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INTRODUCTION

This paper is the second of a series of three on placer mining in the western United]
States. The first paper® discusses the Listory of placer mining in the Kestern States andj
the production of placer gold, geology of placer deposits, location of placer claims out
public lands, sampling and estimation of gold placers, and classification of placor-niningi
pethocs, togetrer with hand-shoveling and ground-sluicing.

This paper deals with hydraulicking, sluice boxes and riffles, recovery of gold and
platinun from placer conceatrates, treatment of amalgam, and marketing of placer gold. The3
discussion of sluice btoxes and subsequent subjects in this paper applies to all forms of
placer mining.

The third paper deals with dredging and other forms of mechanical Landling of placer
gravels, and drift mining.

ACKNOWLEDGMENTS

Tre autlors wish to acknowledgs tleir indettedness to the operators of placers in the
Restern States who generously supplied information without which this paper could not have
been written.

Manufacturers of placer pipe, giants, and power excavatcrs Lave generously furnished
informaticn, including prices, of their products. P

Available literature upon placer mining, engineering, and allied subjects has been con-
sulted; ti.e authors have endeavcred to make suitable reference throughout the text.

HYDRAULICKING
Application

In hydraulic mining a jet of water issuing under Ligh pressure from a nozzle excavates
and washes the gravel. The gold is recovered partly by cleaning bedrock after tLe gravel las
been stripped aray tut chiefly by riffles in the sluice box through which the wxashed gravels:
and wvater flow {0 the tailings dump. :

Almost all types of placer deposits can be vorked by tydraulicking if xater is available
tut certain physical characteristics have an important bearing on the cost of the operation. °
If the gravel is clayey Ehe rashing is more difficult but more important. If the gravel zs‘

cepented it can be cut only by high-pressure water. If tkLe grace of bedrock is flat the
Zuty (cubic yarcs per miner's inch or other unit) of the water is relatively low, and where .

gravity dispozal of water and tailings is impossitle or impracticable elevators must be used
to raise them from tre pit, furiler decreasing the capacity of the installation.

Apart from the deposit itself, the water supply is the mest important factor in deter-
mining the application of hydraulicking a2nd the scale of operaticn. Under any given condi=-
tions the daily yardage is roughly proportiocnal to the quantity of water used. The quantity
excavated likewise is proportional to the lLead usecd on the giants, but the higkter pressure is
of less value in driving and washLing and of none at all in sluicing the gravel through the
boxes to the cump. As the cutting and sweeping capacity of the fiants usually exceeds the
carrying capacity of water a stream of floving water, known as "by-wash”, or "bank water",
is directed through tre pit and into the sluices. If run over the bank, as in ground sluic-

4 Gardoer, E. D., and Johasea, C. H.. Placer Mining ia tne Western Uantted States: Part I. - Ceneral Inforsation, Hand-
Shoveling. aud Groung-Slulclag: Iacf. Circ. 6786, Bureau of Mioew, 1934, 73 pp.

S Gardoer, E. D., and Johasos, C. H.., Placer Miniag in the Western United States: Part III. - Dredging and Other Forms
of Mechanical Handling of Placer Gravels and Drift Mining: Iaf. Circ. 6738, Bureau of Mines, 19M4.

- 1794 «3 e

A |




I.C.o787.

ing, it aids paterially in cutting the gravel. The proper relative quantities of high
pressure and bank water can be deterained only by trisl. Frequently the by-wash is supplied
by the patural flow of the streas at the mine, the giant water being brought from a consider-
able distance up the stream or from another source. When an excess of bank water is avail-
able it may be used for ground-sluicing, thus increasing the capacity of the plant.

The preparatory or development work necessary to start hydraulicking usually is greoater
than that for any other form of placer mining except dredging or drift mining. A deposit
preferably is opened at the lower end to permit gravity drainage and progressive mining of
the entire deposit iz an orderly fashion. If tke gravel is thick or the grade of bedrock
flat a very long cut may be necessary to reach bedrock at the desired point. This may in-
volve the mining of large quantities of barren or at least unprofitable gravel. A more in-
portant element of preparatory cost is the water supply. As heads of 50 to 300 or 400 feet
are desired, a mile or more of ditch or flume is almost always necessary to bring water oato
the prcperty by gravity flow. A single mine may have many miles of ditch, costing perhaps
$2,500 per mile, as well as dams and reservoirs and thousands of feet of flumes, tunnels, or
inverted siprons, The mechanical equipment of & hydraulic mine ordinarily consists of a few
hundred to a few thousand feet of 10— to 30-inch, or larger, iron pipe, one or more monitors,
and a varying number of sluice boxes; the cost of equipment ordirnarily is small compared to
the expcnditures necessary for ditches and tailraces.

Although 1t is obvious that the recoverable gold content of the gravel must pay a profit
over operating costs, which usually range from S to 20 cents per yard, a surprising number
of ventures in hydraulicking have failed because the promoters have not allowed for all the
preparatory expenses noted above. Each yard of gravel mined must carry its share of this
cost, therefore the size of the deposit is of utmost importance in considering a hydraulic
mining venture.

Hydraulicking under suitable conditions is a low-cost method as it yields a larger pro-
duction per man-shift than any other method except dredging. The initial investment required
is less than that for dredging: hence, hydraulicking in small or medium-size depcsits may be
more economical even tLough dredging would result in a lower operating cost. When the
operations are on a very large scale hydrsulicking costs are lower than dredging costs on a
compareble basis. Very clayey or bouldery gravels stould be hydraulicked as dredging usually
is unsatisfactory in such ground.

There is enough similarity in all hydraulic operations that no natural classifications
of the method can be made. The metliods of attacking the gravel vary too little to make any
general cistinctions. Factors such as conditions of the gravel, percentages of boulcers and
- clay, grade of bedrock, and quantity and head of tke hydraulic water affect the costs, but
no general grouping is possible in accordance with any of these heads. In this paper hydrau-
lic mines are placed in three groups: (1) Those where neither elevators nor pumps are used;
(2) those using either hydraulic or Ruble elevators or both, and (3) those where water is
puzped for washing.

Open citches are used commonly to bring water close to, yet high enough above, the mine
to furnish a satisfactory pressure for the giants. At several hydraulic mines in the Western
States and Alaska ditches 30 to 40 miles long have been built, and even relatively small
operations usually have 5 to 10 miles of ditch line.

Hydraulicking is feasible with heads as low as 40 or S0 feet if the gravel is not tight;
rowever, heads of 80 to 200 feet usually are desired, and if the gravel is cemented it is not
uncommon to employ high—pressuré equipment and heads ranging from 300 to 400 feet. This

1794 ‘ -4~



1.C.6787.

consideration fixes tentatively the location of the lover end of the ditch. Its final locs~
tion may be a matter of compromise, as the head usually can be increased only at the cost of
& lengthened ditch or a decrease in the grade. The latter reduces the quantity of water that
can be carried in a ditch of given size.

The grades of most hydraulic—mine ditches 1is between 4 and 8 feet per amile, or 3/4 to
1 1/2 feet per 1,000 feet. Early Californian ditches wers run on much steeper grades, but
the consequent high velocities caused erosion of the banks and serious breaks were coamon.
Saall ditches may be run at grades of 6 to 12 feet per aile without excessive velocities.

Practical velocities range between limits of which the ainimum is determined by silting
and the maximum by erosion. If the entering water contains sediment it may be deposited in
the ditch. This skhould be grarded against by installing a sand trap near the intake and by
designing for a velocity of not less than 1 foot per second. On the otber hand, a velocity
of more than 3 feet per second is apt to erode the channel and cause breaks. The following
are recormended as maximum Bean velocities for ditches in various saterials:

Material Mean velocity
Feet per second|Mjiles per hour

Loose sand..........cooiiiiiiiiiniiienens 1 0.7
Sandy scil 2 1.4
Logm ... oo, ereee e 3 2.0
Stiff clay, gravel........... 4 2.7
Coarse gravel, cobbles.... ... 5 3.4
Conglomerate, cemented gravel,

80ft TOCK....oocoecriciei et 6 4.0
Hard rocK......coocecoiviieneicieecniinne 10 7.0

The above figures represent mean velocities, the corrasponding bottom velocities being
20 or 30 percent lower and tle corresponding surface velocities as measured by floating ob-
jects possibly being 25 to 35 percent higher.

The velocity, hence the capacity of a ditch, depends upon its slope, the nature of the
walls, the size and skape of the water section, and the straightness and regularity of the
channel. All these factors, except straightness and regularity of cross-section, are invol-
ved in the well-known Kutter formula: )

L1.81) + 41.65 + Q.0028]
-} S
Y= x vRS,
1+ _p(41.65 + 0.00281 )
vB 2

in which

Y = moan velocity (in feet per second),

g = toughness coefficient,

S = sipe of slope (fall divided by length),

R = hydraulic radius (area of water section divided by
vetted perimetsr of channel) in feet.

1794 -S -
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This formula ordinarily is epplied by means of tables or charts. Figure 1 is a chart
devised by Fred C. Scobey of the United States Department of Agriculture.® The proper value
to use for the coefficlent p is a matter of judgment. The following values of g are recon~-
mended by modern designers.’

lu R 4
Surface Best Good Fajir

Coated CasSt—~iron PiP@.......c.. .ccoovmmnn.. 0.011 }0.012 {%0.013
Commercial wrought-iron pipe:

BLACK o oeeeeceeeeee et s .012 .013 .014 j{0.015

Galvanized. ...........cccocvieveiiieieiiieen L .013 .014 .015 .07
Smooth brass and glass pipe.... .. . .009 .010 011 .013
Smooth lock-bar and welded "OD" pipe| .010 1 o1l {!.013 ...
Riveted and spiral steel pipe. ... .013 }oors JY 017 ... .
Vitrified sewer pipe................. .010-11{! .013 .015 | .017
Comaon clay drainage tile. ... .01l ! 012 |! .014 | .017
COnCTOte PAP@.....oooieoeeiierieerereceeeen, .012 .013 |! .015 | .016
Wood=Stave PAPO......oooooetereeecrerin .010 011 012 | .013
Plank flumes:

PLAROA. ..o, .010 ! o012 .013 | .014

Unplaned..........cooooeieieeeriere, .011 1 013 .014 | .015

Fith BALLEODS....ocoooiiriiiricrnn, .012 1 015 016 | ...
Concrete-lined chaznels........ v .012 1 014 | .016 .018
Cement~rubble surface...............ccoeevnnnnann. .017 .020 .025 ,030
Dry rubble Surface..............coe .013 .014 .015 { .017
Semicircular metal flumes:

SBOOLR....eeeeeeeier ettt s .011 .012 .013 | .015

Corrugated .0228 .025 .0275] .030
Canals and ditches:

Earth, straight and uniform.... .017 .020 |t .0225] .025

Rock cuts, smooth and uniform..| .025 .030 |! .033 | .035

Rock cuts, jagged and irregular| .035 .040 .045 ) ...

Winding sluggish canals ... .0225 Vo025 .0275) .030

Dredged earth channels.......... .025 1 o27s| .030 | .033

Canals with rough, stony beds;

weeds on ezrth banks. ... .025 .030 |1 .035 | .040

Earth bottom, rubble sides. ... 028 |! .030 [! .033 | .035

lyalues most used.

Earth canals for irrigation usually are designed with g = 0.025 or even 0.0225; however,
tte usual hydraulic~mine ditch is not straight, uniform, nor smooth, and probably the co-
efficient 0.030 or 0.035 should be applied. The velocities and discharges for a number of
ditches of small to medium size shown in table 1 were calculated on the assumption thet p =
0.035. Any increase in the assumed value of  results in an approximately equal percentagse
decrease in the calculated velocity, or a doubled percentage increase in the required slope.

6 Metcal?, Leonard, and Eddy, H. P., Sewsrage and Sevage Disposal: McCraveHill, 2d ed., 1930 p. 130,
7 Part of 8 more cczplete list by Horten, R, E., Eag. News, vol., 75, 1916, p. 373; Quoted by Metcalf, Lecnard, and
Eddy, H. P., Ideam, p. 123.
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12y b

Bottom width, h .. . ... . .[feet 1 2 3
Top width, § . do. 20| 2.5 3.0] 3.C 4.0 5.0 401 50]6.0{7.0{ 60} 7.0, 801%9.0]l0.0
Depth, d . do. .5 .75 1.0 .5 1.0 1.5 .5 1.0 1.5 2.0 1.0 1.5 20| 25] 3.0
Area, A . sq. ft. .75] 1.31}) 2.0 1.26] 3.0 5.25] 1.75} 4.0 | 6.75]10.0 5.0 | 8.25}12.0 [16.25(21.0
Hydraulic radius, R .31 .42 .52 .37 .62 .84 .40 .69 931 1.16 73] 1.00] 1.24]| 1.47| 1.68
Slope, frt. Slope, ft. Velocity of flow, feet per second
per mile per 1.000 ft.
1 0.19 |.. ... . R IOTURORY DURRRU AETEOE RRURR EUPIRURUONN SRR o 10,564 0.502]0.60110.68710.767
2 38 ... ). oo ] 10.4900.628| .. . |0.528|0.682] .814|0.560} .723| .861] .98 |1.098
3 57T L ] . 10.624].. . .| .602| ~7r71l... . | .6521 .841| .999] .690] .890}11.058}!1.20 |1.346
4 .76 ... ]0.5C5] .605} ... .699) .895| .. .. . L7581 .973]1.159] .799]1.032}1.230}1.40 |1.558
5 .95 . .565] .680]0.500| .785]1.005{0.537| .85111.094}1.299] .901|1.158]1.37€|1.570|1.744
6 1.14 | ... ..} .618] .746] .550| .662]|1.103| .589| .93311.199}1.423] .€8411.270}11.511(1.72 |1.912
7 1.33 |0.517] .670] .8C6] .595] .931[1.194] .637]1.008]1.29611.539]/1.0681.37311.633[1.85 |2.066
8 1.52 .552] .717]| .862} .636| .997|1.277| .683|1.080]1.390]|1.647|1.141]1.468{1.747]1.98 [2.212
9 1.70 .586] .763] .918] .678[1.057§1.357] .725[1.148}1.476}1.749]1.214|1.560}1.852]2.11 |2.348
10 1.89 .619] .804] .968] .714)1.116(1.430] .765]|1.209]1.55511.845{1.277|1.644)1.955]2.226|2.471
11 2.08 .650| .841}1.015] .749}1.1691.499| .802]11.270!1.629}1.932]1.339|1.725}2.048}2.33 [2.590
12 2.27 .681] .882}1.061} .785}11.225]1.568| .842{1.328[1.704]2.024]1.402}1.805|2.145]2.43 |2.714
15 2.84 .762] .9€6]1.186| .B76}1.370§1.756] .941]1.484[1.909]2.263{1.5669]2.01812.397|2.72 {3.031
20 3.79 .BB2{1.142)1.372}11.014]1.5842.027]1.086]1.715]|2.204|2.612{1.81112.330]2.770(3.152}3.502
Discharge, cubic fee! per second!
1y e e e c......| 5.60).......... 4.12] 7.20§11.21] 16.2
2 b b 1.47| 3.321..... ] 2.12| 4.59] 8.10| 2.80} 5.94|10.32|15.93] 23.1
3V 1.04 1.80] 4.04} ... . 2.60| 5.67)10.00] 3.45| 7.34|12.72|19.50| 26.4
4 1 .. ) 0.66] 1.20¢...... ..] 2.10] 4.72} ......... 3.04} 6.55]11.60| 4.00| 8.50[14.76|22.75] 32.8
s .. . 1. T3} 1.36] 0.62{ 2.34| 5.25] 0.94] 3.40} 7.36/13.00] 4.50] 9.57[16.56]|25.51| 36.5
6 | .. . . .81} 1.50 :69 2.58] 5.78] 1.03] 3.72| 8.10/14.20| 4.90}10.48|18.12|27.95] 40.1
7 0.39 .88] 1.62 75] 2.79] 6.25] 1.12} 4.04] 8.78|15.40] 5.35}11.30119.56{30.06] 43.5
8 41 .94 1.72 .80} 3.00| 6.72] 1.19| 4.32} 9.38{16.50] 5.70{12.13}{21.00{32.18{ 46.4
9 . .. .44 1.00] 1.84 .85( 3.18] 7.14] 1.26] 4.60} 9.99|17.50| 6.05}12.87{22.20 34.2§# 49.4
10 .46] 1.05] 1.94 89] 3.36] 7.51] 1.33| 4.84]10.53]18.40] 6.40|13.53{23.52]|36.24] 51.9
11 .49] 1.10] 2.04 .94] 3.51] 7.88| 1.40| 5.C€[11.007119.30}] 6.70|14.19}24.60|37.8€]| 54.4
12 .51 1.185] 2.12 .98} 3.66] 8.24] 1.47} 5.32}11.48}20.20] 7.00[14.85}25.68|39.49| 56.9
15 .57] 1.30] 2.38] 1.10} 4.11| 9.24} 1.64] 5.92}12.89]|22.60{ 7.85(16.66|28.8(:{44.20| 63.6
20 .66] 1.49] 2.74] 1.26] 4.74/10.66| 1.91} 6.88]14.85|26.10| 9.05]19.22133.24|51.19] 73.5
1794 To convert to miner's inchLes multiply by 40. -7 -
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TABLE 1.~ Calculated velogities and discharges for amall and medium-3ize ditches - Contlinued

Bottom width, b ... . ... feot S 8
Top width, § . ... . J Y - 1Y 7.0 8.0 9.0 {10.0 ]11.0 |12.0 |13.0 [10.0 ]12.0 |14.0 |16.0 {12.0 }16.0 }20.0
Depth, ¢ ... TR e O 1.0 ]1.56 2.0} 2.5{3.0]3.5]40]2.0]13.0]4.0{5.0]2.0}4.0]€6.0
Area, A. . T .8q. ft.]| 6.0 | 9.75]14.0 |18.75|24.0 [29.75]136.0 }16.0 }27.0 [40.0 [55.0 [20.0 |40.0 |B4.0
lHydraulic radius, R .. ... .TT| 1.06] 1.31}) 1.55] 1.78] 2.00} 2.21} 1.37}1 1.86] 2.31] 2.73]| 1.46| 2.48] 3.36
Slope, ft. Slope, ft. Velocity of flow, feet per second
per mile per 1,000 ft. -
1 0.19 10.402]0.525}0.628]/0.720[0.802}0.880]0.952]0.653/0.831]0.988[1.124]/0.686|1.047}1.318
2 .38 .57 TS .90 11.02 [1.14 {1.24 ]1.35 .93 |1.18 |1.40 [1.58 .95 |1.48 |1.87
3 .57 R .92 |1.10 [1.26 {1.41 |1.53 |]1.658{1.14 [1.45 [1.72 [1.95 {1.20 ]|1.82 |2.29
4 .76 .83 11.07 |1.28 ]1.46 |1.62 {1.77 |1.92 |1.32 [1.68 [1.98 |2.25 [1.40 |2.10 |2.64
5 .95 | .934]1.208]1.440]1.642|1.82511.991]2.152|1.491[1.892|2.223}2.522]1.570|2.352]2.941
6 1.14 J1.02 [1.32 [L.57 [1.79 {1.99 (2.18 |2.35 [1.63 {2.07 [2.44 2.77 {1.72 [2.68 |3.22
7 1.33 |1.108[1.43 [1.70 [1.94 |2.16 [2.35 [2.54 |1.76 [2.23 |2.64 [2.99 |1.85 |2.79 }{3.48
8 1.52 [1.18 11.53 1.82 [2.07 }2.31 |2.52 [2.72 [1.88 [2.39 [2.82 [3.20 |1.98 [2.98 |3.72
9 1.70 |1.25 |1.63 |1.94 2.20 [2.45 |2.67 |2.88 |2.00 |2.54 |2.99 [3.39 [2.10 [3.16 |3.94
10 1.89 [1.319}.717 12,043 }2.326]2.582 |2.822|3.0402.114|2.67613.146 |3.566 |2.22]1 |3.326 |4.154
11 2.08 [1.39 {1.80 .14 [2.44 |2.7)1 J2.95 |3.19 |2.22 |2.81 [3.30 [3.75 |2.32 |3.50 |4.35
12 2.27 |1.45 [1.88 |2.23 |2.55 |2.82 [3.09 |3.33 |2.32 |2.94 {3.45 [3.92 [2.43 |3.66 }4.54
15 2.84 11.62 R.10 12.50 J2.85 |3.15 ]3.45 [3.72 |2.59 |3.28 |3.85 K.37 |2.72 4.07 [5.07
20 3.79 |1.878 F.433 .892 13.29213.655 [3.990 |[4.304 |2.995 |3.728 |4.454 |5.038 |3.146 4.105»F.869
Discharge, cubic feet per secord!
1 2.4] 5.1| 8.8] 13.5}) 19.2| 26.2] 34.2| 10.4] 23.4] 39.6} 61.6] 13.8] 50.4[110.9
2 3.4| 7.3]12.6{19.1] 27.4] 36.9| 48.6] 14.9] 31.9]| 56.0| 66.9] 19.0| 71.0]157.1
3 4.3] 9.0] 15.4] 23.6] 33.8| 45.5| 59.8} 17.8] 39.2| 68.8|107.2| 24.0] 687.4[192. 4
4 5.0] 10.4] 17.9] 27.4} 38.9)] 52.7]| 69.1} 2).1] 45.4} 79.2123.8{ 26.0(100.8 ;221.8
S 1 5.6| 31.8] 20.2] 30.8] 43.7] $9.2] 7T7.4] 23.8] 51.0| 66.8 |138.6| 31.4[112.8 |247.0
6 5.1]112.9] 22.0| 33.6] 47.8| 64.9] 84.6] 26.1| 55.9| 97.6 |152.4| 34.2|123.8|270.5
Tl o 6.7 13.9] 23.8| 36.4] 51.8] 69.9] 91.4| 28.2]| 60.2|105.6[164.4| 37.0]133.9]292.3
B | 7.11 14.9] 25.5| 38.8] 55.4| 75.0} 97.9] 30.1| 64.5]112.8]176.0| 39.6 |]143.0{312.5
9 | T7.5] 15.9] 27.2| 41.2] 58.8} 79.4]103.7] 32.0| 68.6]119.6[186.4] 42.01151.7[331.0
10 fo 7.9] 16.8] 28.6| 43.71 61.9| 83.9]109.4| 33.8| 72.4{126.0]106.4| 44.4]159.8[348.6
) 3 S PO PU PP PTP PPN 8.3] 17.6] 30.0| 45.8] 65.0| 67.8]114.8} 35.5| 75.9]132.0}206.2| 46.4168.0|365.4
12 8.7| 16.3| 31.2] 47.8| 67.7| 91.9|119.9§ 37.1] 79.4{138.0(215.6] 48.6(175.7(381.4
18 | 9.7] 20.5] 35.0] 63.4| 75.6|102.6[133.9] 41.4] 60.6]154.0]240.4| 54.4[195.4]425.9
20 | 11.3| 23.7] 40.5] 61.7] 87.8]118.7|154.8] 48.0|102.3]178.0]277.2] 63.0|225.6}493.1
'To convert to miner's inchea sultiply by 40.
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Thus the velocities and capacities shown in table 1 night be increased 15 or 20 percent for
ditches in unusually good condition. i

Although the stape of the ditch ras a boarggg on its capacity, in practice the section
is influenced zore by the method of excavation. Howéver, for a given area, the section should
be so shaped as to have the largest hydraulic radius consistent with econoamical construction.
The usual earth or gravel ditch for hydraulic mines has & trapezoidal section, with a flat
bottom 2 to 10 feet wide, sides sloping about 45°, and a water depth of one third to tnree
quarters the tottom width. The sides should be excavated at a slope that will be stable
in use, otherwise caving will result in irregularity of section and consequent loss of ca-
pacity. The following sice slopes are recommended for ditches in various saterials:

Material Side slopes
Horizontal to vertical|Degrees
Firm soil, coarse firm gravel . . 1:1 45
Qrdinary soil, loose or fine gravel 112 :1 35
Loose, sandy soil .. ... ... o 2:1 25

Wimpler® who tatulates data on 35 Alaskan ditches, states that side slopes of 45 to
65° are ccmmon but that the higher slopes cut down quickly.

Cn steep hillsides relatively steeper sides and deeper sections may be cut if the soil
is firm to avoid excessive excavation on the uphill side of the ditch. In rock the sides
cay te vertical; the width should be twice the water depth, as in rectangular channels this
results in the least excavation for a given capacity and slope. Likewise, in rock the size
may be cdecreased and <he grade increased, thus reducing the yardage of rock excavation.
Ditches should te designed to run not more than three fourths full, allowing 1 to 3 feet of
freetoard.

In porous soil considerable water is lost by seepage. Peelo’ quotes Etcheverry as
stating that seepage losses range from as little as 0.25 cubic foot per square foot of wetted
surface per 24 hours in impervious clay loam to 1.0 cubic foot in sandy loas and 2 to 6 cubic
feet in gravelly soils. It is easily computed that a medium-size ditch, S miles long, carry-
ing 1,000 or 2,000 miner's inches, may lose 5 or 10 percent of the intake water by seepage,
even in good soil, and in porous soil, as much as 20 percent. Remedies where the loss is
serious are to decrease the size of ditch and increase the velocity; to reduce the velocity
to a point at which the silt will deposit and tend to seal the ground: to line the channel
with sod, canvas, or concrete; or to substitute flumes for ditches. According to Wiamler,
sod lining often is used in frozen @uck in Alaska sometimes with entire sucoess.

Very few ditches rave been built in recent years, and no acdern costs are available.
Many pethods are available for such work, ranging from hand-shovel and pick work to excava-
tion by power shovel or wmechanical ditchers. A common method is to plow the surface and
excavate as near to grade and correct section as possible with teams and scrapers, then fin-
ish by hand. Some instances have been noted where hydraulic giants were used for ditch ex-~
cavation. This, of course, is possible only when water is available froma a higher ditch
line. Incidentally the hydraulic miner uses high-pressure water for excavating wherever
practicable.

Tre alinement of ditches should be =uch that exocavation to grade will provide just
enough bank material to form-a channel of the desired size. Wherever the water level is to

8 Wissler., N. L., Placer-Mining Methods and Costs in Alaska: Bull. 259, Buresu of Mines, 1927, pp. 40-$6.
9 Peels. Robert, Mining Engineers' Handbook: John Wiley & Sons, 2d ed.. iv27, p. 2147.
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be above the original ground surface it i{s well to plow the surface before excavation starts
tp form an igpervious joint between the bank and ground. If the material is not such as to
fors tight banks it may be advisable to excavate the entire water section below the original
surface. The grade pust be maintained exactly and the desired section adhered to as closely
as possible, as all irregularities have a retarding effect on the flow. Curves should be
pade smooth and regular for the same reason.

If there is danger of water from floods or other sources filling the ditch beyond ca-
pacity, spiliways sust be provided at intervals to prevent breaks in the line which would
stop operation and be costly to repair.

Peasuring weirs.-~ The simplest method of accurately mseasuring a flow of water in s
streaz or ditch is by means of & weir. Numerous types of weirs are used, and there are many
formulas for calculating the flow over weirs.

A common type of weir is shown in figure 2. The width of the weir notch should be at
least six times the depth of the water floving over the crest. The bottom of the notch
should be level and the sides vertical. The weir notch is beveled on the downstream side so
as to leave a sharp edge on the upstreas side. The weir should be installed so that the
wvater in the pond above is comparatively still. It must also be high enough s¢ that there
is free access of air to the underside of the overflow sheet of water. A stake is driven
in the pond 5 or 6 feet above the weir with the top of the stake level with the notch of the
weir. The depth of flow over the weir is measured with a rule or square placed cn top of
the stake. The Francis formula is commonly used for calculating the flow.

g = 3.33 yd¥?,
where
Q = quantity of water in cubic feet per second,
¥ = width of notch in weir, :
d = depth of water going over weir.

The discharge per foot of length of thin-edge weirs is cubic feet per second and min-
or's inches for depths of 1/8 inch to 24 7/8 inches is shown in table 2. The table is com-~
piled from the above formula.

Eluges

As already stated, most hydraulic-mine ditch lines contain some flume sections. Flumes
may be necessary where the line passes around cliffs or over ravines or desirable over porous
or shattered ground where a ditch would lose much water or tend to cause slides. On steep
billsides or where ditching would require much costly rock excavation a fluze may prove
economical; finally, the cost of the line may be lessened and considerable saving made in the
total fall by building a flume on trestles across valleys instead of ditching the greater
distance around the head.

The same conditions should be considered in designing a flume as in designing a ditch,
and the Kutter formula (see p. $) applies equally to both. The formula is used most con-
veniently in the form of tables or charts. (See fig. 1.)

The low friction coefficient of board flumes may be used to advantage either by build-
ing & flume of smaller section or by decreasing the grade below that of the ditch line. 1If
the latter is done a saving in head may be made at the mine. Usually, however, smaller
sections and higher velocities are used than for the ditch line. The width of the flume
should be twice the water depth and a freeboard of 1 to 2 feet allowed. According to Egles—
ton'" the usual water velocity is 3 to 6 miles per'hour (4 to 9 feet per second). The same

1C Egleston. Thomas, The Metallurgy of Silver, Cold, and Mercury ia the United States: Joha Wiley & Scns, New York,
1890, p. 152,
1794 -10 -
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author gives the range in grade of 28 prominent California flumes as 9 to 18 2/3 feet per
gile. The extreme ranges of 86 well-known flumes in the Western States was 5 to 53 feet per
gile, the usual range 10 to 18, and the average slightly under 14. Bowie!! states that grades
of 25 to 35 feet per mile are used where practicable. Such steep grades would permit the
use of a relatively small flume section, but the authors believe that usually they would
involve inconveniently high velocities; moreover, & longer flume would be required tM give
the same head.

The coastruction of wooden flumes has changed little since the early days of placer
mining in California. Figure 3,A,!? illustrates the early type of box. This was built in
12- or 16-foot sections of 1 1/2- to 2-inch lumber, 12 to 24 inches wide. The longitudinal
joints were made tight by nailing over each a batten 1/2 inch thick and 3 or 4 inches wide.
Figure 3,B,!% illustrates a flume built about 1930 for water power; it carries about 600
miner's inches on the flat grade of one fifth foot per 1,000 feet and would serve excellently
for a small hydraulic water-supply lines. It differs im construction from the other type
illustrated chiefly in having splines between all the boards of the boxes and lacking framing
in the sills and caps. It was built over €,800 feet of rugged country at a total cost of
$2.50 per foot.

Fhere the flume is on grade the box units should be set on stringers laid on & carefully
cleared and graded surface or on a bench cut in the hillside. Trees or branches that aight
fall and wreck the flume should be removed. In cold climates the flume may be covered and
heaped with earth to prevent freezing. Where the flume is on trestles a walk must be pro-
vided; usually a line of plank is nailed over the caps or on alternate sills extended a
couple of feet to one side of tkhe box.

The grade must be uniform, and at curves the outer edge of the flume should be raised
sufficiently for the smoothest possible flow of water, the elevation being determined by
trial. .
Three-foot iron placer pipe cut in two lengthwise has been used successfully for flumes
at placer mines in British Columbia.

rsion d rvo

Diversion dams for hydraulic ditch lines usually are of earth-filled timber cribs or
rock-filled cribs faced with boards. Small streams often are dammed by throwing logs across
and facing the upstream side with boards. Diversion dams usually are only a few feet high
but should be built where possible on solid rock or hardpan, sufficiently wide to be stable
and provided with suitable spillways to prevent erosion and scouring out of the foundation.

At mines where the water supply is insufficient for 24-hour operation or where the
stream flow is less than is needed to operate at the desired capacity for ome shift, reser-
voirs often are used. If it is impracticable to have the reserveir in the stream itself a-
bove the diversion dam, it is usually located at the lower end of the ditch, just above the
intake to the pipe lines. Reservoirs may be built by damming & canyon, by excavating a basin
on level ground, or merely by enlarging a section of the lower end of the ditch. As a

11 Bowie, A. J.. Jr., A Practical Treatiss on Hydraulic Miaing in California: O. Van Nostrasd Co., New Yorx, 1839,
p. 143,

12 Bovie, A. J.. Work cited, p. 143.

13 Carsan, J. B., Milling Methods at the Questa Coscentrator of the Molybdenum Corporation of America, Quests, N.
Mex.: Iaf. Circ. 6551, Burvau of Mines, 1532, p. la.
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I1.C.e787.

rezervoir break might be disastrous to a smine lying directly below {t, the work should be
Jone carefully, all leakage checked, suitable gates and spillways provided, and regular in-
spection maintained.

As both diversion dams and reservoirs tend to act as settling basins it may be conven-
ient to provide gates close to the bottom through which sediment may be flushed as often as
aecessary.

Mining Fouipoent

The chief items of equipsent used in most hydraulic mines are pipe lines to carry the
wvater under pressure to the places where it is used; giantes or monitors for cutting, washing,
and driving the gravel; derricks, winches, or other machinery for handling boulders; and
sluice boxes for saving the gold and disposing of the tailings. Picks, shovels, and forks
are the commcn hand tools used at placer mines. Power drills run by compressed air or steam
pay be used if the gravel contains an excessive quantity of large boulders. However, hand
drills are used at most mines to drill boulders and sometimes to drill cemented gravel or
rard-clay strata. Churn drills are employed occasionally for drilling cemented gravel ahead
of hydraulicking.

Pipe Lines

Pipe.~ As described previously, ditch lines are used to bring the necessary water to &
convenient point above the mine. From that point a pipe line is laid down the hillside to
the pit. Occasionally, where the grade of a Creek is steep, the water will be diverted froa
the stream directly into a pipe line. Although wooden stave pipe is used at a few proper-
ties, steel pipe is preferred at nearly all hydraulic mines. _

Pipe nay bte made from steel sheets in the mine shops or bought from pipe manufacturers,
Unless a large quantity of pipe is to be used or transportation is difficult it usually is
sore economical to buy the pipe already made up. Various types of steel pipe are used, but
light-weight riveted pipe with slip or stove-pipe joints generally is preferred in the
Yestern States as it is cheaper, lighter, and more easily transported and installed than
other steel pipe.

Spiral riveted pipe wiil stand greater pressures and Larder usage than the straight
riveted pipe, but it is more expensive. Moreover, flange joints, which are an added expense,
gonerally are used with the spiral pipe. Ordinary riveted pipe of 10 to 16 United States
standard gage material 7 to 46 inches in diameter was being used in western amines in 1932;
the diameters used most were 36, 32, 24, 22, 18, 15, 11, and 9 inches. Large pipes are
easily damaged if made of material thinner than 14 gage. Usually two or more diameters and
gages of pipe are used in the same line, mainly as a matter of convenience since this per-
mits nesting in transit. A saving say be made in ocean freight and occasionally in truck
hauls by nesting the pipe.

Slip-joint pipe is made in standard leangths of 19 feet 7 1/2 inches each. The sectiocas
may be made longer or shorter, howevsr, as required by transportation purposes, provided they
are in multiples of 4 feet. The extra pipe required for a slip joint is about 3 inches per
section. The standard length of sections of spiral riveted pipe is 20 feet. Placer pipe
usually is coated inside and out with an asphalt paint.

A pipe of smaller diameter will withstand a greater pressure than a larger pipe of the
same wall thickness; therefore it is common practice to use smaller diameters as the pressure
increases. Reducing the diameter increases the friction in the pipe, and a balance must be
struck between loss of effective head in the pipe line and first cost of the line. Brancu

'

1794 -13 -



e e e —— + r————— - e SO

I.C.6787.

lines usually have a smaller diazeter than the main supply lines.
Table 3 shows the weight, strength, and cost of riveted pipe with slip joints.

and weights are for pipe double dipped with asphaltum coating.
The number of feet and sections of various diameters of slip-joint pipe required to make
a carload are showa ia table 4.

174

TABLE 3.~ Neights and prices of slip-1oint straight-riveted pipe!

Pipe Reight!Safe |Price|| Pipe Weight|Safe |Price
dia- |[Gage| per |head,| per || dia- [Cage! per [head,| per
meter,{no. |foot, |feet | foot?||meter,|no. [foot. |feet |foot?
Jnches pounds incres pounds

6] 1o §.3 | 340 |80.33 16 | 16 | 13.4 | 158 |$0.74
6§ 14 6.4 | 490 .38 16 | 14 | 16.3 | 198 .90
16 | 12 | 22.3 | 277 | 1.25
7116 6.2 | 32§ .38 16 | 10 { 28.2 | 356 | 1.60

7 14 7.4 450 .48
18 | 16 | 15.1 | 140 .82
8| 16 7.0 | 315 .42 18 | 14 | 18.3 | 175 | 1.00
8} 14 8.4 | 394 .50 18 { 12 | 24.9 | 246 ] 1.39
8112 | 11.6 | 553 .87 18 | 10 ) 31.€¢ | 316 | 1.79
91| 16 7.8 | 28¢C . 4€ 20 | 16 | 16.7 | 126 .92
9 14 9.4 350 .54 20 14 20.3 158 1.13
9112 | 12.9 | 490 .73 20 { 12 1 27.58 | 221 | 1.54
. 20 {1 10 | 35.0 | 284 | 1.99

10 | 16 8.6 | 252 .52 ‘ )

10 | 14 | 10.4 | 318 .62 22 | 16 | 18.3 | 115 ] 1.0l
10 112 | 14.3 | 443 .84 22 114 1 22.2 | 143 | 1.24
10 | 10 | 18.1 | 568 | 1.0¢ 22 |12 | 30.1 | 201 { 1.69
22 | 10 | 38.5 | 258 | 2.15

11 | 16 9.5 | 230 .58
11 | 14 | 11.4 | 287 .6€ 24 | 16 | 19.8 | 105 | 1.10
11 {12 | 15.6 | 402 .81 24 | 14 | 24.2 | 131 § 1.3%
11 110 | 19.7 | 817 { 1.17 24 | 12 | 32.6 | 184 | 1.82
24 | 10 | 41.9 | 237 | 2.31

12 { 16 | 10.3 | 210 .88
12 | 14 | 12.4 | 263 .7 26 | 14 | 26.2 | 121 | 1.45%
12 | 12 | 16.9 | 368 .e8 26 | 12 | 35.1 {170 { 1.97
12 110 ) 21.4 | 473 | 1.27 26 | 10 | 45.3 | 219 | 2.51
13 16 11.1 194 .63 28 14 28.2 113 1.57
13 14 13.4 243 .78 28 12 37.8 138 2.13
13 | 12 | 18.3 | 340 | 1.08 4 10 | 48.7 | 203 { 2.70

13 | 10 | 23.1 | 437 | 1.35
30 | 14 | 30.1 | 106 | 1.66
14 | 16 | 11.8 | 180 .66 30 | 12 | 40.1 | 147 | 2.24
14 | 14 | 14.4 | 226 .8C 30 | 10 | 52.0 | 189 | 2.84

14 | 12 | 19.6 | 317 | 1.12
14 10 24.8 406 1.44 32 12 42.35 137 2.38
32 | 10 | 55.4 | 17T | 3.00

lFurnished by Western Pipe & Steel Co., San Francisco, Calif.
*F.0.b. San Francisco, as of October 1932.
- 14 -
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TABLE 3.- Weights and prices of slip-joint straight-riveted pipe! - Continyed

Pipe Weight{Safe |Price(| Pipe Weight|Safe |Price
dia~ |Gage| per [bead,| per || dia~ [Gage| per |head,| per
aeter,(nc. |foot, |feet [foot?|meter,|mo. |foot, {feet |foot?

inches pounds inches pounds
151 16 | 12.6 | 168 .71
15| 14 | 15.4 | 211 .85 34 | 12 | 45.0 | 129 | 2.52
15| 12 | 20.9 | 297 | 1.1§ 34 | 10| 58.7 | 166 | S.19
15| 10 j 26.% | 379 | 1.52
36 | 12 | 47.5 | 122 | 2.68
36 | 10 ] 62.0 | 158 | 3.3

lfurnished by Western Pipe & Stesl Co., San Francisco, Calif.
Ir.0.b. San Francisco, as of October 1932.

TABLE 4.- Maximus quantity of slip-ifoint water pipe that can be loaded op

flat car 8 feet 6 inches wide by 40 feet long, using side stakes
10 feet high
Diameter, inches| Maximum number
Sections Pee;‘
4 1,152 {22,320
-] 760 14,725
6 S44 |10,540
7 420 | 8,137.50
8 310 | 6,0C6.25
9 264 | 5,118
10 220 | 4,262.50
11 180 | 3,487.50
12 144 | 2,790
13 128 | 2,480
14 112 | 2,170
15 98 | 1,898.78
16 84 | 1,627.50
18 60 | 1,162.50
20 60 | 1,162.50
22 40 ™S
24 40 s
26 40 ™s
28 30 $81.2$
30 30 581.28
32 30 5§81.25
34 30 581.25
36 30 581.25
48 10 193.75

lFor weights per lineal foot see
table 3.
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The minimua carload weight is 20,000 and the maximum 80,000 pounds in California. Car-
load shipments take fifth class rate. Less than carload shipments of pipe up to 12 inches
in diameter take third class and over this diameter one and one half times the first-class
rate.

Table § shows the weight, strength, and cost of spiral riveted pipe and the weight and
cost of two types of flanges used for joining the pipe. The pipe is asphalted inside and
out and comes in lengths up to 40 feet. The prices quoted ars for pipe with plain ends and
io carload lots. )

AS used pipe is available in nearly all placer districts very little nev pipe is pur-
chased except for installations of some magnitude. There are no established prices for used
pipe. )

The Y's and T's needed for branch lines usually are purchased from the pipe manufactur-
ors. A header box 38y be used when more than two branches are takea out at one place.

Joints and valves.- In making the pipe with slip joints the diazeter of one end is
slightly contracted. (See fig. 4,A.) This joint in straight pipe lines will withstand zost
pressures encountered at placer mines. Slip joints, however, become battered froa frequent
laying, and other types are desirable where the pipe is moved often.

Flanged or bolted joints are used in some pits for siphons and in very high-pressure
lines. Three different types are listed in table §. The Taylor flanged joint is of forged
steel and is welded to the pipe; the price includes bolts and gaskets. The 8-inch size is
good for a working pressure of 200 pounds; 8- to 12-inch size, 125 pounds; 12- to 20-inch
size, 110 pounds; and above 20-inch size, 75 pounds. The American flange also is coazplets
and attached to the pipe. Mos: sizes are good for a working pressure of 300 pounds per
square inch.

The bolted joint is complete with rolled-steel retaining sleeves and forged-steel
flanges. It affords from 1° to 3° flexibility at each joint. Tightness is maintained by
adjusting the bolts, even at high pressures. Anchoring of the pipe line is necessary at high
pressures and in large sizes to prevent pulling out of the joint. This joint can be used in
making moderate curves in lines.

Four different kinds of joints are illustrated in figure 4. As stated before, figure
4.5, is a slip joint commonly used in the Western States., Figure 4,3,“ shows a forged
steel slip-on joint welded to the pipe to form a flush square end. A gasket is used. Simi-
lar joints may be riveted to tle pipe instead of welded. Figure 4,;," shows a bolted socket
Joint. This connection permits both deflection and expansion; the pipe, however, zust be
anchored at curves, When & retaining shoulder is used on the inside pipe a small deflection
is possible, but the joint loses the ability to allow expansion. Figure 4.9,15 shows a bolt-
ed elbow joint for makirg a turn in & pipe.

The collar and ringed castings are identical with those furnished on the regular bolted
joint made by the same company. The eltow is made by placing relatively inexpensive angle
castings between the rings. The degree of turn is governed by the shape of the center cast~
ing. Lengths and list prices of the regular bolt join%, as of January 1933, are as follows:

14 Froa cataleg of Taylor Forge & Pipe Co.. Cnicage, Iil.
18 From catalog of Abendrota b Root Manufaciuriag €o.. Chicago, Il1l.
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Figure 4.— Joints for placer pipe: A, Slip joint; B, forged-steel slip joint, on flan es welded
to pipe; C, bolted-socket joint without retaining shoulder; D, bolted joint elbow.
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TABLE 5.- Naishts and oricea f goiral rivated oloe and of congecting loiats’
Pise gints. cogciele

Disseter Weight |Bursting pressure |{Flow cu. ft. per Cost Taylor American Bolted

—ioches |Cage go.lver foot | 1b, persq. 1a.% ] win. 8412 £, loer foor  tiang
1s. per geg. Cont |Weignt [Cost [Weignt [Cost [Weignt
nch 1b ncha 1. oach: -]
- [ 16 7.1 938 250 | $0.53 [94.14] 16.4 [85.21| 45.0 |§3.09] 25 7
] 14 8.8 1,170 250 .62 | 4.14) 16.4 | S.21| 45.0 | 3.09] 25.7
10 16 8.8 750 394 .66 | 6.00) 24.2 | 7.84] 69.6 | 3.54{ 30.2
10 14 10.9 938 394 77 1 6.00] 24.2 | 7.64] 69.8 | 3.54] 30.2
1z 16 10.8 s 584 79 | 6.57) 27.0 [10.22] 104.0 | 4.62] 43.0
12 4 13.0 %0 584 92 ] 6.57] 27.0 |10.22] 104.0 | 4.62| 43.0
12 12 18.0 1.080 S84 1,221 6.57| 27.0 |10.22]| 104.0 | 4.62] 43.0
14 14 15.8 0 788 1.07 §10.03) 35.0 ]15.78] 122.0 | 5.24] 54.0
14 12 2.0 940 768 1.48 ]10.03] 35.0 {15.78] 122.0 | 5.24] S4.0
16 14 18.0 8¢ 1,000 1.26 [14.93| 61.0 J22.69] 138.0 | 7.49{ 68.0
16 12 2s.0 820 1,000 1.68 {14.93] 61.0 [22.69| 138.0 | 7.49| 68.0
1€ 10 3.2 1,080 1,000 2.08 {14.93] w1.0 .69} 128.0 [ 7.49| 66.0
18 14 19.8 520 1.272 1.41 [19.94} 78.0 [27.93) 163.0 | 9.35! g0.0
18 12 27.4 730 1,212 1.82 |19.94] 78.0 [27.93 165.0 |$.35]| £0.0
13 10 X3 940 ~1,2M2 2.26 |19.94] 78.0 {27.93} 165.0 {9.35| 80.0
20 14 22.0 €70 1,578 1.56 |22.75| 85.0 [30.09} 2:9.0 {0.35| 101.0
20 12 30.3 680 1,576 2.04 122.78] 25.0 [30.09 219.0 0.3} 101.0
20 10 37.9 840 1,978 2.50 |22.78] £5.0 [30.09] 219.0 0.5} 101.0
20 8 45.8 1,030 1.578 3.02 |22.75( 85.0 {30.09{ 219.0 {0.35{101.0
E 78 12 38.2 S40 2,258 2.39 |27.34] 119.0 |37.30} 278.0 Q12.22] 128.0
24 10 435.3 708 2,258 2.99 §27.34| 119.0 p7.30(278.0 }2.221] 128.0
4 8 4.7 820 2,258 3.81 [27.34] 119.0 7.20|278.0 h2.22]128.0
24 [} 4.0 1,018 2,258 4.22 |27.34} 119.0 {37.30}278.0 Rp2.2z| 128.0
28 10 $1.2 [ +1] 3.072 3.38 32.31210.0 52.60 | 431.0 D4.47{ 146.0
-] ] $3.0 738 3,072 4.16 [32.31 | 210.0 [$2.60 [ 431.0 D4.47 | 146.0
2 ] .9 870 3.07T2 $.01 |32.31] 210.0 [52.60| 431.0 [4.47( 146.0
0 10 8.3 560 3,530 3.71 {33.10| 225.0 {60.92 ]| 457.0 fp7.71] 1%5.0
30 8 8.0 €83 3,530 4.49 |33.10} 225.0 160.92]457.0 R7.711] 55.0
30 ¢ 79.7 810 3,530 $.26 [33.10] 225.0 [60.92} ¢57.0 h7.71]185.0
32 10 6.0 $28 4,000 4.03 146.86 | 237.0 |74.37!578.0 la.71 | 178.0
32 [} 3.6 645 4,000 4.86 [46.36] <37.0 |74.37| S78.0 {18.71 | 176.0
32 [ § 86.2 T60 4,000 $.69 [46.86| 237.0 (74.37 | 378.0 {18.71]176.0
34 10 4.7 490 4,540 4.28 |53.79] 247.0 [83.73|618.0 }9.70] 180.0
34 8 | 8.0 600 4,540 5.15 [53.791 247.0 |83.73 | 618.0 }19.70 180.0
34 [ 92.8 s 4,540 6.12 |53.79| 247.0 [83.73|618.0 19.70| 120.0
38 10 68.3 470 5,090 4.52 [60.20] 264.0 [88.38 | 668.0 R0.95] 192.0
38 8.7 s70 $.090 5.45 |60.20] 264.0 [88.28 | 668.0 [20.95! 192.0
36 96.9 €80 $,090 6.39 '[so.zo 264.0 [28.381668.0 [20.95] 192.0

1 Furnisned by Taylor Forgs b Pipe Warks, Chicago. Ill.
2 A factor of safety of about 4 should be used in placer mipiag; 1 foot head of water is 0.43 pound.
3 F.o.b. Chicago, as of October 1932,
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Diameter, |Price, |Approxisate
inches | each weighe,
pounds

7] 83.20 18

8 3.40 24

9 3.90 30

10 6.00 @

il 6.45 50

12 6.70 -3}

13 7.85 1]

14 8.70 58

15 1 10.48 82

16 | 12.55 90

18 | 13.35 93

20 | 13.45 100

22 | 15.00 111

24 | 17.00 126

26 { 19.00 170

28 | 21.00 180

30 | 23.00 I1S

Sometimes a lead joint is used, this consists of a sleeve three fourths of aa inch
larger than the pipe, placed around the two ends to be connected. The space between the rung
and pipe is filled with molten lead. .

Riveted elbows furnished by the pipe manufacturers generslly are used for making turns
in pipe lines. Taper joints are used where reductions are made in lines, Sudden reductions
in size are to be avoided because of the loss of head and strain on the line.

Standard valves are used for diverting water or closing off flow in pipe lines. Valves
should be closed slowly and with great care in high-pressure lines: the pressure exerted by
the sudden stoppage of flow in the water coluzmn may burst the pipe.

Air vents are needed at all orests in hydraulic pipes to prevent a vacuua being formed
and subsequent crushing of the pipe. Ventiing also is necessary to prevert air pockets in
tke line. Figure 5 shovs an air vent used at the Salyer mine in Trinity County, Calyf.l'*
The device consists of a leather-faced flap on a hinge bolted on the inside of the pipe. A
bail attached to the flap goes through an oblong hole 1 3/4 by 3 inches in size, cut im the
pipe. As the water fills the pipe the flap fits tightly agsinst the imside; as the water
falls the flap drops, daking a vent.

Pressyre boxes.- To give the water entering a pipe line an initial velocity pressurs
boxes or penstocks are used. A head of 4 to 6 feet usually is provided. A length of large-
diameter pipe may be used at the top of the line instead of a penstock. A screen usually is
placed at the tead of the line to keep out trash. In some installations settling boxes are
p}ovided where solid matter may settle ocut tefore the water goes into the pipe, as such ma-
terial may cause rapid wear of the nozzles of ire giants.

Lavipg pipe lines.~ Pipe lines are laid by beginning at the bottom and working upward.
Srarp curves are avoided wherever possible, and where used the pipe must be anchored securely
to prevent the thrust of the water pressure from pulling the joints apart. Curves in a ver-
tical plane are especially undesirable as they may cause air pockets in the pipe. The pipe-

16 Engineering and Mining Journal, Air-Vent Valve for Hydraulic Misiag: Vol. 131, Feb. 23, 1931, p. 141,
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should be filled gradually for the same reason. In crossing small ravines & trestle should
be tuilt first snd tte pipe laid oan plank for the complete distance.

In laying new pipe with slip joints the outside pipe is started over the end of tho.

other, thea heated with a blow torch, which expands the outer pipe and melts the tar pre-
viously placed on the end of the lower pipe. As the heating is completed the upper pipe is
driven home by hammering on 8 block of wood placed at the upper end. The tar sakes a water-
tight connection. Where the pipe has beea battered from previous handling, burlap or sacking
may be wrapped around the joint before driving. 1If leaks develop they may be stopped by
driving io wooden plugs; sometimes an outside band is required.

In placing pipes with flanged joints they are laid end to end and the bolts put through
and tightened up. The flanges usually are attached to the pipe at the factory. This pre-
vents nesting of the pipe in sktipping but permits a better joint to be made.

¥hen pressures are very high or when the pipe has vertical or lateral curves, lugs
should be riveted on the ends of the pipe with slip joints and the two pipes wired together
after the connection is made to prevent the joint pulling out. Similar lugs can be used for
anchoring the line to stumps or posts.

In straight pipe lines expansion joints should be placed at intervals of 100 to 2,000
foet, depending upon the conditions to be met. Where pipe lines have lateral curves expan-
sion joints are not needed, as ihe expansion or contraction of the pipe is taken up in the
curved sections. A long, empty pipe line may contract several feet between a warm day and
8 cold night, and unless provision is macde for this coniraction the pipe will pull apart.
When the pipes are kept full of water this contraction does not occur. Pipe lines are buried
in some locations tut seldcm at western placer mipes.

The cost of laying pipe lines depends upon the size of the pipe and the topography amd
cover of the couniry. Ten men working 90 days laid 5,000 feet of 36~ to 16-inch pipe at the
Browning mine, Leland, Oreg., in open country in the spring of 1932.

Elow of water through pipes.— The quantity of water that will flow through a pipe line
at a placer msine depends mainly upon the diameter of the pipe, the effective hydraulic head,
and the size of the nozzle used on the giant at the end of the pipe. Generslly the nozzle
used is of such a size trat the pipe will carry the available water. As the water supply is
reduced smaller nozzles are used on the giants.

The effective head on a pipe is the static head minus the loss of head due to friction.
The loss of head depends upon (1) the velocity of the vwater, (2) the roughness of the in-
terior of tre pipe, (3) the diameter of the pipe, and (4) the lengih. The pressure available
and the amount of flcw at the end of a long pipe depends mainly upon the last three items.
The pressure of the water in the pipe has no effect, by itself, on the loss of head. Forzu-
las Lave been derived for calculating the loss of head in which coefficients of roughness
are used. These coefficients have teen derived by experiment for different types of pipes;
specifically, Lovever, consideration must be given to the service conditicas eacountered.
No standard of roughness exists, and the degree of roughness of the interior of a pipe does
not remain constant. Usually a pipe is chosen about 20 percent larger than would be indi-
cated if there was no loss due to friction. Flow through an unobstructed pipe line of uni~
form diameter can be calculated from a number of formulas. The Kutter modification of the
Chezy formula appears to be preferred by hydraulic engineers. The Chezy formula may be
stated as:

¥=¢ VvBS,

The Kutter modification of the Crezy formula is:

1794 -19 -
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1.811 + 0.0028) + 41.66
1} -]

l+ _p. 41.65 + 0, 00281

where N

Y = mean velocity of flow, feet per second;

C = "coefficient of retardation,” so=called;

R = mean hydraulic radius of the pipe, that is, 1/4 the diameter;

§ =~ hydraulic grade or slope, in feet per foot of length of a
pipe of unifora size;

D = "coefficient of roughness," so-called.

The value of § for riveted lap-joint pipe up to and including 3/8 inch thick can be
taken as 0.015. Graphical solutions of this formula are made conveniently by the use of a
diagram such as that shown in figure 6.

Selection of diameter of pipe line for given fiow of water.- The chart shown in figure
6 will assist one in making a choice of the diameter of pipe to be used in any given line.
As an example, say that 320 miner's inches or 8 cubic feet per second of water is available
under 8 100-foot head, and the pipe line is to be 1,200 feet long. The use of three sizes
is preferable because of saving to be made in freight on the pipe. To solve, start at the
bottom of the chart on line 8 and follow {t up to where it intersects diagonal lines repre-
senting different diameters of pipe. By following the horizontal lines from these inter-
sections to the left margin the fricticn-head loss may be noted for each diameter of pipe.
With 32~-inch pipe this loss is €0 fegt per 1,C00, which would indicate that little if any
pipe of this diameter should be used in the supply line. The loss with l4=-inch pipe is 33
feet per 1,000 feet of line. If 400 feet of this ciameter pipe was used in the line the
loss of head would be 13 feet. FKith 15-inch pipe the loss per 1,00C feet would be 23 feet
and with 16-inch pipe 16 feet. The losses for 400 feet of these two sizes would be 9 and €
feet, respectively. With 18-inch pipe the loss would be 8 feet per 1,000 or 3 feet for each
400 feet. The %otal loss of head with 400 feet each of 14-, 16—, and 18-inch pipe would be
22 feet. The effective head, therefore, would be about 78 percent of the actual head. By
using all 1€-inch pipe the total loss of head would be only 10 feet. If the gravel is easy
to cut and need not be swept long distances a 22-foot loss of head may not be serious. 1In
tight gravel, however, it probably would be economical to use ‘ust the 16~ and 18-inch di=-
epeters, or possibly to construct the whole line of 18-inch pipe. If the total available
head were 200 feet, the smaller pipes probably would prove satisfactory, as the percentage
of loss would only be one half as much as with a 100-foot head.

Therefore, larger—diameter pipe is needed for long lines than for short ones as the loss
of head is directly proportional to the length of the lines. Moreover, where the loss of
head is important relatively larger pipe must be used. If the pipe is dented, rusted, or
poorly laid, possibly less water would flow through a given pipe than is shown on the chart.
In new straight pipe probably the flow would be more than is indicated on the chart as it
has been drawn to cover average conditions.

’

Ciants

A giant or monitor is a device with a nozzle for directing and controlling a stream of
water under a hydraulic head. The giant can swing horizontally through a full circle and
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Figure 8.— Deflector for hydraulic giant.
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from 11°® below to S§° above the horizontal. A standard giant is shown in figure 7. The
box of stones is used to counterbalance the weight of the spout. A giant generally is set
up in 8 pit by being bolted to a log or to timbers securely anchored in bedrock. Nozzles of
different diameters can be used up to the diameter of the outlet of the giant to make allow-
ance for variation in the quantity of water used. The giant and nozzle are coastructed so
that a rotary motion of the jet is prevented, and the water is discharged in a solid column.
Ciants are made for a vide range of service in 10 sizes, numbered 0O to S, inclusive.

With heads of 100 feet or more deflectors are used for pointing the larger giants. A
common type of deflector consists of a short section of pipe that projects over the nczzle.
(See fig. 8.) It turns on a gimbel joint and is controlled by a lever. As the deflector is
turned against the jet the force of the stiream turns the giant in the opposite direction.

Table € shows the sizes, veights, and prices of giants and deflectors made by one manu-

facturer.!? Other companies make similar equipment at competitive prices.
TABLE 6.~ eight n rices of deuble-jointe all-bearin nts and deflecto
Ciants Deflectors
Neight
iameter|Diareter of buttsiSiipping of List prico‘
Size]of pipe with nozzle weight, [heaviest Weight,| List
no. |ialets, detached, pounds part, |Flanged{Slip- pounds prico’
inches inches . pounds inlet |joint
inlet
[¢] S 3 350 105 ... e () -ooveeeer
1 7 4 390 120 $180 | $165 30 1$29.00
2 9 5 520 150 225 210 40 | 32.00
3 11 6 890 210 320 295 45 | 37.00
4 11 7 1,075 225 365 330 85 | 40.00
S 13 8 1,475 335 485 460 70 | 56.00
6 15 9 1,850 520 620 580 75 | 62.00
7 15 10 2,100 $20 ] 685 80 | €7.00
£ 18 10 2,300 600 850 80S 80 | 67.00
9 18 11 2,450 690 925 865 | 90 | 71.00

lsubject to discount tecause of fluctuations in prices of iron and steel.
‘None required.

Giants 1 to 3 are constructed as shown in figure 7. The larger sizcs are of aore sub-
stantial construction and usually are equipped with a ball-bearing kingbolt. For heads of
400 or more feet heavy lugs may be used at the joints as a safety precaution.

Discharge through nogzles.- Table 7 gives the discharge through different sizes of
nozzles under heads from 100 to 400 feet. In this table 40 miner's inches is considered as
1 cubic foot per second. The theoretical flow of water through nozzles exceeds the figures
in table 7 by atout 10 percent; allowances have been made for friction losses. The flow
through nozzles not shown in the table or for different heads can be calculated from the
equation:

17 Joshua Mendy Iros Wurks, Sas Fraacisco, Calif.
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Q=8CA Vb
where

Q = cubic feet per second,

A = ares of nozzle (square feet),

L = effective head at nozzle (feet),

£ = coefficient of discharge ranging fros 0.8 to
0.94 (usually taken as 0.9, which makes allow-
ance for friction).

To convert cubic feet to gallons multiply by 7.48.

TABLE 7.~ Flow of water through giants’

Diameter Effective head, feet
Ciant of 100 200 300 400
no. |nozzle, Cubic Cubic Cubic Cubie

inches |feet per|Miner's|feet periMiner's|foet per|¥iner'sjfeet per{Miner's
second |inches | second |inches | second |ipches | second |inches

0 11/8 0.6 22 0.8 k5 U (OUVRITY [RURRORPUORN FOROTOURTOUPIINE POTRORIRRON
0 13/8 .8 33 1.2 AT Joviiiis L L e
b| 2 1.6 63 2.2 89 2.7 109 3.1 128
1 3 3.0 120 4.3 173 5.3 213 6.4 257
2 3 3.3 13 4.7 87 5.7 227 6.6 267
2 4 5.6 - 227 8.3 333 10.3 410 11.9 4T
3 3 3.7 148 5.0 200 6.5 245 7.1 283
3 4 6.0 240 8.6 343 10.6 423 12.2 488
4 4 6.3 253 8.9 - 357 10.9 437 12.6 504
4 6 13.3 £35 15.2 T70 23.7 950 27.85 11,100
5 $ 9.8 395 13.9 560 16.7 €70 19.7 790
S 6 13.85 540 19.3 T70 23.8 850 27.7 | 1,110
6 6 13.8 §50 19.6 780 24.1 960 27.9 | 1,120
] K 18.7 750 26.7 | 1,070 33.2 | 1,330 37.7 1 1,510
7 6 14.2 §70 20.0 800 24.5 980 28.3 | 1,130
7 7 19.0 760 26.9 | 1,080 33.3 | 1,330 8.0 1 1,520
8 7 9.2 770 27.2 | 1,090 33.8 | 1,350 38.3 | 1,830
8 8 15.2 | 1,010 35.3 | 1,410 43.7 | 1,750 48.7 | 1,950
-] 9 32.0 | 1,280 45.0 | 1,800 §5.3 | 2,210 63.7 | 2,850
9 | 10 39.3 | 1,870 §5.3 | 2,210 €8.2 | 2,730 78.7 | 3,140

‘Adaptod from table in catalog of Joshua Hendy Iron Works, San Francisco, Calif. .
Derricks and Wincles

. The saze general types of derricks and winches are used as in ground-sluicing, which has
been described in a previous paper,!®

18 Gardaer, E. D., and Johosou, C. H., Placer Miniag 1n the Western Un.ted States: Part I. = Generul Iufursation.
Hagg=Shoveling, and Cround-Sluiciug: Iaf. Circ. 6787 Burean of Mines, 1934, 73 pp.
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Ruble Elevators

The Ruble elevator is named for the Ruble mine iz Josephone County, Oreg. It consists
essentially of an inclined grizzly oo a pitch of abcut 17°, uyp which the gravel is driven
by the streaz from a gisnt. The oversize goes over the grizzly to a rock pile, and the
undersize runs down a chute under the grizzly and thence inio sluice boxes, usually set st
right angles to the elevator. The spacing between bars of elevators in use in 1932 ranged
from 3/4 to 2 1/2 iaches. A 10~ or 12-foot apron is used in froat of the grizzly. The
gravel generally is swept to the foot of the elevator by one giant and through the Ruble
by ancther. The gravel must be washed thoroughly before it is elevated, and the streas of
the elevator giant must be used with caution; otherwise, cons.iderable gold may be drives
over the top.

Under favorsble conditions one giant can handle &8s amuch material through the Ruble as
another can cut and sweep to it. Under other conditions less than half of the material can
be put through the Ruble that one giant working steadily can get to it. Figure 9 is s draw-
ing of & Ruble elevator used at the Redding Creek mine at Douglas City, Calif.

Hydraulic Elevators

Hydraulic elevators are used to raise gravel, sand, and water out of placer pits into
slujce boxes. An eslevator consists of & pipe with & comstricted port or throat aund a jet
which provides a high-velocity ascending column of water. The relative diameter of pipe,
throat, and jet must be proporiioned according to the conditions under which the elevator is
used. A section of an elevator is shown in figure 10.!' The elevator may also be used as
a water lifter.

The height to which gravel can be lifted is one tenth to one fourth of the effective
kead of the pressure vater at the nozzle of the elevator. Usually the lift will be about
one fifth tke head.

The volume of gravel that can be handled by an elevator depends primarily upon the head
and volume Of pressure water available and to a lesser extent upon the quantity of other
water that has to be raised by the elevator. The 30lids in the water usually are 1.7 to
2.5 percent.

Where little drainage water has to be handled and other conditions are favorable the
proportion of the water delivered to the elevator and the giant, respectively, should be
about equal, provided the pressure is the same in both. Usually, however, about twice as
such water or a correspondingly higher head is required for the elevator. The discharge of
the elevator should be high encugh to provide dumping greund, otherwise a giant may be needed
to stack the tailings. Where plenty of water is available a compound or step-lift elevator
Bay be instislled in which one third of the pressure water is used in the first 1lift and two
thirds in the second, with & correspondingly larger area of upraise pipe. Thus the height
of the lift may be nearly doubled. Double lifts sometimes are used; that is, the discharge
of one elevator goes to the intake of another.

The elevator discharges upon a cover plate to take the wear-in the head of a sluice.
Boxes may or may not be used in the pit. The size of the gravel handled is limited by the
size of the throat of the elevator. Grizzlies generally are used at the intake. Coarse
material recuces the capacity of the elevator; sometimes & Ruble elevator is used in the pit,
and only the under-size is seat to the hydraulic elevator.

19 After Josoua Hendy Iron Worxs cstalog.
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In clayey ground a hydraulic elevator tends to break up the clay as it goes through the
elevator, ttus permitting a higher extraction of the gold.

Gravel pumps Lave been used successfully in alluvial tin mines and in at least one plac-
or mine in British Columbia.2?? As. far as known they have not teen used successfolly ia
placer mining in tke Yestern States. .

tydraulic Mining Practices :

Conditions varied widely at the hydraulic mines operated in the Western States in 1932.
The practices at tLese mines illustrate the different pLases of hydraulic mining and are
diszcussed in tlLis paper. In sarlier days, however, when the large hydraulic mines of the
West were being vorked, more elaborate equipment and larger installations were used than at
present. Higher banks were worked, and very large daily yardages were washed, with corre-
spondingly lower costs.

Data concerning the principal hydraulic mines being operated in 1932 are given in tables
8 to 13, inclusive. Operating costs are represectative for the conditions shown.

Gravels

The gravels being worked at hydraulic place: aines in the summer of 1932 ranged in
average depth from 5 to 100 feet (see table 8); at Relief Hill, where an old mine was being
reopened, the depth was 200 feet. The condition of the gravel ranged from soft, easily
washed material to gravels that had to be loosened by blasting. The percentage of boulders
over 1 foot in diameter ranged from less than 1 to 20. Usually, 5 to 15 percent of all ma-
terial handled consisted of boulders. Boulders up to 20 inches in diameter were put through
tke sluices. Clay constituted zero to 15 percent of the total material. At one mine, the
Eleptant, 2 1/2 feet of gravel was overlain with 40 feet of volcanic ash.

Bedrock at nearly all mines was soft, and the top could be piped off in cleaning up.
The slope of the bedrock ranged from 1/10 inch to 2 inches per foot.

Water Supply

Very fow hydraulic mines can operate the entire year. Advantage generally is taken of
Ligh-water periods for working the mine. In California tLe season may begin in November or
Cecember, wien the winter rains commence, and continue into the dry season of June or July.
At most California and western Oregon mines the winter temperature is not low enough to
interfere seriously with placer operations. Elsewhere in the West, Lowever, hydraulic
placer mining must cease with the advent of cold weatker in October, November, or Deceaber.
At such places, wvork can not begin until spring when the snow melts and the grcund thLavs.
In many localities placer minirg can be carried on only wkile the snow is melting on the
mouatains atove during the spring montks. The length of the 1932 season at tlLe mines visited
by the autkors ranged from 25 to 225 days. The precipitation during the winter of 1931-32
was normal of above normal in nearly ali districts; iomediately preceding years, however,
were dry, and the number of days operated at the majority of places wxas much less thLan in
1932. 1In exceedingly dry years some mines do not Lave enough water to operate at all.

Peservoirs are used at most mines. As the flush supply gives out the water may be
stored and used periodically for mining. Usually cutting operations cease when water is not
available for piping at least 1 1/2 or 2 hours per day. The dwindling supply then will te
used for cleaning bedrock and cleaning up the boxes.

20 Operations of S. Boe on Ceaar Creek, Quesael District: Aan. Rept. of the Minister of Mines of British Columbia,
1932, p. All2
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1.€C.6787.
TABLE 9.- Eater supplies and ditch and pipe lines at hydraulio mines in the Western States, 1932
la?or supply Ditch lines Pipe l;n!¥
| _ Ouantity, miner's tnches! Capacity, Head ‘of {Reservolirs,
Mine Hours|Natural JUsed by|Bywash | Total [Width, |Depth, |Length,| niner's [Diameter, |Length, lwater, oapaoity,

used flow |giantg _foot | foet | miles ! inches | inchea feat | feat | acra-fest
Senger... ........... 6 ..o 400 ] 400]. e 6 |.. 30 to 16§............. 1.7 S
Elephant....... . .. .. 4 o 135 40 S e foe e L 18to 8 |.......... 115|¥one.
Horton Gulch..... ... 9 250 220 30 250 ...l 2 400] 22 to 13 800 65| None.
Banner. ... 10 300 300 0 300]........co. bt 3 700| 18 to 8 1,200 100]None.
Indian Creek............ .38 DT 500 1} 8004.........] oo [ " 3,000] 22 to 15 2,200 27511.2
Salmon River.. .. V- 9 1,100{ 1,100 0of 1,100 8 3 1/2 4 3,000} 22 to 15] 5,000 225]None
Jacobs......... 50 460 0 460 1] 0 V] 0] 22 to 15 600 90|2
Omoga Hill 600] 1,300 200] 1,500 6 3 16 } 5,000} 30 to 15| 1,800 311

4 3 8
Indian HiM)........... 9 | 430 220 650)........... [ 9 [ 22 and 15] 4,500 130) .ccoiiiiees
Depot Hill........... . oifoinnnn 450 160 600}........ .......... 9 700] 30 to 11} 3,800 260) .
North Fork Placers| 18 } 1,000 1,300 o 900] () [ 24 to 13| 1,500 400} ...,
8 400 200

Salyer. ... ... 24 2,800] 2,800 0| 2,800 Two 16 |........ .. b 1.11] R
Norton and Nelson.. 9 600 210 390 600 15 300 %90}None.
Salmon Creek........ 8 150 90 60 150)............]... 16 to 11 500 150 iNone
Blue CLannel........ 5 240 1,200 0] 1,200)........... 32 to 18| 1,100 360].2
Deep Creek....... ... 5 90 100 100 200 ..o oo o e e 10 and 8] 1,000 1381.¢
Yellowstone Gold. .. 18 600 240 360 600f.......... o f o e 20 to 10| 2,400 175 [Kone.
Virginia City.......|...... 65 70 15 85 ... [ fe 15 200 65]|.01
Henderson No. 1. 2 50 600 o 600])............f e e P RN y 18]............. 27011.0
Henderson No. 2. 4 20 150 0 180 ... L T L, 18].............. [: 103 [T
Wisconsin Gulch.....] 24 2,800 1,300} 1,500f 2,800].....0. ... 3/4 4,000] 46 to 24| 2,700 220 {None .
Steawinder... ... ... 21/2 60 130 50 180f ...} [ 2 PR 10f...ccee.... 225]... oo,
Diamond City..... ... f........] ... 100 800 900 ... ) L, 8 and 11| 4,500 125].1
Superior ... fo...... 10 750 90 [None.
Hockensaith .. .........|.......... 12 and 7 700 [75& 150].1
Golden Rule. ... ... 12 18 to 9 1,400 200 {None
140 miner's inches = 1 cubio foot per second.
prrective hoad.
3Tvo flume lines, 12 and 8 siles long, the latter 3 1/3 feot wide by 2 1/2 deep.
‘Flume sections 2 by 2 and 2 1/2 by 1 2/3 feet; total length 1,000 feet.
‘efrective head.
1794 - 28 ~ .
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1.C.6767.
TABLE 11.~ Sluice hoxsa and rifflss ai weatern hydrsulic sinea, 1232
Water Duty of Sluice boxes Rif(lee
through |sater: cu.yd. Total Giade
Mine slulce, of gruvel [Width, [Depth, jlength, [Contoer Polint at
uinvr's| per 24 hre. |[inches [tnohes ] fwet Iaoches Por- Type Width, |Height, Leagth to whioh Uader-
inches | per minur's per foot cont inches |tinches venter, [yuloksilver lourseats
, inch et
Senger. ... ... 400 0.6 36 24 96 374 6.2|Wooden oroes... ... 2 6] 3 ]
Elsphant .. . 175 .8 18 16 b7 PO USRI | LT TUY f T 1. T rraeenvesiimne: |ooresneracenns ) ) /]
Hortou Culoh...... ... 280 .9 24 18 36 1 0.3|Rovk puvisg..... . ). ... [ ) [, . [ ]
Bainor.. ..ot e B (1111 RN 26 24 36 1 8.3]Pole .. ..o 4 4 2 2| 4/4f .. 0
Indisn Creek..... ... 800 3.7 48 36 48 374 6.2]Wooden blooks. .. 12 12l . .. 12| Underourseat 1
Salmon River ... 1,100] . e 36 30 1%0 ma 4.9[Ruck paving.......| oo k1 S N do........ 2
Jacobs .. ... ... . 4€0 4.2 48 36 120 3/4 6.2|Rooden blooks....|.. ............ JROTPRI R [P P cevienes eens nbara o
Omega Hil) ... . 1,800 2.7 48 36{ 1,700 172 4.2 d40.. .. e eeene e 12] ... ] e |Firet boxes.. 4]
Indian H1l)......... {101 3 SO 40 40 268 /2 4.2|%ooden bloohks 12 ) '] [RSIOURUNOR DI ao......... 3
und rook paving
Depot HILY .. ., . 600 1.0 30 24) 3,500 3/14 1.6 11.. 12 [
North Fork Placers] 1,200 1.0 48 40 168 1 8.3 3 1/2| 12 o] 4174 b3
satyec. . o] 2.€00 3] 6o sof 30 34 6.2| Waoden bloake 1 3
Nortua and Nelson cod ......................... 2q 20{ 1 3/4 G.q Hungariam.........} L)l 2 /]
Pole....e v s ]l 8 0
Sulmon Creek.. .. .. 120 2.4 2¢ 2& 1€ 1 1/4 10. 4 Ratda.. e ) 2] 2 w21 10 O 4o [\}
1174 10.4] Poles... .. 4 4 © [
1 8. Hungartaa....... S ) 1121 13 2
Blue Chanuel ... .. ) 200 ... . 36].......... 8O ..oovviceeeiec s e d0....... ... 2 4 3 [}
Duep Croek ... <00 13 20 18 300{3/4 to 1 1/2[6.2 to 12.5[Pole....... ......... .. .| 4 ¢ € [1]
Yellowstone Gold . €00 3 3 24 €00! 1/3 2.8]Angle Sron...... .| 2] 11,2 1 1n [1]
Virginta City. ... ... 85 1.4 14.5 18, 1€0| 5/12 3.5]Hungeriaa. 2 4 1 2172 [}
Pole.. .. 4 4 € [
16-1b. ratle......] 1 J/16] 2 3/8] 12 0 3
ltenderson No. ).... 600 2.0 22 24 120 3/4 6.2|Caut tron...... .. 3] 11/¢4] 4« (]| S| Nome................ [ 1]
Mendersoa MNo. 2. 150 4.0 22 24 120 3/4 6.2 [- 1 TN 31 11/4 0 SfNome................ (]
Wisconsin Gulch.... 2,800 .1 44 40 1,800 /724 2.4|40-1b. rafle.... .. 1 7/81 3 12| %0 0] & 1/4]Nome........... 1]
Steswinder... ... .. 160 1.3 24 18 240 17712 4.8}pole...... ..o, 4 4] 8 ] F— None............ ... ]
S NVI94 - 32 - .
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1.C.6787. '
TABLE 13.- Updercurrents at westerp hydraullc mines, 1932
Distance be-~ Undercurrent tables Riffles Gold recovered on
Mine No.| tween griz- : Distance, undercurrents, per-
zly bars, main|Width, inchesiLength, inches Type Size, inches |center to center, cenat of total
sluice, inchea inches
Indian Creek............ 1 3/8 8 24 {Hungarianm... ... 1 by 4 3172 8
Salmon River........ 1 1/8 -] 11 do...... ... 11/4 by} 2 1/4 3
Indian Hill ... 3 11/4 8 24 |Blook.......... .... 6 by 6 1/2 20 V7 2 TS
4 20 |Angle iren..... 3 1/2 by 3 172 (3
10 12 JRock PAVENE.... Joocoooiin ciien i | e e e,
North Fork Placers| 1 12 20 [Hungarten..... 1byll/4 2 2/8 | v
Salyer...... ... 1 1, 12 34 [Vardous......... | D | e e
16, 8 12
Llano de Oro........ 1 3/8 8 12 [Steel matting ...t | il e
on burlap.
Platurica.................. 1 3/8 5 22 do...........
Lewls. ... 1 174 4 12 |Wire soreen
on burlap.
Conners............. co.e.n. 1 3/4 1 24 (Bored plank... ... oo b L e,
Elcdorado Bar....... ) U TSR PO 12 36 {Hungarian........ l1byl1l/4 2 1/4 B
1794 - 36 -
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1.C.6787.

Water rights in most of the older placer districts Lave been adjudicated. The rights
of some old placer companies are still iptact, and tre rwater can be used without lindrance
for operating tLese mines. However, other water rights in streams Lave been obtained by
pover or irrigation companies, and water for placer mining must be acquired from tr.ose con~
trolling trLe rights. In some {nstances, hLovever, water can be appropriated for placer mining

. Table 9 stovs thLe sverage flow of available water, the Ldurs it vas used each cay, and
tLe average guantity used in the giants and as by-vash at the principal hydraulic mines being
operated in 1932. It will be noted that tlre average quantity of by-wash water was less thran
that of pressure water at most of tLe mines; in four mines, lLowever, the opposite was true.
At a few places no by-wvash water vas used.

As stated before, vater under a relatively low pressure may be used for undercutting
a bank to assist ground sluicing. Generally, Lovever, & Lead of at least 40 feet must be
available for hydrauliching sand and loas and the easiest cutting gravel. An 80— or 90=foot
bead usually is required to cut average gravel tanks. When the gravel is tight or contaias
boulders a Lead of at least 125 feet skLould be aveilable for hydraulicking. For very tight
or cemented gravel, Lheads over 200 feet sitould be available. Higher heads give greater cut-
ting and driving pover to the giants and thus increase production. High pressures are neces-
sary for Ligh banks, as the giants must be set far enough avay that caving gravel will not
injure the worimen when the baniks are undercut. The extreme range of the heads on the giants
at the mines vas 40 to 450 feet. The usual range vas 100 to 300 feet.

In at least 75 percent of the 40 or more operating hydraulic mines visited in 1932
xater was cchoyod in ditches dug by the early miners. Often, old pipe lires or salvaged
pipe were utilized. Some of the present lines are built of pipe first installed 50 years
ago. Water was puzped at four mines described. Puamping water for hydraulicking, Lowever,
Las not been gencrally successful.

Pata on ditches and pipe lines also are given in table 9. Ditch lines as wmuch as 23
siles long were used by individual mines operating in 1932. Several small mines rad no
ditctes tut took the water directly into pipe lines from tLe creeks above tre mines.

The pipe ranged in size from one line with an intake diameter of 46 inclLes, wkich was
recuced by stages to 24 inckes in diameter at the pit, to lines of 10-inch pipe. '

Reservoirs where used ranged in size from 0.0l to 15 acre-feet.

Duty of water.= ThLe duty of a miner's inch of water in hydraulicking is defined as the
numtes of cubic yarcs of gravel wbich it can break down and sond through the sluice in 24
tours. The factors affecting this duty are so varied that it can ke compared directly at
fov mines. An average cuty of a miper's inch cannot te calculated for the same reason. Tre
duty of water appears to be Ligrest in larze-scale operations. Tight or cemeated gravel is
difficult to break cown; a Ligh tank tales lecs pressure water per cubic yard tran a low one;
a flat tedrock requires an excessive quantity of vater for sveeping; angular rock and gravel
with flat or large toulders reguires more water 2o move it ilan does small-size, rcunded
saterial; clay-tound gravels require excessive wasiing to free the gold; a Ligh water pres-
sure is more effective tran a low one for cutting or sweeping; and tke grace and size of
sluices govern the daily yarcage tiat can te washed through thems. The calculated Zuty of
water at the mines operating in 1932 ranged from 0.4 to 4.3 cubtic yards per miner's inch.
(See table 11.) In these calculations by-vash water is included.

Cornditiors at tLe mines range from the most difficult to at least average. wimmler?!
reports & cuty of as high as 10 cubic yards per miner's inch at some Alasian placer mines;
the usual range, Lowever, was about the same as that showa in table 11.

2) Wimaler, Norman L., Placer-dizing Methods and Costs in Alaska: Bull. 259, Bufeau of Mines, 1927, p. 139.

1794 -3 -



I.C.6787.

Piping

After a mine is opened up the gravel bank is undercut by the giant which sllors the
overlying material to cave into the pit. The fall breaks the gravel to some extent; it is
further reduced by beiang played upon by the streaz from & giant or by by-vash water. As ths
gravel is being disintegrated it is swept by the giant tovard the sluice box. Wrerce tte
gravel is clay=bound or contains lumps or streaks of clay it may be washed back and forth
across the pit tottom one or more times until f{ree from the clay. '

A smaller-diameter nozzle generally is used for cuttiag than for sweeping. As an ezx-
amp.e, & gquantity of gravel may be brought down with a giant with a 4 1/2-{nch neozzle. TLen
the water will be shkut off and a S-inch nozzle put on tre giant for driving the gravel to
tre sluice, or & separate giant with a S~inch nozzle can be used. Usually two or more
giants are set up in a pit even when only enough water is available t0 run one at & time.
Cne large giant will do more work than two small ones using the same Gquantity of water. The
gianis are placed at the most strategic points both to cut the bank and wash the gravel to
the sluice tox. Where tvo giants are used at & tiae one may be used for cutting and tke
otLer for sveeping. 7The cutting giant is set on an angle to tke face. At the old Ls Grange
zine the streams from txo S-inch nozzles were used togethar for toth cutting and sweeping.
Giants may be set up at tke lower end of the sluice to stack tke coarse material in the
tailings where trLe grade is not sufficient for it to be disposed of naturally.

Scmetines a pit is laid out so that all of the gravel washed in one season is swept to
the head of the sluice. After the clean~up the boxes are extended through the washed-out
pit and set up for the Dext year's work. At other places tLe Loxos are extended upward as
roos is made.

Wten a8 pit is started a cut is taken across the channel, after which a diagonal or
square face is advanced upstream. In wide channels or bars two or more parallel cuts may be
taken. One pit may be worked while boulders are handled or bedrock is cleaned in the other.
At tle Ruby Creek mine at Atlin, British Columbia, the channel was 250 feet wide; twvo 125~
foot cuts were maie and worked alternately.!? Wing dams of timber, logs, or boulders gen-
erally are built to guide the water and gravel into the head of the sluice. [Examples of
layouts are siown in figures 11 and 12.

Occasionally the form of the deposit and the contour of the bedrock are such that the
gravel is washted over the side cf the boxes rather than into the end. Then the sluiceway
is sunk into bedrock.

At some mines overburden containing little or no gold sty be mined separately. This
systen ras an acdvantage when cdump room at the end of tre main sluice is limited, as the
higter material zay be disposed of elseshere. At one mine, ihe Salmon River, tke 1light top
gaterial wzs stripped afier the water supply was too lov for working the heavier gravels
but was still sufficient to supply one giant. The usual practice, however, is to sine the
full thicknoss of gravel at one time. The admixture of the top soil and light gravel with
tLe heavier material from nesr bedrock may perait moving a larger proportion of boulders to
tte sluice than otherwise, -

The number of giants used at one time in the pines operatiug in 1932 ranged froms 1 to
4. The size of the giants ranged from nos. 1 to 6 and the diameter of the nozzles from 1 1/2
to 7 inctes. Table 10 shows the number and size of the giants and the dismeter of nozzles
used for various purposes at the individual mines. It also contains the size of the nozzles
at mines using hydraulic elevators. It will be noted trhat a larger nozzle {s used for

Z Lee, C. F., aud Daulton, T. M., The Solution of Some Hydraulic Mining Probleas on Ruoy Creek, Britisn Caluubia.
Trass. Aa. Iast. Min. and ¥et. Eng., vol. SS, 1917, p. 9. -

1794 - 38 =




Tallings giant

Fence

No. 2 giant, 5-inch nozzle:
For sweeping gravel and tailings

0 50 100 - 200 0
A
s : : (té"‘e‘du\ln
dee%tt%S}Q%%' > X / ihiﬁm% *‘C{ 3
und > p

PR & g ?m H
By-wash stream —> il
4 ca 'may _
. R TR TP Rock pile Donkey engine
No. 2 giant,” ' Wil T AN
emchonomte N 1T 5
Donkey engine e : No. 2 giant, tailings
™ stacker, 3g-inch nozzle

Ground sluice pit

Q_50 100 mgmkf‘sso Q__ 50 10 wfd 200 o
¢ b

figure 11.—Lay-outs of hydraulic mines: A, Indian Creek mine, Douglas City, Calif; B, Blue Channel mine, Woll Creek, Oreg,; C, Superior mine, Superior, Mont; D, Golden Rule
mine, Warren, Idaho.
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sweeping than for cutting ia abo:t half of the mines !ni.tho same size in the other half.
In one mine, the North Fork placer, water used for sweeping came frog s separate source under
& lover head; & smaller 20zzle was used than for cutting vhere the pressure was higher. The
pozzles used in the elevators ranged from 3 1/4 to 4 inches. The distances that the Baterial

was elevated were 25, 44, 54, 17, 30, 9, and 15 1/2 feet. The distances the coarss material
was-elevated by Ruble elevators were 14, 25, and 11 feet.

Handling Boulders

Where the size and grade of sluices permit, all boulders tkat can be moved by the giant
are run through the boxes. As stated befors, the upper limit in size &t present mines ranged
from 4 to 20 inches in diameter. At some of the early-day large producers boulders weighing
3 or 4 tons were successfully put through the sluice.??

In ground sluicing any boulder that can be wasbed into the sluice by the water usually
goes through without trouble. In hydraulicking, however, boulders too large to runm through
the sluice nay bte swept into it with & large giant using a high head of water. Boulders too
large to be moved by the giant or to run through the sluice are bandled in various ways,
depending meinly upon the number and size of the boulders encountered and the sagnitude of
the operatioans.

In szall-scale operations toulders may be rolled by hand to one side or onto cleaned-up
bedrock, or dragged away by teams. Occasionally, a boulder too large to handle may be left
standing on tte floor of the pit and bedrock cleaned up around it. The usual custom when the
proportica of boulders is small, however, is to break them up by means of hLasmers or by
blasting and wash the fragments through the sluice. In the larger operations with relatively
shallow gravel, as at the Salmon River mine, the boulders may be pulled from tae pit by
wvinches or moved by a derrick mounted on a tractor, as at the Salyer mize. At the Diamond
City mine a dreg line with an orange-peel bucket tandled boulders very cheaply under the
existing conditions. A relatively narrow cut vas being run. The drag line wxas cperated on
a beach above tre cut and piled the boulders oa the bench back of the dragline. The most
common method of handling boulders, however, is by means of a derrick. The boulders that
can be rolled by hand are loaded onto & sling or a stone boat and lLoisted from the pit.
Large ones are hoisted by means of chains. At some mines few boulders itkat can not be moved
by the giant are encountered; derricks are used at the Lead of the sluice for removing those
too large to go through Stumps are handled im much the same manner as boulders.

Cleaning Bedrock

Bedrock usually is cleaned by piping. As much as 2 feet of bedrock may be cut by the
giant and the material washed through the sluice. Occasionally a fire hose with a small
nozzle may be used for the purpose. ¥hen the bedrock is hard and contains crevices, it aust
be cleaned by hand. The crevices and soft seanms are dug out by means of small, flat tools
made for the purpose, as described in a previous publication under Hand-Shoveling.?!

23 MacDonald, D. F., The Weaverville=Trisity Ceater Gold Gravels., Trinity County, Calif. U.S. Geol. Syrvey Ball.
430, 1910, pp. 48-58. ’

24 Cardaer. E. D., and Jobagon, C. H., Placer Miaing in the Western Uaited States: Part I. = Ceneral, Hand-Shoveling,
and Cround=Slulsing: Inf. Ciro. 6786, Buresu of Mines, 1934.
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Sluice boxes and riffles

Sluice boxes were laid on bedrock at the most of the mines being operated i{n 1932. At
a fow, where high channels vwere being worked, cuts hLad been rua to bedrock to perait an ad-
equate grade for the sluices. 1Io one mine, a tunnel vas used.

Individual boxes were 12 feet long at the majority of places. In a few districts 16—
foot boxes were preferred, and occasionally & 10— or 14-foot box was used. The length of
tte sluice at various mines ranged from 32 to 5,000 feet. The long sluices generally are
used only when they are necessary 8s tailraces. TLe width of siuice boxes at tLese nines
ranged from 12 to 60 inches., Tata on sluice boxes and riffles at the principal hydraulic
sines teing operated in 1932 are given in table 1l. It will be noted from this table that
tre extreme range in the grade of boxes was from 1/8 inck to 1 1/2 inches to the foot (1.0
to 12.5 percent). ThLe usual range was from 1/4 to 3/4 inch to the foot (2.1 to 6.2 percent).

Riffles serve a twofold purpose, they protect the tottom of the sluice and catch the
gold., Both streagth and wearing qualities are required in large—scale hydraulio operations
where boulders up to & ton in weight say be put through the boxes. Wooden blocks, rails,
rock paving, and iron castings, in the order named, were used at the larger mines operated
in 1932. When the service was not so severe, poles, angle iron, and Hungarian-type riffles
vere used. The Hungarian riffles usually were made of wood and were protected from wear on
top by strap iron. The kind, size, and spacings of riffles used at the mines visited in 1932
are stown in table 1l. .

At all pines 2ost of the gold was caught in the first few boxes of the sluice. The top
boxes were cleaned up twice a season, monthly, weekly, or even oftener. In long sluices the
lower boxes were cleaned only at the end of the season or when repairs were needed. At the
time of the general clean-up worn riffles were replaced and the sluices repaired if neces-
gary. Quichksilver was used in the sluices at the largest mines, but at the majority it was
used only {n cleaning up.

Although the sluice is an efficient gold~saving device some gold gets away, especially
if the gold is very fine and the gravel carries a relatively large proportion of black sand.
To further recover the gold, undercurrents wers used at 10 mines lizted. The ters "under-
current” in placer gining is used to designate a device for catching the gold comtained in
the fine material drasn out through a grizzly in the bottom of the sliuice. The undercurrent
usually is placed near the lower ond of the sluice. At most mines it is not possible to draw
all of the material small enmough to go through the grizzly to the undercurrent, as not
enough water wculd be left in the sluice teo disposs of the coarse material. The quantiity
drawvn off is conirolled by tte area of the grizzly and tlke openings tetween thLe bars., As
stown in table 11, the grizzly tars are 1/8, 1/4, 3/8, 3/4, or 1 1/4 inches apart. Under-
current boxes, or tables as they are sometlzes called, are relatively wide to permit e
shallow depth of the sands.

Tre same type of riffle generally is used on undercurrents as in sluices where a screen-
od product is treated. As srown in table 11, Hungarian riffles, usually sicilar to throse
used on dredges, were favored. Steel gpatting or wire screen over burlap was used at tro
mines; planks %iih holes tored in them, angle iron, and stone paving-were used at one =ine
each; and a variety of riffles was used at another mine (Salyer). Quicksilver was used on
undercurrents at nearly all of them. An ipportant functiom of an undercurrent ian placers
wtere quichsiiver is used in the rain sluice is to catch quicksilver or balls of amalgas that
pay get away in the sluice. As auch as 10 percent of the recovered gold may be saved on the
undercyrrent, tut in most places less than 5 perceat is so obtained. At three mires whera
an estizate was made, 3, S5, and £ percent, respectively, of the total gold recovered was
saved on the undarcurrent. At iwo places so little gold reached the undercurrents that théy
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woere not cleaned up at the end of the 1932 season.
Sluice boxes and riffles are discussed further under the general section Sluice Boxes
and Riffles. The sethods of cleaning up boxes also are described.

Hvd e d

The mines described in the following pages were visited by the authors in June and July
1932. A few other properties were inspeoted, but as no operating data could be obtained
they are not included; with few excepiions they were unimportant, and the practices followed
were similar to those at neighboring mines which are described. Tvo additional mines, the
Round Mountain and the Eldorado, that were operated in 1931, are included.

General and ocperating date coanceraing these mines are given in tables 8 to 13, inclu-
sive. A mine in British Coluambia £ot visited by the authors is described in the text.

As already stated, hydraulic mines are placed ip three groups: (1) Mines without ele-
vators or puaps, (2) mines with Ruble or hydraulic elevators or both, and (3) mines whers
water for piping and sluicing is pumped. Withisn each group the operations are further di-
vicded according to States.

Mines without elevators

Sallfornia

Senger.- ¥. A. Senger, with ome man, operated s small mine near Teaverville in the
susper of 1932. The deposit was a 6-foot stratum of recent gravel overlying the famous La
Crange Clrannel at the edge of the old workings. The gravel contained a large percentage of
toulders and tree stumps. Some spall timber hal to be cleared off before the gravel could
be worked. The false bedrock (top of La Grange Cnaznel) was relatively steep (2 inches to
tke foot), which facilitated piping boulders to the sluice boxes. Boulders too large to go
through the 36-inch sluice were first blasted or broken by hand. Water under a hesd of 2285
feet was cotained froa the old La Grange ditch lines: a 4 1/4-inch nozzle was used. Between
30 and 50 cubic yards was handled per day, depending upon the zuantity of boulders to be
broken. The operating cost was 20 cents per cubic yard. (See table 12.)

Elevhant.- The Elephant aine at Volcano was worked under lease during the 1932 season.
The gravel ranged from 1 1/2 to0 3 feet deep and was overlain by about 45 feet of white, tough,
volcanic asn. Tre ash was drilled by hand augers and blasted. Then it was partly brokea up
with picks and washed away by the giant. After the ash was removed the gravel was cut by
the stream from the giant with & 3-inch nozzle and swept through & race into a sluice consisting
of tvo 16-foot boxes with Hungarian riffles. About 175 miner's inches of water under & 115-foot
head was available for 4 Lours each day. The tailings were run into a settling basin formed
by an earth-filled dam wiih a concrete spillway outlet. The ditch and pipe lines were in
place and were used in early workings in the vicinity. About 62 cubic yards was vashed per
day or 20 1/2 cubic yards per man-shift. The operating cost of washing the gravel and
overburden was 22 cents per yard.

HBorton Guich.~ J. 0. McBroom operated the Horton Culch placers on the South Fork of the

Salmon River near Cecilville. The 1932 season extended from January 1 to April 1l1. The

gravel was fairly tight. The grade of tedrock wvas 1 inch to the foot. One giant with a 5=
inch nozzle, working under a 65-foot head, was used for both cutting and sweeping the gravoi
into the sluice boxes. About 30 i{uches additionsl by-wash ter wag used for moving the
gravel through the sluice which consisted of three 1l2-foot boxes 24 inches wide. The riffles
sere hard boulders Laand-staped to male a pavement 7 to 10 inches thick. An undercurrent was
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used for 1 month and then discarded; about 1 ounce of gold was cleaned up froa the under-
curreat during the month's run. All large boulders were blasted. An average of 80 cubic
yards per day sas wasted during the 1332 season. Two men were employed. At $3.50 per shift
tte labor cost would be 9 cents; supplies would aaount to about 2 ceats per cubic yard, mak-
ing 8 total of 11 cents.

Bapper.- C. A. Ceorge and brothers operated the Banner amine on the East Fork of the
Salmon River near Cecilville. The gravel was tight and 8 to 20 feet deep. The head on the
‘tiants vas 100 feet. Besides the three giants used for cutting, sweeping, and tailings dis-
posal, one 2-inch nozzle was used for running s ﬁovcr derrick to 1ift to one side boulders
too large to go through the sluice boxes. Two giants, one with a 4-inch and the other with
a 3-inch nozzle, wvere used at a time. The sluice was 26 inches wide; pole riffles were used.

About 15,000 yards were washed in 1932 in approximately 180 shifts. At $3.50 per shift
the labor cost would be about 4 cents; the total operating cost would be about 5§ cents.

Indiap GCreek.- The Indian Creek placer near Douglas City was operated during the 1932
season by Gribble and son. Preparatory work began early in the spring. A nev set-up was
sade, but old ditch lines were used. The pipe line was relaid and s new sluice put in. In
25 days, from May 20 to June 18, about 8,800 cubic yards was washed.

The ground was fairly easy to cut, and nearly all boulders wvere washed through the
boxes. The few large ones encountered were blasted and then piped out of the pit. Water
was brought to the mine through a S-mile ditch and a 2,200-fo0t pipe line. The head was 275
feet. A reservoir with an automatic gate was used. It filled in about 1 1/2 hours and
furnisked enocugh water to run a giant with a S-inch nozzle for about 1 1/4 hours. Two
siants, each with a S-inch nozzle, were set up in the pit. (See fig. 11,A.) The gravel was
cut and swept to the head of the box with a no. 1 monitor. Some gravel, however, was left
on the floor of the pit, and a no. 2 monitor was used every third ruan %o wash this material
iato the sluice and stack the tailings at the end ‘of the sluice box. The boxes were 48
inches wide.

Wtile the actual washing operation was in progress 350 cubic yards was washed per day
or 175 cubic yards per man—-shift. This would be a labor cost of 2.3 cents per cubic yard.
Estimating tLe preparatory work and time for cleaning up to be the same as that for actual
wasting, the total labor cost would be 4.6 cents, as shown in table 12; supplies would amount
to about 3 cents, making a total of 7.6 cents per cubic yard.

Salgop River.~ The Farasworth brothers operated the mine of the Salmon River Mining Co.
on tke South Fork of the Salmon River near Cecilville 3uring the 1932 sezzon. The gravel.
consisted of 6 fret Of pay dirt overlain with 11 feet of overburden. The graie of he bed-
rock was taree fourths cf #n inca to the foot. Water under a 225-foot head was brought to
the mine through & 3-mile ditch and 1 mile of pipe line. The diameter of the first 3,000
feet of the pipe line was 22 inches. This was reduced to 12 and then to 15 inches at the
pit. The btranch line on the floor of the pit to the different giants was of ll-inch pipe.
Four giants with €-inch nozzles were set up in the pit, but only two wers used at a time.
A tifth giant with a S—inch nozzle was set up at the lower end of the sluice. Usually one
giant cut the bank and one of the same size swept the gravel to the head of the sluice. The
river ran alongside of the gravel being wasined, and the sluice box emptied into it. The
river water carried the sand and fine gravel downstreanm; coarse material, however, piled up
in thre stream. The dump giant was used 1 1/2 to 2 hours during the working shift to stack
the coarse material at the end of the box. At the end of the washing shift this giant was
set with an automatic control so that water played on the boulders until the next morning.
A windrow of boulders 30 feet high along the opposite bank of the river had been made by the
giant., The largest boulders were washed to the top of the pile. The stream played in a
vertical arc:; it was depressed slowly and went up faster. About 1 2inute was consuzed in
each cycle. The giant was overbalanced so that the stream was elevated when free. It was
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pulled downvard by means of s 2-inch hydraulic cylinder fed through a hose from the pipe
line. At the end of the stroke a trip turned s valve whiok shut off the water to the oylin-
der; at the top of the upward swing another trip opened the water valve. Each morning the
river bed at the end of the sluice was free of boulders.

The sluice boxes were 36 inches wide by 30 inches high and were set on a grade of 7
inches to each 12-foot box. One setting of the sluice-way sufficed for a season's work.
The head boxes were protected by parallel rows of 6—inch poles placed horizontally on either
side of the box. The poles were laid on an earth fill, the surface of which slanted upward
at an angle of 25° froa the edge of the boxes. At the end of the season the poles were re-
moved and the underlying gravel was washed into the boxes. The riffles in the sluice con-
sisted of rock paving. Diorite boulders with one flat side were selected from the washed
gravel in the pit. These stones were dressed by hand to make & rigid paving with a fairly
smooth upper surface. Formerly wooden blocks were used, but they had to be replaced every
60 to 70 days. The sluice was clesned up at the end of the washing ses&son. An undercurrent
was used at the lower end of the sluiceway. The screen consisted of 3/4-inch round steel
rods 15 inches long, placed 1/8 inch apart lengthwise with the sluice. The undercurrent
table was § feet wide and 11 feet long; wooden Hungarian riffles were used. Quicksilver was
used in the sluice box; some reached the undercurrent where it was caught in the riffles.

Boulders up to 18 inches in dismeter were put through the sluice. A hand derrick with
8 25~-foot mast and two 30-foot booms was set at the head of the sluice to remove any over-
size boulcders that were washed to this point. A derrick hoist was used for dragging stumps
and large boulders from the main part of the pit. The hoist pulled over 2 25-foot mast
guyed ¥ith 4 lines; apparently, bowever, 5 lines should have been used. The cable (1 1/2
inches in diameter) was pulled ocut by hand; the range was 400 feet from the hoist set=up.
The hoist was double~geared and was run by an undershot water wheel driven by a 1 1/2-inch
nozzle. A sireaz from & l-inch nozzle was used on top of the water wheel for braking. No
explosives were used in the mine. Tke overburden was washed from the top of the gravel and
run directly into the river. This work was done during low-water periods when enough water
for only one giant was available

Luzber cost $30 per-M. An average of 223 cubic yards was worked per day during the
1932 season. Tte operating cost was 7 cents per cubic yard with labor at 6 cents.

Jacobs .~ The Jacobs mine on the Trinity River at Junction City was worked during the
1932 season by H. K. Wilson and partner. The gravel was about 12 feet deep and was overlain
by 28 feet of recent wash. Water from other workings in a side gulch above was conserved
in a reservoir of about 2 acre-feet capacity. The reservoir was made by an earthen daa
across a depression on a bench. The water was conveyed to the workings through a 600=foot
pipe line of 22-, 18-, and 15-inch pipe. The head was 90 feet.

A no. 4 gisnt with a 7-inch nozzle was used. Epough water was available for washing
only 1 1/2 hours per day. The remaining time was used in drilling and blasting boulders.
Four SO-pound boxes of explosives were used during the 1932 season. The sluice boxes were
48 inches wide and had 9 inches of fall per 12-foot box. The sluice was placed in an old
cut in bedrock. A cut 40 by 40 by 200 feet was washed duriag the season. The season was 50
days long, but water for piping was avajlable only 21 days. A tot;l of 12,000 cubic yards
was washed at a cost of 5 cents per yard.

Opega Hill.- The Omega Hill mine was on an ancient channel above the South Fork of the
Yuba River near Washington Camp; it was an extension of old workings. 0ld ditch lines and
water rights wers used. The gravel was 30 to 60 feet deep under 10 to 20 feet of volcanic
ash. The lover 6 to 8 feet of gravel was partly cemented. Gold-bearing gravel also lay on
top of the ash; the top gravel was washed separately from the lower gravel. Water was brought
to the mine through two ditch lines. The upper line was 16 miles long and had many fluse
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sections 6 feet wide and 3 feet deep. The lower ditch was 8 miles long with a cross sec-
tion of 3 by 4 feet. The head in the pit was 210 feet. The water was regulated by a reser-
volr above tke workings. During 1931, an unusually dry seascn, water was available for 45
days. The usual season Lad been from February 1 to September 1. Although plenty of water
vas available in 1932, a very late start was made because the ditch and flume lines roquired.
extensive repairs.

Cne 6=inch giant was used for cutting and another for sweeping the gravel %o the head
of the sluice. Sometimes three giants with S-inch nozzles were employed. A varying amount
of wash water was used, depending upon how fast the gravel was cut. The sluice, which was
48 inckes wide and 36 inckes high, was brought into the pit through a bedrock cut. After
leaving tLe cut it was 1,700 feet long and was built along the mountainside to a gulch where
tLe tailings were stored back of a dam. The tailings daz was made by dumping the coarse
material on the das and running the fine material back into the reservoir. At the end of
the boxes the siream was run over & grizzly € feet wide and 11 feet long. The grizzly
spacing was 1 inch wide at the bottom and 5/8 inch wide at the top. The oversize was used
to tuild up the daz. TLe undersize was run back in another flume parallel to the main sluice
and dumped in the reservoir back of the dam. The dam was started with brush and sand, then
rock vas dumped on top. Before starting a reservoir a culvert 2 feet 4 inches by 3 feet 4
inctes was first laid on the bottom of the gulch. The clear water entered the culvert at
tLe upper end of the reservoir and discharged through the dam. When one section of the gulch
vas filled another dam was built below. The antidebris law in California does not permit
placer tailings to be run into the Yuba River.

After the washing season was over the sluice boxes were cleaned up aand worn wooden
blocl.s replaced. TLe company operated a sawxmill for cutting riffle blocks and lumber for
sluice boxes. An average of about 1,700 cubic yards per day was handled. When operating
full force the lator cost per cubic yard for washing was about 2 cents, and total costs were
4 cents per cubic yard.

Indian Hill.- B. F. Dyer operated the old Indian Hill mine near Comptonville during
1931 and 1932. The material wasted up to the end of 1932 consisted mainly of slides from
tte faces of thLe old workings. The gravel deposit was 35 feet thick; the grade of bedrock
xas 1 inch to the foot. WRater was brought to the mine through a S-mile ditch and 3,000 feet
of 22-inch and 1,500 feet of l5-inch pipe. The head was 130 feet. One no. 6 giant with a
4=, 4 1/2~, or 6-inch nozzle was used.

Boulders up to 14 inches in diameter were run through the sluice boxes. The sluiceway
was cown 2 narrow gulch and consisted of six sections of boxes (2 to 6 boxes to the section)
and thLe rock tottoa of the gulch between sections. There was a drop of 10 or 15 feet at the
end of each section of boxes. The fall and cascading down the rocky gulch between each sec-
tion broke up all cemented material and washed the gravel free of clay.

The boxes were 40 inckes wide and 40 inches high; the grade was 1/2 inch t¢ the foot.
TrLe upper five sections of boxes were paved with wooden blocks: the riffles in the lower
section were of rock paving. Seventy percent of the gold was caught in the upper two boxes.
Three uncdercurrents were used near the lower end of the line. The discharge of one under-
current went into tre main sluice before the next was taksn out. The grizzly opening for an
uncercurrent in the bottom of the main sluice was 18 by 40 inches. The grizzlies were of
1 1/4= by 3-inch iron bars set on edge 2 1/2 inghes center t¢ center. Additional top water
¥as run over the undercurrents from an opening in the side of the sluice. The first under-
current was 8 feet wide by 24 feet long. The riffles consisted of rows of pine blocks 6
inocres thick by 6 1/2 inches deep separated by 1 l/2-inch crossboards. The second under-
current was 8 feet wide 2and 20 feet long. The riffles consisted of 3 1/2- by 3 1l/2-ingh

ey

angle iron 7/8 inckes thick and set crosswise on S-inch centers. The third undercurrent-at
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the end of the lowest box was 10 by 12 feet. The riffles were four angle irons 1 inch apart
at the head of the undercurreat and rock paving from there down.

A crew consisted of 7 or 8 men. About 100,000 cubic yards was washed during the 1532
season at a cost of 8 cents per cubic yard exclusive of construction work.

Depot Hill.- The Depot Hill mine, near Comptonville, belonging to Fred Jourbert, has
teen vorked continuously since 1855. It was opened up by his grandfather and later worked
by his father. The gravel is an old channel running parallel to the present creek; it aver-
ages 60 feet deep. The grade of the bedrock is 1/2 inch to the foot. The gold ocours in
the lover 10 feet oo bedrock. The gravel contains a 2-foot streak of pipe clay, which after
beiag broken down Lkas to be shot or picked before piping. Holes are drilled with an auger.

The number of hours per year that water has been available for pipiag has averaged
1,100 to 1,400 since 1917. The previous 20 years the average was 2,500 to 3,000 hours. In
1903 water was aveilable for 4,300 hours and in 1931 for only 36 hours. Piping was done
about 1,200 hours during 1932. The water supply was brought to & reservoir through three
ditches having a total length of S miles. A 3,80C~-foot pipe line of 30— to ll=inch pipe ran
frow the reservoir to the mine. The effective head was 160 feet. During high water 600 to
700 miner's inches were used. The mine operated as long as 400 inches were available. To-
ward the end of the season piping was carried on 3 or 4 hours per day. The mine was worked
one shift per day.

The crew consisted of 5 or 6 men, including Jourbert, who did the piping. When piping,
the pit crew tended the sluice box and piled boulders. At other times they picked up clay
streaks on bedrock and blasted the clay stratum es it dropped into the pit; they also broke
large boulders.

The sluice was 30 inches wide and 3,500 feet long. This length was necessary to reach
& place for depositing the tailing. The grade was only 3 inches in 14 feet, which was con-
sidered by Jourbert to be the minimum practical one. The flat grade limited the size of
material that went through the boxes and required more water per yard of gravel handled.
RifZles were of 7~inch blocks; those made of Douglas fir lasted longer than those of other
native woods.

The gravel in the gold-bearing part of the bank is clay-bound. The rock must be washed
free of clay to make a satisfactory saving of the gold. After being cut the gravel was swept
back and forth across the pit to the head of the sluice box to break it up thoroughly and to
free the clay. The gravel was washed until the quartz pebbles showed white.

A no. 4 giant with a 4 l/2-inch nozzle was used for cutting. The nozzle was replaced
with one § inches {n diameter for sweeping. According to Jourbert, the larger nozzle is sore
offective for driving and the smaller one better for cutting.

A second giant was set up at the lower end of the pit. By-wash water cascaded over the
bank. '

The first 200 feet of boxes was cleaned twice during the season, and the whole sluice
was cleaned at the end of the season. As the sluice was cleaned it was repaired and worn
riffle blocks were replaced. It required 2 msonths for one man to do this work.

Quicksilver was put in the first 4 or 5 boxes and renewed once a month. Four to five
75-pound flasks were used sach season. One flask was put in at a time.

An average of 24 cubic yards per hour is handled during piping. The operating cost is
abéut 11.5 cents per cubic yard.

Reljef Hill.- The Relief Hill Mining Co. began operations near Comptonville in the
sutuan of 1531 and worked 4 months in 1932 before the water supply failed. An old mine was
being rejuvenated; the gravel was 200 feet thick. About 500 miner's inches of water was used
during the season. A total of 1,000 inches will be used when the mine is fully reopened.
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The old pit was oleaned and virgin gravel reached in 1932 just as the water played out.
Tailings were impounded behind dams in a dry canyon. The ditch line is 7 miles long. The
pipe line is 14 to 22 inches in diameter, and the effective head is 210 feet. The sluice.
boxes are 48 inches wide; riffles are wooden blocks. A duty of 3 cubic yards per 24 hours
per miner's inch {s expected. A crev of 15 men worked 120 days in 1932.

_Lanvon Creek.- The United Placers, Ltd., was operating the Canyon Creek placers near
Weaverville during the 1932 season. Four men were eaployed on each of 3 shifts per day.
Two glants were in use in the pit. No operating data are available.

North Fork.= The North Fork placers on Trinity River at Felena were worked under a
leasehold during the 1932 season by F. M. Reynolds, W. 0. Kunman, and E. C. Mathews. A
fourth man was employed. The amine was operated two S9-hour shifts with two men on a shift.
The gravel deposit consisted of an old chanmel cutting through a ridge. The lower 15 feet
of gravel was very tight and partly cemented. It was broken down by first cutting the bed-
rock from underneath it. After being broken dewn considerable piping was necessary to dis-
integrate the cemented fragments. The top gravel washed easily. )

Yater was brought to the mine froa two sources in different flume lines. The lower
flume exptied into a reservoir which supplied a giant with a S-inch nozzle for about 5 hours'
piping a day. A pipe 1ine to the upper flume supplied one giant with a 7-inch nozzle stead-
i1y. Two bad breaks in the flumes during the season materially increased the cost per cubic
yard washed. As the water supply decreased the diameters of the nozzles were reduced fros
7 to 6 inches and finally to S inches.

Two sluices, consisting of ceven 12-foot boxes 48 inches wide were used. One sluice
emptied out of one eand of the pit through a bedrock cut varying up to 30 feet in depth; the
other box went out the opposite end. The riffles consisted of heavy rails placed crosswise
in the boxes on top of 4- by 4~inch timber. An undercurrent was used at the end of the sluice
that carried away most of the material. The undercurrent table was 12 by 20 feet and was
decized with the type of Hungarian riffles used on dredges. Between 800 and 1,000 cubic yards
was handled in 18 hours with a full head of water. The average daily yardage handled for
the season was 770 cubic yards. As shown in table 12 150,000 cubic yards was washed during
the season (Dec. 15 to June 30). The laber cost was 3 cenis per cubic yard; supplies were
estimated at 1 1/2 cents, making a total operating cost of 4 1/2 cents. The lessees had no
supervision or general costs. The indicated costs do not include depreciation, interest on
investment, or amortizatioa.

Salver.- The Salyer Consolidated Mines Co. began operations near Salyer in 1931. %
Hydraulic operations were started in January and continued for about 3 months under diffi-
culties on account of the unprecedented drought. The water was used largely for opening up
pits preparatory to mining and running cuts for sluiceways. A total of 262,000 cubic yards
was moved at a cost of 10.59 cents per cubic yard.

Hydraulicking began on February 10, 1932 and oontinued until May 22; 718,900 cubic yards
of material were moved. The work was done in one pit near the river. About 40 feet of "blue”
gravel overlain by 60 feet of recent gravels and clays was washed. The overburden was easy
to mine, but the gravel was more difficult to cut, contained a large proportion of boulders,
and had a clay capping.

Water was breught to the pit from Campbell Creek across the river through a series of
flumes, ditches, and siphons costing about $300,000. The water system was capable of carry-
ing 5,000 miner's inches of water. Two 16~inch pipe lines having a combined capacity of 2,-
800 miner's inches led to the pit from the main siphon under a head of 350 feet. Two giaats
were used 2ost of the season with nozzles ranging from 5 to 8 inches, depending upon the

25 Information supplied by D. E. Carleton, msuager, Saiyer Consalidated Mines Co., Salyer. Calif.
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quantity of water available which varied from time to time. The water system contained no
reservoirs; this handicapped operation at the end of the season when the supply fell below
1,500 inches which was considered about the minisum requiresent for the sluice ia use at the
property. The water duty was 4.33 cubic yards per miner's inch.

The sluice was 60 inches wide by S0 inches deep, 350 feet long, and set on a grade of
8 inches in 12 feet. Riffles comsisted of 18-inch square wooden blocks 12 inches long. The
length of the sluice vas considered insufficient for the efficient recovery of the type of
gold prevalent at Salyer. The wooden rifles were not satisfactory, as the large voluse of
material which moved rapidly due to the fast grade wore the blocks quickly and necessitated
frequent renerals. Steel rails were to be installed.

Undercurrents and settling tanks were installed below the main sluice where about half
the water and a large proportion of the fine material was taken from the boxes through e
grizzli and run over ssall riffles on & 12- by 34-inch table and sixteen 4- by 12-foot boxes.
About SO percent of the gold recovered was saved in the main sluice and 10 percent on the
undercurrent. Quicksilver was used in the main sluice and on the undercurreats.

Boulders in the pit were handled with a crane on a tractor. The mine operated 97 days
with an average crew of 15 men. The daily yardage handled was 7,400 and the yardage per
man-shift 500 while hydraulicking. Some preliminary Zitting up was necessary, and the sluice
was cleaned up after piping ceased. The direct miaing cost was 2.63 cents per cubic yard.
This figure included depreciation of machinery and mining equipmeat but not of the main water
supply or otker permanent installations. It did not include depletion of mine property nor
general acdministrative expenses.

Qregen

Norton & Nelson.- Norton and Nelson operated a placer on Galice Creek near Galice during
the 1932 season. The gravel averaged about 12 feet in depth and contained nearly 20 percent
of toulders over 1 foot in diameter and very little clay. Bedrock consisted of slate of
modium Lardness; it was rough and had a grade of one half inch to the foot.

fater was brought through a 1 1/2-mile ditch, S00 feet of flume, and 300 feet of 15-inch
pipe. The effective head was S0 feet. The maximua supply was 1,000 aminer's inches and the
average 600; & minimum of SO0 inclLes was required to operate the mine. During the 1932 sea-
son the gravel vas cut with & no. 2 giant with a 3-inch nozzle and driven by & no. 2 giant
with a 4-inch nozzle. Only one giant was used at a time. MNost of the water supply was used
as a bywash. The sluice boxes were 20 inches wide, 20 inches deep, and 10 feet:loag. Ten
boxes were used; the grade was 3/4 inch to the foot. Hungarian and pole riffles vere ea-
ployed. Boulders were handled with a 2-drum gasoline hoist.

The washing season in 1932 was 150 days; 12,000 cubic yards was washed. Two men operat-
od the mine, and an average of 80 cubic yards was .wvashed per day. The labor cost at $4 per
shift would be 10 cents per cubic yard; supplies would aaount to sbout 2 ceats per yard,
making a total operating cost of approximately 12 cents.

Salmon Creek.-~ An innovation in placer mining was being tried im July 1932 at the

. Salmon Creek mine near Baker by John M. Starr. The boulders wers removed from the pit by a

gasoline—driven shovel with a 1/2-cubic-yard dipper. The gravel contained a large proportioa
of boulders and clay which made it hard to cut and wash. Insufficient water was available
to wash enough gravel per shift to make the @mine pay unless other meaas of handling the boul-
ders were provided.

A no. 2 giant with a 2 1/4-inch nozzle under a 150-f0ot head was used for cutting the
gravel. Wash vater coming over the bank assisted the water from the giant to transport the
gravel to and through the sluice. As boulders were uncovered with the giant they were pickea
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up in the dipper and cast to one side by the power shovel. When not otherwise occupied, the
shovel vas used in loosening the gravel. The pover stovel had the ordinary type of dipper
tut xas to be converted to a dragline with a claashell or orange-peel bucket which would work
to better advantage.

One foot of gravel, which contained most of the gold, was left on the bedrock and at
the end of a month's run was taken up and washed separately. The boxes were 26 inches wide
and tad & grade of 1 1/4 inches to the foot for 80 feet, then a grade of 1 inch to the foot
for 100 feet. :

Riffles in tLe first 20 feet of boxes were iron rails placed lengthwise in the boxes.
The next 60 feet were 4-inch pole riffles also set lengthwise. The function of the first 80
feet of riffles was to Lelp break up the c¢lay inm the gravel. The lower 100 feet were MHun-
garian riffles made of 1 1/4~ by l-inch wooden cross strips iroo-clad on top; the spacing was
1 1/2 incLes between riffles.

The operating crew consisted of 1 piper, 1 shovel operator, 2 sluice tenders on each of
txo shifts, and a superintendent on day shift. During each shift one of the sluice tenders was
detailed to keep small boulders moving down and out of the boxes. About 130 cubic yards was
wasted each stift. The gasoline consumption on the shovel was 12 1/2 gallons per shift.
Xith lator st $4 per shift the labor cost per cubic yard would be 12 cents; at 20 cents per
gallon the gasoline cost would be 2 cents per cubic yard; other supplies and repairs would
cost an additional 3 cents and supervision 3 cents, making a total cperating cost of 20 cents
per cubic yard. This does not include rental on the shovel, interest, or amortization of
tLe plant.

Blue Channel.~ The Blue Channel mine on Coyote Creek near Wolf Creek was operated in
1932 by M. C. Davis. The deposit consisted of recent river gravels overlying am old blue
channel. The ctamnel, which contained most of the gold, was in a depressicn in the bedrock
of tLe present stream bed; it consisted of cemented gravel, had a maximua depth of 10 feet,
and was atout 30 feet wide.

Kater was brought to the mine under a 360-foot head through a 4-mile ditch and 1,100
fost of 32~ to 18-inch pipe. A 4 1/2-inch nozzle was used for cutting, and S-inch nozzles
xeore used on thLe zgants for sweeping tke gravel to the sluice. A giant with a S5-inch nozzle
vas used also for stacking the tailings. Two giants were used at one time. Figure 11,B,
sLoxs tlLe set-up of giants for working the mine.

Ti.e top gravel was first piped off, then the channel was worked by first blasting a
trench lengthwise in the middle of a section of the channel. After one line of holes was
blasted and tlLe broken gravel piped qut, a second row in the bottom of the trench was drilled
and stot. The remaining gravel of the section was then plowed up with the giant, breaking
to the trench made by blasting. The cemented gravel was disintegrated while being swept to
the sluices. Tre sluice boxes were 36 inches wide and had a total length of 80 feet. A
plank fence 12 feet Ligh guiled tlLe gravel to the sluice at the end of the pit. (See fig.
11,B.) Cross riffles made of 2- by 4-inch timber, clad on top by 7/16~inch strap iron and
spaced 2 1/2 inches apart, were used.

TrLe operating crew consisted of J men, 2 in the pit and 1 at the reservoir. The reser~
voir Leld enough vater for piping with two giants for 3 hours. The average piping time for
tvo giants was 5 Lours per day during the season, while at the end of the season only one giaat
could be used for 2 1/2 Lours of piping. The crew worked on boulders while the reservoir
vas teing refilled. The yardage handled and the days worked were not available.

Mcntana

Ceep Creek.- L. E. Frank operated a new placer property on Deep Creek near Lozeau duriag
tlLe 1932 seascn. No other placer work had ever been done on Deep Creek or in the immediate
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vicinity. The gravel was tight in spots and contained sbout 15 percent of boulders. A pit
125 feet long, 30 feet wide, and averaging 1S5 feet deep had been washed from May 25 to July
9. A reservoir was formed by a board-and-log daa built across the creek bed. As the reser~
voir filled the gate vas opened by hand. The water ran for 20 sinutes, and the reservoir was
refilled in 30 minutes. Water was conveyed to the pit through a 1,000-foot line of 10~ and
8~inch pipe. The tead was 135 feet. A no. 2 giant with a 3-inch nozzle was used for piping.
About Lalf of the available water was used through the giant and half as a bywash. Between
piping periods the men removed boulders and put in boxes. The large boulders were left in
tLe pit, and the bedrock was cleaned up arocund thesm. iy

Boxes were 20 inchkes wide; the grade was from 9 to 18 inches per 12 feet of box. Rif-
fles were 3- to 4-inch poles in 6-foot sections, placed longitudinally iz the boxes. Twe
boxes near the end of the sluice had wooden Hungarian riffles, but they were wearing out
rapidly and were to be replaced with poles.

The crew consisted of 5 wen -~ 1 piper, 3 men working on boulders and boxes, and 1
attendant at the dam. An average of 57 cubic yards per day was washed in July, or 11 cubic
yards per man-shift. Fages were $4.50 per day, which made the labor cost 41 cents per cubic
yard of gravel: supplies cost about 1 cent, making a total operating cost of 42 cents per
cubic yard. Most of the workers were inexperienced; with experienced miners the labor cost
should be less than kalf as much.

Yellowstone Cold.~ The Yellowstone Cold Mining Co. had been operating on Emigrant Creek
near Emigrant during the last 4 seasons (1929-32). The work consisted in running a cut and
a pit to reach bedrock; the objective, however, had not been attained. A combination of
hydraulicking and ground-sluicing methods was used. The cut was 500 feet long; 264 feet was
timbered with tunnel sets, and boulders were piled on top and st the sides. The sluice ran
through the tunnel. Cravel alongside the creek and in & bar 100 feet high was worked. The
ground was easy to wash but had about 10 percent of boulders. Water taken directly fros the
oreek was brought to the pit through 1,000 feet of 20-inch, 500 feet of l4~inch, 500 feet of
12-inch, and 400 feet of 10-inch pipe under a head of 175 feet. Piping was done with s no.
2 giant with a 4-inch nozzle. About one fourth of the time was used for cutting and three
fourtks for sweeping. Plenty of water was available, and all the bywash that could cop-
veniently be used was run through trhe pit. The sluice usually was run full of water.

Boulders were handled by a derrick, vhich was run by & tractor engine. The hoist was
attacted to the froat of the tractor. A 3-tonm load could be raised.

Sluice boxes were 23 imches wide, 24 inches high, and 500 feet long, with a grade of ¢
inctes to 12 feet. Angle—-iron riffles were used in the first 200 feet. These vere 2 iaches
wide, 1 1/2 inches deep, and 1/4 inch thick, spaced 3/4 inch apart. The last 300 feet of
sluice contained no riffles: the bottom of this section was protected with 2-inch plank that
had to be replaced every 2 months.

Tre working seasons tegan about April 15 and extended into December when the water
started to freeze. On July 12, 1932, the pit was sbout 150 feet long and 75 feet wide with
8 50-foot face along one sice. The first 2 weeks of the season three men wers employed ina
repairing the tunnel and extending the sluicewvay. One box per day was added during the
first week of washing. Two men on esach of two shifts worked most of the season. When a
large quantity of boulders had been uncovered the full crew came out on day shift. One san

handled tre glant, and the other three worked on the boulders. The mine was worked on a

fifty-fifty basis; the men and company each got half of the gold recovered. The company
furnished all timber and other supplies. Timber cost $20 per M &t Emigrant in 1932; other
years it had cost $25 per M. At the current wage of $3.50 per shift the labor cost would
be 11 cents per cublc yard; supplies cost about 2 cents, making a total operating cost of 13
cents. per cubic yard.
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yirginia‘City.- The Virginia City Miming Co. began working a 30-foot gravel bar at the
head of Alder Gulch above Virginia City im 1932. Az average of about §$0 miner's inches of
vater was brought uander a 65-focot head through 200 feet of 15-ianch pipe fres & side draw;
in addition, about 15 ianches came down the main gulch during the working season. A sasll
reservoir tad been constructed at the head of the pipe line. Cutting was done by means of s
2 1/2-inch nozzle on a 4=inch rubber firehose. A 2 1/2-inch hose with a | 1/4-inch nozzle
connected to the pipe line was laid flat in the sluice for washing the gravel through the
toxes. Insufficient water was available to supply full pressure at the nozzles all the time;
the large nozzlé was closed part of the time to let the pipe and reservoir fill. The gravel
sas broken down very easily; most of the effort was expended in getting the gravel into 2nd
tkrough the boxes. Tke head of tko sluice line was kept very close to the bank being wasked.
Trere was considerable flat, angular rock in the gravel, which was extremely difficult to
move with the quantity of water available under the relatively szmall head. Fragments too
large to be moved by the water were loaded by hand into a l-ton mine car on & l6-inch gage
track and run to a dump; boulders too large to be loaded by hand were first bulldozed.

Tr.e sluice consisted of trelve 16-foot boxes 22 inches wide but with a false side which
reduced the width to 14 1/2 inches. The full width was used in the spring when more water
vas available. Riffles consisted of four 6~foot sections of poles, one 12-foot length of
16~-pound rails, and ten 4~-foot sections of Hungarian riffles. The Hungarian riffles were
made of 2- by 4-inch lumber beveled to give a pitch downstreaz and capped with l/4-inch steel
which extended about an inch over the wood on the downstream side. To July S an average of
140 cubic yards had been washed per day. Four men, including & workiag foreman, were oo~
ployed on day shift and three on esach of the other two shifts. A superinteadent was also on
the job. ‘

Labor cost about 25 cents per cubic yard, supplies 2 cents, and supervision 10 cents,
making a total operating cost of 37 centis per cubic yard.

- Henderson.-~ The Henderson Mining Co. washed ocut two pits on a bar on Gold Creek during
1932. The second pit was worked after the water got low. The thickness of the gravel at
no. 1 pit vas 45 feet and that at no. 2 pit 15 feet. The gravel in no. 1 pit had a relative-
1y kigh perceatage of large boulders; this was reflected in the operating cost.

Fater was brought to no. 1 pit through a ditch asd an 18~inch pipe line froam a reservoir
trat neld about 1 acre—=foot. The head was 270 feet. Two hours were used each shift for
cutting and sveeping with a giant blving a S~-inch nozzle; the remaining time was required to
remove the boulders. Altkough more water was available during most of the run, two hours of
piping uncovered as many boulders as could be handled during the shift. Boulders were hand-
led by means of a power=driven derrick.

TLe sluice boxes were 22 inches wide and 24 inches deep, set at a grade of 8 inches in
12 feet. The riffles consisted of cast-irom bars 1 1/2 by 3 inches by 4 feet long set cn
3~ by 4~inch timber. The iron was fastened to the timber through lugs cgst as & part of ihe
riffle. The riffles were placed leagtihwise, four to a box, with 8 2-inch spacing. These
same riffles were used crosswise in 48-inch boxes in early days of mining on Cold Creek.

The derrick had a 46-foot mast and a 46~{oot boom, both made of 16~inch round timber.
Tte lifting capacity was 6 tons., It was run by a 4-cylinder asutomobile engine belt-connected
from a S~inch pulley on the cluteh to a 24-inch pulley, then to a double-geared l2-inch druas
18 incres long. Flexible wire rope five eighths inch in diameter was used for the workiag
cable and guy wires. The drus was fitted with a hand brake.

Three men worked on day shift and two on night shift. About 9,000 cubic yardsz was
wvasted in 45 working days. If e time for setting the boxes and cleaning up is included
tr.e lakor cost was about 10 cents and supplies 2 cents, making a total of 12 cents per cubic
yard.
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Aftor no. 1 pit was finisred the gravel in no. 2 pit was vashed with a 80. 2 giant with
a 2-inch nozzle, using an 80-foot head of water. Enough water wss available for piping two
2-lLour periods each shift. A 2-inch nozzle was used for cutting and & 4=inch nezzle for
swoeping. Cutting was done for about 15 minutes eech period, and the remainiag time was used
for sweeping. The gravel contained a relatively small quantity of boulders but considerable
clay. Ttirty-five hundred cuble iards was waszed in 1l days. The same crev worked in both
pits. A total of 53 shifts was worked at no. 2 pit, making & labor cost of 6 cents per cubic
yard. If supplies cost the same as in the first pit, the total operating cost would be 8
cents., Alt'ough only sbout ome seventh 8s much water was available and used in no. 2 as in
no. 1 pit tre labor cost was 6 cents in the former as against 10 cents in the latter. This
difference in cost was due to the larger size and higher perceatage of boulders in the gravel
of pit neo. 1.

Wisconsin Gulch.~ The Wisconsin Placer Gold Corporation started opesrations at the mouth
of Kisconsin Gulch near Sheridan in May 1932 and operated until July 6 when the water failed.
Tte deposit lay in the bottom of the canyon where it joined the valley and consisted of a
mass of hard boulders interspersed through the gravel. About 20 perceat of the material was
over 12 inches ip diameter. A long cut starting in the valley was necessary to reach bed-
rock. ¥Kater from Fisconsin Gulch was conveyed to the 2ine in 8 I/4-mile ditch and through a
2,70C~foot pipe line. The diameter of the pipe at the intake was 46 inctes and at a header
box near the pit 24 inches, Froa the header box two ll-inch lines 400 feet long entered the
pit. The head on the water at the pit was 220 feet. During the early run-off there was
about 4,0C0 miner's inches of water; tke average was about 2,800 inches. Opsrations con-
tinued as long as 1,600 inches was aveailable.

A Bo., 4 giant with a S-inck nozzle was used for cutting and another no. 4 glant with a
6~-inch nozzle for driving during most of the season. As the water got lov 4-inch nozzles
were used on both giants. A large stream of by-wash water vas used. At the end of tlLe sea-
son & pit 150 feet long, 100 feet wide, and 27 feet deep had been washed.

The sluice boxes were 44 inches wide and 40 inches deep and set on a grade of 3 1/2
inctes in 12 feet. TLe sides and bottoms of the boxes were constructed of torngue-and-groove
Oregon fir costing $45 per M at the mine; 300 board feet of timber was required for each box.
The mpain sluice was 1,900 feet long with two S0C=foot wings at the discharge end. The
branches allowed a wider distributicn of the tailings and peraitted the addition of boxes
wittout shutting down tLe mine.

Forty-pound rails 30 feet long, set on €-inch centers, were used 8s riffles. The rails
rested on 4- by 6-inch cross-sills on 6~foot centers. The webs of the rails were far enough
apart to allow fine material to drop through to the bottom of the box. The rails vere set
lengthwise in the boxes to offer a minimum of resistarce to the coarse material handled.
The large strean of vater and the loagitudinal rails permitted washing 18- or 20-inch boul=-
ders through the sluice despite the relatively flat grade.

As the tailing piled up tke sluice was extended out into the valley. A crev of S men,
working on each of the two shifts per day, built and put ia the boxes.at the eads of the
sluice. As the tailing pile extends into the valley more space will be available and fewer
nev boxes will be necessary per season. Boulders too large to run through sluices were raised
Trom the pit by means of a gascline—driven derrick. The mast was 45 feet and the boom 50
feot long.

No quicksilver or undercurrents were used. The 2ain sluice was cleaned up by 9 aen
working 4 days at the end of the season. After the rails were raised by means of a block and
tackle the material beneath them was shoveled into a 12-inch box for separating the gold
froz the concentrate.
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The workings were lighted by one hundred 60-watt electric laaps. The pover was amade by
a direct-current generator direct-connected to a l16—inch Pelton wheel run by a l-inch nozzle
froo & 4-inch line from the main pipe line. The lighting plant was about 1,000 feet up the
creek from the pit, where a head of 180 feet was available.

Operations st the mine vere carried on through three 8-hour shifts. The crew consisted
o? 2 pipers and 2 sluice tencders on each srift and 5 men making and putting in boxss on each
of trvo shifts. Supervision was furnished by 1 man on day shift.

An average of 283 cubic yards was washed per day. 1If the 10 shifts each day speat in

extending the lower end of the sluice are disregarded the labor cost per cubic yard would be
17 cents. 1f the men extending the boxes are included the labor cost per cubic yard would
be 31 cents. The timber and other supplies cost about 3 1/2 cents and supervision 3 cents,
mal.ing 8 total operating cost of 37 1/2 cents. To this should be added the proportionate
stare of the cost of the main sluiceway, pipe lines, and ditches to give the total mining
cost. :
Steawinder.~ I. H. Gildersleeve and brothers operated the Stemwinder aine on Snowshoe
Culch, an upper branch of Cedar Creek above Superior, during the 1932 season. Ths gravel
consisted of a high bar with a 70=foot bank left by early miners. The washing seasocn was
st.ort, as only water fros melting snow was available. The water was collected in 3 ailes of
ditch and 3 small reservoirs and brought to the mine through a 10-inch pipe line. Enough
water was available for only tvo 1l- to 1 l/2-kour periods of piping on each of two shifts.
A no. 2 giant with a 3=inch nozzle, working under a 225-foot head, was used. A separate szall
stream of bywash water came down in Snowshoe Gulch. Washing began May 15 and stopped June
15. Sawing timber for boxes, cleaning up, and other work in connection with the operaticn
recuired 30 additional days. Tke crew consisted of € men. When washing, 3 worked on each
of two shifts. Between piping periods the crew rolled the boulders out of the pit by hand.
TLose too large to roll were first blasted. A S50-pound box of 40-percent-streagth gelatin
dynarite was used during the season. )

Ti.e top tiree fourtts of tke gravel bank was washed off during one season and the lower
ore fourth, whkich carried the greater part of the gold, the next. After the bottom gravel
left from tLe season before was mined the top was stripped for the next year's operation.
Tre d;sintegration of the lower gravel, by the freezing and thawing during the wianter, ma-
terially assisted in washing it. The bedrock was soft, and 2 to 3 feet was piped off in
cleaning up.

Tte sluice boxes were 24 inctes wide and 18 inches deep. The grade was 7 inches in 12
feet. The gravel contained a relatively large proportion of black sand, and some of the gold
was very fine. During the 1931 season a grade of 5 inches to the box was used. Gildersleeve
considered trat a (raao 0f 7 inches to tre hox was better than one of S inches with the
ctaracter of gravel handled and that a higher recovery of golo was obtained in 1932 than in
1931. .

Tre riffles consisted of 4-inch lodge-pole pine poles cut in 5 1/2-foot lengths and
nailed to l-inch crosspieces on both ends. The sections were easy to make and handle. Orne
s¢t of riffles for the entire length of sluice was worn out and a second set about one half
worn out during the 1932 seaszon of 30 days in which 12,000 cubic yards was washed. Quick-
silver was used in cleaning up the sluice hoxes, but nons was put in before,

The placer operators had their own sawmill For the 1932 season 6,000 board-feet of
tizber was sawed.

Trhe labor cost of mining was 7 cents per cubic yard. Supplies cost 2 cents more, makin;
a8 total of 9 cents per cubic yard. There was no supervision or general expense.

Diamond City.~ The Diamond City Mining Co. in 1932 was running a bedrock cut up o
federate Gulch near Townsend to open up a body ¢f gravel farther up the stream. The cut =
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about 1/2 mile long, 30 feet wide at the top., and 10 feet deep. A bench 15 feet vide on
which a power dragline operated vas maintained along one side of the cut.

A combination of ground-sluicing and hydraulicking was followed. Water for the giant
was brought under & 125-foot head from a side creek through & 4,50C-foot pipe line of which
1,680 feet was of 18-inch and the rezainder of ll-inch pipe. A no. 2 giant with a 2- or 3-
inch nozzle was used for cutting and one with a8 3= or 4-inch nozzle for driving. The water
for ground-sluicing was stered in a spall reservoir a short distance up the creek from the
pit. The gate was opened by hand when the reservoir was full.

The boulders were resoved from the cut by means of &8 full-revelving, caterpillar-tread,
150=kp., gasoline-povered dragline with an orange-peel bucket 15 cubic feet in capacity; the
boon was 42 feet long. One man working a few Lours daily easily handled all the boulders
uncovered. The bucket could lift boulcers from 40 feet below the bench. It could pick up a
S-ton boulder, and by using chains a 7-ton boulder could be removed. The dragline alsc was
used for unloading made—-up boxes from a truck on the road above and setting them in the cut
below. It was very efficient, and the ease of handling boulders reduced the total cost of
running the pit an sppreciable degree. About 10 gallonms of gasoline was used for 8 hours
runting time.

Each box was placed as soon as room was made for it, after first cleaning up that por-
tion of the cut. One box was placed per day while washing. The boxes were 32 inches wide
and 3€ inches deep. Two 2- by l6-inch boards were used for the bottom and three l- by l2-
inch boards for the sides of the sluice. The l-inch lumber cost $28 per M and the two 16-
inch boards in the bottom cost $35 per M. The riffles consisted of poles 5 to 6 inches in
diameter placed lengthwise in the boxes. They were made in sections € to 8 feet long. A
2-inch plank was najiled across the ends of the poles of each section.

A crew consisted of J men on day shift and 2 on night. The maximum handled daily during
a8 week was 400 cubic yards; the average for the season up to July 13 was about 350 cubic
yards per cday. Labor was paid $2.50 per day and board, making a total of $3.50. The labor
cost, tren, was about 5 cents per cubic yard. The cost of supplies was about 2 cents and
that of supervision 3 cents, making a total operating cost of 10 cents.

Superior.- The Superior mine is in a small basin at the head of Cedar Creek near Su-
perior. It is alongside of an old dredge pond (see fig. 11,C); it was worked by a combina-
tion of hydraulicking and ground sluicing. The dredge tailings were well compacted and stood
at a steep angle. The gravel contained a large percentage of boulders and black sand. A
5,000~-foot bedrock cut in which tre sluice was set had been run to the pit. The grade of
the sluice was 2 3/4 inches in 12 feet. The bedrock was flat, and a minimus grade was used
in tre sluiceway.

A no. 2 giant with a 2 1/2<inch nozzle operating under a 90-foot head was used for cut-
ting, sweeping, and cleaning up bedrock. A relatively large quantity of bywash water was
used; a part of the bywash was used for tooming. Each booz lasted 15 minutes and two occur-
red per rour. Figure 11,C shows the pit which had been washed during the 1931 and 1932 sea~
sons. The cut being boomed out near the read of the sluices was for prospecting purposes.
Work 2t tre mine usually began about April 1 and lasted to about August 1.

The sluice boxes were 48 inches wide and 60 inches high. The riffles were square woodesn
blocks of random size, 7 inches thick. The whole length of the sluice was lined with blocks.
A set of blocks laated two seasons or for about 140,000 cubic yards. Three seasons were re—
quired to ground-sluice out the cut for tre sluice and put in the boxes. AltLough the large
quantity of bywash water used compensated partly for the flat grade the zaximum size of
boulders that could readily be run through the boxes was about 6 inches in diameter.

Boulders were handled on a stone bocat by a 60-kp. steam logging winch. The empty stone
boat was run back into the pit on an overhead line. Two smaller donkey engines were used for
dragging boulders to one side in the pit whence they were removed later by tke large winch.
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A regular crevw consisted of 8 aen, 6 on day and 2 oa night shift. A piper and a sluice
tender worked on each shift. During the day shift the other 4 men used the boos water, re—
soved the boulders, and did other necessary work in the pit. A superintendent also was en-
ployed. Althouga the mine was classed as hydraulic probably mors gravel was removed by
ground sluicing traa by piping. :

An average of about S60 cubic yards was washed daily. With labor at $3.50 per day the
labor cost per cubic yard for the men working in the pit would be S ceats a cubic yard.
.Supervision, supplies, and general expense amounted to about 7 cenis per cubic yard, saking
a total operating cost of 12 cents. To the operating cost should be added interest, amorti-
zation, and a prorated cost of the mile—long bedrock cut and sluice box to give 3 total cost
of washing the gravel.

Idahe

Hogkensmith.- Ctarles J. Goff and brother bad been operating the Hockensmith placer at
Leesburg since 19172° The gravel ranged from 1 to 20 feet thick, the average being 12 feet.
Kater was brought to the mine through two ditch lines, 3 and 2 miles long, respectively. The
ditctes were 30 inches wide and 24 inches deep. The total capacity was 500 miner's inches;
tLe average flowv was 150 inches. The head at the mine from one ditch was 75 feet and froa
the other 150 feet. Piping in 1932 was dome with a no. 1 giant using a3 1 3/4=- or 2-inch
nozzle, By-wash vater was used for booming. The reservoir had an automatic gate which open-
od when tke reservoir filled. Boxes were 18 inches wide and 18 inches deep and had a ;ragc
of 4 1/2 to 8 inches per 12 feet of box. Pole riffles made up in J0=inch sections were used.
Grass roots were used under some of the riffles to catch fine gold. Quicksilver was not used
in the boxes. Boulders were piled by hdnd on cleared bedrock. Beginning at the giant, bed-
Togk was cleaned up by piping s layer of bedrock into the sluice.

Two men, the owners, worked one shift per day. The season lasted about 125 days, aad
about 10,000 cubic yards of gravel was washed. At $3.50 per day the labor cost would be 9
cents per cubic yard and the total operating cost about 10 cents.

Golden Ryle.~ The Golden Rule 3ine near Warren was operated by L. E Winkler and two
pertners during 1932. F¥ater for piping under a 200-foot head was conveyed to the pit Lhroug:
& 1,400-foot pipe line 18 to 9 inches in diameter. One giant with a 4=inch or a 3 1l/2-inch
nozzle vas used for cutting and driving. A pit 200 feet long and 60 to 100 feet wide was
wasked during the season. The head of the sluice was at the lower end of the pit. The
gravel and water were dirscted into the boxes by means of a fence built of posts and plank
placed across the Lead of the pit washed the previous year. At the finish of the run the
gravel from the upper end of the pit had to be swept 200 feet to the sluice. Although vater
was still available for piping the maximum distance vhich the gravel could economically be
driven Lad been reacted. (See fig. 11,Q.) All the bywash water needed was taken from the
creek. This water cascaded down over the upper face of the cut.

The boxes wers 30 inckes wide and were set on a grade of 9 inches in 12 feet. A grade
of 6 inchkes to the box was used formerly, but better results were obtained with the steeper
grace. Riffles in the first five boxes consisted of 2- by 6-inch timber 12 feet long, placed
lengikwise in the boxes, seven to & box. Pole riffles in 12-foot sections vere used in the
lover end of the sluice. A set of pole riffles lasted about 10 days. Most of the boulders
too large to be piped vere broken by blasting snd then run through the sluice. Stumps vere
also blasted. A total of 250 pounds of explosives was used during the 1932 season.

Kost of the gold was caught in the first two voxes. Quicksilver was used in the sluicse.
After the bedrock was piped off at the end of the run, a string of l2-inch boxes was set i:a
the pit and tke bedrock cleaned.

28 laformation supplied by Charles J. Goff.
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A total of 63 days of one l2-hour shift each was worked by three men. This included
setting the boxes for the run and cleaning up. An average of 110 cubic yards was washed
daily.

The labor cost, allowing $3.50 per shift, was 9 1/2 cents per cubic yard. The explo-
sives cost $125 or nearly 2 cents per cubi¢ yard. Other supplies cost about 1 cent per cubic
yard, making a total operating costi of 12 1/2 cents. No overhead or incidental ccsts were
incurred. The pipe line was built some years ago of salvaged material, and an old ditch was
utilized. The operating cost in this instance can be considered as the total cost, except
for depreciation of the value of the mine.

Golorado

Fortune.~ Fortune Tarryall Gold Placers Co. began operations in July 1932 at old work-
ings on Tarryall Creek, above Como. The placer was last worked about 20 years ago. The
depcsit consisted of an old channel constituting a bench along the present course of the
stream. Bedrock consisted of sandstone and was easy to clean. There were very few boulders
and none trat three men could not roll out of the way. Any boulders under 18 inchres in
Giameter went -through the sluice. A 40-foot face of gravel was to be worked.

Tater was brought to the pit through a 2,70C-foot line of 24~ to l2-inch pipe under o
read of 200 feet. Washing was done with a no. 2 giant using a I- or 4-inch nozzle. Boxes
were 12 feet long, 26 inches wide, and 30 inches high, with a grade of 8 inches to the box.
Riffles consisted of 16-pound rails 12 feet long; two sections of three rails each were
placed side by side in a box. Spacers were used every 2 feet between the rails; thre spacers
of each section came Lhalf-way between those of the adjoining section. The rails rested on
2- by 4-inch timber placed crosswise in the boxes. Hooks were provided on the sides of the
boxes for hanging up the riffle sections whep cleaning up. Coco matting, over which l-inch
wire screen cloth was placed, was used on the bottoms of the toxes under the 2- by 4-inch
supports for the rails.

The crew consisted of three men on each of two shifts and a superintendent. Fages were
$3.50 for 10 rours. During the first part of the work 1,100 cubic yards was washed in 2 1/2
days. The indicated labor cost would therefore be 5 cents per cubic yard. Current supplies
would cost about 2 cents and supervision 1 1/2 cents, making a total operating cost of 8 1/2
cents per cubic yard.

Podman and Weston.— A S0-foot gravel bench was being mined in July 1932 by Dodman and
Weston on the Blue River below Breckenridge by a combination of hydraulicking and ground-
sluicing mettods. The gravel was broken down easily and contained few large boulders. The
ground-sluice water poured over the bank and cut down the upper part of the face. The bottem
of the gravel bank was cut with a hydraulic giant using a IZ-inch nozzle. The water for the
giant came from a ditch at the top of the bank and was under about a 4C-foot head. The giant
ras used alsc for washing the gravel free of clay. The gravel could be washed to the sluice
boxes faster than it could run through. After a run of a few hours the boxes would ¢log and

have to be cleaned out by hand. ThLe boxes were 18 inches wide, 12 inches high, and 32 feet

long. The sluice was at right angles to the river and cut through a high rim of bedrock.
The tailings discharged into the river about 5 feet above the water level. The riffles were
gade of 2- by 4-inch lumber, clad on top with steel. They were made in sections 4 feet long
with 2= by 4-inch lumber laid alternately lengthwise and crosswise in the boxes.

As ground-sluice water did most of the work the method used could be classified properly
as a ground-sluicing one. However, as a giant was used it is considered with the hydraulic
zines.
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Tce crew consisted of two men on one shift. Up to July 18 about 8,500 cubic yards had
been washed. A total of 164 shifts, including 32 on preparatory work, had been worked. The
labor cost was 7 cents per cubic yard; supplies cost 1 cent, making a total of 8 cents. Dis-
regardaing preparatory work, which should be cnarged against the gravel washed up to July 18,
k9 labor cost would be § cents per cubic yard.

Nevada

Round Moupntain.- The mine of the Nevada Porphyry Gold Mines, Inc.,?? ia the Round Mount-
ain district, Nye County, had been operating since 1914, The gravel raaged from 8 few feet
to SO feet in depth. It contained 15 %o 20 percent of angular boulders. The bedrock was
uneven, and considerable gold was reclaimed froam crevices.

Rater was brought to the sine by pipe lines froa several creeks. The line from Jetts
Canyon, wiich was the first to be built, had 3 total leagth of 45,300 feet. The first sec-
tion, 14,C00 feet long, consisted of riveted pipe ranging from 30 to 15 inches in diameter.
The second section, 28,000 feet long, was an inverted siphon across a valley and consisted
of welded pipe 1/4 to 5§5/16 inch thick. The floor of the valley was 1,142 feet below the in-
take of the siphon, hence the maximum static head was 435 pounds to the square inch. The
third secticn consisted of 3,300 feet of riveted pipe 15 inches in diameter. Slip joints
were used on 7,500 feet of the riveted pipe where the pressure was light; bolted forged-steel
couplings were used on the remainder. The difference in elevation between the inlet of the
pipe and the placer pits was 650 feet. The entire line was laid in a treanch 4 feet deep to
prevent freezing. The cost of the lipe was $150,000. In 1921 a daam was built to provide a
reservoir about 1 aile from the workings in which water from the Jetts Canyon and Jeffersecn
Canyon lines was impounded. This water permitted one giant to be cperated 7 hours per day
during periods of low water. The head from this dam was 350 feet. An average of about 400
miner's inches was available at the aine.

Tre sluice used from 1921 to 1932 was 3 feet wide by 3 feet high and 5,000 feet long,
with a grade of 4 inches to 12 feet. It was branched at the lower end to pormit placing
boxes while the mine was in operation. Riffles were 3- by 4-inch crossties placed in tke
boxes at intervals of 4 to 6 feet over which were laid 7 parallel lines of 25-pound rails
The rails were set in wooden blocks which were even with the top of the rails. The rails
vere placed with the web down in the first 3,500 feet of the sluice and inverted in the
lover 1,500 feet. It was considered that the inverted rails offer less resistance to the
flox of material through the sluice.

Tiie rails in the midile of the box were worn more rapidly than those at the side. The
center rails showed appreciable wear after acout 150,000 cubic yards of material had passed
through the sluice. They were then moved to the outside and the outer rails placed in the
center.

Piping was done with 2 small or 1 large giant in 1 of 2 pits. One pit was worked while
the oiher was cleaned up. The giants were set at an angle to the bank to permit using the
full force 0f the stream to sveep the angular rocks to the head of the sluice. Care was
exsrcised (0 bring dosn the soil and other fine material at such a rate that on mixing with
the rocks a maxinum of the coarse material could be swepi to the sluice.

Bouldars were removed from the pit by twe methods. In the first they were loaded on
flat-tcpped cars running on 3C-inch gage tracks inm the pit, then puiled up a trestle by a
hoist and dumped automatically. In the second method the boulders were raised from *he pit

27 Saita, A, M., and Vaaderburg, W. C.. Placer Mining in Nevada Univ. of Nevada Bull.. vel. 26, no. 3, Dec 15.
1932, pp. TO=79.
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by a derrick. The derrick mast was set at a slight angle from the vertical so that the
boos swung autcmatically out of the pit. Boulders tco large to handle wers block holed with
a jackhazmer and blasted.

A part of the gravel deposit was cemented and required blasting before it could be
piped. Five~inch holes were drilled to bedrock about SO feet apart and 25 feet frop the edge
of the bank by a Star drilling rig. One blast consisted of 4 holes vikh an average depth
of 46 feet. Each hole was sprung with 15 pounds of gelatin dynamite, then shot with 175
pcunds of Judsen powder. This locsened thoroughly about 12,000 cubic yards of gravel. The
total cost of drilling the holes and blasting was $582, or about 4.8 cents per cubic yard of
gravel. o

Quicksilver was added to the sluices as required. The upper 200 feet of the sluice was
cleaned up semimzonthly. The rails sere removed, and while @ small streaa of water was run-
ning down the sluice the riffles, blocking, and lining boards were taken out and scrubbed
with brocms to remove any gold or amalgam adhering to them. Additional quicksilver was added
and the stream of water increased. As the material moved slowly down the sluice the coarse
saterial was thrown out with an S-tined fork. The gold and amalgaz lagged behind the lighter
material and were scooped up and placed in buckets. They were ground in & clean-up pan to
separate the gold from quartz and other associated gangue minerals.

At the end of the season all the rails in the sluice were removed and several hundred
feet of tite upper part of the sluice cleaned up in the usuzl manner. The concentrate in the
remaining part of the sluice which contained about $60 of gold per ton, was allowed to Jry.
tl.en hauled to a quartz m2ill and treated in the same manner as ore.

After the bedrock had been swept by the giant it was allowed to dry and cleaned by hLand.
Speciaily comstructed hand iools and whiskbrocms were used for removing éold from the cre-~
vices.

During one year when 128,000 cubic yards of gravel was washed, 73 percent of the gold
was recovered in tie semimonthly clean-ups of the upper 200 feet of the sluice, 1l percent
frem bedrock, S percent from the final clean-up of the section of sluice below the place
wrere the semimonthly clean~ups were made, and 7 percent from the material milled. About
15 percent ol the total operating cost was for cleaning up bedrock.

About 20 men were empioyed during the 1932 season. The quantity of gravel washed daily
depended upon the proportion of boulders aad cemented gravel handled. It ranged from 32 to
110 cubic yards per hour. No recent operating costs are available.

Mines with Ruble elevators

Caljfornia

Redding Creek.- Placer operations on Redding Creek near Douglas City were begun in the
spring of 1532; 56,600 cubic yards of gravel was washed by the time the water supply failed.
Tre gravel bed, which was 9 feet deep and 120 feet wide, lay in a creek bottom. The fall
of the creek was so slight (one tenth inch to the foot) that enough grade could not be ob-
tained for sluice boxes. A Ruble elevator was used for elevating the gravel and boulders
and sorting out everything over 2 inches in diameter.

Water uncer a 3CO0-foot read was brought to the pit through a 24-inch pipe 3,000 feet
long. Tre Y's in tre pit were of 15~-inch pipe. The gravel was cut and swept to ncar th2
entrance of the Ruble by a giant with a 5- or 6-inch nozzle, then the material was washed up
tt.e Ruble by means of a second giant with a 5-inch nozzle. A third giant with a 3-inch
nozzle was used intermittently to level off the tailings piles.
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The Ruble was 8 feet wide by 60 feet long and elevated the oversize 25 feet. (See
£ig. 9.) It was lined with sheet steel. The grizzlies were of 3- by 6-inch timber set on
edge; the top edge was steel-clad. They were placed crosswise on 3- by 6-inch sills laid
lengthwise on the skeet-iron bottom of the chute. The plus 2-inch aaterial was washed up
through the elevator by the giant; the undersize dropped through the grizzly and ran down the
bottom of the chute to four 12-foot boxes, 48 inches wide, set at right angles to the ele-
vator. As the gravel was only 9 feet deep, the Ruble had to be moved three times during the
season. VWith 7 men and a caterpiller tractor a week was required to move the elevator to a
nev location. - A second elevator was planzed next season to allow continuous production.
Boulders were bulldozed; 2,000 pounds of 4C-percent-strength gelatin dynamite was used for
this purpose during the 1932 season.

An average of 540 cubic yards per day was washed during the 1932 season. The operating
cost of washing the gravel was 19 cents, of which three fourths was for labor. The cost did
not include ditch work (other than the ditch tender), comstruction costs, interest, depre-
cistion, or amortization.

Qreron

Browning.~ The MacIatosh brothers operated the Browning mine near Leland under a lease
during the 1932 season. The gravel deposit was along a small creek and averaged about 12
feet deep. Preparatory to mining, & 5,000-foot pipe line from the Columbia ditech was laid.
The pipe diameter ranged from 32 to 16 inches., This work took 90 days with an average crew
of 10 men. Further construction consisted of the erection of a Ruble elevator. Actual wash-
ing operations were carried on for 35 days. Ten days were required when water was available
to zake a new set-up of the elevator. Water was brought to the mine under a head of 300
feet. Four hundred feet of head was available, but the pressure was reduced 100 feet from
the top. The mine was equipped with one no. 4, two no. 3, and three no. 2 giants; 4 1/2-inch
nozzles were used on the cutting giant and the one at the Ruble elevator. A S-inch nozzle
was used for sweseping. The Ruble giant and one other were used at the same time. The Ruble
slevator was 6 feet wide and 36 feet long and elevated the oversize 14 feet. The grizzly
bars, which were set crosswise, consisted of 2- by 4-inch lumber clad on top with 1/2- by
2 1/2=inch strap iron. The spacing was three fourths inch. The gravel could be driven over
the Ruble as fast as one of the other giants could get it to the elevator. A tiamber dam was
built part way across the pit on either side of the Ruble to guide the gravel to the ele-
vator. The sluice boxes were 4 feet wide and 22 feet long and had a grade of 7 inches to 12
feet. Standard dredge-type Hungarian riffles 1 1/4 inches wide by 1 inch deep were used.

Figure 12,A, skows the set-~up of the giants as used for the final clean-up in the pit.
A total of 30,000 cubic yards was washed during the season. The average daily yardage was
667. The operating crew consisted of 6 men on two 12-hour shifts; 4 men worked on day shift
and 2 on night. At $5 per l2-hour shift the operating cost per cubic yard would bs 4 1l/2
cents. The supplies amounted %o another 1 1/2 cents, making & total operating cost of about

6 cents. The labor cost of putting in the pipe line amounted to 12 cents per cubic yard of
gravel moved during the season.

Mines with Hydraulic Elevators
Qregon

Llana de Oro.— The Llara de Oro mine (fig. 12,.8) was in a flat river valley near Waldo.
The deposit consisted of small-size gravel and clay overlain with soil. Apparently i
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coctained too much clay for sgccossrul dredging. The zine was worked during the 1332 season by
five men under a royalty agreement. The nine vas well-equipped and contained a good stoek
of supplies at the beginning of the seasoh. Timter for sluice boxes was cut and sawed en
tre premises at a cost of $8 per M.

Vater was brought to the mine in three ditches. The upper had a capacity of 520 mirner's
inctes and was used for bringing watsr to a hydraulic elevator. The effective head at the
elevator was 360 feet. The aiddle ditch had a capacity of 1,800 inches and delivered water
to the zmine under an effsctive nead of 125.feet. This water was used for cutting and sweep-
ing in the pit and for stacking the coarse tailings. The combined average flow of the two
upper ditches was 700 inches. The lower ditch delivered 10,000 inches which was used in a
long tailrace for carrying away the clay and sand.

Ko. 3 giants with 3~, 3 3/4~, or 4 1l/2-inch nozzles, depsnding upon the quantity of
water available, were used for cutting and sweeping. A no. 2 giant with & 3-inch nozzle was
used for stacking the tailings.

Tho gravel as cut in the pit was run through 180 feet of 30-inch boxes, set an & grade
of 5/16 inch to the foot, to the hydraulic elevator. The lift of the elevator was 44 feet:
the diapeter of the standpipe was 20 inches and that of the nozzle of the high-pressure jet
3 3/4 inches. A second elevator was used as a water lift. TFrom the elevator the gravel ran
through 700 feet of 3C-inch boxes, the bottoms of which were lined with sheet steel. Riffles
coneisting of steel rails were used in the first 300 feet of the sluice; no riffles were used
in tre last 400 feet. The grade of the main sluice where the elevator discharged into it was
2 incres to the 16-foot box. As the velocity from the elevator was lost the grade was in-—
creased to 3 1/2, 4, and 5 inches to the box. An undercurrent was taken out at the end of
the riffle section. The undercurrent grizzly was 36 by 36 inches in plan. The grizzly bars
rad a spacing of 1/4 inch at the top and 3/8 inch at the bottom. They were set crosswise to
tre sluice; if set lengthwise, however, they would not have clogged as easily with trash or
grass that came down the sluice. Black sand had s tendency to pack in the riffles of tke
sluice in tre pit and thus reduced their sbility to catch the fine gold. To overcoae this
difficulty the first two or three boxes were cleaned up daily. Two thirds of the gold saved
was recovered in tLese boxes. Because of the fine size of the gold and the relatively large
percentage of clay and black sand in the gravel it was estimated that only 60 percent of the
total gold was saved.

Preparatory work for the 1932 season began November 6, 1931 and comsisted of repairing
flume lines and cleaning out the ditches. Washing started January 1, 1932 and continued to
June 20, when the high-pressure water for the elevator failed. During the washing season
_piping was done on an average of 22 days per month. An average of 400 cubic yards per day
was Landled after washing began; the daily average for the season was 300 cubic yards, and as
puch as 500 cubic yards was handled in a day. With labor at $3.75 per shift the labor cost
for the season would be 7 cents; supplies cost 1 cent per cubic yard, making a total of 8
cents. Tre costs do not include interest, depreciaticn, amortization, or general overhead
expenses. The labor cost includes 3 1/2 percent for workmen's compensation.

Plataurica.- The Plataurica mine near Q'Brien was operated during the 1932 season by
Neispn and Harrison, lessees. The mine was fully equipped when they took it over. Water was
brought through 11 miles of ditch and 4,000 feet of pipe line 22 to 15 inches in diameter.
Tr.e branch lines at the =ine were 1l inches in diameter. The head was 450 feet.

Tre gravel was about 35 feet thick. It was fairly easy to wash and contained few
teulcers. As no fall was available the washed gravel was removed from the pit through a
tydraulic elevator with a 1lift of 5S4 feet. The throat diameter of the elevator was 18
incres; a 3 1/2-inch nozzle was used for the high-pressure water. One giant with a 3-inch
nozzle was used for cutting the gravel and driving it to the foot of the hydraulic elevator.
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Usually two or three 16-foot boxes with block riffles were used in the pit in froat of the
elevator. The tailings at the ead of the main sluice vere stacked by another giant with a
2-inch nozzle which was operated about 4 hours each day. When ithe tailings giant was in use
the cutting giant was turned off.

The hydraulic elevator discharged into 256 feet of 30-inch boxes set on a grade of 6
inches to 16 feet. When the grade vas less it was found that black sand packed tightly in
the riffles. The riffles in the upper part of the sluice consisted of 7-inch wooden blocks
and those in the lower end of 4~-inch angle irons set across the boxes. An undercurrent was
used but did not recover enough gold to pay for cleaning it. The maia sluice was cleaned
up four times during the season. Two flasks of quicksilver were used during the season. The
lay~out of the mine is stown in figure 11,.C.

Rork for the 1932 season began November 10, 1931 and continued until June 25. The
operating crew consisted of 1 piper and 1 sluice tender on each of three shifts and 1 pitman,
1 ditch teander, and 1 foreaan on day shift. The daily labor charge was $40. As much as
600 cubic yards vas washed in a day, the average being about 500.

The repairs on the elevator were excessive. The casting at the bottom, which cost $157,
had to be replaced every 90 days. The lessees considered the ground too rocky for a hydrau-
lic elevator. Tte cost for supplies, mainly in conneotion with the elevator, was about
$1,000 for the season. Tie labor cost per cubic yard was about 7 cenis, the cost of supplies
1 cent, and the total operating cost 8 cents. If each yard of gravel was charged with its
proportionate stare of the cost of ditch and pipe lines and of equipping the aine the total
cost per cubic yard probably would be several times that shomm.

Idabe

Dayis.- J. J. Davis started operations on Grivas Creek at Centerville in June 1932.
The gravel randled was 4 to 6 feet deep and was full of boulders and stucps. The adjoining
ground rtad been worked by a dredge; this gravel had been left because of the shallow depth
and the boulders. As no fall was available for a tailing dump a hydraulio elevator with 2
1ift of 17 feet was necessary. Water was brought to the mine through a8 1 1/4-aile ditch and
a8 1,200-foot pipe line. The diameter of the pipe ranged froa 20 inches at the top to 1l at
the bottom. The pipe line crossed a canyon by means of a siphon consisting of 20=i{nch pipe.
Piping was done with a no. 1 giant with a 1 1/2=-inch nozzle. The elevator had a 3 1l/2-inch
nozzle and a 10-inch pipe with an 8-inch throat. It used about four fifths of the total
water. Boulders were moved by hand. Those too large to roll out of the way were blasted.
A derrick was being installed, which should increase the efficiency of operations. The hy-
draulic elevator discharged into a sluice 32 inches wide and 72 feet long. Dredge-type
Hungarian riffles were used.

Two men on a shift operated the mine, and two 12-hour shifts were worked per day. In
July 1932 an average of 64 cubic yards was being handled in a day, or about 16 cubic yards
per man-shift, which was a good record considering the amount of boulders and stuaps moved
by hand. Labor cest 25 ceats and supplies about 2 cents, making a total operating cost of
27 cents per cubic yard.

Mines with both Ruble and hydraulic elevators
California

Gallig.~ The Gallia Placer Mining Co. operated the Gallia mine on the North Fork of the
Salaon River near Sawyer Bar during the 1932 season. The gravel was 30 to 35 feet thick and
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contained some large boulders. Tater was brought to the mine under a 265-foot head through
a 2,00C-foot line of 36~ to 15~inch pipe. Enough grade was not available for the disposal
of tailings, and the gravel as mined contained too many boulders for the successful operation
of a iLydraulic elevator. The gravel was cut and swept to a Ruble elevator by a giant with a
3 1/2= or 4-inch nozzle. It was then put through the elevator by another giant with a 4 1/2-
inch nozzle. The Ruble was 4 fest wide and elevated the oversize 25 feet. The grizzly con-
sisted of $C-pound rails 2 1/2 inches apart set lengthwise on 10~ by 10-inch stringers. The
undersize from the grizzly went through 2 24-inch sluice with riffles consisting of angle
iron and rails placed crosswise in the boxes.

The sluice discharged into a hydraulic elevator with a 20=inch intake. A 4=in¢h nozzle
vas used in the high-pressure jot; thLe material was elevated 30 feet. The elevator discrarged
into a second sluice.

Tre capacity of the plant was limited by the quantity of material that could be run over
tre Ruble elevator. The cutting and driving giant was used for a few hours and then shut

off until tze accumulated material could be handled in the Ruble. The giant at the Ruble

ocperated continuously.

About a week with the full crew was required to move the Ruble; it had to be moved every
3 weeis, as the dump room behind it was exhausted.

Boulders too large to go up the Ruble were moved beck by a derrick. Large boulders ua-
covered in cutting were dragged from the pit by means of a donkey engine. FWater was used
not only for the giants in tre pit and the je: of the hydraulic elevator but also for operat-
ing the derrick and running a dynsmo for operating a sawmill and an air compressor.

Trhe working crew consisted of 2 men in the pit and 1 man on the ditch line on eacn of
two l2-hour shifts. Althougih 50 to 80 cubic yards per hour could be cut and swept to the
Ruble by the cutting giant the average capacity. including the time for moving the Ruble,
was 270 cubic yards per day. The labor cost, assuming $4 per man-shift, would be 1] cents
per cubic yard. Tre cost of supplies would be about 2 cents and supervision 4 cents, making
the operating cost 17 cents.

Figure 12,D, skows the lay-out of the mine.

Qreegon

Lewis.- darry Lewis had been operating a placer mine, working alone. for about 10 years
on Fogue River, near Galice (fig. 12,E). The mine was situated at the edge of the river, and
tre fall was not sufficient for a tailrace. The water was brought to the mine through a pipe
line 22 and 15 incres in diameter. The Y's in the pit were of 13- and 1C-inch pipe. The
gravel was cut and swepi to the end of the pit by a no. 3 giant with a 3-inch nozzle. There
it was driven over a steel plate with 5-inzr hnles. The undersize went to a hydraulic ele-
vetor with a 3 1/4-~inch nozzle and a 9-foot 1ift and thence through a 30-inch sluice box 95
feet iong set on a grade of three fourthes inch to the foot. The oversize was swept by a
giant wita a <4-inch nozzle up a Ruble elevator made of round poles which raised it 11 feet
onto a rock dump. The poles were set lengthwise and close together. A third giant was used
atout 1 rour per day in piping the washed gravel from the end of the sluice boxes. The hy-
draulic elevator and orne giant were operated continususly during the shift.

Tre 1if{les in the sluice were made of sections of 4C-pound rails 3 feet long, placec
lengthwise in the boxes. At trhe end of each section of rails 2- by 4-inch lumber was placed
crosswise in the box. The rails had been used for 15 seasons and were about worn out.

Three months were requirec to set up the equipment and do the necessary repair work on
tl.le pipe lines preparatory to washing. Water was available for washing for 66 days. An
extra man was Lired for € days while washing. About 7,000 cubic yards was washed. FWith
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vages at $4, the labor cost would be 8 1/3 cents per cubic yard; supplies amounted to about

1 1/2 cents per cubic yard, making a total operating cost of 10 cents, exclusive of interest,
amertization, or new equipment.

Mines where water was pumped

Qregon

gonners.~ During the 1931 and 1932 seascns J. C. Conners pumped water for washing a high
gravel bar on Burnt River telow Bridgeport. Some of the gravel which was cemented required
drilling and blasting an occasional auger hole. A few boulders occurred in the gravel. The
wvater vas pumped through SCO feet of S—-inch pipe to 2 height of 225 feet. A working pressure
of 65 pounds per square inch was maintainod &t the nozzle. Two geared pumps with 4-inch
suction and 3 1/2-inch discharge., built for forest-fire fighting, were used. Each pump
supplied 160 gallons of water per minute under the head used. One puap was drivea by a 4~
cylinder and the othLer by a 6~cylinder automobile engine. The engines together used 20 to 25
gallons of gasolire each shift. A 2 1/2~-inch fire hose with nozzles froa 5/8 to 3/4 inch in
diameter tas used for washing the gravel.

t.e main sluice consisted of a 12-inch box S0 feet long, set on a grade of three fourths
inch to the fcot; pole and Hungarian riffles were used. The Hungarian riffles were 1 1/4
inctes wice, 2 incles deep, iron-clad on top, and spaced 1 1/2 inches apart. At the edge
of the pit the gravel from the sluice box went over a grizzly with 3/4-inch spacing between
tars. The oversize was cumped down the side of the mountain, and the undersize went through
tvo 12-foot boxes containing riffles consisting of holes tored in a 2-inch plank.

Large toulders were rolled cvar the side of the hill. Others over 4 inches in size
were either cast over the side or piled on cleaned-up bedrock. About half the time the hose
was used for piping and the other half for washing the gravel through the sluice. A crew of
3 men operated the mine, 1 man with the nozzle, 1 working boulders, and 1 on the pumps. The
puzpman also worked in the pit when his atiention was not neoded at the pumps. About 6 subic
yards was handled per man-shift. At $4 per day the labor cost was about €7 cents per cubic
yard. The gasoline at 20 cents per gallon would have cost 22 cents per cubic yard; other

supplies would %ave amounted to ahout 4 cents, maxing a total operating cost of 92 cents per
cubic yard.

Montang

Eldorado.~ The Eldorado Xining Co. 4uring the 1931 season pumped water for mining the
Eldorade tar on the Missouri River below York. A 25C-inp. wotor and a centrifugal puzmp were
usel for lifting 4,000 gallons of water per minute a vertical distance of 120 feet to the top
of the kar. The suction pipe was 14 inches and the delivery pipe 12 inches in diameter. A
SC-kp. motor ¥%as used for driving a tooster puap at the top to supply a 40-pound pressure for
cutting the gravel. A 6-inch fire hose with a 1 1/4=- or 1 1l/2-inch nozzle was used for
cutting and the same Loge with a 1 1/2- or 2-inch nozzle for sweeping. About four fifths

of the waler pumped was used as a bywash. The gravel was cut and washed easily.

Boulders
were removed by hLand.

Sluice boxes were 400 feet long, Z€ inches high, and I6 inches wide with a false side
vhich reduced the width %o 30 inches; the grade was 3 inches im 12 feet. Riffles in the
irst 200 feet of the sluice were l/2- by 3J=inch strap iron 16 feet long placed lengiihwiss
in e toxes. The iron was fastened to 2- by 4~-inch wooden cross strips spaced 4 feet apart.
Tre space tetween the strips was 1 1/2 inches. The tottoz of the lower 200 feet of box was
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lined with 4-inch wooden blocks 4 by 4 or 2 by 4 inches in cross section. The vooden blocks
vere used mainly to tale the wear of the gravel.

Ao undercurrent was used at tke end of the main sluice. The grizzly spacing was 1/4
to 3/16 inch. The uncercurrent box was 12 inctes wide and set at a grade of 1 inch to the
foot. Hungarian riffles 1 inch wide by 1 inch deep, with a l-inch spacing, were used over a
blanket. Only a very small proportion of the gold was caught in the undercurreat, and pan-
ning indicated tLat no appreciable quantity went over with the tailing of either sluice or
undercurrent. About 500 cubic yards was wasted per day. The crew consisted of 4 men on each
of 3 stifts and a superintendent. Wages were $3.50 for 8 hours. Power cost 0.9 cent per
kilovatt-Lour plus & flat rate of $1 per month per Lorsepower of connected load. The sotors
vere run at an overload, mazing thLe power charge about $75 per day. Labor cost 9 cents,
power 15 cents, other supplies and incidentals 2 cents, and supervision about 3 cents, making
a total operating cost of sbout 29 cents per cubic yard.

idako

Qld Garden.- In July 1932 Jotn D. Smith of Centerville was operating a pit on the 01d
Garcen placer on Grimes Creek as an experiment. Water was being pumped by a 7S=kp. motor
and a 3-stage, E-inch pump to operate two giants under a 40-pound head. A second pump in-
stallation of the same kind was used for a hydraulic elevator.

Tre deposit consisted of stream gravel and sand at the side of the river. The gravel
was easy to cut, and the small proportion of boulders made sweeping easy. The water vas
puzped from the river to the pit through 600 feet of 12-inch pipe to a Y consisting of two
150-foot lengtks of 7-inch pipe. Water for the elevator was pumped through 700 feet of 12-
inch pipe. A no 1 giant with a 2 1/2-inch nozzle was used on one branch and a no. 2 giant
with a 3-inch nozzle on the otrer. The first giant was set 10 feet lower than the other.
One giant was used for cutting and driving and one for driving only. The capacity of the
elevator did not suffice, Lowever, to Landle all material that could be washed to it, and the
stream of one giant Lad to be wasted part of the time. The elevator had a 19 1/2-foot 1lift
and a 12-inch pipe with an ll-inch throat. The pressure nozzle was 3 1/2 inches in diameter.

The sluice boxes were 30 inclLes wide, and eight 12-foot boxes were used. The grade was
8 inctes in 12 feet. The first box was lined with rails to take the wear from the discharge
of the elevator and to offer & minimum resistance to the aaterial in the boxes at the start.
Tre riffles in the remaining boxes were 2-inch angle irons spaced 2 inches crosswise in the
toxes. A derrick vas set up near thLe elevator to remove stumps and the few boulders en-
countered from tre pit.

The crew consisted of 2 men on each of 3 shifts. Abcut 160 cubic yards was washed per
24 tours. Fages were $4 per shift. Labor therefore cost about 15 ceats pbr cubic yard.

Pover cost 1 1/4 cents per kilowatt-rour. The cost per day was $33.60, or 21 cents per cubic-

yard. Other supplies and incidentals amounted to about 2 cents per cubic yard, making a
total operating cost of 38 cents.

. One ialf of the pover was used for the elevator. The power cost, however, could be
lalved and the capacity of tle two giants increased at least S0 percent if tailing room was
available and the elevator was not necessary.

ritish 1)
Boe.~- B. Boe lLas teen concucting a successful placer operation since 1924 on Cedar

Creex in thLe Quesnel mining division in British Columbia. In this mine the water for hy-
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draulicking is pumped and tte gravel elevated from the pit by means of a gravel pump.:® A
1C-{nsh Byron Jacl.son centrifugal pump operated by a steam engine furnishes water for a mopi-
tor with a 3-inch nozzle. Steam is produced in two locomotive-~type, €0-hp. boilers. Wood
is used for fuel. TLke pump delivers 1,800 galloas of water per minute (4 second-feet) under
a pressure of 45 pounds per square inch.

- An 8-inch Byroa Jackson gravel puap run by an automobile engine is set up over a sump
in tke pit and elevates the piped gravels to a sluice box. This pump requires 25 hp. to
operate 1t; it seldom gives trouble by choking.

A grizzly with 4- by S-inch openings is placed over the sump. The water from the sluice
is settled and pumped back. Only seepage water is available; the water supply persits the
plant to be operated 10 hours out of each 24.

The gravel on bedrock is 15 to 20 feet deep, contains much glacial clay, and is very
tight. 1t is blasted before it is piped. No aention is aade of boulders; apparently rela-
tively few occur.

The capacity of the plant is stated to be about 300 cubic yards per 10-hour shift. The
crew consists of 1 engineer at $5 per day, 1 monitor san at $5, 2 pitmen at'$3, and 1 gravel-
puzp attendast at $4. The total daily labor cost is $20. Supplies used daily are 3 cords of
wood at $S, 40 gallons (Imperial) of gasoline at $0.37, 2 kegs of black blasting powder at §3.
OthLer supplies and expenditures, including amortization, amount to $27.90, aaking a total of
$63.70 for supplies and a grand total of $83.70 daily expense. This is equivalent to $0.28
per cubic yard of gravel handled.

Suamary of Yardages Mined and Operating cbsts at Hydraulic Mines in 1932
Yardages

The quantity of gravel tandled in 1932 at the =mines listed in this paper ranged [roam
2,000 to 718,900 cubic yards. (See table 12.) Disregarding four aines where 100,000 or
more cubic yards was wvashed, the average yardage was atout 25,000. The total washed at all
tte aines listed was about 2,000,000 cubic yards. The total hydraulicked in the Western
States during 1S32 was probably about 2,500,000 cubic yards. This was less than the monthly
capacity of tLe dredges in operation.

The caily capacities of the mines during the season ranged froa 18 to 7,400 cubic yards.
The cubic yards vashed per man-shift ranged from 6 to 500. (See table 12.) The cubic yards
vasted per season, as stovn in thLe table, usually were estimated on the groﬁnd by the authors.

Eaough gold was recovered at only a few of the mines worked in 1932 to pay operating
expenses if the prevailing wage in the district was paid to all labor. As with other forms
of placer mining other than dredging, most of the hydraulic mines were worked by individual
owners or lessees. At some mines lessees made wages at properties where company operaticn
tad failed, partly because of the elimination of overhead and partly because of the exira
effort they put forth when working for themselves.

Operating cosats

Concditions are directly comparable at very fev zines, and average costs cannot be indi-
cated correctly. The operating costs at 28 mines where no elevators or pumps were usec
ranged from 2.63 to 37.5 cents. (See table 12.) Labor was the major expense at all of these
mines. At two mines - Indian Hill and Depot Hill in California - 2 cents per cubic yara

28 Ana. Rept., Mioister of Mizes of British Columdia, 1932, p. All2.
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vasi.ed vas spent for storing tailings back of a pover dam. The charge was reduced froa 3 to
2 cents in 1532. Otker mines also hLad tailing—disposal cbarges in connection with mining
operations. ThLe cost of supplies and incidentals usually ranged from 1 to 2 cents. At one
mine supplies cost S cents per cubic yard, but a power shovel was used in connectiocn with
hydraulicling. Timber for boxes is the main itew of operating supplies at most hydraulic
mines. Explosives at one mine - Golden Rule -~ cost 2 cents und at another 1 cent per cubic
yard vasiied. At most sines where explosives rers used, however, the cost of explosives was
well under 1 cent per cubic yard. The cost for supervision raanged from 0.3 to 10 ceats at
gines where supervising officials were employed. Unless the gravel is unusually rich, the
salary of a noavorking supervisor at most small hydraulic mines raises the operating cost to
a proribitive figure.

Operating costs at mines where elevaiors were used are as follows:

Two sines with Ruble elevators, 19 and 6 ceats per cubic yard.

Three mines with hydraulic elevators, 8, 8, and 27 cents per cubic yard.

Tvo mines with both Ruble and hydraulic elevators, 17 and 10 cents per cubic yard.

At four mines where water was pumped for hydraulicking the opersting costs were 93, 29,
338, and 28 cents per cubic yard. At two of these where electric power was used, the power
cost 15 cents with a 20C-foot 1ift and 21 cents with a 10C-foot 1lift; in the second amine
Lalf tre water vas used in a hydraulic elevator. In both mines a 40-pound pressure was sain-
tained on tke nozzles. At the third mine, where gasoline engines were used, the fuel cost
for a 22S-foot lift was 22 cents per cubic yard. A 6S-pound working pressure was assintained
at the nozzle. At the fourth mine water for hydraulicking was pumped by steam at a cost of
5 cents per cubic yard. Fuel for a gravel pump cost 4.9 cents per cubic yard.

Sufficient data are not available to calculate total costs at any of the mines. In all
tut a few mines old ditci and pipe lines were used, which were charged off years ago. De-
preciation or amortization charges could not be figured, as the quantity of gravel to be
vasted was known at only a few mines.

SLUICE BOXES AND RIFFLES (GENERAL)

Ti.¢ sluice box serves a double purpose in placer mining; it collects the gold or other
fLeavy minerals sought within the riffles of the sluice and coanveys the washed material to a
cuzping ground. It is an efficient gold'savor and is universally used in hydraulicking and
ground-sluiecing. The principle of the riffled sluice is used for recovering most of the gold
on drecges and in other forms of placer mining where the gravels are excavated mechanically.

Otler types of gold savers Lave not proved generally successful in placer mining, al-
trough as an auxiliary method and under special conditions some of these gold-saving devices
t.ave teen found useful. This subject is further discussed in a subsequent paper under the
Leading of Excavation of Placer Gravels by Pover Equipment.??

Sluices are tuilt in accorcdance with the service to be deaanded of them. Riffles are
of varied forms and are made of cilferent waterials. Although the form of riffle is chosen
largely to fit particular conditions custom in various districts and materials at hand have
a tearing upon the practices followed.

) T:e following discussion has a general application and is not confined to any region
or method of mining.

<9 Gerduar, E. D., dad Jobuson, C. M., Placer Miniag in Wcsteru United States: Part III. - Dredgiag and Otder Forss
of Mechautcal Handisng of Flacer Cravels, and Drift Miatag: Iaf. Cire. €788, Buresu of Mines, 1334,

1794 - €S -




[P vItewe gy T Rea FERS

I.c.e787.

Sinice Soxes
Construction

Sluice bozes are rectangular in section and are nearly always built of lumber; steel or
iron slujces, however, were used at 2 few washing plants operated in 1932. )

The construction of a wooden sluice box depends somewhat upoa the size and service ex-
pected of the box; a number of types, however, may be used satisfactorily. Common types of
construction for large and small boxes are illustrated in figure 13.

The ipportant features in design are sturdiness and simplicity of construction. Large
flumes may have to withstand severe battering and vibration from the passage of heavy boul-
ders, hence they must be strongly constructed and well braced. 1In spall flumes this featurs
is less important, but the use of lighter luamber increases the difficulties of maintenance
and prevention of leaks.

The bottom of a narrow sluice should be a single plank if lumber of the desired width
is obtairable; for wider boxes two or more bottom planks must be used. The bottom joints may
be made tight by the use of soft-pine splines, by batten strips nailed on the outside, or by
caulking with oakum or other material. Bowie®’” recommends half-seasoned lumber as most
suitable for the construction of boxes. TWhere local timber is used it is common practice
to cut the plank dﬁrinz the dry season or before snow is off the ground. It is not customary
to use surfaced lusber for boxes, although a smooth bottom facilitates the clean-up. The
lumber stould be clear and of uniform size.

For any but small, temporary installations the sides of sluice boxes should be lined
with a wearing surface of rough lumber c¢r steet iron. Otherwise the entire box must be re-
placed wken thLe sides are worn out. Board lining is easier to place and replace than sheet
iron. In early Californian practice some of the side linings were made of wide, thin blocks
nailed on so as to present the endgrain to the wear. Worn iron or steel riffles are used for
side lining at some places. Usually only the lover half or third of the side of the box
peeds tlLis protection, and a single 2-inch board may serve not oaly for lining but as a cleat
to Lold down the riffles. False bottoms of planed or rough boards may be used to save wear
on the box proper.

Each box should rest on three or four sills, equally spaced. The sills and upright
menbers at the ends of the box serve as battens to prevent leakage at joints. The practice
of tapering the tox enough to permit a telescope joint is very convenient in small sluices,
especially if ti.e boxes must be moved occasionally. Spall, three~board boxses may be braced
Tith ties across the top, altkough tkis haspers shoveling and clean-up operations. Larger
boxes should be braced externally from tiis ends of the sills, as illustrated in figure 13,
A and B. Sills stould be weighted with rocks to check any tendency of the sluice to rise.
If tre sluice is placed in a bedrock or other cut, water under it or at the sides has a strong
lifting effect. MKoreover, the vibration caused by boulders rolling through the sluice per-
Bits fine gravel to be washed under the sills placed on the ground. °

The following table sihows the price of lumber suitable for building sluices at various
places in the summer of 1932:

30 Bowile, A. J., Hydraulic Mining ia Califoraia: Van Nostrand Co., New York, 3d ed., 1889, p. 220.
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Oregon House, Calif. ... ... .. . $25.00
Sawyers Bar, Calif. ... .. e 30.00
Waldo, Oreg. (custing and sawing only) 8.00
Wenatchee, Wash. .. ... i 20.00 ’
Eaigrant, Mon%. ... ... ... o .20.00
Townsend, Mont.: ’

1= by 12-foot..... . .. . S 28.00

2- by 16=f00t.. ... . 35.00
Therma, N. Mex. ... o 22.00

As mentioned, the side lining plank may serve as a cleat under which the riffle sections
can be wedged to the bottom of the sluice. OQtherwise some other provision must be made as
the riffles must be held securely. In 3mall boxes it is customary to lay loag, narrow
boards on edge on top of the riffles and against the sides of the sluice. These boards are
weiged dovn tightly under cleats nailed permanently %o the sides of the bex. The practice
of nailing riffles to the boitom of the box, or using any device that requires driviang nails
in the bottom or sides, should te avoided as it results in leaks and eventually damages both
sluice and riffles. Woo2en blocks are the most difficult to secure in place but can be held
by the method described in the following section. Rock pavement depends oan its weight, on
being packed tightly., and sometimes oa the =light downstream tilt of the individual stones
to resist the shifting action of the current.

Maintenance

Naintenance work on sluice boxes consists chiefly in alining and bringing to grade any
boxes that have aoved out of position, replacing linings, and plugging leaks. Atteatioz to
this work at clean-up time will be repaid by greater capacity and freedom from break-downs
when the water again is turned into the sluice. '

Size

As prevjously shown, sluice boxes seldcm are built less than 10 inches wide for strictly
mining purposes. Eight-inch boxes, however, may be used in sampling or cleaning up. The
quantity of water, with its accompanying load of gravel, that will run through a sluice of
a given size depends upon a number of factors. The practice at the najo}ity of about 75
hydraulic and ground-sluice mines visited in t: e preparation of this paper indicates that the
carrying capacities of sluices of various wiatns are within the following limits:

NMiner's iaches
fidth of box, inchres of water
Froa Te
120 25 100
18 ... ... T 100 3C0
Q4. 200 600
36 R $00 1,300
48 to 60 ... 1,00 3,000

Trhese limits probably represent good practice.
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More trouble is experienced from clogging of boxes that are too wide, because the depth
and velocity of water are insufficient, than from failure of boxes to carry their load be-
cause they are t00 narrov.

The current velocities required to transport different sizes of material have been
studied; works of various autkorities are cited by Gilbert.’! The following table is based
chiefly - on Dubuat's figures for competent velocity; the figures are adjusted to approximate
sean velocity instead of bed velocity. The last three figures are takea from Van Wagenen.®'?

Mean velocity,
Size of material moved approxjmate feet
per second

Sand:

Fine.....cvceevrvveneenncnnann. 0.5

Coarse......cc..ceennneen. 1.0
Gravel:

Fioe.... oot e, 1.5

l=ineh....c.. cerieeiiinrnnn, 2.5

Egg~size.............. e 4.0
Boulders:

3= and 4=inch...... 5.3

6= to 8~inch......... 6.7

12- to 18=-inch...... 10.0

Well-rounded pebbles are easier to move thanm angular ones, and rock of low specific
gravity is appreciably easier to wash than heavy, dense rock such as greeanstone or basalt.

Gold has 3 better opportunity to settle and be caught in riffles in a wide, shallow
strean than in a deeper and narrower streaa of the same volume; the wider slujice, however,
usually must be set on & sSteeper grade.

Smalle or medium~size boxes generally are roughly square in cross-section; large boxes
usually are one half to two thirds as deep as they are wide. The water in a sluice should
always be more than deep enough to cover the largest boulder that may be seat through. 1In
practice, the depth of the stream in the main sluice at hydraulic aines usually is s fifth
to a half the width of the box s0 as to prevent spills if the box is teaporarily plugged by
boulders or sand. Where screened gravel is being washed, as in undercurrents or on dredges,
wide and shallow stireazs are necessary for the recovery of fine gold. In "booming" opera-
tions the boxes usually are run full in order to nandle the relatively large volumes of water
that flow for short periods only, and the sluices commonly are about as deep as they are wide.
It would be desirable but impracticable to decresse the depth of water by using wider sluices,

as flows of 5,000 to 10,000 miner‘s inches are not unusual when the gate of the reserveir’

suddenly is opened wide.
Crade
Usually the grade of the sluice depends upon the slope and conteur of the bedrock. If

the gradient of bedrock, however, is to low to permit sufficient fall for the sluice, cuts or
tunnels may be run in the bedrock to overcome this difficulty. Very short sluices of only

31 Silvert, G. K., The Transportation of Debris by Runaipg Water: U.S. Geol. Survey, Prof. Paper 86, 1914, p. 216.
$2 Van Wagenen, T. F., Msnual of Hydraulic Mining: Van Nostrand Co., New York, 1880, p. 88.
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1 or 2 toxes sczetimes are set nearly flat where there is a drop at the end of the box, the
gravel being forced through taJ.sluico by the initial velocity and the head of wvater in the
pit. .

The opinion of most operators is that about 6 incies in 12 feet is the best grade for
average ccancitions. As shown, graces as flat as 3 inches in 16 feet can be used but only at
great loss of capacity. At the Depot Hill mine, where a grade of 3 inches in 14 feet is
usod, all roci.s over S or 6 incres in diameter must be left in the pit. Because of the great-
-er friction and the consequent lowering of velocity, steeper grades are needed for saall
sluices than for large ones; some operators favor grades of 12 inches to a 12-foot box. For
saxisun gold-saving efficiency, &8 well as for economy in dump rocm, grades should be as
flat as possible witlhout loxering tie velocity to such an extent that the riffles pack with
sand. Any increase in slope froa that adjustaent will increase the capacity of the sluice,
increase thLe wear on the sluice, and decrease the efficiency of the riffles, resulting in
gold losses if carried to extremes or if the gold is very fime. 1If water is scarce, gold
recovery say vell be sacrificed to capacity. Bowie’" states that grades of 10 to 24 inches
sore used in some Forest Hill Divide (Calif.) mines for this reason. Increasing the propor-
tion of water to solids decreases the tendency of riffles to pack with sand.

Sluice capacity increases with grade but amore rapidly: that is, doubling the grade of
sluice boxes will more than double the quantity of gravel that can be put through the boxes
by a given flow of water. The abksolute increase cannot be predicted closely as coarseness
of gravel, velocity, and shape of the box appear to have some bearing on the relation of
capacity to slope. For instance, Bowie'' :ites a mine at which changing the grade from 3
to 3 1/2 inches in 16 feet increased the cuantity of gravel sluiced through the saase boxes
with the saze flovw of water by about one third.

Ti.e establisted grade stould not be decreased anywhere along & sluice, otherwise gravel
Bay accumulate where the current loses velocity. If the water and gravel, however, enter the
first box with considerable speed, say, from the discharge of a hydraulic elevator, the first
toxes may be placed on less ttan the regular grade. Bends or curves are undesirable as they
complicate construction and induce clogging and running over. When 2 curve is unavoldable
it szould be as gradual as possible, the outside of the sluice should be elevated a fractionm
ol aa {nck, and the grade stould be increased perhaps an incn per tox at and immediately
below the curve. Similar rules apply to turn-outs or branches, and drops of 3 or 4 ipches
stould be.provided at juactions to check the deposition of gravel at these points. Such
drops occasionally are inserted in straight sluices if the grade is available, particularly
if the gravel is a difficult one to wash or if heavy sand tends to settle to the bottom. A
drop of even a fevw incl.es from one box to the next has a disintegrating effect and mixes ihe
material passing through the sluice, thus assisting gold recovery. At one place where drops
were provided at intervals tetween differeni types of riffles, 25 percent of the gold re-
covered in the sluice was found at the drops.®®

Riffles
Theory of gold-saving by riffles

Tre fumction of riffles is to hold back the gold particles that have settled to he
bottom of a flowing stream of water and gravel. Any "dead" space in the bottom of a sluice

33 Bowie. ‘A, J.. A Practical Treatise on Hydraulic Mining tn Celiforaia. Van Nostrand Co.. New Yorx, 3d ed..
p. 220.
o4 Bowie, A. J., vorx cited, p. 266.

EEER

35 Theller, J. H., Hydpanlicxiog oo tae Klasath River: 1Min. and Sci. Press. vol. 108, Mar. 28, 1914, »p. 323«525.
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tox, where there is no current, fills quickly with sand and thereupon loses most of its value
as a gold saver, unless the sand remains loose endugh to permit gold to settle into it;
therefore, the shape of riffles is important, regardless of the fact that under some condi-
tions, as with coarse gold and free-washing gravel, all forms of rifflies are almost equally
efficient. The riffle should be shaped so as to agitate the passing curreant and produce a
nodbrately strong eddy or "boil" in the space behind or below it, thus preventing sand from
settling there and at the same time nolding the gold from sliding farther down the sluice.
In other words, riffles, for maxigua efficiency, skould provide a rough bottom that will dis-
turb the even flov of sand and gravel, will retain the gold, and will not become packed with
sand. Where grade is lacking the riffles must be relatively smooth, so as not to retard the
curreat unduly; under these conditions the sluice must be long enough to coapensate for the
loss in gold-saving efficiency of the individual riffles.

Natural stream beds act as gold-saving sluices, not because they are particularly effi-
cient as such but because most gold is "hard to lose” and the streazs are long.

Types of riflles

Riffles, of course, should be designed so as to save the gold under the existing condi-
tions. They should also be cheap, durable, and easy to place and remove. Not all these
qualities are found in any one type.

Sluice~box riffles may be classified roughly as transverse, longitudinal, block, blank-
et, and miscellanecus roughly surfaced ones, or, according to saterial, as wood block, pole,
stone, cast iron, rail, angle iron, fabric, and miscellaneous. Usually more than one type
of riffle is used, although in California very long sluices have been paved entirely with
wood=block riffles, and on dredges the type illustrated in figure 14,A, is used almost ex-
clusively. .

0f about 80 hydraulic, ground-sluice, and mechanically worked placer mines visited in
1832 by tre authors, approximately 25 percent used riffles of the transverse variety, loosely
termed "Hungarian", consisting generally of wooden crossbars fixed in a frame and somstimes
capped with iron straps. About 20 percent used the longitudinal pole type, 15 percent wooden
blocks, and 15 percent rails, the last being placed crosswise or lengthwise. Angle~iron
riffles, wire-mesh screen or expanded metal on carpet, blankets, or burlap, rock paving, and
cast-iron sections together made up the remaining 25 percent. The only general rule observed
was that the size of the riffles was roughly proportional to the size of the material to be
handled and that for fine material, particularly the screened gravel washed in most of the
mechanically operated plants, the dredge~type riffle found most favor.

For 2 spall or medium-size sluice (if lumber is costly and a plentiful supply of small
timber, such as the lodge-pole pine so common in many Western States, is available) peeled
pole riffles (fig. 14 B and L) are perhaps the most economical and satisfactory of the
various types. Their construction is evident from the drawing. Those of transverse variety
may have a somewhat higher gold-saving efficiency, but undoubtedly they retard the current
more and wear out faster. Poles 2 to € inches in diameter zay be used, spaced 1 or 2 inches
apart. Such riffles are cheap but wear out rapidly. The sections should be a third or half
the box length for convenience and 1 or 2 inches narrower than the sluice. At the Golden
Rile mine 6~-inch pole riffles had to be replaced every 10 days or after each 1,200 cubic
yards had been sluiced. The sluice was 30 inches wide and had a grade ¢of 8 inches in 12
feet. At other mines poles last several times as long.

If sawed lumber can be obtained cLeaply, riffles similar to the one described may be
made of l= by 2-, 2= by 2-, or 2=« by 4-inch materisl, as shown in figure 14, D and E. The
top surfaces of the riffles may be plated with strap ironm (fig. 14, [ and G). Transverse
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riffles of this type asy be slanted downstream, as shown in figure 14,F, and the top sur-
faces may be beveled to increase the "boiling” actiocn, 8s with the dredge riffles. The
effectiveness of this practice is not known, and the suthors know of no conclusive tests
taving besn made. Longitudinal siffles of 2~ by 4=, 3~ by 4=, Or 2« by 6-inch material are
used at some places. A longitudizal wooden riffle capped with cast iron is shown in figure
14,8.

Sluices in the Rock Creek sapphirs mines were 12 inches wide and set on a grade not to
exceed one Lalf inch to the foot. A relatively flat grade is necessary to save the sapphires.
Piffles were 2 by 4 inckes in size set across the sluice 4 inches apart; they were tilted
dovnward. The sluice was cleaned up each day. Tre sapphires wers separated from the sands
in a jig. They wers then put through & set of seven screens, and other heavy minerals were
picked out by hand. Tte black sand and other fine heavy minerals wers drawn through the
screen in the jig: the sapphires were taken off on top of the screen.

Fooden~block riffles (fig. 14, [ and J) are held by Bovie®® to be unexcelled in regionms
where the material is available cheap. The blocks are 4 to 12 inches thick and of correspond-
ing diameters or widtts. They may be round, partly squarsd, or cut froms square timber. Ome=-

or tro-inch wooden strips separate the rows of blocks, and they are held securely in place

by nails driven in both directions. Wooden-block riffles are perhaps the hardest of all
types to set because of their tendency to float awvay. They must be nailed to the spacing
strips, as stated, and wedged securely at the sides. The spacing strips are held down at
sither end by the side lining of the sluice. Wooden-block riffles are durable, can be worn
coxn to half their original thickness or less, and if aade of long-grained wood (such as
pitch pine, which "brooms” instead of wearing smooth) may catch some gold in the endgrain.
When discarded, they are commonly burned and the ashes panned t0 recover any gold so caught.
The life of 10~ or 12-inch wooden-block riffles may be 2 few months to several seasons and,
according to Bowie, ranges from 100,000 to 200,000 ainer's inches of water: that is, with a
flov of 1,000 inches ocne would last 100 to 200 days. The grade of the sluice appareatly has
euch to do with the life of block riffles. At the Superior aine wvhere the sluice was 48
inctes wide and had 2 grade of 2 3/4 inches in 12 feet 8 set of blocks lasted two seasons,
during which time 140,000 cubic yards was sluiced. At the Salaon River mine the grade was
7 inches in 12 feet and the width of the boxes 30 inches. Here block riffles lasted 60 to
70 days, during which time about 18,000 cubic yards was washed. On account of differences
in the wearing rates only one variety of wood should be used in 2 section of e sluice. Doug-
las fir wears longer than other native western conifers.

Stone riffles are durasble and fair gold catchers. Stones ranging from the size of
cobbles to 8 or 10 inches in diameter are packed closely on the bottom of the sluice. (See
fig. 14.K.) They may be held at intervals of 8 fev feet by transverse woodea strips. 1Ia
sope instances the stones are roughly hand-shaped and set sisilarly to street paving. Stone
riffles are difficult to set and generally are not used in portions of a sluice that are
cleaned up frequently. Their main advantage is their long life. Because of their roughness,

stone riffles require a steeper slope than wood blocks, a feature that sometimes would pro-.

hibit tlLeir use. .

Where large quantities of gravel are put through sluices, iron or steel riffles gener-
ally are preferred. Their superior wearing quality as compared with that of wood permits
longer runs without stopping to replace the riffles. Their durability may more than compen-
sate for trheir higher cost.

Steel rails and angle iron are common riffle materials used in various ways. 0ld rails
or angle iroan can often be cbtained cheaply in mining districts or near railroads. Various

36 Bowie, A. J.. A Practical Treatise oa Hydraulic Miaing in Califernisa: Van Nostrand Co., New York, 34 ed., 1889,
p. 228.
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other steel products such &s pipe and channels have been utilized for riffles. Cast iron is
a8130 used and has the advantage of & lower first cost than steel rail or angle irea.

Iron or steel riffles should not be used {n units too long to be bandled readily. Rope
blocks on aovable tripods have found favor at some places for lifting heavy riffle sections.
- When used as transverse riffles .leagths of steel rail usually are set upright, the
flanges almost touching or not more than 1l or 2 iaches apart. TWhere grade is lacking and
gold saving is not particularly difficult, loangitudinal rail riffles aake excellent paving
for a sluice as they provide a smooth-sliding bottom for the gravel and boulders. The rails
ordinarily are bolted together by tierods passing through wood, pipe, or cast-iron spacing
blocks, foraing riffle sections the width of the sluice and any convenient leagth. At the
La Grange mine in Triaity County, Calif., 40-pound rails costing about $125 per ton proved
more satisfactory thaa wood riffles. 3’ Wnen 16~ by 16- by 13-inch wood blocks were used the
riffles tended to "sand up.” Moreover, the blocks had to be replaced every 2 or 3 weeks.
Lengthwise rails 8 inckes apart lasted 2 months and rails 5 inches apart, 4 mcaths. Strange-
ly enough, transverse rails 5 inches apart lasted 6§ months. The rasils vere spaced by cast-
iron lugs and set right side up on timber sills. When .the head of the rail was worn off the
remainder was used for side lining. This sluice was handling a flow of about 4,000 inches
of water and 1,000 cubic yards of material per hour, boulders as large as 7 toas being washed
through. The eddies behind the rails were believed to be the cause of the improved recovery
as compared with that using block riffles. The lower part of the branching siuice line was
cleaned up every other season oaly.

The combination of steel rails and wooden sills used at the La Grange mine appears to
make an excellent gold saver, and modifications have been used at many large mines. Figure
14,L., illustrates a combination of longitudinal rails and transverse timber sills.

At the Round Kountain mine 25-pound rails were placed longitudinally in a 36-iach sluice
with a grade of 4 inches in 12 feet. After about 150,000 cubic yards had been run through
the sluice the center rails showed coansiderable wear and were removed to the outside. At
the Levis aine on Rogue River a set of riffles made of 40-pound rails lasted 15 seasons. The
sluice was 30 inches wide and had a grade of 8 inches in 12 feet. About 7,000 cubic yards
was vashed yearly. Only material under S inches in diameter was run through the sluices.

Angle iron is commonly used for making riffles, as illustrated in figure 14, ¥ and N.
Many metbods of assembling the lengths of angle iron into riffle sections are in use, and no
one metLod can be said to excel. The irons may be set with flat upper surfaces or inclined
slightly to increase the riffling asctiom. Usually the gap between the riffle bars is 1/2
to 1 inch. The effectiveness of this type of riffle is believed by some operators to depend
largely on the vibration of the riffles under the impact of boulders which keeps the saad
trapped undér the angles in a loose condition favorable to gold saving.

Figure 14,0, illustrates an unusual all-metal riffle used at s Colorado drift mine,
which was said to be giving satisfaction and appears to be simple to construct and convenient
to use. The riffling effect could be increased, vith some loss of velocity, by spacing the
transverse bars closer.

Cast-iron riffles of all shapes and sizes have been used. If available at low cost they
are very economical, as they wear slowly, can be quickly and securely placed, and are effi-
cient gold savers if designed so as not to pack with sand. In an undercurcent at the Indian
Hill mine, Calif., cast-iron riffles were in use that were 4 feet long, shaped like angle
irons, and had equal 3 1/2-inch legs 7/8 inch thick. (See fig. 14,P.) ‘

37 MacDonald, C. F., Tas Reaverville«Trinity Ceater Gold Gravels, Trinity County, Calif.: U.S. Gaol. Survey 2uil.
430, 1910, pp. 48-58.
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One property in California was reported to be using 0ld car wheels for sluice paving.
They were laid close together, flange side up, in a box just wide enough to hold one row of
wheels. The riffling action caused by the hubs, webbing., aud spaces between adjacent wheels
and under the flanges was said to have resulted in a satisfactory gold recovery. A gravel-
xashing plant in Arizona was provided with riffles made of standard 2-iach pipe and 2 1/2~
inch angle iron welded into riffle sections resembling pole riffles. This riffle should be
fast-running and as efficient as any longitudinal type of riffle, relatively light, and easy
to handle. It would not be durable encugh for very heavy gravel and would be relatively ex-
pensive unless salvaged saterial and welding equipment were available.

For shallow sluice streams carrying only fine material various gold-saving materials are
used, including brussels carpet, coco matting, cordurcy, and burlap. These may be held down
by cleats or by wire ‘screen. Fabrics often are used in combination with riffles to catch
fine gold and hinder its being washed out of the riffles by eddies. A corduroy woven spe-
cially for a riffle surface is used by some large Canadian lode-gold mines to catch their
“coarse”" gold before flotation or cyanidation. As such gold would be considered fine by most
placer aminers it seems probable that such a fabric would be useful for treating finely
screened placer sands. Tre corduroy in question has piles about 1/4 inch wide and 1/8 inch
Ligh, spaced about 1/4 inch apart. The piles are beveled slightly on one side. The cost in
Canada is about $1.00 per square yard.

Heavy wire screen such as that used for screening gravel makes an excellent riffle for
fine or medium-size gravel in fairly shallow sluice streams, and generally it is used with
turlap or other fabric underneath. ’

Expanded metal lathing and woven metal matting are common types of riffles for fine ma-
terial and are used with carpet or bturlap. 1If the thin strands of metal slant comnsiderably
in one direction, the saterial should be placed with this direction downstream. Eddies in
tack of the strands will then form gold catchers, whereas if the recesses face upstrean they
will at once fill with a tight bed of sand and lose their effectiveness.

A patting woven of twigs or cane is recommended by Idriess®® as an efficient gold catch-
er for a small, portable sluice btox for shoveling-in operations or prospecting. Turf, as
used at tl.e Hockensmith placer in Idako, is said to make an efficient trap for fine gold.

Solid-rubber riffles were noted at one washing plant. Sponge-rubber riffle material is
on the mariet, but it was not obgserved in use and nothing is known by the authors of its
perits or cost.

Apotler form of riffle often used as an auxiliary to other types is a mercury trap,
consisting of a board the full width of the sluice with l- or 1 l/2-inch suger holes in
wt.ich mercury is placed. Ihstead of round holes, transverse grooves or half-moon-shaped
depressions, 2 to 4 inches wide and with tLe rounded, deep side downstream, may be cut in a
vide Loard and partly filled with mercury. Trese riffles have no apparent advantage over the
ordinary transverse-bar type and are suitable only for fine gravel, as large pebbles would
splash the mercury out of the traps.

Yany ingenious and odd kinds of riffles are encountered in the field, some of which have
ceen patented. It is very unlikely, however, that the advantage of any unusual or freakish
design or‘rirr;e is sufficient to offset the cost of royalties on patented inventions.

Undercurrents

An undercurrent, as defined before, is a device for sluicing separately a finer part
of tle gravel passing through the main sluice. The fine material and a regulated quantity of

13 idriess, L. L., Prospecting for Gold: Augus & Robertson. Sydsey, 3a ed., 1932, pp. 64-65.
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water pess through a stationary grizzly in the bottom and usually near the end of the sluice
to one or more wide sluice boxes, commonly called tables, paved with suitable riffles. If
tke main sluice is in secticns, with drops between, the water and sand may be returned froa
the undercurrcent tables to the sain stream, and several undercurrents may be installed at
convenient points along & sluice.

The screen or grizzly in the main sluice aay present the most difficult preblea in build-
ing & satisfactory undercurreat. The screen should divert all the undersize yet not take so
Buch water tnat it causes plugging of the main sluice delow the undercurrent. The proper
size of opening can be deterazined only by experiment. A screened or barred opening. the full
width of the main sluice and a few inches to a foot or more loag, will usually draw off as
auch water as can be spared. New water may be added to either the undercurrent or main sluice
if the screen opening does not take out the right quantity for successful operation. Usually
minus 1/4- to 1/2-inch material is desired for the undercurrent, and either punched-plate
screen or iron-bar grizzlies may be used to sake the separation. Grizzlies should be made of
tapered bars or screens punched with tapered holes with the largest openings downward, other-
wise they will plug and render the undercurreat ineffective.

Because undercurrents need a wide, stallow stireas, grades of 12 to 18 inches per 12 feet
must be used, depending largely on the type of riffle. Cobblestone, block, transverse or
1ongithd1nal wooden strips, rails, screens, or fabrics may be used for riffles. Often sever-
al types of riffles are used on successive parts.of one undercurrent. Undercurrents say be
a few to 25 or 30 feet wide and 10 to S0 feet long.

Most of the gold recovered by undercurrents is so fine that it dces not settle in the
relatively swift, deep current of the pain sluice, but part consists of gold that is freed
from its matrix of clay by dropping through the grizzly and rolling over the undercurrent
riffles. All coarse gold is saved in the first few boxes of the main ‘sluice unless condi-
tions are radically wrong. Unless the undercurrent is installed at the end of the sluice,
or at least below where gold is recovered, not all the saving in the undercurrent should be
credited to its installation. In the early days when hydraulicking was at its height under-
currents were much favored, sometimes 5,000 to 10,000 square feet of undercurrent being used
along a single sluice line. The gold saved in them occasionally exceeded 10 percent of the
total clean-up but more often was less than S percent. As this recovery usually was effected
by S or 10 large tables and as considerable would have been saved by the main sluice without
the uncercurreats, the economzy resulting from their use was perhaps doubtful. Bowie®? pre-
sents details of the use of undercurrents in early Californian practice and indicates that
their particular field lay {n the treatment of cement gravels. O0f the several undercurrents
observed by the authors in use in 1932 it is doubtful, as shown before, if many were justily-
ing their installation. Table 13 gives data on undercurrents in use at mines operating in
1832.

Qperation of Sluice Boxes

Under favorable conditions a properly designed and constructed sluice box requires lit-
tle attention other than periodic clean-ups and minor repairs which are made at the saze
time. Unfortunately, such a combination rarely occurs, and an appreciable part of the
miner's operating expense is chargeable to work along the sluice lines.

39 Bowie, A. J., A Practical Treatise on Hydraulie Mining in Califorata: Van Nhostrand Co.., New York, 3d ed., 1233,
Pp. 252-262.
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The best results are obtained when a steady flow of water and gravel passes through the
sluice. An excessive flow of clear water through the sluice will bare the riffles, causing
some gold to be lost. On the othrer Land, a contisued overload of gravel will plug the sluice
a2t some point so that sluicing must be stopped for the time needed to clear the obstruction;
this time lost may be appreciable. If plugging cannot be prevented by increasing the grade
or the flow of water or reducing the feed, one or more sluice tenders must work along the
sluice with forks or shovels to keep it open. This added cost may be serious st ssall
sines. All effort should be directed toward getting the gravel into the box and .letting the
water do the rest.

Large boulders are anothsr cause of expense and lost time. When the maximum size of
toulder trat the sluice will carry is known, all boulders larger than this should be pre-
vented from entering the boxes. Relatively little work directed to this end will save hours
of delay in clearing plugged sluices and unnecessary wear and tear on the boxes and riffles.

An exception is found in the operation of "booming." A necessary condition of this
¥ork is a Leavy Lead of water which usuyally fills the sluice to the brim. Sometimes litile
or no work can be done in the pit while the water is on, and the eatire crew may profitably
patrol the sluice with long~handled shovels to guard against stoppages which might be disas-
trous because of the large flow of water and gravel. Before each "bocz" all oversize boul=
cers shLould te moved out of the course of the water.

Cleaning Up

Clean-up time should be kept to a minizum. This can be done by cleaning up as
s2ldcn as practicable and by using efficient methcds. Large hydraulic mines, particularly
if the water season is short, clean up only once a season except perhaps the upper one of
tvo toxes. Dredges clean up every 10 days or 2 weeks, because large amounts of gold are
recovered in relatively short sluices with attendant possible ioss when the upper riffles
beccme heavily charged. This necessary delay is used for routine repairs on the dredge.
In ground-~sluicing the clean-up period ranges from weeks to months, while in shoveling-in oper-
ations the sluice may be partially cleaned up daily. The danger of theft from the upper,
richer boxes can be lessened by filling them with gravel at the end of each day's work.

The general principle is the same in all clean-up operations, but practice differs
videly. Clear water is run through the sluice until the riffles are bare, the stream being
reduced enough to prevent washing out the gold. Then the water is turned off or reduced to
a very small flow, and the riffles of the first box are lifted, washed carefully i{ato the
tox, and set aside. Any burlap or other fabric used under the riffles likewise jis taken up,
rirsed into the box, or placed in a tub of vater whero it can be thoroughly scrubbed. Then
the contents of the sluice z2re shoveled to the head of the box and "streamed down" with a
light flow of water. The light sand is washed away, and rocks and pebbles are forked out by
rand. ThLis operation is repeated until the concentrates are reduced to the desired degree
of riclness. Gold or amalgam may be scooped up, as it lags behind the lightest material at
th.is stage, or all the black sand with the gold, mercury, and amalgam may be removed and set
aside for further treatment. Successive boxes are treated similarly, until the sluice is
tare. Tre last step is to work over the whole siuice with brushes and scrapers to recover
gold and 2malgam caught in cracks, nail Loles, or corners. At the Wisconsin amine a small
tox vas set up in thre main sluice and the concentrate from the riffles shoveled into it to
recuce tre tulk. At the Round Mcuntain mine the concentrfate from the lower saction of the
sluice was treated in a quartz @aill.
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[ ilver Sluicin

Quicksilver is used at nearly all placer mines. If it is not used to catch gold in the
sluices, at least it is probably used in extracting the gold from the concentrates. The
ivora;o market price for mercury in 1932 sas about $58 per TS-pound flask, but quicksilver
purchased in 5~ or l0-pound lots from a cheamical-supply house costs about $1 per pound. Ex-
cept in districts where placer aining is particularly sctive, drug stores or other local re-
tailers charge about double this aaount. The price in January 1934 was $67.54 per flask.

The characteristics of quicksilver that make it of value to the miner are: (1)} Its
pover of amalgamating with gold and silver: (2) its high specific gravity (13.5), which causes
it to lie safely under a streaz of water and gravel, floating off on its surface everything
but the native metals; and (3) its relatively low boiling point (about 675° F.), far below
red heat, which allows it to be driven off by heat from the gold with which it has amalga-
ated.

Amalgamation is a process in which mercury alloys with another metal. All metals but
iroa and platinum amalgamate more or less readily. Clean and coarse placer gold alloys
readily, but if the gold is partly coated with iron oxide or other substances (for exaaple,
"rusty" gold) it amalgamates with difficulty. The mercury itself should be clean enough to
present a smooth, shiny surface; the presence of some gold or silver in the quicksilver,
bowever, is said to facilitate amalgamation, that is, to make it more "actlive."

Quicksilver is placed carefully in the sluice boxes, where it finds its way to the mzany
recesses in the riffes and lies in scattered pools, ready to seize and hold any particle
of gold that touches it. It is used in this manner in almost all igportant hydraulic opera-
tions, but scme operators place it in the boxes only shortly before the clean-up, evidently
believing that the added gold saved by its use during sluicing does not compensate for the
loss of the mercury that passes through the sluice with the tailings or escapes thrcugh cracls
or other leaks. In exceptional instances the conditions are such that the mercury "flours™,
trat is, breaks into minute, dull-coated drops. Flouring is aggravated by agitation or ex-
posure of the mercury to air. The common practice of "sprinkling” it into sluice boxes may
be condemned on this ground, as well as for the reason given by Bowie'® that the fine parti-
cles formed by careless sprinkling are more readily washed away and lost. Flouring is re-
sponsible for the most serious losses of quicksilver with the tailings.

Even under the best conditions, 5 to 10 percent of the mercury used is lost. If steep
grades, reavy gravel with consequent severe pounding and vibratiorn, old and leaky sluices,
or otLer adverse conditions exist, the loss of mercury may be 20 or 25 percent.

Only clean mercury should be placed in a sluice; even this tends to become fouled or
sluizish and to lose its effectiveness. e best cleansing process is retorting, which is
discussed later. However, straining tLe mercury through chamois or tightly woven cloth
removes some of the surface scum and foreign material, or the mercury may be treated with
potassium cyanide or other chemicals to dissolve the impurities. It should be handled as
little as possible and kept from contact with grease or other organic zaterial.

wilson'! suggests a cow's horn, sawed off near the small end to leave a hole that ¢an
be stopped with the finger, as a useful implement for charging sluices. Mcst miners charge
the sluice [{roz stoneware or heavy glass bottles such as are used f{or champagne.

Mercury should be kept or carried only in iron, glass, or earthenware containers because
of its teadency to amalgamate with 2inc (galvanized iron), tin, or other metals.

40 Bowie, A. J..,.work cited. p. 244.

41 Wilson, E. B.. Hydraulic and Placer Mining: Jcan Ailey & 3Sous, New Yorx, 3d ed., 1213, 5. 230.
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The quantity of quicksilver used differs according to conditions and custom. According
to Bowie, '? 200 or 300 feet of 6-foot sluice should receive about thres flasks (225 pounds)
as & first charge and 8 24-foot square undercurrent, 80 or S0 pounds. At the Depot Hill
mine one flask is placed in the first 4 or 5 boxes each month during the washing season.
At the Plataurica two flasks were used in a season during which 100,000 cubic yards vas vashe
ed. Dredge tables, with areas of 1,000 to 10,000 square feet, are charged with 150 to 3,000
pounds of mercury. According to Janin,*® a 7-foot dredge with a table area of 2,800 square
feet uses about 1,000 pounds oa the sluices and in the traps. Probably in commen practice
the range i3 1/10 to 1/4 pound per sguare foot of sluice area.

The sluice should be run long encugh to plug all leaks before the aercury is added.
Usually only the upper 2 or 3 boxes or a quarter or half of the sluice at most is charged
with mercury, as otherwise considerable loss occurs. During a run more mercury is added
periodically. FWhenever the sluice is run down enough to expose the riffles the mercury can
be examined. If it does not show here and there with clean surfaces nearly to the top of the
riffles, more is added. As the quicksilver takes up gold near the head of the sluice it
becomes pasty and finally quite hard, and more should be added to keep it in & fluid condi-
tion.

Tre use of mercury in recovering gold frozm sluice=box concentrates is discussed in the
following section.

Apalgapating plates should be used only in treating fine material, generally well under
one fourth inch in size and preferably not coarser than 1C-pesh, as larger particles abrade
the plates too rapidly and prevent building up of the amalgam. Consequently, the application
of plates to placer mining is limited to the stamp milling of soze drift-mine gravels and the
treating of fine undercurrent or other screened sands. The use of plates in stamp milling
is a phase of metallurgy beyond the scope of this paper, and reference is made to any stand-
ard text or randboox on gold milling.*‘

None of the other applications of amalgam plates to placer mining is of particular ias-
portance, probatly because the recoveries seldom have justified the labor and expense.
Plates may be set in undercurrents treating finely screened sands, such as beach sands or the
Snal.e River gold-bearing sands. They usually are covered with burlap to assist in retaining
the gold until it has come in coatact with the amalgam. Many other amalgamating devices have
teen applied to such material, btut none is known to the authors to have been of greater value
tl.an properly designed sluices and riffles.

SEPARATION OF GOLD AND PLATINUM~GROUP METALS FROM CONCENTRATES

Gegeral

Ne sluice tox or other iype of gold saver used in large-scale placer aining makes a
clean separation of the valuable minerals. Tre concentrate obtained must be treated further
to make a marketable procduct. Concentrate obtained in cleaning bedrock in soze types of min-
ing is treated similarly to sluice-box concentrates.

Tre concentrate may be cleaned by panning or rocking in auxiliary sluices or by blowing,
or it may be amalgasated in a special type of apparatus. The treatment will depend mainly
upon the scale of operations, the proportion of black sand in the concentirats, and the

42 Bowie, A. J., work cited, p. 244.

43 Janin, Charles. Gold Dredging in the United States: Bull. 127, Bureau of Mines, 1918, p. 143.

44 Jee alsg Chapman, 7. C., Treating Gold Ores: Ariz. Bureau of Mines Bull. 133, Univ. Arizona, 1932: a brief, Bon-
tecanical description of the metdods of treating gold ores.
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characteristics of the gold. The general methods of cleaaning concentrate with pans, rockers,
or small sluices are the ssze as those in small-scale mining, described in a previous paper, ‘!
except that more care is required and ssaller quantities are irested at one time. 1In treat-
ing small quantities of coancentrate, however, it should be remeabered that colors of gold so
fine as to present great difficulty in their separatiozn by panning or rocking are probably
of small value, and their loss would be inconsequential.

If precise resulis are desired for sampling or testing, the coancentrates should be azal-
gamated.

Eanning

Panning is the sipplest method of separating the valuable constituents from the worih-
less aaterial and generally is used in small-scale operation. The method, however is tedious
if the gold is very fine and the concentrate contains much black sand. Mercury may then be
used in the pan to collect the gold.

Recking

Larger quantities of concentrate may be treated in a rocker and the resulting semifinal
product cleaned further in a pan. A final or almost final product, however, can be sade in a
rocker, the flat, smooth bottom of which, 3et on a gentle grade with screen and canvas baffle
removed, offe an ideal surface for the purpess.

The concentrates are placed at the upper end, and a szall stiream of water is poured ove
the sand while the rocker is swayed gently back aand forth. The lighter material is washed
down to the riffle at the lower end, and the coarser particles of gold are left behind.
These are picked up witn a scraper, and the operation is repeated, a portion of the concen—
trates presently being discarded with each washing until at length all gold of appreciable
value has been recovered. This method is satisfactory with ordinary concentrates, but if
the gold is very fins, slaky, or particularly light, porous, or angular, the separation is
tedious and unsatisfactory, and amalgamation is to be preferred.

The s=me general method may be used in the mine sluice to recover the bulk of the gold
amalganm.

Sometimes an auxiliary sluice is used to reduce the volume of concentrate from the sine
sluice or to ireat concentrate after it is amalgamated. The small sluice in turn nDust be
¢leaned up. At one mine a 12-inch box was set up in the main sluice into which was shoveled
the riffle concentrate from below.

Blowing

The grains of sand remaining in an almost final product may be removed from the gold by
bloring. A flat metal or paper sheet, such as a piece of drawing paper or a large flat +in
about 2 feet square with the edges bent up about one half inch, is best for ‘he purposs.
However, with care and skill the operation can be performed in a common gold pan, as is dcne
by sany prospectors, particularly when cleaning dry-washer concentrates. The material shoul:s

45 Cardner. E. D.. and Johknson, C. H., Placer Mining in the Western United States: Part 1. - Ceceral. Kand ¥in:

2ad Sround-Siussing:  Iaf. Circ. 6786, Bureau of Mines, 1934, 73 pp.
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te perfectly dry. MNuch effort is saved by using & magnet to take out any magnetite sand in
the concentrates; often thLis mineral comprises as amuch as 90 percent of the material. A
piéce of paper folded around or Leld against the end of the aagnet will keep the magnetits
from stiching to the metal. When all the zagnetite is removed, blowing gently on the re-
zaining sand and gold ¥ill drive tre former to the farther edge of the sheet, leaving the
gold belind. In most instances the loss of a few fine colors is not serjous.

Azalgagation

In Ordinary Gold Pans

A spall quantity of quicksilver, ranging from an cunce to 2 quarter of a teasroonful,
will catch all the gold from & pan of sluice concentrates. The mercury is simply placed in
the pan with about 5 pouncs of concentrates and agitated under water until no more free gold
¢an be observed. Then the sands sre panned off, care being taken not to lose any of the
amalgam or fipe drops of mercury, which gracdually will run together into a single mass.
If the concentrates are nearly all black sand only a small quantity should be washed at a
tize, but if much light sand or rock is present larger quantities can be washed.

Copper-plated pans or pans xith steel rims and copper botioms are available and are
useful for saving fine gold in concentrates. The copper is coated with mercury by first
¢leaning it with emery paper, then rubbing clean, bright mercury or amalgam on it until it
presents a smooth, shiny surface. The gold in the material being treated is picked up
quickly by the amalgam surface. Only fine sand can be treated to advantage as coarse sand
or gravel will scour thLe amalgam off the copper. As fast as amalgam accumulates on the cop-
per it is scraped off with a smooth, cdull-edged, iron scraper such as a putty knife. More
gercury may then be added to Leep ihLe surface bright and in a "receptive" condition.

Azalgamators

In nearly all large-scale operations most of the gold is amalgamated in the sluice boxes
or on the riffle tables, and the amalganm is separated from the sands during clean-up opera-
ticns or from thLe concentrates by rocling or panning. Tarnished or rusty gold or very fine
gold, lLowever, coes not amalgamate readily because it is difficult to make contact between
the gold and quiclsilver. Such gold, generally included in a black-sand concentrate, re-
quires agitation in the presence of quiclksilver or, if rusty, grinding to remove the inter-
fering coat for satisfactory amalgamation.

Mecranical amalgamators are used %0 treat such materials. Occasionally all of the con-

centrate from the sluice will be treated in an amalgamator, particularly if it contains rusty

goid. Tre charges for tlLe amalgamator should be kept clean; grease especially interferes
vith amalgamation.

A common type of amalgasator is the clean-up pan, which consists of a cast-iron, c¢ylin-
drical, flat-tottozed tarrel or tub 1 or 2 feet in diameter for ssall-scale work and 4 to 6
feet in Ziameter for mill service. TrLe concentrate with 1 or 2 percent quicksilver by weight
is placed in thLe pan with sufficient water to make the mass fluid and agitated by a revolving
szicer. Tie quantity of water added should be sufficient only to permit agitation without
00 great strain on the machtine. The pulp srould be thick enough to hold particles of mer=-
¢iry in suspension. Shoes on the lower end of the spider arms slide on & flat, circular
Tace in tie tottom of thre barrel, thus adding some grinding to the agitation. After running
fer 1 or 2 lLours tie tatch may be emptied through & drain plug in the bottom of the barrel
and tle mercury and amalgaa separated from the sand by panning. Some pans are provided with
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side drain plugs at various elevations. The rotation may then be slowed from i{ts usual speed
of about 60 r.p.m., the shoes raised enough to stop the grinding, and water added. This will
settle the quicksilver and amalgam; the waste sludge can then be flushed out through the
upper drain plugs and almost coaplete cleaning of the amalgam and mercury made in the pan
itself. ’

Another device, the so-called amalgam barrel, generally is used at large stamp sills and
occasionally is employed in placer operations, particularly in dredging, to treat accumulated
black sands, scrap metal, and other possible gold-bearing material from clean-up operations.
It is merely a cast-iron or steel drum revolving on & horizontal axis like a ball mill and
fitted with suitable drain plugs, handholes, manholes, or removable ends, depending on its
size and use. The material to be treated is placed in the barrel with quicksilver, water,
and 2 few iron balls, and the barrel is turned slowly for an hour or several hours. The
barrel may then be flushed with water from a hose to wash away the lighter products of grind-
ing, turned over, and emptied into a tub, the amalgam and mercury being recovered by panning.
Potassium cyanide sometimes is added 1o brighten the gold, using only enough 0 make a very
weak solution.

An apalgamator that occasionally is used, especially if a part of the gold is attached
to particles of quartz, is the Berdan pan, which is relatively simple in construction and
cheap to operate. The pan consists of a revolving cast-iren bowl, usually 3 to 5 feet in
diameter, with a raised central hub for the drive shaft, giving it the form of a circular
trough. The bowl is supported either by the drive shaft or by rollers and is set with a tilt
of about 20 or 30° from the horizontal. It is driven at 10 te 30 r.p.n. either by a c¢rown
gear on the inclined shaft of the bowl or by a ring gear on the bottom of the bowl. One or
two large cast-iron balls roll in the trough as the bowl revolves. Quicksilver is placed
in the bowl with the charge, and as the device revolves a stream of water is directed into
it and overflows at the lowest point of the rim. The material to be amalgamated may be added
in batches or, if it is to be ground as well as amalgamated, by an automatic feeder, the
slimes and fine material overflowing to waste; the bowl then acts as a classifier. For
placer concentrates the batch process is used, 100 pounds or more being treated at a time.
Too large a quantity of sand lessens the grinding effect of the balls.

A'l- or 2-cubic-foot, hand- or power-driven concrete mixer is a convenient amalgamating
device for the small- to medium-scale placer miner, particularly if part of the gold is Eusty.
It costs only $20 to $30, excluding the small gasoline engine, and can be obtained from hard-
ware stores or mail-order houses. The charge for such a machine is two or three pails of
concentrates, 1 or 2 pounds of quicksilver, a few round cobblestones 3 or 4 inches in dia-
meter, and water. About a l-hour treatment will amalgamate practically all of the gold. The
charge is emptied into a settling tub and tsien washed in a pan or small sluice box to rescover
the amalgam and mercury.

Regardless of the amalgamator used, too violent agitation of the mercury must be avoided
othervise excessive flouring hinders azmalgamation and makes it difficult or impossikla to
recover the quicksilver.

Cleaning Amalgaaz

The aixture 0f quicksilver and amalgam from sluice-box clean-ups usually contains auch
more xercury than amalgam. It can be {reed from sand, scraps of iron, and other solid ia-
purities ty c¢areful panning and by washing with a jet of clean water. The amalgam can then
be separated from the quicksilver by straining the mixture through buckskin, chamois skin,
¢lose-woven canvas, or other strong, tight c¢loth. This generally is done by hand, preferably
under water 0 prevent scaitering of the mercury. The quicksilver thus filtared off contains
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at the most only sbout one tenth percent of gold; this mercury is desirable for recharging
tre boxes as the szall amount of gold makes it more active. The amalgam, after squeezing,
still contains some mercury, part of which may drain off 4{f the mass is suspended for several
hours ‘in & funnel or other similar container. With or without this last refinemeat, which
one dredge operator used with success, the stiff, pasty amalgas is now ready for fire treat-
ment to separate the gold. It conjains 25 to S5 percent, commonly about & third by weight
of gold and silver.

EXTRACTING GOLD FROM AMALGAM

Heating

Alttough retorting is the common method of separating the gold froa the quicksilver ip
amalgam at dredges and other large-scale operations, the mercury in seall quantities of asal-
gam pay be volatilized by simple heating. A common method is to heat the amalgas on & clean
iron surface over an open fire or forge, or in & furnace, until all the mercury is driven
off. This is the ususl expedient of the single miner or small operator who does not object
to the loss of the small quantity of quicksilver iavolved. The mercury vapor may appear as
rLeavy white fumes. Whetlher visible or not, mercury vapor is exceedingly poisonous, and the
vork must not be done except where 2 draft can be depended on to carry all the vapor away
from the operator. As stated elsewhere, mercury boils at €75° F., a temperature about half-
way between the boiling pcint of water and the first visible red heat of i{ron. However, it
volatilizes at tte boiling point of water enough to be dangerous to the health of persons
exposed to it. Conseguently, it skould be handled carefully, particularly to avoid imhaling
its vapors. :

In anothLer metlkod of recovering the gold from small amounts of amalgam, a potato is used
as a condenser. TLis is a device popular with prospectors because it is very simple, yet
saves part of the zercury that would be lost by the method previously described. A large
potato is cut smoothLly in Fralf, and in the flat surface of one half a recess is hollowed
wl.ich should be considerably larger than the amount of amalgam to be treated. The amalgaam
is placed on a clean sheet-~iron surface, the half potato is placed over it, and the whole is
set over a Lot firs. For convenience it may be done in a frying pan or the scrap of sheet
iron put on a flat shovel so that it can be withdrawn readily from the fire. Some amercury
vapor will escape under the edges of the potato, and, as before, these fumes must be avoided.
After 15 or 20 minutes of strong heating the potato may be lifted off for imspection. If all
tLe mercury is gone from tte gold the potato may be crushed and panned, and a considerable
part of the mercury will be recovered. It may be desirable to heat the gold further to
saneal i¢; this can be done without removing it froa the iron plate. Any tinned or gslvan-
ized metal intended for use in this process should be heated redhot and when scoured to re-
sove all 4races of the coating so that a clean iron surface will be presented. .

A laboratory method of separating the gold is to put the amalgaa {n a small beaker and
dissolve the mercury in a 1 to 1 solution of nitric acid and water. When all the mercury is
dissolved, the gold may remain as a sponge, which can be washed gently in water and annealed
in ‘a small porcelaia crucible. More frequently the gold will be recovered as a fine dust,
which also can be washed and snnealed but is less easy to handle.

Betorting

A very szall amount of amalgam can be retorted quickly and easi{ly ia a laboratory io a
glass tube 18 to 24 inches long, sealed at one end and bent 2 or I inches from that end to a
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slightly acute angle. A large tube three fourths inch in diameter is best. The amalgas is
broken into pleces small enough to be dropped into the closed end where it is then heated,
the fumes condensing in the long open end of the tube. The gold can be annealed by heating
tke tube to redness after all mercury is drivea off.

A -retort for treating s few ounces at s time can be made cheaply of 3/8-inch pipe, pipe
connections, and 3 large grease cup. The lower and open end of the 3/8-inch pipe is inclosed
in a larger pipe. Cooling water is poured through the space between the two pipes from an
open connection in the top of the outer one. The charge of amalgam is placed in the grease-
cup cover which is then screwed into place; graphite lubricant is placed on the threads to
pake a tight joint. Heat is applied to the grease cup, and the quicksilver is condensed in
trte lover end of the pipe. The method of using and the general arrangezent of the device are
sizmilar to those of the next retort described.

The typical quicksilver retort for placer mines (fig. 15, ¢ and D) is a cast-iron pot
with a tight-fitting cover in which a hole is tapped to accommodate the condenser pipe. The
capacities of such retorts range from a fev to 200 pounds of amalgas, or about & quarter piat
to 2 gallons. They are listed in cheamical-supply catalogs at prices raaging from $4 to $30,
pot including the condensers. The condenser commonly used with this type of retort is an
iron pipe 3 or 4 feet long leading from the hole in the retort cover at a downward angle of
20 to 30°; it is encased for most of its leagtith in a comsiderably larger pipe through which
cooling water is circulated. When heat is applied to the charged retort the mercury vapor
enters the condenser pipe where it cools and condenses; it trickles dowa the pipe into a
vessel placed under the open end of the pipe. Ia the treatament of a large amount of amalgaa
the texperature of the pipe might be raised to a point where some of the vapor would escape;
therefore, a cooling device is necessary. .

Tte retort may be hLested over a large buansen burner, by a gasoline blov torch, in a
forge, or in one of several types of furnaces built for the purpose. Very high temperatures
are unnecessary, and a wood fire is considered better than a coal fire. The flaame should
cover as much of the retort as possible.

A rigid, strong stand for the retort and condenser (fig. 15,A) should be constructed
if tte apparatus is to be used regularly.

The retort should be coated on the inside with chalk, or painted with & thin paste of
ckalk, clay, mill slimes, or & aixture of fire clay and graphite and thoroughly dried before
putting in the charge. This prevents the gold from sticking to the iron, which scaetimes
causes trouble. A lining of paper serves the same purpose but tends to form an objectionable
deposit in the condenser pipe.

The retort should not be filled over two thirds full of amalgazm (a third or half full
when retorting liquid mercury), otherwise there is danger of some of the contents boiling
over into the coandenser tube. The amalgaa is broken into pieces and piled loosely. Thea
tke cover is put on and clamped tightly with the wedge or thuabscrew provided, first aaking
sure that the attached condenser pipe is clean and free of obstructions. The ground joint
betveen the cover and body of the retort is seldom tight enough to prevent leakage and should
be luted with clay or some sealing compound. One satisfactory cement is amade readily by
moistering a mixture of ground asbestos and litharge (red lead) with glyceria,

A low heat is applied at first, thea after 10 or 15 ainutes the temperature is increased
just enocugh to start the mercury vaporizing aad condeansing. Too rapid heating harzs the
retord, and only emough heat should be used to maintain a steady trickle of quicksilver from
the condenser. When no more mercury appears the temperature should be increased for a few
minutes to red Leat to drive the last of the quicksilver out of the retort; then the firs
should te withdrawn from the retort and the latter alloved to cool. Some mercury vapor 2l-
vays remsains {n the retort, and the operator should take care not to breathe these fumes upon
taiing ¢ff thLe cover.
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Figure 15.—Apparatus for retorting amalgam and quicksilver: A, Amalgam retort; B, Nevada-type retort; C, setup
of small retort, D, water-sealed vapor trap, E, graphite crucible; F', bullion mould.
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The likelihood of dangerous amcunts of mercury vapor passing through & long cold pipe
wittout condensing is very small. ' Hovever, if much amalgaa is to be retorted, or if the
operation ig of daily or frequent occurrence, 1t usually is desirable to provide scme form of
water seal at the end of the condenser tube to preveat the escape of such fumes. Many lincés
rave followed the dangerous practice of subamerging the end of the condenser pipe in the
bucket of water used to receive the condensed mercury. This should not be done, as a slight
cooling of the retort would cause wvater to be sucked into the pipe, and if the water reached
tae retort an explosion would follow. Such an experience bas taught mors than one "oldtimer”
the danger of this practice.

It the volume of the receptacle is very small compared vith that of the condenser pipe
and i{f the discrarge pipe is barely sutmerged the danger is avoided, as any large rise of
water in the pipe would lowver the water surface enocugh to break the suction. At some proper-
ties the end of the condenser pipe is in s large sheet-iron cylinder, a few inches in dia-
meter, open at the lower end, which may be placed 2 or 3 inches into the water in a recepta-
cle of only slightly larger diameter, thus making s good water seal yet avoiding the danger
of explosions. A laboratory adaptation of this device is shown in figure 15,B.

The simplest method is that recommended by Louis*S; it consists merely of tying a piece
of cloth such as canvas or burlip around the end of the condenser pipe and letting it dip in
tke water 2 or 3 inches below, forming & daap filter which will condense any escaping vapor
yet not be tight enough to permit water to be sucked into the retort. This device is shown
in figure 15,A.

Large gold nines use cylindrical retorts, usually set horizontally in specially built
furnaces. Such installations probably would be needed in placer mining only by large dredg-
ing companies. Tre operation is similar to that of a pot retort, except that the amalgas

usually is placed in several small iron trays, rather than on the floor of the retort proper,
and charged through a door or removable cover at one end of the retort, while the condenser
is attached at the opposite end. '

SEPARATION OF PLATINUM-GROUP METALS FROM GOLD

In several localities in the Western States sluics conceatrates froa placer aining are
likely to contain platinum or its associated metals in sufficient quantities to be of econo-
mic interest. The separation of these minerals from gold is difficult. Their specific
gravity is too rnear that of gold to permit & separation by panning. Coarse platinua parti-
cles can be picked out of the gold by hand, but most placer platinum is exceedingly fine.
Altrough platinuam does not amalgamate, quicksilver can be made to coat and hold platinuas
particles by treatment with chemicals; thus it is possible to separate successively the gold
and platinum from the concentrates.

One dredging company in California which recovers platinua metals uses the following
clean-up procedurs:*’

In cleaning up, the riffles are removed frcm the slujces, starting at the
head end, carefully washing them off and washing the sluice down with water from a
hose. This washes away the light sands and concentrates the amalgaa and heavy
sands, which are carefully scooped up into buckets and carried %o a "leong tom”
for furtler treatment. In the loag tom most of the mercury and smalgam and some

46 Louis, Henry, A Hamdboox of Gold Milling: London, 1894, p. J86.
47 Patzan, C. G., Metbod aad Costs of Dredging Auriferous Gravels at [ancda Plasa, Amador County, Calif.: Iaf. Circ.
6659, Bursau of Mines, 1932, pp. 12-13.
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of the platinum-group metals are caught in the upper box. Most of the platinum,
sone rusty gold, scattered particles of mercury and amalgaa, and the sand and re-
fuse are washed out over riffles where the heavier components are caught. The
sand finally passes through & sc¢reen at the end of the tom, into a sand box, and
the gravel goes to waste. The mercury and amalgas from the upper box are trans~
ferred to a bucket, in which the gold amalgam settled to the bottom; the lead or
other base~metal amalgams float on top. The latter is partially cleaned by pan-
ning. .vhich separates some metallic platinuam, then retorted. The gold amalgas is
squeezed free of mercury and likewise retorted.

The gold amaigam, usually containing about 55 percent gold and silver, is
retorted in a standard make of gasoline-fired retort. The mercury condenses in a
water~jacketed pipe and drains into a bucket of water. The gold remaining in the
retort is transferred to a crucible and fused in the same furnace. It is then
poured into molds, producing bars which are shipped to the Selby saelter. The
bullion averages 890 parts gold, 90 parts silver, and 20 parts impurities per
1,000.

The riffle concentrates and sand from the end of the long toa are placed in
spall batches in a steel barrel aill 4 feet long and 2 1/2 feet in diameter. MHer-
cury is added and the batch ground for 1 or 2 hours. Then the amalgam is removed
by panning and added to the other base amalgam for retorting. Further panaing
and rocking reduce the remaining sand and concentrates to a product containing a-
bout half black sand and half platinum, by volume. This is treated by the addi-
tion of water, mercury, zinc shavinegs, and sulphuric acid; this causes the plati-
nun metals to be coated and held by the mercury, so that a final separation froa
the sand i{s possible. The final concentrate is then washed with water and drained
to remove acid and excess mercury, after which treatment with nitric acid dissolves
the mercury, leaving a final residue of platinum, iridium, and osmium.

The base amalgam, which includes shot, bullets, and small particles of copper
and brass scrap, as well as some precious amgtals, is retorted to recover the mer-
cury, melteld, and poured into molds to form bars for shipment to the saelter.
These bars range in value froz $1 to $8 per troy ocunce.

Zachert?® states that platinum-group metals can be recovered on zinc-amalgam piates by
using a solution of 0.05 perceat copper sulphate and 0.05 percent sulphuric acid or by agi-
tating with 2inc amalgam in such & soluticn. At the Onverwacht mine in South Africa a pro-
ceas®? similar to the above is used to treat a portion of the table concentrates:

The concentrates of the primary and secondary Wilfleys and of the James and
corduroy tables are treated in lots of 1,000 lb. in a revolving amalgamating bar-
rel, the amalgamation of the platinum being promoted by activating agents in the
form of zinc amalgam, copper sulphate, and sulphuric acid. The barrel is re-
volved for 2 hours and then discharged via batea amalgamation plant and curvilin=-
ear table.

The dirty amalgam obtained is reamalgamated for half an hour with zinc amal-
gam, copper sulphate, and sulphuric acid. Thus cleaned it is now pressed and
treated in earthenware jars with dilute sulphuric acid to remove zinc aad irom.

48 Zachert, V. J., Process for Recovering Platisua: Kin. and Sci. Press, vol. 117, Oct. 12, 1918, pp. 489490,
49 Magner, P. A., Platious Deposits and Mines of South Africs: Londen, 1929, p. 274.
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After this hLas been accoaplished, it is retorted in small pot retorts. The re-
tort sponge, after being subjected to further panning, sorting, and acid treat-
ment, is washed and dried, giving & product assaying about 70 perceat of platinum-
group metals, which is shipped. )

The recovery by amalgamation is about 98 percent and the all-aver recovery
of the plant ranges froa 82 to 85.56 percent.

The United States Mint does not now buy platinuz or pay for the platinue content of
gold shipaments, although it did about the time of the World War. The following buyers of
crude platinus reported purchases in 1930:%°

Azerican Platinum Works, 225 New Jersey Railrocad Avenue, Newark, N.J.

Baker & Co., Inc., 54 Austin Street, Newark, N.J.

J. Bishop & Co. Platinum Works, Malvera, Pa.

Sigmund Cohn, 44 Gold Street, New York, N.Y.

Thomas J. Dee & Co., 1010 Mallers Building, Chicage, Il1l.

Kastentuber & Lehrfeld, 24 John Street, New York, N.Y.

Facific Platinum Works, Imc., 814 South Spring Street, Los Angeles, Calif.
Schwitter, Clover & Starkweather, Inc., 312 Passaic Avenue, Newark, N.J.
Wildberg Bros. Smelting & Refining Co., 742 Market Street, San Francisco, Calif.

Lots ranging from less than an ounce to hundreds of ounces ordinarily are sarketable but
preferably not less than 2 ounces. Settlement is based on assay, either by the buyer or,
for large lots, by both parties. The price paid in 1930 for domestic crude platinua ranged
from $30 to $40 per troy ounce’!; the average quotation for the refined metal was $45.

MELTING GOLD

The spongy mass of gold left after retorting can be sold to the mint or other agencies
just as it comes from the retort, but generally it is melted and poured into molds to form
bars or ingots for marketing.

The melting generally is done in graphite crucibles (fig. 15,F) placed in a special
furnace. In small operations the crucible is usually heated in a blacksaith forge in which
coke is used for fuel. The graphite crucible must be dried thoroughly before it is used by
being warmed gracually for several hours.

Spall quantities of gold frequently are melted without fluxes in makeshift devices such
as dented frying pans; in most instances, however, some flux is desirable. If the gold is
fairly pure, that is, has & bright yellow color, it may be melted with only a small quantity
of borax glass for flux. If, rowever, it contains impurities and is grey or black in color,
the peit requires larger quantities of flux to take up these impurities. Sometizmes, niter,
sodiua carbonate, or silica is used to reaove specific impurities. The flux is melted first,
tren the gold is placed in the crucible and likewise melted. Enocugh flux {s used to forms a
covering about ome Lalfl inch deep over the zolten metal.

In large-scale operations the melted gold is poured from the crucible into cast-iron
molds hoiding SO to 1,000 ounces. (See fig. 15.E.) A mold should be larger at the ‘op than
at the bottea so that the bullion will drop out readily when it is inverted. A pold 2

-~

$0 Davis, H. W., Platinua and Allied Metals in 1530: Mia. Res. of the U.S., 1930, pt. 1, 1931. p. 10S.
$1 Davis, H. W., work cited, p. 10S.
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inches by 12 inches at the top, 1 inch narrower and shorter at the bottom, and 3 inches deep
holds about 1,000 cunces. The common practice is to smoke the mold over an oil flame, then”
to neat it before pouring the gold. Another practice is to coat the mold with graphite or
oil or to pour a quarter inch of vegetable oil in the mold ani heat it to boiling, then to
pour the gold into the oil.

When the gold has just set in the mold and before the slag hes hardened, the contents
of the mold are tipped into water. This granulates most of the slag, and any particles still
adbering to the gold usually can be brushed off. Tightly adhering slag can be lcosened by
washing the gold with mitric acid.

The bar of bullion may be stamped with identifying marks or names, or these may be cast
in reverse in the bottom of the mold. The bar is then ready for market.

SAMPLING AND WEIGHING GOLD

sSazeling

There are several methods of sampling gold bullion. The most accurate one is to dip &
sasple from the melted bullion before casting it. A graphite rod suitably shaped at one end
to dip up the desired amount of gold, usually 1 to 5 grams, is heated redhot, stirred about
in the melt, and lifted out with the sample. The sample is then poured into an oiled mold or
into 2 shallow bath of heated oil. This methed has been used by a few mining companies and
is said to eliminate slight inaccuracies to which other methods are subject. It is imprac-
ticable for small amounts of gold and is inconvenient in that the sample is not obtained in
a2 form convenient for assay; except for bullion containing large quantities of base aetals,
sinpler methods generally are sufficiently accurate.

Other methods depend on taking samples from the solid cast bar of bullion. Chips can
be cut with a cold chisel from the surface of the bar, at one or sore places, haamered thin,
apd trimmed to the desired weight for assay, or holes can be drilled and the drill cuttings
used for samples. The latter method is used most. Holes an eighth inch or less in diazeter
are drilled a quarter to a half inch into the bar, usually one on top and one on the bottom
of the bar, on the center line a short distance froa the opposite ends. Two diagonally op-
posite corners, one on top and one on the bottom, are sometimes preferred, although the
difference probably is negligible. It has been found that in bullion containing base metals
there is a strong teadency for the base elements to segregate at the bottom of the bar and
for the top surface to be above the average fineness. Special methods of sampliang then must
be used. However, for most placer-mine bullion a sample of the desired weight, obtained in
alpost any convenient fashion, will be sufficiently accurate. Drill samples taken as de-
scribed above usually check the mint or smelter return within $ parts per thousand.

Fren gold is to be shipped to the mint, assaying the bullion is a needless expense as
there is no recourse from the mint assay returns.

Neighiog

.Analytical balances suitable for weighing small amounts of gold with great accuracy cost
from $150 to $300, and balances that will weigh large amounts of gold, such as the gold bars
st.ipped to the mint by mining companies, with sufficient accuracy so that their value can be
calculated to the nearest cent, are very costly. Balances capable of weighing & few ounces
of gold %o the nearest cent cam be purchased for $20 to $30, and convenieant pocket scales,
either of the hand-balance type (see fig. 16,A) or arranged to be set up on the cover of
their cases as mounted balances (sep fig. 16,B) and capable of weighing 3 or 4 ounces to the
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rearest cent, are sold by most chemical-supply houses at prices ranging froa $2.50 to §15,
including weights. Kith little or no expenditure a set of hand balances can be sade, similar
10 the mazufactured set shown ip figure 16,A, which will weigh 1 or 2 ounces of gold to with-
11 a3 grain or the nearsst 5 cents. The balance beam may be of wood, € or 8 {nches long,
suspended by 2 pia, needle, or beat wire hook through 38 hole i{n the exact middle of the beaa.
Tre pans can be made of tin, cut 1 1/2 to 2 inches in diameter and hammered dish-shaped, or
of the lids of small tin cans, each suspended by three threads from the ends of the beaz by
means of bent wire hooks. No pointer is necessary, as the beaz can be leveled closely
enough by eye. It is not necessary that all parts be of exact weight, as the balance beaa
or the pans can be trimsed to make the assembly balance. For even approximate accuracy, how-
ever, it is necessary that the pans be suspended from points on the beaa the same distance
from the center bearing, and for stability the end bearings must be slightly lower than the
center one. The nicer the construction and the more nearly frictionless the method of sus-
pension, the greater the accuracy; but even with very little attention to these points e
sensitivity of less tlhan a grain is obtainable when weighing as smuch as 2 ounces. Weights
can be purchased in convenient sets for 50 cents or msore or can be made or improvised fros
bits of wire or sheet metal cut to match any available standards. Coins may be used for
weights in rough work. Table 14 gives the weight of United States coins in metric and troy
units and the value of equal weights of gold of 4 degrees of fineness. The approximate
veights of coins worn so as to be nearly smooth are included to show what allowances must be
zade when using coins for weights.

Table 15 shows the relations of metric and troy units of weight and the value of gola
per unit in 4 degrees of fineness.

TABLE 14.- ¥efg*3 of Unite 23 5o !
Reight WMMI__.
Coiu Peany- 1 Iroy 4,000 Line j 200 tiae
Grass (Crains (weightsjocunces| At At AL i At At At At At
320 233.001320 671835 00820 67(83% $20.67 1838 00
Copper cent:
Nev. . ... e © ] 3.1103 | 48.000 | 2.000 [0.1000 $2.067 [$3.500 |31.960 |$3.150 $1.654 [$2.800 {$1.447 182.450
Very worn........ ... v | 2.8 43 1.8 .09 1.85 | 3.15| 1.65) 2.88) 1.50] 2.50 | 1.0 | 2.20
Nickel:
Ne®w ... .. ... e, | 4.9999] TT.160| 3.218] .1608] 3.323] 5.626{ 2.991| 5.064/ 2.658{ 4.501{ 2.326] 3.939
Very worn.. . . ... . ] 4.8 70 2.9 .18 3.00 | .05 ) 2.70 | 4.55 | 2.40 | 4.05 | 2.10 3.85
Dise:
Nevw 2.5000| 38.581{ 1.608( 0804 1.682] 2.813| 1.496] 2.532| 1.329( 2.2%1] 1.163] 1.969
Very worn . . .1 2.3 35 1.5 .07 1.50 | 2.60 | 1.35 | 2.35 | 1.20 | 2.05 | 1.05 { 1.80
Quarter:
New . . ... ... . R 6.2500] 96.452 | 4.019{ .201 | 4.154] 7.033] 3.738| 6.330{ 3.323| $.626| 2.908! 4.923
Very worn. - . . .1 5.5 -1 3.5 18 3.65 1 6.20 1 3.30| 5.55 | 2.90 | 4.95 | 2.5%5 | 4.3%
Half dollar:
New . . . . 112.500 [192.904]| B.038] .402 | 8.308]14.066| 7.477|12.660] 6.646|11.253] 5.816] 9.846
. Very worn ... . . URE B S W 4 180 7.8 .38 7.75113.15) 7.00711.85; 6.20 |10.55 | S.40 | 9.20
Silver dollar:
New L 26.730 |412.500 | 17.188( .8%59 |17.765{30.078/15.988{27.070]14.212{24.063{12.435/21.055%
Very wora. . ... .. ...... .....|2% 380 16 .80 |16.50 {28.00 | 14.75 | 25.00 {13.00 {22.00 {11.50 |19.%0
L

L A gold double eagle (320 gold piece) vhen nevw weighed 516.0 grains. The gold, like the gold and silver in all United
States coins, was 900 fine, therefore the piece contained 464.40 graians of gold and S1.6 graias of copper. Hence, 1}
ereon of gold was valued aut $20.00 - 4€4.4. and 4B0 grains, or 1 troy ounce, vas valued at $20.00 x 480/464.4 =
$23.6718. The $10 and $5 gold pieces weighed exactly a halfl and a quarter as suca, respectively, as the $20 plega.
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TABLE 15.- £ i v ' d
Reight Valuye of equal wejight of gold
Penny- | Troy 1.000 tine lr 900 fine 800 fine 700 fine
Graos | Grains |weights|ounces?| At At At At AL | At At At

$20.67 |$35.00 |$20.67 i$35.00 |320 67 0Q %20 .67 €3S 00
1.C00 | 15.4324{ 0.6429{0.03215/$0.664681.1253|$0.5982{81.0127{80.5317{%0.9002|80.4652)%0.7877
.C6480| 1.0000] .0417] .00208] .0431| .0729| .0388) .0656{ .0345; .0583| .0301 .¢S1e
1.5552] 24.0000] 1.0000] .05000] 1.0336) 1.7%00; .9302] 1.5750| .8263] 1.4000| .7235| 1.2250

31.1035|480.0000(20.0000{1.00000|20.6718|35.0000]18.6046/31.5000|16.537428.0000(14.4703|24.5000

112 ounces troy = 1 pound troy = 0.823 pound avoirdupois;
16 ounces avoirdupois = 1 pound avoirdupois = 7,000 grains.

MARXETING PLACER GOLD

Five classes of buyers usually are available to the miner wno wishes to sell gold dust, re-
tort sponge, or bullion bar: (1) Individual gold buyers; (2) local stores; (3) local banks; (4,
smelting companies; and (5) United States mints and assay offices. If the miner has base bullicn
or concentrates the smelter or custom mills are usually his only market.

Local stores are the principal buyers of small amounts of gold, ranging in value frca a lew
cents to $50 or more. The merchant, who is often the chief retailer of supplies to the =zizers,
finds it brings him trade to act as a commission buyer of gold, making it possible for thle pros-
pector and miner to convert their winnings promptly into cash. If his commission is fair, tXis
is satvisfactory, as it saves the miner much distasteful annoyance in preparing his gold for ship-
ment, filling out variocus registration and report forms, and tnen walting several days for his
cvheck. It likewise makes possible the sale of less than 2 ocunces of fine gold at a tiame, wnhich
is the least amount of retort sponge, gold dust, or nuggets the mint will accept. The discoun:
of the merchant ranges from $1 to $2 per fine ounce. The ziner must remember that no placer gold
is pure and that the merchant has only his judgment to tell him how much the =mint wil: pay for
his gold. Not all gold from s district assays the same degree of fineness, and the mercaznt is
not to be blamed for staying on the safe side.

In most mining districts there are assayers, company officials, jewelers, metal brokers, or
other individuals who for profit or for the convenience of employees, lessees, or custozers zake
a practice of buying gold in small lots from prospectors and miners and paying cash for the value
of the estimated weight of fine gold, less certain charges. Likewise banke in many districts re-
ceive gold, either purchasing it outright on *he basis of their own or commercial assayers’
analyses, or merely acting as shipping agents. receiving the gold, shipping it to the mint, anc
paying the miner upon receipt of mint returns. In the latter case a commission ¢f about 1 percent
usually is charged, for which the bank assumes all risk and trouble otherwise taxken by the zines
hizself.

A few smelters or refineries buy gold or silver metals; the melting and refining ciarge:s
probably will closely approximate those of the mint. Most smelter or refineries handling precicus
metal ores buy gold-bearing concentrate. Smelting charges on such zaterial are variacle, and a:n
inquiry, accompanied by a close description or a saaple of the material offered for sale, =zizoll
be z:ade in advance.

Gold can be shipped by express or by mail. If by express, the parcel can be insured wiil .«
express coapany far its full estizated value United States zail shipzents usuvally are I:2.°
registerad first-class mail and should be insured. The mail registry systea provides ix

in graduated azounts from $5 to $1,0C0 at a cost of 15 ¢ents to 81, including *ne registras
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put excluding postage. If regular mail shipments of considerable value are being made, it \
is possible to secure commercial imsurance for them. However, for amounts greater than a '
few ounces the first-class postage rate of 3 cents per ounce becomes so costly that express
shipments are advisable. All shipments must be prepaid.

ThLe best container for shipping gold, either by mail or express, is a lead-sealed canvas
sack, securely tagged with the addresses of the sender and addressee. Gold bars may be
wrapped securely in canvas and packed in wooden boxes.

When a stipment of gold is sent to the United States Mint 2 letter should be sent sepa-
rately containing the prescribed affidavits. Fora TG-19, for a persen shipping gold that he
rtas mined hiaself, and fora TG=21, for gold buyers, can be obtained by writing to a United
States aint or assay office. Fora TG-19 need not be sworn to if the smount of gold is §
ounces or less. Since January 1934 the mints have paid $35 per troy ounce of fine gold, less
one fourth of 1 percent, as compared with the former price of $20.67+ per ounce.

The mint charges $lr for melting any deposit of 1,000 ounces or less and 10 cents addi-
tional for each 100 ounces over this amount. An extra charge of $1 or more is made for melt-
ing gold dust or gold containing nonmetallics if the loss of weight in melting is more than
25 percent.

If the gold is 992 fine, or finer, no charge is made for parting and refining. If less
fine, or if more ttan 50 parts base metals are present per 1,000, charges of 1 cent to 5
cents or more per oun¢e are imposed for parting and refining. Bullion less than 200 fine is
not accepted.

Current market prices are pajd for the full silver content; however, if the necessary
forms are submitted for silver qualified under Executive Proclamation of December 21, 1933
the depositor will receive the number of silver dollars that can be coined from one half of
tbe fine silver content. No other constituent in the bullion is paid for.

LARS REGULATING ORE BUYERS

California and Colorado laws require ore buyers to take out liceases. The California
Ore Buyer's License Act, passed in 1925, includes as buyers all persons saapling, treating,
or buying gold dust, gold or silver bullion, gold or silver specimens or ores, or concentrates
of these metals and gives the State mineralogist the duty of licensing such persons.®® The
license fee is set at $15 per year if the gold and silver treated or purchased in a year ex-
ceed $1,000 in value or at $2 if less. The licersee is required to keep on record the names
of the sellers, the asount and description of each lot purchased, the stated source of each
lot, and other cata and to report all purchases monthly to the State aminerslogist. Provision
is made for the issuance of licenses, recovery of stolen metals, and penalties for violation
of the act. Tke latter are severe. No regulation, of course, is placed upon the gold buyer
as to terms of purchase, nor is this & matter of record under the act; however, one effect
of the act, which primarily is intended to prevent the ready sale of stolen gold or silver,
doubtless i{s to improve tLe clances of the small producer getting fair treatment from ore
buyers by driving dishonest dealers out of business.

The Colorado law regulating the purchase of ores is similar to the Califoraia law.
Nevada and New Mexico provide tLat persons buying ores must keep a‘record of purchases which
stall be available to any one legitimately interested in tracing stolen ores but do not re-
cuire the licensing of ore buyers. Other Western States have laws dealing with ore stealing
and with "salting" or othervise falsifying the value of mines, but none zake such specific
provision as do California and Colorado for the regulation of ore and metal buyers.

S2 Ricketts. A. H., Americas Miaing Law: Bull. 98, Calif. Bur. of Mices, 1931, pp. 640-646.
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Figure 16.— Prospector’s gold scales: A, Hand scales; B, folding pocket scales.






	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

