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Folder lq CALUMET AND HECLA CONSOLIDATED COPPER COMPANY 

GENERAL OFFICE 

CALUMET, MICHIGAN 
.JAB. MAC NAUGHTON,VIc&Pitlla.,.& G1<H'LM01t • 

.J. Q. I!IENNETTS,AaaT.T-.~ CH ... a.aM 

tr • ..J. NICHOLAS;F'Uoo<:HAao-AcMIIT 

. \ 

ur. B. A• Baalaok 
Oalutllet, IIiohigan 

Dear 31ra 

11&.rah 14 t 1926 

At the .Ahmeek 11111 we have a steam-driven booster 

pump tor aondenaing water in oonneotlon with tll8 low prooaure 

turbine. llr• Burgan believes that this pump should be run 

by eleotrioit~ inaanuah as we shall have raore than enout;h 

low pressure steam to operate the turbine when all the 

atamps at the Al.iJDeek Jall are running • 

.?lease take this matte~ up with him to the end 

that ~ou aan advise ae on the subJeot. 

.. 
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Box 13 
Fo\c\~, S Lb 

STONE 8 WE~STER ENGINEERING CORPORATION 

( S~ \cf~) EXECUTIVEt 
49 fEDERAL' STREET, BOSTON 

February- 20, 1930. 

llr. .Tames 1J!a.CNaughton, 
President, Ca1umet & Hecla Consolidated Copper co., 
Calumet, l.Tich. 

Dear Sir: 

PCNIER PLAN'!' - AmiEEK mLL 

,·lfe are submitting to you herein the resultS- of' our 
study of the steam. and power supply problem at the Ahmeek ~11. 

Yoll.owing the procedure agreed upon in conf'erence. in 
your office on December 9. 1929, we have prepared estimatea o~ 
construction and operating costs of a modern, low pressure-, 
saturated steam boiler house to reylace the present J?lant now· 
approaching the end of its useful. li:fe. We have also prepared 
sinii~ar· estimates of a larger, high pressura boiler house. a.nd 
~ower ~lant which wou1d provide 7,500 kw. of new capacity for 
service in the Copper Company's system and woul.d furnish steam 
extracted from the main turbine for the stamp. mil:l and pu.raping 
engine. 

CONSTRUCTION ESTI~TES 

The low pressure boiler plant would supply the steam 
requirements: of the mil~ at· 155 lb. pressure and would include 
three 645 h.p. Stirling boilers equipped with forced draft 
under~eed stokers and would be designed for natural uptake draft 
operation. A coa1 handling system, consisting ·o:r belt conveyors. 
between the rock bin structure and the new boiler bunkers. with~ 
crusher and auxiliary- equipment wouJ.d also be provided. TWo 
boiler~ would have sufficient capacity to. meet the steam demand 
for mil1 service but under normal. conditions it is intended that 
three boilers woul.d be in operation. VIe have assUiiled that, if · 
constructed, this boiler house would be located on the southerly 
aida of the present p~, and power house and that it would be 
complete in al1 respects. We estimate that such a. :pl.ant, would 
cost $~0,000, which includes an allowance for contingencies of 
about ~48,ooo. A surmna.zy- of this esti~mte may be found in 
Tab1e I. 

The second and lar-ger program aside from supplying 
~5~ lb. saturated steam for mill and pump service would generate 
enough addi tiona1 steam to perrait full. ca:Pacity output of the 
7,700 kw. turbine generator. For this purpose, we have selected 
three 865 h.p. Stirling boilers with superheater equi:Pment to 
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deliver steam at 410 lb. ~ressure, 650° total te~erature. 
These· 'boilers would be fired with tmderf'eed stokers and would 
be equipped with feed water economizers, mechanica1 forced 
and induced draft. and water-cooled furnaces, to permit opera­
tion at relatively high rates of steaming with good efficiencies. 
Coa1 handling equipment, consisting o~ 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. ':le have planned on the construc­
tion of a separate power house located just west of the :Present 
pump and power houae and in line therewith, which wou1d contain 
a single 7,500 kw. extraction type turbine generator exhausting 
to a sur:raae condenser through which mi1l. water woul.d be pumped 
for condensing purposes. Steam extracted from the turbine would 
be desuperheated to saturated temperature for mi11 suppl.y serv­
ice. A 1.3-,200 vo1'to switch house with six circuits: and space for­
two more, haa been included, as we11 as a ;,ooo kva. barik of 
transformers for service between the 13,200 vo1t bus and the 
2,300 vol.t mi11 system. 

Our estimated cost o~ the combined high pressure 
boiler and turbine p1ants and substation is $1,500,000 including 
e123,000 aa an allowance for contingencies. See Tab1e II for 
the make-up of this esti:mate. 

al?ERATING ESTiltrATES 

Our estimate of o~erating costs 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 tota1 about $1451 000 made 
up as follows: operating labor $10 1 700, miscellaneous supplies 
and expenses $2,300, maintenance labor and materia1 $7,000 1 and 
fuel. $125,000, with coa:t at $4.37 per net. ton f.o.b. the high 
mill. trestle. The anticipated net steam. de11very is the same as 
that o:r the :Present boil.er house, estimated to be 570 million 
lb. per year. 

We believe that a crew of fifteen men, including a 
chie:r· engineer, cou1d operate the proposed high pressure boiler 
and turbine :p1a.n_t satisfactorily. Tll.e operators. of the :rnunps 
and present lo\V pressure turbine wou1d remain as at present and 
their wages are not included in our estimate o~ operating costs. 
Yle anticipate that about 56,000,000 kw-hr. woul..d be obtained 
f"rom the new plant in addition to the usua1 steam su:pp1y to the 
mill., entailing an operating and maintenance cost estimated at 
$305,000 per year, i.e., operating labor $22tOOO, misce11aneous 
supp1iea and expenses $3,500, maintenance $15,500 and fue1 $264,000. 

COl~ ARIS Ol'r O.F PLANS 

Either of the proposed programs shows a substantia1 
reduction in operation and maintenance expense in comparison 
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with present costs. At Ahmeek ]Ji.11 the cost of boiler house 
operation and maintenance runs about $19,,000 ~er year. The 
new low pressure boiler plant is estimated to require an annua1 
eJq?enditure some $50,000 less. The high pressure .Power plant 
-.'lou1d increase :present steam generating expense a.t Ahr.a.eek 1Ti11 
by- :~110,000 but the generation of electric energ:r ·with. the · 
proposed new 7,500 kw. unit wou1d result in a decrease o~ 
$220,000 in present operating costs at Lake Linden, assundng 
that the production of 56,ooo,ooo h'-hr. per year is trans­
ferred to the new :plant, so that the net saving in annual OJ?era-
tion would be $110,000. · 

If capita1 charges be added, however, the overall 
result is added expense in comparison with present costs. I:f 
6% per annum be taken for interest, 8,% for appropriation to 
retireinent · reserva, sufficient, at con.If>ound interest, to ret ire 
the investment in ten years, and 1% for insurance and t~~es, the 
annua1 capita1 charges on the replacement boiler house would be 
;J76,500.and ·on the alternative power :plant. $225,000, so that the 
net tota1 added cost over present conditions wou1d be $26,500 
annually for the one and $11),000 for the other. 

· rhe significance of these cost figures depends upon 
circ~tances. The $26,700 added tota1 annua1 cost of the new 
boiler house might be considered as the inevitable consequence 
o~ a necessary replacement. 

The $11~1 000 per year, capitalized at 15%~ represents 
an investment of J)767,000, for 7,500 kvv. relay capacity in the 
Copper Co~any's power system, or $102 per kw., which unit cost 
is low in comparison with usua1 costs for p1ants of this size. 

Our analysis so far assumes that load carried on the 
new Ahmeek 1fil1 power plant wouid be removed from the existing 
Lake Linden station. If, however, some or all of' the energy 
produced at A~ek Idl1 is for the purpose of supp1ying new load, 
the situation is quite different. P1at• I has been prepared to 
illustrate this condition. 

The figures across the bottom of the chart re~resent 
kw-hr. annua11y su~p1ied for new load service, and at 56,000,000 
they coincide with the estimated plant output. The left-hand 
vertical. scale represents annua1 costs in dollars, and the right­
hand scale the incrementa1 cost in mills per kw-hr. o~ the energy 
supplied to new load. 

Line A represents the yearly fixed charges on the 
plant of $225,000. Line B is drawn through $SO,OOO, to represent 
the addition of ~~305,000 operating and maintenance expense. 
Line C is below B at $335",000, representing a credit of $19),000, 
the present cost of steam production at ~ek lull. Line D 
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starts $220,000 below line C at zero new load and ends even with 
a at 56.ooo,ooo ]~n-hr. new· load. The distance at which it is 
be1ou line C represents the saving in expense at Lake Linden 
due to load transfer, end the distance it is above the base 
represents the tota1 annual increase over present casts incurred 
ih supplying 1oada in excesa of present 1.oads. Line E. repre­
sents. the same cost expressed in m111s per Icw-hr. · It wi1~ be_ 
noteQ that if the entira output of the new plan~ were to supp1~ 
ne'\1 load, the incrementa1 cost of'_ this energy waul¢!. be six 
wi11s per lav-hr., including fixed charges, but after due credit. 
for steam sup:pl.ied to the mi11. · 

Uhder such condi tiona there ·would be, of course, no 
rel~ capacity in the system. 

lTOTES ON SOl!lE PODTTS OJf DESIGN 

·we attach hereto, three p1at.es showing the location 
of the proposed new facilities in re1ation. to the other struc­
tures at Ahmeek ]!ill., a plan. and secti"on: of the proposed high 
pressure boi1er house, and a p1~ and section of the pr~osed 
7,,00 kw. turbine plant. No drawing of the 1ow pressure boiler 
house is included but wa have had in mind that i-t ·wou1d be as­
sent ial.1y the same as the high pressure plant, excepting for 
the omission. of economizers;. and induced draft fana and with 
such changes. in dimensions as would naturally occur. 

It wi1:t be observed. that in the turbine plant, we show 
a turbine generator and. frequency· changer. We have had up with 
:four of the :Principal :rnanu.f"acturera the. rr'.atter o:f supp·lying a 
25-cycla machine of this capacity and find that there is·prac­
tica.11y no n10dern developr.1ent. far such rel.atively sma11 25-cycle 
turbines. .Four n~nu:facturera have offered to build direct­
connected, 1,500 r.p.m. extraction t~e units; twa have offered 
60-cycla 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 6o-cyc1e 
turbine and a 25"-cycla revolving :rie1d alternator. The direct 
co1mect.ed unit is the most e:ff.icient., most reliable and al.so the 
most expensive. The geared unit ia" the least expensive, about. 
as economica1 bnt probab1y the least reliable, although that 
phase of the matter may bear further investigation. \Ve hava 
tentatively selected the 60-cye1e rrachine with frequency changer 
because the price is 1ower than for the direct-connected machine 
and the reliability probably better than the geared machine, al­
though the efficiency is not as good as e.ither of the others. 

We have made ~1ans for handling coal as follows: 

',"fe pro:pose constructing a stee1 coal bunker on the 
same bents and at the same elevation aa the present rock bins. 
Our plan ca11s· for cutting into two of the rock bins and taking 
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approximately 12% of th~ capacity of each which it has seemed 
to us might not be objectionable. The capacity of the coa~ 
burucer thus provided wil~ be about 180 tons and it wil1 be poa­
sibl.e to dump a trainload of coal into it in a. short time so 
that interruptions to the rock un1oading activities, if any~ 
wouLd be s11ght. The coal from the bunker would be discharged 
through ~o crushers to an inc1ined be1t conveyor which would 
carry it over to the bunker in the boiler house. This p~ 
seems to us to be simp1e~reliab1e 1 and not too expensive. If, 
however, there is grave objection to sacrificing a portion o~ 
the rock bin capacity for the storage of coal; we have worked 
out other a1terna.tivea utilizing the present storage facilities 
which can be employed satisfactori1y. 

The electric awitohing station and transfor.mer sub­
station has been p1aced on the easterly side o~ the ~nera1 
Range Railroad tracks in order to keep the number o£ circuits 
crossing the tracks to a mdnimum. The plans call for cutting 
the Tamarack Hec~amation and the MUtual Pumping Plant feeders, 
making the portion between the new switching station and Lake 
Linden power house serve ae tie 1ines and the remainder as 
~eedere. A one-1ine diagram o~ the switching· arrangements 
is also attached hereto. 

This shows a. sing1e main i3.2 kv. bua and a. tra.na:rer 
bus with an oi1 circuit breaker between so that the :reeder 
breakers may be inspected and repaired without interrupting 
service. We have considered that it is permissib1e to open 
a11 other circuits at particuLar times without any dif~icu1ty 
arising. 

Encl.osures 
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J.o. No. 5556 Table II 

PR!I,IMINART :B:STIJA'm roa .. 
PROPOBD .BOIL&R P¥NT• TU.IQ PLA!fT AH.Jl SUBSTATIO!f 

roa -
CAWIBl ! HJ:QLA -"QOH&OfdRAT!l! C9IIIJ co •. 

-a .. 

Stone I Webater lagineertas Corp. February at. 1930. 

1'hia eat1ate co.Yera the coat o-1 ·a boiler bouae approx. $6•- x · 
104 • -containing three Cla8 • XXIII-. 2$ widei · Stirlinc boilerl -ot 86T h. P• 
each, cleaipecl· tor 450· lb•·preisure.· lilq\liplaent iiaolt~det atotert,·concrete 
atack lO· X lTS·· thr•• 30,000 o.t.a.-torcecl draft ti.il8i three 4$,000 c.t ••• 
inducecl drati fanl, 2 boiler teecl pullp•• tb:ree SSOO a.t. eoonoJiiaera and 
a coaplete coal ancl· uh hucllinl ajat ...... · · -- · · ... · · -

- Tbe turb1ae hot~•• will b• .,. -. sa• and'w111 aontaia-oae ,,;oo tw. 
turbine-aeaerator with" air cooler ailcl aa ·a,soo •• t.; two paaa- coriclenl"er. 

· The aubltat1on will· include three 1,66T kya. tranator .. ra and 
awitobins equ1paeat tor aix 13.2 ty. circuita. 

Boiler '1\lrbine Sub- · 
Plaat Plaat,. •:tatioa ~ 

Builclhl- tllT,.500 t34,000 .11,000 tl62,500 
Kqu1pmeat loua4at1ona 3,500 1o,;oo - 14,000 
Boiler Plant 262,000 - - 262,000 
Draft Syatea 52,000 - - .52,000 
reed Water S7ate• 74,000 - 14,000 
Condenaer SJetea 35,000 - 35,000 
Pipinl and Ooyerinl 15,000 2$,000 - 100,000 
Coal ancl .btl Hancllins IJ8t•• .5'9,000 - - ;,,000 
Geaerator• an4 Kxcitere - 211,000 - 2lT 1 000 
Switchinl I Control Equl~at 3,.5'00 19.000 - 22,500 
Coanection•• Supportal ~"•• s.soo ,,,oo 13,400 
Kleotrical ~quipment Sub8ta.) - 2$,000 2.5',000 
Swi t cia Gear a Wirial ( Sultet~.) - - 62,500 62,500 
Auxiliarr 14~1pmeat 10,000 20,000 - 30,000. 
Preli.ta&rJ Operatioa 2,000 1~2~~- ;oo $,500 
In•pectioa ancl ll:xpe4itia& ~ -~--M'·'"~··•• ltfF ;,ooo 
Inau.rance (. /, 'f~~ riH:J 31 1 Jto• 11,000 
feaporarr Conatructioa 20,000 
Depreciatioa oa Con•tructioa 
BquipMnt a.ogg 

fi,lTS,4oo 

Rngineerin1 Coet 65,000 
Seryicea of Conatructina iftgintera 111,510 
Office at York• 16a9Q9 

19S,SlO 
Contingenciea li3a022 

TOTAL •1,;oo,ooo 
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oone \ru•t loa eftlln"r 

.A.llowano• f'oJ- aont lngonole• 

_ 6lS,OQg 

lOI,YOO 

AJY'11·1, 1180 

(l1,08f,ZOO 

~ .128.000 

tJ..ata,ooo 

108,000 
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Boller PlaJlt . 

Jllre rooa l•bor · 

Proportloa o~ Ohlet Engr. 

llalDtiDano•- 62,000 tona a 21.6¢ 

Bu:ppllea 

~•1- 61,000 tone ' ~.368 

Ste .. produoe4- 1,098,000 M I 
ao,t ot ate .. per M I produoe4 

D latr lbut loa · · 

t 10,700 

1,300 

s teaa and lfew Powe~ Plant 64r8, 000 II # 
Steaa an4 Ahmeek Kill ~o• · 

Stamping, pumping • eleotrlo gen. 

"''. 000 II I 

.c\prll 1, 1930 

t 18,000 

1-6,000 

4.,000 

2?1,000 

tZOl,OOO 

$1'18,000 

123,000 

i 

I 
,/ 
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A:prll 1, ·1930. ' 

~ b lne Plan' 

Ste~ and ~bln. t1'18,000 

Opera'lDs labor 
10,000 

Jla1JltenaJ10e 
1,500 

suppllea 
800 

fota1 ooat Oparatloa an4 Hatntenanoe $190.000 

Eneru b7 '1500 xw. oondenalns turblne- 56,000.000 ICtr-B 

aoet of enersJ' b7 '7500 K'Jf. tublne pen' ICw-B 3.• mille 

Ene~87 by '150 Kw. baak preesU%e turblne- 8,000,000 Ew-B 

Jlalntenanoe ana supp11ea - '50 K.W. turbln• 

ooet ot energ7 b7 '50 x.. turbine per XW-B 

Tota1 new oos' 

Total new eurg - 61,000,000 Kw-K 

A"ferage new malntenanoe oost pe :S:W-ll 

t 1,000 

o.a m111• 

$191,000 

3.13 mllle 

'' 
I 
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Apr11 1. 1930. 

SUIIJIABY 

Present aoat atea. pro4uot1oa Ahmeek Klll taoo,ooo 
Eat1mate4 new ooat ate .. and Ahmeek K111 188,000 

Sa? lag 1a ooate o~ steaa an4 Ahmeek 11111 t '' ,000 

E~gr geae~atea L.L.P.P. •' preaent lla.ooo.ooo Ew-H 

Bnergr to be generate4 •' Ahmeek Kill 

Ene.rgr remalaLDa generatloa L.L.P.P. 

61,000,000 

51,000,000 

ooat ot produotloa L.L.P.P. at present t&OO,OOO 

3fO,OOO " " " " i'utur• 

Sa'Y.lns at Lake Lindell aooount 1oa4 tranai'ez- 230,000 

Reoapltulatloa: Sa?lna eteaa • Ahmeek Klll $ ,,,000 

SaYing 1a expense at Lake 
Lln4ea §30,000 

Gl'oaa aavlJls $30' ,000 

Cos' of generatloa new 
enerSJ Ahmeek Mll1 191,000 

••• .ADnual savtna t 116,000 

" 
" 
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.April 1, l930. 

Spmmarz o~ 0Eerattps Ooata • Approximate SaTlnse 

Ooa' o~ ateaa produotloa Ahmeek K111 1929 

Coat of enargr pro4uot1oa Lake L1n4ea 1929 

~otal to., 1921 

Coat ot ateaa anA Ahmeek K111· 1931 eatlDBte 

Ooat of energr produot1oa Lake Lln4ea 1931 • 

•• " " " Ahmeek Klll 1931 " 

Eatlmatel total for 1931 

Eatlmate4 net aavlnc 

$200,000 

600,ooq 

$800.000 

$123,000 

3,0,000 

191,00p 

$68ft,OOO 

tll&.ooo 

~heae tlgnrea are basel upon the assumption tha• energr 

generatea b7 new ~·- K111 power equipment le re.aYed troa 

Lake Llndea powe:r plant anct th8.t 'there la no lnoreaee 1n net 

output to loa4. 
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.ru~ aa. ltao 

Stone • Web•t•~ Bnaineerina Uorp. 
41 ~e4eral U\. 

Boe,on. Ma••· 
A\\ens Kr. B •. LaOroeae. 

Aa••t. ~ng1neerin8 Kanaae» 

we are 1a r•oei·p' of your l•ttel' of Jul,- 19\ll w1\h aoaoa• 
p~ll'lfl P'int.• ot J'Olll' clJ-llWlna V0•336' t outlinlnS the 8300 Y01\ 
awl tobboau-4. 

When wr1\1ftl ou• le,ter ot July and. 1\ waa ou• intention 
that, )'O\a .ehould dealgn, puroha••• ancl ereo' the ooaplete new 
2300 Yol\ •w1tohboa:r4, malclna all aonneot1on• to aeneratora·, 
exolt•r•, \ranatozmer•, eto., bu\ en4lns 7ou• worx at tbe out• 
IGlna •ide ot the teede• ~.il wwltoh••t we to oonneo\ the ex1a\• 
ina tee4er• \o \he oll nf.\ahea, an4 o1•antle \he olcl 'boarcl. 

You are oor.r•o' in aa8WI1118 ouJ- lette• of Jul7 2n4 le auf• 
tioiert\ autbort t7 tor 70U to prooee4 wl tb 'hl•. worlc. We al•o 
note tba\ i' w111 lno~•••• \he amoun\ ot 7our ••ttmate b~ abou\ 
321,000. 

We na•• aheokocl over 1ou~ lat.tel' an4. <lraw1na. an4 aussea\ 
the tollowinas• 

1. Fropoaecl 
»an•l 

• • • • • 
• .. 
• 
• .. 

arrangemen\ ot 2300 volt awitahboard.t 
1 • 0,000 Jtva. new t;.ran•tox-meft 'bank. . 
a • ~ Kw. ex1at1na exoi\e•· to• l.ooo KP ao\••· 
1 • 1,000 Hl' exl•tins •oto• • 
4 • a.50o Kva. exia\in& a•nerat.oa- ;e • 
5 • 1,511 K••• new aen•ra\o~ w'• 
d • 50· Kw. new •xo1t•• to» a•nerato~• • 
7 • 21 Kw. es11t1na exolte~ to» aenerator• • 
8 • 500 Kw. new \ran•tonaer Ho. l, tor au&• 

111a:r1••· 
i • ~)0 Kw. now \ran•tor.aer Ho. a, to~ BUX• 

111ax-1••· 
10 • 100 Gmp. new 11shtinc t•eder • 
11 - 100 • • • • 
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JUl)' 21. li30 

pace I. 

Pane1. 13 - ' .. .. feecle:r panel tor I • aao u· 
•ynohronou 1 ao tor •. aee ~a\1n8 ot mo\o~• 
under 1t• B'o. la on pace 3. .. 13 -Yo • :t'u tu .re •7ftohronou • ao t.o :ra • drllled 
to11 future IIW~tohee, 1netr\Uftent•, ete •• 
to., •ara• eerY1oe •• Panel 112 •. • 14. Same •• Panel #13 • • 15 • aoo amp, exlettna power teecle~ Jfo. 1. • 1& - • • .. • • • a. .. l'P • • • • • • ..- a • .. 18 .. • • • • • • '· .. l" .. • • • • • • a • • 20• • .. • • • • • • • 21. • .. • new .. • • '· 

Note tna' •• hay• ino~••••• oapaol\7 o' Panel Ill 
(J'OUJJ /18), ancl haYe a4d.ecl ~an•l• 11, 1a, 14. lie ar• a-et\li'D• 
ina 4rawin8 V0-331,, reY1ee4 aooorcl1n&17• 

· a. we not•7o• will pro~14e 1•1/a• ebont aabeato• panel•. 
All ouJJ awltoh'bourda are o-t 'Dlaole raar1ne t1n1tlhed •late, al• 
thouga we haYe no obJeot1one to the turn1•h1nc ot the •-o~ 
aebe•to• 1t you teel \hi• 1• equal o~ a bette• ••'•rial to u••· 

3. Thle arrangemen' will be •a\ia~aotor.y. 

. 4. 'l'h• 1n•t.rwnent• Oil the· motor dri Yen •a.o1 \el' panel wll1 
no• b• ayatlable beoauae th.t• panel ancl exoi\er will be ueetl tor 
\he exel\ation ot the looo HP oi~oulatins puap aotor. anA lo• 
ca\e4 ia olo•• proxiaitJ' to •otor. 

I. The pre•en\ •ynohro•oope 1• 111oun'•4 on a nin• braoket 
an4 will be avai&&bl• to~ the new board. 

I. The ~reeen' b~r4 ha4 e1x powew teed•• panel• and th~ee 
einsle pha•• lightlna panell. we hav• taken on• •lnsl• phaee 
ll&h\ina panel an4 equ1ppe4 1' with a new oircu1t breaker to be· 
uae4 t•••Pora~:llJ" tor etart1na th• tlr•t 810 HP •¥nohronou• motor. 
We Will• howeYeJ- 1 r•q,u1re 88'Yell 200 ampere feeder panel a #1& 'tO 
21 inol. 

-·-
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Pac• a. 

'· lot.• the oonn•o\lon tba\ 70\1 have ... cl. ~o• ataa'tiq 
an4 opera•ina the 1000 H» ao,ozt. we have an au\o \J'anato,...• 
whioh we will u•• tor •\ar,.lna thia 1000 D moto• inclepena.en• 
ot \he asoo x:w. tunlne •• l\ le ncnr ln•ta1led.. thla .,...,,.,_ 
will 'be looate4 near \h• pua• an4 panel #8 tor t.bl• lOOG· Q. .. 
motor 1a 'o be oonneo\e4 41reotl7 •• \he lnl••· we ~·• alH 
ahowa \hie ohange oa cl.-aw1na VO•IM'. 

1. vtat• meter a,.l'angusent• on th••• panel• •~"• aati ••. 
taot01'7• 

t. wa\t met•• arranc~nta with a ~atoh•• 4•Yloe to~ '~ 
S,ooo XYa. bank ot tranetormera are ••'l•t•otor.7. 

10. 'the moun,ina ot 'he rheoat.at• below ibe tloo• to-. ·,be 
opel"atloa ot th• 25o0 KYa. anti the 1561 Jt-ra.. tr&nlfOn.l'• i• 
ea\letaotoq, an4aaoorclinc \o ou.- preY1ou• 8"1Cel\loa. The 
J-heoatat to• \hAl 1000 lllf ao'h• Will b• ao\ust.ecl lndep•ad.ea' ot 
\he n•• .. 1\ohboar4. ~~ a looat1oa in olo•• proa~il7 ,. 'be 
aotoJt. · 

11. The a10 iii' qnohJ-ono\1• ao\or• a.-e etu\e4 4lreo\ll 
aoro•• the line. bu\ are p~ovide4 wltb au\~\lo eta~'lna, 
we will. p .. ovicle tor 'WI e.xo1\&t1oa t·o• th••• Mohlne•. an4. 
exei t•• will be looate4 aoaewhere 111 'b.• 1.111. The aj&-,tii&'.'.; n 
ot t.h••• •o•e~:ra will hav• notAlna to 4o wlUl ,. ,, .. na.••· 
boari.. You awlt.ohbaaN eq\llpa•nt 18 eatl•taot.o.-, •. 

11. Necu41rtl t.he panel• tc;• tlut· 2fJO HJt •l'ftolWonoua Mot.o ... 
Jt1ra41.~ ~•t•• to the panel •••angem•nt. •• &iTeA la it• ••·· l •. 
The oapaol'1 ot tlle •wl\obe• oa theae panel• ha• be•• let\ blanlt, 
'bu\ t.he tol1owina le th•· ra\iq of '\he •otor•t •· . , .. .,. 

H.P. ratina 
H.P.U. 
stnr\inc torque 
Pull•la • 
Pull•out • 
'!Itt. 1/1 

~: 

1 1 I ~ 



283

JUl)' 26 1 1930 

Stone Ia Webeter Bnainee.rins aorp. pace 4. 

x.v.A. inrueb · 0'15,C 
Kw. exo1tat1oa o.o EW. a' 125 Yolt•. 
No~or .runnina• 

250 HP torque 26. K.V.A. input. 
K.V.A. lett ~o• 
oo~reo\lon l5a x.v.A • 

.Ae eta\.ecl b•1'ore. th•re will be two ot thea• motor• conneote4 
to eaoh panel. one motor w1ll.be lna,alle4 at the pre••n• t~. 
we haYe ~•·looat•4 theae panele to ••old the neoea•lt~ o' oa,~­
lnc the beay7 buee the tull length ot the bo~4. 

13. Not• tba\ 70u ••~ there le pleat7 ot rooa tor the in• •tallation ot th1• boar4. 

15. As~•• with 70u 1a el1m1na•.1na thtt oil oirauit 'bz-eaJce• 
•lot, b\lt you to prov1<1• uawinaa abowina eiae ancl locattoa ot 
all floor openinsa. eo •• caa. plaoe tube•·tlU:oup the tloo• to» 
tile ou.,cotn& pow•• ca'bl••• ancl oirctd' 'breakew opera tina ,ocla~ 

16. we. te•1 t~t •.be •lot, 1n th• :-ea.. llhould 'b• let' ·intaot. 
Tbia oaa alwaya b• olo•e4 up atte.- the inetall.at~on ha·• been 
•••• 1t •• t••l that eaa• will s1•• a more-ttnt&hecl appe•rancae. 

11. 11011• tha- 70\& will pr<Jvlcla oondu.i\ la,o•o\&11 to• the a:soo Yol• aw1tch-~ar4. 

11. ~r• teel that an n.cl4i'iional 3 phaa• ll&htina panel, de• 
aisn•••• in: it,• .uo. 1 aa Panel f1lli •houlcl b •. pa-oYlclecl. 'l'hie 
panel \o take oar• ot ll&htin• ih.Mlll_ aut•l4• buildince. at'••• 
lich\•· ••••• tbue p_rovldlna proteo\10ll troa out•l«le in\e.-t•r•nae 
wi\ls: \lie a .. neJ-&1 li8ht1n•· ot th• new 'tlU'btn•, bolla• houae Md 
puap hcna•• • ancl h aYOicl thtl posai'bllUJ' ot a OOBplet• Ugh Una 
lh\&• clo1m Uuooup llhort ot:rcuua and the 1nabU1ty of the prbaa17 
tueinc to reli•••·. \he trouble batoJ-• the operation ot t~ oil o 1 rou1 \ 'brea.keJJ. · 

·4• ' 
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stone • webater Bnsineerina Oorp. 

li. "the ••Y•Jl powe .. oond.ut.•• tha\ now extencl 'betwe•n the 
pump houae an4 boll•' houae, will be oonneate4 to ~• new board 
an4 the exten•iona ot aa.e \Q thel• n .. 1ooat1on will b• aa4a 
1ne1cle o't the old boll•• bouae. !hi• wol'k to be clone b7 0.11 Jl., 

20. !hi• arrans .. en\ 1• tJa,iataatoJ7. 

21. You.• loaation to• the aJOU/460 yol' ~J"anato~mera la 
••'1etao\or,'. 11 po•aible, tran•tonaera llhoul.d. ext•n4 not llOI'a 
than 1a•-a• •outb o' eou'u taoe of plla•'•~• on •OQtb wal~ ot 
pt.ap hou••·, 2300 Vol\ oablea oaa proba~l1 run un4•meath 2000 
xw. turbine tloo~ an4 n•ar ita eaa\ •4&•· 

Youra Y&r"6 tJUly. 
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/ 
STONE 8 WEBSTER ENGINEERING CORPORATION 

49 FEDERAL STREET, BOSTON 

August. 7, 1930• 

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

Dear Sira 

OPERATION OF 1J,800 VOLT SYSTEK 
POWER PLANT. • AHMEEK MILL 

In accordance with your request to Mr. Joseph Pope on 
~une 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 load 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 fee-ders on 
wood poles, aggregating about thirty miles of line traversing the 
higher part of the peninsula. The mill load amounts to about 
10,000 kw. 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 aa unexpec·ted shut-down of a mill entails considerable work in 
clearing the process machinery of accumulated material before the 
mill can be started again. 

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 i~proper relay action, 
disturbances on the mine feeders have found their way through to 
tl1e generators, shutting down the generators and mill feeders as 
well. For these reasons, it has appeared desirable, under existing 
condi tiqns, to a·afeguard the mill feeders by connecting them to a 
separate bus and separate generators. Undoubt~dly 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 190~, for a capacity of 10,000 kva., has been extended, 
but only slightly modified, with the addition of synchronous 
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capacity, the total now agg~egating about 30,000 kva.· The bus 
is not considered mechanically strong enough to withstand safely 
short circuits of the rna.gni tude that might be obtained if all 
the present capacity were operated in parallele This is a second 
justification for separating the system, under existing conditions. 

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 a~l 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 circuit, parallel operation would be 
a distinct advantage. 

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

A.RRESTERS 

The arresters at Lake Linden· are of the indoor oxide 
film 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 im~roved, if necessar.yt 
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 recorda 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. We believe it would be 
desirable to install a few arresters on the mill feeders as well as 
on the mine :feeders. In all cases· they should be placed at locations 
moat exposed to lightning. Both the General Electric Company and 
the Westinghouse Electric & ~g. 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 
previoualy·available. About thirty sets of arresters would be 
required. The coat of the arresters and other material would amount 
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to about $3 ,000.00. "t.!/e have not estimated the total cost of the 
installation, as we assu.me you will wish to attend to the 
purchase and installation \Vi th your own organiza.ti on. 

,Sill LAYS 

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 ares et 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 ins'tead of the genera tor ·breakers. 
Station recorda indicate, however, that in many cases, a feeder fault 
has opened one or more o£ the generator breakers, thus interrupting 
service on other feeders. This is probably due to the inherent 
limitations of the bellows type relays, ~articularly after long service. 
We believe that carefully selected induction type overcurrent relays 
will give the desired protection on the radial feeders. 1fe suggest, 
therefore, that either ·westinghouse type "CO", or General Electric 
type 11 IA-201" relays be installed on the radial feeders in :place o:r 
the present bellows relays. They should be set to operate as quickly 
as is consistent with the speed o:r 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 leas. ~e 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 
selective 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 viil~ leave the other line with overcurren t 
protection. Either Westinghouse type "CO~ overcurrent and type 
"CD" current differential relays or General Electric type "IA-201'• 
overcurrent and type npD3" current differential relays would be 
satisfactory. The relays must be interlocked with auxiliary switches 
on the oil circuit breakers, so that when one line is disconnected, 
the other will have inverse overload protection. The coat of the 
material only, for these relays would amount to about $1,250.00. 

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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but we believe a sufficiently satis~actory protection oan be 
obtained, without altering the machines, by the use of 
~Veatinghouse type ttCR" direetiona1 power relays, in p1ace or 
the present overourrent bel.lows relays. l"hey wou1d be connected 
to new current transf'ormers to be 1ooated in th~ leads between 
the transf'"ormer banks and the buses, and ta the existing 
potential transformers. A generator field breaker wou1d be re­
quired, for each machine. to open the :field on the oocurrenoe 
ot: a fault in the generator or transformer bank. An auxiliary 
relay would be necessary to trip· the two main breakers and the 
~ield breaker simu1taneoualy. The oost of the relays. ourrent 
transformers, field breaker, wire and conduit. exclusive o~ 
instal.lation costs, would amount to about t2.6oo.oo ror the 
three generators. · 

The·13,800 volt buses will have no relay protection 
with the proposed scheme of relaying, whioh eliminatea the 
overourrent relays on the generators. Difrerential protection 
is occasiona1ly applied to station buses. but. as a ~e. al1 
bus pro teet ion· is ami tted. as bus :raul ts are o:r very rare 
occurrence. As these buses are well enola sed and station records 
indicate they have been free £rom faults, we believe bus 
protection will not be required. 

BUSES 

Eaoh 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 oorruga ted p·oroelain 
insulators of a now obsolete design .• tJI)aoed at a maximum of 
8 ~t. 10 ·in. centers. The bus. structure is of masonry oonstruotio.n 
with preaast concrete horizontal slabs and red brick vertioa1 wallq, 
the insulators being carried on the horizonta1 s1aba. The two 
buses are backed up against a central pa~tition wall and the leads. 
consisting or varnished cambric insulated cable, are carried out and 
upward in front of eaoh bus. 

With the pr·esent type of bus supports and the 1o.ng spans 
between supports, we believe the meohanioa1 stresses that might 
result from a severe shor.t oiroui t on a feeder. in oase all the 
pre:aent generators were operating ·in para1lel• would about equal 
·the mechanical strength of the bus, leaving no margin o-r saf"ety; 
and, there~ore, the system shDuld not be operated in para1le1 at 
the present·ttme. After the new generators are insta11ed at 
Ahmeek Mi11• the stresses woul.d probably about equal the strength 
of the bus i~ the system were operated in two separate groups. but 
would greatly exceed it if all generators were operated in paralle1. 
We believe it is neoessar,y. therefore, that the bus be strengthened 
before the new generators are installect at. Ahmeek Mi11• regardless 
ot: whether the system will be operated in parallel. or separated. 
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Inspection of the bus structure indicates that additional 
holes oan be out in the outer brick walls and new· insulators can be 
added at the centers 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 unifor.m design with 
the new ones~ and o~ greater strength than the present ones, so 
that the entire bus structure will then have a mechanical 
strength suf£icient for safely operating the entire system in 
parallel, after the new generators are installed at Ahmeek Mi11. 

Vle understa.n.d you wished us to estimate the cost o-r 
this item of work on the assumption it would be done by our own 
organization. We estimate the total cost, ino1uding the new 
materials and also the installation oosts based on overtime work 
at times when a bus oan be shut down, wil1 amount to $12·,ooo.oo. 

We shall be pleased to have you advise us in oase you 
wish us to take any ~urther action regarding any o~ these 
recommended improvements. 

Yours very tru1y• 

I 
H. B. Wood• 

ahief Eleotr1oa1 Engineer. 
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J. 0. 342 November 12, 1954 

REPORT Oi'J LIGHTNING PROTECTION 
FOR THE ELECTRICAL TRANSMISSION SYSTEM OF 

CALUMET & HECLA, INC. 

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

ages of the electrical 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 

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 

properly installed. 

C. The maintaining of low resistance ground connections 

for the arresters, the overhead ground wires and the 

lightning rods. 

). 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 

lrJestinghouse Type "SV 11 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 VJhich 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 \\Tell 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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4. 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 1).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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5. 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. 

6. 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. VJe 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. 

B. 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 440 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 



296

- 6 -

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 oil 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. 

C. 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 

old 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. vfuen the high 

tension breakers are removed, the relay settings at 

the Lake Linden bus should be changed. 

D. 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 of our report 

dated February 1, 1949. The incoming line to this 

substation is provided with old G.E. lightning ar• 

resters which should be replaced \'lith the new modern . 

type. The ground resistance at this statiol'l is low 

and with the new lightning arresters 2 a -·u~~u~~· 

of lightning disturbance would be antic 

however, would recommend that lightning 

above the switchyard structure in the 

that has been done on many· of the 

C&H system. 

E. Coal Dock Substation 

an outdoor substation. The transformer 

had an oil circuit breaker on the 

but this breaker has been removed 

the recommendation of our 

The incoming line is provided 

house lightning arresters and these 

placed with new style arresters. We 

gest that lightning rods be added above 

yard. This substation is fed from the 

and line that feeds the smelter. 

for this breaker in the Lake 

satisfactory as indicated on the last 

list which we gave Calumet & Hecla. 
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F. 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. 

G. 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 accordance with the system as 

it is at present. Therefore, no further work would 

need to be done at the Lake L~nden Power Plant and 

a minimum of trouble should be expected from lightning 

at this point. 
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H. All of the transmission lines at Substation 11 B" 1 both 

the 60 cycle and the 25 cycle, have been provided with 

modern lightning arresters. Ground resistance at 

I. 

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. 1;2 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. 

J. 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. 



302

- 12 -

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 tv.ro 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 1'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 2)00 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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M. 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. 

N. 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. 

0. Seneca No. 2 Substation - The lightning arresters at 

this point are very old and should be replaced with 

modern lightning arresters. Lig~tning rods should 

be placed above the substation. 

P. 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. 

Q. 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 == 

12- 2300 V. lightning arresters@ ~lO.ea. 
installed = 

5 - Sets of lightning rods above 
substations = 

Total = 

~8,400. 

120. 

500. 

$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 
t 
1
are concerned, will be much improved. We will be happy to discuss 

~ 
;this report with you, after you have had an opportunity to review 
t~ 

, if you so desire. 

Signed: c~cJ--f?f' 
F. D. Troxel ' 
Senior Electrical Engineer 
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INTaODUCTIOM 

Thl• repol't wU1 attempt to alve ......... to aeveral queettou 
tbat have b••• rat••• coaceztaial tile pa• a~Ulty ofleachtaa 
certala A.hmeek WU1 Coacu.tZ'&te• t. pa-o4uce 25. 000. 000 powule 
of copper p•• yeu la coppell Old.cle, fo• prMucdoa of copp• 
powdel". Ia a4clltloa to tlde. al»out s. 600,000 pouacla of coppe• 
old4e W01114 b.av. to 1M pJ-ocluce4 to eu:pply the l'epla• clem.U • 
for t.a.S:ut•tal &Q.& &lriCllltval oxlcle, tlUe material ~ },e p"• 
cluce4 fl'om eltU• pl"lmuy o .. aecozula.y copp•• aOU'c••· 

Thle repo&'t will covel' the capacltlea ol. p~•••at leacb.bla aiu1 
cllatillacloa factlitleaa cbaqea t.a le&chlal aa4 cllatilladoa 
equlpm.- aecea•uy to a4apt dlla .. uipmeat ~ t!l.e 1 .. cbla1 
ol coaceat~at•• ... ~atUlatl• of tU .-lei& 1oluttoa.• pJI'o4uc•cla 
matel'tal haadlla&l cJaaaa•• ia leacJWta tedut.fAtue•l leachia1 
aoludoa coat2ol1 trP•• ol coaceatraeea tlt.at caa be 1e&clle4t 
&laAl the coab'ol ol lmpurlttee Ia ta. o.W.. pl'o411cecL A :roqlt. 
eatlm&t• ia al•• llYea fo• capital elepeMitur•• aece• MI'Y aa4 
tb.e co•t of oxt .. p:rocluatloa. 

·1-
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CONCLUSIONS 

Cel'taba of the Ahmeek Mill Coaceat~atea caa be leache4 to Pl".ocluce copp•• 
oxide. ''B.ich" aa.t npoo•" caa be le&che4 with mlao• mocU.flc:atloa• to tile 
p~••••• 54 lt. diameteJr lea~ t&Dka &Acl pipma. althoqh amalle~ clt.ametu 
t&alta woul4 be moZ'e efftcleat. 11Heacllaa" caa be leachecl la apect.al t&alta 
pl'ovlcllalfaate~ aolutloa turnoyejt. The LU. Lbul .. Leachial Plaat baa taU 
capacity to leacll three ott more tim•• the l'equ.il'ecl amouat ol coppea- !rom . 
hla!& aracle coaceatZ'&t••. · 

With th.e pzoeaeat d.latW.atloa tacUltiea at Lake Lbulea. abou 1, 300,000 
pouacla ol coppe.- •• coppew oxide caa be pi'<Mluc:•• p•• month coa.iateatly. 
The Tamarack Leac~1 Plaat caa proclue aa avel'&&e of altout 750, ooo· 
powul• of copper aa o:at.u P•• mOGUl. 

To produc• 3, 000,000 pouau Oil coppel' pel' moadl to .. copp•• powcle~ ..... 
300, 000 poUcle pe~ moad& 'ollacluetwtal aacl &lrlcultval dem&IUI. it WQl b• 
uecea aary to clo oae ol tile followt.q·a 

1. Operate llotk the Tam&l'&dl aacl the Lake Lbulea Leachtq 
Plaate at aea• capacity, Ol' 

z. Iaetall twe ad.ciltloaal •dll• azul acc•••o_., e.,Upmeat at 
LU.Lt.U ... 

Plaa 1 rectulz-•• a capUal eq•uitue ol oout $30,000 at Tamarack .. aa4. 
$ZI, 000 at th• Lak• Lba4• plaat. Oxicle prod.uce4 at T&m&l'&ek woul4 coat 
from 4. 0 to 4. 5f p•• pnM of copp•• p~roc•••e4• u• at Lake Lla4ea tb• 
coet p• .. pot;a.& wou14 be a'boua Z.75f. 

Plaa a •-.utr••· a capitd •.,.aclltu.l'e ta the orcl•• of $ZZ5, 001. ol. whicll 
$15, 000 wowlcl lte qeld la the Le&clalal Plaat, 144 $ZOO, 000 ta the StUlllouee. 
Wid& tlde plaa. da.e c••t of pl'od.uial a po\1QAI of coppett • a• omcle, woul4 be 
about If. . 

The ext••* to wide~ lmpuritiea f.a the coaceatl'ate• • paniculul'F aa-aeale 
1 aa4 •lltca, wU1 coatamla&te th• oxide, aa4 tlut po• •ibUlty o1. tu attaeaie 

'bela1 evol,.4 oa I'HUCtS. wlta. kyclroaea wU1 b&ve to b• 4etel'm1Ae4 expe~:t• 
meatally. The•• lmpurid•• caa 'be prectpitatetl f:rom the leac1Wa1 •Gl"d.-.. 
il it ta aecea ... ..,.. 

.,., ... 

·Z-
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.AJD4.EEK MILL CONCENTRATES 

The araclea ol concentrate• pro4uced at the Ahmeek Mill &l'e aa follo••• 
HeadiDI• R.t.ca, Poor and. l'lotatloa. 

Rtcla la e. more 07 le •• icleal material for ammonia le&chlaa• The aaaay of 
thia aracte la about 90'A copper. an4 the individual paJ"ttclea are o.ot too 1&1'1• 
to be diaaolvecl t.a a reaaoaable leachla1 cycle, nor 1• mucll of tbe copp•• 
likely to be entrappe4 ill the i&nlt&e• The 10,. ol tile aanpe ia the material 
la not •aou11t. to etop pe~meattoa ol the aolutloa• thi'OlliA the matel'tal. an4 
allm•• ar• not pl'eaeat ill aufftcteat quaa.tity to create a prolalem. · 

Poor, aaaaytftl about 70,. copper. la moz-e d.ifflcult to l .. ca. The coppeZ' 
particle• .... amaller. but the iacrea•e• &mOUD.t of· aazsaue .... the flnew 
textvze of the lal\lu• tahiltita the aolutloa p•rcol&tioa t• aome eaeal, aa4 
create• a 1reateZ' pJI'o'blem witla •llm••· 
H:ead.lal• wblc.b te relatively pUZ'e copper, but lara• ia else, caa 'beleacllu 
la,_a apecial taU, . aucla ae rectaaauJ,u taak, wita l'&ptcl cll'culatioa ol aolutiona. 
Leach•• Ia the coaveattoD&l taake thia mate~lal wou14 take fi'Om aix to elabt 
month• to 4laaolve. _la.t;q r,ctf.YY.j.ILINk.,iL£!!:l!~.RLcm.HI.xJll.lll&!wltLJa .-. 
two weeke. · ' Co "S-r ... ! 

Wtll ma• • ie aot coaaiclere4 a aoo• leachlrll material. It woul4 tab a p•rio4 
of.ye&l'l to leac~ •••• of tbe 1&1'1•1' ptecea ol. maae, ... thea any copp•• 
ent~appe4 ta the ore wou14 DOt 'be recovel'••· 

notatloa cone eat rate • caa be leachecl il epect.al equip meat. wes-e u.•••· Some• 
thin& oa U.. or4ew of aa eadoaecl tldckeaer, or coUDte,.•cUI'reat clecaatatloa _ L 
wdt cou14 lte '-"••4 te leadl thla matel'lal, •• tbat rake• woul41 coatia\l.Oualy ~ 
tura over the. matel'ial aa• expo•• th• coppew to the leachia1 •oluttou. 
Percolattoa le&cldna wou14 ut wor)l oa thia matel'ial hecauae of the ve:ry ilae 
nature of bodl the copper aa4 the aaape. Before leacAlal thie m&te .. ial. it 
would be nee•• aary to determine whethel' the 4otadoa reaaea.ta aDAI oil• wou14 
coatammat• the leachlaa solution• aDAl ahow up ·ia the copp•r oxld• •• car'boa 
aacl aulfur compGQAcla. 

It ta aafe to •• •um• tha.t 1\lch. Poor, ancl Heaclbla caa b• leached. wltll ao 
particularly clUflcult troubl•• developbta. Aa expel'im4tllta11ot ol. mixe4 ltlc" 
&ad Poow la !lOw behlaleache4 at the Lake Lla4ea Leachinl Plaat aa4 t• 
proareaain1 aati•facto~lly. Thla t•at i• beta1 ma4e ta a 11ft. cU&m•t•l' taftk 
wtth rever•• flow of •olutiOJU. ~·· 

_,_ 
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LEACHING OF CONCENTR.AT ES 

The -lar1•• 54 ft. dlaxneter leachln1 tanka at Lake Lindea and Tamarack &l'e 
not ideally sultecl to the leachin1 of mUl conceatratea. Small diameter ·t&Dka • 
about 16ft •• would be much better becauaeleea trouble "WOulcl be expezoienced. 
with the aolutiou workln1 throuah the area of leaat real•tall.c• lAthe char1ecl 
tank. or .. cbaluualina". By reveraln1 the fiow of aolutiOAa oa the lara• tanka 

.and ~etallilll poroua fUter bottom•• no Jl'eat trouble witb leachbla coacell­
tratea ahoulcl be experlencecl. It may be neceaaary to drala a taak once Ol' 
twice 4urlnl the leaclllnl cycle ancl tuna ovel' the material wltll a dam. to 
counteract the effect of channelina. Thia caa be doa• by oae maa Ia aa bOul' 

' ' 

01' so. 

Revereta1 the 4ow of aolutiona iA the tank• wtl1 eliminate the problem of 
alimea plu111n1 up the lUte I" bottom &D.Cl cuttlaa ol.l the 1low ol aolutlou ~ Ally 
alim•• iD. the effluent solution• caa be removecl bJ ftlterinl• if theae aolutlOJaa 
are aeD.t to dlatiUatt.oa. o:r by •ettlln& if they a• to the leacll storaae tanka. 
Slime 1ettlin1 la the atora1• tanka· coulcl be :remove4 by 1luabia& the taa.ka 
periocllcally. · 

Foul' ol the larae leachln1 tanke wU1 be aeeclecl to leach 2, 000, 000 pouacl• 
ol copper per inoatk. Abou* 1, 000,000 poQA4a of coppel' wou14 'b• c~a•4 
ia each taak, uul the leachinl cycle ahou14 take from eix to elaht weeb. 

It will be almple to pro4uce a coaalateatly htah capl'oua oldcle by le&Cbial 
conceab'at••, that ta a cuprou• oxide content Ia the orcle• of 70· 75-At. II a 
hi1he:r cuprou. oxi4e content l• deatrecl, a amall tank charaecl wf.tlt coppe .. 
ahot Ol' other pure coppe• material cou14 'be placed ba tbe rtcla lme bet.,..ea 
the 1ttll• ancl the preheatel'a lathe Still Kouae. Thi• abo\Jlcl b~at tu 
cuproua coatut ol the oxicle to about 90~, &D4I woul• cut te 1•• • tbaa ball 
the theoretical &mOUDt of hydroaea nec••••rr low recbac:tloa ol the oXlcle to 
copper powdel'. 

Careful coa.trol ol the leachma aoluttoru~ will 'be neceaeary U hlp ara4e 
coaceatratea are to be leached, eince aupe:raaturatioa ol. tb.e aolutloae l'eaulta 
la the pl'ecipltatloa of baatc cuproua carboaate ta the taaka wt~ rea'Q).tiJll 
hiah coppe~ lo••••. CO.b'oUlnl the •olutioaa ia not dil!tc:W.t au tb• po•· 
atbUlty of •upel'e&turatloa of •olutlona occurrt.aa ahoul• cauae 110 areal 
c:OD.cera U th• coaceatz-atlon• of coppe:r. ammonia, &Del cart.oa clioxlcle la 
the leacla atoraa• are kept ill propel' balaace. 

All equlpmeat ba tlle leachill.& plallt ta aclequate fo:r leachial th• :requlre4 
toiUI&Ie of conc•tratee. the oDly expeD4ltu'ea aeceaaa:ry wU1 'be fo• taak ""7 
bottom a &DCl replpina. A · • aure lUter fQ !!!&~~t!!U~t!l!,.!,.~ 
Thla coulcl be locatecl eithel' at the Leachbl& Plant o~ S~Ul Houae. 

-·-
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If maximum procluctioa ol cuproue oxide la to be maintalae4 with the preeeat 
facUittea. it will aot be poe ai'ble to operate two leacblal circuit• at Lak• 
Linden. If different 1radea of oxide are to be produce.& at Lake Llllclea. it 
wU1 illvolv• & conalderable expau.•loD of •tUl hou.e tacllltiea. Th.la will be 
taken up ba more cletaU later la thla report. 

IMPURITIES IN COPPEll OXIDE PRODUCED 1'1\0M PB.IMAl\Y 

Analy•i• of aoluttou. obtamecllrom leachint Aluneek NW coaceatrate• 
indicate that araeaic in the mineral 1• bela& cilaaol ve4 ~y the ammolliacal 
•olution•• preauma'bly formt.n1 ammoalum &J'aenata ow ammonium araeatte 
clepenclln1 oa the valence of the araealc la the ore. 

~ 

Tb.e ammoa.lum araeaate• wou14 aoa-mally break clowa to fona ta• reepectlve 
ar•e:n.lc oxldee at dtatUladoa temperat~ea, 'but othel' reactioaa caa tak• 
place. If chlortclee are pre•eat la the •olutlona bema dl•tUlecl, the cuproua 
copper reduce• tbe araenatee formiaa ar1ealoua cblol'ide whlcb la quite 
volatile. Ar•eatc ba• beea detectecl in the cll•tlllate from the clecompoaitloa 
of aolutioaa coatatama araenic, ao thle reactloa may be taldal place • •ome 
extent. Stace Torca Lake wat.ezr ie uae«l fozr leachhll.• chloa-tclee are preeeat 
ill comalderable quantity. If aay amouat of ar••ale 10•• io.te tJa• cllattllate, 
it will be returned. to the leachlnl pl&llt aa4 eveatually buU4 up ·quite hlp 
ill the aolutton•. 

Sillce &I' • eal·e baa a areat aUlaity fo-. ao«i\Uila aacl ia r ead.lly ella aol vecl by 
alkaline ao4tum compowul•, it ta ctuite poaatble that tbe ia*rocluctloa ot a 
amall qu&Dtity of a aodiW. compoUil4l, preferably ao.llum carbonate. to t1ut 
atill feu will l'eault la th4t a.reenlc fol'mtna th.e •ocll'QIIl compouaca.. Siac• 
the •od.lum a:r•eaat•• Ol' a.-aenltea do not decompoae •* 4latW•tf.oa tempe•­
atur••• tlae araealc wou1• be elimlaatea ba the attll wa•t•. Thea-• ta al•• 
the poaaibUity of preclpltatina the araenlc froDI.le&chial aolutioat with amau 
amount a ol mapeaium compouad• Ol' oth.el' chemical•. 

There la a atron1 poeat.bility that U the oxicle la reduce• wt.tJ& kyclroaea at 
temperature a ove~ 1300°F., the araenlc compoUAd. will be aublim••• or th&t 
it wt11 be evolved a• •~•ina. Ar•ln•• il lt ia form•4• clecompo••• freebll 
metallic araeotc at elevated. temperature•, which ahoul4 aubllme uacler the 
riaht conclitioaa. 

It le likely that the aUtca coAteu.t of the oxicle made t:rom coccelltrat•• will --r 
be a little hlaher tbaa f.a that ma4• from ••coa.dary. becau•• aU lea ia very -- · 
•li&htly 1olubl• hl the alkaline leacllliquora. 

There ie a po1 aibUity that calcium aacl rnaane•lum mtaht be a _llttl• htaller 
ia oxide ma4e fromprlmary becauae ol. the pre•ence of th• chloJrld.ea of the•• 
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two metala preaeat ia the Ol'e. The Torcla Lake wateZ" alao contabla a hlp 
percental• of theae compou.a.da. The preaence of ca.r~a cltoxl4e la the 
leachln1 aolutioae precipitate a botll ol tbeae metallic loaa a a blaolu'ble 
carboaatea. · ancl calcium aacl mape•ium 1•ttf.na tnto the oxlde t.a curiecl 
ill the aolutloaa aa fine aua.peaalona. It la likely that filterln1 the •olutl~e 
to remove allmea will alao effect the removal ol mo•t of tb.eae compouncla. 

The effect of th~ above lmpuritlea oa the quality of old.4e, an4 coppel' powd.eJt 1 
/. produced from it, caa ollly b• determined by di•tWtaa •olutioaa made from 

coa.centratea ba a lara• acale teat, and reclucta1 the oxtcle obtalaecl. 

HANDLING 0,. CONC.£NT1\ATEI 

Up to 100.000 poUDda of concentrate• wt1l have to be haacllecl per day fs-om 
the Ahmeek MUl to the Lake Lind~ Leacbbt& Plaat, aDAl Into the t&Dka. 
There are at leaat two waya of dottta thla. If no expenditure of mouy l• t• 
be made, the couceatratea wou14 have t• 'be loaded. late soa4ola ca:r•. or 
io.to paaa oa aoaclola cal' •, at the mUl. ao that they coulcl be tranafeatrefl 
lnto the leachhla teaks either with a clam, or by pickin1 up pa.aa ol c011cea.• 
t~atea with the cr&lie an4 .dumptna into the leachiDI tanka. By elthel' method, 
thi• material coulc$ be put into the ta.nka ia about fOUJt houra a day by the 
repa.- acrap-baadlta1 crew. The mba•ral woulcl thea have to b• lev~ed 
off la the taak•. whea a taak l• completely char I••· 

The alterDatiYe wo1114 be to uae the preeeat mlD.eral cal" a, ancl 'buU4 & pll 
uncter the leac:lllai plaat tl'acka from wt&icll. aa elevatoa- wou14 take the miaeztal 
to a atora1• aUo, trom whick it coulcl be clumpe4 ln-. paa• fow truepo•tlnl 

. to the leachlDI t&Dk•, or a 1yatem of movable eoaveyora coul4 'be uae4 for 
thia purpo••· Tlala methM ol. haa4lina the cODceatratea woulcl t:avolve a 
caaeiclerable outlay of capital. 

HANDLING 0., LJCACHINO JlESIDUES 

The haadlial ol th• re•id.ue• left f:rom the coaceatz-atea aftel' leac1Un1 wtl1 
preeeat two problema: 1. llemoval of. aOlubl• copp•• aacl ammoa.la. aa4 
2. llemoval of the realclue from the talllW aa4l recoveJty of the aUvew COli• 

tainecl therela. 

1. The teat now bema rua Oil the leachilla of. :a.tcll all4 Pool' mlDeral• wtl1 
provtcle l.Dfo:rmatloa oa how well ammonia aJUl aoluble coppet' caa be 
removecl from tile re•i4u• 'by wa•ht.al wltll ammonium carboaate "4l•ttllata" 
au watel'. It ia a• •u.m•d that auffic::tently aoo4 wa•hinl caa b• attaia.ecl, 
alnce the volume ol. realdue t• •mall 1a compartaoa to the lnldal taak cb.ar1•• 

~--_ _J 
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It wt11 not be ecOAomtcal to ateam the re•lclue fo• ammonia recovery il it 
can be recluce4 to below about tea poua.cla to tiM toa. 

Z. Becaue a coaalclera'ble value of atlvel' wtU l'em&la lathe s-eaiclu.e, lt la 
aaaumecl that aome dtol't will he mact.. to recovew it ll the c:oet la aot too 
1reat. Tlda wU1 rtale out the uae of coaveatioaal lluahial metbo4a fol' 
elbnmatia1 the re~Wue from the leachlac taak•. U tile all••• particle• • .,. 
not too ft.ae, lt ZD&J be poaeible to laatall wiffl•• Ia tJ&• taillaaa laualeW' • ow 
a aettlt.aa u .. la whiclk the: au. .... caa 'be trappecL If hall of the •11v•~·cou14 
be a-ecove.-e4. by thU metho4 lt wW probably be wortll clobaa. alae• O.ulaJaa 
woulcl be by law the clke&peat way ol aettt.a• ri4 of th• re•lclue. Tlt.e altanaaq 
metho4 woulcl 'be to clam an.4 ahovel the real4ue tz.om the t&alut. o• t• 1lull 
them out iato a aettlial taak o*' thlcdteaer. fo• clew&terial• aa4 thea recOft~ 
tbe atlve• 'by flotatioa, cyaatdatioa, o• pyrometaU:uzoalcal meaa•, OJt aellta1 
the l'eat4uea aa auc~ Te•t• wt11 be macle wldl the reel4wa fi'ODI tbAa le&clllal 
teat new la proa~"••• to clet•nillae the nature of tb• allveaa partld••• -... tO 
determlae the beet way of haadlla1 the reai4ue, 

DISTJl,LATION 

WhUe the Leachlaa Plaat haa capacity to l .. cl-. conai4el'ably m.ol'e copp•• 
from coaceGtratee thaa reqltll'e4 fol' tb.l• pl'oaram, the capacltr of tb.• 
cll•tdlattoa facUlttea t1 clefbdtely limit••· 

With the three cllatUlatioa ualta now at Lake Llacl••• the maatm~ copp•~ 
th&t cu 'be proc!uc•• ta a aevea clay week, wltJa lcleal cODAI.ttloa• • le &Mut 
1, 100,000 poua4.a. A comfo~taltl• aver••• pl'oclucUoa l• ia ta. o.-cl•• of 
1, 300,000 pouAd.e ~· moatk. II~ fO'U'th atill ..,.,... ba.atUle4 at L&U 
LiAclea. maximum pJ~tod.•otloa wou14 appl'o&Cia I • 000, 000 polU14• p••. moadl. 
wltk a coaaiateat avera •• Dot mucJa &'bove 1,_ 600.000,.... pe.W moatJt. 

The prod.ucttoa llpr•• 1howa abov• could only be met if oaly oae IZ'&cl• ol 
oxl4•·-ht&Ja c:uprov.a--wa• pzaocluce4. If b.iall cupl'ie Old4.e la ~ b• m&4e, 
or aal'lcultuJral ar•••• of oxW.e. the procluctioa lli'P•• wou14 be a-efluc•• 
coaaiclerallly. Thle wou1• rule out u.ae of two eil'cuita at Lab Lbulea 
ual••• a4cllttoaal d.l•tW.atloa aacl chybtl tacillt1•• are iutalle4. 

The Tamarack plaat U.. oa occaatoa protluc•• 1, 000,000 po\184a ol c:oppel' 
lD oxicl• per month. howeve-r, aa averaa• pl'ocluctloa of 750,000 pouu 
pezo month le aU that caa 'b• p1'ocluce4 coaalateatly. 

• 
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COPP£.& OXIDB DRTJNO, BAGOINO, AND HANDLJMO 

The 4~1 ef(Ulpm.ut at Lab Llaclea wU1 haadle up to so·, 000 pouacla of hl11l 
cuprou• oxl4e p•l' clay. O..e• oalclee. hiiUI' la cup:rle oald.e coateat, l'ecluce 
tM capacity of the dry•,. becaua• they coatata more molatuze. If pl'oclucUoa 
ta •-=••• ·of 50,000 pcn:uade of oxide pew day u ~ectecl, aew cbyht1 equip• 
meld m.-t •• pucha•••· D~l 50, 000 poacla of oai .. pew clay wU1 J'equ.fze 
aome cl..-wtv•• f:rom the aol'mal ,.,. of open.d.oa. alae• lM&Yy lode of 
oxl4•. aa a.couater•4 whea. 'bo1Ua1 out a •tUl 'belwe alluttlal it clowa, woul4 
overtax the tbyiaa .. v.tpm .. t. Coa,~ollbll the 11ow of o.W. fi'ODl tM clewate•• 
iAI coaea to the flltew •u111• ove•cosne tl:de proW.em. 

Tll.e uytq of chipplaaa will haYe t• be eprea4 OYe_. a loaaeJt pe1'io4 of time, 
•• aa not to overloa4 the cbytaa e.,U.pmeat who it t• currtaa lt• ~•autu 
10&4. , b le po••lW• tlaat thla optl'atloa caa be m•chaatse4 • ellm~t• thAI 
•••• foZ' a maa to •Jaovel tiM cblpptaa• lato tiM cbyiaa •y•t••· 

Tile b&IIUal e.,U.piiiAUll at LU.. Llad. .. l• aclequ&te to balulle 50,000 powut• 
ol. oxl4e pe~r a.,. but 'balatal .W. have to be doae oa two alUita. rathel' 
t:baa aa oae ahllt. 

It ta aaavm.e4 Uaat tile oxide wU1 lte aiM. aDA. ba&&M belol'• ~'••uctloa w 
coppea- pow4••· II wet oatct. le te b• ~•4v.cM d.l .. ectly t4t poriew-, t.t wW be 
aec••••rr to da tlt.UI wlt!l ao bat••••41ate •to••••. alae• eto•bll the w.t. 
htala cup•oaa oxl4e fo• evea a few hove wou14 re•ult la a hopel•••lJ' cakM 

ma••· 
It la poaailtle, II ~ oal4e la DOt to be atol'ecl tow too loaa a pel'lH befo~• 
recluctioa. to ellmla&te tile balalal opel'atloa, aa• tna.a.t•• tile oaWe from 
.tlut cbytal plaat te •to••• 'bt.aa ia U..• •M.v.cttoa plaat by a pa.eliiDAtt• o~ 
othe~ type ol. coaveyf.D1 •r•tea. Ia tW.e caae. tlua. co,pe• pOw4•• W0\114 
hav• te be Ul .. U & \laeiaa poiat fot fi~Vf.al C08h l'&tbe• d&aa d&a oxl4•• 
Tlde wo.W. ellmtaaq the .... fo• cOIDplet• ., .. .,. oa oslo pl'oclue4. fo~ 
rH.uctf.oa to pow4••· The oal., coauolaeett•• woul .. lJ• tu cupi'OU oaWe 
COilt .. t, wJdcla la & 1lmple aaalyell. aa• cOU14 '-• rua lt'F .plaat ,..eoaael 
lla.ec••••IT· 

r ACJLITIES NE&.OilD TO WJ:ET ALL OXJD.C B.EQUIR..EWENTS 

The Lab Ll.rulea Leacld.a.l Plaat aa4 Sttll HOWle will a.ot b• abl• to pro4uce, 
with pl'eaeat clladllattoa factlltlee, thei hlp tosma1• ol copper oxl4• requl:re• 
for the p1'ocluctloa of coppe~ powcl••. -· alao ~ tll• v&l'lh• ara4•. ol 
oxicle requlre4 fo• bulutl'ial aftAl aptcultural c:uatomere. Spray ar&cle oxide 
cou14 'be macle f~om the ldp cuproua oxtcl.a made fo~ powclel' if lt were 
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re4uce4 ta at•• by aome auch fill• azrbulma device •• the Mlcl'oai•••· To 
procluce upwarcla ol Z, 000,000 pouacb ol copp•~' pe:r moath fow powd.e:r, &1UI 
300, 000 pOUildA ol coppel' l.o~ &&l'lcultuzal aacl iacluut.U requl~uneat•, the 
followta1 two plaaa awe aqaeate4s 

1. R.e&ctt.vate the Tam&l"&ck L•ac1Wl1 Plaat. 

AU 01 the la4uatl'lal aa4 aplcultual araclee of oxl4• woultl 'b• procluce4. 
at the TamaJ'ack.Plaat. is-om eltkel'. Ahmeek um· c:oaceatJra•••• os- a· 
coml.tbaatloa ol eoaceatiratee aacl p.,..e cOppew tcrap. Tll.e Lake Lia41ea 
Leac1W:a1 Plaat woul. ope»:ate at lte &Yel'&l• capacity' pl'od.u.cta, oaly 
hi1ll c:upS'o• oalcle tu CopJMI' powd.el' •. The T&maiadr. Plau wOuW 
bYe eaoap C&faCltft Ia &Mitioil t8 that .-equt.-•4 (O,'I 8peCitli~Ue8 . 
of o.Ue.. te coat:rtlnite &bout •oo. 000 pouada of hlall cupa-oa• ·~siAl• fo-, 
the D:l&a\1lactu• Gf copp..• powdel'. · · · 

The uvaataa•• o1. tid• p1aa .... •• followa• 

A. l..oweat capital outlay. 

The cU•aclv&atal•• of thJa plaa a:re: 

A. Steam co•t•. for dietW.tloa, are ov•r 1 50'- ol tile Lake 
L'-!eia ate&DI c:eete • . 

:a. Co•t of ,.ol:actt• ....W.4 "be uout cl.o1mle Laq Llad.ea. c••••· 
C. Dwytaa aa4 'ba11t..1 aquipmeat "WOuW haY• to ~. pvclla•••· 
:o. OsWe W01114 hav• t• •• uaupon•4 to J..ake Lt:Uea fo• W...Siq, 

o• re.uctloa te powct..-. Oxf.d.e b&Ddltaa ••tup at Tama•ack l• 
lnetftc'tat. · 

B. The Tamarack Plaat l• aot •••rice41 'by a c•a ratlroacl. 
P. Dupllcatioa ollabO• w!Ma compue4 t• Plaia I. 

Z. !!*•tall T-.. New S.Ula, aa4 Aclclltl~ l)~ B&II!AI Eg,!!JUD!!J 
at Lake Lfi4.a. . 

U•lal tal• plaa, f.- •'ill• wou14 b• u••• to p""uce eatfl• to~ pewd.er. 
aiiAl the flfta etUI wou141t• "*" to• pl'o4utioa of the v&l'lML• taclwatl'ial 
azul aal'lculta:ral ,,...._ • .-•q•l~meuta. Toa.l pl'~uctloa ot copper wOW.' 
be about I, 300,_000 pouacl• pes- moatll. A.Wlttoaaltlrytaa aa4 bas,tna 
equf.pmeo.t. arul ealaraeme:at of. the StW HoueltuU4iai wovl• be ia.volve4. 

The actv&ataaae of Plaa No. 2 &l'e •• tollo'W11s 

A. Lower coat: ol prchluctloa. 
( 1) r •• •xt .. a m .. •••4•4. 
(Z) Lowe• at•am co•t. 
( 3) Lowe:r Waterlal coeta. Two ct.rculte ceul• 'be uae.t. 
(4) Low•l' oxl4e haacllinl co•ta. 

_,_ 
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The ciisadvanta1•• of thia plaa are •• follow•: 

A. Lara• capital outlay. 
B. BuUclilla would have to be enlarged. 

· C. Operatina three at1lla at a time woulcl require up to -i5, 000 pounda 
o1. ateampel' hou and maktna up 45, 000 pouncla ot wat•J! at the 
boiler house per hour. 

CAPttAL AND PRODUCTION COSTS 

Thia report will not 10 into any detaU oa coata, however, reaaoaable 
eatim&tea have beea prepaz-ed. 

To reactivate the Tamara~Jr. Leachla1 Plant, capital expeadlture1 wou14 
IAclu.de the purcba•• of dJ'yin1 and baaalnl equipment, &Jtclrepalrinl taak 
bottoma. Thla woulc& coat about $30, 000. If 750, 000 poUDcla ol copper ia 
oxl4e la pl'oduced. p•~ moatll. at Tam.aracll, the treatment coet wou14 be 
from 4. 0 to -6. Sf per poUDd. 

To equip the Lab Linclea. Leachina Plant and. Still Ho~• to b&Adle all of 

... ,: -\ 

the copper oxicle procluctioa requirement• !o:r both coppel' porier ancl oxtcle 
aalea wovlcl r•quire aa expenditure ia the order of $115, 000 of whick $25. 008 
woulcl be needecl b. the LeachlDa Plant to adapt tU preeeat taaka few coa•. 
ceu.tl'&te leachlna. Thl• $15, 000 expenditure wout• be aeceaaary at L.ake 
Lindea undel' eithel' plaa. About $200,000 will be n••cl•tl to aclcl two cllattl• 
latlou u.aita aa.4l accea •ory equipment ia the Still Houae, aad. to make the 
neceeaal'y buUdlnl alteration•. 

Treatm•zat co•t• at Lake Lilulea will vary from 2. 7Jf pel' poUDcl at a 
1, lOo,·ooo powuls pel' moq.tll productioa ba•la, to z. Of pel' poun• at a pro­
ductioa level above 2. 000, 000 pouacla of coppel' pel' month. 

-10-
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/ 
{)'15-00~ 

CALUMET &rHECLA, INC. 
CALUMET DIVISION 

X \5\ 

folder-~5Minutes of Meeting: Re: Revision of Ahmeek Mill to provide 

Date: 
Time: 
Place: 

greater capacity. 
March 9, 196S - for milling Conglomerate Ore 
1:30 P.M. 
John Alico's Office 

Present: John Alice, Les~er Engle, Arne Hill, Laurence Kline, E. Matson, 
'George Mehrens";" Laurence Michel) J oh r'\ vI tto )'\ 

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 Sa, 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. 

s. 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 Sa, 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 shut~o~n, 

c. Ball mill No. Sa (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 practi.cal 
in the schedule. 
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Minutes of Meeting - March 9, 1965 
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. 

9. Direct drive rather than the clutch system should be provided 
for the mills. 

10. Ball Mill No. Sa and accessories installation must be completed 
by February 1, 1966 so as to be usable for experime.ntal purposes 
for about 3 months. Mill No. 2a should be installed by October 1, 
1966 and Mill No. la by January 1, 1967. 

11. The chip chute will.~ need to-be relocated. 

12. Work to begin as soon as possible on M & C orders. However, a 
cost estimate is required for the entire project. 

cc: JA 
LFE 
AWH 
LCK 
TWK 
EDM 
GHM~ 

LJM 
JJV 

E. Matson 
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n,.s .. oo~ 
(lbx 15' 
Fo\c:kr Q5 

,. 
~Ar ... ur.mt DIVISION 

Calumet & Hecla, Inco. 

Ahmeek Mil1 Pl .. -ojec1; Mo Co Crdar Numherso 

PHASE I. 
0804 001 Pw:chase of 1-iechanica..l & I;lectrica.l Equipment .... Phase I. 

G804 C02 Purcha:.::a and Ins-tallation o£ Power F'acilities - Phase Io 

0804 003 · Constru.ction of Ba.ll Mill Foundations- Phase I. 

0801.., C04 ?·iacha.nical & Electrice~ Installation or Ball Hilla - Phase Io 

08'04 005 Constl:"'l\Ction and 1nstalla1~1on of launders uo Phase I. 

080.4 006 Mechanical and Electrical installation o~ Auxiliar,y Equi' - Phaes Io 

..... ~ . 
PHASE i:t~· 

0804 010 Purchase of Me.ehanica.l & I;lectrical Equipment - Phase II .. 

0804 011 Construction o.r E:quipm9nt Foundations - -Phase IIo 

0804 Oll2 !-lechanical and E:.tect.l:'ica.J. Installat.ion o~ Denve~ Jigs .... Phase IIo 

OSOl~o 0131. M.ac:hanice.l & Electrical Irlatallat.ion of Purups & Piping - Phase II. 

0804 014 Constructi·jn & L"'lstallaticln of Launders - Phase IIo 

C$')4 01;;# Purche.f~e & Inst.alla't:f.on o.f' Power Pacilitias ...-. Phase II. 

PHASE III. 

0804 020 Pu;r~ha.sa of Hechanic~c:~l F&Gttipment .~ Electl~iaal Equipo ..... Phaf:le IIIo 

080lt- 021 Construction o:t Foundation tor Diabribution Tanlt ·-- Phase IIIo 

(18Q4 022 Ccnstrttcti6n oi' F'otlnd;i,tiorA for Ball Mills ..,. Phase IIIo 

C804 023 c~oostrutir.:-)!1 o.f 1-'~oJ.\nd~·.tion for Cyclones & Floatation Mach~-ftf.!aee l:ti 

eso4 02J~ i•{achan~ ... cal & Elact\"'ical Installation or Ball MiU·a '""! . Phaee III 

c.so4· D25 Hechan:l.aal & E~l'!!'ct>.:•ical Ir..atalla.tion ot Cyclones :5 Phase III 

C·S'Ol~ 026 Meche11.ic?.l & g:t.a-::tr·i:c;c_~l . I:r; stallation of Floatation J.fa.cho Phase III 

C :!OL,. 02.7 Met~han1.(~n.l ~~ Jrteretrical Ir. stallat:i.)n of Pumps and Piping ~.,Phass III 

C SOL~ ~J28 Construct, ion ~..c Int:lt.,gJlation ot Lau·.1dera .,. Ph ass III .. 
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Figura 2 

AHMEEK MILL FLOVJSHEET 
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9 or 10 Cell No. 24 Denver Flat. ;'/loch. 
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Introduction 

CALUMET DIVISION 
Calumet & Hecla Corp. 

.AHMEEK MILL 
}flneral Processing - Flowsheet 

By" J. J. Vitton 
10/20/66 

The .AlL.wneek Mill concentrator consists of eight Units and is located at 

Hubbell, Michigan. Four units -were constructed in 1908 and the remaining four 

uni ta were installed in 1912 with Steam Stamps as crushers for each 1.mi t. 

The concentrator was originally designed to treat atJ'13'gd.aloid native copper 

ore which consists of a great deal of mass and smaller coarse copper. Recent · 

changes have been made in the Mill. fiowsheet in order to treat ctm.g1omerate ore 

as well as amn;daloidal ore. The capacity ot the Mill with eight stamping units 

in operation is .$000 tons per 24 hours. 

The Norberg Compound Steam Stamps are each rated at 300 H.P. The Steam 

Stamps are unique in the quantity- of tines produced. About SO% ot the minus 

4-inch ore from the Mines is reduced to finished size (-3S mesh) and is ready 

for flotation. It would require two or three stages of gyratory- crushing and 

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

eight steam stampa are the only compound type in production in the world. 

Floweheet - Ahmeek Mill 

The Ahmeek Mill nowsheet for processing amygdaloidal and conglomerate 

ores is shown on drawing No. 11898. The Mine ore is crushed in jaw crushera .. 
set at 4" at the Mine Shaft House and is dell vered by- the C&H Railroad to the 

Mill. The ore is dumped into ·eight (8) mill bins with a capacitu of 800 tons 

each. The ore is fed into the Steam Stalrps through chute a by gravity and b7 

the llead Feeder Attendant who controls the now of ore and removes any Mill 

mass copper before. it enters the sta.n;?s. ·In the steam stamps, the ore ia 
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Ahmeek Mill Mineral Processing Flowsheet 
By J. J. Vi tton - 10/20/66 
Page 2 

c:rushed to minus 1/2". This size is controlled by screens at both ends of the 

stamp mortar. Copper larger than 1/2" ia taken out of the stamp mortar through 

a Krause Hydraulic. This is a port in the mortar that allows almost pure copper 

to settle out against a stream of high pres~ water. Fines are re-oircu1ated 

through the stamp mortar to reduce the amomt ot water required and to thicken 

the tinea sufficiently for notation. 

In the steam stamp circuits a very large amount of water is used, somewhat 

bn the order ot seven to eight tone ot water to one ton of ore. A Mill pump 

with a 1000 H.P. motor pumps about 17 mil.lion gallons ot water per 24 hours and 

.f'urnishes the necessary water requirement tor milling. The steam stamps are. 

operated at 170 PSI and the .final exhaust steam ie run through a low pressure 

turbine to generate electric power. The conglomerate ore contains practicall7 

no mass copper and since it now comprises the major part ot the mil1 feed, it 

was possib1e to automate the steam stamps portion ot 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 plua 3/16 inch product goea to oversize 

jigs tor removal of liberated copper. Oversize jig taillinge are reground in 

rigid rolls which are in closed circuit with the 3/16 inch trammels. The 

undersize f'rom the trommels goes to a classi£ier where the minus 3S mesh £ines 

are separated. Hal.f ot these fL1es ( overnow portion) are re-cireulat.ed to 

the stamp mortar. The other ~~ (underflow) go either to flotation or ball 

mill classifier density regulation as required. The oversize .from the claa­

sifi~r passes over a set of (undersize) Woodbur,y Jigs for removal of the 

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

hence to a ball mill and classifier in closed circuit. 

'-lhen treating conglomerate ore, the (oversize) jig dewatered ta.il.a are 

discharged by gravity to an eight .foot by 32 inch bal.l mill, instead of to 

rolls, and are then returned to the rough sectio'n for claasification b7 the 

rough classifiers. Al1 of the jig hutch products are upgraded in a Finisher 

Jig. The taUs are dewatered and.ground in the 8t x 72" Ball Mill circuit. 

In the 81 x 72" ball. mill circuit, the ore ia ground to a minue 3S mesh in 

closed circuit· with a mechanica1 clasai.tier, or cyclone. Bot.Jl rakes, cyclone 

and spiral. classifier are used. A launder hydraulic in the ball mill circuit 

separates a coarse and heavy fraction of the circulating load which is run 

over a. Wilfl7 Table to remove the liberated copper. When procesaiD.g con­

glomerate ores, a 24" x 36" mineral jig ie used in addition to the table to 

process the entire circulating load. The minua 3S mesh classifier overfiov 

goes to nine cell notation. Reagente used are sodium isopropyl xanthate, 

No. 2 fUel oil, and Dowtroth 2So or equivalent. Tailings range from 0.8 

pounds to J.S poundiJ per ton depending on the ore _being processed. Tailings 

from the conglomerate ores using the same grind are generally biiher. TaU­

ings from fiota:tion go to a 16-inch pump and discharges into Torch Lake. 

The notation concentrates are pumped to an Esperanma type drag: 9Iassifier 

which feeds the coarser material to a filter. The overfiow trom the 

Esperanza is fed to a nine cell notation machine tor upgrading. This 

notation machine also treats thickened fines from v~oua overflows ot 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 Hill Mineral Processing Fl.owsheet 
By J. J. Vi tton - 10/20/66 
Page 4 

Because or the d:lfficulty in. sampling the ore t'! determine grade, it is 

necessary to segregate the ores and calculate the head sampl.e frail the con­

centrates and tailings. All concentrates except the notation concentrates 

are kept separate and are 1reighed. and assayed eeparate:q-. Flotation copper 

attributable to a certain Mine 1a determined by teed and tall. assays. 

Copper concentrates shipped to the Smelter are as f'ollawa1 

l.fass Copper - Large masses separated at the Mine a. Copper 
content determined b7 specific gravi t:r. 

Head:tnj - Assqed periodicall7 and an . average assq applied . 
t,o all heading. Assay range from 94% to 9&{. copper. 

Rich - Jig concentrates. Each shipment sa:mp1ed and monthJ.T 
- canposite fire a&S&1fld for each mine. 

Poor - Hydraulic table concentrate and finishing jig con­
- oentrates are combined. Each shipment ia SalJ4)led and 

monthl.7 car;>oaite determined b7 .fire assay f'or each Mine. 

Flotation Concentrates - Each carload is assayed. 

Recoveries range from 8S% to 9S% depending on the t:vpe of ore being. treated. 

Revised 9/20/68 
J. w.~· Keck 

9/24/68 
JWK/ag 




