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gravel intoe this well-constructed sluice box

B e e e ot

v 0 > b % ‘{_r ~: \:un‘ + ’ i 2
W A&MWNW‘?“’W“ s

HYDRAULIC MINING at the Reeves Ranch mine, in Siskiyou County, California.
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The hydraulic elevator pipe empties the gold-bearing

Sluice Boxes Must Pay

Careful design and construction of gold-recovery system
essential to profitable hydraulic mining

ECOND in importance only to

an adequate water supply and

niping arrangement, in devel-

oping an  hydraulic placer
mine, is the installation of an efficient
gold-saving sluice system. In opening
a virgin placer deposit for the hydrau-
lic method of operation, topographical
conditions often render the construec-
tion of the neav-perteet sluiee system
practically  impossible.  Where such
cireumstances exist—that is, lack of
dump room or of right-of-way for a
sufliciently long shiiee---it hecomes im-
povtant that a sluiee ix designed and
built that obtains the highest efficieney
po~~ible under these adverse econdi-
tions.

To design a sluice system accurately
that meets as closely as possible all
of the requirements of a particular
placer mine, it is well first to have
some understanding of the elements
which eontrol, directly and indireetly,
the capaeity of the sluice, and the
methods by which transportation of

William A. Newman
636 Vicente Ave.,
Berkeley, Calif.

gravel 19 effected. Some extensive ex-
periments have been made on this sub-
Ject by Gilbert,) which, to a certain
degree, nre applicable to the placer
miner’s problem.

Thouglﬂl aclually there are no “aver-
age” placer gravels, most sluiceable
egravels have a few features in common
at least.. That is, they are mixtures of
fine sand, pebbles, boulders of various
shapes and varyving in weight from 2
few to hundreds of pounds, and, in
many deposits, loam and elay, and all
ot these with different specitic gravi-
ties.  Tlits is of interest inasmueh as
where there exists a diversified mix-
ture, not only is the otherwise total

1 Gilbert, Greove Karl: 'I'he Transporta-
tion of Débris by Running Water,” (U. 8.
Geologieal Survey Profesxional Paper No.
86).
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transportable load inereased, bhut also
a greater pereentage of large material
is movable for a given diseharge of
water than would be the case were all
the material of one size.

Transportation of gravel by water
m a slulee is accomplished by several
methods  simultaneously,  The larger
boulders will slide along the bottom
unless, by virtue of their shape, they
roll.  The remainder of the gravel par-
ticles move hy short leaps or jumps
Just above the hottom of the <laice.
This is usually  termed  “<altation.”
Some of the highter particles by this
process  of saltation are ecaused to
leave the bed load, and are caught by
the water currents and earried down-
stream In suspension.  This, however,
is a comparatively small portion of
the whole, the major part being ear-
ried in the bed load. Several con-
trollable conditions influence the bed
load and hence the capaeity.

Probably everyone connected with
an  hydraulic mine operation bas
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noticed in  the sluieing  process the
formation of waves on the water sur-
face. These waves are of several types
and are eaused by the water surface
adjusting itself to and conforming
with the bed surface. When a sluice
Is carrying gravel but is underloaded,
the bed load will mold itself intg
waves, or dunes, which travel down-
stream at a comparatively slow rate.
This affeets transportation and causes
motion of their components by the
current eroding partieles from the up-
stream face of a dune and depositing
these particles on the downstream face
of the same dune.

As the load is gradually inereased,
these traveling dunes disappear, the
water surface, becoming smooth, corre-
sponding to the surface of the bed
over which it is passing. At this point
the efficiency of transportation (vol-
ume of igravel per unit of water pass-
ing a given point) as well as the gold-
saving ability of the sluice is likely to
lower because of the tendency of the
load to pack from the weight of the
superimposed water. This is particu-
larly noticeable with gravel contain-
ing a large percentage of fine sands.

When the gravel load is further in-
creased o the point where the water
is carrying an overload, waves on the
water gurface and on the bed load
appear again, individually similar in
appearance to those first mentfioned
hut differing  in  their direction of
travel from those caused by an under-
load. These waves, or anti-dunes, as
they are properly termed, travel in a
direction opposite to that of the cur-
rent and the gravel of whieh they are
composed. Thev are formed by the
erosion of particles from the lower,
or downjtream, face of any dune, and
the deposition of these same eroded
particles on the upper face of the next
succeeding downstream  dune,

There are several advantages in
loading or crowding a sluice to this
point where the formation of anti-
dunes commences, The carrying eapac-
ity is ihereased by this additional
mode of transportation (erosion and
deposition), the sands are prevented
from packing on the bottom, and the
efficiency of gold recovery is increased
hy this constant agitation where other-
wise a percentage of fine gold might
be carried over a packed sand bottom
and lost in the tailings.

The purpose of a sluice in an hy-
draulic mine is twofold: (1) That of
transporting the alluvial gravels from
the pit en route to their final resting
place, and (2) of recovering the gold
and black sands. In other words, the
sliice 1s a combination of a conveyor
system and a gravel-washing appa-
ratus, and consequently should he
built so g4s nol to sacrifice the eflee-
tiveness of one funetion to that of the
other. Up to the point when all the
recoverablp gold has lodged safely be-
hind the rififes, the only substitute for
length in a sluice is an increase in its
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cffiviency.  Where length is not prac-
tieably obtainable, adequate undereur-
rentsiare the best alternative.

Thé length of a sluice system can be
subje¢ted to compromise, depending
on the topography and the money
available. The first factor in design
to be considered is width., To arrive
at the proper width, items to be eon-
siderel are: maximum and minimum
volumes of wash water available dur-
ing the season, the grade of the sluice,
and tqle size and pereentage of boul.
ders which can be disposed of by run-
ning them through the sluice.

In idetermining the width of the
sluice, : the accompanying table, based
On average Dpractice throughout the
hydraulic mines of California and
elsewhere, should prove helpful. The
widths indicated will be found ade-

or where the duty of water should be
in the vicinity of 3 cu. vd. per 24-hour
miner’s ihch. With a sluice of ade-
quate length these widths, with proper
grade, should provide efficient gold
recovery for sueh volumes of gravel.

Contrary to what might be ex-
pected, the reeovery of fine gold is
ofttimes  improved by increasing
within reasonable limits the grade of
the sluice, especially where the gravel
contains a large proportion of sands.
When the grade is too licht (say, 4 in.
or less per 12-ft. box), the flaky fine
gold has a tendency to float over the
sand which this light grade has eaused
to pack on the sluice bottom. The
heavier grade and correspondingly in-
creased velocity of water will cause
agitation of the sand particles, thus
lessening the “packing” effeet and

Walk board 1% 16" [ L0” . >
|
|
______ X
e Sides 1$% 16" o
e
® o
|/
- P,
& 1
N ' - Side lining
' Douvglas fir
2% /2" . .
Riffle stick
1%"2r
'
g :
N Dovglas 1
rr blocks ]
4 ¥
» e 2 14
NI 431',{._2_’_’;;,_”_);‘
____________________________________ &

DETAILS in the construction of a sluice box,

where blocks may be used as riffles. This

sluice ﬁill satistactorily handle 1,000 miner's inches (25 sec.-fi.} of water carrying gravel
at a duty of 3 cu.yd. per 24-hour miner’s inch

quate for the volume of water used in
the operation, assuming, of course,
that suitable grade also is provided.
In additjon to the flow of wash water,
these dimensions should handle ade.
quately the volume of gravel, boulders,
and sand this water will carry both by
“bottom” transportation and in sus-
pension,

Miner's Inches Width, Inches

200 to 300 24
400 30

600 36

1,000 40

1,500 to 2,000 48
3,000 60

The figures in the second column of
the table:are the over-all inside widths
of the hoxes, the effective widths being
lessened by the few inches taken up
by the lining boards. These more or
less emplirical figures are based on
grades of 5 to 7 in. per box of 12 ft.
and assume average gravel with an
average boulder condition prevailing,

permitting the gold particles to settle
to the riffles by virtue of their specific
gravity.

Sluices range in extent from a few
boxes to lengths of a mile or more,
The use of these exceedingly long
sluices is usually more for the purpose
of transporting and disposing of the
washable gravels than for additional
gold reecovery. However, in many
placer operations inecidental recovery
in the tail sluices at least pays for
their maintenance, Usually a prop-
erly designed sluice of a few hundred
feet will be found an adequate gold
saver, especially if one or more drops
between sections are provided and at
least one undereurrent is incorporated
in the system.

It is good practice to make ocea-
sional tests of the tailings during the
operating season, and if colors are
consistently found in the pannings,
an effort should be made to increase
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POLE RIFFLE sluices require little finished
lumber and in momy cases they are entirely
satisfactory

the recovery. A possibility exists that
the sluice system is not at fault but
is improperly operated. That is, that
the piper is allowing the sand to pack
by running tpo large a volume of fine
material  without sufficient boulders
and mud for proper mixture and
transportatiof, or is rushing his
gravel through too rapidly. However,
assuming proper operation, it then be-
comes necessary to increase the length
of the sluice or to add undereurrents,
or do both, Until the gold being lost
becomes nmegligible. These additions
can be made: with a few hoxes at a
time until near-perfect recovery is
attained.

At many.  hydraulic  properties
sawed lumber becomes an expensive
item by the time transportation
charges are paid. Tn an installation
near timber and where a large quan-
tity of limber must be used in the
construction of sluives, flumes, living
quarters, and for other complemen-
tary purposes, the purchase of a so-
called “vest-pocket” sawmill will soon
pav for the expenditure. This mill,
with an eight-hour ecapacity of 2,000
ft. B. M, will cost a few hundred
dollnrs,

Plans of a box which I designed for
a =mall placdr mine in the Siskiyou
of California are shown in the line
cut. This sluice will satisfactorily han-
dle 1,000 miner’s inches (25 sec.-ft.)
of water carrying gravel at a duty of
3 cu. vd. per 24-hour miner’s inch.
Because of the fineness of the gold
and the presepice of a large quantity
of boulders which the sluice should
carry off, it is set on the rather steep

grade of 7 fn. per 12-ft. hox. Its total
length is 400 ft., and it is provided
with one undercurrent, 12 ft. in width
and 8 ft. long, set on a grade of 1 in.
to the foot. The undereurrent is
placed nead the end of the main sliiee
and carries all the material which
passes tln'iugh a transverse grizzly
with 3-in. spacing hetween the bars.
The sluice|is 40 in. wide and the
grizzly exttds the full width of the
sluice bottom for a distance of 18 in.
Transverse |bars are recommended as
being superior to longitudinal bars,
as they will bypass more fines without
robbing the main sluice of too large a
quantity of|its water, The iron grizzly
bars are § in. in width on their upper
surface and taper slightly to their

WOODEN BLO&KS and flat boulders serve as
riffles In these [sluice boxes in Trinity County,
California

underside. This taper lelps prevent
the grizzly from elogging with slightly
oversize pebbles.

As shown ‘in the line cut, the sides
and bottoms of the boxes are con-
structed from 13-in. partly scasoned
yellow pine llumbcr, sawed as much as
possible from the heart of the timber.
Sap lumber is avoided heeause of its
propensity  for shrinking. A few
sound knots |per board are permitted
as being unavoidable in the sides, but
the bottom s&?ou!d be of selected eclear.
To make the |bottoms fit perfectly, the
three bottom| boards are first placed
on sawhorses, wedged side by side,
marked and inumbered so that their
positions will| be the same when placed
in the box. |Then they are ripsawed
from end to end down through the
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two cracks formed by the three
boards. In this way the longitudinal
joints are made to fit perfeetly and
they will be absolutely waterticht. No
battens or splines are required with
this construetion.

As many small sawmills do not pos-
sess a planer, the bottoms of the hoxes
can be smoothed satisfactorily by run-
ning a light load of top gravel
through the sluice for a couple of
hours prior to the installation of the
riffes. The frames, or yokes, formed
by the sills and posts are built first
and then set in place on grade with
the help of a 12-ft. “straight-edge”
and carpenter’'s level and square.
These yokes are placed 3 ft. apart,
cenfer to center, and must he seeurely
anchored in place by being weighted
with bonlders or by some other con-
venient method of keeping them in eor-
reet position,

The riffles used in the suice illus-
trated were Donglas fir hlocks 12 in.
high and varying in size from 12x10
in. to 12x16 in., and hand-trimmed to
fit. The purpose of this variation in
size is to permit placing of the blocks
in such a position as to prevent any
continuons eurrent hetween the hloeks
passing the lencth of the hox. The
blocks are held firmly in place hy
13x2in. riffle sticks, as lonz as the
width of the sluice, with 16d. nails
driven both ways, so that one nail
from each stick enters one block near
the hoftom. The riffle sticks are held
down by 2x12-in. Douglas fir side-lin-
ing boards, nailed securely on the in-
sides of the boxes for a height of at
least two hboards, starting about 3 in.
from the hoitom as shown in the
illustration of the deviee which ap-
pears on page 230,

Iron T-rails, weighing from 30 to
45 1h.,, placed either transversely or
longitudinally, also make extremely
satisfactory riffles, and, though more
expensive, will greatly  outlast  the
wooden blocks. With certain gravels,
particularly those of a eemented na-
ture, the rails are considerably more
efficient. The sluice with iron riffles
will show a slightly increased eapac-
ity beeause of the lessening of frietion
on the “bottom load” and a eonse-
quent inerease in velocity. The choiee
of riffles, however, usually depends on
the amount of money available for the
purpose.

After an initial run of a day or so,
quicksilver is introdueed into a few
of the upper boxes, usually half a flask
or more, the quantity being governed
by the size of the sluice system. Addi-
tional quicksilver is placed in the
boxes at regular intervals throughout
the season. At some properties this
is done once a month; at others, when-
ever an examination of the sluice fails
to show a sufficient number of pools
of clear quicksilver visible or the
amalgam formed is found to be thick
and sluggish.
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