i
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. irons, 24 in. long, as drags.

y

- by swinging a sucfion elbow through 180 deg., one

pump could be replaced by the other. Delays have been
so infrequent, however, that such changing of parts
as is necessary can be done during the regular six-
hour shutdown once a week, so that only a single pump
has been necessary. This pump has a 12-in. suction
and discharge, is split horizontally and lined through-
out. The impeller is 40 in. in diameter, running 375
r.p.m. direct connected to a 200-hp. motor. The
discharge of this pump goes into a large receiving box
fitted with an overflow for the excess water, and as
this water carries considerable fine sand it is returned
to the storage pool. Circulation of water is very useful
in winter, as the agitation caused thereby aids in keep-
ing the pool free from ice. The receiving box is pro-
vided with four openings, gate controlled, through
which the sand and water flow to stationary screens
with 8-in. diameter openings. These screens are for
the purpose of removing the finer particles of rubbish.
The undersize of these stationary screens is fed to
two double drag-classifiers, each fitted with two 20-in.
belts,- these belts being provided with 6x4-in. angle
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Fzg 4—Reclamation plant costs, 1915 to date

The discharged ‘product
of these drag belts is fed by thutes to a 22-in. - belt

conveyor, and the overflow, after suitable’ dewaterfng, is .

pumped directly to the same sard- and slime-classif¥ing

system that takes also the talhng of - the “regrind-

ing plant.
" The cost of operation of this plant for 1923 was
2.47c. per ton, including belt conveyor delivery to the
regrinding plant. Of this cost 45 per cent was for
labor, 30 per cent for pewer, and 25 per cent for sup-
plies, chleﬁy pump repair parts and pipe.

3. Regrinding Plant—The material treated in the re-
grinding plant is thg coarse sand classified out by the

drag-belts in the shore plant and fed to the top of °

the plant by means of a belt conveyor. This belt
conveyor is 275 ft. between centers, runs at a speed
of 500 ft. per minufe, and has an inclination of 23 in.
to the foot. It discharges into a receiving bin, which has
sufficient storage to supply the mills for about thirty
minutes. In the bottom of this receiving bin are dis-
charge openings, from which the relatively dry sand is

- run at a uniform rate and fed by means of water

jets into launders running down either side of the
plant and discharging into dewatermg boxes for feeding
the conical mills.

% Engineering and Mining Journal-Press

The building itself is 122x431 ft. and contains 64
Hardinge mills, 8 ft. x 18 in., driven individually by
40-hp. motors connected by means of flexible couplings
to herringbone pinions driving corresponding her-
ringbone gears. Each mill revolves at 26 r.p.m., is lined
with either Belgian silex or domestic quartzite, and
uses flint pebbles for the grinding medium. The conical
mills were among the first built by by the Hardinge
Company and are low in capacity. At a corresponding
plant now being built for the Tamarack sand, Hardinge
mills are being used as before, but they have a cylin-
drical length of 6 ft. instead of 18 in., are driven with
100-hp. m. and give about three times the capacity
of the shor ill. These conical mills and motors are
carried on a structural steel framework or floor about
12 ft. above the Wilfley table floor. The mills are in
two rows of thirty-two each and are served by a fifteen-
ton traveling crane which can pick up a full mill. All
relining is done at the end of the plant, where piers are
provided for this purpose. By the use of two extra
mills it is usually possible to take a worn-out mill and
replace it within an hour by a newly lined spare.

The mills are fed by a gate in the overhead launder
handled by a' lever from the conical-mill floor. The
material cut out in this manner is run into a dewater-
ing box, from whlch a plug discharges the thickened
product into the feed scoop of the conical mill. The

_discharge of the mill is run into a distributing launder

and fed directly’'to Wilfley tables, the product of two
mills going .to five Wilfleys. The concentrates from
the Wllﬂeys ate reconcentrated on other tables, and the
final concentrate..qs pumped into elevated bins for
dewatering, a sxward fed by gravity into concentrate
cars. Table iddlings are returned to the conical mills
for finer grmdmg. The tailing from the Wilfley tables
‘joins the fine ro'duct from the drag-belts in the shore
plant, and thigiéombined material is pumped by means
of a 16-1n .centrifugal pump to a classifying section

rk the 1 achm plant where sand for leaching is sep-
a

ted out frorh the slime for flotation.

By SPECIAL CONSIDERATIONS GOVERN GRINDING PRACTICE

This regrmdmg plant has a capacity of about 3,000
tons per twenty-four hours. The capacity per mill is
low. and the grinding efficiency is not the best, but
efforts to improve conditions have not been successful.
All grinding is single-pass, which would not seem to be
according to best practice, but such experimentation
as has been done with closed-circuit grinding on native
copper ores, both in this plant and in other sections
of the district, has not met with great success. A
little thought as to the difference between native copper
ore with its flat metallic particles compared to more
friable crystalline ores met with in other metallurgical
fields will be enlightening. With ordinary ores, in
closed-circuit work the particles finally overflow the
classifier or pass through a screen of the size adopted
and thus are ready for further metallurgical treatment.
On native copper ores, however, the very particles
which are to be eliminated from the circuit as soon as
possible are the ones that resist comminution. The
result is that the native copper builds up in the circuit
to an alarming extent—so much so, in fact, that the
abrasive loss due to the sliming of this concentrated
copper becomes a serious question in subsequent treat-
ment, particularly as flotation recovery is not so satis-
factory as it might be.

The use of steel liners and balls also comes to mind,
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but they “have not proved advisable. The conglomerate
ore probably resists comminution to a greater extent
than any other ore treated in this country. Tests indi-
cating this have been made by various independent
investigators, notably Lennox, who found for this ore a
“comparative crushing resistance” of 1.33 as against a
low of 0.837 on Ray ores and 0.38 on Utah. For this
reason consumption of pebbles is large—about five
| pounds to the ton—and such steel and cast iron balls as
have been tried show a loss almost as great. With
pebbles delivered at {c. a pound, amounting to 4c. per
ton of sand crushed, and with steel costing 3#e. per
pound, or 14c. per ton of sand crushed, there has never
been any inducement to add the necessary equipment
for changing over to steel balls in view of an increased
operating cost of 10c. per ton.
The cost of operation for this plant, in cents per ton,
for 1928 was as follows:

cmmlcxponae ............................. : SV o G e 1.82
Sand conveying and distributi 1 86
nding. . 25.27
Mtandnn 1.37
Power. . ... . AT e SRR N e i A 13.63
Pebblesnndlmmg. PR TRk s o L e o
Other supplies. . P fruri o W S O s .89
T.bletreuunent...‘....H..,. PO ek, i siatorendes 5 1t -4 00
TS T £ T R e A ESL e s e N B T ARE R R 32.95

Metallurgical results for the same year follow:

D ¢ + o6 5 50 03 s o K shh  slendin oho'e Pae v 1o W mnlota e 5 T 866,524
A.ayfoed per cent copper T B e e 0.723
Assay tailing, per cent copper. ... ............ B L3 PEEN 0.468
uﬁnmrmppu S T e ' oy 4 R is s e 4,458,100
Panndn copper per ton sand . 4 ~ 5.14
Cost per pound copper, excluding smelting and selling, cents. .., .... 6.40

4, Leaching Plant—An article describing this plant

" appeared in the Engineering and Mining Journal of
July 14, 1917, written at a time when the plant had
been in partial operation for about a year. Since the
publication of that article the plant has been doubled
in size and the cycle time decreased, so that a daily
capacity of 6,000 to 7,000 tons has been reached for

 months at a time, this tonnage depending more upoxb

the capacity of the plants preceding the leaching proceéss
than of the leaching plant itself. :

\

TIME OF LEACHING Now REDUCED -+

As at present installed, the leaching plant has sixteen
leaching tanks in two rows of eight each, each tank
' having a capacity of 1,000 tons of sand. Originally
the cycle was four days in length, but changes in
strength of leaching solution and plant improvements
have cut this down to as low as forty-eight hours,
which would permit of a tonnage of 8,000 tons per
twenty-four hours.

The material entering this plant consists of a com-
bination of the fine material classified out by the drag
belts at the shore plant, of the tailing of the regrinding
plant, and the current fine tailing from the stamp
mills. As this material enters the plant it is led into
gixteen “V” shaped settling tanks each 19% ft. long,
103 ft. wide, and 6% ft. deep. The overflow from these
settling tanks contains upward of 95 per cent minus-
200-mesh material. The thickened product from these
tanks is drawn off by means of plugs to eight quad-
ruplex Dorr classifiers the slime overflow of which joins
the original overflow from the “V’’ tanks after thick-
ening and is treated by flotation. This overflow
contains about 93 per cent minus-200-mesh material.

, The sand discharge from the classifiers is treated by
leaching, and although it contains about 15 per cent
of minus-200-mesh product, is comparatively free from
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Leaching plant, showing “V” settling tanks, Dorr quad-
ruplex classifier, and leaching tanks with covers in
place. Colored lights against column in foreground
are signals flashed from plant to plant to'show
load conditions.

colloids. A characteristic sizing of the feed and tailing
of this plant with assays is given below: .

Per Cent Assay Feed, Assay Tailing,

Total Per Cent Per Cent Per.Cent

Material Copper Copper Recovery
On 28 mesh....... 2.3 0.561 0.283 49.6
On 48 mesh....... 11.4 0.499 0.140 ‘ 71.9
On 100 mesh. ... .. 39.0 0 466 0.099 78.8
On 200 mesh. ... ... 29.4 0.454 0.092 o0 19.7
Through 200 mesh . ... . 17.9 0.966 0.139 . 85.6
TORMLE oy s N0 distuls im0 o 100.0 0.558 0.111 80.1

Originally it was believed that the feed to this plant' .
would not contain over 10 lb~of copper pér ton. This .

may possibly be the average over the entire life of the
deposit in question, but occasionally the feed has run
as high as 14 1B. per ton. The solutions originally
used were very dllute because it was felt that the loss
of ammonia would be directly proportional to the

» strength of solutions used.or at least the stronger solu-

tions would require considerable washing in order to

free the sand of the_ dissolved copper and absorbed

ammonia. This general fact was found to be true, but,

on the other hand, it was possible .to increase the

strength of solution and thereby decrease’the vplume
requived«iff other words, decrease the time of the

cyclezand by other means to keep the ammonia loss

at a low figure, The consumption of ammonia over the

Flotation plant, showing Minerals Separation machines




"

. Assay tailings, per cent. r-opner

- these 'joining the original feed at cell three. -
“cleaning up of tailings is made by a'series of &ir cells

284
life of the plant has been approximately % 1b. per ton
of sand treated.

The classification between leaching and flotation
slime, obtained by the Dorr classifiers, has been very
satisfactory. The quadruplex classifier has given a
capacity as high as 1,100 tons of sand actually delivered
in twenty-four hours, and it is not sensitive to fluctua-
tions of load. When working at this capacity the per-
centage of ' plus-200-mesh material in the overflow
increases and the Dorr thickeners give considerable

-difficulty, but the classification for leaching is at all

times satisfactory.
The cost of this leaching operatlon for 1923 in cents

per ton fo]lows

Generalexpense........... ... ... .. AR L A AR 5.09
Sand clumﬁcatlon w!l dxstr’bution ..................... 3.49
(B o SR A o 3 e b e I S } ? ‘;;

Distillation’ .

Potal....co50:7. .. ERE S R R v 34.24
Ammonia (included inaboveY: ... .......... ... ..o 8.68

The metallurgical results for 1923 were: =
“Tonstreated: :% ¥ ... 0 LY, et R B U RO e 1,664, uqo
Baav.Tead, per catit COPPer. L. - . & 2i¥ 0 i v iia s v n o gne b i e AL gfl)?
& 2

Assay oxide; per cent copper. 82.32
Pounds . reﬁned copper. ... .. 13,625,000
Pounds' copper perton sand... 8.19
Recovery, per cent . 73 ?8

Cost per pound copper . excluding smelting dnd selhngx cents... ... e

5. Flotation Plant—The feed to the flotation plapt.
consists of the overflow of the “V” tanks mentioned
"aboye and of the Dorr classifiers:

subject to wide fluctuations in quanfity and accordlngly
in dilution. The Dorr thickeners do not respond readily
to fluctuations in feed, and overloading, with its
* attendant difficulties, is frequent and a source of 1neﬂi—

_ cient operation, , =

The plant comprises settling umts consxstmg of

twelve three-tray Dorr ‘thickeners with diaphragm,

pumps, four 16-cell 24-in. impeller ‘Minerals Separation
flotation machines, a 25-ft. Dart thickener for concen-
trates, an 8x8-ft. Oliver filter, and ‘the necessary inci-
dental pumps and compressor.

The thickeners are in two rows of six each, with the
feed launder in the center and an adjustable gate in
the launder at each machine. "The first eight thick-
eners were of the open type, but four more were
required and these are of the connected type. The
latter are much heavier in construction and far.superior
for the fluctuating conditions to which they are sub-

" jected. They show an increased capacity over the open

type of about one-third, but the best capacity over the
twenty-four hours for the twelve thlckeners is about
1,800 tons.

The pulp is thxckened to a consxstency of ‘about three
parts of water to one of solids and pumped by means
of an 8-in. centrifugal pump to a distributing box
feeding the four flotation machines. The flotation oils

_ are added at this same pump. The pulp is fed into

the third cell of the machine, and this and the fourth
cell are used for agitation only. ' Cells five to sixteen
inclusive make middlings, which is returped to cells
one and two for final concentratlon, the tailings of
JA final

following the Minerals Separation n;achmes o
For flotation a nfixture of various coal-tar products
is found most effective. The mixture at present used
consists of coal tar from a local gas plant, coal tar
creosote ‘from the Barrett company, a residual coal tar
oil from the Semet-Solvay company, and wood creosote
from the Cleveland-Cliffs company, with a little pine

It is very dilute and
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oil added as required for frothing. Special flotation
reagents have shown no advantage over the oils men-
tioned. Neither heat nor acid is found necessary, and
the consumption of oil is about 14 Ib. per ton of slime
treated.

The plant is very compact and efficiently operated,
two men only being required for shift work. The
extraction is low, about 65 per cent, but native copper
does not float so readily as the sulphide, and little that .
is coarser than 200 mesl; s recovered. A characteristic

_sizing of feed and tailing is as follows: ks
s Per Cent Feed Assay, Tailing Assay, .

; Total Per Cent Per Cent Per Cent

Material Copper Copper Recovery
On 200 mesh. . ... 5.97 0.289 0.243 15.90
Thmugh 200 mesh. . . .. 94.03 0.516 0.157 69.60
Total,............ .« 100:00 0.502 0.162 67.80

-

The cost of ﬂotation, in cents per ton, for 1923, with
metallurgical data, follows:

(00T e e R R PR YU ST A0 ) LU 9T 2.78
Slime conveymg and distribution. . . ......... RPN SRR 2.80
Flotation. . 40 e SRS M SO O e e . 5.47
Royalty R AT Y G Yo 4.49
BRI o o sl e s S 15.54
lgeed to machines, percent copper. ... ................i.iiiiinins 0.453
Tailing of machines, per cent cnpper. s el s Sty e s ol R LS 0.164
Concentrates, Jaer cent copper. e 28.58
G T L S I S e S G L G 2,135,500
. Pounds copperpertonslime. ........................... 5.76
T T T (R NS v I R e . 63.89
Cost per pound, excludmg smeltmq and selling, cents............ ...} 2.70

SUMMARY OF RESULTS

The details of operation. of the various plants as
given above are for the individual units, and the costs
and metallurgical data for the leaching and flotation
plants include- figures pertaining to current stamp-mill
product treated in those plants. The portion of the
product from these plants to be credited to current
mine production is arrived at by difference of assay of
feed and tax_lmg All material is treated finally by
leaching or flotation, and as the leaching is a batch
operation, each tank containing 1,000 tons, the weight
f this product is accurately determined. The weight
of material treated by” flotation is determined by

- sampling, the difference between feed and tailing assay,

divided into copper, recovered, giving the tonnage.
In addition to the cost of the individual units of the
reclamation plant as given above, this department bears

its proportion of total administrative costs at mine and , °

mill based on number of men employed. For 19238 the
complete cost of this operation in cents per ton of sand
treated was as follows:

General administration and nuscellam OUB . s o
Dredge.
Shore plant. .
R.egrmdmg,t
Leaching. . ..
FUORBMION S0 v oot s

S
W

o—
[P =N Y

|
- I —

w
&

Tons treated.. .

Assay feed, per cent c¢ :pper

Assay tmlmg per cent 1 \pp(‘r
Copper produced, pound.. .. ......

The total tonnage reclaimed from the beginning of
operatxon up to Jan. 1, 1924, was 7,955,500 tons with a
copper recovery of 82,102,924 1lb., being 10.32 lb. to the
ton, obtained at an operating cost of 6.32c. per 1b. As .
these tailing piles were constituted at the beginning

4 743 100
8

0
16,901, 200

~ of operation they contained 46,683,000 tons of con-

glomerate tailing, of which 34,470,000 tons was esti-
mated as available for treatment, with the probabilities
that the final figures would exceed this estimate. It
is evident that this deposit will constitute a profitable
operation for many years and an important source of
revenue to the Calumet & Hecla Consolidated Copper Co.
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FLOTATION
al the

By

FLOTATION was introduced at
the Calumet & Hecla in 1918, at which
time the first plant was put in opera-
tion to treat the fines from the stamps
in both the Hecla and Calumet mills.
The following year the North Flotation
plant was completed and began handling
Lake Lind the slimes from the reground lake sand

oae L St together with that from the mills. Five

years later two more flotation machines
were added to those originally in this
plant and the installation treating the
primary slimes was then shut down.

The Tamarack reclamation plant was
put in operation in 1925 to treat the
old Tamarack sand. This plant is
equipped with four 40-ft. diameter three-
tray Dorr thickeners and two flotation
machines to handle the slimes. Xanthate
was adopted about this time in place of
the coal tar oils theretofore used.

Three years later the Fahrenwald flo-
tation machine was tried out and adopted
for treating the amygdaloid sands which
were too coarse for the old standard
Minerals Separation machine to keep in
suspension. Fahrenwald machines were
installed at the Ahmeek, Isle Royale, and
Lake Milling Company mills to treat the
fines from the stamp together with the
reground jig middling. Last year at the
Ahmeek mill the practice of regrinding
and floating the entire stamp product
was begun.

CONGLOMERATE FLOTATION PRACTICE

The ores treated in the Calumet &
’ e ol : Hecla stamp mills are of two very dif-
Figure 2. Standard minerals separation flotation machines, ferent(’;l tlYPgS, '.{‘%1) fonglomerate faﬂd gx)
. . amygdaloid. e former comes from the
Morth. Kitattivn pless; Taje Tinde, Calumet conglomerate and the latter
from the Kearsarge and Osceola amyg-
daloid lodes. The conglomerate ore is
noted for its hardness and carries a
large part of its copper in such finely
disseminated form that grinding through
200 mesh does not liberate it very
thoroughly from the gangue, while on
the amygdaloid, crushing through 48
mesh is sufficient to give a satisfactory
extraction. Curves plated from the
screen analyses of flotation tailings from
these ores show this clearly.

As a consequence the conglomerate
tailings are separated into plus 200 and
minus 200 mesh products and only the
later is floated, the coarser sand being
leached with ammonia. ~

The north flotation plant handles th
conglomerate slimes. The feed is de-
rived mainly from two sources, (1) pri-
mary slime from the stamps, (2) sec-
ondary slime from the pebble mills in
the regrinding plants. Most of the lat-
ter comes from the reclgimed sand from
Torch Lake. About 14000 tons per 24
hours of primary slithe is treated and
1,400 tons of reground sand together
with a highly variable amount of re-
claimed slime from the lake. The pri- |

Figure 4. Fahrenwald flotation machines, Ahmeek mill. * Metallurgist. v
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Figure 3

reagents are added to the ball-mill feed. hind and are recovered only in the final thickened product is elevated by means

The pulp density overflowing ball mill cells. ; Xl of a 2-in. pressure diaphragm-pump to
classifier is 40 percent solids, but this The flotation tailing flows to a 4-ft. the classifier discharge in order to wash
is lowered to 30 to 33 percent solids 6-in. Dorr duplex classifier which makes the heavy copper into the filter. This
for flotation. an overflow averaging about .04 percent latter is a 6 ft. by 4 ft. Dorrco fitted

r copper that amounts to 80 percent by with a short belt conveyor for discharg-
heg(f ;}ll,iugto%gtgnfor?sf g:)ce]; iﬁgﬁ;ﬂ {’ﬁe weight of the tailing and is discarded. ing the filter cake into a concentrate blgn
Fahrenwald machine (Figure 4) and The sand product from the classifier is which can be emptied into 50-ton hopper-
most of the balance (primary slime over- split between four Wilfley tables upon bottom cars for shipment to the smelter.
flow) goes to six 25-ft. diameter 3-tray which a small amount of copper is recov- The filter cake carries about 11 percent
thickeners in the mill basement, the ered that has proven to be too heavy to moisture and the dry assay is 55 to 60
thickened slime being elevated by means ﬂoat. The tables makg a middling which percent copper.
of six 4 in. diaphragm pumps to a 40- is cleaned up on a finisher table, and the The filter is run with an overflow
ft. Forrester flotation machine, which table tailings are combined with the clas-  which was at first returned to the con-
does very good work on this class of sifier overflow as a final tailing to be centrate thickener. This caused the
material. pumped to the lake. The tables save slime to build up and make a dirty over-

The flotation circuit is simple. The about a pound of copper per ton treated, flow. Later the filter overflow was re-
hodiorliora ithabfitat salltot: th Falren: which lowers the flotation tailing ap- turned to the Forrester flotation machine,
wald machine and a final concentrate is Proximately .01 percent copper. The resulting in a better grade of concentrate
taken from the first two cells. From table concentrate is high grade.' As only  without raising the flotation tailing. The
the remaining cells a rougher concen- & Small amount of coarse sand is treated overflow of the concentrate thickener
trate is made which flows by gravity 20 qgagge ltrlln the ﬁotatlboln c1rc1l{nt 1S under these conditions is clear and re-
into a side passage in the first cell di- ™Magnified so that these tables make ex- 1 aing o when operating conditions are

rectly over the impeller, thus avoiding cer’i:c}llznf?i]t};tig:)o:%oﬁ]c?ﬁiate o i €6 normal.

the use of an elevator. This coarse con- - ; .
_a drag classifier for removal of the Typical screen analyses of flotation
centrate averages nearly 60 percent cop- . ° copper. The drag overflow flows feed and tailing and final tailing after

per, so retreatment is not necessary. In- c : g : :
creasing the grade of concentrate much © & 30-ft. traction thickener and the tabling are as follows:

above this point increases the tailing

loss materially. As regards operating Mesh Flot. Feed Flot. Tailing Final Tailing

conditions on the flotation machines it Percent Wt.  Assay Percent Wt.  Assay  Percent Wt.  Assay

is advisable to carry a very high pulp 5 7.9 .50 8.4 .45 7.7 23

level and comparatively small amount of 12‘3 2 o - 1%:2 7

froth for best results in saving the 17.1 46 17.1 205 17.3 .06

coarser particles of copper. Flotation i e 5t - 4 o

gfllmo'St of the cgpper is rapid, as the 0.5 19 411 208 38.6 03
ollowing curve shows: e sme sy o S = s
Some of the heaviest particles lag be- i - s s - '07;
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STEAM LING FROM

Length of Post Supports.
Numbeyr of Supports required.

Length given is from ground %o denter line of 8" steam pipe.

Post , Poat Post Numbex ,
Numbeyr ILength  lNumber Length  Number Length of Posts Length

1 104 - 40 124° 79 gv | 16 3°
8 0g 41 12 80 8 20 4
3 10 48 18 81 8 19 5
4 3 43 114 88 7 - 17 é
8 3 44 11 83 7 17 7
8 3 48 1 84 7 9 8
? 3 46 1 a5 4 1 10
8 3 47 10 86 6% 6 11
9 3 48 3 87 6 3 12
10 3 49 gg aa 6 4 13
11 gg 50 31 89 6 1 14
12 61 4 90 8 1 15

13 4 62 i 91 é 1 24

14 4 53 4 98 5 % 26
15 & 54 6 93 5

16 4 5% 8 94 5

17 5 86 5 96

18 4 b7 8 98 8

19 4% 58 St o7 .8

20 4 59 ] 88 8

21 4 . 80 4 09 8

22 32 61 41 100 8

23 3 68 4 101 it

24 3 63 4 108 4

25 3 64 4 103 4

26 2¢ 88 104 7

87 2 66 106 7

28 24 87 108 7%

29 - 8y 68 107 7

30 2 69 , 108 7 X

31 3 70 6 109 7

32 71 é 110 7

33 2 78 6 1l 7

54 BAy 73 é 118 7

36 148 74 eg 113 7.

36 1 79 6 114 ?g

37 13 76 4 118 7%

38 13 77 7 116 8

39 13 78 8
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Lake Linden, Michigan
September 6, 1950

Mr. He L, Williams, Produgtion Manager
Calumet and Hecla Consolidated Copper Company
Calumet, Michigan

Dear Sir:

In addition to the conglomerate slime being treated at the Lake
Linden Reclamation Plant, the Company has four amygdoloid sand banks.
1) The remaining Osceola sands near the coal dock. 2) The Osceola
Tamarack sands being reworked by the Tamarack Reclamation Plant. 3) The
Ahmeekk Mill tailing bank., 4) The Point Mills tailing banks.

QOsceols Jand Bank

The Heela and Calumet Mille treated 14,371,000 tons of amygdeoloid
rock between 1900 and 1925 or 1926, after which all of this rock was stamped
at the ihmeek Mill., During 1947 and a year or so previocusly the Lake Linden Re-
clamation Flant treated a total of 3,736,000 tons of amygdoloid sand; and for
some years previous to this while the dredge was handling rmaterial close ta
the border line of the conglomerate and amygdoloid sands, a large amount of
amygdoloid was treated along with the conglomerste, probably at least 1,500,000
tons, So there iz only 8 or ¢ million tons remaining and a considerable -
portion of this settled far out in the like beyond reach of the dredge, ilse
the lake gradually gets deeper te¢ the south and east attaining a depth of
130 feet or more, while the dredges have a maximum digging depth of only 110
feet, The engineering department estimated the island of sand near the coal
dock which is within reasonable dredging distance at 1,250,000 tons so the
total amount of sand that is possible to recover might be 4,000,000 to
5,000,000 tons.

To treat this material it will be necessary to revamp the Regrinding
Plant and replace the conveyor, wineh, and 12% pump taken from the shore plant.
Due tothe increase in length of discharge line, it will be necessary to put
a 20" booster pump on a scow 1/3 of the distance from the dredge to the shore
plant, In addition, it will be necessary to purchase 3000 feet of 22" dredge
pipe at about $10 per foob and probably a dozen more pontoons., Last year we
gold six te Quiney.
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During 1947 which was the last year the Lake Linden Flant handled
amygdoloid it treated 997,000 tons less 18,000 of Calumet dam conglomerate,
or 979,000 tons and produced 3,846,636 pounds of copper less 400,000 from
the dam, or 3,446,636 pounds equal to 3.52 pounds per ton, at a cost of twenty
cents per pound. The feed assayed .244 and tailing 068, The original Hecla
Mill tailing averaged only 33 pounds per ton so the remaining sands will
probably decrease as we work south and will likely run only 4 to L% pounds,
This would not, be cammercial under our present flow sheet, but if 72
Regrinding Plant wers changed over like Tamarack i% might be profitable, as
the Osceola rock is soft and the copper coarsely disseminated so coarser
grinding than is practiced at Tamerack would be practical.

If sink and float is perfected so as to treat material down to 10
mesh satisfactorily, it would changs the picture entirely. By putting a sink
and float plant on the dredge and discarding fifty te sixty-six per cent of
the sand at that point, we could double the grade of sand treated and have a
really profitable operation. This would apply to the other sand banks as well,

Tamaback Osceola Sand Bonk

There were 29,342,000 tons of amypdoloid sand assaying .231% copper
deposited in this bank, At least 1,000,000 tons of amygdoloid was leached :
along with the conglomeraté and since the new plant started we have treated ower
4,600,000 tons more. This leaves approximately 23,700,000 tons remaining, but
a considerable part of the bank to ‘the south and east is covered with new
teilings which it would not be profitable to treat and in addition, there is
a considerable tonnage which lies too deep for the dredge to reach, Also, there
is a large tonnage that is tos refractory and low zrade to treat except on a
very high metal market. tHowever, this bank should have a life of 12 years
remaining,

Ahmeek Sund Dank

Up te the year 1929 the Ahmeek Hill had treated 17,451,000 ton of
rock with an average tailing of .222% copper., Since the introduction of
flotation in 1929, the taildngs have been too low grade to retreat, The
Ahmeek rock gives a low tailing by flotation and as the lake is deep hers,
the percentage of sand above water should be mmall with not much loss dus to
oxidation, A recovery of 3 to 3% pounds should be obtained, and by treating
only the older high grade part of the bank this could be ineressed substantially,
After the Tamarack bank is exhsusted, the dredge could be moved to the Ahmeek
bank and the sand treated in the Tamarack Plant, Yhile this is being done, it
will be necessary to carry the Ahmeei Mill tailing across the dredged area
with pipe and pontoons,

This bark may have a life of 10 to 12 years as some of the better
material in the outer vart of the bank is covered by low grade flotation tailing.
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'Fhis bank is nearly all Alloues and Centennial tailings and amounted
to a total of 7,061,000 tons. Included in this tonnage is a small smount of
Alloues conglomarate~-probably well under 10% of the total,

Some years ago grab samples were taken ovey the bank, The conglomerate
averaged ,351% copper and the amygdoloid ran from.l88 to ,289, so should average
slightly over 4} pounds., The lake in this vicinity is quite shallow so the
proportion of send above water level will be high~-probably 1/3 of the total,

As a consequence the flotation tailing will be high.

To treat this sand bank it would be necessary to build a Reclamation
Plant, It cost $1,000,000 %o “uild the Quiney Reclamation Plant seven years
ago., .As we already have the necessary dredge and pontoons, and could take part
of #2 Hegrinding Plant for the building, it should not cost more to erect than
the Quiney Plant did, as we have considerable second hand equipment including
pumps, tablse, plping, ete,, although we would have to buy the ball mills
needed and moters to drive them,

Yours truly,
/s/ %, ¥, Haskell
R, M, Haskell, Superintendent
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