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INTRODUCTION 

This paper is the th i rd  of a s e r i e s  of  three  on placer  mining i n  the western United 
S t a t e s .  The f i r s t  paper4 discusses the  h i s t o r y  of placer  mining i n  tho Western S t a t e s  and 
the production of placer  gold, geology of p lacer  deposi ts ,  location of placer c l a i m  on p u b  
l i e  lands,  sampling and estimation of gold plaoers ,  and c lars i f ioa t ion  of plaoer-.ininc 
methods, together with hand-shoveling and ground-sluicing. 

The second paper6 deals w i t h  hydraulicking, s lu i ce  boxes and r i f f l e s ,  recovery of gold 
and platinum from placer concentrates, treatment of amalgam, and marketing of plaoer  gold. 
The disoussion of a lu ice  boxes and subsequent aubjects  i n  tho reoond paper appl ies  t o  a l l  
forms of plaoer mining. 

The present paper t r e a t s  of dredging and o ther  forms of mechanical handling of plaoer  
gravels ,  and d r i f t  mining. - 

The authors wish to  acknowledge t h e i r  indebtedness t o  the operators of p lacers  i n  the 
Western S t a t e s  who generously supplied information without whioh th i8  paper could not  hate 
been wr i t ten .  

Descriptions of placer operations i n  Nevada were supplied by Alfred Y.  S8ith of the 
Nevacia S t a t e  Bureau of Mines and Wm. 0 .  Vanderburg of the United Sta tes  Bureau of Mines, both 
of Reno, Nev., Francis C.  Lincoln of the South Dakota School of Mines a t  Rapid City, S. Dak., 
supplied the description of placer  operations i n  South Dakbta. 

The account of the dredging operations of  the  Fairbanks Exploration Co. a t  Fairbaaks, 
Alaska, was prepared by C .  G. Rice, vice pres ident  of the United Sta tes  Smelting, Refining, & 
Mining Co., Boston, Mass. 

Available l i t e r a t u r e  upon placer  mining, engineering, and a l l i e d  subjects ha8 been oon- 
su l t ed ;  tha .authors have endeavored to  make s u i t a b l e  reference throughout the t ex t .  

* 
4 rnrbnor, E. D . .  .od J o b o n .  C. H.. Plaoor Untng in  tho Iastarn Unitad State.: Psrt I .  - Olnaral Inforution. Haad- 

Shoraling, snd EroPnbSloicing: Int.  Circ. 6Ta6. Buram o t  Mine., 1934. 75 pp. 

5 ardaor.  C. D . .  and Jobnaon, C. H., Plwot  W n g  in  tha Wootorn United St.tor: Part II. - Wdt..LiokLn~. T n a t n n t  

or p l w r r  Conornttstar rod Y.rhting of Gold: 1 s t .  Ciro. 6787, Burom of Yinrr. 1934, 88 pp. 



EXCAVARNG BY TLSAYS OR POWER EQUIPMENT 

Nu8erous gold-bearing deposits ocOur throughout the  western placer  d i s t r i c t s  that oannot 
b. mined by the usual methods. Often there  is in su f f i c i en t  water fo r  hydraulicking o r  ground 
s lu i c ing ,  o r  t he  deposi ts  a re  too small t o  j u s t i f y  the  bui lding of di tches or  pipe l i n e s .  
Such depos i t s  may not be amenable to  dredging owing t o  lack of water o r  small s i ze ;  a l so ,  the  
depth o r  charac te r  of the gravel or  the topography and condition of the bedrock nay make 
dredging i rpraot ioable .  A l a rge  number of operation8 were begun i o  1931 and 1932 i n  which 
mechanical equipment waa used a s  the pr inc ipa l  means of excavating the gravel pr ior  t o  wash- 
i n g  This a c t i v i t y  was due t o  two pr inc ipa l  causes: (1) The increased general i n t e r e s t  i n  
p l ace r  mining and (2) the des i re  of excavating cont rac tors  and sand and gravrl operators t o  
use otherwise i d l e  equipment and to  keep organizations together .  A th i rd  b ~ i  l e s s  important 
cause was t h e  endeavors of inventors and manufacturers of " t r ick"  gold-saving machines t o  
f i n d  p l a c e r s  i n  which t o  i n s t a l l  and t e s t  t h e i r  equipment. 

Although the ear ly  placer  miners were as adept a s  the  present generation ?ad power 
shovels ,  sc rapers ,  and other  mechanical excavators have been t r i e d  fo r  placer  mining a t  many 
p l a c s s  dur ing  the last 40 years ,  the modern operator has a t  h i s  command great ly super ior  
excavat ing u n i t s  and more e f f i c i en t  pumps and other  mechanical equipment. Most of the present  
meohanical i n s t a l l a t i o n s ,  however, have been b u i l t  as cheaply a s  possible ,  using second-hand 
o r  homemade' equipment. Often the equipment used was not the best  for  the purpose but  was 
employed.because it w a s  handy o r  cheap. For example, old automobile engines were used la rge ly  
as power p l a n t s .  A t  many mines mucb, b e t t e r  fue l  economy could have been obtained With a 
d i f f e r e n t  type of engine of a horsepower more nearly corresponding. t o  the work to '  be done. 

I n  opencut copper and i ron  l i n ing ,  as wll a s  i n  l a rge  c o a l i t r i p p i n g  and quarrying 
opera t ions ,  i t  is an axiom t h a t  a l l  operations should be planned t o  s e n e  the digging u n i t s  
and keep them working s t ead i ly  and a t  f u l l  capacity. It is equally t rue  An mechanical p l ace r  
mining t h a t  both the excavator and washing p l an t  must operate a t  capacity if the mine is t o  
be worked a t  a p r o f i t .  In  the present s tage  of development of t h i s  form of placer  mining 
t h e  p l a n t s  seldom work s t ead i ly  a t  capacity. Standard power shovels or  other f o r w  of  ex- 
oava tors  aan be obtained fo r  digging the gravel.  Standard set-ups, however, for  washing 
th . rgrave1  and saving the gold have not been developed i n  t h i s  type of placer  mining; nearly 
every p l a n t  has been b u i l t  i n  accordance with a new design. Standard troomels of proved de- 
s i g n  a r e  used f o r  screenjnq and washing gravels  i n  the sand-and-gravel industry and on 
dredges; such equipment, however, seldom is purchased f o r  the type of mining under discussion.  
Delays due t o  breakdowns anc remodeling a r e  t o  be expected with newly designed o r  homemade 
equipment; t h i s  has been a oontributing cause of f a i l u r e  a t  nearly a l l  of the unsucoessful 
p l a c e r  opera t ions  where mechanical excavating and washing equipment have been used. It is 
probable t h a t  eventually washing equipment l i k e  t ha t  f o r  dredging rill be perfected s o  t h a t  
i t  can be operated s t ead i ly  without breaking dom.  

Nearly a l l  the  excursions of excavating cont rac tors  and sand-and-gravel den in to  p l ace r  
mining have proved unsuccessful. They f a i l ed  pr inc ipa l ly  because the gravel.did not oontain 
the- expected amount of gold and because they did na t  consider the  necessi ty of handling t a i l -  
i ngs .  Sometimes, both of the foregoing reasons applied. I n  nearly a l l  unsuocessful p l a n t s  
some innovat ion was t r i e d .  

During June and July 1932 the authors v i s i t e d  about 40 proper t ies  i n  the Western S t a t e s  
a t  which teams o r  mechanical excavators were used. I n  addit ion,  data  were obtained by oor- 
reapondence on 1 plant  i n  Montana, 5 i n  North Dakota, and 3 i n  Nevada. Operations had pro- 



grossed f a r  enough so tha t  approximate operat ing cos t s  could be oalculated a t  only 18 minor. 
These cos t s  and other  data on the  mines a r e  givon i n  tables  1 t o  5, inclusive.  The other  
p l an t s  under consideration were bring b u i l t ,  had not been run long enough, were run i n  suoh 
a manner t h a t  r e l i ab l e  cost f igures  could not  be obtained, or  had been shut  dom before 
enough da t a  were available to  oalculato cos t s .  With 4 o r  5 possible exoeptions, the  gold 
recovered ras not su f f i c i en t - t o  meet the operat ing expenses i f  the workmen had been paid the 
p reva i l i ng  wage i n  the d i s t r i o t ;  a t  thm W o r i t y  of minw the labor van potfornod by .on 
in te reb ted  i n  the eaterpri8e. 

Tbis method of mining ban. f o r  oonrenienoe, born divided in to  throe o l r sses ,  aooording 
t o  the  method of excavating the gravel: (1) By tea88 o r  t rac tors ,  (2)  by drag scrapem pub 
l e d  by ho i s t s ,  and (3)  by power ahovels o r  drag l ines .  Teama and t r ao tom a r e  bes t  adapted 
t o  r e l a t i v e l y  small-scale operations when  the  gravel  is shallow and f l ex ib l e  operat ion i r  
des i red .  Moreover, tho f i r s t  w8t of tha eqdpment i a  r r l a t i v r l j  low. Tho 8aln disadvantage 
is tlre high labor cost por oubic yard handled. Lower operating oosts may he a t t a ined  by 
USiitg scrapers  and hoists ,  but there  is l e s s  opportunity for  se lec t ive  mining. Under some 
oonditions the scrapers 8ay have advantages over power shovels or  dragl ines fo r  mining do- 
p o s i t s  within 400 or  500 fee t  of a s t a t i ona ry  washing p lan t  o r  where the shovel o r  drag l ine  
oould not discharge d i rec t ly  i n t o  the p l an t .  Scrapers  on headlines have an advantage i n  
t h a t  the mater ia l  can be elevated t o  any des i red  height; moreover, they can be usod f o r  
t ranspor t ing  gravel over r ivers  o r  other  obs tac les  where other  means of t ransportat ion would 
not  be pract icable.  

Power shovels o r  draglines a r e  adaptable t o  a wide range of conditions, bu* they have a 
high first cos t  and must be kept busy t o  be econonioal i n  w e .  

A l a rge  majority of the mines i n  t h i s  general  group tha t  were v i s i t ed  used power shovels 
o r  drag l i n e s .  Such minos a re  fur ther  subdivided i n t o  those ( I )  where s ta t ionary  washing and 
gold-saving p l an t s  a re  used, (2) where movable washing p lan ts  on land a r e  used, and (3 )  whom - 
f l o a t i n g  washing plants  a re  used. Operations of the  ldst c l a s s  a re  comparable t o  regular  
dredging operations except that  separate  excavators a r e  used. 

The grea t  advantage of a movable washing p l a n t  is the elimination of trucking chargee. 
Contract r a t e s  for  trucking gravel a t  t he  p rope r t i e s  v i s i t ed  i n  1932 where movable p l an t s  
were used ranged from 6 c a t s  per  yard f o r  a haul of a few hundred f ee t  t o  16 cents  f o r  a 
haul o r  one h a l l  mile. Often the movable p l an t  has the added advantage of easy disposal  of 
t a i l i n g s  on the cleaned bedrock. Against these advantages a r e  a number of disaavantagor, 
which a t  times may be unimportant but hare caused the  f a i l u r e  of m y  pro jec ts .  

Because the s i z e  and weight of movable washing p l an t s  must be held t o  a minimum most 
of them have been b u i l t  e i t he r  too cramped o r  too  weak s t ruc tu ra l l y  t o  function well.  ~ v e n  
i f  these f a u l t s  a r e  avoided the cos t  of designing and building such a p lan t  is muoh higher 
than t h a t  f o r  a s imi la r  permanent p lan t .  Yoreovar, a wider r a g e  i n  dosign is poss ib le  i n  
s t a t i ona ry  p lan ts .  

Another r e su l t  of the l imited space i n  a mobile p lan t  is l a ~ k  of s torage,  whioh means 
t h a t  the  read t o  the gold saver may be very i r r e g u l a r  even i f  an automatic feeder is used, 
as .the p l a n t  must shut down whenever the shovel s tops  o r  a move is neoessary. A t  a permanent 
p l a n t ,  on the contrary, storage s ~ f f i o i ~ n t  f o r  severa l  hours of operation may be provided 
i f  des i red .  Sluices that are too shor t  a r e  another r e su l t  of s t r i v i n g  fo r  oompactness in 
movable p l an t s .  The s luices,  moreover, o f ten  a r e  operated a t  a disadvantage beoause of the 
nuisance and delay i n  leveling the p lan t  properly a f t e r  each move. Most of the.above d is -  
advantages can be overcome, however, by bui lding a constantly lengthening l i n e  of s lu ioe  
boxes on t r e s t l e s  behind the p lan t  a s  i t  moves upgrade, o r  by providing powerlul jacks fo r  
l eve l ing  the p lan t .  Water connections t o  a movable washer must be f lex ib le ,  and they con- . 
s t i t u t e  a minor source of delay. 



Soott  and Cuc 

Robortm ............ 

Y M ~ o t b  Bar ..... 

Tollo* Nugget. 

Grant Rook 

Sorvloo 2/. 
Skull  Valley ... 

Forbaoh and 

Canton. 

Ymto ................. 

auglam County 

Nor. 

~ I B O ~ .  c a u r .  

Ionatobe. lamb 

rloooton, 

Dr. Columbia. 

uburn, Calif . .  

eroford, Orog 

r o t e w l l l e ,  

Idaho. 

reaoo. Calif . .  

yotlo. S. Dak 

Operator 

- 

P. U. Robbinm 

Soott  and Cul  

901nooy Brom. 

?. I. YoElroy. 

Si A ,  Wollm, 

e t  a l .  . 
L. U. Helno. 

e t  a1. 
]rant nook 

Sorvloo Co. 

Pkull Valloy 

Corporation. 

Forbaob and 

Eraton. 

Yloeral loam- 

trig Co. 

b a g  Y i n ~ n g  

Co. 

_(I 
I 

Phyrloal 

o w d l  t lon - 
Lamy dlggin 

do. ...... 

Loom.. ........... 

Saay dlggla 

Yedlum .......... 

mmy dlgglo 

Tight ............ 

Irdlum .......... 

&.BY d lgg ln~  

Yodlum 

do ....... 

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

Very tight..  

r ight  .......... 

Klod 

!lay ............. 

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

lono ............. 

lot reaohw 

do. ..... 

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

'lay.. ........... 

rani  t o  ........ 

oloanio a0 

l a y  .............. 

do ....... 

l a t e  ............ 

l ay  ............. 

do. ..... 

00ndl- 

t l o n  

- 
s o r t  ...... 

do. ... 

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

Hard ...... 

s o r t  ...... 

daay ...... 

sort .  

Oven. 

sort  ....... 

do. .... 

s o r t  ...... 

do. .... 

'.am and mllp 

f r w t o r  and 

mornper. 

I l lp and holm 

0rap.r and 

bolmt. . 
iorapor on 

Loadllno. ' 

omor mhovol.. 

ommi ohovol ... 

t rao tor  and morapor ... 

.............. Slip and boimt 

jorapor and holmt ........ 

do. ............ , ............. 

aoomotivo and dump 

)arm 

'ruoke. .......................... .... 

(lnd o r  ~ a m h i n ~  

md gold-oavln~ 

p lan t  

5oro.o and 

.lulo*. 

9haklng box an 

mluloe. 

Jr lzzly and 

mlulo.. 

do .............. 
do ........... 

luloe.  ................ 

r o u e 1  and 

mluioe. 

r o u o l  and 

wilr10y tab1.c 

rommol and 

Delmtor tablea 

baking mluioo. 

ovablo p lan t  

with t r o u o l  

and mluioo. 

do. .............. 

Wgmlnal 

d a l l y  

apaol ty. 

oublo 

e 1/2 

16 

20 

30 

80 

200 

160 

1.000 

S.Oo0 

90 

120 

w300 

100 

400 

2 Sand-and-gravol p l t ,  gold a byproduot. 

3 Reported. 





-- 

Robbins. ..................... 
S o o t t  and Case ........ 
Roberts  ...................... 
DeLaney. ..................... 
YoElroy. ..................... 
Yammoth Bar .............. 
Yellow Nugget .......... 
Heine .......................... 
Grant Rook Serv ioe  

S k u l l  Valley ............ 
Forbaoh and Easton 

....................... Yyst io  
Haag.. .......................... 

La Chol la  .................. 
Bemrose ..................... 
Grand H i l l s  .............. 
Kumle .......................... 
Sump'te r ..................... 

'Miles. 

Team and s l i p  ................... 
do ............................... 

...... Trao tor  and soraper .  
' S l i p  .................................. 
Soraper  from h o i s t  ......... 

......... Bucket on head l ine  
Power shovel  .................... .. 

............................. do.. 
Full-revolving d r a g l i n e  

Power shovel  ................. ..... 
do ............................... 

Full-revolving d r a g l i n e  
...................... Power shove l  

do. ............................. 
do ............................. 

Full  revolving d r a g l i n e  

h p a o i t y  01 

d ipper .  
~ u o k e t ,  o r  

s c r a p e r ,  
~ u b i o  yards 

-- 
1/7 

................... 
1/4 
l / 5  
1 /4 

1 

5/8 
1 1/4 

6 

3/8 
3/8 

1/3 
7/8 

2 1/2  

5/8 
1 1/4 

3/4 
1 

'pulled from drum on t ransmiss ion  o r  o l d  t ruok.  

1796 

Sxcatator 

.ength of  
boom on 

!hovel o r  
l rag l i n e ,  

feet 
0 
0 
0 
0 
0 
0 

I S  
................... 

100 

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

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

.................. 
18 

8 5  
................... 

- 

)lameter 01 

drums on 
h o i s t s ,  

inches  

-- - 

iorsepower 
o r  

engines  
Kind of ' 
power o r  Method 

f u e l  

....................... .......... Burros Team and s l i p  
............. ......... iora6s  One 1-ou. yd. t ruok  

...... ........... Gasoline Traotu-  and s c r a p e r  
do. ...... S l i p  s o r a p e r  .......................... 
do ....... Bottomless a r o  so raper  ...... 

...... ................................. do. Headline 
............ ...... do. Two 4 o u .  yd. t r u o k s  

do. ...... Three 4-ou. yd. t r u o k s  ........ 
Pleo t r io  ...... 20-ou.yd. dump o a r s  and 

steam looomotive. 
:asoline ...... Two 2-ou.yd. t r u c k s  ............ 

do ....... One 2 3/4-oU.yd. and one 
1 3/4-ou.yd. t ruok.  

do ....... Pruoks ........................................ 
do ....... hmped d i r e o t l y  i n t o  hop- 

p e r  of  washing p l a n t .  
do ....... do ................................... 
do ....... do .................................. 
do. ..... : do. ................................. 

ham, ooal  ................................... do 
...... :agoline do .......................... .. ..... 

- 
.ength 

0 f 
1au1, 

feet 
25 

'3 1/2 
300 

20 
50 

300 
2,000 

400 
2,000 

2,500 
2,600 

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

.......... 

.......... 

......... 

.......... 

.......... - 





r 

I - 

, 

I - 

. . . . .  . . . . . .  . . . . .  . . . . . . . .  . . . . . .  . . . . . .  . . . . . . .  . . . . : : . .  . . . . .  . . . . . . . . . .  . . . . . .  . . . . .  . . . . .  . . . . . . .  . . . . . . . . .  . . . . . . . . : d  : i  . . . . .  . . 

. . . . .  . . . . . . .  . . : :  i o  i o  . . . . .  . . . . . . .  . . . . . . .  . . . . . . . . .  . . . . .  . . . . .  i d j  . . . . .  . . . . .  a  . . . . .  a  . . 
4 : 0 :  : : d  i :  
31 . . d : :  : w :  i die(:: 

' a :  : 4 4 : '  
d e m  si 6 P : 4 d x  : L  
a  Y O  0 : 0 0  ' 0  e 4 &I. c o o a @ c ( m  4 ~ o w d c r  
a c r e  e  4 ~ a a r c a  cr I;D 0 ~ c - a  g o a  II 2 a r c r c e s ~ .  m d  f i e a m  
oc $ 2  g 8 0 Q L Y O  h e c I . s s  

31 = W = U M &  a g A m U Y M  





o j n o o o o o  : o m  ; W O ~ V O ~ ( Y Q Y ) O  
: n  lo . . .- 02 m r l d n ( Y d  





I.C.6788. 
TABLE 5.- Qperating oosts per oubio yard at placer nines where gravel is exoavated by teams or Bower equi~ment. 1932 
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Soott and Case ........ 
Roberts. ..................... 
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MoElroy ...................... 
Mammoth Bar .............. 
Yellow Nugget ........... 
Heine. .......................... 
Grant Rook Servioe 

............. Skull Valley 
Forbaoh and Easton. 
Mystio ....................... 
Haag ............................. 
La Cholla ................. 
Bemroae. ..................... 
Grand Hills ............. 

.......................... Kunle. 
Sumpter ....................... 

........ 
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'~urro feed. 
'~noluded rith exoavation. 

'~noluded rith washing. 
'General meohanio . 
6~orkman's compensation. 
'Grand total, $0.455, inoluding amortization. 
'~ontraot prioe. 
 ail^ .oost of eleotrio power $17.00. 
%rand total, $0.20. 
''~eported. 
' 'shovel rental inoluding operator and supplies, $55 per two 8-hour. shi f ts . 
' * N ~ W  water purchased. 
"Water trucked at ooat or, 0.1 oent per gallon at plant. 
141ndioated f ron oaloulations. 
161noludea workman's oompenaation, inauranoe, and misoellaneoua expense. 



Some physical c h a r a c t e r i s t i c s  of t he  depos i t ,  of ten not considered beforehand, may alone 
be enough to  cause f a i l u r e .  I n  very shallow ground moves w i l l  be so  frequent a s  t o  reduce 
both digging and washing t i n e  t o  a po in t  where p ro f i t ab l e  work m y  be impossible. I n  very 
deep ground, on the other  hand, tho s t aoke r  m y  not be long enough t o  dispore of the t a i l -  
ings .  I f  the deposit  is spot ty ,  r e l e c t i r o  mining may be neoeraary, whioh i r  not  praot ioable  
with most portable  p lan ts .  I f  t he  grad ien t  of bedrook i s - n o t  iavorable, provis ion mwt be 
made f o r  drainage of tho t a i l i n g s  r a t e r  r h ioh  o t h e n i s e  may flood the p i t  o r  a t . 1e r a t  eer i -  
ously damper operations. F ina l lg ,  r t e . p . o r  t o l l i n g  bedrook nay atop t he  advanoe o r  a h e a q  
p l an t .  On3 p lan t  weighing nearly 100 t ons ,  mounted on sk idr ,  t a8 .e reo ted  a t  a po in t  whore 
bedrock d i r e c t l y  ahead of i t  rose on a grade of about '15 percent under a decept ively smooth 
oover of gravel.  

A t  two propert ies  v i s i t e d  t he  wwhing p l a n t s  were f loa ted .  This arrangement el iminator  
most of the disadvantages of a movable p l a n t  but  introduces another m8pl ica t ion  a s  the gra- 
ve l  must be excavated under water.  

There is no apparent r e l a t i o n  between t he  8anner of excavating the gravel and the  kine\ 
of washing p lan t  used. The types of washing and d is in tegra t ing  devices and the kind of gold 
savers  se lec ted  should depend u$Un the quan t i t y  of water ava i lab le  and the  physical  charao- 
t e r i s t i c s  of the gravel and oontained gold.  

Owing t o  lack of water o r  tho cos t  of pumping the coarse matorial u m a l l y  is screened 
out  of the gravel before sending it through the gold saver.  Moreover, some a g i t a t i n g  o r  
spraying device usually is needed t o  f r e e  t he  gravel of c lay and thoroughly d i s in t eg ra t e  i t  
before ex t rac t ing  the gold. I n  some p l a n t s ,  however, only a g r i zz ly  is used ahead of a 
s l u i c e  box. 

The revolving screen o r  t r o rne l  developed i n  gold-dredging and sand-and-gravel p l an t r  
is an e f f i c i e n t  and economical device f o r  d i s i n t eg ra t i ng  and "ashing gravel .  I f  t he  gravel 
is p a r t l y  cemented and contains  much c l ay ,  longer  trommels a r e  required than i f  the  gravel  
is free-washing, and the f i r s t  few f e e t  of a trommel may be l e f t  blank; t h i s  permits f u l l  
advantage t o  be taken of the  d i s i n t eg ra t i ng  inf luence of the coarse mater ial  i n  a r e l a t i v e l y  
l a rge  quant i ty  of water. A s  an a l t e r n a t i v e  t o  t h i s  method a d i s i n t eg ra to r  may be used ahead 
of t he  trommel; concrete mixers have been used f o r  the purpose. A s i n g l e  trommel is prefer- 
ab l e  t o  one with concentric screens f o r  t r e a t i n g  clayey o r  cemented mater ial ;  where only one 
screen is used a be t t e r  opportunity is afforded f o r  the coarse mater ia l  t o  break up small 
lumps of cemented mater ial  than where t he  overs ize  is screened out i n  s tages .  

Ri f f led  s l u i c e  boxes genera l ly ,a re  used t o  save the gold. They a r e  simple t o  bui ld w d  
operate  and e f f i c i e n t  i f  properly used. Many for88 of r i f f l e s  a r e  employed. The design and 
operat ion of s l u i ce s  is discussed i n  a previous paper'. The oommon praot ioe of t r e a t i ng  a 
screened product permits economy i n  t he  use  of water and el iminates  wear on the r i f f l e s  i ron  
coarse mater ia l .  Shaking o r  rocking s l u i c e s  a r e  used a t  a few places.  This p r ac t i ce  appar- 
e n t l y  increases  the 'capacity of the  s l u i c e  p e r  u n i t  of water used and may prevent sand from 
packing i n  the r i f f l o s .  

Standard concentrating t a b l e s  were used a t  a few p l an t s  v i s i t e d  and appear t o  have 8x1 

advantage i n  t r ea t i ng  screened gravel  t h a t  conta ins  a la rge  proportion of black sand. I n  
J u l y  1932 a patented cen t r i fuga l  gold washer was being used a t  th ree  mines and had been o r  
was t o  be used a t  a number of o the r s .  This  machine was easy t o  clean and was s a i d  by its 
opera tors  t o  save the gold s a t i s f a c t o r i l y .  Its disadvantages were t h a t  i t  was cos t l y  and 
heavy and required power t o  Operate. A c a r e f u l l y  washed and screened product consis t ing of 
only a small p a r t  of the gravel  excavated was t r e a t e d  i n  the machine. Apparently, an equally 
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farm where water was a v a i l a b l e .  The t reatment  p l a n t  consis ted of a shove l ing  p l a t f o n  on 
which the  gravel  was unloaded from t h e  t ruck ,  a shaking washing box t o  d i s i n t e g r a t e  t h e  clay- 
ey mate r ia l  handled, and a s l u i c e .  The shaking box mu 18 inches deep, 30 inohes wide, and 
5 f e e t  long; i t  was made of s h w t  i r o n  and was suspended from a rod by two s t rap- i ron  hang- 
e r s .  A screen cons i s t ing  of S n e s h  woven-wire roreen c l o t h  on shee t  i r o n  with 3 / C i n c h  holes  
was placed 6 inches above t h e  bottom of t h e  box. A hor izontal  shaking motion was imparted 
t o  t h e  box by i ron  rods connected t o  6-inch e c c e n t r i c s .  The ecoen t r io  r h a f t  was b e l t 4 r L v e n  
a t  60 r .p .8 .  by a 60-hp. automobile englne. 

Water was run onto t h e  g r a v e l  as it  .as shoveled by hand i n t o  t h e  box. S t o w s  5 w d  6 
inches  i n  diameter were used t o  a s s i s t  i n  t h e  d i s i n t e g r a t i o n .  The o v e r r i z e  from t h e  soreen 
was discharged !nto a 1-ton mine c a r  and pushed t o  a dump. The Binus &mesh product  which 
contained the gold was run through a 10-inch s l u i c e  48 f e e t  long. ' R i f f l e s  were made of 
coarse-worm wire sc reen .  The capac i ty  o f  t h e  p l a n t  was 16 oubio yards  p e r  day; opera t ing  
c o s t s  were s a i d  t o  be $1.50 p e r  cubic  yard.  

Arrowhead.- K.  C .  Nelson was o p e r a t i n g  the  Arrowhead p l a c e r  i n  t h e  Lytn d i s t r i c t ,  
Eureka County, Nev., i n  t h e  summer of 1932.' The grave1 i n  the  c reek  bed was loosened by a 
h o r s e d r a m ,  spring-tooth harrow while wate r  was flowing over i t .  A l a r g e  p a r t  of t h e  s o i l  
and c lay  was ca r r ied  away by t h e  water.  The p a r t l y  washed gravel  ras moved i n t o  a p i l e  by a 
s c r a p e r  drawn by a team. It was then shoveled by hand i n t o  a 12-inch rocking s l u i c e ,  10 
inches  high and l? f e e t  long,  operated by a 1 1/2-hp. gasol ine engine. R i f f l e s  consisted of 
a &foot  plank with ho les  1 inch  i n  diameter  d r i l l e d  i n t o  i t  a t  t h e  head of  the  box and I- 
by 2-inch wooden c ross - s t r ips  placed 2 . i n c h e s  a p a r t  i n  the  lower 10 f e e t .  About two t h i r d s  
of the  gold was recovered i n  t h e  plaak r i f f l e s .  About 2 1/2 8 i n e r 1 s  inches  of water was 
a v a i l a b l e ;  t h i s  was s t o r e d  i n  a r e s e r v o i r  and an a u g k n t e d  flow used when s l u i c i n g .  The 
a l u i o e  had a capaci ty  of 4 cubic  yards  p e r  hour. Early i n  the  season when more water was 
a v a i l a b l e  ordinary s l u i o e  boxes were used. When t h e  water supply f a i l e d  e n t i r e l y  dry-washing 
machines were used u n t i l  autumn. 

Horseshoe Bar.--The Utah Mining Co. was s t a r t i n g  operat ions  on t h e  Horseshoe Bar on 
Green River near  Vernal, Utah. i n  J u l y  1932. The gravel  was excavated by teams; a f t e r  being 
plowed i t  was pul led i n  s l i p  s c r a p e r s  over  a t r a p  through which it went i n t o  t h e  boot of a 
bucket  e l e v a t o r .  The e l e v a t o r  discharged i n t o  a t r o m e l  with l b m e s h  sc reen .  The unders ize  
was p u l l e d  ou t  of a s e t t l i n g  t ank  by a rake  c l a s s i f i e r  and t r e a t e d  on Wil t ley t a b l e s .  The 
gold. i n  the  t a b l e  concen t ra te  was amalgamated i n  an ordinary copper-bottomed pan t r e a t e d  
with  q u i c k s i l v e r .  Water was pumped from t h e  r i v e r  and s e t t l e d  before  being used. The p l a n t  . 

was homemade, second-haad m a t e r i a l s  being used. It was apparent t h a t  considerable  remodeling 
would be necessary. , 

A crew of 20 men with  t h r e e  teams was employed. Five more teams were on t h e i r  way t o  
t h e  mine. It was expected t h a t  240 cubic yards  of mater ia l  could be handled p e r  day. Not 
enough work, however, had been done t o  e s t i m a t e  t h e  capaci ty  of t h e  p l a n t  o r  the  c o s t s  p e r  
cubic  yard.  

T r a o t o r s  

Eoberts . -  During 1931 and 1932 1. H. Roberts  rrworked the  t a i l i n g s  from t h e  Blue Channel 
d r i f t  mine near  Fclsom, C a l i f .  The g r a v e l  a s  o r i g i n a l l y  mined underground was t i g h t ,  con- 
t a ined  c l a y ,  and was p a r f l y  cemented; apparen t ly  it d id  not d i s i n t e g r a t e  e n t i r e l y  dur ing t h e  
first washing. In  s tand ing  exposed t o  t h e  r a i n  and weather f o r  a number of years ,  lumps of 
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Figure 1.- Flow sheet of Queen placer, Manhattan, Nev. 





3- and 2-inch pipe l i n e  2 miles long t o  a 23,000-gallon s torage tank a t  the  treatment p lan t .  
The capac i ty  of the p lan t  w a s  about 16 cubic yards per  hour. A t o t a l  of 20  hp. waa required 
t o  opera te  the plant .  

Burnt Rivu . -  Two rs te r ia l -handl ing  cont rac tors  had jwt discont inued p l ace r  operat ions 
on Burnt River, Oreg., a t  the  end of '  June 1932. Both used t r a c t o r s  and l a rge  Fresno s l i p s .  
The operat ions of one had been unsuccessful  because the  mining c o s t s  were higher  than the  
gold content  of the gravel.  A t  t h e  o the r  property the gravel was loose ,  and the  pemaaent  
water  l e v e l  was near the surfaoe.  Nei ther  the  type of Presno used nor the  t r a c t o r  operated 
s a t i s f a c t o r i l y  i n  t he  .ator. Operations had been discontinued, and new p lans  were being 
formulated. . 

Scrapers and ho i s t s  have been used f o r  excavating and pu l l i ng  p l ace r  g r ave l s  t o  washing 
p l a n t 3 .  A scraper s e t u p  with ground l i n e s  only cons i s t s  of a h o i s t ,  usua l ly  w i t h  two d m 8 ,  
a sc r ape r ,  ahd a cable. The s c r a p e r . i s  pul led forward by t he  h o i s t  over the  gravel and 
p i cks  up a load which is then pu l l ed  t o  the  washing p lan t .  The cab le  f o r  p u l l i n g  back the 
s c r ape r  goes through a sheave on t he  f a r  s i d e  of the p i t .  To allow l a t i t u d e  of operation 
t he  sheave usually is a t tached  t o  another  cable  s t re tched  a t  r i g h t  angles  t o  the  l i n e  of 
p u l l .  The sheave sometimes can be s h i f t e d  a t  r i gh t  angles t o  t he  p u l l  by means of a t h i rd  
d n m  on the  ho is t .  The sc raper  is pul led  on the  ground both ways. 

The set-up with an overhead oable i n  more elaborate;  add i t i ona l  equipment cons is t s  
p r i n c i p a l l y  of the overhead cab le  and a m a t .  Af te r  being f i l l e d  t he  sc raper  is run t o  the 
p l a n t  and back on the  cableray. The scraper  o r  bucket is elevated by t igh ten ing  t he  headline. 
Both bott;=less and closed-botbm sc rape r s  a r e  used with ground l i n e s ,  and only closed buck- 
e t s ,  usua l ly  of the Page type,  a r e  used with cableways. 

Boulders in  the  gravel and p o i n t s  of bedrock project ing up i n t o  t he  gravel  cause the 
s c r a p e r s  t o  junp. A bottomless s c r ape r  w i l l  loose its load on h i t t i n g  a boulder,  and a 
s c r a p e r  of the closed type is d i f f i c u l t  t o  f i l l  i n  bouldery grave l .  I n  e a s i l y  dug gravel 
t h e  bottomless scraper  usual ly d e l i v e r s  a f u l l  load and can puah considerable  loose mater ial  
ahead of i t .  The load is dropped by simply pu l l ing  the scraper  backward, an advantage t h a t  
s c r a p e r s  w i t h  bottoms do not  have. A closed-type bucket operat ing on a headl ine overcomes . . 
some of t he  d i f f i c u l t i e s  of excavat ing with a drag; furthesmore, it can be run at a grea te r  
speed once i t  is f i l l e d  and the  headl ine t ightened.  For long hauls  t he  headl ine o r  cableway 
excava tor  has a fu r the r  advantage i n  lower power and labor cos t s ;  moreover. t he  excavated 
ground can be elevated t o  t he  p l a n t  a t  any des i red  he ight ,wi th  l e s s  t rouble .  However, t h i s  
type l a cks  the mobility of t he  s t r a i g h t  drag sc raper ,  is more d i f f i c u l t  t o  i n s t a l l ,  and be- 
cause of the  addi t ional  and heavier  equipment has a higher f i r s t  co s t .  

A scraper  is not  s u i t a b l e  f o r  digging p lacer  gravels under water.  I t  fol lows the l i n e  
o f  l e a s t  resis tance and leaves  i s l a n d s  of bedrock untouched even where o the r  condi t ions  a r e  
avorab le .  The r a t e r  is ro i l ed  by t he  digging, and the sc raper  works out  of s i g h t .  Yore- 

over ,  t he  s t i r r i n g  p e n i t s  t he  gold t o  s e t t l e  i n  the gravel being moved, and considerable 
gold may be l e f t  behind unless  t he  p i t  can be pumped out f o r  c lean ing  up. 

For many years sc rapers  have been used succ@ssful ly a t  sand and grave l  p i t s .  They have 
been t r i e d  a t  a number of p l ace r  mines i n  the Western S t a t e s  but genera l ly  have f a i l ed ,  
u sua l l y  because boulders were encountered i n  the gravel .  I n  Alaska, howevor. s c r ape r s  have 
proved successful under favorable  condi t ions  and have been prefer red  t o  o the r  types of ex- 
cava to r s .  l o  
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3- and 2-inch pipe l i n e  2 miles long t o  a 23,000-gallon s torage  tank a t  the treatment p l an t .  
The capacity of the p lan t  wan about 1 6  cubic yards per  hour. A t o t a l  of 20 hp. was required 
t o  operate the p l an t .  

BYtaf River .- Two material-handling c t rac tors  had just discontinued p l ace r  operat ions 
on Burnt River, Oreg., a t  the end o f '  June 1332. Both used t r a c t o r s  and l a rge  Fresno s l i p s .  
The operations of one had been unsuccessful because the  mining c o s t s  were higher  than the 
,goid c o n t e ~ t  of the gravel .  A t  t h e  o the r  property the gravel was loose,  and the penanen t  
water l eve l  was near t he  sur face .  Nei ther  the type of Fresno used nor t he  t r a c t o r  operated 
s a t i s f a c t o r i l y  i n  the water. Operations had been disoontinued, aad new p lans  were being 
formulated. 

Scrapers and ho i s t s  have been used f o r  excavating and pul l ing  p:.acer g rave ls  t o  washing 
p l an t s .  A scraper set-up with ground l i n e s  only cons is t s  of a h o i s t ,  usua l ly  w i t h  two drums, 
a scraper ,  and a cable. The scraper  is pul led forward by t he  ho i s t  over the  gravel and 
picks up a load which is then pul led  t o  the washing p l an t .  The cable f o r  pu l l i ng  back the 
scraper  goes through a sheave on t he  f a r  s ide  of the p i t .  To allow l a t i t u d e  of operation 
the sheave usual ly is a t tached  t o  another  cable s t re tched  a t  r i g h t  angles  t o  the  l i n e  of 
p u l l .  The sheave sometimes can be s h i f t e d  a t  r i gh t  angles t o  the  p u l l  by means of a t h i rd  
drum on the ho i s t .  The soraper  is pu l l ed  on the ground both ways. 

The set-up w i t h  an overhead oable i e  more elaborate;  addi t iona l  equipment cons i s t s  
p r inc ipa l ly  of the  overhead cab le  and e mast. After  being f i l l e d  the  sc raper  is run t o  the  
p l an t  and back on the cableway. The s c r ape r  o r  bucket A elevated by t igh ten ing  t he  headline. 
Both bo t t sz less  and closed-bottom sc r ape r s  a re  used with ground l i de s .  and only closed buck- 
ets ,  usually of the Page type, a r e  used w i t h  cableways. 

Boulders in  the gravel and p o i n t s  of bedrock pro jec t ing  up i n t o  the  gravel cause the 
sc rapers  t o  jung. A bottomless s c r ape r  w i l l  loose i ts load on h i t t i n g  a boulder,  and a 
sc raper  of the closed type is d i f f i c u l t  t o  f i l l  i n  bouldery gravel .  I n  e a s i l y  dug gravel 
the  bottomless scraper  usual ly d e l i v e r s  s f u l l  load and can pus3 considerable loose mater ial  
ahead of i t .  The load is dropped by simply pu l l ing  the scraper  backward, an advantage t h a t  
scraprhs w i t h  bottoms do not have. A closed-type bucket operat ing on a headline overcomes . . 
s o m  of the d i f f i c u l t i e s  of excavat ing with a drag; furthermore, i t  can be run at a grea te r  
speed once i t  is f i l l e d  and t he  headl ine tightened. For long hauls  t he  headline o r  cableray 
excavator has a fu r the r  advantage i n  lower power and labor  cos t s ;  moreover, t he  excavated 
ground can be elevated t o  the p l an t  a t  any desired height w i t h  l e s s  t rouble .  However, t h i s  
type lacks  the mobility of t he  s t r a i g h t  drag scraper ,  is more d i f f i c u l t  t o  i n s t a l l ,  and be- 
cause of the addi t ional  and heavier  equipment has a higher f i r s t  cos t .  

A scraper  is not s u i t a b l e  f o r  d igg ing  p lacer  gravels  under r a t e r .  It follows the  l i n e  
of l e a s t  resis tance and leaves i s l a n d s  of bedrock untouched even where o ther  condit ions a r e  
favorable. The water is ro i l ed  by t h e  digging, and the sc raper  works out of s i g h t .  Yore- 
over,  the s t i r r i n g  permits t he  gold t o  s e t t l e  i n  the gravel being moved, and considerable 
gold may be l e f t  behind unless  t he  p i t  can be pumped out f o r  c leaning up. 

For many years scrapers  have been used successful ly  a t  sand and gravel  p i t s .  They have 
been t r i e d  a t  a number of p l ace r  mines i n  the  Western S t a t e s  but general ly  have f a i l e d ,  
usual ly because boulders were encountered i n  the  gravel .  I n  Alaska, howevor, sc rapers  have 
proved successful under favorable condi t ions  and have been prefer red  t o  o ther  types of ex- 
cavators .  l o  

-- 

10 limmler, N o w  L., Plaorr-Uining Methods and C o s t ~  in Alaska: Bull. ~9,,Bure.(1 0 t  ui0*8, 1927. p. 01. 
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Scraper i n s t a l l a t i ons  a r e  l e s s  c o s t l y  than power shovels or  drag l i n e r ,  but they have 
much lower capaci t ies  i n  most placer  grave ls  so  t ha t  the i n i t i a l  oor t  per  Oubic yard of da i ly  ' 
output  is roughly the same. The cos t  depends ch ief ly  upon the type and s i z e  of power un i t .  
Steam, e l e c t r i c ,  gasoline, and Diesel h o i s t s  a r e  avai lable.  The uaual i n s t a l l a t i o n  ranges 
from 25 t o  60 hp. Table 6 shows the approximate pr ices  of several  s i z e s  of gasoline ho i s t s  
aa quoted by one manufacturer. l 1  

.I 

TABLE 6.- pinensions, capac i t i e s .  meeds.  and cos ts  of h o i s t s  fo r  scraping 

~umbe r 1 Drum d iwns io ru ,  I number 1 Rope capac i t i e s  of 

TABLE 6.- Dimensions. o a ~ a c i t i e s ,  speeds. 'and cos ts  of h o i s t s  fo r  scraping - Continued 

of 
drum 

1 .......... 
.......... 1 

1 .......... 
2 .......... 
2 .......... 
2 .......... 
.......... 2 

2 .......... 
.......... 2 

111 top 
r rope) 
:h rope 
P u l l ,  

Humbe r 
o r  

drums 

1 .......... 
1 .......... 
1 .......... 
2 .......... 
2 ........... 
2 .......... 
2 .......... 
2 .......... 
2 ........... 

pounds 

of 
brakes 

None 
None 
None 
None 

1 
2 

Now 
2 

None 

inches 

W$-ia 
Speed, 
I.P.~. 

280 
400 
400 
m 

Length 

'14 1/4 
16 1/2 
16 1/2 
6 5/8 
5 3/4 
4 3/8 
7 1/2 
4 3/8 
7 1/2 

Speed and pu l l  of i 
t u l l  a 

- -- 

B half  1 Over-all dime&&ions7 

Diameter 

11 1/2 
16 1/4 
16 1/4 
11 1/2 
11 1/2 
16  1/4 
16 1/4 
16 1/4 
16 1/4 

Speed, 
f . ~ . m .  

240 
31: 
315 
240 
240 
315 
315 
315 
315 

wp-inch TODO 

- 
Weight 
pounds 

.: 
, 1,400 

3 , 2 3 ~ ~  
Z ,600 
1.560 
1,585 
3,380 
3.330 
3,690 
3,640 

Flange 
diameter 

17 3/4 
26 
26 
18 1/2 
17 1/2 
24 
26 
24 
26 

:h rope 
Pul l ,  

sounds  

1,768 
2.000 
2,850 
1,768 
........... 
2.000 
2.000 
2,850 

Speed, 
f.o.m. 

200 
230 
230 
200 
200 

-230 
230 
230 
230 

I Pr ice ,  
f .0.b. 
Chicago Pull ,  

Pounds 

2,475 
3,600 
5,000 
2,475 
2,475 
3,600 
3.600 
5,000 
5,000 

The h o i s t s  l i s t e d  a r e  powered by well-known nakes &cylinder engines, connected by 
housed-in reduction gearing t o  the h o i s t  drums. which ar? mounted i n  l i n e  with the engine 
oen te r  l i n e .  The drums a re  provided with ex terna l  hand clutches and i n  some models with 
brakes.  The druma of the 2 4 -  ho i s t s  a r e  on a s ingle  sha f t .  Engine and d m s  a r e  mounted 
on a ohannel-iron bedframe. 

11 Sul l ivan UaohLnrn Co.. Chioago, I l l . .  h b m m  1955. 
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En- 
gine 
hp. 

25 

35 
45 
25 
25 
35 
35 
45 
45 

Length 

u.Ia 
6 4 
8 6 
9 4 
6 4 

8 6 
8 6 
9 4 

2 , 8 5 0 9 1  

Width 

B.In. 
111 
2 3 
2 3 
2 1 

6 4 2 1  
2 3 
2 3 
2 3 
2 3  

, 

Height 

a. IP- 
3 8 
4 1 
5 2 
3 8 -. 
3 8  
4 1 
4 1 
5 2 
5 2 



Correc t ly  designed head sheaves a r e  i n p o r t a n t  f a c t o r s  i n  the  l i f e  of h o i s t  ropes,  which 
c o n s t i t u t e  the  chief  item of supply o o s t  i n  sc raper  operation. The 8-0 8anufac ture r  lists 
t h e  following r o l l e r  sheaves: 

S ize  o f  rope sheave ( o u t s i d r  
diameter) ........................ inches  

Ins ide  d f a ~ e t e r  of  top. 
8heaVe .............................. do. 

Yaxfmru BIZ* o f  rope t o  bo 
used .................................. do. 

Uaximru capaci ty  ............ pounds 
Weight ................................ do. 
L i s t  p r i c e s  .................................. 

These sheaves a r e  of the snatch-block type  and a r e  provided with swivel hooks. The sheave 
wheels t u r n  on r o l l e r  bear ings .  

The following t a b l e  concerning two s i z e s  of gasoline-engine-powered s c r a p e r  o u t f i t s  was 
suppl ied by a maker of excavating equipment (Sauerman Bros.. I n c . ,  Chicago, I l l . ,  Dec. 1932).  
The h o i s t s  comprise two tandem drums, connected by c h a i n d r i v e  and reduction gears  t o  a gaso- 
l i n e  engine, a l l  mounted on a channel-iron bed frame. The sc raper  is of the  open-bottom type, 
crescent-shaped, and provided with d igg ing  t e e t h .  The p r i c e s  quoted include a l l  accessory 
equipment needed f o r  a set-up bes ides  t h a t ' l i s t e d ,  such a s  rope sockets ,  c l i p s ,  and lash ings .  
Larger and sma'ller s i z e s  a l s o  a r e  a v a i l a b l e .  Both o u t f i t s  a r e  designed and furnished with 
s u f f i c i e n t  rope f o r  300-foot spans b u t  can be used f o r  spans a s  long a s  500 f e e t .  

O u t f i t  B 
Hois t  : 
. Horsepower o r  engine ............................................................................ 

Inhaul  speed .............................................................. f e e t  p e r  minute 
Backhaul speed ........................................................... do. 
Weight ............................................................................................ p o u d s  

Scraper  : 
Capacity ................................................................................ cubic f e e t  
Weight ............................................................................................ pounds 

. Guide blocks : Number and s i z e  ................................................ inches 
Cables : 

Load cab le :  
S i z e  .......................................................................................... inches 

.......................................................................................... Lengtk f e e t  
Baokhaul cable  : 

S i z e  ......................................................................................... , .inches 
.......................................................................................... Length f e e t  

B r i d l e  cab le :  
S i z e  ......................................inches 
Length . . . . . . . . . . . . . . . . . . . . .- . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .feet 

T a i l  guy cable  : 
Size.  ...................................................................................... . inches 

.......................................................................................... Lengt,h f e e t  

O u t f i t  A 

48 
200 
40G 

5.415 

20 
420 

2 - 12, 1 - 14 

5/8 
350 

112 
675 

5/8 
150 

5/8 
30 
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The following table from Bureau of Mines Bulletin 3 5 ~ "  gives the strength, weight, and 
oosts of nonrotating plow-steel hoist ing rope of 18 strands with a hew oenter and 7 wires 
t o the atrand. 

Total weight, including accessory equipment ........................ pounds 
. Cost, f .  o. b. Chicago, Ill. , February 1933 ........................................ 

Rated qapacity, for  continuoua operation i n  easy- 
digging material, with 300-foot haul .... oubio yards per hour 

Cost per foot 
(December 1930 - 

Arizona l 
$0.28 

.225 

.18 

.I35 

.I20 
.lo5 
,090 

1 . ,085 

Outfit A 

6,665 
$2.400 

17 

Diameter 
of cable, 

inch 
1. ............... 
7/8. ........... 
3/4. ........... 
5/8. ........... 
9/16 .......... 
1/2 ............ 
7/16. ......... 
3/8. ........... 

The following table gives the weight and cost  a t  Marion, Ohio, Deoember 1932, of one 
type of Page bucket used on draglines o r  overhead cableways. " Lighter and heavier Page 
buckets a r e  available as well a s  o ther  types of dragline buckets. 

Outfit B 
-7,630 
$2.935 

23 

Breaking 
strength, 
short tons 

. 33.8 
25.9 
19.0 
13.3 
10.8 
8 .7  
6 .7  
5.1 

Scrapers for drag-scraper service ,  whether of the Bagley or hoe t n e ,  are  of l igh te r  
oowt ruc t ion  and cost l e s s  than corresponding s i z e s  of drag-line buckets. 

The following nines a t  which scrapers were used were operating i a  June or July 1932. 
The pract ioes  depicted are  representative of t h i s  type of mining. 

- 

Capacity, 
p b i c  yards 

. 1/2 ................ 
3/4.. .............. 
I... .... .: ........... 
1 1/2 ............ 
2. ................... 
2 1/2 ............ 

................... 3. 
4. ................... 
5. ................... 

12 C.~dnrr, C. D . ,  8nd Johnson. J .  ?&. Sh8ftSlnklng ?r8otiois 8nd Costs: B a l l  351. h n 8 u  of Yinrs. 1932. p.  6 .  

13 Qmot8tioo Urion S t r u  Sow1 Co., IIVion. Ohio 

Safe load, 
fac tor  of safety 
of 8 short  tons 

4.25 . . 
3.25 
2.50 

. 1.75 
1.50 
1.00 

.80 
.60 

Weight 
per foot, 

~ounds  
1.73 
1.32 

.97 

.68 

.55 

.43 

.33 
.24 

Shipping weight, 
~ounds  

1,650 
2,425 
3,460 
4,540 
5,630 
7,430 
8,200 

10.000 
11,7?5 

Price 

$285 
370 
522 
698 
868 

1,315 
1,475 
1,765 
2,160 



Drag scrapers  

DeLanq.- The mine of the th ree  Dehney brothers  on Peahastin Creek near  Wenatchoe. 
Wash., is an example of a small p lacer  mine operated mechanioally w i t h  the  minimum of equip- 
ment.. The gravel.was excavated a t  the s i d e  of a a lu ioe  box by a l/-ubio-yard s l i p  s c r apw 
pul led  by a drum fastened t o  the transmission on an old truok. The gravel  was duped through 
a 3- by S i n c h  g r i zz ly  made of f l a t  i r on  rods, plaoed cr iasoross ,  i n t o  a s l u ioe  box. The 
oversize was dragged over the s l u i c e  box t o  one s ide  by the s l i p .  The s l i p  waa pul led back 
and held by hand while-being loaded. The t ruck engine was run i n  low speed while the s l i p  
was dragged forward and i n  reverse while the  s l i p  was pulled back. The gravel was dug 
r ead i ly  by the s l i p ,  altbough i n  p laces  some loosening of the a r t e r i a l  by band pioka w.8 

necessary.  The average length of haul was &O f e e t .  The man who guided t he  scraper  a l te rna t -  
ed with the  one a t  the ho is t  cont ro ls .  Tbe t h i r d  man tended the boxes and prevented the 
gravel being dumped from damming up the s l u i ce .  

The boxes were made of f u l l  1-inch lumber and were 14 inches high and 20 inches wide a t  
the  upper end, the lower end being narrowed s u f f i ~ i e n t l y  t o r  one box t o  telescope 8 inches 
i n t o  the  next one below. Lumber cos t  $20 pe r  thousand board-feet. R i f f l e s  consis ted o r  1 1/4 
by 2-inch wooden s t r i p s  5 1/3 f e e t  long, held 1 1/4 inches apar t ,  by crosspieoes a t  e i t h e r  end. 
Three sec t ions  of r i f f l e s  were used t o  'a box. Burlap held i n  place by wire screening was 
used on the bottom of the boxes under t he  wooden r i f f l e s .  A piece of carpe t  fastened to a 
wooden frame, such a s  is used i n  hand rockers ,  was placed ahead of t he  r i f f l e s  and caught 
about o n c h a l f  of the  gold. This device could be removed quickly, the  contents  dumped in to  ' 

a pan, and the quant i ty  of the  gold caught determined readi ly.  It was used t o  'check con- 
t inuously tbe value of the gravel being washed. Water was brought i n  a flume from a small 
d ivers ion  dam i n  the creek t o  the  head of t he  s l u i c e  under the g r i zz ly ,  A s  much water a s  
could be used was avai lable .  

Under the bes t  running condit ions 30 cubic yards could be moved per  &hour s h i f t  by 
t h r ee  men. A t  50 cen ts  per hour the  labor  cos t  of excavation and t ranspor ta t ion  would be 40 
cen t s  per  cubic yard. About 2 1/4 gal lons of gasol ine was used per hour by the  t ruck engine. 
The cos t  per  yard of the  gasoline a t  20 c e n t s  per  gallon would be 12 cen ts  and t h a t  of other 
suppl ies  4 cen ts ,  making a t o t a l  operat ing cos t  of 56 cents  per cubic yard of gravel removed. 

YcE1ra.-  An attempt was made by T. E. YcElroy i n  June 1932 to  mine a bar  a t  the water 's  
edge on t he  Sinilkameen River near  Princeton, B r i t i s h  Columbia, by means of a scraper  and 
h o i s t .  The gravel was f a i r l y  easy t o  d i g  but contained many boulders which ser ious ly  re- 
duced t h e  capaci ty of the sc raper .  The gravel  was pul led up a s t eep  s l i d e  onto a pole 
g r i zz ly  with 3 1/2-inch Spacing. The overs ize  was pul led by the scraper  over the  gr izz ly  and 
down another  pole s l i d e  t o  a dump. (See f i g .  2,A. 1 The undersize dropped through the grizz- 
l y  i n t o  a flat-bottomed hopper from which i t  was fed by means of a regula t ing  gate  i n to  a 
s l u i c e  box. The t a i l i n g  from the  s l u i c e  ran i n t o  the r i ve r .  The scraper  was operated by a 
2-drum logging ho i s t  run by a gasoline engine. The engine was s e t  well back of the gr izzly.  
The cab l e s  ran through snatch blocks s e t  on a headframe a t  the proper  height t o  p u l l  the 
s c r ape r  up the  s l i d e  and onto the  g r i zz ly  which was about 10 f ee t  above the  surface of the 
ground. An arc-shaped bottomless sc raper  was used; when boulders were encountered i t  .as 
replaced by a 3-pronged plow. The scraper  was weighted on the rear  t o  make i t  d ig .  most of 
t he  digging was under r a t e r .  m e n  the  grave l  was dragged out of the  p i t  by a bottomless 
sc raper  under water i t  was considered t h a t  an appreciable  pa r t  of the gold had an opportunity 
t o  drop downward and be l o s t .  Water f o r  washing was pumped from the r i v e r .  The stream from 
a &inch cen t r i fuga l  pump emptied d i r e c t l y  i n t o  t he  s l u i c e  box, and t h a t  from a &inch pump 
under a pressure corresponding t o  about a 10-foot head was used for  washing t he  gravel from 







t he  hopper i n t o  the s lu i ce .  The s lu i ce  .as 18 inches wide and s e t  on a grade of 1 inch t o  
t he  foot .  The f i r s t  10 f e e t  was l ined with pole r i f f l e s  i n  &foot sec t ions ;  the next 5 f e e t  
had 1- by 1 1/2-inch Hungarian r i f f l e s ;  and the next 15 f ee t  was l ined with wire screen over 
Carpet.  The last 18 f e e t  of 'the s lu i ce  contained no r i f f l e s .  

The crew consisted of f i ve  men. About 1 1 / 2  hours of each &hour s h i f t  was spent  i n  
handling boulders.  The p lan t  had a capacity of 150 cubic yards per  s h i f t ;  the average d a i l y  
tonnage, however, was only about 60 cubio yards. About 6 gal lons of gasoline ras uned pe r  
n h i f t  f o r  running the ho i s t  and 2 1/2 gal lons fo r  t he  two p u p s .  The labor cos t  a t  60 cubic 
yards pe r  day and $2.25 per  &hour s h i f t  w a s  19 cents.  Gasoline and o ther  supplies  cos t  8 
can t s  pe r  cubic yard. Miscellaneous cos t s  were 3 cents.  I f  supervision is disregarded the 
opera t ing  c o s t  was 30 cents  per  cubic yard. (See tab le  5 . )  

Operations were unprofi table and were discontinued; digging under water was considered 
the  reason f o r  the low re turn  i n  gold. 

-.- The Ncgget Placer Mining Cc. was mining an old channel on Libby Creek about 17 
miles  above Libby, Yont . , i n  1932. I '  The gravel w a s  excavated by a 60-hp. , gasoline, double- 
drum h o i s t  on sk ids  which pul led a Bagley l-cubio-yard scraper. The t a i l  block was about 250 
f e e t  from the  ho i s t .  The gravel was dragged up an inc l ine  and dumped on a shaking g r i zz ly  
8 f e e t  long and 5 f ee t  r i d e  with 2 1/2-inch spacing. The lower end of the gr izz ly  was pi- 
voted, while the upper end was l i f t e d  about 2 inches and dropped on a bumper log by a stamp- 
m i l l  cam mechanism. A s  the load was dumped i t  was sprayed w i t h  r a t e r .  The f i nes  r e r e  shaken 
through the  gr izz ly ,  leaving nothing on i t  except clean boulders which were removed by hand 
and hauled away i n  a t ruck.  The undersize .as run through a s lu i ce  box 36 inches r i d e  and 
36 inches high with a grade of 4 inches t o  a l Z f o o t  box. R i f f l e s  consisted of t ransverse 
30-foot r a i l s  s e t  2 inches apar t  on 2- by &inch longitudinal cha i rs  a l so  s e t  2 inches a p a r t .  
Conoentrates from the main s l u i c e  were t r ea t ed  i n  s lu ice  20 inches wide by 12 inches deep. 
The r i f f l e s  oonsisted of 10-pound r a i l s  l a i d  on 1- by 2-inch lumber l i k e  the  m i l s  i n  t he  
main s l u i c e .  The concentrates from the small s l u i c e  were screened. The p lus  16-wsh ma- 
t e r i a l  was panned for  coarse gold; the undersize was run over a small t ab l e  covered with 
rubber matt ing held dom by expanded metal. Assays of the t a i l s  from the tab le  showed $40 
pe r  ton i n  gold, ind ica t ing  tha t  a clean separat ion was not being made. 

The set-up did not prove sa t i s f ac to ry .  Water leve l  was encountered about 15 f ee t  above 
bedrock, and the  scraper  functioned poorly under water. Bedrock was uMven and extended up 
i n t o  t he  grave l ;  a l so ,  there  was a layer  of s t i cky  clay w i t h  embedded boulders 8 f e e t  below 
the  nurfaoe. When the bottomless bucket oncounteced a boulder i n  the c lay  bed o r  p ro j ec t ing  
bedrook i t  jumped and l o s t  its load. Tke grizzlq- mechanism gave t rouble,  and the capac i ty  
of t he  g r i z z l y  would have been in su f f i c i en t  if a more e f f i c i e n t  digging un i t  had been em- 
ployed. 

I n  October 1932 plans were d r a m  t o  use a Page-type bucket on a headline similar t o  the  
i n s t a l l a t i o n  on Mammoth Bar which is described l a t e r .  

-.- Unsuccessful at tempts  were made t o  use scrapers a t  two proper t ies  w a r  Yclsom, 
Wash., i n  1932. A t  one the s o i l  overburden was s tr ipped off and the gravel was dragged up 
an i n c l i n e  t o  a grizzly'with &inch spacing. Material over 1 inch i n  s i z e  was separated by 
a Hw-met screen and the plus l / 4 i n c h  mesh mater ia l  by a second screen. The undersize went 
t o  a pa ten ted  gold saver. The scraper  could handle the gravel much f a s t e r  than i t  could be 
washed. The en terpr i se  f a i l e d  owing t o  i n s u f f i c i e n t  gold i n  the ground and t o  the l o r  ca- 
pao i ty  of t h e  gold saver .  

A t  t he  o ther  property the gold occurred i n  narrow s t reaks  on bedrock. After  the over- 
burden was removed by a scraper  the  gold-bearing gravel was taken up by hand and washed i n  a 
rocker. The handwork was very slow, and the scraper  could be used only a pa r t  of the time. 

14 L a l o r u t i o n  ruppriod br Sidnay Y. L0g.o. praridant, N u u a t  Plsoor Yining Co., Wi.p.11, Moot. 



Yinnic4.- I n  July 1932 F. L. Yinnick had j u s t  i n s t a l l ed  a scraper  t o  mine gravel  along 
Peshast in  Creek, near Wenatchee, Wash. The gravel  was dragged up a plank ramp onto a pole 
g r i zz ly  w i t h  about &inch spacings. The scraper  pul led the oversize across  the  g r i zz ly  t o  a 
d u p ,  and the  undersize went through a 25-foot s l u i c e  box. Water was brought t o  t he  head of 
the s l u i c e  i n  a flume. The scraper  was of t he  Bagley type and about 4 f e e t  wide. The hois t  
w a s  about 100 f ee t  from the gr izz ly ,  and the  t a i l b lock  was attached t o  a 20-foot gin pole 
50 f e e t  on the.other s i de  of the g r i zz ly .  The gravel  was pulled downstream i n  and alongside 
of the  creek.  The ground w a s  bouldery, and only a small capacity oould be expected from the  
d e t u p .  Not enough work had been done t o  al low c o s t s  t o  be calculated.  

Alaskan ~ r a c t i c g . -  Wi8mler16 has descr ibed scraper  operation as prac t iced  in Alaska. 
Operating cos t s  a t  f i ve  p l an t s  using Bagley s c r ape r s  i n  the Fairbanks d i s t r i c t  rangod from 
45 t o  90 cen ts  per  cubic yard. An operator  using a Bagley scraper  on Willow Creek fo r  a 
period of 5 years had an average cos t  of 30 cen t s  pe r  cubic Yard. The cos t  a t  a smaller  
p l an t  on F l a t  Creek was 68 cents  per  cubic yard. The cos t  of scraping 4 f e e t  of gravel  and 
bedrock with a s l i p  scraFer  a f t e r  the overburden had been ground s lu iced  was $1.55 pe r  cubic 
yard i n  t he  Innoko d i s t r i c t .  The cos t  of a s i m i l a r  i n s t a l l a t i o n  i n  the Hot Springs d i s t r i c t  
war $1.32 pe r  cubic yard. 

S lack l ine  cableways 

Mammoth.- F. 1. Roumage was mining the  Mammoth Bar on the Middle Fork of t he  American 
River near  Auburn, Ca l i f . ,  i n  June 1932. The depos i t  consisted of recent r i v e r  gravel  con- 
t a in ing  a r e l a t i ve ly  small proport ion of boulders .  The gravel was excavated by a l-cubio- 
yard Page-type dragl ine bucket running on a 1 3/&inch t rack  cable across  the  r i v e r  t o  t he  wash- 
ing  p l an t .  (See f i g .  2,B.) The bucket was operated by a %drum l o g g b g  ho i s t  run by a 95- 
hp. gasol ine engine. The t rack  cable  ran from the  top of a G e f o o t  spruce mast t o  a b r i d l e  
cable  across  the r i ve r .  The mast was 24 inches i n  diameter a t  the bu t t  and 15  inches a t  the  
top and was held by 7/&inch guy ropes. The high l i n e  was a 1 3/&inch cable .  The inhaul 
rope t h a t  pul led the  bucket was 1 1/4 inches i n  diameter; 3 /4 inch  tension cable  running 
through double 20-inch blocks was used t o  r a i s e  o r  lower the  t rack cable .  The bucket was haul- 
ed i n  a t  a speed of 300 f e e t  per  minute when loaded and returned by grav i ty  a t  a speed of 
1,200 f e e t  per  minute. 

Most of the digging was under water.  It was planned t o  pmp out the  p i t  a t  t he  end of 
t h e  s c r ape r  operations, recover any' "islandsfl missed by the  bucket, and complete cleaning up 
of t he  bedrock by hand i t  necessary. 

The gravel  was dumped on a g r i zz ly  with &inch spacing between the  bars .  The undersize 
dropped i n t o  a hopper about 20 f e e t  above t he  ground and thence was washed by sprays i n t o  a 
s l u i o e  box. The oversize,  a f t e r  t he  dumping room below the gr izz ly  was used up, was t o  be 
dragged away by a scraper  operated from one drum of the main ho i s t .  The boxes were 18 inches 
wide and 36 f ee t  long with a grade of 9 inches i n  12 f e e t .  R i f f l e s  consis ted of 1 l/& by 
1 l/&inch angle i ron  3/16 inch th ick ,  s e t  f l a t  i n  2- by %inch wooden cha i r s  on e i t h e r  s i d e  
of t he  box. Every 4 f e e t  a 2- by %inch wooden crosspieoe was placed t i g h t l y  on t he  bottom 
of  t he  s l u i o e .  The lower edge of t he  v e r t i c a l  s i d e  of the angle-iron r i f f l e s  was about 2 
inches from the bottom of the  box. Water was pumped from the r i ve r  by a &inch cen t r i fuga l  
pump run by an old automobile engine. 

The crew consisted of a man on t he  h o i s t ,  one a t  the washing p lan t ,  a mechanic on each 
of two &hour s h i f t s ,  and a supecintendent on day s h i f t .  The ho i s t  used 5 gal lons of gaso- 
l i n e  and t he  pump 1 gal lon per  hour. Second-hand machines were used i n  equipping t he  mine, 



and considerable delay resul ted from b r e a k 4 o m s  and repa i rs .  Up t o  the middle of June a s  
much a s  240 cubic yards (but usual ly l e s s  than 200) had been handled i n  two 8-hour s h i f t s .  
A t  200 cubic yards per  day the labor cos t ,  including 1 1/2 cents  pe r  yard compensation in- 
surance, would have been about 15 1/2 cents  pe r  cubic yard. Casolina and other  supplies  cos t  
16 cen t s  and supervision 5 cents ,  making a t o t a l  operating cos t  of 36 1/2 cants .  The cos t  
of the  p l an t  was W,500, and 100,000 cubic yards was expected t o  be washed. Amortization 
without i n t e r e s t  would therefore have been 7 1/2 cents  per  cubic yard, d i n g  a t o t a l  of 44 
cents .  I f  a l a r g e r  average yardage could be handled the operating cos t s  would be corrrspond- 
ingly l e s s .  

Jower Shovels and Drad ines  

For many years  power shovels and drag l i n e s  have been used f o r  excavating ear th  and 
rock, consequently they have been improved s o  a s  t o  operate s t e a d i l y  and eoonomically under 
severe condit ions.  They likewise have been t r i e d  often fo r  piacer  &ing. A s  e a r ly  a s  1837 
a steam, shovel was used on the p lacer  gravels  of Meadow Creek, below Warren, Idaho, fo r  loati- 
i ng  the gravel  i n t o  t rancars  which were then pul led  up an inc l ine  and dumped in to  a s l u i c e .  l 6  

Power shovels ,  a s  the term is used here, comprise machines t h a t  d ig  and load by means o r  
a forward-thrusting dipper on a r i g i d  arm o r  dipper s t i c k .  A d rag l ine  is a machine with a 
r e l a t i v e l y  long boom by means of which a scraper  bucket, usually of the closed type such as 
is used f o r  cableway excavators, is swung t o  any point  within the range of the machine and 
f i l l e d  by being pul led i n  by a separate  ho i s t  drum mounted on the machine. 

Most power shovels can be converted t o  dragl ines  by replacing the shovel boom, dipper  
s t i c k ,  and dipper  by a dragl ine boom and bucket, addiag the f a i r l ead  f o r  the drag cable,  and 
sometimes adding an ex t r a  drum. Likewise, most machines can be equipped with booms of var- 
ious  lengths .  I f  the  boom length is increased the  s i z e  of bucket must be correspbndingly 
decreased. 

Machines with dipper  o r  bucket capac i t i e s  o r  1/4 t o  20 cubic yards a r e  ava i l ab l e , . bu t  
those most useful  fo r  placer-mining operat ions a r e  the 2-yard o r  smaller  machines. ho-yard 
and smal le r  power shovels ord inar i ly  have digging r a d i i  of 12 to  25 f e e t ,  t ha t  is, can exca- 
va te  c u t s  t o  grade 25 t o  50 f ee t  wide. They can dig,  within a l imited radius,  t o  a depth of 
5 t o  10 f e e t  below grade and can l i f t  and dump t h e i r  loads a t  heights  of 15 to  25 f ee t  above 
grade. Draglines designed t o  use buckets of corresponding s i ze s  have much grea te r  operat ing 
ranges both hor izonta l ly  and v e r t i c a l l y .  One equipped w i t h  a 35-foot boom. fo r  ins tance ,  
and using a 3 / 4  o r  1-yard bucket o m  usuhily d i g  within a radius of 35 t o  45 f ee t  (depending 
on condit ions and the s k i l l  of the opera tor ; ,  can excavate t o  a depth of 15 f ee t  below grade, 
and can l i f t  it,s load and du8p ii a t  a heigbt of 15 t o  20 f ee t  above grade. A dragl ine r i t h  
a 90-foot boom, using a ?-yard bucket, noma l ly  has a digging radius of over 100 f ee t  and can 
discharge a t  a height  of about 45 f e e t ;  i t  can excavate t o  a depth of 35 f ee t  below grade. 
The manufacturer 's catalogs give operat ing ranges of pa r t i cu l a r  models with given equipment 
and under given' condit ions.  

Dragl ines and power shovels have respec t ive  advantages and disadvantages a s  applied t o  
p l ace r  mining. Draglines have a g rea t e r  excavating range and are  used i n  p lacer  mining ch i e f ly  
with movable washing p lan ts .  Shovels, on the  o ther  hand. generally a r e  used t o  load ma- .. 
t e r i a l  i n t o  t rucks  o r  ca r s  which t ranspor t  i t  t o  the p l an t .  With adequate truck serv ice ,  a 
shovel thus  used has grea te r  capaci ty than a dragl ine  r i t h  a bucket of equal s i z e .  When 
shovels  load d i r e c t l y  i n t o  the hoppers of washing p l an t s  the short  digging and dumping radius 
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. of  the  machine is a s e r i o u s  d i s a d v a n t a g e ,  n e c e s s i t a t i n g  f requent  move-ups w i t h  consequent 
l o s t  t ime.  The d rag l ine ,  with its g r e a t e r  o p e r a t i n g  range, e l imina tes  t h i s  d isadvantage;  i n  
f a c t ,  i t  may be operated from the top of  the  bank, loading i n t o  a p l a n t  i n  the  p i t  o r  on the  
s i d e  of t h e  p i t ,  whichever is most convenient .  Its a b i l i t y  t o  dtup a t  considerable  he igh t  
above grade may make an e l e v a t o r  on a movable washing p l a n t  unnecessary and t h u s  s i a p l i f y  
t h e  flow s h e e t .  

Much p l a c e r  ground con ta ins  boulders ,  o r  is t i g h t  o r  even cenented. A power shovel  
moves'boulders a s i d e  more r e a d i l y  than a d r a g l i n e  and d i g s  b e t t e r  i n  t i g h t  o r  hard ground 
than a d r a g l i n e  of comparable s i z e .  Likewise t h e  upper foo t  o r  80 of  bedrook is more e a s i l y  
dug with  a shove l .  For c leaning bedrock with a d r a g l i n e  the  digging bucket may be replaced 
wi th  one of t h e  hoe type such a s  is used i n  d i g g i n g  t renches .  

N'either shovel nor  d r a g l i n e  is s a t i s f a c t o r y  f o r  digging gold-bearing gravel  under water .  
A shovel  d i p p e r  usua l ly  l e a k s  r a t e r  badly,  and gold may be l o s t  i n  t h i s  way. Remedies a r e  
t o  use  gaske t s  on the  dipper ,  o r  t o  d r a i n  t h e  d i p p e r  over the  bank before  swinging, hoping 
t o  p i c k  up again  any gold t h a t  is  dropped. Although drag-line buckets  may be made water- 
t i g h t  they  s t i r  the  gravel  considerably  be fore  p ick ing  up a f u l l  load ,  and the  gold tends  t o  
s e t t l e  o u t  of  reach. Moreover, the exac t  l o c a t i o n  of the  bucket when under water  is un- 
c e r t a i n ,  and the  tendency is t o  leave untouched i s l a n d s  o r  r idges  of gravel on bedrock. 

The balance of these  cons ide ra t ions  dec ided ly  favors  the  power shovel f o r  t h e  major i ty  
of  p l a c e r  d e p o s i t s ,  al though i n  some i n s t a n c e s  t h e  use of a d r a g l i n e  may be very economical. 
Of 13 o p e r a t i n g  p r o p e r t i e s  v i s i t e d  i n  1932 and desc r ibed  i n  the  following s e c t i o n ,  10 were 
equipped with  shovels  and 3 with d r a g l i n e s .  It is  noteworthy t h a t  i n  s p i t e  of adverse  dig- 
g ing  cond i t ions ,  such t h a t  d ippers  could seldom be  f i l l e d  without 2 o r  3 t h r u s t s ,  t h e  capa- 
o i t y  o f  t h e  excavator  was almost always g r e a t e r  t h a n  t h e  capac i ty  o f  the  washing p l a n t ;  t h i s  
r e s u l t e d  i n  unusually high excavating c o s t s .  

Shovels  and d r a g l i n e s  used f o r  p l a c e r  mining a r e  always caterpil lar-mounted and f u l l -  
r evo lv ing .  They a r e  very mobile, can be moved r e a d i l y  over poor and 'steep roadways, and can 
be used f o r  a g rea t  v a r i e t y  of s e r v i c e s  such as moving p l a n t s ,  bu i ld ing  roads and r e s e r v o i r s ,  
o r  making bedrock c u t s .  

E l e c t r i c a l l y  powered excavators a r e  more economical i n  power consumption and mechanical 
e f f i c i e n c y  than steam, gasol ine .  o r  Diese l  machines. When equipped with proper c o n t r o l s  they 
have n e a r l y  the  f l e x i b i l i t y  of steam shove l s .  However, a s  e l e c t r i c  power usua l ly  is unavail-  
a b l e  gasoline-engine power is used a t  most p l a c e r  opera t ions .  

When using a shovel o r  d r a g l i n e  f o r  mining p l a c e r  g rave l  c a r e  should be taken n o t  t o  
drop o i l  o r  grease  on the  d i r t  t h a t  is t o  be washed o r  i n t o  water t h a t  w i l l  be used i n  wash- 
ing ,  a s  t h e  o i l  may cause some gold t o  f l o a t  away o r  cause fou l ing  of the  q u i c k s i l v e r  used 
i n  t h e  s l u i c e s .  Especia l  ca re  must be taken when t h e  machine is s tanding o r  digging i n  water.  

Table  7, supp l ied  by a manufacturer of  power shovels ,  l 7  shows the  comparative p o s s i b l e  
o u t p u t s  wi th  both d ipper  and d rag l ine  types  and o p e r a t i n g  d a t a  i n  a 15-foot gravel  bank under 
i d e a l  cond i t ions .  Such cond i t ions ,  however, seldom i f  ever  are encountered i n  p l a c e r  mining, 
and much s m a l l e r  yardages should be expected when e s t i m a t i n g  capac i ty .  With the  except ion 
of  t h e  3-cubic-yard d r a g l i n e s  t h e  machines a r e  r e a d i l y  conver t ib le  from one type of excavator  
t o  t h e  o t h e r .  Moreover. the  d r a g l i n e s  can be purchased with  var iousboom and bucket combi- 
n a t i o n s .  The t a b u l a t i o n  shows the  l a r g e s t  bucket  wi th  its proper  boom length.  The machines 
a r e  a v a i l a b l e  with e i t h e r  gasoline-engine,  Diesel-engine,  o r  electric-motor d r i v e s .  

A s  shorn  i n  t a b l e  4, the  shovel-operating crew cons i s ted  of 1 man a t  8 p r o p e r t i e s  where - 
r e l a t i v e l y  smal l  machines were used and 2 men a t  4 p r o p e r t i e s  where l a r g e r  machines were 
employed. 

17 Buo~rw-Erie Co., South Yilvaukee, Win. 



TABLE 7.- A ~ ~ r o x i m a t e  outputs  of various s i z e s  of drag l i n e s  and shovelql 

Drag l i n e :  
Bucket capacity ............................................... cubic yards 
Average bucket load (mater ia l  f r ee  from 

boulders)  ............................................................ do. 
Length of boom .......................... .............................................. 
Time of cycle ................................. h c o n d a  
Possible  capacity .............................. cubic yards per  hour 
capac i ty ,  a t  about 75-percent 

............................. p lan t  operation. do. 
Possible  capacity per  &hour s h i f t .  a t  75-percent 

p l an t  operation ................................................ c u b  yards 
Shovel : 

Dipper capacity. ............................................ ..cubic yarda 
Average dipper load ........................................... do. 
Shovel cycle time. ....................................................... seconda 
Possible  capacity .............................. cubic yards per  h o u ~  
Capacity, a t  about 75-percent 

p l an t  operat'ion .............................. do. 
Possible  capacity pe r  &hour s h i f t ,  a t  75-percent 

p l a n t  opemtion ............................................... cubic yards 

'under very favorable condit ions i n  readi ly  excavated gravel ;  digging depth. 15 f ee t ;  100° 
swing loading i n t o  hopper 12 f e e t  high. 

1 

0.8 
45 
30 
96 

72 

556 

1 
0 .8  
20 

144 

108 

864 

Yachine 
D 

1 1/2 

1 .2  
45 
30 

144 

108 

864 

i 112 
1 .2  
22 

168 

127 

1.016 

1/2 

3.4 
35 
25 
57 

43 

344 

1/2 
0.4 
15 
96 

70 

560 

Table 8 is an est imate.  supplied by the same manufacturer, of the fuel  or e l ec t r i c -  
energy requirements of the  various s i z e s  of machines l i s t e d  i n  t ab l e  7 .  The fuel  consumption 
is ca lcu la ted  for  sea-level operat ion;  a t  higher a l t i t u d e s  the fue l  requirements would be 
proport ionately higher. The f u e l  consumption a t  a number of proper t ies  operating in 1932 is 
shorn i n  t ab l e  4. 

The manufacturers est imate t ha t  r epa i r s ,  maintenance, and operat ing supplies fo r  the - 
machines l i s t e d  i n  the  f o r e g o i q  t ab l e ,  exclusive of fue l  and lubr icants ,  range from 0 .9  cent 
t o  1.1 cents  per  cubic yard of m t t e r i a l  handled. This includes overhauling a t  proper i n t e r -  
va l s  : 

A B C  

3/4 

0.6 
35 
28 
.TT 

58 

464 

3/4 
0.6 

18 
120 

90 

720 

I n  s teady p e r a t i o n  under average condit ions ope r a t i ng  r epa i r s ,  lubr ica t ing  o i l s ,  re- 
newals of p a r t s ,  and depreciat ion of a power shovel may be figured a s  20 percent of the f i r s t  
oost  per  year .  In  small f r ic t ion-driven machines 35 percent of the f i r s t  cost  aay be neces- 
s a ry .  I n  very la rge  machines, however, t h i s  charge has been as low as 5 percent of the f i r s t  
oo r t .  For example, . i f  a 2 1/2-cubic-yard machine cos t  $30,000 and 200,000 cubir. yards of 
material  was handled i n  a year,  t he  digging cost ,  exclusive of labor  and power or  fuel ,  would 
be 20 percent  of $30,000 divided by 200,000, o r  3 cents  per  cubic yard. 

The October 1932 p r i ce s ,  f  .o.b. factory,  '"f the machines l i s t e d  i n  table 7, equipped 
fo r  drag l ine  serv ice ,  were a s  follows: 

no. 
E 

2 

1.6 
45 
30 

192 

144 

F 

2 1/2 

2 
50 
32 

225 

160 

G 

3 

2 . 4  
85 
34 

255 

180 

1,440 

......... 

. . . . . . .  

. . . . . . . . .  

. . .  

. . .  

. .  

I 
1;152 1,263 I 

I 
1 314 

1 .4  
22 

230 

170 

1.360 

2 114 
1 .8  
22 

295 

220 

1,760 
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TABLE 8.- N o 1  or olootrlo-enornr roaulroment oC various rlzos of =or rhovola and drac 

Yaohlnos 81th gas or Die001 onglnoa: 

Buoket oapaolty oC drag llno oublo yard 

Dlppor oapaolty oC ohovml .................... do. 
Casollne oonsumption ................... gal. pot br 
Lubrloatlng 011 ..................................... do. 

...................................... Fuel 011. Dlosal do. 

Lubrloating oil, Diorol ragloo do. 

Yaoblnos with altorn~tlng-ourront motors: 

Drlven hy ............................................................... 

................. .......... 16-minuto avorag. Input .. k1, 

Yomontary praks ............................................... do. 

Energy oonsumptlon. .............. kw.-hr.. per ou.yd. 

1 For a Ward-Loonard oontrol (dlroot ourroot motor undor varlablwoltaga oontrol) the Input and energy oonsumption oC o h m a  C drag 1100 and mhovol arm: 

S l n ~ l o  motor 

rsr: line 

40 

95 

Indlvldua, 

Drs. 1 1 ~ 0  

40 

100 

Shovol 

40 

9 5  

I~dlvidual m o t ~ S l n c l e  

'pram llno 

70 

170 

motor* 

Shovel 

4s 

106 

mot- 

D r u  line 

80 

176 



Cost Machine 
no 

A. ............. 
B .............. 
C .............. 
D .............. 
E .............. 
F .............. 
G .............. 

Another Milwaukee manufacturer makes a sb r i e s  of shovels  and drag l ines  ranging i n  ca- 
pac i ty  from 1/4 t o  4 cubic yards., Their d rag l ines  a r e  pr iced a t  $6,000 t? $50,000. 

S t i l l  another m a n ~ f a c t u r e r ' ~  quoted the  following approximate p r i ce s  i n  October 1932 
t o r  four models of power shovels ,  f .0 .b .  Uarion, Ohio. 

Capacity, 
cubic yards 

1/2 
3/4 

1 
1 1/2 

2 o r 1 3 / 4  
2 1/2 o r  11/ 

3 

A 3/8-cubic-yard machine, having three-fourths swing and a 15-foot bom and powered by 
a t r a c t o r  engine, was pr iced  a t  $4,250 on the  Pac i f i c  coast  i n  October 1932. 

During 1932 used power shovels  i n  good condition could be acquired a t  very subs t an t i a l  
reductions o r  hired a t  reasonable r e n t a l s .  

The following desc r ip t i ons  of p l a n t s  i l l u s t r a t e  the p r ac t i ce s  iollowed w i t h  d i f f e r en t  
set-ups and washing p l an t s  where t he  gravel  was mined by power shovels o r  d rag l ines .  

I n  addi t ion ,  various unsuccessful e f f o r t s  were made during 1931 and 1932 t o  mine gravel 
with power shovels,  but no noteworthy f ea tu r e s  were observed a t  any of those operat ions.  

S ize  of d ipper ,  
cubic yards 

3/4.. ...................... 
1. ........................... 
1 1/4 .................... 
1 1/2 .................... 

Sta t ionary  washing plarrts 

Jellow NuKeet.- S. A .  Wells and pa r tne r s  began working a high bar  on Pine Creek near 
He re to rd ,  Oreg., n 1932. The grave l  averaged 8 f e e t  deep, was t i g h t ,  and was hard t o  d ig .  
The bedrock was s o f t .  and about 1 1/2 f e e t  w a s  taken up w i t h  t he  gravel .  The gravel and bed- 
rook were excavated w i t h  a 5/&cubic-yard gasoline shovel and hauled i n  4-cubic-yard t m c k s  
about 2.000 f e e t  t o  a washing p l a n t  which consis ted of a g r i zz ly ,  pump, high-pressure sprays. 
a n d  a S lu i ce  box. 

A 1 1  boulders  over 6 o r  8 inches i n  s i z e  t ha t  came t o  l i g h t  while t l . e  t rucks were being 
loaded were thrown out .  An e x t r a  man a t  t he  p i t  worked w i t h  t he  d r ive r s  on the truck8 t o  do 
t h i s  work. The gravel was dumped on a r a i l  g r izz ly  w i t h  6 1/2-inch openings; the oversize 
went t o  a rock dump which was leve led  o f f  by hand a s  i t  was b u i l t  up. The undersize was 
washed i n t o  t he  s l u i c e  from a f l a t ,  s tee l - l ined  hopper under t he  gr izz ly ,  by water under 18 
pounds per  square inch pressure from f i v e  2-inch sprays on goosenecks. The water was pumped 

Hourly capaci ty,  
. cubic yards 

40-120 
45-140 
50-160 
60-175 

19 Osgood Co.. Marian. Ohio. 

20 Ford8on-Tractor Sale.. Ltd., Lo8 h g e l e r ,  Calif. 

Cost. 
f . o  . b .  f a c to lg  

$10,250 
12,000 
13,500 
16,000 



44 f e e t  v e r t i c a l l y  by a !%inch c e n t r i f u g a l  pump run by a  6-cylinder automobile engine;  900 
g a l l o n s  pe r  minute was used. Three ga l lons  o f  g a s o l i n e  pe r  hour was used f o r  pumping. 

The s l u i c e  was 18 inches  wide and 40 f e e t  long with a  grade of 1 inch t o  t h e  f o o t .  
R i f f l e s  c o n s i s t e d  of 12-pound r a i l s  c u t  i n  &foot  s e c t i o n s ,  l a i d  lengthwise i n  t h e  boxes; 
and 2- by &inch c rossp ieces  between s e c t i o n s  o f  rails. An undercurrent  10 f e e t  long  by 8 
inches  wide with  1-inch c r o s s  r i f f l e s  of wood was used a t  the  end of the  s l u l c e ,  mainly a s  
a n  i n d i c a t o r .  Q u i c k s i l v e r  was used i n  a l l  o f  t h e  s l u i c e  except before  the  f4 .-st r i f f l e .  
Before q u i c k s i l v e r  was used t h e  l o s s  of gold was apprec iab le .  

One man operated the  sp rays  and tended t h e  upper end of  t h e  box. A aeoond .an tended 
t h e  lower end of the s l u i c 9  and kept  the  washed g r a v e l  from becoming dammed on the.dump. The 
shove1 and t r u c k s  could d i g  and hau l  the  g rave l  f a s t e r  than i t  could be washed. L i t t l e  de- 
l a y ,  honever, was experienced i n  t h e  opera t ions .  An average of 160 cubic yards  war washed 
p e r  lo-hour s h i f t .  The average gaso l ine  consumption p e r  s h i f t  was.30 ga l lons  f o r  t h e  pump, 
30 g a l l o n s  f o r  the  shovel ,  and 27 g a l l o n s  f o r  t h e  two t r u c k s .  The crew cons i s ted  o f  6 men, 
1 of whom ac ted  a s  superv i sor .  Wages were 50 c e n t s  p e r  hour f o r  a l l  except t h e  shove l  man, 
who was pa id  60 c e n t s  pe r  hour.  The o p e r a t i n g  o o s t  was 7  c e n t s  f o r  l abor  and 5 c e n t s  f o r  
s u p p l i e s  f o r  excavating, 9  c e n t s  p e r  cubic  yard ( c o n t r a c t  p r i c e )  f o r  haul ing,  6  o e n t s  f o r  
l a b o r  and 1 cent  f o r  supp l ies  f o r  washing, 4  c e n t s  f o r  Suppl ies  f o r  pumping, 5 c e n t s  e s t imated  
misce l l aneous ,  and 2  c e n t s  f o r  superv i s ion  - a t o t a l  of 39 Cents pe r  cubic ya rd .  

H e h e . -  Dr. A .  L .  Heine and a s s o c i a t e s  were mining a  ba r  on Grimes Creek a t  C e n t e r v i l l e ,  
Idaho,  i n  June and July  1932. The g rave l  averaged about 6 f e e t  deep. It contained no 
b o u l d e r s  over  1 foo t  i n  diameter and few over  6  inches  i n  s i z e .  The bedrock was decomposed 
g r a n i t e ;  1 f o o t  of i t  was taken up with  t h e  g r a v e l .  The gravel  was excavated by a 1 1/4- 
cubic-yard gaso l ine  shovel and t ranspor ted  an average of 400 f e e t  t o  the  washing p l a n t  i n  
t h r e e  &ton t r u c k s  under c o n t r a c t .  The c o n t r a c t  p r i c e  f o r  excavation and t r a n s p o r t a t i o n  of  
t h e  first  14.000 cubic yards was 25 c e n t s  p e r  cub ic  yard and of the  second 14,000 cub ic  ya rds  
20 c e n t s .  The c o n t r a c t o r ' s  crew cons i s ted  of  a  shove l  opera to r ,  o i l e r ,  mechanic, boas,  and 
t h r e e  t ruck  d r i v e r s  on each of two s h i f t s .  

The g rave l  was dumped i n t o  a  hopper ho ld ing  6 cubic  yards .  No g r i z z l y  was used; one 
man a t  t h e  hopper threw out  a l l  boulders  over  6  inches  i n  s i z e .  The gravel  was fed i n t o  the  
s l u i c e  by means of a  sp ray .  Water f o r  washing was supp l ied  through a l e i n c h  p ipe  by a 12- 
i n c h  c e n t r i f u g a l  pump run by a 100-hp. e l e c t r i c  motor. The head on the pump, i n c l u d i n g  t r i o -  
t i o n  l o s s ,  was 37 f e e t .  This water was discharged d i r e c t l y  i n t o  the  head of the  s l u i c e  box. 
The water  f o r  the  spray was pumped through a ?-inch p i p e  by a  10-hp. e l e c t r i c  motor and dis- 
charged  through a  2-inch nozz le .  The e lect r ic-power  b i l l  f o r  both pumps f o r  20 hours  p e r  
day was $17, The s l u i c e  was 32 inches  r i d e  and 125 f e e t  long and had a  grade of 8 i n c h e s  i n  
12 f e e t .  R i f f l e s  cons i s t ed  of  20-pound r a i l s .  I n  t h e  f i r s t  t h r e e  boxes. the r a i l s  were t r ans -  
v e r s e ;  t r a n s v e r s e  and long i tud ina l  s e c t i o n s  a l t e r n a t e d  i n  the  o t h e r  boxes t o  t h e  end o f  t h e  
s l u i c e ;  16  pounds of q u i c k s i l v e r  was used i n  t h e  r i f f l e s .  

Tbree men were employed on each s h i f t  a t  t h e  washing p l a n t  a ~ d  pumps. A t  a wage r a t e  
of 40 cent; p e r  hour and 1,000 cub ic  yards  p e r  day t h e  l a b o r  c o s t  a t  the  washing p l a n t  aad 
pumps would be 2 .4  cen t s .  The es t imated  power c o s t  would be 1.7 cen t s ,  s u p p l i e s  a t  t h e  
washing p l a n t  0 . 4  cen t ,  n i sce l l aneous  l abor  and s u p p l i e s  3 1/2 Cents, supervis ion 1 c e n t ,  and 
d i g g i n g  and t ruck ing  20 c e n t s  - a t o t a l  o p e r a t i n g  c o s t  of 29 cen t s  pe r  cubic yard.  

Great  Bend.- A p l a n t  was b u i l t  i n  the  summer of 1931 t o  t r e a t  r i v e r  g r a v e l s  on t h e  
American River  a t  Lotus, C a l i f .  ; o p e r a t i o n s  were d i scon t inued  i n  November a f t e r  the  t r ea tment  
o r  about  100,000 cubic yards .  The g r a v e l  c o n s i s t e d  mainly of o l d  t a i l i n g s  and was dug by 
gasoline-power shove l s  and t r a n s p o r t e d  500 f e e t  i n  t h r e e  4-cubic-yard t rucks  t o  a  washing 
p l a n t .  The t ruck ing  was done on c o n t r a c t  a t  6  o e n t s  p e r  cubic  yard.  About 800 cubic  ya rds  
was handled each &hour s h i f t .  The p l a n t  appeared t o  be w e l l  designed and ras of e u b s t e t i a l  



c o n s t r u c t i o n .  The gravel  was dumped from t h e  t r u c k s  i n t o  a t r a p  over  a b e l t  e leva tor  which 
fed a 5- by 20-foot trommel with 9 / l G i n c h  ho les .  The overs ize  went t o  a b e l t  s t a c k e r  and 
t h e  unders ize  over t h r e e  50-fool s t e e l  boxes 30 inches  wide i n  p a r a l . l ~ l  with l /b inch-square  
wooden c r o s s  r i f f l e s .  The following e l e c t r i c  motors were used: B e l t  e leva tor ,  10 hp. ;  
trommel, 1 5  hp. ; s t a c k e r ,  10 hp:; extension s t a c k e r ,  15 hp. ; feeder ,  1 0  hp. ; and p u p ,  50 hp. 

Operat ions  were discont inued,  a s  the  gravel  d i d  not  ca r ry  t h e  expected mount  of gold. 
Cost d a t a  ware not a v a i l a b l e .  

-.- The Gold Gravel Product Co. b u i l t  a p l a n t  a t  Wallace, C a l i f . ,  and washed about 
30,000 cubic  yards dur ing  t h e  f i r s t  ha l f  of 1931. The p l a n t  c a p a c i t y  was about 100 cubic  
yards  p e r  hour.  The grave l  was excavated by a 1 1/4-cubic-yard, ful l - revolving,  c a t e r p i l l a r -  
t r e a d ,  gasoline-driven shovel  with a 30-foot boom and a 92-hp. engine. Haulage was by twelve 
&cubic-yard side-dump c a r s  aad two &ton gaso l ine  locomotives running on a 36-inch gage 
t r a c k ;  5 c a r s  were run t o  a t r a i n .  The d i s t a n c e  from the  p i t  t o  t h e  washing p l a n t  was 1/2 
mile .  Gasoline consumption was 1 4  ga l lons  p e r  6-hour s h i f t .  

The g r a v e l  was dumped through an &inch g r i z z l y  i n t o  a washet, c o n s i s t i n g  of a tube 5 
f e e t  i n  diameter  and 16 1/2 f e e t  long with  a s p i r a l  vane 12 inches  high on the  i n s i d e  and 
having 1 5  t u r n s .  L i f t e r  b a r s  a l s o  were used between t h e  s p i r a l  blaGas. The washer which was 
revolved by means of a 30-hp. motor wan s e t  l e v e l ;  a p a r t i c l e  would pass- through i n  2 1/2 
minutes.  The lower 4 f e e t  of t h e  tube ou t s ide  of t h e  s p i r a l  was f l a r e d  outward and cons i s ted  
of a s c r e e n  with  1-inch round ho les .  The overs ize  from t h i s  screen went onto a b e l t  s t a c k e r .  
An o u t s i d e  sc reen  with 3/&inch holes  was used around the  inner  one. The p lus  3/&inch. 
minus 1-inch mate r ia l  was run through a 16-inch s l u i c e  100 f e e t  long a d  the  minus 3/8-inch 
m a t e r i a l  through a 32-inch s l u i c e  a l s o  100 f e e t  long. The novel f e a t u r e s  of the  operat ion 
were t h e  use  of c a r s  and t r a c k  f o r  haulage and t h e  s p i r a l  r a s h e r .  About 3,000 ga l lons  of 
water  p e r  minute was pumped f o r  washing the  g rave l ,  o r  1.8CO ga l lons  p e r  cubic yard of gravel  
excavated. 

Cost d a t a  were not  a v a i l a b l e .  
Rock-Semicg.- The Grant Rock-Service Co. a t  Fresno, C a l i f . ,  produced gold a s  a 

byproduct t o  t h e  sand, g rave l ,  and crushed-stone business .  The ground contained about 3 
c e n t s  p e r  cubic  yard i n  gold.  The depos i t  cons i s ted  of 30 f e e t  of r i v e r  gravel  which was 
e a s i l y  excavated; a cubic  yard i n  p lace  weighed 2.850 pounds. The bedrock was volcanic  ash.  
The g r a v e l  was excavated with a 5-cubic-yard d r a g l i n e  shovel with a 100-foot boom and t rans-  
p o r t e d  t o  an inc l ined  e l e v a t o r  i n  20-cubic-yard dump c a r s  pu l led  by a steam locomotive. The 
d r a g l i n e  . could excavate 3,000 cubic yards i n  9 hours.  The gravel  went through a s tandard 
sand-and-gravel sc reen ing  and washing p l a n t .  The gold was ex t rac ted  from the  sand a f t e r  i t  
had passed t>rough a 3/16-inch trommel screen.  The overs ize  from t h e  sc reen  went t o  a s i z e d  
gyavel b i n  o r  a crushing p l a n t .  A s  t h e  demand was g r e a t e r  f o r  t h i  rock and g r a v e l  than f o r  
t h e  sand,  most of the  sand was washed back i n t o  t h e  p i t ;  however, a l l  the  sand was run 
through a 50-foot s l u i c e  30 inches  wide with dredge-type Hungarian r i f f l e s .  

The work was on a l a r g e  s c a l e ;  the  p l a n t  was of s tandard form. and the equipment used 
had a l l  s t o o d  t h e  t e s t  o f  t ime. A .  H. Sienkneoht. p l a n t  super in tenden t ,  made c a l c u l a t i o n s  
which i n d i c a t e d  t h a t  t h e  c o s t  of handling t h e  gravel  f o r  the  gnld a l o n e  would be 18 c e n t s  p e r  
cubio yard .  Thas included t h e  c o s t  of running a l l  t a i l i n g s  back i n t o  t h e  p i t .  By allowing 
a m o r t i z a t i o n  and general  expense t h e  t o t a l  c o s t  would be 20 cen t s  p e r  cubic  yard. This c o s t  
should i n d i c a t e  what could be done with s i m i l a r  depos i t s  on a l a r g e  s c a l e .  It should be 
borne i n  mind, however, t h a t  t h e  g rave l  was f r e e  from clay and l a r g e  boulders ,  and almost 
i d e a l  oondi t ions  e x i s t e d  f o r  ob ta in ing  low c o s t s .  The digging was under water ;  with most 
types  o f  bedrook t h i s  would have meant a r e l a t i ~ e l y  low recovery of gold i n  the  p i t .  

Gold was obtained a l s o  a s  a byproduct from sand-and-gravel p l a n t s  a t  Bakersf ie ld ,  C a l i f . ,  
and a t  Denver, Colo. The gold was caught on r i f f l e s  a s  a t  the  Grant Rock-Service Co. 



s k u l l  Val ley .- The Skul l  Valley Gold Corporat ion operated a p l a c e r  mine i n  Sku l l  Val ley,  
A r i z . ,  dur ing  1932. Gravel was hauled t o  a c e n t r a l  washing p l a n t ,  and water was pumped from 
a d i s t a n c e .  The gravel  averaged about 8 f e e t  deep, occurred on a c l a y  bedrock, and contained 
a r e l a t i v e l y  l a r g e  proport ion of black sand.  It was dug by a one-half-revolving, gasol ine-  
d r i v e n  shovel  with a 3/&cubic-yard d ipper  and hauled i n  two 2-ton t rucks  an average d i s t a n o e  
of  2,500 f e e t .  The t rucks  dumped i n t o  a 110-cubic-yard b i n .  The gravel  was p u l l e d  o u t  
through f8Chinamant8 chu tes  onto a 22-inch t r a v e l i n g  b e l t  and thence t o  a 4 by %foot  t r o u t 3 1  

, 

with  i /&inch round ho les .  The overs ize  went t o  a dump v i a  a s t a c k e r  b e l t .  The unders ize  
went t o  a second trommel 3 by 8 f e e t  i n  s i z e  wi th  l / S i n c h  square  ho les .  Both t r o n e l s  ran 
a t  24 r.p.m. The launder  between the t r o r o e l s  had t r a p s  t o  ca tch  p l u s  l/& t o  minus l / C f n c h  
nuggets .  It was thought t h a t  about 70 pe rcen t  of  the  mate r ia l  was r e j e c t e d  by the  s c r e e n s .  
The unders ize  from the second trommel went t o  f o u r  Wilfley t a b l e s  i n  p a r a l l e l .  The t a i l i n g s  
from t h e  t a b l e s  were e leva ted  by r 8and wheel onto  t h e  s t a c k e r  b e l t .  The conoentr8tea  from 
t h e  t a b l e s  were run over a 4- by &foot amalgamation p l a t e .  A q u i c k s i l v e r  t r a p  was used be- 
low t h e  p l a t e .  The gravel  contained c innabar  and n a t i v e  q u i c k s i l v e r ;  the  l a t t e r  was caught  
i n  t h e . t r a p s .  About 10 pounds excess of q u i c k s i l v e r  accumulated dur ing  the  suamer o f  1932. 

Water was pumped from a 12-foot we l l  by a 2 1/2-inch c e n t r i f u g a l  pump t o  a small t ank ,  
whence i t  was pumped 7,800 f e e t  h o r i z o n t a l l y  and 280 f e e t  v e r t i c a l l y  by a 5 1/2- by 6-inch 
t r i p l e x  pump t o  a 18,000-gallon tank a t  t h e  p l a n t .  The same engine drove both pumps. About 
100 g a l l o n s  of water was used pe r  n inu te ;  none was reclaimed. 

The p l a n t  had a capac i ty  of 120 cubic ya rds  p e r  day when i t  ran f u l l  time; however, t h e  
average  d a i l y  yardage handled dur ing the  pe r iod  of operat ion was about 90. Power was fu r -  
n i shed  by t r a c t o r  engines;  1 was used on t h e  shovel .  2 a t  the  washing p l a n t ,  and 1 on t h e  
pumps'. Gasoline consumption p e r  8 hours was: Shovel,  10 ga l lons ;  t rucks ,  16; washing p l a n t ,  
13, and pumps, 10 .  Gasoline c o s t  19 c e n t s  p e r  ga l lon ,  but t h e  S t a t e  t a x  of 5 c e n t s  p e r  
g a l l o n  was refunded f o r  a l l  uses  except the  t r u c k .  The average d a i l y  c o s t  lor gaso l ine  was 
m.99. 

S i x  men and a super intendent  ran the  p l a n t .  The wage s c a l e  was $0.75 per  hour f o r  t h e  
shovel  men and an average of $0.40 p e r  hour f o r  t h e  r e s t  of the  crew. The d a i l y  l a b o r  pay- 
r o l l  was $22. Other d a i l y  opera t ing  expenses were es t imated as fol lows:  Trucking c o s t s  
o t h e r  than  l a b o r  and gaso l ine ,  $2.70 ( 6  c e n t s  p e r  m i l e )  ; shovel ,  washing p l a n t ,  and pump sup- 
p l i e s  and miscellaneous expense. $6.00; superv i s ion .  $10.00; making a t o t a l  d a i l y  o p e r a t i n g  
c o s t  of  $48.69. A t  t h e  average d a i l y  capac i ty .o f  90 cubic yards  :he u n i t  c o s t  would be 54 
c e n t s ;  a t  f u l l  capaci ty  the  o p e t a t i ~ g  c o s t  would be 40 c e n t s  p e r  cubic  yard.  

Forbach and Easton.- Forbach and Easton worked a p l a c e r  mine i n  Sku l l  Valley.  n e a r  
Kirkland,  Ar iz . ,  i n  1931 and 1932. The g rave l  was 6 inches  t o  6 f e e t  deep, the  average dep th  
be ing  3 f e e t .  According t o  one p re l iminary  t e s t  t h e  gravel  contained about 75 pounds o f  
b lack  sand p e r  cubic yprd. but  i n  opera t ion  t h e  t a b l e  recovery ind ica ted  a content  o f  about  
35  pounds p e r  yard.  There were no boulders .  The gold-bearing gravel  was under la in  by a 
f a l s e  bedrock of yellow c l a y .  The g rave l  was dug by a 3/B-cubic-yard, c a t e r p i l l a r - t r e a d ,  
gaso l ine -dr iven  shovel and loaded i n t o  two t r u c k s  1 3/4 and 2 3/4 cubic  ya rds  i n  c a p a c i t y ,  
r e s p e c t i v e l y .  The average haul t o  the  washing p l a n t  was 1/2 mile .  The gravel  was d u p e d  
from t h e  t r u c k s  over a 6-inch r a i l  g r i z z l y  i n t o  a 55-cubic-yard b i n .  .The overs ize  was t h r o m  
o u t  by hand i n t o  a c a r  and pushed t o  a dump. From the  b in  t h e  g rave l  was taken by a bel t  
f e e d e r  t o  a 4- by %foot  trommel. The f i rs t  3 f e e t  of the  trommel was blank; the  lower 6 
f e e t  had 1/4-inch round h o l e s .  This  trommel was s e t  on a s lope  of about t h r e c e i g h t h s  i n c h  
p e r  f o o t  and revolved a t  a r a t e  of 2 1  r.p.m. Sprays under approximately a 30-foot head 
played on t h e  ou t s ide  of t h e  trommel and i n t o  both ends.  The unders ize  went through a nugget 
t r a p ,  i n  which i t  was repor ted $10 t o  $53 worth of coarse  gold was recovered each s h i f t .  and 
thence t o  a second trommel 38 inches  i n  d iamete r  by 6 f e e t  long, made of doub lcor imped ,  



l&gage sc reen  wire with 1/8-inch square openings. The overs ize  from both trommels was car- 
r i e d  t o  a t a i l i n g s  dump bY two 16-inch conveyor b e l t s ,  t h e  f i r s t  50 and the  second 150 f e e t  
long.  It was. es t imated . tha t  about 5 percen t  of t h e  mate r ia l  was r e j e c t e d  a t  the  g r izz ly  and 
an a d d i t i o n a l  35 percent  by the  screens.  The unders ize  from t h e  second screen went t o  th ree  
D e i s t e r  diagonal-deck sand t a b l e s  arranged i n  p a r a l l e l  and run a t  280 r.p.m. The t a b l e  t a i l -  
i n g s  v e n t  t o  a &foot sand wheel with 11 buckets bo l ted  t o  t h e  rim; i t  turned about 3 r.p.m. 
The sand from t h e  wheel went t o  the  second s tack ing  b e l t  which e leva ted  the  mater ia l  about 
30 f e e t  t o  t h e  dump. A hose was used p e r i o d i c a l l y  f o r  washing t h e  sand away from the end of 
t h e  s t a c k e r .  The Deis te r  t a b l e  concentrate  went t o  a Wilf ley t a b l e  used a s  a c leaner .  The 
t a i l i n g s  from t h e  Wil l ley t a b l e  were c a r r i e d  back by hand t o  the  head of the  Deis te r  t a b l e s .  
The concen t ra te  i n  2 1/2-ton batches  was t r e a t e d  i n  a &foot  amalgamator. The amalgamator 
was f i r s t  run about one-half hour t o  scour  t h e  gold;  c a u s t i c  soda was added t o  destroy any 
grease t h a t  might be p r e s e n t .  Then 40 pounds of q c i c k s i l v e r  and enough water t o  r i l l  the  
tank were added, and the  amalgamator was run 30 m i n ~ t e s  more a t  57 r.p.m., a f t e r  which the  
top  p a r t  of t h e  charge was d r a m  o f f  and p u t  back over  a t a b l e  t o  catch any f loured mercury. 
The r e s t  of t h e  con ten t s  were then d r a m  i n t o  a porce la in  tub,  the  l i v e  qu icks i lve r  was de- 
can ted  o f f  and a s  much amalgam a s  could be c o l l e c t e d  t akee  ou t .  The con ten t s  of the  tub  
were run over  t h e  Wilf ley t a b l e  t o  catch t h e  r e s t  of t h e  amalgam. The amalgam was squeezed 
i n  buckskin and then r e t o r t e d  over a wood f i r e ;  a condenser was used. The sponge gold was 
melted i n  a g r a p h i t e  c r u c i b l e .  

The t ronmels  were d r iven  by a 50-hp. gasol ine engine t h a t  a l s o  operated a 10-kw, genera- 
t o r  t h a t  s u p p l i e d  power t o  a motor t o  run the  no. 2 s tack ing  b e l t  and the  Wilfley t a b l e .  A 

9-hp.. 1-cyl inder  gas engine drove the  upper s t a c k e r ,  t h e  Deis te r  t a b l e ,  and the sand wheel. 
 he-well from which water f o r  opera t ing  t h e  p l a n t  was obtained was 8,000 f e e t  from the  

mine; i t  css cased with 8-inch pipe f o r  a d i s t a n c e  of 170 f e e t .  A deep-weal pump driven by 
a 25-hp. D i e s e l  engine l i f t e d  t h e  water 150 f e e t  t o  a 2,000-gallon tank.  A 5 by 6 t r i p l e x  
pump, run by t h e  same engine. forced t h e  water through a &inch pipe t o  25,000-gallon tanks 
a t  t h e  washing p l a n t .  The water from t h e  washing p l a n t  was s e t t l e d  i n  a pond, and the  c l e a r  
wa te r  was r e t u r n e d  t o  t h e  tanks by a 2-inch c e n t r i f u g a l  pump. 

Ninety g a l l o n s  was pumped p e r  minute from the  w e l l  over a per iod of 8 hours.  About 250 
g a l l o n s  of wa te r  p e r  minute-was r e c i r c u l a t e d  a t  t h e  p l a n t ,  and some was wasted. Clear water 
was used on t h e  t a b l e s .  About 175 ga l lons  p e r  minute was used f o r  sc reen ing .  

The mine was operated one &hour s h i f t .  The crew cons i s ted  of t h e  f o l l o r i n g :  

liuus. 
z a t e  o e r  h o y t  

................................ shovel  runner SO. 75 

............................... t r u c k  d r i v e r s  .40 
p l a n t  men (1 a t  g r i z z l y ,  1 a t  
feeder ,  and 1 a t  t a b l e s )  each .40 
pumpman.. .......................................... .40 

.......... sampler ( t e s t i n g  ground) .40 
......................................................... super intendent  

The f u e l  consumption was a s  follows: 



The p l an t  had a capacity of 200 cubic yards per  day when it ran f u l l  time; hotever, 
de lays  due t o  b reak4oms  and adjustments reduced the average t o  about 120 cubie yards per  
s h i f t .  

The d a i l y  cos t  was a s  follows: 

-- 

Shovel .............. 
...... T m c U  (2)  

Inahlag p l an t  
Mala prup ........ 
Return porrp.... 

Labor ...................................................................... $28.40 
Gasoline and d i s t i l l a t e  .................................. 13.02 
Trucking ( o i l ,  t i r e s ,  and miscellaneous 

costs ;  excluding depreciat ion)  a t  8 
cents  per  mile ............................................... 4'.80 

Shovel, washing p lan t , ,  and purp supplies  
........................ and miscellaneoos suppl ies  7.50 

Supervision .......................................................... _ro.oO 

Total  ......................................................... 63.72 

A t  120 cubic pards per s h i f t  the u n i t  operat ing cos t  was 54 Gents. I f  the  p l a n t  w a s  
operated a t  f u l l  capacity the cos t  would be 31 cents  per  cubic yard. 

Yornine Glpcs.- The Morning Glory Placers ,  I nc . ,  operated on Upper L p x  Creek near  
P re sco t t ,  Ariz.,  i n  July 1932. The gravel,  which was about 8 f ee t  deep, was excavated by a 
1-cubic-yard, gasoline, full-revolving, oaterpl l lar- t rcod drag l i n e  and haulod i n  two 2- 
cubic-yard dump trucks about 1,600 f ee t  t o  a washing p lan t .  The capaci ty of the  p l an t  w a s  
expected t o  be 300 cubic yards i n  8 hours. The contract  pr ice  f o r  excavating the  gravel ,  
d e l i v e r i n g  i t  t o  the washing p l an t ,  and cleaning up bedrock was 19 cents  per  cubic yard. 
The grave l  was dumped through a 6-inch g r i zz ly ;  about 5 percent of the material  w a s  discarded 
a t  t h i s  po in t .  The gravel then went through a 4 1/4- by 14-foot trommel w i t h  5/8-inch holes .  
S i x  hundred gal lons of water per  minute was used under a 50-pound-per-square-inch pressure 
i n  t he  trommel. About 50 percent of the  material  was discarded a t  the t rorne l  and passed 
onto a s t acke r  b e l t  15 f ee t  long. The undersize went through two 12-inch boxes 45 f e e t  long 
i n  p a r a l l e l ,  having varioua types of r i f f l e s .  The clean-up material  was put  through a pul- 
s a t i n g  j i g  t o  separa te  the  gold. About 1,000 pounds of concentrate was obtained from 900 
cubic  yards  of gravel .  The j i g  concentrate was t rea ted  i n  a pan apalgamator. 

The automobile engine t o  run the washing p l an t  took 10 gallons of gasoline every 8 hours. 
The water  was pumped with a &inch cen t r i fuga l  pump run by another automobile engine. The 
water was reclaimed i n  a pond and rec i rcu la ted .  Insuf f ic ien t  work had been done t o  permit 
c a l c u l a t i n g  the t o t a l  operating cgs t s .  

octave.- A p lan t  was b u i l t  i n  1931 and run a shor t  t i ne  a t  Octave, Ariz. The gravel 
was excavated by a power shovel w i t h  a 1-cubic-yard dipper and trucked t o  a 10-cubic-yard 
c a r  on an incl ined t rack .  The c a r  was pul led  t o  a.washing plant  and dumped in to  a hopper. 

- -- - 

C a s ~ l i n e  v 

Gallons 
wr s h i f t  

15 
10 
50 
'16 
15 

Con t 
mr aa l log  

$0.14 
.19 
.14 
.17 
.14 



Batches were fed i n to  and washed i n  a l a r g e  concrete mixer, then run through s l u i c e  boxes. 
The use  of t h e  concrete mixer fo r  washing t he  gravel  was novel. 

p?sticfl  - "he Mineral Leasing Co. of Rapid City, S. Dak., erected a washing p l an t  w i t h  

ride-shaking s luiCes on Cast le  Creek a t  Mystic i n  the  cen t r a l  Black H i l l s  of South Dakota i n  
1932. .The grave l  which ooourred i n  a s i d e  gulch was 30 f ee t  t h i ck  and covered w i t h  a few 
f e a t  o f  s o i l .  It was excavated by a power shovel with a 1/5-cubio-yard dipper;  t he  pay d i r t  
w a s  t r anspo r t ed  by motor truck t 0 . a  t reatment  p l a n t  a shor t  d i s tance  a n y  on Cast le  Creek. 

The grave l  was dumped upon a sc reen  with openings 7 inches square .constructed of old 
b o i l e r  tubes .  The mater ia l  passing through t h i s  coarse screen dropped i n t o  a b in  w i t h  a 
c a p a c i t y  of 5 cubic yards, from which i t  ran by gravi ty t o  a 22- by 3Cinch  reciprocat ing 
pan feeder  and thence t o  a trammel. The l a t t e r  was 6 f ee t  i n  length,  s e t  a t  a s lope  of 1 
inch  t o  1 foo t ,  and ran a t  21 r.p.m. It was composed of two concentric wire-mesh screens;  
t h e  i n n e r  one was 2 f e e t  i n  diameter t i t o  l-inoh square openings and the ou te r  one was 42 
i nches  i n  diameter p d  was made of sc reen  c l o t h  with l/& by 5/&inch rectangular  openings. 
Spray water  f o r  the sdreen was provided by a cen t r i fuga l  pump. A 50-foot s t a cke r  b e l t  ra ised 
t h e  ove r s i ze  from the screen t o  an e leva ted  hopper whence i t  was d r a m  in to  a motor t ruck  fo r  
t r a n s p o r t a t i o n  t o  a dump. The undersize from the  revolving screen ran i n to  a shaking s l u i c e  
48 inches  wide, 52 inches long, and hung on a grade o r  1 1/2 inches t o  the foo t .  The s l u i c e  
was shaken sideways by an eccent r ic  a t  t he  r a t e  of 100 s t rokes  per  minute; the throw was 1 
i n c h .  Transverse r i f f l e s  were used. The t a i l i n g s  from the shaking s l u i c e  ran through a 
f i xed  s l u i o e  25 inches wide w i t h  a grade of 1 inch t o  1 foot,. The shaking s l u i c e  had not 
proved s a t i s f a c t o r y  a t  t h i s  p lan t  due t o  t he  l a rge  proportion of black sand i n  the  gravel 
and t h e  high r a t e  of feed, and it was propqsed. t o  discontinue its use and s u b s t i t u t e  fixed 
s l u i c e 6  and Wilfley tab les .  The mater ia l  from the  s l u i c e  ran i n t o  a t a i l i n g s  d i t c h  beside . 
Carrtla Creek. 

The t reatment  p lan t  was run by a t r a c t o r  engine and the s tacker  b e l t  by a separa te  gas* 
l ' h e  engine.  The p lan t  had a reported capac i ty  of 300 cubic yards per  10-hour day, and the 
o o s t  p e r  cubic  yard w$s s a id  t o  be about 25 cen t s .  

p r i t t e o  and YumL.- Bt i t t en  and Murphy mined gravel from a s i d e  gulch of Goler Gulch 
n e a r  Randsburg, Ca l i f . ,  i n  the summer of  1932. 

The g rave l  was dug by a gasoline-power shovel and trucked uph i l l  about 1,500 f e e t  t o  a 
m i 1 1  b u i l t  on t he  h i l l s i d e .  The grave l  was dumped over a 4 1/2-inch gr izz ly .  The oversize 
of  t h e  g r i z z l y  f e l l  dom the s teep  h i l l s i d e .  The undersize passed through a 5-foot concrete- 
mixer s h e l l  run a s  a pebble-mill  t o  wash t he  grave l .  It  then ran through a 3 1/2- by 12-foot 
t ro rmel  which made two screen products - minus 1/16 inch and p lus  1/16 minus 1/2 inch. The 
c o a r s e r  ma te r i a l  ran through an i ron  s l u i o e  box with r i f f l e s  and the  f i n e r  pmduct  over a 
Deister-Overstrom tab le .  

A t  t he  start water was purchased f o r  $1 p e r  1,000 gallons. Tests  indicated t h a t  a cubic 
yard  of  g rave l  a f t e r  washing would r e t a i n  60 ga l lons  of water.  The novel fea ture  i n  the 
p l a n t  was t h e  use of a concre tcmixer  s h e l l  as a washer ahead of the  t r o m e l .  

Movable washing p l an t s  

-.- I n  June 1932 the Haag Mining Co. was mining placer  gravel w i t h  a power shovel and 
washing it i n  a portable  p l an t  on Benson Gulch west of Randsburg, Calif., under very adverse 
cond i t i ons .  The gravel was t i g h t  and clay-bound and contained a l a rge  proportion of boulders 
A part of t he  gravel  was cemented so t h a t  i t  could not be dug w i t h  the shovel i n  use. The 
shovel  was full-revolving and had a c a t e r p i l l a r  t read  and a 7/8-cubic-yard d ipper .  I n  the 

21 Roportod by F. C. Linooln. Soutb Dakota School of ~ i n e 8 .  Rapid City, S. DU. 

1795 - SS - 



p a r t  of the  channel b e i n g  worked the  shovel oould d i g  200 t o  300 cubic yards i n  two &hour 
s h i f t s ,  which was f a r  i n  excess of what the  washing p l a n t  could handle.  The shovel,  inolud- 
i n g  l a b o r  and s u p p l i e s ,  was rented f o r  $36 p e r  8-hour o r  $55 p e r  1 6 h o u r  day. f t  used 40 
g a l l o n s  of gaso l ine  i n  8 hours when opera t ing  s t e a d i l y .  

The grave l  was dumped on a g r i z z l y  with  bars  spaoed 6 inches  -ar t .  The ovomize  .as 
t h r o m  t o  one s i d e  by hand. The unders ize  vent  i n t o  a ltopper from whioh it was fed i n t o  a 
double t r o w e l ;  t h e  inner  screen had 3 / C i n c h  and t h e  ou t s ide  on0 5/16-inoh holes .  A l l  p l w  
$/+inch m a t e r i a l  was taken from the  t r o u o l  by a b e l t  s t a c k e r  t o  a d m .  The l i n w  S / C  
and p l u s  5/16-inch mate r ia l  passed s e p a r a t e l y  through an l&foot  s l u i o e  30 inohor r i d e  t o  
ca tch  nuggsts t h a t  might be contained i n  the  g rave l .  The t a i l i n g s  from t h e  end of tho  r l u i o e  
were discharged onto a main b e l t  s t a c k e r  by means o i  an auxi1ial.p bucket e leva tor .  The minw 
5/16-inch mate r ia l  ran through a 4b i00 t  s l u i c e  30 inches  r i d e  on t h e  o t h e r  s i d e  o t  the u- 
ohine.  Both s l u i c e s  were f loored  with solid-rubber mat t ing with t r a n s v e r s e  r i f i l e s  3/8 inch  
wide and 1/2 inch deep, spaced 1/2 inch a p a r t .  The r i f i l e s  were kept  about one ha l f  f u l l  o f  
q u i c k s i l v e r .  On the  coarse-gold s i d e  one 2-foot s e c t i o n  had every o t h e r  r i f f l e  o u t  ou t  t o  
accommodate any l a r g e  p a r t i c l e s  of gold. The washing p l a n t  was self-contained. It .as 
p r o p e l l e d  by means of a t r a c t o r  over w h i c r i t  was b u i l t ,  and the  t r o m e l  and s t a c k e r  were 
run from t h e  t r a c t o r  engine. Water was purchased from wel ls  i n  the  v a l l e y  near Goler a t  $1 
p e r  1,000 g a l l o n s  and de l iverpd  through a pipe l i n e  i n t o  a tank above the  workings. The 
wate r ,  a f t e r  going through t h e  p l a n t .  was Impounded and pumped back f o r  re-use. About 180 
g a l l o n s  of new water was used p e r  cubic yard of mate r ia l  washed. This  high consumption was 
d u e  mainly t o  l o s s e s  from the  impounding pond and evaporation; probably not more than 60 
g a l l o n s  p e r  cubic  yard was held i n  t h e  t a i l i n g s .  The washing p l a n t  had a capaci ty  o r  about 
1 0 0 . c u b i c  yards  p e r  8 hours, b u t  due t o  de lays  caused by break-doms and.moving the  yardage 
handled pe: s h i f t  was reduced t o  l e s s  t h t n  one-half of t h i s  quan t i ty .  The trommel d i d  n o t  
d i s i n t e g r a t e  t h e  gravel  thoroughly, and 15 t o  20 percent  of the  overs ize  discharge was 00- 

mented m a t e r i a l  t h a t  contained gold. Although the  p l a n t  probably would have proved s a t i s -  
f a c t o r y  i n  mate r ia l  e a s i e r  t o  handle,  i t  was not s t rong  enough f o r  the  condi t ions  a t  t h i s  
p l a c e  and had i n s u f f i c i e n t  d i s i n t e g r a t i n g  capaci ty  t o  f r e e  the gold thoroughly fro. t h e  
g r a v e l .  

One man was employed a t  the  hopper, one a t  the  pumps a t  the  impounding dam, and two on 
t h e  washer each s h i f t .  One man operated the  shovel.  The t o t a l  operat ing c o s t  of handling 
100 cubic  yards  of gravel  p e r  day was $1.30 p e r  cubic yard. (See t a b l e  5 . )  The wgrega tod  
c o s t s  are a s  r o l l o r s :  

Shovel h i r e  ( 2  s h i f t s )  ........................... 
Washing p l a n t  l a b o r  (8 s h i f t s  a t  $4) 
Gasoline f o r  washer c i r c u l a t i n g  

pumps, 30 ga l lons  a t  20 c e n t s  ......... 
Water, 180 ga l lons  p e r  cubic  yard 

a t  $0.001 .................................................. 
.................... Other s u p p l i e s  (es t imated)  

Miscellaneous .............................................. 
................................................. Supervis ion 

Total.  ................................................... 

~ a i  1 y 
p r a t i n g  cos t  

$55.00 
32.00 

Coat 
per cubic  vard 

$0.55 
.32 



Triangle.-  The Triangle Gold Yining Co. was making a  p lacer  cu t  a t  Therma, N .  Yex.., i n  
J u l y  1932. The gravel was dug by a  1 1/4-cubic-yard, D ie se l4 r iven  power shovel w i t h  a  28- 
foo t  boom. The washing p lan t  was mountad on sRids and consisted of a  trommel 6 . r e e t  long 
with 3/4-inch holes and a  l i n e  of s l u i c e  boxes on a  t r e s t l e .  The boxes had a grade of 8  
inches  t o  12 f e e t .  A s  the  trommel was moved up s ec t i on  lengths of boxes were put  i n .  S ix  
hundred ga l lons  per minute o r  53 minerWs inches of water under a  Sbpound head was used f o r  
washing t he  gravel .  The oversize from the  troamel bas  hauled away i n  two 2-ton t rucks.  A s  
t h e  c u t  was extended not enough grade was ava i l ab l e  t o  carry the s l u i c e  out  of t he  cu t  f o r  
t h e  d i sposa l  of t a i l i n g s ;  d i f f i c u l t y  was encountered i n  keeping the roadway open fo r  hauling 
away t h e  overs ize  mater ial  and providing drainage i n  the cu t .  The p l ap t  had not been operat- 
i n g  long enough fo r  operating cos t s  t o  be estimated. 

&i l land . -  I n  Yay and June , l932  t he  Gold Yining Co. used a  dragl ine t o  mine a  p l ace r  
d e p o s i t  near  Holland, Oreg. The gravel  was 25 t o  30 f e e t  deep, and the  pay channel was 40 
f e e t  wide along a  present stream course. The d rag l i ne ,  which had a  40-foot boom and a  1 3/4- 
yard  bucket,  stood on the  edge of the  bank a t  t he  face of the workings and loaded i n t o  a  
pa ten ted ,  movable washing p lan t  on one r i d e  of the  p i t  and on the o r i g i n a l  .ground' sur face .  

The grave l  was dumped i n t o  a  hopper on the  washer. From the hopper it was fed onto a  
t r a v e l i n g  chain gr izz ly  with 3- by 5-inch holes .  The oversize discharged onto a  30-inch, 
rubber  b e l t  conveyor t ha t  discharged onto a  second b e l t  conveyor which elevated the mater ial  
50 f e e t  t o  a  dump. A wooden beam placed over t he  f i r s t  conveyor diverted a l l  boulders over 
10  inohes  i n  diameter th'rough a  chute back i n t o  the  p i t .  The undersize from the f i r s t  g r izz ly  
dropped t o  a  second t rave l ing  g r i zz ly  withS7/8- by 1 l/2Xnch open'ings. The oversize joined 
t h a t  from the  f i r s t  g r izz ly  on the b e l t  conveyor. The sands were run through s l u i c e  boxes. 
An a r e a  5 by 10 f e e t  under the g r i z z l i e s  and 33 f e e t  of s l u i ce  boxes was l ined  with brusse l s  
c a r p e t s  held dom by heavy wire screen with 3/4- by 3-inch openings. Yost of the  gold from 
t h e  excavated mater ial  w a s  caught i n  t h e  space under the gr izz ly .  The s l u i c e  consis ted of 
two 30-inch boxes i n  p a r a l l e l ,  f o r  12 f e e t ,  joined f o r  8 f ee t  i n  one box 60 inches wide and 
separa ted  again f o r  an addi t iona l  10 f e e t .  

I n  c lean ing  up, the carpe ts  f i r s t  were shaken i n  a  tub which removed about 75 percent  
of t h e  go ld .  Then they were placed i n  a  regular  cy l indr ica l  laundry machine where the  re- 
mainder o r  t he  gold was washed out .  

 he-plant was on sk ids  and was moved up about 20 f e e t  every o ther  day by the drag l ine .  
The g rave l  was ea s i l y  dug and read i ly  washed. The dragl ine was s a id  t o  have a  capaci ty o r  
400 cub i c  yards per &hour s h i f t ,  but  t he  washing p l an t  could handle only a  p a r t  of t h i s  
yardage.  The gravel was cleaned r ead i ly  by the  sprays while on the t rave l ing  g r i zz ly .  Where 
t he  g r ave l ,  however, was t i g h t  o r  contained appreciable  clay, a s  a t  many places,  t h i s  type 
of washer would not be s a t i s f ac to ry .  

The p l a n t  was run by two motors of 8  and 20 hp.,  respect ively.  One and four ten ths  
g a l l o n s  of gasol ine was used per  hour. Three men worked each s h i f t  on the p l an t  and i n  the 
p i t ;  one man operated the dragl ine.  

The bedrock was hard and C o u l  no t  be cleaned by means of the  drag l ine  bucket. After  
Ql m a t e r i a l  t h a t  could be excavated by the  d r ag l i ne  had been removed from a s ec t i on  of 
bedrock i t  was cleaned with a  g ian t .  A l i n e  of s l u i c e  boxes was maintained i n  the p i t  f o r  
waahing t he  clean-up mater ial .  P r e ~ i o u s l g  t he  mine had been worked by g ian ts ;  the equipment 
inc luded  two hydraulic e leva tors .  Then the  mater ia l  from the s l u i c e  boxes i n  the p i t  was 
d i scharged  i n t o  the intake of one of t he  hydraul ic  e leva tors  and thence elevated 31 f e e t  
i n t o  a  second s l u i c e .  The head of water on g ian t  and elevator  was 160 f e e t .  The necess i ty  
f o r  maintaining the s l u i c e  i n  the  p i t  prevented d u p i n g  the gravel washed i n  the p l an t  
d i r e c t l y  back i n to  the  excavation. Along one s i d e  of the p i t  a  dry wall was b u i l t  of the 
boulders  chuted i n to  the p i t  from the  washer. Operations were s a i d  t o  be unprof i tab le ,  



\ 

mainly because i t  was d i f f i c u l t  t o  dispose of the  t a i l i n g s  and because i t  was necessary t o  
keep the  p i t  open and drained.  

Fontan4.- The Fontana Washington Gulch Mining Co. mined a c u t  350 f e e t  long and 40 f e e t  
wide on Washington Gulch near  Deerlodge, Yont., i n  1931. The gold was oontained i n  2 1/2 t o  
3 f e e t  of gravel  on a c lay  bedrock. The g rave l  was o v e r l a i n  by 2 f e e t  of  10- and 6 f e e t  of  
o l d  t a i l i n g s  from workings f a r t h e r  up the  c reek .  

The g rave l  was f i r s t  s t r i p p e d  by a 75-hp . ,  gasol ine-dr iven d r a g l i n e  with a 90-foot boo8 
and a 1 1/4-cubio-yard Page bucket.  The overburden r a n  f i r s t  p i l e d  on one s i d e  of  t h e  o a t ;  
then the  d r a g l i n e  was taken i n t o  t h e  p i t  and t h e  pay g rave l  dug and loaded i n t o  a movable 
washing p l a n t  on the  o t h e r  s i d e  of the  o a t .  The gravel  a f t e r  going through a 12-inoh 
g r i z z l y  was fed i n t o  a 4- by 16-foot trommel wi th  3/4- dy 1 7/8-inch rootangular  ho les .  The 
overs ize  from the  trommel was discharged i n t o  the  p i t  by a 28-inoh belt oonveyor 25 f e e t  
long .  The unders ize  was d iv ided  i n t o  two s t reams and run through two 24-inch s t e e l  boxes 30 
f e e t  long with Hungarian r i f f l e s .  The s l u i o e s  a l s o  discharged i n t o  t h e  p i t .  A dra inage  
t r ench  was dug i n  the  middle of  the  p i t  by t h e  d r a g l i n e  and lagged over  with s l a b s .  The 
washing p l a n t  used 1,000 g a l l o n s  pe r  minute, o r  88 miner ' s  inches ,  of r a t e r .  The pumping 
p l a n t  cons i s t ed  of  a 6-inch c e n t r i f u g a l  pump and a 45-hp. gaso l ine  engine.  The r a t e r  was 
pumped through an 8-inch pipe l i n e ,  from which connection was made t o  the  washing p l a n t  by a 
&inch hose. The p l a n t  could handle 350'cubic yards  i n  8 hours when running f u l l  t ime. The 
d r a g l i n e  requ i red  38 ga l lons , '  t h e  pump 18, and the  trommel and s t a c k e r  engine 3 g a l l o n s  of 
gaso l ine  p e r  8 hours.  Seven men were employed. Tl?e d r a g l i n e  was brought ou t  of t h e  p i t  t o  
move the  washing p l a n t .  Cost d a t a  a r e  no t  a v a i l a b l e .  

~ r i s k i ~ . "  - A p o r t a b l e  washing p l a n t  was operated on Bear Creek i n  the  nor the rn  Blaok 
H i l l s  of South Dakota dur ing 1931 and 1932 by t h e  D r i s k i l l  Mining Co. of  Spear f i sh .  A 1 114 
cubic-yard gasol ine  shovel s t r i p p e d  the  overburden, mined the  pay d i r t ,  and moved t h e  t r e a t -  
ment p l a n t .  The pay d i r t  was d e l i v e r e d  by the  shovel t o  a f l a t  g r i z z l y  6 f e e t  square  wi th  
&inch square  openings c o n s i s t i n g  of mine r a i l s  p laced a c r o s s  p i e c e s  of  d r i l l  s t e e l .  The 
overs ize  was thrown o f f  the  g r i z z l y  by hand; the  unders ize  f e l l  i n t o  a hopper from which i t  
was fed upon an l&inch b e l t  conveyor 30 f e e t  long and i n c l i n e d  a t  an angle  of 30°. The 
e l e v a t o r  was d r iven  by a &cyl inder  automobile engine which a l s o  turned a trommel 30 inches  
i n  diameter  and 8 f e e t  long i n t o  which the  e l e v a t o r  dropped its load .  The trommel had S/& 
inch  square  openings and was f i t t e d  with a 2-inch c e n t r a l  sp ray  p i p e .  The overs ize  from the  
revo lv ing  screen ran through a chute  t o  t h e  waste dump; t h e  unders ize  was d e l i v e r e d  t o  a 
s l u i c e  24 inches wide and 50 f e e t  long which zigzagged back and f o r t h  beneath t h e  sc reen .  
The s l u i c e  was d iv ided  through i ts  c e n t e r  i n t o  two equal compartments and provided with  a 
two-way ga te  a t  the  top s o ' t h a t  one compartment could be used.while t h e  o t h e r  ras be ing  clean- 
e d .  Each s i d e  of the  s l u i e e  was f i t t e d  with t r ansverse  r i f f l e s  made of 2-inch i r o n  b a r s  held  
a t  &inch i n t e r v a l s  by s t r a p  i r o n .  For convenience i n  c lean ing ,  each compartment had a s i d e  
chu te  a t  the  loner  end through which the  concen t ra tes  could be d r a m  i n t o  a b a r r e l  f o r  rur- 
t h e r  concen t ra t ion  i n  a Richards p u l s a t o r  j i g  wi th  4- by l e i n c h  sc reen .  The s l u i o e  t ender  
changed c ;qa r tments  and c leaned up every h a l f  hour o r  so ,  depending upon the  r i chness  of the.  
ground. The concen t ra tes  con ta ined  values  no t  only  i n  gold,  which ranged i n  s i z e  f r o m . f i n e  
c o l o r s  t o  nuggets,  but a l s o  i n  c a s s i t e r i t e ,  tanta l i te-columbit r .  a n d  s o h e e l i t e .  

The t a i l i n g s  from the s l u i c e  were c o l l e c t e d  i n  a s e t t l i n g  box from which the  sand was 
removed t o  a t a i l i n g s  s t a c k e r  by means of  a f l i g h t  conveyor composed of  a b e l t  wi th  2-inch - 
angle-iron ba rs  fas tened  a c r o s s  i t  a t  1-foot i n t e r v a l s .  The t a i l i n g s  s t a c k e r  was d r i v e n  by 
a 3-hp. gaso l ine  engine.  

- -  - -- 
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The water  supply f o r  the  washing p l a n t  was obtained from a sump i n  the  creek below t h e  
p l a n t  i n t o  which the  t a i l i n g s  water and t h e  creek water ran. This water was p u p e d  through 
a-3- inch p i p e  t o  the  spray  pipe by a r o t a r y  o i l  pump a t  the  r a t e  of 200 ga l lons  p e r  minute 
(10 m i n e r ' s  i n c h e s ) ;  the  pump was b e l t e d  t o  t h e  power t a k c o f f  of a 15-hp. t r a c t o r .  

The p l a n t  was reported t o  have a c a p a c i t y  of about 300 cubic yards p e r  '10-hour day.  The 
o p e r a t i n g  c o s t  was about $25 f o r  wages, $10 f o r  k r e l ,  $5 f o r  miscellaneous, and $20 f o r  over- 
head - a t o t a l  of $60 p e r  day. The average d a i l y  yardage t r e a t e d  was not a v a i l a b l e  f o r  pub- 
l i c a t i o n .  

pvemec4 .  ' - In  June 1932 mining was begun by the  Mines Royalty Co. on Spr ing  Creek 
above Sher idan,  S .  Dak., where a movable washing p l a n t  had been i n s t a l l e d .  Operat ions  ceased 
September 17. The gravel  was 8 t o  25 f e e t  t h i c k  and was covered with 1 t o  7 f e e t  o f  s o i l .  
The gold occurred mainly as coarse ,  f l a t  c o l o r s  and smal l ,  f l a t  nuggets concentrated upon 
and i n  bedrock. From 3- t o  8 f e e t  of t h e  g rave l  above bedrock contained f i n e  c o l o r s ,  and 
h igher  l a y e r s  of gravel  occasional ly  were a u r i f e r o u s .  Bedrock was a decomposed s c h i s t  which- . 
was e a s i l y  dug. The overburden was removed by a gasol ine-dr iven drag l ine  with  a 3 / 4 c u b i c -  
yard bucke t .  The machine wa* then converted i n t o  a shovel with a 1-cubic-yard d ipper  f o r  
mining t h e  gold-bearing gravel  and bedrock. The shovel was used t o  move t h e  washing p l a n t  
which was mounted on two log  s k i d s  27 f e e t  long and 11 f e e t  a p a r t .  In  moving t h e  p l a n t  a 
c a b l e  fas tened  t o  the  back of t h e  shovel  was run back through a snatch block on t h e  p l a n t ,  
thence t o  t h e  head of the  shovel where i t  was a t t ached  t o  the  dipper  by means of a loop. 
The d i p p e r  was moved forward t o  p u l l  up t h e  p l a n t .  

The grave l  was dumped a t  t h e  top of t h e  p l a n t  on a g r i z z l y  with +inch spacings between 
t h e  b a r s  s e t  on an i n c l i n a t i o n  of 15" .  The overs ize  was thrown from the g r i z z l y  by hand; 
t h e  u n d e r s i z e  was fed by means of a 20- by 36-inch rec ip roca t ing  pan feeder  t o  a 2 4 i n c h  in- 
c l i n e d  b e l t  12 f e e t  long s e t  a t  an ang le  o f  23O. which de l ive red  t h e  m a t e r i a l  t o  an %foot  
revo lv ing  sc reen .  The trommel was s e t  a t  an i n c l i n a t i o n  of 1 inch t o  1 f o o t  and made 21 
r.p.m. It cons i s ted  of two concen t r ic  w i r e m e s h  s c r e e n s ,  t h e  inner  one having a d iamete r  of 
3 f e e t  and openings 1 inch square and t h e  o u t e r  one a diameter of 52 inches and 1/% by 5/& 
inch  openings.  A saray pipe suppl ied water t o  t h e  i n t e r i o r  of the  revolving sc reen ,  t h e  water 
be ing  pumped by a 3-inch c e n t r i f u g a l  pump. The overs ize  from the screen dropped t o  an 18- 
inch  s t a c k e r  b e l t  14 f e e t  long. The b e l t ,  however, was too s h o r t ;  experience a t  t h i s  p l a n t  
i n d i c a t e d  t h a t  the  b e l t  should have been a t  - l e a s t  25 f e e t  long t o  dispose p r o p e r l y  of t h e  
o v e r s i z e .  The undersize from t h e  sc reen  r e n t  t o  a shaking s l u i c e  which was supported by four  
hangers  and given a sidewise r e o i p r c c a t i n g  motion by an e c c e n t r i c .  The s l u i c e  was i n c l i n e d  
1 1/2 i n c h e s  t o  1 foot  and given a s i d e  shake of 1 inch 100 times p e r  minute. It w a s  6 f e e t  
long and 56 inches  wide and had 1-foot s i d e s  s l o p i n g  outward a t  30°. Upon t h e  bottom of t h e  
s l u i c e  were s i x  t ransverse  wooden r a f f l e s  1 inch high and 9 inches a p a r t .  A s a t i s f a c t o r y  
s a v i n g  was no t  made i n  t h e  s l u i c e ,  probably because of the  d i f f i c u l t y  of keeping t h e  p l a n t  
l e v e l .  

A 4 i n o h  c e n t r i f u g a l  pump removed seepage water from the bedrock; t h e  t a i l i n g s  were 
punped away by a e i n c h  iand pump. 

The crew consis ted of 6 men, of whom 1 ac ted  a s  boss.  From the  time o p e r a t i o n s  began 
i n  June ,  t o  September 1, an average of about  40 cubic  yards was handled p e r  10-hour s h i f t .  
During 2 weeks i n  September about 300 c u b i c  yards  was handled each s h i f t .  The smll yardage 
handled most of the  time was due t o  d e l a y s  i n  making a l t e r a t i o n s  and r e p a i r s  t o  t h e  washing 
p l a n t .  The shovel had a poss ib le  c a p a c i t y  o f  500 cubic yards per  s h i f t .  

La Chol1a.- The La Cholla Mining Co. began placer-mining operat ions  i n  t h e  summer of  
1932 about  5 miles from Q u a r t z s i t e ,  Ariz. The grave l  was dug with a ful l - revolving,  gasol ine-  
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powered dragl ine equipped w i t h  c a t e r p i l l a r  t reads ,  an 85-foot boom, and a 2 1/2-cubic-yard 
bucket.  The gravel was washed i n  a self-contained movable machine; the oversize was screened 
ou t ,  and the t a i l i n g s  were dewatered i n  a tank on the machine. The t a i l i n g s  w i t h  the over- 
s i z e  were sen t  t o  a dump by a b e l t  s t a cke r .  Water was hauled by t ruck from Qua r t z s i t e  and 
cos t ,  a t  the  mine, $1 per  1,000 ga l lons .  

The gravel was excavated t o  a depth of 10 t o  12 f e e t  and was sa id  t o  be gold-boaring 
f o r  a .width of 300 f e e t .  Most of t i e  r a sh  was angular i n  shape. The gravel was dumped i n t o  
a 15-oubic-yard hopper through a g r i zz ly  with 10-inch square openings. Very few oversizo 
boulders t;C t o  be thrown of f  t he  g r i zz ly .  The dry gravel  from the  hopper was Sod over a . 
r a i l  g r i zz ly  with %inch -acing by means of a shaking feeder .  The oversize went onto a 
b e l t  conveyor t o  a b e l t  8taCker. where i t  was elevated t o  the  t a i l i n g s  p i l e .  The minus 
E i n c h  mater ial  was elevated 30 f e e t  by a bucket e leva tor  t o  t he  f ron t  end of the  t r o m e l .  
There the gravel was picked up by a j e t  of water i s su ing  from a 5-inch nozzle under a 100- 
pound head and thrown v io l en t l y  aga ins t  a b a f f l e  p l a t e  a t  the  f a r  end of the trommel t o  dis- 

' i n t e g r a t e  a l l  f r i a b l e  mater ia l .  The trommel was 8 f ee t  long and 5 1/2 f ee t  i n  diamotqr, w i t h  
3 / 4 i n c h  round, punched holes .  The oversize from t h i s  screen joined the  plus  3-inch mater ial  
on the  s t acke r  b e l t .  The undersize and water went over a s l u i c e  cons is t ing  of two p a r a l l e l ,  
l C i n c h  boxes 40 f ee t  long. R i f f l e s  were made i n  sec t ions ,  each cons is t ing  of four 2-inch 
p ipes ,  36 inches long, spaced about an inch apa r t  and welded a t  the  ends to  14-inch lengths 
of  2 1/2- by 2 1/2-inch angle i r on .  From the s l u i c e  the t a i l i n g s  went i n to  a tank holding 
about 40 tons of water and 35 tons of gravel  and sand. The t a i l i n g s  were removed from the 
tank by a drag, such a s  used i n  drag c l a s s i f i e r s .  The drag ran a t  a very low speed and was 
held a few inches of f  the  bottom of t he  tank by r a i l s  t o  l e t  any gold coming through the 
s l u i c e  s e t t l e  on the bottom. The t a i l i n g s  were discharged on the  s tacker .  The s t acke r  b e l t  
was 24 inches wide and 85 f e e t  long. It opesated on a boom t h a t  could be swung through an 
a r c  of .180°. Up t o  the f i rs t  of August 1932 the  p l an t  had not been run on regular-produotion; 
3,600 cubic yards (bank measure) had been t r ea t ed  i n  a t r i a l  run with a consumption of 23 112 
g a l l o n s  of water per cubic yard of gave l .  The dewatered t a i l i n g  (25 percent of t he  t o t a l  
mater ia l  moved) contained 15 t o  40 percent  of moisture by weight, depending upon the quant i ty  
of sand and clay present .  

The machine was moved on s k i d s  with the  dragl ine ac t ing  a s  a t r a c t o r .  About 1 1/2 hours 
was required t o  move i t  100 f e e t  and re-level i t  by means of wedges placed under the r o l l e r s .  
An average of 47 cubic yards per  hour was handled during the  t r i a l  run. Improvements were 
under way t o  increase the capac i ty .  

I f  the i n s t a l l a t i o n  could have operated f u l l  time a t  the  r a t e  of 50 cubic yards pep 
hour t he  following operat ing c o s t s  would be indicated:  

Excavating: 
Labor (1 man a t  $0.75 per  hour and 1 man a t  $0.45 per  

hour) ............................................................................................ $0,023 
.......... Gasoline (7 ga l l ons  per  hour s-t $0.17 per ga l lon)  ,024 

................................................................................ Other suppl ies  02Q $0.067 
Washing p lan t :  

Labor ( 3  men a t  $0.45 pe r  hour) ............................................ .027 
Gasoline (7 1/2 ga l lons  p e r  hour a t  $0.17 per  ga l lon) . .  .026 
Other suppl ies  ................................................................................ 024 ,077 

Water a t  $0.001 pe r  ga l lon  (24  gal lons per  cubic yard)  ................... .024 
.............................................. Misoellaneous ( inc luding  maj o r  r epa i r s  ) .050 

......................................................................................................... Supervision A= 
Total ............................................................................................................ 0.243 



The above c o s t  does not  inc lude  i n t e r e s t  on t h e  investment,  amort izat ion,  and c o s t s  of  rq- 
modeling p l a n t .  High remodeling c o s t s  would be expected on axry new design of such a  l a r g o  
and e l a b o r a t e  i n s t a l l a t i o n .  

p e m r o s ~ . -  The Buffalo Explorat ion Co. was washing g rave l  i n  a  patented gold saver  nea r  
Breckenr idge,  Colo. ,  i n  June and J u l y  1932. T?m grave l  was about  14 f e e t  deep, contained 
r e l a t i v e l y  few bou lders ,  n o t  much c lay ,  and only a  very so21 q u a n t i t y  of b lack sand; i t  was 
e a s i l y  dug. Most of the  gold was r e l a t i v e l y  c o a r s e ,  although some f i n e  gold was s a i d  t o  be 
recovered.  

The g r a v e l  was excavated by a  60-hp., c a t e r p i l l a r - t r e a d ,  gaso l ine  shovel with a  5/8.  
cubic-yard d i p p e r .  It was dumped i n t o  a  hopper i n  f r o n t  of the  washing machine, where boul- 
d e r s  were picked o u t ,  then e l e v i t e d  by a  36-inch b e l t  conveyor t o  a  double trommel 14 f e e t  
long .  The i n s i d e  trommel was 36 inches  i n  d iamete r ;  t h e  f i r s t  4  f e e t  was blank,  and the  
lower 1 0  f e e t  hcd 1 l/4-inch round h o l e s .  The g r a v e l  was d i s i n t e g r a t e d  and washed i n  the  
blank s e c t i o n  of  t h i s  trcmmel by high-pressure s p r a y s  (160 pounds p e r  square i n c h ) .  The 
o u t s i d e  trommel was 48 inches i n  diameter  and had l /&inch ho les ,  except f o r  the  l a s t  foo t  
which .had s l o t s  1/4 by 3/4  i n c h ' i n  s i z e .  The trommel overs ize  was s tacked by a  36-inch b e l t  
conveyor. The m a t e r i a l  going through the  s l o t s  went over  r i f f l e s  i n  a  s p e c i a l  4-inch box t o  
c a t c h  any nugge t s  t h a t  i t  might con ta in .  The ba lance  of the  unders ize  from the trommel went 
t o  four  bowl-shaped, c e n t r i f u g a l  c o n c e n t r a t o r s .  The feed was de l ive red  through p i p e s  t o  t h e  
bottom o f  t h e  bowls;  the  t a i l i n g s  were d i scharged  over  the  rims. A s e r i e s  of cor ruga t ions  
o r  r i f f l e s  on t h e  i n s i d e  of the  bowls caught t h e  go ld .  The bowls weighed 1,200 pounds each 
and were d r i v e n  a t  100 r . p . n .  The four  bowls were c leaned up a t  the end of 'each s h i f t  i n  
about  one-half hour .  F i r s t  they were run a  few minutes w i t h  t h e  feed cut  o f f ;  then,  a f t e r  
t h e  power was t u r n e d  o f f ,  a  p lug  a t  the  bottom was p u l l e d ,  and t h e  contents  of t h e  r i f f l e s  
were washed i n t o  a tub  placed underneath.  The C a i l i n g s  from t h e  p l a n t  were run t o  waste  
through a  f lume when dump room was a v a i l a b l e  a t  t h e  machine; otherwise they were removed 
f a r t h e r  by means o f  a  no. 5 sand pump. The washing p l a n t  ran on a  t r ack  and was moved for- 
ward by t h e  s h o v e l .  About 200 g a l l o n s  of  water  was used p e r  minute.  It was brought t o  t h e  
machine through a  p i p e  l i n e  under a  400-foot head. 

The s h o v e l  had a  capac i ty  of about 40 cub ic  ya rds  p e r  hour and could d e l i v e r  g rave l  
f a s t e r  than t h e  p l a n t  could wash i t .  About 200 cub ic  yards  was washed per  day when t h e  p l a n t  
was o p e r a t i n g ;  d e l a y s ,  however. were numerous; t h e  machine had been p r a c t i c a l l y  redesigned 
and p a r t l y  r e b u i l t  a f t e r  being placed on t h e  ground. One man ran the  shovel and two men, 
of whom one was t h e  super in tenden t ,  ran t h e  washing p l a n t .  On the  b a s i s  of a 200-cubic-yard 
d a i l y  p r o d u c t i o n ,  t h e  l abor  c o s t ,  inc lud ing  super intenden3e.  would be 7.5 c e n t s  p e r  cubic  
y a r d .  The s h o v e l  and washing p l a n t  each used 1 5  g a l l o n s  of gaso l ine  pe r  10-hour s h i f t ;  a t  
22 c e n t s  p e r  g a l l o n  t h e  c o s t  of f u e l  would be 3.3 c e n t s  p e r  cubic  yard.  Other s u p p l i e s  would 
amount t o  2 . 7  c e n t s  and c u r r e n t  replacements t o  about  4  c e n t s .  making a  t o t a l  o p e r a t i n g  c o s t  
of 17 .5  c e n t s  p e r  cub ic  yard.  I f  a  r e n t a l  of  $36 p e r  10-hour s h i f t  was paid f o r  t h e  shovel  
t h e  c o s t  o f  e x c a v a t i o n  would be 18 c e n t s  p e r  cub ic  ya rd ;  i f  the  shovel was opera t ing  a t  f u l l  
c a p a c i t y ,  however, t h e  c o s t  would be 9 c e n t s .  Remodeling and cons t ruc t iod  c o s t s ,  which a r e  
charged t o  a m o r t i z a t i o n ,  apparen t ly  would be  very h igh .  The washing p l a n t  was s a i d  t o  have 
c o s t  $25,000 t o  i n s t a l l .  

Grand H i l l s .  2 4  - I n  June 1932 the  Grand H i l l s  Mining Co. e r e c t e d  a  washing p l a n t  equip- 
ped with  f o u r  centr i fugal-bowl gold Separa to r s  on French Creek 2  miles  west of Custer ,  S. 
Dak. The g r a v e l  where the  p l a n t  was e rec ted  was 5 t o  8 f e e t  deep and was covered w i t h  5 t o  
8 f e e t  of s o i l  overburden. The go ld  p a r t i c l e s  were small but  no t  g r e a t l y  f l a t t e n e d ,  s o  they  
concen t ra ted  r e a d i l y .  

24 Reported by F .  C.  Lincoln. South Dakota School of Miner, Rapid City,  S. Dek 
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The gravel  was excavated w i t h  a  1 l/&cubic-yard, 110-hp., gaso l ine  shovel with oater- 
p i l l a r  t r e a d ,  which a l s o  s t r i p p e d  the overburden and moved t h e  t reatment  p l a n t .  The p l a n t  
was mounted on two &wheel t r u c k s  running on a  7-foot ga- t r a c k .  The gravel  was d u p e d  onto 
a  g r i z z l y  with a  45O s lope  and 10-inch spaces between L - s,  which was s e t  above a  5- by 5- 
f o o t  s t e e l  hopper; from t h e r e  the  gravel  was fed by a  2- by 5-foot rec ip roca t ing  pan feeder  
on to  a  b e l t  e l e v a t o r  24 inches  wide and 40 f e e t  long. The e l e v a t o r  t ransported the  mater ia l  
t o  a  semic i rcu la r  hopper a t  t h e  top of t h e  treatment p l a n t .  

From the  hopper t h e  g rave l  went i n t o  a  trommel 60 inches  i n  d i a m t e r  and 21 f e e t  long. 
A spray  pipe which extended through t h e  c e n t e r  of the  revolving sc reen  f o r  its e n t i r e  length 
suppl ied  a l l  t h e  water requ i red  by t h e  treatment p l a n t .  The t r o u e l  had a  grade of 1 10 
inches i n  1 f o o t  and made 11 r.p .8 .  It consis ted of a  blank scrubbing s e c t i o n  4 f e e t  long, 
an  &foot s e c t i o n  p e r f o r a t e d  with l /&inch Found holes,  a  C f o o t  s e o t i o n  with 3/&inch round 
ho les ,  and a  2-foot s e c t i o n  with 1/2- by 1-inch s l o t s .  The o v e r s i z e  mats r ia l  was de l ive red  
t o  a  30-inch s t a c k e r  b e l t  45 f e e t  long which p i l e d  i t  upon bedrock behind the p l a n t .  The 
unders ize  from the sc reen ,  except  t h a t  from the  s l o t t e d  s e c t i o n ,  was divided i n t o  four  p a r t s  
and fed t o  four  36-inch, centrifugal-bowl gold s e p a r a t o r s  l i k e  those used a t  the  Queen and 
Bemrose p l a c e r s  p rev ious ly  descr ibed.  The coarse gravel which passed t h e  1 / 2 i n c h  s l o t s  i n  
t h e  revolving screen was concentrated i n  a  nugget s l u i c e  5 f e e t  long, 6 inches wide, and 4 
inches  deep. This s l u i c e  was s e t  a t  a  grade of 2  inches t o  1 f o o t  a& provided with t rans-  
ve rse  r i f f l e s  1 inch i n  he igh t  s e t  1 1/2 inches a p a r t .  The t a i l i n g s  'from the bowls and the  
nugget s l u i c e  flowed i n t o  a  15-foot s e t t l i n g  tank 28 inches  wide and 24 inches  deep with i t 8  

r e a r  end i n c l i n e d  upwards. A f l i g h t  oonveyor with 18- by &inch s t e e l  blades  a t tached t o  
c h a i n s  a t  20-inch i n t e r v a l s  scraped t h e  s e t t l e d  gravel up t h e  incl$ne of the  s e t t l i n g  tank 
and de l ivered  i t  t o  t h e  s t a c k e r  b e l t .  Sand. s o i l ,  and excess  water  were pu.pet  by a  4-inoh 
c e n t r i f u g a l  pump from t h e  s e t t l i n g  tank i n t o  s e t t l i n g  ponds behind t h e  t a i l i n g s  p i l e s .  

The water supply f o r  t h e  t reatment  p l a n t ,  cons i s t ing  o f  250 ga l lons  p e r  minute (22 
miner ' s  i n c h e s ) .  was obtained from a sump i n  the  creek bed. It was pumped i n t o  t h e  spray 
p i p e  of the  tronmel by a &inch c e n t r i f u g a l  pump dr iven by a  &cyl inder ,  l 4 h p .  gaaol ine 
engine. The pump and engine were mounted upon a  s t e e l  frame provided with  wheels. Of t h i s  
supply only about 50 g a l l o n s  p e r  minute was f resh  water from t h e  c reek ;  t h e  o ther  200 ga l lons  
was re turned t o  t,:a sump through d i t c h e s  connected with t h e  t a i l i n g s  ponds. 

The following engines  were used on the washing p l a n t :  

iia. 
1. Driving screen,  sand drag, t a i l i n g s  pump, and 

.................................................................. four  bowls 30 
2 .  Driving t a i l i n g s  s t a c k e r  ....................................... 12 
3. Driving b e l t  f eeder  and pan feeder ........ , .............. 14 

The bowls were c leaned once a  day and the  nugget s l u i c e  twice a  month. The concentrates  
were panned t o  recover t h e  gold.  P r a c t i c a l l y  no gold was found when t h e  s e t t l i n g  tank was 
cleaned,  and no gold had been foun'd on panning the  t a i l i n g s .  which ind ica ted  t h a t  the  re- 
covery was very high.  The e n t i r e  equipment cos t  about $40,000. 

The water supply was s u f f i c i e n t  f o r  running the p l a n t  on ly  one 10-hour s h i f t  p e r  day. 
An average of 400 cubic  yards  was handled d a i l y .  *' 

The labor  was as fol lows:  3 men on the  washing p l a n t  a t  30 c e n t s  p e r  hour, 1 shovel 
o p e r a t o r  a t  60 c e n t s  p e r  hour,  and 1 super intendent  a t  60 c e n t s  p e r  hour.  The gasol ine 

25 Cost and operation data -re rupeli*d br C. E .  Gish, .uryer ,  Crurd Hill8 M i n i 4  Co., h n t e r ,  Colo. 



consumption was 100 gallons per  s h i f t .  The t o t a l  operat ing cost  per  cubic yard was a s  fol- 
lows : 

GQ3& 
................ Labor ( including superv is ion)  5 1/2 

.......................................................... Gasoline 4 - 
Miscellaneous repairs ................................ 3 
Compensation insurance, depreciat ion,  

.................... and miscellaneous expense 3 1/2 - 
Total  ............. , ....................................... 16 

h o  months 'a f te r  s t a r t i n g  the p lan t  j u s t  described,  the company in s t a l l ed  a second on 
French Creek about 1 mile above the f irst .  The second p lan t  was essent ia l ly  the same a s  the 
f i r s t ,  except t h a t  a 3/4-cubic-yard gasol ine shovel was used i n  place of the one with a 1 
l/&ubic-yard dipper .  There was l i t t l e  overburden a t  the second location, but the  gravel  
contained a l a rge  proportion of boulders over 10 inches i n  diameter. The p lan t  had a capa- - 
c i t y  of 50 t o  75 cubic yards per  hour w i t h  a gasol ine consumption of about 10 ga l lons  per  
hour.  It was operated by four men w i t h  a part-time superintendent.  

No operat ing data  a r e  ava i lab le  fo r  t h i s  p l an t .  
Cold Dust.- The Placer Syndicate operated the  Gold Dust p lacer  near Hillsboro, N .  Mex., 

dur ing  p a r t  of 1932. The gravel was excavated by a 5/8-cubic-yard, gasoline-driven shovel 
with a 60-hp. engine and t r ea t53  i n  a portablp washing p lan t  containing four 36-inch cent r i -  
fugal-bowl gold separa tors .  The p lan t  was constructed 0: s t e e l  and mounted on four  wheels 
t h a t  ran on wooden s t r i n g e r s .  It was moved ahead by jacks. The gravel was dumped i n t o  a 
hopper from which it was ca r r i ed  by aa inc l ined  feeder  b e l t  t o  a t r o u e l  with t h r ee  ooncen- 
t r i o  screens .  The ins ide  screen +as 2 f e e t  4 inches i n  diameter and had 2-inch round holes;  
t he  aex t  sc reen  was 3 f e e t  5 inches i n  diameter and had 3/4-inch round holes; the outer  
screen was 4 f e e t  4 inches i n  diameter and had s l o t s  1/4 by 1 inch i n  s i ze .  A housing around 
t h e  ou te r  sc reen  acted a s  a fu r the r  scrubber. Water under 70 pounds pressure was used i n  the 
sprays .  .The trommel was 12 f e e t  long and had a s lope  of 3/4 inch t o  -2 foot.  The oversize 
from the  trommel went onto a b e l t  s tacker .  The undersize was divided and fed t o  t h e  four 
c e n t r i i u g a l  separa tors .  The t a i l i n g s  from the bowls were elevated by a sand pump t o  a s e t -  
t l i n g  pond which a l so  was used a s  a reservoi r .  Plans were made fo r  put t ing a deraterintg tank 
on t h e  machine and discharging the sands on the  s t acke r  b e l t .  The machine was d r i v e r  by a 
60-hp. gaso l ine  engine. water was pumped from a we11 by a 7-inch c e n t r i h g a l  prmp tan by a 
50-hp. gaso l ine  engine; the pump capacity was 400 ga l lons  per  minute. 

A t  the  t i n e  the authors v i s i t e d  the p l an t  it was shut dom and had not run long errough 
f o r  opera t ing  coa ts  t o  be indicated.  

The orew consisted of 1 man on the power shovel ,  1 man panning and t e s t i ng  the gravel ,  
and 4 men on t h e  washing p l an t .  The engines on the  shovel and p lan t  each used 25 ga l lons  
apd t h e  one on the pump 21 gal lons of gasoline p e r  8 hours. The capacity was expected t o  b3 

about 1.000 cublc yards per  th ree  &hour s h i f t s .  . 
The following tab10 gives the approrimate cos t  of the machine and of equipping the  

mine. r 6  

- - -- - - - 

26 Data supplird by H. S. Coultrr, sonoral ..nagor of thr Placrr Syndicate Mining Co., Hill8boro. U. Max. 
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Ilpr Ennf 
Four bowl washing p l an t ,  f  .o. b. Denver, Colo .............. $15,180.00 
Dewatering equipment, f  .o.  b .  Denver, Colo. ................... 1,550.00 
Freight and t rucking,  washing and dewatering p lan ts . .  700.00 
Rebuilt  5/&cubio-yard power shovel ................................. 6,500.00 

...................................................................... Freight on shovel 300.00 
Se~en-inch water wel l  pump, 400 gallons per  minute 

................................................................................... capacity. 700.00 
Fifty-horsepower engine t o  run pump i u t a l l e d  .............. 750.00 
Freight ,  t rucking,  and i n s t a l l i n g  p u p  ............................ 150.00 
Pipe, 6,000 f e e t  of C i n c h ,  used ........................................ 1,500.00 
Hose, 100 f e e t  of &inch, new ............................................. 75. OF 

........................................................................... Dr i l l i ng  well 400.00 
General camp bui ldings.  .......................................................... 1,000.00 
Miscellaneous expenses and equipment ............................... 2.500.04 

Total .................................................................................... 31,305.00 

F loa t ing  washing p lan ts  

me- During the summer of 1932 H.  T. Kumle was opera t ing  a placer  property near 
Oregon House, Ca l i f .  The gravel was about 15 f e e t  deep along t he  course of a present  stream. 
It was excavated by a s tandard 3/4-cubic-yard, full-revolving steam shovel with c a t e r p i l l a r  
t r e ads .  Coal a t  $14 per  ton and a d a i l y  coat  of $11.40 was used f o r  f u e l .  The shoxel worked 
i n  3 f s e t  of water and dumped the  gravel  d i r e c t l y  in to  a washing p l a n t  f l o a t i n g  i n  a pond 
maintained :or the  purpose. The d r a f t  of the p lan t  was 2 f e e t .  A r i s e  of 6 inches i n  the 
water l eve l  would drom the  shovel ,  and operations would have t o  cease u n t i l  the  water l eve l  
r e n t  d o n .  The shovel discharged the gravel onto the upper ends of a g r i zz ly  12 f e e t  long 
with o n e 4 a l f  inch between ba r s .  The g r i zz ly  had a slope of 6 3/4 inches i n  12 fee t .  which 
was t o  be increased. High-pressure sprays washed the oversize t o  t he  bottom of the gr izz ly  
and onto a 30-inch rubber b e l t  40 f e e t  long which stacked it i n  t a i l i n g s  p i l e s  t o  12 f ee t  
above water l eve l .  The undersize was divided i n t o  two p a r t s  and ran through boxes 27 inches 
wide and 3v f e e t  long on e i t h e r  s i d e  of t he  f l oa t .  Standard d r e d g e t y p e  Hungarian r i f f l e s  
were used i n  the  boxes. Qu icks i l ve r  was used i n  the r i f f l e s ;  a qu ioks i lver  t r a p  was in s t a l l -  
ed 6 f e e t  from t,he end of each s l u i c e .  The method of operat ion was pa t te rned  a f t e r  dredging 
p r a c t i c e ,  The washing p l an t  f l oa t ed  on two wooden barges with a wel l  between. It waa moved 
by two headl ines and a t a i l  l i n e  by means of hand capstans. The sands were discharged i n to  
t he  pondsa t  the  rear  of t he  f l o a t .  The backwash would occasional ly ground the p lan t ,  but i t  
was e a s i l y  pul led c l ea r .  Water f o r  the  sprays was supplied by c 7-inch oent r i fuga l  pump run 
a t  slow speed. The pump and conveyor b e l t  were run by a 36-hp. t ruok engine. About 9 gal- 
l ons  of gasoline and l quar t  of o i l  were used per s h i f t .  

One 9-hour s h i f t  was worked pe r  day. The average running time was 7 1/2 hours. The 
crew cons is ted  of 3 men - 1 engineer a t  $4.50 per  day and 1 fireman a t  $4.00 on the steam 
shovel  and 1 man on the washing p l an t  a t  $4.00 per  day. The p l a n t  operator  spent most of 
h i s  time a t  the  gr izz ly .  About 250 cubic yards was being washed pe r  day. 

The steam-shovel expense pe r  cubic yard was 3 cents  f o r  l abor  and 5 cen ts  f o r  hrel .  
The cos t  of washing was 2 cen t s  f o r  l abor  and 1 cent f o r  f u e l .  The general  expense. includ- 
i n g  replacements on the shovel and r e p a i i s  on the washing p l a n t ,  would be about 5 cents  per 
cubic yard. With supervision a t  2 Cents, the t o t a l  operating cos t  would be about 18 oents 
p e r  cubic yard. 



The washing p l a n t  was b u i l t  a t  a c o s t  of $1,200; with the  exception of the  e l e v a t o r  
belt . .second-hand mate r ia l  was used. B u i l t  of  new m a t e r i a l  t h e  cost  would have been about 
$2,500. New timber cos t  $25 p e r  1,000 f e e t .  

An unusual f e a t u r e  of the  i n s t a l l a t i o n  was t h e  f a c t  t h a t  the  gravel  was dug from undr r  
water wi%h an  ordinary steam-shovel d ipper .  Usual ly  where t h i s  p r a c t i c e  had been t r i e d  too  
much gold had been l o s t  t o  make t h e  e n t e r p r i s e  p r o f i t a b l e .  A t  t h i s  p l a n t ,  Qe d ipper  a f t e r  
be ing  loaded was held o r  swung along t h e  bank t o  be mined next u n t i l  a l l  the  wate r  had 
dra ined  o u t .  The bedrock was s o f t ,  and from 6 t o  18 inches  was taken up by the shovel  a f t e r  
each c u t .  It was considered t h a t  very l i t t l e  gold was l o s t  i n  the  p i t .  

J3umntet.- Hofford and Johnson began p l a c e r  o p e r a t i o n s  i n  1932 alongside an o ld  dredged 
a r e a  on the  Poadsr River near  Sumpter, Oreg. The g r a v e l  had not  been dredged o r i g i n a l l y  be- 

bedrock was'%oo high.  An unsuccessful a t tempt  had been made l a t e r  t o  work t h e  ground 
with  a l i g h t - d r a f t  dredge using s tandard washing and gold-saving equipment but  s u b s t i t u t i n g  
a suc-Lion p i p e  w i t h ; a  s p e c i a l  a g i t a t i n g  device f o r  a digging laddgr .  The e n t e r p r i s e  f a i l e d  
because t h e  capac i ty  of t h e  p l a n t  was too  low and because t h e  gravel was too t i g h t  t o  be 
dredged s u c c e s s f u l l y  with t h e  equipment used. Th is  second dredge had been acquired by Hof- 
ford and ~ o h h s o n  f o r  a washing p l a n t ;  t h e  d igg ing  dev ice  had been removed. The grave l  was 
excavated f o r  5 f e e t  below and 8 f e e t  above water l e v e l  wi th  a 1-cubic-yard, ful l - revolving,  
c a t e r p i l l a r - t r e a d ,  75-hp. d r a g l i n e  working on t o p  of t h e  bank. The washing p l a n t  had a d r a f t  
of 3 f e e t .  A s tandard Page dipper  was used f o r  d igg ing  and a hoe-type trench d igger  f o r  
c l e a n i n g  bedrock, which cons i s ted  of a l a y e r  of c l a y  on volcanic  ash. The p l a n t  was moved 
and h e l d  i n  p l a c e  by head and t a i l  l i n e s  opera t ing  from a power winch. The gravel was dumped 
i n t o  a hopper b u i l t  on the  p l a n t  a t  the end of t h e  trommel. The trommel was 4 by 24 f e e t  
and had 1/2-inch round ho les .  A s tandard b e l t  s t a c k e r  was used f o r  disposing of t h e  over- 
s i z e .  s t a n d a r d  dredging p r a c t i c e  was followed i n  sav ing  t h e  gold. The t a b l e s  were 30 i n c h e s  
wide and had a t o t a l  a rea  of 900 square f e e t ;  R i f f l e s  were 1 1/4 by 1 inch i n  s i z e  and spaced 
1 inch  a p a r t .  Water was suppl ied by one &inch, low-pressure and two &inch, high-pressure 
puaps. A t o t a l  o f  2,000 ga l lons  p e r  minute was used.  E l e c t r i c  power f o r  operat ing t h e  wash- 
i n g  p l a n t  was generated by a 200-hp. Diesel  engine.  An excess  of e l e c t r i c  power was.avai1- 
a b l e  a s  t h e  p r i n c i p a l  demand f o r  power on t h e  s u c t i o n  dredge had been f o r  the  suc t ion  exza- 
v a t o r .  The p r e s e n t  boat required 80 hp. which c o s t  over  3 cen ts  per  ki lowat t -hew.  The 
shovel  used 40 g a l l o n s  of gaso l ine ,  c o s t i n g  24 c e n t s  p e r  ga l lon ,  per  8 hours. 

Two &hour s h i f t s  were worked. Two men were employed on the  shovel and two on t h e  b o a t  
each s h i f t .  Supervis ion was furnished by the  sh6vel  o p e r a t o r  on day s h i f t . , - T h e  p l a n t  had a 
c a p a c i t y  of 400 cubic  yards  p e r  8 hours, bu t  due t o  t ime l o s t  i n  cleaning up and ~ a k i n g  re- 
p a i r s  an average of about 40 cubic yards p e r  hour was handled during mst of t h e  f i r s t  season.  

Labor on t h e  shovel c o s t  2 1/2 c e n t s ,  g a s o l i n e  3 c e n t s ,  and other  suppl ies  1 c e n t .  
making a d igg ing  c o s t  of 6 1/2 c e n t s  pe r  cubic  yard .  The Labor cost  f o r  two men on t h e  boat  
was 2 c e n t s  p e r  cubic yard f o r  washing. About 1 1/2 kw.-hr. was used fo r  each cubic yard of  
g r a v e l  washed; a t  3 cen ts  p e r  kilowatt-hour t h e  power c o s t  would be 5 1/2 cen t s .  Other sup- 
p l i e s  c o s t  about  1 cen t ,  making a t o t a l  washing c o s t  of 8 1 /2  cents .  Miscellaneous c o s t s ,  
such a s  t r u c k i n g  and insurance,  were es t imated a t  2 1/2 c e n t s  p e r  cubic yard, making a t o t a l  
o p e r a t i n g  c o s t  o f  17 1/2 can t s .  

rv of Onerations a t  Mines Usinn Teams o r  Power Eaui~ment  

A t  t h e  time of wr i t ing  none of the  s t r i c t l y  p l a c e r  operat ions  i n  the  Western S t a t e s  
u s i n g  mechanical excavators  had operated long enough t o  g e t  a l l  the "kinks1* s t ra igh tened  o u t  
o f  t h e  lay-outs. Usually lower c o s t s  can be expected with  improved p r a c t i c e .  Operating 
c o s t s  range from $0.16 t o  $1.50 p e r  cubic yard and on t h e  whole a r e  higher f o r  t h i s  type of 



mining than fo r  hydraulicking, ground s lu ic ing ,  o r  dredging. The average combined yardage 
handled da i l y  by a l l  of these p l an t s  is l e s s  than tha t  of one dredge. Yoreover, the t o t a l  
quant i ty  handled is in s ign i f i c an t  compared t o  the t o t a l  yardage dredged. 

It should be borne i n  mind t h a t  the  operating cos t s  shom i n  t ab l e  5 and indicated i n  
t he  foregoing descript ions a r e  not  the  t o t a l  co s t s  of mining t he  gravel .  Al te ra t ions  t o  
p l an t s  and major replacements of machinery have been charged t o  c a p i t a l  account and a r e  not 
incl-*.ied herein.  h o r t i z a t i o n  i n  some of the operations may equal o r  oven exoood tho a t r i o t -  
l y  operat ing expense. For example, an operating cost  f o r  excavation of 4.4 t o  10 oontr por 
cubic yard is shom a t  some of the  p l a n t s  where the grave l  is dug by power rhovols or  drag- 
l i n e s .  I f  depreciat ion of t he  machine, i n t e r e s t  on the investment,  and major ropairs ,  o r ,  
i n  l i e u ,  f a i r  ren ta l  of the excavrtora,  a r e  included tho t o t a l  excavating cos t  would some- 
times be more than double t h a t  ind ica ted .  

Ordinary s l u i ce s  with r i f f l e s  were used s a t i s f a c t o r i l y  a t  most of the  miner using 80- 

chanical methods fo r  excavating the grave ls .  A t  thres  p l an t s ,  side-shaking boxes were used 
t o  increase the capacity of the  p l an t  per  un i t  of water ava i l ab l e .  A t  one, the  side-shaking 
s l u i c e  apparently d id  not  a f fo rd  a s a t i s f a c t o r y  recovery of the gold, probably due t o  the 
d i f f i c u l t y  of keeping the  movable p l a n t  l eve l  on which i t  was used. 

Standard concentrating t ab l e s  were used a t  four p laces  f o r  t r e a t i n g  screened products 
containing large proport ions of black sands. 

A patented, bowl-shaped, c en t r i fuga l  gold savar was used a t  f i v e  p l an t s  described. A 

number of other  p lan ts  had been equipped w i t h  t h i s  .type of gold saver ,  but  no operating da ta  
concerning these were ava i l ab l e .  Other types of patented gold savers  were seen, but  e i t h e r  
operat ions had not been s t a r t e d  o r  had.oeased. 

DREDGING 

This paper does not  propose t o  d i s cus s  gold dredging i n  d e t a i l ,  s i nce  o ther  publ icat ions 
of the  Bureau of mines2' have covered the  subject  adequately and a r e  still up-to-date enough 
t o  serve a s  valuable re fe rences .  However, an attempt rill be made t o  show the  present  s t a t u s  
of gold dredging i n  the  United S t a t e s ,  t o  discuss  any noteworthy t r ends  i n  design o r  opera- 
t i on ,  and t o  show the  cos t  of dredging under present condit ions.  (1932) 

A s  s t a t ed  before, only t r a c t s  o f  plaoer  ground l a rge  enough t o  j u s t i f y  the necessary 
i*veotaent a r e  su i t ab l e  f o r  dredging. Moreover, the physical  condi t ions  of t he  deposi t  and 
t he  charac te r  of the  grave l  and bedrock must be favorable f o r  ~uCCeSsfu1 dredging. Enough 
r a t e r  must be ava i lab le  t o  f l o a t  the  dredge and wash the grave l .  The mater ia l  dredged must 
be t i g h t  enough t o  hold water i n  t he  dredge pond. The most success fu l  dredging operat ions 
have been applied t o  va l ley  depos i t s .  

S t a t u s  of the  Dredaina I n d u s t u  

The production of gold by dredging i n  the Unipd  S t a t e s  and Alaska, by S t a t e s ,  and the 
number of dredges i n  operat ion from 1896 t o  1932 a re  shom i n  t he  first paper of t h i s  ser- 
i e s .  I n  1932 about 27 dredges were i n  operation i n  the United S t a t e s  (excluding Alaska).  

27 Jennings, Henen. The Himtory and Demlopamt Of Gold Dredging in Montana: Bull. l21 ,  Bureau of Mines. 1916, 62 pp. 

Janin, Charles, Cold Dredging in  the United States: Bull. 127. Bureau of Yines. 1918. 226 pp. 

*.he S. H.. Safety Praotioes in  California Cold Dredging: B u l l .  352. Burem of Mines, 1932. 31 pp. 

28 hrdnrr. 6. D., and JoWOn. C. H . .  Placer MinIDl in  the batern United States: Part I. - Conera, Hmd Mining, and 
Ground Sluicing: Inf. Cire. 6786, Bureau of -08, 1934. table 2, p. 10. 



T h e i r  t o t a l  capac i ty  was approximately 4,250,000 cubic  Pards  p e r  month; about 90 pe rcen t  was 
dredged i n  C a l i f o r n i a .  Since 1922 the  average annual recovery by dredges i n  C a l i f o r n i a  has  
ranged from 8 t o  10.7  c e n t s  p e r  cubic yard.  

The p r e s e n t  low c o s t  of l a b o r  and s u p p l i e s  has prolonged dredging opera t ions  i n  some f i e l d s  ' 
and encouraged the  opening of new ones. Severa l  new dredges  have s t a r t e d  i n  r e l a t i v e l y  smal l  
f i e l d s  i n  recen t  yea rs ;  f o r  example, i n  the  Rogue River  a r e a  near  Grants  Pass ,  Oreg.;  t h e  
Warren d i s t r i c t  i n  c e n t r a l  Idaho;  and t h e  S t e e l  d i s t r i c t  nea r  S i l v e r  C i ty ,  Idaho. IQwever, 
modern dredging technique does  no t  d i f f e r  enough from t h a t  of 15  t o  20 years  ago t o  hold 
much hope f o r  a  r e v i v a l  of  dredging i n  lower-grade g r a v e l s  o r  under more d i f f i c u l t  condi- 
t i o n s ;  wi th  the  exhaust ion of t h e  Yuba and American River  f i e l d s  i n  C a l i f o r n i a  a  decided 
f a l l i n g  o f f  i n  t o t a l  dredge product ion is l i k e l y .  I n  1929 i t  was repor ted t h a t  the  Natomas 
C o . ,  p r i n c i p a l  opera to r  on t h e  American River ,  had ' 1 0  years  of l i f e  ahead of i t  i n  t h a t  

f i e l d .  2 9  The Marysville f i e l d ,  on the  Yuba River ,  now has  only th ree  boa t s ,  which probably 
w i l l  last l e s s  than 5 years .  

Tab les  9  t o  1 3  give t d e  e s s e n t i a l  d a t a  on a l l  dredges  a c t i v e  i n  the  United S t a t e s  i n  
1932. 

P i scuss ion  of Modern Dredges 

The average depth of  g r a v e l  worked is 35 f e e t .  The deepest  dredging is done i n  t h e  
Yuba River  f i e l d s  above Marysv i l l e  where one dredge i n  1931 averaged 74  f e e t  inc lud ing  t h e  
h e i g h t  of t h e  bank above water l e v e l .  One of the  b o a t s  t h e r e  can d i g  82 f e e t  below wate r .  - 

The bucket-ladder dredge is t h e  only type t h a t  has been success fu l  f o r  p l a c e r  mining i n  
t h i s  coun t ry  and u n t i l  r e c e n t l y ,  a t  l e a s t ,  anywhere. The suc t ion  dredge, with o r  wi thout  
c u t t e r  a t t achments ,  has f a i l e d  repea ted ly ,  a l though f o r  r i v e r  and harbor work i t  has proved 
of  v a l u e ,  as evidenced by t h e  recen t  c o n s t r u c t i o n  of a  huge hydraul ic  dredge f o r  Panama 
Canal s e m i o e ,  which has a c a p a c i t y  of 500 t o  1,000 cubic  ya rds  pe r  hour and oan dredge " the  
h a r d e s t  m a t e r i a l s n  t o  a dep th  of 60 f e e t .  " Notwithstanding p a s t  f a i l u r e s ,  a t t empts  t o  use  
t h e  suct ion- type dredge f o r  p l a c e r  mining a r e  still  made occas iona l ly .  I n  1928 s e v e r a l  such 
b o a t s  were being b u i l t  f o r  s e r v i c e  i n  t h e  Malaysian t i n  f i e l d s .  Some of t h e  o b j e c t i o n t b l e  
f e a t u r e s  of t h e  hydrau l i c  dredge are.  its r e l a t i v e l y  low power e f f i c i e n c y  a s  a  r e s u l t  of  t h e  
volume of  r a t e r  t h a t  must be r a i s e d ,  t h e  problem of moving overs ize  boulders  o r  sunken l o g s ,  
t h e  v a r i a t i o n  i n  t h e  t a b l e  feed  which is extremely e r r a t i c  even when compared t o  t h a t  of a  
bucket  dredge,  and the  o f t e n  s e r i o u s  e f f e c t s  of  pumping t h e  heavi ly  mud-laden water from t h e  
bottom of  t h e  pond over t h e  t a b l e s .  --a P - 

About h a l f  of the  b o a t s  n o r  i n  commission, comprising mostly tho smal le r  onas,  .have 
wooden h u l l s ;  t h e  o t h e r s  have s t e e l  h u l l s .  The l i f e  of  a  roodea h u l l  is u s u a l l y  s t a t e d  ro 
10  y e a r s .  That t h i s  f i g u r e  can be exceeded i s . s h o m  by t h e  s t o r y  of the  Feather  River  no. 1 
dredge.  Th i s  boat was b u i l t ,  i n  1906 and opera ted  p r a c t i c a l l y  without a  shut-down u n t i l  
1929, when t h e  machinery was t r a n s f e r r e d  t o  a s t e e l  h u l l ,  now i n  use south of Orov i l l e  by 
t h e  S h a s t a  But te  Gold Dredging Co. 

-- -- 

29 Enginnnring and Mining Journal. r o l .  I n .  Mar. 3 .  1929, p .  458. 

30 Sinon thn p i o n  of gold h u  been changed from 820.67 to  $35 per oonpn lowlradn gravels in the drndging f in lds  that 

oould not bithnrto be bandlnd oan be workad a t  a p r o f i t .  Thn change i n  the price of gold probably w i l l  extend the 

l i f e  of  thn drndging am-. 

51 A new drndgn bring bui l t  i n  Fobmaw 19% in the Yuba Rirnr f i e l d  (The Mining Journal. Arizona. Frb. 28. 1934, p .  

191 is rnportnd to hare r digging depth Of 110 f r e t  and an estimatnd capacity of 15.000 cubic yards per day. 

52 Enginnerlag and Contracting. hnnty-four-inch Dinmnl Elnctric Hydrahic Dredge, tu Cruoer: Vol. 68. January 1929, 

pp. ST-. 

55 Young, G .  J . ,  California Cold Drndgn i n  Opnration over h n n t y  Year*: Eng. and Min. Jour., r o l .  123. ~ u n n  25,  1927. 

pp. 1012-1046. 



TABLE 9.- 90 of K- 

Dredcem 

Owner Looation 

.......... Capital Dredging Co. .......................... Mlmom, Calif  

Do ................................................... do ...................... 
DO ................................................. do ...................... 

La Orange Oold Dredging Co ............ L8 Orange, Calif .  .. 

Lanoha Plana Gold Dredging Co. .... 
Hntomam Co ..................... .. ................ 

Do. ................................................ 
DO ................................................. 
Do. ............................................... 
Do. ................................................ 
DO ................................................. 

Plaoer 0evelopment. t t d .  ............. 
.... Shamta Butte Gold Dredging Co. 

Snelling Oold Dredging Co ..........-. 
Trinity Dredging Co ......................... 
Tuba Conmolldated Gold Fielde .... 

Do. ................................................ 
Do ................................................. 
Do ................................................. 

Camcmohe, Calif  ..... 
........ Hlt08a. 0811 r. 

do. .................. ,.. 
do. ..............a,..... 

do. ..................... 
do. ..................... 
do. ..................... 

Levimton, Cali t .  .... 
Oroville, Calif. .. 
~ o r l l i n g ,  Calif .  .... 

..... Levimton. Calif .  

.. Hammonton, Calif.. 

do. ..................... 
do. ..................... 

La Orange. Calif .  ... 

Contlnrntal Drbdglng Co ................... Breokenridge, Colo, 

Amerlaan Gold Dredging Co ............... Murphy, Idrho .......... 
Crooked River Mining Co ................... Idaho City, Idaho... 

........... ..................... Idaho Gold Drodging Co Warren, Idaho 

Empire Gold Dredging L Mining Co. Pra i r ie  City, Oreg. 

~ o g u e  River 0old Co .......................... Rogue Rlver, Oreg.. 

Superior Dredging Co ......................... Bridgeport, Oreg ..... 

1 Formerly Levlaton Dradginc Co. 

Dredge 

no. - 
1 

t 
3 

t 

........... 
t 
4 

6 

7 
8 

10 

........... 

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

........... 
14 

16 

1s 
Ierord 

unl t . 
........... 

TIP# 

- 
taoka 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

1u.e .. 
taoke 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

.......................................................................................... 
,ooee; 6 prroent boulderm over 1 foot: almomt 

no o1ry. 

Iedlum t ight ;  20 peroent olay and Lou. 

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

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

.......................................................................................... 
.ocse: rev boulder* over 1 loot; l i t t l e  olay. 

'air  digging; mom. olay and mom* hard gravel. 

:asy-~amhlr~g gravel: tev boulder. over 1 toot. 

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

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

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

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

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

om@ boulderm; mom. olay. 

o boulberm o r  olay. 

om boulder. over 1 foot. 

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

........................................................................................ 
rrd dlaglng; u n y  boulderm. 

~ome; tev boulderm: v e q  l i t t l e  o h y .  



1 Spadm not wad; d i u l n g  on haadlinw. 

2 Single .pod on oontar l i ne  of h a l l .  

5 0pewolmWt .d  bookat l i ne .  

4 Ona of or ig inal  tw ramorad to  roduoa b i g h t .  

. 5  Bui l t  witb tw .pob., but only one wod. 

Drrdga 

Capitol no. 5 ......... 
Ia crsnga no. 2..;.. 

Lanobe P l w  ............ 
Il8to.u no. 2 .......... 
U t o w  no. 4 .......... 

.......... I a t o r u  no. 5 

Watoru no. 7 .......... 
N a t o . u n o . 8  .......... 
I a t o r u  no. 10 ........ 
P l m r r  Daralop.rnt 

S b u t a  h t t r  ............ 
Snalling .................... 
t r i n i t l  ...................... 
Tab. no. 14 

Tuba. no. 15 

Tabs no. 19  .......,..... 
Continmt al .............. 
hari0.11 .................... 
Crook& R l r r r  .......... 
Idaho .......................... 
e p i m  ........................ 
Rope  Rlrar .............. 

u 
S1.a of 

buokats 

a. rt. 
- 

18 

10 

6 

8 1/2 

1s 
11 

9 

15 

15 

7 

7 I/? 

6 10 

11 

14 

14 

14 
7 

2 1/2 

3 

s llz 
6 

7 - 

Mata r id  

Stea l  

................ 
Wood ........ 

do 

Star1  

....... Wood 

Star1  

do 

do. 

Wood ........ 
Stea l  

do 

wood ........ 

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

........ Wood 

do. ...... 
...... do. 

do 

do 

do. ...... 

Dopth. foet 

...........,......... 
9 112 
7 

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

.. 
9 

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

7 in 

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

10 

...................... 
.......... a .......... 

7 
................. ..... 

9 

Dmft,  forq 

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

5 

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

8 

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

6 

8 

5 10 t o  .4 

5 

5 

S 

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

Longth. faa t  

.................................................. 
104 

98 112 

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

100 

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

lm 

....................... 
155 

80 

70 

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

............................... 
100 

Width. h a t  

a 1 /2  

U 

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

...........,....... 
................................................................. 
............................................................................................... 

U 

-... 
............................................................................................... 

48 

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

40 

.40 

SO 

10 

SO 
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TABLE 12.- Monthly yardages,  power, l abor ,  wage eoa les .  and misoellaneous o p e r a t i n g  d a t a  on d r e d ~ e e  onera t inu  i n  1932 

/ Dredges 

................................ La Grange 
......................... Lanoha Plana 

Natoma : 
No. 2 ................................. 
No. 4 .................................. 
No. 5 .................... .. ........ 
No. 7 ................................. 
NO i 8. ............................. 
No. 10 ................................ 

Tota l  .............................. 
Plaoer  Development ............ 

.......................... Shas ta  But te  
................................... T r i n i t y  

Yuba nos.  14, 15, and 19.. 
............................ Yuba-Weroed 
............................ Continental  

................................. Amerioan 
........................ Crooked River  

Idaho. ..................................... 
..................................... Empire. 

............................ Fogue River  

Number 
o f  

man-shi f t a  
p e r  day 

.................... 
1 I 

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

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

Ban-hours 

P e r  
oubio yard 

O i l e r  S oremen 4 
T o t a l  

~onneo ted  p o r e r  
m dredge, '  hp. 

; i lowatt-hours 

Per  
oubio yard 

dredned 

 he fol lowing a r e  the  average monthly yardages (es t imated  i n  p a r t )  of t h e  known opera t ing  dredges  n o t  inoluded i n  t h i s  t a b l e :  
C a p i t a l ,  nos.  1, 2, and 3 ......... 660,000 
S n e l l i n g  ............................................ 160, 000 
Super io r  ............................................ 90,000 

'Usual demand oharge 425 hp. 
'usual demand oharge 400 hp. 
' ~ o t r l  monthly yardage of  3 boa t s ,  1931. 
' ~ x o l u d i n ~  bunus. 
@Usual demsnd oharge 100 hp. 
' ~ i e s e l  engine.  
  team engines .  





One fea ture  of modern design and operat ion is a tendency t o  use only one spud o r  t o  work 
e n t i r e l y  on the  l i n e s .  The new s t e e l  boat of the Sne l l ing  Cold Dredging Co., on the Merced 
River.  has  only one spud which is placed on the  cen t e r  l i n e  a t  the s t e r n .  This neces s i t a t e s  
p l ac ing  t he  s t acke r  off cen te r  and using a rock chute t o  t r ans f e r  t he  screen oversize t o  one 
s i d e  of t he  spud onto the b e l t :  however, advantages i n  the  design of the  s t e r n  of the h u l l ,  
as we11 as I n  oparation, l ed  t o  t he  adoption of the  s i ng l e  spud. Many o ther  boats  a r e  using 
only one of t h e i r  two spuds and moving up on t h e i r  l i n e s .  Considerable time is thus saved. 
bu t  one ob jec t ion  is the pos s ib l e  d i f f i c u l t y  of keeping the boat p r ec i s e ly  on l i n e  and of 
seour ing  j u s t  t he  desired advance while moving t o n a r d  by using the  shore l i n e s .  This might 
be a p a r t i c u l a r  handicap when the  bank is under water.  The dredge of the  Crooked River 
Mining Co., Idaho, has no spuds but  moves and d ig s  e n t i r e l y  on its shore l i n e s .  

Estabmok dredge 
I 

Although the  Estabrook dredge i n  T r in i t y  County, ~ a l i t . ,  WdSr dismantled recent ly ,  the 
fol lowing da t a  on i t  a r e  given because t h i s  dredge was t he  l a rges t  b u i l t  i n  the country, and 
few l a rge  new dredges have been b u i l t  s ince  its time f o r  which d e t a i l s  a r e  available. '" It 
was b u i l t  on t he  Tr in i ty  River,  Ca l i f . .  some 40 o r  50 miles over mountain road from the r a i l -  
road. It was 152 f ee t  long, 68 f e e t  wide p lu s  6 f e e t  of overhanging deck on e i t h e r  s i de ,  and 
13 f e e t  deep, requir ing about 1,000,000 board-feet of lumber, of which most was cu t  l oca l l y .  
The d igging  ladder .  125 f e e t  long, c a r r i ed  eighty-three 20-foot buckets,  weighing 5,650 
pounds each. This l i n e  was dr iven  through double gears  by a SOO-hp. motor. The screen was 
9 by 54 f e e t  and was driven by a s i n g l e  r o l l e r .  Single-deck t ab l e s  had an a r ea  of 4,400 
square  f e e t .  The s tacker  ca r r i ed  a *inch b e l t  140 f e e t  long, was arranged to swing lSO t o  
e i t h e r  s i d e  of the  Center l i n e ,  and was balanced by b a l l a s t  tanks alongside the h u l l .  The 
two 70-foot s t e e l  spuds were 3 f e e t  4 inches by 5 f e e t  4 inches i n  s ec t i on .  The dredge was 
designed t o  d i g  400,000 to~450.000  cubic yards per  month and t o  d ig  t o  a depth of 40 f e e t .  
A f t e r  opera t ing  i n t e rmi t t en t l y  from 1920 t o  1927, t he  boat was shut  down and dismantled. 

Fairbanks Exploration dredges 

The Fairbanks Exploration Co., Fairbanks, Alaska, is working severa l  modern dredges 
succes s fu l l y  under adverse condi t ions .  A s  t h i s  operat ion has not been described previously. 
a b r i e f  descr ip t ion  of i t  by H .  K .  Rioe. vice pres ident  of the United S t a t e s  Smelting, Re- 
f i n i n g  & Mining Co., is given here ,  although Alaskan placer-mining p rac t i ce  i n  general is 
no t  included i n  t h i s  paper. 

The Fairbanks Exploration Co., a subs id ia ry  *of t he  United S t a t e s  Smelting, Refining t 
Mining Co., operates  5 dredges in_ the  Fairbanks d i s t r i c t  of Alaska. Of these 3 a r e  on Cold- 
s t ream Creek about 14 miles from Fairbanks and 2 a r e  on Cleary Creek about 25 miles from 
F a i  rbankrs . 

Gold was f i r s t  discovered i n  t he  Fairbanks a r ea  i n  1903. The g rea t e s t  conoentration of 
va lues  was found i n  ancient stream bed? covered with considerable gravel  and muck. The gold 
i n  t h e  grave l  is pr inc ipa l ly  on o r  near  bedrock and may penetrate  t he  l a t t e r  t o  a depth of 
5 f e e t  where i t  cons is t s  of blocky s c h i s t .  The gravel  contains  few boulders over 1 foot  i n  
d iameter  and very l i t t l e  Clay. The gold-bearing a r ea s  were worked by driit-mining methods; 
l a t e r  some a r ea s  were worked by opencut methods. The dredges handle ground t h a t  was too low 
i n  grade t o  be worked p ro f i t ab ly  by t he  e a r l i e r  methods and some previously worked a reas .  

a PO.*., H. C . ,  Largost Capacity GoldYining Drodge i n  tho World: Eng. and Min. Jour.. r o l .  109. Y.9 15. 1920, pp. 

1106-1109. 



The gold-bearing gravel not only is frozen but a l s o  is coveted w i t h  a l ayer  of frozen 
overburden which i n  places is 120 f e e t  t h i ck .  A s  t h i s  overburden must be removed and the 
gravel  a r t i f i c i a l l y  thawed before dredging can be done, i t  is necessary t o  s t a r t  operat ions 
years  i n  advance of the ac tua l  dredging. The a reas  were prospected thoroughly, using Key- 
s tone  d r i l l s ,  and open holes were d r i l l e d  exoept i n  l oca l l y  thawed apots  wh6re i t  was neoes- 
s a r y  t o  use casing. The dredge a r ea s  were l a i d  out and the s t a r t i n g  po in t  f o r  each dredge 
w a s  determined from the  prospect data .  

Active work on the pro jec t  w a s  s t a r t e d  i n  1924; ac tua l  construct ion began i n  1925. The 
cons t ruc t ion  included a steam power p l a n t ,  a transmission l i n e ,  a 90-.ile d i t ch ,  dredges, and 
t he  necessary shops, bunkhouses, and 8 isce l laneous  items. The .o f f ioes ,  power plant .  and 
shops a r e  a t  Fairbanks, _the northern te rn inus  of the Alaska Railway. The power-plant equip- 
ment inc ludes  two 1.000-hp. S t i r l i n g  b o i l e r s  w i t h  chain-grate s tokers ,  two 3,750-kilovolt- 
ampere, 4 ,000-v~l* ,  General E l e c t r i c  turbo-alternators,  one 625-kilovolt-ampere, 4,000-volt 
General E l e c t r i c  .turbo-alternator, and necessary accessor ies .  L igni te  obtained from the  
Healy River d i s t r i c t  about 115 miles by r a i l  from Fairbanks is used f o r  f u e l .  Current is 
t ransmi t ted  a t  33,000 vo l t s  t o  the two dredge a reas  and car r ied  onto the  dredges a t  2,200 
v o l t s .  

The f i r s t  s t ep  i n  ground preparat ion is the removal of the overburden which cons is t s  
l a r g e l y  of frozen silt w i t h  a top covering of moss o r  tundra. This frozen silt ,  o r  nmuckw 
a s  i t  is termed loca l l y ,  usual ly contains  60 t o  70 percent of i c e  by volume and considerable 
organic matter .  Shallow muck is thawed i n  p lace  and handled by t he  dredges. Deep muck i s  
s t r i p p e d  o f f  a s  completely a s  prac t icab le ,  depending l a rge ly  upon drainage conditions. The 
f i r s t  s t e p  i n  s t r i pp ing  is t o  remove t he  covering blanket of moss by means of hydraulic 
g i a n t s  and high-pressure water, thereby exposing the muck to  the sun. Thawing of the  muck 
then procecds rapidly so  long a s  a blanket  of thawed mater ia l  is not  allowed t o  accumulate 
on t he  sur face ;  t o  prevent such accumulation the  surface is washed o f f  from t i n e  t o  time w i t h  
high-pressure water. A s  the hydraul ic  grad ien t  of t he  l oca l  c reeks  is l o r ,  considerable 
water  is necessary t o  t ranspor t  the s o l i d s  i n  the muck from the dredging a r ea .  This r a t e r  
could be obtained only a t  a d i s tance .  

The Davidson d i t ch ,  which furnishes water f o r  the  s t r i pp ing  operat ion,  has a capaci ty 
of about 5,000 miner 's inches and is about 90 miles long. The d i t c h  l i n e  includes 15 s t e e l  
s iphons 46 t o  54 inches i n  diameter aggregating about 6 miles i n  length and a 4,000-foot 
tunne l .  Water is taken from the Chatanika River j u s t  below the junct ion of Fa i th  and McManus 
Creeks and is del ivered t o  the  dredging a r ea s  on Cleary and Goldstream Creeks a t  a working 
p re s su re  of 80 t o  160 'pounds per  square inch, depending upon the l oca t i on .  P rac t i ca l l y  a l l  
of t h i s  r a t e r  is used f o r  s t r ipp ing .  

Frozen gravel is thawed by the  Miles cold-rater process which has been described by 
 ani in'^ and Wimmler. '"6 p r ac t i ce  a t  Fairbanks l 0 l l C w s  the general procedure out l ined i n  
t he se  b g l l e t i n s ,  although the  equipment and procedure have been g rea t l y  improved through 
experience and research. The thawing season is from about Yay 10 u n t i l  about September 20. 
Gravel l e s s  than about 35 f e e t  i n  depth is thawed w i t h  dr iven po in t s  on 16-foot cen te rs  and 
a t  g r e a t e r  depths with po in ts  s e t  i n  holes  d r i l l e d  on 32-foot oen te rs .  Thawing on 16-foot 
c e n t e r s  is completed i n  about one-half a season; thawing on 32-foot c en t e r s  requires  from 
one t o  two seasons. Most of the  water used f o r  thawing is c i r cu l a t ed  by pumps. So f a r  a s  
pos s ib l e  a reserve of thawed ground equal t o  a t  l e a s t  one season 's  dredging is kept ahead of 
each dredge. No d i f f i c u l t y  has been experienced with f reez ing  of a r t i f i c i a l l y  thawed ground 

35 Janin, Charlrs, Rrcrnt Pro~rrss  in tbr Thawin; of Frozrn Grcrrrl in  Placrr Mining: Trob. Paprr 309. Burrau of Yinra. 

1922, 34 PP. 

36 winder. no= I,.. Plaorr-Unin; Yrthoda and Cost. i n  Aluka: Bull. 259. Barrau of Yinra. 19Zr. 236 pp. 



except  f o r  a seasonal freeze-bbck a t  the  sur face  of not more than 7 o r  8 f e e t  which thaws 
n a t u r a l l y  e a r l y  i n  the s u u e r  season. 

The dredges a re  of a l l - s t ee l  cons t ruc t ion ;  they were designed by Company engineers,  
f ab r i ca t ed  by a s h i p b u i l d i n g  concern of San Francisco, and e rec ted  i n  the  f i e l d  by the  
company The design follows conventional l i n e s  but embodies ce r t a in  spec i a l  f e a tu r e s  t o  w e t  
condi t ions  ex i s t i ng  i n  northern l a t i t u d e s .  The dredges a r e  housed and heated; both the 
s t a c k e r  a i d  ladder  a r e  heated. 

The more important da t a  concerning these  dredges a r e  given i n  t ab l e  14,. The dredging 
season s t a r t s  e a r ly  i n  Apri l ,  the  winter  i c e  being cu t  and removed from the  pond t o  f a c i l i -  
t a t e  an e a r l y  S t a l t .  The average opera t ing  season is about 210 days, and the  maximum t o  
d a t e  f o r  any one dredge has been 270 days during which time the  minimum temperature was 
minus 3 7 O  F. Excessive i c e  formation i n  the  pond is the pr inc ipa l  cause of the s h u t 4 o m  
a t  t he  end of the season; a continuous temperature of l o0  t o  IS0 F. below zero,  o r  severa l  
days of 30° t o  35' below zero,  causes i c e  t o  form too rapidly f o r  operati*. 

Hungarian r i f f l e s  a r e  used on t he  gold-saving t ab l e s  w i t h  quicksi lver ,  t r aps  a t  the  head 
ends and coco matting and expanded metal a t  the  lower ends of the t ransverse  t ab l e s .  Prac- 
t i c a l l y  a l l  of the gold w i l l  pass  &mesh, but a few nuggets up t o  an ounce i n  weight have 
been found. The dredges a r e  cleaned up a t -about  2-week i n t e rva l s ;  t he  amalgam and black-sand 
concentrates  a r e  taken t o  the  gold room a t  Fairbanks where the  amalgam is cleaned and the 
black-sand concentrates a r e  t r ea t ed  t o  recover f i ne  and rusty gold t h a t  d id  not  amalgamate. 
These sands contain no platinum metals  nor ,  except f o r  gold, o ther  metals o r  minerals of 
commercial value.  The clean amalgam is r e to r t ed  and meltea i n  a s i n g l e  operat ion using gra- 
p h i t e  c ruc ib l e s  and a spec i a l l y  designed combination r e t o r t  and melting furnace. The resu:t- 
i n g  ba r s  a f t e r  assay a r e  shipped t o  the  mint.  

The following f igures  f o r  1931 give an idea of the magnitude of t h i s  operat ion.  S t r ip -  
p ing  f o r  the  season to ta led  7,011,000 cubic yards, averaging 52,000 cubic yards per  working 
day. Thawing to ta led  8,133,000 cubic yards,  o r  64,000 cubic yards per  working day. The 
dredges handled 6,916,000 cubic yards a f  mater ia l .  o r  30,800 cubic yards per  working day, 
p a r t  of which was 8uck t h a t  was too shallow. t o  s t r i p  o r  remained a f t e r  s t r i pp ing .  

General Owra t ing  Pract ice 

No marked changes i n  opera t ing  p r a c t i c e  have been made i n  the  United S t a t e s  i n  r e t en t  
yea r s ,  and the  general s ta tements  made by Janin a s  regards depth of c u t ,  speed o r  swing, . 
bucket speed, and dis tance s tepper  ahead still hold t rue .  It is common p rac t i ce  t o  take a 
l i g h t  c u t  and t o  swing f a s t .  Smarr boa ts  normally a r e  stepped ahead 4 o r  5 f e e t  and la rge  
boa t s  6 o r  7 f e e t .  The average width of a s i n g l e  cu t  is about 125 f e e t ,  and usua l ly  two o r  
t h r e e  c u t s  a r e  car r ied  abreas t .  

Dredging time per 24 hours is the  ch ie f  measure of operat ing e f f i c i ency ,  ind ica t ing  
both t he  success  of the boat a s  a dredging machine and the competency of i ts opera tors .  This 
f a c t o r  has  no t  been improved much recent ly ,  apparent ly having reached its maximum i n  the 
first 10 o r  1 5  years of dredging i n  t h i s  countty.  Winston and janins' ,  present  f igures  t o  
show t h a t  t he  average operat ing time of t he  dredges i n  Cal ifornia  about 1908 was only dlight- 
l y  more than 18 hours per  day. By 1914 the  average of Californian b o a t s  was about 20 hours. s 8  

I n  1931 the  average operat ing time of a l l  dredges i n  Cal ifornia  was about 20 1/2 hours; the 
same average a l s o  appl ies  t o  a l l  dredges i n  o the r  S t a t e s  during t he  year .  

37 Winston. I .  8 . .  .nd JWn,  Charlo,, Gold Dredging i n  California: Bull. 57. Calif. State Mia. Bur.. 1910. pp. 100- 

103. 

58 J.nin. Charlor, Gold Dred6ing in  tho United State.: Bull. 127. Bureau of Yin.8, 1918. p.  128. 
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Screening 

The f e a t u r e  of dredge design and opera t ion  t h a t  is of most i n t e r e s t  i n  o t h e r  types  of  
p l a c e r  mining where the  gravel  is washed mechanical ly  is the  screening,  washing, and gold- 
s a v i n g  p l a n t .  An at tempt  has t h e r e f o r e  been made t o  ga the r  d e t a i l e d  information on t h e  
s u b j e c t .  

Although h o r i z o n t a l  shaking sc reens  formerly  were used t o  some ex ten t  i n  t h i n  country  
and still a r e  used by some foreign dredge b u i l d e r s ,  c y l i n d r i c a l  revolving trommels a r e  used 
u n i v e r s a l l y  i n  the  United S t a t e s  f o r  washing and sc reen ing .  These range from 4 1/2 t o  9 
f e e t  i n  diameter  and from 20 t o  40 f e e t  i n  l e n g t h .  The screen p l a t e s  a r e  of r o l l e d  s t e e l  
o r  cast-manganese s t e e l ,  punched o r  d r i l l e d  wi th  h o l e s  3/8 t o  5/8 inch i n  diameter .  It is 
common p r a v t i c e  t o  use two s i z e s  with t h e  s m a l l e r  h o l e s  i n  the  upper por t ion  of the  t r o m e l  
t o  d i s t r i b u t e  the  load t o  the  t a b l e s  b e t t e r .  One dredge i n  Oregon is using a  troamel having 
:;ur s i t a s  of holes  wi th  s a t i s f a c t o r y  r e s u l t s .  The uppermost s e c t i o n  is punched w i t h  3/8- 
rnch  round h o l e s .  The second s e c t i o n  is punched with  ablong holes o r  s l o t s  3/8 inch wide and 
1 1/8 i u c h e s  long.  The t h i r d  and f o u r t h  s e c t i o n s  a r e  punched s i m i l a r l y  r i t h  oblong h o l e s  
3/4 i n c h  by 1 1/2 inches  and 1 1/4 by 2  1/2  i n c h e s ,  r e s p e c t i v e l y .  A s  shorn i n  t a b l e  14 ,  
h o l e s  o f  f i v e  d i f f e r e n t  s i z e s  a r e  used on t h e  dredges  of the  Fairbanks Exploration Co. The 
s l o t s  a r e  arranged so a s  t o  p a r a l l e l  roughly t h e  movement of the  gravel  over the s c r e e n  and 
a r e  t a p e r e d  t o  an ou t s ide  diameter one e i g h t h  i n c h  g r e a t e r  than the  i n s i d e  one. The last 
f e a t u r e  is p r a c t i c a l l y  un iversa l  p r a c t i c e  i n  dredging and is e f f e c t i v e  i n  reducing the  
b l i n d i n g  of sc reens .  

The func t ion  &f a  dredge trommel is as much t o  d i s i n t e g r a t e  a s  t o  screen,  except i n  r a r e  
i n s t a n c e s  o f  very free-washing, loose g r a v e l .  Hence, high-pressure i n t e r n a l  sprays  a r e  used 
wi th  wa te r  under 25 t o  50 pounds p ressure  p e r  square  i n c h ,  L i f t e r  b a r s  a r e  used t o  r a i s e  and ( 
a g i t a t e  t h e  bed of g rave l ;  the  l i f t e r  b a r s ,  however, a r e  too small  and the  speed too l o r  t o  
cause  apprec iab le  cascading.  

Gold s a v i n g  

R i f f l e d  t a b l e s  a r e  used t o  save gold on t h e  dredges i n  the  Western S t a t e s :  a t  the  
Natomas Co . ' s  opera t ions  Nei l1  j i g s  a r e  used as a u x i l i a r y  t r a p s  f o r  t h e  ;ins and r u s t y  
p a r t i c l e s  of  gold t h a t  do not  amalgamate r e a d i l y .  Excepting the  Natomas p r a c t i c e  and t h e  
two flume-type boa t s  i n  T r i n i t y  Countx, C a l i f . ,  t h e  s t andard  and only gold saver  is a  s i n g l e  
o r  double  bank of t a b l e s  1,000 t o  9,000 square  f e e t  i n  a r e a  and covered r i t h  t r ansverse  r i f -  
f l e s .  I n  a d d i t i o n  t o  r i f f l e s ,  an amalgam t r a p  is used a t  the  head ends and a  s e c t i o n  of ex- 
panded metal  over  coco mat t ing a t  the  lower ends of  t h e  t r ansverse  t a b l e s  of the  boats of t h e  
Fa i rbanks  Explorat ion Co. The tabl'es on dredges a r e  s e t  on grades of 1 inch t o  1 1/2 inches  
p e r  f o o t .  The so-called Yuba-type r i f f l e ,  o r  modi f i ca t ions  of i t ,  is used on most s t acker -  
t y p e  d r e d g e s .  The r i f f i e s  c o n s i s t  of wooden c r o s s  s t r i p s  1 1/4 by 1 1/4 inches i n  c r o s s  
s e c t i o n ,  c;r;;ped by s t r a p  i r o n  and spaced 1 1/4 i n c h e s  a p a r t .  One modification c o n s i s t s  of  
t h e  s u b s t i t u t i o n  of ang le  i r o n s  welded i n t o  s e c t i o n s  of  convenient s i z e  and approximating 
t h e  dimensions of the  wooden r i f f l e s .  Dredge r i f f l e s  were discussed i n  more d e t a i l  under 
S l u i c e  Boxes and R i f f l e s  i n  a  previous paper .  

The s l u i c e s  of flume-type boats  commonly a r e  s e t  on grades  of 1/2 o r  3/4 inch p e r  f o o t  
and pa \ed  with  r i f f l e s  of 2- t o  *inch angle  i r o n .  
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Quicks i lve r  i i  always used on t h e  t a b l e s  and i n  the  s l u i c e s .  Clean-ups a r e  made a t  
r e g u l a r  p e r i o d s  of a week o r  10 days ;  dredging then ceases ,  and advantage is taken of the  
o p p o r t u n i t y  t o  perform r o u t i n e  r e p a i r  work. 

Dredging recovery 

~ $ 8  ques t ion  of t h e  percentage of recovery of the  t o t a l  gold content  i n  the  gravel  
d redged  is b t i l l  u n s e t t l e d .  Es t imates  by experienced dredge opera to r s  range from 60 t o  90 
p e r c e n t .  The f i r s t  p o i n t  of  l o s s  is under water where depress ions  i n  bedrock may be missed, 
g o l d  may be re ta ined  i n  c r e v i c e s  i n  ha rd  bedrock, o r  gold-bearing gravel  may be l e f t  by un- 
s k i l l f u l  opera t ion .  Moreover, the  a c t i o n  of the  buckets and occasional  caving of  the  bank 
may throw some gravel  and gold back beyond reach of the  bucket l i n e .  The s o l i d s ' i n  the  water 
n e a r  t h e  bottom of a dredge pond may i n c r e a s e  the  d e n s i t y  of the  v a t e r  s u f f i c i e n t l y  t o  hinder  
s e t t l i n g  g r e a t l y ,  thus  p e r m i t t i n g  gold t o  be c a r r i e d  away f r o r  t h e  digging face  i n  suspen- 
s i o n .  Some mate r ia l  d rops  from the  buckets ,  no t  a l l  of which is caught by t h e  saveLl l1  
s l u i c e .  Some gold is n o t  washed f r e e  i n  the  trommel but  adheres  t o  c l a y  lumps o r  boulders  
which a r e  discharged onto the  s t a c k e r s .  Moreover, o c c a s i o n a l l y  a n-gget too l a r g e  t o  go 
th rough  t h e  screen is c a r r i e d  through t o  the  t a i l i n g s  p i l e .  Some f u r t h e r  l o s s  occurs  on the  
t a b l e s ,  a s  no t  a l l  of the  f i n e  gold,  e s p e c i a l l y  i f  r u s t y ,  is caught i n  the  r i f f l e s .  A l l  o f  
t h e s e  l o s s e s ,  except those  of nuggets ,  can v i r t u a l l y  be e l imina ted  by s u i t a b l e  regu la t ion  
o f  o p e r a t i o n s ,  but only  i n  t h e  s l u i c e s  can any t e s t s  be made t h a t  w i l l  i n d i c a t e  what the  
l o s s e s  a r e  and show how s u C c 8 S ~ f u l l y  they  a r e  reduced by changed cond i t ions .  

~hurman"  s t a t e s  t h a t  the  s h o r t  s l u i c e s  of the  ea r ly .d redges  were respons ib le  f o r  much 
l o s s  o f  gold ,  a s  te 'srs by the  Natomas Co. showed t h a t  a t  l e a s t  90 f e e t  of  s l u i c e  l eng th  was 
n e c e s s a r y  f o r  a nea r ly  p e r f e c t  recovery.  H i s  s ta tement  t h a t  the  modern dredge is capable  of 
r a k i n g  e 99 percent  saving,  however, must be doubted. 

smith"  p r e s e n t s  an e x c e l l e n t  suP la ry  of t h e  many f a c t o r s  r espons ib le  f o r  dredging loss-  
es. Among t h e  unfavorable  p h y s i c a l  c h a r a c t e r i s t i c s  of the  p l a c e r  depos i t  i t s e l f  he lists 
c l a y ;  heavy s o i l  overburden; hard o r  rough bedrock; and f i n e .  f l aky ,  o r  r u s t y  gold.  The 
c l a y  s t r a t a ,  according t o  Smith,  seldom con ta in  gold but o f t e n  a r e  o v e r l a i n  by r i c h  s t r e a k s  
s o  c l o s e l y  a s s o c i a t e d  t h a t  the  d igg ing  a c t i o n  may knead the  c l a y  and gold-bearing s t r a t a  i n t o  . , 
a mix ture  which i s  n o t  broken a p a r t  i n  the  sc raen  o r  on the  t a b l e s .  A t h i c k  c l a y  o r  s o i l  
overburden may' muddy t h e  water  s o  a s  t o  lower the  e f f i c i e n c y  of the  gold-saving s l u i c e s .  
He a l s c  s t a t e ~ ~ t h a t  a number o f  dredge opera t ing  f e a t u r e s  l ikewise  may cause l o s s  o f  gold ,  
such  & ' f a i l u r e  t o  c lean  bottom p r o p e r l y  betwean ad jacen t  c u t s ,  thus  l eav ing  unseen submerged 
r i d g e s  o f  t h e  b e s t  "pay d i r t m  over  5 t o  10 pe rcen t  of the  t o t a l  bedrock a r e a ;  an uneven feed,  
r a r q i n g  grade,  quickly fouled o r  f loured  q u i c k s i l v e r ,  and c a r e l e s s  clean-up of the. t a b l e s ;  

i n s u f f i c i e n t  water supply due t o  the  lowered e f f i c i e n c y  of t h e  pumps a f t e r  long s e r v i c e ;  and 
var io \w h w a n  f a c t o r s  such a s  t h e  l a c k  of a t t e n t i o n  t o  t h e  t a b l e s  and sc reen  by a crew 
p r i m a r i l y  concerned w i t h  yardage.  T e s t s  were made on a number of dredges i n  t h e  Orov i l l e  
a n d  Natoma f i e l d s ,  apparen t ly  by t a k i n g  l a r g e  samples of the  t a i l  s t ream.  Assuming t h a t  the  
g r a v e l  t h a t  passed over  t h e  t a b l e s  was 50 percen t  of t h a t  dug , n d  t h a t  1 cubic  yard loose  
was e q u i v a l e n t  t o  3/4 cub ic  yard i n  p l a c e ,  2 dredges l o s t  15 pe rcen t  of the  gold i n  the  t a b l e  
feed  and 1 l o s t  30 pe rcen t .  Another drcdge,  i n  the  Orov i l l e  f i e l d ,  l o s t  6.8 c e n t s  p e i  cubic  
y a r d .  Samples were taken o f  t h e  sand p i l e  behind a sunken dredge i n  the  Natoma f i e l d  which 
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indicated a l o s s  of 3 .9 cents  per  cubic yard. o r  31 percent .  One dredge digging e n t i r e l y  
i n  old dredge t a i l i n g s  recovered 2 1/2 t o  4 cen ts  pe r  cubic yard (reoalculated t o  o r ig ina l  
bank measure) due t o  an estimated loss  by the  f i r s t  dredge of 18 t o  25 percent.  I n  view of 
t he  above da ta  Smith concludes gold saving on dredges holds more hope f o r  improvement by 
s tudy than the  technique of smp l ing  and valuing dredging ground. 

~ e l l i n ~ e r "  s t a t e s  t h a t  by cleaning up a a l u i c e  l i n e  from d i s t r i b u t o r  t o  t a i l  s l u i c e ,  
s ec t i on  by sec t ion ,  and p lo t t i ng  the amounts of gold recovered along a horizontal  a x i s  a 
c lose  es t imate  can be made of the t o t a l  cold fed t o  t he  s l u i c e  and the amount l o s t .  The 
add i t i ona l  work i n  t h i s  nsa8plingn process devol ras  oh ie f ly  on the r e t o r t  housr where it is 
necessary t o  clean up and r e t o r t  m y  small batches of concentrates.  There should b8 l i t t l e  
delay i n  ac tua l  dredge operation. The r e s u l t s  of a s e r i e s  of such t e s t s  should b8 of g r ea t  
value t o  any dredge operator .  

Dredge s l u i c e s  unquestionably a r e  the  most e f f i c i e n t  gold-saving devices knom i n  p l ace r  
s i n ing ,  p a r t l y  because they t r e a t  a screened product but ch i e f l y  because they a r e  c lose ly  
adapted t o  condit ions.  They work under revere space l im i t a t i ons  imposed by the s i z e  of the 
boat ,  and the grades of the  s l u i ce s  vary 1 o r  2 percent  because of r a i s i ng  o r  lowering the  
heavy digging ladder .  A s  a rule  a l l  of the  t a b l e s  of a dredge a r e  s e t  on a uniform grade. 
An i n t e r e s t i n g  exception t o  the ru le  is on the boat  previously re fe r red  t o  where the trammel 
produces. four  s i z e s  of s l u i c e  feed. The grade of  each s lu i ce  is s e t  to  give the best  re- 
s u l t s  on its p a r t i c u l a r  s i z e  of gravel,  a l l  grades being r e l a t i ve ly  s teep  a s  compared with 
usual dredge p rac t i ce .  

l a t e r  Cons?amption 

The amount of water and the spray pressure. usad i n  dredging a r e  of i n t e p s t  but seldom 
a r e  known rrom ac tua l  measurement. The t o t a l  water used on s tacker  dredges ranges irm 3,000 
t o  15,000 gal lons per  minute, depending on the  s i z e  of the  boat and the  easy-washing, t i g h t ,  o r  
c layey na ture  of the grave l .  I f  high-pressure s t reams a r e  needed t o  wash the buckets a t  the  
upper tumbler 25 t o  50 percent more water is used than otherwise. Pressures correnponding 
t o  heads of 60 t o  90 f e e t  usual ly a r e  maintained on t he  spray nozzles.  I n  more than a dozen 
dredges, including s eve ra l  c i t ed  by Janin,  '' the  water consumption on the boats ranged from 
1,400 t o  2,800 ga l lons  pe r  cubic yard dredged and averaged 1,900, -quivalrnt  t o  a duty of 
about 9 .oubic yards pe r  miner 's inch. This excepts two flume-type boats  on which the pumps 
furnished 3,600 and 4,800 gal lons.  respect ively,  p e r  cubic yard dredged. According t o  Janin,  
a s t a cke r  drbdge usua l ly  d i scards  over ha l f  of t he  volume of mater ial  dug, hence the quant i ty  
of water used pe r  u n i t  of gravel passed over the t a b l e s  is much g rea t e r  t h n  these f i g u r w  
imply. 

The quant i ty  of water required t o  maintain a dredge pond s i t u a t e d  above the na tura l  r a t -  
e r  l e v e l  depends upon the  p0rOsity of the  ground. A t  the  Lancha Plana dredge i t  mas noted 
t h a t  2,000 gal lons pe r  minute, o r  roughly 180 miner ' s  inches of water. was needed ro t  t h i s  
purpose. This  quan t i t y  l i e s  well within t he  range of 100 t o  300 inches given by Jan in .  
Likewise t he  T r i n i t y  Dredging Co. near Lewiston, C a l i f . ,  has t o  pump about 2,000 gal lons per  
minute t o  maintain the  dredge pond a t  the  des i red  l e v e l .  

Power 

Only 2 of the 25 o r  more dredges operat ing i n  t he  Western S t a t e s  i n  1932 used o ther  than 
e l b c t r i c  power. (See t a b l e  12.) One of these was t he  steam dredge of the Idaho Cold Dredg- 
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ing '  Co., a t  Warren, Idaho. I t  was powered by two 90-hp. bo i l e r s .  One 90-hp. engine drove 
t he  d igg ing  ladder  and winch. Another operated the screen, s tacker ,  and a l l  pumps. E l e c t r i c  
l i g h t s  and small aux i l i a ry  e l a c t r i c a l  equipment were provided fo r  by a 15-kilowatt genera tor .  
The o m e r s  expressed s a t i s f a c t i o n  with t h e i r  power p l an t .  Its choice doubt less  was indicated 
by t he  remote l o c a l i t y  and p l e n t i f u l  supply of firewood. The dredge used an average of 3 112 

cord8 of dry lodgepole pine p e r  day which coat $5 per  cord del ivered t o  the  bank. This 
included a year-;And da i l y  average of o n c h a l f  cord used i n  the aux i l i a ry  heat ing b d i l e r .  
A l i b e r a l  es t imate of the cos t  of power f o r  t h i s  boat  was 1 .5  cen ts  per  cubic yard. That the 
power p l a n t  funct ions we11 was ind ica ted  by a reported average dredging time of 22 hours per 
day. 

The dredge of the  Crooked River Mining Co. near  Idaho City, Idaho, was equipped w i t h  a 
d i e s e l  power p l a n t .  This was reported t o  have two ser ious  disadvantages: (1) Excessive 
v i b r a t i o n ,  which l ed  t o  high r epa i r  c o s t s  on the  dredge, and ( 2 )  fou i ing  of the  dredge pond 
wi th  o i l ,  which was believed t o  have an adverse e f f e c t  m gold recovery: 

, . 

Gost of Dredging 

Cost f i gu re s  co l lec ted  by the  au thors  f o r  1931 represent about 75 percent  of Cal i for-  
n i a ' s  yardage and 50 percent of t h a t  of o the r  S t a t e s ,  o r  s l i g h t l y  more than 70 percent  of the 
t o t a l .  The average cos t ,  on a yardage b a s i s ,  excluding taxes, insurance, and c a p i t a l  charg- 
e s ,  f o r  t he  sake of uniformity, ?as approximately 5.1 cents  per cubic yard f o r  a l l  S t a t e s .  
The c o s t  f o r  the Cal ifornian dredges was 4.9 cen ts .  The range was from 4 t o  12 cen t s  per 
cubic yard. (See tab le  13.) 

The above f i gu re s ,  based on an annual yardage of about 36,000,000, may be compared w i t h  

1914 oo8ts  as given by Janin.  4' Costs i n  t h a t  year ,  based on a yardage of about 70,000,000 
f o r  which d a t a  were ava i l ab l e  and excluding taxes,  insurance, and c a p i t a l  charges, ranged 
from 2.65 t o  5.3 cen t s  and averaged 4.2 cen ts .  Wages i n  1914 were lower than t he  1931 
Californian wage s ca l e ,  winchmen rece iv ing  $4 t o  $5, o i l e r s  $3 t o  $3.50, and shoremen and 
h e l p e r s  $2.50 t o  $3.50 p e r  8-hour d i r t .  I n  1932 wages were being reduced by some of the 
l a r g e  companies. 

Cost of dredges 

Few e n t i r e l y  new dredges have been b u i l t  i n  the  United S t a t e s  i n  recent  years .  There 
appears  'o be a l a rge  reserve of old but se rv iceable  dredge machinery not  i n  use a s  a r e su l t  
of t he  dec l i ne  i n  the  number of boats  i n  opera t ion .  The following communication from L. D.  
~ o ~ f i e l d ~ '  is nevertheless  of value i n  s t a t i n g  a r a g e  of cos t s  f o r  new boa ts ;  

. Dredges a r e  b u i l t  i n  var ious s i z e s  from 2 1/2 t o  18 cubic f e e t  of bucket 
capac i ty  and designed t o  d i g  from 12  t o  80 f e e t  below water l e v e l .  The cos t  
ranges from $50,000 t o  $500.000, depending on t he  capacity and design. 

A dredge with 6 1/2-cubIc-foot bucket capac i tv  recent ly b u i l t  i n  Cal i forn ia ,  
wi th  s t e e l  h u l l  and wooden supers t ruc ture ,  designed t o  d i ?  25 f e e t  below water 
l e v e l ,  c o s t  approximately $ U O , O O O .  A 10-oubic-foot capaci ty dredge designed t o  
d i g  40 f e e t  below water l e v e l  c o s t s  from $250.000 t o  $275,000. A 15- o r  l&cubic- 
f o o t  capaci ty dredge t h a t  rill d i g  60 t o  80 f e e t  below r a t e r  l e v e l  is est imated 
t o  cos t  between $450,000 and $500,000. These f i gu re s  do not include the  cos t  of 
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even i n  t h i s  n a t u r a l l y  hazardous occupat ion.  The b u l l e t i n  c i t e d  gives  d e t a i l s  of accident-  
p reven t ion  methods i n  the  Ca l i fo rn ian  indus t ry .  

DRIFT M I N I N G  

D r i f t  mining i n  the  United S t a t e s  has been app l ied  c h i e f l y  t o  the  e x p l o i t a t i o n  of bur ied 
T e r t i a r y  r i v e r  channels i n  t h e  f o o t h i l l s  of the  S i e r r a  Nevada i n  Californi 'a.  It has  a l s o  
been a p p l i e d  extensively,  a l though on a smal le r  s c a l e ,  t o  the  mining of  r i c h  s t r e a k s  on o r  
n e a r  bedrock i n  more recent  g r a v e l s  where pay d i r t  is covered w i t h  a t h i c k  mantle o f  unpro- 
d u c t i v e  m a t e r i a l .  Ground may a l s o  be d r i f t e d  where t h e r e  is i n s u f f i c i e n t  grade o r  water f o r  
hydrau l ick ing  o r  where condi t ions  a r e  u n s a t i s f a c t o r y  f o r  dredging. Bedrock under r i v e r s  has 
a l s o  been d r i f t e d  where i t  was imprac t icab le  LC d i v e r t  the  stream; however, loose g rave l  con- 
t a i n i n g  a l a r g e  q u a n t i t y  of water cannot be mined s a c c e s s f u l l y  by d r i f t i n g .  Usually the 
method is  one of l a s t  r e s o r t  and can be app l ied  only t o  r i c h  g rave l .  Even under favorable  . 
oondi t ions  6 f e e t  of g rave l  on bedrock g e n e r a l l y  :.;-st average a t  l e a s t  $2.50 p e r  ton  t o  be 
mined p r o f i t a b l y  by d r i f t i n g .  Ground t h a t  has been d r i f t e d  by t h e  oldt imers  with  l imi ted  
c a p i t a l  has  been worked by o t h e r  methods l a t e r ;  i n  these  ins tances  the  cverburden c a r r i e d  
enough gold t o  pay f o r  mining on a l a r g e  s c a l e .  

I n  t h e  l a t t e r  p a r t  of the  n ine teen th  cen tury  many l a r g e  and product ive d r i f t  mines were 
o p e r a t e d  i n  C a l i f o r n i a ;  according t o  H i l l , "  11 m i l l i o n  d l l a r s  i n  gold was produced i n  
C a l i f o r n i a  by t h i s  method from 1900 t o  1928. i n c l u s i v e .  I n  the  dummer of 1932, however, 
t h e r e  were no large-scale  o p e r a t i o n s  i n  the  United S t a t e s ,  and the  production of gold by 

t h i s  method was r e l a t i v e l y  unimportant.  h e  well-equipped p r o p e r t i e s ,  Ya l lec i to  Western and 
C a l a r e r a s  C e n t r a l ,  were doing development work bu t  no regu la r  b reas t ing . "  The waahing 
p l a n t s  were used wben enough g r a v e l  had accumulated t o  run the  p l a n t  most of a s h i f t .  A few . 
men were employed a t  a number o f  o l d  p r o p e r t i e s  i n  an endeavor t o  f i n d  new d e p o s i t s  of g rave l .  
A t  a  few o t h e r  o l d  mines l e s s e e s  were t ak ing  o u t  a very l imi ted  tonnage from around old 
wo r k i n g s .  Throughout the  westein  p l a c e r  d i s t r i c t s  smal l  opera t ions  were under way, b.it 
r e l a t i v e l y  l i t t l e  systemat ic  b r e a s t i n g  was being done. 

Yost o f  the  p resen t  d r i f t  mines a r e  operated through s h a f t s ,  although i n  t h e  p a s t  some 
l a r g o  and product ive mines were worked by a d i t s .  I n  many d i s t r i c t s  l a r g e  q u a n t i t i e s  of  water 
must be pumped. 

I n  mining, the  grade1 is e i t h e r  d r i l l e d  and b l a s t e d  o r  picked by hand t o  break i t  down, 
then  i t  is shoveled i n t o  c a r s  and trammed t o  t h e  s u r f a c e  o r  t o  the  h o i s t i n g  s h a f t .  ~t t h e  
s u r f a c e  t h e  g rave l  is s l u i c e d  o r  p u t  through a washing p l a n t  t o  recover the  gold. The grave l  
from most d r i f t  mines r e q u i r e s  mechanical methods of washing t o  d i s i n t e g r a t e  i t  and f r e e  

, t h e  go ld .  
M i l l i n g  p r a c t i c e s  bear no d i r e c t  r e l a t i o n  t o  mining methods a t  d r i f t  mines and a r e  

treated s e p a r a t e l y  i n  t h i n  paper .  
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General development 

The general development plan of a d r i f t  mine usual ly resembles t ha t  of a lode mine where 
s imi l a r  f la t- lying depos i t s  a re  exploi ted.  Lateral  deve\opment and the blocking out of the 
pay gravel a r e  modified t o  f i t  l oca l  conditions. 

Bench depos i t s  o r  old chaanels exposed by l a t e r  erosion o r  covered by only moderate 
depths of overburden may be opened and mined through a d i t s .  Venti lat ion shaf t s ,  however, MY 
be required i n  extensive workings. . 

Deeply buried depos i t s  must, of course, be mined through s h a f t s .  Thia t o m  of en t ry  
a l so  is used fo r  s in ing  r e l a t i ve ly  s h a l l m  depos i t s  .bere a d i t s  a r e  not pract icable.  Oooa- 
s iona l ly  long dra in  tunnels w i l l  be run and the gravel mined through a s e r i e s  or  s h a f t s  sunk 
along the course of the pay gravel.  Moreover, s h a f t s  may prove more economical f o r  mining 
shallow depos i t s  where t h e i r  use obviates  long underground trams. Conversely, a d i t s  may be 
run f o r  drainage and t o  work gravels  which have been developed through shaf ta .  

Some of the ancient  channels a r e  buried a s  much a s  500 f e e t  deep by l a t e r  gravel and 
lava flows o; beds of volcanic ash. The gravel is hoisted through a central  sha f t ;  one o r  
more aux i l i a ry  s h a f t s  usual ly a r e  required fqr  ven t i l a t i on .  A buried gravel deposit general- 
l y  is prospected by a d r i f t  along the course of the channel and crosscuts  from the d r i f t  t o  
e i t h e r  rim. Raises a l so  a r e  occasional ly put  up t o  prospect  fo r  possible  r ich s t r a t a  above. 
A s  s t a t e d  elsewhere, the buried T e r t i a m  channels of the S i e r r a  Nevada are  not related t o  the 
present  stream system; competent geological advice is needed t o  p l o t  t h e i r  probable ooume 
and a i d  i n  t h e i r  development. 

Adits  should be run a t  such a horizon o r  s h a f t s  sunk deep enough t o  insure drainage i n  
the workings. Drifts general ly a r e  run upstream on bedrock t o  allow drainage to  the s h a f t  
o r  out of t he  entrance a d i t .  Where water is not  a s e r ious  item d r i f t s  may be run both ways 
from a c rosscut  o r  a s h a f t ;  any water from the downstream branch is pumped in to  the drain- 
age system. The breas t ing  is done upgrade by r e t r ea t ing  toward the sha f t  o r  crossout.  A t  
d r i f t  mines i n  the frozen gravels of Alaska the  common p rac t i ce  is tb d r i f t  i n  both d i reo-  
t i ons  from a sha f t .  

I dea l  condit ions,  of course, would be an even bedrock and a grada sufficient t o  .allow 
dra inage  but  not too s t eep  f o r  easy tramming; such condit ions,  however. seldom e x i s t .  A 
prospect ing d r i f t  m y  be run p a r t l y  i n  bedrock t o  avoid swinging i t  from trough t o  ria w d  
back again so  a s  t o  keep a p rao t i ca l  grade f o r  traaming. Wi th  a rapid r i s e  or  bedrock, 
however, a s  where a water fa l l  o r  rapids ex i s t ed  i n  the  o r ig ina l  stmam, the d r i f t  has t o  be 
run e n t i r e l y  i n  bedrock w i t h  r a i s e s  put  up t o  prospect  the  gravel  above o r  the d r i f t  con- 
tinued on a higher l eve l  w i t h  a t r a n s f e r  point  a t  the break. This,  of course, increases t he  
cos t  of handling the material .  If the  s i z e  of the deposi t  a s  shown by the development work 
j u s t i f i e s  t he  i n i t i a l  expense, tramming d r i f t s  may be run on an even grade i n  bedrook and the  
gravel  from breas t ing  operat ions above dropped i n t o  r a i s e s  from which i t  can be d r a m  i n t o  
ca r s .  Then the development d r i f t s ,  and crosscuts  a r e  used f o r  ex t r ac t ing  the gravel. 

Sometimes d r i f t s  a t  d i f f e r e n t  l e v e l s  a r e  run from the s h a f t s  t e  mine deposits a t  these 
horizons. More than one ohannel may be worked from the  same s h a f t .  

I n  shallow depos i t s  l i t t l e  o r  no mechanical equipment may be used except for  hoist ing;  
i n  small-scale work ho i s t i ng  a l s o  may be done by hand. The development and mining of deeply 
buried channels require  expensive i n s t a l l a t i o n s  and usua l ly  must be done on a moderately 
l a rge  s c a l e .  Hoisting and pumping equipment and a i r  compressors such a s  those used f o r  lode 
mining a r e  r e w i r e d  fo r  mining t h i s  type of deposi t ,  a s  well a s  a i r  d r i l l s  and mechacrical 
haulage equipment. 



Shafts.- Sha f t s  seldom have over th ree  compartments; i n  small-scale work one compartment 
u sua l l y  s u f f i c e s .  Untimbered shallow s h a f t s  may be a s  small a s  2 by 5 f e e t .  the minimum 
sec t i on  i n  which a  mrn can d ig .  

Sinking p r a c t i c e s  a r e  s i m i l a r  t o  those a t  lode mines except tha t  b l a s t i ng  is seldom 
done; t he  g r a v e l ' i s  loosened by picking o r  moiling. The s h a f t  l i n ing  usua l ly  cons i s t s  of 
lagging back of standard framed-timber s e t s .  " 

Considerable water may have t o  b e  handled i n  s ink ing  deep s h a f t s  i n  grave l ,  i n  which 
case ample pumping capaci ty is needed. Ordinary s ink ing  pumps usual ly a r e  employed. Stef-  
fa" has descr ibed  the s inking of a  2-compartment s h a l t  a t  Val lec i to ,  C a l i f . ,  i n  which a  no- 
ve l  method of handling the  water was used; o ther  s inking p rac t i ce s  a t  t h i s  mine, however, 
oonformed t o  t h e  general p r a c t i c e .  He s t a t e s :  

The s h a f t  of the  Va l l ec i t o  Western was located a t  a  po in t  50 f e e t  north of 
t he  a c t u a l  channel i n  order  t h a t  the  s h a f t  s t a t i o n ,  a t  a  depth of 153 f e e t  below 
the  c o l l a r ,  might be i n  the  s o l i d  s l a t e  bedrock. A t  the point  se lec ted  the  s h a f t  
passed through 143 f e e t  of volcanic  cobbl t ,  ash,  and sand and gravel before reach- 
i n g  t he  s l a t e .  It was sunk a  t o t a l  Gcpth of 167 f e e t ,  providing s 14-foot sump 
below t h e  s t a t i o n .  

 he s h a f t  is 4 f e e t  by 7 1/2 f e e t  i n  the  c l e a r  and has one 4 by 4  1/2-foot 
s k i p  compartment and a  2  1/2- by 4 f o o t  manway. I t  is timbered w i t h  8- by &inch 
Douglas f i r ,  excepting t h a t  6- by 8-inch mater ia l  was used fo r  d iv ide r s ,  and is 
l i n e d  wi th  1- by 12-inch boards. 

The s h a f t  was sunk t o  bedrock without b l a s t i ng ,  picks and gads being s u f f i -  - c i e n t  t o  loosen the mater ia l  f o r  shovel ing.  The 24 f ee t  t h r o u ~ h  rock was sunk by 
hand d r i l l i n g ,  using 1 0 - t o  12 holes  pe r  round, l i g h t  charges of powder, and elec-  

. t r i c  de l ay  detonators .  
A 12-inch chuan-dr i l l  hole  ww sunk f i r s t  a t  one end of the s h a f t  t o  handle 

t he  flow of water which was s t ruck  a t  a  depth of 8 f ee t  and amounted t o  about 35 
ga l lons  p e r  minute throughout the work. The hole was sunk t o  a  depth of 187 f e e t  . 

and cased with perforated 7-inch i n s ide  diameter stove-pipe casing. A deep-well 
type of tu rb ine  pump was i n s t a l l e d  which was powered w i t h  a 20-hp. v e r t i c a l  elec- 
t r i c  motor, the motor r e s t i n g  on s taging '  about 4  f ee t  above the s h a f t  c o l l a r .  
Three-foot lengths of pump c o h m  were used, and a s  the sha f t  deepened f ron  day 
t o  day enough blocking was removed from under the notor  support t o  keep the  pump 
in t ake  a t  t he  l eve l  of the  bottom of t he  s h a f t .  When b las t ing ,  during the. l a t t e r  
p a r t  of t h e  work, t he  cas ing  and pump column, exposed i n  one end of the  s h a f t ,  
were p ro t ec t ed  fron &go by heavy plaak hung from the bottom @ad p l a b  di-  
r e c t l y  i n  f ron t  of the d r i l l  hole .  

Numerous s t r a t a  of sand and volcanic a s h  were encountered, one mch bed a t  a  
depth of 70 f ee t  being 7  f e e t  th ick .  A l a rge  p a r t  of t h i s  f i ne  . a t e r i a l  was car- 
r i e d  t o  t h e  surface by t he  pump. A t e s t  showed t h a t  a t  one t i n e  the pump d is -  
oharge was one-third sand by v o l w e .  The pump impellers  wore rapidly,  th ree  s e t s  
being used. Moreover, the  d t i l i  ho le  rap id ly  f i l l e d  with0sand t o  the l eve l  of 
t he  pump, a f t e r  which t he  pump could not  be lowered f a r t he r .  h $ c e  the pump was 
removed and the hole cleaned with a  sand pump. F ina l ly ,  a t  a  depth of 75 f e e t ,  
this d i f f i c u l t y  was remedied by c u t t i n g  a  s l o t  i n  the casing pump. As the  s h a f t  
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deepened the  s l o t  was l ikewise c u t  down. To secure  s u c t i o n  w i t h  a shallow s u p ,  
such a s  could be dug out e a s i l y  by hand i n  t h i s  manner, a e i n c h  s t r a i n e r  was s u b  
s t i t u t e d  f o r  the  o r i g i n a l  3-foot one. The pump was run continuously and regu- 
l a t e d  by the ga te  valve on the  discharge p i p e  t o  the  exact  amount of water flowing 
i n t o  t h e  smal l  sump. 

It required 90 days t o  complete the  s h a f t .  The average progress  i n  s inking,  
. inc lud ing  t imbering,  was s l i g h t l y  l e s s  than 1 f o o t  p e r  s h i f t ,  working two 8-hour 
s h i f t s  p e r  day. The c o s t  was $39.50 p e r  f o o t .  Shaftmen and the  foreman reoeivod 
$6 p e r  day and engineers  $5. Timber and lumber l a i d  down a t  the  s h a f t  oos t  $42 
p e r  thousand board-feet. 

P r i f t s  and crosscutg.-  A s  used i n  t h i s  paper ,  a "dr i f t1 '  des igna tes  a development working 
p a r a l l e l  t o  the  major a x i s  of the  d e p o s i t ;  a wcrosscu tw is a t ransverse  working. Th is  dfa- 
t i n c t i o n  is not observed s t r i c t l y  i n  t h e  terminology of t h e  mining d i s t r i c t s .  

Drifts may be run a s  smal l  a s  3' 1/2 by 5 1/2 f e e t  i n  s e c t i o n  where t h e  handling of a 
minimum of mate r ia l  is d e s i r a b l e .  I n  pay d i r t  they may be run up t o  7 by 9 f e e t  i n  s i z e  o r  
as l a r g e  a s  they can s a f e l y  be held.  The s i z e  of  c rosscu t s  depends upon the  se rv ioe  required 
o f  them. 

The grave l  i n  the  anc ien t  channels genera l ly  is compact enough t o  s tand without timber- 
i n g ;  b l a s t i n g  usua l ly  is req i red .  The number of ho les  required t o  the  round depends upon 
t h e  compactness of t h e  g rave l .  A simple toe-cut round - t h a t  is, one with the  c u t  ho les  
p o i n t i n g  downward - usua l ly  s u f f i c e s  f o r  breaking the ground. It is d e s i r a b l e  when b l a s t i n g  
pay d i r t  i n  both development work and b r e a s t i n g  t o  pu lver ize  i t  a s  much a s  poss ib le  t o  fa- 
o i l i t a t e  washing opera t ions .  Heavy b l a s t i n g ,  however, should be avoided s o  a s  not t o  s o a t t e r  
t h e  gold-bearing grave l .  I n  loose g rave l s  the  main d i f f i c u l t y  i n  d r iv ing  may be t o  prevent 
caves  u n t i l  the  t b b e r i n g  is i n  p lace ;  t h e  gravel  is exc&ated by p icks  and shovels .  

Wheelbarrows may be used i n  s h o r t  d r i f t s  o r  buckets on t r u c k s  i n  small-scale work where 
t h e  broken mate r ia l  is h o i s t e d .  I n  more e l a b o r a t e  workings, however, c a r s  running on r a i l s  
a r e  employed. 

. For d r i f t i n g  i n  pay d i r t ,  a wide d r i f t  may be run and t h e  boulders  p i l e d  a t  t h e  s i d e  t o  
form d r y  wal l s .  Where timber is brought from a d i s t a n c e  regu la r  d r i f t  s e t s  of square timber 
g e n e r a l l y  a r e  used f o r  support ing t h e  d r i f t s ,  b u t  i f  round timber is a v a i l a b l e  l o c a l l y  s e t s  
u s u a l l y  a r e  made of it. The p o s t s  of the  s e t s  genera l ly  a r e  stood with a b a t t e r  80 t h a t  t h e  
d r i f t  may be given a s e c t i o n  more n e a r l y  approaching an a rch .  (See f i g .  3.) 

I n  loose  o r  running ground s p i l i n g  o r  fo repo l ing  must be used. The f i r s t  s t e p  i n  s p i l -  
i n g  is t o  p lace  br idging over the  foremost s t and ing  s e t .  Bridging usua l ly  c o n s i s t s  o l  a 4 
by 8- o r  4 by 10-inch lagging l a i d  p a r a l l e l  t o  the  cap oh top of 6-inch blocks a t  e i t h e r  
end. T h i s  l agg ing  is blocked s o l i d l y  t o  the  ground above, l eav ing  a apace 6 inches  high 
above t h e  cap through which t h e  s p i l i n g  is dr iven .  I f  s i d e  s p i l i n g  is necessary i iridging 
is  p laced  on t h e  o u t s i d e  of the  p o s t s .  S p i l i n g  usua l ly  c o n s i s t s  of  2- t o  5-inch timber 4 t o  
1 0  i n c h e s  z i d e  and a s  much a s  9 1/2 f e e t  long, depending upon t h e  weight t o  be borne and 
. ease  o f  d r i v i n g ;  one end of t h e  s p i l i n g  is sawed a s  shorn i n  f i g u r e  4. The top w i l i n g  is 
d r i v e n  a t  an upward ang le  i n t o  the  caved o r  loose  ground. I n  mines having oompressed a i r  
a d r i l l i n g  machine with a s p e c i a l  t o o l  may be used f o r  d r i v i n g  t h e  s p i l i n g .  The s p i l i n g  ex- 
t e n d s  over  t h e  cap f a r  enough t o  provide room f o r  p lac ing  a complete s e t .  The upward angle 
is s u f f i c i e n t  t o  allow br idg ing  t o  be placed over  the  new s e t .  The f i rs t  s p i l i n g  usua l ly  
is d r i v e n  a t  one s i d e  of the b r idg ing  c l o s e  t o  t h e  br idging block a t  such an angle t h a t  the  
forward end when i n  p l a c e  w i l l  be 6 o r  8 inches  beyond and above the  cap and close  t o  the  
w a l l .  The remaining ones a r e  d r iven  a t  such ang les  t h a t  they "fan" and forn a complete 
cover ing  f o r  the  s e t  of timber t o  be p u t  i n  p lace .  A s  each s p i l i n g  is dr iven ahead some of 



F m  4.- Mahod of spiling in kox qround. 





the  grave l  is cleared away f ro8  underneath i t  so t h a t  i f  any l a rge  boulders a r e  encountered 
ahead of t he  s p i l i n g  they Can be barred out  of the  way o r  taken down. After the top s p i l i n g  
is i n  p lace  s i de  sp i l i ng .  i f  necessary, is driven i n  the  8-0 manner, beginning a t  the  top .  
h o  &inch I-beams, o r  heavy timbers, a r e  then hooked on the  l a s t  cap ( f i g .  4)  by heavy s t e e l  
g r .  The ends of these bears  a r e  extended f o n a r d  t o  j u s t  back of where the cap of the  
next  s e t  w i l l  be when i n  pos i t ion .  A ororspieoo is then placed across  t h e i r  forward ends 
urd brought up snugly aga ins t  the  ap i l i ng ;  the back ends of the  beams a r e  blocked dorn under 
t he  recond cap back. When the gravel is removed the  next s e t  is put  i n .  The beam support  
t he  top  s p i l i n g  while t he  s e t  is plaood. Pos ts  and caps of ordinary d r i f t  s e t s  a r e  used. 

The 8-0 method of top 8p i l ing  is used f o r  b r ea s t i ng  i n  running ground. The 1-bears 
o r  t imbers  with overhead lagging may be uaed i n  f i rmer ground t o  p ro t ec t  men working ahead 
of t he  l a s t  s e t  ' in pos i t ion  from f a l l i n g  mater ia l ,  both i n  d r i f t i n g  and bress t ing  operat ions.  

~ t e r t a ~ ~  gives the  d r i f t i n g  p r ac t i ce  a t  t he  Val lec i to  d r i f t  nine as follows: 

Both gangways a d  c rosscu ts  a r e  general ly  7 by 7 f e e t  i n  s ec t i on .  ~ h b  usual 
d r i l l  round oons is t s  c f  s i x  holes d r i l l e d  5 o r  6 f e e t  deep and breaking an average 
of 4 f r e t  per  roun9. The gravel d r i l l s  e a s i l y ,  2 1/2 hours general ly  being su f f i -  
c i e n t  t o  d r i l l  the  round. Drill s t e e l  is of 7/&inch hol lorhexagonal  mater ial ,  
sharpened w i t h  c ro s s  b i t s .  S l i gh t l y  mote than 9 pounds of 25-percent s t rength  
powder is used pe r  round, with 4 s t i o k s  i n  each of th ree  l i f t e r s ,  3 s t i c k s  each 
i n  t he  two cu t  holes ,  and 2 i n  the  s i n g l e  back hole. Caps a r e  t rea ted  w i t h  a 
s tandard  waterproofing compound. 

The broken gravel  is shoveled by hand i n t o  18-cubic-foot, end-dump, ro l le r -  
bear ing  ca r s  holding 1 ton each. Track c o n s i s t s  of 16-pound rai . fs  l a i d  t o  18- 
inch gage. The grade of the channel has proved uniform over considerable dis-  

t ances  and averages 75 f e e t  t o  the  mile.  Traok has been l a i d  therefore  on a grade 
of 1 1/2 percent upstream. It ha8 seldom been necessary t o  take up bedrock t o  
maintain the grade; wherever a d i p  i n  the f l o o r  hm been found the  t rack bas been 
kept  on grade, and bedrock has alway been found a t  the  expected elevat ion when 
reaching ihe opposite s i d e  of the  dip.  

I n  the opening of new areas  by d r i f t s  o r  c rosscu ts ,  samples a re  taken from 
the  s k i p  a t  the c o l l a r  of the s h a f t ,  a sarrple cons is t ing  of one f u l l  pan o r  about 
20 pounds of Sampler taken a t  t h i s  po in t  have the advantage, as compared 
with samples taken from the  so l i d  face,  of being represen ta t ive  of a l a rger  volume 
of ground and of being mixed thoroughly by t he  b l a s t i n g  and by the  handling of 
t h e  grave l  from muck p i l e  t o  car  and t o  sk ip .  Thus an experienced pannet is able  
t o  u k o  f a i r l y  accurst. o s t i a a t u  of the  value of the grave l  developed. 

D r i f t s  and orosscu ts  a r e  dr iven  by orews of t h r ee  o r  somet iws  four men, 
making an average advance of 4 f e e t  pe r  s h i f t .  The cos t  of d r i v ing  main headings - 
averages $16 t o  $17 per  foo t .  I n  a pay a r ea  65 f e e t  wide, where gravel can be 
breas ted  10 f e e t  high, each foot of heading developed 45 tons  of gravel .  (It is 
es t imated  tha t  the  gravel  expands o n c q u a r t e r  on being broken, and a ton of broken 
grave l  has  a volume of 18 oubic f e e t . ) .  

The c o s t  of running a d r i f t  under average condi t ions  a t  a small-scale mine .)ere no 
o t h e r  work was being done was shorn by the  Golden Bel t  Gold Mining Co. which was a t  :loping 
a d r i f t  mine on Magpie Gulch near  Helena, Yont., i n  t he  summer of 1932. An 80-loot s h a f t  
- -- 
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had been sunk, and a d r i f t  was being run up t h e  channel;  the  d r i f t  was 160 f e e t  long and 5 
by 6 f e e t  i n  sec t ion  and was timbered with  B-inch round timber s e t s  p laced 4 f e e t  a p a r t .  The 
top  and s i d e s  of the d r i f t  were l i n e d  with  s p l i t  lagging.  The timber was c u t  nnd sawed on 
t h e  ground. The gravel  was picked by hand and trammed i n  a 6-cubic-foot c a r .  It r a a  ho i s tod  
i n  the  body of the c a r ,  which a t  t h e  s u r f a c e  was placed on a t ruck and trammed t o  the  washing 
p l a n t .  The c o s t  of running t h e  d r i f t  was $6 p e r  f o o t ,  excluding superv i s ion .  The s u r f a c e  
equipqent  a t  the s h a f t  cons i s t ed  of a headframe and a h o i s t  run by a 15-hp: e l e c t r i c  motor. 
Power c o s t  1.07 c e n t s  pe r  kilowatt-hour.  

An example of t h e  c o s t  of  running a d r i f t  under adverse cond i t ions  i n  small-scale 
o p e r a t i o n s  was i l l u s t r a t e d  a t  t h e  Lucky Char les  Mining 6 Mil l ing  Co. small d r i f t  mine on 
North Clear  Creek, Blackhawk, Colo. ,  which i n  J u l y  1932 was being developed through a 40-foot. 
2-compartment s h a f t ;  50 f e e t  of  d r i f t  had been run but  no b r e a s t i n g  done. The p roper ty  w a s  
we l l  equipped with an e l e c t r i c  h o i s t ,  a deep-well pump, a s u b s t a n t i a l  headframe. and an o m  
b i n .  About 20 ga l lons  of water was be ing  pumped p e r  minute. A 10-hp. motor operated both 
t h e  pump and a h o i s t  which had an l&inch drum. The gravel  was ho i s ted  i n  a 7-cubic-foot 
bucket a t t ached  t o  a 1/2-inch c a b l e .  

The gravel  was 3 t o  5 f e e t  t h i c k  and was o v e r l a i n  w i t h  5 f e e t  of quicksand which re- 
qu i red  both top and s i d e  s p i l i n g .  The d r i f t  was 6 f e e t  high, 5 f e e t  wide a t  the  top, and 6 
f e e t  wide a t  the  bottom. S e t s  of  E-inch round timber were placed 2 f e e t  a p a r t .  Top s p i l i n g  
was 3 by 6 inches by 5 1/2 f e e t ;  s i d e  s p i l i n g  was 1-inch boards.  

An advance of 1 foot  pe r  day was be ing  made by 2 men underground and 1 man on t h e  sur- 
f a c e .  The c o s t  per  foo t  of d r i f t i n g  was as fol lows:  

Labor (3  men a t  $41.. $12.00 
....... Power ( h o i s t i n g )  1 .00 

........................... . Timber. 1.80 
............ ' . Other s u p p l i e s  1 00 

T o t a l  ........................ 15.80 

A number of d i f f e r e n t  methods of  b r e a s t i n g  a r e ,  employed a t  d r i f t  mines, depending mainly 
upon the  na tu re  of the  depos i t .  Drift-mining methods were evolved i n  the  e a r l y  Ca l i fo rn ian  
d igg ings ;  p resen t  methods do n o t  d i f f e r  m a t e r i a l l y  from those of the  e a r l y  days.  

I n  narrow channels the  g rave l  may be mined on e i th 'ef  s i d e  of the  d r i f t  a s  i t  is advanced 
o r  t h e  d r i f t  advanced the  f u l l  width of  the  pay s t t e a k .  I n  wider d e p o s i t s  the  d r i f t  may 
f i r s t  be run t o  the  l i m i t  of t h e  d e p o s i t  and then t h e  mined,. r e t r e a t i n g  toward t h e  
s h a f t .  I n  extensive depos i t s  t h e  g r a v e l  u s u a l l y  is  d iv ided  i n t o  blocks  p repara to ry  t o  min- 
i n g .  The blocks genera l ly  a r e  mined by r e t r e a t i n g .  P i l l a r s  u s u a l l y  a r e  employed only t o  
p r o t e c t  haulageways. A modified room-and-pillar system, however, has  been used a t  some mines 
i n  which t h e  p i l l a r s ,  i f  i n  r i c h  g r a v e l ,  were l a t e r  removed. 

Breas t ing  may be done from c r o s s c u t s  o r  from d r i f t s  run p a r a l l e l  t o  the  haulageway. 
Breas t ing  from the c rosscu t s  may p a r a l l e l  t h e  haulage d r i f t  on the  r e t r e a t  toward i t .  When 
working from d r i f t s  t h e  l i n e  of r e t r e a t  u s u a l l y  is p a r a l l e l  t o  the  d r i f t  al though sometimes 
toward i t .  The spacing of c r o s s c u t s  o r  d r i f t s  a t  d i f f e r e n t  p l a c e s  ranges from 40 t o  200 
f e e t ,  depending mainly on the  system of b r e a s t i n g .  Crosscuts  g e n e r a l l y  a r e  turned o f f  a t  
such an angle  a s  t o  give the  p roper  g r a d i e n t  for . tmmming.  

Cuts o r  s l i c e s  range from 2 1/2 t o  8 f e e t  wide. I f  c a r s  a r e  used i n  long f a c e s  the  
t r a c k s  a r e  s h i f t e d  a f t e r  each c u t .  Usual ly  a l l  of  the  gravel  r i c h  enough t o  mine .and enough 
o f  the  over lying gravel  t o  provide h e a d r o m  is taken o u t .  Rooms genera l ly  a r e  6 o r  7 f e e t  



high;  t h e  minimum height  i n  l a r g e  operat ion6 i 6  5 f e e t .  A t  t h e  Val lec i to  mine, desc r ibed  
l a t e r ,  t h e  t h i c k n e s s  of t h e  pay d i r t  va r ied  up t o  14 f e e t ,  although a t  most mines i t  was l e s s  
than 6 f e e t .  The room may be broken t o  a s t r o n g  s t r a t a  of ground where such s t r a t a  occur .  
I n  some C a l i f o r n i a d r i f t  mines volcanic  ash makes a s t r o n g  roof .  

I n  compact o r  cemented ground t h e  b r e a t s  a r e  broken by b l a s t i n g  d r i l l  round; ho ies  may 
be 2 1/2 t o  6 feet apart.' A t  moat p laoes ,  however, b r e a n t i n g  is done w i t h  p icks .  ~t many 
p l a c e a  t h e  g r a v e l  is underout,  u s u a l l y  i n  t h e  upper and s o f t e r  p a r t  of t h e  bedrock; t h e  re- 
maining g r a v e l  i n  t h e  i aoe  i a  then  broken t o  t h e  underout.  Usually 1 o r  2 f e e t  of bedrock 
is taken up. Often, bodrook with  deep c r e v i c e s  con ta in ing  gold can be pioked. Hard bedrock 
is oleaned o a r e f u l l y  by hand, as i n  s u r f a c e  mining. Boulders and gravel  too l o r  i n  grade t o  
t a k e  o u t  a r e  p i l e d  back of t h e  working f a c e .  

Low-built c a r s  uaua l ly  a r e  p r e f e r r e d  f o r  t h e  s a k e  of e a s i e r  shoveling and tramming i n  
t h e  low workings. Scrapers  i n  d r i f t  mines have n o t  proved s u c c e s s f u l ,  but with t h e  r e c e n t  
improvements i n  equipment and technique t h i s  method of  moving gravel  o f f e r s  p o s s i b i l i t i e s .  

Some t imbering usua l ly  is required i n  b r e a s t i n g ,  if only an occasional s t u l l  which may 
be e o e e d  a Regular t imbering c o n s i s t i n g  o f  a t u l l s  with headboards is used a t  most 
mines. I f  t h e  bedrock is s o f t ,  footboards  a l s o  a r e  used; i n  s o f t  ground lagging is re- 
q u i r e d  overhead. Heavy qround genera l ly  is supported by l i n e s  of s e t s .  I n  narrow channels  
tunnel  s e t s  wi th  long caps may be used. 

The fol lowing d e s c r i p t i o n s  of ind iv idua l  mines i l l u s t r a t e  cur ren t  b reas t ing  p r a c t i c e s ,  
beginning with  t h e  s imples t  form and progress ing  t o  more e l a b o r a t e  opera t ions .  Two mines 
worked i n  t h e  e a r l y  days i n  C a l i f o r n i a  and one i n  Alaska a r e  included t o  show t y p i c a l  methods 
no t  i l l u s t r a t e d  by modern opera t ions .  

ere at em^.- Simple and more o r  l e s s  haphazard methods of d r i f t  mining have been 
followed i n  t h e  G r e a t e r v i l l e  d i s t r i c t  i n  southern Arizona f o r  many years .  Along the  p o o r l y  
def ined  channels  o r  pay s t r e a k s  untimbered s h a f t s  6 t o  15 f e e t  deep a r e  sunk a t  random t o  
bedrock, which o f t e n  is a c l a y  s t ra tum.  A t  the  bottom of  t h e  s h a f t ,  g a l l e r i e s  a r e  run about  
3 112 o r  4 f e e t  high i n  t h e  middle and tapered d o m  t o  t h e  thicluresb'  (usua l ly  l e s s  than a 
f o o t )  o f  t h e  pay s t r e a k  on e i t h e r  s i d e .  The pay s t r e a k  of  g rave l  is than gouged ou t  a s  far  
a s  it can be reached, The g r a v e l  is f a i r l y  compact, and no t i m b e r  is used i n  t h e  workings. 
 he pay g r a v e l  is scooped i n t o  p a i l s  and g e n e r a l l y  h o i s t e d  hand over hand; i n  the  deeper  
s h a f t s  a hand windlass  is used. The g a l l e r i e s  a r e  extended as f a r  as pay s t r e a k  o m  be 
followed economioally bf 8 ~ P h  p t i 8 i t i t e  methods o r  u n t i l  t h e  working becomes unsafe,  then a 
new s h a f t  is sunk. low i n  grade t o  waah is p i l e d  i n  o ld  workings. The ground 
is dry,  and no' running water dirt is t% a i l a b l e  except  a f t e r  s torms.   he g r a v e l . u s u a l l y  is washed 
i n  rockers ,  f o r  which water is packh,on bur ros  t o  t h e  workings. 

b a r  Creek.- Two men were d r i f t  n i n  i n  a bench d e p o s i t  on Bear Creek above Bearmouth, 
-3 Yont., i n  J . . ly  1932. Short  adits r e r e  run a c  -.,the bar on bedbock which w a s  the re  about 40 

f e e t  above t h e  creek.  About 2 f e e t  of g r a v e l  on bedrock was then.gouged out by hand f o r  6 
f e e t  on e i t h e r  s i d e  of t h e  d r i f t .  Boulders removed i n  t h i s  work were used a s  rock packs t o  
h e l p  suppor t  t h e  back. No timber was used. When a l l  t h e  g r a v e l  t h a t  could be mined s a f e l y  
was removed from one d r i f t  ano ther  p a r a l l e l  working would be run. 

The grave l  was taken i n  a wheelbarrow t o  t h e  s u r f a c e  where i t  was dumped over a 2-inch 
b a r  g r i z z l y .  The unders ize  dropped i n t o  a 2-cubic-yard b i n  whence i t  was takm i n  a wheel- 
barrow t o  a s l u i c e  box on t h e  creek and washed. About 3 t o n s  p e r  day o r  1 1/2 tons  p e r  man- 
s h i f t  w a s  mined and washed. 



Mamu.-  In  deeper gravel  more systematic  methods a r e  followed, a s  shorn a t  t he  Magpie 
Gulch, south of Helena, Mont. Here the  gravel  was 40 t o  50 f e e t  deep. A d r a in  tunnel had 
been extended upstream about a mile u n t i l  bedrock was reaohed; i t  was then continued on bed- 
rock. Working sha f t s  were sunk 100 t o  200 f e e t  a p a r t ,  and the  gravel  was hois ted t o  a wash- 
ing  p l an t .  A s  the  d r i f t  was extended upstream from the  working s h a f t  the  gravel.was breasted 
ou t ;  when vent i la t ion  became a problem a new s h a f t  was sunk o r  r a i s ed  and t he  sur face  p lan t  
moved. The r a t e  continued t o  flow out  t he  d r a in  tunnel .  Below the point  where t he  dra in  
tunnel  reached bedrock s h a f t s  were sunk i n  the  same manner, but pumping was necessary. 

m o t a  mine.- A s  s t a t e d  previously,  a narrow deposi t  can be mined by advancing an a d i t  
t he  f u l l  width of the channel. This p r a c t i c e  was followed by Anton Gustafson and t h r ee  part- 
ne r s  a t  the  Dakota mine on t he  head of Quar tz  Cmek i n  t he  Cedar Creek mining d i u t r i c t  near 
Rivule t ,  Yont. (See f i g .  5 , d . )  The d r i f t  s t a r t e d  i n  the face of old hyd-aulic diggings 
under a cover of about 80 f e e t .  I n  J u l y  1932 i t  was 450 f e e t  long. Vent i la t ion  a t  the 
face was poor, and an a i r  r a i s e  t o  t he  sur face  would soon be required.  Tke channel was 6 t o  
20 f e e t  wide. Seven f e e t  of gravel  was mined; i t  contained a la rge  proportion of boulders.  
The tops of clay s t r eaks  i n  t he  grave l  contained r e l a t i ve ly  high gold values. 

The method of mining was a s  follows: S e t s  4 f e e t  between cen t e r s  were placed a s  room 
was made. Top lagging 4 1/2 f e e t  long, cons is t ing  of s p l i t  poles ,  was driven ahead a s  the 
ground was picked out .  A f a l s e  s e t  held up the top l a g g i ~ g  u n t i l  t he  regular  s e t  was placed; 
no s i d e  lagging was necessary. Round timber cu t  on the  ground was used f o r  s e t s ;  t he  caps 
were 12 t o  15 inches, pos t s  9 t o  12 inches,  and g i r t s  6 inches i n  diameter. Caps were 10 t o  
14 f e e t  long, depending on t he  width of the  channel; a minimum width of 10 f e e t  was required 
t o  provide room to  s tack  boulders.  A l l  rock over the  s i z e  of a man's f i s t  was l e f t  behind, 
except accasional l a rge  boulders f o r  which room was not  ava i lab le .  Dry.walls were b u i l t  up 
on e i t n e r  s i de  of the 18-inch gage t r ack ,  leaving barely room enough t o  push out an &cubic- 
f oo t  c a r  3 f ee t  wide. Some boulders too l a rge  t o  move by hand were d r i l l e d  and b las ted ;  
about 150 pounds of 40-percent-strength g e l a t i n  dynamite was used per  year.  A der r ick  a t  
t he  p o r t a l  of the tunnel was used t o  dispose of l a rge  boulders brought t o  the  sur face .  

Two men worked on each of two s h i f t s  and brought out 7 o r  8 c a r s  per  s h i f t .  A s e t  was 
pu t  i n  every 2 days, including the  time f o r  cu t t i ng  t he  timber. A s e t  of ground averaged 13 
f e e t  wide. 7 f ee t  high, and 4 f e e t  long and oontainsd 13 cubic yards o r  20 tons of gravel .  
An average uf 2.5 tons of gravel  was mined per  man-shift; including t he  time f o r  washing the 
grave l .  A t  $4 per  s h i f t  t he  labor  cos t  pe r  ton of gravel mined a t  t he  face amounted t o  $1.60 
pe r  ton. Thirty cubic f e e t  o r  1.7 tons  of gravpl  was brought t o  t he  surface each man-shift. 
Zhe t o t a l  labor  cos t ,  therefore ,  was $2.35 per  ton of mater ial  trammed. No hois t ing  o r  pump- 
i n g  was necessary, and t he re  was no overhead nor cos t  of supervis ion.  The t o t a l  co s t  f o r  
supp l i e s  was about 25 cen t s  pe r  ton, making a mining cost  of $2.70 per  ton of mater ia l  tram- 
med. Seven months of prel iminary work was necessary before any gold was produced. Consider- 
a b l e  excavation was required i n  t he  face  of o ld  hydraulic workings t o  get  d o n  t o  bedrock, 
and t h e  a d i t  was driven through 150 f e e t  of previously d r i f t e d  ground t o  reach v i rg in  gravel .  

Townsend and Hornbroo8.- Re l a t i ve ly  small-scale d r i f t  mining by a r e t r e a t i n g  method 
with inexpensive equipment is i l l u s t r a t e d  by t he  work of Townsend and Hornbrook on the 
Klamath River a few miles south of Hornbrook, C a l i f . ,  i n  1932. The a n e  was worked through 
a 46-foot, 2-compartment s h a f t .  s i t u a t e d  about 50 f e e t  from the  r i v e r .  The f i r s t  20 f e e t  of 
t he  s h a f t  was concreted t o  hold out  su r f ace  water;  t he  lower 26 f e e t  was cribbed wi.th 3-inch 
plank.  Although the lower 12  f e e t  was s a i d  t o  be gold-bearing, only 6 f e e t ,  which car r ied  
most of t he  values. was mined. D r i f t s  stood without timber. except t h a t  an occasional  s t u l l  
s e t  was necessary. I n  preparat ion f o r  b reas t ing ,  a d r i f t  was run t o  the' l i m i t  of t he  area 
t o  be worked, then t he  ground was taken out on e i t h e r  s i de  10 f e e t  from the  cen te r  of the 
d r i f t .  (See f i g .  5,H) r e t r e a t i n g  toward t he  s h a f t .  Two rows of s t u 4 l s  4 f ee t  apa r t  w i t h  
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Figurn 5-Brmsting methods in narrow channels: A, Advancing from shaft,Dakota mine, Rivulet, 
Mont; B, retreating to shaft, Townwnd and Hornbrook mine, Hornbrook, Calif. 











winze a t  the south rim showed i t  t o  be 5 1/2 f e e t  lower on t h i s  s i d e  than on the  
north.  This was due probably t o  t h e  channel h r re  bring e n t i r r l y  i n  s l a t e ,  which 
had permitted the  c u t t i n g  o f  a dew trough next t o  the abrupt ly  r i s i n g  routh  rim. 

To the  eastward a ha rde r  s m i t e  f l o o r  gradually mcrsaohed from t h e  north- 
ward upon the  channel u n t i l  i t  covered its e n t i r e  width, whereupon t h e  bedrook 
assumed q u a 1  r l e v a t i o w  on bo th  s i d e s .  Howevrr, i t  w a r  nroerrary  t o  reaoh grade 
on the  south r i d r ,  and t h e r e f o r e  a orosrout wan r t a r t e d ,  a s  rhom i n  t h e  d i a g r u ,  
about 250 f e e t  from t h e  s h a f t .  A t  this point the  s i t e  of m anoient  w a t e r f a l l  
had been rnoounterrd with a ria. o f  about 5 f e r t ,  m d  the grade of t h e  nor th  gang- 
way had been ra ised o ~ r r e s p o n d l n g l y  by t h r  i n s t a l l a t i o n  of a transfer p l a t t o m .  
Loads coming dom were dumped a t  t h i s  point  through a hole i n  t h e  pla t form i n t o  
ca r s ,  which were then t r a u e d  t o  t h e  s h a f t .  The orosscut waa the re fo re  extended 
along the  west o r  low s i d e  o f  t h e  falls and a t  the  south rim waa turned e a a t  and 
dr iven i n  s l a t e  on a grade t o  Jateroep'f  the  bottom of the  deep trough discovered 
a t  the  f i r s t  crosscut.  

Crosscuts a r e  sun a t  i n t e r v a l s  ranging from 100 t o  150 f e e t .  A t o t a l  of U 
have been driven t o  da te  (August 1931), 18 of which were i n  the  f i r s t  o r  western- 
most of the pay a reas  developed. Of these ,  several  connected t o  t h e  nor th  and 
south d r i f t s  o r  gangways, s e r v i n g  both t o  improve ven t i l a t ion  and t o  speed up t h e  
work of breas t ing.  The o t h e r  crosscuts were projected away from t h e  pay a r e a s  
onto benches and were extended s h o r t  d i s t ances  up the rim t o  prospect f o r  potrn- 
t i a l  concentrations.  The t o t a l  footage of d r i f t  and CrOSscut t o  d a t e  is 6,300 
f e e t .  

Figure 6.d i n d i c a t e s  t h e  l o c a t i o n  of the  one area  breas ted s o  f a r .  This  
averaged 65 f e e t  wide, ranging from 60 t o  80. and was 240 f e e t  long. Near its 
cen te r  the  pay gravels  extended t o  a height  o f  14 f e e t  and were ex t rac ted  t o  t h a t  
d is tance above the  f l o o r .  

Breasting began a t  t h e  upper end, the  gravel being broken down along t h e  
s i d e  of a crosscut ( f i g .  6.H). Holes 6 f e e t  deep spaced 4 f e e t  a p a r t  i n  two rows, 
one a t  the  top and the  o t h e r  a t  t h e  bottom, were d r i l l e d  ac ross  t h e  faoe.  Light 
explosive charges su f f i ced  t o  r a k e  a c lean &foot break and t o  loosen a foo t  o r  
two more of ground t o  be p1ok.d d o m  by hand. Heavy b laa t ing  is avoided became 
of the  s c a t t e r i n g  e f f e c t  on t h e  f i n e  gravel  and its gold content.  

The gravel is compaoted s o  s t r o n g l y  t h a t  it s tands  without s c a l i n g  over 
g rea t  widths with only occasional  l i g h t  s t u l l s  f o r  support .  The s t u l l i  k re  8- 
inch round timbers s e t  about 10 f e e t  from the  face,  topped by headboards o r  caps,  
and wedged t i g h t  t o  withstand b l a a t i n g .  In  the m t i r e  a rea  b reas ted  only 48 
s t u l l s  were used. The roof is arched from a height of a s  much a s  14 f e e t  i n  the  
cen te r  t o  7 t o  10 f e e t  a t  t h e  s i d w ,  which increases its s t r eng th  and tends  t o  
prevent sloughing. 

As soon a s  the  f i r s t  s l i c e  i r  broken down along the  crosscut mucking begina. 
The gravel is shoveled by hand i n t o  t h e  c a m .  Large boulders, c o n s t i t u t i n g  about 
30 percent of the  whole mass, a r e  r o l l e d  back from the face and sometimes stacked 
up t o  the  roof t o  fu rn i sh  a d d i t i o n a l  support .  Very heavy boulders. weighing from 
a few hundred pounds t o  s e v e r a l  t o n s ,  a r e  r a re .  Ful ly  80 peroent of t h e  t o t a l  
weigh l e s s  than 100 pounds. 

The top of the  pay g rave l  is def ined by a capping of coarse sand. Horizon- 
t a l l y ,  the  extent of b reas t ing  is con t ro l l ed  by pan sampling underground. t h e  n u -  
ber  of colors  i n  a s i n g l e  pan i n d i c a t i n g  t o  an experienced gravel miner t h e  approx- 
imate value of the  ground. I n  p l a c e s  a t  t h i s  mine the pay lead is heav i ly  con- 



5 f e e t  between the rows were placed on e i t h e r  s i de  of the d r i f t .  Boulders were p i led  between 
t h e  two rows of s t u l l s  on e i t h e r  s i d e  t o  form a s o l i d  pack t o  the back. No d r i l l i n g  o r  b las t -  
i ng  was necessary. 

The sur face  equipment cons is ted  of a 15-foot headframe made of round timber cu t  on the 
ground, a 7-hp. gas engine. a smll hois t .  a pump, a 500-gallon tank, and a s l u i ce  box. The 
h o i s t  and pump were run by the  same engine. About 30 gal lons of water per  minute was p u p e d  
from t h e  mine. The gravel m a s  ho is ted  i n  a l/4-cubic-yard bucket on a 3/&inch cable .  

The crew consis ted of 2 men underground, 1 h o i s t  engineer,  and 1 man who attended t o  
t h e  washing. Five gal lons of gasol ine w a s  used per  &hour s h i f t  l o t  pumping and hois t ing .  
The average production was about 6 cubic yards o r  9 tons per  day. 

The d a i l y  operating cos t  of mining was a s  follows: 

Three men a t  $4 .......................... $12.00 
Gasoline, 5 ga l .  a t  16 cen ts  .80 
Timber ............... ...,. ....................... 1.20 . - 
Yiscellaneous .............................. 2.00 

Total .  ...................................... 16.00 

The d a i l y  washing oost  was: 

One mri a t  $4 $4.00 
Supplies .......... _.50 

Tota l  .......... 4.50 

. Thea mining cos t s  would be $1.78 and mi l l ing  cos t s  $0.50 per  ton, o r  a t o t a l  operat ing 
oont of  $2.28 per  ton. The cos t  o f  s inking the s h a f t  and of the  sur face  equipment must be 
p ro ra t ed  t o  each ton miwd t o  obtain the  t o t a l  mining cos t .  

Ancient gravels  

A s  s t a t e d  before, r e l a t i v e l y  large-scale operat ions a r e  necessary fo r  operations t o  
be p r o f i t a b l e  i n  mines i n  t he  anc i en t  channels i n  Cal i forn ia .  

q p l l e c i t o  Western.- The method of developing a s i ng l e  channel is i l l u s t r a t e d  a t  the 
Va l l eo i t o  Western d r i f t  8 ine  a t  Angels Camp, Ca l i f .  Up t o  June 1932 the mine had 'not been 
p u t  on regular  production. The channel gravel,  buried by volcanic  ash and l a t e  sediments, 
w a s  wel l  compacted, and explosives were required t o  break i t .  D r i f t s  stood without timbering 
The mine was worked through a 2-corpartment timbered s h a f t  153 f e e t  deep. Gravel was hois ted 
i n  s k i p s  from a s i ng l e  l eve l .  Surface equipment consis ted of a h o i s t ,  a i r  compressor, black- 
smith shop, and washing p l a n t .  The t r o b e l  i n  the m i l l  was dr iven by a 10-hp. e l e c t r i c  
motor; a 15-hp. motor waa required f o r  pumping. 

The general plan of development, b reas t ing  methods, drainage, and cos t s  of mining and 
mi l l i ng  a r e  described by S t e f f a  as f o l l o ~ s : ' ~  

A diagonal CrOSSOut w a s  run southeast  from the  s h a f t  t o  the north or  near 
s i d e  of the channel and a d r i f t  s t a r t e d  upgrade ( e a s t )  along the north rim ( a s  
shorn i n  f igure  6,A). About 600 f e e t  e a s t  of the s h a f t  a crosscut  was driven 
through the pay gravels  t o  t he  south rim. Bedrock dropped away southward, and a 
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The gravel was s i n i l a r  t o  t h a t  i n  the  Va l l ec i to  Western mine i n  the same d i s t r i c t .  It 
var ied up t o  21 f e e t  th ick ,  averaging 7 f e e t ,  and was overlain by an average of 350 f e e t  of 
volcanic ash and l a t e r  sediments. The mine was well equipped and had a  oomplete s u r f a c e  
p l a n t .  Air waa furnished by an e lec t r io -d r iven ,  350-oubie-foot-per-minute a i r  compressor; 
the  h o i s t  and pumps were a l s o  e l e c t r i c a l l y  d r iven ,  and the mine was l ighted by e l e o t r i o i t y .  

.The mine was operated through a  350-foot, 3-oompart8ent s h a f t .  The gravel TUB t r u m e d  
by two C t o n  ba t t e ry  locomotives i n  ?-ton sido-dunp oars and hois ted i n  two 2 3 / C t o n  s k i p s .  
A t o t a l  of 250,000 gal lons  of r a t e r  was pumped pmr day. 

Two l e v e l s  100 f e e t  a p a r t  had been opened up. Development and explorat ion d r i f t s  w e n  
run on bedrock and ex t rac t ion  d r i f t s  i n  t h e  bodrook, which was s l a t e ;  d r i f t s  were P by 7 f e e t  
i n  sec t ion .  In the gravel a  10-hole round 5 1 / 2  f e e t  deep could be d r i l l e d  and b las ted  and 
the  broken gravel loaded out i n  a  s h i f t .  Ten t o  f o u t t e m  holes  H?o required i n  8 l a t e .  and 
an average of 1 1/4 s h i f t s  was taken t o  a  round. D r i f t  rounds usually were loaded by a  
mechanical shovel.  D r i f t s  o r  c rosscu t s  ve re  n o t  timbered. Crosscut8 were run from t h e  ex- 
p lo ra t ion  d r i f t s  preparatory t o  b reas t ing .  

I n  breas t ing,  slabbing rounds 2 t o  6 f e e t  wide w i l l  be b las ted from the  s i d e s  of the  
c rosscu t s  and the gravel dragged by s c r a p e r s  i n t o  r a i s e s  from footwall d r i f t s .  (See f i g .  
7 . )  It w i l l  then be drawn i n t o  c a r s  f o r  tramming t o  the s h a f t .  Boulders w i l l  be p i l e d  t o  
one s i d e .  P i l l a r s  w i l l  be l e f t  where necessary and weak places  i n  the back held up by s tu11s .  
I n  r i ch  ground the  p i l l a r s  w i l l  be robbed upon r e t r e a t i n g .  The normal capacity of the  mine 
would be about 75 tons of gravel  per  &hour s h i f t .  Development cos t s  a s s  estimated a t  50 
cen t s  p e r  ton and mining and mi l l ing  c o s t s  a t  $2.50 - a t o t a l  of $3.00 per ton.  The rage 
s c a l e  i n  J u l y  1932 was $5 f o r  shovelers  and 85.50 f o r  miners. 

Bidden Trea9urQ.- The Hidden Treasure i n  P laoer  County, C a l i f . ,  1% reported by ~ o w e r s ' ~  . t o  have been the  l a r g e s t  deep-drift  n ine  i n  t h e  world. He s t a t e s . t h a t  the channel gravel  
was not cemented and the re fo re  required l i t t l e  o r  no b las t ing .  The s l a t e  bedrock had 8 

tendency t o  swell  when exposed t o  the  air .  The channel system was mined f o r  a  d i s t anoe  of 
about 4 miles and f o r  a  width ranging i r o n  200 t o  800 f e e t .  In  the ea r ly  days of t h e  nine  
1 1/2 t o  2  mil l ion board-feet of timber was used year ly .  Timber was p l e n t i f u l  and was c u t  
on the  company's holdings.  The mine was operated through a d i t s .  The timbering of the  main 
tunnel ,  on a  swelling bedrock, is shown i n  f i g u r e  3,g. 

I n  preparat ion f o r  breas t ing,  gangrays were dr iven t o  the  rim rock a t  r i g h t  ang les  t o  the  
haulage-way a d i t  and a t  i n t e r v a l s  of about 200 f e e t .  Drifts were then run 110 f e e t  upstre. 
and 90 f e e t  downstream from t h e  ends of t h e  gangways. The gangways were timbered wi th  s e t s  
us ing 10- by 10-inch pos t s  6 f e e t  long and caps  of the  same mater ia l  5  f e e t  long; t h e  lagging 
was 1 1/2 by 6 inches  by 5 f e e t  long. The d r i f t s  on the rim were timbered with 8- by &inch 
s e t s  with both t h e  pos t s  and caps 5  f e e t  long; t h e  same lagging a s  t h a t  above was used. 

Breas t ing began on the i n s i d e  of the  rim rook d r i f t s  and proceeded toward the  main 
tunne l .  (See f i g .  8,d.)  The b r e a s t s  were t imbered l o  the  same manner a s  the  d r i f t s  with t h e  
s e t s  5 f e e t  a p a r t .  It  the  ground was heavy. as i t  usual ly  was, a  l i n e  of p o s t s  and caps of 
t h e  same s i z e  a s  those used i n  the  s e t s  was plaoed under the  lagging midway between t h e  row 
of s e t s .  I n  addi t ion.  i t  was Often necessary  t o  plaoe a  oenter  post  under the  oaps of the  
s e t s ;  thus  the lagged baok was held  up by p o s t s  on 2  l/2-foot oenters .  Moreover, i f  t h e  
ground was wet foot  blocks were required.  Lagging was dr iven f o n a r d  ahead of t h e  s e t  near- 
e s t  t h e  face;  i t  was held  up by a  f a l s e  s e t  u n t i l  t he  regular s e t  was.placed. A 1 1  waste and 
boulders  excavated i n  b reas t ing  were p i l e d  i n t o  packs f o r  f u r t h e r  support of the  roof .  The 
roof was maintained only a t  t h e  working f a o e s .  
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c e n t r a t e d  and narrows t o  a width of 20 f e e t  with barren ground on both s i d e s .  A t  
o t h e r s ,  as noted, the  width of  pay. g r a v e l  is 80 f e e t .  The width of face  is var- 
i e d  accordingly . 

The grave l  is trammed by hand in  1-ton (18-cubic-foot) c a r s  t o  the  s h a f t  and 
dumped d i r e c t l y  i n t o  a 1 1/2-ton s k i p .  The s k i p  r a i s e s  t h e  g rave l  t o  the  top of  
the 80-foot headframe where i t  is d ~ m p e d  i n t o  a 75-ton g rave l  b i n .  

The b r e a s t i n g  opera t ion  was conducted t o  d i scover  by a m i l l  t e s t  the  a c t u a l  
v a l u e  o f  a given l a r g e  mass o f  g r a v e l ,  a s  well as t o  l e a r n  the  north-south limits 
o f  t h e  pay s t r e a k .  Only, one f a c e  w a s  a t t acked ,  whereas i n  regu la r  operat ion eaoh 
c r o s s c u t  would give a s t a r t i n g  p o i n t  f o r  two faces .  I n  fu l l - sca le  operat ion,  
moreover, mechanical load ing  a t  t h e  b r e a s t s  and motor haulage s h ~ u l d  lower the  
c o a t  of  opera t ion .  

Breas t ing  operat ions  extended over  a lbmonth  pe r iod ,  dur ing which develop- 
ment work a l s o  was being pushed. The tonnage .from b r e a s t i n g  was segregated and 
t r e a t e d  separa te ly ,  t o t a l i n g  9,500 tons .  Five men breas ted  and trammed 1,300 
f e e t  t o  t h e  s h a f t ,  an average o f  5 t o n s  p e r  man s h i f t .  Powder consumption aver- 
aged 1/2  pound per  ton, and t h e  timber c o s t  was 1/2 c e n t  p e r  ton.  

The g rave l  is t r e a t e d  i n  a p l a n t  n e a r  the  c o l l a r  of the  s h a f t  having a ca- 
p a c i t y  o f  about 15 tons  p e r  hour.  
- The g r a v e l s  a r e  wet when f i r s t  opened but d r a i n  rap id ly ,  and a t  p resen t  the  
flow o f  approximately 48,000 g a l l o n s  p e r  day is confined t o  bedrock, flowing be- 
tween r a i l s  i n  the d r i f t s .  Drips  from walls o r  roof a r e  found only occas iona l ly .  
A t  t h e  s h a f t  a v e r t i c a l  c e n t r i f u g a l  pump, dr iven by a 10-hp. motor, is mounted i n  
t h e  manway about 10 f e e t  above t h e  s t a t i o n  l e v e l .  This  pump has  a capaci ty  of 
100 g a l l o n s  p e r  minute. It is c o n t r o l l e d  by a f l o a t  swi tch and handles the  regu- . 
lar n i n e  drainage with about  8 hours  of pumping per  day. A second tu rb ine  of  
double  t h a t  horsepower and c a p a c i t y  is i n s t a l l e d  a t  the  opposi te  s i d e  of the  
e h a f t  ready f o r  use i n  emergency. Power is taken from a P a c i f i c  Gas h E l e c t r i c  Co. 
l i n e  which passes  600 f e e t  s o u t h  o r  t h e  s h a f t .  

The following c o s t s  a r e  f o r  combined e x t r a c t i o n  and m i l l i n g  of the  9,500 tons  
taken from the a rea  b reas ted  a s  desc r ibed  above. P r e v a i l i n g  wages dur ing the  10 
months i n  quest ion were $4.50 a day f o r  muckers and trammers and $5 f o r  miners. 
The c o a t s ,  apportioned 
e l u d i n g  development but 
were ae follows: 

M i l l i n g  a t  t h i s  mine is 
Ca laveras  Centra l . -  The 

t o  t h e  mining and treatment of t h e  b reas ted  g rave l s ,  ex- 
i n c l u d i n g  h l l  o t h r ~  opera t ing  c o s t s  of mining and mil l ing,  

Labor. ............ ., ....................... $2.02 
Superv i s ion  and insurance -40 

.............................. Explosives  .25 
Timber ...................................... .01 
Power ........................................ .30 
Other s u p p l i e s  ...................... d 

................ T o t a l ,  p e r  ton 3.10 

d i scussed  l a t e r .  
Calaveras  C e n t r a l  mine a t  Angels Camp, C a l i f . ,  was reopened i n  

1931 by t h e  Calaveras Centra l  Gold Mining Co. Up t o  June 1932 underground work had been 
conf ined t o  developing nev d e p o s i t s  ; r e g u l a r  b r e a s t f n g  opera t ions  had no t  begun. Twenty 
men were employed. 







s h a f t  t i m b e r s .  This  method may have been used elsewhere b e f o r e ,  b u t  i t  was o r i -  
g i n a l  w i t h  u s  a t  t h e  time and was adopted  a f t e r w a r d  throughout  t h e  None d i s t r i c t  
i n  a l l  t h e  deep mining i n  thawed ground.  Frozen ground d i d  no t  p r e s e n t  any d i i -  
f i c u l t i e s ,  a s  no t imber  was r e q u i r e d .  

our g r e a t e s t  d i f f i c u l t y  was caused  from s w e l l i n g  bedrock i n  t h e  main gang- 
. ways. To overcome t h i s  t r o u b l e  we used t h e  methods d e s c r i b e d  by Mr. Power (Hid- 

den T r e a s u r e  mine) .  
I n  b lock  s t o p i n g  we commenced a t  b o t h  ends  o f  each T and took o u t  a  b l o c k  o i  

ground (each  marked no. 1 i n  f i g .  8,c) ,  n e v e r  more than  1 0  it. s q u a r e ,  w i n g  8- by 
S i n .  p o s t s  s e t  on 3-it. c e n t e r s ,  w i t h  5- by 12-in. c a p s  1 1/2 f t .  long ,  nmver per- 
m i t t i n g  t h e  c a p s  t o  c r o s s  two p o s t s .  Whrn t h e  g r a v e l  waa s o  l o o s e  t h a t  i t  r a n ,  
we f i l l &  t h e  s p a c e s  w i t h  S a l s a  l a g g i n g .  When this 10-it. s q u a r e  b l o c k  rss o u t  
and :be bedrock c leaned  up, r e  p u l l e d  e v e r y  p o s t  ( u s i n g  double o r  t r i p l e  b l o c k  
and t a c k l e )  excep t  t h e  row a g a i n s t  t h e  two s o l i d  w a l l s  o f  unworked ground on two 
s i d e s  of t h e  b l o c k .  Behipd t h i s  row we lagged  s o l i d  wi th  2- by & i n .  l a g g i n g  
a g a i n s t  t h e  unworked w a l l s .  U s u a l l y  t h e  roof  caved a s  f a s t  a s  we p u l l e d  t h e  p o s t 8  
and t h e  b lock  was immediately f i l l e d .  Then we took  o u t  a l l  b looks  marked no .  2  
and worked back toward b lock  no .  1 (which we had j u s t  l e f t )  u n t i l  we s t r u c k  t h e  
w a l l  o f  l a g g i n g ,  c leaned  up t h e  bedrock ,  and p u l l e d  a s  b e f o r e ,  r e p e a t i n g  u n t i l  
t h e  main gangway was reached.  

I n  t h e  meantime new c r o s s c u t s  had been c u t  from t h e  main gangway t o  t h e  rims, 
l e a v i n g  a  p i l l a r  20 i t .  wide of  unworked ground t o  make a  new T .  The b l o c k s  were 
worked o u t  a s  b e f o r e .  Ws k e p t  t h e s e  c r o s s c u t s  j u s t  ahead of  t h e  s t o p e r s .  T h i s  
method p e r m i t t e d  u s  t o  work i n  f o u r  p l a c e s  i n  t h e  mine, b e s i d e s  t h e  c r o s s c u t s ,  
and was s u f f i c i e n t  t o  keep t h e  

We g r a d u a l l y  worked back 
p r a c t i c a l l y  a l l  our  t imber  and 
worked under  s o l i d  ground and 
g e t  heavy and t a k e  weight .  

h o i s t  on a  single-compartment s h a f t  busy.  
toward t h e  s h a f t  and ,  a s  b e f o r e  s t a t e d ,  recovered  
n e v e r  l o s t  a  man, t h e  s e c r e t  be ing  t h a t  r e  always 
moved ground s o  q u i c k l y  t h a t  i t  had no chance t o  

As s t a t e d  b e f o r e ,  n e a r l y  a l l  g r a v e l  minad by ~ n d e r g r o u n d  methods r e q u i r e s  some mechan- 
i c a l  o r  hand method o f  washing t o  d i s i n t e g r a t e  it and f r e e  t h e  go ld  from t h e  Clay.  I n  re- 
c e n t  s t r e a ~  g r a v e l s  l i t t l e  p r e l i m i n a r y  washing may be  n e c e s s a r y ,  w h i l e  i n  some o f  t h e  Ter- 
t i a r y  c h a n n e l s  t h e  g r a v e l  must be c r u s h e d  by s a c h i n e r y  t o  f r e e  t h e  g o l d .  The s i m p l e s t  r a s h -  
i n g  d e v i c e  is a  box a t  t h e  head o f  a  s l u i c e  i n  which t h e  g r a v e l  i s  puddled by hand w i t h  h o e s ,  
s h o v e l s ,  o r  r a k e s  o r  washed by w a t e r  from a  n o p l e .  Washing is performed i n  t romnels  a t  a  
m a j o r i t y  o f  mines.  The s c r e e n i n g  o u t  o f  t h e  c o a r s e  m a t e r i a l  a s s i s t s  i n  t b e  gold-soviag 
o p e r a t i o n .  

Gold-saving d e v i c e s  o t h e r  t h a n  s l u i c e s  o r  amalgamation p l a t e s  have been used o r  have 
been proposed  f o r  t r e a t i n g  g r a v e l s  from d r i f t  mines,  b u t  none was i n  a c t u a l  u s e  i n  J u n e  o r  
J u l y  1932. and no f i r s t - h a n d  i n f o r m a t i o n  a s  t o  t h e i r  e f f i c i e n c y  could  be o b t a i n e d .  h a l g &  
mation p l a t e s  were used s u c c e s s f u l l y  f o r  t r e a t i n g  stamped m a t e r i a l  i h  one m i l l ,  b u t  t h e y  a r e  
n o t  s u i t a b l e  f o r  a n y t h i n g  e x c e p t  s c r e e n e d  m a t e r i a l  a s  g r a v e l  o r  c o a r s e  p e b b l e s  s c o u r  o f f  t h e  
amalgam. 

M i l l i n g  methods a r e  i l l u s t r a t e d  a t  t h e  f o l l o w i n e  r e p r e s e n t a t i v e  p l a n t s  v i s i t e d  by t h e  
a u t h o r s  i n  1932.  It is t h e  a u t h o r s '  o p i n i o n  t h a t  t h e s e  p l a n t s  r e p r e s e n t  t h e  b e s t  p r a c t i c e s  
under  t h e  c o n d i t i o n s  g i v e n .  



&d Poinf.- The method of blocking o u t  t h e  ground, used a t  t h e  Red Point mine i n  P lacer  
County, C a l i f . ,  is given by Dunn. '' A main haulage d r i f t ,  rhioh was kept a s  s t r a i g h t  a s  
porrs ible ,  was run i n  the  cen te r  o r  lowest depress ion of the  channel.  Gangways were then run 
on about  120-foot cen te r s  a t  r i g h t  ang les  t o  t h e  rims of the  channel o r  the  limits of t h e  pay 
l o a d .  (See f i g .  8.B.) The gangways were connected with d r i f t s  p a r a l l e l  t o  the  haulage-way 
on 6S-Soot c e n t e r s ,  thus c u t t l n g  t h e  g r a v e l  i n  blocks 65 by 120 f e e t  i n  s i z e .  The ground w a s  
hard and oompact, and except i n  t h e  b r e a s t s  openings required no timber.  

Xa t h e  Bald Mountain mine a t  Fores t  Ci ty ,  C a l i f . ,  the  p r a c t i c e  was t o  run both t h e  gang- 
w a y ~  and d r i f t s  80 f e e t  a p a r t ,  l eav ing  8 p i l l a r  o f  40 f e e t  t o  p r o t e c t  the  main tunnel .  

C o w . -  The mine of t h e  Wild Goose Mining L Trading Co. was s i t u a t e d  i n  t h e  Nome 
d i r t r i c t  o l  Alaska. It was bekng worked i n  1905. The gravel  w a s  not  frozen and was very 
d i t i i o u l t  t o  hold up. The bedrock was a micaceous s c h i s t ;  from 1 1/2 t o  2 f e e t  of bedrock 
and 2 f e e t  of gravel overlying'bedrock were run through s l u i c e  boxes t o  save thd gold. Tim- 
ber +as c o s t l y  ($60 per  thousand f e e t  p l u s  t h e  f r e i g h t  from Nome) and d i f f i c v l t  t o  secure .  A 
method i n  whioh a minim& of t imber was required was devised t o  mine t h i s  gzavel.  According 
t o  Flemiag69 t h e  method of working was as t o l l o r s :  

The channel, which.ran n e a r l y  s t r a i g h t ,  aaking i t  easy t o  follow, was d iv ided  
i n t o  s e c t i o n s  600 it. long, and a s h a l t  +as sunk midway between the  end l i n e s  of 
each s e c t i o n ,  care  being taken t o  s i n k  t h e  s h a f t s  on the lower s i d e  of the  channel' 
and n o t  neare r  than 25 S t .  from t h e  lower rim so  t h a t  caving would not  a f f e c t  t h e  
a l inement  of the s h a f t s  when the channel was worked out ,  and always p e r m i t t d  our  
s h a f t  houses, bunkers, aad s t r i n g s  of s l u i c e  boxes t o  be on s o l i d  ground. The 
s h a f t s  were 6 by 8 i t . ;  t h e  Dad a s i n g l e  compartment, with a manway f o r  l a d d e r s  
and p ipes .  They were from 69 t o  140 it. deep; 140 it. being t h e  depth t o  bedrock 
on t h e  o r e s t  of t h e  divide.  

A d r i f t  was run lrom t h e  b o t t o ~  of each s h a f t  a t  r i g h t  s p g l e s  t o ,  and toward, 
tho middle of the  channel. From the s h a f t  t h i s  d r i f t  was wide enough f o r  a double 
t m o k  f o r  a d i s tance  ( u s u a l l y  about 40 i t . )  s u f f i c i e n t  t o  g ive  a s i d e t r a c k  f o r  
ho ld ing  empty ca rs .  When ' the  middle of t h e  chaanel was reachdd t h e  d r i f t  was 
s p l i t  and continued lengthwise with  the  channel a d i s tance  of 300 f t .  each way, 
t h u s  covering the sec t ion  of 600 it. i n t o  which the channel had been divided.  

A t  each m d  of the main gangway t h e  d r i f t  was teed by a orosscut  t o  each rim. 
- -' The channel was from :O t o  L10 It. wide. A t  f i r s t  we t r i e d  b reas t ing  a s  desc r ibed  

bj Mr. Power !Hidden Treasure mine),  us ing 10- by 10-in. and 12- by 12-in. pos t s .  
p l a o l n g  them on &it. oen te rs ,  b u t  r e  soon abandoned t h i r  method a s  r e  could n o t  
recover  any timber when once placed and it proved dangerous. One b r e a s t  o r  s tope ,  
after i t  had been opened c l e a r  a c r o s s  t h e  channel, oared i n  a rush t o  t h e  sur-  
t aoe ,  and we not only l o s t  t h e  b r e a s t  and a l l  the  timber bu t  near ly  l o s t  t h e  men 
who were working i n  the  face .  

We then devised the method o t  block-stoping. This proved s u c c e s s t u l ,  per- 
m i t t i n g  u s  t o  save a l l  our  t imber.  us ing i t  over and over again,  on l -  now and 
t h e n  l o s i n g  a s t i c k .  To show t o  what e x t e n t  we succeeded, we worked ou t  t h e  en- 
t i r e  channel i n  one 600-it. seOti0n. l o s i n g  only 5,000 i t .  B. Y . ,  f o r  we waited 
u n t i l  f a l l ,  when t h e  f r o s t  s e t  the  g rave l  wa l l s  of the  s h a f t .  We even pu l led  t h e  

58 mm,  R. L . ,  ~ i g h t h  ~ n u l  Rrport of thr Statr U n r r d o g l * t  o f  CaliToroia. 1888, quotr'd by Halry, C. S..  old ria- 

omm o f  California: c a l i f .  Statr Yin. Bar,. Bul l .  92. 1925. p. 58. 

69 Iloning, E. E., Block Stoping and t i s b w i n g  i n  DWP Plaorr Mining: Mia. and Sol.  Pro*.. t o l .  115. s ~ p t .  11, 1917, 

0. 518. 



Van Patten.  Nenaiis ,  and McKi8.- These men were drveloping a claim on Burnt River near  
Bridgeport, Oreg., i n  June 1932. The gravel  was 16 f r e t  deep and ocourred i n  8 r e l a t i v e l y  
narrow channel undrr t h e  present  course of tho  s t r e l u .  A s h a f t  had b e m  8unk 18 f o r t  t o  bed- 
rook and d r i f t i n g  brgun. S t e e l  ca isaons  had been used i n  s inking thr s h a f t  through 10086 

rurfaoe  gravel  t o  keep out t h e  water from the  r i v e r .  The ground on bedrock was t i g h t ,  and 
re l .a t ive ly  l i t t l e  water was ooming i n t o  the  workings. 

A well-bail  t ,  por table ,  labor-saving rurfaoe  p l a n t  had bem i n s t a l l e d .  The m h i n g  
p l a n t  consis ted  of a 1 1/2- by G i o o t  troamrl w i t h  l / C i n c h  holes,  t h ree  s t e e p l y  i n o l i n r d  
s t e e l  boxes 6 inches wide with wooden c r o s s  t i f f l e s ,  a d  a wooden tail  box with r i f f l e s .  
Water from the  mine was discharged i n t o  a amall s e t t l i n g  bas in  whenoe, w i t h  an added m p p l y  
from the  r i v e r ,  i t  was forced by a high-pressure p u p  through 8ptays i n  the  t r o u e l .  One 
man ran the  h o i s t  and p u p s  and shoveled i n t o  the  washing p l a t  a l l  the  gravel  two Ben below 
:auld send up. A &cylinder automobile engine drove 8 h o i s t  d m ,  a deep-well pump, the  
t i o m e l  o r  the  washing p lan t ,  and t h e  high-pressure p u p .  On ho i s t ing  t h e  bucket war swung 
b) hand on a crane and dumped on a p la t form,  whence t h e  graval  war shoveled i n t o  t h e  t t o n e l .  
It was expected t h a t  5 cubic yards p e r  s h i f t  could be handled with' 2 men underground and 1 
on top.  

Golden Re1f.- The Golden Belt  m i l l  of t h e  Be l t  Gold Mining Co. was on Magpie Gulch near 
Canyon Ferry,  Mont.. The gravel cocrsisted of  angular wash COIItaining a high peroentage o r  
c lay .  It was dumped from a 6-cubic-toot c a r  on a platform, whenoe i t  was shoveled i n  3- 
oubic-foot batches i n t o  a concrete mixer and washed f o r '  2 1/2 minutes. The oonorete mixer 
w a s  then dumped over a g r i z z l y  made of 1-inch pipe spaced 1 inch a p a r t .  About two-thirds of 
the  ma te r i a l  hois ted  went through t h e  g r i z z l y  and thence i n t o  a s l u i c e .  The ove r s i ze  raa 
shoveled.  by' hand i n t o  a ca r  and trammed t o  a. rook dump. The s l u i c e  consisted of  t h r e e  12- 
inch boxes 12 f e e t  long.  The grade was 8 inches t o  12 f e e t ;  r i f f l e s  consisted of  2- by + 
inch lumber cut  d iagonal ly  and placed f l a t  s i d e  up i n  t h e  box. 

Risinn Hope.- The Rising Hope m i l l  was near Auburn, C a l i f .  The ore  was d r a m  from a 
bin i n t o  a 4- by S f o o t  blank trommel where i t  was d i s i n t e g r a t e d  and washed. It then ran 
over a 3- by &foot screen with l-inch square holes .  The overs ize  dropped i n t o  a c a r  and 
was trammed to  a dump. The undersize went through 150 f e e t  of 16-inch s t e e l  boxes with 
Hungarian and cast-iron r i f f l e s .  The trommel was run by a water wheel whioh waa operated 
by 4 miner ' s  inches of  water under a 200-foot head. The water c o s t  25 cen t s  p e r  n i n e r ' a  
inch pe r  day. Qu icks i lve r  was kept i n  t h e  f i r s t  2 l/",eet of t h e  s l u i c r  and a l i t t l e  
spr inkled occas ional ly  along the  f i r s t  two boxes. I n  c leaning up, the  conoentrates were 
f i r s t  panned, then pu t  through a b a r r e l  amalgamator with qu icks i lve r .  

Va l l ec i to  Westerg.- Aocording t o  ~ t e f f a : ~ ~  

The gravel  is t r ea ted  i n  a p l a n t  near the  c o l l a r  of the s h a f t  having a ca- 
pac i ty  of 15  tons  per  hour. (See f i g .  1 0 . )  From the  s h a f t  bin the  gravel  is 
washed by water from a 2-inch l i n e  through the  b in  g a t e ,  i n t o  and through an 11- 
foot  Hungarian-riffled s l u i c e .  From t h e  lower end of t h i s  s l u i c e  the  gravel  dis- 
charges i n t o  the  hopper of a 3- by 18-foot trommel, s e t  at r i g h t  angles t o  t h e  
l i n e  of the  s l u i c e .  This trommel has  two compartments, one f o r  washing and d i e  
in t eg ra t ing ,  t h e  second f o r  screening and f u r t h e r  washing. The f i r s t .  8 f e e t  
long, is of unpierced s t e e l ,  l i n e d  on the  ins ide  w i t h  e i n c h  angle i rons .  A s  t h e  
tromnel revolves these f i n s  l i f t  t h e  gravel  and cascade i t  t o  the  bottom again ,  
producing a crushing and d i s i n t e g r a t i n g  ac t ion  s i m i l a r  t o  t h a t  i n  a b a l l  m i l l .  

60 S t e f h ,  Don, Cold Mining and M i l l i n g  Methods and Corts a t  the Va l lec i to  Wentern D r i f t  Mine. Angels C u p ,  C a l i f . :  

I n f .  Circ .  6612. Bureau o f  Miner. 1932, 14 pp. 



Representat ive a i l l i n g  praot ioes  

-.- A t  the Dakota mine, previously described, gravel wan brought t o  the m r f a o e  
from the  a d i t  and dumped fro8 an &oubio'-foot oar  d i r e c t l y  in to  the head of a s l u ioe  box. 
When 8uch c lay  waa i n  evidence the  gravel  would be p a r t l y  puddlod by hand. The f i r s t  50 f e e t  
o f  t he  s l u i c e  was b u i l t  ins ide  the a d i t  f o r  p ro tec t ion  against  snow and f r o s t  i n  winter .  
w he ~ l u i o e  l i n e  was 250 root long; the  f i r a t  two box? wore 20 inches wide and the r e s t  10 
inohen. The grade -8 5 inches i n  12 f e e t .  R i f f l o s  were used only i n  t he  f i r s t  % f e e t  of 
t h e  r l u i c e .  Conorntrates were panned; no puiokr i lver  wea used. Water ma brought i n t o  the 
r l u i o e  by a pipe l i ne  from the creek. An ample supply was avai lable .  -.- Two men were working a d r i f t  mine on Magpie Gulch near Canyon Ferry, Yont. 
The grave l  was d u G d  i n  a puddling box where it was d i r i a t eg ra t ed  and freed of c lay by means 
of a hoe, rake, o r  shovel. After  i t  m s  washed a ga t e  was opened and the mater ial  run i n t o  
a a lu ioe  box 36 f ee t  long. 

Charlea.- The gravel from the  Lucky Charles mine a t  Blackhawk. Colo., was pu l led  
f r o m  an o re  bin i n to  an i ron  box 8 f e e t  long, where i t  was puddled by hand to d i sso lve  the  
c l ay .  A l l  gravel over 1 inch i n  diameter wan then forked out w d  the r e w i n i n g  mater ia l  run 
through a 10-inoh box 24 f e e t  long, s e t  on a grade of one-half inoh t o  the  foo t .  R i r f m  
oon8isted of 1/2-inch round i ron  bars  s e t  one-half inch apar t  lengthwise i n  the  box, held a t  
i n t e r v a l s  by 1/2-inch i ron  crosspieces t h a t  f i t t e d  t i g h t l y  on tho bottom of the  s l u i ce .  By 
t h e  time a batch of gravel was puddled t h e  box was f u l l  of water; :he gate  was then opened 
and t he  s tored  water a s s i s t ed  t he  regular  #tream of 20 gal lons per minute i n  carrying.  t h o  

m a t e r i a l  through the s l u i c e .  The h o i s t  engineor d id  the  s lu ic ing .  
m n d  and Horntro&.- A t  the  Tomsend and Hornbrook mine near.Hornbrook, C a l i f . ,  the  

g r ave l  war dumped from 1/4cubio-yard bucket8 onto an inc l ined  gr izz ly  of 1Spound r a i l s  l a i d  
upaide down with 1 l / b i n c h  spacing between. The gravel  was washed on the g r i zz ly  by a spray 
of m t e r  under about a 10-foot p ressure  from a tank. The oversize dropped i n t o  a oar  which 
waa pushed by hand t o  the  'rook dump. ?he undersize went through three 16-foot s l u i c e  boxes 
12 inches  wide, s e t  on a grade of 1 1/4 inohes $0 the foot .  S t ee l  matting was used f o r  rif- 
e ,  No quicksi lver  was used. Water pumped from the mine sha f t  (30 gal lons per  minute) was 
used f o r  washing. It was s tored  i n  a tank and only turned i n to  the s l u i c e  &en gravel was 
be ing  dumped. The top crew consis ted of a ho i s t  engineer and s lu i ce  tender .  

. _ M i l l i n g  cos t s  f o r  a production of 9 tons per  day r e r e  $4.00 fo r  labor  and $0.50 t o r  sup- 
p l i e s ,  making a t o t a l  da i l y  cost  of $4.50, o r  $0.50 per  ton. The pumping of water was charged 
t o  mining. 

.- The Baker Divide d r i f t  mine is near  Michigan Bluff,  C a l i f .  The washing 
p l a n t  oonsis ted of a washing bin,  where t he  gravel  was dis in tegra ted  w i t h  r a t e r  from a h i+  
prea8uro  hose, and a l i n e  of s h i 0 e  boxes. S e e  f i g  9 )  Boulder8 over 6 o r  8 inohes i n  
s i z e  were sor ted  out underground. The grave l  ras dumped from mine cars  a long one s ide  of the 
b i n ,  whioh was io f ee t  deep, 11 f e e t  wide, and about 12 t e a t  long with an open end. The 
bottom s loped  from both s i de s  t o  a 10-inch s lu ioe  box, 3 112 fee t  from one s i d e .  

The'hoae used fo r  d i s i n t eg ra t i ng  t he  gravel  had a 2 1/2-inoh no-zle; t he  water prossure 
w a s  45 pounds per  square inch. The grave l  was washed back and fo r th  on t he  bottom of the 
t a a k  u n t i l  i t  was clean. The high s i d e s  and end prevented the f i ne  mater ia l  from splashing 
o u t  of t he  tank. Boulders were t h r o m  out  by hand on a rock p i l e .  The r i f f l e s  i n  the box 
i n  t he  washing tank were covered with a wire screen with l/4-inoh openings. For 8 f e e t  below 
t h e  tank the  r i f f l e s  were covered with wire screen with 1-inch square openings. Below t h i s  
was.200 f e e t  of s luioe with a l t e r n a t i n g  s ec t i ons  of t ransverse and longi tud ina l  r i f f l e s .  The 
r i f f l e s  were 1 by 2 1/2 inches i n  sec t ion ,  spaced 8 inohes apar t  and topped with s t r a p  i ron .  





The trommel is s e t  on a slope of 1/2 inoh p e r  foot and is revolved a t  a speed of 
28 r.p.m. by a 10-hp. motor. 

The lower 4 f ee t  of the trommel oons i s t s  of two ooncentric screens, the  in- 
ner  perforated with 1 1/2- and the ou te r  with 3/&inoh holes. All. the material  
from the  d is in tegra t ing  sec t ion  of t he  t r o u e l  paases by gravi ty onto the 1 1/2- 
inoh mermen. The oversize is discharged i n t o  a steel-lined s luioe 60 f ee t  long. 
It is forced through t h i s  by a stream of water from a b i n o h  l i n e  and passes f i r s t  
over 6 too t  of Hungarian r i f t l e a ,  then over 100 f ee t  of pole r i f f l w ,  and then t o  
t he  wanto dump. The pole r i f f l e s  a r e  constructed of longitudinally placed &pound 
8 t o e l  mils. 

The underaize of the  1 1/2-inoh t r o m e l  drops onto the 3/8-inch outside 
roreen,  where i t  is washed by a s t r e w  of water from a 1-inch l i ne .  The washed 
ovemize  of t h i s  soreen jo ins  the discharge of the coarse s c r e m .  The minus 3/& 
inoh a a t e r i a l  drops t o  a &foot Hungarian r i f f l e  and passes over t h i s  onto a 3 
1/2- by 6 1/2-toot "screen table."  The l a t t e r  is simply a 1/4-bch mesh heavy- 
wire screen l a id  f l a t  i n  a widened s l u i o e  box of the d i m m s i o i  noted. Spreading 
tho. f i n e s  over t h i s  tab le  permits most of t h e  f ine  gold which has esoaped the 
t i f r i e s  above to  s e t t l e  i n  the in te rs t ioms of t he  screen. No qulcknilver is used. 
It ha8 been found tha t  under the oondit ions a t  t h i s  property the mercury "flours" 
and gradually migrates under the -act ion of m i f t l y  flowing water. Fine gold 
which would o t h e n i s e  remain i n  the  r i f f l e s  is then caught up and carr ied t o  the 
d m .  

From the screen tab le  the f i ne s  pass  through a 20-foot seotion of Hungarian 
r i f r l e s ,  then over two 12-inch by 6-inoh b a f f l e  p l a t e s ,  then over a f i na l  12-foot 

. Hungarian r i f f l e .  After  t h i s  they j o i n  t he  coarse discharge of the tronrrel a t  
t h e  head of the pole r i i f l e ~  and pas8 @ventual ly t o  the  m a t e  dump. 

Above the b a f f l e  p l a t e s  s lu ioe  boxes a r e  16 inches wide a t  the bottom and 
below the  baf f les  a r e  12 inches wide. The function of the baf f le  p l a t e s  is t o  
smooth out the flow of sand and water,  giving a more o r  l e s s  even feed t o  the  
1-t r i f f l e s .  The f i r s t  s l u i ce  box, between the  bin and the trommel, is s e t  a t  a 
s lope  of 2 inches per foot .  The 4-foot segment between the trommel and screen 
t ab l e ,  the  screen tab le  i t s e l f ,  and the  suoceeding 20-foot section are a l l  s e t  on 
a 1 1/2-inch slope. B e l o r t h e  b a f f l e  p l a t e s  the grade of the l a s t  sect ion of 
Hungarians and of the pole r i f f l e s  is 1 1/4 inches per  foot .  Any lower grades i n '  
t he  upper sect ion of the p lan t  r e s u l t  tn orowding of the r i f f l e s  w i t h  sand and 
ove burden and the escape of f ine  gold duo t o  the obstruct ion of e f fec t ive  r a t e r  
ao t ion .  

Praot ioa l ly  a l l  of the  coarse gold and 60 percent of the t c t a l  is recovered 
i n  t h e  f i r s t  11-foot r i f f l e  immediately below t h e  gravel bin. Polloring the wash- 
i ng  and soreening i n  the trommel, a very l a r g e  p a r t  of the  remainder is caught i n  
t he  C f o o t  Hungarian above the screen t ab l e .  Oocasionally very large nuggets w i l l  
aooompany the overaize of the  trommel and be oaught j o  t he  f i r s t  few f ee t  of po l e .  
t i t i l e a .  

- When gold-bearing gravels  a r e  being mil led.  the upper two s lu ices  a re  cleaned 
up twice a reek, regardless of the tonnage, and da i ly  i f  the gravels a re  unusually 
r i ch .  The screen tab le  is cleaned about onoe a month and the lower r i f f l e s  only 
every 6 o r  8 months. 

Clean-ups a re  s t a r t e d  i n  the uppermost s l u i c e s .  The r i f f l e s  a re  l i f t e d  from 
the  box, maintaining a reduced head of water j u s t  su f f i c i en t  t o  wash the sand and 
l i g h t e r  r a t e r i a l  through the box a s  the  mas8 is agi ta ted  slowly by hand and t o  



p r e c i p i t a t e  t h e  gold t o  the  bottom. The l a s t  r i f f l e  remains i n  p lace  and s e r v e r  
a s  a dam u n t i l  t he  con ten t s  of the  box have been reduced t o  pan o r  l e s s  of oon- 
o e n t r a t e s .  Coarse gold,  i f  any, is ec remed  ou t ,  and the  f i n e s  a r e  recovered on 
a m a l l  concen t r a t ing  t a b l e .  The peroentage .of f l o u r  gold i r  neg l ig ib l e .  

The p l a n t  r e q u i r e s  about 500 gal lons  of water  p e r  ton of gravel  t r ea t ed  o r  
i n  cubic measure about 3.7 cubic f e e t  of water pe r  oubio foo t  of gravel .  The 
mine dra inage  water  is discharged i n t o  a 400,000-gallon r d e n o i r  c lose  t o  the  
s h a f t .  From t h e  reservoir the  water is forced i n t o  a 1.500-gallon, s t e e l  p re r ru re  
tank by a 15-hp. automat ica l ly  cont ro l led  o e n t r i f u g a l  pump. When the  a i r  p re r su re  
i n  the  top  of t h e  tank drops below 15 pounds p e r  square inch the  pu8p is s t a r t e d ;  
when i t  reaches 40 pounds t h e  pump is stopped.  A p re s su re  of about 25 pounds i r  
maintained when ope ra t ing  the  p l a n t ,  and the  pur~p runs continuously.  

A second and h igher  r e se rvo i r  of 4,000,000 ga l lons  capac i ty  has been con- 
s t r u c t e d  i n  a gulch 1,200 f e e t  no r theas t .  I n  the  ra iny  season t h i s  s e rves  t o  
s t o r e  run-off water  which can be d r a m  o f f  a s  needed. It is dry  during the  sum- 
mer months. 

The c e n t r i f u g a l  pump has a capaci ty  of 500 ga l lons  p e r  .minute, but only a- 
bout 300 of  t h i s  is needed f o r  s l u i c i n g  ope ra t ions  - 100 i n  the  upper l i n e  t o  
c a r r y  the  g rave l  through t h e  trommel and 200 t o  c a r r y  away the  oversize t o  the  
dump. The m i l l  c apac i ty  v a r i e s  from the  1 5  tons  p e r  hour noted above, with the  
cha rac t e r  of  t he  g rave l ,  which ranges from well-rounded e a s i l y  washed mater ia l  t o  
clayey o r  sandy g rave l  conta in ing angular p i eces  of bedrock and f l a t  pebbles. 

The e f f e c t i v e n e s s  of t he  gold recovery has been shorn by a n i l 1  t e s t  of t he  
t a i l i n g .  h o  hundred tons  o f  these.. rehandled, y i e lded  S0.1?5 pe r  ton. A s  the  
o r i g i n a l  g rave l  had averaged $8 pe r  ton the  l o s s e s  were only s l i g h t l y  over 2 psr- 
cent .  

~ a l a v e r a s  C e n t r a . -  The Calaveras Centra l  n i l 1  a t  Kngels Camp. C a l i f . ,  has a capaci ty  
of 75  tons pe r  8 hours .  The gravel  was passed over an 8-inch g r i z z l y  i n t o  a 3 1/2- by &foot 
trammel with 1 1/2-inch ho le s .  The overs ize  f ron  the  g r i z z l y  aad trommel, which ccnprised 
60 t o  75 percent  of  t h e  feed,  was taken t o  a dump by a b e l t  s t a c k e r  run by a 3-hp, motor. 
The undersize ran through 32 f e e t  of 12-inch, s tee l - l ined  s l u i c e  boxes with a grade o f  1 
inch t o  the  foot .  R i f f l e s  were c u t  on a b i a s  with the  top ho r i zon ta l ;  they were 1 3 / 4  inches  
high and 1 1/2 inches  wide, topped with 1/16-inzh s t r a p  i r o n  and s o t  2 inches a p a r t .  A t r a p  
a t  t h e  head of the  f i r s t  box caught about 90 percent  of t he  gold saved i n  the 36-foot s l u i c e .  
She gravel  conta ined cons iderable  b lack  sand; whenever t h e  r i f f l e s  had a tendency t o  pack 
i i t h  the  sand more water  was used. A t  the end of the  f i r s t  s l u i c e  the  gravel  was run through 
a second trommel wi th  5/8-inch openings. The ove r s i ze  was taken t o  the  dump by a b e l t  con- 
veyor. The unders ize  went t o  the  dewatering box of a secondary washing p l an t ,  whence the  
sands were taken by a d rag  c l a s s i f i e r  t o  two 34-inch by &foot rod m i l l s ,  each run by a 15- 
hp. motor. The sands  were ground t o  pass  an 8-mesh screen and were run over a s t ee l - l i ned  
t a b l e  7 f e e t  long and 30 inches  wide with a d i v i d e r  i n  the  middle. Wooden d r e d g e t y p e  rif- 
f l e s  were used on t h e  f i r s t  2 f e e t  of  the t a b l e .  Gold pass ing  over the  r i f f l e s  was caught 
i n  two t r a p s  con ta in ing  q u i c k s i l v e r .  Thr secondary m i 1 1  was used only p a r t  of the  time 
gravel  was being washed: about 90 percent  of the  gold recovered was caught i n  the  f i r s t  
s l u i c e .  About 250,000 g a l l o n s  of water pe r  day was pumped from the  mine, and a p l e n t i f u l  
supply was a v a i l a b l e  f o r  t he  m i l l .  

Baltimore.- The Balt imore m i l l  of the  Yayflower Gravel Mining Co. is a t  F o r e s t h i l l s ,  
C a l i f .  Gravel from s e v e r a l  ad jo in ing  d r i f t  mines had been t r e a t e d  i n  t h i s  p l an t .  The gravel  
handled was t i g h t  and p a r t l y  cemented. Boulders were coated with c l ay  which contained p l a c e r  



gold. The flow sheet  of the p l a n t  is shorn i n  f i gu re  11. The gravel  a s  brought from the  
s i n e 8  was dumped in to  a 160-ton bin from which i t  was d r a m  dry over a 5- by 12-foot g r i zz ly  

' 

with 1 1/2-inch spaces between the  bars .  The overs ize  r en t  t o  a platform where fragments of 
c e w n t e d  sand o r  gravel were qorted out and fed by hand i n t o  a 12-inch j a r  crusher.  Boulders 
and rook r e n t  t o  a trommel washer where t he  c lay  and sand were freed from the coarse mater ia l .  
The t r o m e l  had rows of l /&inch holes,  8 Inohea a p a r t ,  and lugs t o  cause cascading of the  
ma te r i a l  and thus f ae l - l i t a t e  washing. The overs ize  went t o  a b e l t  conveyor and thenoe t o  
t h e  rook p i l e .  The uad<rsize from the  t r o u e l  went through 48 f e e t  of 12-inch s lu ioe  boxea 
s e t  on a grade of 1 1/2 inches t o  the  foo t .  R i f f l e a  consis t rd of 1- by &inch wooden s t r i p s ,  
2 inches  a p a r t ,  inol ined domstream; the  tops  of t he  r i f f l e s  were p a r a l l e l  with the  bottom 
of t h e  box. R i f f l e s  i n  the  f i r s t  box were covered w i t h  a 1/4=inch screen. Material from 
t h i s  s l u i c e  emptied i n t o  t he  t a i l  s l u i c e .  The grave l  from the crusher and the  undersize 
from t h e  g r i zz ly  went t o  th ree  b a t t e r i e s  of t h r ee  1,200-pound stamps each. The b a t t e r i e s  had 
t r i p l e  discharges;  the  mater ia l  was crushed t o  pass  through a l / C i n o h  acreen. The stamps 
dropped 107 times per  minute and had a drop of 7 inch#s.  Quicksilver was used i n  the b a t t e r y  
box, where 85 percent of t he  gold was recovered. The stamped mater ial  went over th ree  stand- 
a rd  amalgamation p l a t e s  6 by 12 f e e t  i n  s i z e .  A 6- by 1 1/2- by 1-foot t r ap  was used a t  t he  
bottom of each p l a t e  t o  catch nuggets o r  b a l l s  of amalgam. The mater ial  i n  the t r a p s  w a s  
a g i t a t e d  by r a t e r  under pressure t o  prevent packing. Standard quartz  m i l l  p rac t ice  was fol- 
lowed i n  cleaning the p l a t e s  and t r ea t i ng  t he  amalgam. 

The m i l l  had a capacity of 180 tons pe r  24 hours but has been run only per iod ica l ly  of 
l a t e  years .  E l ec t r i c  power fo r  running the  m i l l  was made below the mine by a Pelton wheel. 
The boulder rasher  was run by a 15-&L. motor, the  crusher  by a 30-hp. motor. and the stamps 
by a 25-hp. motor - a t o t a l  of 70 hp. Plenty of r a t e r  was ava i lab le ,  and no measurements 
had been made of the quant i ty  used. A sav ing  of 95 percent p i  the gold was reported t o  have 
beam w e .  
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Figum 10.-Flaw rhrrt Valkcito Wastom mill. 11.- Fkrr rhrrf Ikltknor, mill, FomWI, caw. 




	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

