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IHTRODUCTION

When placer gold was first discovered in British Columbis
much of the gravel was mined by nethods other than hydraulicking.
Subsequently, however, with the werking out of rich shallow grav-
el, extensive yardages of lower grade gravel were left which under
favourable conditions were mined by hydraulicking. This type eof
mining produces the largest proportion of placer gold at present.

Placer gold was discovered in the Province at an early date
50 that in the well known districts most of the creeks have been
prospected and worked wherever possible, leaving the more unde-
sirable and lower grade ground for subsequent miners. All the
rich ground that is known has been, or is being, worked. In the
past, failure to sample and properly estimate the available yard-
age of placer deposits has resulted in a tremendous waste of
meney and effort. A large proportion of placer operatious have
feiled because the gold in the gravel was insufficient to repay
the cost even of the most efficient mining. In conseguence, pre-
liminary testing and sampling is more important now than ever be-
fore .and it is particularly necessary where the investment of a
large amount of money is involved.

The expense of preliminary sampling and test worlk should be
regarded as a type of insurance from which it is vpossible to get
valuable infermation necessary in making definite plans for opera-
tion and by which it is possible to save the loss of considerably
more money if certain unfavourable facts and conditions can be -
known beforehand. ,

Prior to mining & placer deposit by hydraulicking, it is im-
portant to obtain information regarding the following points.

(1) The area and depth of the deposit, its average value per
cubic yard, the distribution and the nature of the valuable mineral
content. The minimum ‘economic value per cubic yard depeunds en-
tirely on local conditions.

(2} The supply of water avsilable and the head or pressure
obtainable, as this forms a basis for estimating the daily yard-
age that can be mined. '

(3) The total length of ditches, flumes and pipe-lines re-
quired te bring the water to the giants at the working faces.

(4} The nature and grade of bedrock as well as its depth
from the surface.




(5) The height available for the dumping or disposal of
tailings; also the available area sc that the tailings will not
interfere with adjoining opsrations. - .

A placer deposit may be sampled by any one or a combination
of methods; by panning gravel from natural exposures; by drifting,
by test-pltting, by shaft-sinking, or by Keystone-drilling. In ..
gvery instance in order to get reliabls results the work should be
done carefully and systematically so that the information may be
compiled to give as ccmplete a picture of the deposit as it is
possible or economical to obtain.

A placer deposit of "any considerable size can seldom be ade-
quately sampled from its natural exposures. Nevertheless thers
probably are some exposures along creek banks or gulches where
some -panning may be done to advantage. The results from panning
depend for their value largely on the man who takes ths gravel for
the sample. Conseguently, they can be very misleading unless the
sample is properly taken and the results interpreted in the light
of experience. In the first place it is necessary to assume the
volume of a pan full of gravel, this is generally taken as 150 to
170 to the cubic yard. Secondly it is-necessary to estimate or
assume the total yardage of material the pan represents; it cannot
be taken for granted that & single pan will represent the average
of any large volume of gravel. Nevertheless pauning is valuable
in determining from scattered exposures the range of walues to. be
expected, as well as some indication as to the dlotrlbutlon of -
values in various sections of the deposit, :

Drifting on bedrock, where so freguently the greatest proper-
tion of -values is concentrated, is the best method for getting
average values in one part of a deposit. If the placer deposit is
a buried channel, then it may be- possible to obtain information as
%o bedrock values and consequently average values across the full
width . of the channel. This is especially important in hydraulic
mining where it may be necessary to wash the entire channel fiiling
and not mine the deposit selectively. If the drift be run from
side to side of a chanqel, it 1s best to sluice the entire spoil
from the workings, making it possible by measuring the yardage ex-
cavated to calculate the average value per yard of gravel mined.
By taking pan samples in the drift it is possible to locate any
pay-streak present, and by sluilcing separately the meterial from :
‘each timbered set any variation in values will be found. A4 foot
to 18 inches of bedrock should be taken up with the gravel to be
certain that all gold is being recovered

. An alternative method of calculating the values rather than
the common one based on a cublc yard of gravel is. to 'tramspose -
the values in terms of square feet of bedrock uncovered or cleaned,



or alternatively in terms of per lineal foot of channel. In

this way, perticularly when most ‘of the values are on dedrcck and
the overburden is barren and of variable thickness, it may be
found that there is a uniformity of wvalues which would not be ap-
parent when the calculation is expressed in terms of cubic yards
of gravel,

Shallow untimbered test pits may be dug in instances where
the placer deposit is shallow and no trouble is experisnced from
ground water. If it is possible all the material excavated from
the pit should be sluiced and the geld from it recoversd and
weighed. By this means a more representative sample is obtained
than by attempting To take & sample of exact volume from the side
or bottom of the pit. If the volume of the pit is measured as
well as the area of the hottom, the value per cubic yard, or al-
ternatively ‘the value per square foot on bedrock may be readily
calculated.

If possible, numerous test pits should be dug and should be
laid out in lines according to a definite plan established in
large part by the type of placer cccurrence but of course modi-
fied and extended as more information is obtained. '

In many deposits it is not always possible to drift on bed-
rock; it then becomes necessary in order to ascertain the depth
to bedrock, and the values there, either to sink a shaft or put
down a Keystone drill-hole. A shaft is preferable to a single
drill-hole because the greater area of bedrock cleaned gives a
muach better sample. However, the comparative benefits should be
balanced between & shaft and the number of drill-holes that might
. be put down for the same cost. Shafts should be sunk where pos-
sible to check drill-holes.

In locse material, a shaft must be timbered but may be sunk:
either by driving lagging or by cribbing, whichever is prefer-
able or more expedient. The vertical distribution of valuss is
found by sluicing the spoil as the sinking advances and again if

.possible all the material should be washed as a better average
sample is thereby obtained.

Shafts almost invariably enc¢ounter water to a greater or
less extent and a pump should be available to keep it under con-
trol. Where an excessive flow is encountered or can be predicted
with certainty in advance then the only alternative is to do the
testing by Keystone drill.

In deep placer ground whers bedrock is not accessible by a
drift, the longer Time necessary and greater expense involved. in
shaft-sinking make it advisable to drill the ground. Drilling




gives accurate information as to the depth of bedrock, as well as
the valdes in the material drilled. However for dependable value-
results much depends on the skill, experience and reliability of
the driller. Close supervision is most 1mportant for the reason’
that 'drilling results must be adjusted and interpreted in the light
of the physicel conditions which are sncountered; for example hard
packed gravel and loose cav1ng sand or fine gravel may give values
that are either tco low or too high unless the physical conditions
are taken into account when the final calculation is made

In order to determine the vertical distribution of valiues,
the cuttings from the drill-hcle are collected &nd panned or put
through a rocker at regular intervals of depth, or it may be found
convenient to have the bailer discharge direetly into a small sluice-
box, which is -cleaned up after each pumping and which will give the
values for each drive of the casing and its respectiVe bailing.

The value of prellmlnary sampling and testing cannot be over-
emphasized but inasmuch 2s no two placer deposits are identical,
conditions may vary widely and distribution of values be so dif-
ferent, no specific method of testing can be outlined. However,
the method should be adapted to each particular deposit, the pro-
gramme being laid out systematically and the work’ dlrected by a
capable and experienced man.

The following meterial in quotation marks is reprinted from
Information Circular No. 8787 {now out of print) of the United
States Bureau of Mines, "Placer Mining in the Western United
States, Part II," by E. D. Gardner and C. H. Johnson, to which
due acknowledgment is made herew1th

"This paper deals with hydraulicking, sluice-boxes and rif-
Tles, recovery of gold and platinum from placer concentrates, and
treatment of amalgam. The discussion of sluice-~boxes and subse-
quent subjects applies to all forms of placer mining."



HYDRAULICKING

Histogll

Hydraulic mining was déveloped in California as early as 1852
when Bdward B. Mattison, in order %o reduce labour costs, used a
rawhide hose to which a woeden nozzle was attachsed to-direct a
stream of water against the gravel bank. This step was followed
by the use of a canvas hose bound with wire and rope and the use
of a metal rather than a wooden nozzle. The canvas hose was re-
placed by 100 feet of stove-pipe by R. K. Craig at American Hiil,
Nevada County, Califcornia. The first metal pipe made specifically
for hydraulicking was made of wrought ironm in 1856 by & ccmpany in
San Francisco. Difficulty was encountered with the first pipe be~
cause of the rapidity with which it rusted.

As hydraulicking became more and more used, high water pres-
sures were wanted and the strength of the pipe led teo its being
made of sheet-steel 1n short lengths that could be packed by mules
or burros. '

The first nozzles were attached to the discharge end of the
pipe by a short length of canvas hese, but later as higher water
pressurss were used a flexible iron jolnt was devised using two
elbows working over easch othsr and held together by a king-bolt.
This arrangement was improved by using = radius plate. Various
types of machine were devised to which the name "giant" was ap-
plied, culminating finally in the modern double ball-bearing giant
equipped with a deflector at the end of the discharge barrel.

2

"In hydraulic mining & jet of water issuing under high pres-
sure from a nozzle excavates and washes the gravel. The gold is
recovered partly by cleaning bedrock after the gravel has been
stripped away but chiefly by riffles in the sluice-box through
which the washed gravels and water flow to the tailings dump.

"Almost all typves of placer deposits can be worked by hy-
drauvlicking if water is awvailable, but certain physical charac-
teristics have an important bearing on the cost of the operation.
If the gravel is clayey the washing is more difficult but more

See Bowie, A. J. Hydraulic Mining. Van Nostrand Co. New York,
1898, p. 4Z.

Reprinted from Uniied States Buresau of Mines Informstion Cir-
cular 8§787.




important. If the gravel is cemented it can be cut only by high-
pressure water. If the grade of bedrock is flat the duty (cubic
yards per miner's inch or other unit) of the water is relatively
low, and where gravity disposal of water and Tailings is impos-
sible or impracticable elevators must be used to raise them from
the pit, further decreasing the capacity of the installation.”

As a consequence, therefore, a proposed hydraulic operstion
must fulfill three essertial physical conditions: (1) .An'ade—
gquate water supply must be available for the scale of operation
intended; (2) There must be sufficient dump space to dispose of
the %ailings from the sluice, or lacking that, sufficient addi-
tional water and space to enable the tailings to be stacked; (3)
The bedrock grade should be such that the sluices can be laid with
the proper grade to carry the water and gravel efficiently, or,
height must be available so that a bedrock cut may be made in
which to place the sluice-boxes on their proper grade. All these,
in addition to the prime requisite of sufficient average recover-
able values per yard to warrant the cperation.

"Apart from the deposit itself, the water supply is the most
important factor in determining the application ¢f hydraulicking
and the scale of coperation. Under any given conditions the daily
vardage is roughly proportional to the quantity of water used."
As an illustration of the value of obtaining the most water pos-
sible it 'is c¢claimed that a 5 per cent increase in the amount of
water used inereases the yardage sluiced by approximately 10 per
cent. "The quantity éxcavated likewise is proportional to the
head used on the giants, but the higher pressure is of less value -
in driving and washing and of none at all in sluicing the gravel
through the boxes ¢ the dump. As the cutting and sweeping cap-
acity of the giants usually exceéds the carrying capacity of
water, a stream of flowing water, known as ‘by-wash,' or 'bank
water,' is directed through the pit and into the sluices. If run
over the bank, as in ground-sluicing, it aids msterially in cut-
ting the gravel., The proper relative quantities of high pressure
and bank water can be determined only by trial. Freguently the
‘by-wash is supplied by the natural flow of the stream at the mine, .
the giant water being brought from a considerable distance up the
stream or from ancther source. When an excess of bank water is
available it may be used for ground-sluicing, thus increasing
the capacity of the plant.

"The preparatory or development work necessary to start
hydraulicking usually 1s greater than that for any other form of
placer mining except dredging or drift mining. A deposit prefer-
ably is opened at the lower end to permit gravity drainage and
progressive mining of the entire deposit in an orderly fashion.
If the gravel is thick or the grade of bedrock flat & very long

.cut may be necessary to reach bedrock at the desired point. This



Plate I A, A storage dam at the outlet of Germansen Lake, The
three spillways at the left are controlled by timbers held in
vertical guldes, the main one at the right by two gates
operated by hand wheels. This dam is 7 feet high and
impounds about 20,000 aers feet, sufficient water
for a full season's operation.

Plate I B. A diversion dam on the ditch-line of Germarsen
Ventures Ltd. The trash rack is in front of the gates
leading into the ditch; the waste gates at the right
contrel flow in a natural water course.




Plate 1T A. A flume built on a trestle across a steep slide.
The flume ig 6 feet wide and 5 feet deep; note the well-
* supported bents of heavy timbers with centre posts.

Plate II B. Contrel gates at the end of the diteh at the
intake to the penstcck at Bullion Mine.



may inveolve the mining of large guantities of barren or at least -
unprofitable gravel. A more important element of preparatory cost
is the water supply. As heads of 50 to 300 or 400 feet are desired,
a mile or more of diteh or flume is almost always necessary .to bring
water onto the property by gravity flow. A single mine may have-
meny miles of diteh, costing perhaps_$2,500 per mile, as well as
dams and reservoirs and thousands of feet of flumes, tunnels, or
inverted siphons. The mechanical egquipment of a hydraulie mine or-
dinarily consists of a few hundred to a few thousand feet of 10- to
3C-inch, or larger, iron pipe, one er more monitors, and & varying
number of sluice~boxes; the cost of equipment ordinarily is small
compared to the expenditures necessary for ditehes and tail races.

"Although it is obvious that the recoverable gold content of
the gravel must pay a profit over operating costs {which usually
- range from 5 to 20 cents per yard) a surprising number of ventures
in hydraulicking heve failed because the promotors 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 censidering a hydraulic mining
venture. h

"Hydraulicking under suiteble conditions is a low-cost method
as it yields a larger production per man-shift then any other
method except dredging. The initial investment required is less
than that for dredging; hence, hydraulicking in small or medium-
size deposits may be more economical even though dredging would
result in & lower operating cost. When the operatiocns are on a
very large scale hydraulicking costs may be lower than dredging
costs on a comparable basis. Very clayey or bouldery gravels
should be hydraulicked as dredging usually is unsatisfactory in
such grouund.

"There is enough similarity in all hydraulic operations that
no natural classifications of the method can be made. The methods
of attacking the gravel very too little to nske any general dis-
tinctions. Factors such as conditions of the gravel, percentages
of boulders and clay, grade of bedreck, and the quantity and head
of the hydraulic water . affect the costs, but no general grouping
is possible in accordance with any of these heads.

Ditches

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




In British Golumbia the Bullion Mine has sbout 2% miles of
ditch-line, the Lowhee 25 miles and Germansen Ventures Ltd., 10
miles of ditch and flume. :

"Hydraulicking is feasible with heads as low as 40 or 50
feet if the gravel is not tight; however, heads of 80 to 200 feet
usually are desired, and if the gravel is cemented it is not un-
sommen to employ high-pregsure eguipment aund heads ranging from
300 to 400 feet if such can be obtained. This consideration fixes
tentétivaly the location of the lowsel end of the ditch. Its finsl
location may be a matter of compromise, as the head usually can be
increased only at the cost of a lengthened ditch or a decrease in
. the grade. The latter reduces the quantity of water that can be
carrled in 'a ditch of given size.

"The grades’ of most hydraulic-mine diteches lie between 4 and
8 feet per mile, or 3/4 to 1 1/2 feet per 1,000 feet. "Early Cali-
fornian ditches were run on much steeper grades, but the conse-
quent high velocities caused erosion of the banks and serious
breaks were commom.  Small ditches may be run at grades of 6 to
12 feet per mile without excessive velocities.

"Practical velocities range betwsen limits of which the
minimum is determined by silting andrthé maximum by erosion. If
the entering water contains sediment it may be deposited in the
diteh. This should be guarded against by installing a sand trap
nesar the intske and by designing for & velocity of not less than
1 foot per secend. On the other hand, & veloeity of more than
3 feet per second is apt to erode the channel -and cause breaks.”
Weeds will hardly grow in water flow1ng 2 to 2 1/2 feet per
second.

"The following are recommended as maeximum mean velocities
for ditches in various materials:

Waterlal - Mean wveloecity

- ' ' Feet per. second

Silt ' - 0.5

Loose sand ‘ 1 -
Sandy soil 7 2

Firm soil, firm sandy loam 3
Stiff,clay, graﬁel 4

Coarse grével, cobbles -5

[a 2}

' Cemented gravel, soft rock

Hard rock 10




"The figurss on the preceding page represeut mean velocities, the
corresponding bottom velocities being 20 to 30 per cent lower,
and the corresponding surface velocities, as measured by floating
objects, possivly being 25 to 35 per cent higher.

"The velocity, hence the capacity of a ditch, depends upcn
its slope, the nature of the walls, the size and shape of the
water section, and the straightuness and regularity of the channel.
All these facters, except straightness and regularltv of cross~-
section, are involved in the Kutter formula:

LI L gy g+ 2:00281
Ve Ty ooz, (VRS)
U4 o= (41,85 + Smete
\/R—. 3

S

In which
V = mean velocity {(in feet per second)
"n" = ceefficient of roughness
$ = sine of slope (fall divided by length)
R = hydraulic radius (area of water section divided by

wetted perimeter of channel) in feet.

"This formula ordinarily is applied by means of tables or
charts. Figure 1 is a chart devised by F. C. Scobey of the
United States Department of Agriculture. The proper value to use
for the coefficient 'n' is & metter of judgment. The following
values of 'n' are recommended by modern designers.

Values of Roughness Coefficient n"

_ IR Surface Best Good  Fair  Bad
Coated cast-iron pipe .011 0.012% ,013%
Commercilal wrought-iron pipe :

Black .012 .013 .014 .015

Galvanized : .013 .014 .015 .017
Riveted and spiral steel pipe . .013 .015%  Lo17*
Wood-stave pipe .010 L0111 ,012 013
Flank flumss ’

Planed - .01  .012% 013 .014

Unplaned 011 .013% 014 .05

With battens 012 .015% 016
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Figure 1.—Diagram for solving Kutter formula to determine flow of water in opeﬁ channels or pipes.

Reprinted from United States Bureau of Mines Information Circular 6787.
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Semi-circular metal flumes

. 012

Smooth . . L0111 .013 .015
Corrugated .0225 .02b L0278 . 030
Canals and ditches — )

Earth, straight and uniform L0177 .020 .0225% 085
Rock cuts, smocth and uniform .025 .030 .OSSX .035
Rock cuts, jagged and'irregular 035 .040 .045 -
Winding siuggish canals L0225  .025% 0275  .030
Dredged earth channels .025 .0275% 030 .033
Canals with rough stony beds; '

weeds on earth banks .025 . ,030 .035% , 04.0

X Values most used.

"Earth canals for irrigation usually are designed with
'n' = 0,025 or even 0,0225; however the usual hydraulic mine ditch
is not straight, uwniform nor smooth, and probably the coefficient
0.030 or ©.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 that 'n' = 0.035. Any increase
in the assumed vaiue of 'n' results in an approximately equal per-
centage decrease 1n the calculated velocity, or a doubled percent-
age increase in the required slope. Thus the velocities and
capacities shown in Table 1 might be increased 15 or 20 per cent
for ditches 1n unusually good condition.

"Aithopgh the shape of the datch has a bearing cn its cap-
acity, in practice tThersection is infiuenced more by Tthe method
of excavation. However, for a given area, the section should be
so shaped as to have the iargest hydraulic radiug consistent with
econonical constructicn. The usual earth or gravwel ditch for
hydraulic mines has a trapezoidal section, with a flat bottom 2
te 10 feet wide, sides sloping about 45 degrees, and a water
depth of one-third to three-quarters the bottom width. The sides
should be excavated at a slope that will be stable ir use, other-
wise caving will result in irregulariby of section ard consequent
loss of capacity. The following side slopes are recommended for
ditches in varicus materials:

- 11 -




Side Slopes

Material .
Horizontal to wvertical |Degrees

Firm soil, coarse firm gravel 1:1 45

Ordinary soil, loose or fine : _
gravel , S 11/2:1 ' 35

Leoose sandy soil 2 1 . 25

"Wimmlerl who tabulates data on 35 Alaskan ditches, states
that side slopes of 45 to 65 degrees are comnon, but that the
higher slopes cut down Qulckly . :

"Cn steep hillsides relatlvely steeper sides and deeper sec-
tions may be cut if the scil is firm to avoid excessive excava-
tion on the uphill side of the ditch. In rock the sides may be
vertical; the width should be twice the water depth, as in rec-
tengular channels this results in the least excavation for a given
capacity and slope. Likewise, in rock the size may be decreased
and the grade increased, thus reducing the yardage of rock exca-
vation. Ditches should be designed to run not more than three-
fourths full, allowing 1 to 3 feet of fresbosrd.

"In porous soil considerable water is lost by'seepage.
Peele? quotes Etcheverry as stating that seepage losses range
from as little as 0.25 cubic foot per square fcot of wetted sur-~
-face per 24 hours in impervious clay leam to 1.0 cuble foot in
sandy loam and 2 to 6 cubic feet in gravelly scils. It is easily
computed that a mediuvm-size diteh, 5 miles long, carryipg 1,000,
or 2,000 miner’s inches, way lose & or 10 per cent of the intake
water by seepage, even in good scil, and in porous soil, as much
as 20 per cent." As an illustration, at Germansen Ventures
Limited, Germansen Ureek, B. C., starting with an initial flow -
at the intake of 135 cubic feet per second there was a loss of
about. 26 cubic feet per second through seepage in. 3 miles of
flume snd 6 miles of diteh . largely in fairly impervious boulder-
clay.

"Remedies where the loss is serious are to decreass the -size
of ditch and increase the velocity; to reduce the velocity to a

' Wimmler, N.L., PlaCer—miﬁing Methods and Costs in Alaska:

Bull. 259, Bureau of lMines, 1927, pp. 40-56.°

Peele, Robert, Mining Engineers’ Handbock: John Wiley and Sons,
3rd. ed., 1941, p. 38-26.
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point at which 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 Wimmler, sod lining often is
used in frozen muck in Alaska, sometimes with entire success.
Puddling when sufficient clay is available will tend to seal much
" of the seepage.

"Very few ditches have been built in recent years, and no
modern costs are available. Many methods are available for such
work, ranging from hand-shovel and pick work to excavation by
power shovel or mechanical ditchers. & common method is-to plow
the surface and excavate as nsar to grade and correct section as
possible with teams and scrapers, then finish by hand. Scome
irstances have been noted where hydraulic giants were used for
ditch excavation. This, of course, is possible only when water
is available from a higher ditch line. Incidentally the hydraulic
miner uses high-pressure water for excavating wherever practicable.

"The alinement of ditches should be such that excavation to
grade will provide just encugh bank material to form a channel of
the desired size. Wherever the water level 1s to be above the
original ground surface it is well to plow the surfaces before ex-
cavation starts to form an impervious joint between the bank and
the ground. If the material is not such as to form tight banks
it may be advisable %o excavate the entire water section below
the original surface. The grade must be maintained exactly and
the desired s&ction adhered to as closely as possible, as all
irregularities have a retarding effect on the flow. Jurves should
be made smcoth and regular for the same reason. : :

"If there is danger of water from floods or other sources
filling the ditch beyond capacity, spiliways must be osrovided at
intervals to prevent breaks in the line which would stop operation
and be costly to repair.

Measuring weirs

"The simplest method of accurately measuring a flow of water
in a stream or diteh is by means of a weir. Numerous types of
weirs are used, and there are many formulas for calculating the
flow cver 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 water
flowing over the crest. The bottom of the notech should be level
and the sides vertical. The weir notch is bevelled on the down-
stream side, so as to leave a sharp edge on the upstreanm side.
The weir should be installed so that the water in the pond above
ig comparatively still. It must alsc be high encugh so that

’
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TABLE 1.~ Calculated velocities ard discharpes for small snd medium-size ditches

Bottom width, B...... ....fe6t]

1 2 E 3 i 4
Top width, % .. o, | 2.0 | 251 3.0 3¢ | 40|50} 40}50[s60]|70]|6.0]7.0]s0]9.0 100
Depths Gevonccrrecs vonmrennen 80, S| w5l 10) slioflsf 5i1.0[25]|20[10] 15 | 20| 25130
Area, Aooio o 530 £2.] W75| 1,81 2.0 | 1.25] 3.0 | 5.25| 1.75| 4.0 | 6.75|10.0 | 5.0 | 8.25]|12.0 !16.25,21.0
Hydraulic radius, Bo.........| .31 .42] .52] .37v{ .e2| .s4] .40l .e9| .03 1.18] .78} 1.00| 1.24| 1.47| 1,68
Slope, ft. Slope, ft. Velocity of flow, feet per second
per mile por 1,000 ft. ;
1 0.19 0.564]..........[0.502|0,601|0.687|0. 767
2 .38 490 .8l4|0.560| .723| .s61| .98 |1.008
3 .57 .802 .999| .690| .890|1.058[1.20 |1.345
4 .76 .699| .895].......| .758] .975|1.189] ,799|1.032{1.230/1.40 |1.558
5| . .95 .78511.005}0.537| .851}1.024[1.299| .901|1.188|1.376]1.57011.744
6 L34 | 618| .748| .550| .862{1.103| .589| .933|1.199{1.423| .es4|1.270{1.511]1.72 {1.912
7 1.33 |0.517] .e70| .8es| .595| .931]1.104| .657|1.008]1.20611.539|1.068]1.575|1.633|1.85 {2.066
8 1.52 | .552| .717| .862| .em6| .so7|l.277] .683|1.080|1.390|1.647|1.14111.468i1.747(|1.98 {2.212
9 1.70 | .58s| .763| .918| .67s|1.057{1.257! 725|1.148|1.476]|1.749|1,214[20560]1.852]2.11 12.348
10 1.89 | .619| .eo4| .oeel .vi4|1.118|1.480] .765|1.209|1.555)1.845]1.277|1.644]2 955]2.226|2.4T2
1 2.08 | .es0] .e41l1.015| .749|1.180]1.409] .802|1.270|1.629]1.932{1.339|1.725|2.048|2.35 |2.590
12 2.27 | .e8l] .882}1.061| .785|1.225|1.568] .842|1.328|1.704]2.024|1.402|1.£05|2.145(|2.43 {2.714
15 | 2.84 | .762| .986|1.186] .a76|1.570|1.756| .941|1.484]1.909}2.263|1.569|2.018|2.397|2.72 |3.051
20 § 3.79 | .882|1.142|1.57211.014]|1.584|2.027]2.086]1.715|2.204|2.612{1.811| 2. 530}2.770|3.152}3.502
' Discharge, ¢ubic feet per second’
1 SRR PRV - Y1 DOV 4.12| 7.20{11.21] 16.2
2 - 1.47| 3.31]... 2.12) 4,59 8.10| 2.80| 5.94[10.32|15.93] 23.1
3 SOOI I IX 2.1 1.80] 4.04}... 2.60| 5.67/10.00| 3.45} 7.34|32.72|19.50| 28.4
2 PSRN PPN 0.66| 1.20]........| 2.10] 4.72|........| 3.04| 6.55]11.60| 4,00| 8.50{14.756|22.75| 32.8
2 73| 1.36| 0.62| 2.34] 5.25| ©¢,94| 3.40| 7.36|13.00| 4.50| 9.57|16.56|25.51] 36.5
I w81} 1.80| 69| 2.58] 5.78| 1.03] 3.72] 8.10]14.20] 4.90|10.48|18.12|27.95] 40.1
7 o.33| .8s] r.e2| .7s| 2.79] 6.25! 1.12| 4.04| 8.78{15.40| 5.35!11.30{10.56|30.08| 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|27.50} &.05|12.87|22.20(34.29] 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
1 49| 1.20] 2.04] .94] 3.51| 7.88] 1.40{ 5.08|11.00|19.30| 6.70|14.19|24.60|37.86] 54.4
12 .51 1.15| 2.12| .e8| 3.68| 8.24| 1.47| 5.52|11.48]20.20| 7.00|14.85]25.68{39.49| 6.9
15 .87| 1.80| 2.38| 1.10| 4.11] 9:24| 1.64| 5.92l12.80!22.60| 7.85{16.66]28.80]|44.20| 63.6
20 66| 1.49] 2.74| 1.26| 4.74|10.68] 1.91| 6.88|14.85/26,10| 9.05|19.22|33.24]61.19] 73.5

Iro convert to miner's inches multiply by 40.

Reprinted from ’[fnited States Bureau of Mines Information Circular 6787.
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TABLE 1l.- Calgulated velocities and discharges for small and medium-size ditches -~ Continued

Bottom width, b............ OT PR ..As'eeti g I € ! 8
Top width, t @0, | 7.0 ] 8.0 | 9.0 J20.0 |12.0 |12.0 |23.0 [10.0 |12.0 |14.0 |16.0 [22.0 [16.0 |20.0
Depth, G v+ o ewendo. [ L0 ] 082028308540l 20(350]40]50]20]40]6.0
ATER. A oo e ..ga. ft.] 6.0 ] 9.75|14.0 |18.75]24.0 |22.75]36.0 [16.0 |27.0°|40.0 [55.0 [20.0 [4B.0 [84.0
Hydraulic radius, R. 77| 1.06] 1.31] 1.55] 1.78| 2.00| 2.21] 1.37 l.e8l 2.31] 2.73| 1.46| 2,48} 3.38
Slope, ft. Slope, ft. l ' Velogity ef flow, feet per second
per mile per 1,000 £1. I
' i ' 0.19 |o.402/0.525}0.628]0.720|0.802|0.880]0.952/0.653|0.831 |0.288[1.124]0.686(1.047]1.518
2 .38 | .e7 | .75 | .¢0 l1.02 |1.24 {1.24 |1.35 | .93 |1.18 [1.40 |1.58 | .96 |1.48 {l.87
3 87 | 11| .s2 |1.10 {1.26 11.41 |1.53 |1.858|1.24 |1.45 |1.72 |1.96 {1.20 |l.82 |2.29
4 76 | .83 |1.07 [1.28 l1.45 {1.62 |1.77 l1.02 |1.32 l1.68 [1.98 |2.25 [1.40 [2:10 |2.64
5 +.95 | .932l1.208|1.440{1.642|1.825|1.991]2,152!1.491|1.892|2. 223|2.522|1.570]2.352|2. 041
8 1.14 |3.02 |1.32 |1.57 {1.79 |1.99 |2.18 |2.35 {1.63 [2.07 |2.44 |2.77 |1.72 |2.58 |3.22
7 1.33 |1.208[1.45 {1.70 [l.94 |2.16 [2.35 |e.54 |1.76 |2.25 {2.64 [2.99 {1.85 {2.79[3.48
8 1.52 |1.18 |1.53 |1.82 |2.07 |2.31 |2.52 |2.72 |1.88 |2.39 |2.82 |3.20 [1.98 |2.98 |3.72
! Lo7e {1.25 {1.63 [1.94 [2.20 |2.45 |2.67 [2.88 |2.00 i2.54 [2.99 |3.39 {2.10 [3.16 |3.94
10 1.88 {1.318{1.717{2.043[2.526|2. 562 |2.522|5.040(2.114|2.676]3. 14613.568|2.221|3.226 4,154
1 2.08 |1.39 [1.80 {2.24 |2.44 |2.71 |2.95 |[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 i2.55 {2.82 13,09 {3.53 |2.82 {2.94 |3.45 [3.92 {2.43 |3.66 |4.54
15 2.84 |1.62 |2.10 |2.50 |2.85 |3.15 |3.46 |3.72 |2.58 |3.28 |3.85 |4.37 [2.72 |4.07 |5.07
20 3.79 |1.878|2.433)2.892|3.292|53.655|3.990]4.304|2.9955.788| 4. 454{5.038|3.146|4.705(5.869
- Discharge, cubic feei per secord’
2.4] 8.1 8.8] 13.5| 19.2] 26.2| 34.2] 10.4] 22.4| 39.6| 61.6| 13.8| 50.4|110.9
3.4 7.3] 12.6] 19.1] 27.4| 36.9| 48.6 14.9| 31.9| 56.0| 26.9| 19.0] 71.0{157.1
4.3| 9.0| 15.4| =23.8] 32.8| 45.5] 59.8| 17.8| ¥9.2| 88.81107.2] 24.0| 87.4|102.4
5.0{ 10.4| 17.9] 27.4| 38.9] 52.7| 69.1] =1.1| 45.4| 79.2{123.8| 28.0{200.8{221.8
5.6| 11.8| 20.2] 30.8] 43.7] 59.2] 77.4| 23.8| 51.0] 88.8[138.6] 31.4]112.8|247.0
6.2| 12.9| 22.0| 33.5| 47.8] 64.9] 84.5| 26.1] 55.9| 97.6|152.4| 34.2|123.8}270.%
6.7| 13.9| 23.8] 36.4| 51.8| 69.9| 9l.4| 25.2| 60.2|105.6{164.4| 37.¢|133.9(252.3
7.1| 14.9| 25.5| 38.8| 55.4| 75.0] 97.9] 30.1] 84.5|112.8|176.0| 39.6[143.¢(312.5
7.5 15.9| 27.2| 42.2| 58.8| 79.4|105.7| 32.0] 68.6|119.6|186.4| 42.0]|151,7|351.0
7.9] 16.8| 28.6] 43.7| 61.9] 83.9|105.4] 33.8| 72.4/126.0|196.4] 44.4|159.8[348.8
8.3| 17.6} 30,0} 45.8| 65.0| 87.8|124.8] 35.5! 75,9|132.0{206.2| 46.4|168.0|365.4
8.7] 18,3} 81.2| 4v.8] 67.7| 91.9]119.9| 37.1]| 79.4|138.0]215.6| 48.6|175.7|381.4
9.7] 20.5| 35.0| 53.4| 75.6|102.5]|135.9] 41.4] €8.6|154.0|240.4| 54.4|195.4]425.9
11.3| 25.7| 40.5] 61.7| 87.8|118.7]154.8| 45.0|102.3|178.0|277.2| 63.0|225.6]483.1

ITo convert to miner's inches multiply by 40,

Reprinted from United States Bureau of Mines Information Circular 6787.
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there is free access of air to the under side of the overflow
sheet of water. 4 stalke is driven in the pond 5 or 8 feet abeve
the weir with the top of the stake level with the noteh of the
weir. The depth of flow over the weir is measured with a rule
or square placed on top of the stake. The Francis formula is
commonly used for caleulating the flow.

0 = 35.33 wa¥?

where Q = quantity of water in cubie feet per second
' w = width of notch in weir
d = depth of water going over weir

"The discharge per foot of length of thin-edge weirs in cubic
feet per second and miner’s inchesl for depths of 1/8 inch to
24-7/8 inches is shown in Table 2. The table is compiled from
the above formula. .

"Host hydraulic-mine ditch lines contain some fiume sections.
Flumes may be necessary where the line passes around c¢liifs or
over ravines, or desirable over porous or shattered ground where a
diteh would lose much water or tend to cause slides (sse Plate IIA).
On steep hillsides or where ditching woeuld require much cdstly
rock excavation a flume may prove economical: finally, the cost
of the line may be lessened and considerable seaving made in the
total fall by building & flume on trestles across vallsys instead
of ditching the greater distance around the head.

"The same conditions should be considered in desigring =
flume 'as in designing a ditch, and the Kutter formula {see page 9)
applies equally to both. The formula is used most conveniently
in the form of tables or charts (see Fig. 1).

“The low friction coefficient of board flumes may be used to
advantage either by building a flume of smaller section or by de-
creasing the grade to less than that of the ditch line. If the
latter is done a saving in head may be made at the mins. Usually,
however, smaller sections and higher velocities are ussd than
for the ditch line. For lowest friction losses the width of the
flume should be made twice the water depth and a freeboard of 1
to 2 feet ailowed, According to Egleston2 the usual water velocity

1

In this bulletin a f£low of 1 cubic foot per second is equivalent
to 40 miner's inches.

Bgleston, Thomas, The letallurgy of Silver, Gold and Hercury in
the United States: John Wiley & Sons, New York, 1890,
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Head inches ) 1/8 1/4 3/8 1/2 6/8 B/4 7/8
Cubio Cuble Cubto Cubio ‘I eublo Cubie Cubie Cubio

feet per|Miner'sjfeet per‘. Miner's|feet per Miner's|feet per{Miner'sjfeet pariMiner's|feot per|Miner's r_eet per|Miner's|feet per|Minet's
o... o 0 0.003 0.1 0.01 ¢.4 0.02 0.8 0.03 1.2 0.04 1.6 0.05 2.0 0.07 2.8
1 0.08 3.2 .10 4.0 11 4.4 .13 5.2 16 6.0 .17 6.8 .18 7.2 .20 8.0
2. .23 9.2 .25 10.0 27 ] 10.8 .29 | 11.6 32| 128 34| 138 37T L 14,8 .39 | 15.6
1. 47 |~ 16.8 a4 17.6 .47 | 18.8 .49 | 19.8 .52 | 20.8 .55 | 2z2.0 .58 1 23.2 61| 24.4
4. .64 | 25.6 .67 26.8 .70 | 28.0 .78 | 29.2 .16 | 30.4 .§6 32.0 .83 | 33.2 86 | 3a.4
5. .89 | 35.6 92 36.8 .96 | 38.4 99 [ 39.6 103 4l.2] . 1.08 | 42.4 1.10. | 44,0 1,14 | 48.6
8.... 1.18 | ar.2 | 1.22 42.8 1.26 | 50.0 1.29 | 51.6 1.33 | 5.2 1.37 | s54.8 1.41 | 56.4 1.44 | &7.8
7. i.48 | m9.2 | 1.52 60.8 1.56 [ 62.4 1.80 | 84,0 1.64 | 65.6 1.68 | 67.2 1.72 | es.8 .77 | 70.8
8. 181! 72.4| 1.8 74.4 1.90 | 76.0 1.84 | 7.6 | -1.89 | 79.8 2.05 | 81.2 2.08 | 3.2 2.2 | 8%4.8
9. 216 | 86.4 | z.21 88.4 2.25 | 90.0 2.20 | 9.6 2.34 | 93.8 2.3 | 95.8 244 | 97.6 2,49 | 99.6
10...., 2,54 | 102. 2.58 | 108. 2.65 [ 108. 2.88 | 107, 2.73 | 108, 2.78 | 111. |, 2.83 ] 113, 2.87 | 115.
1%.. z.92 | 117. 2.97 1 119. 3.03 | 1210 3,07 | 123, .13 | 126, 3.18 1 127. 3.23 | 129. 3.28 | 13,
12... 3.33 | 133, | 3.38 | 135, 3.44{138. | 3.49 | l40. 3.54 | 142, s.59 | 143, 3.65 | 146, 3.70 | 148,
13, 3.76 | 150. 3.81 | 152, 3.86 | 154. 3.92 } 157. .| 3.97 | 159. 4,03 j 161, 4.08 | 163, 4.14 | 166,
14.... 4.20 | 168, 4.25 | 170. 4.31 | 172, 4.36 | 17a. 4.42 | 177, 4.48 | 179 4.54 | 182, 4.59 | 184.
15.... 4.65 | 186. 4.71 | 188. 4.77 | 191, 4.83 | 193. 4.89 | 196, 4.95 | 198, 5.01 | 200. 5.07 | 203.
16, .. 5.13 | 205. .{ s5.19 | 208. §.256 | 210. 5.31 | mz. 6.37 | 215, 5.43 | 217, 5.49 | 220. 5.55 | 2”2,
... 5.62 | 225. 5.68 .| 227. 5.74 | 230. 5.80 | 232, 5.87 | 236, 5.93 | 237. 5.99 | 240, 6.068 | 2.
18... 6.12 | 245, 6.18 | 247. 6.25 | 260. 6.51 | 2%2. 6.37 | 298. 6.44 | 258, 6.50 | 260. 6.57 | 263.
19 6.6% | 265. 6.70 | 268. 6.77 | 271, 6.83 | 273 6.90 | 276, 6,96 [ 278, 7.03 | 281. 7.10 | 284,
20.... 7.07 { 287 | 7.23 | 289, T.30 | 292, 7.37 | 205. 7.44 | 288. 7.50 | 300, 7.57 | 503, 7.64 | 306.
> IO 771 | @08. | .7.78 | 311. 7.85 | al4. T7.92 | 317, 7.99 | 320. 8.06 | 322, 8.13 | u25. 8.20 | 3z8.
22, 8,27 | 331, 8.3¢ | 334. 8.41 | 336. 8.48 | 3%9, 2.85 | 342, 8.62 | 345. 8.60 | 348. 8.76 1 350.
23... 2.84 | 354. g.91 | 356, 8.98 | 359. 9.05 | 362. 9.13 | ze5. 9.20 | 368, 8.27 | @71 9,35 | 374.
24, 9.42 | 377. 2.50 | 380. 9.57 /| 383. 9 64 | 386 9.72 | 30 [ 9.79 | 202, 5.87 | 395. 9.94 | 398.

Reprinted"from United States Bureau of Mines Information Circular 6787.



is & to 9 feet per sscond (3 to 6 miles per hour). The same author
gives the range in ‘grade in 28 prominent California flumes as 9 to
18-2/3 fest per mile., The extreme range of 86 well-known flumes in
the Western States was 5 to 53 fest per mile, the usual range 10 to
18, and the average slightly under 14. Bowiel 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 flums section,
but the authors believe that usually they would involve inconveni-
ently high veloecities; moreover, a longer flums would be required
to give the same head.

"The construction of wooder {lumes has changed little since
the early days of placer mining in Californis. Figure 3 A illus-
trates the sarly ftype of box. This was built in 12~ or 15- foot
sections of 1 1/2 - to 2-inch lumber, 12 to 24 inches wide. The
-longitudinal Joints were made tight by nailing over esch & 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
line. It differs in 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 5,800
feet of rugged country at a total cost of $2.50 per foot.

"Where the flume is on grade the box units should be set on
stringers laid on a carefully cleared and graded surface or on a
bench cut in the hiliside. Trees or branches that might 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 provided; usually a line
of plank is nailed over the caps or on alternate sills sxtended
a couple of feet to one side of the 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."

An adequate number of spillways should be provided to divert
water in case of damage or bresk in .the flume-line..

Diversion Dams and Reservoirs

"Diversion dems for hydraulic ditch-lines usually are earth-
filled timber c¢ribs or rock-filled cribs faced with boards (see
Plate I}. Swall streams often are dammed by throwing logs across

Bowie, A. J. Jr., A Practical Treatise on Hydraulic Hining in
California: 'D. Van UHostrand Co., New York, 1889 p. 143.
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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 ercsion and scouring out of the
f'oundaticn.

"At mines where the water supply is insufficient for 24-hour
operation or where the stream fiow i1s less than is needed %o
operate at the desired capacity for one shift, reserveirs often
are used. If it is impracticable to have +the reservoir in the
stream itself above 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 demming a canyon, by excavatb-
ing a basin on level ground, or merely by enlarging a section
‘of the lower end of the ditch. As a reservoir break might be
disasftrous te a mine lying directly below it, the work should be
done carefully, all leakage checked, suitable gates and spillways
provided, and regular inspection maintained.

"4s both diversion dams and reservoirs tend to act as settling
basins it may be convenient tc¢ provide gates close to the bottom

through which sediment may be flushed as of'ten as necessary.

Mining Egquipment

"The chief items of equipment used in most hydraulic mines
are pipe-lines to earry the water under pressure to the places
where it is used; giants 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 dis-
posing of the tailings. Picks, shovels and forks are the common
hand tools used at placer mines. Power drills run by compressed
air may be used if the gravel contains an excessive quantity of -
large boulders {see Plate XIV A}. However, hand drills are used .
- at most mines o drill boulders and sometimes to drill cemented
gravel or hard-clay strata. Churn drills are employed occasion-
ally for drilling cemented gravel ahead of hydraulicking, or may
be used for drilling tough boulder clay preparatory to bank
blasting should that be found expedient. '

Pipe-lines

Pipe "As described previously, ditch-lines are used to
bring the necessary water to a counvenient point above the mine.
From that peint & pipe-line is laid down the hillside to the .
pit (see Plate III B). Occasionally, where the grade of a creek
is steep, the water will be diverted from the stream directly
inte a pipe-line. Although wood stave pipe is used at a few
properties, steel pipe is preferred at nearly all hydraulic
mines."”
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The installation of the pipe-line is a very important part of
the hydraulic plsnt. - Sharp bends and angles should be avoided as
well as rgpid reduction in size of the pipes., Above all, the line '
should be laid so that no point rises above the hydraulic gradient.

The first consideration in design is tc have a pipe of suf-
ficlent size to carry an ample margin of water over and above im-
mediate requirements. : Y

"Pipe may be made from steel sheets in the mine shops or
bought from pipe msnufacturers. Unless a large quantity of pipe
is to be used or transportation is difficult it usually is more .
sconomical to buy the pipe already made up. Various types of steel
pipe are used, but light-weight riveted pipe with slip or stove-
pipe Jjoints generally is preflerred as it is cheaper, lighver and
mere .easily transported and installed than other steel pipe.

"Spiral riveted pipe will stand greater pressures and harder
usage than the straight riveted pipe, but it is more expensive.
1sag g p £

Moreover, flange joints, which are an added expense, generally

are used with the spiral pipe. Ordinary riveted pipe of 10 to

18 United States standard gage material, 7 to 46 inches in

diameter, was being used in western mines; the diameters used
most were 35, 32, 24, 22, 18, 15, 11 and 9 inches. Large pipes
are easily demaged 1f 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 conveniénce since this permits

nesting }n transit. A saving may be made in ocean freight and
occasionally in truck hauls by nesting the pipe.

"Slip-joint pipe is made in standerd lengths of 19 feet.

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

S , : , _

"A pipe’ of smaller dismeter will withstand a greater pres-
sure than a larger pipe of the same wall thickness; therefore it
is common practice to use smaller diameters as the pressure in-
creases. Reducing the diameter inereases the friction in the

- pipe, and a balance must be struck betwesen loss of effective head

in the pipe-line and first cost of the line. < Branch lines usually
have a smaller diameter than the main supply lines.

"Table 3 shows the welght and strength of rifeted pipé with

slip joints. The weights are for pipe double dipped with asphaltun
coating. : ‘

TR



Table 3.

Pipe Wt. per | Safe Pipe Wt. per | Safe
diameter G?%? foot, head, | diameter G;ie foot, head,
inches | | pounds | feet inches "7 | pounds | feet
6 16 5.3 340 18 15 13.4 158

8 14 6.4 490 16 14 16.3 198

7 16 6.2 | 325 15 12 22.3 277

7 14 7.4 450 16 10 28,2 356

3 16 7.0 315 18 15 15.1 140

8 14 8.4 394 18 14 18.3 175

8 12 11.8 553 18 12 24.9 246

9 18 7.8 280 8 10 31.6 316

9 14 9.4 350 . 20 16 16.7 128

9 12 12.9 490 20 14- | 20.3 158
10 16 8.6 . 252 20 12 27.5 221
10 14 10.4 316 20 10 35.0 284
10 12 14.3 443 22 18 18.3 115
.10 10 18.1 568 22 14 22.2 143
11 16 9.5 230 22 12 30.1 201
11 14 | 11.4 287 22 10 38.5 258
1l 12 15.8 402 24 16 19.8 105
11 10 19.7 517 24 14 24,2 131
12 16 10.3 210 24 12 32.8 184
12 14 12.4 263 24 10 41.9 237
12 12 16.9 368 26 4 25.2 121
12 10 21.4 473 25 12 35.1 170
13 16 11.1 194 28 10 45.3 219
13 14 13.4 . 243 28 . 14 28.2 113
13 12 18.3 340 28 12 37.8 158
13 10 23.1 437 28 10 48.7 203
14 16 11.8 180 30 14 - 30.1 ‘108
14 14 14.4 226 30 ‘12 40.1 | 147
14 12 19.6 317 30 10 52.0 189
14 10 24.8 408 32 12 42.5 137
15 16 12.6 168 32 10 55.4 177
15 14 15.4 211 34 12 45,0 129
15 12 20.9 297 34 10 58.7 166
15 10 { 28.5 | 379 36 12 47.5 122
- 36 10 52.0 156
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Joints and Valves. "In making pipe with slip joints the
diameter of one end 1s slightly contracted. This jeint in
straight pipe-lines will withstend most pressures encountered
at placer mines. Slip joints however become battered from fre-
guent laying but may be hammered back to shape.

"Riveted elbows furnished by the pipe manufacturers generally
are used for meking turns in pipe-lines. It is good practice to
make bends so that the radius of tThe bend is equal to 5 times the
dismeter of the pipe. Taper joints are used where reductions are
made in lines. Sudden reductions in size should be avoided because
of the loss of head and strain on the line.

"Standard valves are used for diverting water or closing .of?f
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 column may burst the pipe. '

"Air vents are needed at all crests in hydraulic pipes to
prevent a vacuum being formed ard subsequent crushing cf the pipe.
They alsc allow air to escape when the line is being filled,
Venting alsc is necessary to prevent air pockets in the line, and
it is hardly possible to have too many air valves. Fig. 4 shows
an air vent used at the Salyer mine in Irinity County, Calif.¥
The device consists of a leather-faced flap en & hinge bolted on
the inside of the pipe. A bail attached to the flap goes through
an oblong hole 1 3/4 by 3 iaches in size, cut in the pipe. 4s
the water fills the pipe the flsp fits tightly against the inside;
as the water falls the flap drops, mesking a vent.

Pressure boxes. "To give the water entering a pipe-line an
initial velocity pressure boxes or penstocks are used (see Plate
IV A). 4 head of 4 to 8 feet usually is provided. & length of
large-diameter pipe may be used at the top of the line instead of
& penstock, A screen or grizzly should be placed at the head of ,
the line to keep out trash, alsc a settling box should be pro-
vided where sand &nd gravel may settle before the water goes into
the pipe, as such material may cause rapid wear of the nozzles of
"the giants. A spillway is necessary in case too much water is
turned into the pipe-line.

Laying pipe-lines. “Pipe-lines are laid by beginning at the
bottom and working upwards. Sharp curves are avolded wherever
possible, and where used the plpe must be anchored securely to
prevent the thrust of the water pressure from pulling the joints
apart. Curves in a vertical plane are especially undesirable as
they may cause air pockels in the pipe. The pipe should be

1 Eng. and Min. Journ., Vol. 131, 1931, p. 161.

o Iy
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filled gradually-for the same reason. In crossing small ravines
a trestle should be built first and the pipe laid on plenk for
"the complete distance. '

"In laying new pipe with slip joints the outside pipe is
started over the end of the other, using chisel-edged pipe tools.
The upper pipe is driven home by hampering on a block of wood
placed at the upper end. Where the pipe has been battered from
previous handling, wetted burlap or sacking may be wrapped around
the joint before driving. If leaks develop they may be stopped
by shovelling sawdust into the pressure box, or by driving in |
thin wooden wedges; scmetimes an outside band is required.”

Timbers should be pilaced at fairly close intervals bensath
the pipe-line to keep it off the ground and to give it a firm
foundation (see Plate IV B). All bends in the pipe-line either
lateral or vertical as well as all gate valves should be firmly
anchored to withstand the thrust of the water by being loaded
with rock or firmly braced against stumps.

“In piacing pipes with flanged joints they are laid end to
‘end and the bolts put through and tightened. The flanges usually
are attached to the pipe at the factery. This prevents nesting
~ of the pipe in shipping but permits a better joint. %o be made.

"When 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 stralght pipe~lines expansion joints should be placed
et intervals of 100 to 2,000 feet, depending upon the conditions
to be met. Where pipe-lines have lateral curves expansion joints
are not nesded, as the expausion 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 a cold night, and
unless provision is made for this contraction the pipe will pull
apart. When the pipes are kept full of water this contraction
does not occur. Pipe-lines are burled in some 1ocat10ns but
geldom at western placer mines. :

In £illing a pipe~line for the first time care should be
~teken not to admit the water too fast otherwise shock from ih-
cluded air or contraction may cause severe damage. WNew pipe-
lines, when first out in use, often show numercus small leaks;
these can often be stopped by feedlng in small guantities of

sawdust at the intake.
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Plate IIT A. A baffle box to check the water velocity at the Plate III B, A section of 24-inch pipe-line leeding from the
bottom of section of flume having a steep grade. " penstockat Cariboo Cottonwood Placers Ltd, This is a
well-laid pipe-line; notice the supporting cribbing
for the pipe and the bracing at the change in

prade ol e pipes




Plate IV A, The pressure box at the Bullion Mine. The
outlet pipe is 54 inches in diameter.

Plate IV B, Part of the main 30-inch section of the
Bullion pipe-line showing the foundation supports.



"The cost of laying pipe-lines depends upcn the size of the
pipe and the topography and cover of the country. Ten men work-
ing 90 days laid 5,000 feet of 38- tc 16-inch pipe at the Brown-
ing mine, Leland, Oregon, in open country in the spring of 1932.

Flow of water through pipes. "The quantity of water that
will flow through a pipe-line at a placer mine depends mainly
- upon the diameter of the pipe, the effective hydraulic head, and
the size of the nozzle used ow the giant at the end of the pips.
Generally the nozzle used is of such size that the pipe will carry
the available water. As the water supply is reduced smaller noz- .
zles 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 water, (2) the roughness of the interior of
the pipe, (3) the diameter of the pipe, and (4) the length. The
pressure available and the amount of flow at the end of a long pipe
depends mainly on the last three items. The pressure of the water
in the pipe has no effect, by itself, on the less of nead. Formu-
las have been derived for calculating the loss of head in which
coefficients of roughness are used. These coefficients have been
derived by experiment for different types of pipes: especially,
however, consideration must be given to the service conditicns
encountered. No standard of roughness exists, and ths 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
indicated if there were no loss due to friction. Flow through
an unobstructed pipe-line of unifcorm diameter can be calculated
from a number of formulas. The Kutter modificaticn of the Chezy
formula appears to be preferred by hydraulic engineers. The
Chezy formula may be stated as:

Vv = GRS
The EKutter modification of the Chezy formula'is:

1.811 0.00281

o + S + 4].56
v = 5
n ) . 00281
—— ] ar Bt
1+ R (41.85) 5
where V = mean velocity of flow, feet per second
¢ = "coefficient of retardation,"” so-called

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

S.= hydraulic grade or slope, in feet per foot of leungth
of a pipe of uniform size :

n = "ecoefficient of roughness”
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FLOW, MINER'S INCHES

FLOW, CUBIC FEET PER SECOND

Figure 5.—Chart showing loss of head in pipes due to frictioh (N
 Reprinted from United States Burean of Mines Information Circular 67817,

g £ONGO3S 434 133 MOT4 40 ALIDOTIA /SIHONI_‘3did 40 ¥3LIWWIO 2
O -
o AL s e T P 8
B . . I ~_ ’ o~
I J%W /\W//Nf 4 \\ Vﬁﬁ,wf 1A f%y S - 2
™~ ™ /| : VA : A \uu M i
WW/V/M«U N AL AL/ / v,/\wm/vm Y e
N N A N T Vi
w A N V) v / dwkf / . /T P
] 4 )4 aNW /%l / 1] N/ X
L ,/..N.Gvﬁﬂ P/. \N/ \/JA%X/ / \VP/.. /\\ /nu
P 7 A BAN A F S A Pa i A >y
_ / ,.\/..1 A/ \”W A 2 ¢ /U ~1/ o
A7 IV A v / ANV, d +
- \Jﬁ - ™ <8 ././\//. \_\/ " I .%.
g AL SIS P /S N L
O RALAL ATS T A A LN AN S e
L 3 ]
i /NA,/ 0“./ VA /ﬁVM 0 /\ SJHW //,JJ‘._/ /\N/}
E SN ﬁ S| ™
AR A S N N
] a HERYE ﬂh_. o~ =
k= A £ g4 4 ,_/ﬁ/ RNV = AT 26— ~ /
d ; - 4 . .
,ﬁw\f DD AN AR S AR VAN NI DANE R NN
oL S SA Ve A TR IS T TN Y
, A , A Vﬁ/r W /T~ . ™ ‘ n — £
VARNVAW ;NVED SN TN — ~7
L ST A AN M LA L
A4V ™ CI N N DRI NI T
N A A VTR T YN SN
C S IV TR T < R ~
A P I D SN NN
ey /N \ ST e ™
M % | wﬁ\vﬁf \\ ~ T~ /////!V I~ //
m m SR8RBB & B b . goonww ¢+ MmN N~
1334 0001 ¥3d 1334 ‘NOILOWN WOM4 avaH JO SSO1



' "The value of 'n' for riveted lap-joint pipe up to and in-
eluding 3/8 inch -thick csn be taken as 0.015. Graphical sclu-
tions of this formula are made conveniently by the use of a dia-
gram such as that shown in Figure 5.

Selection of diasmeter of pipe-line for a given flow of water

"The chart shown in Figure 5 will assist in makirg a choice
of the diameter of pipe to be used in any given line. As an ex-
ample, say that 320 miner’'s inches or 8 cubic feet per second of
water is available under a 100 foot head, and the pips-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 it up to where it inter-
sects diagonal lines representing different diameters of pipe. By
following the horizontal lines from these intersections to the left
margin the friction-head loss may be noted for each diameber of
pipe. With 1lZ2-inch pipe this loss is 80 feet per 1000 feet of
length, which weuld indicate that little, if any, pipe of this di-
ameter should be used in the supply line. The loss with l4-inch
pipe is 33 feel per 1000 feet of line. If 400 feet of this di-
ameter pipe were used in the line the loss of head would be 13
feet. With 15-inch pipe the loss per 1000 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 6 feet, respsctively. With 13-inch pipe
the loss would be 8 feet per 1000 or 3 feet for each 400 feet.

The total loss of head with 400 feebt each of 14-, 16- and 18-
inch pipe would be 22 Teet., The effective hesad, therefore, would
be about 78 psr cent of the actual head By using &1l 18-inch
pipe the tetal loss would be only 10 feet. If the gravel is easy
to cut and need not be swept long distances a 22-foot head loss
may not be sericus. In light gravel, however it probably should
be sconomical to use just the L8- and 18-inch diameters, or pos-
sibly to construet the whole line of 18-inch. ° If the total avail-
able head ware 200 feet, the smaller pipes probably would prove
satisfactory, as the percentage of loss would only be one hall as
much as with a 100-foot head.

"Therefore, larger-diameter pipe is needed for long lines
than for short ones because the loss of head is directly propor-
ticnal to the length of the lines. lloreover, where the loss of
head is important relatively largsr pipe must be used. If the
pipe 1s dented, rusted or goorly 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.
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Giants!

"A giant or monitor is a machine with a nozzle for directing
and controlling & stream of water under & hydraulic.head. The
monitor can swing horizontally through a full circle and from
about 10 degrees below to 50 degrees above the horizontal. &
standard monitor is shown im Plate V. The box of stones is used
to counterbalance the weight of the discharge barrel. A monitor
generally is set up in a hydrauiic pit by being bolted to a log
or to timbers sepureiy anchored in bedrock. HNozzles of different
diameters can be used up to the diameter of the outlet of the
giant to make allowances for variatinn in the guantity of water
used. The monitor and nozzies are constructed with straight wvanes
in the discharge barrel so that a rotary motion of the jel is pre-
vented, and the water is discharged in & sclid column. Monitors
are made for a wide renge of service in sizes nuubered O to 9
inclusive." Probably the largest monitor made, number 5-12, is
in use at the Bullion iline, B. C., its largest nozzle is 12 1/4
inches in diameter and the total weight of the machine is 3200
pounds. , ‘

"With heads of 100 feet or more deflectors are used for
peinting the larger giants. A common type of deflector consists
of a short section of pipe that projects over the nozzle. It
turns on a gimbal joint and is controlied by a lever. 4s the
deflector is turned against the jet the force of the stresm turns
the monitor in the opposite direction.

"Pable 4 shows the sizes and weights of giants and deflectors
made by one manufacturer; other companies make similar equipment.

Teble 4. Sizes and weigﬁts of double-jointed, ball-bearing moni-
‘ tors and deflectors :

- Monitors Deflectors
Dismeter of  Diameter of Shipping ' _
Size No. pipe inlets butts with Weight : Welght
inches nozzle detached ' pounds pounds
: inches
0 5 3 350 None reguired
1 7 4 330 30
P 9 5 520 40
3 11 g 890 45
4 11 7 1075 55
5 13 8 1475 70
6 15 9 1850 .75
7 15 10 2100 , 80
8 18 10 - 2300 : 80
g 8 o1 * 2450 90
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Adapted from table in Catalogue of Joshua Hendy Iron Works,

San Franc

isco,

Calif. .

Effective Head

100 200 300 400 .
Giant | Diam. of | Cubic Miners'| Cubic Miners' | Cubic Miners' | Cubic Miners'
Ho. Nozzle feet per| inches | feet per} inches feet per | inches feet per| inches
inches second second second second

" 11/8 0.6 22 0.8- 31

0 1 3/8 0.8 33 1.2 47

1 .8 1.8 63 2.2 - 39 2.7 109 3.1 125
1 3 3.0 120 4.3 173 5.3 213 5.4 257
Z 3 3.3 133 4.7 187 5.7 227 ‘8.8 267
2 -4 5.6 227 8.3 333 10,3 41C 11.9 477
3 3 3.7 148 5.0 200 5.5 245 7.1 283
3 4 5.0 240 8.6 343 10.6 423 l2.2 488
4 4 6.3 253 8.9 357 10.9 437 12.8 504
4 6 13.3 535 19.2 770 23,7 ' 950 27.5 1100
5 5 9.8 395 13.9 580 15.7 870 19.7 790
5 8 13.5 540 19.3 770 23.8 950 27.7 1110
8 8 15.8 550 1¢.6 780 24.1 360 27.9 1120
6 7 18.7 750 26.7 1070 33.2 1330 37,7 1510
7 8 14.2 570 20.0 800 24.5 280 28.3 1130
7 7 1g.0 Y80 . 26.9 1080 335.3 " 1330 38.0 1520
2 7 19.2 770 27.2 1080 33.8 1350 38.3 1530
8 8 £5.2 1010 35.3 1410 43.7 175G 48.7 1950
g - B 32.0 1280 45,0 1800 55.3 2210 63.7 2550
9 1C 32.3 1570 55.3 2210 58.2 2730 T8.7 3140

‘¢ sTqel
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Sizes larger than Nec. 3 are substantially construc%ed and usually
are equipped with a ball-bearing kingbolt: Ior heads of 400 feet
or more heavy lugs may be used at the joints as a safety precaution.

Discharge through nozzles. ."Table 5 gives the discharge
through different sizes of nozzles under heads from 100 to 400
feet. In this table 40 miners' inches is considered as 1 cubic
foot per second. The theoretical flow of water -through nozzles
exceeds the figures in Table 5 by about 10per cent; allowancss
have been made for friction losses. The flow through nozzles not
shown in the table or for different heads can be caleulated from
the equation:

8 Ca R

= cubic feet of watér per second
area of nozzle in square feet

= gffective head at nozzle (feet)
= coefficient of discharge ranging
from 0.8 to 0.94 (usually taken
as 0.9 which makes allowance for
fridtion).

where

Qs O O
[f}

To convert cubic feet to galloné multiply by 7.48.

 Hydraulic Elevators

"Hydraulic elevators are used to raisé.gravel, sand and water
out of placer pits into sluice -boxes. The ground to be worked
should be relatively free from big boulders and tree stumps,.as
these not only hinder work, but may require blasting and breaking
up which adds to the cost of operation. An elevator consists of
a pipe with a constriected port or throat and & jet which provides
a high-velocity ascending colum of water. The relative diameter
of pipe, throat and jet must be proportiocneé according to the con-
ditions under which the elevator is used. A section of an elevator
is shown in Figure 6 1, the elevator may alsc be used as a water
"lifter.

"The height to which gravel cen be lifted is one-tenth to
one-fourth of the effective head of the pressure water at the
nozzle of the elevator. Usually the lift will be about one-fifth
the head, in practice it is found that the maximum height of 1ift
is about 17 per cent of the effective head at the nozzle of the
elevator. ) .

"The volume of gravel that can be hendled by an elevator
depends primarily upon the head and volume of pressure water

1 After Joshus  Hendy Iron Works catalogue.
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available and to a lesser externt upon the guantity of other water
that has to be raised by the elevator. The solids in the water
usually are 1.7 t6 2.5 per cent and not more than 5 per cent of
the total weight of water and gravel combined.

"ihere little drainage waber has to be handled and other con-
ditions are favorable, the proportion of +the water delivered to
the elevator and the giant, respettively, should Be aboubt equal,
provided the pressure is the same in Yoth. Usually, however,
about twice as much water or a correspondingly higher head is re-
quired for the elevator. The discharge ef the elevator should be
high enough to provide dumping ground, otherwise a giant may be .
needed to stack the tailings. Where plenty of water is available
& compound or step-lift elevator may be installed in which one-
third of. the pressure water is used in the first lift and two-
thirds in the second, with a correspondingly larger area of up-
raise pipe. Thus the height of the 1ift may be nearly doubled.
Double lifts scmetimes are used; that is, the discharge of one
elevator goes to the intake of another.”

The mouth of the elevator is placed in a sump excavated in
bedrock which should be 10 feet square by & feet deep and into
this the gravel is washad by the giants. It is better practice
to feed the meterial directly into the intake of the elevator, as-
this reduces the suction head, which should be kept as low as pos-
sible. To prevent the throat &f the elevator becoming choked and
¢clogged with large boulders, it is necessary to place a grizzly
over the end of the sluice which delivers the material to the in-
take. The grizzly bars should be spaced with openings at least
1 inch less than the dismeter of the throat.

"The elevator discharges upon a cover plate to take the
wear in the head of a sluice. DBoxes may or may not be used in
the pit. The size of the gravel hasndled is limited by the size
of the throat of the elevator. Grizzlies generally are used at
the intake. Coarse material reduces the capacity of the elevator.

"In claysy ground a hydraulic elevator tends to break up the
clay as it goes through the elevator, thus permitting a highef
extraction of the gold. .

"Gravel puaps have been used sueccessfully in alluvial tin
mines and in one placer mine in British Columbia~. As far as
known they have not been used successfully in placer mining in
the western States.

L Operatiquns of B. Boe on Cedar Cresgk, Quesnel District: fnn.

Rept. of the Minister of Mines of British Columbis, 1932,
p. A-112. ' S
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Plate V A. A Ko. 1 giamt at a small 6peration, This monitor has
no deflector, the weight of the discharge barrel is counter-
balanced by the jockey-box, at the right, weighted

with rocks.

Plate ¥V B. A large, No. 7, giant and a No. & machine in the
Fo. 1 pit of Germansen Ventures Ltd. The large machine
has & 9-inch nozzle. Notice the man riding the dis-
charge barrel and the heavy load of rock in the
jockey~box.




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

Plate VI B. A hydravlie pit with one giant fesding gravel to a
short length of sluice~boxes and & second monitor stacking
the coarse gravel at the end of the boxes, Sand and
water run off through a sluice-flume to the right.

w



Hydraulic Mining Practices

“Duty of Water

"The duty of a miner's inch of water in hydraulicking is
defined as the numbsr of cubie yards of gravel which it can break
down and send through the sluice in 24 hours. The factors affect-
ing this duty are so varied that it can be compared directly at
few mines, An average duty of & miner's inch cennot be calculated
for the same reascn. The duty of water appears to be highest in
large-scale operations. Tight or cemented gravel is difficult to
break down; a high bank takes less pressure water per cubic yard
thaen a low one; a flat bedrock requires an excessive gquantbity of
water for sweeping; sngular rock and gravel with flat or large
boulders requires more water to move it than does small-size,
rounded material; clay-bound gravels require excessive washing to
free the gold; & high water pressure is more effective than a low
one for cutting or sweeping; and the grade and size of slulces
govern the daily yardage that can be washed through them. The
.caleulated duty of water at the California mines operating in
1932 ranged from 0.4 to 4.3 cuble yards per miner's inch. In
these calculations Dy-wash water is included. ,

"Conditions at the mines renge from the most difficult to
at least average. Wimmlerl reports a duty of as high as 10 cubic
vards per miner's inch at some Alaskan placer mines."

At Germansen Ventures Litd., Germansen Creek, B. €. an average
duty for sll water, ineluding that for cleaning bedrock was 40,8
cubic yards of water? per yard of gravel sluiced. Whereas at
Bullion Mine (using about 920 cubic feet of water per second) the
duty ranged from 8.3 to 35 cubic yards of water per yard of gravel.
There is a considerable differerce between the duty of water used
in piping overburden, in piping pay-gravel and in cleaning bed-
rock, consequently an average velue can seldom be used except for
anticipating within certain limits the yardage of gravel that will
be washed.

‘Piping

"After s mine is opened up the gravel bank is undercut by the
giant allowing the overlying material to cave into the pit (see
Plate VIII B). The fall bresks the gravel to some exftent; it is
further reduced by being played upon by the stream.from s giant or
by by-wash water. As the gravel is being disintegrated it is swept

1 Wimmler, Worman L., Placer-Mining llethdds and Costs in Alaska;

Bpll. 259, Bureau of Mines, 1927, p. 139, .

£ 1 oubic yard of water eguals 202 gallons.




by the giant toward the sluice-bex. Where the gravel is clay-
bound or countains lumps or stresks of clay, it may be washed back’
and forth acrcss the pit bottom one or more times until free from
the clay."

ir the gilants are worked close to the foot of the banks, care
must be exercised that a cave does not occur which might bury both
workers and glants.

It is poor practice to work intoc a bank with a "horse-shoe”
cut, for this means thé giant becomes surrounded on all sides by
high banks which greatly increase the danger to the operations,
The best way is to work across the face of the bank maintaining a
“'nose' of gravel immediately in front of the giants and working
with & side cutting action both left and right of this nose, be-
cause by this means the direction of any slides would be parallel
to the main face of operation, ahd not toward the giant.

It will generally be found that a side cutting action will
excavate a far larger amount of gravel per cubic foot of water
used, than By directing the water directly at the bank.

No general rule can be given .for the actual location of the
.giant. This will depend entirely upon the conditions existing at
the mine, and will vary from fime to time as the work is carried
forward. The sctual setting of the giants, however, is a matter
of considerable importance and they must be carefully and securely
braced to prevent accidents which may cccur causing seriocus
trouble and loss cf time.

The last length of pipe-lire should not be laid so that there
is a slight upward trend because there will be an upward lifting

acting on the giant which will make 1t extremely difficult to hold.

firmly in place. If the last few lengths of pipé-line are laid on
some slightly raised part of bedrcck, or on timbers, so that at
the final and terminal connection the direction of the pressure of
the water and of the pips-line has a slight downward inclination,
there will be far fewer chances that the foundation of the glant
will move.

It is impossible to construct permanent foundations for a
giant as it has to be shifted frequently. The headblock sheuld
be a heavy square timber, proportionate to the size of the giant
and from 8 to 10 feet long, laid in 2 trench excavated in bedrock
to a depth of 12 inches or more. The giant is bolted to this tim-
ber, with the face of the timber and the face of the base of the
giant on a line directly at right angles to the thrust of the
water and the terminal length of pipe.
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Plate VII A, 7The No. 1 pit at Germansen Ventures Ltd,, Germensen
Creek, B.C, The pit is about 1500 feet long, 15C feet deep
and about 200 feet wide at the bottom, Because of the
low bedrock grade, the sluice-boxes are in a bed-
reock cut about 25 feet deep at the wings of
the sluice, in ‘the foreground.

Plate VII B. The Bullion pit, on the south fork of the Quesnel
River. This pit is about 3000 feet long, about 400 feet
deep, from 150 to 250 feet wide at the bottom, and
from 1000 to 1500 feet wide st the top.




Plate VIII A. Boulder-clay showing the irregular assemblage of Plate VIII B. A cave at the head of & hydraulic pit showing the
boulders in a compacted clay matrix, large masses into which the houlder-clay breaks.



In some cases the headblock must be secured To bedrock by
cables to eyebolts driven into holes drilled in bedrcck to a suf-
ficient depth to hold the timber firmly in place. The whole tim-
ber base should then be heavily weighed to eliminate vibration.

"A smaller-diameter nozzle generslly is used for cutting -
than for sweeping. As an exsmple, a quantity of gravel may be
brought down with a giant with a 4 1/2-inch nozzle. Then the
water will be shut off and & 5-inch nozzle put on the giant for
driving the gravsl %o the sluice, or a sepsrate glant with a 5-
inch nozzle can be used. Usually two or more giants are set up
in a pit even whan only enough water is aveilable to run one at
a time. One large giant will do more work than two small ones
using the same quantity of water. The gisents are placed at the
most strategic peoints both to cut the bank and wash the gravel
to the sluice-box. Where two giants are used at a time one may
be used for cutting and the other for sweeping. The cutting
giant is set on an angle to the face. At the old La Grange mine
the streams from two 9-inch nozzles were used together for both
cutting and sweeping. Giants may be set up at the lower end of
the sluice to stack the coarse material in the tailings where
the grade is mot sufficient for it to be disposed of naturally.

"Sometimes 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 next year's work. At other places the boxes are extended
upward as room is made.

"When & pit is started a cut is taken across ths channel,
after which a diagonal or square face is advanced upstream. In
wide channels or bars twoe or more parallel cubs may be taken.
One pit may be worked while boulders are handled or bedrock is
cleaned in the other. A1 the Ruby Creek mine at Atlin, British
Columbia, the chanunel was 250 feet wide; two 125-foot cuts were
made and worked elternatelyl. Wing dems of timber, logs, qr
boulders generally are built to guide the water and gravel into
the head of the sluice." If possible a ground-sluice grade of
8 to lbper cent is desirable leading into the sluice-boxes.

"Occasionally the form of the deposit and the contour of the
bedrock are such that the gravel is washed over the side of the
boxes rather than into the end. Then thé sliuicéway is sunk into
bedrock.

i

t Lee, C.F., and Daulton, T.M., The Solution of Some Hydraulic

Mining Problems on Ruby Creek, B. C. Trans. &m. Ianst. Min. and
iet. Eng. wol. 55, 1917, p. Ol
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"At some mines overburden containing little or no gold may be
mined separately. Thissystem has an advantage when dump room at
the end of the main sluice is limited, as the higher materisl may
be disposed of elsewhere. At one mine, the Sslmon River, the
light top material was stripped after the water supoly was too low
for working tThe heavier gravels, but was still sufficient to supply
one giant. The usual practice, however; is to mine the full thick-
ness of gravel at one time. The admixture of top soil, c¢lay and -
light gravel with the heavier material from near bedrock may per-
mit moving a larger proportion of boulders to the sluice than
otherwise. : :

Handling Boulders

"Where the size and grade of sluices permit, all boulders that
can be moved by the giant are run through the boxes., At some of
the early day large producers boulders weighing 3 or 4 tons were
suocessfully put through the sluice. 1 Coe

"In ground—sluioing any boulder that ceu be washed into the
sluice by the water uéually goes through without trouble. In hy-
draulicking, however, boulders too large to run through the sluice
may ve swept into 1% with a large glant using a high head of water.
Boulders too large to be moved by the giant or to run through the
. sluice are handled in various ways, depending mainly upon the num-
ber and size of the boulders encountered and the magnitude of the
gperaticns.

"In small-scale operations boulders may be rolled by hand to
one side or onto cleaned-up bedrock, or dragged awdy oy ‘teams.
QOccasionally, a boulder too large te handle may be left standing
on the floor of the pit and bedrock cleaned up arcund it. The
usual custom when the proportion of boulders is smsll, however,
is to break them up by means of hammers or by blasting and wash
the fragments through the siuice. In the larger operabions with
relatively shallow gravel, the boulders may be pulled from the
pit by winches or moved by & derrick mounted on = tractor. At
the Diamond City mine a drag-line with an crange-peel bucket
handled boulders very cheaply under the existing conditions. &
relatively narrow cut was being run. The drag-line was . operated
on a bench above the cut and piled the boulders on the bench
back of the drag-line. The most common method of handling boulders,

“however, is by means of a derrick (see Plate XIII B)}. The boulders
that can be rolled by hand are losded onto 2 sling or a stone boat

Machonald, D. F,, The WéavervillerTrinity>Center Gold Gravels,
Trinity County, Calif.: U. S. Geol, Survey Bull. 430, 1910,
pp. 48-58. :
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and heoisted from the pit. Large ones are hoisted by means of
chains. At some mines few boulders that cen not be moved by the
giant are encountered; derricks are used at the head of the sluice
for removing those too large to go through. Stumps are handled in
much the same manner as boulders."

In British Columbia where most hydraulic operations have to
wash a good deal of boulder-clay the handling of large boulders
takes up considerable operating time. It is particularly import-
ant in large operations where every hour the water is turned off
means a considerably smaller yardage sluiced that the boulders be
blasted quickly. For this purpose & compressed air cperated jack
hammer is essential for drilling short holes (see Plate XIV A).

Dynamite is much more efficient, and conseguently rock break-
ing costs are lower, i1f it is used in this way rather than for
bulldozing. Bulldozing however in the smaller coperatiouns is com-
mon practice and for this purpose 80 percent dynamite is found
more sffective than 40 per-cent.

Cleaning Bedrock

"Bedrock usually is cleaned by piping. As much as 2 feet or
more 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. When the bedrock is hard and con-
tains crevices, it must be cleaned by hand. The crevices and
soft seams are dug out by means of picks and shovels, brooms,
small stiff brushes and small flat tools made for the purpose
from strap ironm or wire {see Plate XVI A).
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COST OF BYDRAULICKING

The cost of hydraulicking depends on a number of factors of
which the most important -is the duty of the water. This is con-
trolled by the volume, the head, the character and amount of
material being sluiced, the height of the bank and the size and
grade of the sluice-boxes. The lowest possible costs at any opera-
tion will be reached by attaining the greatest water duty. It is
impossible te find directly comparable conditions at any Two mines,
consequently costs are largely governed by local conditions. For
gxample the operating costs at 28 hydraulic mines in Californis,
sluicing from 3,500 to 718,000 yards per season, ranged from
£.63 to 37.5 cents per cubic yard. These do not represent total
costs inasmuch as it was not possible to assess depreciation or
amortization charges. ' ‘

In Alasks the average cost per cubic yard of 13 operations
is stated by Puringtonl to bs 23.8 cents.

In the Yukcn, hydraulic stripping operations of the Yukon
Consolidated Gold Corporationg are reckoned at § cents per yard,
sluicing would be more costly because the average water duty

"would be less:

In British Columbia conditions differ so greatly from those
irn California particularly with regard to the greater number of
boulders to be handled and the ever-present, tough boulder-clay
that a comparison of costs cannet be made. However, in the ab-
sence of detailed cost figures which can be gquobed, it is probably
safe to say that in British Columbia, few, if any, operations
could profitably work material averaging 8 cents or less per yard
and that for most, at least 12 to 15 cents or more per yard would
. be necsssary to sustain a profitable undertaking.

The principal item meking uvp the per unit cost of hydraulick-
ing is labour which in some instances may constitute 75 per cent
of the cost. Other items are water, which when large ditch and
Ilume systems are installed may be considerabls; explosives,
which depend largely on the size and number of boulders encoun-
tered and how they are handled; supplies and genersl office ex-
penses. However, inasmuch as the reduction of costs depends on
sluicing the largest possible amount of material, no effort
shouléd be spared to get all the water that is economically pos-
sible and to use it with the greatest possible efficiency.

1 Bulietin 263. U. S. Geol. Survey, p. 38.

2 Trans., G.I.N.M. vol. XLII, 1939, p. 540.
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Gold Creek, Mont.; B, five-foot sluice box,
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SLUICE BOXES AND RIFFLES

,

"The sluice-box serves.a double purpoSe in placer mining;

it collects the gold or other heavy minerals sought within the
riffles of the sluice and conveys the washed material to a
dumping ground. It is an efficient gold saver and' is universally
used in hydraulicking and ground-sluicing. The principle of the

‘riffled sluice is used for recovering most of the gold on dredges

and in other forms of placer mining where the gravels are exca-
vated mechanlcally

"Other types of gold savers have not proved generally suc-
cessful in placer mining, although as an suxiliary methoed and
under special condltlons some of these gold-saving devices have
been found useful. '

"Sluices are built in accordance with the service to .be de-
mended of thém. Riffles are of varied forms and are made of dif-
ferent materials. - Although the form of riffle is chosen largely
to fit particular conditions, custom in various districts and
materials at hand have a bearing upon the practices followed.

"The following discussion has a general application and is
not confiined to any region or method of mining.

Sluice-Boxes

Construction

"Sluice-boxes sre rectangular in section snd are nearly al-
ways built of lumber although steel or iron sluices are ocGasion-
ally used.

. "The construction of a wooden sluice-box depends somewhat
upon the size and service expected 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 7.

"The important features in design are sturdiness and simplic-
ity of eonstruction. Large flumes may have o withstand severe
battering and vibraticn from the passage of heavy boulders, hence

" they must be strongly constructed and well braced. In small

flumes this feature 1s less important, but the use of lighter
lumber increases the difficulties of maintenance and prevention
of leaks.

"The bottom of & narrow sluice should be arsiﬁgle plank if

lumber of the desired width is obtainable; for wider boxes two or
more bottom planks must be used. The bottom joints may be made
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tight by.the'use of soft-pine splines, by batten strips nailed ou
the outside, of by caulking with oakum or other material. Bowie
recommends half-seasoned lumber as most suitable for the construc-
tion of boxes. MWhere local timber is used it is common practice

to cut the plank during the dry seascn or before snow is off the
ground. It is customary to use surfaced lumber for boxes, inasmuch
as a smooth bottom facilitates the clean-up. The lumber should 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
or shest iron. Otherwise the entire box must be replasced when the
sides are worn out. DBeerd Iining is easier to place and replace
than sheet iron. In early Californisn practice some of the side
linings were made of wide, thiv 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 lower half or
third of the side of the box needs this protection, and a single
Z-ineh board may serve not only for lining but as a cleat to
hold down the riffles. False bottoms of planed or rough boards
nay be used to save wear on the box proper.

"Bach box should rest on three or four sills, equally spaced.
The sills and upright members at the ends of the box serve as bat-
tens to prevent leakage at joints. The practice of: tapering the
hox enough to permit a telescope joint is very convenient in small
sluices, especially if the boxes must be moved cccasionally. Small,
three-board boxes may be braced with ties across the top, although
this hampers shoveling and clean-up operaticns. Larger boxes
should be braced externally from the ends of the sills, as 1llus-
trated in Figure 7, A and B, 8ills should be weighted with rocks
to check any tendency of the sluice to rise. If the sluice is
placed in a bedrock or other cut, water under it or a2t the sides
has a strong lifting effect. Moreover, the vibration caused by
bouiders rclling through the sluice permits fine gravel to be
washed under the sills placed on the ground.

"4s mentioned, the side lining plank may serve as a cleat
under which the riffle sections can be wedged to the bottom of
the sluice. Otherwise some other provision must be made as the
riffles must be held securely. In small boxes it is customary
to ley long, nerrow boards on edge on top of the riffles and
against the sides of the sluice. These boards are wedged down
tightly under cleats nailed permanently to the sides of the box.
The practice of nailing riffles to the bottom of the box, or
using any device that requires driving nails in the botiom or

1 Bowie, &. J., Hydraulic Mining in California: Van Nostrand Co.,

New York, 3d ed., 1889, p. 220,
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sides should be avoided as it results in leaks and eventually
damages both sluice and riffles. Wooden blocks are the most
difficult to secure in place but can be held by the method de-
scribed in the following ssction.

Maintenance

"Maintenance work on sluice-boxes cofsists chiefly in align-
ing and bringing to grade any boxes that have moved cut of position,
replacing linings, and plugging leaks. Attention to this work at
clean-up time will be repaid by greater capacity and freedom from
break-downs when the water again is turned intoc the sluice.

' Size
"hs previously shown, sluice boxes seldom are built less

than 10 inches wide for strictly mining purposes. Eight-inch

boxes, however, may be used in sampling or cleaning up. The guan-

tity of water, with its accompanying load of gravel, that will run

through a sluice of given size depends upon a number of factors.

The practice at the majority of about 75 hydraulic and ground-

sluice mines visited in the preparation of this paper indieates

that the carrying capacities of sluices of various widths are w1th—

in the follow1ng limits:

Width of box Dépth ~ Grade & Miner's inches

inches inches ‘ of water
From 7 To
10-12 - -7 4.16 0
12-14 . 10 5.2 . 845
12 : - 25 o 100
ig8 : 100 300
24 ' 200 500
36 ' : 500 1,300

- 48 to 60 1,000 3,000

These limits prebably represent good practice.

“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 because they are
too narrow.

"The current velocities required to transport different
sizes of material have been studied; works of various authorities
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are cited by Gilbertl. The following table is based chiefly on

Dubuat's figures for competent velocity; the figures are adjusted ’
to approximate mean velocity instead of bed velocity. The last
three figures are taken from Van Wagenen?,

Size of material Mean velocity
moved approximate feet per second

Sand: Fine ‘ 0.5
Coarse 1.0

Gravel: Fine 1.5
l-inch 2.5

Egg size 4.0

Boulders: 3- & 4-inch 5.3

- & 8-inch 6.7 §
12~ & 18-inch - 10.0

The following table illustrates the relation of velocity and
grade. The figures apply to a sluice 2 fest wide having a flow 1
foot deep. The approximate velocity in feet per second and the
quantity in cubic feet per second and miner's inches are given for
various grades.

Grade 1%+ 2% | 3% 4% 5% 6% 8% 9% 10%

Velocity, feet| 2.7 3.8 4.5 5.3| 5.9 8.5 7.3 8.1| 8.3
per second

Cu. ft. water 5.4 1 7.619.2110.61112.8113.0(16.2118.2]17.2
per second ‘ '

Miner's inches | 218 [ 304 | 3886 424 472 520 608 648 | ‘688

Y grade of 1% is the equivalent of about 1 7/16 inches to a
12 foot box. : * e
"ell rounded pebbles are easier to move thau angular ones,
and rock of low specific gravity is appreciably essier to wash than
heavy, dense rock such as greenstone or basalt.

éilbert, G, K., The Transportation of Debris by'Running Water:
U. 8. Geol. Survey, Prof. Paper 86, 1914, p. 216. ‘

Van Wagenen, J. .. Manual of Hydraulic Mining: Van Nostrand
Co., Wew York, 1880, p. 88. '
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MGold has a better opportunity to settle and be caught in
riffles in a wide, shaliow stream than in a deeper narrower
stream of the same volumeﬁ the wider siuice, however, usually
'must be set on a steeper grade.

"Smail or medium-size boxes are approximately square in
eross-section; large boxes uswally are one-hall to two-thirds as
deep @as they are wide. The water in & sluice should always be
more then deep enough to cover the largest boulder that msy be
sent through. In practice, the depth of the stream in the main
siuice at hydraulic mines usualiy is & fifth to a half the width
of the box so as to prevent spills if the box is temporarily
plugged by boulders or sand. Where screened gravel is being
washed, as in undercurrents or on dredges, wide and shallow
streams are necessary for the recovery of fine gold. In 'boom-
ing' operations the boxes usually are run full in order to handle
the relatively large volumes of water that flow for short pericds
only, and the sluices commonly are about as deep as they are
wide. It would be desirable but impracticable to deecrease the
depth of water by using wider sluices, as flows of 125 to 250
cubic feet per second are not unusual when the gate of the reser-
voir is suddenly opened wide."

A method which may be used te estimate the approximate size

. of a sluice-flume knowing the volume of water and the grade of

the boxes, is To calculate the dimensions, assuming that it is ]
carrying clear water, then add 30 per cent to the width and depth
for the dimensions of the water stream when it is loaded with sand
and gravel. Naturally several fest of freeboard will be necsessary
to prevent spillage through b.iogkage of the siuice or when a surge
comes through from a "double." '

Furthermore ‘the length of the sluice-flume is an important
dimension. The length shou.d ve sufficuent for all gravel and
clay %o be thoroughly broken up and disintsegrated and for the gold
to settle and be held by the riffles., In spite of the fact that
most of the gold is found in the first half dozen head-end boxes,
the sluice in any large opesraticn should be 250 feet long to make
an efficient gold saver. Whereas with smali siuices (12 to 14
inches wide) and with coarse to medium gold 36 to 72 feet may be
all that is necessary. '

v

Grade

"Usually the grade of the sluice depends upon the slope and
contour of the bedrock., If the gradient of bedrock, however, is
toe low to permtt sufficient fall for the sluice, cuts or tunnels
may be run in the bedrock to overcome this difficulty. Very short
sluices of omiy l or 2 boxes sometimes are set nearly flat where



there is a drop at the end of the box, the gravel being forced
through the sluice by the initial velocity and the head of water
in the pit. ‘

"The opinion of most operators is that about 6 inches in 12
feet (4.16 per cent) is the best grade lor average conditions.
Grades as flat as 3 inches in 14 feet can be used but only at
great loss of capscity. A4t one mine where a grade of 3 inches in
14 feet is used, all rocks over 5 or & inches in diameter must be

. left in the pit. Because of the greater friction and the conse- -
quent lowering of wvelocity, stesper gradeés are needed for small
sluices than for large ones; some operators favor grades of 12
inches to a lZ-foot box. For maximum gold-saving efficiency, as
well as for economy in dump room, grades should be as flat as pos-
sible without lowering the velocity te such an extent that the
riffles pack with sand. Any increase in slepe from that adjust-
ment will increasse the capacity of the sluice, increase the wear
on the sluice, and decrease the efficiency of the riffles, re-
sulting in gold losses 1f carried to extremes or if the gzold is
very fine. If water is scarce, gold recovery may well bs sacri-
ficed to capacity. Bowiel states that grades of 10 to 24 inches
~were used in some Forest Hill Divide (Calif.)} mirnes for this
reason. Increasing the proportion of water tc solids decreases
the tendency of riffles to pack with sand.

"Sluice capacity inoreases with grade but more rapidly; that
is, doubling the grade of slulce-boxes will more than double the
quantity of gravel that can be put through the boxes by a given
flow of water. The absolute increase cannot be predicted closely
as coarseness of gravel, velociiy and shape of the box appear to
have some bearing on the relation of capacity to slope. For in-
stance, Bowie cites a mine at which changing the pgrade from 3 to
3 l/2 inches in 18 feet increased the quantity of gravel sluiced
through the same boxes with the same flow of water by about one-
third.

"The established grade should not be decreased anywhere
along & sluice, otherwlse gravel may accumulate where the current
loses wvelocity. If the water and gravel, however, snter the
first box with censiderable 'sveed, say, from the discharge of a
hydraulic elevator, the Tirst boxes may be placed on less than
the regular grade. DBends or curves are undesirable as they com-
plicate construction and induce clogging and running over. When
a curve is unavoidable it shouid be as gradusl as possible, the
outside of the sluice should be elevated from 1/8 to_E/é inch per

1 Bowie, 4. J., A Practical Trestise on Hydraulic Mining in Cali-
fornia. Van Nostrand Co., New York, 34 ed., 1889, p. Z220.
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foot of sluice width and the grade should be increased perhaps an
ineh per btox &t and immediately below the curve. Similar rules
apply to turn-cuts or branches and drops of 3 or 4 inches should
be provided at junctions to check the deposition of gravel at
these points. Such drops ocecasionally are inserted in straight
sluices if the grade is available, particulerly if the gravel is
difficult to wash or if heavy sand tends to settle to the botfonm.
A drop of even a few inches from one box to the next has a dis-
integrating effect and mixes the material passing through the
sluice, thus assisting gold recovery. -At one place where drops
were provided at intervals. between different types of riffles,

25 per cent of the gold recoversd in the sluice was found at the
drops. ™" ‘ :

A% the Bullion Mine, B. C., where rail riff*les are used, the
three lengths of rail at the upper end are each raised 2 inches
above the next down stresm in order tc increase the grade and
give boulders an initial velocity when starting through the
sluice. ‘ -

Riffles
\ |

‘Theory of gold-saving by Riffles

"The function of riffles is to hold back the gold particles
that have settled to the bottom of a flowing stream of water and
gravel. Any 'dead' space in the bottom of & sluice-box, where
there .is no current, fills quickly with sand and thereupon loses
nost of its value as z gold saver, unless the sand remains-loose
enough to permit gold to settle into it; therefore, the shape of
riffles is importéent, regardless of the fact that under some con-
ditions, as with coarse goid and free-washing gravel, all forms
of riffles are almost equally efficient.  The riffle should be
shaped so as to agitate the passing current and produce a moder-
ately strong eddy or 'beil' in the space behind or below it, thus
preventing sand from settling there and at the same time holding
the gold from sliding farther down. the sluice. In other words,
riffles, for maximunr efficiency, should provide a rough bottom
that will disturb the even flow of sand and gravel, will retdin
the gold. and will not become packed with sand. Where grade is
lacking -the riffles must be relatively smooth, so as not %o re-
tard the current unduly: under these conditions the sluice must
be long enough to compensate for the loss in gold-saving effic-
iency of the individual riffles.

"Natural stream beds act as gold-saving sluices, not be-

cause they are particularly efficient as such but because most
gold is ‘*hard to Iose' and the streams are long.
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Plaka TX R, A larse sluice-box paved with wood blocks wedged
together Dby blocks in the interstices. A safety stick
is nailed across at the end of each 12-foot box.




Plate X A. A 3-foot sluice-box showing the load of gravel Plate X B. A 30-inch sluice-flume showing a central groove
and boulders dropped when the water was twrned off. worn in the wood block riffles after considerable service.



Types of riffles

"Riffles, of course, should be designed so as %o save the
zold under the existing conditions, They should also be cheap,
durable and easy to place and remcve. WNot all these qualities
are found in any one type.

"Sluice-box riffles may be classified roughly as transverse,
longitudinal, block,' blanket and miscellansous roughly surfaced
ones, or, according to material, as wood block, pole, stone, cast
iron, rail, angle iroen, fabric and miscellansous. Usuzlly more
than one type of riffle is used, although in California very long
sluices have been paved entirely with wood block riftles, and on
dredges the type illustrated in Figure 8, A, is used almost ex-
clusivsly.

"Of about 80 hydraulic, ground-siuice and mechanically
worked placer mines, approximately 25 per cent. used riffles of
the treusverse variety, loosely termed 'Hungarian,' consisting
generally of wooden crossbars fixed in a frame and sometimes capped
with iron straps. About 20 per cent. used the longitudinal pole
type, 15 per cent. wooden blocks, and 15 per cen%. resils, the last
being placed crosswise or lengthwise. Angle-iron riffles, wire~
mesh sereen or expanded metal on carpet, blankets, or burlap, rock
paving, and cast-iron sections together made up the remaining 25
per cent. 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 fire material, particularly the screened
gravel washed in most of the mechanically cperated plants, the
dredge-type riffle found most favor."

In British Columbia most medium end large sized hydraulic
operations use wood block riffles, and a few (Bulliocn and Germansen
Ventures) use steel rails; 4t the Lowhee Mine the upper 120 feet
of sluice is shod with 4-foot square steel plates separated by
traps 3 inches wide and & inches deep, the rest of the flume being
paved with wood blocks.

"for a small or medium-size sluice (if lumber is costly and
& plentiful supply of small timber, such as the lodge-pole pine,
is available) peeled pole riffles (Fig. 8 B and C) are perhaps the
most economical and satisfactory of the various types. Their coun-
struction is evident from the drawing. Those of traansverse vari-
ety may have s somewhat higher gold-saving efficiency, but un-
doubtedly they retard the current more and wear cut faster. Poles
2 to § inches in diameter may be used, spaced 1 or 2 inches apart.
Such riffles are cheap but wear out rapidly. The sections should
be a third or helf the box length for convenience and 1 or 2
inches narrower than the sluice. At one mine 3-inch pole riffles




ACHY, rails, 30 feet long,
i to | inch apart at base

stecﬂoﬂsofnﬁdiﬁcations
e

{ /f [ he-d"%6" sills
L/f/ ] at & centers
.}4:

,l&%-,‘?—g k
"xl gf’ 13" = 1%" angle iron,

ends bent down to give
a riffled surface if
desired

; pipe
/””""ﬂr’. spaced at 1~ centers

Tigure B—Types of riffles: A, Transverse wooden, steel-capped riffles used on dredges; B, transverse pole riffles; C, lengitudinal
pole riftes; D, transverse wooden rifiles, square section; E, transverse wooden riffles, bevelled section; F, transverse wooden
riffle, steel-capped, inclined section; G, transverse wooden riffles, steel-clad, with overhang; H, longitudinal wooden rifles cabped

~ with cast-iron plates; 1, wooden-block riffles for large sluices; J, wooden-block riffles for undercurrents; K, stone riffles;
L, longitudinal rail rifles on wooden sills; M, transverse angle-iron riffles; N, transverse angle-iron riffles with top tilted upward;
0, longitudinal ‘rifles made of iron pipe; P, transverse cast-iron riffles used in undercurrents.



had to be repiaced 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 cheaply, riffles similar to
the cone described may be made of 1- by 2-, 2- by 2-, or 2- by 4&-
inch material, as shown in Figure 8, D, and E. The top surfaces
of the riffles may be plated with strap iron (Fig. 8 F. and G.).
Transverse riffles of this type mey be slented downstream, as |
shown in Figure 8, B. and the top surfaces mey be beveled to in-
crease the “boilingf action, as with the dredge riffles. The
effectiveness of this practice is not known, and the authors know
of no conclusive tests having been made. Longitudinal riffles of
2~ by 4-, 3~ by 4-. or 2~ by 6-inch material are used at soms
places. A longitudinal wooden riffle capped with cast iron is
shown in Figure 8, K.

"Sluices in the Rock Creek sapphire mines were 12 inches
wide and set on a grade not to exceed half an inch to the foot.
& relatively flat grade is necessary to save the sapphires. Rif-
fles were 2 by 4 inches in size set across the sluice 4 inches
apart; they were tilted downward. The sluice was cleaned up each
day. The sapphires were separated from the sands in a jig. They
were then put through a set of seven screens, and other heavy
minerals were picked out by hand. The black sand and other fine
heavy minerals wsre drawn through the screen in the jig; ths
sapphires were taken off on top of the screen.

"Wooden-block riffles (sée Plate IX and Fig. 8, I and J) are
held by Bowieltp be unexcelled in regions where the material is
available chesp.” In British Columbia wood blocks cost between
1CG and 15 cents each delivered to the sluice-box. "The blocks
are 4 to 12 inches thick and of corresponding diaméters or widths.
They may be round, partly squered, or cut from square timber.

Une~ or two-inch wooden strips separate the rows of blocks, and:
they are held securely in place by nails driven in both direc-
tions. Wooden-block riffles are perhaps the hardest of all types

to set because of their tendency to float away. They must be nailed

to the spacing strips, as stated, and wedged securely at the sides.
The spacing strips are held down at either end by the side liuning
of the sluice. Wooden-block riffles arse durable, can be worn down
to half their original thickness or less, and if made of long-

grained wood (such as pitch pine, which "brooms" instead of wear-
ing smooth) may catch some gold in the endgrain. When discarded, -

1 Bowie, &. J., & Practical Treatise on Hydraulic Mining in Cali-

fornia: Van Nostrand Co., New York, 3d ed., 1888, p. 225,
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they are commenly burned and the ashes panned to recover any gold
so caught. The life of 10- or 12-inch wooden-block riffles may

be a few months to several seasons and, according to Bowie, ranges
from 100,000 to 200,000 miner's inches of water; that is, with a
flow of 1,000 inches one would last 100 to 200 days.” At the Low-
hee Mine, B, €., the wood blocks must be replaced each season; these
last for 200, OOO to 250,000 yards of gravel moved. "The grade of
the sluice apparently has much to do with the life of block riffles.
At & mine where the sluice was 48 inches wide and had a grade of

2 3/4 inches in 12 feet a set of blocks lasted two seasons, during
which time 140,000 cubic yards was sluiced. At the Salmon River
mine the grade was 7 inches in 12 feet and the width of the boxes
30 inches. Here block riffles lasted 80 to 70 days, -during which
time about 18,000 cubic yards was washed. On account of differ-
ences in the wearing rates only one variety of wood should be used
in a section of a sluice. Douglas fir wears longer than other
native western conifers. ‘

"Where large quantities of gravel are put through sluices,
iron or steel riffles generally arse preferred. Their superior
wearing guality as compared with that of wood permits longer ruas -
without stopping to replace the riffles. Their durability may
more than compensate for their higher cost.

"Steel rails and angle iron are common riffle materisls used
in various ways (see Plate XI). 01d reils or angle iron can often
be obtained cheaply in mining districts or near railroads. Various
other steel products such as pipe and channels have been utilized
for riffies. Cast iron is also used and has the advantage of &
l?wer first cost than steel rail or angle iron.

"Iron or steel riffles should not be used in units too long
to be handled readily.” Eight or 10-foot lengths are ususlly quite
long enough. "Rope blocks on movable tripods have found favor at
scme places for Nifting heavy riffle sections. :

"When used as transverse riffles lengths of steel rail usually
are set upright, the fianges almost touching or not more than 1 or
2 inches apart. Where grade is lacking and gold saving is not
particularly difficult, longitudinal rail riffles make 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,
forming riffle sections The width of the sluice and any convenient
length.” Another method is to spike the rails with track spikes to
4 by 4 inch timbers set crosswise in the sluice. "At the 1a Grange -
mine in Trinity County, Calif., 40-pound rails costing about $125
per ton proved more satisfactory tHan wood rifflesl. When 16- by’

1 MscDonald, 0.F., The Weaverville-Trinity Center Gold Gravels,
Trinity County, Calif.: U.S. Geol. Survey Bull,, 430, 1910,
pp. 48-58.
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Plate XI A. The 6-foot sluice-flume a®t the Bullion Mine paved
with rail riffles. The rails are spiked to 6 by & inch
ties laid across the box at 3-foot intervals.

Plate XI B, Cross-section of the Bullion type rails. These
weigh 37 pounds to the yard, are mads of special alloy
steel and of this special cross-section, Notice
how thieck the web is as compared to standerd
railway steel,




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

W

Plate XII B, Undercurrent tebles at the end of the sluice at
Cariboo Cottonwood Placers Ltd., Bach table is B feet
wide, 20 feet long and on s grade of 1 1/2 inches
to the foot. The riffles are expanded metal

lath over oorduroy. '



16 by 13-inch wood bleocks were used the riffles tended to 'sand-
up.' ilorsover, the blocks had to be replaced every Z or 3 weeks.
Lengthwise rails 8 inches apart lasted 2 months and rails -5 inches
apart, 4 months. Strangely enough, trausverse rails 5 'inches apart
lasted 6 menths., The rails were 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 han-
dling a flow of about 4,000 inches of water and 1,000 cubic yards
of material per hour, boulders as large as 7 tons being washed
through. 'The sddies 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 sluice line was cleaned up every
other season only."

One of- the important advantages claimed for rail riffles as
compared with wood block riffles in the same sluice {on the same
grade) is that the rail riffles allow about 20 per cent more mate-
rial being sluiced with the same amcount of water. Conversely the
same amount of gravel can be washed through a sluice shod with
rail riffles cn a flatter grade than the same size sluice paved
. with wood blocks. Rail riffles should not be 1aid in a sluice
with a steeper grade than &5 per cent because the water velocity
results in excessive wear on the rails, and a scouring action
loses a greater amount of fine gold. A grade of 4.5 per cent gives
good results although flatter grades as low as 3.0 per cent may be
used where sufficient water is available.

Two mines in British Columbia, the Bullion and Germansen Ven-
tures, handle large yardages each year, 1,000,000 cubic yards or
more, and both have sluices liped with 37 pound msnganese stsel
rails of a special cross-section (see Plate XI B). It is believed
that the 1ife of the rails will be from § to §,000,000 cubic yards
on the scale of operation, although with a smaller sluice and han-
dling less yardage per season with somewhat slower water velocity
and handling smaller boulders the life might bs almost doubled.
Ordinary steel railroad rails, however, will have a shorter life-
than the above illustration which is for a special alloy steel of
special cross-secticn,

"The combination.of steel rails and wooden sills used at the
La Grange mine appsars to make an excellent gold saver, and modi-
fications have been used at many large mines., Figure 8, L, illus-
trates a combination of longitudinal reils and transverse timber
sills. ‘

"4t the Round Mountain mine 25-pound rails were placed longi-.
tudinally in a 35-inch 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 considerable wear and were renoved to the
outside. At the Lewis mine on Rogue River a set of riffles made
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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
yvards was wasned yearly. Only materlal under 5 inches in diameter
was run through the sluices.

“Angle iron is commonly ussed for maklng riffles, as 1llus—
trated in Figure 8, M and N. Many mebthods of assembling the
lengths of angle iron into riffle sections are in use, and no one
method can be said to excel. The irons may be set with flat upper
surfaces or inclined slightly to increase the rlffllng action.
Usually the gap between the riffle bars is 1/2 to 1 inch. The
effectiveness of this type of riffle is bhelieved by some operators
to depend largely on the vibration of the riffles under the impact
of boulders which keeps the sand trapped under the angles in a
leose condition favorable tc gold saving: i

"Figure 8, 0, i1llustrates an unusual all-metal riffle used
at a 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, with some loss of wvelocity, 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 snd securely placed, and are efficient gold
savers if designed so as not to pack with sand. In an under-
current at the Indian Hill mine, California, cast-iron riffles
were in use that were 4 feet long, shaped like angle irons and had
egual 3 1/2-inch legs 7/B—inch‘thick; (See Fig. 8, P).

"One property in Californis was reported to be using old 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, and spaces between
adjacent wheels and under the flanges was said to have resulted -
in a satisfactory gold recovery. A gravel-washing plent in Ari- -
zona was provided with riffles made of standard Z-inch pipe and

2 1/2-inch angle iron welded into riffle sections resembling

pele riffles. This riffle should be fast-running and as efficient
as any longitudinal type of riffie, relatively light, and sasy to
handle. It would not be durable enough for very heavy gravel and
would be relatively expensive unless salvaged material and weld-
ing equipment wereg available. ’

"For shallow. sluice streams carrying only fine material
various gold-saving msterials are ussed, including brussels carpet,
coco matting, corduroy, and burlap. Thsse 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
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of the riffles by eddies. & corduroy woven especially for a
riffle surface is used by some large Canadian lode-gold mines to
catch their 'coarse' gold before flotation or cyanidation. A4s
such gold would be considered fine by most placer miners it seems
probable that such a fabric would be useful for treating finely
screened placer -sands. The corduroy in question has piles about
1/4-inch wide and 1/8-inch high, spaced about l/4-inch apart.

The piles are beveled slightly on one side.

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

"fxpanded metal lathing and woven metal matting are common
types of riffles for fine material and are used with carpet or bur-
-lap. If the thin strands of metal slant considerably in one direc-
tion, the material should be placed with this direction downstream.
Eddies in back of the strands will then form gold catchers, whereeas
if the recesses face upstream they will at once £ill with a tight
bed of sand and lose their eflfectiveness.”

- For catching fine gold, such as occurs in benches along parts
of the Fraser River, B; €., and in installations where material
coarser than 3,8 to 1/2 inch is screened out, ftufted, short-piled
carpet, not protected by expanded metal lathing, appears to give:
most satisfactory results when on a grade of 1 1/4 to 1 1/2 inches
to the foot. This type is used on the washing plant of North Ameri-
can Goldfields Limited at Alexandria Ferry as well as by many of
the "snipers" along the Fraser River.

"Solid-rubber riffles were noted at one washing plant. Sponge-
rubber riffle material is on the market, but it was not observed in
use and nothing 1s known by the authors of its merits or cost.

"Another form of riffle often used as an suxiliary to other’
types is a mercury trap, consisting of a board the full width of
the sluice with i- or 1 1/2-inch suger holes in which merecury 1is
placed. Instead of round holes, transverse grooves or half-moon-
shaped depressions, 2 to 4 inches wide and with the rounded deep
side downstream, may be cut in a wide board and partly filled with
mercury. These riffles have no apparent advantage over the ordin-
ary transverse-bar type and are suitable only for fine gravel, as
large pebbles would splash the mercury out of the traps.

"Many ingenious and odd kinds of riffles are encountered in
the field, some of which have been patented: It is very unlikely,
hewever, that the advantage of any unusual or freakish design of
riffle is sufficient to offset the cost of royalties cn patented
inventions.
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Undercurrents

"in undercurrent is a device for sluicing separately a finer
part of the gravel passing through the main sluice. The fine ma-~
terial and a regulated quantity of water pass through a stationary
grizzly in the bottom and usually near the end of the sluice to one
or more wide sluicenboxes, commonly called tables, paved with suit-
able riffies {see Plate XII B)., If the main sluice is in sections,
with drops between, ths water and sand mey be returned from the
" undercurrent tables to the main stream, and several undercurrents
may be installed at convenient points along a sluice."

Two important physical factors may however prevent an under-
current being installed. First, it requires several feel or mére
"of ~space below the sluice~box grade and often where dumping head
ig restricted this headroom is not available. Secondly, s cer~
tain emount of water is drawn off from the main sluice and in
- instances where the dump needs to be kKept clear by hand it may not
be profitable to divert the water through the undercurrent when it
could be used more effectively in assisting to keep the dump clear
of accumulated gravel and boulders.

"The screen or grizzly in the main sluice may present the
most difficult problem in building a satisfactory undercurrent.
The screen should divert all the undersize yet not take so much-
water that it causes plugging of the main sluice below the under-
current or reduces the amount so that difficuliy is encountered
in keeping the dump clear. The proper size of opening can be de-
termined only by experiment. A screened or barred opening, the
full width of the main sluice and a few inches to a foot. or more
long, will usually draw off as much water as can be spared. Uew
water may be added to either the undercurrent or main sluice if
the screen opening does not take out the right quantity for suc-
cessful 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 make the separation. Grizzlies
should be made of tapered bars or screens punched with. tapered
holes with the largest openings downward, otherwiss they will
plug and render the undercurrent ineffective.

”Because undercurrents need & wide, shallow stream, grades of
12 te 18 inches per 12 feet must be used, depending largely on the
type of riffle. Cobblestone, block, transverse or longltudlnal
wooden strips, rails, 'scresens, or fabrics may be used for riffiles.
Often several types of riffles are used on successive parts of one
undercurrent. Undercurrents may be a few to 25 or 30 feet wids
and 10 to 50 feet long.:

"Most of the gold recovered by undercurrents is so fine that
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Plate XIIT A. The end of a sluice-flume showing longitudinal and Plate XIII B, Handling boulders in a hydraulic pit with a gin

transverse rail riffles followed by an under-current grizzly . role ard o hand winch ab Harvey Creen Iines Ligd.,
made from 3 inch shefting, then a short section of trans- on Nigger (Pine) Creek.

verse rail riffles at the end of the box.




Plate XIV A. Drilling & lsrge boulder with a jack-hammer in the Piate XIV B. Block riffles at the head of the sluice-box
hydraulic pit at Spanish Creek, B. C. lifted preparatory to making a clean-up.




it does not settle in the relatively swift, deep current of the
main sluice, but part consists of gold that is freed from its
matriz of clay by dropping through the grizzly and rolling cver
the undercurrent riffles, 411 coarse gold is saved in the first
few boxes of the main slulce unless conditions are radically wrong.
Unless the undercurrent is installed at the end of the sluice, or
at least below where gold is recoversd, not all the saving in the.
undercurrent should be credited to its installation. In the early
days when hydraulicking was at its height undercurrents were much
favored, sometimes 5,000 to 10,000 square feet of undercurrent
being used along & single sluice-line. The gold saved in them
occasionally exceeded 10 per cent-of the tetal clean-up but more
often was less than 5 per cent. &s this recovery usuelly was
effected by 5 or 10 large tables and as considerable would have
been saved by the main sluice without the undercurrents, the econ-
omy resulting from their use was perhaps doubtful. Bowiel presents
details of the use of undercurrents in early Californian practjice
and indicates thait their particular field lay in the treatment ‘of
cement graVel° Of the several undercurrents observed by the
authors in use in 1932 it is doubtful if many were justlfylng
Their installation.

Cperation of Sluice-Boxes

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

"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 cther ‘hand, a continued overload of gravel will plug
the sluice at some point so that sluicing must be stopped for the
time needed to clear the obstruction; this time lost may be appre-
ciable. 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 rock hooks, forks or shovels, to
keep it open. This added c¢ost may be serious at small mines. All
effort should be directed toward getiing the gravel into the box
and letting the water do the rest.

"Large boulders are another cause of expense and lost time.
When the maximum size of boulder that the siuvice will carry is

1 Bowie, A. J. A Practical Trestise on Hydraulic Mining in Cali-
Pornia; Ven Hostrsnd Co., New York, 34 ed. 1889, pp. Z52-282.
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known, all boulders larger than this should be prevented from en-
tering 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.

.- "tn exception is found in the operation of 'booming.' A neces-
sary condition of this work is a heavy head of water which usually
fills the sluice to the brim. Sometimes little or no work can be
done in the pit while the water is on, and the entire crew may
_ profitably patrol the sluice with long-handled shovels to guard -
against stoppages which might be disastrous because of the large
flow of water and gravel. Before each 'boom' all over-size boul-

"ders should be moved out of the course of the water. -

‘Cleaning up

"Clean-up time should be kept to a minimum. Thisz can be dene
by cleaning up as seldom as practicable and by using efficient
methods. Large hydraulic mines,, particularly if the water season
is short, clean up only conce a season except perhaps the uppsr one
or two boxes, Dredges c¢lean up every 10 days or 2 weeks, because
large amounts of gold are recovered in relatively short sluices
with attendant possible loss when the upper riffles become heavily
charged. This necessary delay 1s used for routine repairs on the
dredge. In ground-sluicing the clean-up period ranges from weeks
to months, while in shoveling-in-operations the sluice may be par-
tially cleaned up daily.. The danger of theft from the upper,
richer boxes can be lessened by {illing them w1th gravel at the
end of each day's work,

"The general principleé is the same in all clean-up operations,
but practice differs widely. Clear water is run through the sluice
until the riffles are bare, the stream being‘feduced enough to pre-
vent 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 into the box, and set aside. Any burlap or other .
fabric used under the riffles likewise is taken up, rinsed into the
box, or placed in a Ttub of water where it can be thoroughly
scrubbed. Then the contents of the sluice are shoveled to the head
of the box, any packed c¢lay broken up and then 'streamed down' with
a light flow of water (see Plate XV-4), The light send is washed
away, and rocks and pebbles are forked-cut by hand. This opera-
tion is repeated until the concentrates are reduced To the desired
degree of richness. Gold or amalgsm may be scooped up, as it lags
behind the lightest material at this stage (see Plats XV B), or
all the black sand with.the gold, mercury, and amalgam may be re-
moved. and set aside for further trestment. Successive boxes are
treated similarly, until the sluice is bare. The last step is to
work over the whole sluice with brushes and scrapers to recover .

T,

- 58 -



gold and amalgam caught in cracks, nail holes, or cormers. At

one mine & small box was set up in the main slulce and the con-
centrate from the riffles shoveled into it to reduse the bulk. At
ancther the concentrate from the lower section of the sluice was
treated in a quartz mill.

Distribution of Gold in the Sluice

The distribution of the gold in a sluice is controllied by its
coarseness, the length of the siuice, and by its grade, the amount
of water and probably tc some extent by the type of riffle used.

The sluices used in hydrsulic mining are as & rule much longer than
those common in placer mining. This greater length is not necessary
for saving the gold but rathsr for carrying the gravel to the dump
which may be a considerable distance from the pit. In the following
table the resulis of cleaning up separate boxes along the sluice
line at the La Grange mine* are given. The greater part of the gold
was caught in the first 250 feet of the sluice. The boxes are 12
feet long, the grade 5.5 per-cent, width of sluice 6 feet.

. Mesh size and weight of gold '

Box i Total,
Ho. + 10 1~10 +501-50 +1C01-100 +150}-150 +200; -200 D%,
oz, oz. oz .. oz. 0%, . OZL.

5 45.8 50.7 1.38 : 0,38 0.31 1.45 100.0
- 16i38.0 | 83.30 2.33 1 1.00 0.31 | 0.83 | 105.77

incl
22 1.73 20.22 3.08 Q.70 0.25 0.82 28.60
‘ 48 0.18 2.18 1.08 0.12 0.05 0.18 ‘ 3.75
88 0.018 0.12 0,47 0.008 ©.028 . 005 0. 847
135 None 0.053 0.027 0.043 C0.01% 0.01 0.144

Use of Quicksilver in Sluicing

"Juicksiiver is used at nearly all placer mines in California.
If it is not used to catch geld in the sluices, at least it is
probably used in extracting the gold from the concentrates.

“The characteristics of gquicksilver that make it of wvalue to
the miner are: (1) Its vower of amalgamating with gold and silver;
(2) 1its high specific graviby {13.5), which csuses it to lie

1 Bouery, P., Eng. and Min. Journ., vol. 95, Ho. 21; 1913, .p. 10589,

- 59 .




)

safely under a stream of water and gravel, floating off on its
surface everything but the native metals: and (3) its relatively
low boiling point (about 875 degrses I'.), far below red heat,
which allows it to be driven off by heat from the geld with which
it has amalgamated.

“Amalgamation is = process in which mercury alloys with
another metal. All metals but iron and pletinum 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 exsmple, '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,
howsver, is said %o facilitate amslgamation, that is, to make it
more 'active.!

"Quicksilver is placed carefully in the sluice-boxes, where
it finds 1ts way to ths many recesses in the riffles 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 important hy-
draulic operations, but some 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 Tail-
ings or escapes through oracks or cther leaks. In exceptional
instances the conditions are such that the mercury 'flours,' that
is, breaks into minute, dull-coasted drops. Flouring is aggravated
by agitation or exposure of the mercury to air. The common prac-
tice of 'sprinkling’ it inte sluice-boxes may be condemned cn
this ground, as well as for the reascn that the fine particles
formed by careless sprinkling are more readily washed away and
lost. TFlouring is responsible for the most serious losses of
quicksilver with the tailings.

"Even under the best conditions, 5 to 10 per cent of the mer-
cury used is lost., If steep grades, heavy gravel with counseguent
severe pounding and vibration, old and leaky sluices, or other ad-
verse conditions exist, the loss of mercury may be 20 or 25 per
cent. -

"Only clean meroury should bé placed in a sluice; even this
tends tc become fouled or sluggish and to lose its effectiveness,
The best cleansing process is retorting, which is discussed later.
However, straining the mercury through chamois or tightly woven
cloth removes some of ths surface scum and foreign material, or
the mercury may be treated with potassium cyanide or other chemi-
cals to dissolve the impurities. It should be handled as little
as possible and kept from contact with grease or other organic
material,
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Plate XV A. Clean-up at Germansen Ventures Lid. S$tresming-down Plate XV B. C(Clesning up the gold in the bobtom of a sluice-box
and working over ‘the concentrates using wooden paddTas. te remove ag much black sand a5 possible belors suouplng

up the geld into a pan.




Plate XVI A. Cleaning bedrock by hand. At Germansen Ventures
the bedrock is hard and irregular so that it is impossible
%o clean it adequately with the giant. One man is
continuously employed cleaning out all
the eoracks by hand.

Plate XVI B. Reborting smalgam from the clean-up harrel cover
a blecksmith's forge. The mercury is condensed by the
sacking immersed in the water bucket at the right.



"Wilsonl suggests a cow's horn, sewed off nesr the small end
to leave a hole that can be stopped with the finger, as a useful
implement for charging sluices. Most miners chargs The sluice
from stoneware or heavy glass bottles. ‘ '

"Mercury should be kept or carriéd only in iron, glass, or
earthenware containers because of its tendency to amalgamete with
zing (galvanized iron), tin, or other metals.

"The quantity of aquicksilver used differs according to condi- -
tions and custom. According to Bowie?, 200 or 300 fest of 6-foot
sluice should receive about three flasks (225 pounds) as a first
charge and a 24-foot square undercurrent, 80 or 90 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 Twe flasks
. were used in & season during which 108,000 cubic yards was. washed.
Bredge tables, with areas of 1,000 to 10,000 sguaré feet, are
charged with 150 to 3,000 pounds of mercury.  According to Janing,
g 7-foot dredge with a ftable arsa of 2,800 square fest uses about.
1,000 pounds on the sluices and in the traps. Probably in common
practice the range is 1/10 to 1/4 pound per square foot of sluice
area.

"The sluice should be run long enough to plug all leaks before
the mercury is added. Usually oniy the upper 2 or 3 boxes or a
guarter or half of the sluice &t most is charged with mercury, as
otherwise considerable loss occurs. During a run more mercury is
added periodically. Whenever the sluice is run down enough to ex-
pose the riffles the mercury can be examined. If it doss not show
here and there with c¢lean surfaces nearly to the top cf the rif-
fles, more is addeéd. As the quicksilver fakes up gold near the
head of the sluice it becomes pasty and finally quite hard, and
more should be added to keep it in a f£luid condition."

In British Columbisa the uvniversal practice is not to use mer-
cury in the sluice-boxes, but only for amalgamating thé concen~
trates from the clean-ups. The probable reason for this is that
with an efficient sluice-box the gold is coarse enough to be saved
readily and that the mercury lost costs more than the additionad
amount of fine gold that it might recover. This is particularly
true at present with the considerably increased cost of mercury.

. Wilson, E. B., Hydraulic aund Placer Mining: John W1ley & Sons,

New York, 34 ed., 1918, p. 240,
2 Bowie, &. J., work cited, p. 244.

Janin, Charles, Gold Dredging, in the United States; Buil. 127,
Bureau of iMines, 1918, p 143,




"The use of mercury in recovering gold from sluice-box con-
centrates is discussed in the fecllowing section.

"imslgemating plates should be used only in treating fine ma-
terial, generally well under & quarter of an inch in size and pref-
erably not coarser than 10-mesh, as larger particles abrade the
plates too rapidly and prevent building up of the amalgem. Conse-
quently, the application of plates to placer mining is limited to
the stamp milling of some drift-mine gravels and the treating of
fine undercurrent or other screened sands. The use of plates in
stamp milling is & phase of metallurgy beyond the scope of this
paper, and reference is made to any standard text or handbook on
gold milling.

"None of the other applications of amalgsm plates to placer
mining is of particular importance, probably because the recoveries
seldom have justified the labor and expense. Plates may be set in
underéurrents treating finely screened sands, such as beach sands
or the Snake-River gold-bearing sands. They usually are covered
with burlap to assist in retaining the gold until it has come in
contact with the ‘amalgem. Many other amalgemating devices have been
applied to such material, but none is known to the authors to have
been of greater value than properly designed siuvices and riffles.”
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SEPARATION OF GOLD AND PLATINIM-GROUP METALS

FROM COUCENTRATES

General
"No sluice~box or other type of golid saver used in large-.
scale placer mining makes a clean separation of the veluable
minerals. The concentrate obtained must be trested further to
meke a marketable product. Concentrate obteined in cleaning bed-
rock in some types of mining is treated similarly to: sluice-box
concentrates. '

"The concentrate may be cleaned by panring, or rocking, in
auxiliary sluices, or by blowing, or it may be amalgamated in a
special type of apparatus. The treatment will depend mainly upon
the scale of operations, the proportion of black sand in the don-
centrate, and the characteristics of the gold. The general meth-
ods of cleaning concentrate with pans, rockers, or small sluices
are the same as those in small-scale operations except that more
care is required and smaller quantities are treatsd at one time,
In treating smsll quantities of concentrate, however, it should
. be remembered that colors of gold so fine as to present great dif-

ficulty in their separation by panning or rocking are probably of
small value, and their loss would be inconsequential.

"If precise results are desired for sampling or testing, the
ceneentrates should be amalgamated rather than assayed by the
usual fire method,. ’ ‘

Pann%gg

"Panning is the simplest method of separating the valuable
constituents from the worthless material and generally is used
in small-scale opsration. 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 collsct the gold.

Rocking

"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, c¢an be made in a rocksr,
the flat, smooth bottom of which, set on a gentle grade with screen
and canvas baffle removed, offers an ideal surface for the purposé.

"The. concentrates are placed at the upper end, and a small

stream of water is poured over the sand while the rocker is swayed
gently back and forth. The lighter mmterial is washed down to the
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riffle at the lower end, and the coarser particles.of gold are

left behind. These are picked up with a scraper, and the operation
is repeated, a porbion of the concentrates presently being discarded
with each washing until at length all gold of appreciable value has.
been recovered, This method 1s satisfactory with ordinary concen-
trates, but 1f the gold is very fine, flaky, or particularly light,
porous, or angular, the separation is tedious and unsatisfactory,
and amalgamation is to be preferred. = ‘

"The same general method may berused’in'the mine sluice to re-
cover the bulk of the gold amalgam.

Auxiliary Sluices

"Sometimes an auxiliary sluice is used to reduce the volume of
concentrate from the mine sluice or to treat concentrate after it
is amaigamated. The small sluice in turn must be cleaned up. At
one mine & 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 remcved from the gold by blowing. A4 flat metal or paper sheet,
such as a plece of drawing paper or a large flat tin about 2 feet
square with the edges bent up about half an inch, 1s best for the
purpese. However, with care and skill the opsration can be per-
formed in a common gold pan, as is done by many prospectors. The
material should be perfectly dry. Much effort is saved by using
a magnet to take out any magnetite sand in the concentrates: often’
this mineral comprises as much as 90 per cent of the material. A4
piece of paper folded around or held against the end of the magnet
will keep the magnetite from sticking to the metal. When all the
magnetite is removed, blowing gently on the remsining sand and

. gold will drive the former to the far edge of the sheet, leaving
the gold behind. In most instances the loss of a few fine colors
is not serious,

Amslganmation

In Ordinary Gold Pans

"a small quantity of quicksilver, ranging from an ounce to a
quarter of a teaspoonful, will catch all the gold from a pan of
sluice concentrates. The mercury is simply placed in the pan with
about o .pounds of concentrates and agitated under water until no
more free geld can be observed. Then the sands are panned off,
care being taken not to lose any of the amalgam or fine drops .of

mercury, which gradually will run together into a single mass.



If the concentrabes are nearly all black sand only a small quantity
should be washed at a time, but if much light sand or rock is pres-
ent larger gquantities can be washed.

"Copper-plated pans or pans with steel rims and copper bottoms
are available and are useful for saving fine gold in concentrates.
The copper is coated with mercury by first clesning it with emery
paper, then rubbing clean, bright mercury or amalgam on it until i%
presents a smooth, shiny surface. The gold in the material being
treated is picked up guickly by the amalgam surface. Only fine
sand can be treated to advantage as coarse sand or gravel will
scour the amalgam off the copper. A4s fast as amalgam accumulates
on the copper it is scraped off with a smooth, dull-edged, iron
scraper such as a putty knife. tore mercury may then be added to
keep the surface bright and in & 'receptive' condition.

8
Amalgamators

"In large-scale operations where most of the gold is amalga-
mated in the sluice-boxes or on the riffle-tables, the amslgam is
separated from the sands during clean-up operations or from the
concentrates by rocking or panning. Tarnished or rusty gold or
very fine gold, however, does not amslgamate readily because it is
difficult to make contact between The gold and quicksilver. Such-
gold, generally included in a blaclk-sand conceantrate, requires
agitation in the presence of quicksilver, or, if rusty, grinding
to remove the interfering coat for satisfactory amalgamation.

"Mechanical amalgemators are used to treat such materisls.
Occasionally all of the concentrate from the sluice will be treated
in an amalgamator, particularly if it contains rusty gold. The
charges for the amalgamator should be kept clean; gresse especially
interferes with amalgamation.

"A common type of amalgamator is the clean-up par, which con-
sists of @& cast-iron, cylindrical, Tlat-bottomed barrel or tub 1
or 2 feet in diameter for small-scale work and 4 to 8 feet in
diameter for mill service. Ths concentrate with 1 or 2 per cent
quicksilver by weight is placed in the pan with sufficient water
to make the mess fluid and agitated by & revolving spider. The
quantity of water added should be sufficient only to permit agi-

tation without too great strain on the mechine. The pulp should
~be thick enough to hold particles of mercury in suspension.  Shoes
on the lower end of the spider arms slide on a flat, circular race
"in the bottom of the barrel, thus adding some grinding to the agi-
tation. After running for 1 or 2 hours the batch may be emptied
through a drain plug in the bottom of the barrel and the mercury
end amalgam separated from the sand by panning. Some pans are pro-
vided with side drain plugs at various elevations. The rotation




may then be siowed from its usual speed of about 60 r.p.m., the
shoes raised encugh to stop the grinding, and water added. This
will settle the gquicksilver and amalgam; the waste sludge can then
be flushed out throuvgh the upper drain plugs and almost complete
cleaning of the amalgam and mercury made in the pan itself.

"Another device, the 'smalgam barrel, generally is used at
large stamp mills and 1s employed in placer operations, particularly
in dredging and large hydraulic operations to treat sccumulated
black sands, scrap metal, and other possible gold-bearing material
from clean-up operatigns. It is merely a cast-iron or steel drum
Tevolving on a horizontal axis like a ball mill and fitted with
. suitable drain plugs, handheoles, manholes, or removable ends, de-
pending on its size and use. The material to be treated is placed
in the barrel with quicksilver, water, and & few iron balls or
rocks and the barrel is turned slowly for an hour or several hours."

If, however, the gold is tarnished and does not amalgamate
readily the barrel should be charged without the mercury and ro-'
tated for an hour or two to scour the golid. Then the mercury
should be added and the rotation continued for a further 1 to 2
hours, In this way excessive ”flourlng of the mercury can be
prevented. '

"The barrel may then be flushed with water from a hose-to
wash away the lighter products of grinding, turned over, and emp-
“tied intec a tub, the amalgam and mercury being recovered by pan-
ning, or better still by running through a very small, riffled
sluice containing a mercury trap. Potassium cyanide sometimes is
added to brighten the gold, using only enough to make a very weak
solution, alsc a small amount of lye may be added if the concen-
trates are greéasy. ‘

To make up & cyaﬁlde solution dissolve 1 ounce of 98 per
Gent potassium cyanide in half a gallon of water, then use 4 ounces
(or about half a temcup) of this solution to 10 gallons of water.

. "An amalgemator that occasionally is used, especially 1f a
part of the gold is attached to particles of quartz, 'is the Ber-
dan pan, which is relatively simple in construction and cheap to
operate. The pan consists of a revolving cast~iron bowl, usually
3 to 5 feet in diameter, with a raised central hub for the drive
shaft, givipg ‘it The' form . of a. circular trough. . The bowl is

- suppoerted either by the drive shaft or by rollers and is. set with.
8 tilt of about 20 or 30 degrees f{rom the herizental. It is
driven at 10 to 30 r.p.m. either by a crown gear on the inclined
shaft of the bowl or by a ring gear on the bettom of the bowl.

One or two large cast-~iron balls roll in the trough as the bowl
revelves. Quicksilver is placed in the bowl with the charge, and
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as the device revolves a stream of water is directed intc it and
overflows at the lowest point of the rim. The msiterial 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 piacer concentrates the batch process is used, 100 pounds or
more being treated at a time. Too large a quantity of sand les-
sens the grinding effect of the balls.

"A 1- or Z2-cubic foot, hand- or power-driven concrete mixer
is a convenient emslgamating device for the small- to medium-scale
placer mine, particularly if part of the gold is rusty. The charge
for such a machine is two or three pails of concentrates, 1 or 2
pounds of guicksilver, a few round cobblestones 3 or ¢ inches in
diameter, and water. About a l-hour treaiment will amalgemate
practically all of the gold. The charge is emptied into a settling
tub and then washed in a pan or small siuice-box to recover the
amalgam and mercury.

"Regardless of the amalgamator used, too violent agitation of
the mercury must be avoided otherwise excessive flouring hinders
emalgamation and makes it dlffl(ult or impossible to rscover the
guicksilver.

Cleaning Amsalgam

’

"The mixture of quicksilver and amalgam from sluice-box clean-
ups usually contains much more mercury than amalgam. It can be ‘
freed from sand, scraps of iron, and other solid impurities by
careful pamning and by washing with a jet of clean water. The
amalgam can then be separated from the guicksilver by straining
the mixture through buckskin, chamois skin, close woven canvas,
or other strong, tight cloth. This generaliy is done by hand,
preferably under water to prevent scattering of the mercury. The
gquicksilver thus filtered off contains at the most only about one-
tenth per cent of gold; this mercury is desirable for recharging
the boxes as the small amount of gold makes it more active. The
amaigam, after squeezing, still contains some mercury, part of
which may drain off if the masss is suspended for several hours in
a fumnsl or other similar container. With or without this last
- refinement, which one dredge operator used with success, the stiff,
pasty amalgam is now ready for f'ire treatment to separate the gobld.
It contains 25 to 55 per cent commoniy about a third by weight of
gold and 31lver

]
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EXTRACTING GOLD FRCM AMALGAI

Heating

"Although retorting is the common method of separating the
gold from the gquicksilver in amalgam at dredges and other large-
scale operations, the mercury in smell quantities of amalgam may
be volatilized by simple hesting., A common method is to heat the
amalgam on a clean iron surface over an open fire or forge, or in
a furnace, until &all the mercury is driven off. This is the usual
expedient of the single miner or small operator who do&s not object
to the loss of the small guantity of guicksilver invelved. The mer-
cury vapor may appear as heavy white fumes. Whether visible or .not,
mercury vapor is exceediugly polsonous, and the werk must not be
done except where a draft can be depended on to carry all the vapor
away from the operator. As stated elsewhere, mercury boils at 475
degrees I'., a temperature about half-way between the beiling point
of water and the first visible red hgat of iron. However, it vola-
tilizes at the boiling point of water ernough to be dangerous to the
health of persons exposed to it. Consequentiy, it should be han-
dled carefully, particularly to avoid inhaling its vapors.

"In another method of recovering the gold from small amounts
of amalgam, a potato is used as a condenser. This is a device
popular with prospectors because it is very simple, yet saves part
of the mercury that would be lost by the method previously de-
scribed. A large potato is cut smoothly in half, and in the flat
surface of one half a recess is hollowed whieh should be consid-
erably larger than the amount of amalgam to be treated. The amal-
gam is placed on a c¢lean sheet~iron surface, the half potato is
placed over it, -and the whole is set over a hot fire. For con-
venience it may be done in e frying pan or the scrap of sheet
iron put on a flat shovel so that it can be withdrawn readily
from the fire. Some mercury vapor will escape under the esdges of
the potato, and, as before, these fumes must be avoided. After
15 or 20 minutes of strong heating the poteto may be 1ifted off
for inspection. If all the mercury is gone from the gold the po-
tato may be crushed and panned, and s considerable part of the
mercury will be recovered, It may be desirable to heat the gold
further to anneal it; this can be done without removing it from
the iron plate. Any tinned or galvanized metal intended for use
in this process should be heated red hot and then scoured to re-
move zll traces of the coating so that a clearn iron surface will
be presented. ' ' .

"A laboratory method of separating the gold is to put the
amalgam in a small beaker and dissolve the mercury in a 1 to 1
solution of nitric acid and water. When all the mercury is dis-
solved, the gold may remain as a sponge, which can be washed



gently in water and amealed in a small porcelain crucible. More
frequently the gold will be recovered as a fine dust, which also
can be washed and annealed but is less easy to handle.

‘Retorting

"A very small amount of amelgam can be retorted quickly and
easily in a laboratory in a glass tube 18 to 24 inches long,
sealed at one end and bent 2 or 3 inches from that end to a
slightly acute angle. 4 large tube three-quarters of an inch in
diameter is best.  The amalgam is broken into pieces small encugh
to be dropped inte 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 the tube to redness after all mercury is
driven off. -

"4 retort for treating a few ounces at a time can be made
cheaply of 3/8-inch pipe, pipe commections, and & large grease
cup. The lower snd open end of the S/B—inch pipe is inclosed in
s larger pipe. Cooling water is poursd through the space between
the two pipes from an open connectiorn 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
thresds to mske s tight joinht. Heat is applied %o the grease cup,
and the quicksilver 1is condensed in the lower end of the pipe. The
method of using and’ the general arrangement of the device are sim-
ilar to those of the next retort described.

"The typical quicksilver retort for plecer mines (Fig. 9, C
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 few to 200 pounds of amalgam, or
about a guarter pint to 2 gallons. The condeunser commonly used
with this type of retort is an iromn pipe 3 or 4 feet long leading
from the hole in the retort cover at a downward angle of 20 to 30
degrees; it is encased for most of its length in a considerably
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 end condenses; it trickles down the
pipe into a vessel placed under the open end of the pipe. In the
treatment of a large amount of amalgam the temperature of the pips
might be raised to a point where some of the vapor would escape;
therefore, a cooling device 1s necessary.

"The retort may be heated over a large bunsen burner, by a
gasoline blow torch, in & forge (see Plate XVI B), or in one of
several types of furnaces built for the purpose. Very high tem-
peratures are unnecessary, and a wood fire is considered betler
than a' ceal fire. The flame should cover as much of the retort
as possible.
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Alternative form of water-
sealed vapor trap

Stand of %" square iron; ‘
/ welded at(}oinis STy

End View of
condenser stand

outlet pjpe-

- Rag tied on end
o

Figure 9.—Apparatus for retorting amalgam and quicksilver: A, Amalgam retort; B, Nevada-type retort; C, sat-up
: of small retort; D, water-sealed vapor trap; E, graphite crucible; F, bullion mould.

Reprinted from United Statés Bureau of Mines Inforniation Cireular 6787,



"s rigid, strong stand for the retort and condenser (Fig.
9, A) should be comnstructed if the apparatus is to be used rsgularly.

"The retort should be coated on the inside with chalk, or
painted with & thin paste of chalk, clay, mill slimes, or & mixture
of fire clay and graphite and thoroughly dried before ‘putting in
the charge. This prevents the gold from sticking to the iron,
which sometimes causes trouble. A4 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 amal-
gam (a third or half full when retorting liquid mercury), otherwise
there is danger of some of the contents boiling over intc the con-
denser tube. The smalgam is broken into pieces and piled locsely.
Then the cover is put on aund clamped tightly with the wedge or
thumbscrew provided, first msking sure that the atiached condenser
pipe 1s ¢lean and free of obstructions. The ground joint between
the cover and hody of the retort is seldom tight enough to prevent
leakage and should be luted with clay or scme sealing compound.
One satisfactory cement is made readily by moistening a mixture of
ground asbestos and litharge {(red lead} with glycerin.

"A low heat is applied at first, then after 10 or 15 minutes
the temperature is increased just enough to start the mercury vapor-
izing and condensing.. Too rapid heating harms the retort, and only
enough heat should be used to maintain a steady trickle of quick-
silver from the condenser. When no more mercury appears the tem-
perature should be increased for a few minutes te red heat to drive
the last of the guicksilver out of the retort; then the fire should
be withdrawn from the retort and the letter allowed to cool. Some
mercury vapor always remains in the retort, and the operator should
take care not to breathe these fumes upon taking off the cover.

"The likelihood of dangerous amounts of mercury vapor passing
through a long cold pipe without condensing is very small. How-
ever, if much amalgam is to be retorted, or if the operation is of
daily or freguent occurrence, it ususlly is desirable to provide
some form of water seal at the end ¢f the condenser tube to prevent
the escape of such fumes. Mauy miners have followed the dengerous
practice of submerging the end of the condenser pipe ia the bucket
of water used to receive the condensed mercury. This should not be
done, as a slight cooling of the retort would cause water to be
sucked intoc the pipe, and if the water reached The retort an ex-
plosion would follow. Such an experience has taught more -than one
‘oldtimer' the danger of this practice.

"IF the volume of the receptacle is very small compared with
that of the condenser pipe and if the discharge pipe is barely
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submerged the danger is avoided, as any large rise of water in the
pipe would lower the water surface enough .to break the suction.

At some properties the end of the condenser pipe is in a large
sheet-iron cylinder, a few inches in diameter, open at the lower
end, which may be placed 2 or 3 inches into the water in a recep-
tacle of only slightly larger diamster, thus making a good water
seal yet avoiding the dangér of explesions. A laboratory adapta-
tion of this device is shown in Figure 9, B. ' :

"The sinplest method consists merely of tying a pisce of
cloth such as canvas or burlap around the end of the condenser
pipe and letting it dip in the water 2 or 3 inches below, forming
a damp Tilter 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 9, A.

"Large gold mines use cylindrical retor®s, usually set hori-
zontally in specially built furneces. Such installations probably
would be needed in placer mining cniy by large dredging companies.
The operation is similar to that of a pot retort, except that the
~amalgam usually is placed in several small iron trays, rather than
on the fleor of the retort propsr, and charged through a door or
removable cover at one end of the retort, while the condenser is
attached at the opposite end.- ' :

]
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SEPARATION OF PLATINUM-GROUP METALS FROM GULD

"In several localities sluice concentrates from placer mining
are likely to conbain platinum or its associated metals in sufficient
quantities to be of economic interest. The separation of these min-
erals from gold is difficult. Their specific gravity is too near
that of gold to permit a sepsration by panning. Ceoarse platinmum
particles can be picked out of the zold by hand, but most placer
platinum is exceedingly fine. ALlthough platinum does not amalga-
mate, guicksilver canr be mede to coat and hold platimam particles
by treatment with chemicals; thus it is possibie to separate sue-
cessively the gold and platinmum from the concentrates '

"One dredging company in Celifornia which recovers platinum
metals uses the following clean-up procedure:l

"In cleaning up, the riffles are removed from the sluices,

. starting at the head eund, carefully washing them off and washing
the sluice down with wabter from a hose. This washes away the light
sands and concentrates the amalgam and heavy sands, which are care-
fully scooped up into buckets and carried to & 'long tom' for fur-
ther treatment. In the long tom most of the mercury and amalganm
and some of the platinum-group metals are caught in the upper box.
Most of the platinum, some rusty geld, scatfered particles of mer-
cury and amalgam, and the sand and refuse are washed ocut over rif-
fles where the heavier components are caught. The sard finally
passes through a screen at the end of the tom, into a sand box, and
the gravel goes fo waste. The mercury and amalgam frcm the upper
box are transferred to a bucket, in which the gold amalgam settled
to the bottom; the lead or other base-metal amalgems [loat on top.
The latter is partially cleaned by panning, which separates some
metallic platinum, then retortsd. The gold amalgam is squeezed
free of mercury and likewise retorted.

"The gold amalgam, uswally containing about 55 per cent gold
and silver, is retorted in a standard make of gasoline-fire retort.
The mercury condenses in a watber-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 melds, producing bars which are shipped to the Selby smelter.
The builion averages 890 parts gold, 90 parts silver, and ZO
parts impurities per 1,000,

"The riffle concentrates and send from the end of the long
tom are placed in small batches in a steel barrel mill 4 feet

1

Patman, C. G. MMethod aund Costs of Dredging Auriferous Gravels
at Lancha Plana, Amador County, Calif., Inf., Circ. 6659,
Bureau of Ilines, 193Z, pp. 12 - 13. .
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long and 2 1/2 feet.in diameter.  Mercury is added and the batch
greund for 1 or 2 hours. Theun the amalgam is removed by paniing
and added to the other base amslgam for retorting. Further pan-
ning and rocking reduce the remaining sand and concentrates to a
product containing about half black sand and half platinum, by
volume. This is treated by the addition of water, mercury, zinc
shavings, and sulphuric acid; this causes the platinum metals to
be coated and held by the mercury, so that a final separation
from the sand is possible. The final concentrate is then washed
with water and drained to remove acid and excess mercury, after
which treatment with nitric acid dissclives the mercury, leaving
a final residue of platinuwn, iridium, and osmium.

_"The base amalgam, which includes shot, bullets, and small
particles of copper and brass scrap, as well as some precious
metals, is retorted to resover the mercury, melted, and poured
into molds to form bars for shipment to the smelter. These bars
range in value from $1 to $8 per troy ounce.

"Zachertl states that platinum~group metals can be recovered
on zinc-amalgam plates by using a solution of 0.05 per-cent copper
sulphate and C.05 per cent sulphuric acid or by agitating with.
zine smalgam in such & solution. At the Cnverwacht mine in Seuth
Africa a process2 similar to the above 'is used to treat a porition -
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
1b. in & revolving smalgamating barrel, the amalgamation of the
platinum being promoted by activating agents in the form of ziume
amalgam, coppel sulphate, and sulphuric acid. -The barrel is re-
volved for 2 hours and ther discharged vie batea amalgamation
plant and curvilinear table.

"The dirty amalgam obtained is reamalgamated for half-an
hour with zine amalgam, c¢opper sulphate, and.sulphuric acid. Thus
cleaned it is now pressed ard treated in earthenware jars with
dilute sulphuric scid to remove zine and iron. '

"Lfter this has been accomplished, it is retorted in small
pot retorts.  The retort sponge, after being subjected to further
panning, sorting, and acid treatment, is washed and dried, giving

Zachert, V. J., Process for Recovering Platinum: Ifin. and Sci.
Press, vol. 117, Oct. 12, 1918, pp. 489-490.

‘Wagner, P. 4., Platinum Deposits and Mines of South‘Africa:'

London, 1922, p. 274.
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a product assaying about 70 per ceunt of platinum-group metals,
which is shipped.

"The recovery by amalgemation is about $8 per cent and the
all-over recovery of the plant ranges from 82 to 85-53 per cent.”

An alternative method of treating sluice-box concentrates
containing both gold and platinum would be to extract all the re-
coverable gold by treating the concentrates in an amsigam barrel.
The rejects from the barrel would contain platinum and the heavy
sands. This concentrate could in turn be treated on a Wilfley
table to concentrate the plabtinum further and produce a high grade
concentrate which could be shipped and scld to a platinum buyer.

Canedian producers of platinum can obtain information re-
garding prices and acceptable grade of concentrates from Johnson,
Matthey & Co. {Can.) Ltd., 198 Clinton S8t., Toromto.
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