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AHMEEK MILL FACILITIES

L0083 BT = =) LY - 100 1921
Steam to Electricity - BOOStEr PUMDP ..ot seeeeieesessees e ssesse s sssssessssssesssssssssssssssssssasees 1925
Ahmeek Power Plant Prelim Estimates with Drawings & Map - Stone & Webster .......... 1930
Ahmeek Mill Steam Power Plant Prelim. Estimate of Construction COStS ......ccouereenseereeens 1930
Ahmeek Ash Disposal Telegram - MacNaughton & Stone & Webster ........cooneeneeneeneenns 1930
Ahmeek Power Plant Prelim. Power Info. - Stone & WebSter .......eeeneenseeseesseesseeens 1930
Ahmeek Power Plant Operation of 13,800 Volt System - Stone & Webster ........cccouueeeunee. 1930
Report on Lightning Protection for Electrical SYStem .......cnnneneenensssssssseesseens 1954
The Leaching of Ahmeek Mill CONCENLIALES .....coerrereenesmeesesssessesssssssssssssssssssssesssssssssessssssesssssns 1958
Ahmeek Concentrates HiStory 1909-1963 ... eneereeneeeesseesesssssss s ssssssssssssssssssssssssanes 1963
Ahmeek Mill Flow Sheet - Treating Cong. Mine Ore, Add. Equip. Required .......cccccovureunee. 1965
Revision of Ahmeek Mill to Provide Greater Capacity - Meeting Minutes .........c.cccvenee. 1965
Ahmeek Mill Project M.C. Order Numbers - Phase I, II, & III ..o 1965
Ahmeek Mill - Crushing & Gravity FIOWShEEt ... sssessesseseens 1966
Ahmeek Mill - Fines Concentration Flotation FIoWSheet ... 1966
Ahmeek Mill Mineral Processing FIOWSREEt ... ssesessessessssns 1966
Ahmeek Mill ASH PUITIP .ottt sse st ssse s ss s ss st ssss s 1966-67
Ash Pump at ARMEEKR MLl ..ottt es s ss e se s ssesssanes 1966-67
Ahmeek Mill - Existing (17331-A) & Proposed (17331-B) Overflow Diagrams ................ 1967
Ahmeek Mill Sampling & Effluent Handling ... eeessesseesesssesseesseens 1967
Steam Line from Ahmeek Mill to Tamarack Reclamation Plant .........nenneeneens Unknown
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Ms- 000
Box 35

Foldee 19 CALUMET AND HECLA CONSOLIDATED COPPER COMPANY

GENERAL OFFICE

CALUMET, MICHIGAN
JAS, MAC NAUGHTON,Vick Pres’r & GEN'L Mon. .
J.G. BENNETTS,ASST.TReAs. & CHr CLERK
F.J. NICHOLAS, PURCHABING AQENT

March 14, 19286

. Mr. E. A+ Baalaok
Calumet, Miohigan

Dear 3irs ‘

| At the Ahmeek }ill we have a steam-driven booster
pump for aondensing water in connection with the low prossure
turbine., JMr. Burgan believes that this pump should be run
by eieotricity inasmah as vie shall have more than enow:h
lowv pressure steam to oper#te the turbine when all the
atamps at the Ahmeek Kill are running. |

Pleé,s. take this matter up with him to the end
that you can advise me on the subjeot.
Yours truly,

Vice Pres. & Gen. Mgr,

JUN/P

L e s e e S ara Sl S
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Ms-col
RBox 3
Folder 51
(52 msa)

STONE & WEBSTER ENGINEERING CORPORATION

EXECUTIVE: 49 FEDERAL STREET, BOSTON
: February 20, 1930.

Mre. James MacNaughton,

President, Calumet & Hecla Consolidated Copper Co.,
Calunmet, Xich.

Dear Sir:

POWER PLANT - AHMEEK MILL

‘fe are submitting ﬁo you heréin'thé results of our
study of the steam and power supply problem at the Ahmeek Mill.

Following the procedure agreed upon in conference in
your office on December 9, 1929, we have prepared estimates of
construction and operating costs of a modern, low pressure,
saturated steam boiler house to replace the present plant now
approaching the end of its useful life. We have also prepared
similar estimates of a larger, high pressure boiler house and
power plant which would provide 7,500 kw. of new capacity for
service in the Copper Company's system and would furnish steam
extracted from the main turbine for the stamp mill and pumping
engine.

CONSTRUCTION ESTIMATES

The low pressure boliler plant would supply the steam
reouirements of the mill at 155 1lb. pressure and would include
three 645 h.p. Stirling boilers equipped with forced draft
underfeed stokers and would be designed for natural uptake draft
operation. A coal handling system, consisting of belt conveyors
between the rock bin structure and the new boiler bunkers, with
crusher and auxiliary equipment would alsoc be provided. Two
boilers would have sufficient capacity to meet the steam demand
for mill service but under normal conditions it is Intended that
three boilers would be in operation. We have assumed that, if
constructed, this boiler house would be located on the southerly
side of the present pump and power house and that it would be
complete in al)l respects. We estimate that such a plant would
cost Elc 000, which includes an allowance for contingencies of
about $48,000. A summary of this estimate may be found in
Table I.

. b]

The second and larger program aside from supplying
155 1b. saturated steam for mill and pump service would generate
enough additional steam to permit full capacity output of the
7:900 kw. turbine generator. For this purpose, we have selected
three 865 nh.p. Stirling boilers with superheater equipment to
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J.lacl. 2e February 20, 1930.

deliver steam at 410 lb. pressure, 650° total temperature.
These boilers would be fired with underfeed stokers and would
be equipped with feed water economizers, mechanical forced
and induced draft and water-cooled furnaces, to permit opera-
tion at relatively high rates of steaming with good efficiencies.
Coal handling equipment, consisting of receiving bunkers,
crushers and a belt conveyor system and ash sluicing facilities
would be provided. This plant would be located as contemplated
for the lower pressure plant. We have planned on the construc-
tion of a separate power house located just wes$ of the present
pump and power house and in line therewith, which would contain
a single 7,500 kw. extraction type turbine generator exhausting
to a surfaee condenser through which mill water would be pumped
for condensing purposes. Steam extracted from the turbine would
be desuperheated to saturated temperature for mill supply serv-
ice. A 13,200 volt switch house with six circuits and space for
two more, has been included, as well as a 5,000 kva. bank of
transformers for service bhetween the 13,200 volt bus and the
2,300 volt mill system. ‘

Our estimated cost of the combined high pressure
boiler and turbine plants and substationm is $1,500,000 including
2123,000 as an allowance for contingenciea. See Table IX for
the make-up of this estimate.

COPERATING HSTIMATES

Qur estimate of operating costas for the proposed low
pressure boiler plant is based on operation of the plant with a
crew of eight men, which crew we believe would be sufficient for
continuous boiler house service. The yearly operating and main-
tenance expense of this plant would total about $145,000 made
up as follows: operating labor $10,700, miscellaneoua supplies
and expenses #2,300, maintenance labor and material $7,000, and
fuel {125,000, with coal at $4.37 per net ton f.o.be the high
mill trestle. The anticipated net steam delivery is the same as
that of the present boiler house, estimated to be 570 million
1b. per year. : :

We believe that a crew of fifteen men, including a
chief engineer, could operate the proposed high pressure boiler
and turbine plant satisfactorily. The operators of the pumps
and present low pressure turbine would remain as at present and
thelr wages are not included in our estimate of operating costs.
Ve anticipate that about 56,000,000 kw-hr. would be obtained
from the new plant in addition to the usual steam supply ta the
mill, entailing an operating and maintenance cost estimated at
$305,000 per year, i.e., operating labor 522,000, miscellanecous
supplies and expenses $3,500, maintenance $15,500 and fuel $264,000.

COMPARISON OF PLANS

BEither of the proposed programs shows a substantial
reduction in operation and maintenance expense in comparison
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J. IBmcH. 3. February 20, 1930.

with present costs. At Ahmeek 11i1l the cost of boiler house
operation and maintenance runs about $195,000 per year. The
new low pressure boiler plant is estimated to require an annual
expenditure some 550,000 less. The high pressure power plant
would increase present steam generating expense at Ahmeek IHI1
by 5110,000 but the generation of electric energy with the
proposed new 7,500 kw. unit would result in a decrease of
3220,000 in present operating costs at Lake Linden, assuming
that the production of 56,000,000 kw-hr. per year is trans-
ferred to the new plant, so that the net saving in annual opera-
tion would be $110,000. ,

If capital charges be added, however, the overall
result is added expense in comparison with present costs. If
6% per annum be taken for interest, 8% for appropriation to
retirement reserve, sufficient, at compound interest, to retire
the investment in ten years, and 1% for insurance and taxes, the
annual capital charges on the replacement boiler house would be
376,500 and on the alternative power plant $225,000, so that the
net total added cost over present conditions would be $26,500
annmually for the one and $115,000 for the other.

- The significance of these cost figures depends upon
circumstances. The $26,500 added total annual cost of the new
boiler house might be considered as the inevitable consequence
of a necessary replacement. :

The $11%,000 per year, capitalized at 154, represents
an investment of $767,000, for 7,500 kw. relay capacity in the
Copper Company's power system, or $102 per kw., vhich unit cost
is low in comparison with usual costs for plants of this size.

Qur analysis so far assumes that load carried on the
new Ahmeek Mill power plant would be removed from the existing
Lake Linden station. If, however, some or all of the energy
produced at Ahmeek MilX is for the purpose of supplying new load,
the situation is quite different. Platé I has been prepared to
illustrate this condition.

The figures across the bottom of the chart represent
kw-hr. annually supplied for new load service, and at 56,000,000
they coincide with the estimated plant output. The left-hand
vertical scale represents annual costs in dollars, and the right-
hand scale the Incremental cost in mills per kw-hr. of the energy
supplied to new load. ‘

Line A represents the yearly fixed charges on the
plant of $225,000. ILine B is drawn through $530,000, to represent
the addition of $305,000 operating and maintenance expense.
ILine € is below B at $335,000, representing a credit of $195,000,
the present cost of steam production at Ahmeek Mill. TLine D
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J. Imcile 4o February 20, 1930.

starts $220,000 below line C at zero new load and ends even with
C at 56,000,000 kw-hr. new load. The distance at which it is
below line C represents the saving in expense at TLake Linden
due to load transfer, and the distance it is above the base
represents the total annual increase over present casts incurred
in supplying loads in excess of present loads. Line E repre-
sents the same cost expressed in mills per kw-hr. It will be.
noted that if the entire output of the new plant were to supply
new load, the incremental cost of this energy would be six

mills per kw-hr., including fixed charges, but after due credit
Tor steam supplied to the mill.

Under such conditions there would be, of course, na
relay capacity in the system.

IJOTES ON SOME POINTS OF DESIGN

we attach hereto, three plates showing the location
of the proposed new facilities in relation to the other struc-
tures at Ahmeek Mill, a plan and sectionm of the proposed high
pressure boiler house, and a plan and section of the proposed
75500 kw. turbine plant. No drawing of the low pressure boiler
house is included but we have had in mind that it would be es-
sentially the same as the high pressure plant, excepting for
the omission of economizers and induced draft fans and with
such changes in dimensions as would naturally occur.

It will De observed that in the turbine plant, we show
a turbine generator and frequency changer. We have had up with
four of the principal manufacturers the matter of supplying a
25-cycle machine of this capaecity and find that there is prac-
tically no modern development for such relatively small 25-cycle
turbines. - Four manufacturersa have offered to build direct-
connected, 1,500 r.p.m. extraction type units; twae have offered
60-cycle extraction type machines, which are a standard develop-
ment, to be used in conjunction with a frequency changer,. and
two have offered a geared machine, using the standard 60-cycle
turbine and a 25-cycle revolving field alternator. The direct
connected unit is the most efficient, most reliable and also the
most expensive. The geared unit is the least expensive, about
as economical but probably the least reliable, although that
phase of the matter may bear further investigation. We have
tentatively selected the 60-cyele machine with frequency changer
because the price is lower than for the direct-connected machine
and the reliability probably better than the geared machine, al-
though the efficiency is not as good as either of the others. ’

We have made plans for handling coal as follows:

YWe propose constructing a steel coal bunkexr on the
same bents and at the same elevation as the present rock bins.
OQur plan calls for cutting into twoe of the rock bins and taking
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JeMacCN. S5e February 20, 1930

appraximately 12% of the capacity of each which it has seemed
to us might not be objectionable. The capacity of the coal
bunker thus provided will be about 180 tons and it will be pos-
sible to dump a trainload of coal into it in a short time so
that interruptions to the rock unlocading activities, if any,
would be slight. The coal from the bunker would be discharged
through two crushers to an inclined belt conveyor which would
carry 1t over to the bunker in the boiler house. This plan
seems to us to be simple,reliable, and not too expensive., If,
horever, there is grave objection to sacrificing a portion of
the rock bin capacity for the storage of coal, we have worked
out other alternatives utilizing the present storage facilities
which can be employed satisfactorily.

The electric switching station and transformer sub-
station has been placed on the easterly side of the Mineral
Range Railroad tracks in order to keep the number of circuits
crossing the tracks to a minimum. ‘the plans call for cutting
the Tamarack Reclamation and the Mutual Pumping Plant feeders,
making the portion between the new switching station and Iake
Linden power house serve as tie lines and the remainder as
feeders. A one-line diagram of the switching arrangements
is also attached hereto.

1his shows a single main 13.2 kv. bus and a transfer
bus with an oil circuit breaker between so that the feeder
breakers may be inspected and repaired without interrupting
gservice. We have considered that it is permissible to open
all other circuits at particular times without any difficulty
arising.

Yours very trpu

ng Engiiil;ii

Enclosures
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Je0e Nas. 5556

‘Stone’ & Webster | Enginue"riﬁg"" Corp.

Table 1

Febriary 26, 1930i:
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J.0. No, 5556 - o Table II

PRELIMINARY ESTIIAEE
FOR
FROPOSED BOILER FLANT, TURBINS Pgé!g AND SUBSTATIO!
TOR )
CALUMET & HECLA CONSOLIDATED COPFER CO.
Stone & Webster Engineering Corp. February 20, 1930.

This estimate covers the cost of a boiler house approx. 56* x’
104 containing three Class XXIII, 25 wide, Stirling boilers of 867 h.p.
each, designed for 450 1b, pressure. Equipment includes stokers, concrete
stack 10° x 175°, three 30,000 c.f.ms forced draft fans, three 45,000 c.f.m.
induced draft fans, 2 boiler feed pumps, three 5500 s.f. economizers and
a complete coal and ash handling system. - o o )
' " The turbine house will be 46* x 58° and will contain one 7,500 kw.
turbine-generator with air cooler and an 3,500 s.f., two pass condenser.

' The substation will include three 1,667 kva. transformers and

switching equipment for six 13.2 kv. circuits.

Boiler Turbine Sube
Flagt  _Flant, gtation  Iotal
Building $117,500 $34,000  $11,000 $162,500
Equipment Foundations 3,500 10,500 - 14,000
Boiler Plant 262,000 - - 262,000
Draft System 52,000 - - 52,000
Faod Water System 74,000 - - 74,000
Condenser System - 35,000 - 35,000
Piping and Covering 75,000 25,000 - 100,000
Coal and Ash Handling System 59,000 - - 59,000
Generators and Exciters - 217,000 - 217,000
Switching & Control Equipment 3,500 19,000 - 22,500
Connections, Supports, Etes 5,500 1,900 - 13,400
Electrical Equipment zﬂubitl.) - - 25,000 25,000
Switch Gear & Wiring (Subets.) - - 62,500 62,500
Auxiliary Equipment ‘ ‘ 10,000 20,000 - 30,000
Preliminary Operation p, 2,000 { 3,000 500 g.soo
Inspection and Ixpeditin R o memem st »000
Insurance ¢ Chitoss 37 I 4o W 11,000
Temporary Construction 20,000

Depreciation on Construction

Equipment ‘.1___%-9.0.‘2
170,400

Engineering Cost 65,000

Services of Constructing Zngineers 112,510
Office at Works 16,000

198,510
Contingencies : 123,099

TOTAL ' $1,500,000
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PLATE IT
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PLATE IV
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PLATEY
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— - | " ipril 1, 1920

Ms-ooa ' REVISED
Pox 3 PRELIMINARY HSPIMATH O CONS7TRUCPION COSE
Folder 5ib S THAM POWKR PLANT - AHMERK MILY

(52 1e72)

Estimated goat of Materlalas, Contraots and Direct Labor on-

Boller Plant ~ § 628,900
Tarbine Plant ‘ -7 367,400
Subsatation ‘ 61,000 $1,087,300

Eatinate of . undietriduted expenss for
Inspaction and expediting matorials § 5,000

Insuranae 11,000
Temporary Conatruotion B 20,000
bomutatlon of gonstruotion
equipment 8,000
0ffioce at works 16,000
Englneering and drafting 65,000 128,000

Katimated charge for services of

construsétion engineer 109,700 109,700
024N | $1,292,000
Allowance for cont ingoncles 108,000

Eatimate of Qrand Total Cos$ $1,400,000
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Boller Plant

Fire room labor $ 10,700

- Proportion of Chief Engr, 1,300

Mainténance- 62,000 tons g 22.6¢
Supplloq
Fuel- 62,000 tons ¢ 4.366

Steam produced- 1,092,000 M $
Cost of ategm por M # produced

Distribution
Steam and New Power Plant 645,000 X #
Steam and Ahmeek Mill for
Stamping, pumping & eleatrig gen.,
447,000 ¥ #

April 1, 1930

$ 12,000

14,000
4,000

271,000
$301,000

27.64

$178,000

123,000
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April 1, 1930.

Turbine Plsnt

Steam snd Turbine 645,000 M #/year @ 27.6¢ $178,000
Operating labor ' 10,000
Maintenance ‘ 1,500
Supplles 500
Potal co8t Operation and liaintenance : $190,000

Energy by 7500 Kw. condensing turbine- 56,000,000 Kw-H

Gost of energy by 7500 Ew. turbine per Kw-H 3.4 mills
Energy by 750 Kw. back pressure turbine- 8,000,000 Kw-H
Maintenance and supplles - 750 Kw. turbine $ 1,000
Cost of enafgy by 750 EKw. turbine pér Kw-R 0.2 mille
Total new qo8t : » $191,000

Total new energy - 61,000,000 Kw-H

Average new maintenance cost per Kw-H 3.13 mllle
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April 1, 1920.

SUMMARY

Present cost ateam production Ahmeek Mill $200,000

Eatimated new coat steam and Ahmeek Mill 123,000
Saving in costs of steam and Ahmeek Mill $ 77.000
Energy generated L.L.P.P. at present 112,000,000 Kw-H
Energy to be generated at ahmeek Mill 61,000,000 v
Energy remaining generation L.L.P.P, 51,000,000 »
Coet of predugtion L.L.P.P. at present $600,000

" " " " future 370,000

Saving at Lake Linden account load transfer 230,000

Recapltulation: Saving steam & ihmeek Ni1l § 77,000
Saving in expense at Lake

Linden 230,000
Gross saving $307,000
Coat of generation new

energy Ahmeek Mill 191,000

Het Annual Saving

$ 116,000
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April 1, 1930.

Summdrz of Operating Costs & Approximate Savings

Coat of steam production Ahmeek M1ll 1929 $200,000
Cost of energy productiom Lake Linden 1929 600,000
Total for 1929 / $800,000

Cost of ateam and Ahmeek M1ll 1931 estimate §$123,000
Coat of energy productiom Lake Lindenm 1931 " 370,000

" " " b Ahmeek Mill 1931 v 191,000
Estimated total for 1931 $684,000
Estimated net saving $116,000

These figures are based upon the assumption that energy
generated by new Ahmeek Mill power equipment 18 removed from
Lake Linden power plant and that there 1is no inorease in net
output te load.
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July 26, 1930
NO. 56849

Stone & Jebster Engineering Corp.
49 Federal &%,
Boston, Xass,

Atten: MNr. B. La(rosse,
Asstt, inginsering Manager
Dear Hir:

We are in receipt of your letter of July 19th with accom-

panying prints of your drawing VC-3367, outlining the 2300 vold
switohboard,

when writing our letter of July 2nd, it was our intention
that you should design, purchase, and erect the completes new
2300 volt switchboard, making all connections to generators,
exciters, transformers, eteo,, dbut ending your work at the outs
going side of the feeder oil switches, we to connact the exist-
ing feeders to the oil switches, and 3Lunant1u the old board,

You are gorrect in assuming our letter of July 2nd ie suf-
ficient authority for you to proceed with this work, Ve also
gg;c tgnt it will inorease the smount of your estimate by aeboutd

,000,

We have cheoked over your letter and drawing, and suggest
the following:~

1. Proposed arrangement of 2300 volt switohboard:
Panel 1 - 5,000 Kva, new treansformer bank,

" 2 » 530 Kw. existing exoiter for 1,000 HF moter,

" 3 « 1,000 HP exiating motor,

. 4 « 2,500 Kva, existing generator g6,

. 8 - 1,563 Kva. new generator 7.

" 8 -~ 5 Kw. new exciter for genexators,

. 7 « 25 Kw, oxiating sxciter fox generators.

" 8 - 500 Kw. new transformer No. 1, for auxe
iliaries, ,

" 9 « 500 Kw, naw transformer No. S, for auxe
ilisries. .

. 10 « 100 amp. new lighting fecder,

L] 11 - 10@ | " " ]

wle

280




July 26, 1¢30

3tone & Webster Engineering Corp., ' page 2,

Panel 13 - ? amp. feeder panel for 3 - 2BO HP
synghronous motors. ee rating of motors
under item No. 14 on page 3,
" 13 - For future synohronous motors, drilled
for future aswitches, instruments, ete.,
for same service as Panel #f12.

* 14 « Same as Panel #13.

" 15 - 200 amp, existing power feeder No, 1,
L 16 « " " " " " 3.
" 17 -« & . . " " » 3.
. 18 -« » " " L] " » 4.
Ld 19 « L] " 3 » " | 5'
" 20 « * L] " L - ] 4.
* A e » = new . A A

Note that we have inoreased capudity of Panel #13
(your #18), and have added Panels 11, 13, 14, e are returne
ing drawing VC-3367, revised acgordingly. '

3. e note you will provide 1«1/3% ebony asbestos panels.
All our switchbourds are of blaok marine finished slate, a)-
though we have no objections to the furnishing of the ebony
asbestos if you feel this is equal or a better material to use.

3. This arrangement will be satisfactory.

4., The instruments on the motor driven exciter prne) will
not be available because this panel and exociter will be used for
the excitation of the 1000 HP circulating pump motor, and lo-

cated in close proximity to motor,

3. The present synchroscope is mounted on = swing bracket
and will be avaijable for the new bhoard.

6. The present board had six power feader panels and three
single phase lighting panels. We have taken one single phase
lighting panel and equipped it with a new oircuis breaker to be
used temporarily for starting the first 350 HP synchronous motor,
g; 111;. however, require seven 200 ampere fesder panels §#18 tao

nel.

oa-
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July 26, 1930

Stone & Webster Engineering Corp. page 3.

T. Note the connection that you have made for starting
and operating the 1000 HP motor, Ve have an autc transformer
vhich wae will use for starting this 1000 HPF moter independent
of the 2B00 Kw, turbine as it is now installed, This starter
will be looated near the pump and panel #3 for this 1000 HP
motor is to be connected directly to the buss. Ve have alse
shown this change on drawing V0-3367.

8, 7"att meter arrangsments on these pansla ut‘ satine
faotory. - -

9. wWatt meter arrangements with a ratchet device for the
85,000 Kva, bank of transformers are satisfactory.

10. The mounting of the rheostats below the floor for the
operation of the 2500 Kva, and the 1563 Kva, transformers is
satisfactory, and according to our previcus suggestion. The
rheostat for the 1000 ¥ motor will be mounted independens of
th:‘nlv switohboard, in a location in olose prnxigtty o the
motor,

11, The 280 ii’ synohronous motors are ntartcd airoetlx
agross the line, bus are provided with automantic starting,
We will provide for tha excitation for these machines, and
exoiter will be located somewhere in the Eill, The spartihg:n
of these motors will have nothing to do with the ntw‘liitdh~
board, Your switchboard equipment is satisfactory. :

13. Regarding the panels for the 250 P synchronous motor.
Kindly refar to the panel srrangemont, ag given in Litem No,. X,
The oapacity of the switohes on these panels has besn left blank,
bus the falloviuu ie the rating of the motorsi«

P.7. , 80%
X.P. rating 250
R.P. M, 300
Starting torque 200%
Pull-in 1204
Pull-out " 300%
RreL, 1/3 87.9
3/4 90.8
4/4 91.6

LN
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July 26, 1930

Stone & Webster Engineering Corp. , - page 4,

K.V.A. inrush - 67184 ‘
Kw. excitation 6.0 Xw. at 128 volis,
Hotor running- )

250 HP torque 284 K.V.A. input.
X.V.A., left for ,

aorrection - A%8 K. V.A.

As stated before, there will be two of theae motors connected
to each panel, one motor will be installed at the Present time,
¥e have re-located these panels to avoid the necessity of ocdrry-
ing the heavy buss the full length of the hoard,

13, Note that you say there is plenty of room for the ine
stallation of this board,

14, 0.XK.

18. Agree with you in eliminating the oil eirouit breaker
slot, bus you to provide drawings showing size and location of
all floor openings, ac we cun place tubes through the floor for
the ocutgoing power cables, and circuit breaker operuting rods,

16. We feel that the slot in the rear should he lers intact,
This can always be olosed up after the installation haw been
made if we feel that same will give a more finished appesarance,

17. Hote that you will provide conduit lay-out for the 2300

volt switchboard.

18, we feel that an additional 3 phasa lighting panel, dew
signated in item o, 1 as Panel 711, should be provided, This
panel to take oare of lighting in ug1l, outside buildings, strees
iighte, ete., thus providing protection from outside interference
with the general lighting of the new turbine, boiler house and
pump house, and t¢ avoid the Poasibility of a complete lighting
shut$ down through short cirouits and the inability of the primary

fusing to relieve the trouble before the operation of the ol
gircuit breaker,

-“.
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July 26, 1930

Stone & Webater Enginesring Corp, page %,

19, 7The seven power conduits that now extend between the
pump house and boller house, will be connected to the new board
and the extensions of same 0 their new location wili be nade
inside of the 0ld boiler houme. This work to be done by C.& H.

20. This arrangement is aati-raato:y.

21, Your loastion for the 2300/460 volt traneformers is
satisfactory. 1f possible, transformers should extend not more
than 13'«6" south of south face of pilasters on south wall of
pump house, 2300 Volt aables can probably run underneath 2000
Kw, turbine floor and near its sast edge.

Yours very truly,

Presidens
HEW/AP

Ene, ‘
CQ to HN, ¥NB, ALR ‘ i
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STONE &§ WEBSTER ENG]NEERING CORPORATION

ENGINEERING: - 49 FEDERAL STREET, BOSTON
JeONOS 5649 . August 5’ 1930'

Mr. James MacNaughton,
President, Calumet & Hecla Consolidated Copper Co.,
Calumet, Michigan,

Dear Sirs

OPERATION OF 13,800 VOLT SYSTEM
- POWER PLANT .- AHMEKEK MILL

In accordance with your request to Mr. Joseph Pope on
June 4, 1930, and in connection with our design for the new power
plant at Ahmeek Mill, we have investigated the possibility of
operating the generators at Lake Linden in parallel with each other,
and with the new Ahmeek generator.

The lcad of the 13,800 volt system at the present time,
falls into two classes, a mine load and a mill load. The mine load
amounts to about 7,000 kw. and is supplied over two feeders on
wood poles, aggregating about thirty miles of line traversing the
higher part of the peninsula. The mill load amounts to about
10,000 kwe and is supplied over five feeders on wood poles
aggregating about six miles of line traversing the lake shore. An
accidental interruption to service on any of the feeders is highly
undesirable., It is particularly undesirable on the mill feeders
as ag unexpected shut-down of a mill entails considerable work in
clearing the process machinery of accumulated material before the
mill can be started againe.

The mine feeders, on account of their great length and
higher location are subject to somewhat greater hazard than the
mill feeders. In a number of cases, due to improper relay action,
disturbances on the mine feeders have found their way through to
the generators, shutting down the generators and mill feeders as
well, For these reasons, it has appeared desirable, under existing
conditions, to safeguard the mill feeders by connecting them to a
separate bus and separate generators. Undoubtedly this method of
operation has, in some cases, avoided mill shut-downs that might
have occurred as the result of trouble on the mine feeders, if the
whole system had been operating in parallel.

The 13,800 volt double bus at Lake Linden station, which
was built in 1905, for a capacity of 10,000 kva., has been extended,
but only slightly modified, with the addltion of synchronous

4»‘* ’

/
g/ / s /,,/,, ey,
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J.MacNe 2e August 5, 1930.

capacity, the total now aggregating about 30,000 kva.: The bus
is not considered mechanically strong enough to withstand safely
short circuits of the magnitude that might be obtained if all
the present capacity were operated in parallele This is a second
justification for separating the system, under existing conditionss

From the standpoint of station economy it is probably
desirable to operate all generators in parallel so that the
generating capacity in operation can be made to approximate
closely the load at all times and this will become more important
after the new generator is added at the Ahmeek Mill., From the
standpoint of continuity of service, parallel operation should not
present any serious difficulty if suitable relays are used and, in
case of a fault in a generator circult, parallel operation would be
a digstinct advantage.

We, therefore, recommend that improvements be made in the
arresters, relays and buses and all generators be operated in
prarallel, The recommended improvements will now be discussed in
detaile

ARRESTERS

The arresters at Lake Linden are of the indoor oxide
fllm station type manufactured by the General Electric Company, one
being connected to each feeder., They are located inside the
building on the mezzanine floor and the connections are reasonably
short and direct. We do not recommend any material changes. We
suggest, however, that the gap settings be carefully checked and

that the ground connections be measured and improved, if necessary,
to give the lowest practicable resistance to ground.

Some decrease in lightning disturbances at the station
and of insulator flashovers out on the lines can probably be
obtained by installing line type arresters at intervals along the
lines, Station records indicate that although the majority of the
lightning disturbances have been experienced on the two mine feeders,
yet in one case, a lightning disturbance of considerable importance
occurred on two of the mill feeders. e believe it would be
desirable to install a few arresters on the mill feeders as well as
on the mine feeders. 1In all cases they should be placed at locations
most exposed to lightning. Both the General Electric Company and
the Westinghouse Electric & Mfg. Company are now manufacturing
improved types of line arresters which are comparatively inexpensive
and of small size, yet have characteristics at least as good as those
previously available. About thirty sets of arresters would be
required., The cost of the arresters and other material would amount
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J.MacHe 3e August 5, 1930,

to about $3,000.00. We have not estimated the total cost of the
installation, as we assume you will wish to attend to the
purchase and installation with your own organizatione.

RELAYS

The relays on the generators and feeders at Lake Linden
are of the overload plunger bellows type made by the General
Electric Company. We understand that they are set to operate at
about three to four seconds on the feeders and six to eight seconds
on the generators, with the intention that in case of a feeder fault,
the feeder breaker will trip instead of the generator breakerse.
Station records indicate, however, that in many cases, a feeder fault
has opened one or more of the generator breakers, thus interrupting
service on other feeders. This is probably due to the inherent
limitations of the bellows type relays, particularly after long service.
WJe bellieve that carefully selected induction type overcurrent relays
will give the desired protection on the radial feeders. We suggest,
therefore, that either Westinghouse type "CO", or General Xlectric
type "IA-201" relays be installed on the radial feeders in place of
the present bellows relays. They should be set to operate as quickly
as 1s consistent with the speed of operation of the relays and
breakers out on the feeders. It would be desirable to have them
capable of clearing the usual faults within one and one-half seconds
or less. We understand you are now proceeding with the installation
of relays of this type.

The two tie lines to the Ahmeek Power Plant should be
provided with three overcurrent relays for each line and three
gselective differential current relays for the two lines, the same
as we are planning for the Ahmeek end of these tie lines. Three new
current transformers will probably be required for each line. The
relays will disconnect the faulty line in case a fault should occur
on one line, and will leave the other line with overcurrent
protection. Xither Westinghouse type "CO" overcurrent and type
WCD® current differential relays or General Electric type "IA-201"
overcurrent and type "PD3® current differential relays would be
satisfactory. The relays must be interlocked with auxiliary switches
on the 0il circuit breakers, so that when one line is disconnected,
the other will have inverse overload protection. The cost of the
material only, for these relays would amount to about $1,250400.

The generators and their transformers should be protected
against internal faults, but in such a manner that they can not
trip on external faults. As the neutrals of the generators are not
brought out, the usual differential protection can not be applied,
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JeMacNe. 4, August 5, 1930,

but we believe a sufficiently satisfactory protection can be
obtained, without altering the machines, by the use of
Westinghouse type "CR" directional power relays, in place of
the present overcurrent bellows relays. They would be connected
to new current transformers to be located in the leads between
the transformer banks and the buses, and tc the existing
potential transformers. A generator field breaker would be re-
quired, for each machine, to open the field on the cccurrence
of a fault in the generator or transformer bank. An auxiliary
relay would be necessary to trip the two main breakers and the
field breaker simultaneously. The cost of the relays, ourrent
transformers, field breaker, wire and conduit, exclusive of
installation costs, would amount to about $2,600.00 for the

three generatarse '

The 13,800 volt buses will have no relay protection
with the proposed scheme of relaying, whioch eliminates the
overcurrent relays on the generators. Differential protection
is occasionally applied to station buses, but, as a rule, all
bus protection is omitted as bus faults are of very rare
cccurrence. As these buses are well enclosed and station records
indicate they have been free from faults, we believe bus
protection will not be requiredes

BUSES

Each of the two 13,800 volt buses consists of two bars
of 3 in. by 1/4 in. copper per phase tapered to one bar at the
ends. The bars are supported on small corrugated porcelain
insulatérs of a now obsoclete design, spaced at a maximum of
8 ft. 10 in. centers. The bus structure is of masonry construction
with precast concrete horizontal slabs and red briok vertical wallsg
the insulators being carried on the horizontal slabs. The two '
buses are backed up against a central rartition wall and the leads,
conslsting of varnished cambric insulated cable, are carried aut and
upward in front of each bus,

With the present type of bus supports and the long spans
between supports, we believe the mechanical stresses that might
result from a severe short circuit on a feeder, in case all the
present generators were operating in Parallel, would about equal
the mechanical strength of the bus, leaving no margin of safety,
and, therefore, the system should not be operated in parallel at
the present time. After the new generators are installed at
Ahmeek Mill, the stresses would Probably about equal the strength
of the bus if the system were operated in two separate groups, but
would greatly exceed it if all generators were operated in parallel,
We believe it is necessary, therefore, that the bus be strengthened
before the new generators are installed at Ahmeek Mill, regardless
of whether the asystem will be operated in parallel or sepgrated,
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J.acN. 50 August 5, 19300

Inspection of the bus structure indicates that additional
holes can be cut in the outer brick walls and new insulators can be
added at the ocenters of the longer spans so as to limit all spans
to not over 4 ft. 5 in. In addition to this, the present obsolete
insulators can be replaced by insulators of uniform design with
the new ones, and of greater strength than the present ones, so
that the entire bus struoture will then have a mechanical
strength sufficient for safely operating the entire gsystem in
parallel, after the new generators are installed at Ahmeek Mill.

We understand you wished us to estimate the cost of
this item of work on the assumption it would be done by our own
organization. We estimate the total cost, including the new
materials and also the installation costs based on overtime work
at times when a bus can be shut down, will amount to $12,000,00.

) We shall be pleased to have you advise us in case you
wish us to take any further action regarding any of these
recommended improvements.

Yours very truly,

/

H. Be. WOOd,
Chief Electrical Engineer.
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COPY VERN E. ALDEN COMPANY

ENGINEERS
33 NORTH LA SALLE STREET

CHICAGO 2

J.0. W2 Hovember 15, 1954

Mr, P, H. Ostisenidar
Project Ingineer
Calumet Division
Calumet & Hecla, Ins.
Calumet, Michigan

Report on Lightning Protection
For the Ileetrical Transmission System of
Calumet & Hecla; Ine.

Dear Mr. Ostlender:

following  inguiry letter to us dated April 6, 1953,
Purchase Order No. LI418 was Lssued to cover the subjaet resort.

We are sending you herewlith five coples of this report.
The eompletion of this ro?er‘& was delayed until the Csceolas Une .
:s:ormg Project wags fairly well complete as was suggested in your
Latter. :

4 minute survey of your lines and substations was made
and this report embodies cur findings and our recomendstions
for certain improvements.

We will be pleased to roview this report with you after
you have had an opportunity te study 1%.

Yours very truly,

P. Ds Troxel
tnel Project mzineer
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J.0. 342 November 12, 1954

REPORT ON LIGHTNING PROTECTION
FOR THE ELECTRICAL TRANSMISSION SYSTEM OF
CALUMET & HECLA, INC.

1. During past years there have been a considerable number of out-

%3 ages of the électrical transmission system which were traceable
to lightning disturbances. This study was made in accordance
with the instructions in your purchase order No. 14418 and was
made in an effort to find the points in your electrical trans-
mission system which are susceptible to lightning troubles and
£ , to determine what could be done, at not too great a cost, to
correct these conditions, and thus provide more reliable ser-

vice from the electrical transmission system.

2. In an electrical transmission system such as exists here, the

S

e
Yok el
5

principal forms of lightning protection which might be consid-

ered are:

A. The use of modern lightning arresters correctly ap-

plied.

B. The use of overhead ground wires and lightning rods

sou i properly installed.

C. The maintaining of low resistance ground connections
for the arresters, the overhead ground wires and the

lightning rods.

3. We have looked at each of your substations individually and

find that in general there are many old lightning arresters
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now in service on your system. Many of these arresters are
undoubtedly useless as lightning arresters and, perhaps, even
worse than no lightning arrester at all., In general this re-
port recommends the replacement of all these old arresters
with new modern arresters., The new arresters should be as

follows:

15 kv station type grounded neutral service
Westinghouse Type "SV" outdoor Style No,
1533116 or equal.

2300 V Line type ungrounded neutral service
Westinghouse Type "LV' Style No. 1535071

or equal.

At certain points on your system some of the old arresters
have already been replaced and these, of course, do not have
to be replaced again. This report discusses in detail the
conditions which exist at each substation on your system.

At a few points where overhead lightning rods or ground wires
are not now installed, it is suggested that they be added.

In general in protecting equipment from lightning disturbances,
it is well to place the lightning arrester as close to the
equipment being protected as is possible, On your system, for
the most part, the major equipment which is being protected

is transformers and for that reason the arresters in each

case should be placed as close to the transformers as is

possible.
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This report is a part of the general effort to raise the level
of the reliability of your entire electrical system and other
items, germane to this program, have been carried out in the
past year or so., These items included the reconditioning of
the 13.2 kv breakers and relays in the Lake Linden power house,
revision of relay settings, automatic transfer of auxiliary |
supply, replacing poles on lines, etc. This work has pro-
gressed along with the work on the Osceola project. In our
report to you dated February 8, 1949 we made an engineering
study of each of your substations. This report covered prin-
cipally the possible short circuit conditions on your system
at the various points and the interrupting abilities of the
breakers at the various points. In this report we made a
series of recommendations. While reviewing your system in con-
nection with this lightning study, we checked to see if the
recommendations contained in the report dated February 8, 1949
had been carried out. In many cases these recommendations had
not been carried out. In the earlier report certain hazards
were pointed out and recommendations made to remove these
hazards. As long as these conditions exist, they are a hazard
to the reliable operation of this system just as are the
hazards from lightning disturbances. We suggest that the re-
port dated February 8, 1949 be reviewed and the things recom-
mended therein, which have not been done, be carried out as

soon as possible,
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Any overhead 2300 volt or lower voltage lines which are ex-
posed to lightning surges should be equipped with modern light-
ning arresters at both ends of each line. All electrical
equipment and lighting circuits should be solidly and perma-

nently connected to ground.

Below are listed in detail our recommendations in regard to
each of the substations. You will note that in certain cases
we are referring to substations which no longer carry much
load. However, as long as these substations are connected to
your system they constitute just as much a hazard to the re-
liable operation of your system as if they were carrying a
heavier load. In cases where certain substations are no
longer carrying any load, we would suggest that that substa-
tion and as much of the line as possible, that originally sup-

plied such a substation, be disconnected from your system,

A. Quincy Substation - This substation is relatively new,

The equipment for the most part is relatively modern.
Modern G.E. type lightning arresters are installed.
The substation is located in a low spot which should
be relatively free from lightning occurrence. There
is no record of a lightning stroke at this location.
The ground resistance is quite low. Therefore, we
would suggest no changes insofar as the lightning
protection for this particular yard is concerned even

though there are no ground wires above the substation
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proper. In our report dated February 1, 1949, we
stated that the breaker which is installed on the

high tension side of this transformer had an inter-
rupting capacity of 50,000 kva and that the short
circuit current that might flow in case of a short

at the terminals of the transformer, would be about
91,000 kva. We suggested that this breaker be removed
from service since it constitutes a serious hazard to
the reliable operation of the system and is a source
of fire hazard as well. This breaker has not been re-
moved and we again recommend that it be removed just
as soon as practical. When the breaker is removed,

it will be necessary to change the settings of the
relays for the Quincy Line at the Ahmeek Power House
since the clearing of a fault will depend upon the

operation of these relays.,

Tamarack Reclamation Substation - In this substation

there are two banks of transformers. These transfor-
mers are each 1,000 kva in capacity, arranged in two
banks of three each, one stepping down to 44O volt
and the other to 2300 volt. All of this equipment is
located indoors., Both transformer banks are supplied
by one feeder from the Ahmeek Power Station. There
are located here, three old style G.E.Co.'s oxide
film type of lightning arresters., These arresters

are quite old and are obsolete. Most arresters of
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this type have been removed from power systems many
years ago since it was found that the discs in the
arresters deteriorated after a period of time and
that it was impossible to determine their condition
in any satisfactory manner. Furthermore, the porous
block type of arrester has been developed since and
it is a much better arrester in every respect., We
would recommend that these arresters be removed and
be replaced with modern arresters. In our report
dated February 1, 1949 we stated that the three oil
circuit breakers located in the circuit on the high
tension side of these transformers each had an inter-
rupting rating of 25,000 kva and that the possible
short circuit current that might flow with a short
circuit at the high tension terminals of these trans-
formers could be about 136,000 kva. We, therefore,
recommended that these breakers be all removed from
service just as soon as possible. This has not been
done. We recommend again that these breakers be re-
moved just as soon as practical as they constitute

a serious fire and system reliability hazard. Fur-
thermore this substation is located in a room which
has a door which leads to the Reclamation Plant.

If the o0il in these transformers or the breakers
should get out of the tanks and catch fire; as it

does when there is a fault in the equipment, this
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flaming oil could flow out through this door onto a
wooden platform, down a wooden stairs, thereby start-
ing what could be a serious and costly fire. We would
recommend that a curb be placed immediately at this
door entrance so that this flaming oil could not flow
out onto the wooden platform and stairs. Furthermore
certain of this equipment is located on an elevated
platform which has a stairway at one end. If a fault
occurs when a man was at the opposite end of this plat-
form he would be trapped. We would suggest that at
least an escape ladder of some sort be provided at the

opposite end of this elevated platform,

No. 2 Regrinding Plant Substation - This substation

was originally supplied by two lines from the Lake
Linden power house bus. Two transformer banks were
installed, one 3750 kva in capacity and another 6000
kva. The load at this time, however, has been very
much reduced and at present only one line is connected
from Lake Linden to the substation. All of the trans-
former capacity is; however, yet in service. Appar-
ently there is a good chance that all of this equip-
ment will be taken out of service before long due to
the regrinding plant operation being discontinued,

If this is true, of course; it is not desirable to
spend any money here. However, if this equipment is

to continue to be energized, even though it is not
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carrying any load for any length of time, we would
suggest that the old lightning arresters on the one
line that is in service be replaced with modern type
of arresters, In our report dated February 1, 1949
we stated that the breakers which are in the high
tension side of the feeds to these two transformer
banks each had an interrupting rating of about

25,000 kva. The short circuit current that might
flow is something in the order of 232,000 kva. We,
therefore, recommended that these breakers be removed
from service immediately., This has not been done.

If this equipment is to remain energized we would
recommend again that these breakers be removed just
as soon as possible. All of this equipment is quite
cld and it is a source of hazard to the whole system.
The equipment, however, is located in a separate
building and if it caught on fire it probably would
not do much damage to other buildings. When the high
tension breakers are removed, the relay settings at

the Lake Linden bus should be changed.

The Smelter Substation - The smelter substation has

three 1000 kva single phase transformers. These
transformers were formerly fed through breakers on
the high tension sides from a line from the Lake

Linden Power House. These breakers have been removed
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in accordance with the recommendations 0f oﬁr rep0ft
dated February 1, 1949. The incoming line ta this
substation is provided with old G.E,. llghtning aru7”

resters which should be replaced with thetnew~modern”

type. The ground resistance at this statio,

and with the new lightning arresters, a;min
of lightning disturbance would be anticigg
however, would recommend that lightningﬂf§
above the switchyard structure in the USu
that has been done on many of the subStéfi

C&H system.

Coal Dock Substation - The coal dock subst:

an outdoor substation. The transformer
had an oil circuit breaker on the high te
but this breaker has been removed in aéc
the recommendation of our report of FeBru
The incoming line is provided with oldisty
house lightning arresters and these shqﬁl
placed with new style arresters. We7w§UI
gest that lightning rods be added abové
yard. This substation is fed from the $
and line that feeds the smelter. The ?é
for this breaker in the Lake Linden Powe
saﬁisfactory as indicated on the laSt r

list which we gave Calumet & Hecla.
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Ahmeek Power Plant - All the lines going out of the

Ahmeek Power Plant are equipped with modern lightning
arresters, These arresters are mounted on a modern
steel pull-off structure. The pull-off structure does
not have lightning rod protection above it but it is
set adjacent to the rather tall power house smokestack
which is equipped with lightning rods and this affords
good protection from direct lightning strokes. We
would, therefore, suggest no changes at this point.
The ground resistance at this point is very low which
also will lead to good operation from these lightning

arresters.

Lake Linden Power Plant = All of the lines going out

from the Lake Linden Power Plant are equipped with
modern_arresters. These have been replaced in recent
years. The switching equipment in the Lake Linden
Power Plant is all relatively modern and has recently
been reconditioned and tested. The relays have been
carefully cleaned and adjusted. The relay settings
have been checked in ac¢cordance with the system as

it is at present. Therefore, no further work would
need to be done at the Lake Linden Power Plant and

a minimum of trouble should be expected from lightning

at this point.
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All of the transmission lines at Substation '"B", both

the 60 cycle and the 25 cycle, have been provided with
modern lightning arresters. Ground resistance at

this point is low. Overhead lightning rods have been

provided, Therefore it would appear that no work need
to be done at this point in order to have a good level

of lightning protection.

Lines to Osceola No, 13 and No. 6 Shafts and to

Tamarack No. 5 = These lines and the associated sub-

stations have recently been built and they are

equipped with modern lightning arresters and other
lightning protection features. All of this should
give good lightning protection for these lines and

the substations,

Calumet Waterworks Substation -~ All of the lightning

arresters at Calumet Waterworks are old arresters.
These should be removed and replaced by modern ar-
resters. There are two sets, one for each of the two
transformer banks. Lightning rods should be added
over the switchyard. The ground resistance at this
point is rather low and with the addition of the two
items mentioned above a good level of protection
would be assured. The arresters on both ends of the
2300 V line to the Tamarack Water Works should also

be replaced.
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K. Centennial Substation and Adjacent Lines - The area

around the Centennial Substation has the record of
having more lightning difficulties than any other
spot on the C&H system., This is probably due to ex~
ceedingly high ground resistance and to, perhaps, a
rather exposed natural position. We would recommend
that the two old lightning arresters on the line to
the transformer bank be removed and that the one
modern arrester be retained. We would suggest the
addition of a modern arrester at the point where this

connection to the transformer bank cuts into the

‘main line. We would suggest that another arrester be
placed about one thousand feet away on the line to
Substation "B"™ and that another be placed about one
thousand foot distance in the opposite direction from
this tap point. Anything that can be done to lower
the ground resistance of all of these arresters should
be done. Modern lightning arresters should be pro-
vided on the 2300 V. distribution system. With the
~addition of these arresters and a low ground resist-
ance we would think that the protection afforded was

about as good as possible,

L. Alloway No. 3 Substation - There are modern arresters

: at this substation and we would suggest no change

here.
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Ahmeek No. 2 Substation - There are choke coils in

the connection to the transformer bank to Ahmeek
No. 2. These choke coils serve no useful purpose
and in fact are a hindrance insofar as lightning
protection is concerned. They should be removed.
The lightning arresters at this point are very

old and should be replaced with modern arresters,

Ahmeek No, 3 and No. 4 Substation = The lightning

arresters at this point on both the incoming lines
and outgoing lines are all very old and should be
replaced with modern arresters. All of these new

arresters should be located out of doors.

Seneca No. 2 Substation - The lightning arresters at

this point are very old and should be replaced with
modern lightning arresters. Lightning rods should

be placed above the substation.

Iroquois Substation - The lightning arresters at this

substation are very old and should be replaced with
modern arresters. Lightning rods should also be

placed over the substation.

Trap Rock Valley Line and Substation - This line and

substation have been built recently and are provided
with modern arresters, etc. and should be relatively

free from lightning troubles.,
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The estimated cost of carrying out the foregoing recom-

-mendations is as follows:

42 - 15 kv lightning arresters @ $200. ea.

installed =
installed =

substations

it, if you so desire,

e

$8,400.

12 - 2300 V. lightning arresters @ $10.ea.

120,

5 - Sets of lightning rods above

= 500,
Total = $9,020,

We feel that if the recommendations which are made in
‘this report are carried out that the reliability of your elec-
 trical transmission system, insofar as lightning disturbances
;are concerned, will be much improved. We will be happy to discuss

Lthis report with you, after you have had an opportunity to review

Signed: ;ﬁ;§%z§?§1221245hjﬁ43f4?7

F. D. Troxel
Senior Electrical Engineer
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INTRODUGCTION

This report will attempt to give answers to ssveral questions
that have been raised concerning the possibility of leaching
certain Ahmeek Mill Concentrates te produce 25, 000, 00¢ pounds
of copper per year in copper oxide, for production of copper
powder. In addition to this, about 3, 600,000 pounds of copper
oxide would have to be produced to supply the regular demand °
for industrial and agricultural oxide, this material te be pro-
duced from either primary or secondary copper sources.

This report will cover the capacities of present leaching and
distillation facilities; changes in leaching and distillation
equipment necessary to adapt this equipment to the leaching
of concentrates and distillation of the rich solutions produced;
material handling; changes in leaching techniques; leaching
solution control; types of concentrates that can be leached;
and the control of impurities in the oxide produced. A rough
estimate is alse given for capital expenditures necessary and
the cost of oxide production.

P P8
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CONCLUSIONS

Certain of the Ahmeek Mill Concentrates can be leached to produce copper
oxide. '"Rich'' and "Poor" can be leached with minor modifications to the
present 54 ft. diameter leaching tanks and piping, although smaller diameter
tanks would be more efficient. ''Heading'' caa be leached in special tanks
providing fasterx solution turnover. The Lake Linden Leaching Plaat has tank

capacity to leach three or more times the required amount of copper from
high grade concentrates. : '

With the present distillation facilities at Lake Linden, about 1, 300,000
pounds of copper as copper oxide caa be produced per month consistently,
The Tamarack Leaching Plant caa produce an average of about 750, 000
pounds of copper as oxide per month. '

To produce 2, 000, 000 pounds of copper per month for copper powder, and
300, 000 pounds per month of industrial and agricultural demand, it will be
necessary to do one of the following:

1. Operate both the Tamarack and the Lake Linden Leaching
Plants at near capaeity, or

2. Install two additional stills and accessory equipment at
Lake Linden. :

Plan 1 requires a capital expenditure of about $30, 000 at Tamarack, and
$25,000 at the Lake Lindex plant. Oxide produced at Tamarack would cost

from 4.0 to 4. 5¢ per pound of copper processed, and at Lake Linden the
cost per pound would be about 2. 75¢.

Plan 2 requires & capital expenditure in the order of $225,000, of which
$23,000 would be spent in the Leaching Plant, and $200, 000 in the Still House.
With this plan, the cost of producing a pound of copper, as oxide, would be
about 1¢. . '

The extent to which impurities in the concentrates, particularly arsenie

and silica, will contaminate the oxide, and the possibility of the arsenie di
being svolved oa reduction with hydrogen will have to be determined experi- ~ °*
mentally. These impurities can be precipitated from the leaching salutions

if it is necessary.

Plaw 2 = 22§ o6 o0
3

@/@é“_‘ | - 30 oo
o /9(/:0 o
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AHMEEK MILL CONCENTRATES

The grades of concentrates produced at the Ahmeek Mill are as follows:
Heading, Rich, Poor and Flotation.

Rich is & more or less ideal material for ammonia leaching, The assay of
this grade is about 90% copper, and the individual particles are not too large
to be dissolved in a reasonable leaching cycle, nor is much of the copper
likely to be entrapped in the gangue. The 10% of the gangue in the material
is not enough to stop permeation of the solutions through the material, and
slimes are not present in sufficient quaatity to create a problem, ‘

Poor, assaying about 70% copper, is more difficult to leach. The copper
particles are smaller, but the increased amount of gangue and the finer
texture of the gangue inhibits the solution percolation te some extent, and
creates a greater problem with slimes.

Heading, which is relatively pure copper, but large in size, can be leached
in a special tank, such as rectangular tank, with rapid circulation of solutions.
Leached in the conventional tanks this material would take from six to eight

months to dissolve. Wm&maﬂg probably he lsached. in

two weeks. " CasT.?
—————

Mill mass is not considered a good leaching material, It would take a period
of years to leach some of the larger pieces of mass, and then any copper
entrapped in the ore would not be recovered. ‘

Flotation concentrates can be leached if special equipment were used. Somes
thing on the order of an enclosed thickener, or counter-current decantation /
unit could be used to leach this material, so that rakes would coatinuously

turn over the material and expose the copper to the leaching solutions.
Percolation leaching would not work on this material because of the very {ine
nature of both the copper and the gangue. Before leaching this material, it
would be necessary to determine whether the flotation reagents and oils would
contaminate the leaching solutions and show up in the copper oxide as earban
and sulfur compounds.

It is safe to assume that Rich, Poor, and Heading can be leached with no ‘
particularly difficult troubles developing. Aa experimental lot of mixed Rich |
and Poor is now being leached at the Lake Linden Leaching Plant and is
progressing satisfactorily. This test is being made in a 15 ft. diameter tank
with reverse flow of solutions. >

.3-
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LEACHING OF CONCENTRATES

The large, 54 ft. diameter leaching tanks at Lake Linden and Tamarack are
not ideally suited to the leaching of mill concentrates. Small diameter tanks,
about 16 ft., would be much better because less trouble would be experienced
with the solutions working through the area of least resistance in the charged
tank, or 'channeling". By reversing the flow of solutions on the large tanks
and installing porous filter bottoms, no great trouble with leaching concen-
trates should be experienced. It may be necessary to drain a tank once or
twice during the leaching cycle and turn over the material with a clam to

counteract the sffect of channeling. This cam be done by one mana in an hour
or so.

Reversing the flow of solutions in the tanks will eliminate the problem of

slimes plugging up the filter bottom and cutting off the flow of solutions. Any

slimes in the effluent solutions can be removed by filtering, if these solutions

are sent to distillation, or by settling if they go to the leach storage tanks.

Slime settling in the storage tanks could be removed by flushing the tanks

p.riodicauy. o}
Wt

Four of tho large luching tanks will be needed to leach 2,000,000 pounds 2 Y4 "j’ |

of copper per month, About 1,000,000 pounds of copper would be charged v Jf g

in each tank, and the leaching cycle should take from six to eight weeks. 7;,,‘*' '

It will be simple to produce a consistently high cuprous oxide by leaching e '(

concentrates, that is a cuprous oxide content in the order of 70-75%. If a

higher cuprous oxide content is desired, a small tank charged with copper

shot or other pure copper material could be placed in the rich line between

the stills and the preheaters in the Still House. This should boost the

cuprous content of the oxide to about 90%, and would cut to less thas hﬂf X

the theoratical amount of hydrogen necessary for reduction of the oxide to

copper powder.

Careful control of the leaching solutions will be necessary if high grade
conceatrates are to be leached, since supersaturation of the solutions results
in the precipitation of basic cuprous carbonate in the tanks with resulting
high copper lossas. Controlling the solutions is not difficult and the pos-
sibility of supersaturation of solutions occurring should cause ne great
concern if the concentrations of copper, ammonia, and carbon dioxide in

the leach storage are kept in proper balance.

All equipment in the leaching plant is adequate for leaching the required
tonnage of concentrates, the only expenditures necessary will be for tank ooy

bottoms and repiping. A pressure filter for rich solutions must be obtained. -~
This could be located either at the Leaching Plant or Still House.

-4-
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If maximum production of cuprous oxide is to be maintained with the present
facilities, it will not be possible to operate two leaching circuits at Lake
Linden, If different grades of oxide are to be produced at Lake Linden, it
will involve a considerable expansion of still house facilities. This will be
taken up in more detail later in this report.

IMPURITIES IN COPPER OXIDE PRODUCED FROM PRIMARY

Analysis of solutions obtained from leaching Ahmeek Mill concentrates
indicate that arsenic in the mineral is being dissolved by the ammoniacal
solutions, presumably forming ammonium arsenate or ammoniurn arsenite
depending on the valence of the arsenic in the ore.

The ammonium arsenates would normally break down to form the respective
arsenic oxides at distillation temperatures, but other reactions can take
place. If chlorides are present in the solutions being distilled, the cuprous
copper reduces the arsenates forming arsenious chloride which is quite
valatile. Arsenic has been detected in the distillate from the decomposition
of solutions containing arsenic, so this reaction may be taking place to some
extent. Since Torch Lake water is used for leaching, chlorides are present
in considerable quantity. If any amount of arsenic goes into the distillate,

it will be returned to the leaching plant and eventually build up quite high
in the solutions.

Since arsenic has a great affinity for sodium, and is readily dissolved by
alkaline sodium compounds, it is quite possible that the introduction of a
amall quantity of a sodium compound, preferably sodium carbonate, to the
still feed will result in the arsenic forming the sodium compound. Since

the sodium arsenstes or arsenites do not decompose at distillation temper-
atures, the arsenic would be eliminated in the still waste, Thare is also

the possibility of precipitating the arsenic from leaching solutions with small
amounts of magnesium compounds or other chemicals.

There is a strong possibility that if the oxide is reduced with hydrogen at
temperatures aver 1300°F., the arseniec compound will be sublimed, or that
it will be evolved as arsine. Arsine, if it is formed, decomposes freeing
metallic arsenic at elevated temperatures, which should sublime under the
right conditions.

It is likely that the silica content of the oxide made from concentrates will
be a little higher than in that made from secondary, because silica is very —
slightly soluble in the alkaline leach liquors.

There is a possibility that calcium and magnesium might be a little higher
in oxide made fromprimary because of the presence of the chlorides of these

-5«—
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two metals present in the ore. The Torch Lake water also contains a high
percentage of these compounds. The presence of carbon dioxide in the
leaching solutions precipitates both of these metallic ions as insaoluble
carbonates, and calcium and magnesium getting into the oxide is carried
in the solutions as fine suspensions, It is likely that filtering the solutions
to remove slimes will also effect the removal of most of these compounds,

The effect of the above impurities on the quality of oxide, and copper powder ’[

produced from it, can oanly be determined by distilling solutions made from ~ -
concentrates in a large scale test, and reducing the oxide obtained.

HANDLING OF CONCENTRATES

Up to 100,000 pounds of concentrates will have to be handled per day from
the Ahmeek Mill to the Lake Linden Leaching Plant, and into the tanks,
There are at least two ways of doing this, I no expenditure of money is te
be made, the concentrates would have to be loaded into gondola cars, or

into pans on gondola cars, at the mill, so that they could be transferred

into the leaching tanks either with a clam, or by picking up pans of concen-
trates with the crane and dumping into the leaching tanks, By either method,
this material could be put into the tanks in about four hours a day by the
regular scrap-handling crew. The mineral would then have to be leveled

off in the tanks, when a tank i{s completely charged.

The alternative would de to use the present mineral cars, and build a pit
under the leaching plant tracks from which an elevator would take the mineral
to a storage sile, from which it could be dumped inte pans for transporting

. to the leaching tanks, or & system of movable conveyors could be used for
this purpose. This method of handling the concentrates would involve &
considerable outlay of capital.

HANDLING OF LEACHING RESIDUES

The handling of the residues left from the concentrates after leaching will
present two problems: 1. Removal of soluble copper and ammonia, and

2. Removal of the residus from the tanks and recovery of the silver con-
tained therein. :

1. The test now being run on the leaching of Rich and Poor minerals will
provide information om how well ammonia and soluble copper cam be
removed from the residue by washing with ammonium carbonate ''distillate’
and water. It is assumed that sufficiently good washing can be attained, 1‘
since the volume of residue is small in comparison to the initial tank charge. “
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It will not be economical to steam the residue for ammonia recovery if it
can be reduced to below about ten pounds to the ton.

2. Because & considerable value of silver will remain in the residue, it is
assumed that some effort will be made to recover it if the cost is not too
great. This will rule out the use of conventional flushing methods for
eliminating the residue from the leaching tanks. If the silver particles are
not too fine, it may be possidble to install riffies in the tailings launder, oy

a settling area in which the silver can be trapped. I half of the silver could
be recavered by this method it will probably be worth doing, since flushing
would be by far the cheapest way of getting rid of the residue. The altarnate
method would be to clam and shovel the residue from the taaks, or te flush
them out into a settling tank or thickener, for dewatering, and then recover
the silver by flotation, cyanidation, or pyrometallurgical means, or selling
the residues as such, Tests will be made with the residue from the leaching
test now in progress to determine the nature of the silver particles, and to
determine the best way of handling the residue,

- DISTILLATION

While the Leaching Plant has capacity to leach considerably more copper
from concentrates than required for this program, the capacity of the
distillation facilities is definitely limited.

With the three distillation units now at Lake Linden, the maximum copper
that can be produced in & seven day week, with ideal conditions, is about
1,500,000 pounds. A comfortable average production is ia the order of
1,300,000 pounds per month, If a fourth still were installed at Lake
Linden, maximum production would approach 2, 000,000 pounds pexr month,
with & consistent average not much above 1, 600. 000 pounds per month.

The production figures shown above could only be met if only one grade of
oxide~-high cuprous--was produced. If high cupric oxide is to be made,
or agricultural grades of oxide, the production figures would be reduced
considerably. This would rule out use of two circuits at Lake Linden
unless additional distillation and drying facilities are installed,

The Tamarack plant has on occasion produced 1,000,000 pounds of copper

in oxide per month, however, an averags production of 750, 000 pounds
per month is all that can be produced consistently.

-7
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COPPER OXIDE DRYING, BAGGING, AND HANDLING

The drying equipment at Lake Linden will handle up to 50, 000 pounds of high
cuprous oxide per day. Other oxides, higher ia cupric oxide coatent, reduce
the capacity of the dryer because they contain more moisture, If production
in excess of 50,000 pounds of oxide per day is expected, new drying equip-
ment must be purchased. Drying 30,000 pounds of oxide per day will require
some departures from the normal way of operation, since heavy loads of
oxide, as encountered when boiling qut a still before shutting it down, would
overtax the drying equipment, Controlling the flow of oxide from the dewater~
ing cones to the filter should overcome this problem.

The drylng of chippings will have te be spread over a longer period of time,
50 a8 not to overload the drying equipment when it is carrying its regular
load, . It is possible that this operation can be mechanised to eliminate the
need for a man to shovel the chippings into the drying system,

The bagging equipment at Laks Linden is adequate te haadle 50, 000 pounds

of oxide per day, but bagging will have to be done oa two shifts, rather
than oa one shift.

It is assumed that the oxide will be dried and bagged before reduction to
copper powder. If wet oxide is to be reduced directly to powder, it will be
necessary to do this with no intermediate storage, since storing the wet,

high cuprous oxide for evea a few hours would result in & hopelessly caked
mass.

It is posaible, if the oxide is not to be stored for too long a period before
reduction, te eliminate the bagging operation, and transfer the oxide from
the drying plant to storage bins in the reduction plant by a pneumatic or
other type of conveying system. In this case, the copper powder would
have to be used as a basing point for figuring costs rather tham the oxide.
This would eliminate the need for complete assays on oxide produced for
reduction to powder. The only control nesded would he the cuprous oxide

content, which is a simple analysis, and could be rua by plaat personnel
if necessary.

FACILITIES NEEDED TO MEET ALL OXIDE REQUIREMENTS

The Lake Linden Leaching Plant and Still House will not be able to produce,
with present distillation facilities, the: high tonnage of copper oxide required
for the production of copper powder, and also make the various grades of
oxide required for industrial and agricultural customers. Spray grade oxide
could be made from the high cuprous oxide made for powder if it were
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~ reduced in sise by soms such fine grinding device as the Microaniser. To
produce upwards of 2, 000, 000 pounds of copper per month for powdsr, and

300, 000 pounds of copper for agricultural and industrial requirements, the
following two plans are suggested:

1. Reactivate the Tamarack Leaching Plant,

All of the industrial and agricultural grades of oxide would be produced
at the Tamarack Plant, from sither Ahmaeek Mill concentrates, or a
combination of concentrates and pure copper scrap. The Lake Linden
Leaching Plaat would operate at its average capacity producing only
high cuprous oxide for copper powder. The Tamarack Plant would
have enough capacity, in additioa to that required for special grades

of oxide, te contribute about 400, 000 pounds of high cuprous oxide for
the manufacture of copper powder.

The advantages of this plan are as follows:
A. Lowest capital outlay.
The disadvantages of this plan are:

A, Steam costs, for distillation, are over 150% of the Lake
Linden steam costs. o _

B. Cost of production would be about double Lake Linden costs.

C. Drying and bagging squipment would have to be purchased.

D, Oxide would have te be transported to Lake Lindea for blending,
or reduction te powder. Oxide handling setup at Tamarack is
inefficient.

E. The Tamarack Plaat is not serviced by a CkH railroad.

F. Duplication of labor whea compared to Plaa 2.

2. Install Twe New Stills, and Additional Dryig__a_gd Bagging Equipment
v at Lake Linden,

Using this plan, four stills would ba used te produce oxide for powder,
and the fifth still would be used for production of the various industrial
and agricultural grade requirements. Total productioa of copper would
be about 2, 300, 000 pounds per month. Additional drying and bagging
equipment, and enlargement of the Still House duilding would be involved.

The advantagas of Plan No. 2 are as follows:

A. Lower cost of production.
(1) Few extra men needed.
(2) L.ower steam cost.
(3) Lowsr Material costs. Two circuits eeuld be used.
(4) Lower oxide handling costs.

-9
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The disadvantages of this plan are as follows:

A. Large capital outlay.
B. Building would have to be enlarged.
' C. Operating three stills at a time would require up to 45, 000 pounds
of steamper hour and making up 45, 000 pounds of water at the
boiler house per hour.

CAPITAL AND PRODUCTION COSTS

This report will not go into any detail on costs, however, reasonable
estimates have been prepared,

To reactivate the Tamarack Leaching Plant, capital expenditures would
include the purchase of drying and bagging equipment, and repairing tank
bottoms. This would cost about $30,000. I 750,000 pounds of copper in
oxide is produced per month at Tamna.ck. the treatment cost would be
from 4.0 to 4. 5¢ per pound

To equip the Lake Linden Leaching Plant and Still House to handle all of

the copper oxide production requirements for both copper powder and oxide
sales would require an expenditure in the order of $225, 000 of which $25, 000
would be needed in the Leaching FPlant to adapt the present tanks for con-
centrate leaching. This $25, 000 expenditure would be necessary at Lake
Linden under either plan. About $200,000 will be needed to add two distil~
lation units and accessory equipment in the Still House, and to make the
necessary building alterations.

Treatment costs at Lake Lindea will vary from 2. 75¢ per pound at a

1,300,000 pounds per month production basis, to 2.0¢ per pound at a pro-
duction level above 2, 000, 000 pounds of copper per month,

-]10~
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ms - OOQ CALUMET ¢, HECLA, INC,

CALUMET DIVISION

Pox |
Folder 25

Minutes of Meeting: Re: Revision of Ahmeek Mill to provide
greater capacity.

Date: March 9, 1965 - for milling Conglomerate Ore

Time: 1:30 P.M. '

Place: John Alico's Office

Present: John Alico, Lester Engle, Arne Hill, Laurence Kline, E. Matson,
George Mehrens'; Laurence Michel, John vitton

This meeting was held to review the proposed flow sheet and to plan
a program to carry out Phases I and II of this flow sheet,

The following items were brought out:

1, The existing and proposed ball mills in the basement of the South
side shall be renumbered as la, 2a, 3a, etc. beginning from the
West or highway side., Existing mills No. 9 and 10 shall be
4a and 3a. . :

2., Additional ball mills (new or used), Nos. la, 2a, and 5a, and

their accessories, tables, pumps, etc. will be incorporated in
Phase I,

3. New Mineral Jigs with accessories are to be installed in Phase II,

4, Phase III, a regrind program for further recovery, is not to be
active (construction wise) at this time. Phases I and II will
be active,

5, The activity sequence for Phases I and II as tentatively agreed
to is:

a. The catch basin pump pit and contents, which will interfere
with unit 5a, are to relocated near the carpenter shop.

b. The flotation machine which will interfere with units la and
2a is to be relocated near the Northwest end; and the moving
of it is to be scheduled so that a minimum of actual moving
is required during the next vacation shutdown,

¢. Ball mill No. 5a (8'x32") is to be moved from the Leaching
Plant in Lake Linden. The installation can follow after the
pump pit is relocated.

d. Layout work for ball mills, la and 2a, cannot be completed
until it is determined what mills will be used. Mill No. 2a
will be installed prior to Mill No. la if these mills are
brought in through the West wall.,

e. The installation of the jigs shall be done where practical
in the schedule, :
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' Minutes of Meeting - March 9, 1865

Page 2
6, Crane facilities are desired for handling the ball mill liners,
balls, etc..
7. The basement location for the ball mills is desired to save on
foundation costs and provide more room.
8. The proposed ball mills should have large trunions for better flow
of material.,
8, Direct drive rather than the clutch system should be provided
for the mills.
10, Ball Mill No. 5a and accessories installation must be completed
by February l, 1966 so as to be usable for experimental purposes
for about 3 months. Mill No., 2a should be installed by October 1,
1966 and Mill No. la by January 1, 1967.
11l. The chip chute will not need to be relocated.
12, Work to begin as soon as possiblé on M &§ C orders, However, a
cost estimate is required for the entire project.
E. Matson
cc: JA
LFE
AWH
LCK
TWK
EDM
GHM «~
LJM
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Fox 151

" MALUMET DIVISION
Galumet & Hecla, Inc.

Foldes Q5

Ahmeek Mill Project M. C, Crder Numbers,

PHASE T.
0204 00 Purchase of Hechanleal & Hlectrical Equipment - Phase T.

0204 CU2 Purchare and Installation of Power E‘aciiities - Phass I,
0804 €03 Construction of Ball Mill Foundations— Phase I.

0804 COL Machanical & Electrical Installation of Ball Mills — Phase L.
0804 CO5 Constructicn and Installation of Lasunders - Phase I,

08Gi, CO& Mechanical and Zlectrical Installation of Auxiliary Equip - Phaes I,

PHASE 1.
0804 010 Purchase of Mechanical & Ilectrical Equipment — Phase IIX.
¢804 011 Construction of Equipment Foundations - -Phage II1,
0804 0(12 Yachanical and Elec'hrig;&l Installation of Denver Jigs -~ Phase I,
030y, 013{ Machanical & Electrical Installation of Pumps & Pj.ping - Phace II.
0804 014 Construction & Installation of Launders @ - Phase II,

0804 0158 Purchase & Installation of Power Facilities - Phase IT.

PHASE IYI.
0804 020 Purchasae of Mechenicel Equipment % Electrismal Equip. - Phase IIX,
0804 021 Construction of Foundation for Disbribution Tank - Phase IXI,
0804 022 Construction of VF‘mmdatiom for Ball Mills - Phase IIX.
€804 023 Construbion of Poundaticon for Cyclones_ & Floatatlon Mach.-Rhase III
0804 024 HMachanical & Eleectrical Installation of Ball Mills - Phase ITI
€804, 025 Mechanimal & Filzctrlcal Irstallation of Cycloneé = Phage IIX
(804 026 Mechenical & Elastrizal Irstallatdon of Floatabion Mach. Phase ITI
C30L 027 Mechanical & Fiectrical Tnstallatisn of Pumps and Piping ~Phasse IIT
csm, ;}28 Construction % Installation of TLaurxders -~ Phase III.
C80L 029 Meshanlecd & Flectrical nstallaticn of Awxiliary Equip. - Phase III

{204 030 Purchasa & Tnetallation of Powsr Fisilities — Phase II1I.
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Box I8

Folder 9 o AHMEEK MILL FLOWSHEET

Figure |
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. Figure 2
AHMEEK MILL FLOWSHEET
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MS-002
Box 18
Folder 4

CALUMET DIVISION
Calumet & Hecla Corp.

AYMEEK MILL
Mineral Processing - Flowsheet

By J. J. Vitton
10/20/66

Introduction

The Ahmeek Mill concentrator consists of eight Units and is located at
Hubbell, Michigan. Four units were constructed in 1908 and the remaining four
units were inatalled in 19i2 with Steam Stamps as crushers for each unit.

The concentrator was originally designed to treat amygdaloid native copper
ore which consists of a great deal of mass band smaller coarse copper. Recent:
changes have been made in the Mill flowsheet in order to treat c'onglomerate ore
as well as amygdaloldal ore. The capacity of the Mill with eight stamping units
in operation is 5000 tons per 24 hours.

The Norberg Compound Steam Stamps are each rated at 300 H.P. The Stean
Stamps are unique in the quantity of fines produced. About 50%¢ of the minus
Li-inch ore from the Mines is reduced to finished size (~35 mesh) and is ready

for flotation. It would require two or three stages of gyratory'cmshing and

.one stage of rod milling or equivalent to equal the Steam Stamp reduction. The

elight steam stamps are the only compound type in production in the world.

Flowsheet - Ahmeek Mill

The Ahmeek Mill flowsheet for processing amygdaloidal and conglomerate
ores is shown on drawing No. 11898. The Mine 6re is crushed in jaw crushers
set at L at the Mine Shaft House and is delivered by the C&H Railroad to the
Mill, The ore is dumped into &ight (8) mill bins with a capacity of 800 tons
each. The ore 1s fed into the Steam Stamps through chutes by gravity and by
the Head Feeder Attendant who controls the flow of ore and removes any Mill

mass copper before it enters the stamps. In the steam stamps, the ore is
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Ahmeek Mill Mineral Processing Flowsheet
By J. J. Vitton - 10/20/66
Page 2 )

crushed to minus 1/2%. This size is controlled by screens at both ends of the
stamp mortar. Copper larger than 1/2" is taken out of the stamp mortar throilgh
a Krause Hydraulic. This is 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 mdﬁce the amount of water required and to thicken
the fines sufficiently for flotation.

| In the steam stamp circults a very large amount of water 1s used, gomewhat
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 mass 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 oversise
Jigs for removal of libverated copper. Oversize jig taillings are reground in
rigid rolls which are in closed circuit 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 (mderflow) 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

llberated copper, and the tailingas are discharged to a dewatering wheel,
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Ahmeek Mill Mineral Processing Flowsheet
By J. J. Vitton - 10/20/66
Page 3

hence to a ball m:l.ll and clagsifier in closed circuit.

When treating conglomerate ore, the (oversize) jig dewatered tails are
discharged by gravity to an eight foot by 32 inch bal:_!. mill, instead of to
rolls, and are then returned to the rough section for classification by the
rough claésifiers. All 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 class:l.ﬂer 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
goea 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. Tall-~
ings from flotation go to a 16-inch pump and discharges into Torch Lake.

The flotation concentrates are pumped to an Esperansza type drag ¢laasifier
which feeds the coarser material to a filter. The overflow from the
Egperanza 1s fed to a nine cell flotation 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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 Ahmeek Mi11 Mineral Processing Flowsheet
By J. J. Vitton - 10/20/66
Page L

Because of the difficulty in sampling the ore to determine grads, it is
necessary 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. Fach shipment sampled and monthly
composite fire assayed for each mine.

Pooy - Hydraulie table concentrate and finishing jig con-
centrates are combined. Each shipment 1s sampled and
monthly composite determined by fire assay for each Mine,

Flotation Concentrates - Each carload is assayed.

Recoveries yange fram 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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