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crushed to minus 1/2". This size is controlled by screens at both ends of the
stamp mortar. Copper larger than 1/2" ig taken out of the stamp mortar throilgh
a Krause Hydraulic. This 1is a port in the mortar that allows almost pure copper
to settle out against a stream of high pressure water. Fines are re-circulated
through the stamp mortar to reduée the amount of water required and to thicken
the fines sufficiently for flotation.

| In the steam stamp circults a very large amount of water is used, somewhat
on the order of seven to eight tons of water to one ton of ore. A Mill pump
with a 1000 H.P. moter pumps about 17 million gallons of water per 24 hours and
furnishes the necessary water requirement for milling. | The steam stamps are
operated at 170 PSI and the final exhaust steam is run through a low pressure
turbine to generate electric power. The conglomerate ore contains practically
no maas copper and since it now comprises the major part of the mill feed, it
was possible to automate the steam stamps portion of the mill that treats
conglomerate ore.

The minus 1/2" discharge from the stamps goes to 3/16 inch trommel screens
where the fines are separated. The plus 3/16 inch product goes to oversize
jigs for removal of liberated copper. Oversize jig taillings are reground in
rigid rolls which are in closed eircuit with the 3/16 inch trommels. The
undersize from the trommels goes to a classifier where the minus 35 mesh fines
are separated. Half of these fines (overflow portion) are re-circulated to
the stamp mortar. The other half (underflcw) go either to flotation or ball
mlll classifier density regulation as required. The oversize from the claa-
sifier passes over a set of (undersize) Woodbury Jigs for removal of the

1liberated copper, and the tailings are discharged to a dewatering wheel,
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hence to a ball m:!.ll and classifier in closed circuit.

When treating conglomerate ore, the (oversize) jig dewatered tails are
discharged by gravity to an eight foot by 32 inch bal:_l. mill, instead of to
rolls, and are then returned to the rough section for classification by the
rough claésiﬁers. A1l of the jig hutch products are upgraded in a Finisher
Jig. The talls are dewatered and ground in the 8*' x 72" Ball Mill circuit.
In the 8' x 72" ball mill circuit, the ore is ground to a minus 35 mesh in
closed circult with a mechanical classifier, or cyclone. Both rakes, cyclone
and spiral classiﬁer are used. A launder hydraulic in the ball mill circuit
separates a coarse and heavy fraction of the circulating load which is run
over a Wilfly Table to remove the liberated copper. When processing con-
glomerate ores, a 24" x 36" mineral jig is used in addition to the table to
process the entire circulating load. The minus 35 mesh classifier overflow
goes to nine cell flotation. Reagents used are sodium isopropyl xanthate,
No. 2 fuel oil, and Dowfroth 250 or equivalent. Tailings range from 0.8
pounds to 3.5 pounds per ton depending on the ore being processed. Taillings
from the conglomerate ores using the same grind are generally hﬂgher. Tail-
ings from flotation go to a 16-inch pump and discharges into Torch Lake.

The flotation concentrates are pumped to an Esperanza type drag ¢lagsifier
which feeds the coarser material to a fillter. The overflow from the
Esperanza 13 fed to a nine cell flotatlon machine for upgrading. This
flotation machine also treats thickened fines from various overflows of the
entire Mill. The concentrates from this machine are pumped to a 30 foot
diameter thickener with the underflow pumped to the concentrate filter. The

overflow goes to waste.

3 |
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Because of the difficulty in sampling the ore to determine grads, it is
neceasary to segregate the ores and calculate the head sample from the con-
centrates and tailings. All concentrates except the flotation concentrates
are kept separate and are weighed and assayed separately. Flotation copper
attributable to a certain Mine is determined by feed and tail assays.

Copper concentrates shipped to the Smelter are as follows:

Mass Coppe - Large masses separated at the Mines, Copper
content determined by speciflc gravity.

Heading - Assayed periodically and an average assay applied
to all heading. Assay range from 9L4% to 96X copper.

Rich - Jig concentratea. EFach shipment sampled and monthly
composite fire assayed for each mine.

Pooy -~ Hydraulie table concentrate and finishing jig con-
centrates are combined. Each shipment is sampled and
monthly composite determined by fire assay for each Mine,

Flotation Concentrates - Each carload is assaysd.

Recoveries prange from 85% to 95% depending on the type of ore being treated.

Revised 9/20/68
Je We Keck

9/24/68
JWK/ag
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Le Fe dnigle maﬁbét’ 21’ 1266

Aol Puap at Alussek 411

Un Sevembar 19 wo discuscsod the possirdliy of bringing all afflvent strezus ab
tha almesi X411 to ans point of dischzrpe from wilch aa accursle cuuple can be
vaken for copper anslysie amd sdsnuity, snd where the yoluszs of yulp leaving the
=311 could ho seasured with roasonshle mecuracy. One diffimzlty with collscting
a zood smauplo om a rejzular intorval baole frua smaterisl leaving via Lho ash punp
in the bausmaat of tho mill han bHusn Lhe preszace of ashos from the boiler house
in the affluent stroam 3 good portion of tho tine, . '

In lavastignting why tns btollor houso aghoa are pumped first to the mill ash Jusp
and then pumped into the lake, m valid resson has seen unsovered, Tais is Just

a hangovay practice from waen tha txllings, etae, hed o bo purped a considersble
distance out on tha La2iling buank, Sinee Lhio aren has all now baen dredged out,
thera ooens no roasen why he ashas [row the toller house oznnot he uupsd directly
froa thy 2oller houso to the lake, or Lo A rdls hardnd tha boilar bouse from whers
they can by taken for use as Fiil by peopla dusiring thla materiale. Iif a pile were
mada on land, the watsr could b made to drain into the Hungarimn orevk or teo the
1nktoe ) ) .

“ne nahes are pumpod through a oizeinch east irom line throwgh the mill, under the
fioor, wnd frequant chokawups ard oxpericnced whiich have to be elearsd by sill
muinbenanco porsonnele Appareably a3l amlutenance oosns oa tiids liue amd on the
aoh Fusy ore sharged to the mild, '

w6 ava anked the Zngineering Popsrtonnt to investigsate the possibility of die
gharping these ashos oy a diffuroat msans, with the thought 1a wiad that with a
likely arrowsencnt Tor collacting uill apdlls, otd., a few further ohanges <an be
Bda wihorehy the ash puanp could be shub duwn or oliminated, with @ oanslderable
saving in ower and walntonsnss costs, aod 31l #ill offluonts wonld be discharged
wErougit one 1ina from waleh acesptable saupling could be donds :

It 13 qy understandiag that &Ld han terminal responadbility for pawpling jprocess
deniga based on B. Ce Putérson’s iastmctions i you last woek, Juggestions for
ona sr mora sonened of eratralizing the dissharges mnd taking eaaples fros the aill
will bo pressnted as socon as the investigation iz complato. ‘ o

18 e o | L. C. Kloin
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Preliminary Investigation

Ahmeek Mill Boiler louse

Proposed Ash llandling Equipment Vs Present Hydraulic System

_February 23, 1967

To: T.W, Knight

A recent request concerning the disposal of the Ahmeek Boiler
tiouse ashes, employing other methods than now used, are indicated
as follows with relative cost:

.Scheme I - Flush System direct to lake,

Ash disposition by 8" C.,I, pipe directly to the lake involves
1200 feet of 8" C.I. pipe crossing under 3 railroad tracks, with
3 points of jetting along the line,

Total cost of material and labor.... $17,100

Scheme 11 - Belt Conveyor System - horizontal and inclined,

(a.) Belt conveyor, 100 feet horizontal X 16" wide, including
excavation for belt, construction of concrete conveyor trench,
and installation of conveyor, including complete drive,

Cost of this conveyor, $6,700,

{(b,) Belt conveyor, 36' wide X 16" wide, inclined at 20° to outside
storage pile.
Cost includes material and labor, drive, and housing as shown
by Sketch Scheme II attached.,
Cost of this conveyor, $4,610,

Cost for Scheme II above a and b.... $11,310

Scheme II1 - Belt Conveyor plus Elevator,

(a.) 100 feet of 16" width horizontal belt conveyor,
- Same as Scheme II a, above, $6,700.

(b.) Suitable 50 feet center-center belt bucket elevator, material
and labor, $7,700.

Total cost Scheme III above a and b... $14,400
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Preliminary Investigation
Ahmeek Mill Boiler House

Page 2
2/23/67

Comments:

(a)

(b)

(c)

If it is desirable to change from the present ash disposal system,
Scheme I,appears to be the most suitable of the three systems
indicated above. Only an extention of the present pipe line
system would be required,

Scheme III appears to be the second best, affording more storage,
liowever, stacking of ashes may result in undesirable dust problems
when strong winds prevail, It is to be noted that Scheme III

ash storage pile would have a storage capacity for 45 days..
Higher maintenance cost should not be overlooked for Schemes II
and III,

In reviewing a report to L.F, Engle by L.C. Klein, (attached)
dated December 21, 1966, it is to be noted that the existing
Ahmeek Boiler House ashes are pumped to the Ahmeek Mill and

then pumped to the lake---actually the ashes are flushed from
the Ahmeek Boiler House by high pressure water and are pumped
out by the Mill 10" ash and tailing pump., This method appears
to be the best and most common practice for ash disposal, Tests
made during October, 1966, disclosed that the 10" ash pump
solids averaged 1.20% solids with an average tonnage of 335 tons
per 24 hours, This included 7 to 10 tons of ashes per 24 hours
or about 2 to 3% ash, The ashes are discharged once on each
shift for about 1 to 1 1/2 hour duration.

Since automatic sampling and instrumentation shown by drawing

No, 12702 indicates a good possibility of measuring density,

flow and tailing tonnage, it is apparent that if the ashes were
allowed to be included, it would not be too detremental, Also,

if the ashes were not wanted in the sampling circuit, the sampler
could be shut off during ash disposal periods, Since this is a
Research and Development terminal responsibility, and in view

of the fact that several other testing problems to include changes
and tests required for diversion and treatment of elevator shovel
wheel overflows, as well as possible divérsion of slime thickeners
overflows and pending the requirement of several tests; more

time is required to finalize a more definite conclusion,
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Preliminary Investigation Page 3
Ahmeek Mill Boiler House . 2/23/67

We are attaching the following sketches and drawings for your
study of this problem,

1. Proposed ash handling arrangementi- Scheme II,

2, Proposed ash handling arrangement - Scheme III.

3. Existing overflow diagram No. 17331;

4, ﬁutngggg sampling and instrumentation arrangement, drawing
0. .

John J. bltton
Industrial anlneerlng Dept.

Approved:

R,L. Ellison
Industrial Engineering Manager

Attachments (5)
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Lo F. Engle ' _ ~ December 21, 1966
Ash Pump at Ahmeek Mill

On December 19 we discussed the possibility of bringing all effluent streams at
the Ahmeek Mill to one point of discharge from which an accurate sample can be
taken for copper analysis and density, and where the volume of pulp leaving the
mill could be measured with reasonable accuracy. One difficulty with collecting
a good sample on a regular interval basis from material leaving via the ash pump
in the basement of the mill has beem the presence of ashes from the boiler house
in the effluent stream a good portion of the time,

In investigating why the boiler house ashes are pumped first to the mill ash pump
and then pumped into the lake, no valid reason has been uncovered. This is Jjust

a hangover practice from when the tailings, ete. had to be pumped a considerable
distance out on the tailing bank., Since this area has all now been dredged out,
there seems no reason why the ashes from the boiler house cannot be pumped directly
from the boiler house to the lake, or to a pile behind the boiler house from where:
they can be taken for use as fill by people desiring this material, If a pile were

made on land, the water could be made to drain into the Hungarian-creek or te the
lake.

The ashes are p\mpcd through a six~inch cast irom line through the mill, under the
floor, and frequent choke-ups are experienced which have to be cleared by mill

maintenance persomnel, Apparently all maintenance costs on this line and on the
ash pump are charged to the mill,

We have asked the Engineering Department to investigate the possibility of dis-
charging these ashes by a different means, with the thought in mind that with a
likely arrangement for collscting mill spills, ete., a few further changes can be
made whereby the ash pump could be shut down or eliminated, with a considerable
saving in power and maintenance costs, and all mill effluents would be dischargod
through one line from which acceptable sampling could be done,

It is my understanding that R&D has tormina.l responsibility for sampling process
design based on B. C. Peterson's instructions to you last week. Suggestions for
one or more schemes of centralizing the discharges and taking samples from the mill
will be presented as soon as the investigation is complete,’

1CK/wmh o L. C. Klein
cct vBCP

JA
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RWK
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CALUMET

CALUMET. MICHIGAN 49913

Calumet |
& Hecla

For Inter- Officg Coxresp plgrmn Soky

Anri 17, 1967

, cc: RIW JK - o B
| To Mr. - RWK LCK AhmeekD&ill Sampl1ng and Effluen
| JA Engr. dept. R Handllng
' Fomm 022010 TWK - Ind. Engr. ﬂﬁﬂiav : -
| Readlng #l

Some time ago, you asked,R & D to study samnlinq and; ffluen,
at the Ahmeek Mill. The results of that study, as reporte
L. C. Klein's memo to me of April 14, 1967,. ' d
some delay in presenting this~ informatlon since, d g: the
of the investigation, Mr. Klein did feel that test work on yclofe
; of shovel-wheel overflows could contribute greatl“’to the overal
'~ design. I am pleased to report that this test work’ did show. that
' {Clones will conservatively add some 200 to 300 lbslday‘o coppe
11 recovery. . , R ,

Var;ous units of the Engineerlnq DlViSlOﬂ and the dlll yperatc
of course, contributed a great deal to the work presentedgher
my opinion; there is sufficient informatlon‘andflustlf atio:
you to authorize the br0per gaper work fro the Divisions’ concern ,%

, g

i'common for,the'job, and;undef’certa‘

-~ justified... Becoming more and,more commort” also‘is t
'H»continuous chemical analysxs‘instrumentatlo "We do.feel

' e: for such devices i

‘fiabie e‘proPOSe “th :
: further Operating'expé i
evaluate the inclus

' Detailed equipmenv A
are ava lable at the

'If'there are any ‘questions concerning t
course, would be pleased to assist ir clariflcatlon

APR L% 1967
HE 5,;3:.‘;;%'?-#”"»
%mn '

TS s Bl T i e 4 b8

TREFERRED . |
TG

k wm.;u»*v

N T U 8 T o
) g
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CALUMET
CALUMET. MICHIGAN 49913

Calumet

& Hecla |

For Inter-Office Correspondence Qnly

To My, L. F. ENGLE “  hEril L4, 1967

Fom 622010 __sussecy Proposed System for the Sampllnql

= e

SR : |
An 1nvest1gatlon was made of the oresent method‘of dlsposan of ﬁ,...g
tailings and other wastes from the Ahmeek Mill to determine . a - - . . I
reliable method of automatically sampling and handling these: 2 %
waste streams. Presently, wastes from the mill leave the plant

at three different points., Each of these streams contains wastes:
from different areas of the plant, so that even if a good sample
of each stream were obtained, it would be difficult to pinpoint:
the source of abnormally high levels of copper in any one. strean.. ~_i
Such samples would be practically worthless to the mill operators ‘ %
for the purpose of controlling the operatlon. : , T3

Wastes now leave the mlll by way of. the qeneral talllngs pump, the o
ash pump, oxr by a launder under the mlll basement floor, by gravity.
(See attached drawing No. 17331-A). ' The general tailing’ pump
handles the tailings from the eight primary’ flotatxo

~and. the overflows from the six slime thickeners. : The'
this pump is overtaxed when more than six of the{eigh'
are operating, and-the pump sump overflows to' the. ash;pum sump
This situation will be worse when two additional slime thickener
are activated to handle the additional amount of slime and water
from the spill recovery system that wzll soon be in operation.f-_

The ash pump 615poses of ashes from the bo;ler housey the tailzng
from the slime flotation machine in. the mill basement,‘spills
from the basement of: the'milli overflow from the generaﬁﬁtallxng
pump sump, and at times; part. of the shovel wheel overfl
Recently, the shovel: wheel overflows have’been diverte
: to this pump for. sampl;ng purposes. H_.‘;;

The gavity discharge launder normally handles the‘shove«
overflows and water overflow1ng from,the mill constant head water
tank. L , e bels

Before attemptlng to set up a rellable samplinq system; it is, -
recommended that some re-routing of the effluent waste streams be =
made so that samples of these streams would be more valuable for *Qg-
the purpose of mill control, and so that these wastes .be eliminated =
from the mill at only two points instead of three. All flotatlon
tailings would be handled by the main tailings pump.,. All other -
"unprocessed" wastes~woulq leave the plant by gravity through the V E

‘basement floor launder. Automatic samplers would be installed ,,' A
to sample each stream in a conventional manner. A major'change Co
will be necessary in the general taxlingsédischarA :

L to install a sampler; that will collect: xe ablel s

P attached Drawing No v




' of the total volume handled by the pump. The proposed scheme: woﬁl
“divert these overflows to the basement floor launder where: they

pumpéd ' into the general tailings sump to be discharged with th
_going to the ash pump

;,indicated that a substantlaljamount oﬁacopp
'be recovered for reprocessing,: and a
" slime rejected. ' It is recommended that: :
- installed to process all of this materia “that: the cycl

;overflows be combined- with the thickener overflow” for sampling

'°;to those already mentioned.

.‘used to operate the main tailings pump
"7 The "unprocessed wastes” will be deposited in_

. the general tailings pile where the settled portion will probab

- be enriched in copper and would be’ accesslble to}théﬁoredge;ﬁon

Following is a summary of what must be

;»stations'

L. F. Engle - P, 2 © April 14, 1967

A system is being installed in the mill to collect all spills, _
These will be returned to process entirely, except in very rare
instances; such as a power failure or major 3pill when there is
a pOSSlbllity of some loss, but as a rule, this materlal will
have no outlet from the plant.

The only materials leaving the plant ‘will be flotationotalllngs'
and overflows from the thickeners and shovel-wheels. In the . .
present flowsheet, the thickener overflows are combined with the
primary flotation machine tailings and removed from the plant by
the general tailings pump. These overflows represent over half

would flow out of the plant by gravity, relievinggthe -load on th
general tailings pump‘

The tailings from the. slime flotatlon machlne in e mill baseme
which are now discharged from the mill by the~ash pump would be

primary flotation tailings. The reduced. voluma handled by the ™
pump is more than sufficient to allow the pump ta handle all possi
flotation tailings from an elght stamp operation, with;no_overfIOW*

oB besting.
fessentiallynmi

operated except for' the: infrequenb perxod‘ th
boiler house are being flushed.™ Ther ;,.i»

aﬁearea«away fro

changes in the Ahmeek Mlll flowshee

that goes directly to the tailings dump} ap”_ox1mate1y 300 5
feet east of the mill., ' It will be.necessary?t raise; the pi
about three feet where it goes vhroughkth i1t This ‘pipe i
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*w.two weeks vacat;oﬁ»shutdown. Wbr%'

- most, one day each to connect 1nto the different sys’ ms
“the m111 is not operat;ng. L

L. F. Engle - p. 3 | April 14, 1967

into a short launder, on the end of which would be mounted
an automatic sampler. The puln would then discharge into a
"large box, from which two 22' pipes would take the tailings

by gravity to the tailings dump. The 12" pipe from the ash
pump would also discharge into the box that the tailings do.

A second 22% pipe would replace the 12" pipe going to the
talllngs dump and this can be mounted along side the present
22" pipe on the same bents. A secondary sampler would be useé
to reduce the size of the sample collected by the primary
sampler to a workable volume. Samples would be taken at ten
minute intervals and analyzed for each shift. Equipment re-
quired for this includes two samplers, 300 feet of 227 pipe,
launder, box, and supports. The estimated cost 1e1$12 045.

2. To divert the tailxngs from the basement sllme flotation.machlr’

to the general tailings pump sump will require a pump: and motorx-
installation and piping. A 4" pump and 10 hp motox: ar ”availfﬂ
able. Total cost. of installation ie estimated at 5440 CohT

3. One 20" Krebs cyclone is now Lnstalled experxmenfally for’ pro~"

cessing shovel-wheel overflows. Two will be required tg pro-
cess the entire flow. These cyclones are currently available
at the mill and could be used for possibly a year before they
will be required for installation in the ball mill circuit.‘j
To reclaim the cyclone underflow. product, a. 2-1/2% pump. w1th
motor, a screen, and pip;nq 15 required»

flows, 1nsta11 an automatxc ‘sampler’ and divert this flow to
the basement floor launder will require. an anproxlmately 35 ft,
extension of the floor launder‘jplus a catch box, ‘and’ short
launder with sampling- station,’ “an automati 1
Estimated cost is $3 103“ : T

*wuch of the wotk requlred on Item i’
is. down.  This work,could: presumabl

eAttached is a summary of labor and materials;estlmates:for each |

of the items listed. Also attached are flow diagrams, 17331-A"
showing the present arrangement, tailings and overflow streams,

and 17331-B showxng the proposed arrangement with changes Lndicatec

by heavy lines.

LCK/bv
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L. F. Engle - p. 4 | April 14, 1967

. COST ESTIMATES

B4

S S e S A

Item 1. Labor ' Materials - Total
Raise 22" tailings pipe 3'. ' ’ ' '
Procure and install launder,

box, and sampler., New

tailings pipe plant to S o CoTeel
tailings dump $4,550.00 ‘ $6 400 OQf’.Hﬂfm

Contingencies _455.00 L 640 00
ST $5,005.00 -

Item 2.

Pump and pipe to pump slime

flotation tailings to maim .

tailings sump. 4" pump and gl

motor available. .- .. 200500 - .
cOntingencmes _ 20.00.
12 . . A . ‘ 226 UU.V' /

Item 3. ' e
EycIone lnstallation, in-:'
cluding chip screen, pump:
and motor, and pipeline f
returning recovered values
for reprocessingh *
‘ Contingencie

Item 4
S1lime hickener andvshovel
‘wheel overflow sampling systen,
including sampler and relocati
of outlet.-;_ﬁ
S . Contxngencie

'To£51q3

* No purchase of cyclonee'necessary for about one'year.
awaiting installation in ball mill circuits can be used
ment cost approxlmately $3 400.00." Yoy T
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Calumet CALUMET
F@\d\ﬂ" Q“} DIVISION MEEE——
& Hecla CALUMET. MICHIGAN 49913
For Inter-Officg Coxrespudeppn Sody Apri 17, 1967
cC: RJIY JK B
To Mr. RWK LCK L////khmeekpﬁill Sampling and Effluent
-JA Engr. vept. Handling
Fomn 022010 TWK Ind. Engr. digpkor
#.E7J.J
Reading #1

Some time ago, you asked R & D to study samnling and effluent handlinc
at the Ahmeek Mill.. The results of that study, as reported in

L. C. Klein's memo to me of April 14, 1967, are attached. There was
some delay in presenting this information since, during the course

of the investigation, Mr. Klein did feel that test work on cyclones
of shovel-wheel overflows could contribute greatly to the overall
design. I am pleased to report that this test work did show that
cyclones will conservatively add some 200 to 300 lbs/day of copper to
mill recovery.

Various units of the Engineering Division and the '1ill operators have,
of course, contributed a great deal to the work presented here, In
my opinion, there is sufficient information and justification for

you to authorize the proper paper work from the Divisions concerned
to implement the recommendations,

We are well aware of techniques of measuring mass flow from a miil of
this sort. Use of nagnetic flow meter and density gauges is quite
common for the job, and under certain situations, can perhaps be
justified. Becoming more and more common also is the use of on-strear
continuous chemical analysis instrumentation. We do feel, at this
time, that the $20,000-30,000 expense for such devices is unjusti-
fiable. We propose that the system attached be installed, and as
further operating experience and needs are defined, we can re-
evaluate the inclusion of sophisticated measurement devices.

Detailed equipment and design data pertinent to Mr. Klein's report
are available at the Engineering Division, and are not attached here.

If there are any questions concerning the recommendations, we, of
course, would be pleased to assist in clarification. ‘

LFE/bv ' L. P. Engle
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* Proposed System for the Samnlinq.

SUBJECT

.to install a sampler that will collect reliable samples. (See

An investigation was made of the oresent method of disposing of
tailings and other wastes from the Ahmeek Mill to determine a
reliable method of automatically sampling and handling these
waste streams. Presently, wastes from the mill leave the plant
at three different points. Each of these streams contains wastes
from different areas of the plant, so that even if a good sample
of each stream were obtained, it would be aifficult to pinpoint
the source of abnormally high levels of copper in any one stream.
Such samples would be practically worthless to the mill operators
for the purpose of controlling the operation,

Wastes now leave the mill by way of the general tailings pump, the
ash pump, or by a launder under the mill basement floor, by gravity
(See attached drawing No. 17331-A). The general tailings pump
handles the tailings from the eight primary flotation machines,

and the overflows from the six slime thickeners. The capacity of
this pump is overtaxed when more than six of the eight mill units
are operating, and the pump sump overflows to the ash pump sump.
This situation will be worse when two additional slime thickeners
are activated to handle the additional amount of slime and water
from the spill recovery system that will soon be in operation.

The ash pump disposes of ashes from the boiler house, the tailings
from the slime flotation machine in the mill basement, spills

from the basement of the mill, overflow from the general tailings -
pump sump, and at times, part of the shovel wheel overflows.
Recently, the shovel wheel overflows have been diverted entirely
to this pump for sampling purposes,

The gavity discharge launder normally handles the shovel wheel
overflows and water overflowing from the mill constant head water
tank.

Before attempting to set up a reliable sampling system, it is
recommended that some re~routing of the effluent waste streams be
made so that{samples of these streams would be more valuable for
the purpose of mill control}, and so that these wastes be eliminated
from the mill at only two points instead of three. All flotation
tailings would be handled by the main tailings pump. All other
"unprocessed" wastes would leave the plant by gravity through the
basement floor launder. Automatic samplers would be installed

to sample each stream in a conventional manner. A major change
will be necessary in the general tailings discharge lines in order

attached Drawing No. 17331-B).
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A system is being installed in the mill to collect all spills.
These will be returned to process entirely, except in very rare
instances; such as a power failure or major spill when there is
a possibility of some loss, but as a rule, this material will
have no outlet from the plant.

The only materials leaving the plant will be flotation tailings
and overflows from the thickeners and shovel-wheels. 1In the
vresent flowsheet, the thickener overflows are combined with the
primary flotation machine tailings and removed from the plant by
the general tailings pump. These overflows represent over half

of the total volume handled by the pump. The proposed scheme woul:
divert these overflows to the basement floor launder where they
would flow out of the plant by gravity, relieving the load on the
general tailings pump.

The tailings from the slime flotation machine in the mill basement
which are now discharged from the mill by the ash pump would be
pumped ' into the general tailings sump to be discharged with the
primary flotation tailings. The reduced volume handled by the
pump is more than sufficient to allow the pump to handle all possil
flotation tailings from an eight stamp operation, with no overflow
.going to the ash pump.

Recent tests, using a c¢yclone to recover coarse material and en-
riched copper bearing fines from the shovel-wheel overflows have
indicated that a substantial amount of copper bearing material can
be recovered for reprocessing, and an essentially minus 200 mesh
slime rejected. It is recommended that an additional cyclone be
installed to process all of this material, and that the cyclone
overflows be combined with the thickener overflows for sampling
and discharging through the basement floor launder. It is con-
servatively estimated (based on test results) that from 200-300
lbs./day of copper can be recovered with this equipment.

The proposed system will have the following advantages in addition
to those already mentioned: The ash pump will no longer need be
operated except for the infrequent pericds that ashes from the
boiler house are being flushed. There will be a saving in power
used to operate the main tailings pump because of the reduced load
The "unprocessed wastes” will be deposited in an area away from
the general tailings pile where the settled portion will probably
be enriched in copper and would be accessible to the dredge for
reprocessing at the Tamarack Reclamation plant at some future date

Folloﬁing is a summary of what must be done to make the recommendéx
changes in the Ahmeek Mill flowsheet and install adequate sampling
stations: »

1. THe 16" general tailings pump discharges into a 22" pipe-line
that goes directly to the tailings dump, approximately 300
feat east of the mill, It will be necessary to raise the pipe
about three feet where it goes through the mill. This pip=
would then terminate inside the mill at the east end and flow

T
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into a short launder, on the end of which would be mounted
an automatic sampler. The pulp would then discharge into a
large box, from which two 22° pipes would take the tailings
by gravity to the tailings dump. The 12" pipe from the ash
pump would also discharge into the box that the tailings do.
A second 22" pipe would replace the 12" pipe going to the
tailings dump and this can be mounted along side the present
22" pipe on the same bents. A secondary sampler would be usecd
to reduce the size of the sample collected by the primary
sampler to a workable volume. Samples would be taken at ten
minute intervals and analyzed for each shift. Zquipment re-
quired for this includes two samplers, 300 feet of 22 pipe,
launder, box, and supports. The estimated cost is $12,045.

2, To divert the tailings from the basement slime flotation machir
to the general tailings pump sump will require a pump and motor
installation and piping., A 4 vpump and 10 hp motor are avail-
able. Total cost of installation is estimated at $440.

3. One 20" Krebs cyclone is now installed experimentally for pro-
cessing shovel-wheel overflows, Two will be required to pro-
cess the entire flow. These cyclones are currently available
at the mill and could be used for possibly a year before they
will be required for installation in the ball mill circuit.

To reclaim the cyclone underflow product, a 2-1/2" pump with
motor, a screen, and piping is required. Estimated cost, in-
cluding new pump and motor will be about $1,540. Replacing
the cyclones at a later date will cost approximately $3,400,

4, To combine the thickener overflows with the shovel-wheel over-
flows, install an automatic sampler and divert this flow to
the basement floor launder will reguire an avpproximately 35 ft.
extension of the floor launder, plus a catch box, and short
launder with sampling station, and an automatic sampler.
Estimated cost is $3,103.

“uch of the work required on Item 1 can only be done when the mill

. is down. This work could presumably be done during the reqular

two weeks vacation shutdown. Work on the other three items could
be mostly completed when the mill is operating, requiring, at the
most, one day each to connect into the different systems when

the mill is not operating.

Attached is a summary of -labor anc materials estimates for each

of the items listed. Also attached are flow diagrams, 17331-A
showing the present arrangement, tailings and overflow streams,

and 17331-B showing the proposed arrangement with changes indicatec
by heavy lines,

,F<?ﬁ(fj;(:‘a]’é§;4

LCK/bv . L. C. Klein
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A
COST ESTIMATES ’ P\V/ C -.&
| | A
Cg;;;:;) Labor Materials Total
alse 22" tailings pipe 3°', (Qéf"
e ol

Procure and install launder,
box, and sampler. New

tailings pipe plant to
tailings dump $4,550.00 $6,400.00
Contingencies 455.00 640,00 , .
$5,005.00 $7,040.00 $12,045.00
And pipe to pump slime
flotation tailings to main .
tailings sump, 4" pump and :
motor available, 200.00 ;
Contingencies 20,00 N %
. 440.00 A
. :
Item 3. - )
yclone installation, in- ﬁ v &o/r P

cluding chip screen, pump
and motor, and pipeline for
returning recovered values

.
&

for reprocessing, * 1,000.00 B
Contingencies " 100.00 :
+100.00 1,540.00

[im& thickener and shovel-
wheel overflow sampling system,
including sampler and relocation

of outlet. 1,260.00
Contingencies 126,00 ‘
/, 384 00 3,103.00
Totals $7,711.00 $9,417.00 $17,128.00

* No purchase of cyclones necessary for about one year. Cyclones

awaiting installation in ball mill circuits can be used. Replace-
ment cost approximatel 3,400.00

¥ 0.00
_ 9,40%
/2822  pRY 72000 g +
FLan 5sl T 4317787 0
A 70,528 78 /2,377 22 B AL
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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

Sl 2
e | ”“&\fmﬁz»m@é ;f: Pfé ’%g .@Mj«} ;ﬁﬁ”f i éﬁ@&ﬁq »Té’jﬂ lae)
Heg. #11744
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TAMARACK RECLAMATION FACILITIES

Lake Superior Water Mains .. PP PRURPPRRRRPPPPRPR £ 2 |
Engineering and Mmmg]ournal Talhngs Artlcle ceerreeerreeeeeenessreessneeassnessnesssnessnesnneens 1924
Mining Congress Journal Flotation Practice Artlcle cerenrreeenrneeesneeennessssnnesssnnesssnnsssennns 1931
Steam Line to Tamarack Reclamation ..o e Undated
Osceola Sand Bank COrreSPONAENCE ......cecvvveriieririiieirireree et siee e s sr e s snes s s snes 1950
Research Data Book Subject CardS .........ccooiiiiiiiiiincecee e e 1951-1968
Report on Lightning Protection ...t e 1954
Status Report on Engineering Recommendations ...........cccooeriniieeniincieeeiies e 1954
Proposed Reclamation FIOWSheet .........ccucciiiiiiiiiiniie e e 1955

Allouez Sands Reclamation FIoOw Sheet ..o 1955
SCIEEN ANALYSIS ..iiuviiiiieitiesie ettt st ettt s e st st et s en e e et et e e e e e raan 1957-1959
Report on the Leaching of Ahmeek Mill Concentrates ..........coeecvminiinirsiecseiniesies e 1958
Tamarack Reclamation Investigative Report .........ccooirieinen e 1959
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Six-cent Copper from Calumet & Hecla Tailings

Over 50,000,000 Tons of Sand, Accumulated During Half a Century,
Being Treated by Tabling, Flotation, and Leaching

By C. H. Benedict
Metallurgist, Calumet & Hecla Consolidated Copper Co.,
Lake Linden, Mich,

organized in 1871 as a consolidation of four com-

THE CALUMET & HECLA MINING CO. was

panies, two of minor importance, together with the.

Calumet Mining Co., formed in 1865, and the Hecla
Mining Co., organized about a year later. Both these
latter companies found profitable ground at once and
began the erection of stamp mills. The Calumet Mining
Co. first erected its mill at the mine, but in a few years
moved to its present site on Torch Lake adjoining the
site on which the Hecla Mining Co. had already built its
original mill and which is about four miles from the
mine. These mills have been in existence then, at the
same site, for upward of fifty years and. have been
depositing their tailings continuously into Torch Lake
during that period.

Torch.Lake is one of a series of inland lakes in the
Keweenaw peninsula of upper Michigan, but is dis-
tinguished by being on the same level as Lake Superior,
with which it has navigable connection; and it is dis-
tinguished further by the fact that it is quite deep rela-
tive to its area. At the time the mills were erected
on the shore of this lake there was no thought of any-
thing except the desire to find room for the sand tail-
ings, but considering the development of the mine and
of the art of metallurgy in the fifty years following
the foundation of the mills, no better site could have
been found anywhere. The shore adjacent to the lake
is relatively flat, so that all buildings are at approxi-
mately the same level, but the sloping hills running
down toward the shore permit of a uniform grade to
a gravity railroad, and a trestle of moderate length
gives the necessary elevation for gravity run to the
ore bins and stamps. .

The mills were built close to the shore of Torch Lake,
and for some years there was sufficient elevation so

fha
(R

Dredge and portion of pontoon line

that the tailings ran into the lake by gravity, but as
the deposit increased in area the shore gradually re-
ceded and it was necessary to provide some means of
giving the tailing sufficient elevation to reach the lake.
For this purpose a device was developed unique in this
country at that time, and even yet but few are in use
outside of the Lake Superior copper district. This is

Shore plant, showing storage pool and swinging
suction line

known as a sand wheel, a slowly revolving wheel with
depressions or buckets in the periphery which take their
load at the bottom and discharge tangentially on ap-
proaching the top. Starting with a 30-ft. wheel the
diameter of successive wheels was increased to 40,
then to 50, and finally to 65 ft., to reach the desired

elevation.

Originally two mills were built, known as the Calumet °

mill and the Hecla mill, and there are two distinct
tailing piles with their centers about three-quarters of
a mile apart and with clear water between, the two
almost inclosing a bay from which is drawn the water
for the pumping station. These tailing piles covered
an area of about 152 acres at one time and vary in
depth from nothing at the shore line to 120 ft. The
reclamation plants are erected centrally to the north
of the Calumet pile, and it is this pile that is now being
reclaimed. The Hecla bank was all of it conglomerate
up to about 1900, but since that date the south or ex-
treme end has been mostly amygdaloid tailings of much
lower grade, and there will be a boundary line between
the conglomerate and the amygdaloid, which, as
dredged, will be a mixture of the two. When this
mixed material is to be reclaimed it will result either
in the inclusion of low-grade material which would not
pay by itself to reclaim or in the exclusion of some
conglomerate tailing which by itself would be profitable.

At the beginning of mining operations in the late
60’s the ore was running better than 100 lb. to the
ton by assay and the metallurgical methods were natu-
rally crude compared to present-day standards. The ore
increased in richness for some years after the opening
of the mines, and tailing losses of 20 lb. to the ton and
more were not out of the ordinary. In those years the
smelters required a very high-grade product, and as
the fine copper could not be concentrated profitably to
smelter requirements, practically no effort was made to
save the slimes until about 1884, when buddles or cir-
cular slime tables were introduced. Neither was any
effort made, except spasmodically, to do any grinding
other than that by the original stamp, which crushed all
material to pass through a -in. round opening screen.
This made for very rich tailings, and it was not until

-
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Fig. 1—Map of Calumet & Hecla units at Lake Linden

about 1898, with the introduction of Wilfley tables, soon
followed by fine grinding in Chilean and later in Har-
dinge mills, that any serious attempt was made to re-
duce the losses of fine inclosed or attached copper. The
introduction of this more modern machinery was co-
incident with a rapid falling off in the quality of the
ore sent to the mill, owing partly to the lessening in
grade of the deposit underground and partly to the
fact that lower-grade ore could be treated economically.
A further decided drop in the copper losses followed
the installation of a regrinding plant in 1908 and made
it appear that the tailings subsequent to that date might
not: be profitably reworked, although they still contained
about 9 1b. of copper to the ton. These tailings were
accordingly segregated on one portion of the Calumet
pile. With the discovery of the leaching process in
1912 and the adaptation of flotation a few years later
it became evident, that these apparently worthless tail-
ings were of economic value. In the year just passed
the work was almost entirely on these later fine, low-
grade tailings, and the curious fact is that.while the
recovery per ton was less, the cost per pound of copper
recovered was as low as on the richer coarse tailings of
previous operations. This is because the regrinding
cost is entirely eliminated.

That these tailings had commercial possibilities was
recognized for a great many years before any effort
at recovery was begun. Until the development of mod-

Model showing status of sands for reclamation plant.
The white represents lake bottom, and the dark,
reclaimable sands.
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ern fine-grinding machinery, coincident as it was in
the Lake Superior district with the introduction of the
low-pressure turbine and consequent cheap electric
power, it was not felt that the time was right for be-
ginning operations. Then, at first, the plans were only
for finer grinding and Wilfley table treatment, and it
was the expectation that the recovery might not exceed
40 per cent. Even this was attractive, and work was
begun in 1912. The regrinding plant was not yet in
operation, however, before the leaching process was
developed, which promised to double the anticipated
recovery. Construction work was started in 1914 on
the leaching plant, designed to treat sand, and experi-
mentation was continued on the treatment of the slime
by the same process. The rapid development of flota-
tion, however, and its adaptation at the Calumet &
Hecla to native copper, made it advisable to discontinue
work on the leaching of slime, and a flotation plant
was erected for this material. This,k again increased
the  recovery, so that about 85 per cent of the values
contained in these tailing piles will probably be ob-
tained by the present process. Inasmuch as the re-
covery on the ore originally was about 75 per cent, over
95 per cent of the metal contents of the Calumet &
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Fig. 2—Flow sheet of reclamation plant

Hecla conglomerate lode as mined will be obtained as
refined copper, a record probably unique in the history
of any copper-mining operation:

Although the commercial possibilities of these de-
posits had been recognized long before recovery plants
were erected, their treatment was not sufficiently im-
minent to prevent surface contamination. All the rub-
bish of the stamp mills and from the adjacent towns
was deposited on top of these sand banks, and although
this rubbish does not constitute a large percentage of
the total weight, it amounts to thousands of tons of
every conceivable kind and size of material, and any

plan for the reworking of the sand had to take into

account a mixture of ashes, hoop iron, wire cable, laun-
der plates, and submerged logs. After five years of

operation the suction dredge originally chosen has been

in commission without at any time having had serious
difficulty in operation.
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The reclamation plant as at present constituted con-
gists of five units separately housed as follows:
. Dredge.
. Shore pumping plant and classifying house.
. Regrinding plant.
. Leaching and distillation plant.
. Flotation plant.

O GO DD =

Fig. 1 shows a diagram of the units of this plant
in connection with the other mill buildings.
flow sheet.

1. Dredge—It was recognized at once that a suction
dredge ®ould be the only possible means of reclaiming-
these tailings, because of the depth of the deposit and
the severity of the climate.

Fig. 2is a

It was not feasible to de-
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for dredging the sand directly from the pile and dis-
charging it through the pontoon line to a stationary
screen at the shore plant. This eliminated entirely the
revolving screen on the dredge and the second dredge
pump, and resulted in a tremendous saving of power
and maintenance. It is surprising what large pieces
of timber, rope, and even steel plate can be picked up
by the pump and carried through 3,000 ft. of the 20-in.
discharge pipe to the receiving pool on shore without
choking pump or pipe.

In winter time 2 ft. of ice on the lake is usual, 20
deg. below zero is not uncommon, and usually for two
to three weeks the temperature is continuously below
zero. However, these conditions have caused no delay
in the eight years of operation, and the dredge has
less difficulty and loss of time in mid-winter than the
railroad that brings ore from the mine to the mill.
At first, efforts were made to cut the ice from about
the dredge and haul it away. When the revolving
screen was discontinued, however, so that the second

Stern swing
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velop a dredge by experimentation on a small scale,
because from the very nature of the problem large-scale
operation only was possible. No dredge had ever been
designed to dig 110 ft. below the water level. A bucket
dredge was considered entirely unfit, because of the
depth, and also because of the fact that although a
bucket dredge might handle rubbish to good advantage,
the sharp coarse sand would be very hard upon the
innumerable bearings. Further, it was thought impos-
sible to operate such a dredge in winter time in the
Lake Superior districs, with the thermometer fre-
quently reaching 20 deg. below zero.

The dredge finally adopted was developed with the aid
of the Bucyrus Company, of South Milwaukee. It is
a steel-hull dredge 56 ft. wide and 110 ft. long, with
an overhanging deck 8 ft. wide. As originally installed,
having in mind the amount of oversize rubbish to be
handled, the dredge was provided with two dredging
pumps. The first discharged into a 11-in. revolving

screen for removing rubbish, the undersize going to
a sump from which a second pump elevated the mate-
rial and discharged it through the pontoon line.

After experiencing considerable trouble with the
elimination of the oversize rubbish in this way, a
method was finally devised of using but a single pump

Outboard suction
Pipe-~

Fig. 3—Cross-section of dredge used in reclaiming sand

dredging pump was not required, this pump was con-
nected to a pipe surrounding the dredge and discharged
water through a series of nozzles about 10 ft. above
the deck of the dredge. The agitation from this water
was sufficient to keep the ice from forming freely and
also to melt such ice as had been formed adjacent to
the dredge. For the last four years it has not been
necessary to break or remove ice by other means, and
the cost of operating this pump for a few hours each
day is small.

Fig. 3 shows a cross-section of this dredge. The
dredge pump itself has a 20-in, diameter inlet and
outlet, with impellers 55 in. in diameter, operating at
360 r.p.m., and is equipped with a 1,250-hp. motor.
The pump casing is split vertically and is lined through-
out. Various types of material for liners have been
used, and although the best results are obtained with
manganese steel, chilled cast iron made in the local
foundry is much the cheapest material per ton dredged.
In addition to the main dredge pump, and an auxiliary
pump for supplying water to prevent ice formation,
there is a 4-in. centrifugal pump for service water and
an 8-in. centrifugal pump for supplying water at 75-1b.
pressure for agitating the sand. The dredge suction
is supplied with nozzles reaching out in all directions
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Flotation plant, showing row of Dorr thickeners. At
the right are the backs of the flotation machines.

along the periphery of the suction mouth; these noz-
zles discharging water under pressure keep the sand
in agitation and break down the bank in advance of the
digging ladder. The pipe for supplying this water is
carried on the digging ladder and connected to its
pump through a rubber sleeve. This type of agitation
has proved satisfactory and at no time has the lack of
a rotary cutter been felt.

When the dredge gets into certain portions of the
bank there is a tendency for the material to hold up be-
vond the natural angle of repose, and consequently
caves of considerable magnitude occur. Only once has
a cave-in proved serious, the digging ladder being
caught under an avalanche of sand. To release it, it
was necessary to abandon the regular suction of the
dredge and install a new suction, using the original
dredge pump, operating the temporary suction inde-
pendently by means of tackle from above, lowering it
gradually through the accumulated sand, and adding
additional pipe with depth until the ladder was finally
freed. The ten-day delay because of this accident, and
a second shutdown of three weeks when the dredge was
dry-docked and the hull scraped and painted, have been
the only interruptions to continuous service during
eight years of operation.

The suction ladder consists of two longitudinal lat-
ticed girders thoroughly fastened and well braced. It
is 141 ft. from center of suspension to the end of suc-
tion, and will permit of dredging to a depth of 110 ft.
It carries the outboard suction of lap-welded pipe and
also an 8-in. water pipe for supplying water under
pressure for breaking down the sand. The center of
the dredge pump is on the same center line as the pivot
of the suction ladder, and the suction pipe is connected
to the pump by an elbow, swiveled on this same center
line. Near the outer end of the suction ladder the
lower block of the hoisting tackle is attached, and the
upper block is attached to the bow gantry, forming
part of the hull.

The dredge is not self-propelling, but is operated by
swinging lines fastened to anchors in the water and
deadmen along the shore. There are two four-drum
winches for operating the lines, two drums of which
are for the ladder swing, two for the bow-line swing,
two for the stern-line swing, one for the stern line,
and one for hoisting the suction ladder. The bow
swing lines are % in. diameter, the ladder and stern
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lines are % in. and the ladder hoist rope is 1 in. diam-
eter, all plow steel. All pumps and winches are elec-
trically driven, but there is a small boiler on the dredge
to provide steam for heat and also for operating cap-
stans when the electric power is cut off.

Electricity is supplied to the dredge at 2,300 volts,
the power lines being supported on towers attached to
the pontoons carrying the discharge pipes. The main
dredging pump motor is 1,250 hp. rating and consumes
about 900 kw. when working through its maximum dis-
charge pipe of 3,000 ft. length. An additional 200 kw. is
consumed by the 8-in. and 4-in. water pumps. Water
rheostats control the speed of the pump with % varia-
tion of about thirty revolutions, from a minimum of
335 r.p.m.

Inboard and outboard pipe is of 21 in. diameter out-
side and the discharge line consists of the same kind

Regrinding plant, showing 64 8-ft. x 18-in.
Hardinge mills

of pipe, mostly in 60-ft. lengths, carried on steel or
wood pontoons. The pontoon pipes are connected by
means of rubber sleeves, and although other types of
flexible connections have been tried, especially ball
joints; everything has-been.abandoned in favor of the
rubber sleeve. The sleeves are held on by split steel
bands, which arrangement, in connection with the
beaded ends of the pipe, gives a simple flexible joint,
and one that does not cause much trouble.

The pontoon line discharges at a fixed point on the
shore into a stationary screen 16x20 ft., with round
openings 1 in. in diameter. This discharge is placed
so that the sand runs from the screen into a pond or
reservoir which supplies the pumps in the shore plant
about to be described. Not much rubbish accumulates
on the screen, but it may consist of large pieces, includ-
ing many relics of the early days. A chain 6 ft. long
was once removed from the screen; also pieces of cast
iron, innumerable rocks, and logs up to 16 in. in
diameter.

The dredge has a rated capacity of 10,000 cu.yd. per
day, which has been realized. No facilities have ever
been at hand to make a definite test of its efficiency,
and there is so much variation in the size and nature
of the sand to be pumped, the length of discharge line,
the condition of the impeller and pump casings, and
depth of suction, that a test would be of little value.
In the winter about sixteen hours, including delays, are
required to do the necessary work, and sometimes dur-
ing the summer, when the pontoon line is 38,000 ft.
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long and the sand is fine and scattered, continuous
operation is necessary.

No effort is made to synchronize the operation of

the dredge with the plants on shore, which must run
uniformly twenty-four hours per day. The capacity of
the reservoir in front of the shore plant is such that the
dredge can shut down two or three days at a time
without the plants being short of sand. A dredge is
necessarily intermittent in its operation, even when
working under the best of conditions, and under the
varying conditions met in this operation there is no
possibility of supplying sand in either uniform quan-
tity or dilution.

The general method of operating the d it and the
measurement and control of the work is carefully
studied from day to day. Fortunately the United
States Government had made accurate soundings in
Torch Lake before the mills were operating for any
length of time, so that the extent of the deposit both
laterally and in depth is accurately known. A sectional
model (shown in the illustration) has been made, con-
pisting of vertical wooden pegs fastened into a hori-
zontal board representing a base line. These pegs
indicate conditions for each 50-ft. station and by means
of different colors show lake bottom, lake level, and
recoverable sand. Frequent soundings keep this model
up to date, and operators on the dredge know at all
times at what depth to expect sand and to what extent.
Ranges along the shore and floating buoys assure
accurate knowledge as to the position of the dredge,
and a section of the model in the pilot house provides

Row of tanks in leaching plant. First tank has launder
and distributor in place. Second tank is uncovered.
Others have covers in place.

complete information as to conditions of deposit. The
original lake bottom is fortunately a compact sand that
regists dredging with this type of machine, and much
of the area is as clear of tailing after dredging as a
surface operation could be. In addition to this model,
which is changed to show existing conditions, there is
a cross-section for every 100 ft. which shows the
progress from month to month.

A problemr at first was to find room for current
tailing. For this reason the outer and more recent
deposit has been dredged up to this time. In winter
when the climatic conditions are at their worst the
dredge is moved close to shore to shorten up the pontoon
line and minimize operating difficulties; in summer
more distant material is attacked. The operation is
from its nature a “one-stope mine,” but the quality of
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the sand does not vary greatly from day to day,
although the proportion of coarse to fine does show a
wide fluctuation. This results in operating difficulties
felt more particularly in the flotation plant.

The cost of this operation for 1923, including all
replacements and renewals, was 6.30c. per ton dredged.
This is made up roughly of 32 per cent for labor, 14
per cent for pump renewals, 40 per cent for power, and
14 per cent for other supplies. These costs are for an
average discharge line of about 2,000 ft., and vary
somewhat with the size of sand, length of line, and
other factors. The costs are showing a downward
tendency from year to year as capacity is being in-

creased and as greater experience is being acquired.

2. Shore Pump Plant and Classifying House—This
plant is built upon a concrete dock constructed by
driving piles through the sand down into the original
lake bottom and upon these piles putting a cap of con-
crete 3 ft. 6 in. thick. The shore plant contains a 12-in.
Morris centrifugal pump for the elevation of the sand,
stationary screens for removing fine rubbish, drag-belts
for separating the coarse sand that requires regrinding,
from the fine, pumps for handling this fine sand, and
a belt conveyor for conveying the coarser sand from
this plant to the top of the regrinding plant.” In the
pond or reservoir in front of the shore plant into which
the dredge sand is discharged is a semicircular row of
piles having a radius of 35 ft. on which is constructed
a track. Supported on this track and pivoted-in front
of the plant is a structural steel bridge 55 ft. long,
which carries the suction pipe of the pump in the shore
plant. This suction pipe works on swivel joints, so
that it can travel through an angle of about 150 «deg.
and its outer or suction end can be raised or lowered
vertically through an angle of 90 deg. The effect of
this is to get a storage capacity for this suction pump
in the shape of a “V” section along about one-half of
the circumference of.the 55-ft. circle and to a depth
of 30 ft. below the water line. Thus is obtained a
storage reservoir equivalent to about 20,000 tons’ sand
capacity, from any part of which the sand may be
reclaimed, depending upon the position of the suction
pipe carried on this swinging bridge. In reality it is
a stationary dredge working under uniform conditions
as to length of suction line, so that uniform capacity
is obtdined and ‘the re-treatment plants are kept oper-
ating®under uniform conditions, a necessity for efficient
metallurgical practice.

To guard against delays in the shore plant, the
original design called for two pumps so placed that
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Leaching plant, showing tank filling
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