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This  paper is 
S t a t e s .  The f i r s t  
tt.e production of 
publ ic  lands,  s a p l i n g  and es t imat ion  of  gold p l a c e r s ,  and c l a s s i f i c a t i o n  of placur-mining 
nett.ods, t o g ~ t t e r  with hand-st.ove1ing and ground-sluicing. 

This paper Ceals with hydraul icking,  s l u i c e  boxes and r i f f l e s ,  recovery of gold and 
pla t inua  fron p l a c e r  concent ra tes ,  t r ea tnen t  of u l g a a ,  and marketing of  p l a c r r  gold. The 
discussion of s l u i c r  t o x e s  and subsequent s u b j e c t s  i n  t h i s  paper a p p l i e s  t o  a l l  f o r m  of 
p l a c r r  s i n i n g .  

The t h i r d  paper d e a l s  r i t h  dredging and o t t r r  forms of mrctanical  t and l ing  of p lacer  
grovels, and d r i f t  a in ing .  

Tt.e autt-ors w i s h  t o  acknowledge t l e i r  hdeb tedness  t o  t h e  opera tors  of p l a c e r s  i n  t t r  
l e s t e r n  S t a t e s  who generously supplied in:owation witt-out which t h i s  paper could not have 
been writ t en .  

Manufacturers of  p l a c e r  p i p e ,  g i a n t s ,  and power excavatcrs  t a v e  generous1 y furnirhod 
informaticn, inc:uCing p r i c e s ,  of  t h e i r  products. 

Available l i t e r a t u r e  upon p l a c e r  mining, engineering, and a l l i e d  s u b j e c t s  has been con- 
su l ted ;  ti.e a u t t o r s  have endeavcred t o  make s u i t a b l e  reference tt-roughout the t e x t .  

INTROWCTIOH 

the  second of  a  s e r i e s  of th ree  on p l a c e r  mining i n  the western united) : 
discusses  t t e  t i s t o r y  of  p l a c e r  mining i n  t t e  l e s t r r n  S t a t e s  

p l a c e r  gold, geology of p lacer  depos i t s ,  l o c a t i o n  of p lacer  c l a i m  oat 
3 
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I t 
In  hydraul ic  minir?g a  j e t  o f  r a t e r  i s su ing  under t i g h  p r e s s u r e  from a nozzle excevates 

and wastes tt.e g r a v r l .  The gold is recovered p a r t l y  by cleaning bedrock a f t e r  t t e  e rave l  t a s  
been s t r ipped  a ray  t u t  c t - i e f ly  by r i f f l e s  i n  tke s l u i c e  box through wtich t t e  rasked grave ls  
and r a t e r  flow t o  tt-e t a i l i n g s  dump. 

Alnost a l l  types of  p l a c e r  d e p o s i t s  can be rorked by t y d r a u l i c k i n g  i f  r a t e r  is a v a i l a b l r  
t u t  c e r t a i n  physical  c k a r a c t e r i r t i c s  t.rve an inpor tan t  bearing on t t e  c o s t  of the operat ion.  
I f  the gravel  is clayey i t e  r a s t i c g  is s o r e  d i f f i c u l t  but s o r e  i s p o r t a n t .  I f  t t e  gravel  is 
cemsnted i t  can be cu t  only by high-pressure water. X f  t t e  graCe of  bedrock is f l a t  t t r  
Suty (cubic yarCs per  miner 's  inch o r  ott .er u n i t )  of  t h e  r a t e r  is r e l a t i v e l y  low, and where 
e r a v i t y  d i sposa l  of r a t e r  and t a i l i n g s  is i e p o s s i t l e  o r  impract icable  e l e v a t o r s  must be used 
t o  r a i s e  tt.em from t t e  p i t ,  f u r t k e r  decreaslne tt.e capac i ty  of  tt-e i n s t a l l a t i o n .  

)-part from tt-e Ceposi t  i t s e l f ,  tt.e r a t e r  suaply is tt.e most important  f a c t o r  i n  de te r -  
mining tt-e app l ica t ion  o f  hydraul icking and the s c a l e  of opera t ion .  Under any given condi- 
t i o n s  the d a i l y  yardage is roughly prcport ional  t o  t t e  q u a n t i t y  of r a t e r  used. The quant i ty  
excavated l ikewise is propor t iona l  t o  t t e  t.ead used on tt.e g i a n t s ,  bu t  t t e  h i e t e r  p ressure  is 
of  l e s s  value i n  d r i v i n g  and wasking and of none a t  a11 i n  s l u i c i n g  t t e  gravel through the 
boxes t o  tt.e C u ~ p .  A s  tt-e c u t t i n g  and sweeping capaci ty of t t e  Oiants  usual ly exceeds t t e  
ca r ry ing  capac i ty  of r a t e r  a  s t r e a n  of f l o r i n g  r a t e r .  h o r n  a s  "by-rash", o r  "bank r a t e r " ,  
is d i r e c t e d  t t rough tt.e p i t  and i n t o  tt.e s l u i c e s .  I f  run over tt.e bank. a s  i n  ground s lu ic -  

4 G.rdnrr. E. D . .  and J o b s o n .  C.  H . :  Placrr Minlng i n  tar Urstrrn Unltmd Statre: Part I .  - Gonrral Intorut ion.  une- 
Shor.llng. aud Crauna-Slulcidt: I n f .  Circ.  6786. Burrau of  Miner. 1954. 75 pp. 

s C.rdnrr. E. D.. and Johnron. C.  H . .  Placer Mining i n  tha I r r t r m  Unitrd Statrs:  Part 111. - Dr.dglng and Otnrr f o r u  

of Yrcnanlcal Handling o f  Placer Crave18 and Drrlt Mining: I n l .  Circ. 6738. Burrau of Ulnas. 19%. 



ing ,  i t  a i d s  mate r ia l ly  i n  c u t t i n g  the  g r a v e l .  The proper  r e l a t i v e  q u a n t i t i e s  o f  h i @  

p r e s s u r e  and bank r a t e r  can be determined only by t r i a l .  Frequent ly the by-rash is supplied 
by t h e  n a t u r a l  flow Of t h e  S t t e M  a t  t h e  mine, t h e  g i a n t  Ta tW being brought from a consider- 
a b l e  d i s t a n c e  up t h e  Stream Or from another  source .  When an excess  of bank r a t e r  is ava i l -  
a b l e  i t  may be used f o r  ground-sluicing. t t u s  i n c r e a s i n g  t h e  capac i ty  of the  p l a n t .  

The prepara tory  Or development work necessary t o  start hydraul icking usua l ly  is g r e a t e r  
than t h a t  f o r  m y  other  form Of p l a c e r  mining except dredging o r  d r i f t  mining. A depos i t  
p r r f e r a b l y  is o p r n d  a t  t h e  lowat end t o  p e r n i t  g r a v i t y  drainage and progress ive  mining of 
t h e  e n t i r e  d e p o s i t  i n  an o r d e r l y  fashion.  I f  t t e  g rave l  is t t i c k  o r  the  grade of bedrock 
f l a t  a very long  c u t  may be  n e c r s r a r y  t o  roach bedrock a t  the  d e s i r e d  p o i n t .  This  may in- 
volve t h e  mining of  l a r g e  q u a n t i t i e s  of bar ren  o r  a t  l e a s t  u n p r o f i t a b l e  g rave l .  A more i m -  
p o r t a n t  element of  preparatory c o s t  is the  water  supply.  A s  heads of  50 t o  300 o r  400 f e e t  
a r e  d e s i r e d ,  a  mile  o r  more Of d i t c h  o r  f l t u e  is  almost always necessary t o  b r ing  r a t e r  onto 
t h e  p r c p e r t y  by g r a v i t y  flow. A s i n g l e  mine may have many mi les  of  d i t c h ,  c o s t i n g  p e r t a p s  
$2,500 p e r  mi le ,  a s  well a s  dams and r e s e n o i r s  and thousands of f e e t  of  flumes, tunne ls ,  o r  
i n v e r t e d  s i p t o n s .  Thr mechanical OquipWnt of a  hydrau l ic  mine o r d i n a r i l y  c o n s i s t s  of a  few 
hundred t o  a  few ttousand f e e t  Of 10- t o  3 b i n c h .  o r  l a r g e r ,  i r o n  p ipe ,  one o r  more monitors, 
and a  varying number of s l u i c e  boxes; the  c o s t  of equipment o r d i n a r i l y  is small compared t o  
t h e  expenditures necessary f o r  d i t c h e s  and t a i l r a c e s .  

Although i t  is obvious t h a t  t h e  recoverable  gold con ten t  of t h e  g rave l  must pay a  p r o f i t  
over  o p e r a t i n g  c o s t s ,  which u ~ u a l l y  range from 5 t o  20 c e n t s  p e r  yard,  a  s u r p r i s i n g  number 
o f  ven tures  i n  hydraul icking have f a i l e d  because t h e  promoters have not a l l o r e d  f o r  a l l  t h e  
o repara tory  expenses noted above. Each yard of  g rave l  mined must ca r ry  its share  c f  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  d e p o s i t  is of utmost importance i n  considering a  hydraul ic  
mining ven ture .  

Hydrau1ickir.g under s u i t a b l e  condi t ions  is  a low-cost method a s  it y i e l t s  a  l a r g e r  pro- 
duc t ion  p e r  man-st i f t  than any o t h e r  method except dredging.  The i n i t i a l  investment required 
is l e s s  than t t a t  f o r  dredging; hence, hydraul icking i n  small  o r  medium-size d e p o s i t s  may be 
more economical even ttough dredging would r e s u l t  i n  a  lower o p e r a t i n g  c o s t .  When the  
o p e r a t i o n s  a r e  on a  very l a r g e  S c a l e  hydraul icking c o s t s  a r e  lower than dredging c o s t s  on a  
comparable b a s i s .  Very clayey o r  bouldery grave ls  s t o u l d  be hydraulicked a s  dredging usua l ly  
1s u n s a t i s f a c t o r y  i n  such eround. 

There is enough s i m i l a r i t y  i n  a l l  hydrau l ic  opera t ions  t t a t  no 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 o f  a t t a c k i n g  t h e  gravel  vary too l i t t l e  t o  make any 
genera l  C i s t i n c t i o n s .  Fac tors  sucb a s  condi t ions  of  t k e  g rave l ,  percentages of boulCers and 
c l a y ,  grade of bedrock, and q u a n t i t y  and head of the  hydrau i ic  r a t e r  a f f e c t  the  c o s t s ,  but 
no genera l  grouping is p o s s i b l e  i n  accordance with any of  t t e $ e  heats. I n  t h i s  paper hydrau- 
l i c  mines a r e  placed i n  t h r e e  groups: (1) Those where n e i t h e r  e l e v a t o r s  nor pumps a r e  used; 
( 2 )  those  us ing  e i t h e r  hydrau l ic  o r  Ruble e l e v a t o r s  o r  both,  and ( 3 )  those where r a t e r  is  
pumped f o r  washing. 

Open d i t c h e s  a r e  used commonly t o  b r ing  water  c l o s e  t o ,  yet  high enough above, the  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  f o r  t h e  g i a n t s .  A t  severa l  hydrau l ic  mines i n  t h e  Western 
S t a t e s  and A1ask.a d i t c h e s  30 t o  40 mi les  long have been b u i l t ,  and even r e l a t a v e l y  small 
o p e r a t i o n s  u s u a l l y  have 5 t o  10 m i l e s  of d i t c h  l i n e .  

Eydraul icking is f e a s i b l e  with heads a s  l o r  a s  40 o r  50 f e e t  i f  the  gravel  is  no t  t i g h t ;  
bowever, h e a t s  o f  80 t o  200 f e e t  r s u a l l y  a r e  d e s i r e d ,  and i f  the g rave l  is  cemented i t  is  not 
uncommon t o  employ high-pressure equipment and hea?s ranging f r o n  300 t o  400 f e e t .  This 



cons idera t ion  f i x e r  t e n t a t i v e l y  t h e  l o c a t i o n  of t h e  lower end of  t h e  d i t o h .  It. f b . 1  loo* 
t i o n  may be a u t t e r  o f  co.pro.ise. u t h e  head usua l ly  can be increased only at  t h e  o o r t  of 
a l eng thmed d i t c h  o r  a decrease  i n  t h  grade. The l a t t e r  reducer t h e  q u a n t i t y  of m t e r  t h a t  
can bo c a r r i e d  i n  a d i t c h  o f  g iven  r i t e .  

The grades of  a o s t  hydraul lo- . ine d i t o t e s  l i e  between 4 and 8 f e e t  p e r  a l e ,  o r  3/4 t o  
1 1 / 2  f e e t  p e r  1,000 f e e t .  k r l y  Ca1iforni .n  d i t c h e s  rrrm run on much s t e e p e r  grades,  but 
the  conrequent high v e l o c i t i e r  caured e ros ion  o f  the  bank- and r e r i o u a  break8 mere c o u o n .  
Small d i t c h e r  u y  be run a t  g rades  of  6 t o  12 f e e t  per  mile without  exoeraive Vel00i t ie8.  

P r a o t i a l  v e l o c i t i e s  range b e t r e e n  limits of  which t t e  minimru i n  d e t e r m i n d  by s i l t i n g  
and t h e  raximru by erosion.  I f  t t e  e n t e r i n g  water contains  redimmt .it m y  k depor i tod  i n  
the  d i t c h .  This  s t o u l d  be w a r d a d  a g a i n s t  by i n s t a l l i n g  a sand t l r p  n u r  t h e  i n t a k e  and by 
designing f o r  a v e l o c i t y  o f  not  l e s s  tkan 1 foot  p e r  second. On t h e  o t t e r  haad, a r e l o o i t y  
of  more than 3 f e e t  p e r  second is a p t  t o  erode t h e  ckannel and cause breaks. The following 
a r e  recomended a s  mimw mean v e l o c i t i e s  f o r  d i t c h e s  i n  var ious  u t e r i a l r :  

Tho above f i g u r e r  represen t  mean v e l o c i t i e s ,  the corresponding bottom v e l o c i t i e s  being 
20 o r  30 percent  l o o e r  and t k e  corresponding sur face  v e l o c i t i e s  a s  measured by f l o a t i n g  ob- 
j e c t s  poss ib ly  being 25 t o  35 percen t  higher .  

121 veloc i ty ,  hence t h e  c a p a c i t y  o f  a d i tch .  depends upon its s lope ,  the  na ture  o f  the  
wal l s ,  t h e  s i z e  and skape of  t h e  water  s e c t i o n ,  and the  s t r a i g h t n e s s  and r e g u l a r i t y  o f  the 
ckannel.  A l l  these f a c t o r s .  except  s t r a i g h t n e s s  and r e g u l a r i t y  of cross-section, a r e  invol- 
ved i n  t h e  well-laom Kut te r  fo rou la :  

M a t e r i a l  

........................................ Loose sand 
Sandy s c i l  ........................................ 
L o u  .... .......,... ................................. 
S t i f f  c lay.  g rave l  ....................... 
Coarse grave l ,  cobbles  ................ 
Conglomerate, ceaented grave l ,  

s o f t  rock ...................................... 
Hard rock .......................................... 

i n  r h l c h  

y = moan v e l o c i t y  ( i n  f e e t  per  second),  
g - toughness c o e f f i c i e n t ,  
3 = s i n e  of  s l o p e  ( f a l l  divided by l e n g t h ) ,  
E = hydraul ic  r a d i u s  ( a r e a  of water s e c t i o n  divided by 

wetted per imete r  of channel) i n  f e e t .  

Mean r e l o c i t v  
Feet  Der second 

1 
2 
3 
4 

5 

6 
10 

Miles uer  hour 
0.7 
1 . 4  
2.0 
2.7 
3.4 

4.0 
7.0 



This formula ordinari ly is applied by means of tables  or  c t a r t s .  Figure 1 is a chart  
devisrd by Fred C .  Scobey of the United S ta t e s  Department of Agriculture. ' Thr proper value 
t o  use for  the coefficient  Q is a matter of judgment. The following values of  a are recoo- 
mended by modern designers . ' 

Yalues of Rourhness Coefficient p 

Surface 
Coaled cast-iron pipe ............................. 
Commercial wrouat-iron pipe : 

Black ................................................... 
Galvanized .......................................... 

................ Smooth brass and glass  pipe 
Smooth lock-bar and welded "OD" pipe 

........... Riveted and sp i ra l  s t e e l  pipe 
............................. Vi t r i f i ed  se re r  pipe 

.................... Common clay drainage t i l e .  
Concrete pipe ........................................... 

.......................................... Hood-stave pipe 
Plank flumes: 

Planed .................................. .,. ............. 
Unplaned .............................................. 
l i t h  battens ...................................... 

Concrete-lined c tannr l r  .......................... 
Cement-rubble surface ............................. 

.................................... Dry rubble surface 
Semicircular metal flumes: 

............................................... Smooth.. 
Corrugated .......................................... 

Canals and ditches:  
Earth, s t r a igh t  and uniform ........ 
Rock cuts,  smooth and unifom .... 
Rock cuts ,  jaggod and i r r egu la r  

............... Hinaing sLuggish canals 
Dredged earth channels .................. 
Canals w i t h  rough. stony beds; 
reeds on ear th  banka .................... 

......... Eartn bottom, rubble s ides  

'values most used. 

1 Earth canals f o r  irrigation usually a re  designed w i t h  n = 0.025 o r  even 0.0225; however, 
t t e  usual hydraulic-mine *,itch is not s t r a igh t ,  uniform, nor smooth, and probably the co- 

I e f f i c i en t  0.030 o r  0.035 should be applied. The ve loc i t i e s  and disc t iuges  fo r  a number of 
d i tches  o f  s s a l l  t o  medium s ize  skoan i n  table  1 re re  calculated on the assumption that  - 

I 0.035. Any increase i n  the assumed value of r e su l t s  i n  an approximately equal percentage 
decrease i n  the calculated velocity,  or  a doubled percentage increase i n  the required slope. 

I 

6 Ymtc+?. Lronard. and Eddy, H .  P.. Sr9rra;r and Sawr;r Dlrporal. YcCrr.4111. 26 r d . ,  l S 0  p. 130. 

7 Part o f  r more c c s p l r t r  l i s t  by Horton, R .  E.. Eat. Nr-s. vo l .  75. 1916. p. S73; quotad by Yrtcal f .  L a o m d .  md 

U d y .  H. P.. Idrm, P. 123. 
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TABLE 1. - ~ a ! c u l ; ? L r d  velcpi  ' l o .  and  ' '  - < l m ! l ! : ~ : ~ ! r  ::Iv,II I : * t : t !  P ! ~ ~ ~ ~ ; ! I ~ : ~ G I  !,I.$ ~ ~ 1 ,  . 

Rottom width, 9 feet 

Top width. do. 
Depth, do. 

Area, A sq. Ct. 
Hydraulic radius. 

Velocity of flow, feet per second Slope. ft. 

per 1.000 
0.19 

.38 

-57 

.76 

.95 
1.14 

1.33 

1.52 
1 .TO 
1.P9 

2.08 
2.27 

2.84 

3.79 

Slope, ft. 

per mile 
1 
2 

3 
4 

5 
6 
7 
8 

9 
? 0 

11 

12 

15 
20 

I 
ic feet. per 
. .. ..,. . . .  ... 
2.12 4.59 
2.60 5.67 

3.04 6.55 

3.40 7.36 

3.72 8.10 
4.04 8.78 

4.32 9.3E 
4.60 9.9s 

4.84 10.53 
5.ce 11.00 
5.32 11.48 
5.92 12.89 
6.88 14.85 

1794 'TO convert to miner's inches multiply by 40. - 7 -  



TABLE 1.- Calou)atrd_relePltles tor and - &  

Slope. ft. 
per mile 

1 

2 

3 

4 

5 
6 
7 
8 

9 

10 
11 

12 
15 

20 

Bottom width. )L feet 
Top width. 1 do. 

Depth. . do. 

Area, sq. It. 
ltgdraul l c  ladlus. 8 

1 Slop., It. I Velocity of flov. feet per second 

Disc -- 
19.2 
27.4 
33.8 
38.9 
43.7 
47.8 
51 .8 
55.4 

58.8 
61.9 

65.0 

67.7 
75.6 

87.8 - 
'TO convert to miner's inches multiply by 40. 

1794 

+ S 
10.0 

2.0 
16.0 
1.37 

7.0 

1.0 
6.0 

.TI 

12.0 
3.0 
27.0 

1.8( 

8.0 

1.5 

9.75 
1.06 

9.0 

2.0 
14.0 
1.31 

10.0 

2.5 
18.75 

1.55 

11.0 

3.0 
24.0 

1.78 

12.0 

3.5 
29.75 
2.00 

13.0 
4.0 
36.0 
2.21 



Thus the v e l o c i t i e s  and c a p a c i t i e s  stown i n  t a b l e  1 mwt be increased 15 o r  20 percent  f o r  
d i t c t e s  i n  unusually good condition. 

Altt-ough t h e  st-ape of the  d i t c h  t a s  a b8ar i .g  on i ts capaci ty,  i n  p rac t ice  the  s e c t i o n  
a s  influenced l o r e  by the mett.od of excavation. Hor4ver, f o r  a given area,  the sec t ion  should 
be so  shaped a s  t o  kave t t e  l a r g e s t  hydraulic r8,dius cons i s ten t  w i t h  economical cons t ruc t ion .  
The usual e a r t h  o r  gravel  l l t c h  f o r  hydraulic mines t.as a t rapezoidal  sec t ion ,  with a f l a t  
bottom 2 t o  10 f e e t  r i d e .  s i d e s  s loping about 4S0, and a water depth of one t t i r d  t o  tn ree  
quar te r s  the  bottom width. The s i d e s  st.ou?d be excavated a t  a s lope t k a t  w i l l  be s t a b l e  
i n  use, otherwase caving w i l l  r e s u l t  i n  i r r e g u l a r i t y  of s e c t i o n  and consequent l o s s  of  ca- 
pac i ty .  The following s a l e  s lopes a r e  recommended f o r  d i t c h e s  i n  various mate r ia l s :  

Yaterral  

Farm S O L ~ ,  coarse firm gravel 
Ordlnary s o a l .  loose or  f ine  gravel  1 112 : 35 
Loose, sandy s o a l  2 : l  25 

l i m i e r '  wt.0 t a t u l a t e s  da ta  on 35 Alaskan d i t c t e s ,  s t a t e s  t t a t  s ide  s lopes of 45 t o  
6S0 a r e  ccmon but tt.at t'ce t i g t e r  s lopes cut  dorn quickly.  

Cn s teep  t .a lLsi les  r e l a t i v e l y  s teeper  s i d e s  and deeper s e c t i o n s  nay be cu t  i f  t h e  s o i l  
1s  flrm to avold excessive excavation on the u p h i l l  s i d e  of t h e  d i t c h .  In rock the  s i d e s  
cay 're v e r t i c a l ;  tke r:Cth skould be t r i c e  tt.e water depth,  a s  i n  rectangular channels t h i s  
r e s u l t s  i n  t t e  l e a s t  excavation for  a given capaci ty and s lope .  Likewise, i n  rock t h e  s i z e  
may be decreased and tke  grade increased. thus rbduclng t t e  yardage of rock excavation. 
Difckes s tou id  t e  designed t o  run not more than t h r e e  f0urtt.s f u l l ,  a l l o s i n g  1 t o  3 f e e t  of 
f ree toard .  

In porous s o i l  considerable  water is l o s t  by seepage. p e e l s 9  quotes Etcheverry a s  
s ta tang  t h a t  seepage l o s s e s  ranee f:om as  l i t t l e  a s  0 .25  cubic foot  per  square foot  of wetted 
s ~ r f a c e  per  24 t,ours i n  impervious clay loam to 1 . 0  cubic foot  i n  sandy l o u  and 2 t o  6 cubic 
f e e t  an grave l ly  s o i l s .  I t  1s e a s i l y  computed t h a t  a medium-size d i t c h ,  5 miles long. carry- 
ing 1,000 o r  2,000 miner ' s  inches,  may lose  5 o r  10 percent  of the  intake water by seepage, 
even i n  good s o i l ,  and i n  porous s o i l ,  a s  much a s  20 percent .  Remedies where the  l o s s  is 
serious a r e  t o  decrease t t e  s i z e  of d i tch  and Increase the  ve loc i ty ;  t o  reduce t h e  v e l o c i t y  
t o  a point a t  which t h e  sil t  w i l l  deposi t  and tend t o  s e a l  t h e  ground: t o  l i n e  the  channel 
with sod, canvas, o r  concrete;  o r  t o  s u b s t i t u t e  flumes f o r  d i t c t e s .  According t o  W i ~ l e r ,  
sod l i n i n g  o f t e n  is used i n  frozen muck i n  Alaska sometimes with e n t i r e  sucoess. 

Very few d i t c t e s  t a r e  been b u i l t  i n  recent y e a r s ,  and no modem c o s t s  a r e  a v a i l a b l e .  
Many mettdds a r e  a v a i l a b l e  f o r  such uork, ranging from hand-shovel and pick work t o  excava- 
t ion  by power s tove1  o r  mectanical d i tchers .  A common method is t o  plow the  sur face  and 
excavate a s  near  t o  grade and cor rec t  sec t ion  a s  p o s s i b l e  with teana and scrapers ,  then fin- 
i s h  by hand. Some ins tances  t a r e  been noted where hydraul ic  g i a n t s  were used f o r  d i t c h  ex- 
cavat ion.  This ,  of  course,  is possible  only when water  is ava i lab le  from a higher  d i t c h  
l i n e .  I n c i d e n t a l l y  t h e  hydraul ic  miner uses high-pressure water f o r  excavating wherever 
p rac t icab le .  

Tt.e alinement of  d i t c t e s  s tou ld  be such t h a t  excavation t o  grade w i l l  provide j u s t  
enough bank mater ia l  t o  f 0 r a . a  ct.anne1 of the des i red  s i z e .  Wherever t h e  r a t e r  l e v e l  is t o  

8 W ~ u l e r .  N. L., P?acrr -Y in lng  Methods and Coats I n  Alaska. B u l l .  2%. Bureau of  Yln*a. 19n, pp. W .  

9 Peel*. Robert. Ylnrng Engineers' Handbook: John Illlmy L SOM. 2d ed.. ~327. p. 2147. 



be above t h e  o r i g i n a l  ground s u r f a c e  i t  is re11 t o  plow the  s u r f a c e  before excavation s t a r t s  
t o  form an impervious j o i n t  between the  bank and ground. I f  t h e  mater ial  is not such a s  t o  
fo ro  t i g h t  banks i t   ma^ be advisab le  t o  excavate t h e  e n t i r e  water  s e c t i o n  below the  o r i g i n a l  
: a c e  The grade must be maintained exact ly and t h e  d e s i r e d  s e c t i o n  adhered t o  a s  c lose ly  
u poss ib le ,  a s  a11 irregularities have a re ta rd ing  e f f e c t  on t h e  flow. Curves should be 
made smooth and r e g u l a r  f o r  t h e  same reason. 

I f  t h e r e  is danger of water from f loods o r  o t h e r  sources  f i l l i n g  t h e  d i t c h  beyond ca- 
p a c i t y ,  spillways must be provided a t  i n t e r v a l s  t o  prevent  breaks i n  t h e  l i n e  which would 
s t o p  opera t ion  and be c o s t l y  t o  rep&ir .  

.- The s imples t  method of a c c u r a t e l y  measuring a flow of water i n  a 
s t r e a n  .or d i t c h  is by m a n s  of  a weir.  Numerous types  of  w e i r s  a r e  used, and there  a r e  many 
formulas f o r  c a l c u l a t i n g  t h e  flow over weirs .  

A common type of  wei r  is s h o m  i n  f igure  2. The width of  t h e  weir notch should be a t  
l e a s t  s i x  times the  depth of t h e  water  i 1 0 ~ i n g  over  t h e  c r e s t .  The bottom of the notch 
should be l e v e l  and t h e  s i d e s  v e r t i c a l .  The weir notch is bmveled on t h e  downstream s i d e  s o  
a s  t o  l eave  a sharp  edge on t h e  upstre- s ide .  The weir should be i n s t a l l e d  s o  t h a t  the  
r a t e r  i n  t h e  pond above is comparativelg still. It must a l s o  be high enough so  t h a t  there  
is f r e e  access  of  a i r  t o  t h e  underside of the  overflow s h e e t  of water.  A s t a k e  is driven 
i n  the  pond 5 o r  6 f e e t  above t h e  weir with t h e  top  o f  t h e  s t a k e  l e v e l  with the  notch of the 
weir.  The depth of flow over t h e  weir is measured with a r u l e  o r  square placed cn top of 
t h e  s t a k e .  The Franc is  formula is commonly used f o r  c a l c u l a t i n g  t h e  flow. 

Q = 3.33 #', 
where 

. 9 = q u a n t i t y  of  water  i n  cub ic  f e e t  p e r  second, 
w = width of  notch i n  weir,  - 
p = depth o f  Tafer  going ovmr weir.  

The d i scharge  p e r  f o o t  o f  length o f  t h i n - d g e  weirs  is cubic fee$ p e r  second and min- 
e r ' s  inches  f o r  dep ths  of  1/8 inch t o  24 7/8 inches is s h o m  i n  t a b l e  2. The t a b l e  is com- 
p i l e d  from t h e  above formula. 

A s  a l ready  s t a t e d ,  most hydraulic-min* d i t c h  l i n e s  con ta in  some flume s e c t i o n s .  Flumes 
may be necessary where t h e  l i n e  passes  around c l i f f s  o r  over  rav ines  o r  d e s i r a b l e  over porous 
o r  s h a t t e r e d  ground where a d i t c h  would l o s e  8uch water o r  tend t o  cause s l i d e s .  On s t e e p  
h i l l s i d e s  o r  where d i t c h i n g  would requ i re  auch c o s t l y  rock mxcavation a flume may prove 
economical; f i n a l l y ,  t h e  c o s t  o f  t h e  l i n e  may be lessened and cons iderab le  saving made i n  the 
t o t a l  f a l l  by b u i l d i n g  a flume on t r e ~ t l e ~  a c r o s s  v a l l e y s  i n s t e a d  of  d i t c h i n g  t h e  g r e a t e r  
d i s tance  around t h e  head. 

The same c o n d i t i o n s  should be considered i n  des ign ing  a flume as i n  designing a d i t c h ,  
and the  Kut te r  formula ( s e e  p .  5 )  a p p l i e s  equa l ly  t o  bo th .  The formula is used most con- 
ven ien t ly  i n  t h e  form o f  t a b l e s  o r  c h a r t s .  (See 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  o f  board flumes may be used t o  advantage e i t h e r  by build- 
ing a flume of  s m a l l e r  s e c t i o n  o r  by decreasing t h e  grade below t h a t  of  the  d i t c h  l i n e .  I f  
the l a t t e r  is done a sav ing  i n  head aay be made a t  t h e  mine. Usual ly,  however, smaller 
s e c t i o n s  and h igher  v e l o c i t i e s  a r e  used than f o r  t h e  d i t c h  l i n e .  The width of the flume 
should be twice t h e  water  depth and a freeboard of 1 t o  2 f e e t  allowed. According to Egles- 
t o n l \ h e  usual  water  v e l o c i t y  is 3 t o  6 miles per 'hour  (4  t o  9 f e e t  p e r  second).  The same 

1C Q l r r t o n .  Thous.  The ~ e t a l l u r w  or S i l v e r .  Cold. a n d , Y * r ~ u n  LA tbm United Statem: Jobo Wile7 L Sons. New York. 

1830, p .  152. 
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a u t h o r  g ives  the  range i n  grade o f  28 prominent Ca l i fo rn ia  flumes a s  9 t o  18 2/3 f e e t  per  
n i l e .  The extreme ranee of 86 well-known flumes i n  the  Western S t a t e s  was 5 t o  53 f e e t  per  
mi le ,  the  usual range 10 t o  18, and t h e  average s l i g h t l y  under 14. ~ o w i e "  s t a t e s  t h a t  grades 
o f  25 t o  35 f e e t  per  mile a r e  used wtere p r a c t i c a b l e .  Such s t e e p  grades  would permit the 
use  of a  r e l a t i v e l y  s n a l l  flume s e c t i o n ,  but t h e  a u t t o r s  b e l i e v e  t h a t  u s u a l l y  they would 
involve  inconvenient ly high v e l o c i t i e s ;  moreover, a  longer  f l u n e  would be  required t Y  give 
t h e  same head. 

The cons t ruc t ion  of wooden f l u 8 e s  has changed l i t t l e  s i n c e  t h e  e a r l y  d a y s  o r  p lacer  
mining i n  C a l i f o r n i a .  Figure 3.6. l 2  i l l u s t r a t e s  the  e a r l y  type of  box. This  was b u i l t  i n  
12- o r  16-foot s e c t i o n s  of 1 1/2- t o  2-inch lumber, 12 t o  24 inches wide. The longi tud ina l  
j o i n 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  1/2 inch t h i c k  and 3 o r  4 inches wide. 
F igure  3.E." i l l u s t r a t e s  a  flume b u i l t  about 1930 f o r  r a t e r  power; i t  c a r r i e s  about 600 
m i n e r ' s  inches  on the  f l a t  g rade  of  one f i f t h  f o o t  per  1.000 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  s n a l l  hydrau l ic  a t o r - s u p p l y  l i n e .  It d i f f e r s  i n  c o n s t r u c t i o n  fro. t h e  o ther  type 
i l l u s t r a t e d  c h i e f l y  i n  having s p l i n e s  between a l l  the boards o f  t k e  boxes and lack ing  framing 
i n  t k e  sills and caps. It w r s  b u i l t  over  6,800 f e e t  of rugged count ry  a t  a  t o t a l  cos t  of 
$2.50 p e r  f o o t .  

Where t h e  flume is on grade t h e  box u n i t s  should be s e t  on s t r i n g e r s  l a i d  on a  c a r e f u l l y  
c l e a r u d  and graded s u r f a c e  o r  on a  bench c u t  i n  t h e  h i l l s i d e .  Trees  o r  branches t h a t  might 
fa l l  and wreck the  flume should  be removed. I n  cold c l imates  t h e  flume may be covered and 
heaped with e a r t h  t o  prevent  f r e e z i n g .  Uhere t h e  flume is on t r e s t l e s  a walk must be pro- 
vided;  u s u a l l y  a  l i n e  of plank is n a i l e d  over the  caps o r  on a l t e r n a t e  sills extended a  
couple of f e e t  t o  one s i d e  o f  t t e  box. 

Tke grade must be u n i f o m ,  and a t  curves t t e  ou te r  edge of  t t e  flume should be ra i sed  
s u f f i c i e n t l y  f o r  the  smoothest p o s s i b l e  flow of  r a t e r ,  t h e  e l e v a t i o n  being determine3 by 
t r i a l .  

Three-foot i r o n  p l a c e r  p i p e  Cut i n  two lengthwise has bean used s u c c e s s f u l l y  f o r  flumes 
at  p l a c e r  mines i n  B r i t i s h  Columbia. 

EiXgrsion Dams and R e s e w o i r p  

Diversion dams f o r  h y d r a u l i c  d i t c h  l i n e s  usua l ly  a r e  o f  e a r t h - f i l l e l  t imber c r i b s  o r  
rock- f i l l ed  c r i b s  faced wi th  boards.  Small s t r e w  o f t e n  a r e  dammed by throwing logs  ac ross  
and f a c i n g  t t e  upstream s i d e  with boards .  Diversion dams u s u a l l y  a r e  o n l y  a  few f e e t  high 
bu t  s t o u l d  be b u i l t  where p o s s i b l e  on s o l i d  rock o r  kardpaa, s u f f i c i e n t l y  wide t o  be s t a b l e  
and provided w i t h  s u i t a b l e  s p i l l r a y s  t o  prevent  erosion and scour ing  o u t  of t h e  foundation. 

A t  mines whe.re t h e  r a t e r  Supply is i n s u f f i c i e n t  f o r  2 4 4 o u r  opera t ion  o r  where the 
s t ream flow is l e s s  t t a n  is needed t o  opera te  a t  the d e s i r e d  c a p a c i t y  f o r  one s h i f t ,  reser- 
v o i r s  o f t e n  a r e  used. I f  i t  is impract icable  t o  have t h e  r e s e r v o i r  i n  t t e  s t ream i t s e l f  a- 
bove t h e  d i v e r r i o n  dam. it is u s u a l l y  loca ted  a t  the l o r e r  end of  t h e  d i t c h ,  j u s t  above the 
i n t a k e  t o  t h e  p ipe  l i n e s .  R e s e r v o i r s  may be b u i l t  by damming a canyon, by excavat ing a  basin 
on l e v e l  ground, o r  a e r e l y  by e n l a r g i n g  a  s e c t i o n  of  t h e  lower end o f  t h e  d i t c h .  As a 

11 Ba.10. A .  J . .  J r . ,  A Practical Zreatrar on Hydr8ullc Yinlng In California: 0 .  Vm Noatrmd Co.,  Now York. 1899. 

p. 1 4 .  

12 80.10. A .  J . ,  c i t r d .  p. l a .  

15 Carman. J .  8 . .  Y l l l l n g  Motbods a t  tho Qcnsta Concmtrator of U o  Molybdonua Corporalioa o f  Amorlcr. Purstr. I.  

Max.: Inf. Clrc.  6551, Buruau o f  Ylaer. 1932. p. 14. 





r e s e r v o i r  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 i t ,  t h e  work rhould be 
?one c a r e f u l l y ,  a l l  leakage checked, s u i t a b l e  g a t e s  and spi l lways provided, and regula r  in- 
s p e c t i o n  maintained. 

AS both d i v e r s i o n  d a u  and r e s e r v o i r s  tend t o  a c t  a s  s e t t l i n g  b a s i n s  i t  u y  be conven- 
i e n t  t o  provide g a t e s  c lose  t o  t h e  bottom through which sediment u j  be f lushed as o f t e n  aa 
necessary .  

The ch ie f  i t e m  of equipmmt used i n  most hydrau l ic  mines a r e  p i p e  l i n e s  t o  c a r r y  t h e  
water  under pressl l re  t o  the p l a c e s  where it is used; g i a n t s  o r  monitors f o r  c u t t i n & ,  washing, 
and d r i v i n g  t h e  grave?;  d e r r i c k s ,  winches, o r  o t h e r  machinery f o r  handling boulders;  and 
s l u i c e  boxes f o r  sav ing  t h e  gold and d i spos ing  of t h e  t a i l i n c s .  Picks,  shove ls ,  and fo rks  
a r e  t h e  common band t o o l s  used a t  p l a c e r  mines. Power d r i l l s  run by compressed a i r  o r  s t e m  
may be used i f  t h e  gravel  con ta ins  an excess ive  q u a n t i t y  of l a r g e  boulders .  However, hand 
d r i l l s  a r e  used a t  most mines t o  d r i l l  boulders  and sometimes t o  d r i l l  cemented grave l  o r  
t a rd-c lay  s t r a t a .  Churn d r i l l s  a r e  employed occas iona l ly  f o r  d r i l l i n g  cemented grave l  ahead 
o f  hydrau l ick ine .  

P i p e  Lines 

-.- As descr ibed  prev ious ly ,  d i t c h  l i n e s  a r e  used t o  b r ing  t h e  necessary water  t o  a 
convenient p o i n t  above t h e  mine. From t h a t  po in t  a p ipe  l i n e  is l a i d  down t h e  h i l l s i d e  t o  
t h e  p i t .  Occasional ly,  where t h e  grade  of a creek is s teep .  t h e  water  till be d i v e r t e d  from 
t k r  s t ream d i r e c t l y  i n t o  a pipe l i n e .  Although rooden s t a v e  p ipe  is used i t  a few proper- 
t i e s ,  s t e e l  p ipe  is prefe r red  a t  n e a r l y  a l l  hydraul ic  mines. 

Pipe may be made from s t e e l  s h e e t s  i n  t h e  mine shops o r  bought fro* p i p e  m a a o f a c t u n n .  
Unless  a l a r g e  q u a n t i t y  of p ipe  is t o  be  used o r  t r a n s p o r t a t i o n  is d i f f i c u l t  i t  u s u a l l y  is 
more economical t o  buy t h e  p ipe  a l r e a d y  made up. Various types  of  s t e e l  p i p e  a r e  used, but  
light-weight r i v e t e d  p ipe  with s l i p  o r  s tove-p ipe  j o i n t s  genera l ly  is p r e f e r r e d  i n  t h e  
Western S t a t e s  a s  i t  is cheaper, l i g h t e r ,  and more e a s i l y  t ranspor ted  and i n s t a l l e d  than 
o t h e r  s t e e l  p ipe .  

S p i r a l  r i v e t e d  pipe G i r l  s t a n d  g r e a t e r  p r e s s u r e s  and Larder usage t t a n  t h e  r t m i g h t  
r i v e t e d  p ipe ,  bu t  i t  is more expensive. Moreover, f l ange  J o i n t s ,  which a r e  a n  added expense, 
g e n e r a l l y  a r e  used with t h e  s p i n 1  p i p e .  Ordinary r i v e t e d  p ipe  of  LO t o  16 United S t a t e r  
s tandard  gage m a t e r i a l ~ 7  t o  46 inckes  i n  diameter  war being used i n  western mines i n  1932; 
t h e  d i m e t e r s  used most were 36, 32, 24, 22, 18, 15, 11, and 9 inches.  Large p i p e s  a r e  
e a s i l y  damaged i f  made of  m a t e r i a l  t h i n n e r  than 14 gage. Usually two o r  more diameters  and 
gages of p i p e  a r e  used i n  the  same l i n e ,  mainly a s  a mat te r  of convenience s i n c e  t h i s  per- 
m i t s  n e s t i n g  i n  t r a n s i t .  A sav ing  may be made i n  ocean f r e i g h t  and occas iona l ly  i n  t ruck  
h a u l s  by n e s t i n g  t h e  pipe. 

S l i p - j o i n t  p i p e  is made i n  s tandard  leng ths  of  19 f e e t  7 1/2 inches  each. The s e c t i o n s  
may be  made longer  o r  s h o r t e r ,  howevar, a s  required by t r a n s p o r t a t i o s p u r p o s e s ,  ,provided they 
a r e  i n  m u l t i p l e s  of  4 f e e t .  The e x t r a  p ipe  required f o r  a s l i p  j o i n t  is about 3 inches p e r  
s e c t i o n .  The s tandard  length of  s e c t i o n s  o f  s p i r a l  r i v e t e d  p ipe  is 20 f e e t .  P l a c e r  p ipe  
u s u a l l y  is coated i n s i d e  and o u t  wi th  an a s p h a l t  p a i n t .  

A pipe  of smal le r  diameter  w i l l  wi thstand a g r e a t e r  p ressure  than a l a r g e r  p ipe  of  t h e  
same wall t h i c k n e s s ;  there fore  i t  is common p r a c t i c e  t o  use smal le r  diameters  a s  t h e  p ressure  
i n c r e a s e s .  Reducing t h e  d i a a e t e r  i n c r e a s e s  t h e  f r i c t i o n  i n  t h e  p ipe ,  and a balance must be 
s t r u c k  between l o s s  of e f f e c t i v e  head i n  t h e  p ipe  l i n e  and f i r s t  c o a t  o f  t h e  l i n e .  BrancL 



l i n e s  u s u a l l y  have a  s a a l l e r  diameter than the main supply l i n e s .  
Table 3 shows t h e  weight,  s t r e n g t h ,  and cos t  of r ive ted  p ipe  with s l i p  j o i n t s .  P r ices  

aad weights  a r e  f o r  p ipe  double dipped with asphaltum coa t ing .  
The number of f e e t  and s e c t i o n s  of var ious  diameters  o f  s l i p - J o i n t  pipe required to  rake 

r car load  a r e  shown i n  t a b l e  4. 

TABU 3.- Je inh ts  and o r i c e s  o ?  s l i p - j o i n t  s t ra igh t - r ive ted  o i ~ e '  

- 
Pipe 
dia- 

meter,  
jnchrr 

6 
6 

7 
7 

8 
8 
8 

9 
9 
9 

LO 
10 
10 
10 

11 
11 
11 
11 

1 2  
12 
1 2  
1 2  

13 
13  
13 
13  

14 
1 4  
14 
1 4  

- 

- 
i a f r  
:ead 
reet 

'Furnished by Western Pipe L S t e e l  Co.,  San Francisco.  Calif 
' p .0 .b .  San Francisco. as of October 1932. 
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) r i c e  

p e r  
root2 

10.33 
.3S 

.38 

.45 

.42 

.50 

.67 

.46 

4 
.73 

.51 

.6Z 

.84 
1.05 

. 55  

.6E 

. 9 1  
1 . 1  

. 5 s  

.71 

.se 
1.27 

.63  

.75 
1.05 
1.35 

.66 

.8C 
1.12 
1 . 4 4  

I 

Pipe 
dia- 

meter, 
inctea 

16 
16 
16 
16 

18 
18 
18 
18 

2Q 
20 
20 
20 

22 
22 
22 
22 

24 
24 
24 
24 

26 
26 
26 

28 
28 
2 

30 
30 
30 

32 
32 



- 
Safe 
head, 
f e e t  - 
129 
166 

122 
156 - 

Pipe 
d i e  

a e t o r ,  
inches 

15 
15 
15 
15 

- 
P r i o r  
plr 

t o o t a  - 
2.52 
3.19 

2.66 
I 3.m - 

'Furmiaha by western Pipe L S t e e l  Co., San Ptanoisco, Wit. 
't.0.b. SIII Francisco,  u O r  October 1932. 

k g @  
no. 

16 
14 
12 
10 

TABU 4.- Maximum q u a n t i t y  of  1 1 1 ~ - l o i n t  r a t e r  ~ i ~ e  t h a t  can he loaded pp 
J l a t  car 8 f e e t  6 inches wide by 40 f e e t  lonz. u s i n s  a i d e  s t a k ~  

D i u e t r r ,  inchea 

Weight 
per  

foot ,  

45.0 
58.7 

47.5 
62.0 

Weight 

p e r  
f o o t ,  
wunda 

U .6  
15.4 
20.9 
26.: 

 o or weights  p e r  l ineal  f o o t  see  
t a b l e  3. 

Maximua 
j .c t ions 

1,152 
760 
544 
420 
310 
264 
220 
180 
144 
128 
112 
98 
84 
60 
60 
a 
40 
40 
30 
30 
30 
30 
30 
10 

number 
Feet ' 

22,320 
14,725 
10,540 
8,131.50 
6.0C6.25 
5.115 
4,262.50 
3,487.50 
2,790 
2,480 
2.170 
1,898.75 
1.627.50 
1,162.50 
1.i62.50 

n s  
775 
n s  
581.25 
581.25 
581.25 
581.25 
581.25 
193.75 

Cage 
no. 

12 
10 

12 
10 

S a f e  
head, 
f e e t  

168 
211 
297 
379 

P r i c e  
p e r  

.71 

.85 
1.1s 
1.52 

Pipe 
d i c  

f o o t z m e t e r ,  
inches 

34 
34 

36 
36 



Tbe minimum car load  weight is 20,000 and the  maximum 80,000 pounds i n  Ca l i fo rn ia .  Car- 

load shipments take f i f t h  c l a s s  r a t e .  Less t t r n  ca r load  shipments of pipe up t o  12 inches 1 
i n  diameter take t t i r d  c l a s s  and over  t h i s  diameter one and one ha l f  times the  f i r s t - c l a s s  1 
r a t e .  

Table S shows t h e  weight, s t r e n g t h ,  and c o s t  of  s p i r a l  r ive ted  p ipe  and the  weight and 
c o s t  o t  two types  o f  flange8 used f o r  j o i n i n g  the  pipe.  The pipe is asphal ted i n s i d e  and 

l 

out  and comes i n  l e n g t h s  up t o  40 f e e t .  The p r i c e s  quoted a r e  t o r  pipe with p l a i n  ends and 
i n  car load l o t s .  

As used p ipe  is a v a i l a b l e  i n  n e a r l y  a11 p lacer  d i s t r i c t s  very l i t t l e  new pipe is pur- 
chased except f o r  i n s t a l l a t i o n s  of some magnitude. There a r e  no es tab l i shed  p r i c e s  f o r  rued 

p ipe .  
The Y's and T ' s  needed f o r  branch l i n e s  usual ly a r e  purchased from the  pipe manufactur- 

e r s .  A header box m y  be used when more t t a n  two branches a r e  taken out  a t  one p lace .  
I 
i 

.- I n  making t h e  p ipe  with s l i p  j o i n t s  the  diameter  of  one end is 
s l i g h t l y  con t rac ted .  (See f i g .  4,&. )  This  j o i n t  i n  s t r a i g h t  p ipe  l i n e s  w i l l  wi thstand most 
p r e s s u r e s  encountered a t  p l a c e r  mines. S l i p  j o i n t s ,  however, become b a t t e r e d  from frequent  
l ay ing ,  and o t h e r  types a r e  d e s i r a b l e  wtere t h e  p ipe  is moved of ten .  

Flanged o r  bo l ted  j o i n t s  a r e  used i n  some p i t s  f o r  s iphons and i n  very high-pressure 
l i n e s .  Three d i f f e r e n t  types a r e  l i s t e d  i n  t a b l e  5. The Taylor  flanged j o i n t  is of  forged 
s t e e l  and is welded t o  the  pipe;  t h e  p r i c e  includes b o l t s  and gaske ts .  The &inch s i z e  is 
good f o r  a working pressure  of 200 pounds; 8- t o  12-inch s i z e ,  125 pounds; 12- t o  20-inch 
s i z e ,  110 pounds; and above 20-inch s i z e ,  75 pounds. m e  American f lange a l s o  is complete 
and a t tached  t o  the pipe.  Most s i z e s  a r e  good f o r  a working pressure  of  300 pounds p e r  
square inch. 

The bo l ted  j o i n t  is  complete with ro l led-s tee l  r e t a i n i n g  s l e e v e s  and forged-steel  
f l anges .  It  a f f o r d s  from l0 t o  3 O  f l e x i b i ' i t y  a t  each j o i n t .  Tightness  is maintained by 
a d j u s t i n g  t h e  b o l t s ,  even a t  high pressures .  Anchoring of  t h e  p ipe  l i n e  i s  necessary a t  high 
p r e s s u r e s  and i n  l a r g e  s i z e s  t o  prevent  p u l l i n g  out of the  j o i n t .  This  j o i n t  can be used i n  
aaking moderate CUNeS i n  l i n e r .  

Four d i f f e r e n t  kinds of j o i n t s  a r e  i l l u s t r a t e d  i n  f i g u r e  4 .  A s  s t a t e d  before ,  f i g u r e  
4.A. is a s i i p  j o i n t  commonly used i n  t h e  Western S t a t r s .  Figure 4.8," stows a forged 
s t e e l  s l ip-on j o i n t  welded t o  t h e  p ipe  t o  form a f lush  square end. A gasket is used. Simi- 
l a r  j o i n t s  may be r i v e t e d  t o  the  p ipe  i n s t e a d  of welded. Figure 4.c. l 4  shows a bol ted socket  
J o i n t .  T t i s  connection permits  both d e f l e c t i o n  and expansion; the p ipe ,  however, must be 
anchored a t  curves.  W.en a r e t a i n i n g  s t o u l d e r  is used on t h e  i n s i d e  p ipe  a small d e f l e c t i o n  
is poss ib le ,  b u t  the j o i n t  l o s e s  the  a b i l i t y  t o  allow e-ansion. Figure 4.Q. I' shows a b o l t -  
ed elbow j o i n t  f o r  m a k i ~ g  8 t u r n  i n  a p i p e .  

'Re  c o l l a r  and ringed Castings a r e  i d e n t i c a l  with tt.ose f u r n i s t e d  on t t e  regu la r  b o l t e d  
j o i n t  made by the  same company. The elbow is made by p lac ing  r e l a t i v e l y  inexpensive angle 
c a s t i n g s  between the r ings .  Tke degree of  tu rn  is governed by t h e  st.ape of the  c e n t e r  cast-  
ing .  Lengtts  and list p r i c e s  of tt.e regu la r  b o l t  j o i n t .  a s  of January 1933. a r e  a s  follows: 

14 Fro. ca ta log of Taylor Corgr b Plpr i o . .  :a:cago. 1;l. 

11 Prom cata loc  of Abradrota b Root Y.nulac:ur:a; C3.. Caleago, I l l .  



Figure 4.- Joints for placer pipe: A, Slib joint B, forged-steel slio joint on flan es welded f to pipe; C, bolted-socket joint without retaining shoulder, D, bolted joint t bow. 



1 F\lmisaod by T u l o r  tors* b Piw Iarlu. Chlcbgo. I l l .  

2 A factor of s*frtt of about 4 thould be used in  p h e w  mining: 1 root hrad o f  watmr i s  0.43 pound. 

C.0.b. CUC40, U Of Oatober 19S2. 



Diameter, 
inches 

Sometimes a lead jo in t  is used; t h i s  consists of a sleeve three fourths of an inch 
l a rge r  than the pipe, placed around the two ends to be connected. 'Re space between the mug 
and pipe is f i l l e d  with mo1:en lead. 

Riveted elbows furnished by the pipe manufacturers generally a n  us& for W i n g  turns 
i n  pipe l i n e s .  Taper jo in t s  a re  us& where reductloas a re  aade i n  l ines ,  SudCen reductions 
i n  s i z e  a re  to  be avoided because of the 10- of head and s t r a in  on the l ine .  

Standard valves are  used f o r  diverting r a t e r  o r  closing off flow i n  pipe l ines .  Valves 
s tould  be closed slowly and with great  care i n  high-preasure l ines ;  the pressure exerted by 
the  sudden stoppage of flow i n  the water column u y  burnt tke pipe. 

Air vents are  needed a t  a l l  ores ts  in.  hydraulic pipes to  prevent a vacuum being fornod 
and subsequent crushing of tho pipe. Venting a lso  is aecessary to  preveat a i r  pockets io 
tke  l i n e .  Figure 5 shows an a i r  vent used a t  the Salyer mine i n  Tr ini ty  County, Calif. '' 
The device consists of a l ea the r faced  flap on a hinge bolted on the iaaide of the pipe. A 
b a i l  attached t o  the flap goea through an oblong hole 1 5/4 by 3 inohes i n  r i t e ,  cut  i n  the 
pipe.  A s  the water f i l l s  the pipe tho f lap  f i t s  t igh t ly  against the inaide; a s  the water 
f a l l s  the f l ap  drops, making a vent. 

Dessure  boxe1.- To give tho water entering a pipe l i n e  an i n i t i a l  velocity prwaure 
boxes o r  pens tocb  are  used. A head of 4 to  6 fee t  w u a l l y  i r  provided. A l m g t h  of l a r e c  
diameter pip. may bo used a t  the top of the Line instead of a penstock. A rcreon usually is 
placed a t  the t.ead of the l i n e  to  keep out trash.  In  some ins ta l l a t ions  s e t t l i n g  boxes are 
C;ovided where sol id  matter nay s e t t l e  out t e fo re  the r a t e r  goes in to  tbr pipe, a s  such u- 
t e r i a l  may cause rapid wear of the nozzles of t t e  giants.  

W u i D e  line$.- Pipe l ines  are  l a id  by beginning a t  the bottom aad working upward. 
S ta rp  curves a re  avoided wherever possible, and where used the pipe aunt be anchored socuroly 
t o  prevent the thrust  of the water pressure from pulling the jo in t s  apart. Cumes i n  a re* 
t i c a l  plane a re  especially undes:rable a s  they may cause a i r  pockets i n  the pipe. The pipe. 

' r ice ,  
each 

83.20 
3.40 
3.90 
6.00 
6.45 
6.70 
7.85 
8.70 

10.45 
12.55 
13.55 
13.45 
15.00 
17.00 
19.00 
21.00 
23.00 

16 hg lnr * r lng  M d  Y M n &  Journal. Air-Vent Vblvr tor &drau l lc  Ylnlng: Val. 131. t rb.  Y. 1931, p. 161. 
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Approxiaate 
weight, 

wun& 
18 
24 
30 
13 
SO 
S1 
55 
58 
82 
90 
93 

100 
111 
126 
170 
180 
315 



Side Elevation d Valve in Place n 

Figure 5.-Air-vent valve for pipe lines. Salyer, Calif. 



should  be f i l l e d  gradually f o r  the  same reason. I n  c ross ing  small ravines a t r e s f l e  should 
be t u i l t  f i r s t  and t t e  pipe l a i d  on plank f o r  t h e  complete d i s tance .  

I n  l a y i n g  new pipe with s l i p  j o i n t s  t h e  o u t s i d e  pipe is s t a r t e d  over the  end of t h e  
o t t e r ,  then heated with a blow torch,  which expands t h e  ou te r  p ipe  and melts t h e  t a r  pro- 
v i o u s l y  p laced  on t t e  end of t t e  lower p ipe .  A8 t h e  hea t ing  is completed the  upper pipe is 
d r i v e n  home by hanaering on a block of  wood placed a t  t h e  upper end. The t a r  makes a water- 
t ight  connect ion.  Where t t e  pipe has been b a t t e r e d  from previous handling, burlap o r  sacking 
ray be wrapped around the j o i n t  before d r i v i n g .  I f  l e a k s  develop they may be stopped by 
d r i v i n g  i n  wooden plugs;  S o ~ t i B e S  ur o u t s i d e  band is required.  

I n  p l a c i n g  p ipes  with fl .ngod j o i n t s  they a r e  l a i d  end t o  end and the b o l t s  put  through 
md t igh tened  up. 'Re f langes usua l ly  a r e  a t t a c h e d  t o  the  p ipe  a t  the  factory.  This pro- 
v e n t s  n e s t i n g  of  the pipe i n  s t i p p i n g  bu t  p e r r i t s  a b e t t e r  j o i n t  t o  be made. 

When pressures  a r e  very high o r  when t h e  p i p e  has v e r t i c a l  o r  l a t e r a l  curves, l u g s  
slrould be  r i v e t e d  on tlre en& of  the  pipe with s l i p  j o i n t s  and t h e  two p ipes  wired toge ther  
a f t e r  t h e  connection is M C ~  t o  prevent t h e  j o i n t  p u l l i n g  Out. S imi la r  lugs  can be used f o r  
a n c h o r i n g  t t e  l i n e  t o  stumps o r  pos t s .  

I n  s t r a i g h t  pipe l i n e s  expansion j o i n t s  should be placed a t  i n t e r v a l s  of  100 t o  2.000 
f e e t ,  depending upon t t e  condit ions t o  be met. Where pipe l i n e s  have l a t e r a l  curves expan- 
s i o n  j o i n t s  a r e  not needed, as t t e  expansion o r  c o n t r a c t i o n  of the  pipe i s  taken up i n  t h e  
c u r w d  s e c t i o n s .  A long, empty pipe l i n e  may c o n t r a c t  s e v e r a l  f e e t  between a r a m  day and 
a co ld  n i g h t ,  and unless  provision is aade f o r  t h i s  con t rac t ion  t h e  pipe w i l l  p u l l  a p a r t .  
When t h e  p i p e s  a r e  kept f u l l  of r a t e r  t h i s  c o n t r a c t i o n  does not occur .  Pipe l i n e s  a r e  bur ied  
i n  some l o c a t i o n s  t u t  seldom a t  r e s t e r n  p l a c e r  mines. 

The c o s t  of laying pipe l i n e s  depends upon t h e  s i z e  of t t e  pipe and the  topography and 
cover  o f  t t e  country. Ten men working 90 days  l a i d  5,000 f e e t  of  36- t o  16-inch pipe a t  the  
Brorning mine. Leland, Oreg., i n  open country i n  t t e  s p r i n g  of 1932. 

Flow o f  r a t e r  t- ~ i w a . -  The q u a n t i t y  o f  water  t h a t  rill flow through a p ipe  l i n e  
a t  a p l a c e r  mine depends mainly upon t h e  d iameter  o f  t h e  pipe,  t h e  e f f e c t i v e  hydraul ic  head, 
a ~ d  thm s i z e  of  tke  nozzle used on the  g i a n t  a t  t h e  end of  t h e  pipe.  Generally the nozzle  
used is o f  such a s i z e  t h t  t h e  p ipe  w i l l  c a r r y  t h e  a v a i l a b l e  water.  A¶ t h e  water supply is 
redoced smal le r  norz:es a r e  used on t h e  gluts. 

T t e  e f f e s t i v e  head on a p i p e  is t h e  s t a t i c  head minus the  l o s s  of head due t o  f r i c t i o n .  
The l o s s  o f  bead depends upon (1)  the  v e l o c i t y  o f  t h e  r a t e r ,  ( 2 )  t h e  roughness of t h e  ia-  
t e r i o r  o f  t h e  pipe,  (3) the diameter  of t h e  pipe.  and (4) t h e  leng th .  The pressure a v a i l a b l e  
and t h e  amount of flew a t  t t e  end of  a long  p ipe  depends malnly upon t h e  l a s t  th ree  items. 
h e  p r e s s u r e  of t t e  water i n  t t e  pipe has  no e f f e c t .  by i t s e l f ,  on the  l o s s  of head. Formu- 
las t a w  been derived f o r  c a l c u l a t i n g  t h e  l o s s  o f  head i n  which c o e f f i c i e n t s  of roughness 
are usrd .  These c o r f f i c i m t s  have been der ived  by experiment f o r  d i f f e r e n t  types of p ipes ;  
s p e c i f i c a l l y ,  to rever ,  considerat ion must be g i v m  t o  t h e  s e r v i c e  condit ions encountered. 
No s t a n d a r d  of  rougkness e x i s t s ,  and t h e  degree o f  rougkness of  the  i n t e r i o r  of a pipe does 
n o t  remain constant .  Usually a pipe is chosen about  20 percent  l a r g e r  t t a n  would be indi- 
c a t e d  if t h e r e  was no l o s s  due t o  f r i c t i o n .  Flow through an unobstructed pipe l i n e  of  -mi- 
f o r r  d iameter  can be c a l c u h t b d  from a number o f  formulas. The Kutter  modification of the  
Chezy formula appears t o  be pre fe r red  by hydrau l ic  engineers .  The Chety formula may be 
8 t a t e d  A s :  

The K u t t e r  n o d i l l c a t i o n  of the  Ccezy formula is: 







Figure 7.- Hydraulic giant, no. 1, 2, and 3. 

Figure 8.- Deflector for hydraulic giant. 



from 11. below t o  55' above the hor izon ta l .  A s t andard  g i a n t  is  shorn i n  f igure  7. The 
box of  s t o n e s  is used t o  counterbalance the weight of  t h e  spout .  A g i a n t  general ly  is a r t  
up i n  a p i t  by being bol ted t o  a  l o g  o r  t o  t imbers  s e c u r e l y  anchored i n  bedrock. Nozzles o f  
d i f f e r e n t  d i a n e t e r s  can be used up t o  the d i a a e t e r  of  t h e  o u t l e t  o f  the  g i a n t  t o  sake allow- 
aace  f o r  v a r i a t i o n  i n  t t e  q u a n t i t y  Of water used. T te  g i a n t  and nozzle a r e  coastructed s o  
t h a t  a  r o t a r y  motion of t t e  j e t  is prevented. and t h e  water  is d i rcharged  i n  a  s o l i d  coluan. 
C i a n t s  a r e  .ad* f o r  a  wide range of  s e n i c e  i n  10 s i z e s ,  n u b e r e d  0 t o  9, inc lus ive .  

With heads of 100 f e e t  o r  more d e f l e c t o r s  a r e  used f o r  p o i n t i n g  the  l a r g e r  t i a n t s .  A 
comon type o f  d e f l e c t o r  c o n s i s t s  of  a  s t o r t  s e c t i o n  of  p i p e  t h a t  p r o j e c t s  ove i  the  nczzle .  
(See f i g .  8 . )  It t u r n s  on a  g imbd j o i n t  and is c o n t r o l l e d  by a  l r v e r .  A s  the  d e f l e c t o r  is  
turned a g a i n s t  t h e  j e t  t t e  fo rce  of the  8 t r e U  t u r n s  t h e  g i a n t  i n  t h e  opposi te  d i r e c t i o n .  

Table 6 stows the  s i t e s ,  weights. and p r i c e s  of g i a n t s  and d e f l e c t o r s  made by one manu- 
f a c t u r e  r  . ' Other companies make s i m i l a r  equipment a t  competi t ive p r i c e s .  

TABLE 6.- a z e s .  welzhts. and Drices  of double- jointed.  bal l -bearlnn g i a n t s  and d e f l e c t o q  

S i z e  
no. 

Weight 

pounds 

K a a e t e r  
~f  p ipe  
r n l e t s ,  
inches  

L i s t  p r i c e  ' Diaeeter  of b u t t s  
with nozzle  

Ce tacked,  
inches  

- 
Flanged 
i n l e t  

- 
3 1  ip 
I o i n t  
n l e t  - 
. . . . . . . 
$165 

210 
295 
330 
460 
580 
685 
805 
865 - 

' sub jec t  t o  discount  because of  f l u c t u a t i o n s  i n  p r i c e s  of  i r o n  and s t e e l .  
'!done requi red .  

C i a n t s  1 t o  3 a r e  constructed as s t o m  i n  f i g u r e  7. The l a r g e r  s i z c s  a r e  of more s u b  
s t a n t i a l  c o n s t r u c t i o n  and usua l ly  a r e  equipped with a  bal l -bearing k ingbol t .  For heads of 
400 o r  more f e e t  'teavy l u g s  may be used a t  t h e  j o i n t s  a s  a s a f e t y  precaut ion.  

rEe throuah nozz1eq.- Table 7 g i v e s  t h e  d i scharge  through d i f f e r e n t  s i z e s  of  
m z z l e s  under t.eads Iron 100 t o  400 f e e t .  I n  t h i s  t a b l e  40 miner ' s  inches is considered a s  
1 cubic  f o o t  p e r  second. The t h e o r e t i c a l  flow of  water  through nozzles  exceeds the  f igures  
i n  t a b l e  7 by about 10 percen t ;  allowances have been made f o r  f r i c t i o n  l o s s e s .  The flow 
through nozz les  not  s t o m  i n  the  t a b l e  o r  f o r  d i f f e r e n t  heads can be ca lcu la ted  from the 
equa t ion :  



Q = cubic feet  per second, 
A = area of n o u l e  (aqua+. f e e t ) ,  
p = effective head a t  nozzle ( f e e t ) ,  
S = coefficient of discharge ranging from 0.8 to 

0.94 (usually takm u 0.9, rhich makes allow- 
ance for  f r i c t ion) .  

To convert cubto feet  to  gallons multiply by 7.48. 

TABLE ?.-flow of r a t e r  t h r o a  nianul 

Giant 
no. 

- 
0 
0 
1 
1 
2 
2 
3 
3 
4 
4 
5 
5 
6 
6 
7 
7 
8 
8 
9 
9 - 

E i i e c t i r e  bead. fq 

inches feet  per 

90 I 200 I 
1 Cubio I 1 Cubic 

1 118 
1 3/8 
2 
3 
3 
4 
3 
4 
4 
6 
5 
6 
6 
7 
6 
7 
7 
8 
9 

10 

Miner's feet  per Miner's fo r t  per 
inches second inches second 

22 0.8 31 ................ 
33 1.2 47 ............... 
63 2.2 89 2.7 

120 4.3 173 5.3 
133 4.7 187 5.7 
227 8.3 333 10.3 
148 6.0 200 6.5 
240 8.6 343 10.6 
253 8.9 . 357 10.9 
535 19.2 770 23.7 
395 13.9 560 16.7 
540 19.3 TI0 23.8 
550 19.6 780 24.1 
750 26.7 1,070 33.2 
570 20.0 800 24.5 
760 26.9 1.080 33.3 
770 27.2 1,090 33.8 

second 
0.6 

.8 
1.6 
3.0 
3.3 
5.6 
3.7 
6.0 
6.3 

13.3 
9.8 

13.5 
13.8 
18.7 
14.. 2 
19.0 
19.2 
15.2 
32.0 
39.3 

4 - 
Cubic 

teet pe I 

a!a& 
.............. 
.............. 

3.1 
6 .4  
6.6 

11.9 
7 .1  

12.2 
12.6 
n.s 
19.7 
27.7 
27.9 
37.7 
28.3 
38.0 
38.3 
48.7 
63.7 
78.7 

L 

l iner 's  

JshL  
............ 
............. 

125 
257 
267 
477 
283 
488 
504 

1,100 
790 

1.110 
1,120 
1.510 
1.130 
1.520 
1,530 
1.950 
2.650 
3,140 - 

' ~ d a ~ t e d  from table in catalog of Joshua Hendy Iron Works,. San Francisco, Calif. - 
Derricks and l i n c t e s  

The same general types of derricks and rinc5es a re  used as  i n  ground-sluicing, rhich hM 
been described in  a previous paper. l a  

18 Urdbr .  t .  D..  and Jobiou.  C. H.. ?laerr Ylnlog i n  the h s i r r n  Un.t.4 Stbtrr: Part I. - Clnrrul Xkfurution, 

X.otiShorrlinc, and CrounCJluiclu;: In t .  Clrc. 6181 Brrraa o f  Yinr8, 1951. 73 pp. 
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Figure 9.-Ruble elevator used at Redding Creek mine, Douglas City, Calif. 



Figure 10.- Hydraulic elevator. 



Ruble t l e v a t o r r  

The Ruble e l e v a t o r  is named f o r  t t e  Ruble 8iw i n  Joscptone County, Oreg. It cons i s t s  
e s s e n t i a l l y  o f  an inc l ined  g r i z z l y  on a p i t c h  of  abcut 17'. up which the  gr rve l  is driven 
b l  t h e  s t r e u  from a g ian t .  The overs ize  goes over t b  g r i z z l y  t o  a rock p i l e .  and the  
undersize runs d o n  a chute under t h e  g r i z z l y  and thence i n t o  s l u i c e  boxes, usua l ly  s e t  rt 
r i g k t  a n g l e s  t o  t h e  e leva tor .  The spacing between bar8  o f  e l e v a t o r s  i n  use i n  1932 ranged 
f r o a  314 t o  2 1/2 inches. A 10- o r  12-foot apron is u8.d i n  f r o n t  of the  g r i z z l y .  The 
grave l  g e n e r a l l y  is awept t o  the  foo t  o f  t h e  e l e v a t o r  by one g i a n t  and through t h e  Ruble 
by aoother .  The gravel  must be washed t toroughly before  it La e leva ted ,  and the  stream of 
t h e  e l e v a t o r  g i a n t  must be used with caut ion;  o t h e r r i s e ,  cons iderab le  gold may be driven 
over  t h e  top .  

Under favorab le  ConCitions one g i a n t  can handle a s  much m a t e r i a l  through the  Ruble M 
another  can c u t  and sweep t o  i t .  Under o t h e r  condi t ions  l e s s  than h a l f  of  tho mater ial  can 
be p u t  through tho Ruble t h a t  one g i a n t  working s t e a d i l y  can g e t  t o  it. Figure 9 is a d r a w  
ing  o f  a Ruble e l e v a t o r  used a t  t h e  Redding Creek mine a t  Douglas Ci ty ,  C a l i f .  

Hsdrau l ic  E l e r a t o r s  

Hydraul ic  e l e v a t o r s  a r e  used t o  r a i s e  g rave l ,  sand, and water  out  of  p l a c e r  p i t s  i n t o  
s l u i c e  boxes. An e l e v a t o r  c o n s i s t s  o f  a pipe with a c o n s t r i c t e l  p o r t  o r  t h r o a t  and a j e t  
~ L i c h  provides a high-veloci ty ascending column of  water.  The r e l a t i v e  diameter of  pipe, 
t h r o a t ,  and j e t  must be proportioned according t o  tt.e condi t ions  under which the  e l e v a t o r  is 
used. A s e c t i o n  o f  an e l e v a t o r  is st.orn i n  f igure  10. " The e l e v a t o r  m y  a l s o  be used u 
a water  l i f t e r .  

The he igh t  ts which gravel  can be l i f t e d  is one t e n t h  t o  one four th  of  t h e  e f f e c t i v e  
head of t h e  p r e s s u r e  r a t e r  a t  the  nozzle  of  t h e  e l e v a t o r .  Usually t h e  l i f t  w i l l  be about 
one f i f t h  t k e  head. 

The volume o f  crave1 t k a t  can be Candled by an e l e v a t o r  depends p r i a a r i l y  upon the  head 
and voluae o f  p r e s s u r e  water a v a i l a b l e  and t o  a l e s s e r  e x t e n t  upon t h e  quant i ty  of  o ther  
water  t h a t  h a s  t o  be ra i sed  by t h e  e l e v a t o r .  The a o l i d s  i n  t h e  water  usua l ly  a r e  1.7 t o  
2 .5  p e r c e n t .  

m e r e  l i t t l e  d ra inaee  water has  t o  be handled and o t h e r  c o n d i t i o n s  a r e  favorable  the 
p ropor t ion  o f  t t e  water  de l ivered  t o  t h e  e l e v a t o r  and t h e  g i a n t ,  r espec t ive ly ,  should be 
about  equal ,  provided t h e  pressure  is t h e  aaae i n  both. Usually, however, about twice as 
much r a t e r  o r  a correspondingly h igher  head is required f o r  t h e  e l e v a t o r .  The d i s c t a r p  of 
t h e  e l e v a t o r  should  be high encugh t o  provide dumping grcund, otherwise a g i a n t  may be needed 
t o  s t a s k  t h e   tailing^. Where p len ty  of water  l a  a v a i l a b l e  a compound o r  s t e p - l i f t  e leva tor  
may be i n s t a l l e d  i n  r t i c h  one t h i r d  of  t& pressure  water is used 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  second, with a correspondingly l a r g e r  a r e a  of  u p r a i s e  p ipe .  Thus the height 
of t h e  l i f t  may be w a r l y  Coubled. Double l i f t s  sometimes a r e  used: t h a t  is, the  discharge 
of oqe e l e v a t o r  goes t o  the  in take  of another .  

The e l e v a t o r  discharges upon a cover  p l a t e  t o  take t h e  r e a r - i n  the  head of a s l u i c e .  
Boxes may o r  nay not  be used i n  the p i t .  The s i z e  of t h e  g rave l  handled is l imi ted  by the 
s i z e  of  t h e  t h r o a t  of the e leva tor .  G r i z z l i e s  genera l ly  a r e  used a t  the  in take .  Coarse 
mate r ia l  reduces t h e  Capacity of the  e l e v a t o r ;  sowt imes  a Ruble e l e v a t o r  is  used i n  the  p i t .  
and only t h e  under-size is  s e n t  t o  the  hydraul ic  e leva tor .  

19 Aftrr Joroua Heady Iron ?orma catalog. 
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TABLE 9.- s a t e r  aupplies and ditch and pipe l iner a t  hydraulio minea In the Western States. 1932 $ w e  u7;y 
ce *a  inch 

Pipe lW 
Head 'of Reeervoirr, 

l i ue t e r ,  hngth,  water. oapaoity. 

Dlt - 
hpth. 

lQ9.L 
......... 
........... 

ch llnea 
C, 

I 

- 
.., 

.., 

) 

... 

... - 

- 
lour 

lsnP 
6 
4 
9 

10 
6 
9 

I I /  
10 

9 
....... 

18 
5 

24 
9 

6 
6 
5 

18 

Seneer ................... 
. . . . . . . . . . . . . .  Elephant 

.......... Horton Culoh 
Banner .................... 
Indlan Creek .......... 

......... Salmon River 
Jacobs ...................... 
Omega H i l l .  ........... 

226 ...................... 
115 None. 
66 None. 

100 None. 
275 1.2 
225 None. 
90 2 

210 ..................... 

Width. 
f a  

............ 

............ 
........... 
........... 
............ 

8 
0 
6 
4 

............ 

....:...... 
(PI 

........... 
'2 

........... 

............ 

............ 
........... 
.......... 
........... 
........... 
............ 
........... 
........... 

2 1 / 2  

ywash 

0 
40 
30 
0 
0 
0 
0 

200 

220 
150 

0 

0 
590 

60 
0 

100 
360 

15 
0 

0 
1.600 

60 
800 

........... 

'2 and 15 4.500 
S O t 0 1 1  3,800 
24 to 15 1.500 

h o  16 .............. 
15 300 

15 to  11 500 
32 t o  18 1.100 
10 and 8 1,000 
20 to 10 2.400 

15 200 
18 ............. 
18 ............. 

46 to  24 2.700 
10 ............. 

Total 

400 
175 
250 
300 
500 

1.100 
460 

1,600 

650 
600 
900 
400 

2,800 
600 
150 

1,200 
200 
600 
85 

600 
150 

2.800 
180 
900 

.................................... 
150 

.................................... 

............. Indian HI11 
............... Depot Hi11 

North Fork Plaoerl 

130 ...................... 
'160 ...................... 
400 ...................... 
200 
350 ...................... 
'90 ~ o n e .  
150 None. 
360 .2 
13s ..\ 
175 Kono . . 
65 .01 

n o  1.0 
80 ..................... 

220 None. 
225 ...................... 
125 .1 
90 None. 

Salyer.. .................. 
Norton and Nelson. 

........... Salmon Creek 

........... Blue CLnnnel 
Deep Creek ............. 
Yellowstone Cold 

....... Virg~n la  City. 
Henderson No. I..... 
Henderson No. 2..... 
llaconsln Culch ..... 

............ Stemwinder 
Diamond City.. ....... 
Superior ............. 

Hockensmi th .......... 
Colden Rule.. ......... 

'40 miner's incher - 1 cublo foot per oeoond. 
' ~ f f e c t i v e  haad. 
'TWO flume linea, 12 and 8 milee loo&. the l a t t e r  3 1/3 feet  wide by 2 1/2 deep. 
'~lume sections 2 by 2 8nd 2 1/2 by 1 2/S feet; to ta l  length 1.000 feet. 
' ~ f f e c t l v e  head. 
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Svngar ...... . ..... .... 
Eldphanl ... . .. .... .. 
H o r t o ~  Cdob  ...... .. 

Be~~nor . .  ......... ....... 
I n d l r n  Crvek ...... .. . 

Sdlmon Nlvar  ......... 
Jdcobm ..... ... . 

Om.(. HI11 ........... . 

I nd lan  HI11 .... ....... 

Depot lllll 

North Fork PIacarl  

S.1Y.C 

Nor tun and Haloon 

Sulmon Creak 

I l u a  Chanhal 

Duap Creak 

Yelloaatono Cold 

V I r g l n l a  C i t y  

Ilbnderaon No I . .  . 

Ilendarmon No. 2. ... 

l lmcon+ln Culch . .. 
Slemalndar ... . ... . 

- 
8blOr 

brougb 

l u l cv .  

11n.r'. 

nchaa 

- 
4w 

175 

2 t0  

300 

600 

I, I00  

4tO 

1. SO0 

650 

COO 

1,:oo 
2.EOO 

fO( 

1:c 

1 iOC 

ZOO 

€00 

85 

600 

2.e00 

160 

1€O 

eo . . . .. . . . . . . . . . . . . .. . . . . 
300 3/4 t o  1 1/2 

LOO 113 

1EO 6/12 

120 314 

120 S/* 

6.2 lood4n orour ... 
.. ......... . . ... Hun&rr lbn ........... . 

B.3 Rodk 0.Vl. l  ... . . . 
8.3 Polo .. .. ............ . 
6.2 l o o d m  blookm. . 
4.9 Ruck p a v l u l  ........ 
6.2 loodon blook a,... 

4.2 do .......... 
4.2 looden bloohm 

and rooh pavlm, 

1.0 loodon blooka .... 
0.3 R b l l r  .................. 
6.2 b o d a n  b lookr  .... 
6.2 HuBgbthO ....... . .. 

PO 1 0.. . . . . . . . . . . . .. . . 
10.4 R o l l  a... ............... 
10.4  polo^ ... .. . .. ....... 

0.3 Hungarlrn ......... .. 
do ............. 

.2 t o  12.3 Polo. ...... ......... .. . 
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TABLE 13.- 3 

Mine 

.......... Indlan Creek 

.......... Salmon River  
Indian H i 1 1  ............ 

North Fork P l a c e r  
S a l y e r  . . . . . . . . . . . . . . . . .  

....... Llano de  Oro 

P l a t u r i c a  ................ 
Lewis ...................... 

.................... Conners 
........... Eldorado Bar . 

lo. 

1 

1 
3 

1 
1 

1 

1 
1 

1 
1 - 

Distance be- 
tween gr lz -  

:ly bars ,  m a i ~  
~ l u i o e ,  lnchei 

3/8 
1/8 

1 114 

Undercu~ 

l id th ,  l n c h e ~  

m t  t a b l e s  

m g t h ,  inohee 

Hungarian.. ..... 
do. ......... 

Blook ............... 
angie i r o n  ...... 
Rock paving .... 
Hunearian ........ 
Various ............ 

S t e e l  mattlng 
on bur lap .  

do ........... 
l i r e  soreen  
on burlap.  

3ored plank .... 
Hungarian ........ 

R i f f l e s  

Size ,  inohes 

1 by 4 
1 1/4 by 1 
6 by 6 1/2 
1/2 by 3 1/2 

........................ 
1 by 1 1/4 

.......................... 

Distanoo, 
; en te r  t o  oen te r ,  

inches 

Cold reooverrd on 
u n d e r o u r r o n t ~ ,  porc  

oent  o f  t o t a l  

8 
3 

.................................... 



Water rigt.ts in most of the o l t e r  placer d i s t r i c t s  t m e  been adjudicated. 'Re rights 
of some old placer companies are  s t i l l  i n t a c t .  and tt.e r a t e r  can be used ritt.out Lindrance 
f c r  operating tcese mines. However, ott . rr  r a t e r  ri@.ts in  streams have been obtained by 
porer or  irritation companies, and n t r r  fo r  placer mininl! must be acquired from tkose con- 
t r o l l i n g  t t e  r ights.  In  some instances.  t.orever, r a t e r  can be appropriated for  placer mining 

. Table 9 sLors t t e  average flow of available r a t e r ,  the t i u r s  i t  r a s  used each d y ,  and 
t t e  average quantity used in  t t e  g i an t s  md  a s  by-rash a t  the principal  htdraulic mines being 
operated in  1932. I t  v i l l  be noted t h a t  tke average quantity of by-wash r a t e r  r a t  l e s s  t t a ~  
t t a t  of pressure r a t e r  a t  most of t t e  mines; i n  four mines, torever, t t e  opposite was t rue .  
~t a few p h c e r  no by-rash r a t e r  t a r  used. 

As s t a t ed  before, r a t e r  under a r e l a t ive ly  l o r  Pressure MY be used for  unSercutting 
r baak t o  assist ground s lu ic ing.  Clnerally.  torever, a t e rd  of a t  l e a s t  40 f ee t  must be 
avai lable  f o r  hydtaulicking sand and l o u  and the eas ies t  cut t ing  gravel. An 8 6  o r  go-foot 
tead usually is required to  cu t  a v e n g e  gravel banks. When t t e  gravel is t igh t  o r  contains 
boulders a tead of a t  l e a s t  125 fee t  s tould  be available for  hydraulicking. For very t igh t  
o r  cemented gravel, teads over 200 f e e t  s t o u l i  be available.  Higker heads give greater cut- 
t i n g  and driving polrer to t t e  g iants  and tt.us increase production. High pressures a re  neces- 
aary  f o r  Ugh banks, a s  t t e  g i an t s  must be s e t  f s r  enough aray t t a t  caving gravel r i l l  not 
in ju re  t t e  r o r b e n  .Len t t e  banl.8 a t e  undercut. R e  extreme range Of the heads on the giants 
a t  tt.e mines +as 40 t o  450 fee t .  R e  usual range r a s  100 to  500 fee t .  

I n  a t  l eas t  75 percent of t t e  40 o r  mot* operating hydraulic nines v i s i t ed  i n  1932 
r a t e r  was coa'veyed i n  ditches dug by t t e  ear ly  miners. Often, old pipe l i c e s  o r  salvaged 
pipe were u t i l ized.  Some of the present l i n e s  are  bu i l t  of pipe f i r s t  i n s t a l l ed  5C years 
ago. Rater r a s  pumped a t  four mines described. Pumping r a t e r  for  hydraulicking. tlovever. 
t a s  not been generally success:ul. 

Cata on d i t c l e s  and pipe l i n e s - a l s o  a r e  given i n  table 9. Ditch l ines  a s  much as 23 
miles long were used by individual mines operating in  1932. Several small miner tad no 
d i t c t e s  but took t t e  r a t e r  Cirec t ly  i n t o  pipe l ines  from t t e  creeks above tt.e mines. 

Tte pipe ranged i n  s i z e  from one l i n e  w i t h  an intake diameter of 46 iac les ,  r t i ch  tas 
reduced by staces t o  24 inc te s  in  d i a r e t e r  a t  t t e  p i t ,  t o  l i nes  of LO-inch pipe. 

Reservoirs rt.ere used ranged i n  s i z e  from 0.0L t o  15  a c r c f e e t .  
p y ? ~  of w u . -  R e  Cuty of a miner's inch of r a t e r  in  hydraulicking is delined a s  the 

numte: of cubic yarcs of gravel r t i c h  it c m  broak dom m d  sond through t t e  s:uice i n  24 
tours .  R e  factors af fec t ing ttAs dcty e re  so varied t t a t  i t  can be compared di rec t ly  a t  
t e r  mines. An averace duty of a miner 's  inch cannot be calculated fo r  tLe same reason. Tt.e 
duty of r a t e r  appears to  be t ig t .ea t  i n  l a r ~ e - s c a l e  operations. T1gt.t o r  cemented Ftavel is 
d i f f i c u l t  t o  break Corn; a Ugh  tank takes l e s s  pressure r a t e r  per cubic yard tt-an a l o r  one; 
a f l a t  tedrock requires an eXCeS8iVe ~ u a n t i t y  of r a t e r  tor  sweeping; a n ~ u l a r  rock ar.d gravel 
m i t h  f l a t  o r  laree toulders r @ C U i t @ S  more r a t e r  t o  move it t tan  does sm8ll-size, rcunled 
material ;  clay-tound t r ave l s  require  excessive mst.ing t o  f ree  tke gold; a t i gh  water pres- 
sure  18 more ef fec t ive  t t a n  a l o r  one f o r  cut t ing  or rreeping; and the graCe and s i ze  of 
s l u i c e s  govern t l e  dai ly  yarfage t h t  can t e  rasted though t t m .  Tte calculated duty o r  
r n t e r  at tt.e mines operating i n  1932 ranced from 0.4 to 4.3 cubic xards per miner's inch. 
(See t ab le  11.) In tt-ese ca lcu la t io r s  by-wash r a t e r  is included. 

Cocditiocs a t  t t e  mines range from t t e  most d i f f i c u l t  to a t  l e a s t  average. ~immler" 
repor ts  a duty of as Ligh a s  10 cubic yards per miner's inch a t  some Alaskan placer mines; 
t he  usual range, torever,  v r s  about t t e  same a s  t t a t  st.orn i n  table 11. 

21 l i Y l s r .  N o r v n  L . .  Placsr-llinln~ Yetbods and Costs in  Alum.: Bull. ZS9. lurrm o t  Ylaer, 1927. p. 139. 
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Piping 

After a mine is opened up the gravel bank is undercut by the giant  which a l l o m  the 
overlying material to cave in to  the  p i t .  The f a l l  breaks the gravel to rome extent;  i t  is 
lu r t ce r  reduced by being played upon by the stream from a giant o r  by by-rash water. A s  t t a  
gravel is being dis in teera ted  i t  is  r rept  by the giant  torard the s lu i ce  box. R e r e  t t e  
gravel is c?ay-bound o r  contains lumps or  s t reak8 of clay i t  u y  be r a s h d  back and forth 
across t t e  p i t  tottom one o r  more times un t i l  f ree  from the cloy. 

A s m a l l e r 4 i m e t e r  nozzle generally is w e d  for  cutt ing t t an  fo r  sweeping. A 8  an ex- 
ample, a quantity of gravel ray be b r o u a t  d m  with a giant with a 4 l/2-inch nozzle. R e n  
the r a t e r  w i l l  be s t u t  o f f  and a $inch n o u l e  put on t t e  giant  fo r  driving the gravel to 
tr.e s lu ice ,  o r  a separr te  g iant  w i t h  a $inch nozzle can be wed .  Umally two o r  more 
g iants  are  s e t  up i n  a p i t  rven wten only enough r a t e r  is a r r i l a b l e  to  run one st a time. 
One large  giant r i l l  do more rork  t t a n  two small ones using t t e  same quanti ty of r a t e r .  The 
gian:s'are placed a t  the most s t r a t e e i c  points both t o  cut t t e  bank and wash t t e  gravel t o  
t t e  s lu i ce  box. Where two g ian t s  a r e  used at  a time one u y  be used for  cu t t ing  and t t e  
o t t e r  for sweeping. R e  cu t t ing  giant  is s e t  on an angle to t t e  face. A t  t t e  old La C w g e  
mine t t e  streams from two %inch nozzles were used togettar  for  koth cut t ing  and sweeping. 
Ciants may be s e t  up a t  the  lower end of t t e  s lu i ce  t o  stack the coarse material i n  the 
t a i l i n g s  where.t te grade is not su f f i c i en t  f o r  i t  t o  be disposed of naturally.  

Sometimes a p i t  is l a i d  out so  tha t  a l l  of the gravel wasted i n  one seaaon is w e p t  to  
t t e  tead of t t e  s:uice. After the clean-up the boxes are extended through the msk.d-out 
p i t  and s e t  up for  t t e  next yea r ' s  rork'. A t  other places t t r  toxos a re  extended upmrd u 
room is made. 

Wten a p i t  is s t a r t ed  a cut  is '  taken across the channrl. a f t e r  which a diagonal o r  
square face is advanced upstrean. In wide c t a ~ e l s  o r  bar* two o r  more pa ra l l e l  cuts  u y  be 
taken. One p i t  Pay b i  worked while bouliers a r e  handled or bodrock is cleaned i n  t t e  other. 
A t  t:e Ruby Creek mlne a t  Atl ln,  B r i t i s h  Columbia, the channel was 250 fee t  wide; two L23- 
foot cuts  r e re  made and workod a l ternate ly .  '' Wing dams of timber. logs, o r  boolden gen- 
e r a l l y  are  b u i l t  t o  guide tke  water .od gravel  i n t o  the head of the r lu ice .  L w p l e s  o r  
layouts are  skom i n  f ieurra  :l and 12. 

Occasionally the f o n  of the deposit and the contour of the bedrock a r e  ruch that the 
g n v e l  is rast-ed over tt. r ide  c f  the  boxes ra ther  than into the end. T h n  the sluiceway 
is sunk in to  bedrock. 

A t  some clines overburden containing l i t t l e  o r  no gold u y  be mined r rpamtely .  This 
systeo has an advantage when dump room a t  the  mad of t t e  main s lu i ce  is l imited,  u th. 
h ig te r  material ray be disposad of elsewbere. A t  one mine, the Salmon River, the  l i g h t  top 
material n s  stripped a f t e r  t l e  water supply was too low for  working the heavier gravels 
but was still suff ic ient  t o  supply one giant .  Tke usual practice,  however, is t o  mine the 
f u l l  thlclrnoss of gravel a t  one time. The admixture of the top s o i l  and l i g h t  gravel with 
t t e  heavier material  from near bedrock may permit moving a larger proportion of bouldors t o  
tke  s lu i ce  t t a n  o t t e r r i s e .  

'R.e numker of g iants  used a t  one time i n  the miner operatrug i n  1932 rangmd iron 1 t o  
. 4. Tke s i ze  of the g iants  range3 from nos. 1 t o  6 and t t e  diameter of t t e  nozzles from 1 1/2 

to 7 inctes .  Table 10 skors the number and s i z e  of the giants and t t e  diameter of n o u l e s  
used for  various purposes a t  t t e  individual mines. It also contains the s i z e  of the nozzles 
a t  mines using hydraulic e levators .  It w i l l  be noted t h t  a larger  nozzle l a  used fo r  

2 2  b e .  C. T. ,  w d  h u l t o n ,  t. Y., Tbr Solut ion  o f  S o u  Hydraulic Mining Problau on b e t  Crrek. B r l u m  Caluubra. 

f r r o l .  *.. fort. Yln. md Mat. b y . ,  -01. 55. 1917, p. 90. c . - 







sweeping than fo r  Cutting i n  aboe:t half of the mines an i ' t he  sa8e BiZe in  the other hal f .  
In one mine, the North Fork placer,  water used for  sweeping c u e  from r separate source under 
a lower head; a smaller  nozzle was used than fo r  cut t ing  where the pressure ma higher. f ie  
nozzles used i n  the e levators  r a g e d  from 3 1/4 to 4 inches. The distances that  the material 

elevated were 25, 44. 54. 17, SO. 9, a d  19 1/2  f ee t .  The distances tha coarre mrtarial 
t .s .elevated by Ruble elevators were 14, 2S, and 11 fee t .  

Uhere the  s i z e  and grade of sluiC@s p e n i t ,  a l l  boulders tha t  can be moved by the girnt  
a r e  run through the boxes. Aa s ta ted  before. the upper lhit i n  s i z e  a t  present mines m g d  
from 4 t o  20 inches i n  d i u e t e r .  A t  some of the errly-dry large producer8 boulders weighing 
3 o r  4 tons  were successfully put through the sluice." 

In  ground s lu ic ing any boulder tha t  can be -bed in to  the a lu ice  by the matar u a u a l l ~  
goes through without trouble.  In  hydraulicking, however, bouldera too large to  rvll through 
the s l u i c e  nay be swept in to  i t  w i t h  r large giant  using a higb head of water. Boulden too 
l a rge  to  be moved by the  giant  or  t o  run through the  s lu ice  a r e  handled i n  various wrp, 
depending mainly upon the number and s i ze  of the boulders encountered 8nd the ugn i tude  of 
the  operations.  

I n  s ra l l -sca le  operations toulders may be rolled by hand t o  one s ide  o r  onto c l e m e b a p  
bedrock, o r  dragged away by t a m .  OCCa~i~nolly,  8 boulder too larce  t o  handle nay k l e f t  
atanding on tt; f loor  of the p i t  and bedrock cleaned up around it. The usual custom when the 
p r o ~ o r t i c n  of boulders i o  small. however, is to break them up by means of t r ruera  o r  by 
b la s t ing  and wash the fragments through the sluice.  I n  t t e  l a rge r  operations wi th  relat ively 
stal low gravel,  a s  a t  the Salmon River mine. the boulders may be pulled from tne p i t  by 
winches o r  moved by a derr ick  mounted on a t rac tor ,  a s  a t  the Salyer m i = @ .  A t  the Diamond 
City mine a drag l i n e  w i t h  an oranecpeel bucket trndled boulders very cheaply under the 
ex i s t ing  conditions. A r e l a t ive ly  narrow cut r a s  being run. The drag l i n e  r a s  operated on 
a bench stove t t e  cut  aad pi lod the boulders on the bench back of tts d n g l i n e .  The most 
common mettod of handling bouldera. horever, is by means of a derrick.  Tbe boulden ttrt 
can be ro l l ed  by hand a r e  loaded onto r s l ing  o r  a stone boat and hoisted froa the p i t .  
h r g e  ones a r e  hoisted by means of chains. A t  some nines few boulders t t a t  can not be moved 
by the g ian t  a re  encountered; derricks are used a t  the  h a d  of the s lu i ce  f o r  removing those 
too l a rge  t o  go through Stumps a re  handled in  much the w e  manner as bouldera. 

Cleaning Bedrock 

Bedrock usually is C1em.d by piping. A s  much a s  2 fee t  of bedrock may be cut  by the 
r 

giant  and the  material  raehed through the s lu ice .  Occasionally a f i r e  hose w i t h  r -11 
nozzle may be used f o r  the purpoae. 1R.m the bedrock is  hard and contains c n v i c e s ,  i t  m u s t  
be cleaned by hand. The creviceo and so f t  seams a r e  dug out by o w n s  of -11. f l a t  tools v 
made f o r  the  purpose, aa desc;ribed i n  a previous publication under HandShoveling. " 

23 MacDodO. D. I.. tbe 1 e a v ~ r r l l ~ ~ T r i o i t ~  Ceater Gold Craveh. t r l n l t l  County, Qlil. U.S. sol. Suney kll. 

430, 1910, w. a+@. 
24 Cardoer. C. D . .  a d  Johnaon. C.  H.. ?laerr Mlalog in the lertern Unlted States: ?art I .  - Ceoeral. I b 9 . J a o v e l ~ .  

.nd C r o ~ l u l r i o g :  Ini. Clro. 6766. Bureau of Unea. 19%. 



S l u i c e  boxes md r i f f ? e r  

S l u i c e  boxes r e r e  l a i d  on bedrock a t  tl3 most of t t e  mines being operated i n  1932. A t  

a few, where high c tanne ls  r e r e  being rorked.  c u t s  Gad been run t o  bodrock t o  permit an ad- 
equa te  grsde f o r  the  r l u i c e s .  I n  one mine, a tunnel  Tar used. 

Indir iCual  boxes were 12 f e e t  long a t  the  Majority of p l a c e s .  I n  a few d i s t r i c t s  16- 
f o o t  boxes were pre fe r red ,  and occas iona l ly  a 10- o r  14-foot box rar used. The length of  
t t e  s l u i c e  a t  var ious mines ranged from 32 t o  5.000 f e e t .  R e  long  s l u i c e s  cenera l ly  a r e  
used only when t h y  a r e  necessary a s  t a i l r a c e r .  R e  width of s l u i c e  boxer a t  t t e s e  mines 
ranged from 12 t o  60 inches.  Cata  on r l u i c e  boxes and r i f f l e s  a t  t h e  p r i n c i p a l  hydraul ic  
miner being operated i n  1932 a r e  given i n  t a b l e  11. It w i l l  be noted from t h i s  t a b l e  t k a t  
t t e  extreme range i n  t h e  grade o f  boxes was from 1/8 inob t o  1 1/2 i n c h e s  t o  t b e  foo t  (1 .0  
t o  12.5 p e r c e n t ) .  Tte  usual range w a s  from 1/4 t o  3/4 inch t o  t t e  f o o t  (2.1 t o  6 .2  p e r c e n t ) .  

Rifi:es se rve  a two:old purpose, t2ey p r o t e c t  the  bottom of  t h e  s l u i c e  and c a t c h  t h e  
gold. Both s t r e n g t h  and r e a r i n g  q u a l i t i e s  a r e  required i n  l a r g t s c a l e  hydrau l io  opera t ions  
wtere boulCers up t o  a ton i n  weight may be  pu t  through t t e  boxes. Wooden blocks,  r a i l s .  
rock paving, and i r o n  c a s t i n e s ,  i n  t h e  o r d e r  named, were umd a t  t h e  l a r g e r  mines operated 
i n  1932. When t t e  s e r v i c e  was not  s o  severe ,  po les ,  angle i r o n ,  and Hungarian-type r i f f l e s  
r e r e  used. Tho Hungarian r i f f l e s  u s u a l l y  were made of wood and w e n  p r o t e c t e d  from wear on 
t o p  by s t r a p  i ron .  R e  kind, s i z e ,  and spacings of  r i f f l e s  used a t  t h o  mines v i s i t e d  i n  1932 
a r e  s t o m  i n  t a b l e  11. 

A t  a l l  mines moat of t h e  gold was caught i n  t h e  f i r s t  few boxes o f  t h e  s l u i c e .  The top 
boxes were cleaned up twice a season,  monthly. reek ly ,  o r  even o f t e n e r .  I n  long s l u i c e s  t h e  
lower boxes were cleaned only a t  t t e  end of  the  season o r  when r e p a i r s  were needed..  A t  tho 
t ime o f  t t e  general  clean-up worn r i f C l e s  were rep?aced and t h e  s l u i c e s  repa i red  i f  neces- 
sary. Quick.si:ver w a s  used i n  t h e  s l u i c e s  a t  t h e  l a r g e s t  mines, b u t  a t  t h e  majori ty  i t  ras 
used  only i n  c lean ing  up. 

Although the  s l u i c e  is an e i t i c i e n t  gold-raring device some gold g e t s  away, e s p e c i a l l y  
i f  t h e  gold is very f i n e  and t h e  grave l  c a r r i e s  a r e l a t i v e l y  l a r g e  p r o p o r t i o n  of  black sand. 
To f u r t t e r  reoover t h e  so ld ,  undercur ren ts  were used a t  10 mines lilted. The t e r n  Qnder- 
c u r r e n t "  i n  p l a c e r  n in lng  is used t o  des igna te  a device f o r  ca tch ing  t h e  gold contained i n  
t h a  f i n e  mate r ia l  drawn o c t  through a g r i z z l y  i n  t h e  bottom of the s l u i c e .  The undercurrent 
u s u a l l y  is placud near  the  lower m d  of  t h e  s l u i c e .  A t  most mines i t  is n o t  p o s s i b l e  t o  draw 
a l l  o f  t t e  mate r ia l  small enough t o  go t t rough  the  g r i z z l y  t o  t h e  undercurrent ,  a s  not  
enough r a t e r  r c u l d  be l e f t  i n  t h e  s l u i c e  t o  l i s p o s r  of t t e  coarse n a t e r i a l .  Tke q u a n t i t y  
d r a m  o f f  is con:rolled by t k e  a r e a  of t k e  g r i z z l y  and t t e  o p e n i n ~ s  t e t r e e n  tLe bars .  As 
s t o m  i n  t a b l e  11, :he g r i z z l y  t a r s  a r e  1/8, 1/4. 3/8. 3 / 4 .  o r  1 1/4 inches  a p a r t .  Under- 
c u r r e n t  boxes, o r  t a b l e s  a s  they a r e  somet?ner ca?led, a r o  r e ? a t i v e l y  r i d e  :o permit a 
s2aLlow depth of t h e  saEds. 

R e  same type of r i f f l e  genera l ly  is used on undercurrents a s  i n  s l u i c e s  where a screen- 
ed product  is t r e a t e d .  As si.o+n i n  t a b l e  11. Hungarian r i f z l e s ,  u s x a l l y  s i n i l a r  t o  tt.ose 
used on dredges,  were favored. S t e e l  matt ing o r  wire screen over  bur lap  was used a t  t r o  
n i n e s ;  p!&s ni:h t o l e s  t o r e d  i n  t t e n ,  angle i r o n ,  and s tone paving.were used a t  one nine 
each;  and a v a r i e t y  o f  r i f f l e s  was used a t  anott-er mine ( S a l y e r ) .  Q u i c k s i l v e r  was used on 
undercur ren ts  a t  near ly  a l l  of  t t e n .  An important function of an undercurrent  i n  p l a c e r s  
wtere quicl.siLver is used i n  t h e  r a i n  s l u i c e  is t o  catch quicLsi1ver o r  b a l l s  of analgan t h a t  
may g e t  aray i n  tke  s l u i c e .  A s  much a s  10 percent  of tt.e recovered gold may be saved on r t e  
under:urrent, but i n  nost  p l a c e s  l e s s  than 5 percent is so  obtained.  A t  th ree  a i m s  wtera  
an e s t i a a t e  was made. 3. 5 ,  and e porcent .  respect ively,  of t t e  t o t a l  gold recovered was 
saved on t t e  ucd l rcur ren t .  A t  two p l a c e s  so  l i t t l e  gold react.ed tke  undercurrents  :tat t t i y  



were no t  cleaned up a t  t h e  end o f  t h e  1932 season. 
S l u i c e  boxes and r i f f l e s  a r e  discussed f u r t h e r  under t h e  general  s e c t i o n  S lu ice  Boxer 

and R i f f l e s .  The methods of  c lean ing  up boxes 81~0  a r e  described.  

The mines described i n  t h e  following pages were v i s i t e d  by t h e  a u t h o r s  i n  June urd July 
1932. A few o ther  p r o p e r t i e s  were inspeoted. but  a s  no opera t ing  d a t a  could p e  obtained 
t t e y  a r e  not tncluded;  with few @xceptions they were u n i 8 p o r t w t .  and t h e  p r a c t i c e s  f o l l o r d  
were s i m i l a r  t o  those a t  neighboring mines which a r e  described. Tro a d d i t i o n a l  mines, the  
Round Uountaln m d  the  Eldorado, t h a t  were operated i n  1931, a n  included.  

General and o p e r a t i n e  Cata conceraing these  mines a r e  g i v m  i n  t a b l e a  8 t o  13, inclu- 
s i v e .  A mine i n  B r i t i s h  C o l w S i a  c o t  v i s i t e d  by t h e  a u t h o n  is d e a c r i b u i  i n  t h e  t e x t .  

A s  a l ready  s t a t e d ,  h y d r a u l i c  mines a r e  placed i n  t h r e e  groups: ( 1 )  Uines wi t tou t  el* 
v a t o r s  o r  puops, ( 2 )  wines wi th  Ruble o r  hydraul ic  e l e v a t o r s  o r  botn.  and (3) ninea when  
r a t e r  f o r  p ip ing  and s l u i c i n g  is pumped. Within each group t h e  opmra t iom a r e  f u r t h e r  di- 
vided acC0rding t o  S t a t e s .  

Mines r i t t o u t  e l e v a t o r s  

& p a c . -  Y .  A .  Senget,  wi th  o r e  man, operated a small mine n e a r  ICeaverville i n  t h e  
summer o f  1932. R e  d e p o s i t  was a €-foot s t ratum o f  recent  gravel  over ly ing  t h e  froour & 
Grange Ct.anne1 a t  t h e  edge o f  t h e  o ld ' ro rk ings .  The gravel  contained a l a r g e  percentage o t  
boulders  a rd  t r e e  s tunps .  Sore  small  t imber t a l  t o  be c lea red  o f f  before  t h e  gravel  could 
be  worked. T te  f a h e  bedrock ( t o p  of La Grange Cnannel) war r e l a t i v e l y  s t e e p  ( 2  inches t o  
t k e  f o o t ) ,  which f a c i l i t a t e d  p i p i n g  bou?ders t o  t h e  s l u i c e  boxes. Bouldem too  l a r g e  t o  go 

i through t h e  36-inch s l u i c e  were f i r s t  b l a s t e d  o r  broken by hand. Water under a head of  225 
I f e e t  r a s  obtained from t h e  o l d  La Grange d i t c h  l i n e s :  a 4 l / C i n c h  nozz le  ras wod. Between 
I 30 and 50 cubic yards r a s  handled p e r  day, Cepending upon t h e  :uantity of  bou:den t o  be 
i broken.  The opera t ing  c o s t  tu 20 c a t s  p e r  cubic yard.  (See t a b l e  12.) 

i E 1 t d h a n t . -  The E l e p h n t  mine a t  Volcano war worked under l e a s e  dur ing  t h e  1932 rewon.  
The grave l  ranged from 1 1/2 t o  3 f e e t  deep and was o v e r l a i n  by about 45  f e e t  o f  white, tough, 
v o l e a n i c  a r e .  ash waa d r i l l e d  by hand augers and b l a s t e d .  Then i t  was p a r t l y  broken up 
with p i c k s  and washed away by t h e  t i a n t .  Af te r  t h e  ash  was removod t h e  grave l  n a  out  by 
t h e  s t ream from the  g i a n t  r i t h  a %inch nozzle and a s p t  through a race i n t o  a a l u i c e  c o r u i r t i a g  
o f  t r o  16-foot boxes with Hungarian r i f f l e s .  Atout 175 airier's inches o f  water  under a 1 l C f o o t  

i 
head was a v a i l a b l e  f o r  4 t o u r 8  each day. The t a i l i n g s  were run i n t o  a' r e t t l i n g  basin formod 

I by a n  e a r t h - f i l l e d  dam wi th  a concrete  sp i l lway  o u t l e t .  The d i t c h  and p ipe  l i n e r  were i n  
p l c c e  and were used i n  e a r l y  workings i n  t h e  v i c i n i t y .  About 62 cubio yards .ra m a h d  p e r  
day o r  20 :/2 cubic yards  p e r  m a - s h i f t .  The opera t ing  c o s t  of  washing t h e  gravel and 
overburden was 22 cen t8  p e r  yard.  

por ton  Gulch.- J .  0 .  McBroom operated the  Horton Gulch p l a c e r s  on t n e  South Fork of  the  
Salmon River  near  C e c i l v i l l e .  The 1832 season extended from January 1 t o  Apr i l  11. The 
grave l  r a s  f a i r l y  t i g h t .  The grade of beirock r a s  1 inzh t o  the  foo t .  One g i a n t  with a 5- 
inch nozz le ,  ro rk ing  under a 65-foot head, was used f o r  both c u t t i n g  and averping the g r a d  
i n t o  t h e  s l u i c e  boxes. About 30 i i l c tes  a d d i t i o n a l  by-wash water wa* used f o r  moving the  
grave l  through tt.e s l u i c e  which consis ted of  th ree  12-foot boxea 24 inches  wjde. The r i f f l e s  
r e r e  t a r d  boulders  tad-st-aped t o  mal.e a pavement 7 t o  10 inches t h i c k .  An undercurrent ru 



ored f o r  1 month rnd then discarded;  about 1 ounce o f  gold w u  olebaed up from t h e  under- 
cur ren t  dur ing  the month's run. A l l  l a r g e  boulders were b l u t e d .  Aa avorage of 80 cubic 
yatC1 p e r  Crg r a s  r u t e d  during t h e  1952 r e u o n .  h o  s e n  were esployed. A t  $3.50 p o t  s h i f t  
t t e  l abor  c o a t  would be 9 cen t r ;  s u p p l i e r  would m o u n t  t o  about  2 o e n t r  p e r  cubio yard,  u k -  
i n g  r t o t a l  o f  11 c e n t s .  

-.- C. A .  George md b r o t t e n  operatrd t h e  l k n n e r  mine on the  leaat Fork of tho 
Salmon River  near C e c i l r i l l e .  The g r r v e l  war t i g h t  and 8 t o  20 f e e t  deep. The head on tho 
'g ian t s  ru 100 fee t .  Borider t h e  t h r e e  g i r n t s  usod f o r  c u t t i n g ,  n e e p i n g ,  .rrd t a i l i n g s  dis- 
p p r a l ,  one 2-inoh nozzle  w u  mod f o r  running 8 power d e r r i c k  t o  l i f t  t o  one rid. boulders 
too  l a r g e  t o  go through t h e  r l u i c e  boxer. h o  g l b a t r ,  one wi th  a C i n c h  bad t h e  o t h e r  with 
a S i n o h  nozzle ,  r e r e  used a t  a t h o .  T t e  r l u i c e  .u 26 inchor  wide; polo r i f f l e 8  were used. 

About 15.000 y w d a  wore washed i n  1932 i n  approxi86tely 180 r h i f t r .  A t  SS.50 p e r  s h i f t  
t h e  l a b o r  c o a t  m u l d  be about 4 c e n t r ;  t h e  t o t a l  o p e r a t i n g  c o s t  would be rbout  5 c e n t s .  

Creek.- The Indian Creok p l a c e r  near  Douglrs C i t y  w u  oper6tod dur ing  the 1932 
r e r r o n  by Cr ibb le  and son.  P r o p w a t o t y  work began e a r l y  i n  t h e  8pring.  A new set-up was 
u d e ,  bu t  o l d  d i t c h  l i n e r  were uaod. The p ipe  l i n o  TM r e l a i d  and a new s l u i c o  pu t  i n .  I n  
25 dayr,  from U y  20 t o  June 18, about  8.800 cubio yards  w u  -hod. 

The ground w u  f a i r l y  e u y  t o  c u t ,  and nearly a11 b o u l d e r s  were warhod through tho 
boxes. The few l r r g e  ones encountered were b las ted  and then pipod out  of t h e  p i t .  l a t e r  
t.s brought t o  the s i n e  through 6 S m i l e  d i t c h  and a 2,200-foot p ipe  l i n e .  The head was 275 
f e e t .  A r e r e r o o i t  with an automatic g a t e  was usod. It f i l l e d  i n  about 1 1/2 hours and 
furn i s tod  enough water  t o  run a g i a n t  w i t h  a 5-inch nozz le  f o r  about 1 1/4 hours. h o  
s l a n t s ,  each with a 5-inch nozzle. were s o t  up i n  the p i t .  (See f i g .  1 1 , A . )  Tho gravel  was 
c u t  bad swept t o  t t e  head of  the  box with a no. 1 monitor.  S o w  grave l ,  howover, was l o f t  
on t t e  f l o o r  o f  tho p i t ,  and a no. 2 monitor was usod every t h i r d  run t o  wash t h i s  matorial 
i n t o  t t e  s l u i c e  and s t a c k  the t a i l i n g s  a t  the end -of  t h e  s l u i c e  box. The boxes wore 48 
h c t e r  wide. 

U t i l e  t te  a c t u a l  washing opera t ion  was i n  progress  350 c u b i c  yards was washed per  day 
o r  175 cubic  yard8 p e r  man-rhift. Th is  would be a l a b o r  c o a t  o f  2.3 cen ts  por  cubic yard. 
Eotimbting t t e  p r e p a n t o r y  work and time f o r  cleaning up t o  be t h e  same a s  t h a t  f o r  a c t u a l  
wasting, t t e  t o t a l  l a b o r  c o s t  would be 4.6 cen ts ,  a s  shown i n  t a b l e  12; suppl ios  would amount 
t o  about 3 c e n t s ,  W i n g  a t o t a l  o f  7 . 6  c e n t s  per  cobic yard .  

Salmon Rivet . -  Tho Farns ror th  b r o t h e r s  operated t h e  mine o f  t h e  Salmon Rivor Mining Co. 
on t t e  South Fork of t h e  Sblson River  near  C e c i l v ~ l l o  i u r i n g  t h e  1932 reason. The gravel 
con8tsted of  6 f t c t  o f  pay d i r t  o v e r l a i n  wi th  11 f e e t  of  overburden. The g r a l o  of  '.he bed- 
rock was t h r e e  four ths  c f  en incn t o  t h e  foo t .  l a t e r  under a 225-foot head was brought t o  
t h e  mine through a 3 -8 i le  d i t c h  w d  1 mile of pipe l i n o .  The d i m e t o r  of t h e  f i r s t  3,000 
f e e t  of  t h e  p i p e  l i n e  w a s  22 inches.  This  was roduced t o  l e  and then t o  15 inches a t  tho 
p i t .  The t r a n c h  l i n o  on t h e  f l o o r  of t h e  p i t  t o  the d i f f e r e n t  g i a n t s  war of  11-inch p i p e .  
Four g i a n t a  w i t h  6-inch nozzles  werm r o t  up Ln tho p i t .  bu t  o n l y  two were used a t  a time. 
A f i f t h  g i a n t  with a t i a c h  n o u l e  ras s e t  up a t  the  lowor end of  t h e  s l u i c e .  Usually one 
g i a n t  cu t  t t e  bank and one of t t o  same s i z e  swept the g rave l  t o  t h e  head of t h e  s l u i c o .  The 
r i v e r  ran alongside of t t r  grave l  be ing  washed, and t h e  s l u i c o  box emptied i n t o  i t .  The 
r i v e r  water  c a r t i a d  t h e  sand and f i n e  grave l  downstream; coarse  m a t e r i d ,  however. p i l e d  up 
i n  t t o  s t r o a n .  ' k e  dump g i a n t  t.s used 1 1/2 to  2 hours d u r i n g  t h e  working s h i f t  t o  s t a c k  
t k e  coarse m a t e r i a l  a t  t h e  m d  of  t t e  box. A t  the end of  tho  washing s h i f t  t h i s  g i a n t  was 
s e t  with an automatic Control s o  t t a t  r a t e r  played on t h e  boulders  u n t i l  the  next morning. 
A windrow o f  bouldors 30 f r e t  high along the  opposite bank of  t h e  r i v e r  had been made by tte 
gian t .  TLe l a r g a s t  boulders  were washed t o  the  top of tko  p i l e .  The stream played i n  a 
v e r t i c a l  a r c :  i t  was depressed slowly and went up f a s t e r .  About 1 minute was cotsuaed l n  
each cyc le .  The g i a n t  was overbalancod s o  t h a t  the s t ream was e leva ted  when f r e e .  It was 



p u l l e d  d o m r a r d  by means o f  a 2-inch hydruul io c y l i n d e r  fed through a hose from the  p ipe  
l i n e .  A t  t h e  end of t h e  r t r o k e  a t r i p  turned a v a l v e  whiOh s h u t  o f f  t h e  water  t o  the o y l l t i  
d e r ;  a t  the  top of  t h e  upward swing m o t h e r  t r i p  opened t h e  water v d v e .  Each morning t h e  
r i v e r  bed a t  t h e  end of  t h e  r l u i c e  .u f r e e  o f  b o u l d r t r .  

The s l u i c e  boxes were 36 inoher  wide by 30 inoher  high a d  w o n  s e t  on a g n d e  of 7 
inches  t o  each 12-foot box. One s e t t i n g  of  t h e  r l u i c c w a y  r u f f i c e d  f o r  a aeanon*r work. 
The head boxes were p r o t e c t e d  by p a r a l l e l  rows of €-inch p o l e s  placed h o r i z o n t a l l y  on e i t h e r  
r i d e  o f  t h e  box. The pole8 were l a i d  on a e a r t h  f i l l .  t h e  8urface o f  which r l a n t e d  upward 
a t  an ang le  of 25. from t h e  edge o f  tho boxes. A t  t h e  end Of the  s e u o n  t h e  pole8 were r+ 
moved and t h e  underlying g n t e l  war w h e d  i n t o  t h e  boxer. The r i f f l e 8  i n  t h e  r l u i c e  oon- 
s i s t e d  o f  rock paving. D i o r i t e  boulders  with one f l a t  r i d 0  w e n  s e l e c t e d  from the  washed 
grave l  i n  t h e  p i t .  Theso 8tOnOs wore d r e r s e d  by hand t o  uk@ a r i g i d  paving with a f a l r l y  
smooth upper sur face .  Foraer ly  wooden blocks w o n  used. bu t  t h y  had t o  be replaced w e -  
60 t o  70 days. The s l u i c e  w u  c l e m e d  up a t  t h e  end o f  t h e  mShing s e a o n .  & u n d e r c u r n n t  
was used a t  t h e  lower end o f  t h e  s luiceway.  The sc reen  cons i s ted  of  3/4-inch round r t e e l  
r o d s  1 5  inches long, placed 1/8 inch a p a r t  l eng thwire  with the  s l u i c e .  The underourrent 
t a b l e  w a r  5 f e e t  d d e  and 11 f e e t  long; woodon Hungarian r i f f l @ a  were used. Q u i c k s i l r e r  war 
used i n  t h e  s l u i c e  box; some reached t h e  u n d e r c u r n n t  where i t  mas caught i n  t h e  r i f f l e s .  

Boulders up t o  1 8  i n c h e s  i n  d i a a e t e r  were p u t  through t h e  s l u i c e .  A hand d e r r i c k  with 
a 25-foot mast and two 30-foot booms .as s e t  a t  t h e  head of t h e  s l u i c e  t o  remove m y  ore* 
s i z e  bouleers  t h a t  were washed t o  t h i s  p o i n t .  A d e r r i c k  h o i s t  r u  usod f o r  dragging s t q s  
and l a r g e  boulders from t h e  main part of  t h e  p i t .  The h o i s t  pu l led  over  a 2 S f o o t  mast 
guyed r i t h  4 l i n e s ;  apparen t ly ,  however, 5 l i n e s  should have been used. The cable  ( 1  1/2 
inches  i n  diameter)  was p u l l e d  ou t  by hand: t h e  range war 400 f e e t  from t h e  h o i s t  rot-up. 
Tte  h o i s t  was d o u b l c g e a r e d  and was run by an undershot  water  wheel d r i v e n  by a 1 l/2-inch 
nozzle .  A stream from a 1- inch  nozzle  was used on t o p  Of t h e  water wheel f o r  braking. No 
explos ives  were used i n  t k e  mine. Tke overburden was washed from t h e  t o p  o f  t h e  gravel  and 
run d i r r c t l y  i n t o  t h e  r i v e r .  This  work was done d u r i n g  lo.-.ater p e r i o d s  when enough water  
f o r  on ly  one g i a n t  waa a v a i l a b l e  

Lumber c o s t  $30 per .Y.  An average of  223 cubic  yards  was worked p e r  day during t h e  
1932 season.  The opera t ing  c o s t  .as 7 c e n t s  p e r  cub ic  yard r i t h  l a b o r  at 6 cen ts .  

&coba.- The Jacobs mine on t h e  T r i n i t y  River  a t  Junc t ion  C i t y  was worked during t h e  
1932 season by H. K. Wilson and p a r t n e r .  The g r a v e l  was about 12 f e e t  deop and was over la in  
by 28 f e e t  of  recent  waah. Watar from o t h e r  workines i n  a a ide  gulch above was conserved 
i n  a r e s e r v o i r  of about 2 a c r c f e e t  capac i ty .  The r e s e r v o i r  was made by an ear then dam 
a c r o s s  a depression on a bench. The water  was conveyed t o  t h e  workings through a 6 0 b f o o t  
p ipe  l i n e  of  22-, I&, and 1 S i n c h  p ipe .  The head was 90 f e e t .  

A no. 4 g i a n t  with a ?-inch nozzle  was used.  Enough water waa a v a i l a b l e  f o r  waahing 
only 1 1/2 hours p e r  day. The remaining time WM used i n  d r i l l i n g  m d  b l a s t i n g  boulders. 
Four SO-pound boxes of  e x p l o s i v r s  were used d u r i n g  t h e  1932 reason. The r l u i c e  boxes were 
48 i n c h e s  wide and had 9 inches  of  fa11 p e r  12-foot box. The r l u i c e  was placed i n  m o l d  
c u t  i n  bedrock. A c u t  40 by 40 by 200 f e e t  was waahed dur ing  the  s e w o n .  The reaaon w a s  50 
days long, bu t  water  f o r  p i p i n g  w a s  a v a i l a b l e  o n l y  21  days. A t o t ) l  of 12.000 cubic yards 
"as washed a t  a c o s t  o f  5 c e n t 8  p e r  yard.  

g ~ e e a  u.- The Omega H i l l  mine was on an a n c i e n t  channel above ' the  South Pork of  t h e  
Yuba River  near  Washington Camp; it w a s  an ex tens ion  o f  Old workings. Old d i t c h  l i n o s  and 
water r i g h t s  were used. The grave l  waa 30 t o  60 f e e t  deep under 10 t o  20 f e e t  of volcanic  
ash. The lower 6 t o  8 f e e t  o f  g rave l  w a s  p a r t l y  cemented. CPld-bearing grave l  a l s o  l a y  on 
top of the  ash: the t o p  gravel  was washed s e p a r a t e l y  from t h e  lower g rave l .  Water was brought 
t o  t h e  mine through two d i t c h  l i n e s .  The upper l i n e  was 16 miles  long and had many flume 



s e c t i o n s  6 f e e t  r i d e  and 3 f e e t  deep. The lower d i t c h  was 8 miles  long with a c ross  sec- 
t i o n  of 3 by 4 f e e t .  The head i n  t h e  p i t  w a r  210 f e e t .  The water  was regulated by a reser- 
v o i r  above t t e  rorkings.  During 1931. an unusual ly d r y  season. water  was a v a i l a b l e  f o r  45 
daxs.  T te  usual season t a d  been f r o 8  February 1 t o  September 1. Although p len ty  of  water . 
ms a v a i l a b l e  i n  1932, a very l a t e  start was made because t h e  d i t c h  and flume l i n e s  required 
extensive r e p a i n .  

Car $-inch g i a n t  was used f o r  c o t t i n c  and another  f o r  sweeping the  gravel  t o  t h e  head 
o f  t h e  s l u i c e .  Sometimes t h r e e  g i a n t s  with 5-inch nozzles  were employed. A varying amount 
o f  n s h  water  w u  used, depending upon how f a s t  the  g rave l  was c u t .  The s l u i c e ,  which was 
48 i n c t e s  wide and 36 i n c t e s  high, ru brought i n t o  t h e  p i t  through a bedrock c u t .  Af te r  
l e a v i n g  t t e  cu t  it was 1,700 f e e t  long  and w u  b u i l t  a long t h e  mountainside t o  a gulch where 
t t e  t a i l i n g s  were s t o r e d  back of a du. The t a i l i n g s  dam was made by dumping t h e  coarse 
m a t e r i a l  on the  daa and running t h e  f i n e  m a t e r i a l  back i n t o  t h e  r e s e r v o i r .  A t  t h e  end of 
t t e  boxes t t e  s t r e a a  was run over a g r i z z l y  6 f e e t  wide and 11 f e e t  long.  The g r i z z l y  
8 p a c i n t  was 1 inch wide a t  t h e  bottom an3 5/8 inch r i d e  a t  t h e  t o p .  The overs ize  was used 
t o  t u i l d  up t t e  d u .  R e  unders ize  w u  run back i n  another  flume p a r a l l e l  t o  the  main s l u i c e  
and d u p e d  i n  t t e  n s e r v o i r  back o f  t h e  dam. The d m  was s t a r t e d  with brush and rand,  then 
rock Tar dumped on top. Before S t a r t i n g  a r e s e r v o i r  a c u l v e r t  2 f e e t  4 inches by 3 f e e t  4 
i n c t e s  r a s  f i r s t  l a i d  on t h e  bottom o f  t h e  gulch.  The c l e a r  water  en te red  the c u l v e r t  a t  
tLe upper end of  t t e  r e s e r v o i r  and d i scharged  through t h e  dam. When one s e c t i o n  of t h e  gulch 
rrs f i l l e d  a n o t t e r  dm was b u i l t  below. The a n t i d e b r i s  law i n  C a l i f o r n i a  does not permit  
p l a c e r  t a i l i n g s  t o  be run i n t o  t h e  Yuba River .  

A f t e r  t h r  rast.ing season was over  t h e  s l u i c e  boxes were c leaned  up and worn wooden 
b1ocl.s replaced.  Tte  company operated a sawmill f o r  P u t t i n g  r i f f l e  blocks and lumber f o r  
s l u i o  boxes. An averace o f  about 1,700 cubic  yards p e r  day was handled. When opera t ing  
f u l l  fo rce  t t e  l a t o r  c o s t  p e r  cubic yard  f o r  washing was about 2 c e n t s .  and t o t a l  c o s t s  r e r e  
4 c e n t s  p e r  cubic yard. 

m i i t n  H i l l . -  B. F. Dyar operated t t e  o l d  Indian H i l l  mine near  Comptonville dur ing  
1931 and 1932. ' k e  m a t e r i a l  wasted up t o  t h e  end of 1932 c o n s i s t e d  malnly of s l i C e s  from 
tLe face3 Of t t e  o ld  ro rk ings .  R e  g r a v e l  d e p o s i t  r a s  35 f e e t  t h i c k ;  the grade o f  bejrock 
ras 1 inch t o  t t e  foot .  Ra te r  was brought  t o  t h e  mine through a 9-mile d i t c h  and 3,000 f e e t  
o f  22-inch and 1,500 f e e t  o f  l s i n c h  p i p e .  The head was 130 f e e t .  One no. 6 g ian t  with a 
4, 4 1/2-, o r  &inch nozzle  was used. 

Boulders up t o  14 inckes  i n  d iameter  were run through t h e  s l u i c e  boxes. The sluiceway 
was Corn a narrow gulch and c o n s i s t e d  o f  s i x  s e c t i o n s  of boxes (2  t o  6 boxes t o  the  s e c t i o n )  
and tLe rock tottom Of t t e  gulch between s e c t i o n s .  There was a drop of  10 o r  15 f e e t  a t  t?e  
end Of each s e c t i o n  Of boxes. m e  f a l l  and cascading down the  rocky gulch between each sec- 
t i o n  broke up a l l  cemented m a t e r i a l  and washed t h e  gravel  f r e e  of c l a y .  

The boxes were 40 i n c t e s  wide and 40 inches  high; t h e  grade was 1/2 inch t o  rne foo t .  
'Re  upper f i v e  Sec t ions  of boxes were paved with wooden blocks: t h e  r i f f l e s  i n  the  lower 
s e c t i o n  were of rock paving. Seventy percen t  o f  tha gold was caught i n  the  upper two boxes. 
T t r e s  undercurrents  were used near t t e  lower end of  t h e  l i n e .  The discharge of one under- 
c u r r e n t  went i n t o  t t e  main s l u i c e  b e f o r e  t h e  nex t  was taken o u t .  The e r A u l y  opening f o r  an 
unchrcurrent  i n  t t e  bottom o f  t t e  main s l u i c e  was 18 by 40 inches .  The g r i z z l i e s  were of 
1 1/4- by %inch i r o n  b a r s  s e t  on edge 2 1/2 inches c e n t e r  t c  c e n t e r .  Additional top water 
r a s  run over t t e  undercurrents  from an opening i n  the s i d e  of the  s l u i c e .  The f i r s t  under- 
c u r r e n t  was 8 f e e t  wide by 24 f e e t  long .  The r i f f l e s  cons i s ted  of rows of pine blocks 6 
i n c t e s  t h i c k  by 6 1/2 inches  deep s e p a r a t e d  by 1 1/2-inch crossboards.  The second under- 
c u r r e n t  was 8 f e e t  wide and 20 f e e t  long .  T t e  r i f f l e s  cons i s ted  of 3 1/2- by 3 l j2-inch 
=::e i r o n  ?/8 ~ n c t e s  t h i c k  and s e t  crosswise on 5-inch c e n t e r s .  The t h i r d  un5ercur ren t .a t  



t h e  end of t h e  lowest box was 10 by 12 f e e t .  The r i f f l e s  w e n  four  ang le  i r o n s  1 inch a p a r t  
a t  t h e  head o f  the  undercurrent  and rock paving from t h e r e  d o m .  

A crew cons i s ted  of  7 o r  8 men. About 100.000 cubic yards was washed dur ing  t h e  1952 
season a t  a c o s t  of 8 c e n t s  p e r  cub ic  yard exc lus ive  o f  cons t ruc t ion  work. 

.- The Depot H i l l  mine, near  Conptonvil le .  belonging t o  Fred J o u r b e r t ,  hrr 
been worked continuously S ince  1855. It was opened up by h i s  g randfa ther  and l a t e r  worked 
by h i s  f a t h e r .  The gravel  is an Old channel ~ n n i n g  p a r a l l e l  t o  t h e  p resen t  oreek; i t  are* 
a g e s  60 f e e t  deep. The grade of  t h e  bedrock 1s l / 2  inch  t o  the  f o o t .  The gold o o o u n  i n  
t h e  lower 10 f e e t  on bedrock. The grave l  c o n t a i n s  a 2-foot s t r e a k  o f  p ipe  c lay ,  whioh a f t e r  
being broken down t a r  t o  be sho t  o r  picked before  p i p i n g .  Holes a r e  d r i l l e d  with an auger. 

The nuaber of hours p e r  y e a r  t h a t  water  has  been a v a i l a b l e  f o r  p i p i n g  has  a v e n g e d  
1.100 t o  1,400 s i n c e  1917. The prev ious  20 y e a r s  t h e  average was 2,500 t o  3,000 hours. I n  
1903 water  was a v a i l a b l e  f o r  4,300 hours  and i n  1931 f o r  Only 36 hours. Piping ru done 
about  1,200 hours  during 1932. The water  supply was brought t o  a r e r e n o i r  through t h r e e  
d i t c h e s  having a t o t a l  l eng th  o f  9 mi les .  A 3.80C-foot p ipe  l i n e  o f  30- t o  11-inch p ipe  M 
from t h e  r e s e r v o i r  t o  t h e  mine. The e f f e c t i v e  head was 160 f e e t .  During high water  600 t o  
700 m i n e r ' s  inches  r e r e  used. The mine operated a s  long  a s  400 inches  ware a v a i l a b l e .  To- 
r a r d  t h e  end o f  the  season p ip ing  was c a r r i e d  on 3 o r  4 hours p e r  day. The mine TU worked 
one r h i f t  p e r  day. 

The crew cons i s ted  of  5 o r  6 men, inc lud ing  J o u r b e r t ,  who d i d  t h e  p ip ing .  When piping,  
t h e  p i t  crew tended t h e  s l u i c e  box and p i l e d  boulders .  A t  o ther  t imes they picked up c l a y  
s t r e a k s  on bedrock and b l a s t e d  t h e  c l a y  s t ra tum a s  i t  dropped i n t o  t h e  p i t ;  they a l s o  broke 
l a r g e  boulders .  

The s l u i c e  was 30 inches r i d e  and 3,500 f e e t  long .  This  l eng th  was necessary t o  reach 
a p l a c e  f o r  d e p o s i t i n g  t h e  t a i l i n g .  The grade was on ly  3 inches i n  14 f e e t ,  which TM con- 
s i d e r e d  by. J o u r b e r t  t o  be t h e  ninimun p r a c t i c a l  one. The f l a t  grade l i ~ i t e d  t h e  s i z e  of 
. a t e r i a l  t h a t  r e n t  through t h e  boxes and required more water p e r  yard o f  g rave l  handled. 
R i f l l e s  were o f  7-inch blocks;  those  made o f  Douglas f i r  l a s t e d  longer  than those  of  o t h e r  
n a t i v e  soods.  

The g r a v e l  i n  the  gold-bearing p a r t  o f  t h e  bank is clay-bound. The rock must k waahed 
f r e e  o f  c l a y  t o  make a s a t i s f a c t o r y  s a v i n e  o f  t h e  gold.  A f t e r  being c u t  t h e  g rave l  n r  #wept 
back and f o r t h  a c r o s s  the p i t  t o  t h e  head o f  t h e  s l u i c e  box t o  break i t  up thoroughly .nd t o  
f r e e  t h e  c l a y .  The gravel  w a s  washed u n t i l  t h e  q u a r t z  pebbles  showed white. 

A no. 4 g i a n t  with a 4 l/2-inch nozz le  was used f o r  c u t t i n g .  The nozzle  w a s  replaced 
w i t h  one 5 inches  i n  diameter  f o r  sweeping. According t o  J o u r b r r t ,  t h e  l a r g e r  nozzle  is more 
e f f e c t i v e  f o r  d r i v i n g  and t h e  s m a l l e r  one b e t t e r  f o r  c u t t i n g .  

A second g i a n t  was s e t  up a t  t h e  lower end of  t h e  p i t .  By-wash water  c u c a d e d  over t h e  
bank. 

The f i r s t  200 f e e t  o f  boxes was cleaned twice d u r i n g  t h e  season, and t h e  whole r l u i o e  
was cleaned a t  t h e  end of  t h e  season .  A s  t h e  s l u i c e  was cleaned i t  waa repaired md mm 
r i f f l e  blocks were replaced.  It r e q u i r e d  2 months f o r  one aan t o  do t h i s  work. 

Q u i c k s i l v e r  w ~ s  put  i n  t h e  f i r s t  4 o r  5 boxes and renewed once a nonth. Pour t o  f i v e  
7 l p o u n d  f l a s k s  were used each season.  One f l a s k  was p u t  i n  a t  a t i n e .  

An average of  24 cubic yards p e r  hour is handled dur ing  piping.  The opera t ing  oost  i r  
about  11.5 c a n t s  p e r  cubic yard. 

R s l i e f . -  The Rel ie f  H i l l  Mining Co. began opera t ions  near  Comptonrille i n  t h e  
autumn of  lS31 and worked 4 nonths i n  1932 before  t h e  water  supply f a i l e d .  An o l d  mine TM 

be ing  re juvena ted ;  the  g rave l  was 200 f e e t  th iok .  About 500 n i n e r t s  inches of water was used 
d u r i n g  t h e  season .  A t o t a l  of 1 ,000 inches  w i l l  be used when t h e  n ine  is f u l l y  reopened. 
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The o l d  p i t  was oleaned and v i r g i n  grave l  reached i n  1932 j u s t  a s  t h e  water  played o u t .  
T a i l i n g s  were fapounded behind dams i n  a d r y  canyon. The d i t c h  l i n e  is 7 mile8 long. The 
p ipe  l i n e  is 14 t o  22 inches i n  d iameter ,  and t h e  e f f e c t i v e  head is 210 f o o t .  The s l u i c e .  
boxes a r e  48 inches wide; r i f f l e s  a n  wooden blocks.  A du ty  of  3 cubio yards  p e r  24 h o u n  
p e r  miner ' r  inch is expected. A crew o f  15 men worked 120 days i n  1932. 

-on Crepk.- The United P l a c e r s ,  L td . ,  was opera t ing  t h e  Canyon c reek  p l a c e r s  near  
~ e a v o r r i l l e  during the  1932 season. Four aen were employed on each of  3 s h i f t s  p e r  day. 
h o  g i a n t s  were i n  use i n  t h e  p i t .  No o p e r a t i n g  d a t a  a r e  a v a i l a b l e .  

Horth Fork.- The North Fork p l a c e r s  on T r i n i t y  Rlver  a t  Relena were worked under a 
l easehold  dor ing  t h e  1932 season by F. M. Reynolds, 1. 0 .  Kunaan, and 3. C.  Mathews. A 
four th  ran was employed. The n ine  ras opera ted  two 9-hour s h i f t s  with two aen on a s h i f t .  
Tke grave l  depos i t  cons i s ted  o f  an o l d  channel c u t t i n g  through a r idge .  The lower 1s f e e t  
of g rave l  was very t i g h t  and p a r t l y  cemented, It was broken down by f i r s t  c u t t i n g  t h e  bod- 
rook from underneath it. A f t e r  be ing  broken d c m  c o n ~ i d e r a b l e  p ip ing  was necessatp t o  d i c  
i n t e g r a t e  t h e  cemented fragments. ' h e  t o p  grave l  washed e a s i l y .  

Water waa brought t o  t h e  mine from two sources i n  d i f f e r e n t  f l u e  l i n e s .  The lower 
flume e e p t i e d  i n t o  a rerrervoir which s u p p l i e d  a g i a n t  with a 5-inch nozzle  f o r  about  5 hours '  
p i p i n g  a day. A pipe l i n e  t o  t h e  upper  flume supplied one g i a n t  with a 7-inch nozzle  stead- 
i l y .  h o  bad breaks i n  t h e  flumes d u r i n g  t h e  season mater ia l ly  increased  t h e  c o s t  p e r  cub ic  
yard washed. A s  the water supply decreased  t h e  diameters  of t h e  nozzles  were reduced f r o 8  
7 t o  6 i n c t e s  and f i n a l l y  t o  5 inches.  

h o  s l u i c e s ,  cons i s t ing  of  reven 12-foot boxes 48 inches wide were used. One s l u i c e  

I li 

j 
I 

! I  , I !  . 
! . 

i 
I ' 
; 1 

i I 
! 

emptied ou t  o f  one end of  t h e  p i t  through a bedrock c u t  varying up t o  30 f e e t  i n  depth;  t h e  
o t t e r  box r e n t  out  the opposi te  end. The r i f f l e s  consis ted o f  heavy r a i l s  p laced  crosswise 
i n  t t e  boxes on top of 4- by &inch t imber.  An undercurrent w u  used a t  the  end o f  t h e  8 lu ice  
t la t  c a r r i e d  away most o f  t h e  m a t e r i a l .  The undercurrent t a b l e  was 12 by 20 f e e t  and was 

! docked with t t e  type of Hungarian r i f f l e s  used on dredges. Betreen 800 and 1,000 cubic  y a r d s  
was tand led  i n  18 t o u r s  with a f u l l  head o f  water.  The average d a i l y  yardage handled f o r  

! t h e  season was T70 cubic yards.. A s  shown i n  t a b l e  12 150,000 cubic yards  was washed during 
I 
t t h e  season (Dec. 15 t o  June 3 0 ) .  The l a b c r  c o s t  w a s  3 c e n t s  p e r  cubic yard; s u p p l i e s  were 
, est imated a t  1 1/2 cen ts ,  making a t o t a l  opera t ing  c o s t  of  4 1/2 c e n t s .  The l e s s e e s  had no 

superv is ion  o r  general c o s t s .  The i r d i c a t e d  c o s t s  do not include d e p r e c i a t i o n ,  i n t e r e s t  on 
investment, o r  amort izat ion.  

-.- The Salyer  Consolidated Mines Co. began o p e r i t i o n s  near  S a l y e r  i n  1931." 

1 Hydraulic opera t ions  were s t a r t e d  i n  January and continued f o r  about 3 months under d i f f i -  

I / I  c u l t l e s  on account of t h e  unprecedented drought .  The water was used l a r g e l y  f o r  opening up 
p i t s  p repara tory  t o  mining and running c u t s  f o r  sluiceways. A t o t a l  o f  262,000 cubic yards I / I  w a r  moved at a cos t  of  10.59 c e n t s  p e r  cub ic  yard. 

1 Hydraulicking began on February 10,  1932 and oontinued u n t i l  May 22; 718,900 cubio yards : I  o f  mate r ia l  were moved. The work was done i n  one p i t  near t h e  r i v e r .  About 40 f e e t  of "bluev 
I : I  l:i g r a v e l  o v e r l a i n  by 60 f e e t  of  recen t  g r a v e l s  and c lays  was washed. The overburden ras easy 

t o  mine, b u t  the  gravel was more d i f f i c u l t  t o  c u t ,  contained a l a r g e  proport ion of boulders, 
and had a c l a y  capping. 

i j j  Water was brcught t o  t h e  p i t  from Campbell Creek across  the r i v e r  through a s e r i e s  of 
flumes, d i t c h e s ,  and s iphons c o s t i n g  about  $300.000. The r a t e r  system ray  capable of  carry- 

I i n g  5,000 miner 's  inches of water .  Two l s i n c h  pipe l i n e s  having a combined capac i ty  of 2.- 

I 800 miner ' s  inches led t o  t h e  p i t  from t h e  main siphon under a head of 350 f e e t .  Two g i a n t s  

1 were used a o s t  of the season with nozz les  ranging from 5 t o  8 inches,  depending upon the 



q u a n t i t y  o f  water  a v a i l a b l e  which v a r i e d  from time t o  time. The water  syrtem contained no 
r e s e r v o i r s ;  t h i s  turdicapped opera t ion  a t  t h e  end of  t h e  reason when t h e  supply f e l l  below 
1,500 inches  which was considered about t h e  min imu requirement f o r  t h e  r l u i c e  i n  w e  a t  t h e  
p roper ty .  The water  duty w a s  4 .33 cubic yards  p e r  miner ' r  inch.  

The r l u i c e  was 60 inches  wide by 50 i n c h e s  deep. 350 f e e t  long, and r a t  on a g a r  o f  
8 inches  i n  12 f e e t .  R i f f l e s  c o n r i s t e d  of  l&lnch rquare wooden block.  12 incher  Long. The 
l e n g t h  o f  the  s l u i c e  r a s  considered i n s u f f i c i e n t  f o r  t h e  e f f i c i e n t  recovery of t h e  type of 
go ld  p r e v a l e n t  a t  S a l y e r .  The wooden r i f l e s  were not  s a t i s f a c t o r y ,  u t h e  l a r g e  rol- o f  
u t e r i a l  which moved n p i d l y  due t o  t h e  f a s t  grade wore t h e  blooka qu ick ly  and n e c e s r i t a t d  
f requent  r e n e r a l r .  S t e e l  rails were t o  be i n s t a l l e d .  

Undercurrents  and s e t t l i n g  tanka were i n s t a l l &  below t h e  w i n  r l u i c e  where about h a l f  
t h e  r a t e r  and a l a r g e  propor t ion  of  t h e  f i n e  u t e r i a l  w a s  taken from t h e  boxer through 
g r i z z l y  and run over  small r i f f l e s  on a 12- by 34-inch t a b l e  and s i x t e e n  4- by K-foot boxes. 
About 90 percen t  of  t h e  gold recovered w a s  saved i n  t h e  u i n  r l u i c e  and 10 percen t  on tb. 
urrdercurrent.  Quicksilver ru uaed i n  t h e  M i n  r l u i c e  and on t h e  c n d e r c u r r e n t r .  

Boulders i n  t h e  p i t  were tiaidled with a c rane  on a t n c t o r .  The mine operated 97 dry. 
w i t h  m average crew o f  1 5  men. The d a i l y  yardage handled mas 7,400 and t h e  yardage p e r  
ran-sh i f t  SO0 while hydraul icking.  Some pre l iminary  t i t t i n g  up w a s  necessary,  a d  the  r l u i o e  
was cleaned up a f t e r  p ip ing  ceased. The d i r e c t  o i n i n c  c o s t  was 2.63 c m t s  p e r  cubic yard.  
T h i s  f i g u r e  included d e p r e c i a t i o n  o f  machinery and mining equipment b u t  not  o f  t h e  hain water  
supply o r  o t t e r  permanent i n s t a l l a t i o n s .  It  d i d  n o t  inc lude  d e p l e t i o n  0 5  mine property n o r  
genera l  a d m i n i s t r a t i v e  expenses. 

)lorton 8 Ne1saq.- h'orton and Nelson opera ted  a p l a c e r  on Cal ice  Creek near  Galice dur ing  
t h e  1932 w a s o n .  The grave l  averaged about  12 f e e t  i n  depth and contained n e a r l y  20 percen t  
o f  boulders  over  1 f o o t  i n  diam8ter  and very l i t t l e  c l a y .  Bedrock cons i s ted  o f  s l a t e  of 
medium tarCness;  i t , r a s  rough M d  had a grade o f  one h a l f  inch  t o  t h e  f o o t .  

l a t e r  r a s  brought through a 1 1/2-mile d i t c h ,  500 f e e t  o f  flume, and 300 f e e t  o f  15-inoh 
p i p e .  R e  e f f e c t i v e  head rras 90 f e e t .  t h e  uximum supply -8 1,000 miner 's  inche8 and t h e  
a v e n g e  600; a minimum o f  500 i n c t e s  w a s  r equ i red  t o  opera te  t h e  mine. During t h e  1932 sea- 
son  t t e  g rave l  r a s  c u t  with a no. 2 g i a n t  with a &inch nozzle  and d r i v e n  by a no. 2 g i a n t  
w i t h  a 4-inch nozzlo. Only one g i a n t  w a s  used a t  a time. Moat o f  t h e  water  supply was w e 3  
as a byrash.  The s l u i c e  boxes were 20 inches  wide, 20 inches  deep, and 1 0  f e e t  , long.  Ten 
boxer were used; t h e  grade was 3/4 inch t o  t h e  foo t .  Hungarian m d  p o l e  r i f f l e s  .ere e c  
ployed.  Boulders were handled with a 2 - d m  g a s o l i n e  h o i s t .  

The washing reason i n  1932 was 150 days; 12,000 cubic  yards was washed. h o  men operat- 
e d  t h e  mine, and an a v e n g e  o f  80 cubic  yards  was .washod p e r  day. The l a b o r  c o s t  a t  $4 p e r  
s h i f t  would be 1 0  c e n t s  p e r  cub ic  yard;  s u p p l i e s  would amount t o  about 2 c e n t s  p e r  yard, 
making a t o t a l  o p e r a t i n g  c o a t  o f  approximately 1 2  cen ts .  

Salmon Creek.- An innovat ion i n  p l a c e r  mining ns  being t r i e d  i n  J u l y  1932 a t  t h e  
Salmon Creek mine near  Baker by John Y. Starr. The boulders  n r e  removed from t h e  p i t  by a 
gaso l ino-dr iven  shove l  with a 1/2-cubic-yard d ipper .  The grave l  contained a l a r g e  ptoport ion 
of b o u l d e r s  and c l a y  which made i t  hard t o  c u t  and wash. I n s u f f i c i e n t  water  was ava i lab le  
t o  r a s h  enough grave l  p e r  s h i f t  t o  make t h e  mine pay un less  o t h e r  m e a s  of handling the boul- 
d e r s  were provided. 

A no. 2 g i a n t  with a 2 l /&inch nozzle  under a 150-foot head was used f o r  c u t t i n g  t h e  
g n v o l .  l a s h  r a t e r  coming over  t h e  bank a s s i s t e d  t h e  water from the  g i a n t  t o  t r m s p o r t  t h e  
g r a v e l  t o  and through t h e  r l u i c e .  A s  boulders  were uncovered v i t h  the  g i a n t  they were picks-a 



up i n  t t e  d ipper  and' c a s t  t o  one s i d e  by t h e  power shove l .  When not  o thenr i se  occupied, the 
shovel  rras used i n  loosening t t e  g r a v e l .  R.e power s t o r e 1  had t h e  ord inary  type of  d ipper  
t u t  +as  t o  be convertrd t o  a d r a g l i n e  with a c l m s t e l l  o r  orango-pel  bucket which mould wofk 
t o  b e t t e r  advantage. 

One foo t  of g rave l ,  wtioh conta in& 8 0 ~ t  of t h e  gold, w u  l e f t  on t h e  bodrock and a t  
t h e  end of a month's run .as taken up m d  wasked e e p a r a t e l y .  The boxer were 26 inches wi3e 
&d t a d  a grade of 1 1/4 lnohes t o  t h e  f o o t  f o r  80 f e e t ,  then a gr8de of 1 inch t o  t h e  foo t  
f o r  100 f e e t .  

R i f f l e s  i n  t t e  f i r s t  20 f e e t  o f  boxes were i r o n  r a i l s  placed lengthwise i n  the  boxes. 
m e  nex t  60 f e e t  were C i n c h  po le  r i f f l e s  a l s o  s e t  lengthwise.  The funotion of the  f i n t  80 
f e e t  o t  r i f f l e s  was t o  ke lp  break up t h e  d a y  la t h e  g rave l .  The lower 100 f e e t  were nun- 
gar1.n r i f f l e s  u d e  of  1 l/C by 1-inoh woodm c r o s s  s t r i p s  i r o w l a d  on top ;  t h e  spac ine  was 
1 1/2 i n o t r s  between r i f f l e r .  

The opera t ing  crew cons i s ted  o f  1 p i p e r ,  1 shovel  opera tor .  2 s l u i c e  t enders  on each of  
t r o  s h i f t s ,  and a superintendent  on day  r h i f t .  During each s h i f t  one of t h e  s l u i c e  t enders  mas 
d e t a i l e d  t o  keep 1 4 1  boulders  moving d o m  and out o f  t h e  boxw.  About 130 aubic Yards n r  
t u t e d  e a c h  s t i f t .  The gaso l ine  consumption on t h e  shovel  was 12 10 gal lons  p e r  r h i f t .  
l l i t h  l a t o r  a t  $4 per  s h i f t  t t e  l a b o r  c o s t  p e r  cubic yard would be 12 c e n t s ;  a t  20 Cents p e r  
pa l lon  t t e  gasol ine c o s t  would be 2 e e n t r  p e r  cubia yard;  o t h e r  s u p p l i e s  and n p a i t .  would 
c o s t  ra aCCitiona1 3 c e n t s  and s u p e r v i s i o n  3 cen ts .  W i n g  a t o t a l  opera t ing  c o s t  of  20 Cents 
p e r  cub ic  yard. This  does not i n c l u d e  r e n t a l  on t h e  shovel ,  i n t e r e s t ,  o r  ~ O t t i Z a t i O l r  o f  
t t e  p l a n t .  

Blue Channel.- The Blue Ctannel  mine on Coyote Creek near  Wolf Creek was operated i n  
1932 by U. C. Davis. T t e  depos i t  c o n s i r t e d  of  recent  r i v e r  g rave ls  overlying an old  b lue  
c lanne l .  T te  c t a m r l ,  wtich contained most o f  t t e  gold, r a s  i n  a depression i n  t h e  bejrock 
o f  tLe presen t  stream bed; i t  c o n s i s t e d  o f  ceaented g r a v e l ,  had a maximum depth of  10 f e e t .  
w d  tas about 50 f e e t  r i d e .  

I a t e r  was brought t o  t h e  mine under a 360-foot head through a a l e  d i t c h  and 1,100 
f e e t  o f  32- t o  18-inch pipe.  A 4 1/2-inch nozzle was used f o r  c u t t i n g ,  and &inch nozzles  
r e r e  used on t t e  (?ants  f o r  sweeping t t e  g rave l  t o  t h e  s l u i c e .  A g i a n t  with a 5-inch nozzle  
r a s  used a l s o  f o r  s t a c k i n g  t t e  t a i L i n g s .  h o  g i a n t s  were used a t  one time. Figure l l , B ,  
sLors  t t e  set-up of  g i a n t s  f o r  r m k i n g  t h e  mine. 

Il.* top  gravel  was f i r s t  p iped  o f t ,  then t t e  channel .as worked by f i r s t  b l a s t i n g  a 
t rench  l e n g t t r i s e  i n  t t e  middle o f  a s e c t i o n  of  t h e  channel.  Af te r  one l i n e  o f  ho les  was 
b l a s t e d  and t t e  broken crave1 p ipe3  o u t ,  a second row i n  t t e  bottom of  t h e  t rench was d r i l l e d  
and st.ot.  T?.e r e ~ a i n i n g  gravel  o f  t t e  s e c t i o n  was then p?owed up with t h e  g i a n t ,  breaking 
t o  tt.8 t rench  made by b l a s t i n g .  R e  Ce8ent0d gravel  was d i s i n t e g r a t e d  while being swept t o  
tLe s l u i c e s .  'Re s l u i c e  boxes were 36 inches  wide and had a t o t a l  length of 80 f e e t .  A 
plank  fence 12 f e e t  t i @  guiCed t t e  g rave l  t o  the s l u i c e  a t  t h e  end of t h e  p i t .  (See f i g .  
1l .B.)  Cross r i f f l e s  made of  2- by 4 i n c h  timber. c l a d  on top by 7/16-inch s t r a p  i r o n  and 
spaced 2 1/2 i n c t e s  a p a r t ,  were csed .  

Operating crew cons i s ted  of  3 men, 2 i n  the p i t  and 1 a t  t h e  r e s e r v o i r .  The reser-  
v o i r  Leld enough r a t e r  f o r  piping with two g i a n t s  f o r  3 hours. The average p ip ing  time i s r  
t r o  g i a n t s  r a s  5 t o u r s  p e r  day dur ing  t t r  season,  wkile  a t  t h e  end of  t h e ~ e a s o n  only one giant  
could be Used f o r  2 1/2 t o u r s  of p i p i n g .  R.8 crew worked on boulders  while the  reservoir 

r a s  t e i n g  r r f i l l e d .  T t e  yardace handled and the days worked were not a v a i l a b l e .  

peen '?re@&.- L. E. Frank operated a new p lacer  property on Deep Creek near Lozeau durlng 
t t e  1932 season. No o t t e r  p lacer  work had ever  been done on Deep Creek o r  i n  the 1nmed:~te 



v i c i n i t y .  The gravel  w a s  t i g h t  i n  spo ts  and conta ined  about 15 percent  of  b o u l d e n .  A p i t  
125 f e e t  long. 30 f e e t  wide. and averaging 15 f e e t  deep had been n s h e d  from May 25 t o  J u l y  
9 .  A r e s e r v o i r  was formed by a board-and-log d m  b u i l t  8 C t 0 8 ¶  t h e  creek bed. A. the  rerer-  
v o i r  C l l l e d  t h e  gate  *as opened by hand. Tke wate r  rur f o r  20 minuter,  m d  t h e  r e r e r v o i r  Tar 
r e f i l l e d  i n  30 minutes. Water w a s  conveyed t o  t h e  p i t  through 8 1,000-foot l i n e  of 10- 
&inch p i p e .  The head was 135 bet. A no. 2 g i a n t  with a 3-inch nozzle was used f o r  piping.  
About h a l f  o f  t k e  a v a i l a b l e  water was used through t h e  g i m t  and h a l f  8a a b-h. Between 
p i p i n g  per ioda  t t e  men removed boulders  and p u t  i n  boxes. t h e  l a r g e  b o u l d e n  w e n  l e f t  i n  
t t e  p i t ,  and t h e  bedrock was cleaned up around them. 

Boxes were 20 inches wide; t h e  grade w a a  from 9 t o  18 inches  p e r  12 f e e t  o f  box. Rff- 
f l e a  were 3- t o  &inch p o l e s  i n  6-foot s e c t i o n s ,  p laced  l o n g i t u d i n a l l y  i n  t h e  boxes. h e  
boxes n e a r  t h e  end of t h e  s l u i c e  had wooden Hungarian r i f f l e s ,  but  they were wearine o u t  
r a p i d l y  and were t o  be replaced with poler .  

The crew cons i s ted  o f  5 men - 1 piper ,  3 men working on boulders  m d  boxer, and 1 
a t t e n d a n t  a t  t h e  daa. An avemee  of  57 cubic  y a r d s  p e r  day rar -Shed i n  J u l y ,  o r  11 cubio 
y a r d s  p e r  man-shift. r a g e s  were U . 5 0  p e r  day,  which made t h e  l a b o r  c o s t  41  c e n t s  per cubic 
yard o f  g r a v e l ;  suppl ies  c o s t  about 1 cent .  r a k i n g  a t o t a l  opera t ing  c o s t  o f  IZ c e n t s  p e r  
c u b i c  yard .  Most of t t e  workers were inexperienced;  w i t h  experienced minera t h o  l a b o r  o o r t  
should  be l e s s  t t a n  half  as much. 

Y e l l o ~ s t o n e  Cola.- The Y ~ l l ~ ~ s t ~ n e  Cold Mining Co. had been opera t ing  on Emigrant Creek 
n e a r  Emigrant dur ing  tke  l a s t  4 seasons  ( 1 9 2 4 5 2 ) .  The work cons i s ted  i n  running a c u t  and 
a p i t  t o  reach bedrock; t h e  obfec t ive .  however, had no t  been a t t a i n e d .  A combination of  
h y d r a u l i c k i n g  and ground-sluicing methods was used.  The c u t  was 500 f e e t  long; 261 f e e t  M 

t imbered with tunnel  s e t s ,  and b o u l d e n  were p i l e d  on t o p  and a t  t h e  r i d e r .  The s l u i c e  r.n 
through t h e  t u n n e l .  Crave1 alongside the  c reek  and i n  a b a r  100 f e e t  high rcu worked. The 
ground was e u y  t o  r a s h  bu t  had about 1 0  percen t  of bouldem.  Water taken d f r o c t l y  from t h e  
oreak  rw brought t o  the p i t  through 1,000 f e a t  o f  20-inch. 500 f e e t  o f  1 C l a c h .  500 f e e t  of 
12-inch, and 400 f e e t  of l+ inch  p ipe  under a head o f  175 f e e t .  P ip ing  was done with a no. 
2 g i a n t  w i t h  a &inch nozzle .  About one f o u r t h  o f  t h e  time .a8 wed f o r  c u t t i n g  md t h r o e  
four t t - s  f o r  swreping. P l e n t y  of  water  was a v a i l a b l e ,  arid a11  t h e  b m s h  t h a t  could con- 
v e n i e n t l y  be  used was run throueh tt* p i t .  t b e  r l u i c e  u s u a l l y  TU run f u l l  o f  water.  

Boulders  were handled by a d e r r i c k .  whicb was man by a t r a c t o r  engine.  The h o i r t  .ra 
a t t a c k e d  t o  t h e  f r o n t  of t h e  t r a c t o r .  A &ton load  could  be  r8ir.d. 

S l u i c e  boxes were 23 inches .wide. 24  i n c h e s  h igh ,  and 500 f e e t  long, w f t l  a grade o f  4 
i n c k e s  t o  1 2  f e e t .  Anglo-iron r i f f l e s  were usad i n  t h e  f i r s t  200 f e e t .  Them we? 2 inoher  
wide, 1 1/2 inckes  deep, and 1/4 inch t h i c k ,  spaced 3/4 inch a p a r t .  The last 300 f e e t  of 
a l u i c e  con ta ined  no r i f f l e s :  t h e  bottom of  t h i s  s e c t i o n  war p r o t e c t e d  wi th  2-inch p l a a k  t h a t  
had t o  b e  rep laced  every 2 months. 

R e  working seasons began about  Apri l  1 5  and extended i n t o  December when t h e  water  
s t a r t e d  t o  f r e e z e .  On J u l y  12. 1932. t h e  p i t  was about  150 f e e t  long and 75 f e e t  wide wFth 
a 50-foot  f a c e  along one s r a e .  T t e  first Z r e e k 8  o f  t h e  reason  t h r e e  men r e r e  e8ployed ln 
r e p a i r i n g  t h e  tunne l  m a  ex tending  t b e  r l u i c e r a y .  One box p e r  day was added d u r i n g  t h e  
f i r s t  week o f  washing. Two men on each of two s h i f t s  worked most of  t h o  season.  m e n  a 
l a k e s  q u a n t i t y  o f  boulders  had been UaC0Ver.d t h e  f u l l  crew came ou t  on day r h i f t .  One ma 
handled  t t e  g i a n t ,  and t h e  o t t e r  t h r e e  worked on t h e  boulders .  The mine war worked on a 
f i f t y - f i f t y  b a s i s ;  t t e  men and company each g o t  h a l f  o f  t h e  gold recovered. Tke ooapany 
f u r n i s h e d  a11  t imber  and o t t e r  Suppl ies .  Timber c o s t  $20 p e r  M a t  Emigrant i n  1932; o t h e r  
y e a r s  i t  had c o s t  $25 p e r  Y .  A t  t h e  c u t t e n t  wage o f  $3.50 p e r  s h i f t  t h e  l a b o r  c o a t  would 
be 11 c e n t s  p e r  cub ic  yard; s u p p l i e s  c o s t  about 2 c e n t s ,  making & t o t a l  o p e r a t i n g  c o s t  o f  1 3  
c e n t s .  p e r  c u b i c  yard. 



w a ' C i t p . -  The Vi rg in ia  C i t y  Mining Co. began working a 30-Coot g rave l  b a r  at t h e  
h a d  of Alder Gulch above Vi rg in ia  C i t y  i n  1932. An average of  about 50 miner ' s  inches  o f  
water  w u  brought under a 65-foot head  through 200 f e e t  o f  15-inch p i p  from a s i d e  dta-: 
i n  a d d i t i o n ,  about 1 5  inches came d o m  t h e  main gulch dur ing  t h e  working s e u o n .  A smll 
r e s e r v o i r  tad been constructed a t  t h e  head o f  t h e  p ipe  l i n e .  Cut t ing  was done by means of a 
2 1/2-iach nozzle  on a C i n c h  rubber  f i r e h o s e .  A 2 1/2-inch hose with a 1 l / C i n c h  nozzle  
connected to .  t t e  p ipe  l i n e  was l a i d  f l a t  i n  t h e  s l u i c e  f o r  washing t h e  grave l  through t h e  
boxes. I n s u f f i c i e n t  v a t e r  w u  a v a i l a b l e  t o  supply ful l  p r e s s u r e  a t  t h e  nozzles  a11 t h e  t h e ;  
t t e  l a r e e  nozz l i  was closed p a r t  o: t t e  t ime t o  l a t  t h e  p i p e  and rese roo i r  f i l l .  The grave: 
w u  broken down very e a s i l y ;  most o f  t h e  e f f o r t  w u  expended i n  g e t t i n g  t h e  grave l  i n t o  and 
through t t e  boxes. Tte  head of  tho s l u i c e  l i n e  w u  k e p t  verg c l o s e  t o  the  bank being washed. 
T t e r e  ras cons iderab le  f l a t ,  a n g u l a r  rock i n  t h e  g r a v e l ,  which w u  extremely d i f i i c u l t  t o  
move with t t e  q u a n t i t y  o f  water a v a i l a b l e  under t h e  r e l a t i v e l y  small bead. Fragments too  
l a r g e  t o  be moved by t h e  n t e r  were :oaded by hand i n t o  a 1-ton mine c a r  on a 16-inch gage 
t.%ok and run t o  8 dunp; boulders  t o o  l a r g e  t o  be loaded by hand were f i r a t  bul ldozed.  

R.e s l u i c e  cons i s ted  of twelve 16-foot boxes 22 inches  wide b u t  with a f a l s e  s i d e  which 
rrduced t t e  width t o  14 1/2 inches. The f u l l  width was used i n  t h e  s p r i n g  when nor* w a t e r  
rar a v a i l a b l e .  R i f f l e s  cons i s ted  o f  f o u r  6-foot s e c t i o n s  of  po les ,  one 12-foot l e n g t h  o f  
16-pound rails. and ten  4-foot s e c t i o n s  of  Hungarian r i f f l e s .  The Hungariw r i f f l e s  were 
oade of  2- by 4-inoh l r u b e r  beveled t o  g ive  a p i t c h  downatream and capped with l / C i n c h  s t e e l  
which extended about an inch over t k e  wood on t h e  domst ream s i d e .  To J u l y  5 an average of  
140 cubic yards had been washed p e r  day.  Four men, inc lud ing  a working foreman, were em- 
ployed on Cay s h i f t  m d  t h r e e  on each o f  tho o t h e r  two s h i f t s .  A superintendent  W M  a l s o  on 
t h e  Job. 

Labor c o s t  a5out  25  c e n t s  p e r  c u b i c  yard ,  s u p p l i e s  2 c e n t s ,  and superv is ion  10 c e n t s .  
r r l r ing a t o t a l  opera t ing  c o s t  of  37 c e n t s  p e r  cubio yard .  

-.- The Henderson Mining Co. washed ou t  two p i t s  on a b a r  on Cold Creek dur ing  
1932. R e  second p i t  w u  worked after t h e  water  got  l o r .  The th ickness  of  t h e  g rave l  a t  
no. 1 p i t  r u  45 f e e t  and t h a t  a t  no. 2 p i t  15 f e e t .  The grave l  i n  no. 1 p i t  had a relative- 
l y  ti@ percentage of  l a r g e  boulders;  t h i s  waa r e f l e c t e d  i n  t h e  op9ra t ing  cos t .  

Rater  r a a  brought t o  no. 1 p i t  through a d i t c h  and an l&inch p ipe  l i n e  from a r e s e r v o r r  
t t a t  t e l d  about 1 a c r c f o o t .  The head w a r  270 f e e t .  TKO hours were used eaoh s h i f t  f o r  
c u t t i n g  and s reep ing  with a g i a a t  hav ing  a 5-inch nozzle;  t h e  re8aining time was require* t o  
remove the  boulders. Although more r a t e r  was a v a i l a b l e  dur ing  most of  t h e  run, two hours o f  
p i p i n g  uncovered as m y  boulders as could  be  handled dur ing  t h e  s h i f t .  Boulders were hand- 
l e d  by moans of a p o r e r 4 r i v e n  d e r r i c k .  

'Re S lu ice  boxes were 22 inches  wide and 24 inches deep. s e t  a t  a grade o f  8 inches i n  
1 2  f e e t .  The r i f f l e s  cons i s ted  o f  c a s t - i r o n  b a r s  1 1/2 by 3 inches by 4 f e e t  long  s e t  cn 
3- by 4-inch timber. The i r o n  was f a s t e n e d  t o  tba timber through l u g s  c a s t  a s  a p a r t  of  the  
r e .  R e  r i f f l e s  were placed leng thwise .  four  t o  a box. with a ?-inch spacing.  h o s e  
same r i f f l e s  were used crosswise i n  48-inch boxes i n  e a r l y  days of mining on Gold Creek. 

'St.* d e r r i c k  Cad a 46-foot mast and a 46-foot boom, both made of  l b i n c h  round timber. 
T te  l i f t i n g  capac i ty  was 6 tons.  I t  was run by a &cyl inder  automobile engine bel t -connected 
from a %inch pu l ley  on t h e  c lu tch  t o  a 24-inch pu l ley ,  then t o  a doubh-geared 12-inch d r m  
18 i n c t e s  long.  F lex ib le  wire rope f i v e  e i g h t t s  inch i n  diameter  was used f o r  the  workin5 
c a b l e  and guy wires.  ' h e  drum r a s  f i t t e d  wi th  a hand brake.  

Three men worked on day s h i f t  and two on n igh t  s h i f t .  About 9,000 cubic yards =as 
wasted i n  45 working days. I f  U e  time f o r  s e t t i n g  t h e  boxes and cleaning up is  i n c i c l e d  
tt.e l a t o r  Cost was about 10 Cents a d  Suppl ies  2 cents .  making a t o t a l  of 12 c e n t s  p e r  c c b i c  
yard .  



A f t e r  no. 1 p i t  was finlst.ed t t e  g rave l  i n  no. 2 p i t  w u  washed with a no. 2 g l u t  with 
a 2-inch'nozzle, using an 80-root head o f  water .  h o u g h  water was a v a i l a b l e  f o r  p ip ing  two 
2-tour perioCs each s t i l t .  A 2-inch nozzle  was used f o r  Cut t ing  urd & C i n c h  nozzle  f o r  
sweiping. Cutt ing was done l o r  about 1 5  minutes  each per iod .  m d  t t a  remaining time ru used 
f o r  sweeping. f i e  gravel  contained a r e l a t i v e l y  smal l  q u a n t i t y  of  bouldera but cons iderab le  
c lay .  R i r t y - f i v e  t u n d r a  cubic yards w a s  waszed i n  11 days. The same crew m r k e d  i n  both 
p i t s .  A t o t a l  of 55 stilts .u worked a t  no.  2 p i t ,  ..king a l a b o r  cos t  o f  6 cent8 p e r  cub ic  
yard.  I f  s u p p l i e s  c o s t  t t e  same a s  i n  t h e  f i r s t  p i t ,  t h e  t o t a l  opera t ing  cos t  would be 8 
c e n t s .  Alt!oupb only about one seventh a s  much wate r  was a v a i l a b l e  8nd used i n  no. 2 u in  
no. 1 p i t  t t e  l abor  c o s t  w s s  6 c e n t s  i n  t h e  former .s a g a i n s t  10 c e n t s  i n  the  l a t t e r .  T t . 1 ~  
d i f f e r e n c e  i n  c o s t  was due t o  t t e  l a r g e r  s i z e  and t i g h e r  percentage of boulders  i n  t h e  g rave l  
o f  p i t  no. 1. 

Wiseonsin GulQ.-  The Wisconsin P l a c e r  Cold Corporat ion s t a r t e d  operat ions a t  t h e  mouth 
of F i s c e n s i n  Culch near  Sheridan i n  Yay 1932 and opera ted  u n t i l  J u l y  6 when t t e  water  t a i l e d .  
l?.e d e p o s i t  l a y  i n  t t e  bottom o f  t h e  canyon where i t  j o i n e d  t h e  v a l l e y  m d  cons i s ted  of  a 
mass o f  t a r &  boulders  in te rapersod  through t c e  g r a v e l .  About 20 percent  of  the  m a t e r i a l  v u  
o v e r  1 2  inches  i n  Ciameter. A long  c u t  s t a r t i n g  i n  t t e  va?ley +as necessary t o  reach b& 
rock.  l a t e r  from Kisconsin Culch was conveyed t o  t h e  mine i n  a ,3 /4-mi le  d i t c h  and t h r o u a  a 
2,70C=foot p i p e  l i n e .  Tke d i s n e t e r  of t h e  p i p e  a t  t h e  i n t a k a  was 46 i n c t e s  m d  a t  a h e a d e r  
box n e a r  t t e  p i t  24 inokes. From t h e  header  box two 11-inch l i n e s  400 f e e t  long en te red  t t e  
p i t .  The head on the  water  a t  t h e  p i t  was 220 f e e t .  During t h e  e a r l 7  run-off t k e r e  tar 
about 4 , O C O  min$r8s  inches  of water :  t t e  average  was about 2,800 inches.  Opera t iow ton- 
t lnued  a s  long  a s  1 , 6 C O  incbes was 8va:lable. 

A no. 4 g l u t  w i t t  a C i n c t .  nozzle  was used t o r  c u t t i n g  and another  no. 4 g i a n t  with a 
6-inch nozzle  f o r  d r i v i n g  dur ing  most o f  t h e  season .  A s  t h e  water  got low 4-inch nozz les  
were ueed on both g i a n t s .  A l a r g e  s t ream o f  by-wash water  was used. A t  t h e  and of  t h e  sea- 
son a p i t  150 f e e t  long. 100 f e e t  wise, and 27 f e e t  deep had been mahed.  

The s l u i c e  boxes were 44 inches  wide and 40 i n c t e s  deep 8nd s e t  on a grade of  3 1/2 
i n c t e s  i n  12 f e e t .  Tke s i d e s  and bottoms o f  t h e  boxes were cons t ruc ted  o f  toegw-and-groove 
Oregon f i r  c o s t i n g  $45 p e r  M a t  t h e  mine; 300 board f e e t  o f  t imber  w u  requirod f o r  each box. 
R e  main s l u i c e  was 1,900 f e e t  long  with two S O E f o o t  wings a t  t h e  d i s c h r r g e  end. The 
b r a n e t e s  allowed a wider d i s t r i b u t i o n  of  t h e  t a i l i n g s  and permi t ted  t h e  a d d i t i o n  o f  boxes 
w i t t o u t  s h u t t i n g  d o m  t t e  mine. 

forty-pound r a i l s  30 f e e t  long,  s e t  on %inch c e n t e r s ,  were u w d  a s  r i f f l e s .  The r a i l s  
r e s t e d  on 4- by 6-inch c r o s a - a i l l s  on %foot  c e n t e r s .  The webs o f  t h e  r a i l s  were f a r  enough 
a p a r t  t o  a l l o w  f i n e  mate r ia l  t o  drop through t o  t h e  bottom o f  t h e  box. The r a i l s  were s e t  
l eng thwise  i n  t h e  boxes t o  o f f e r  a minimum o f  reS is t8 rCe  t o  t h e  coarse mate r ia l  hurdled.  
R e  l a r g e  s t ream of  water  and t h e  l o n g i t u d i n a l  r a i l s  permi t ted  washing 18- o r  2 b i n c h  boul- 
der. through t h e  s l u i c e  d e s p i t e  t t e  r e l a t i v e l y  f l a t  grade. 

A s  t t e  t a i l i n g  p i l e d  up t t e  s l u i c e  rrs extended ou t  i n t o  t h e  v a l l e y .  A crew o f  5 man. 
working on each o f  t h e  two s h i f t s  p e r  day, b u i l t  and p u t  i n  t h e  boxes .at the  ends o f  t h o  
s l u i c e .  A s  t h e  t a i l i n g  p i l e  extends i n t o  t h e  v a l l e y  more space w i l l  be a v a i l a b l e  and fewer 
new boxes w i l l  be necessary per  season. Boulders t o o  l a r g e  t o  run through s l u i c e s  were raiaod 
'from t h e  p i t  by means o f  8 gr ro l inc-dr iven  d e r r i c k .  The mast was 45 f e e t  and t h e  boom 50 
f e e t  long .  

No q u i c k s i l v e r  o r  undercurrents  were used.  The main s l u i c e  was cleaned up by 9 men 
working 4 days a t  t h e  end of  the  season. A f t e r  t h e  r a i l s  were r a i s e d  by means of a block m d  
t a c k l e  t h e  s a t e r i r l  beneath them was shoveled i n t o  a 12-inch box f o r  separa t ing  t h e  gold 
i r o n  t h e  c o n c e n b n t e .  



The workings were l i g h t e d  by one hundred 60-watt e l e c t r i c  I m p s .  The power was made by 
a d i r e c t - c u r r e n t  generator  direct-connected t o  a l G i n c h  Pelton wheel run by r 1-inch nozzle  
i r o n  a &inch l i n e  from t h e  main p i p e  l i n e .  The l i g h t i n g  p lan t  was about 1.000 f e e t  up 01. 
c r e e k  from t t e  p i t ,  where a head o f  180 f e a t  w a s  a v a i l a b l e .  

Operations a t  t h e  n ine  were c a r r i e d  on through th ree  &hour s h i f t s .  The crew cons i s ted  
0-f 2 p i p e r s  and 2 s l u i c e  tenders  on each s h i f t  and 5 men making and pu t t ing  i n  boxes on each 
o f  two stilts. S u p e r i i s i o o  was furn i shed  by 1 man on day s h i f t .  

& average o f  283 cubic  yards was mashed per  day. I f  the  10 s h i f t s  each day s p e n t  i n  
extending tLe lower end o f  the  s l u i c e  a r e  d i s r e g a r d e d  the labor  c o s t  per  cubio yard would be 
17 cents .  I f  the  mm extending t h e  boxes a r e  included the labor  c o s t  p e r  cubio yard would 
br 3 1  cen ts .  Tho timber and o t h e r  s u p p l i e s  c o s t  about 3 1/2 cen ts  and s u p e r r i s i o n  3 c e n t s ,  
U . i n g  a t o t a l  opera t ing  c o s t  o f  37 1/2 c e n t s .  To t h i s  should be added t h e  propor t iona te  
s t a r e  of t t e  c o s t  o f  t t e  main s luiceway,  p i p e  l i n e s ,  and d i t c h e s  t o  give t h e  t o t a l  mining 
c o a t .  

w -.- I. H. Ci lders leeve  and b r o t h e r s  operated t h e  Stemwinder mine on Snowshoe 
Culch. an upper b n n c h  o f  Cedar Creek above S u p e r i o r ,  during the  1932 s e u o n .  The grave l  
c o n s i s t e d  of  a high b a r  with a 70- foo t  bank l e f t  by e a r l y  miners. The washing season w a s  
s t - o r t ,  a a  only water  fro. 8 e l t i n g  snow v a s  a v a i l a b l e .  The water was c o l l e c t e d  i n  3 mi les  of  
d i t c h  m d  3 small  r e s e r v o i r s  and brought  t o  t h e  mine through a 10-inch p ipe  l i n e .  Enough 
r a t e r  was a v a i l a b l e  f o r  on ly  t r o  1- t o  1 1/2-tour per iods  of piping on each of  two s h i f t s .  
A no. 2 g i a n t  with a &inch nozzle, working under a 225-foot head, was used. A s e p a r a t e  s a a l l  
s t ream of byrash r a t e r  came down i n  Snovstoe Culch. Washing began Yay 1 5  and stopped June 
15. Saving timber f o r  boxes, c lean ing  up, ar.d o t t e r  work i n  connection w i t h  t h e  o p e r a t i o n  
required 30 a d d i t i o n a l  Cays. Tke crew c o n s i s t e d  o f  6 men. When' washing, 3 worked on each 
o f  t r o  r t . i f t s .  Between p ip ing  p e r i o d s  t t e  crew r o l l e d  the  boulders ou t  of  t h e  p i t  by hand. 
R a s e  too l a r g e  to. r o l l  wore f i r s t  b l a s t e d .  A 50-pound box of  40-percent-strength g e l a t i n  
dynamite was used dur ing  t h e  s e u o n .  

TI.0 top t t r e e  f o u r t t s  of  t k r  g r a v e l  bank was wasbed of f  dur ing  one season and t h e  lower 
O E ~  four th ,  wkich c a r r i e d  t t r  g n a t r r  p a r t  o f  t t e  go ld ,  t h e  next .  Af te r  t h e  bottom grave l  
l e f t  from t t e  season before waa mined t h e  t o p  w a s  s t r i p p e d  f o r  the  next  y e a r ' s  opera t ion .  
R e  d i s i n t e g r a t i o n  o f  t tr  lower g r a v e l .  by t h e  f r e e z i n g  and thawing dur ing  t h e  win te r .  ma- 
t e r i a l l y  a s s i s t e d  i n  washing it. R e  bedrock was s o f t .  and 2 t o  3 f e e t  was piped o f f  i n  
c l e a n i n g  up. 

T te  s l u i c e  boxes were 24 i n c t e s  wide and 18 inches  deep. The grade was 7 inches i n  12 ' 
f e e t .  Tte g rave l  contained a r e l a t i v e i y  l a r g e  propor t ion  of  black sand, and soar  of t h e  gold 
mas very f i n e .  During t h e  1931 season  a g rade  of  5 inches t o  t h e  box was used. Ci lders leeve  
cons ieered  t h a t  a grahe of  7 i n c h e s  t o  t t r  box was b e t t e r  than one of 5 inches w i t h  the 
c h r a c t e r  of g rave l  t and led  and t t a t  a h i e t e r  recovery of golo was obtained i n  1932 than i n  
1931. 

R e  r i f f l e s  c o n s i s t e d  of e i n c h  lodge-pole p i n e  poles  cu t  i n  5 1/2-foot l e n g t h s  and 
n a i l e d  t o  1-inch CrOSSpieCeS on both ends.  The s e c t i o n s  were easy t o  rake and handle. Oce 
s e t  o f  r i f f l e s  f o r  the  e n t i r e  l e n g t h  o f  s l u i c e  was worn out and a second s e t  about one ha l f  
worn ou t  during t h s  1932 season o f  30 days i n  which 1C.000 cubic yards was washe?. Q~:?cl;- 

s i l v e r  was used i n  c lean ing  up t k e  s l u i c e  hoxes. but  none was put i n  before .  
T t e  p l a c e r  OPeratOrS had t h e i r  own sawmill For ?!.e 1932 season 6 ,003  board-fee: cf 

t imber  was sawed. 
Tke labor  c o s t  of mining was 7 c e n t s  p e r  cubic yard .  Supplies c o s t  2 cen ts  more. nakicr  

a t o t a l  of 9 c e n t s  per  cubic yard.  T t e r e  was no supervis ion o r  general expense. 
Diamond C i t y . -  The Diamond Ci ty  Mining Co. i n  1432 was running a bedrock cu: -A; <oh- 

f e d e r a t e  Gulch near  Townsend t o  open up a body of g rave l  f a r t h e r  up t t e  stream. T t s  ;:? %:: 



about 1/2 mile long, 30 f e e t  wide a t  the  top.  and 10 f e e t  deep. A bench 15 b e t  wide on 
wtich a power d r a g l i n e  operated was maintained along one s i d e  c f  the  c u t .  

A combination of ground-sluicing and hydrau l ick ing  was followed. Water f o r  the  g i a n t  
was brought under a 125-foot head from a s i d e  c reek  through a 4,500-loot pipe l i n e  of which 
1,680 f e e t  was of l&inch and t t e  remainder of 11-inch p ipe .  A no. 2 g i a n t  with a 2- o r  5- 
inch nozzle  was used f o r  c u t t i n g  and one with a 3- o r  e i a c h  nozzle  fo r  d r iv ing .  The water  
fo r '  ground-sluicing was Stored i n  a small r e s e r v o i r  l s h o r t  d i s t a n c e  up the creek from t h e  
p i t .  The g a t e  was opened by hand when t t e  r e s e r v o i r  was f u l l .  

The boulders  were removed from the c u t  by means Of a f u l l - r e ~ ~ l ~ i n g ,  c a t e r p i l l a r - t r e a d ,  
150-tp.,  gasoline-powered d r a g l i n e  w i t h  an orange-peel bucket 15 cubic f e e t  i n  capaci ty;  t h e  
boom was 42 f e e t  long.  One m a n  working a few t o u r s  d a i l y  e a s i l y  handled a l l  the boulders  
uncovered. The bucket could l i f t  boulLers from 40 f e e t  below the  bench. I t  could pick up 8 

5-ton boulder ,  and by usrng c t a i n s  a 7-ton boulder  could be removed. The drag l ine  a l s o  was 
used f o r  unloading made-up boxes from a t r u c k  on t h e  road above and s e t t i n g  them i n  the  c u t  
below. I t  was very e f f i c i e n t .  and the  @cue of  handling boulders  reduced the t o t a l  c o s t  o f  
running tt.6 p i t  an apprec iab le  degree.  About 10 g a l l o n s  of gaso l ine  was used f o r  8 h o u n  
runr.ing time. 

Each box was placed  a s  soon a s  room n s  made f o r  i t ,  a f t e r  f i r s t  c leaning up t h a t  p o p  
t i o n  o f  t h e  c u t .  One box was placed p e r  day rh iSe  washing. The boxes were 32 inches wide 
and 36 i n c t e s  deep. Two 2- by 16-inch boards r e r e  used f o r  t h e  bottom and three 1- by l2- 
inch  boards f o r  t t e  s i d e s  of t t e  s l u i c e .  The 1-inch lumber c o s t  $18 per  Y and the two 16- 
inch  boards i d  the bottom c o s t  $35 p e r  U. The r i f f l e s  cons i s ted  of  po les  5 t o  6 inches i n  
d iameter  placed lengthwise i n  t h e  boxes. They were made i n  s e c t i o n s  6 t o  8 f e e t  long. A 
2-inch plank was n a i l e d  a c r o s s  t h e  ends of  t h e  p o l e s  of  each s e c t i o n .  

A crew cons i s ted  o f  3 men on day s h i f t  and 2 on n i g h t .  The maximum handled d a i l y  dur ing  
a week was 400 cubic yarc?S; t h e  average f o r  t h e  sesson  up t o  J u l y  13 was about 350 cubic  
yards  p e r  day.  Labor was pa id  $2.50 per  day and board. making a t o t a l  of $3.50. The l a b o r  
c o s t ,  t t e n ,  was about 5 c e n t s  p e r  cub ic  yard.  The c o s t  o f  s u p p l i e s  w a s  about 2 cen ts  and 
tt.at of  superv i s ion  3 c e n t s .  making a t o t a l  o p e r a t i n g  cos t  o f  10 c e n t s .  

Saner io r . -  The S u p e r i o r  mine is i n  a smal l  b a s i n  a t  t h e  head of  Cedar Creek near  SU- 
p e r i o r .  I t  is alongside of an o l d  dredge pond ( s e e  f i g .  1 l . G ) ;  i t  was worked by a combina- 
t!on o f  h y S r a u l i c k i n ~  and ground s l u i c i n g .  R.e dredge t a i l i n g s  were well compacted and s t o o d  
a t  a s t e e p  angle .  The grave l  contained a l a r g e  percentage o f  boulders  aad black sand. A 
5,OOC-foot bedrock c u t  i n  which t h e  s l u i c e  was s e t  t a d  been run t o  t h e  p i t .  The grade of 
t t e  s l u i c e  was 2 3/4 inches i n  12 f e e t .  Tfie bedrock m f l a t .  and a minimum grade was used 
i n  tt.e s luiceway.  

A no. 2 g i a n t  with a 2 1/2&inch nozzle  o p e r a t i n g  under a g b f o o t  head w a s  used f o r  cut- 
t i n g ,  sveeping,  and c l e a n i n g  up bedrock. A r e l a t i v e l y  l a r g e  q u a n t i t y  of  b y ~ a s h  water w u  
used; a p a r t  of tt.e byrash was used f o r  booming. Each boom l a s t e d  15 minutes and two occur- 
red p e r  t o u r .  Figure 11.6 stows t t e  p i t  which t a d  been wasted dur ing  the  1931 an3 1932 sea- 
sons .  T te  c u t  being boomed ou t  n e a r  t h e  Lead of  t h e  s l u i c e s  was f o r  prospect ing purposes. 
Work a t  t t e  mine usua l ly  began about Apr i l  1 and l a s t e d  t o  about August 1. 

T t e  s l u i c e  boxes were 48 inckes wide and 60 i n c t e s  high. The r i f f l e s  were square wooden 
b locks  o f  random s i z e ,  7 inches t h i c k .  R e  wt.ole l e n g t h  of t h e  s l u i c e  was l ined  with blocks.  
A s e t  o f  blocks l a j t e d  two seasons o r  f o r  about  140,000 cubic yards.  Three seasons were re- - q u i r e d  t o  ground-sluice out  t h e  c u t  f o r  t t e  s l u i c e  and put  i n  t h e  boxes. Alttough t t e  l a r g e  
q u a n t i t y  o f  bywash water  used compensated p a r t l y  f o r  t h e  f l a t  grade the  maxima s i z e  o f  
b o u l d e r s  tt .at could r e a d i l y  be run t t r o u e h  t k e  boxes .as about 6 inches i n  diameter. 

Boulders  were handled on a s tone  boa t  by a 60-tp. steam logging winch. Tte enpty s t o n e  
boat  was run back i n t o  the  p i t  on an overhead l i n e .  Two smal le r  donkey engines were used f o r  
d ragging  boulders  t o  one s i d e  i n  t h e  p i t  whence t h y  were removed l a t e r  by t t e  l a rge  winch. 



A regu la r  crew consis ted of 8 men, 6 on day and 2 on night  s h i f t .  A p iper  and a s l u i c r  
tender  r o t t e d  on each &Aft. During t h a  day s h i f t  tha  o ther  4 men used t h e  boom water ,  r* 
moved tLe boulders ,  mi did  o t h e r  necessary work i n  the  p i t .  A mper in tendent  a l s o  w a s  
ployed. Alttougia t t e  mine w a s  classed a s  hydrau l ic  probably more gravel  w r s  removed b7 
ground s l u i c i n g  t t . ~  by piping.  

An average of  about 560 cubic  yards  w a s  washed d a i l y .  With labor  a t  $3.50 p e r  day t h e  
l a b o r  c o r t  p a r  cubio yard f o r  t h e  men working i n  t h e  p i t  would be 5 cen ts  a cubic yard.  
Supervis ion,  s u p p l i e s ,  and general  expense amounted t o  about 7 c e n t s  por cubic yard, aaking 
a t o t a l  opera t ing  c o s t  o f  12 cen ts .  To t h e  o p e n t i n g  c o r t  should be added i n t e r e s t ,  r o o r t i -  
z a t i o n ,  and a p rora ted  c o s t  of  t t e  a i l t l o n g  bedrock c u t  .nd s l u i c e  box t o  g ive  8 t o t a l  c o s t  
o f  washing t t e  gravel .  

-.- CGarles J .  Coif  and b r o t h e r  had been opera t ing  the  Hockenalith p l a c e r  a t  
Leesburg s i n c e  1917" The grave l  ranged from 1 t o  20 f e e t  t h i c k ,  tBe average being 12 f e e t .  
I l a te r  n m  brought t o  t h e  mine through two d i t c h  l i n e s ,  3 and 2 miles  long, r r8pect ively.  The 
d l t c t e r  ware 30 i n c t e r  wide and 24 inches  drop.  h e  t o t a l  eapaoi ty  w u  500 l i n e r ' s  inches;  
t l e  average flow .as 150 inches. The head a t  the  mine from one d i t c h  w u  7 5  f e e t  and from 
t h e  o t h e r  150 f e e t .  Piping i n  1932 .as done with r no. 1 g i a n t  using a 1 3/4- o r  2-inch 
nozzle .  By-wash water was used f o r  booming. The n s e r r o i r  had an automatic g a t e  which open- 
od wten t t e  r e s e r v o i r  f i l l e d .  Boxes were 18 inches wide and 18 inches deep m d  had a grade 
o f  4 L/2 t o  8 inches p e r  12 f e e t  o f  box. Pa le  f i f f l e s  made up i n  $+inch sec t ions  were used. 
Craaa r o o t s  were used under some of  t h e  r i f f l e s  t o  ca tch  f i n e  go ld .  Quicks i lver  was not used 
i n  t l e  boxes. BouLders were p i l e d  by hand on c lea red  bedrock. Beginning a t  t h e  ~ i a n t .  bed- 
rook m u  o l e m o d  up by p ip ing  8 l a y e r  of  bedrock i n t o  t h e  s l u i c e .  

h o  men, the  o m e r s ,  worked one s h i f t  p e r  day. The season l a s t e d  about 125 days, and 
about  10,000 cubio yards of g rave l  w u  washed. A t  $3.50 per  day the  labor  c o s t  would b r  9 
c e n t s  p e r  cub ic  yard and t h e  t o t a l  opera t ing  c o s t  about 10 c e n t s .  

-.- The Golden Rule mine near  Warren was operatod by L.  E .  Winkles and two 
p a r t n e r s  dur ing  1932. Ra te r  f o r  p i p i n g  under a 200-foot head w a s  conveyed t o  ?he p i t  lhroug.'. 
a 1,400-foot p ipe  l i n e  18 t o  9 a c h e s  i n  d l a n e t e r .  One g i a n t  with a C i n c h  o r  a 4 1/2-inc: 
nOZZle r u  used f o r  c u t t i ~ g  and d r i v i n g .  A p i t  200 f e e t  long and 60 t o  100 f e e t  wide var 
wasted d u r i n g  tha  reason. The head of  t h e  s l u i c e  was a t  t h e  lover  m d  of the  p i t .  Thr 
g rave l  a d  water  were d i r e c t e d  i n t o  t h e  boxes by means of a fencr  b u i l t  of  p o s t s  a d  p l a r h  
p laced  acro'rs the  head of  t h e  p i t  washed t h e  previous year .  A t  the  f i n i s h  o f  the  tun the 
g rave l  from t t e  upper end of  the  p i t  t a d  t o  be swept 200 f e e t  t o  t h e  s l u i c e .  Although water 
ru r t i l l  a v a i l a b l e  f o r  p ip ing  t h e  maxioum d i s t a n c e  r h i c h  the  grave l  could economically br 
d r i v e n  t a d  been reacted.  (See f i g .  1 1  A l l  t h e  bynut! water  needed was taken f r m  the 
c reek .  Ttis water c u c a d e d  down over  t h e  upper f a c e  of  the  c u t .  

Tke boxes were 30 i n c h r s  wide and were s e t  on a grade of  9 inches in 12 f e e t .  A grade 
o f  6 inCheS t o  t t e  box was used formerly, b u t  b e t t e r  r e s u l t s  were obtained with t h e  s teeper  
c r a t e .  R i f f l e s  i n  t t e  f i r s t  f i v e  boxes cons i s ted  o f  2- by &inch timber 12 f e e t  long, placed 
leng t twis*  i n  t t e  boxer, seven t o  a box. Pole r i f f l e s  i n  12-foot s e c t i o n s  were used i n  the 
lower end o f  the  s l u i c e .  A s e t  of po le  r i f f l e s  l a s t e d  about 10 days. Host of  the boulders  
too  l a r g e  t o  be piped were broken by b l a s t i n g  and then run through the  s l u i c e .  Stunpr were 
a l s o  b l a s t e d .  A t o t a l  of  250 pounds of exp los ives  was used dur ing  the 1932 season. 

Most of t t e  gold was caught i n  t h e  f i r s t  two ooxes. Quicks i lver  was used i n  the  s l a ~ c e .  
A f t e r  t h e  bedrock was piped o f f  a t  the  end o f  the  run, a s t r i n g  of  12-inch boxes was s e t  12 
t t e  p i t  and t t r  bedrock cleaned. 



A t o t a l  of 63 days of one 12-hour s h i f t  each was worked by th ree  men. T t i s  included 
s e t t i n g  t t e  boxes f o r  t h e  run and c lean ing  up. An average of 110 cubic yards r a s  wasted 
d a l l y .  

T t e  l abor  c o s t ,  allowing S3.50 per  s h i f t ,  was 9 l / 2  c e n t s  per  cubic yard. The explo- 
s i v e s  c o s t  $125 o r  near ly  2 cen ts  per  cubic yard.  O t t e r  s u p p l i e s  cos t  about 1 cent p e r  cubic 
yard,  making a  t o t a l  opera t lng  Cost Of 12 1/2 c e n t s .  NO overhead o r  inc iden ta l  c c s t s  were 
incur red .  Tke pipe line r a s  b u i l t  some y e a r s  ago of  salvaged mater ia l ,  and an old d i t c h  was 
u t i l i z e d .  R e  opera t ing  c o s t  An t h i s  i n s t a n c e  can be considered a s  tt.e t o t a l ,  c o s t ,  except  
f o r  d e p r e c i a t i o n  of the  value of t h e  mine. 

For tune . -  Fortune T a r r y a l l  Cold P l a c e r s  Co, began opera t ions  i n  Ju ly  1932 a t  old work- 
i n c s  on T a r r y a l l  Creek, above Como. Tle p l a c e r  was l a s t  worked about 20 years ago. T te  
d e p c s i t  cons i s ted  of an old  c tanne l  c o n s t i t u t i n e  a  bench along t t e  present  course of t h e  
s t ream. Bedrock consis ted of sandstone and was easy t o  c l e a n .  T te re  were very few boulders  
and none t t .a t  t h r e e  men could not r o l l  o u t  of tt.e way. Any boulders under 18 inckes i n  
diameter  w e n t ~ t t r o u g h  t t e  s l u i c e .  A 40-foot face Of grave l  was t o  be worked. 

r a t e r  was broue t t  t o  t t e  p i t  through a  2,70C-foot l i n e  of  24- t o  12-inch pipe under a 
toad o f  200 f e e t .  l a s t i n g  was done with a  no. 2  g i a n t  using a  3- o r  4-inch nozzle .  Boxes 
were 12 f e c t  long, 26 i n c t e s  r i d e ,  and 30 inches  h igh ,  w i t h  a  grade of 8  inckes t o  the  box. 
R i f f l e s  cocs i s ted  of 16-pound r a i l s  12 f e e t  long;  two s e c t i o n s  of th ree  r a i l s  each were 
p laced  s i d e  by s i d e  i n  a  box. Spacers were used every 2 f e e t  between tt.e r a i l s ;  t t e  s p a c e r s  
of each s e c t i o n  came kalf-way betreen t t o s e  of t h e  ad jo in ing  s e c t i o n .  The r a i l s  res ted  on 
2- by 4-inch timber placed crosswise i n  t h e  boxes. Hooks were provided on the s i d e s  of t h e  
boxes f o r  hanging up t h e  r i f f l e  s e c t i o n s  when c lean ing  up. Coco matting, over which l-inch 
wire s c r e e n  c l o t h  was p laced ,  r a t  used on t h e  bottoms of  the  boxes under the  2- by &inch 
s u p p o r t s  f o r  the  r a i l s .  

T t e  crew consis ted of  t h r e e  men on each of two s h i f t s  and a  superintendent .  rages  were 
$3.50 f o r  10 t o u r s .  During t h e  f i r s t  p a r t  o f  t h e  work 1,100 cubic yards r a s  r a s t e d  i n  2 1/2 
days .  The ind ica ted  l a b o r  c o s t  would t h e r e f o r e  be S c e n t s  p e r  cubic yard. Current s u p p l i e s  
would c o s t  about 2 c e n t s  and superv is ion  1 1/2 c e n t s ,  making a  t o t a l  operat ing cos t  of 8 1/2 
c e n t s  p e r  cub ic  yard. 

Podman and Weston.- A 50-foot gravel  bench was being mined i n  Ju ly  1932 by Dodman and 
l e s t o n  on t h e  Blue River below Breck-enridge by a  combination of hydraulicking and ground- 
s l u i c i n g  methods. The grave l  was broken down e a s i l y  and contained few l a r g e  boulders .  The 
ground-sluice r a t e r  poured over t t e  bank and cu t  d o n  t h e  upper p a r t  of the face. The bottom 
o f  t t e  g r a v e l  bank was c u t  with a  hydrau l ic  g i a n t  us ing  a  Z-inch nozzle. The water f o r  t h e  
g i a n t  came from a d i t c h  a t  the  top  of the bank and was under about a  4C-foot bead. The g i a n t  
r a s  used a l s o  f o r  washing t t e  gravel  f ree  o f  c l a y .  Tte  gravel  could be wasted to  the s l u i c e  
boxes f a s t e r  than i t  could run through. A l t e r  a  run of a  few hours the boxes would c log  and 
have t o  be cleaned out by hand. Tte boxes were 18  inct.es wide, 12 i n c t e s  high, and 32 f e e t  
l o n g .  T te  s l u i c e  was a t  r i g h t  ang les  t o  t h e  r i v e r  and cu t  through a high rim of bedrock. 
Tt.e t a i l i n g s  d i sc ta rged  i n t o  tt.e r i v e r  about 5 f e e t  above the water l e v e l .  The r i f f l e s  were 
made of  2- by 4-inch lumber, c lad  on top w i t h  s t e e l .  They were made i n  sec t ions  4 f e e t  long 
w i t h  2- by 4-inch lumber l a i d  a l t e r n a t e l y  l e n g t t w i s e  and crosswise i n  t t e  boxes. 

A s  ground-sluice water  d i d  most of t t e  work t t e  method used could be c l a s s i f i e d  properly 
8s a ground-sluicing one. However, a s  a  g i a n t  was used i t  i s  considered v i t h  the hydraulrc  

mines. 



Tie crew consis tad o f  two men on one s h i f t .  Up t o  J u l y  18 about 8,500 cubic yards had 
been sashed. A t o t a l  of 164 s h i f t e ,  inc lud ing  32 on preparatory work, had been rorked. The 
l a b o r  cos t  was 7 cents  p e r  cubic yard; s u p p l i e s  c o s t  1 cent ,  making a t o t a l  of 8 cen ts .  D i s -  
regarding preparatory work, which should be cnarged a g a i n s t  t h e  gravel wash& up t o  J u l y  18, 
t h  labor  c o s t  would be 5 c e n t s  p e r  cubic yard.  

Bpund WountpL0.- R e  mine o f  t h e  Nevada Porphyry Cold Mines. I n c . , "  i n  the  Round Mount- 
a i n  d i s t r i c t .  Nye County, had been o p e r a t i n g  s i n c e  1914. The gravel  ranged from a few f e e t  
t o  50 f e e t  i n  depth. It contained 1 5  t o  20 percent  of angular  boulders. The bedrock w a s  
uneven, and considerable  gold w a s  r e c l a i s e d  from c r e v i c e s .  

Ea te r  w a s  brought t o  t h e  mine by p i p e  l i n e s  from severa l  creeks.  ?he l i n e  f r o a  J e t t s  
Canyon, wLich was the  f i r s t  t o  be b u i l t ,  had a t o t a l  length of  45.300 f r e t .  The f irst  sec- 
t i o n ,  14,COO f e o t  long, c o n s i s t a d  of  r i v e t e d  p ipe  ranging f roo  30 t o  15 inches i n  diameter .  
The second s e c t i o n .  28,000 f e e t  long,  t a s  an inver ted  siphon a c r o s s  a va l ley  and cons i s ted  
of  re lded  p ipe  1:4 t o  5/16 inch th ick .  The f l o o r  o f  the  v a l l e y  was 1.142 f e e t  below tbe  in- 
t ake  of t h e  siphon, hence the  maxinum s t a t i c  head was 495 pounds to' t h e  square inch .  The 
t h i r d  s e c t i e n  consis ted of 3,300 f e e t  of r i v e t e d  p i p e  1 5  inches i n  d i a a e t e r .  S l i p  j o i n t s  
were used on 7.500 f e e t  of the r i v e t e d  p i p e  where t h e  pressure was l i g h t ;  bol ted forced-steel 
couplines v e r e  used on t h e  remainder. The d i f f e r e n c e  i n  e l e v a t i o n  between the  i n l e t  of the 
p ipe  and t h e  p l a c e r  p i t s  w a s  650 f e e t .  The e n t i r *  l i n e  was l a i d  i n  a trench 4 f e e t  deep t o  
prevent  f reez ing .  The c o s t  of t h e  l i n e  was $150,000. I n  1921 a dam w a s  b u i l t  t o  provide a 
r e s e r v o i r  about 1 n i l e  from t h e  workings i n  which water  f ron t h e  J e t t a  Canyon and Je f fe rson  
Canyon l i n e s  was ?mpounded. This  water  permi t ted  one g ian t  t o  be operated 7 hours p e r  day 
during per iods  of low water .  The head from t h i s  dam was 350 f e e t .  An average of about 400 
miner 's  inches  t a s  a v a i l a b l e  a t  t h e  mine. 

Tt.e s l u i c e  used f r o n  1921 t o  1932 was 3 f e e t  r i d e  by 3 f e e t  high and 5,000 f e e t  long,  
with a grade of 4 inches  t o  l2 f e e t .  I t  was branched a t  t h e  lower end t o  permit p lac ing  
boxes s t i l e  the  mine was i n  o p e r a t i o n .  R i f f l e s  were 3- by &inch c r o s s t i e s  placed i n  t t e  
boxes a t  i n t e r v a l s  of  4 t o  6 f e e t  over  which were l a i d  7 p a r a l l e l  l i n e s  of 25-pound r a i l s  
T te  r a i l s  vere s e t  i n  wooden b locks  which were even with t h e  top of t t e  r a i l s .  The r a i l s  
were placed with t h e  web down i n  t h e  f i r s t  3,500 f e e t  of t h e  s l u i c e  m d  inver ted  i n  the  
l o r e r  1,505 f e e t .  It w a s  considered tt.at t h e  inver ted  r a i l s  o f f e r  l e s s  r e s i s t a n c e  t o  the  
f l 0 7  of  m a t e r i a l  through t h e  s l u i c e .  

Tke rails i n  the  mid j le  o f  the  box were worn more rap id ly  than those a t  the  s i d e .  The 
c e c t e r  r a i l s  stowed apprec iab le  wear a f t e r  a t o u t  150,000 cubic yards of mater ial  had passed 
through t t e  s l u i c e .  They were then moved t o  the  o u t s i d e  and t h e  ou te r  r a i l s  placed i n  the  
c e n t e r .  

Piping r a s  done with 2 small o r  1 l a r e e  e i a n t  i n  1 of 2 p i t s .  One p i t  was worked while 
t t e  o i t e r  was cleaned up. The g i a n t s  wer9 s e t  a t  an angle t o  the bank t o  permit using the 
f u i l  fo rce  of tt.e s t ream t o  sweep the  angula r  rocks t o  t!ae head of the s l u i c e .  Care was 
exercised t o  b r ing  d o m  the  s o i l  and o t h e r  f i n e  m a t e r i a l  a t  such a r a t e  t h a t  un m i x i 3 ~  w i t h  
the  rocks a maxlnum of the  coarse  m a t e r i a l  could be swept t o  the  s l u i c e .  

B o u X ~ r s  were removed f r o n  the  p i t  by two methods. I n  the f i r s t  they were loaded on 
f la t- tcpped c a r s  runnlng on S F i n c h  gage t r a c k s  i n  the  p l t ,  then pul led up a t r e s t l e  by s 
h o i s t  and dumped au tomat ica l ly .  I n  the  second aethod the boulders  were ralsed from '.:.a p i t  
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by a d e r r i c k .  The d e r r i c k  mast was s o t  a t  a s l i g h t  ang le  from tho v e r t i c a l  so tha t  the 
boon s a n g  au tcmat ica l ly  out of tho p i t .  Bouliors too  l a r g e  t o  handlo wero block holed w i t h  

a jackhammer and b las ted .  
A p a r t  of  t h e  gravel  d e p o s i t  was comonted and rOqUire5 b l a s t i n g  before i t  could bo 

p iped .  Five-inch kolos weto d r i l l e d  t o  bedrock about 50 t o o t  a p a r t  m d  25 f e e t  from the edge 
of t h e  bank by a S t a r  d r i l l i n g  r i g .  One b l a s t  consisted of  4 holos with m avorage dOpth 
of  46 f e e t .  Each hole mas sprung with 15 pounds of  t e l a t i n  dynamite, then shot w i t h  175 
pcunds of  Judson powder. This  loosened thorouehly about  12,000 cubic yards of g rave l .  The 
t o t a l  c o s t  of  d r i l l i n g  tho ho les  and b l a s t i n g  was $582. o r  about  4.8 c e n t s  per cubic yard of 
grave 1. 

Q u i c k s i l v e r  was added t o  t h e  s l u i c e s  a s  requ i red .  Tho upper 200 f e a t  of tho s l u i c e  was 
cleaned up semimonthly. Tho r a i l s  r e r e  romovod, and while  small  stream of water was run- 
ning d o ~ n  tile s l u i c e  tho r i f f l e s .  blocking,  and l i n i n g  boards wore taken out and sctubbed 
with brooms t o  remove any gold O r  amalgam adhering t o  them. Addit ional  qu icks i lver  was added 
and tt.e s t ream of  water increased .  A s  the  mater ial  moved s lowly d o m  tho s l u i c e  the  coarse 
l ca te r ia l  was thrown out  witti an G t i n e d  fork.  The gold and amalgam lagged behind the l i g h t e r  
m a t e r i a l  and were scooped up and placed i n  buckets. They were ground i n  a clean-up pan t o  
s e p a r a t e  the  gold from q u a r t z  and o t h e r  assoc ia ted  gangue minera l s .  

A t  t h e  end of  t h e  season a l l  the  r a i l s  i n  the  s l u i c e  wore removed and several  hundred 
f e e t  of  t k e  upper p a r t  of  t h e  s l u i c e  cleaned up i n  t h e  usua?. manner. The concentrate  i n  the  
reza in ing  p a r t  of  the  s l u i c o  which containeu about $60 o f  gold p e r  ton.  was allowed to d ry .  
tl.en hauled t o  a q u a r t z  m i l l  and t r e a t e d  i n  the same manner a s  o r e .  

Af tor  tt.e bedrock had been swept. by the  g ian t  i t  was allowed t o  d ry  and cleaned by Land. 
S p e c i a l l y  constructed hand i o o l s  and whiskbrocms were used f o r  removing qola from the  cre- 
v i c e s .  

t u r i n y  one year  when 128,000 cubic yards of g rave l  was washed, 73  percent  of the gold 
was recovered i n  t h e  semimonthly clean-ups of the upper 200 f e e t  of t h e  s l u i c o .  11 percent  
frcm bedrock, 9 percen t  from t h e  f i n a l  clean-up o f  t h e  s e c t i o n  of s l u i c e  below the  place 
wtere tt.e semimonthly cloan-ups were made, and 7 percen t  from the  mate r ia l  mi l led .  About 
1 5  percen t  o: t h e  t o t a l  o p e r a t i n g  c o s t  was f o r  c lean ing  up bedrock. 

About 20 men wore empioyed dur ing  t h e  1932 season .  The q u a n t i t y  of gravel  washed d a l l y  
depended upon t h e  propor t ion  of  boulders  aad cemented grave l  handled.  It ranged from 32 t o  
110 cubic yards  p a r  hour. No recen t  operat ing c o s t s  a r e  a v a i l a b l e .  

Mines with Ruble e l e v a t o r s  

Reddine Creeh.- P l a c r r  o p e r a t i o n s  on Redding Creek near  Douglas Ci ty  were begun i n  the 
s p r i n g  of 1532; 56.600 cubic  y a r d s  of  gravel  was rashed  by the  t i n e  t h e  water supply f a i l e d .  
Tt.6 g rave l  bed, which was 9 f e e t  deep and 120 f e e t  wide. l a y  i n  a creek bottom. The f a l l  
of  tt.e c reek  was s o  s l i g h t  (one t e n t h  inch t o  the  f o o t )  t h a t  enough grade could not be ob- 
t a i n e d  f o r  s l u i c e  boxes. A Ruble e l e v a t o r  was used f o r  e l e v a t i n g  the  gravel and boulZers 
and s o r t i n g  ou t  everything over 2 inches i n  diameter. 

r a t e r  under a 3CO-foot t e a d  was brought t o  t h e  p i t  through a 24-inch pipe 3,000 f e e t  
long.  '7t.e Y's i n  tt-e p i t  were of  15-inch pipe.  The grave l  was cu t  and swept t o  ncar r!:1 
en t rance  of t h e  Ruble by a g i a n t  with a 5- o r  6-inch nozzle .  then the mater ial  was washed up 
tLe Ruble by means of a second g i a n t  n t h  a 5-inch nozz le .  A t t , i rd  giant  w i t h  a 3-inch 
nozzle  was used i n t e r m i t t e n t l y  t o  l e v e l  o f f  the t a i l i n g s  p i l e s .  



The Ruble waa 8 f e e t  wide by 60 f e e t  long and e leva ted  the  overs ize  25 f e e t .  (See 
f i g .  9 . )  It was l i n e d  with s h e e t  s t e e l .  The g r i z z l i e s  ware of 3- by C i n c h  timber s e t  on 
edge; the  t o p  edge was s tee l -c lad .  They were placed crosswise on 3- by C i n c h  sills l a i d  
lengthwise on the s tee t - i ron  bottom of  t h e  chu te .  The p l u s  2-inch mate r ia l  was washed. up 
through t h e  e l e v a t o r  by the  g i a n t ;  t h e  unders ize  dropped through t h e  g r i z z l y  and ran down t h e  
bo t ton  of  t h e  chu te  t o  four  l2-foot boxes, 48 inches wide, s e t  a t  r i g h t  a n g l e r  t o  t h e  ele-  
y a t o r .  A s  t h e  gravel  w u  only 9 f e e t  deep,  t h e  Ruble had t o  be aoved t h r e e  t imer d u r i n g  t h e  
reason.  With 7 men and a c a t e r p i l l e r  t r a c t o r  a week was required t o  move t h e  e l e v a t o r  t o  a 

pew l o c a t i o n .  ' A second e l e v a t o r  w a s  p l m n e d  next  season t o  al low continuous product ion.  
Boulders r e r e  bulldozed; 2,000 pounds of 40-percent-strength g e l a t i n  d y n a s i t e  was used f o r  
t h i r  purpose dur ing  t h e  1932 season.  

An average of  540 cubic yards  p e r  day was washed dur ing  t h e  1932 season.  The o p e r a t i n g  
c o s t  of T u b i n g  t h e  grave l  w u  1 9  c o a t s ,  o f  which t h r e e  f o u r t h s  was f o r  l a b o r .  The c o s t  d i d  
n o t  include d i t c h  work ( o t h e r  than t h e  d i t c h  t e n d e r ) ,  cons t ruc t ion  c o s t s ,  i n t e r e s t ,  d e p r t  
c i a t i o n ,  o r  amor t iza t ion .  

-.- Thr YacIntosh b r o t h e r r  operated t h e  Browning mine near  Leland under a l e a s e  
d u r i n g  t h e  1932 season.  The grave l  d e p o s i t  was along a small  creek and averaged about 12 
f r e t  deep. Prepara tory  t o  mining, a 5.000-foot p ipe  l i n e  from t h e  Columbia d i t c h  was l a i d .  
The p ipe  diameter  ranged from 32 t o  16 inches .  This  work took 90 days with an average crew 
of  10 men. Fur ther  cons t ruc t ion  c o n s i s t e d  o f  t h e  e r e c t i o n  of a Ruble e l e v a t o r .  Actual wash- 
i n g  opera t ions  were c a r r i e d  on f o r  35 days.  Ten days were required when water was a v a i l a b l e  
t o  make a new set-up of the  e l e v a t o r .  Water was brought t o  t h e  mine under a head of  300 
f e e t .  Four hundred f e a t  of head was a v a i l a b l e ,  bu t  t h e  p ressure  was reduced 100 f e e t  from 
t h e  top.  The mine was equipped with one no. 4. two no. 3 ,  and t h r e e  no. 2 g i a n t s ;  4 l/2-inch 
nozzles  r e r e  used on t h e  c u t t i n g  g i a n t  and t h e  one a t  t h e  Ruble e l e v a t o r .  A 5-inch nozzle  
w u  used f o r  sweeping. The Ruble g i a n t  and one o t t e r  were used a t  t h e  sabe time. The Ruble 
e l e v a t o r  was 6 f e e t  wide and 36 f e e t  long  and e leva ted  the  overs ize  14 f e e t .  The g r i z z l y  
bars .  which were s e t  crosswise,  c o n s i s t e d  o f  2- by &inch lumber c l a d  on top with 1/2- by 
2 1/2-inch s t r a p  i r o n .  The apacing was t h r e e  f o u r t h s  inch.  The gravel  could be dr iven  over 
t h e  Ruble a s  f a s t  a s  one of t h e  o t h e r  g i a n t s  could get  i t  to  t h e  e l e v a t o r .  A t imber dam was 
b u i l t  p a r t  way a c r o s s  tt.e p i t  on e i t h e r  s i d e  of  the  Ruble t o  guide the  gravel  t o  t h e  ele- 
va tor .  Tke s l u i c e  boxes ware 4 f e e t  wide and 22 f e e t  long and had a grade of 7 inchas t o  12 
f e a t .  S tandard  dredge-type Hungarian r i f f l e s  1 1/4 inches r i d e  by 1 inch deep were used.  

F i g u r e  12,4,  shows the  set-up o f  t h e  g i a n t s  a s  used f o r  the  f i n a l  clean-up i n  t h e  p i t .  
A t o t a l  Of 30,000 Cubic yards was washed dur ing  the  season.  The average d a i l y  yardage was 
667. The Operat ing crew cons i s ted  o f  6 men on two 12-hour s h i f t s ;  4 man worked on day s h i f t  
and 2 on n i g h t .  A t  SS per  12-hour s h i f t  t h e  opera t ing  c o s t  p e r  cubic yard rou;d b9 4 1/2 
cen ts .  The s u p p l i e s  amounted t o  ano ther  1 1/2 c e n t s ,  making a t o t a l  operat ing c o s t  of about 
6 cen ts .  The labor  c o s t  of p u t t i n g  i n  t h e  pipe l i n e  amounted t o  12 cen ts  per  cubic yard o f  
graval moved during t h e  season. 

Mines with Hydraulic E leva tors  

t l a n a  de 5rp.- Tte t l a n a  de Or0 mine ( f i g .  12 .8)  was i z  a f l a t  r i v e r  va l ley  near  Raldo. 
The depos i t  cons i s ted  of ssaLi-size grave l  and c lay  over la in  w i t h  s o i l .  Apparently A: 



coztzir,ed too much c l a y  f o r  succ*ssful dredging.  The mine wM worked during the 1932 reason by 
r ive  men under a roya l ty  agreement. The mine was Wll-+quipped and contained a good #toe& 
of  suppl ies  a t  t 5 e  beginning of  the seasoh.  Timber f o r  s l u i c e  boxes ms c u t  .od sawed on 
t t e  premise's a t  a c o s t  of $8 p e r  M .  

Cater  r a s  brought t o  tt.e mine i n  thre* d i t c h e s .  The upper had a capac i ty  of  520 m i r e r 4 s  
inckes and was used f o r  br inging water t o  a kydraul ic  e l e v a t o r .  The e f f e c t i v e  h a d  a t  t h e  
e:evatot was 360 f e e t .  The middle d i t c h  had a Capacity Of 1.800 inches  m d  d e l i v e n d  watar 
t o  tt.e nine under an e f f e c t i v e  head of 125. f e e t .  T h i s  water  was usod f o r  c u t t i n g  a d  s w e e p  
i n g  i n  the p i t  and f o r  s t a c k i n g  the coarse  t a i l i n g s .  The coabinod average flow of the  two 
upper d i t c k e s  was 700 i n c t e s .  Tte 10-r d i t c h  d e l i v e r e d  10,000 inchar  which waa used i n  a 
lone  t a i l r a c e  f o r  carrying away the  c l a y  and s w d .  

K O .  3 g i a n t s  w i t h  5-. 3 3/4-. o r  4 1/2-inch nozzles .  depending upon t h e  quant i ty  of 
water a v a i l a b l e ,  were used f o r  cut t ing;  and sweeping. A no. 2 g i a n t  with a 3-inch n0ul.e .as 
used f o r  s t a c k i a g  t h e  t a i l i n g s .  

Tto grave l  a s  cu t  i n  tbe  p i t  wm run through 180 f e e t  o f  30-inch boxer, met an a grab 

of  5/16 inch t o  t h e  foo t ,  t o  t h e  hydrau l ic  e l e r a t o r .  The l i f t  o f  t h e  e l e v a t o r  was 44 f e e t ;  
t k e  diameter o f  t h e  standpipe w a s  20 inches  and t h a t  of t h e  nozzle  o f  the  high-pressure j e t  
3 3/4 inches.  A second e l e v a t o r  was used a s  a w a u r  l i f t .  Prom tha e l e v a t o r  the gravel  ran 
tkrough 700 f e e t  of  30-inch boxes, t h e  bottoms of  which were l i n e d  w i t h  s h e e t  s t e e l .  R i f f l u  
c o n s i s t i n g  of  s t e e l  r a i l s  were used i n  t h e  f i r s t  300 f e e t  of  t h e  s l u i c e ;  no r i f f l e s  were umd 
i n  t t e  l a s t  400 f e e t .  The grade of t h e  main s l u i c e  where the  e l e v a t o r  discharged i n t o  i t  .as 
2 inckes t o  t h e  16-foot box. AS the  v e l o c i t y  from t h e  e l e v a t o r  rar l o s t  t h e  grade was in- 
creased t o  3 1/2, 4, and 5 inches  t o  the  box. An undercurrent  was taken out  a t  the end of  
t t e  r i f f l e  s e c t i o n .  The undercurrent g r i z z l y  was 36 by 36 inches  i n  p lan .  The g r i z z l y  bars  
t a d  a spacing of  1/4 inch a t  t h e  top and 3/8 inch a t  the  bottom. They were s e t  crosswise t o  
t t e  s l u i c e ;  i f  s e t  lengthwise,  bowever. they would not  have clogged a s  e a s l l y  w i t h  t r a s h  o r  
g r a s s  t t a t  came d o m  t h e  s l u i c e .  Black sand had a. tende'ncy t o  .pack i n  t h e  r i m e r  of t t e  
s l u i c e  i n  t t e  p i t  and thus reduced t h e i r  a b i l i t y  t o  catch t h e  f i n e  gold. To overcoao t 4 i s  
d i f f i c u l t y  t t e  f i r s t  two o r  t h r o e  boxes were cleaned up d a i l y .  Two t h i r d s  of t h e  gold saved 
w r s  recovered i n  t t e s e  boxes. Because of t h e  f i n e  s i z e  of t h e  gold aad t h e  r e l a t i v e l y  l a r g e  
percen:age o f  c l a y  and black rand i n  t h e  g rave l  i t  w 6 s  e s t i a a t e d  t h a t  only 60 percent  of the 
t o t a l  gold was raved. 

Prepara tory  work f o r  t k e  1932 season began November 6 ,  1931 and cons i r ted  of repa i r ing  
flume l i n e s  and cleaning ou t  t t a  d i t c h e s .  Washing s t a r t e d  January 1, 1932 and continued t o  
June 20, wten t h e  higt-pressure water  f o r  t h e  e l e v a t o r  f a i l e d .  During t h e  washing season 
p i p i n g  was done on an average of 22 days p e r  month. An average o f  400 cubic yards p e r  day 
was Landled a f t e r  washing began; t h e  d a i l y  average f o r  the  season was 300 cubic  yards,  and a s  
much a s  500 cubic  yards was handled i n  a day.  With l a b o r  a t  83.75 p e r  s h i f t  t h e  l abor  c o s t  
f o r  tt.e season would be 7 c e n t s ;  s u p p l i e s  c o s t  1 cent  p e r  cub ic  yard. making a t o t a l  of 8 
c e n t s .  Tte  c o s t s  do not inc lude  i n t e r e s t ,  deprec ia t ion ,  amor t iza t ion ,  o r  general  overhead 
expenses. The labor  c o s t  ioc ludas  3 1/2 percent  f o r  workmen'r compensation. 

P1ntauricg.-  Tt.e P l a t a u r i c a  n ine  near  O'Brien was operated dur ing  tho  1932 season by 
h'eispn and h 'arr ison,  l e s s e e s .  The mine was f u l l y  equipped when they  took i t  over .  Water was 
brougt t  through 11 miles of d i t c h  and 4,000 I e e t  Of p ipe  l i n e  22 t o  15 inches i n  d i a m t e r .  
p .9  branch l i n e s  a t  the  n ine  were 11 inches i n  diameter .  The head was 450 f e e t .  

Tho grave l  was about 35 f e e t  t t i c k .  It  was f a i r l y  easy t o  wash and contained few 
t c - ~ l L e r s .  A s  no f a l l  r a s  a v a i l a b l e  t t e  wasted gravel  was removed from the  p i t  through a 
kydraul ic  e l e v a t o r  w i t h  a l i f t  o f  54 f e e t .  The t h r o a t  diameter  of the  e l e v a t o r  was 18 
inct-es;  a 3 1/2-inch nozzle was used f o r  the  high-pressure wate r .  One g i a n t  w i t h  a 3-inch 
nozzle  was used f o r  c u t t i n g  t h e  gravel  and d r i v i n g  it t o  the  f o o t  of  t h e  hydraul ic  e l e v a t o r .  



Usually two o r  th ree  16-foot boxes with block r i f f l o r  were used i n  tho p i t  i n  f r o n t  of t h e  
e leva tor .  The t a l l i n g r  a t  t h e  end of  t h e  u i n  81uloe were r tackod by m o t h e r  g i a n t  with a 
Z-inch nozzle  which was operated &bout 4 hours  each day. When t h e  t a i l i n g s  g i m t  ru i n  !re 
t h e  c u t t i n g  g i a n t  was turned o f f .  

The hydrau l ic  e l e v a t o r  discharged i n t o  256 f e e t  of  30-inch boxer r e t  on a g n d e  o f  6 
inches t o  1 6  f e e t .  When t h e  grade was l e s s  i t  w u  round t h a t  blaok rand paoked t i g h t l y  i n  
t h e  r i f f l e s .  The r i f f l e s  i n  the  upper p a r t  o f  t h e  r l u i c e  o o n r i r t e d  of  7-inch wooden blocks 
and those i n  t h e  lower end of C i n c h  angle  i r o n s  s e t  aoros r  t h e  boxer. An undercurrent  w u  
used but d i d  no t  recover  enough gold t o  pay f o r  oleaning i t .  The M i n  r l u i o e  w u  c leaned 
up four  time8 dur ing  t h e  reason.  h o  f l u k r  o f  q u i c k r i l v e r  n r e  used during t h e  r e u o n .  The 
l a y - o u t  o f  t h e  mine is r k o m  i n  f i g u r e  11.E. 

Work f o r  t h e  1932 reason began November 10, 1931 and continued u n t i l  June 25.  The 
o p e r a t i n g  crew c o n s i s t e d  of  1 p i p e r  and 1 s l u i c e  tender  on each of  t h r e e  s h i f t s  and 1 pitmsn, 
1 d i t c h  t e n d e r .  m d  1 foreman on day a h i f t .  The d a i l y  l a b o r  charge w u  UO. As much u 
600 cubic  j a r &  i w  washed i n  a day, t h e  average being about 500. 

Tke r e p a i r s  on t h e  e l e v a t o r  wore e x c e s s i v e .  The o a s t i n g  a t  t h e  bottom, which c o s t  Sin, 

had t o  be replaced every  90 days. The l e r s e e s  considered t h e  ground too rocky f o r  & hydsau- 
110 e l e v a t o r .  Tto c o s t  f o r  r u p p l i e s ,  mainly i n  connootion with t h e  e l e v a t o r ,  w u  about 
$1,000 f o r  t t e  season. R e  labor  c o s t  p e r  cub10 yard was about 7 c e n t s ,  t h e  c o s t  of  s u p p l i e s  
1 c a t .  and tko  t o t a l  opera t ing  c o s t  8 c e n t s .  I f  each yard o f  g rave l  w a d  charged with i t 8  

p r o p o r t i o n a t e  s t a r e  of  t k e  c o s t  of  d i t c h  and p ipe  l i n e s  and o f  equipping t h e  mine t h e  t o t a l  
c o s t  p e r  c u b i c  yard probably would be s e v e r a l  times t h a t  shorn.  

-.- J. J. Davis s t a r t e d  o p e r a t i o n s  on Crims Creek a t  C e n t r r ~ i l l e  i n  June 1932. 
Tho grave l  t and led  was 4 t o  6 f e e t  deep and was f u l l  of  boulder3 and Stumps. The W o l n i n g  
ground cad been worked by a dredge; t h i s  g rave l  had beon l e f t  bocauae o f  t h e  s t a l l o w  depth 
and t h e  boulders .  As no f a l l  was a v a i l a b l e  f o r  a t a i l i n g  dump a hydraul io e l e v a t o r  r i t h  a 
l i f t  of  17 f e e t  was necessary.  Water was brought t o  t h e  mine through & 11/4--alle d i t c h  and 
a 1.20C-foot p ipe  l i n e .  The diameter  of t h e  p ipe  ranged from 20 inches a t  the  top  t o  11 a t  
t h e  bottom. n o  p ipe  l i n o  crossed a canyon by means of  a s iphon c o n s i s t i n g  o r  2 b i n c h  p i p e .  
P i p i n g  was done with a no. 1 g i a n t  with a 1 1/2-inch nozzle. The e l e v a t o r  had a 3 1/2-inch 
n o z i l o  and a LO-inch p ipe  with an &inch t h r o a t .  It usmd about four  f i f t h 8  of  the  t o t a l  
w a t e r .  Bouldors were moved by hand. Those too  l a r g e  t o  r o l l  ou t  of  the.way were b l a s t e d .  
A d e r r i c k  was being i n s t a l l e d ,  which should increase  t h e  e f f i c i e n c y  o f  O p e r a t i ~ a ~ .  The hy- 
d r a u l i c  e l e v a t o r  discharged i n t o  a s l u i c e  32 inches wide and 7 2  f e e t  long. Dredge-type 
Hungarian r i f f l e s  were used. 

h o  men on a S h i f t  operated t h e  mine, and two 12-hour s h i f t s  were worked per  day. In  
J u l y  1932 an average of  64 cubic yards  was being handled i n  a day, o r  about 16 cubic yards 
p e r  man-shift.  which was a good record cons ider ing  t h e  mount  of  boulders and s t u p s  moved 
by hand. Labor c o s t  15 cen ts  and s u p p l i e s  about 2 con ts ,  making a t o t a l  operat ing cos t  o f  
27 c e n t s  p e r  cubic yard. 

Mines r i t h  both Ruble and hydraul ic  e l e v a t o r s  

w.- f>.e C a l l i a  Placer  Mining Co. operated the  C a l l i a  mine on the North Fork of the 
Salmon River  near Sawyer Ear during the 1532 season.  The gravel  was 30 t o  35 f r e t  t h i c k  and 



ccntalned some la rge  boulders .  r a t e r  was brought t o  t h e  mine under a 265-foot head through 
a 2.00C-foot l i n e  of 36- t o  15-inch p ipe .  Enough grade was not a v a i l a b l e  f o r  the disposal  
of  t a i l i n g s .  and the grave l  a s  a ined  contained too many boulders f o r  the  succossful  operation 
o f  a Lydraul ic  e leva tor .  T te  g rave l  was cu t  and swept t o  a Ruble e l o v a t o r  by a g ian t  with a 
3 I/2t or &inch nozzle .  It  was t t e n  put through the  o l e v a t o r  by m o t t o r  g ian t  v i t h  a 4 1/2- 
inch nozzle .  The Ruble was 4 f e a t  ~ i d e  and elevated t h e  overs ize  25  f e e t .  The gr izz ly  con- 
s i s t e d  of 9C-pound r a i l s  2 1/2 i n c t e s  a p a r t  s e t  lengthwise on 10- by 10-inch s t r i n g e r s .  Tho 
unders ize  from tke g r i z z l y  went through a 24-inch s l u i c e  w i t h  r i f f l e s  cons i s t ing  of lng le  
i r o n  and r a i l 3  placed c rosswise  i n  t h e  boxes. 

Cte s l u i c o  d i sc ta rged  i n t o  a hydraul ic  e l e v a t o r  with a 20-inch in take .  A C i n c h  nozzle 
r a s  used i n  t t e  Ligt-pressuro j o t ;  t l e  matorial  ras e leva ted  30 f e e t .  R.0 e leva tor  disckarged 
i n t o  a second s l u i c o .  

T te  capaci ty of t t e  p l a n t  F a r  l imi ted  by t t e  q u a n t i t y  of m a t e r i a l  t h a t  could be run over 
t h e  Ruble e leva tor .  Tte Cut t ing  and d r i v i n g  g ian t  was used f o r  a few hours and t t e n  shut  
o f f  u n t i l  t t e  accumulated m a t e r i a l  could be handled i n  the  Ruble. The g ian t  a t  the Ruble, 
opera ted  continuously. 

About a week with the  f u l l  crew was required t o  move the Ruble; i t  had t o  be moved every 
3 r e e k s ,  a s  the  dump room behind i t  was exhausted. 

Boulders too l a r ~ e  t o  go up the  Ruble r e r e  moved back by a d e r r i c k .  Large boulders un- 
covered i n  c u t t i n g  were dragged from the p i t  by means of  a donkey engine. Water was used 
no t  only f o r  the  g i a n t s  i n  ti?. p i t  and the j e t  of t h e  hydraul ic  e l e v a t o r  but a l s o  f o r  operat- 
i n g  t t e  d e r r i c k  and running a dynamo f o r  opera t ing  a sawmill and an a i r  compressor. 

Tie  working crew c o n s i s t e d  o f  2 men i n  tke  p i t  and 1 man on t h e  d i t c h  l i n e  on each of  
two 12-koiir s h i f t s .  Althougi~ 56 t o  60 cubic yards per  hour could be cu t  and swept to  tire 
Rublo by the c u t t i n g  g i a n t  the  average capaci ty.  inc lud ing  the  time f o r  noving the Ruble. 
was 233 cubic yards per  day .  The labor  c o s t ,  assuming $4 p e r  man-shift, would be 11 cen ts  
p e r  cub ic  yard. ?ke c o s t  o f  s u p p l i o s  would be about 2 cen ts  and supervis ion 4 cent%, makine 
t" opera t ing  cost  1 7  c e n t s .  

Figuro 12.Q. stows t h e  lay-out of  the mine. 

&&.- iiarry Lewis t a d  been opera t ing  a p l a c e r  mine, working alone.  f o r  about 10 years 
on Eogue River ,  near Ca l ico  ( f i g .  1 2 , g ) .  Tho mine was s i t u a t e d  a t  the  edge of tho r iver .  on6 
t t e  f a l l  was nor s u f f i c i e n t  f o r  a t a i l r a c e .  The water  was brougbt to  the  nine through r pipe 
l i n e  22 and 15 inckes i n  d iameter .  The Y ' s  i n  the  pit .  were of 13- and 1C-inch pipe.  The 
gravel  '-as cu t  and swept t o  t h e  end of  the p i t  by a no. 3 g i a n t  w i t h  a 3-inch nozzle. Tbere 
i t  was dr iven  over a s t e e l  p l a t e  sit!' 5-insi kn les .  The unders ize  vent to  a hydraulic ele-  
v e t o r  w i t h  a 3 1/4-inch ~ o z z l e  and a %foot l i f t  and t t e n c e  through a 30-inch s l u i c e  box 95 . 
f e e t  iong s e t  on a grade of t h r e e  fourth* inch t o  the  f o o t .  The overs ize  was swept by a 
g i a n t  w i t h  a .;-inch nozzlu up a Ruble e l e v a t o r  made of  round p o l e s  which raised I t  11 fee t  
onto a rock dump. 'ike p o l e s  were s e t  lengthwise and c lose  t o g e t h e r .  A t h i r d  g ian t  was used 
a t o u t  1 t o u r  per  day i n  p i p i n g  t h e  rasLed grave l  from the  end of  t h e  s l u i c e  boxes. The hy- 
d r a u ? i c  e l e v a t o r  and one g i a n t  u s r e  operated c o n t i n u l u s l y  d u r i n g  t h e  s h i f t .  

3 . e  x i f f l e s  i n  tt.8 s l u i c e  ~ 6 r e  made of s e c t i o n s  of 4C-pound r a i l s  3 f e e t  long, placed 
l e n g t k ~ i s s  i n  the boxes. A t  tke  end of each s e c t i o n  of  r a i l s  2- by 4-inch lumber was placed 
cross::ise i n  the box. The r a i l s  had been used f o r  15 seasons and were about worn ou t .  

Tt.ree montts were requ i red  t o  s e t  up t h e  equipment and do t h e  necessary r e p a i r  work on 
t1.o p i p e  l i n e s  p repara tory  t o  washing. Water was a v a i l a b l e  f o r  washing f o r  66 days. An 
e x t r a  man was t i r e d  f o r  6 days while washing. About 7 ,000  cubic  yards w a s  washed. F i t h  



rages  a t  $4, the l a b o r  c o s t  would be 8 1/3 c e n t s  p e r  cubic yard;  suppl ies  mounted t o  about 
1 112 cen ts  per  cubic yard ,  making a t o t a l  opera t ing  c o s t  of 10 c e n t s ,  exclusive of  i p t e r e s t .  
amort izat ion,  o r  new equipment. 

Mines where water was pumped 

-.- During t t e  1931 and 1932 seasons J. C.  Conners pumped water f o r  washing a  high 
gravel  b a r  on Burnt River  t e l o r  Eridgeport .  Some of t h e  g rave l  which was cemented requi red  
d r i l l i n g  and b l a s t i n g  a n  occas iona l  auger  ho le .  A few boulders  occurred i n  t h e  g rave l .  The 
r a t e r  r a r  pumped through SCO f e e t  of  &inch pipe t o  a  height  o f  225 f e e t .  A working p r e s s u r e  
of 65 pounC3 per  square  inch r a s  maintainou at  the  nozzle .  h o  geared pumps with C i n c h  
s u c t i o n  2nd 3 l/2-inch d i s c t a r g e .  b u i l t  :or f o r e s t - f i r e  f i g h t i n g ,  were used. Each p u p  
suppl ied  160 e a l l o n s  o f  r a t e r  p e r  minute under the  t e a d  used. One p u p  w u  d r iven  by a  4- 

cy l inder  an? t t e  o t l e r  by a  €-cylinder automobile engine. T3e engines together  used 20 t o  25 
ga l lons  of gaso l ice  each s h i f t .  A 2  l/?-inch f i r e  w i t h  nozzles  from 5/8 t o  3/4 inch i n  
diameter  t a s  used f o r  r a s t i n g  t t e  g r a v e l .  

TLe adin s l u i c e  cons i s ted  o f  a  12-inch box 90 f e e t  long, s e t  on a  grade of th ree  f o u r t h s  
inch t o  t t e  foot ;  po le  and Kungarian r i f f l e s  were used. f t e  Hungarian r i f f l e s  were 1 1/4 
i n c t e s  wile ,  2 incLes Ceep, i ron-clad on top,  and spaced 1 1/2 i n c t d s  a p a r t .  A t  t t e  edge 
of t h e  p i t  t t e  gravel  from tke s l u i c e  box r e n t  over a  g r i z z l y  with 3 / 4 i n c h  spacing between 
bars .  Tt.8 oversize was Cumped t o r n  tke  s i d e  of tt.e aounta in .  and the  undersize went through 
t r o  12-foot boxes con ta in ing  r i f f l e s  r o n s i s t l n g  of Colas t o r e d  i n  a  2-inch p l a n k .  

Large t o u l d e r s  were ro l led  cvar  the s i d e  of the  h i l l .  O t t r r s  over 4 inches i n  s i z e  
were eitt .er c a s t  over t h e  s i d e  o r  p i l e d  on cleaned-up bedrock. About Calf the time t h e  hose 
was used f o r  piping and t h e  ott.er h a l f  f o r  washing t t e  gravel  through t t e + s l u i c e .  A crew of 
3 men operated t t e  n ine ,  1 man with the  nozzle .  1 aorking boulders ,  and 1 on the  pumps. The 
pumpman a l s o  worked i n  t h e  p i t  s t e n  h i s  at:ontion was not neoded a t  the pumps. About 6 zubic 
yards was kandled per  man-st i f t .  At $4 p e r  day t t e  l abor  c o s t  was about 67 cen ts  p e r  c u b i c  
yard. Tt.e gaso l ine  a t  20 cen ts  p e r  gal lon rould have c o s t  22 c e n t s  per  cubic yard;  o t h e r  
s u p p l i e s  rou ld  t a w  amounted t o  aLout 4 c e n t s ,  mairng a  t o t a l  opera t ing  c o s t  of  92 c e n t s  p e r  
cubic yard. 

Montana 

E l d c r a d ~ . -  The ElCorado Kinlng Co. d ~ . - i n g  tke 1931 season pumped water f o r  mining t h e  
ElCorado t a r  on t t e  Yissour i  River  belou ' : ' ~ r k .  A 232-kp. e o t o r  and a  cen t r i fuga l  pump were 
use2 f o r  l i f t i n g  4,000 ga l lons  of  r a t e r  per  minute a v e r t r c a l  d i s t a n c e  of 120 f e e t  t o  t h e  t o p  
of the  t a r .  Tte s u c t i o n  pipe was 14 inches and the d e l i v e r y  p ipe  12 inches i n  d i a s e t e r .  A 
SC-t.p. motor *as used f o r  d r i v i n g  a  t o o s t e r  pump a t  the  top  t o  supply a  45-pound pressure  f o r  
c u t t i n g  the grave l .  A 6-inch f i r e  t.ose with a  1 1 / 4  o r  1 1/2-inch nozzle was used l o r  
c u t t i n g  and tt.e same t.ose w i t h  a  1 1/2- o r  2-inch nozzle  f o r  sweeping. About four  f i f t h s  
of t t e  r a t e r  pusrped was used a s  a  bywas:. Tto gravel was cut  and washed e a s i l y .  Boulders 
were removed by tand.  

S l u i c e  boxes r e r e  400 f e e t  long,  3E inches high, and 36 inches wide .with a  f a l s e  s i d e  
which reduced tke width t o  30 i n c t e s ;  tke grade was 3 i n c t e s  i n  12 f e e t .  R i f f l e s  i n  the  
f i r s t  200 Ceet of tke  s l u i c e  were 1/2- by S-inch s t r a p  i r o n  1 6  f e e t  long placed lengt.?wiso 
i n  t k e  t o x e s .  The i r o n  was fastened t o  2- by  &inch wooden c r o s s  s t r i p s  spaced 4 f e e t  a p a r t .  
Tte :pace t e t r e e n  the strips was 1 1/2 i n c t e s .  Tte c o t t o s  of the  lower 200 f e e t  of  box was 





draul icking is pumped and t t e  g rave l  e leva ted  from the  p i t  by means of a gravel  pump." A 
1C-in:h Byron Jacl.son c e n t r i f u g a l  puap operated by a s t e m  encine furn i shes  water f o r  a mogi- 
t o r  with a 5-inch nozzle .  S t e u  is produced i n  tm loconotive-type, 60-bp. b o i l e r s .  Rood 
is used f o r  f u e l .  R e  pump d e l i v e r s  1,800 ga l lo lu  of  water p e r  n inu te  ( 4  second-feet)  under 
a pressure o f  45 pounds p a r  s q u a n  inch .  
- An &inch Byron Jackson grave l  pump run by m automobile engine is s e t  up over  a sump 
i n  t l e  p i t  md e l e v a t e s  t h e  piped g r a v e l s  t o  a s l u i c e  box. This  p u p  requi res  25  hp. t o  
OpW8te i t ;  it seldom g i v e r  t r o u b l e  by choking. 

A gri2Zly with 4- by S l n c h  openings is placed over t h e  s u p .  The water from t h e  s l u i c e  
is s e t t l e d  and punped back. Only seepage water is a v a i l a b l e ;  t h e  water supply p e r n i t s  t h e  
p lan t  t o  be operated 10 hours  ou t  o f  each 24. 

The gravel  on bedrock is 15 t o  20 f e e t  deep, con ta ins  nuch g l a c i a l  c lay ,  and is very 
t i g h t .  It is b l a s t e d  before  i t  is p iped .  No mention is  made o f  boulders; apparen t ly  rela-  
t i v e l y  rev occur. 

R e  capac i ty  o f  the  p l a n t  is s t a t e d  t o  be about 300 cubic yards p e r  10-hour s h i f t .  The 
crew c o r u i s t s  o f  1 engineer  a t  $5 p e r  day, 1 monitor man a t  85, 2 pitmen a t ' 8 3 ,  and 1 gravel- 
pump a t teodant  a t  $4.  he t o t a l  d a i i y  l a b o r  c o s t  is $20.  upp plies used d a i l y  a r e  3 cords of 
wood a t  S5, 40 g a l l o n s  ( Imper ia l )  o f  gaso l ine  a t  80.37, 2 kegs o f  black b l a s t i n g  powder a t  $3. 
O t t e r  s u p p l i e s  m d  expenditures .  i n c l u d i n c  amort izat ion,  m o u n t  t o  827.90, making a t o t a l  of 
W3.70 f o r  s u p p l i e s  and a grand t o t a l  o f  W3.70 d a i l y  expense. This  is equivalent  t o  S0.28 
p e r  cubic r a r d  of  g rave l  handled. 

S u m a m  o f  Yardages Mined and Oneratina costs a t  Hydraulic Mines i n  1932 

Yardages 

h e  q u a n t i t y  of g rave l  t and led  i n  1932 a t  the mines l i s t e d  i n  t h i s  paper ranced from 
2,000 t o  718,930 cubic  -yards. (See t a b l e  12. ) Disregarding f o u r  n ines  where 100,000 o r  
nore cubic yards was washed, the  average yardage w a s  a t o u t  25,000. The t o t a l  washed a t  a l l  
t t e  mines l i s t e d  was about 2,000.000 cubic yards. The t o t a l  hydraul ickul  i n  the Western 
S t a t e r  dur ing  1932 was probably about  2,500,000 cubic yards.  T h i s  w a s  l e s s  than the  monthly 
Capacity o f  t t e  dredges i n  opera t ion .  

R e  d a i l y  c a p a c i t i e s  of  the mines dur ing  the  season ranged from 18 t o  7,400 cubic yards.  
R e  cubic yards t a s t e d  p e r  man-shift ranged from 6 t o  500. (See t a b l e  12 . )  The cubic yards 
tast.ad p e r  season, a s  s2oc-n i n  t t e  t a b l e ,  usua l ly  were estimat.ed on the  grodnd by t h e  au thors .  

Enough gold was recovered a t  o n l y  a few of  the  mines worked i n  1932 t o  pay operat ing 
expenses i f  t t e  p r e v a i l i n g  wage i n  t h e  d i s t r i c t  was pa id  t o  a l l  l abor .  A s  with o t h e r  forns 
Of p l a c e r  mining o t t e r  tkan dredging,  e o s t  o f  the  hydrau l ic  mines were worked by ind iv idua l  
o r n e t s  o r  l e s s e e s .  A t  some mines l e s s e e s  made wages a t  p r o p e r t i e s  where company operat ion 
t a d  f a i l e d .  p a r t l y  because of  t h e  e l imina t ion  of overhead and p a r t l y  because of  the  r x t r a  
e f f o r t  t h y  put  f o r t h  when working f o r  themselves. 

Operating c o s t s  

Conli t ions a r e  d i r e c t l y  comparable a t  very few s i n e s ,  and iverage  c o s t s  cannot be indi-  
cated c o r r e c t l y .  Tke opera t ing  c o s t s  a t  28 mines where no e l e v a t o r s  o r  pumps were usec 
ranged from 2.63 t o  37 .5  c e n t s .  (See t a b l e  1 2 . )  Labor was the  major expense a t  a l l  of thes.? 
mines. A t  two mines - Ind ian  H i l l  and Depot H i l l  i n  C a l i f o r n i a  - 2 cen ts  per  cubic jrilra 

28 Ann.  Rrpc.. Ylnlstrr o f  Micas o f  Br1t:sh Columbia. 1932, p .  A112. 
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cas~.ed 'i'as spent  f o r  s t o r i n g  t a i l i n e s  hack of  a power dam. The charge w u  reduced from 3 t o  ; I 
2 c e n t s  i n  1532. O t t e r  mines a l s o  t a d  t a i l i n g 4 i s p o s a l  charges i n  connection w i t h  mining 
o p e r a t r o r s .  T t r  c o s t  of  s u p p l i e s  and i n c i d e n t a l s  usua l ly  ranged from 1 t o  2 c e n t s .  A t  one 
mine suppl res  cost  5 c e n t s  p e r  cub ic  yard, but r power shovel was used i n  conaection with 
ty~r'auli;: . ing. Timber f o r  boxes is the  main item of opera t ing  s u p p l i e s  a t  most hydr ru l ic  
mrnes. Explosives a t  one c i n e  - Golden Rule - Cost 2 Cents and a t  ano ther  1 c e n t  per  cubic 

I yard rasi-ad. 
r e 1 1  under I 
mines wtere 

A t  most mines wtare  exp los ives  r e r e  used. however, t h e  c o s t  o f  rxp los iver  w a r  
. cent  p e r  cubic y a r d .  The c o s t  f o r  supervis ion r a g e d  from 0 .3  t o  10 cen ts  a t  
superv i s ing  o f f i c i a l s  r a r e  enployad. U n l e s ~  t h e  gravel  is unusual ly rich. the  

s a l a r y  of a nonrorking s u p e r v i s o r  a t  most small  hydraul ic  mines r a i s e s  the  opera t ing  c o s t  t o  
a p r o t - i b i t i v e  f i g u r e .  

Operat ing c o s t s  a t  mines w t e r e  e l e v a t o r s  were used a r e  as fol lows:  
Two mines with Ruble e l e v a t o r s ,  19 and 6 cen ts  p e r  cubic yard. 
Tinrse mines with hydrau l ic  e l e v a t o r s .  8, 8, and 27 c e n t s  per  cubic yard. 
Tro mines with both Ruble and hydrau l ic  e leva tora ,  17 and 10 c e n t s  p e r  cub ic  yard. 
A t  four  mines r t e r e  r a t e r  was pumped f o r  hydraulicking the  opera t ing  c o s t s  ware 93, 29, 

38, and 28 c e n t s  p e r  cubic y a r d .  A t  two of these where e l e c t r i c  power w r s  used, the power 
c o s t  1 5  c e n t s  with a 20C-foot l i f t  and 21  c e n t s  with a 100-foot l i f t ;  i n  t h e  second mine 
t a l f  tr.e r a t e r  was used i n  a h y d r a u l i c  e l e v a t o r .  In  both mines a 40-pound p r e s s u r e  was main- 
t a i n e d  on t t e  nozzles .  A t  t t e  t h i r d  mine. whdre gaaol ine engines r e r e  used, t h e  fue l  c o s t  
f o r  a 225-toot l i f t  was 22 c e n t s  p e r  cubic yard.  A 65-pound working pressure  w a s  aa in ta ined  
a t  tt.e nozzle .  A t  tho four th  mine r a t e r  f o r  hydraul icking w a s  pumped by s t e m  a t  a c o s t  of 
5 c e n t s  p a r  cubic yard. Fuel f o r  a gravel  pump Cost 4.9 c e n t s  p e r  cub ic  yard.  

S u f f i c i e n t  d a t a  a r e  not a v a i l a b l e  t o  ca lc t r l a te  t o t a l  c o s t s  a t  any of  t h e  mines. I n  a11 
bu t  a few mines o ld  d i t c h  and p i p e  l i k  were used, which were charged o f f  y e a r s  ago. De- 
p r e c i a t i o n  o r  amort izat ion c t a r e e s  could n o t  be f igured ,  a s  the  q u a n t i t y  o f  gravel  t o  b. 

wasted r a s  Lnom a t  only a few mines. 

: SLUICE BOXES AND RIFTLES (CDIERAL) 

Tl;e s l u i c e  box s e r v e s  a double  purpose i n  p l a c e r  mining; i t  c o l l e c t s  t h e  gold o r  o t h e r  
1 tea-ty minerals  sougt t  r i t t i n  t k e  r i f f l e s  o f  t h e  s l u i c e  and conveys t h e  washod m a t e r i a l  t o  a 

Cutping cround. It  is an e f t i c i e n t  gold ' saver  and is universa l ly  used i n  hydrau l ick ing  and 
erounc?-sluicing. Ti.@ p r i n c i p l e  o f  tt.e r i f f l e d  s l u i c e  is used f o r  recovering most of the gold 
on dredeer  and i n  ott.er f o r m  o f  p l a c e r  mining where the  grave ls  a r e  excavated mechanic.lly. 

OtLer types  of  gold s a v e r s  t a w  not  proved genera l ly  success fu l  i n  p l a c e r  mining, a l -  
t toceh  a s  an a u x i l i a r y  mett-od and under s p e c i a l  condi t ions  some of these  gold-saving dev ices  
t.ave t e e n  found usefu l .  Ris s u b j e c t  is f u r t t e r  d i scussed  i n  a subsequent paper  under the  
Leadine o f  Excavation o f  P l a c e r  Gravels by Porer  au ipment . "  

S l u i c e s  a r e  h i l t  i n  accordance with the  s e r v i c e  t o  be demanded of  thee.  R i f f l e s  a r e  
of  v a r i e d  forms and a r e  made o f  G i i f e r e n t  mate r ia l s .  Although the  form of  r i f f l e  is choten 
l a r e e l y  t o  f i t  p a r t i c u l a r  c o n d i t i o n s  custom i n  various d i s t r i c t s  and m a t e r i a l s  a t  hand have 
a t e a r i n g  upon t t e  p r a c t i c e s  fol lowed.  -_ t : e  f o l l o a i n g  d i scuss ion  h a s  a eenera l  app l ica t ion  and is not confined t o  any region 

o r  nett-od of  mining. 



Construct ion 

Slpice boxes a r e  rec tangula r  i n  s e c t i o n  and a r e  near ly  always b u i l t  of  lumber; s t e e l  o r  
i r o n  s l u i c e s ,  however, r e r e  used a t  a  few mashing p l a n t s  operated i n  1932. 

The c0nstruc:ion of a  wooden s l u i c e  box depends somewhat upon the s i z e  and sorv ice  ex- 
pected of t h e  box; a  number of  types.  however, may be used satisfactorily. Coamon types of  
cons t ruc t ion  f o r  l a rge  and small  boxes a r e  i l l u s t r a t e d  i n  f igure  13.  

The important f e a t u r e s  i n  des ign  a r e  s t u r d i n e s s  and s impl ic i ty  of cons t ruc t ion .  Large 
flumes may have t o  withstand severe  b a t t e r i n g  and v i b r a t i o n  from t h e  passage o f  heavy boul- 
d e r s ,  hence they must be s t r o n g l y  cons t ruc ted  and well braced. I n  small flumes t h i s  fea ture  
is l e s s  important,  but  the  use of  l i g h t e r  lumber increases  the d i f f i c u l t i e s  of  maintenance 
and prevent ion of l eaks .  

Ths bottom of a  narrow s l u i c e  should be a  s i n g l e  plank i f  lumber o f  the  d e s i r e d  width 
is o b t a i r a b l e ;  f o r  wider boxes two o r  more bottom planks must be used. The bottom j o i n t s  nay 
be made t i g h t  by t t e  use of  sof t-pine 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  ou ts ide ,  o r  by 
caulking with oakum o r  o the  r  m a t e r i a l .  ~ o r i e ~ % e c o m m e n d s  ha1 f-seasoned lumber a s  m o s t  
s u i t a b l e  f o r  tho  cons t ruc t ion  of  boxes. Where l o c a l  timber is used i t  is common p r a c t i c e  
t o  c u t  the  plank dbring the  d r y  season o r  before  snow is o f f  the ground. It is not customary 
t o  use  s u r f a c e d  lumber f o r  boxes. a l thougf!  a  smooth bottom f a c i l i t a t e s  t h e  clean-up. The 
lumber s t o u l d  be c l e a r  and o f  uniform s i z e .  

For any bu t  smal l ,  temporary i n s t a l l a t i o n s  t h e  s i d e s  of s l u i c e  boxes should be l ined  
with a  wearing sur face  of rough lumber c r  s k e e t  i r o n .  Otherwise t h e  e n t i r e  box must be re- 
p laced  wten t t e  s i d e s  a r s  worn o u t .  Board l i n i n g  is e a s i e r  t o  p lace  and r e p l a c e  than shee t  
i r o n .  In  e a r l y  Ca l i fo rn ian  p r a c t i c e  some of  t h e  s i d e  l i n i n g s  were made o f  wide, t h i n  blocks 
n a i l e d  on s o  a s  t o  p resen t  t h e  endera in  t o  t h e  w a r .  Worn i r o n  o r  s t e e l  r i f f l e s  a r e  used f o r  
s i d e  l i n i n g  a t  some p l a c e s .  .Usually on ly  t h e  l o r e r  h a l f  o r  t h i r d  of t h e  s i d e  of  the  box 
needs t k i s  p r o t e c t i o n ,  and a s i n g l e  2-inch board may s e r v e  not  only f o r  l i n i n g  bu t  a s  a  c l e a t  
t o  t-old down t t e  r i f f l e s . ,  Fa l se  bottoms of  planed o r  rough boards nay be used t o  save wear 
on t b e  box proper .  

Each t o x  s t o u l d  r e s t  on t h r e e  o r  f o u r  s i l l s ,  equa l ly  spaced. The sills and upright  
members a t  t t e  ends o f  t k e  box s e r v e  a s  b a t t e n s  t o  prevent  leakage a t  j o i n t s .  The p r a c t i c e  
o f  t a p e r i n g  t t o  box enough t o  permit  a  t e lescope  j o i n t  is very convenient i n  small  s l u i c e s .  
e s p e c i a l l y  i f  tix boxes must be moved occas iona l ly .  Small. three-board boxes map be braced 
r i t h  t i e s  a c r o s s  tt.e top,  a l t t o u g h  ttis honpers shovel ing and clean-up o p e r a t i o n s .  Larger 
boxes s t o u l d  be braced e x t e r n a l l y  from t t e  ends of  the  sills. a s  i l l a s t r a t e d  i n  f i g u r e  13, 
A and B. S i l l s  skould be r e i g k t e d  with rocks t o  check any tendency of t h e  s l u i c e  t o  r i s e .  
I f  tte s l u i c e  is placed i n  a  bedrock o r  o t t e r  c u t ,  water under i t  o r  a t  the  s i d e s  has a  s t rong  
l i f t i n g  e f f e c t  Uoreover, t h e  v i b r a t i o n  caused by boulders  r o l l i n g  through t h e  s l u i c e  per- 
mits f i n e  grave l  t o  be washed under t h e  sills placed on the  ground. 

T te  f o l l o x i n g ' t a b l o  skows the  p r i c e  of  lumter s u i t a b l e  f o r  bu i ld ing  s l u i c e s  a t  various 
p l a c e s  i n  t h e  summer of  1932: 

- 

30 Eo.1.. A. J.. Hydraulls Ylnlnc In Callfornla: V m  Nortrmd Co.. Nas Yotk, 3d ad.. 1889. p. 220. 
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3"x 4' sills, 4' center to center 

l a x  12"x 12' boards 

4'x 6' sills, 4' center to center 

1 0 1 2 8 4 5 
b ' "  L 

Scale, feet 
B 

Figure 13.- Sluice-box construction: A, Twenty-inch box at Henderson 
mine, Gold Creek, Mont.; B, five-foot sluice box. 



. . . . . . . . . . . . . . . . . . . .  Oregon House, C a l i f .  
Sawyers Bar, C a l i f  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Waldo, Ores. ( c u t t i n g  and sawing on ly)  
Wenatcheo, Wash. ................. ....... 

E . i g r . n t ,  Yont. . . . . . . . . . . . . . . . . . .  . . . .  

Torrrsend, Yont. : 
1- by 12-foot. . . . . . . . - .  . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  '2- by 16-foot 
T h e m ,  N. Yex. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A s  mentioned. t h e  s i d e  l i n i n ~  piank may serve as a c l e a t  under which the r i f f l e  s e c t i o n s  
can be wedged t o  the  bottom o f  t h e  s l u i c e .  Othervise some o ther  provision must be made rs 
t h e  r i f f l e s  mst be held s e c u r e l y .  In  3 s a l l  boxes i t  is customary t o  l ay  long,  narrow 
boards on edge on top o f  t h e  r i f f l e s  and aga ins t  the  s i d e s  of the  s l u i c e .  These boards a r e  
we3gr;l d o ~ n  t i g k t l y  under c l e a t s  n a i l e d  permanently t o  the  s i d e s  of  the  box. 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 o f  t t e  box, o r  using any device t h a t  requ i res  d r i v i n g  n a i l s  
i n  t t e  bottom o r  s i d e s .  should be avoided a s  i t  r e s u l t s  i n  l eaks  and eventual ly damages both 
s l u i c e  . n d , r i f r l e s .  FooCen b locks  a r e  the  most d i f f i c u l t  t o  secure i n  place but can be held 
by the method descr ibed  i n  t h e  fol lorr ine s e c t i o n .  Rock pavement depends on its weight, on 
b e i n g  packed t i g h t l y .  and sometimes on the  s l i g h t  downstream t i l t  of the individual  s tones  
t o  r e s i s t  the  s h i f t i n g  a c t i o n  o f  t h e  c u r r e n t .  

Maintenance 

Yaintenance work on s l u i c e  boxes cons i s t s  c h i e f l y  i n  a l i n i n g  and bringing t o  grade any 
boxes t h a t  have moved ou t  o f  p o s i t i o n ,  replacing l i n i n g s ,  and plugging leaks .  Attention t o  
t h i s  w o r k a t  clean-up time w i l l  be repa id  by g r e a t e r  capac i ty  and freedom from b r e a k d o m s  
whm the water again is turned  i n t o  t h e  s l u i c e .  

S i z e  

AS p rev ious ly  shown, s l u i c e  boxes seldcm a r e  b u i l t  l e s s  than 10 inches wide f o r  s t r i c t l y  
mining purposes.  Eight-inch boxes. bowever, may be used i n  sampling o r  cleaning up. The 
~ u a n t i t y  of  water ,  with its accoapanying load of  gravel .  t t a t  w i l l  run through a s l u i c e  of 
a  given s i z e  depends upon a number o f  f a c t o r s .  Tte p r a c t i c e  a t  the  mr jo i i ty  of about 75 
hydraul ic  and ground-sluice c i n e s  v i r i t e d  in  tke p repara t ion  of  t h i s  paper ind ica tes  t h a t  the  
ca r ry ing  c a p a c i t i e s  o f  s l u i c e s  o f  v a r i o u s  wiatr:s a r e  w i t t i n  t h e  following limits: 

Gidth o f  box, inches1 of water 

Ttese l i m i t s  probably represen t  good p r a c t i c o .  
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More t rouble  is experienced from clogging of  boxes t h a t  a re  too wide, because t h e  depth 
and v e l o c i t y  of r a t e r  a r e  i n s u f f i c i e n t .  than from f a i l u r e  of boxes t o  c a r r y  t h e i r  load be- 
c a s e  they a r e  too narrow. 

The c u r r e n t  v e l o c i t i e s  required 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  o f  mate r ia l  have been 
s t u d i e d ;  works of  various a u t h o r i t i e s  a r e  c i t e d  by G i l b e r t .  '' The fol lowing t a b l e  is basrd 
ch ie f1y .on  Dubuat 's f i g u r e s  f o r  competent v e l o c i t y ;  the  f igures  a r e  ad jus ted  t o  approximate 
mean v e l o c i t y  ins tead  of  bed v e l o c i t y .  The last t h r e e  f i g u r r e  a re  t U o n  from V a n  Wagenen. 

Yean v e l o c i t ~ ,  
S i z e  of  m a t e r i a l  moved a ~ ~ r o x i m a t e  f e e t  

p e r  second 
S a d  : 

Fino .............................. 0.5 
.......................... Coarse 1 .0  

Gravel: 
Fine ............................ 1 . 5  
l-inoh ......................... 2.5 

.................. Egg-size 4.0 
Boulders : 
3- and &inch ........... 5 . 3  

.......... 6- t o  &inch 6.7 
12- t o  18-inch .......... 10.0 

Well-roundei 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  is appreciably e a s i e r  t o  wash than heavy, dense rock such a s  greenstone o r  b a s a l t .  

Cold has a b e t t e r  oppor tun i ty  t o  s e t t l e  and be  caught i n  r i f f l e s  i n  a r i d e ,  shallow 
s t ream than i n  a deeper and narrower s t ream o f  t h e  same volume; t h e  wider s l u i c e .  however, 
u s u a l l y  must be s e t  on a s t e e p e r  g rade .  

Small- o r  medium-size boxes g e n e r a l l y  a r e  roughly square i n  cross-sect ion;  l a r g e  boxos 
u s u a l l y  a r e  one h a l f  t o  two t h i r d s  as deep 8s they a r e  r i d e .  The r a t e r  in 6 s l u i c e  should 
always be more than deep enough t o  cover  t h e  l a r g e s t  boulder  t h a t  may be s e n t  through.  I n  
p r a c t i c e ,  the  depth of  t h e  s t ream i n  t h e  main s l u i c e  a t  hydraul ic  mines u s u a l l y  is a f i f t h  
t o  a h a l f  the  width of the  box s o  u t o  prevent  s p i l l s  i f  t h e  box is temporari ly  plugged by 
boulders  o r  sand.  h e r e  screoned g r a v e l  is b r i n g  washed, M i n  u n d e r c u r r m t s  o r  on dredger ,  
wide and s t a l l o w  streams a r e  necessary f o r  t h e  rocovery of  f i n e  gold.  I n  "booming" opera-  
t i o n s  t h e  boxes usua l ly  a r e  run f u l l  i n  o rder  t o  handle t h e  r o l a t i v o l y  l a r g o  volumes of water 
t h a t  flow f o r  s h o r t  per iods  only, and t h e  s l u i c e s  comaonly a r e  about a s  drop ru they a r e  r i d e .  
It would be d e s i r a b l e  but imprac t icab le  t o  c e c n a s e  t h e  dep th  of water by using wider s l u i c e s ,  
as flows o f  5,000 t o  10,000 miner ' s  inches  a r e  n o t  unusual when t h e  g a t e  of t h e  r e s e r v o i r  
suddenly is opened wide. 

Usual ly t h e  grade of t h e  s l u i c e  depends upon t h e  s lope  and contour  of  the  bedrock. I f  
thp grad ien t  of bedrock, however, is t o  l o r  t o  permit  s u f f i c i e n t  f a l l  f o r  the  s l u i c e ,  c u t s  o r  
t u n n e l s  may be run i n  the  bedrock t o  overcome t h i s  d i f f i c u l t y .  Very s h o r t  s l u i c e s  of  only 

- - - - -  pp 

3 1  Cllbort. C. K.. The Traasportation 01 Debris by Running Water: U.S. Gaol. Sumry, Prof. Paper 86. 1914, p. 216. 
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1 o r  2 t o x r s  scmetinrs  a r r  s e t  n e a r l y  f l a t  whrrr t t r r e  is a drop a t  tho end of  tho box, the 
gravel  b r ing  forcrd through t h ; ~ s l u i c r  by tho i n i t i a l  ve loc i ty  and t h e  head of  wat r r  bn tho 
p i t .  

T t r  opinion of most o p e r a t o r s  i r  t t a t  about 6 inclirs i n  12 f r e t  is tho b e s t  grade f o r  
avr ragr  ccnCit$ons. As a t o m ,  grades  a s  f l a t  a s  3 inchrs  i n  16 f r e t  can be used but only a t  
g r r a t  l o s s  of  c8paci ty.  A t  t t r  Drpot H i l l  mine. whrre a gradr of 3 i n c h r s  i n  14 f r r t  is 
usod, a l l  r0ci.s over 5 o r  6 inckes  i n  diameter must be l o f t  i n  the  p i t .  Becausr of  tho gr ra t -  

-or  f r i c t i o n  and t t r  consequent lover ing  of v e l o c i t y ,  s teeper  grades a r e  needed' f o r  small 
s l u i c o s  t t a n  f o r  l a r g o  ones;  so80 o p e r a t o r s  favor g radrs  of 12 i n c h r s  t o  a 12-foot box. l o r  
maxinun gold-saving r f f i c i e n c y ,  u well a s  f o r  rconomy i n  dump room, g r a d r s  should be u 
f l a t  a s  p o s s i b l r  s i t t o u t  l o % r r i n (  ti?. v r l o c i t y  t o  such an r x t r n t  t h a t  tho r i f f l r s  pack wtth 
rand.  Agy i n c r r a s r  i n  s l o p e  f r o 8  t t a t  adjustment w i l l  i n c r e w r  tho c a p a c i t y  of the  s l u i c r .  
i n c r r a s r  t h e  wear on t h e  s l u i c r ,  and decrease the r f f i c i e n c y  of  the  r i f f l e s ,  r e s u l t i n g  i n  
gold l o s s r s  i f  c a r r i r d  t o  extremes o r  i f  the  gold is very f i n o .  If water  is  scarce.  gold 
recovery may well be s a c r i f i c e d  t o  Capacity. BowieJ%tates t h a t  g radrs  of  10 t o  24 inchrs  
r r r r  used i n  some Fores t  H i l l  Divide ( C a l i f .  ) mines f o r  t h i s  reason. Increas ing  the  propor- 
t i o n  of  water t o  s o l i d s  d e c r r a s e s  t h e  tendency of  r i f f l r s  to  pack with sand.  

S l u i c a  capac i ty  i n c r e a s e s  with grade but note rapidly:  t h a t  is,  doubling the  gradr of 
s l u i c r  boxes w i l l  nor r  than double t h e  q u a n t i t y  of g ravr l  t h a t  can be pu t  through the boxes 
by a givrn flow of wat r r .  R.a a b s o l u t e  increase  cannot be pred ic ted  c l o s e l y  a s  coars rnrss  
of g r a v r l ,  v e l o c i t y ,  and st.ape o f  t t e  box appear t o  have some bearing on tho r e l a t i o n  of 
capac i ty  t o  s lope.  For i n s t a n c e ,  Bowie" : i t r s  a nine a t  which changing the  grade from 3 
t o  3 1/2 1nct.m i n  16 f r r t  i n c r r a s r d  the quant i ty  of gravrl  s l u i c e d  through the  same boxes 
with t t r  same flow of  w a t r r  by about  one t h i r d .  

i L r  e s t a b l i s t e d  grade s t o u l d  not  be decreased a n p h e r e  along a s l u i c e ,  otherwise grave? 
may accumulatr whrre t h e  c u r r e n t  l o s e s  v e l o c i t y .  I f  the water and g r a v e l ,  howevrr. e n t e r  tho 
f i r s t  box with considerable  speed ,  say .  from the d i s c t a r g e  of a hydraul ic  e l e v a t o r ,  the f i r s t  
t o x r s  may be p l a o d  on l a s s  ttan tho  regu la r  grade. Bends o r  curves a r e  undesirable  as they 
complicata cons t ruc t ion  and induce clogging and running over .  Wtcn a curve is unavoidable 
i t  s l o u k i  br  a s  gradcal  a s  p o s s i b l e ,  t t e  ou ts iue  of t k 9  s l u i c e  should be r l r v a t e d  a f r a e t i a n  
0: aa :u:L, and tho grade r t o l l d  be increased perhaps an incn per  t o %  a t  and inmediatr lp  
below t t r  curvr .  S i m i l a r  r u l e s  apply t o  turn-outs o r  branches, and drops  of  3 o r  4 inches 
s t o u l d  be .provided a t  j u n c t i o n s  t o  c teck  the  deposi t ion of  gravel  a t  t h e s r  po in t s .  Such 
drops occas iona l ly  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  tke grade is a v a i l a b l e ,  p a r t i c u l a r l y  
if the  g r a v r l  is a d i f f i c u l t  one t o  wash o r  i f  heavy sand tends t o  s e t t l e  t o  tho bottom. A 
drop of oven a few incLrs from one box t o  the  next bas a d i s i n t e g r a t i n g  e f f e c t  and n ixes  the 
mate r ia l  passing through tt-e s l u i c e .  tt.us a s s i s t i n g  gold recovery. A t  one p lace  where drops 
were provided a t  i n t e r v a l s  betwren d i f f e r e n i  types of r i f f l e s ,  25 percen t  of the gold re- 
covr r rd  i n  t t r  s l u i c e  was found a t  t h e  drops.  '' 

Tkrory of  gold-saving by r i f f l e s  

Tl.e funct ion of r i f f l e s  is t o  hold back the gold p a r t i c l e s  tt.at have s e t t l e d  t o  :he 
bottom of a flowing s tream of  water  and grave l .  Any "dead" space i n  t h e  bot ton of a s l u i c e  

33 Bov ie .  A .  J . .  A P r w r l c ~ l  t r e a t ~ s e  on  Hydraulic  Ylnin& ru C d l i o r n l a  V a n  XosLrsJd C o . .  tie* Yorr. Jd a d . .  :935. 
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box, wtere  there  is no c u r r e n t .  f i l l s  qu ick ly  with sand and thereupon l o s e s  moat of i ts value 
a s  a go ld  saver ,  un less  the sand remains loose enough t o  permit gold t o  s e t t l e  i n t o  i t ;  
t h s r e f o r e ,  t t e  skape of r i f f l e s  is important ,  regardless  Of the f a c t  t h a t  under some condi- 
t i o n s ,  a s  with coarse gold and free-washing grave l ,  a l l  forms Of r i f f l e s  a r e  almost equal ly 
e f f i c i e n t .  Tte r i f f l e  should be shaped so  a s  t o  a g i t a t e  t h r  passing c u r r e n t  and produce a 
moderately s t rong  eddy o r  "bo i l "  i n  t h e  space behind o r  below i t ,  thus  preventing sand i r o n  
s e t t l i n g  t b e r e  and a t  t h e  saae  time nolding the  gold from s l i d i n g  f a r t h e r  d o m  t h e  mlulce. 
In  o t h e r  words, r i f f l e s ,  f o r  msximum e f f i c i e n c y ,  should provide a rough bottom t h a t  w i l l  d i s -  
t u r b  t h e  even flow of sand and grave l .  w i l l  r e t a i n  the  gold, and w i l l  no t  become packed with 
sand .  Where grade is lack ing  t h e  r i f f l e s  must be r e l a t i v e l y  snooth, s o  aa not  t o  r e t a r d  t h e  
c u r r e n t  unduly; under these  c o n d i t i o n s  t h e  s l u i c e  must be long enough t o  compensate f o r  t h e  
l o s s  i n  gold-saving e f f i c i e n c y  of  t h o  ind iv idua l  r i f f l e s .  

h ' a t u r a l  stream beds a c t  a s  gold-saving s l u i c e s ,  not because they a r e  p a r t i c u l a r l y  e f f i -  
c i e n t  a s  such but because most eo ld  is "hard t o  lose" and the s t r e a m  a r e  long.  

Typos o f  r i f d e s  

R i f f l e s ,  of  course,  should be designed s o  as t o  save the  gold under t h e  e x i s t i n g  condi- 
t i o n s .  They skould a l s o  be cheap, durab lo .  and easy t o  place and removo. Not a l l  those 
q u a l i t i e s  a r e  found i n  any one type .  

Sluice-box r i f f l e s  may be c l a 3 s i f i e d  roughly a s  t ransverse ,  l o n g i t u d i n a l ,  block, blank- 
e t ,  and miscel laneous roughly sur faced  ones.  o r ,  according t o  mate r ia l ,  a s  wood block, pole .  
s t o n e ,  c a s t  i r o n ,  r a i l ,  angle i r o n ,  f a b r i c ,  and miscel laneous.  Usually more than on, typo 
o f  r i f f l e  is  used, a l t t o u g h  i n  C a l i f o r n i a  very long s l u i c e s  have been paved e n t i r e l y  with 
wood-block r i f f l e s .  and on dredges tho  type i l l u s t r a t e d  i n  f igure  14,A. is  usod almost ex- 
cLus ivo ly .  

Of about  80 hydrau l ic ,  ground-sluice,  and mechanically worked p l a c e r  n i n e s  v i s i t e d  i n  
1932 by t t e  a u t t o r s ,  approximately 25 percen t  used r i f f l e s  of the t ransverse  v a r i e t y ,  loosoly 
termed "Hungarian", c o n s i s t i n g  g e n e r a l l y  o f  wooden c rossbars  f ixed i n  a f r a a e  and sometimes 
capped with i r o n  s t r a p s .  About 20 p e r c e n t  used the  longi tud ina l  po le  type,  1 5  percen t  wooden 
b locks .  and 15 percent  r a i l s ,  t h e  last be ing  placed crosswise o r  lengthwise. Angle-iron 
r i f f l e s ,  wire-mesh screen o r  expanded motal  on c a r p e t ,  b lanke ts ,  o r  bur lap ,  rock paring,  .nd 
cas t - i ron  s e c t i o n s  toge ther  made up t h o  remaining 25 percen t .  The only genera l  r u l e  observed 
r a s  tt .at t h e  s i z e  of  the  r i f f l e s  was roughly propor t iona l  t o  tho s i z e  o f  t h e  m a t e r i a l  t o  bo 
handled and t h a t  f o r  f i n e  mate r ia l .  p a r t i c u l a r l y  t h e  screened gravel  washed i n  most of t h e  
m e c t a n i c a l l y  operated p l a n t s ,  t h o  dredge-type r i f f l e  found most favor .  

For  a s n a i l  o r  medium-size s l u i c e  ( i f  lumbsr is c o s t l y  and a p l e n t i f u l  supply of  small 
t imber.  such a s  the lodge-pole p i n e  s o  common i n  many Western S t a t e s ,  is available) peeled 
po le  r i f f l e s  ( f i g .  14 B and c )  a r e  perhaps  the  most economical and s a t i s t a c t o r y  of t h e  
var ious  t y p e s .  Their  cons t ruc t ion  is e v i d e n t  from the  drawing. Those of t ransverse  v a r i e t y  
aay t a v e  a somert.at h i g h e r  gold-saving e f f i c i e n c y ,  but undoubtedly they r e t a r d  t h e  curront  
more and t e a r  o u t , f a s t e r .  Poles  2 t o  6 inches  i n  d i a a e t e r  cay be used. spaced 1 o r  2 inches 
a p a r t .  Such r i f f l e s  a r e  cheap bu t  wear o u t  r a p i d l y .  The s e c t i o n s  should be a t h i r d  o r  h a l f  
t t e  box l e n g t h  f o r  convenience and 1 o r  2 inches narrower than the  s l u i c e .  A t  the  Golden 
Ru'le mine &inch po le  r i f f l e s  had t o  be replaced every 10 days o r  a f t e r  each 1,200 cubic 
yards had been s l u i c e d .  The s l u i c e  was 30 inches wide and had a grade of  8 inches i n  12 
f e e t .  A t  o t t e r  mines p o l e s  l a s t  s e v e r a l  t imes a s  long. 

I f  sawed lumber can be obtained cheap ly ,  r i f f l e s  s i m i l a r  t o  the  one descr ibed  may be 
made of 1- by 2-, 2- by 2-, o r  2- by &inch mater ia l .  a s  shorn i n  f igure  14. Q and E. The 
top  s u r f a c e s  of  the r i f f l e s  may be p l a t e d  with s t r a p  i r o n  ( f i g .  14, E and E). Transverse 





r i f f l e s  o f  t h i s  type may be s l a n t e d  domistre-. u shorn i n  f i e r e  14.E. and t h e  top  m* 
f a c e s  nay be beveled t o  inCreMe the  "boi l ing" a c t i o n ,  u with the  dredge r i f f l e s .  n e  
e f f e c f i v e n e s s  of t h i s  p r a c t i c e  is not  knom,  and t h e  au thom knw of no conc lur ive  t e s t s  
Laving been ud.. Longitudinal r i f f l e s  o f  2- by C, 3- by C. o r  2- by &inch m a t e r i a l  am 
use3 q t  soae  p laces .  A l o n g i t u d i n a l  wooden r i f f l e  capped with c u t  i r o n  is s h o m  in  f i g a m  
14.n. 

S l u i c e s  i n  the Rock Creek s r p p h i n  miner were U inches  wide'and s e t  on a grade not  t o  
exceed one t a l f  inch t o  the  foo t .  A r e l a t i v e l y  f l a t  grade is n e c e s s a q  t o  save t h e  u g p h i l r s .  
R i f f l e s  r e r e  2 by 4 i n c t e s  i n  s i z e  s e t  a c r o s s  t h e  s l u i c e  4 inches a p a r t ;  they w e n  ti1t.d 
Cornrard.  The s l u i c e  ru cleaned up each day. h e  s a p p h i n s  were soparatod from t h e  srrrdr 
i n  a J i g .  They w e n  then p u t  through a s e t  o f  seven sc reens ,  and o t h e r  hear7 m i n e n l m  nre 
picked o u t  by band. Tte black sand arid o t h e r  f i n e  hoary minerals nri d r a m  through t h e  
sc reen  i n  t t e  j i g ;  t t e  sapphi res  were taken  o f t  on top  o f  t h e  screen.  

tooden-block r i f f l e s  ( f i g .  14, 1 and J )  a r e  held by 8owiea' t o  be unexcelled l a  regions 
wtere t h e  m a t e r i a l  is a v a i l a b l e  cheap. The blocks a r e  4 t o  12 inches t h i c k  and o f  oorlrapoa+ 
ing  d i a a e t e r s  o r  w i d t h .  They may be  round, p a r t l y  squared,  o r  c u t  from square timber. Oac 
o r  tro-inch wooden s t r i p s  s e p a r a t e  t h e  rows o f  block#, and they a r e  held recure ly  i n  p laoe ,  
by n a i l s  d r iven  i n  both d i r e c t i o n s .  W o o d e ~ b l o c k  r i f f l e s  a r e  perhaps t h e  hardes t  o f  .il 
t m e s  t o  s e t  because o f  t h e i r  tendency t o  f l o a t  away. They must be na i led  t o  t h e  spac ing  
s t r i p s ,  a s  s ta ted , ,  and wedged s e c u r e l y  a t  t h e  s i d e s .  The spacing s t r i p s  a r e  he ld  d o m  a t  
e i t h e r  end ,by  t h e  s i d e  l i n i n g  of t h e  s l u i c e .  Wooden-block r i f f l e s  a r e  durable ,  can be worn 
Corn t o  h a l f  t h e i r  o r i g i n a l  th ickness  o r  l e s s .  and i f  made of long-grained wood (such u 
p i t c h  p i n e ,  which "brooms" i n s t e a d  of  wearing smooth) may catch some gold i n  t h e  endgrain.  
l t e n  d i scarded ,  they a r e  commonly burned and t h e  ashes panned t o  recover any gold s o  caught .  
Tke l i f e  o f  10- o r  12-inch rooden-block r i f f l e s  may be a few months t o  severa l  r e m o m  and, 
according t o  Bowie, ranges from 100.000 t o  200,000 miner ' s  inches of  r a t e r :  t h a t  18, with a 
flow o f  1.000 inches one would last 100 t o  200 days. 7%. grade o f  t h e  s l u i c e  apparen t ly  h a s  
much t o  do with the l i f e  o f  block r i f f l e s .  A t  t h e  Super ior  mine where t h e  s l u i e e  was 48 
i n c t e s  wide and had a grade of  2 3/4 i n c h e s  i n  12 b e t  a s e t  o f  blocks l ~ t o d  two s e a r o ~ ,  
Curing which time 140,000 cubic y a r d s  w a r  s l u i c e d .  A t  t h e  Salmon River  mine t h e  grade .u 
7 i n c h e s  i n  12 f e e t  and t h e  width o f  t h e  boxes 30 inches .  Here block r i f f l e 8  laatod $0 t o  
70 days,  dur ing  which time about 18,000 c u b i c  par@ r u  washed. On account o f  d i f f e r e n c e s  
i n  t t e  wearing r a t e s  only one v a r i e t y  of wood should be used i n  a s e c t i o n  of  r l u i o e .  b u g -  
16s f i r  wears longer  than o t h e r  n a t i v e  western c o n i f e r s .  

S tone  r i f f l e s  a r e  durab le  and f a i r  gold c a t c h e r s .  Stones ranging from t h e  s i z e  o f  
cobbles  t o  8 o r  10 i n c t e s  i n  d iameter  a n  packed c l o s e l y  on t h e  bottom of  t h e  r l u l c e .  (See 
f i g .  14.E.) Tpey may be held a t  i n t e r r a l a  o f  a few f e e t  by t r a a a v e n e  woodm s t r i p s .  I n  
some i n s t a n c e s  t h e  atones a r e  roughly hand-shaped and s e t  s i m i l a r l y  t o  s t r e e t  paving. Stone 
r i f f l e s  a r e  d i f f i c u l t  t o  s e t  and g e n e r a l l y  a r e  not used i n  por t ions  of  a 8luiCe t h a t  a m  
cleaned up frequent ly.  Their  main advanta re  is t h s l r  long  l i f e .  8.cause o f  t h e i r  roughness. 
s tone  r i f f l e s  requ i re  a s t e e p e r  s l o p e  than wood blocks.  a f e a t u r e  t h 8 t  sometimes would pro-. 
h i b i t  t t - e i r  use .  

m e r e  l a r g e  q u k t i t i e s  of  g r a v e l  a r e  p u t  through s l u i c e s ,  i r o n  o r  s t e e l  r i f f l e 8  gene* 
a l l y  a r e  p r e f e r r e d .  R e i r  s u p e r i o r  wearing q u a l i t y  a s  compared with t h a t  of wood p e r n i t s  
longer  runs w i t t o u t  s topping t o  r e p l a c e  t h e  r i f f l e s .  The i r  d u r a b i l i t y  aay more than compan- 
s a t e  f o r  t t e i r  higher  cos t .  

S t e e l  r a i l s  and angle i r o n  a r e  common r i f f l e  m a t e r i a l s  used i n  var ious  ways. Old r a i l s  
o r  a n g l e  i r o n  can of ten  be obtained cheaply i n  mining d i s t r i c t s  o r  near r a i l r o a d s .  Varioua 



' o t h e r  s t e e l  products  such as p ipe  w d  oh.nnels  have been u t i l i z e d  f o r  r i f f l e s .  Cast  i r o n  is 
a l s o  used m d  h u  the  advantag@ of a lower f i r s t  c o s t  than s t e e l  r a i l  o r  w g l e  i r o n .  . 

I ron  o r  s t e e l  r i f f l e s  should n o t  be  used i n  u n i t s  too  long t o  be handled read i ly .  Rope 
blocks on movable t r ipods  have found f a v o r  a t  some p l a c e s  f o r  l i f t i n g  heavy r i f f l e  s e c t i o n s .  

When used u t r ansverse  r i f f l e s  . l eng ths  of  s t e e l  nil usua l ly  a r e  s e t  Upright,  t h e  
f langes almost touching o r  not  more t h r n  1 o r  2 inches a p a r t .  Where grade is lack ing  and 
gold saving is not p a r t i c u l a r l y  d i f f i o u l t ,  long i tud ina l  r a i l  r i f f l e s  make e x c e l l e n t  paving 
f o r  a s l u i o  a s  they provide a smooth-rliding bo t toa  f o r  the  gravel  and boulders .  The r a i l s  
o r d i n a r i l y  a r e  bol ted toge ther  by t i e r o d s  p u s i n g  through wood. pipe,  o r  c u t - i r o n  spacing 
blocks, forming r i f f l e  s e c t i o n s  t h e  wid th  o f .  t h e  s l u i c e  6sd any convenient l e n g t h .  A t  t h e  
La Grange mine i n  T r i n i t y  County, C a l i f . ,  40-pound r a i l s  cos t ing  about $125 p e r  ton proved 
more s a t i s f a c t o r y  than wood r i f f l e s . "  When 16- by 16- by 13-inch wood blocks were us& the  
r i f f l e s  tended t o  "sand up." Moreover, t h e  blocks had t o  be replaced every 2 o r  3 weeks. 
Lengthwise rails 8 i n c t e s  a p a r t  l u t e d  2 months and r a i l s  5 inches a p a r t ,  4 months. Strange- 
l y  enough, t ransverse  r a i l s  5 i n c h e s  a p a r t  l a a t e d  6 montha. The r a i l s  were spaced by c u t -  
i r o n  l u c s  and s e t  r i g h t  s i d e  up on t imber  sills. When.the head of  the  mil  w a s  worn o f f  t h e  
remainder was used f o r  s i d e  l i n i n g .  T h i s  s l u i c e  w a s  handling a flow of  about 4,000 inches 
of  water and 1,000 cubic yards o f  m a t e r i a l  p e r  hour. boulders  a s  l a r g e  u 7 tons  being wmhed 
through. The eddies  behind i h e  r a i l s  were bel ieved t o  be the cause of t h e  inproved recovery 
as compared with t h a t  using block r i f f l e s .  The lower p a r t  of t h e  branching s l u i c e  l i n e  was 
cleaned up every o ther  season on ly .  

The combination of s t e e l  r a i l s  and wooden siIls used a t  t h e  La Crange mine appears t o  
make an exce l len t  gold saver ,  and modi f ica t ions  have bean used a t  many l a r g e  mines. Figure 
14,L, i l l u s t r a t e s  a combination o f  l o n g i t u d i n a l  r a i l s  and t ransverse  t imber  sills. 

A t  the  Round Kot&tain mine 2Cpound rails were placed longi tud ina l ly  i n  a 36-inch s l u i c e  
with a grade of  4 inches i n  12 f e e t .  A f t e r  about 150,000 cubic yards had been run through 
t h e  s l u i c e  t h e  cen te r  r a i l s  shored cons iderab le  wear and were removed t o  t h e  ou ts ide .  A t  
the  Lewis mine on Rogue River a s e t  o f  r i f f l e s  made of  &-pound r a i l s  l a s t e d  1 5  seasons.  ??.e 
s l u i c e  w a s  30 inches wide and had a grade  of  8 inches i n  12 f e e t .  About 7,000 cubic yards 
was washed year ly .  Only mate r ia l  under  5 inches i n  diametar was run through t h e  s l u i c e s .  

Angle i r o n  is commoaly used f o r  making r i f f l e s ,  u i l l u s t r a t e d  i n  f i g u r e  14, 1( and l. 
Many mettods of  assembling the l e n g t h s  o f  ang le  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  use. and no 
one mettod can be s a i d  t o  ex-1. The i r o n s  may be s e t  with f l a t  upper s u r f a c e s  o r  i n c l i n e d  
s l i g h t l y  t o  increase  t h e  r i f f l i n g  a c t i o n .  Usually t h e  gap between the r i f f l e  b a r s  is 1/2 
t o  1 inch. The e f fec t iveness  o f  t h i s  t y p e  o f  r i f f l e  is bel ieved by some opera tors  t o  depend 
l a r g e l y  on t h e  v ibra t ion  of t h e  r i f f l r s  under the  impact of boulders  which keeps the  sand 
t rapped undbr t h e  angles  i n  a l o o s e  c o n d i t i o n  favorable  t o  gold saving.  

Figure 14,Q, i l l u s t r a t e s  an unusual  a l l -metal  r i f f l a  used a t  a Colorado d r i f t  mine. 
which was s a i d  t o  be giving s a t i s f a c t i o n  and appears t o  be simple to  cons t ruc t  and convenient 
t o  use. The r i f f l i n g  e f f e c t  could be i n c r e a s e d ,  v i t h  some l o s s  of  ve loc i ty .  by spacing the  
t ransverse  b a r s  c loser .  

Cast-iron r i f f l e s  o f  a11 shapes and s i z e s  have been used. I f  ava i lab le  a t  low c o s t  tSey 
a r e  very economical, a s  they r e a r  s lowly ,  can be quickly and securely b laced ,  and a r e  e f f i -  
c i e n t  gold s a v e r s  if designed s o  a s  no t  t o  pack with sand. In  an undercurrent a t  the  Indian 
H i l l  mino, C a l i f . ,  cast-iron r i f f l e s  were i n  use t h a t  were 4 f e e t  long, shaped l i k e  angle 
i r o n s ,  and had 8qual 3 1/2-inch l e g s  7/8 inch th ick .  (See f i g .  1 4 , f . ) .  

37 YacD~aa:d. 0. I. ,  Tar I r a r r n a l l r T r i n i t y  C m t r r  Gold Cravr l r .  T r l n l t y  County. C a l i f . .  U.S .  Gaol. Sur rey  l u i l .  
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One property i n  C a l i f o r n i a  r a s  raported t o  be using Old c a r  wheels f o r  s l u i c e  pav ing .  
They were l a i d  c lose  together .  f l ange  s i d e  up, i n  a box j u s t  wide enoueh t o  hold one row of  
wt.eels. The r i f f l t a g  a c t i o n  caused by the  hubs, webbing, w d  spaces between a d j a c e n t  wheels 
and under the  f langes was s a i d  t o  t ave  resu l ted  i n  a s a t i s f a c t o r y  gold recovery. A gravel-  
tas:.ing p l a n t  i n  Arizona was provided w i t h  r i f f l e s  made of s tandard  2-inch p ipe  and 2 1/2- 
inctr ang le  i r o n  welded i n t o  r i f f l e  s e c t i o n s  resembling pole r i f f l e s .  This  r i f f l e  should be 
fast-running and a s  e f f i c i e n t  a s  any longi tud ina l  type of 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  kandle.  It would not be durab le  enough f o r  very heavy grave l  and would be r e l a t i v e l y  ex- 
pens ive  u n l e s s  salvaged mater ia l  and welding equipment were a v a i l a b l e .  

For skal low s l u i c e  s t reams c a r r y i n g  only f i n e  m a t e r i a l  var ious  gold-saving m a t e r i a l s  a r e  
used, inc lud ing  brusse l s  c a r p e t ,  coco matt ing.  corduroy, and bur lap .  These may be held down 
by c l e a t s  o r  by wire ' screen.  F a b r i c s  o f t e n  a r e  used i n  combination with r i f f l e s  t o  catch 
f i n e  gold a d  hinder  its being washed ou t  of the r i f f l e s  by eddies .  A corduroy woven spo- 
c i a l l y  f o r  a r i f f l e  s u r f a c e  is used by some l a r g e  Canadian lode-gold mines t o  ca tch  t h e i r  
"coarse" gold before f l o t a t i o n  o r  cyan ida t ion .  As such gold would be Considered f i n e  by most 
p l a c e r  miners i t  seems probable t t a t  such a f a b r i c  would be usefu l  f o r  t r e a t i n g  f i n e l y  
s;resned p l a c e r  sands.  n o  corduroy i n  quest ion has p i l e s  about 1/4 inch wide and 1/8 inch 
t.igh, spaced about 1/4 inch a p a r t .  The p i l e s  a r e  beveled s l i g h t l y  on one s i d e .  The c o s t  i n  
Canada is about  $1.00 per  square yard.  

Heavy wire screen such a s  t h a t  used f o r  sc reen ing  gravel  makes an 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-size gravel  i n  f a i r l y  st.al1or s l u i c e  s t reams ,  and genera l ly  i t  is used w i t h  

b u r l a p  o r  o t h e r  f a b r i c  underneath 
Expanded metal l a t h i n g  and woven metal matting a r e  common types of r i f f l e s  f o r  f i n e  ma- 

t e r i a l  a d  a r e  used with c a r p e t  o r  bur lap .  I f  the t h i n  s t r a n d s  of metal s l u t  considerably 
6 i n  one d i r e c t i o n ,  t t e  mate r ia l  should be placed with t h i s  d i r e c t i o n  downstream. Eddies i n  ' 

t a c k  o f  t h e  s t r a n d s  w i l l  then form gold ca tchers ,  whereas i f  the  recesses  face  upstream they r 
i w i i l  a t  once f i l l  with a t i g h t  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 .  
i 
'! 

A mat t ing  +oven of twigs o r  cane is recommended by I d r i e s s "  a s  an e f f i c i e n r  gold catch- 
e r  f o r  a smal l ,  por tab le  s l u i c e  box f o r  st-oveling-in opera t ions  o r  prospect ing.  Turf,  a s  
used a t  t:.e Hockensmith p l a c e r  i n  1dat.0, is s a i d  t o  make an e f f i c i e n t  t r a p  f o r  f i n e  gold. 

5 Solid-rubber r i f f l e s  were noted a t  one washing p l a n t .  Sponge-rubber r i f f l e  mate r ia l  is 
on t t e  mar;;et, but i t  %as  not  o b e r v e d  i n  use and nothing is known by the  a u t h o r s  of its 

? m e r i t s  o r  c o s t .  r Anot te r  form of  r i f f l e  o f t e n  used a s  an a u x i l i a r y  t o  o ther  types  is a mercury t r a p ,  
c o n s i s t i n g  of  a board the  f u l l  width of  t h e  s l u i c e  w i t h  1- o r  1 1/2-inch auger  ho les  i n  - 
wt.ich mercury is placed.  Ins tead  of  round ho les ,  t ransverse  grooves o r  half-moon-shaped 
depress ions ,  2 to  4 inckes vide and with tLe rounded, deep s i d e  downstream, may be cu t  i n  a 
r i d e  Loard and p a r t l y  f i l l e d  w i t h  mercury. Tcese r i f f l e s  tave no apparent advantage over the  
o rd inary  t ransverse-bar  type and a r e  s u i t a b l e  only f o r  f i n e  g rave l ,  a s  l a r g e  pebbles  would 
s p l a s h  tt.e mercury ou t  of the  t r a p s .  

Zany ineen ious  and odd kinds o r  r i f f l e s  a r e  encountered i n  the f i e l d ,  some of  which have 
bqen p a t e n t e d .  I t  is very u n l i k e l y ,  however, tka t  the advantage of  any unusual o r  f reak ish  
deslgn 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  the cos t  of r o y a l t i e s  on patented invent ions .  

An undercur ren t ,  a s  def ined before ,  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  p a r t  
o f  t1.e g rave l  pass in2  through t h e  main s l u i c e .  The f i n e  mate r ia l  and a regulated q u a n t i t y  of  

I a  I d r i t s s .  I .  L.. Prospactmg f o r  Gold:  Augur L Robtrlaon.  Sydoay. 36 a d . .  1952, pp. 6+-65. 



water pass  throueh a s t a t i o n a r y  g r i z z l y  i n  t h e  bottom and usua l ly  near t h e  end of t h e  s l u i c e  
t o  one o r  nore wide s l u i c e  boxes. commonly ca l led  t a b l e s ,  paved with s u i t a b l e  r i f f l o s .  I f  
t t e  main s l u i c e  is i n  s e c t i o n s ,  with d rops  between, the water and sand nay be returned from 
t h e  undercurrent  t a b l e s  t o  the  u i n  s t r e u ,  and s e v e r a l  undercurrents  may be i n s t a l l e d  a t  
conven:ent p o i n t s  a long a s l u i c e .  

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 r e n t  the most d i f f i c u l t  preblen i n  build- 
i n g  a s a t i s f r c t o r y  undercurrent .  The s c r e e n  should d i v e r t  a11 t h e  undersize y e t  n o t  t a k e  so  
much water t e a t  i t  cause t  p l u g f i r g  o f  t h e  main s l c i c e  below t h e  undercur ren t .  The proper  
s i z e  of opening can be determined only by experiment. A screened o r  barred opening. t h e  f u l l  
width of t h e  main s l u i c e  and a few i n c h e s  t o  a foo t  o r  more long ,  w i l l  u s u a l l y  draw o f f  a s  
much water u can be spared.  New water  may be added t o  e i t h e r  t h e  undercurrent  o r  main s l u i c e  
i f  t h e  screen opening does not t ake  ou t  t h e  r i a t  q u a n t i t y  f o r  s u c c e s s f u l  opera t ion .  Usually 
minus 1/4- t o  l/2-inch mate r ia l  is d e s i r e d  f o r  t h e  undercurrent,  and e i t h e r  punched-plate 
screen o r  iron-bar g r i z z l i e s  may be  used t o  make t h e  separa t ion .  G r i z z l i e s  should be aade of 
tapered b a r s  o r  sc reens  punched with t apered  ho les  with t h e  l a r g e s t  openings downward, o t h e r -  
wise they w i l l  p lug and tender  t h e  undercurrent  i n e f f e c t i v e .  

Because undercurrents  need a wide, s t a l l o w  s t r e a r ,  grades o f  12 t o  18 inches  p e r  12 f e e t  
must be used, depending l a r g e l y  on t h e  t y p e  of  r i f f l e .  Cobblestone, block, t ransverse  o r  
l o n e i G d i n a 1  wooden 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 .  Often sever- 
a l  types of  r i f f l e s  a r e  used on success ive  p a r t s . o f  one undercurrent .  Undercurrents  may be 
a few t o  25 o r  30 f e e t  wide and 1 0  t o  50 f e e t  long.  

Most of  t h e  gold recovered by undercur ren ts  is so  f i n e  t h a t  i t  does not s e t t l e  i n  the  
r e l a t i v e l y  s w i f t ,  deep c u r r e n t  of t h e  main s l u i c e ,  but p a r t  c o n s i s t s  of gold t h a t  is f reed  
from its matrix o f  c lay by dropping through t h e  g r i z z l y  and r o l l i n g  Over t h e  undercurrent  
r i f f l e s .  A l l  coarse gold is saved i n  t h e  f i r s t  f o r  boxes of t h e  main ' s l u i c e  u n l e s s  condi- 
t i o n s  a r e  r a d i c a l l y  wrong. Unless  t h e  undercurrent  is i n s t a l l e d  a t  the  end of the  s l u i c e .  
o r  a t  l e a s t  below where gold is recovered,  no,t a l l  the  saving i n  t h e  undercurrent  should be 
c r e d i t e d  t o  i ts i n s t a l l a t i o n .  I n  t t e  e a r l y  days when hydraulicking was a t  its height  under- 
c u r r e n t s  were much favored. sometimes 5,000 t o  10,000 square f e e 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 i n  them occasional ly exceeded 10 percent  of  the  
t o t a l  clean-up bu t  more o f t e n  was l e s s  than  S percen t .  A s  t h i s  recovery usua l ly  was e f f e c t e d  
by 5 o r  10 l a r g e  t a b l e s  and a s  cons iderab le  would have been saved by t h e  main s l u i c e  without 
t h e  undercurrents ,  the  economy r e s u l t i n g  from t h e i r  use was perhaps doubt fu l .  ~ o w i e "  pre- 
s e n t s  d e t a i l s  of the  use of undercur ren ts  i n  e a r l y  Ca l i fo rn ian  p r a c t i c e  and i n d i c a t e s  t t 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 rea tment  of c e w n t  gravels .  Of the  severa l  undercurrents  
observed by t t e  au thors  i n  use i n  1932 i t  is doubtful .  .as shorn before. i f  many were j u s t i f y -  
i n g  t h e i r  i n s t a l l a t i o n .  Table 1 3  g ives  d a t a  on undercurrents  i n  use a t  mines opera t ing  i n  
1932. 

Qperat ion o f  S l u i c e  Boxep 

Under favorable  condi t ions  a p roper ly  designed and constructed s l u i c e  box requi res  l i t -  
t l e  a t t e n t i o n  o t h e r  than p e r i o d i c  clean-ups and minor repa i r s  which, a r e  aade a t  the sane 
t ime.  Unfortunately,  such a combination r a r e l y  occurs ,  and an appreciable  p a r t  o f  t t e  
miner ' s  opera t ing  expense is chargeable t o  work along the s l u i c e  l i n e s .  

19 Bowre. A. J.. A Prrct::ol ?reatise oa Hydraulic Mining rn Califoraia: Van hortrand Co.. Hew Y s r ~ .  3d sd.. ;??a. 
pp.  252-262. 



Tte b e s t  r e s u l t s  a r e  obtained when a s teady flow of  water and gravel  passes  through the 
s l u i c e .  An excess ior  flow of c l r a r  water through the  s l u i c e  w i l l  bare the  r i f f l e s .  causing 
some gold t o  be l o s t .  On tt.e o t t e r  hand. a continued overload ?f gravel  w i l l  p lug the s l u i c e  
c t  some p o i n t  s o  t h a t  s l u i c i n g  must be stopped f o r  the  time needed t o  c l e a r  the  obs t ruc t ion ;  
t h i s  time l o s t  may be apprec iab le .  I f  plugging cannot be prevented by increas ine  the  grade 
o r  t t e  flow o f  water o r  reducing the feed, one o r  more s l u i c e  t enders  must work along the 
s l u i c e  with f o r t s  o r  shove ls  t o  keep i t  open. This  added c o s t  may be s e r i o u s  a t  small 
mines. A l l  e f f o r t  should be d i r e c t e d  toward g e t t i n g  the  grave l  i n t o  tho box . n d . l e t t i n g  the 
~ a t e r  do t h e  r e s t .  

Large boulders  a r e  another  cause of  expense and l o s t  t ime.  When the  maximum s i z e  of 
t o x l d e r  t t a t  t h e  s l u i c e  rill Carry is knorn, a11 boulders  l a r g e r  than t h i s  should be pro- 
vented from e n t e r i n g  the boxes. Re la t ive ly  l i t t l e  work d i r r c t e d  t o  t h i s  end w i l l  save hours 
of d e l a y  i n  c l e a r i n g  plugged s l u i c e s  and unnecessary wear and t e a r  on the  boxes and r i f f l e s .  

An except ion is found i n  t k e  operat ion of  "booming." A necessary condit ion of  th iq  
ro rk  is a teavy  Lead of Water wtich ~ S u a l l y  f i l l s  t h e  s l u i c e  t o  the  brim. Sometimes l i t t l e  
o r  no work can be done i n  the  p i t  while the water is oa ,  and t h e  e n t i r e  crew may p r o f i t a b l y  
p a t r o l  t t e  s l u i c e  with long-handled shovels  t o  euard a g a i n s t  s toppages which might be d i sas -  
:rous because o f  tt.e l a r g e  flow O f  r a t e r  and g r a v e l .  Before each "boomn a l l  overs ize  b b l -  
c e r s  s t o u l d  t e  moved out of tt.6 course o f  t t e  water.  

Clean-up time skould be kept t o  a minimum. This  can be done by cleaning up as 
s51 lco  a s  p r a c t i c a b l e  and by us ing  e f f i c i e n t  methcds. Large hydrau l ic  mines. p a r t i c u l a r l y  
if tt.0 wate r  season is s t -o r t ,  c lean  up only once a season except  perhaps t h e  upper one o r  
t r o  boxes. Dredges c lean  up every 10 days o r  2 reeks ,  because l a r g e  amounts of gold a r e  
rocovered i n  r e l a t i v e l y  s t o r t  s l u i c e s  w i t h  a t t endant  p o s s i b l e  i o s s  when tke upper r i f f l e s  
becceo t e r v i l y  charged. This  necessary delay is used f o r  rou t ine  r e p a i r s  on tZle k e d g e .  
I n  grount-s luicing t h e  clean-up period ranges from weeks t o  nonths. while i n  shoveling-in oper- 
a t i o ~ s  t t e  s l u i c e  may be p a r t i a l l y  cleaned up d a i l y .  The danger of  t h e f t  from the  upper, 
r i c h e r  boxes can be lessened by f i l l i n g  them with grave l  a t  t h e  end of  each d a y ' s  work. 

T te  genera l  p r i n c i p l e  is t h e  same i n  a11 clean-up opera t ions .  but p r a c t i c e  d i f f e r s  
widely. Clear  water is  run through the  s l u i c e  u n t i l  t h e  r i f f l e s  a r e  bare,  the  stream being 
rcCuced enough t o  prevent  wast ing out t h e  gold.  Then the  water  is turned o f f  o r  reduced t o  
a very small  flow, and the  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 ,  washed c a r e f u l l y  i n t o  the 
tox.  and s e t  a s i d e .  Any burlap o r  o t h e r  f a b r i c  used under the  r i f f l e s  l ikewise  is taken up, 
:irrc",sto t k e  box, o r  placed i n  a tub  of r t t e r  whero it  czn be thoroughly scrubbed. Then 
tke con ten ts  of  t h e  s l u i c e  a r e  shoveled t o  t h e  head of t h e  box and "streamed down" w i t h  a 
l i g t t  flow o f  wate r .  The l i g h t  sand is wasted away, and rocks and pebbles  a r e  forked out by 
t.and. Tt.is opera t ion  is repeated u n t i l  tke concent ra tas  a r e  reduced t o  the  d e s i r e d  degree - 
of r i c t n e s s .  Cold o r  amalgam nay be scoop5d up. a s  i t  l a g s  behind the  l i g h t e s t  mater ial  a t  
t:.is s t a g e ,  o r  a l l  t t e  black sand w i t h  t h e  golc!, mercury, and amalgam may be removed and s e t  
as ice  f o r  f u r t h e r  t rea tment .  Successive boxes a r e  t r e a t e d  s i m i l a r l y ,  u n t i l  the s l u i c e  is 
t c r e  Tte  l c s t  s t e p  is  t o  work over t h e  rko le  s l u i c e  w i t h  brushes and s c r a p e r s  t o  recover 
cold and amalgam c a u ~ h t  i n  cracks,  n a i l  t o l e s ,  o r  corners .  A t  t h e  Wisconsin mine a small 
t o x  r;as s e t  up i n  tt.e main s l u i c e  and the  concentrate  fron the  r i f f l e s  shoveled i n t o  i t  to  
reizce t!.e t u l k .  A t  tke Round hfcuntain nine the concentfate  from the  lover  s e c t i o n  of the 
5:uice was t r e a t e d  i n  a quar tz  m i l l .  



yse  of  Ouicks i lver  i n  S lu ic ing  

Q u i c k s i l v e r  is used a t  near ly  a l l  p l a c e r  mines. I f  i t  is not used t o  catch gold i n  the  
s l u i c e s ,  a t  l e a s t  i t  is probably used i n  e x t r a c t i n g  the gold from t h e  concent ra tes .  The 
ivorage  market p r i c e  f o r  mercury i n  1932 r a s  about $58 per  75-pound f l a s k ,  but q u i c k s i l v e r  
purchased i n  5- o r  LO-pound l o t s  from a ctemical-supply house c o s t s  about $1 per  pound. EX- 

c e p t  i n  d i s t r i c t s  wtere p l a c e r  mining is p a r t i c u l a r l y  a c t i v e ,  drug s t o r e s  o r  o t h e r  l o c a l  re- 
t a i l e r s  charge about double t h i s  m o u n t .  The p r i c e  i n  January 1934 w a s  $67.54 per  f l a s k .  

The c t ~ a r a c t e r i s t i c s  of q u i c k s i l v e r  t h a t  make i t  of value t o  the miner a r e :  (1) Its 
power of  analgamating w i t h  gold and s i l v e r :  (2 )  its high s p e c i f i c  g rav i ty  ( 1 3 . 5 ) ,  which causes 
i t  t o  l i e  s a f e l y  under a  s t r e a n  of water  and g r a v e l ,  f l o a t i n g  of f  on i ts sur face  every th ing  
b u t  t h  n a t i v e  metals ;  and (3) its r e l a t i v e l y  low b o i l i n g  point  (about 67S0 F.), f a r  below 
r.d boat .  which al lows it t o  be d r i v e n  o f f  by heat  from the gold with which it has amalga- 
a t & .  

Amalgamation is a process  i n  which mercury a l l o y s  with another  metal.  A l l  metals  bu t  
i r o n  and platinum amalgamate more o r  l e s s  r e a d i l y .  Clean and coarse p lacer  gold a l l o y s  
r e a d i l y ,  bu t  i f  the  gold is p a r t l y  coated with i r o n  oxide o r  o t h e r  substances ( f o r  example.  
"rusty" go ld)  i t  amalgamates with d i f f i c u l t y .  The mercury i t s e l f  should be c lean  enough t o  
p resen t  a  smooth, shiny s u r f a c e ;  t h o  presence  of  some gold o r  s i l v e r  in  the  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  amalgamation, t t a t  i s ,  to  make i t  more "ac:ive." 

Q u i c k s i l v e r  is placed c a r e f u l l y  i n  the  s l u i c e  boxes, where i t  f inds its way t o  t k e  nany 
recesses  i n  t h e  r i f l e s  and l i e s  i n  s c a t t e r e d  p o o l s ,  ready t o  s e i z e  and hold any p a r t i c l e  
o f  gold t h a t  t o ~ i c h e s  i t .  It is used i n  t h i s  3anner  i n  a l n o s t  a l l  i epor tan t  hydraul ic  opera- 
t i o n s ,  b u t  some opera tors  p l a c e  i t  i n  the  boxes only s h o r t l y  before the clean-up. ev iden t ly  
b e l i e v i n g  t h a t  t h e  added gold saved by i ts  use dur ing  s l u i c i n g  does not  compensate f o r  the  
l o s s  of t h e  mercury t h a t  passes  through the  s l u i c e  with the t a i l i n g s  o r  escapes thrcugh craC!:S 
o r  o t h e r  l e a k s .  I n  excep t iona l  i n s t a n c e s  t t e  condi t ions  a r e  such t h a t  the mercury " f locrs" .  
t k a t  is, breaks i n t o  minute, dul l -coated drops .  Flouring is aggravated by a g i t a t i o n  o r  ex- 
posure Of the  mercury t o  a i r .  The common p r a c t i c e  of "sprinkl ing" i t  i n t o  s l u i c e  boxes may 
be condemned on tt.is ground, a s  re11  a s  f o r  t h e  reason given by ~ o w i e "  tha t  the  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  more r e a d i l y  washed away and l o s t .  Flouring is re- 
spons ib le  f o r  t h e  most s e r i o u s  l o s s e s  o f  q u i c k s i l v e r  with t h e  t a i l i n g s .  

Even unCer t h e  b e s t  condi t ions .  5 t o  10 percen t  of the  mercury used is l o s t .  I f  s t e e p  
grades,  teavy grave l  with consequent severe  pounding and v i b r a t i o a ,  old end leaky s l u i c e s .  
O r  o t t e r  adverse condi t ions  e x i s t ,  t h e  l o s s  of  mercury may be 20 o r  25 percent .  

Only c lean  mercury should be p laced  i n  a  s l u i c e ;  even t h i s  tends to  become fouled or 
s l u i E i s h  and t o  l o s e  its e f f e c t i v e n e s s .  ':he b e s t  c leans ing  process is r e t o r t i n g ,  which is  
d i scussed  l a t e r .  However, s t r a i n i n g  tt.e mercury through chamois o r  t i g h t l y  woven c l o t h  
removes some Of t h e  sur face  scum and fore ign  m a t e r i a l ,  o r  the mercury may be t r e a t e d  witk 
potassium cyanide o r  o ther  chemicals t o  d i s s o l v e  t h e  impur i t i es .  I t  should be handled as  
l i t t l e  a s  poss ib le  and kept from c o n t a c t  with g rease  or o ther  organic n a t e r i a l .  

r i l s o n 4 '  Sueeests  a  cow's horn,  sawed o f f  near  the small end t o  leave a  hole  t h a t  can 
be s topped T i t >  the f inger ,  a s  a  u s e f u l  implement f o r  chrrglng s l u i c e s .  Mcst n i n e r s  c t a r z e  
the  s l u i c e  f r o 3  stoneware Or heavy g l a s s  b o t t l e s  such a s  a r e  used f o r c t a r p a g n e .  

Mercury should be kept o r  c a r r i e d  only r n  i r o n ,  g l a s s ,  o r  earthenware con ta iners  becaxse 
Of i ts tendency t o  amalgamate w i t h  z i n c  (ga lvan ized  i r o n ) ,  t i n ,  o r  o t h e r  n e t a l s .  

40 BOWL*. A .  J . . . ~ o r k  c i t e d .  p .  244. 
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The q u a n t i t y  of q u i c k s i l v e r  used d i f f e r s  according t o  condi t ions  and curtom. According 
t o  E o t i e ,  200 o r  300 f e e t  of  6-foot s l u i c e  should recelve about th ree  f l a r k s  (225 pounds) 
a s  a f i r s t  charge and a 24-foot square undrrcurrent ,  80 o r  90 pounds. A t  t he  Dopot H i l l  
mine one f l a s k  is plaoed i n  the  f i r s t  4 o r  5 boxes each month during the  washing season. 
~ t '  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 yards was wash- 
ed .  Dredge t a b l e s .  with a r e a s  o f  1.000 t o  10.000 square f e e t .  a r e  charged with 150 t o  3,000 
pounds of  mercury. According t o  Janin. " a 7-foot dredge w i t h  a t a b l e  a r e a  of 2,800 aquare 
I e e t  u s e s  about 1.000 pounds on t h r  s l u i c e s  and In  the  t r a p s .  Probably i n  common p r a c t i c e  
t h e  range is 1/10 t o  1/4 pound per  sGuarr foo t  of  s l u i c e  a r e a .  

T te  s l u i c e  st.ould be run long enough t o  plug a l l  l eaks  before t h r  mercury is added. 
Usual ly only the upper 2 o r  3 boxes o r  a q u a r t e r  o r  ha l f  of the  s l u i c e  a t  moat is charged 
with mercury, a s  otherwise considerable  l o s s  occurs .  During a run more mercury 1s a d d d  
p e r i o d i c a l l y .  Whenever the  s l u i c e  is run down enough t o  expose the  r i f f l e s  t h e  mercury can 
be examined. If i t  does not show here and t h e r e  with c lean  surfaC0S nearly t o  the  top of  the  
r i f f l e s ,  more is added. A s  t h e  q u i c k s i l v e r  t akes  up gold near  the  head of  the s l u i c e  i t  
becomes p a s t y  and f i n a l l y  q u i t e  hard, and more should be  added t o  keep i t  i n  a f l u i d  condl- 
t i o n .  

T t e  use of mercury i n  recovcrine gold from sluice-box concent ra tes  is discussed i n  the 
fo l lowing  s e c t i o n .  

Amalgamating p l a t e s  should be used only In t r e a t i n g  f i n e  m a t e r i a l ,  genera l ly  well under 
one f o u r t h  inch i n  s i z e  and pre fe rab ly  not coarse r  than 1C-mesh. a s  l a r g e r  p a r t i c l e s  abrade 
t.C.e p l a t e s  too rapidly and prevent  bui lding up of the  malgam. Consequently. the  app l ica t ion  
o f  p l a t e s  t o  p lacer  mining is l imi ted  t o  the  $ t a p  m i l l i n g  of some d r i f t - m i n r  g rave ls  and the  
t r e a t i n g  of  f i n e  undercurrent  o r  o ther  screened sands.  The use of  p l a t e s  i n  stamp mi l l ing  
is a p t a s e  of  metallurgy beyond t t e  scope o f  t h i s  paper ,  and reference is made to any stand- 
a r d  t e x t  o r  tandbooK on gold mi l l ing ."  

None of  the  o t t e r  a p p l i c a t i o n s  of amalgam p l a t e s  t o  p l a c e r  mining 1s of p a r t i c u l a r  i m -  
por tance ,  probably because t t e  recoveries  seldom have j u s t i f i e d  the l a b o r  and expense. 
P l a t e s  may be s e t  i n  undercurrents  t r e a t i n g  f i n e l y  screened sands,  such a s  beach sands o r  t h e  
5nal.e River  gold-bearing sands.  They u s u a l l y  a r e  covered with b u r l a p  t o  a s s i s t  i n  re ta in ing  
t h e  co ld  u n t i l  i t  ka8 come i n  con tac t  t i t h  t h e  m a l t a m .  Many o t h e r  amalgamating devices have 
teen  a p p l i e d  t o  such r a t e r i a l ,  but  none is known t o  t h e  au thors  t o  have been of  g rea te r  value 
tLan p r o p e r l y  designed s l u i c e s  and r i f f l e s .  

SEPARATION OF COLD Ah'D PLATINWCROUP NETALS FROM CONCENTPATES 

Lo s l u i c e  box o r  o t h e r  type of gold saver  used i n  large-scale p lacer  mining Mkes a 
c lean  s e p a r a t i o n  of t t e  va luab le  minerals .  Tte concent ra te  obtained must be t rea ted  f u r t h e r  
t o  make a marketable product .  Concentrate obtained i n  cleaning bedrock i n  some types of min- 
i n e  i s  t r e a t e d  s i m i l a r l y  t o  sluice-box concent ra tes .  

Tt-e concent ra te  may be cleaned by panning o r  rocking i n  a u x i l i a r y  s l u i c e s  o r  by blowing, 
. o r  i t  nay be amalgamated i n  a s p e c i a l  type of appara tus .  The treaiment w i l l  depend mainly 

upon tt.e s c a l e  of opera t ions ,  the  proport ion of black sand i n  t h e  concent ra t r ,  and the  
- - - - - -- - 

42 B o e ~ a .  A .  J.. work c i t e d ,  p .  244. 

43 Janin. Clrarler. Gold Dredglnt in tho irnltrd Stater Bull .  1 2 l .  Bureau of Y ~ n e r .  1918, p.  115. 

44 Chrpaan. T. C . Treating Cold Orer Arlz. Bureau o f  Ylner Bul l .  133. Univ. Arizona. 1932: a briar. aon- 

tecnnlcal  dencriptioa of the methods o f  treating gold ores .  



c t a r a c t e r i s t i c s  of the gold. The general  methods o f  c leaning concentrate  with paas ,  rockers ,  
o r  small s l u i c e s  a r e  the sane a s  those  i n  small-rcale mining, described i n  a previous paper ,"  
except t h a t  more care is required and smal le r  q u m t i t i e r  Are t r e a t e d  a t  one t i n e .  I n  t r e a t -  
ing  small 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 r o  

. f i n e  a s  t o  present  g rea t  d i f f i c u l t y  i n  t h e i r  separa t ion  by panning o r  rocking a r e  probably 
of small va lue ,  and t h e i r  l o s s  would be inconsequentir l .  

I f  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  sampling o r  t e s t i n g ,  the  concentrates  should be aaal-  
gaaated. 

Panning is the s implest  method of s e p a r a t i n g  t h e  valuable c o n s t i t u e n t s  from t h e  worth- 
l e s s  m a t e r i a l  and general ly  is use?! i n  small-scale  operat ion.  The method, however is ted ious  
i f  t h e  gold is very f i n e  and t h e  concent ra te  con ta ins  w c h  black sand. Mercury map then be 
used i n  t h e  pan t o  c o l l e c t  t h e  gold. 

Lareer  q u a n t i t i e s  of concent ra te  may be t r e a t e d  i n  a rocker and the  r e s u l t i n g  semifinal  
product cleaned f u r t h e r  i n  a pan. A f i n a l  o r  almost f i n a l  product,  however, can be made i n  a 
rocker ,  t h e  f l a t ,  smooth bottom of  which. s e t  on a gen t le  grade with screen atad canvas b a f f l e  
removrd. o f f e  an i d e a l  s u r f a c e  f o r  t h e  purpose. 

The coccentrates  a r e  placed a t  t h e  upper end, and a small r t r e a a  of water is pourvd OVe 
t h e  sand while the rocker is srayed g e n t l y  back and f o r t h .  The l i g h t e r  mate r ia l  is washed 
down t o  t h e  r i f f l e  a t  t h e  lower end. and t h e  coarse r  p a r t i c l e s  of gold a r e  l e f t  behind. 
These a r e  picked up wrtn a s c r a p e r ,  and t h e  operat ion is repeated, a por t ion  of t h e  concen- 
t r a t e s  p r e s e n t l y  being d i scarded  with each washing u n t i l  a t  length a l l  gold o f  appreciable  
va lue  !?as been recovered. T h i s  method is s a t i s f a c t o r y  with ordinary concentrates ,  but  i f  
t h e  gold is very f ine .  s laky ,  o r  p a r t i c u l a r l y  l i g h t ,  porous, o r  angular,  the  s e p a r a t i o n  13 
ted ious  and unsa t i s fac tory ,  and asalgamation is  t o  be pre fe r red .  

'Re s9ae general  method may be used i n  t h e  mine s l u i c e  t o  recover t h e  bulk of  t h e  gold 
amalgam. 

Sometimes an a u x i l i a r y  s l u i c e  is used t o  reduce the volume of concentrate  from t h e  mire 
s l u i c e  o r  t o  t r e a t  concentrate  a f t e r  i t  i s  amalgamated. The small s l u i c e  i n  tu rn  nus t  be 
cleaned up. A t  one mine a 12-inch box was set up i n  the main s l u i c e  i n t o  which was shoveled 
t h e  r i f f l e  concentrate  from below. 

Tke gra ins  of sand remaining i n  an almost f i n a l  product may be removed from t h e  gold by 

.A .A b l o r i n g .  A f l a t  metal o r  paper  s h e e t .  such a s  a piece of drawing p a p e r o r  a l a r g e  E a t  * ' -  

abcut 2 f e e t  square w i t h  t h e  edges bent  up about one ha l f  inch, is bes t  f o r  '.he j ~ u ~ o c : .  
However. with care and s k i l l  t h e  opera t ion  can be perforaed i n  a common gold pan,  a s  i s  c c c e  

by aany prospectors ,  p a r t i c u l a r l y  when c lean ing  dry-washer concentrates .  The mate r ia l  st.ou?t 

- 
45 Zard-or.  E. 3 . .  and ;otr.ron. C .  H.  . P l a c e r  Mining i n  tho Wvstorn Unl t rd  S t a t o r :  Par t  I .  - Cecora l .  t i a d  M i * .  

a d  J;3ucd-S;u::lng: i n l .  C l r s .  6786. Buroau o f  Mlnes. 1934. 75 pp.  



t o  p e r f e c t l y  d r y .  Much e f f o r t  is saved by u r i n e  a magnet t o  take out any magnetite sand i n  
t t e  c o n c e n t r a t e s ;  o f t e n  t t . is  mineral comprises a s  much a s  90 percent  of  the mate r ia l .  A 
piece  of  paper folded around o r  t e l d  a g a i n s t  the  end of  the  magnet w i l l  keep the magnetite 
I ron  S t icLing  t o  t t e  metal.  l t e n  a11 the  magnetite is removed, blowing gen t ly  on tke re- 
na in ing  sand and gold rill d r i v e  tke  former t o  the f a r t h e r  edge of  the s k e e t ,  leaving the 
gold behind. I n  most ins tances  t h e  l o s s  of  a few f i n e  c o l o r s  is not s e r i o u s .  

I n  Oralnary Cold Pans 

A smal l  quan:ity of g u i c k s i l v e r ,  ranging f r o 3  an cunze t o  a q u a r t e r  of  a teaspoonful,  
w i l l  c a t c h  a l l  t t e  gold from a pan of  s l u i c e  concent ra tes .  The mercury i s . s i m p l y  placed i n  
t t e  pan r i t h  about 5 pounds of  concent ra tes  and a g i t a t e d  under water  u n t i l  no more f ree  gold 
can be observed. Tkrn t h e  sands a r e  panned o f f .  c a r e  being taken not t o  l o s e  any o r  the 
amalgam o r  f i n e  drops of mercury, wt-ich gradual ly w i l l  run toge ther  i n t o  a s i n g l e  mass. 
If t t e  concent ra tes  a r e  near ly  a l l  black sand only a small  q u a n t i t y  s t o u l d  be washed a t  a 
t i s e ,  bu t  i f  muck '1igt.t sand o r  rock is presen t  l a r g e r  q u a n t i t i e s  can be wasted. 

Copper-plated pans o r  pans r i t h  s t e e l  rims and copper bottoms a r e  a v a i l a b l e  and a r e  
u s e f u l  f o r  sav ing  f i n e  gold i n  concent ra tes .  The copper is coated with mercury by f i r s t  
c l e a n i n g  i t  r i t h  emery paper, then rubbing c lean ,  b r i g h t  mercury o r  amalgam on i t  u n t i l  i t  
p r e s e n t s  a smooth. st-iny s u r f a c e .  Tt-e gold i n  the  mate r ia l  being t r e a t e d  is picked up 
qu ick ly  by t k e  amalgam sur face .  Only f i n e  sand can be t r e a t e d  t o  advantage a s  coarse sand 
o r  crave1 rill scour  t t e  analcam o f f  tt.e copper. As f a s t  a s  analtam accumulates on the cop- 
p e r  i t  is scraped  o f f  w i t h  a smooth, Cull-edged, i r o n  s c r a p e r  such a s  a p u t t y  kn i fe .  More 
mercury may t h e n  be added t o  Leep t t e  s u r f a c e  b r i e t t  and i n  a " recep t ivem condi t ion .  

Amalgamators 

In  n e a r l y  a l l  large-scale opera t ions  most of  the  go ld  is amaleamated i n  t h e  s l u i c e  boxes 
o r  on t t e  r i f f l e  t a b l e s ,  and t t e  amalgam is separated from t h e  sands dur ing  clean-up opera- 
t i c n s  o r  from t1.e concentrates  by rocl.ing o r  pannine. Tarnisked o r  rus ty  gold o r  very f i n s  
t o l d ,  Lorever. does not amaleamate r e a d i l y  because i t  is  d i f f i c u l t  t o  nake contac t  between 
tt.e gold and quicl.si1ver. Such c o l d ,  e e n e r a l l y  included i n  a black-sand concent ra te ,  re- 
q u i r e s  a g i t a t i o n  i n  tt.e presence o f  qu ic l . s i lver  o r ,  i f  r u s t y ,  gr inding t o  remove the in te r -  
f e r i n g  c o a t  f o r  s a t i s f a c t o r y  amalgamation. 

Yec tan ica l  analgamators a r e  used t o  t r e a t  such m a t e r i a l s .  Occasionally a l l  of the con- 
c e n t r a t e  from tt.e s l u i c e  w i l l  be t r e a t e d  i n  an amalgamator, p a r t i c u l a r l y  i f  i t  con ta ins  rusty 
goid. T t e  cLarges f o r  tt.8 amalgamator st.ou1d be kept  c l e a n ;  grease e s p e c i a l l y  i n t e r f e r e s  
with amalgamation. ' 

A common type of amalgamator is  t h e  clean-up pan, which c o n s i s t s  of a cast- i ron,  cylin- 
d r i c a l ,  f l a t - t o t t c s e i  t a r r e l  o r  tub  1 o r  2 f e e t  i n  diameter  f o r  small-scale  work and 4 t o  6 
:eet i n  f i a m e t e r  f o r  m i l l  s e r v i c e .  The concentrate  w i t h  1 o r  2 percent  q u i c k s i l v e r  by weight 
1s placed i n  t h e  pan r a t h  s u f f i c i e n t  water  t o  make the mass f l u i d  and a g i t a t e d  by a revolving 
t F l c e r .  Ti.e q u ~ t i t y  of  water added s t .oul i  be s u f f i c i e n t  only t o  permit a g i t a t i o n  wit tout  
toe g r e a t  s t r a i n  on tt.e machine. Tt.e pulp s tou ld  be tt . ick enough t o  t.013 p a r t i c l e s  of mer- 
c:?j i n  suspension.  Skoes on t t o  lower end Of tt-e s p i d e r  arms s l i d e  on a f l a t ,  c i r c u l a r  
:ace i n  t;.e to t tom of tt.8 b a r r e l ,  tt.us adding some gr ind ing  t o  tt-e agitation. After  running 
f o r  1 o r  2 Lours t i e  t a t c h  may be emptied t t rough a d r a i n  plug i n  the bottom of the barrel  
and t1.e mercury and analcam separa ted  from tt.0 sand by panning. Some pans a r e  provided with 



s i d e  d r a i n  p lugs  a t  var ious  e l e v a t i o n s .  Tne r o t a t i o n  may then be slowed from its usual  speed 
of about 60 r .p .m. ,  t h e  shoes r a i s e d  enough t o  s t o p  the  gr inding,  and water added. This  w i i l  
s e t t l e  the  q u i c k s i l v e r  and analpam; t h e  waste sludge can then be flushed out  through the  
upper d r a i n  p lugs  and almost complete c lean ing  o f  the  amalgam and mercury made i n  the  pan 
i t s e l f .  

Another d e v i c e ,  t h e  so-called aaalgam b a r r e l ,  genera l ly  is used a t  l r r g e  stamp mills and 
o c c a s i o n a l l y  is employed i n  p l a c e r  opera t ions ,  p a r t i c u l a r l y  i n  dredging, to  t r e a t  accumulated 
black sands ,  s c r a p  metal ,  and o t h e r  p o s s i b l e  gold-bearing mate r ia l  from clean-up opera t ions .  
I t  i s  merely a cast- i ron 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 l l  m i l l  and 
f i t t e d  with s u i t a b l e  d r a i n  plugs,  handholes, manholes, o r  removrble ends, depending on its 
s i z e  and u s e .  The mate r ia l  t o  be t r e a t e d  i s  placed i n  the  b a r r e l  with q u i c k s i l v e r ,  water ,  
and a few i r o n  b a l l s ,  and t h e  b a r r e l  is turned slowly f o r  an hour o r  severa l  hours .  The 
b a r r e l  may then be f lushed with water  from a hose t o  wash away t h e  l i g h t e r  products  Of grind- 
i n g ,  turned over ,  and emptied i n t o  a tub,  the amalgam and mercury being recovered by panning. 
Potassium cyanide sometimes' is added t o  b r igh ten  the  gold,  using only enough t o  make a v s v  
weak s o l u t i o n .  

An amalgamator t h a t  occas iona l ly  is used, e s p e c i a l l y  i f  a p a r t  of the gold is a t tached  
t o  p a r t i c l e s  of  q u a r t z ,  is the  Berdan pan, which is r e l a t i v e l y  simple i n  ~ O n s t r u c t i P n  and 
cheap t o  o p e r a t e .  The pan c o n s i s t s  of  a revolving cast- i ron bowl, usual ly 3 t o  5 f e e t  i n  
diameter ,  with 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  s h a f t ,  g iv ing  i t  the  form of a c i r c u l a r  
t rough.  The bowl is supported e i t h e r  by the d r i v e  s h a f t  o r  by r o l l e r s  and is s e t  with a t i l t  
of  about 20 o r  30° from t h e  h o r i z o n t a l .  I t  is  driven a t  10 t o  30 r.p.m. e i t h e r  by a crown 
gear  on t h e  inc l ined  s h a f t  of the  bowl o r  by a r ing  gear  on the  bottom of the  bowl. One o r  
two l a r g e  cast- i ron b a l l s  r o l l  i n  t h e  trough a s  the bovl revolves.  Quicks i lver  is placed 
Ln the bowl with t h e  charge,  and a s  t h e  devica revolves a s t ream of  water is d i r e c t e d  i n t o  
i t  and overflows a t  t h e  lowest p o i n t  o f  the rim. The mate r ia l  t o  be asalgamated may be added 
i n  batches o r ,  i f  i t  is t o  be ground a s  well a s  amalgamated, by an automatic feeder ,  t h e  
s l imes and f i n e  m a t e r i a l  overflowing t o  waste; the bowl then a c t s  a s  a c l a s s i f i e r .  FOP 
p l a c e r  concent ra tes  the  batch process  is used, 100 pounds o r  more being t rea ted  a t  a t ime.  
Too l a r g e  a q u a n t i t y  of  sand l e s s e n s  the  gr ind ing  e f f e c t  of tho b a l l s .  

A ' l -  o r  2-cubic-foot, hand- o r  power-driven concrete  mixer is a convenient amalgamating 
device f o r  t h e  small- t o  medium-scale p lacer  miner, p a r t i c u l a r l y  i f  p a r t  of the gold is Fusty. 
It c o s t s  only $20 t o  $30, excluding the  small gasol ine engine,  and can be obtained from hard- 
ware s t o r e s  o r  mail-order houses. The charge f o r  such a machine is two o r  th ree  p a i l 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  d ia -  
meter,  and wate r .  About a l-hour t reatment  w i l l  amalgamate p r a c t i c a l l y  a l l  of  the gold.  The 
c t a r e e  is emptied i n t o  a s e t t l i n g  t u b  and t s e n  wasted i n  a pan o r  small s l u i c e  box t o  recover 
the  amalgam and mercury. 

Regardless o f  the  amalganator used, too v i o l e n t  a g i t a t i o n  of  the  mercury must be avoided 
otherwise excessive f l o u r i n g  h inders  analgamation 2nd makes i t  d i f f i c u l t  o r  impossibla t o  
recover the  q u i c k s i l v e r .  

Cleaning Amalgam 

?he a i x t u r e  of q u i c k s i l v e r  and amalgam from slurce-box clean-ups usual ly con ta ins  ztuclr 
aore zercury :tan amalgam. I t  can be freed f r o s  sand,  sc raps  of i r o n ,  and other  s o l i d  ia-  
p u r i t i e s  t y  s a r e f u l  panning and by washing w i t ! :  a j e t  of c lean r a t e r .  The amalgam can t3en 
be separa ted  from ti-e q u i c k s i i v e r  by s t r a i n i n g  :::e mrxture through buckskin, chamois s k i n ,  
ciose-*oven canvas. o r  o t t e r  sr:ocq, t i g h t  c l o t h .  ?.is genera l ly  is done by hand. p re fe rab l j -  
under v a t e r  :o prevdnt seat:erang of  t t e  nercury .  Tke q u r c k s i l s e r  thus f i l t a r e d  of f  contain5 



a t  t t e  most on ly  about one t e n t h  percent  o f  gold; t h i s  mercury is d e s i r a b l e  f o r  recharging 
t t e  boxes a s  t h e  small  amount of gold maker i t  more a c t i v e .  The amalcra, a f t e r  squeezing, 
s t i l l  c o n t a i n s  some mercury, p a r t  o f  which may d r a i n  o f f  i f  t h e  mass is suspended f o r  severa l  
hours 'in a funnel o r  o t h e r  s i m i l a r  con ta iner .  With o r  without  t h i s  last refinement, which 
one dredge o p e r a t o r  used with success ,  t h e  s t i f f ,  pas ty  m a l l a m  is now ready f o r  f i r e  t r e a t -  
meat t o  s e p a r a t e  t h e  gold.  It  con)ains 25 t o  55 p e r c e n t ,  commonly about a t h i r d  by weight 
o f  gold and s i l v e r .  

Altt-ough r e t o r t i n g  is t h e  common method of SePatat ing t h e  eold from t h e  qu icks i lver  i n  
amalgam a t  dredges and o t h e r  large-scale  opera t ions ,  t h e  mercury i n  small  q u a n t i t i e s  of anal- 
gam may be v o l a t i l i z e d  by simple hea t ing .  A common method i s  t o  hea t  t h e  amalgam on a c lean  
i r o n  s u r f a c e  over  an open f i r e  o r  forge. o r  i n  a furnace. u n t i l  a l l  t h e  mercury is driven 
o f f .  n.1~ is  t h e  usual  expedient of t h e  s i n g l e  miner o r  small  opera tor  who does not ob jec t  
t o  t h e  l o s s  of  t t e  small  q u a n t i t y  of  q u i c k s i l v e r  involved. The mercury vapor may appear a s  
toavy whi te  fumes.. I t e t t e r  v i s i b l e  O r  no t .  mercury vapor is exceedingly poisonous, and the  
r o r k  must not  be done except  wtere a d r a f t  can be depended on t o  c a r r y  a l l  t h e  vapor away 
from tt.e o p e r a t o r .  A s  s t a t e d  elsewhere, mercury b o i l s  a t  675. F . ,  a temperature about ha l f -  
way between t t e  b o i l i n g  p c i n t  of Water and the  f i r s t  v i s i b l e  red hea t  o f  i r o n .  However, i t  
v o l a t i l i z e s  a t  t t e  b o i l i n g  p o i n t  o f  r a t e r  enough t o  be danerrous t o  t h e  h e a l t h  of persons 
exposed t o  i t .  Consequently, i t  skould be handled c a r e f u l l y ,  p a r t i c u l a r l y  t o  &void i n h a l i n e  
its vapors .  

I n  mot t . e r  mettod of recover ing  the  gold from small m o u n t s  o f  amalgam, a p o t a t o  is uaed 
a s  a condenser. his is a device popular  with p rospec tors  because it is very simple, y e t  
sayes  p a r t  of  t t e  mercury t k a t  would be l o s t  by the  method prev ious ly  descr ibed .  A l a r g e  
p o t a t o  is c u t  snoott.ly i n  h a l f ,  and i n  t h e  f l a t  Surface Of one h a l f  a r e c e s r  is hollowed 
wI.ich skould be cons iderab ly  l a r g e r  than t h e  amount of amalgam t o  be t r e a t e d .  Thr amalgam 
is placed on a c lean  sheet- i ron sur face .  t h e  h a l f  po ta to  is p laced  over  i t ,  and t h e  whole is 
s e t  over  a t o t  f i r e .  For convenience i t  m y  be done i n  a f r y i n g  p a  o r  t h e  s c r r p  of shee t  
i r o n  p u t  on a f l a t  shovel s o  t t a t  i t  can be wi thdram r e a d i l y  from t h e  f i r e .  Some mercury 
vapor w i l l  escape under t h e  edges o f  the  p o t a t o ,  and. as b e f o r e ,  t h e s e  fumes must be avoided. 
Af te r  15 o r  20 minutes of s t r o n g  hea t ing  t h e  p o t a t o  may be l i f t e d  o f f  f o r  inspec t ion .  I f  a11 
t t e  w r c u r y  is gone from t t e  gold t h e  p o t a t o  Day be crurhed M d  panned, and a considerable  
p a r t  o f  t t e  mercury w i l l  be recovered. It may be d e s i r a b l e  t o  heat  t h e  gold f u r t h e r  t o  
m n e a l  it; t h i s  can be done without removing i t  from t h e  i r o n  p l a t e .  Any t inned  o r  galvan- 
i zed  metal intended f o r  use i n  t h i s  p rocess  should be heated redhot  and when ,scoured t o  r c  
n o w  a l l  t r a c e s  of  t t 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 l  be presented.  

A l a b o r a t o r y  mettod of  s e p a r a t i n g  t h e  gold is t o  p u t  t h e  amalgam i n  a small  beaker and 
d i s s o l v e  t t e  mercury i n  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  the  mercury is 
d isso lved ,  t h e  gold r a y  remain a s  a sponge, which Can be washed gen t ly  i n  water and annealed 
i n  'a smal l  p o r c e l a i n  c r u c i b l e .  Yore f requent ly  tha gold rill b e  rrcovered a s  a f ino  d u s t ,  
wt.ich a l s o  can be washed and annealed but  is l e s s  easy t o  handle.  

A very s s a l l  amount of  amalgaa can be r e t o r t e d  qu ick ly  and e a s i l y  i n  a l abora tory  i n  a 
g l a s s  tube 18 t o  24 inches  long,  sea led  a t  one end and bent 2 o r  3 inches from t h a t  end t o  a 



s l i g t t l y  acu te  angle.  A l a r g e  tube t h r e e  four ths  inch i n  d i m e t e r  is b e s t .  The u a l g u  is 
broken i n t o  p i e c e s  small enough t o  bo dropped i n t o  t h e  closed end where i t  is then heated, 
the  fumes condensing i n  t h e  long open m d  of tho  tube.  The gold 0- be annealed by heat ing 
t t e  tube t o  redners  a f t e r  a l l  mercum is driven o f f .  

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 u d e  cheaply of  3/8-inch pipe,  pipe 
connections. and a l a r g e  g r e a s e  cup. The lower and open end of t h e  S/&inch p ipe  is incloaod 
i n  a l a r g e r  p i p e .  Cooling water  is poured through t h e  Spa- between t h e  two p iper  from an 
o?en connection i n  tho  top  o f  t h e  o u t e r  one. m e  charge of u a l g u  is plaood i n  the g r e r u -  
cup cover wlich is then  screwed i n t o  p lace ;  g r a p h i t e  l u b r i c a n t  18 placed on t h e  threodr t o  
make a t i g h t  j o i n t .  Heat is a p p l i e d  t o  t h e  greaae cup, and t h e  qu ioks i lvor  is condenawl i n  
t l e  lower end o f  the  p ipe .  The method o f  uaing and t h e  g m e r a l  arrangement o f  t h e  device a r e  
r i a i l a r  t o  t t o s o  of t h e  nex t  r e t o r t  dercr ibod.  

Tte  t y 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  p l a c e r  mines ( f i g .  15, E and Q) is a cast-iron pot  
wi th  a t i g h t - f i t t i n g  cover  i n  which a hole  is tapped t o  accommodate the  condenser pipe.  The 
c a p a c i t i e s  of  such r e t o r t s  range from a few t o  200 pounds of  a ~ l g u ,  o r  about a quar to r  p i n t  
t o  2 ga l lons .  They a r e  l i s t e d  k chemical-supply c a t a l o g s  a t  p r i c e s  ranging from $4 t o  $30, 
not  inc lud ing  t h e  condensers. The condenser commonly used with t h i s  type of  r e t o r t  is an 
i r o n  p ipe  3 o r  4 f e e t  long  l e a d i n g  f r o 8  t h e  ho le  i n  t h o  r e t o r t  cover  a t  a domward angle of 
20 t o  30°; i t  is encased f o r  most o f  i t8  leng th  i n  a considerably l a r g e r  p ipe  through which 
cool ing  r a t e r  is circuLated.  When h e a t  is appl ied  t o  t h e  charged r e t o r t  t h e  mercury vapor 
e n t e r s  t t e  condenser p i p e  where i t  cools  &rid condenses; i t  t r i c k l e s  d o n  t h e  pipe i n t o  a 
v e s s e l  placed under t h e  open end o f  t h e  p ipe .  I n  t h e  t reatment  o f  a l a r g e  m o u n t  of u a l g u  
the  temperature o f  the  p ipe  might be r a i s e d  t o  a p o i n t  where some of  t h e  vapor would escapa; 
t n e r e f o r e ,  a coo l ing  dev ice  is necessary. 

Tte r e t o r t  nay be heated over  a l a r g e  bunsm burner ,  by a gaso l ine  blow torch,  i n  a 
forge,  o r  i n  one o f  s e v e r a l  t y p e s  o f  furnaces b u i l t  f o r  t h e  purposo. Very high temperaturrr 
a r e  unnecessary, and a wood f i r e  is cenaidored b e t t e r  than a coa l  f i r e .  The f l u e  should 
cover  a s  much o f  t h e  r e t o r t  a s  poss ib le .  

A r i g i d ,  s t r o n g  s t a n d  f o r  t h e  r e t o r t  &rid condensor ( f i g .  1 5 , a )  should be constructed 
i f  t t e  apparatus is t o  bo uaod regula r ly .  

Tke r e t o r t  should be  coa ted  on t h e  i n s i d e  with cha lk ,  o r  pa in ted  with a t h i n  pas te  of 
chalk,  c lay ,  m i l l  alimes, o r  a a i x t u n  o f  f i r e  c l a y  and g r a p h i t e  and thoroughly d r i e d  b o f c n  
p u t t i n g  i n  t h e  charge.  This  p r e v e n t s  t h e  gold from s t i o k l n g  t o  tho  i ron.  which ao8oti8er  
causes t r o u b l e .  A l i n i n g  o f  paper  s e r r e s  t h e  same purposo but  t ends  t o  f o m  an objec t ionable  
depos i t  i n  t h e  condenser p ipe .  

The r e t o r t  should no t  be f i l l d  over  tm t h i r d s  f u l l  of  u a l g a p l  ( a  t h i r d  o r  h a l f  f u l l  
when r e t o r t i n g  l i q u i d  Borcury) ,  o t h o n i s e  t h e r e  is danger  of  romo of  t h e  con ton ts  bo i l ing  
over  i n t o  t h e  condenser tube.  The amalgam is broken i n t o  p i e c e s  and p i l e d  loose ly .  Then 
t t e  cover is p u t  on and clamped t i g h t l y  with t h e  wedge o r  tt.unbacrew provided, f i r s t  ..king 
s u r e  t t a t  t h e  a t t ached  condenser p i p e  is c lean  and t r e e  o f  o b s t r u c t i o n s .  Tbe ground j o i n t  
be t reen  t h e  cover  and body of  t h e  r e t o r t  is seldom t i g h t  enough t o  prevent  leakage and should 
be l u t e d  71th c l a y  o r  some s e a l i n g  coqound .  one s a t i s f a c t o r y  cement is made r e a d i l y  by 
moister ing a mixture of  ground a s b e s t o s  m d  l i t h a r g e  ( r e d  l e a d )  with glycerin.  

'A low t e a t  is appl ied  a t  f i r s t ,  then a f t e r  10 o r  1 5  minutes t h e  temperature is  increased 
j u s t  enough t o  s t a r t  t h o  mercury vapor iz ing  an& condensing. Too rap id  hea t ing  h a w  the  
r e t o r t ,  and only enough hea t  s t o u l d  be used t o  maintain a s teady  t r i c k l e  of  qu icks i lver  from 
:tee condenser. m.en no more mercury appears  t h e  temperature should be increased f o r  a few 
minutes t o  red t e a t  t o  d r i v e  t h e  l a s t  of t h e  q u i c k s i l v e r  out  of  t h e  r e t o r t ;  then the f i t *  
s t o u l d  t e  r i t t d r a r n  from t h e  r e t o r t  and the  l a t t e r  a l l o r e d  t o  cool .  Some mercury vapor a- 
r a y s  remains i n  tt.8 r e t o r t ,  and t h e  o p e r a t o r  should take  c a r e  not t o  b rea the  these fumes upon 
tak ing  o f f  t h e  cover. 



Figure 15.-Apparatus for retorting amalgam and quicksilver: A,  Amalgam retort; B, Nevada-type retoe C, set-up 
of small retort; D, water-sealed vapor trap; E, graphite crucible; F, bullion mould. 



Tire l i k e l i h o o d  o f  dangerous aaouats  of mercury vapor passing through a long cold p ipe  
wi t tou t  condensing is very s d l .  However, if mu& Ua1g.n is t o  be r e t o r t e d ,  o r  i f  t h e  
operat ion is o f  d a i l y  o r  f requent  occur rmce ,  i t  usua l ly  is d e s i n b l e  t o  provide some form of 
water r e a l  a t  the  end o f  the  condenser tube t o  p r rven t  the  escape of  such fumes. Many mine& 
Lave followed the  dangerous p r a c t i c e  of  submerging the  end o t  t h e  condenser p ipe  i n  t h e  
bucket of  water  used t o  receive t h e  condensed mercury, This  rhould net bo done, a s  a sliat 
cooling of t t e  r e t o r t  would cause water t o  be sucked i n t o  the  pipe. rod i f  the  water  reached 
t r e  r e t o r t  ur explosion would fol low.  Such an eXperienC0 h u  taught  more than on. "oldtimer" 
t t e  danger o f  t h i s  p r a o t i c e .  

I f  the  voluoe of t h e  recoptac le  is very  small comparrd with t h a t  of t h e  condenser pipe 
and i f  t t e  disct-arge p ipe  is b a r e l y  n t tae rged  the  danger is avoided. a s  any l a r g e  r i s e  o f  
mtrr  i n  t t e  p i p e  would lower t h e  water  s u r f a c e  enough t o  break the  s u c t i o n ,  A t  some proper- 
t i e s  t t e  m d  o f  the  condenser p i p e  is i n  a l a r g e  sheet-iron cy l inder ,  a few inches i n  dia- 
meter ,  open a t  t h e  lower end, which m y  be placed 2 o r  3 inches i n t o  the water i n  a recepta- 
c l e  of only s l i g h t l y  l a r g e r  d i a 8 e t e r .  thus making 8 good water  s e a l  ye t  avoiding t h e  danger 
of  explosions.  A l abora tory  a d a p t a t i o n  of t h i s  dev ice  is s h o m  i n  f i g u r e  13.8. 

The r i a p l e s t  method is t t a t  recouended  by LOUIS"; i t  c o n s i s t s  merely of ty ing  a p iece  
o f  c l o t h  such a s  canvas o r  burlap around t h e  end of t h e  condenser p ipe  and l e t t i n g  i t  d i p  i n  
t t e  n t e r  2 o r  3 i n c t e s  below, forming a damp f i l t e r  which w i l l  condense any escaping vapor 
y e t  not be t i g h t  enough t o  permit  water  t o  be sucked i n t o  t h e  r e t o r t .  This device is s h o m  
i n  f i g u r e  15.6. 

Large gold mines use c y l i n d r i c a l  r r t o r t s ,  u s u a l l y  s e t  hor izon ta l ly  i n  s p e c i a l l y  b u i l t  
fu rnacer .  Such i n s t a l l a t i o n s  probably would be needed i n  p l a c e r  mining only by l a r g e  dredg- 
i n g  co.mpanies. The opera t ion  is s i m i l a r  t o  t h a t  of a po t  r e t o r t ,  except t h a t  the  u a l g a a  
u s u a l l y  is p laced  i n  s e v e r a l  small  i r o n  t r a y s .  r a t h e r  than on t h e  f l o o r  of  t h e  r e t o r t  p roper ,  
w d  charged through a door o r  removable cover  a t  one end of  t h e  r e t o r t .  while t h e  condenser 
is a t t a c h e d  a t  t h e  oppos i te  end. 

SEPARATION OF PLATINUM-CROUP YETAU FROM COLD 

f n  severs1  l o c a l i t i e s  i n  t h e  Western S t a t e s  s l u i c e  concentrates  from p l a c e r  mining a r e  
l i k e l y  t o  c o n t a i n  platinum o r  i ts assoc ia ted  meta 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  econo- 
mic i n t e r e s t .  7he s e p a r a t i o n  o f  these  minera l s  from gold is d i f f i c u l t .  Their  s p e c i f i c  
g n v i t y  is too  m a r  t h a t  of gold t o  permit a s e p a r a t i o n  by panning. Coarse platinum p a r t i -  
c l e s  can be picked ou t  of  the  gold by hand, bu t  most p l a c e r  p l a t i n u n  is exceedingly f i n e .  
Alttough plat inum does .not amalgamate, q u i c k s i l v e r  can be made t o  coat  and hold platinum 
p a r t i c l e s  by t reatment  with c2en ica l s ;  thus i t  is poss ib le  t o  separa te  successively the  gold 
and plat inum from t h e  concent ra tes .  

One dredging company i n  C a l i f o r n i a  which recovers  platinum metals uses the following 
clean-up procedure: " 

I n  c lean ing  up, the  r i f f l e s  a r e  removed frcm the s l u i c e s ,  s t a r t i n g  a t  the 
head end, c a r e f u l l y  rcsh ing  them o f f  and washing t t e  s'uice down w i t h  r a t e r  from a 
kose. T k i s  wasLes away the  l i g h t  sands and concentrates  the ornalpaa and heavy 
sands,  r k i c h  a r e  c a r e f u l l y  scooped up i n t o  buckets and c a r r i e d  t o  a "long tom" 
f o r  f u r t h e r  t reatment .  In  t h e  long tom most of the  nercury and malgam and some 
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o f  t h e  platin-group metals  a r e  caught i n  the  upper box. Most of the platinum, 
some rus ty  gold, s c a t t e r e d  p a r t i c l e s  of  mercury and amalgslr, and the  sand and re- 
f u s e  a r e  washed out  over r i f f l e s  where the  heavier  components a r e  caught. The 
sand f i n a l l y  passes  through a screen a t  the end of t h e  tom, i n t o  a sand box, and 
t h e  grave l  goes t o  waste. The mercury and amalgam f ron  the  upper box a r e  trans- 
f e r r e d  t o  a bucket,  i n  which the  gold amalgam s e t t l e d  t o  t h e  bottom; the lead o r  
o t h e r  baso-metal aaalgams f l o a t  on top .  The l a t t e r  is p a r t i a l l y  c lemed by pan- 
ning..which s e p a r a t e s  some meta l l i c  p l a t i n u a ,  then r e t o r t e d .  The gold amalgam is 
squeezed f r e e  of  aercury and l i k e r i s e  r e t o r t e d .  

The gold amalgam, usua l ly  containing about 55 percen t  gold and s i l v e r ,  is 
r e t o r t e d  i n  a s tandard  make of  gasoline-fired r e t o r t .  The mercury condenses i n  a 
rater-Jacketed p i p e  and d r a i n s  i n t o  a bucket o f  r a t e r .  h e  gold remaining i n  the 
r e t o r t  is t r a n s f e r r e d  t o  a c ruc ib le  and fused i n  t h e  same furXIaCe. It is then 
poured i n t o  molds, producing bars  which a r e  shipped t o  t h e  Selby smelter .  The 
b u l l i o n  averages 890 p a r t s  gol3, 90 p a r t s  s i l v e r ,  m d  20 p a r t s  impuri t ies  per 
1,000. 

The r i f f l e  concent ra tes  and sand from the end of  t h e  long tom a r e  placed i n  
smal l  batches i n  a s t e e l  b a r r e l  m i l l  4 f e e t  long and 2 1/2 f e e t  i n  diameter.  Uer- 
cury is added and t h e  batch ground f o r  1 o r  2 hours. Then t h e  a ~ l a l g a a  is  removed 
by panning and added t o  the  o t h e r  base amalgam f o r  r e t o r t i n g .  Further  panning 
and rocking reduce the  remaining sand and concent ra tes  t o  a product containing a- 
bout  t a l l  black sand and h a l f  platinum, by volume. This  is t r e a t e d  by the addi- 
t i o n  o f  r a t e r .  mercury, z i n c  s t a v i n s s ,  and s u l p h u r i c  a c i d ;  t h i s  causes the p l a t i -  
num meta l s  t o  be coated and held by t h e  mercury, s o  t h a t  a f i n a l  separat ion from 
t h e  sand is p o s s i b l e .  The f i n a l  concentrate  is then washed with water and drained 
t o  remove a c i d  and excess mercury, a f t e r  wkich t reatment  with n i t r i c  ac id  dissolves 
t h e  mercury. l eav ing  a f i n a l  residue of  platinum, i r id ium,  and osmium. 

The base amalgam, which includes s h o t ,  b u l l e t s ,  and smal l  p a r t i c l e s  of copper 
and b r a s s  sc rap ,  a s  well as some precious n e t a l s ,  i s  r e t o r t e d  t o  recover the mer- 
cury,  melte3. and poured i n t o  molds t o  form b a r s  f o r  shipment t o  the smelter.  
These b a r s  range i n  value from $1 t o  $8 p e r  t r o y  ounce. 

~ a c h e r t "  s t a t e s  t h a t  platinum-group metals  can be recovered on zinc-amalgaa p l a t e s  by 
using a s o l u t i o n  of  0.05 percent  copper su lpha te  and 0.05 percen t  s u l p h u r i c  ac id  o r  by agi- 
t a t i n g  wi th  z i n c  amalgam i n  such a s o l u t i o n .  A t  the  Onvenacht  mine i n  South Africa a pro- 
c e r r "  s i m i l a r  t o  the  above is used t o  t r e a t  a p o r t i o n  of  t h e  t a b l e  concentrates:  

?ha concent ra tes  of t h e  primary and secondary U i l f l e y s  and o f  the  J M ~ S  and 
corduroy t a b l a 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 revo lv ing  amalgamating bar- 
r e l ,  t h e  amalgamation of t h e  platinum being promoted by a c t i v a t i n g  agents  i n  the 
form o f  z i n c  amalgam, copper su lpha te ,  and s u l p h u r i c  a c i d .  The b a r r e l  is re- 
volved f o r  2 hours and then discharged v i a  batea amalgamation p l a n t  and curvi l in-  
e a r  t a b l e .  

h e  d i r t y  amaleam obtained is  reamalgamated f o r  h a l f  an hour w i t h  z inc  amal- 
gam, copper s u l p h a t e ,  and su lphur ic  a c i d .  Thus cleaned i t  is now pressed and 
t r e a t e d  i n  earthenware j a r s  with d i l u t e  su lphur ic  a c i d  t o  remove z i n c  and i ron.  

48 Zachmrt. V. J.. ?rocear for Recovmrin& t l ~ t l n u :  Mia. And S s i .  ?rmsr, r o l .  117, Oct.  12. 1910, PP. 48-90. 
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After  t h i s  t-as been accorpl ished.  i t  is r e t o r t e d  i n  small  po,t r e t o r t s .  The re- 
t o r t  sponge, a f t e r  being sub jec ted  t o  f u r t h e r  panning, s o r t i n g ,  and a c i d  t r e a t -  . 
ment, is wast.ed and d r i e d ,  g iv ing  a  product assaying about 70 percent  of p la t inue-  
group metals,  which 1s shipped. 

Tt,e recovery by amalgamation is about 98 percent  and t h e  a l l - a v e r  recovery 
of  t t e  p l a n t  ranges from 82 t o  85.56 percent .  

Tke United S t a t e s  Mint does not now buy platinum o r  pay f o r  t h e  p l a t i n u e  Content of 
go13 s t ipments ,  altt-ough i t  d i d  about  t t e  t i a e  of  t h e  World War. Tha fol lowing buyers of 
crude platinum reported purchases  i n  1930:s0 

Aaerican Platinum Rorks, 225 New J e r s e y  Railroad Avenue, Newark. N . J .  
Baker 6 Co., I n c . ,  54 Austin S t r e e t ,  Newark, N.J. 
J .  Bis top  & Co. Platinum Works, Malvern, Pa. 
Signund Cotn, 44 Cold S t r e e t ,  Naw York, N.Y. 
Tt.onas J .  Dee 6 Co., 1010 U a l l e r s  Building, Chicago. I l l .  
Kastenluber 6 Lehrfeld,  24 John S t r e e t .  New York, N . Y .  
F a c i f i c  Platinum Works, I n c . ,  814 South Spring S t r e e t ,  Los Angeles, C a l i f .  
Schwi t te r ,  Clover  & Starkweather .  I n c . ,  312 Passa ic  Avenue. Newark, N . J .  
Wildberg Bros. Smelt ing 6 Refining Co., 742 Market S t r e e t ,  Sur Francisco,  C a l i f .  

Lots ranging from l e s s  t t a n  an ounce t o  hundreds of ounces o r d i n a r i l y  a r e  marketable  but 
preferably not l e s s  t t a n  2 ounces. Set t lement  is based on assay,  e i t h e r  by t h e  buyer o r ,  
fo r  l a r e e  l o t s ,  by both p a r t i e s .  The p r i c e  paid i n  1930 f o r  domestic crude platinum ranged 
fron $50 t o  $40 p e r  t r o y  ounce"; t h e  average quota t ion  f o r  the  ref ined metal was .$45. . 

MELTING COLD 

Tte spongy n a s s  of  gold l e f t  a f t e r  r e t o r t i n g  can be s o l d  t o  t h e  mint o r  o t h e r  agencies  
j u s t  a s  i t  comes f ron  t t e  r e t o r t ,  but  genera l ly  i t  is melted and poured i n t o  molds t o  Cora 
bars  o r  i n g o t s  f o r  marketing. 

The melt ing e e n e r a l l y  is  done i n  g raphi te  c r u c i b l e s  ( f i g .  15,E) placed i n  a  s p e c i a l  
furnace. In  smal l  opera t ions  tke  c r u c i b l e  it. usua l ly  heated i n  a  blacksmith forge i n  which 
coke is used f o r  f u e l .  T te  g r a p h i t e  c r u c i b l e  must be d r i e d  thoroughly before i t  is used by 
being warmed gradua l ly  f o r  s e v e r a l  hours .  

S r a l l  q u a n t i t i e s  of  gold f requent ly  a r e  melted without f luxes  i n  makeshift dav ices  such 
a s  dented f r y i n g  pans; i n  most i n s t a n c e s .  towever, sons f lux  is d e s i r a b l e .  I f  the  gold is 
f a i r l y  pure, t t a t  is,  has  a  b r i g h t  yellow co lor ,  i t  may be melted with only a  small  q u a n t i t y  
of borax g l a s s  f o r  f l u x .  I f ,  borever ,  i t  contains  impur i t i es  and is grey o r  black i n  c o l o r ,  
the melt requ i res  l a r g e r  ~ u a n t i t i e s  of  f l u x  t o  take up these impur i t i es .  Sometimes. n i t e r .  
sodiun carbonate,  o r  s i l i c a  1s used t o  reoove s p e c i f i c  impur i t i es .  Tha f lux  is melted f i r s t ,  
tt.en tke gold is placed i n  t h e  c r u c i b l e  and l ikewise melted. Enough f lux  1s used t o  forn a 
covering about one t -alf  inch  deep over  t t e  nol ten metal .  

In  large-scale  opera t ions  t h e  melted gold is poured from the  c r u c i b l e  i n t o  cast- i ron 
molds t o i d i n g  50 t o  1,CCO ounces. (See f i g .  15.E.)  A mold should be l a r g e r  a t  the  top  t t a n  
a t  the bot ton s o  t k a t  t h e  b u l l i o n  w i l l  drop out read i ly  when i t  is i n v e r t e d .  A nold 3 

50 3 r r t r .  H. W . .  Platinum bnd All&bd Ybtr la  i n  1930: Yln. RDS. O f  the U.S.. 1930, p t .  1, 1931. p. 105. 
Sl Davl,, H.  I., v o r r  ci trd,  p.  10s. 



inckes  by 12 inches a t  the top,  1 inch narrower and s h o r t e r  a t  t h e  bottom, and 3 inches deep 
ho lds  about 1,000 ouncas. The common p r a c t i c e  is t o  woke  t h e  mold over  an o i l  flame, then' 
t o  h e a t  i t  before  pouring the  gold.  Another p r a c t i c e  is t o  coat  the  mold with g raphi te  o r  
o i l  o r  t o  pour a q u a r t e r  inch of  vegetable  o i l  i n  the  mold an3 hea t  i t  t o  b o i l i a g ,  then t o  
pour  t h e  gold i n t o  t h e  o i l .  

When t t e  gold has j u s t  s e t  i n  t h e  mold and before t h e  e l a t  has hardbned, the contents  
o f  t h e  mold a r e  t ipped i n t o  water .  'his granula tes  most of t h e  s l a g ,  and m y  p a r t i c l e s  still 
adhering t o  t h e  gold usual ly Can be brushed o f f .  Tight ly adhering s l a g  can be lootened by 
w8shing t h e  gold with n i t r i c  a c i d .  

The b a r  o f  b u l l i o n  may be stamped with i d e n t i f y i n g  u r k s  o r  names, o r  these may be c a s t  
i n  reverse  i n  t h e  bottom of t h e  mold. The bar  is then ready f o r  u r k e t .  

SAMPLING AND WEIGHING GOLD 

There a r e  s e v e r a l  methods of s m l i n g  gold bu l l ion .  The most accura te  one Is t o  d i p  a 
r a r p l e  from t h e  melted b u l l i o n  before  c a s t i n g  i t .  A g raphi te  rod s u i t a b l y  shaped a t  one end 
t o  d i p  up the  d e s i r e d  mount  o f  go ld ,  usua l ly  1 t o  5 grams, is heated redhot ,  s t i r r e d  about 
i n  t t e  melt ,  and l i f t e d  out with t h e  sample. sample is then poured i n t o  an o i l e d  mold o r  
i r t o  a st.al1ow bath of  heated o i l .  T h i s  metkcd has been used by a few mining companies and 
is s a i d  t o  e l imina te  s l i g h t  i n a c c u r a c i e s  t o  wtich o t h e r  methods a r e  s u b j e c t .  It is i q r a c -  
t l c a b l e  f o r  smal l  amounts of  gold and is inconvenient i n  t h a t  the  sample is not obtained i n  
a form convenient f o r  assay;  except  f o r  b u l l i o n  containing l a r g e  q u a n t i t i e s  of base metals,  
s i a p l e r  methods general ly  a r e  S u f M c i e n t l y  accura te .  

Other  methods depend on t a k i n g  samples from the  s o l i d  c a s t  b a r  of buUion .  Chips can 
be  c u t  with a co ld  c h i s e l  from t h e  s u r f a c e  o f  t h e  bar ,  a t  one o r  more p laces ,  hammered th in ,  
and trimned t o  t h e  des i red  weight f o r  assay.  o r  holes  can be d r i l l e d  and the  d r i l l  cu t t ings  
used f o r  samples. The l a t t e r  mettod is  used most. Holes an e i a t h  inch o r  l e s s  i n  diameter 
a r e  d r i l l e d  a q u a r t e r  t o  a h a l f  inch i n t o  t h e  b a r ,  usua l ly  one on top  and one on the  bottom 
o f  t h e  bar ,  on t h e  cen te r  l i n e  rr s h o r t  d i s t a n c e  f r o 3  t h e  oppos i te  ends. Two diagonal ly op- 
p o s i t e  c o r n e r s ,  one on top and one on t h e  bottom, a r e  sometimer p re fe r red .  although the 
d i f f e r e n c e  probably is n e g l i g i b l e .  I t  has  been found t h a t  i n  b u l l i o n  containing base metalr 
t t e r e  is a s t r o n g  tendency f o r  t h e  base  elements t o  segrega te  a t  t h e  b o t t o s  of t h e  b a r  and 
f o r  t t e  top  s u r f a c e  t o  be above t h e  average f ineness .  Spec ia l  methods of sampling then must 
be  used.  However, f o r  most placer-mine b u l l i o n  a sample o f  t h e  d e s i r e d  weight,  obtained i n  
almost  any convenient fashion,  w i l l  be  s u f f i c i e n t l y  accura te .  D r i l l  sampler taken a s  de- 
s c r i b e d  above usua l ly  check t h e  mint o r  smel te r  re tu rn  wi th in  5 p a r t s  per  thousand. 

I t e n  gold is t o  be shipped t o  t h e  mint. assaying t h e  b u l l i o n  is a needless  expense a s  
t h e r e  is no recourse  from t h e  mint assay  r e t u r n s .  

.Ana ly t ica l  balances s u i t a b l e  f o r  weighing small  amounts of gold a t h  g r e a t  accuracy cost  
from $150 t o  $300, and balances t h a t  w i l l  weigh l a r g e  amounts of gold,  rush a s  the  gold ba t s  
sk ipped  t o  t h e  mint by mining companies, with s u f f i c i e n t  accuracy s o  t h a t  t h e i r  Value can be 
c a l c o l a t e d  t o  t h e  neares t  c a n t ,  a r e  very c o s t l y .  Balances capable o f  weighing a few ounces 
of  gold t o  t h e  neares t  cent  c a n  be purchased f o r  $20 t o  $30, and convenient pocket scalbs ,  
e l t t e r  of t h e  hand-balance type (See f i g .  16,$) o r  arranged t o  be s e t  up on t h e  Cover Of 
t k e i r  cases  a s  mounted balances ( sap  f i g .  1 6 , a )  and capable of weighing 3 o r  4 ounces t o  the 



ceares t  cen t ,  a r e  sold, by most chemical-supply houses a t  p r i c e s  ranging from $2.50 to  $15. 
;~: ludlng weights. l i t h  l i t t l e  o r  no expenditure a s e t  Of hand balsnces c m  be made, a i a i l a r  
:o t t e  maaufactured s a t  shorn i n  f i g u r e  16.h. m i c h  w i l l  weigh 1 o r  2 ounces of  gold t o  with- 
l n  a g ra in  o r  the neares t  5 c m t s .  The balance be- may be O f  wood, 6 o r  8 inches long, 
suspended by 8 pin. needle, o r  ben t  wi re  hook through a hole i n  t h e  exact  middle of the  born. 
Tte pans can ba made of t i n ,  c u t  1 1/2 t o  2 inches i n  diameter and humored dish-shaped, o r  
o r  t t e  l i d s  of small t i n  cans, each su¶panded by t h r e e  threads from t h e  ends o r  the  bero by 
means of bent wire hooks. No p o i n t e r  is  necessary,  u the  beam can be l e m l e d  closely 
enough by eye. It is not  necessary t h a t  a11 p a r t s  be of exact  weight, u the  b a l w c e  b e u  
o r  the  pans can be trimmed t o  make t h e  assembly balance.  For evan approxiaate  accurrcy, h o r  
ever ,  i t  is necessary t h a t  t h e  pans be suspended from poin t s  on the  born t h e  s ~ e  d i s tance  
from the  c e n t e r  bearing,  and f o r  s t a b i l i t y  t h e  end bearings nus t  be s l i g h t l y  lower than the 
c e n t e r  one. The n i c e r  t h e  Construct ion and t h e  nore nearly f r i c t i o n l e s s  the  method of sus- 
pezsion, the g r e a t e r  the  accuracy;  bu t  even with very l i t t l e  a t t e n t i o n  t o  these p o i n t s  r 
s e n s i t i v i t y  of l e s s  tt.an a g r a i n  is obta inab le  when weighing a s  much a s  2 ounces. Weights 
can be purctased i n  convenient s e t s  f o r  50 c e n t s  o r  more o r  can be made o r  improvised from 
b i t s  of  wire o r  s k e e t  metal c u t  t o  match any a v a i l a b l e  s tandards.  Coins may be used f o r  
weights i n  rough work. Table 14 g i v e s  t h e  weight of  United S t a t e s  co ins  i n  met r ic  and t roy  
u n i t s  and the value of equal  weights  of gold of  4 degrees of f ineness .  The approximate 
r e l g h t s  of  coins worn s o  a s  t o  be n e a r i y  smooth a r e  included t o  show what allowancrs must be 
rade aben using co ins  f o r  weights .  

Table 15 shows the  r e l a t i o n s  of  met r ic  and t r o y  u n i t s  of weight and the  value of golo 
per u n i t  i a  4 degrees of  f ineness .  
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S:ates corns. eas 900 f i n e ,  therefore tho p l e c e  contalnrd 464.40 gralas of gold and 51.6 grabor of  copper. Horce. 1 
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TABLE 15.- -ion t a b l e  of  met r ic  dpa t roy w-t valykl  of gold 

I12 ounces t r o y  = 1 pound t r o y  = 0.823 pound avoirdupois;  
16 ounces avoirdupois  = 1 pound avoirdupois  = 7,000 g r a i n s .  

YARlCETINC PLACER COLD 

Five c l a s s e s  of buyers  u s u a l l y  a r e  a v a i l a b l e  t o  t h e  miner m o  wishes t o  s e l l  gold d u s t ,  re- 
t o r t  sponge, o r  b u l l i o n  b a r :  (1) Ind iv idua l  gold buyers; . ( 2 )  l o c a l  s t o r e s ;  ( 3 )  l o c a l  banks; ( 4 1  

smeltrng companies; and (5) United S t a t e s  mints and assay  o f f i c e s .  I f  the miner bas base b u l l i c n  
o r  concentrates  t t e  s m e l t e r  o r  custom mills a r e  usua l ly  h i s  only market. 

Local s t o r e s  a r e  t h e  p r i n c i p a l  buyers  of  small amounts of  gold,  ranging i n  value f r c a  a  Ter 
c e n t s  t o  $50 o r  more. The merctant ,  rho is of ten  the  c h i e f  r e t a i l e r  of suppl ies  to  the a i z e r s .  
f inds  i t  brings him t r a d e  t o  a c t  a s  a  commission buyer o f  gold.  making i t  poss ib le  f o r  t t e  pros- 
pec tor  and miner t o  conver t  t h e i r  winnings promptly i n t o  c a s h .  I f  h i s  commission is  f a i r .  t ? iS  
is  s a t i s f a c t o r y ,  a s  i t . s a v e s  t h e  a i n e r  much d i s t a s t e f u l  annoyance i n  preparing h i s  gold f o r  S'Cip- 
ment, f i l l i n g  out v a r i o u s  r e g i s t r a t i o n  and report  forms, and rnen walt ing severa l  days $0: t i r  
uteck.  I t  l ikewise makes p o s s i b l e  t h e  s a l e  of l e s s  than 2 ounces of f ine  gold a t  a  t i a e .  v n i x  
is the  l e a s t  amount o f  r e t o r t  sponge, gold d u s t ,  o r  nuggets  t h e  mint w i l l  accep t .  The discocnr  
o f  t t e  merchant ranges from $1 t o  $2 p e r  f i n e  ounce. R.e miner must remember t h a t  no p l a c e r  golc 
is pure and t t a t  t h e  merchant has  on ly  h i s  judgment t o  t e l l  him how much the  a i n t  w i l l  Fay f a r  
h i s  gold. Not a11 gold I r o n  8 d i s t r i c t  assays  the same degree of f ineness ,  and the mercnatt is  
not  t o  be blamed f o r  s t a y i n g  on t h e  s a f e  s i d e .  

I n  most mining d i s t r i c t s  t h e r e  a r e  a s s a y e r s ,  company o f f i c i a l s .  jewelers .  metal brokers ,  o r  
o t k e r  LnCividuals who f o r  p r o f i t  o r  f o r  t h e  convenience o f  employees, l e s s e e s ,  o r  c u s t o s e r s  sake 
a p r a c t i c e  of  buying gold i n  s n a l l  l o t s  from prospec tors  and miners and paying cash f o r  t h e  vaiue 
of  t h e  estimated weight o f  f i n e  gold,  l e s s  c e r t e i n  charges .  Likewise banks i n  many d i s t r i c t s  re -  
ce ive  gold, e i t h e r  purchas ing  i t  o u t r i g b t  on the  b a s i s  of  t h e i r  own o r  commercial a s s a y s r s '  
ana lyses ,  o r  merely a c t i n g  a s  shippirig a g e n t s . , r e c e i v i n g  t k e  gold,  shipping i t  t o  tne mint ,  aac 

paying t h e  miner upon r e c e i p t  of  mint r e t u r n s .  In  the  l a t t e r  case  a commlssron c f  about 1 percent  
u s u a l l y  is charged, f o r  which the  bank assumes a l l  r i s k  and t rouble  otherwise taken by t h  2izc: 
h i a s e l f .  

A few Smelters o r  r e f i n e r i e s  buy gold o r  s i l v e r  n e t a l s ;  the o e l t i n g  and r e f i n k g  c;:arger 
probably w i l l  c l o s e l y  approximate those of  the  mint. Yost s m e l t e r  o r  refineries handling pr?c:;::s 
metal o res  buy gold-bearing concent ra te .  Smelting charges on such materral  a r e  variab!*. a-a 2: .  

inqu i ry ,  accompanied by a  c l o s e  descr ip t ron  or  a  sample of  the  mater ial  offered f o r  s a l e .  z : . : ~ : :  

be aade i n  advance. 
Cold can be shipped by express  o r  by mail .  I f  by e x p r e s s ,  the parcel  can be 1tsurs.z ~1::: -...; 

express  coapany far its f u l l  e s t i z a t o d  value United S t a t e s  = a i l  sh ipaen ts  - sca l lg  s r s  :?-; 

reg i s te rad  Ci rs t -c lass  n a i l  and should be insured .  T te  o a r 1  r e z i s t r y  sys ten  provi=en - 2 s - r - r -  
i n  graduated asounts from $5 t o  S i , O C O  a t  a  cos t  of 15 c e n t s  t o  $1, inc::ciaz *.cs :eg:s:rz::r:. 
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but excluding postage.  I f  r e g u l a r  mail sh ipnents  of  cons iderab le  value a r e  belag made, i t  \, 
1s p o s s i b l e  t o  secure COmBerCial insurance f o r  them. However. f o r  amounts g r e a t e r  than a ' 

few ounces t t e  f i r s t - c l a s s  p o s t a p  r a t e  o f  3 c e n t s  p e r  ounee becomes SO c o s t l y  t h a t  express  \ 
sb ipnents  a r e  advisable .  A l l  shipments mst be prepaid.  

The b e i t  cOntain*t f o r  sh ipp ing  gold.  e i t h e r  by mail o r  e x p r e ~ s ,  is a lead-sealed canvas 
sack, s e c u r e l y  tagged w i t h  t h e  addresses  of  t h e  sender  and addressee. Cold b a r s  may be 

\, 
\ wrappod secure ly  i n  canvas and packed i n  wooden boxes. , 

When a shipment of gold is s e n t  t o  t h e  United S t a t e s  Mint a l e t t e r  should be s e n t  sepa- 
\ 

r a t e l y  con ta in ing  the  prescr ibed a f f i d a v i t s .  Form T G l 9 .  f o r  a person shipping gold t h a t  he 
t a r  mined h i a s e l f .  and form -21, f o r  gold buyers, can be obtained by wr i t ing  t o  a United 
S t a t e s  mint o r  assay o f f i c e .  Form T 6 1 9  need not  be sworn t o  i f  the  u o u n t  o f  gold is 5 
ounces o r  l e s a .  Since January 1934 t h e  mints  have pa id  $35 p e r  t roy  ounce of  f i n e  gold,  l e s s  
one f o u r t h  of  1 percent ,  a s  compared with t h e  former p r i c e  o f  $20.67+ p e r  ounce. 

T t e  mint c t a r p s  $b f o r  mel t ing  any d e p o s i t  of  1 ,000 ounces o r  l e s s  and 10 c e n t s  addi- 
t i o n a l  f o r  each 100 ouncas over t h i s  amount. An e x t r a  charge o f  $1 o r  more is nade f o r  melt- 
ing  gold d u s t  o r  gold containing nonmeta l l i cs  i f  the  l o s s  of  weight i n  melting is more than 
25 percen t .  

Xf t h e  gold is  992 f ine ,  o r  f i n e r .  no charge is made f o r  p a r t i n g  and re f in ing .  I f  l e s s  
f ine ,  o r  i f  more t t a n  50 p a r t s  base meta l s  a r e  p resen t  p e r  1.000, charges of 1 cent  t o  5 I 
c e n t s  o r  more p e r  ounce d r e  imposed f o r  p a r t i n g  and r e f i n i n g .  Bullion l e s s  than 200 f i n e  is I 

not  accepted. 
Current market p r i c e s  a r e  pa id  f o r  t h e  f u l l  s i l v e r  e o n t e n t ;  however, i f  the  necessary 

forms a r e  submitted f o r  s i l v e r  q u a l i f i e d  under Executive Proclanat ion of  December 21. 1933 
t t e  d e p o s i t o r  w i l l  receive the  number o f  s i l v e r  d o l l a r s  t h a t  can be coined from one ha l f  of 
t t e  f i n e  s i l v e r  content .  No o t h e r  c o n s t i t u e n t  i n  t h e  b u l l i o n  is  paid f o r .  

LAUS RECUUTINC ORE BUYERS 

C a l i f o r n i a  and Colorado laws r e q u i r e  o r e  buyers t o  take out l i c e n s e s .  The C a l i f o r n i a  
Ore Buyer 's  License Act, passed i n  1925, inc ludes  a s  buyers  a l l  persons sampling, t r e a t i n g ,  
o r  buying gold dus t ,  gold o r  s i l v e r  b u l l i o n .  gold o r  s i l v e r  specimms o r  o res ,  o r  concentrates  
of t t e s e  meta l s  and gives the S t a t e  minera log is t  t h e  d u t y  of  l i c e n s i n g  such persons. The 
l i c e n s e  fee  is s e t  a t  $15 per  y e a r  i f  t h e  gold and s i l v e r  t r e a t e d  o r  purchased i n  a year  ex- 
card $1,000 i n  value o r  a t  $2 i f  l e s s .  The l i c e w e e  is requi red  t o  keep on record t h e  rimes 

! of t h e  s e l l e r s ,  t h e  amount and d e s c r i p t i o n  o f  each l o t  purchased, the s t a t e d  source of each 
i 
, l o t ,  and o t t e r  d a t a  and t o  repor t  a l l  purchases monthly t o  t h e  S t a t e  mineralogist .  Provision 

is made f o r  t t e  issuance of l i c e n s e s ,  recovery  o f  s t o l e n  meta l s ,  and p e n a l t i e s  f o r  v i o l a t i o n  
of t h e  a c t .  The l a t t e r  a r e  severe .  No regula t ion ,  of  course ,  is  placed upon t h e  gold buyer 
a s  t o  terms of  purctase,  nor is t h i s  a m a t t e r  o f  record under the a c t ;  however, one e f f e c t  
of t t e  s c t ,  wtich pr imar i ly  is intended t o  prevent  t h e  ready s a l e  of s t o l e n  gold o r  s i l v e r ,  
doubt less  i s  t o  improve t t e  ckances o f  t h e  small producer g e t t i n g  f a i r  treatment from o r e  1 

. f . , 
buyers by d r i v i n g  dishonest d e a l e r s  o u t  o f  business .  

The Colorado law regula t ing  t h e  purchase o f  o r e s  is s i n i l a r  t o  the Ca l i fo rn ia  law. 
Nevada and New Mexico provide t t a t  persons  buying o r e s  must keep a'record of purchases which 
s t a l l  be a v a i l a b l e  t o  any one l e g i t i n a t e l y  i n t e r e s t e d  i n  t r a c i n g  s t o l e n  ores  but do not re- 
qu i re  t t e  l i c e n s i n g  of ore  buyers. O t t e r  Restern S t a t e s  have laws dea l ing  w i t h  o re  s t e a l i n g  
and with " s a l t i n g "  o r  ot t .emise f a l s i f y i n g  t h e  value o f  mines, but none make such s p e c i f i c  
Provision as do Cal i fo rn ia  and Colorado f o r  t h e  regu la t ion  of  o r e  and metal buyers. 

- 
52 R~cx8:ts. A. H.. A ~ r l s a a  Unlng L..: B u l l .  98. C a l i f .  Bur. of Ylnrr, 1931. pp. 640-646. 






	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

