ipe   i s   bare ly  

I 
I 
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submerged the  danger  i s  avoided ,   as .   any   la rge   r i se   o f   water   in   the  

A t  some proper t ies   the   end   of   the   condenser   p ipe  i s  i n  a l a r g e  
pipe would  lower the   wa te r   su r f ace  enoug.h.to  break t h e   s u c t i o n .  

end,  which may be  placed 2 o r  3 inches   i n to  t h e  w a t e r   i n  a recep-  
shee t - i ron   cy l inder ,  a few i n c h e s   i n   d i a n e t e r ,  open a t   t h e  lower 

t a o l e  of on ly   s l i gh t ly   l a rge r   d i ame te r ,   t hus  making a good water  
s e a l   y e t   a v o i d i n g   t h e  danger of  explosions.  A l abora tory   adapta-  
t i o n  o f  t h i s   d e v i c e  i s  shown in   F igu re  9,  B .  

"The sim9lest   method  consists  merely of t y i n g  a p iece  of 
c loth  such  as   canvas o r  burlap  around  the end o f  the  condenser  
p ipe   and   l e t t i ng  it d i p  i n  t h e   w a t e r  2 or 3 inches  below,  forming 
a damp f i l t e r  which w i l l  condense  any  escaping  vapor  yet  not  be 
t i g h t  enough t o  pe rmi t   wa te r   t o  be sucked into t h e   r e t o r t .  p h i s  
device i s  shown i n   F i g u r e  9 ,  A.  

"Large   go ld   mines   use   cy l indr ica l   re tor t s ,   usua l ly   se t   hor i -  
z o n t a l l y  i n  s p e c i a l l y   b u i l t   f u r n a c e s .  Such i n s t a l l a t i o n s   p r o b a b l y  
would  be  needed i n  placer  mining  only by large  dredging  companies.  
The o p e r a t i o n  i s  s imi l a r  t o  t h a t  of a p o t  r e t o r t ,   e x c e p t   t h a t   t h e  
amalgam u s u a l l y  is p laced   i n   s eve ra l   sma l l   i ron   t r ays ,   r a the r   t han  
on t h e   f l o o r  o f  the   re tor t   p roper ,   and   charged   th rough a door o r  
removable  cover a t  one end o f  t h e   r e t o r t ,   w h i l e   t h e   c o n d e n s e r  i s  
a t t a c h e d   a t   t h e   o p p o s i t e   e n d .  
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SEPARATION OF PLATINUil-GROUP  NETALS FROM GOLD 

a r e   l i k e l y   t o   c o n t a i n   p l a t i n u m  or i t s  a s s o c i a t e d   m e t a l s   i n   s u f f i c i e n t  
q u a n t i t i e s   t o  be of  econornic i n t e r e s t .  ?he sepa ra t ion   o f   t hese   n in -  
e r a l s   f rom  go ld  i s  d i f f i c u l t .   T h e i r   s p e c i f i c   g r a v i t y  i s  too   near  
t h a t  of gold t o  permit a soparat,ion by panning.  Coarse  platinum 
p a r t i c l e s  can  be  picked  out o f  the  gold  by  hand,  but  :nost   placer 

mate, qu icks i lve r   can  be made t o   c o a t  and   ho ld   p la t in lm  ?ar t ic les  
platinum i s  exceedirigly  f ine.   Although  platinum  does  not azalga- 

b;r t reat laent  witl; chemicals; t h u s  it i s  p o s s i b l e   t o   s e s a r a t e  sue- 
c e s s i v e l y   t h e   g o l d   a c d   ? l a t i n x i  f r o m  t he   conce? t r s t e s  

" In   s eve ra l   l oca l i t i e s   s lu i ce   concen t r a t e s   f ron   p l ace r   min ing  

"One dredging company in   Cal i forn ia   which   recovers   p la t inum 
meta ls   uses   the   fo l lowing   c lean-up   procedure : l  

" In   c leaning  up ,  t h e   r i f f l e s   a r e  removed  from t h e   s l u i c e s ,  
s t a r t i n g  a t  the   head   end ,   carefu l ly   washing  them off  and  washing - 
t h e   s l u i c e  dovrn with  water   f rom a hose.  This  washes away t h e   l i g h t  
sands  and  concentrates   the ma1ga:n and  heavy  sands,  which  are  care- 
f u l l y  scooped up  in to   bucke t s   and   ca r r i ed   t o  a ' l o n g  t o m '   f o r   f u r -  
t h e r   t r e a t m e n t .   I n   t h e   l o n g  torn most  of  the  mercury  sad amalgam 
and some of the  plat inum-group  metals  a re  caugh t   i n   t he   uppe r  Sox. , 

!'lost of the   p la t inum,  some r u s t y   g o i d ,   s c a t t e r e d   p a r t i . c l e s  of mer- 
cury and  amalgam,  and the   s and   and   r e fuse   a r e  washed  c,ut  over r i f -  
f l e s  where t h e   h e a v i e r  components a re   caught .  The s2r.d f i n a l l y  
passes   through a screen  a t  t h e   e n d  of t h e  tom, i n t o  a sand  box,  and 
t h e   g r a v e l   g o e s   t o   w a s t e .  The mercury and  amalgam frcm  the  upper 
box a re  t r a n s f e r r e d   t o  a bucke t ,   i n   wh ich   t he  :gold arnalgam s e t t l e d  
t o   t h e  bottorn; t h e   l e a d   o r  o-ther  base-zeta1 maisms f l o a t   o n   t o p .  
Phe l a t t e r  i s  p a r t i a l l y   c l e a n e d  by panning,  which  separates some 
!ne ta l l ic   !> la t inun ,   then   re tor ted .  The gold analga3 i s  squeezed 
f ree  of   mercury  and  l ikewise  re tor ted.  

"The gold  aqalgan,   usual ly   containing  about  55 per   cen t   go ld  
and s i l v e r ,  i s  r e t o r t e d  i n  a starldard make of g a s o l i n e - f i r e   r e t o r t .  

bucket of water. The goid remaining i n  t h e   r e t o r t  i s  t r a n s f e r r e d  
The mercury  cocdenses i n  a water -Jacke ted   2 ipe   and   dra ins   in to  a 

, t o  a c ruc ib l e   and   fu sed   i n   t he  same fu rnace .  I t  i s  then  poured 

?he bu i l ion   ave rages  e90 p a r t s   g o l d ,  90 parts s i lve r ,  and 20  
i n t o  molds,  producing  bars  which are shipped t o   t h e   S e l b y   s m e l t e r .  

par t s   impur i t ies   per  1,000, 

tom a r e   p l a c e d   i n  small b a t c h e s   i n  a s t e e l   b a r r e l  m i l l  4 f ee t  
"The r i f f l e  concent ra tes  and, sand   f rom  the   end   of   the   long  

1 Patman, C .  G.  Nethod and Costs o f  Dredging  Auriferous  Gravels 
a t  Lancha Plana, h a d o r  County,   Calif . ,  In."., Circ .  6659, 
Buresu o f  ;lines,  1932, pp. 12 - L .  
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ground f o r  1 or 2 hours.  Then t h e  amalgam i s  removed by panning 
long  and 2 1/2 . f e e t .   i n   d i a m e t e r .  Mercury i s  added and the   ba t ch  

and  added t o   t h e   o t h e r   b a s e  amalgam for r e t o r t i n g .   F u r t h e r  pan- 
ning  and  rocking  reduce  the  remaining  sand and c o n c e n t r a t e s   t o  a 

volume.  This i s  t r e a t e d  by t h e   a d d i t i o n  of  water,  mercury,  zinc 
product  containing  about  half  black  sand  and  half  platinuy..,  by 

be  .coated  and  held by the  mercury,  so t h a t  a f i n a l   s e p a r a t i o n  
shavings,  and su lphur i c   ac id ;   t h i s   causes   t he   p l a t inum  me ta l s   t o  

f r o m t h e   s a n d  i s  p o s s i b l e .  The f i n a l   c o n c e n t r a t e  i s  then  washed 
with  water 6n.d drained t o  remove a c i d  ar,d excess   mercury,   af ter  
which   t rea tment   wi th   n i t r ic   ac id   d i sso lves   the   mercury ,   l eav ing  
a f i n a l   r e s i d u e  of piat inuh,   i r idium,  and osmium. 

“‘The  ba-se malgam,   which   inc ludes   shot ,   bu l le t s ,  and small  

metals ,  i s  r e t o r t e d , t o  recover  the  mercury,   melted,   and  poured 
p a r t i c l e s  of  copper  and b r a s s   s c r a p ,   a s   w e l l   a s  some precious 

i n t o  molds t o  form bars  f o r  shipment t o   t h e   s m e l t e r .  These  bars , 

r ange   i n   va lue   f rom $1 t o  $8 per   t roy  ounce.  

“Zachert’   state,s  that   platinum-group  metals  can  be  recovered 
on zinc-ama1ga.n p l a t e s  by using a s o l u t i o n  o f  0.05per:cent  copper 
su lpha te  and 0.05 per   cen t   su lphur ic   ac id  o r  by a g i t a t i n g   w i t h  
zinc amalgam in   such  a s o l u t i o n .  A t  t h e  Onverwacht  mine in   South  

of t h e   t a b l e   c o n c e n t r a t e s :  
, .  ’ Africa a p rocess2   s in i l a r   t o   t he   above  ‘ i s  used t o   . t r e a t  a p o r t i o n  

“The concentrates  of  the  primary  and  secondary  Wilfleys  and 
o f  t h e  James  and  corduroy t a b l e s   a r e   t r e a t e d  i n  l o t s  of 1,000 
l b .   i n  a revolving  amalgamating  barrel ,   the.   amalgamation of t h e  
platinum  being  promoted by a c t i v a t i n g   a g e n t s  i n  the   fo rm of zit10 

vo lved   fo r  2 hours  and  then  discharged  via  batea  amalgamation 
arnalgm:, copper. su lpha te ,   and   su iphur i c   ac id .  The b a r r e l  i s  r e -  

p lan t   and   curv i l inear   t ab1 .e .  

, .  

hour with   z inc  anialgam, copper   su lpha te ,   and .su lphur ic   ac id .  Thus 

dil .ute  sul .phuric  acid t o  remove zinc  and  iron. 
cleaned it i s  now pressed arid t r e a t e d   i n   e a r t h e n w a r e   j a r s   w i t h  

“The d i r t y   a m l g a ~   o b t a i n e d  i s  reamalgaqated for h a 1 f . m  

“After   this   has   been  accompilshed,  it i s  r e t o r t e d  i n  smll  
p o t   r e t o r t s .  ’ The r e to r t   sponge ,   a f t e r   be ing   sub jec t ed  t o  f u r t h e r  
panning,   sor t ing,   and  acid  t reatment ,  i s  washed and dr ied ,   g iv ing  

Zachert ,  V .  J . ,  Process  f o r  2ecovering  Platinum: Min. and S c i .  
.P re s s ,   vo l .  117, Oct. 1 2 ,  1918, p p ~  489-490. 

‘Wagner, P. f i . ,  Platinum  Deposits  and  Ilines of South  Africa:  
London, 1923, p. 274.  



a product  assaying  about 70 per   cent  o f  platinum-group  metals,  
which i s  shipped. 

a l l -over   recovery  of t he   p l an t   r anges  from 8 2  t o  85-56 per   cen t . "  
"The r.ecoverg by amalgamati.on i s  about 98 per   cen t  and t h e  

containing  both  gold  and  platinum would. be t o   e x t r a c t ' a l l   t h e   r e -  
coverable  gold by t r e a t i n g   t h e   c o n c e n t r a t e s   i n   a n  amalgam b a r r e l .  
The r e j e c t s  f r o m  t h e   b a r r e l  would contain  platinum  and  the  heavy 
sands .   This   concent ra te   could   in   tu rn  be t r e a t e d  on a Wil f ley  
t a b l e   t o   e o n c e n t r a t e   t h e   p l a t i n u m   f u r t h e r  and  produce a high  grade 
concentrate  which  could be  shipped  and  sold t o  a platinum  buyer. 

An a l t e r n a t i v e  method of t r ea t ing   s lu i ce -box   concen t r a t e s  

Canadian  producers of plat inum  can  obtain  information  re-  
garding  pr ices   and  acceptable   grade of concentrates  from  Johnson, 
ifatthey & Co. (Can.)   Ltd. ,  198 Clinton  St . ,   Toronto.  
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